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Application No. 41G 30165036 Regional Office # 10 

Applicant’s Name Treasured Mountains Holdings LLC 

Indian Reservation  Yes x No If yes, Reservation  

Irrigation District  Yes x No If yes, District  

Specialist Lyra Reynolds Date 10/20/2025 

 

Figure 1. Map of Public Notice – Public Comment Area for Change Application No. 41G 30165036. The public notice area 
is marked with the green polygon; water rights in the polygon were identified for public notice - public comment. See 
the Remarks Section on the next page for a description of the notice area and which owners were noticed.   
  

NOTICE AREA 
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Water Right Owner Water Right # (Basin, ID, and Number) 

Applicant: Treasured Mountains Holdings LLC 41G 197111-00 

Consultant/Attorney: Andy Brummond, MT FWP OID 283310 

  

0BZM DEPT OF NATURAL RESOURCES & CONSERVATION    

1BIA BUREAU OF INDIAN AFFAIRS    

1BOR US DEPT OF INTERIOR    

1DSL MONTANA BOARD OF LAND COMMISSIONERS    

1EQC ENVIRONMENTAL QUALITY COUNCIL    

1FWP DEPT OF FISH WILDLIFE & PARKS    

1NWE NORTHWESTERN ENERGY    

1SCH CANYON FERRY PROJECT OFFICE    

1TUL MT TROUT UNLIMITED   

1WQB DEPT OF ENVIRONMENTAL QUALITY   

2FWP DEPT OF FISH WILDLIFE & PARKS   

5FWS US FISH & WILDLIFE SERVICE   

0CCD MADISON CONSERVATION DISTRICT  

  

MONTANA, STATE OF DEPT OF FISH WILDLIFE AND PARKS 41G 30017486 

G&M YAMAMOTO TRUST; FRED HIRSCHY; LYNN HIRSCHY 41G 30143701 

DUSTIN LAUGHERY; YVONIE LAUGHERY 41G 2262-00 

 
PUBLISHED IN: Madisonian 

REMARKS: The following methodologies were employed to determine an appropriate public notice area: 

1. All Bozeman Regional Office public notice standard for Madison County were included in the mailing. 

2. The following method was used to identify water rights for public notice: 

The notice area for public comment included all water rights in the area of potential adverse effect beginning in 
the SESESW Section 14, T1S, R5W, Madison County and ending in NENENE Section 13, T1S, R5W, Madison 
County. The Department considered all water rights on Parsons Slough and the Jefferson River in this reach. The 
Department also considered all water rights on Willow Spring Creek in the area of potential impact, from 
SWNESE Section 14, T1S, R5W, Madison County to NENENE Section 13, T1S, R5W, Madison County. A total of 7 
water rights exist in the public notice area, as seen in the green polygon in Figure 1. Owners with multiple water 
rights were only noticed one time. The lowest water right number in the notice area for each owner is listed 
above. Owners of three water rights were noticed.  
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EA Form R 1/2007 

Montana Department of Natural Resources and Conservation 
Water Resources Division 

Water Rights Bureau 

 
ENVIRONMENTAL ASSESSMENT 

For Routine Actions with Limited Environmental Impact 
 

 
Part I.  Proposed Action Description 
 

1. Applicant/Contact name and address:  
TREASURED MOUNTAINS HOLDINGS LLC 
5653 MONTEREY DRIVE 
FRISCO, TX 75034-4076 
 

2. Type of action: Application to Change an Existing Irrigation Water Right No. 41G 
30165036 by Treasured Mountains Holdings LLC. 

 
3. Water source name: Parsons Slough 
 
4. Location affected by project: The proposed point of diversions (PODs) and place of use 

(POU) change will occur in Sections 13 and 14 all in T1S, R5W, Madison County. 
 
5. Narrative summary of the proposed project, purpose, action to be taken, and benefits: 

Applicant submitted Change Application 41G 30165036 on April 25, 2025, to the 
Bozeman DNRC Water Resources Office. The Application proposes to add two primary 
PODs and modify the POU to Statement of Claim 41G 197111-00. The proposed PODs 
are located downstream of the historical POD in the NENESE Section 14, and SENWNE 
Section 13, T1S, R5W, Madison County. The proposed PODs are pump sites composed of 
one stationary pump and one transitory pump that will divert water from the Jefferson 
River. Water will be conveyed from the proposed PODs to the POU via pipelines, so 
conveyance losses will decrease. The applicant proposes to retire 91 acres and add 52.9 
new acres to the POU for a total of 199.5 irrigated acres in SESE Section 14 and S2, 
SWNE, SENW, SWNENE, & SENWNE Section 13, all in T1S, R5W, Madison County. The 
proposed flow rate, diverted volume and conveyance losses will all be lower than the 
historical amounts. The DNRC shall issue a change authorization if an Applicant proves 
the criteria in 85-2-402 MCA are met.  
 

6. Agencies consulted during preparation of the Environmental Assessment: 

• Montana Department of Fish, Wildlife & Parks (FWP)- Dewatered Streams Page 3 
of 4 FISHMT :: Waterbody Search 

• Montana Department of Environmental Quality (DEQ)- Clean Water Act 
Information Center (CWAIC) Clean Water Act Information Center 

• Montana National Heritage Program (MTNHP)- National Heritage Map Viewer 
NHP Generalized Observations 

https://myfwp.mt.gov/fishMT/explore
https://clean-water-act-information-center-mtdeq.hub.arcgis.com/
https://mtnhp.org/mapviewer/?t=7
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• U.S. Fish & Wildlife Service (USFWS)- National Wetlands Inventory Wetlands 
Mapper Web Soil Survey 

• Natural Resource Conservation Service (NRCS)- Web Soil Survey (WSS) National 
Wetlands Inventory 

 
 

 
Figure 1. Proposed use for Change Application 41G 30165036 

 

 

Part II.  Environmental Review 
 
1. Environmental Impact Checklist: 

 
PHYSICAL ENVIRONMENT 

 

WATER QUANTITY, QUALITY AND DISTRIBUTION 
 

https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
https://fwsprimary.wim.usgs.gov/wetlands/apps/wetlands-mapper/
https://fwsprimary.wim.usgs.gov/wetlands/apps/wetlands-mapper/
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Water quantity - Assess whether the source of supply is identified as a chronically or periodically 
dewatered stream by DFWP.  Assess whether the proposed use will worsen the already 
dewatered condition. 
 
Determination: No significant impact. 
 
A September 4, 2025, search of DFWP data does not list Parsons Slough or the Jefferson River 
as periodically or chronically dewatered. The proposed diverted volume is less than or equal to 
the historically diverted volume so water quantity in the source will not decrease as a result of 
the proposed change. Water will continue to be used for irrigation and the consumptive use 
associated with the fields will be 18.42 AF less than the historical consumed volume. No impact 
to water quantity is expected as a result of this change.  
 
Water quality - Assess whether the stream is listed as water quality impaired or threatened by 
DEQ, and whether the proposed project will affect water quality. 
 
Determination: No significant impact.  
 
A September 4, 2025, search of DEQ Impaired Waters 2020 data on the CWAIC did not identify 
anything for Parsons Slough but identified the Jefferson River, headwaters to the mouth 
(Missouri River), was assessed for impairments. Primary Contact Recreation use was not 
assessed, but the search showed the source to be fully supporting Agriculture and Drinking 
Water use. The search showed that Aquatic Life is not supported. The impairment is suspected 
to be caused by the following: 

• Temperature 
o Crop Production (Irrigated) 
o Hydrostructure Flow Regulation/modification 
o Loss of Riparian Habitat 
o Dam or Impoundment-Aquatic Life 
o Abandoned Mine Lands (Inactive) 
o Streambank Modifications/destabilization 

• Flow Regime Modification 
o Crop Production (Irrigated) 
o Dam or Impoundment 
o Hydrostructure Flow Regulation/modification 

• Iron Impacts 
o Abandoned Mine Lands (Inactive) 

• Lead Impacts 
o Abandoned Mine Lands (Inactive) 

• Physical Substrate 
o Crop Production (Irrigated) 
o Hydrostructure Flow Regulation/modification 
o Streambank Modifications/destabilization 

• Sedimentation/Siltation 
o Crop Production (Irrigated) 
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o Abandoned Mine Lands (Inactive) 
o Streambank Modifications/destabilization 
o Loss of Riparian Habitat 
o Natural Sources 

The proposed project involves adding the PODs, diverting water by pipelines and changing the 
POU. The proposed change is not likely to affect water quality because the historical 
consumptive volume, diverted volume, and return flows are greater than proposed volumes.  
 
Groundwater - Assess if the proposed project impacts ground water quality or supply. 
If this is a groundwater appropriation, assess if it could impact adjacent surface water flows.  
 
Determination:  No significant impact. 
 
The proposed use does not involve a groundwater component. 
 
DIVERSION WORKS - Assess whether the means of diversion, construction and operation of the 
appropriation works of the proposed project will impact any of the following: channel impacts, 
flow modifications, barriers, riparian areas, dams, well construction. 
 
Determination: No significant impact. 
 
The proposed project involves a change in PODs and POU. The proposed PODs are 
approximately 4,000 feet and 1.86 miles downstream of the historical POD on the Jefferson 
River and will convey water from the pump site by a means of a buried 10” PVC mainline for the 
stationary pump and a 2” flexible plastic hose for the transitory pump. There will be a small 
disturbance of native soils during construction, but no significant impact to the channel, flow 
regime, or riparian areas are expected by using the diversion works after the proposed change. 
 
UNIQUE, ENDANGERED, FRAGILE OR LIMITED ENVIRONMENTAL RESOURCES 
 
Endangered and threatened species - Assess whether the proposed project will impact any 
threatened or endangered fish, wildlife, plants or aquatic species or any “species of special 
concern," or create a barrier to the migration or movement of fish or wildlife.  For groundwater, 
assess whether the proposed project, including impacts on adjacent surface flows, would impact 
any threatened or endangered species or “species of special concern.” 
 
Determination: No significant impact identified. 
 
A September 4, 2025, search of the Montana Heritage Programs website for T1S, R5W, 
Madison County returned the following results:  

• 35 Animal Species of Concern: Grizzly Bear, Little Brown Myotis, Long-eared Myotis, 
Long-legged Myotis, Silver-haired Bat, Wolverine, American Goshawk, American White 
Pelican, Baird's Sparrow, Black-necked Stilt, Bobolink, Brewer's Sparrow, Brown Creeper, 
Cassin's Finch, Clark's Nutcracker, Evening Grosbeak, Ferruginous Hawk, Flammulated 
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Owl, Golden Eagle, Great Blue Heron, Greater Sage-Grouse, Green-tailed Towhee, 
Harlequin Duck, Long-billed Curlew, Mountain Plover, Pinyon Jay, Solitary Sandpiper, 
Sprague's Pipit, Thick-billed Longspur, Trumpeter Swan, Veery, Western Toad, Arctic 
Grayling, Rocky Mountain Cutthroat Trout, Westslope Cutthroat Trout 

• 4 Animal Potential Species of Concern: Common Poorwill, Hooded Merganser, Rufous 
Hummingbird, Great Gray Owl 

• 1 Animal Special Status Species: Bald Eagle 

• 3 Invertebrate Potential Species of Concern: Mountain Saddlecase Caddisfly, Familiar 
Bluet, California Darner 

• 11 Plant Species of Concern: Nevada Clubrush, Annual Indian Paintbrush, Dense-leaf 
Draba, Beardless Wildrye, Parry’s Fleabane, Slender Cottongrass, Whitebark Pine, Five-
leaf Cinquefoil, Mealy Primrose, Northern Spikemoss, Ute Ladies’-tresses 

• 2 Plant Potential Species of Concern: Flat-Topped Broomrape, Austin’s Knotweed  

• 0 Plant Special Status Species 
 
The proposed change will decrease the flow rate and volume of diverted water from historical 
values. The proposed project will continue historical irrigation practices. The proposed pump 
diversion is not expected to create a barrier to the migration or movement of aquatic species. 
The proposed project is not anticipated to have a significant impact on endangered or 
threatened species.  
 
Wetlands - Consult and assess whether the apparent wetland is a functional wetland (according 
to COE definitions), and whether the wetland resource would be impacted. 
 
Determination: No significant impact. 
 
A September 4, 2025, search on the National Wetlands Inventory Mappers shows freshwater 
emergent wetlands, freshwater ponds and riverine in the project area (Figure 2). Water will be 
diverted in volumes less than the historical use of the water rights proposed to change. No 
significant impact on wetlands in the area are expected as a result of the proposed change.  
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Figure 2. Wetlands surrounding the proposed project area 

 
 
Ponds - For ponds, consult and assess whether existing wildlife, waterfowl, or fisheries resources 
would be impacted. 
 
Determination: No significant impact. 
 
No Ponds are involved with this project. 
 
Geology/Soil quality, stability and moisture - Assess whether there will be degradation of soil 
quality, alteration of soil stability, or moisture content.  Assess whether the soils are heavy in 
salts that could cause saline seep.  
 
Determination: No significant impact. 
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A September 4, 2025, search of the NRCS Web soil Survey identified surface salinization risk in 
the project area. The proposed project is not predicted to increase soil salinization risk. The 
historical POU will be modified by retiring 91 acres and adding 52.9 acres to the proposed POU. 
Of the 91 acres retired, 59.6 will be from flood irrigation and 31.4 will be wheel line. The 52.9 
added acres will be center pivot irrigation. The installation of the pump diversion may cause 
temporary and minor disturbance to the soil but is not anticipated to have significant impact.  
 
Vegetation cover, quantity and quality/Noxious weeds - Assess impacts to existing vegetative 
cover.  Assess whether the proposed project would result in the establishment or spread of 
noxious weeds. 
 
Determination: No significant impact. 
 
The disturbance associated with construction of the pumps and pipeline structure in the 
Jefferson River should be minimal and should not promote the establishment of noxious weeds. 
Under Montana law, private landowners are responsible for noxious weed control on their 
property. 
 
Air quality - Assess whether there will be a deterioration of air quality or adverse effects on 
vegetation due to increased air pollutants.   
 
Determination: No significant impact. 
 
The proposed project will not impact air quality. 
 
Historical and archeological sites - Assess whether there will be degradation of unique 
archeological or historical sites in the vicinity of the proposed project if it is on State or Federal 
Lands.  If it is not on State or Federal Lands simply state NA-project not located on State or 
Federal Lands.  
 
Determination: No significant impacts. 
 
The proposed project is not located on State or Federal Lands. The Applicant did not mention 
significant historical or archeological sites on the property.  
 
Demands on environmental resources of land, water, and energy - Assess any other impacts on 
environmental resources of land, water and energy not already addressed. 
 
Determination: No significant impact identified. 
 
No impacts on environmental resources of land, water, or energy not already addressed.  
 

 

 

HUMAN ENVIRONMENT 
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Locally adopted environmental plans and goals - Assess whether the proposed project is 
inconsistent with any locally adopted environmental plans and goals. 
 
Determination: No significant impact identified. 
 
This change application is to add two new PODs and change the POU for continued irrigation 
use which is recognized beneficial use of water within the State of Montana a (§85-2-102(5), 
MCA). 
 
Access to and quality of recreational and wilderness activities - Assess whether the proposed 
project will impact access to or the quality of recreational and wilderness activities. 
 
Determination: No significant impact identified. 
 
The proposed change is located entirely on private property and will not affect access to 
recreational activities or the quality of recreational and wilderness activities.  
 
Human health - Assess whether the proposed project impacts on human health. 
 
Determination:  No significant impact identified. 
 
The project will not impact human health. 
 
Private property - Assess whether there are any government regulatory impacts on private 
property rights. 
Yes___  No_X_   If yes, analyze any alternatives considered that could reduce, minimize, or 
eliminate the regulation of private property rights. 
 
Determination:  No significant impact identified. 
 
This project does not impact government regulations on private property rights. 
 
Other human environmental issues - For routine actions of limited environmental impact, the 
following may be addressed in a checklist fashion.   
 
1. Impacts on:  

(a) Cultural uniqueness and diversity?  No significant impact identified. 
 

(b) Local and state tax base and tax revenues? No significant impact identified.  
  

(c) Existing land uses? No significant impact identified. 
 
(d) Quantity and distribution of employment? No significant impact identified. 
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(e) Distribution and density of population and housing? No significant impact identified. 
 

(f) Demands for government services? No significant impact identified. 
 

(g) Industrial and commercial activity? No significant impact identified. 
 

(h) Utilities? No significant impact identified. 
 

(i) Transportation? No significant impact identified. 
 

(j) Safety? No significant impact identified. 
 

(k) Other appropriate social and economic circumstances? No significant impact identified. 
 
2. Secondary and cumulative impacts on the physical environment and human population: 
 

Secondary Impacts No significant secondary impacts identified. 
 
Cumulative Impacts No significant cumulative impacts identified. 
 

3. Describe any mitigation/stipulation measures: The proposed diversions will be located 
downstream of the historical POD. Water will be diverted via pump sites and conveyed into the 
irrigation system via a pipeline. The applicant will not exceed historical diverted volume. For the 
change authorization to be granted by the DNRC, the Applicant must prove the criteria in §85-
2-402 MCA are met. 
 
4. Description and analysis of reasonable alternatives to the proposed action, including the no 
action alternative, if an alternative is reasonably available and prudent to consider: The “no 
action” alternative would be to not construct additional points of diversion or change the 
current POU. The Applicant would continue using the historical POD to divert water from 
Parsons Slough for irrigation use and the POU would remain unchanged. 
 

PART III.  Conclusion  
  

1. Preferred Alternative: The preferred alternative is to grant the change application if the 
Applicant has proven the criteria of §85-2-402, MCA. 

2. Comments and Responses: None at this time 

3. Finding: Yes___  No_X_ Based on the significance criteria evaluated in this EA, is an EIS 
required? 

 
If an EIS is not required, explain why the EA is the appropriate level of analysis for this proposed 
action: The EA is the appropriate level of analysis because the proposed project is to add the 
PODs and change the POU of Claim 41G 197111-00. The Applicant proposes to use the water 
right for irrigation use and will use a maximum diverted volume of 564.92 AF and up to a 
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maximum 4.26 CFS flow rate. A total of 91 acres will be retired from the historical POU, and 
52.9 acres will be added to the proposed POU for a total of 199.5 acres of irrigation. Irrigation is 
consistent with state and local plans. None of the identified impacts for any of the alternatives 
are significant as defined in ARM 36.2.524. 
 
Name of person(s) responsible for preparation of EA: 
 
Name: Derek Rasmussen 
Title: Water Resource Specialist 
Date: September 5, 2025 
 



Draft Preliminary Determinations 

• Draft PD 
• Draft PD cover letter
• Updated Draft PD
• Updated Draft PD cover letter
• Any correspondence with the 

applicant regarding the draft PDs

Draft Preliminary 
Determinations 

CND011
Cross-Out



REVISED 12-2023 

 

DRAFT Preliminary Determination to Grant                                                               Page 1 of 40 
Application to Change Water Right No. 41G 30165036 

BEFORE THE DEPARTMENT OF 
NATURAL RESOURCES AND CONSERVATION 

OF THE STATE OF MONTANA 

* * * * * * * 

APPLICATION TO CHANGE WATER RIGHT 
NO.  41G 30165036 by TREASURED 

MOUNTAINS HOLDINGS LLC 

)
)
) 

DRAFT PRELIMINARY DETERMINATION 
TO GRANT CHANGE 

* * * * * * * 

On April 25, 2025, Treasured Mountains Holdings LLC (Applicant) submitted Application 

to Change Water Right No. 41G 30165036 to change Statement of Claim 41G 197111-00 to the 

Bozeman Regional Office of the Department of Natural Resources and Conservation (Department 

or DNRC). The Department published receipt of the application on its website. A preapplication 

meeting was held between the Department and the Applicant’s consultant (Andy Brummond) on 

December 17, 2024, in which the Applicant designated that the technical analyses for this 

application would be completed by the Department. The Applicant returned the completed 

Preapplication Meeting Form on January 29, 2025. The Department delivered the Department-

Completed Technical Analyses on March 21, 2025. The Department sent the Applicant a 

deficiency letter for the application under §85-2-302, Montana Code Annotated (MCA), dated May 

15, 2025. The Applicant responded with information dated June 24, 2025. The Application was 

determined to be correct and complete as of July 23, 2025. An Environmental Assessment for 

this application was completed on September 18, 2025. 

INFORMATION 

The Department considered the following information submitted by the Applicant, which is 

contained in the administrative record. 

Application as filed:  

• Application for Change of Appropriation Water Right, Form 606 

• Attachments:  

o Notice of Filing of Application to Change an Appropriation Right letter from 

Applicant’s Consultant to Shared Ditch Users, dated March 20, 2025 

o Narrative responses for questions 25, 30.A, 31.A, 31.B.I, 40 

o Page 79 of Montana Water Law Handbook by Ted J. Doney, October 1981 

o General Abstracts of Claims 41G 30123892 and 41G 30124720 

• Maps: 

o Application #17 Historic Use, map produced by Andy Brummond (undated) 
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o Application #17 Historic Use by Irrigation Method, map produced by Andy 

Brummond (undated) 

o Application #18 Proposed Use, map produced by Andy Brummond (undated) 

o Application #32 System Diagrams: System under normal operation, map 

produced by Andy Brummond (undated) 

o Application #32 System Diagrams: System if Jefferson pump site not operational, 

map produced by Andy Brummond (undated) 

o Application #32 System Diagrams: Sample set up for 100 GPM impact sprinkler 

shown pumping from Jefferson River, map produced by Andy Brummond 

(undated) 

• Department - completed technical analyses based on information provided in the 

Preapplication Meeting Form, dated March 21, 2025. 

Information Received after Application Filed 

• Application 41G 30165036 Deficiency Response, dated June 24, 2025 

• Email chain from Andy Brummond to DNRC dated May 20 – June 24, 2025, RE: 

Deficiency letter for Change Application No. 41G 30165036. 

Information within the Department’s Possession/Knowledge 

• Surface Water Change Technical Analyses Report – Part A, dated March 21, 2025 

• Surface Water Change Technical Analyses Report – Part B, dated March 21, 2025 

• Surface Water Change Technical Analyses Report – Part A Notice of Errata 

• Water Resources Survey, Madison County, 1965 

• Statement of Claim 41G 197111-00 file 

• The Department also routinely considers the following information. The following 

information is not included in the administrative file for this Application but is available 

upon request. Please contact the Bozeman Regional Office at 406-586-3136 to request 

copies of the following documents. 

o “Development of Standardized Methodologies to Determine Historic Diverted 

Volume” (2012) 

o “Technical Memorandum - Assessment of new consumptive use and irrecoverable 

losses associated with change applications” (2013) 

o “Technical Memorandum: Calculating Return Flows” (2019)  

o “Technical Memorandum: Physical Availability of Surface Water with Gage Data” 

(2019) 
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o “Technical Memorandum: Distributing Conveyance Loss on Multiple User Ditches” 

(2020)  

The Department has fully reviewed and considered the evidence and argument submitted in this 

Application and preliminarily determines the following pursuant to the Montana Water Use Act 

(Title 85, chapter 2, part 3, part 4, MCA). 

For the purposes of this document, Department or DNRC means the Department of Natural 

Resources & Conservation; CFS means cubic feet per second; GPM means gallons per minute; 

AF means acre-feet; AC means acres; and AF/YR means acre-feet per year. Values presented 

in this document may differ up to 0.1 due to rounding. 

WATER RIGHTS TO BE CHANGED 

FINDINGS OF FACT 

1. The Applicant seeks to change the place of use (POU) and point of diversion (POD) of 

Statement of Claim 41G 197111-00 in this application. Claim 41G 197111-00 is diverted from 

Parsons Slough at a flow rate of 9.48 CFS from May 1 to October 15 through a headgate in the 

SESESW Section 14, T1S, R5W, Madison County for irrigation of 250 acres. The claim is 

conveyed to the place of use generally located in Sections 13 and 14, T1S, R5W, Madison County 

by the Curtis Ditch. The water right proposed for change is seen in Table 1. 

Table 1. Water right proposed for change 

Water 
Right No. Purpose 

Flow Rate 
(CFS) 

Maximum 
Volume 

Period 
of Use 

Point of 
Diversion Place of Use 

Priority 
Date Acres 

41G 
197111-00 Irrigation 9.48 

Historical 
Use 

Statement 
5/1-

10/15 

SESESW 
Section 14 
T1S, R5W, 
Madison 
County 

SESE & NESE Section 14, 
and NWSW, NESW, 

SWNE, NESE, NWSE, 
SWSE, & SESE Section 13 
all in T1S, R5W, Madison 

County 9/19/1876 250 

2. No other water rights historically irrigated the historical POU of Claim 41G 197111-00. 

Claim 41G 197111-00 is not supplemental to any other water rights. 

3. The water right is owned solely by the Applicant and is not part of a bigger water right. 

4. No previous change authorizations are associated with the water right proposed for 

change.  

CHANGE PROPOSAL 

FINDINGS OF FACT 
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5. The Applicant proposes to change the POD and POU of Statement of Claim 41G 197111-

00. The Applicant proposes to add two new PODs: a permanent pump site in the Jefferson River 

and a moveable pump in the Jefferson River. The Applicant will continue using the historical POD 

following the change. The permanent pump will be located in NENESE Section 14, T1S, R5W, 

Madison County. The moveable pump will be located along a reach beginning in SENWNE 

Section 13 and ending in SENWNE Section 13, all in T1S, R5W, Madison County. The Applicant 

also proposes to add 52.9 acres to the POU and retire 91 acres from the historical POU, for a 

total 199.5 acres irrigated. The proposed POU is generally located in Sections 13 and 14, T1S, 

R5W, Madison County. Water will continue to be diverted from Parsons Slough from May 1 to 

October 15 for irrigation use. Water will be conveyed to the POU via pipelines or through the 

Curtis Ditch and Willow Spring Creek, which will act as a natural carrier when the ditch is in use. 

The proposed change is seen in Figure 1.  No change in purpose or place of storage are proposed 

in this application.  

6. Following the change, the new acres in the S2 Section 13, T1S, R5W, Madison County 

will overlap with the claimed POU of Claim 41G 212596-00. Claim 41G 212596-00 is owned by 

the Applicant. The Applicant stated all irrigation under Claim 41G 212596-00 will cease if this 

change is authorized. Claims 41G 212596-00 and 41G 197111-00 will not be supplemental 

following the change. The Applicant plans to address Claim 41G 212596-00 in a future change. 

This change, Change Application No. 41G 30165036, is the first change in a series of changes 

the Applicant has planned. 

7. The following conditions will be required for this change to meet the adverse effect criteria: 

WATER MEASUREMENT INFORMATION 

THE APPROPRIATOR SHALL INSTALL A DEPARTMENT APPROVED MEASURING 

DEVICE IN PARSONS SLOUGH AT A POINT APPROVED BY THE DEPARTMENT. THE 

APPROPRIATOR SHALL KEEP A WRITTEN RECORD OF THE FLOW IN PARSONS 

SLOUGH WHEN THEY ARE IRRIGATING THE PLACE OF USE FROM THE 

JEFFERSON RIVER PUMP SITES. THE ABILITY TO DIVERT PARSONS SLOUGH 

WATER OUT OF THE JEFFERSON RIVER AS GRANTED BY THIS CHANGE 

AUTHORIZATION SHALL BE BASED UPON MEASUREMENTS, AND DIVERSIONS 

CANNOT EXCEED THE AMOUNT MEASURED IN PARSONS SLOUGH. THE 

APPROPRIATOR SHALL MAINTAIN THE MEASURING DEVICE SO THAT THE 

MEASURING DEVICE ALWAYS OPERATES PROPERLY AND MEASURES FLOW 

ACCURATELY. ON A FORM PROVIDED BY THE DEPARTMENT, THE 
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APPROPRIATOR SHALL KEEP A MONTHLY WRITTEN RECORD OF FLOW. 

RECORDS SHALL BE SUBMITTED TO THE DEPARTMENT BY NOVEMBER 30TH OF 

EACH YEAR AND UPON REQUEST AT OTHER TIMES DURING THE YEAR. 

IMPORTANT INFORMATION 

THE HISTORICAL DITCH DIVERSION MAY ONLY DIVERT WATER FROM PARSONS 

SLOUGH WHEN THE PUMP SITES IN THE JEFFERSON RIVER ARE NOT IN 

OPERATION. 
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Figure 1. Proposed use for Change Application No. 41G 30165036 



REVISED 12-2023 

 

DRAFT Preliminary Determination to Grant                                                               Page 7 of 40 
Application to Change Water Right No. 41G 30165036 

CHANGE CRITERIA 

8. The Department is authorized to approve a change if the Applicant meets its burden to 

prove the applicable § 85-2-402, MCA, criteria by a preponderance of the evidence. Matter of 

Royston, 249 Mont. 425, 429, 816 P.2d 1054, 1057 (1991); Hohenlohe v. DNRC, 2010 MT 203, 

¶¶ 33, 35, and 75, 357 Mont. 438, 240 P.3d 628 (an Applicant’s burden to prove change criteria 

by a preponderance of evidence is “more probable than not.”); Town of Manhattan v. DNRC, 2012 

MT 81, ¶ 8, 364 Mont. 450, 276 P.3d 920.  Under this Preliminary Determination, the relevant 

change criteria in § 85-2-402(2), MCA, are:  

(2) Except as provided in subsections (4) through (6), (15), (16), and (18) and, if 
applicable, subject to subsection (17), the department shall approve a change in 
appropriation right if the appropriator proves by a preponderance of evidence that 
the following criteria are met: 

(a) The proposed change in appropriation right will not adversely affect the use of 
the existing water rights of other persons or other perfected or planned uses or 
developments for which a permit or certificate has been issued or for which a state 
water reservation has been issued under part 3. 

(b) The proposed means of diversion, construction, and operation of the 
appropriation works are adequate, except for: (i) a change in appropriation right 
for instream flow pursuant to 85-2-320 or 85-2-436; (ii) a temporary change in 
appropriation right for instream flow pursuant to 85-2-408; or (iii) a change in 
appropriation right pursuant to 85-2-420 for mitigation or marketing for mitigation. 

(c) The proposed use of water is a beneficial use. 

(d) The Applicant has a possessory interest, or the written consent of the person 
with the possessory interest, in the property where the water is to be put to 
beneficial use or, if the proposed change involves a point of diversion, conveyance, 
or place of use on national forest system lands, the Applicant has any written 
special use authorization required by federal law to occupy, use, or traverse 
national forest system lands for the purpose of diversion, impoundment, storage, 
transportation, withdrawal, use, or distribution of water. This subsection (2)(d) does 
not apply to: (i) a change in appropriation right for instream flow pursuant to 85-2-
320 or 85-2-436; (ii) a temporary change in appropriation right for instream flow 
pursuant to 85-2-408; or (iii) a change in appropriation right pursuant to 85-2-420 
for mitigation or marketing for mitigation. 

9. The evaluation of a proposed change in appropriation does not adjudicate the underlying 

right(s).  The Department’s change process only addresses the water right holder’s ability to make 

a different use of that existing right.  E.g., Hohenlohe, ¶¶ 29-31; Town of Manhattan, ¶ 8; In the 

Matter of Application to Change Appropriation Water Right No.41F-31227 by T-L Irrigation 

Company (DNRC Final Order 1991).  
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HISTORICAL USE AND ADVERSE EFFECT 

FINDINGS OF FACT - Historical Use 

10. Claim 41G 197111-00 is a filed right with a priority date of September 19, 1876. Claim 

41G 197111-00 was part of the Temporary Preliminary Decree and Preliminary Decree for Basin 

41G.  

11. Claim 41G 197111-00 was originally claimed for irrigation of 250 acres in SESE and NESE 

Section 14, NWSW, NESW, SWNE, NESE, NWSE, SWSE, and SESE Section 13, all in T1S, 

R5W, Madison County. The Water Resources Survey (WRS) for Madison County does not 

corroborate the claimed 250-acre POU. The Applicant provided historical imagery and information 

about historical irrigated acres with the Preapplication Meeting Form supporting irrigation of 237.6 

acres. The historical irrigation of 237.6 acres is supported by Army Map Service Image 

A001210366148, dated September 9, 1954, NASA AMES Research Center Image 

5720005521774, dated July 26, 1972, and Photo 378-61, dated September 7, 1979. The 

Department finds the maximum acres irrigated by Claim 41G 197111-00 is 237.6. The historical 

POU can be seen in Figure 2. The Department conducted the historical use analysis based on 

237.6 acres. 
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Figure 2. Historical use of Claim 41G 197111-00 
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12. Claim 41G 197111-00 has a claimed flow rate of 9.48 CFS. Claim 41G 197111-00 was 

historically diverted from Parsons Slough via a headgate at the Curtis Ditch in Section 14, T1S, 

R5W, Madison County for irrigation use. The Curtis Ditch conveys two water rights: Claim 41G 

197111-00 and Provisional Permit 41G 2262-00. The maximum flow rate in the ditch is 11.04 

CFS. The Applicant provided measurements and capacity calculations of the Curtis Ditch at the 

headgate and at a location along the ditch. The Applicant also provided a flow measurement at 

the down-ditch location, which measured 8.3 CFS. Based on measurements provided by the 

Applicant, the ditch capacity at the headgate is 16 CFS. The ditch profile provided with the flow 

measurement had a wetted width of 14 feet, an average depth of 2 feet, and a channel slope of 

0.12%. Using ditch measurements collected by the Applicant’s consultant and provided in the 

Preapplication Meeting Form materials, the capacity of the down-ditch location is 12.09 CFS. The 

Department finds the capacities at the headgate and the down-ditch location are sufficient to carry 

the maximum 11.04 CFS flow rate. The Department finds the maximum flow rate of Claim 41G 

197111-00 is 9.48 CFS. 

13. Water was historically diverted from May 1 to October 15 for irrigation under Claim 

197111-00. The end of the period of diversion and use falls outside the standard in ARM 

36.12.112 for irrigation in Climatic Area IV. The Applicant stated water has been diverted and 

used for irrigation until mid-October each year. Water rights that share the historical point of 

diversion also have a claimed period of diversion and use of May 1 to October 15. The Department 

finds the historical period of diversion and use for Claim 41G 197111-00 is May 1 to October 15. 

14. The water right proposed for change is a Statement of Claim, and the historical use was 

evaluated as the right existed prior to July 1, 1973. No prior change authorizations for the water 

right have occurred, and no documented history of calls on Claim 41G 197111-00 exists. The 

Department calculated the historical volume using the Department’s standard methodology, 

pursuant to ARM 36.12.1902. 

15. Water was historically diverted from Parsons Slough at a headgate in the SESESW 

Section 14, T1S, R5W, Madison County and conveyed via the Curtis Ditch to irrigate a total of 

237.6 acres in the historical POU. The Applicant stated 116.9 acres were historically irrigated by 

flood and 120.7 acres were historically irrigated by wheeline sprinklers. The Department 

categorized the historical irrigation methods as wild flood and sprinkler irrigation based on aerial 

photographs and the Applicant’s description of historical practices. Water was typically diverted 

and used from May 1 to October 15 each year for cultivation of grass, alfalfa, and small grains. 

No improvements, such as field leveling, occurred prior to July 1, 1973. No other water rights 
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irrigate the historical POU of 41G 197111-00. Using the information about historical irrigation 

practices, the Department calculated historical consumptive use, summarized in Table 2 and 3, 

according to the rules set forth in ARM 36.12.1902 using the following equations: 

𝐻𝐶𝑉 =  𝐶𝑟𝑜𝑝 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 + 𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐 𝐼𝑟𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑎𝑏𝑙𝑒 𝐿𝑜𝑠𝑠𝑒𝑠 

𝐶𝑟𝑜𝑝 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

= 𝑇𝑤𝑖𝑛 𝐵𝑟𝑖𝑑𝑔𝑒𝑠 ∗
1𝑓𝑡

12𝑖𝑛𝑐ℎ𝑒𝑠
∗ 𝑀𝑎𝑑𝑖𝑠𝑜𝑛 𝐶𝑜𝑢𝑛𝑡𝑦 𝑀𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡 𝐹𝑎𝑐𝑡𝑜𝑟

∗ 𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐 𝐴𝑐𝑟𝑒𝑠 

𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐 𝐼𝑟𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑎𝑏𝑙𝑒 𝐿𝑜𝑠𝑠𝑒𝑠 = 𝐹𝑖𝑒𝑙𝑑 𝐴𝑝𝑝𝑙𝑖𝑒𝑑 ∗ 𝐼𝐿% 

𝐹𝑖𝑒𝑙𝑑 𝐴𝑝𝑝𝑙𝑖𝑒𝑑 =
𝐶𝑟𝑜𝑝 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝐹𝑖𝑒𝑙𝑑 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
 

Table 2. Historical consumptive use of historical place of use 

Field ID 
Irrigation 
Method Acres NIR (in) 

Management 
Factor 

Field 
Efficiency 

Crop 
Consumption 

(AF) 

Applied 
Volume 

(AF) IL (AF)  

Total 
Consumed 

Volume 
(AF) 

North 
Flood 

Wild 
Flood  116.9 16.98 0.65 0.25 107.85 431.4 21.57 129.4 

South 
Sprinkler Wheeline 120.7 16.98 0.65 0.7 111.36 159.08 15.91 127.3 

Table 3. Historical consumptive volume of Claim 41G 197111-00 

Water Right No.  Crop Consumption (AF) Applied Volume (AF) Consumed Volume (AF) 

41G 197111-00 219.2 590.5 256.7 

16. Historical diverted volume is the sum of historical field applied volume and the seasonal 

conveyance losses attributed to a water right. The historical conveyance loss volume is equal to 

the sum of the historical seepage loss, vegetation loss, and ditch evaporation volumes. The Curtis 

Ditch historically conveyed 2 water rights: Permit 41G 2262-00 & Claim 41G 197111-00. The 

seasonal conveyance losses in the Curtis Ditch were calculated using ditch measurements 

provided by the Applicant and the equations below. The Applicant stated water was diverted from 

the Parsons Slough from May 1 to October 15 for all water rights in the ditch. Permit 41G 2262-

00 has a POU up-ditch of the POU of Claim 41G 197111-00. To account for the differences in 

distance conveyed to POUs, the ditch was divided into 2 down-ditch combinations as seen in 

Table 3. Conveyance losses were found for each down-ditch combination and distributed to the 

water rights in the combination based on a flow rate proportion. The conveyance losses attributed 

to the water right proposed for change were found using the following equations and are 

summarized in Tables 4-6. 
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𝑊𝑎𝑡𝑒𝑟 𝑅𝑖𝑔ℎ𝑡 𝐶𝑜𝑛𝑣𝑒𝑦𝑎𝑛𝑐𝑒 𝐿𝑜𝑠𝑠 =  ∑ 𝐷𝑖𝑡𝑐ℎ 𝐶𝑜𝑚𝑏𝑜 𝐶𝑜𝑛𝑣𝑒𝑦𝑎𝑛𝑐𝑒 𝐿𝑜𝑠𝑠𝑒𝑠𝑊𝑅 

𝐷𝑖𝑡𝑐ℎ 𝐶𝑜𝑚𝑏𝑜 𝐶𝑜𝑛𝑣𝑒𝑦𝑎𝑛𝑐𝑒 𝐿𝑜𝑠𝑠𝑒𝑠𝑇𝑜𝑡𝑎𝑙

= 𝑆𝑒𝑒𝑝𝑎𝑔𝑒 𝐿𝑜𝑠𝑠𝑐𝑜𝑚𝑏𝑜 + 𝑉𝑒𝑔𝑒𝑡𝑎𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠𝑐𝑜𝑚𝑏𝑜 + 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠𝑐𝑜𝑚𝑏𝑜 

𝑆𝑒𝑒𝑝𝑎𝑔𝑒 𝐿𝑜𝑠𝑠𝑐𝑜𝑚𝑏𝑜

= (𝑊𝑒𝑡𝑡𝑒𝑑 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟𝑐𝑜𝑚𝑏𝑜 ∗ 𝐷𝑖𝑡𝑐ℎ 𝐿𝑒𝑛𝑔𝑡ℎ𝑐𝑜𝑚𝑏𝑜 ∗ 𝐷𝑖𝑡𝑐ℎ 𝐿𝑜𝑠𝑠 𝑅𝑎𝑡𝑒

∗ 𝐷𝑎𝑦𝑠 𝐷𝑖𝑣𝑒𝑟𝑡𝑒𝑑𝑐𝑜𝑚𝑏𝑜) ∗
1 𝑎𝑐𝑟𝑒

43560𝑓𝑡2
 

𝑉𝑒𝑔𝑒𝑡𝑎𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠𝑐𝑜𝑚𝑏𝑜

= 0.75% 𝑙𝑜𝑠𝑠 𝑝𝑒𝑟 𝑚𝑖𝑙𝑒 ∗
𝐷𝑖𝑡𝑐ℎ 𝐿𝑒𝑛𝑔𝑡ℎ 𝑐𝑜𝑚𝑏𝑜

5280 𝑚𝑖𝑙𝑒𝑠
∗ 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒𝑐𝑜𝑚𝑏𝑜

∗ 𝐷𝑎𝑦𝑠 𝐷𝑖𝑣𝑒𝑟𝑡𝑒𝑑𝑐𝑜𝑚𝑏𝑜 ∗ 2 

𝐷𝑖𝑡𝑐ℎ 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠𝑐𝑜𝑚𝑏𝑜 = (𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 ∗ 𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑁𝑒𝑡 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛𝑐𝑜𝑚𝑏𝑜) ∗
1 𝑎𝑐𝑟𝑒

43560𝑓𝑡2
 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 = (𝑊𝑒𝑡𝑡𝑒𝑑 𝑊𝑖𝑑𝑡ℎ 𝑓𝑡) ∗ 𝐷𝑖𝑡𝑐ℎ 𝐿𝑒𝑛𝑔𝑡ℎ𝑐𝑜𝑚𝑏𝑜 

𝐷𝑖𝑡𝑐ℎ 𝐶𝑜𝑚𝑏𝑜 𝐶𝑜𝑛𝑣𝑒𝑦𝑎𝑛𝑐𝑒 𝐿𝑜𝑠𝑠𝑒𝑠𝑊𝑅

= 𝐷𝑖𝑡𝑐ℎ 𝐶𝑜𝑚𝑏𝑜 𝐶𝑜𝑛𝑣𝑒𝑦𝑎𝑛𝑐𝑒 𝐿𝑜𝑠𝑠𝑒𝑠𝑇𝑜𝑡𝑎𝑙 ∗ 𝐶𝑜𝑚𝑏𝑜 𝐹𝑙𝑜𝑤 𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑊𝑅 

𝐶𝑜𝑚𝑏𝑜 𝐹𝑙𝑜𝑤 𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑊𝑅 = 𝑊𝑅 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒𝑑𝑖𝑡𝑐ℎ ∗ 𝐷𝑖𝑡𝑐ℎ 𝐶𝑜𝑚𝑏𝑜 𝑇𝑜𝑡𝑎𝑙 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 

Table 4. Curtis Ditch down-ditch combinations 

Down-Ditch 
Combo Water rights in Combo 

Period of 
Diversion 

Start 

Period of 
Diversion 

End 
Total Days 
in Period 

Combo Flow 
Rate (CFS) 

Combo 
Length (ft) 

Curtis A 41G 197111-00 & 41G 2262-00 1-May 15-Oct 168 11.04 3215 

Curtis B 41G 197111-00 1-May 15-Oct 168 9.48 2015 

Table 5. Curtis Ditch historical conveyance losses for down-ditch combinations 

Down-
Ditch 

Combo 
Length 

(ft) 

Flow 
Rate 
(CFS) 

Wetted 
Width 

(ft) 

Wetted 
Perimeter 

(ft) 

Ditch 
Loss Rate 
(ft3/ft2/day) 

No. of 
Days 

Diverted 

Adj. Net 
Evaporation 

(in) 

Seepage 
Loss 
(AF) 

Vegetation 
Loss (AF) 

Evaporative 
Loss (AF) 

Total 
Conveyance 

Loss (AF) 

Curtis 
A 3215 11.04 14 15.21 1 168 21.21 188.6 16.94 1.83 207.36 

Curtis 
B 2015 9.48 14 15.21 1 168 21.21 118.2 9.12 1.14 128.46 

Table 6. Curtis Ditch historical conveyance losses per water right 

Water Right 
No. 

Down-Ditch 
Combo 

Water Right Flow Rate 
(CFS) 

Water Right 
Conveyance Loss (AF) 

41G 2262-00 Curtis A 1.56 29.3 

41G 197111-00 Curtis A & B 9.48 306.5 

17. The Department calculated the historical diverted volume pursuant to ARM 36.12.1902 

and the Department’s standard methodology (Roberts and Heffner, 2012). Conveyance losses 
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from the Curtis Ditch attributed to Claim 41G 197111-00, described above and seen in Table 6, 

were added to the historical field applied volume to find the historical diverted volume for the water 

right proposed for change. Water was historically diverted for irrigation of 237.6 acres from May 

1 to October 15 under Claim 41G 197111-00. Water was conveyed from the headgate diversion 

to the POU via the Curtis Ditch. The historical diverted volume is summarized in Table 7.  

Table 7. Historical diverted volume of Claim 41G 197111-00 

Water Right 
No. 

Historical 
Consumptive 
Volume (AF) 

Historical Field 
Applied Volume 

(AF) 

Historical 
Conveyance 
Losses (AF) 

Historical 
Diverted Volume 

(AF) 

41G 197111-00 256.7 590.5 306.5 897 

18. The Department finds the following historical use for Claim 41G 197111-00, shown in 

Table 8. 

Table 8. Historical use of Claim 41G 197111-00 

Water 
Right No. 

Historical 
Purpose 

Maximum 
Historical 

Acres Historical Place of Use 

Historical 
Point of 

Diversion 

Maximum 
Historical 
Flow Rate 

Historically 
Consumed 

Volume 

Historically 
Diverted 
Volume 

41G 
197111-00 Irrigation 

237.6 
acres 

SESE, NESE Section 14, 
and NWSW, NESW, 

SWNE, NESE, NWSE, 
SWSE, SESE Section 13, 
all in T1S, R5W, Madison 

County 

SESESW 
Section 
14, T1S, 

R5W, 
Madison 
County 9.48 CFS 256.7 AF 897 AF 

ADVERSE EFFECT 

FINDINGS OF FACT  

19. The Applicant proposes to change the POD and POU of Claim 41G 197111-00. Through 

the proposed change the Applicant will add two points of diversion: a permanent pump in the 

NENESE Section 14 and a moveable pump along a reach beginning and ending in SENWNE 

Section 13, all in T1S, R5W, Madison County. The Applicant will continue to use the historical 

POD following the change when the proposed PODs are not operational. The Applicant also 

proposes to add 52.9 acres outside the historical POU and retire 91 historically irrigated acres, 

as seen in Figure 3. The acres will be added in SWSW & SESW of Section 13, T1S, R5W, 

Madison County. After the proposed change, Claim 41G 197111-00 will have three authorized 

PODs and will be used to irrigate 199.5 acres. No change in purpose or place of storage is 

proposed.  
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Figure 3. Proposed change in irrigated acres for Claim 41G 197111-00 
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20. Following the change, the Applicant will divert water from Parsons Slough at a maximum 

flow rate of 4.26 CFS for continued irrigation use. When the proposed PODs are in use and the 

system is fully operational, water will be diverted from the Jefferson River pump sites into 

pipelines. The pipelines will convey water to the irrigation systems on each field in the proposed 

POU. The proposed POU includes historical and new acres. Following the proposed change, 

142.2 acres will be sprinkler irrigated, and 57.3 acres will remain flood irrigated. Irrigation use will 

continue from May 1 to October 15 for a total 199.5 irrigated acres. No other water rights will be 

used to irrigate the proposed POU after the change. Claim 41G 212596-00 is currently claimed 

with an irrigation POU that overlaps with the new acres in the S2 Section 13, but the Applicant 

stated this water right will not be used to supplement Claim 41G 197111-00 as all irrigation under 

this claim will be ceased if Change Application 41G 30165036 is granted. The Applicant stated 

Claim 41G 212595-00 will be addressed in a future change. 

21. The consumptive use associated with the proposed place of use will change from the 

historical consumptive use. The Applicant proposes to irrigate the new 52.9 acres using sprinkler 

irrigation from May 1 to October 15. Water will continue to be used from May 1 to October 15 for 

the remaining historical acres, as done historically. The consumptive volume associated with the 

new 52.9 acres was found using the Department’s standard outlined in ARM 36.12.1902 for 

proposed use, with values seen in Table 9. Consumptive use for new acres was added to the 

consumptive volume associated with the remaining 146.6 historical acres to find the total 

proposed consumptive use following the proposed change. The proposed consumptive volume 

of Claim 41G 197111-00 is summarized in Tables 9-11. 

Table 9. Proposed consumptive volume of new acres 

Field 
ID Acres 

Weather 
Station 

NIR 
(in) 

Management 
Factor 

Field 
Efficiency 

Crop 
Consumption 

(AF) 

Applied 
Volume 

(AF) IL (AF) 

Total 
Consumed 

Volume - New 
Acres (AF) 

New 
Acres 52.9 

Twin 
Bridges 19.22 0.83 0.7 70.6 100.8 10.1 80.7 

Table 10. Historical consumptive volume of remaining acres 

Field ID Acres 
Weather 
Station 

NIR 
(in) 

Management 
Factor 

Field 
Efficiency 

Crop 
Consumption 

(AF) 

Applied 
Volume 

(AF) IL (AF) 

Total 
Consumed 
Volume - 

Remaining 
Acres (AF) 

Historical 
Flood 57.3 

Twin 
Bridges 16.98 0.65 0.25 52.9 211.5 10.5 63.4 

Historical 
Sprinkler 89.3 

Twin 
Bridges 16.98 0.65 0.7 82.4 117.7 11.8 94.2 
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Table 11. Proposed consumptive volume of Claim 41G 197111-00 

Water Right No. 
Crop Consumption - All 

Proposed Acres (AF) 
Applied Volume - All 
Proposed Acres (AF) 

Consumed Volume - All 
Proposed Acres (AF) 

41G 197111-00 205.9 430 238.3 

22. The Applicant proposes to retire 91 historically irrigated acres and add 52.9 new acres, so 

Claim 41G 197111-00 is used to irrigate a total 199.5 acres after the proposed change. As a 

result, the proposed consumed volume of Claim 41G 197111-00 is 238.3 AF. The proposed 

consumptive use is 18.4 AF less than the historical consumed volume of 256.7 AF. The 

Department finds the proposed change in point of diversion and place of use will not increase the 

consumed volume of Claim 41G 197111-00.  

23. The Applicant proposes to use pipelines to convey water from the proposed PODs when 

the system is fully operational. When the system is not fully operational, the Applicant will utilize 

the historical POD and Curtis Ditch. Water will be diverted using the historical POD and 

conveyed via the Curtis Ditch when the Jefferson River pump sites are not in use. The Applicant 

will use pipelines, Willow Spring Creek as a natural carrier following Curtis Ditch, and secondary 

PODs to convey and apply water onto three of the fields in the proposed POU; these are 

labeled as Fields B, D, and E on Figure 4.  The Applicant will only use the secondary diversion 

in Willow Spring Creek when the historical ditch diversion is in use. 
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Figure 4. Claim 41G 197111-00 proposed ditch conveyance system 
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24. The Applicant estimated the total amount of time to deliver the field applied volume to 

the proposed POUs using the Curtis Ditch is 50.7 days. The time to deliver the field applied 

volume varies depending on the size of the field. Water will be delivered to all three fields for 6.8 

days. Once the full field applied volume for Field E is delivered, water will be delivered for an 

additional 40.2 days only to the remaining fields. Once the full field applied volume for Field D is 

delivered, water will be delivered only to Field B for an additional 3.7 days. The total flow rate 

diverted at the POD is the amount needed to convey the field applied volume to each field. 

When water is diverted at a secondary diversion or delivered to a field, a portion of the flow rate 

is no longer being conveyed through the ditch. The differences in flow rates were also 

considered in calculating conveyance losses. To account for differences in distances between 

the headgate and the proposed fields and operational needs at the fields, the Curtis Ditch was 

divided into the following groups and down-ditch combinations: 

Table 12. Curtis Ditch groups and down-ditch combinations 

Group 
Down-Ditch 

Combo Water Rights Conveyed Days 

Maximum Total 
Flow Rate 

(CFS) 

G1: Water being 
delivered to Fields B, 

D, and E 

Curtis A 
41G 197111-00 & 41G 2262-

00 6.8 4.95 

Curtis B1 41G 197111-00 6.8 3.39 

Curtis B2 41G 197111-00 6.8 1.51 

Willow Feeder 41G 197111-00 6.8 1.34 

G2: Water being 
delivered to Fields B 

& D 

Curtis A 
41G 197111-00 & 41G 2262-

00 40.2 4.22 

Curtis B1 41G 197111-00 40.2 2.66 

Curtis B2 41G 197111-00 40.2 1.45 

Willow Feeder 41G 197111-00 40.2 1.11 

G3: Water being 
delivered to Field B 

Curtis A 
41G 197111-00 & 41G 2262-

00 3.7 3.77 

Curtis B1 & B2 41G 197111-00 3.7 2.21 

25. The conveyance losses associated with Claim 41G 197111-00 were calculated for the 

proposed use using a similar methodology as the historical conveyance losses.  The 

Department utilized the evaporation rate for the entire period of diversion, as the ditch may be 

used during the May 1 to October 15 period. Conveyance losses were distributed to Claim 41G 

197111-00 using the Department’s Multi-User Ditch Memo. The proposed conveyance losses 

are summarized in Tables 13 and 14.  
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Table 13. Curtis Ditch proposed conveyance losses for down-ditch combinations 

Ditch ID 
Length 

(ft) 

Flow 
Rate 
(CFS) 

Width 
(ft) 

Wetted 
Perimeter 

(ft) 

Ditch Loss 
Rate 

(ft3/ft/day) 

Number 
of Days 
Irrigated 

Adj. Net 
Evap (in) 

Seepage 
Loss 
(AF) 

Vegetation 
Loss (AF) 

Evaporative 
Loss (AF) 

Total 
Conveyance 

Loss (AF) 

G1 Curtis 
A 3215 4.95 14 15.2 1.1 6.8 21.21 8.39 0.31 1.83 10.53 

G1 Curtis 
B1 2305 3.39 14 15.2 1.1 6.8 21.21 6.02 0.15 1.31 7.48 

G1 Curtis 
B2 1800 1.51 14 15.2 1.1 6.8 21.21 4.7 0.05 1.02 5.77 

G1 Willow 
Feeder 120 1.34 14 15.2 1.1 6.8 21.21 0.31 0 0.07 0.38 

G2 Curtis 
A 3215 4.22 14 15.2 1.1 40.2 21.21 49.61 1.55 1.83 52.98 

G2 Curtis 
B1 2305 2.66 14 15.2 1.1 40.2 21.21 35.57 0.7 1.31 37.58 

G2 Curtis 
B2 1800 1.45 14 15.2 1.1 40.2 21.21 27.77 0.3 1.02 29.1 

G2 Willow 
Feeder 120 1.11 14 15.2 1.1 40.2 21.21 1.85 0.02 0.07 1.94 

G3 Curtis 
A 3215 3.77 14 15.2 1.1 3.7 21.21 4.57 0.13 1.83 6.52 

G3 Curtis 
B1 & B2 4105 2.21 14 15.2 1.1 3.7 21.21 5.83 0.1 2.33 8.26 

Table 14.  Ditch proposed conveyance losses per water right 

Water Right 
No. Ditch ID 

WR Flow 
Rate (CFS) 

Required 
Diverted 

Flow Rate 
(CFS) 

Combo Total 
Flow Rate 

(CFS) Proportion 

Combo 
Conveyance 

Loss (AF) 

Water Right 
Conveyance 

Loss (AF) 

41G 2262-00 

S1 Curtis A 1.56 1.56 4.95 0.3 10.53 3.32 

S2 Curtis A 1.56 1.56 4.22 0.4 52.98 19.59 

S3 Curtis A 1.56 1.56 3.77 0.4 6.52 2.70 

41G 197111-00 

S1 Curtis A 9.48 3.39 4.95 0.7 10.53 7.21 

S1 Curtis B1 9.48 3.39 3.39 1.0 7.48 7.48 

S1 Curtis B2 9.48 1.51 1.51 1.0 5.77 5.77 

S1 Willow 
Feeder 9.48 1.34 1.34 1.0 0.38 0.38 

S2 Curtis A 9.48 2.66 4.22 0.6 52.98 33.39 

S2 Curtis B1 9.48 2.66 2.66 1.0 37.58 37.58 

S2 Curtis B2 9.48 1.45 1.45 1.0 29.1 29.10 

S2 Willow 
Feeder 9.48 1.11 1.11 1.0 1.94 1.94 

S3 Curtis A 9.48 2.21 3.77 0.6 6.52 3.82 

S3 Curtis B1 
& B2 9.48 2.21 2.21 1.0 8.26 8.26 

26. The total proposed field applied volume was added to the proposed conveyance losses 

attributed to Claim 41G 197111-00 to obtain the total proposed diverted volume. The total 

proposed diverted volume, seen in Table 15, reflects the maximum water usage given the 

Applicant’s proposed operational plan. 
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Table 15. Proposed diverted volume 

Water Right No. 
Consumed 

Volume (AF) 
Applied Volume 

(AF) 
Conveyance 
Losses (AF) 

Total Diverted 
Volume (AF) 

41G 197111-00 238.3 430 134.9 564.9 

Table 17. Comparison of volumes associated with historical and proposed use. 

Water Right No. 

Historically 
Consumed 

Volume (AF) 

Proposed 
Consumptive 
Volume (AF) 

Historically 
Diverted Volume 

(AF) 

Proposed 
Diverted Volume 

(AF) 

41G 197111-00 256.7 238.3 897 564.9 

27. The proposed diverted volume of Claim 41G 197111-00 is 564.9 AF, which is 332.1 AF 

less than the historical diverted volume of 897 AF. The Applicant proposes to leave the difference 

in diverted volume, equal to 332.1 AF, in Parsons Slough at the historical POD. Water left in 

Parsons Slough will flow downstream to the Jefferson River. The Department finds the change in 

point of diversion and place of use will not increase the diverted volume of Claim 41G 197111-

00.  

28. The Department identified an area of potential adverse effect on Parsons Slough and the 

Jefferson River. This reach was determined to be the area from the historical POD downstream 

to where Willow Spring Creek meets the Jefferson River. This reach extends from SESESW 

Section 14, T1S, R5W, Madison County downstream to NENENE Section 13, T1S, R5W, 

Madison County. Water rights that share the POD with Claim 41G 197111-00 were also 

considered for adverse effect. Two water rights exist in the area of potential adverse effect: Claim 

41G 30143701 and Permit 41G 2262-00. The Applicant proposes to add two points of diversion 

to Claim 41G 197111-00 and will continue to use the historical POD following the proposed 

change. The proposed pump diversions will be downstream of the historical POD, and the 

Applicant will leave 332.1 AF in Parsons Slough at the historical POD. Water users in the area of 

potential adverse effect will have equal or greater access to water during the period of diversion 

as compared to historical conditions. The Applicant will not increase the diverted or consumed 

volume, nor change the timing of diversions for the water right proposed for change. The Applicant 

proposes to divert at flow rate of 4.26 CFS when using the pump sites in the Jefferson River. The 

Applicant will be required to measure Parsons Slough when the pump sites are in use. The 

Applicant will be able to divert from the Jefferson River pump sites at the authorized flow rate 

when measurements in Parsons Slough show the water is available. The amount of water diverted 

from the Jefferson River pump sites cannot exceed the amount measured in Parsons Slough. 

Water will be left instream at the historical POD, and diversions from the proposed pump sites will 
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occur when adequate water is measured in Parsons Slough. Water rights in the area of potential 

adverse effect will not be adversely affected. 

29. When using the ditch, the Applicant proposes to limit diversions to 3.39 CFS. The historical 

ditch will only be used when the Jefferson River pump sites are inoperable. Water diverted through 

the historical diversion will be conveyed through the Curtis Ditch and Willow Spring Creek to 

secondary PODs. The secondary POD in Willow Spring Creek will operate at a maximum 100 

GPM flow rate. The Applicant will decrease total diversions through the historical ditch, so no 

expansion will occur. 

30. The Applicant stated pump diversions will be able to be controlled to limit diversions to a 

total 4.26 CFS flow rate, the ditch diversion can be controlled to limit flow to 3.39 CFS, and all 

diversions may be shut off in response to call. 

31. The Department will require the Applicant to provide measurements to ensure adequate 

flow exists in Parsons Slough for the Jefferson River pump sites to operate. The Applicant will 

also only be able to operate the historical ditch diversion when the Jefferson River pump sites are 

inoperable. The following conditions will be placed on the water right if this change is authorized: 

WATER MEASUREMENT INFORMATION 

THE APPROPRIATOR SHALL INSTALL A DEPARTMENT APPROVED MEASURING 

DEVICE IN PARSONS SLOUGH AT A POINT APPROVED BY THE DEPARTMENT. THE 

APPROPRIATOR SHALL KEEP A WRITTEN RECORD OF THE FLOW IN PARSONS 

SLOUGH WHEN THEY ARE IRRIGATING THE PLACE OF USE FROM THE 

JEFFERSON RIVER PUMP SITES. THE ABILITY TO DIVERT PARSONS SLOUGH 

WATER OUT OF THE JEFFERSON RIVER AS GRANTED BY THIS CHANGE 

AUTHORIZATION SHALL BE BASED UPON MEASUREMENTS, AND DIVERSIONS 

CANNOT EXCEED THE AMOUNT MEASURED IN PARSONS SLOUGH. THE 

APPROPRIATOR SHALL MAINTAIN THE MEASURING DEVICE SO THAT THE 

MEASURING DEVICE ALWAYS OPERATES PROPERLY AND MEASURES FLOW 

ACCURATELY. ON A FORM PROVIDED BY THE DEPARTMENT, THE 

APPROPRIATOR SHALL KEEP A MONTHLY WRITTEN RECORD OF FLOW. 

RECORDS SHALL BE SUBMITTED TO THE DEPARTMENT BY NOVEMBER 30TH OF 

EACH YEAR AND UPON REQUEST AT OTHER TIMES DURING THE YEAR. 
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IMPORTANT INFORMATION 

THE HISTORICAL DITCH DIVERSION MAY ONLY DIVERT WATER FROM PARSONS 

SLOUGH WHEN THE PUMP SITES IN THE JEFFERSON RIVER ARE NOT IN 

OPERATION. 

Return flow analysis 

32. The proposed change to Claim 41G 197111-00 will result in a change in return flow 

locations and volumes. The Department modeled return flows for the proposed change in the 

Surface Water Change Technical Analysis Report – Part B, dated March 21, 2025. Historically, 

105.7 AF of return flow volume returned to the Jefferson River downstream of the NENESE 

Section 14, T1S, R5W, Madison County and 228.1 AF returned to Willow Spring Creek 

downstream of the SWNESE Section 14, T1S, R5W, Madison County. Under the proposed 

change, 51.8 AF of return flow volume will accrue to the Jefferson River downstream of NENWSW 

Section 13, T1S, R5W, Madison County and 139.9 AF will accrue to Willow Spring Creek 

downstream of the SWNESE Section 14, T1S, R5W, Madison County. The Applicant proposes 

to leave water instream, equal to 332.1 AF, in Parsons Slough at the historical POD that will flow 

into the Jefferson River. Water will not be left instream in Willow Spring Creek following the 

proposed change.. 

33. The timing of return flows for Willow Spring Creek is seen in Table 18 below. 

Table 18. Return flows to Willow Spring Creek and the net effect of the proposed change 

Months 

Net Irrigation 
Requirement 

(NIR) (in) 

Total Non- 
Consumed 

Volume (AF) 

Total Historical Return 
Flows 

Total Proposed Return 
Flows 

Net Effect 
to Willow 

Spring 
Creek (AF) 

Net Effect to 
Willow 

Spring Creek 
(GPM) 

Willow 
Spring 
Creek 
(AF) 

Willow 
Spring 
Creek 
(GPM) 

Willow 
Spring 
Creek 
(AF) 

Willow 
Spring 
Creek 
(GPM) 

January 0 0.3 0.4 2.6 0.3 2.2 -0.1 -0.4 

February 0 0.2 0.3 2 0.2 1.6 -0.1 -0.4 

March 0 0.2 0.3 2 0.2 1.6 -0.1 -0.4 

April 0 0.2 0.2 1.7 0.2 1.4 0 -0.3 

May 1.48 5.6 7.9 57.4 5.6 40.9 -2.3 -16.5 

June 4.93 35.8 60.1 439.2 35.8 261.8 -24.3 -177.4 

July 6.44 49 81.9 598.8 49 357.9 -32.9 -240.9 

August 5.31 41.4 68.8 503 41.4 302.4 -27.4 -200.6 

September 1.06 5.1 6.3 46.2 5.1 37.4 -1.2 -8.8 

October 0 0.8 1 7.3 0.8 6 -0.2 -1.3 

November 0 0.5 0.6 4.2 0.5 3.4 -0.1 -0.8 

December 0 0.4 0.5 3.3 0.4 2.6 -0.1 -0.7 

TOTAL 19.22 139.9 228.1   139.9   -88.2   
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Area of Potential Impact Analysis 

34. The Department identified an area of potential impact (AOPI) on Willow Spring Creek, 

beginning at the historical location of return flows to the confluence of the Jefferson River and 

Willow Spring Creek. This reach extends downstream of the SWNESE Section 14, T1S, R5W, 

Madison County to NENENE Section 13, T1S, R5W, Madison County, as seen in Figure 5. A total 

of 4 water rights exist within this reach. These water rights include one Fish, Wildlife, and Parks 

(FWP) Water Reservation for instream fisheries use (Reservation No. 41G 30017621), and three 

Statements of Claim owned by the Applicant (Claims 41G 30123892, 41G 30124720, and 41G 

212596-00), seen in Table 19. Claim 41G 30123892 has a priority date senior to the water right 

proposed for change. As such, this water right is not considered a potentially impacted water right 

and will not be included in the downstream legal demands for the extended return flow analysis.  

Table 19. Water rights in Area of Potential Impact 

Water Right 
No. All Owners Purpose 

Flow Rate 
(GPM) 

Flow Rate 
(CFS) 

Volume 
(AF) Acres 

Animal 
Units 

Priority 
Date 

41G 
30123892+* 

TREASURED 
MOUNTAINS 

HOLDINGS LLC STOCK 42.30 0.09 11.76 0 350 3/20/1876 

41G 
30124720+* 

TREASURED 
MOUNTAINS 

HOLDINGS LLC STOCK 39.80 0.09 7.73 0 230 12/31/1885 

41G 
30017621 

MONTANA, STATE OF 
DEPT OF FISH 

WILDLIFE & PARKS FISHERY 4128.96 9.20 6660.04 0 0 7/1/1985 

41G 
212596-00* 

TREASURED 
MOUNTAINS 

HOLDINGS LLC IRRIGATION 920.04 2.05 150.38 73.00 0 6/30/1973 
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Figure 5. Area of potential impact for Change Application No. 41G 30165036 
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35. As water rights have been identified to be potentially impacted, the Department 

conducted an extended analysis of physical availability and downstream legal demands within 

the AOPI to analyze potential adverse effect of the proposed change. The Department utilized 

instantaneous streamflow measurements and linear interpolation to determine the availability of 

water in Willow Spring Creek. The streamflow measurements were collected by the Montana 

Bureau of Mines and Geology (MBMG) between 2020 and 2024. The streamflow 

measurements are from GWIC stream site ID 277126, Long/Lat -112.155823904°, 45.7526167° 

(SRID: NAD83). Using the methodology described in the Surface Water Change Report – Part 

A, dated March 21, 2025, and Surface Water Change Report – Part A Notice of Errata, the 

monthly streamflow for Willow Spring Creek was found. The Department multiplied the monthly 

flow rate in CFS by 1.9831 and the number of days in the month to determine the monthly 

available volume in AF for each month. The monthly flow and volume based on the 

measurements and estimation technique for Willow Spring Creek is shown in Table 20. 

Table 20. Monthly flow and volume for Willow Spring Creek 

Month Monthly Flow (CFS) Monthly Volume (AF) 

January 10.93 670.88 

February 10.02 555.51 

March 9.21 565.31 

April 10.6 629.64 

May 11.97 734.72 

June 13.38 794.77 

July 14.75 905.36 

August 15.69 963.05 

September 17.82 1058.51 

October 17.95 1101.77 

November 14.84 881.50 

December 11.84 703.30 

36. The location of return flows on Willow Spring Creek is located upstream of the location 

where streamflow was estimated. To estimate physical availability on the source, the flow rates 

and volumes of diversionary water rights between the measurement location and the return flow 

location were added to the monthly flow and volume. Two diversionary water rights, which are 

rights that do not remain instream for their beneficial use, exist between the measurement 

location and return flow location: Claims 41G 30123892 and 41G 212596-00. The flow rate and 

volume of the water rights were taken from the face value on the abstract. Water rights without 

an assigned flow rate or volume were quantified. Water rights requiring a volume quantification 

 
1 Conversion factor for CFS to AF.  
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are denoted with an asterisk and rights with a flow rate quantification are denoted with a plus in 

Table 19. The adjudication standard of 30 gallons per day per animal unit was used for stock 

water right volumes. Stock direct from source/ditch water rights were assigned a flow rate using 

30 gallons per day per animal unit and adding 35 gallons per minute to the result. Irrigation 

rights were assigned a volume of 2.06 AF per acre, which is the low range of the Department’s 

standard for applied volume at 60% efficiency in Climatic Area IV, per ARM 36.12.115. The 

physical availability at the return flow location on Willow Spring Creek is shown in Table 21.  

Table 21. Physical availability of Willow Spring Creek 

 Willow Spring Creek  Intervening Water Rights Physical Availability 

Month 
Monthly 

Flow (CFS) 
Monthly 

Volume (AF) 
Monthly 

Flow (CFS) 
Monthly 

Volume (AF) 
Flow 
(CFS) 

Volume 
(AF) 

January 10.93 671.90 0.1 1.0 11.0 672.9 

February 10.02 556.35 0.1 0.9 10.1 557.3 

March 9.21 566.17 0.1 1.0 9.3 567.2 

April 10.60 630.59 0.1 1.0 10.7 631.6 

May 11.97 735.83 2.1 28.7 14.1 764.6 

June 13.38 795.98 2.1 27.8 15.5 823.8 

July 14.75 906.73 2.1 28.7 16.9 935.5 

August 15.69 964.51 2.1 28.7 17.8 993.3 

September 17.82 1060.11 2.1 27.8 20.0 1087.9 

October 17.95 1103.44 2.1 14.4 20.1 1117.9 

November 14.84 882.83 0.1 1.0 14.9 883.8 

December 11.84 704.36 0.1 1.0 11.9 705.4 

37. The physical availability at the location of return flows was then compared to downstream 

legal demands in the AOPI and the change in return flows to assess potential adverse effect from 

the proposed change. The Department quantified the flow rate and volume of the downstream 

legal demands using the same methodology described above in FOF 31. Downstream legal 

demands are seen in Table 22 below.  

Table 22. Downstream legal demands 

Water Right No. Flow Rate (CFS) Volume (AF) 

41G 30124720+* 0.09 7.73 

41G 30017621 9.20 6660.04 

41G 212596-00* 2.05 150.38 

38. The legal demands and loss of return flows were subtracted from the physical availability 

in Willow Spring Creek. The comparison of physical availability, legal demands, and net effect of 

return flows can be seen in Table 23 below. 
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Table 23. Comparison of physical availability and legal demands 

 Physical Availability 
Intervening Water 

Rights 
Loss of Return 

Flows Net Effect 

Month 
Flow 
(CFS) 

Volume 
(AF) 

Monthly 
Flow 
(CFS) 

Monthly 
Volume 

(AF) 

Monthly 
Flow 

(CFS)1 

Monthly 
Volume 

(AF) 
Flow 
(CFS) 

Volume 
(AF) 

January 11.0 672.9 9.3 566.3 0.001 0.100 1.7 106.5 

February 10.1 557.3 9.3 511.5 0.001 0.100 0.8 45.7 

March 9.3 567.2 9.3 566.3 0.001 0.100 0.0 0.8 

April 10.7 631.6 9.3 548.0 0.001 0.000 1.4 83.5 

May 14.1 764.6 11.3 594.1 0.037 2.300 2.7 168.2 

June 15.5 823.8 11.3 574.9 0.395 24.300 3.8 224.6 

July 16.9 935.5 11.3 594.1 0.537 32.900 5.0 308.5 

August 17.8 993.3 11.3 594.1 0.447 27.400 6.0 371.8 

September 20.0 1087.9 11.3 574.9 0.020 1.200 8.6 511.8 

October 20.1 1117.9 11.3 579.7 0.003 0.200 8.8 537.9 

November 14.9 883.8 9.3 548.0 0.002 0.100 5.6 335.7 

December 11.9 705.4 9.3 566.3 0.002 0.100 2.6 139.0 

1Flow rate converted from GPM to CFS using 1 CFS = 448.8 GPM 

39. The physical availability of water exceeds or is equal to the legal demands and loss of 

return flows in the AOPI for all months. The Department finds the change in return flows will not 

adversely affect water rights in the AOPI. 

40. The Applicant proposes to leave water instream at the historical POD. Water left 

instream will be left in Parsons Slough, which flows into the Jefferson River. Any diversions from 

the Jefferson River pump sites cannot exceed the measured amount of water available in 

Parsons Slough. Water diverted through the historical headgate will be diverted at a lower flow 

rate than historically. Other water rights in Parsons Slough, the Jefferson River, and Willow 

Spring Creek will not be adversely affected, as all diversions under Claim 41G 197111-00 will 

be less than historically. No adverse effect will occur in the identified areas, which includes all 

flow paths from the historical POD to the confluence of Willow Spring Creek and the Jefferson 

River.  

41. The Department finds the proposed change to Claim 41G 197111-00 will not create an 

adverse effect. 

BENEFICIAL USE 

FINDINGS OF FACT 

42. The Applicant is not changing the purpose of the water right proposed for change, which 

is remaining irrigation, a recognized beneficial use of water in the state of Montana.  
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43. The Applicant proposes to divert 564.9 AF at a maximum flow rate of 4.26 CFS and 

consume 238.3 AF for continued irrigation use. A total of 199.5 acres will be irrigated following 

the proposed change. The Department used the Department’s standards outlined in ARM 

36.12.1902 to determine the proposed use of Claim 41G 197111-00. 

44. The Department finds the continued used of Claim 41G 197111-00 for irrigation of 199.5 

acres is a beneficial use of water.  

ADEQUATE DIVERSION 

FINDINGS OF FACT 

45. The Applicant proposes to add a permanent pump site and a moveable pump site to divert 

water under Claim 41G 197111-00. The permanent pump site in the Jefferson River is a 60 HP 

variable speed turbine pump that will be limited to a maximum flow rate of 4.04 CFS. Water 

conveyed through 10-inch and 8-inch PVC buried mainlines to either pivot sprinklers or wheeline 

sprinkler systems. The center pivot sprinkler systems will use low pressure drop nozzles with a 2 

HP pump supplying the Nelson end guns. The wheel line sprinkler system will consist of self-

leveling impulse type sprinklers spaced at the standard 40 feet apart, each supplying 

approximately 8.5 GPM. The moveable pump site in the Jefferson River is a 14 HP gasoline 

powered pump, capable of diverting up to 100 GPM, that supplies a sprinkler gun fitted with a 

16mm nozzle. Water diverted at the moveable pump site is conveyed through a 2-inch flexible 

plastic hose to the sprinkler gun, which applies water to the 1.6-field in the NE Section 13, T1S, 

R5W, Madison County.  

46. When the system is fully operational, only the permanent pump and moveable pump sites 

will be operated. Water will flow from Parsons Slough to the pump sites in the Jefferson River for 

diversions. Together, the new diversions have a maximum capacity of 4.26 CFS. The permanent 

pump site will be installed in a manner that limits its operations if the Jefferson River has a flow 

rate less than 100 CFS. In the event the Jefferson River is below 100 CFS and the pump sites 

are not operational, the Applicant will divert water through the historical point of diversion. Water 

will be conveyed from the historical headgate through the Curtis Ditch to secondary diversions. 

Some water from the Curtis Ditch will also be conveyed through Willow Spring Creek, which will 

act as a natural carrier, to secondary points of diversion. The secondary diversions will convey 

water to the sprinkler systems on three fields (Fields B, D, and E in Figure 4) for field application. 

Only 3.39 CFS is proposed for diversion through the historical diversion when in use because of 

decreased operational needs. The historical diversion can be controlled to limit flow to 3.39 CFS. 
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47. The Applicant proposes to limit total diversions to 4.26 CFS based on the irrigation system 

supply needs. The irrigation system requirements were determined by a professional sprinkler 

system designer. The proposed diversion structures can be adjusted to limit the flow rate that is 

diverted at any time. The Applicant will be required to provide measurements if this change is 

authorized. 

48. The proposed diversion and conveyance systems have capacities capable of diverting the 

proposed flow rate of 4.26 CFS. The historical diversion structure can be controlled to limit flow 

to the proposed 3.39 CFS flow rate. The Department finds the proposed means of diversion and 

conveyance to be adequate. 

POSSESSORY INTEREST 

FINDINGS OF FACT 

49. The Applicant signed the affidavit on the application form affirming the Applicant has 

possessory interest, or the written consent of the person with the possessory interest, in the 

property where the water is to be put to beneficial use. (Change Application No. 41G 30165036 

file). 

CONCLUSIONS OF LAW  

HISTORICAL USE AND ADVERSE EFFECT 

50. Montana’s change statute codifies the fundamental principles of the Prior Appropriation 

Doctrine.  Sections 85-2-401 and -402(1)(a), MCA, authorize changes to existing water rights, 

permits, and water reservations subject to the fundamental tenet of Montana water law that one 

may change only that to which he or she has the right based upon beneficial use.  A change to 

an existing water right may not expand the consumptive use of the underlying right or remove the 

well-established limit of the appropriator’s right to water actually taken and beneficially used.  An 

increase in consumptive use constitutes a new appropriation and is subject to the new water use 

permit requirements of the MWUA.  McDonald v. State, 220 Mont. 519, 530, 722 P.2d 598, 605 

(1986) (beneficial use constitutes the basis, measure, and limit of a water right); Featherman v. 

Hennessy, 43 Mont. 310, 316-17, 115 P. 983, 986 (1911) (increased consumption associated 

with expanded use of underlying right amounted to new appropriation rather than change in use); 

Quigley v. McIntosh, 110 Mont. 495, 103 P.2d 1067, 1072-74 (1940) (appropriator may not 

expand a water right through the guise of a change – expanded use constitutes a new use with a 

new priority date junior to intervening water uses); Allen v. Petrick, 69 Mont. 373, 222 P. 451(1924) 

(“quantity of water which may be claimed lawfully under a prior appropriation is limited to that 
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quantity within the amount claimed which the appropriator has needed, and which within a 

reasonable time he has actually and economically applied to a beneficial use. . . . it may be said 

that the principle of beneficial use is the one of paramount importance . . . The appropriator does 

not own the water. He has a right of ownership in its use only”); Town of Manhattan, ¶ 10 (an 

appropriator’s right only attaches to the amount of water actually taken and beneficially applied).2   

51. Sections 85-2-401(1) and -402(2)(a), MCA, codify the prior appropriation principles that 

Montana appropriators have a vested right to maintain surface and ground water conditions 

substantially as they existed at the time of their appropriation; subsequent appropriators may 

insist that prior appropriators confine their use to what was actually appropriated or necessary for 

their originally intended purpose of use; and, an appropriator may not change or alter its use in a 

manner that adversely affects another water user.  Spokane Ranch & Water Co. v. Beatty, 37 

Mont. 342, 96 P. 727, 731 (1908); Quigley, 110 Mont. at 505-11,103 P.2d at 1072-74; Matter of 

Royston, 249 Mont. at 429, 816 P.2d at 1057; Hohenlohe, ¶¶ 43-45.3   

52. The cornerstone of evaluating potential adverse effect to other appropriators is the 

determination of the “historic use” of the water right being changed.  Town of Manhattan, ¶10 

(recognizing that the Department’s obligation to ensure that change will not adversely affect other 

water rights requires analysis of the actual historic amount, pattern, and means of water use).  A 

change Applicant must prove the extent and pattern of use for the underlying right proposed for 

change through evidence of the historic diverted amount, consumed amount, place of use, pattern 

of use, and return flow because a statement of claim, permit, or decree may not include the 

beneficial use information necessary to evaluate the amount of water available for change or 

potential for adverse effect.4  A comparative analysis of the historic use of the water right to the 

proposed change in use is necessary to prove the change will not result in expansion of the 

original right, or adversely affect water users who are entitled to rely upon maintenance of 

 
2 DNRC decisions are available at:  https://dnrc.mt.gov/Directors-Office/HearingOrders 
3 See also Holmstrom Land Co., Inc., v. Newlan Creek Water District,185 Mont. 409, 605 P.2d 1060 (1979); Lokowich 

v. Helena, 46 Mont. 575, 129 P. 1063 (1913); Thompson v. Harvey, 164 Mont. 133, 519 P.2d 963 (1974) (plaintiff 
could not change his diversion to a point upstream of the defendants because of the injury resulting to the 
defendants); McIntosh v. Graveley, 159 Mont. 72, 495 P.2d 186 (1972) (appropriator was entitled to move his point of 
diversion downstream, so long as he installed measuring devices to ensure that he took no more than would have 
been available at his original point of diversion); Head v. Hale, 38 Mont. 302, 100 P. 222 (1909) (successors of the 
appropriator of water appropriated for placer mining purposes cannot so change its use as to deprive lower 
appropriators of their rights, already acquired, in the use of it for irrigating purposes); and, Gassert v. Noyes, 18 Mont. 
216, 44 P. 959 (1896) (change in place of use was unlawful where reduced the amount of water in the source of 
supply available which was subject to plaintiff’s subsequent right). 
4A claim only constitutes prima facie evidence for the purposes of the adjudication under § 85-2-221, MCA.  The 

claim does not constitute prima facie evidence of historical use in a change proceeding under § 85-2-402, MCA. For 
example, most water rights decreed for irrigation are not decreed with a volume and provide limited evidence of 
actual historic beneficial use.  Section 85-2-234, MCA 
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conditions on the source of supply for their water rights.  Quigley, 103 P.2d at 1072-75 (it is 

necessary to ascertain historic use of a decreed water right to determine whether a change in use 

expands the underlying right to the detriment of other water user because a decree only provides 

a limited description of the right); Royston, 249 Mont. at 431-32, 816 P.2d at 1059-60 (record 

could not sustain a conclusion of no adverse effect because the Applicant failed to provide the 

Department with evidence of the historic diverted volume, consumption, and return flow); 

Hohenlohe, ¶ 44-45;  Town of Manhattan v. DNRC, Cause No. DV-09-872C, Montana Eighteenth 

Judicial District Court, Order Re Petition for Judicial Review, Pgs. 11-12 (proof of historic use is 

required even when the right has been decreed because the decreed flow rate or volume 

establishes the maximum appropriation that may be diverted, and may exceed the historical 

pattern of use, amount diverted or amount consumed through actual use); Matter of Application 

For Beneficial Water Use Permit By City of Bozeman, Memorandum, Pgs. 8-22 (Adopted by 

DNRC Final Order January 9,1985)(evidence of historic use must be compared to the proposed 

change in use to give effect to the implied limitations read into every decreed right that an 

appropriator has no right to expand his appropriation or change his use to the detriment of 

juniors).5   

53. An Applicant must also analyze the extent to which a proposed change may alter historic 

return flows for purposes of establishing that the proposed change will not result in adverse effect.  

 
5 Other western states likewise rely upon the doctrine of historic use as a critical component  in evaluating 
changes in appropriation rights for expansion and adverse effect: Pueblo West Metropolitan District v. 
Southeastern Colorado Water Conservancy District, 717 P.2d 955, 959 (Colo. 1986)(“[O]nce an 
appropriator exercises his or her privilege to change a water right … the appropriator runs a real risk of 
requantification of the water right based on actual historical consumptive use. In such a change 
proceeding a junior water right … which had been strictly administered throughout its existence would, in 
all probability, be reduced to a lesser quantity because of the relatively limited actual historic use of the 
right.”); Santa Fe Trail Ranches Property Owners Ass'n v. Simpson,  990 P.2d 46, 55 -57 (Colo.,1999); 
Farmers Reservoir and Irr. Co. v. City of Golden,  44 P.3d 241, 245 (Colo. 2002)(“We [Colorado Supreme 
Court] have stated time and again that the need for security and predictability in the prior appropriation 
system dictates that holders of vested water rights are entitled to the continuation of stream conditions as 
they existed at the time they first made their appropriation); Application for Water Rights in Rio Grande 
County,  53 P.3d 1165, 1170 (Colo. 2002); Wyo. Stat. § 41-3-104 (When an owner of a water right wishes 
to change a water right … he shall file a petition requesting permission to make such a change …. The 
change … may be allowed provided that the quantity of water transferred  … shall not exceed the amount 
of water historically diverted under the existing use, nor increase the historic rate of diversion under the 
existing use, nor increase the historic amount consumptively used under the existing use, nor decrease 
the historic amount of return flow, nor in any manner injure other existing lawful appropriators.); Basin 
Elec. Power Co-op. v. State Bd. of Control,  578 P.2d 557, 564 -566 (Wyo,1978) (a water right holder may 
not effect a change of use transferring more water than he had historically consumptively used; 
regardless of the lack of injury to other appropriators, the amount of water historically diverted under the 
existing use, the historic rate of diversion under the existing use, the historic amount consumptively used 
under the existing use, and the historic amount of return flow must be considered.) 
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The requisite return flow analysis reflects the fundamental tenant of Montana water law that once 

water leaves the control of the original appropriator, the original appropriator has no right to its 

use and the water is subject to appropriation by others.  E.g., Hohenlohe, ¶ 44; Rock Creek Ditch 

& Flume Co. v. Miller, 93 Mont. 248, 17 P.2d 1074, 1077 (1933); Newton v. Weiler, 87 Mont. 164, 

286 P. 133 (1930); Popham v. Holloron, 84 Mont. 442, 275 P. 1099, 1102 (1929); Galiger v. 

McNulty, 80 Mont. 339, 260 P. 401 (1927);  Head v. Hale, 38 Mont. 302, 100 P. 222 (1909); 

Spokane Ranch & Water Co., 37 Mont. at 351-52, 96 P. at 731; Hidden Hollow Ranch v. Fields, 

2004 MT 153, 321 Mont. 505, 92 P.3d 1185;  ARM 36.12.101(56) (Return flow - that part of a 

diverted flow which is not consumed by the appropriator and returns underground to its original 

source or another source of water - is not part of a water right and is subject to appropriation by 

subsequent water users).6  

54. Although the level of analysis may vary, analysis of the extent to which a proposed change 

may alter the amount, location, or timing return flows is critical in order to prove that the proposed 

change will not adversely affect other appropriators who rely on those return flows as part of the 

source of supply for their water rights.  Royston, 249 Mont. at 431, 816 P.2d at 1059-60; 

Hohenlohe, at ¶¶ 45-46 and 55-6; Spokane Ranch & Water Co., 37 Mont. at 351-52, 96 P. at 731.   

55. In Royston, the Montana Supreme Court confirmed that an Applicant is required to prove 

lack of adverse effect through comparison of the proposed change to the historic use, historic 

consumption, and historic return flows of the original right.  249 Mont. at 431, 816 P.2d at 1059-

60.  More recently, the Montana Supreme Court explained the relationship between the 

fundamental principles of historic beneficial use, return flow, and the rights of subsequent 

appropriators as they relate to the adverse effect analysis in a change proceeding in the following 

manner: 

The question of adverse effect under §§ 85-2-402(2) and -408(3), MCA, implicates 
return flows. A change in the amount of return flow, or to the hydrogeologic pattern 
of return flow, has the potential to affect adversely downstream water rights. There 
consequently exists an inextricable link between the “amount historically 
consumed” and the water that re-enters the stream as return flow. . . .  

An appropriator historically has been entitled to the greatest quantity of water he 
can put to use. The requirement that the use be both beneficial and reasonable, 
however, proscribes this tenet. This limitation springs from a fundamental tenet of 

 
6 The Montana Supreme Court recently recognized the fundamental nature of return flows to Montana’s water 

sources in addressing whether the Mitchell Slough was a perennial flowing stream, given the large amount of 
irrigation return flow which feeds the stream.  The Court acknowledged that the Mitchell’s flows are fed by irrigation 
return flows available for appropriation.  Bitterroot River Protective Ass'n, Inc. v. Bitterroot Conservation Dist., 2008 
MT 377, ¶¶ 22, 31, 43, 346 Mont. 508, 198 P.3d 219,(citing Hidden Hollow Ranch v. Fields, 2004 MT 153, 321 Mont. 
505, 92 P.3d 1185). 
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western water law-that an appropriator has a right only to that amount of water 
historically put to beneficial use-developed in concert with the rationale that each 
subsequent appropriator “is entitled to have the water flow in the same manner as 
when he located,” and the appropriator may insist that prior appropriators do not 
affect adversely his rights.  

This fundamental rule of Montana water law has dictated the Department’s 
determinations in numerous prior change proceedings.  The Department claims 
that historic consumptive use, as quantified in part by return flow analysis, 
represents a key element of proving historic beneficial use. 

We do not dispute this interrelationship between historic consumptive use, return 
flow, and the amount of water to which an appropriator is entitled as limited by his 
past beneficial use. 

Hohenlohe, at ¶¶ 42-45 (internal citations omitted).  

56. The Department’s rules reflect the above fundamental principles of Montana water law 

and are designed to itemize the type evidence and analysis required for an Applicant to meet its 

burden of proof. ARM 36.12.1901 through 1903.  These rules forth specific evidence and analysis 

required to establish the parameters of historic use of the water right being changed.  ARM 

36.12.1901 and 1902.  The rules also outline the analysis required to establish a lack of adverse 

effect based upon a comparison of historic use of the water rights being changed to the proposed 

use under the changed conditions along with evaluation of the potential impacts of the change on 

other water users caused by changes in the amount, timing, or location of historic diversions and 

return flows.  ARM 36.12.1901 and 1903. 

57. Applicant seeks to change existing water rights represented by its Water Right Claims.  

The “existing water rights” in this case are those as they existed prior to July 1, 1973, because 

with limited exception, no changes could have been made to those rights after that date without 

the Department’s approval. Analysis of adverse effect in a change to an “existing water right” 

requires evaluation of what the water right looked like and how it was exercised prior to July 1, 

1973.    In McDonald v. State, the Montana Supreme Court explained:  

The foregoing cases and many others serve to illustrate that what is preserved to 
owners of appropriated or decreed water rights by the provision of the 1972 
Constitution is what the law has always contemplated in this state as the extent of 
a water right: such amount of water as, by pattern of use and means of use, the 
owners or their predecessors put to beneficial use. . . . the Water Use Act 
contemplates that all water rights, regardless of prior statements or claims as to 
amount, must nevertheless, to be recognized, pass the test of historical, 
unabandoned beneficial use. . . . To that extent only the 1972 constitutional 
recognition of water rights is effective and will be sustained.  

220 Mont. at 529, 722 P.2d at 604; see also Matter of Clark Fork River Drainage Area, 254 Mont. 

11, 17, 833 P.2d 1120 (1992). 
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58. Water Resources Surveys were authorized by the 1939 legislature. 1939 Mont. Laws Ch. 

185, § 5.  Since their completion, Water Resources Surveys have been invaluable evidence in 

water right disputes and have long been relied on by Montana courts.  In re Adjudication of 

Existing Rights to Use of All Water in North End Subbasin of Bitterroot River Drainage Area in 

Ravalli and Missoula Counties, 295 Mont. 447, 453, 984 P.2d 151, 155 (1999) (Water Resources 

Survey used as evidence in adjudicating of water rights); Wareing v. Schreckendgust, 280 Mont. 

196, 213, 930 P.2d 37, 47 (1996) (Water Resources Survey used as evidence in a prescriptive 

ditch easement case); Olsen v. McQueary, 212 Mont. 173, 180, 687 P.2d 712, 716 (1984) (judicial 

notice taken of Water Resources Survey in water right dispute concerning branches of a creek).   

59. While evidence may be provided that a particular parcel was irrigated, the actual amount 

of water historically diverted and consumed is critical. E.g., In the Matter of Application to Change 

Water Right No. 41H 1223599 by MGRR #1, LLC., DNRC Proposal for Decision adopted by Final 

Order (2005).  The Department cannot assume that a parcel received the full duty of water or that 

it received sufficient water to constitute full-service irrigation for optimum plant growth. Even when 

it seems clear that no other rights could be affected solely by a particular change in the location 

of diversion, it is essential that the change also not enlarge an existing right.  See MacDonald, 

220 Mont. at 529, 722 P.2d at 604; Featherman, 43 Mont. at 316-17, 115 P. at 986; Trail's End 

Ranch, L.L.C. v. Colorado Div. of Water Resources, 91 P.3d 1058, 1063 (Colo., 2004).  

60. The Department has adopted a rule providing for the calculation of historic consumptive 

use where the Applicant proves by a preponderance of the evidence that the acreage was 

historically irrigated.  ARM 36.12.1902(16).  In the alternative an Applicant may present its own 

evidence of historic beneficial use. In this case Applicant has elected to proceed under ARM 

36.12.1902. (FOF No. 14).  

61. If an Applicant seeks more than the historic consumptive use as calculated by ARM 

36.12.1902(16), the Applicant bears the burden of proof to demonstrate the amount of historic 

consumptive use by a preponderance of the evidence. The actual historic use of water could be 

less than the optimum utilization represented by the calculated duty of water in any particular 

case. E.g., Application for Water Rights in Rio Grande County, 53 P.3d 1165 (Colo., 2002) 

(historical use must be quantified to ensure no enlargement); In the Matter of Application to 

Change Water Right No. 41H 1223599 by MGRR #1, LLC.; Orr v. Arapahoe Water and Sanitation 

Dist.,  753 P.2d 1217, 1223-1224 (Colo., 1988) (historical use of a water right could very well be 

less than the duty of water); Weibert v. Rothe Bros., Inc., 200 Colo. 310, 317, 618 P.2d 1367, 

1371 - 1372 (Colo. 1980) (historical use could be less than the optimum utilization “duty of water”).  
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62. Based upon the Applicant’s evidence of historic use, the Applicant has proven by a 

preponderance of the evidence the historic use of Claim 41G 197111-00 to be a diverted volume 

of 897 AF, a historically consumed volume of 256.7 AF, and flow rate of 9.48 CFS. (FOF Nos. 10 

- 18) 

63. Based upon the Applicant’s comparative analysis of historic water use and return flows to 

water use and return flows under the proposed change, the Applicant has proven that the 

proposed change in appropriation right will not adversely affect the use of the existing water rights 

of other persons or other perfected or planned uses or developments for which a permit or 

certificate has been issued or for which a state water reservation has been issued. Section 85-2-

402(2)(a), MCA. (FOF Nos. 19 - 41) 

BENEFICIAL USE 

64. A change Applicant must prove by a preponderance of the evidence the proposed use is 

a beneficial use.  Sections 85-2-102(4) and -402(2)(c), MCA.  Beneficial use is and has always 

been the hallmark of a valid Montana water right: “[T]he amount actually needed for beneficial 

use within the appropriation will be the basis, measure, and the limit of all water rights in Montana 

. . .”  McDonald, 220 Mont. at 532, 722 P.2d at 606.  The analysis of the beneficial use criterion 

is the same for change authorizations under §85-2-402, MCA, and new beneficial permits under 

§85-2-311, MCA.  ARM 36.12.1801.  The amount of water that may be authorized for change is 

limited to the amount of water necessary to sustain the beneficial use.  E.g., Bitterroot River 

Protective Association v. Siebel, Order on Petition for Judicial Review, Cause No. BDV-2002-519 

(Mont. 1st Jud. Dist. Ct.) (2003) (affirmed on other grounds, 2005 MT 60, 326 Mont. 241, 108 

P.3d 518); Worden v. Alexander, 108 Mont. 208, 90 P.2d 160 (1939); Allen v. Petrick, 69 Mont. 

373, 222 P. 451(1924); Sitz Ranch v. DNRC, DV-10-13390,, Order Affirming DNRC Decision, Pg. 

3 (Mont. 5th Jud. Dist. Ct.) (2011) (citing BRPA v. Siebel, 2005 MT 60, and rejecting Applicant’s 

argument that it be allowed to appropriate 800 acre-feet when a typical year would require 200-

300 acre-feet); Toohey v. Campbell, 24 Mont. 13, 60 P. 396 (1900) (“The policy of the law is to 

prevent a person from acquiring exclusive control of a stream, or any part thereof, not for present 

and actual beneficial use, but for mere future speculative profit or advantage, without regard to 

existing or contemplated beneficial uses.  He is restricted in the amount that he can appropriate 

to the quantity needed for such beneficial purposes.”); § 85-2-312(1)(a), MCA (DNRC is statutorily 

prohibited from issuing a permit for more water than can be beneficially used). 

65. Applicant proposes to use water for irrigation which is a recognized beneficial use. Section 

85-2-102(5), MCA. Applicant has proven by a preponderance of the evidence irrigation is a 
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beneficial use and that 564.9 acre-feet of diverted volume and 4.26 CFS flow rate of water 

requested is the amount needed to sustain the beneficial use and is within the standards set by 

DNRC Rule. Section 85-2-402(2)(c), MCA (FOF Nos. 42 - 44). 

ADEQUATE MEANS OF DIVERSION 

66. Pursuant to § 85-2-402 (2)(b), MCA, the Applicant must prove by a preponderance of the 

evidence that the proposed means of diversion, construction, and operation of the appropriation 

works are adequate. This codifies the prior appropriation principle that the means of diversion 

must be reasonably effective for the contemplated use and may not result in a waste of the 

resource.  Crowley v. 6th Judicial District Court, 108 Mont. 89, 88 P.2d 23 (1939); In the Matter 

of Application for Beneficial Water Use Permit No. 41C-11339900 by Three Creeks Ranch of 

Wyoming LLC (DNRC Final Order 2002) (information needed to prove that proposed means of 

diversion, construction, and operation of the appropriation works are adequate varies based upon 

project complexity; design by licensed engineer adequate). 

67. Pursuant to § 85-2-402 (2)(b), MCA, Applicant has proven by a preponderance of the 

evidence that the proposed means of diversion, construction, and operation of the appropriation 

works are adequate for the proposed beneficial use. (FOF Nos. 45 - 48) 

POSSESSORY INTEREST 

68. Pursuant to § 85-2-402(2)(d), MCA, the Applicant must prove by a preponderance of the 

evidence that it has a possessory interest, or the written consent of the person with the possessory 

interest, in the property where the water is to be put to beneficial use.  See also ARM 36.12.1802. 

69. The Applicant has proven by a preponderance of the evidence that it has a possessory 

interest, or the written consent of the person with the possessory interest, in the property where 

the water is to be put to beneficial use.  (FOF No. 49). 

PRELIMINARY DETERMINATION 

 Subject to the terms and analysis in this Preliminary Determination Order, the Department 

preliminarily determines that this Application to Change Water Right No. 41G 30165036 should 

be GRANTED subject to the following.  

The Applicant is authorized to change the point of diversion and place of use of Statement 

of Claim 41G 197111-00. The Applicant is authorized to divert from Parsons Slough from May 1 

to October 15 at three primary points of diversion, seen in Table 24. Under Claim 41G 197111-

00, the Applicant may divert a maximum volume of 564.7 AF and consume a volume of 238.3 AF 

at a flow rate of 4.26 CFS for irrigation of 199.5 acres from May 1 to October 15. The authorized 
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place of use for irrigation is seen in Table 25 below. The maximum flow rate and volume that will 

be diverted from Parsons Slough by the water right proposed for change cannot exceed 4.26 CFS 

and 564.7 AF. 

Table 24. Legal land descriptions for the authorized points of diversion 

Diversion Means QTR Section Township Range County 
Authorized 
Flow Rate 

Headgate SESESW 14 1S 5W Madison 3.39 CFS 

Permanent Pump NENESE 14 1S 5W Madison 4.03 CFS 

Moveable Pump SENWNE 13 1S 5W Madison 0.23 CFS 

Table 25. Legal land descriptions for the authorized place of use 

Acres QTR Section Township Range County 

25.7 SESE 14 1S 5W Madison 

160.9 S2 13 1S 5W Madison 

8.1 SWNE 13 1S 5W Madison 

3.2 SENW 13 1S 5W Madison 

0.3 SWNENE 13 1S 5W Madison 

1.3 SENWNE 13 1S 5W Madison 

 
The following conditions will be placed on this authorization: 

WATER MEASUREMENT INFORMATION 

THE APPROPRIATOR SHALL INSTALL A DEPARTMENT APPROVED MEASURING 

DEVICE IN PARSONS SLOUGH AT A POINT APPROVED BY THE DEPARTMENT. THE 

APPROPRIATOR SHALL KEEP A WRITTEN RECORD OF THE FLOW IN PARSONS 

SLOUGH WHEN THEY ARE IRRIGATING THE PLACE OF USE FROM THE 

JEFFERSON RIVER PUMP SITES. THE ABILITY TO DIVERT PARSONS SLOUGH 

WATER OUT OF THE JEFFERSON RIVER AS GRANTED BY THIS CHANGE 

AUTHORIZATION SHALL BE BASED UPON MEASUREMENTS, AND DIVERSIONS 

CANNOT EXCEED THE AMOUNT MEASURED IN PARSONS SLOUGH. THE 

APPROPRIATOR SHALL MAINTAIN THE MEASURING DEVICE SO THAT THE 

MEASURING DEVICE ALWAYS OPERATES PROPERLY AND MEASURES FLOW 

ACCURATELY. ON A FORM PROVIDED BY THE DEPARTMENT, THE 

APPROPRIATOR SHALL KEEP A MONTHLY WRITTEN RECORD OF FLOW. 

RECORDS SHALL BE SUBMITTED TO THE DEPARTMENT BY NOVEMBER 30TH OF 

EACH YEAR AND UPON REQUEST AT OTHER TIMES DURING THE YEAR. 

 



REVISED 12-2023 

 

DRAFT Preliminary Determination to Grant                                                               Page 38 of 40 
Application to Change Water Right No. 41G 30165036 

IMPORTANT INFORMATION 

THE HISTORICAL DITCH DIVERSION MAY ONLY DIVERT WATER FROM PARSONS 

SLOUGH WHEN THE PUMP SITES IN THE JEFFERSON RIVER ARE NOT IN 

OPERATION. 

  









Outlook

Draft Preliminary Determination to Grant Beneficial Water Use Permit Application No. 41G
30165036

From Reynolds, Lyra <Lyra.Reynolds@mt.gov>
Date Fri 9/19/2025 3:10 PM
To Brummond, Andy <abrummond@mt.gov>
Cc Strasheim, Kerri <kstrasheim@mt.gov>; Ellis, Kendrew <Kendrew.Ellis@mt.gov>; Rasmussen, Derek

<Derek.Rasmussen@mt.gov>

1 attachment (4 MB)
606_SW_DraftPD_GRANT_41G-30165036_TreasuredMountains_Signed.pdf;

Andy-

The Department of Natural Resources and Conservation (Department or DNRC) has completed a
preliminary review of Change Application 41G 30165036 by Treasured Mountains Holdings, LLC. The
Department has preliminarily determined that the criteria are met, and this application should be
granted. A copy of the Draft Preliminary Determination to Grant this application is attached, along with
the letter sent to the Applicant today 9/19/2025.

You have the opportunity to request an extension of time to submit additional information for the
Department to consider in the decision, within 15 business days of the date of this letter. If no response
is received by October 10, 2025, the Department will prepare a notice of opportunity to provide public
comment per §85-2-307(4), MCA.

Please do not hesitate to contact us with any questions.

-Lyra

   

Lyra Reynolds (they/them/she/her) | Hydrologist/Specialist
Bozeman Water Resources Office
Montana Department of Natural Resources and Conservation
2273 Boot Hill Court, Suite 110; Bozeman, MT 59715
DESK: 406-556-4500 EMAIL: lyra.reynolds@mt.gov 
Website  | Facebook | X (Twitter) | Instagram
How did we do? Let us know here: Feedback Survey

 
 

10/14/25, 12:46 PM Mail - Reynolds, Lyra - Outlook

https://outlook.office.com/mail/id/AAQkADlkNTVlM2M2LWQzZDctNGFjYy04MWMxLTI0OWQ0OWU2MzMxNgAQAOvEq0TVeM1Frui%2BQF1FdRE%… 1/1
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Surface Water Change Technical Analyses Report- Part A 
Application No. 41G 30165036 

Bozeman Regional Office 
Gallatin County 

Surface Water Change Technical Analyses Report – Part A 

Department of Natural Resources and Conservation (DNRC or Department)  
Water Resources Division 
Derek Rasmussen, Water Resource Specialist, Bozeman Regional Office 
 

Application No. 41G 30165036 
Proposed Point of 
Diversion 

NENESE Section 14, 
SENWNE & W2E2NE 
Section 13, all in T1S, 
R5W, Madison County. 

Applicant Treasured Mountains Holdings LLC 

Overview 
This report is Part A of a two-part publication which analyzes data submitted by the Applicant in 
support of the above-mentioned water right application. This report provides technical analyses 
as required under the Administrative Rules of Montana (ARM) 36.12.1303 in support of the 
water rights criteria assessment as required in §85-2-402 Montana Code Annotated (MCA).  

This Surface Water Change Technical Analyses Report – Part A contains the following sections:  
 

Overview ......................................................................................................................................... 1 

1.0 Application Details ................................................................................................................... 2 

2.0 Historical Use Technical Analysis ............................................................................................ 3 

2.1 Historical Field Consumed and Applied Volumes ................................................................ 3 

2.2 Historical Conveyance Losses .............................................................................................. 6 

2.3 Historical Diverted Volume .................................................................................................. 8 

2.4 Summary of Historical Use ................................................................................................... 8 

3.0 Analysis of Impacted Surface Water Sources ........................................................................... 9 

3.1 Summary of Proposed Use .................................................................................................... 9 

3.2 Impacted Surface Water Sources ........................................................................................ 14 

3.3 Extended Return Flow Analysis: Evaluation of Impacts to Identified Water Rights ......... 15 

Surface Water Analysis of the Affected Source ................................................................................. 16 
Area of Potential Impact Analysis of the Affected Source ................................................................. 18 

Review .......................................................................................................................................... 20 

References ..................................................................................................................................... 20 

Appendix A: Water Rights within the Area of Potential Adverse Effect ..................................... 21 
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Surface Water Change Technical Analyses Report- Part A 
Application No. 41G 30165036 

Bozeman Regional Office 
Gallatin County 

1.0 Application Details 
The Applicant proposes to change the point of diversion (POD) and place of use (POU) of 
Statement of Claim 41G 197111-00. The historical elements for the claim included in this 
change application can be seen in Table 1 below. The Applicant proposes to add two PODs: a 
permanent pump in the Jefferson River and a transitory pump in the Jefferson River or Willow 
Spring Creek. The proposed PODs are located downstream of the historical POD in the 
NENESE Section 14, and SENWNE & W2E2NE Section 13, all in T1S, R5W, Madison County. 
The Applicant proposes to add 52.9 acres to the POU in the S2 and NE Section 13, T1S, R5W, 
Madison County and retire 91 acres from the historical POU through this change. The project is 
in Madison County and the source is Parsons Slough. The water right will continue to be used for 
irrigation purposes from 5/1-10/15. No change in purpose or place of storage is proposed. 

Table 1. Water right proposed for change 

Water 
Right No. Purpose 

Flow 
Rate 

(CFS) Volume 
Period 
of Use 

Point of 
Diversion Place of Use 

Priority 
Date Acres 

41G 
197111-00 Irrigation 9.48 

Historical 
Use 

Statement 
5/1-

10/15 

SESESW 
Section 14 
T1S, R5W, 

Madison 
County 

SESE & NESE Section 14, 
and NWSW, NESW, 

SWNE, NESE, NWSE, 
SWSE, & SESE Section 13 
all in T1S, R5W, Madison 

County 9/19/1876 250 
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Surface Water Change Technical Analyses Report- Part A 
Application No. 41G 30165036 

Bozeman Regional Office 
Gallatin County 

Figure 1. Proposed use for Change Application 41G 30165036. This depiction has all elements 
of the proposed change, including when the system is fully operational and when the ditch is in 
use. 

2.0 Historical Use Technical Analysis 
2.1 Historical Field Consumed and Applied Volumes  
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Surface Water Change Technical Analyses Report- Part A 
Application No. 41G 30165036 

Bozeman Regional Office 
Gallatin County 

Figure 2. Historical use for Change Application 41G 30165036 

Claim 41G 197111-00 was originally claimed right for surface water irrigation of 250 acres in 
SESE and NESE Section 14, NWSW, NESW, SWNE, NESE, NWSE, SWSE, and SESE Section 
13, all in T1S, R5W, Madison County. Historical information and imagery were provided with 
the Preapplication Meeting Form showing POUs of 116.9 acres of wild flood irrigated acres and 
120.7 acres of wheeline irrigation, for a total 237.6 historically irrigated acres. The Department 
used the following images to determine the maximum acres in the historical POU: 

• Army Map Service Image A001210366148, dated 9/9/1954, max acres = 231  
• NASA AMES Research Center Image 5720005521774, dated 7/26/1972, max acres = 

237.6 
• Photo 378-61, dated 9/7/79, max acres = 237.6 

The maximum acres found for Claim 41G 197111-00 is 237.6 acres. The Department conducted 
its historical use analysis using 237.6 historically irrigated acres. 
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Surface Water Change Technical Analyses Report- Part A 
Application No. 41G 30165036 

Bozeman Regional Office 
Gallatin County 

Claim 41G 197111-00 was historically diverted from Parsons Slough through a headgate and 
conveyed by the Curtis Ditch to the POU. The diversion is a wood structure with an 8-foot-wide 
opening in SESESW Section 14, T1S, R5W, Madison County. Claim 41G 197111-00 is diverted 
from Parsons Slough through this opening into the Curtis Ditch at a flow rate of 9.48 CFS from 
5/1-10/15 for irrigation use. The Curtis Ditch conveys two water rights: Claim 41G 197111-00 
and Provisional Permit 41G 2262-00. The estimated ditch capacity at the headgate is 16 CFS, 
based on headgate measurements provided in the Preapplication Meeting Form. The capacity 
was found to be 8.2 CFS down-ditch, based on water depth measurements in the ditch. The 
Applicant provided a ditch profile along with the measurements showing the ditch has additional 
capacity than what was found when 8.3 CFS of flow was in the ditch. Claim 41G 197111-00 has 
a maximum claimed flow rate of 9.48 CFS. The maximum flow rate conveyed by the ditch is 
11.04 CFS.  

The total historical consumptive volume (HCV) for the water right associated with this Change 
Application is 256.68 AF. The Department calculated the historical consumptive volume using 
the Department’s standard methodology, pursuant to ARM 36.12.1902. The water right being 
changed is a Statement of Claim, and the historical use will be evaluated as the right existed prior 
to July 1, 1973. The consumed volume for irrigation is based on the net irrigation requirement 
(NIR) from USDA Natural Resources Conservation Service Irrigation Water Requirements 
(IWR) at a representative weather station. The NIR is multiplied by a county-wide management 
factor (from ARM 36.12.1902) to produce an adjusted NIR representative of actual crop yields in 
Montana. Crop consumption is determined by multiplying the adjusted NIR by the number of 
acres of irrigation. Crop consumption is then divided by the field efficiency identified from the 
irrigation method and ARM 36.12.115. Irrecoverable losses (IL) are 5% of the field applied 
volume for flood irrigation or 10% for sprinkler irrigation. The total consumed volume for 
irrigation is the crop consumption plus irrecoverable losses. The total non-consumed volume is 
the field applied volume minus the total consumed volume. Values seen in tables were calculated 
using the Department standard Irrigation and Conveyance Loss Calculator and may differ up to 
due to rounding.    

The historical consumptive volume for the historical place of use was found using the following 
equations and information: 

𝐻𝐶𝑉 =  𝐶𝑟𝑜𝑝 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 + 𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐 𝐼𝑟𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑎𝑏𝑙𝑒 𝐿𝑜𝑠𝑠𝑒𝑠 

𝐶𝑟𝑜𝑝 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

= 𝑇𝑤𝑖𝑛 𝐵𝑟𝑖𝑑𝑔𝑒𝑠 ∗
1𝑓𝑡

12𝑖𝑛𝑐ℎ𝑒𝑠
∗ 𝑀𝑎𝑑𝑖𝑠𝑜𝑛 𝐶𝑜𝑢𝑛𝑡𝑦 𝑀𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡 𝐹𝑎𝑐𝑡𝑜𝑟

∗ 𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐 𝐴𝑐𝑟𝑒𝑠 

𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐 𝐼𝑟𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑎𝑏𝑙𝑒 𝐿𝑜𝑠𝑠𝑒𝑠 = 𝐹𝑖𝑒𝑙𝑑 𝐴𝑝𝑝𝑙𝑖𝑒𝑑 ∗ 𝐼𝐿% 
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Application No. 41G 30165036 

Bozeman Regional Office 
Gallatin County 

    𝐹𝑖𝑒𝑙𝑑 𝐴𝑝𝑝𝑙𝑖𝑒𝑑 =
𝐶𝑟𝑜𝑝 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝐹𝑖𝑒𝑙𝑑 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
 

Crop Consumptive Use 
 Twin Bridges Weather Station North Field: 16.98 in 
 Twin Bridges Weather Station South Field: 16.98 in 
 Madison County Management Factor: 65% 
Water Applied to Field 

North field On- Farm Efficiency: 25% 
South field On-Farm Efficiency: 70% 

Irrecoverable Losses 
North Field: 5% for flood irrigation 
Irrecoverable losses = 5% x 431.4 = 21.57 
South Field: 10% for sprinkler irrigation 
Irrecoverable losses = 10% x 159.08 = 15.91 

Total Historical Consumptive Use  
North Field total = crop consumptive use + irrecoverable losses = 129.42 
South Field total = crop consumptive use + irrecoverable losses = 127.26 

The historical consumed and field applied volumes have been calculated with the inputs shown 
in Table 2 following the methods described above and in ARM 36.12.1902. 

Table 2. Historical consumptive use of historical place of use 

Field ID 
Irrigation 
Method Acres 

NIR 
(in) 

Management 
Factor 

Field 
Efficiency 

Crop 
Consumption 

(AF) 

Applied 
Volume 

(AF) 
IL 

(AF)  

Total 
Consumed 

Volume 
(AF) 

North 
Flood Flood  116.9 16.98 0.65 0.25 107.85 431.4 21.57 129.42 
South 

Sprinkler Wheeline 120.7 16.98 0.65 0.7 111.36 159.08 15.91 127.26 
 
No other water rights irrigate the historical place of use. 

Table 3. Historical consumptive use for the water right proposed for change 

Water Right No.  
Crop Consumption 

(AF) 
Applied Volume - 

(AF) 
Consumed Volume - 

(AF) 
41G 197111-00 219.21 590.5 256.68 

 
2.2 Historical Conveyance Losses  
Per ARM 36.12.1902(10), the historical conveyance loss volume is equal to the sum of the 
historical seepage loss, vegetation loss, and ditch evaporation volumes. 
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Surface Water Change Technical Analyses Report- Part A 
Application No. 41G 30165036 

Bozeman Regional Office 
Gallatin County 

The Curtis Ditch historically conveyed 2 water rights: Permit 41G 2262-00 & Claim 41G 
197111-00. The seasonal conveyance losses in the Curtis Ditch were calculated using ditch 
measurements provided by the Applicant and the equations below. The Applicant stated water 
was diverted from the Parsons Slough from 5/1-10/15 for all water rights in the ditch. Permit 41G 
2262-00 has a POU up ditch of the POU of Claim 41G 197111-00. To account for the 
differences in distance conveyed to POUs, the ditch was divided into 2 down-ditch combinations 
seen in Table 4. Conveyance losses were found for each down-ditch combination and distributed 
to the water rights in the combination based on a flow rate proportion. The conveyance losses 
attributed to the water right proposed for change were found using the following equations and 
are summarized in Tables 4-6. 

𝑊𝑎𝑡𝑒𝑟 𝑅𝑖𝑔ℎ𝑡 𝐶𝑜𝑛𝑣𝑒𝑦𝑎𝑛𝑐𝑒 𝐿𝑜𝑠𝑠 =  ∑ 𝐷𝑖𝑡𝑐ℎ 𝐶𝑜𝑚𝑏𝑜 𝐶𝑜𝑛𝑣𝑒𝑦𝑎𝑛𝑐𝑒 𝐿𝑜𝑠𝑠𝑒𝑠𝑊𝑅 

𝐷𝑖𝑡𝑐ℎ 𝐶𝑜𝑚𝑏𝑜 𝐶𝑜𝑛𝑣𝑒𝑦𝑎𝑛𝑐𝑒 𝐿𝑜𝑠𝑠𝑒𝑠𝑇𝑜𝑡𝑎𝑙

= 𝑆𝑒𝑒𝑝𝑎𝑔𝑒 𝐿𝑜𝑠𝑠𝑐𝑜𝑚𝑏𝑜 + 𝑉𝑒𝑔𝑒𝑡𝑎𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠𝑐𝑜𝑚𝑏𝑜 + 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠𝑐𝑜𝑚𝑏𝑜 

𝑆𝑒𝑒𝑝𝑎𝑔𝑒 𝐿𝑜𝑠𝑠𝑐𝑜𝑚𝑏𝑜

= (𝑊𝑒𝑡𝑡𝑒𝑑 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟𝑐𝑜𝑚𝑏𝑜 ∗ 𝐷𝑖𝑡𝑐ℎ 𝐿𝑒𝑛𝑔𝑡ℎ𝑐𝑜𝑚𝑏𝑜 ∗ 𝐷𝑖𝑡𝑐ℎ 𝐿𝑜𝑠𝑠 𝑅𝑎𝑡𝑒

∗ 𝐷𝑎𝑦𝑠 𝐷𝑖𝑣𝑒𝑟𝑡𝑒𝑑𝑐𝑜𝑚𝑏𝑜) ∗
1 𝑎𝑐𝑟𝑒

43560𝑓𝑡2
 

𝑉𝑒𝑔𝑒𝑡𝑎𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠𝑐𝑜𝑚𝑏𝑜

= 0.75% 𝑙𝑜𝑠𝑠 𝑝𝑒𝑟 𝑚𝑖𝑙𝑒 ∗
𝐷𝑖𝑡𝑐ℎ 𝐿𝑒𝑛𝑔𝑡ℎ 𝑐𝑜𝑚𝑏𝑜

5280 𝑚𝑖𝑙𝑒𝑠
∗ 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒𝑐𝑜𝑚𝑏𝑜

∗ 𝐷𝑎𝑦𝑠 𝐷𝑖𝑣𝑒𝑟𝑡𝑒𝑑𝑐𝑜𝑚𝑏𝑜 ∗ 2 

𝐷𝑖𝑡𝑐ℎ 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠𝑐𝑜𝑚𝑏𝑜

= (𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 ∗ 𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑁𝑒𝑡 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛𝑐𝑜𝑚𝑏𝑜) ∗
1 𝑎𝑐𝑟𝑒

43560𝑓𝑡2
 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 = (𝑊𝑒𝑡𝑡𝑒𝑑 𝑊𝑖𝑑𝑡ℎ 𝑓𝑡) ∗ 𝐷𝑖𝑡𝑐ℎ 𝐿𝑒𝑛𝑔𝑡ℎ𝑐𝑜𝑚𝑏𝑜 

𝐷𝑖𝑡𝑐ℎ 𝐶𝑜𝑚𝑏𝑜 𝐶𝑜𝑛𝑣𝑒𝑦𝑎𝑛𝑐𝑒 𝐿𝑜𝑠𝑠𝑒𝑠𝑊𝑅

= 𝐷𝑖𝑡𝑐ℎ 𝐶𝑜𝑚𝑏𝑜 𝐶𝑜𝑛𝑣𝑒𝑦𝑎𝑛𝑐𝑒 𝐿𝑜𝑠𝑠𝑒𝑠𝑇𝑜𝑡𝑎𝑙 ∗ 𝐶𝑜𝑚𝑏𝑜 𝐹𝑙𝑜𝑤 𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑊𝑅 

𝐶𝑜𝑚𝑏𝑜 𝐹𝑙𝑜𝑤 𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑊𝑅 = 𝑊𝑅 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒𝑑𝑖𝑡𝑐ℎ ∗ 𝐷𝑖𝑡𝑐ℎ 𝐶𝑜𝑚𝑏𝑜 𝑇𝑜𝑡𝑎𝑙 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 

Table 4. Curtis Ditch down-ditch combinations 

Down-Ditch 
Combo Water rights in Combo 

Period of 
Diversion 

Start 

Period of 
Diversion 

End 
Total Days in 

Period 
Combo Flow 
Rate (CFS) 

Combo 
Length (ft) 

Curtis A 41G 197111-00 & 41G 2262-00 1-May 15-Oct 168 11.04 3215 
Curtis B 41G 197111-00 1-May 15-Oct 168 9.48 2015 
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Table 5. Curtis Ditch historical conveyance losses for down-ditch combinations 
Down-
Ditch 

Combo 
Length 

(ft) 

Flow 
Rate 

(CFS) 

Wetted 
Width 

(ft) 

Wetted 
Perimeter 

(ft) 

Ditch Loss 
Rate 

(ft3/ft2/day) 

No. of 
Days 

Diverted 

Adj. Net 
Evaporation 

(in) 

Seepage 
Loss 
(AF) 

Vegetation 
Loss (AF) 

Evaporative 
Loss (AF) 

Total 
Conveyance 
Loss (AF) 

Curtis 
A 3215 11.04 14 15.21 1 168 21.21 188.6 16.94 1.83 207.36 

Curtis 
B 2015 9.48 14 15.21 1 168 21.21 118.2 9.12 1.14 128.46 

Table 6. Curtis Ditch historical conveyance losses per water right 

Water Right No. 
Down-Ditch 

Combo 
Water Right Flow Rate 

(CFS) 
Water Right 

Conveyance Loss (AF) 
41G 2262-00 Curtis A 1.56 29.3 

41G 197111-00 Curtis A & B 9.48 306.52 

2.3 Historical Diverted Volume 
Per ARM 36.12.1902(10), the historically diverted volume is equal to the sum of the historical 
field application volume and historical conveyance loss volume. The Department calculated the 
historical diverted volume based on the information provided by the Applicant about the 
historical irrigation practices. Table 7 below summarizes the historical diverted volume for 
Claim 41G 197111-00. 

Table 7. Historical diverted volume of water right proposed for change 

Water Right No. 
Historical Consumptive 

Volume (AF) 
Historical Field Applied 

Volume (AF) 
Historical Diverted 

Volume (AF) 
41G 197111-00 256.68 590.5 897 

2.4 Summary of Historical Use 
The Department will consider the following values when evaluating the historical use of Claim 
41G 197111-00 for the adverse effect criterion:  

Table 8. Summary of historical use of Claim 41G 197111-00. 

Water 
Right No. 

Historical 
Purpose 

Maximum 
Historical 

Acres Historical Place of Use 

Historical 
Point of 

Diversion 

Maximum 
Historical 
Flow Rate 

Historically 
Consumed 

Volume 

Historically 
Diverted 
Volume 

41G 
197111-00 Irrigation 

237.6 
acres 

SESE, NESE Section 14, 
and NWSW, NESW, 

SWNE, NESE, NWSE, 
SWSE, SESE Section 13, 
all in T1S, R5W, Madison 

County 

SESESW 
Section 
14, T1S, 

R5W, 
Madison 
County 9.48 CFS 256.68 AF 897 AF 
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3.0 Analysis of Impacted Surface Water Sources 
3.1 Summary of Proposed Use 
The Applicant proposes to change the POD and POU for Claim 41G 197111-00. Through the 
proposed change the Applicant will add two points of diversion: a permanent pump in the 
NENESE Section 14 and a transitory pump in the SENWNE & W2E2NE Section 13, all in T1S, 
R5W, Madison County. The Applicant will continue to use the historical POD following the 
change when the proposed PODs are not operational. The Applicant also proposes to add 52.9 
acres outside the historical POU to irrigate and retire 91 historically irrigated acres. The acres 
will be added in SWSW & SESW of Section 13, T1S, R5W, Madison County. After the 
proposed change, Claim 41G 197111-00 is able to be diverted from three PODs and used to 
irrigate 199.5 acres. The proposed use of Claim 41G 197111-00 is shown in Table 9: 

Table 9. Summary of the proposed use of 41G 197111-00.  

Water 
Right No. 

Proposed 
Purpose Proposed Place of Use 

Proposed Point of 
Diversion 

Proposed 
Flow 
Rate 

Proposed 
Consumptive 

Volume 

Proposed 
Diverted 
Volume 

41G 
197111-00 

Irrigation 
(199.5 
acres) 

SESE Section 14 and 
S2, SWNE, SENW, 

SWNENE, & 
SENWNE Section 13, 

all in T1S, R5W, 
Madison County 

SESESW & 
NENESE Section 14, 

and SENWNE & 
W2E2NE Section 13, 
T1S, R5W, Madison 

County 9.48 CFS 238.25 AF 564.92 AF 

The Applicant proposes to continue to use Claim 41G 197111-00 for irrigation use. When the 
proposed PODs are in use and the system is fully operational, water will be diverted from the 
Jefferson River into pipelines. The pipelines will convey water to the irrigation systems on each 
field in the proposed POU. The proposed POU includes historical and proposed, new acres. 
Following the proposed change, 142.2 acres will be sprinkler irrigated, and 57.3 acres will 
remain flood irrigated. Irrigation use will continue from 5/1-10/15 for a total 199.5 irrigated 
acres. No other water rights will be used to irrigate the proposed POU after the change. Claim 
41G 212596-00 is currently claimed with an irrigation POU that overlaps with a portion of the 
proposed acres in Section 13, but the Applicant stated this water right will not be used to 
supplement Claim 41G 197111-00. The Applicant stated further plans for Claim 41G 212596-00 
will be provided with application materials.  

Following the procedures outlined in the Historical Use section 2.1 above, the proposed 
consumed and diverted but non-consumed volumes have been calculated with the inputs shown 
in Table 10 following the methods described above and in ARM 36.12.1902. The proposed 
consumptive volume associated with the new acres for Claim 41G 197111-00 was added to the 
historical consumptive volume associated with the remaining 146.6 historical acres to find the 
total consumptive use following the proposed change. The proposed consumptive volume of 
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Claim 41G 197111-00 was found using the information below and is summarized in Tables 10-
12. 

Crop Consumptive Use – new acres 
Twin Bridges Weather Station: 19.22 inches 
Madison County 1997-2006 (proposed use) Management Factor: 83.3%  

Water Applied to Field – new acres 
Field efficiency (center pivot): 70%  

Irrecoverable Losses – new acres 
10% for sprinkler irrigation 
Irrecoverable losses = 10% x 100.83 = 10.08 

Table 10. Proposed consumptive volume of new acres 

Field 
ID Acres 

Weather 
Station 

NIR 
(in) 

Management 
Factor 

Field 
Efficiency 

Crop 
Consumption 

(AF) 

Applied 
Volume 

(AF) 
IL 

(AF) 

Total 
Consumed 
Volume - 

New 
Acres 
(AF) 

New 
Acres 52.9 

Twin 
Bridges 19.22 0.83 0.7 70.58 100.83 10.08 80.66 

Table 11. Historical consumptive volume of remaining acres 

Field ID Acres 
Weather 
Station 

NIR 
(in) 

Management 
Factor 

Field 
Efficiency 

Crop 
Consumption 

(AF) 

Applied 
Volume 

(AF) 
IL 

(AF) 

Total 
Consumed 
Volume - 

Remaining 
Acres 
(AF) 

Historical 
Flood 57.3 

Twin 
Bridges 16.98 0.65 0.25 52.86 211.46 10.57 63.44 

Historical 
Sprinkler 89.3 

Twin 
Bridges 16.98 0.65 0.7 82.39 117.69 11.77 94.16 

Table 12. Proposed consumptive volume of Claim 41G 197111-00 

Water Right No. 
Crop Consumption - All 

Proposed Acres (AF) 
Applied Volume - All 
Proposed Acres (AF) 

Consumed Volume - All 
Proposed Acres (AF) 

41G 197111-00 205.83 429.98 238.26 

The Applicant proposes to use pipelines to convey water from the proposed PODs when the 
system is fully operational. When the system is not fully operational, the Applicant will utilize 
the historical POD and Curtis Ditch. Water will be diverted using the historical POD and 
conveyed via the Curtis Ditch when the Jefferson River pump sites are not in use. The Applicant 
will use secondary PODs on the Curtis Ditch and a natural carrier to apply water onto three of 
the fields in the proposed POU; these are labeled as Fields B, D, and E on Figure 3.  
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Figure 3. Claim 41G 197111-00 proposed ditch conveyance system 

The Applicant estimated the total amount of time to deliver the field applied volume to the 
proposed POUs using the Curtis Ditch is 50.7 days. The time to deliver the field applied volume 
varies depending on the size of the field. Water will be delivered to all three fields for 6.8 days. 
Once the full field applied volume for Field E is delivered, water will be delivered for an 
additional 40.2 days only to the remaining fields. Once the full field applied volume for Field D 
is delivered, water will be delivered only to Field B for an additional 3.7 days. The total flow rate 
diverted at the POD is the amount needed to convey the field applied volume to each field. When 
water is diverted at a secondary diversion or delivered to a field, a portion of the flow rate is no 
longer being conveyed through the ditch. The differences in flow rates were also considered in 
calculating conveyance losses. To account for differences in distances between the headgate and 
the proposed fields and operational needs at the fields, the Curtis Ditch was divided into the 
following groups and down-ditch combinations: 
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Table 13. Curtis Ditch groups and down-ditch combinations 

Group 
Down-Ditch 

Combo Water Rights Conveyed Days 
Maximum Total 
Flow Rate (CFS) 

G1: Water being 
delivered to Fields B, 

D, and E 

Curtis A 41G 197111-00 & 41G 2262-00 6.8 4.95 
Curtis B1 41G 197111-00 6.8 3.39 
Curtis B2 41G 197111-00 6.8 1.51 

Willow Feeder 41G 197111-00 6.8 1.34 

G2: Water being 
delivered to Fields B & 

D 

Curtis A 41G 197111-00 & 41G 2262-00 40.2 4.22 
Curtis B1 41G 197111-00 40.2 2.66 
Curtis B2 41G 197111-00 40.2 1.45 

Willow Feeder 41G 197111-00 40.2 1.11 

G3: Water being 
delivered to Field B 

Curtis A 41G 197111-00 & 41G 2262-00 3.7 3.77 
Curtis B1 & B2 41G 197111-00 3.7 2.21 

The conveyance losses associated with Claim 41G 197111-00 were calculated for the proposed 
use using a similar methodology as the historical conveyance losses, described in the Historical 
Use Section 2.2.  The Department utilized the evaporation rate for the entire period of diversion, 
as the ditch may be used during the entire 5/1 - 10/15 period. Conveyance losses were distributed 
to Claim 41G 197111-00 using the Department’s Multi-User Ditch Memo. The proposed 
conveyance losses are summarized in Tables 14 and 15.  

Table 14. Curtis Ditch proposed conveyance losses for down-ditch combinations 

Ditch ID 
Length 

(ft) 

Flow 
Rate 

(CFS) 
Width 

(ft) 

Wetted 
Perimeter 

(ft) 

Ditch Loss 
Rate 

(ft3/ft/day) 

Number 
of Days 

Irrigated 

Adj. Net 
Evap 
(in) 

Seepage 
Loss 
(AF) 

Vegetation 
Loss (AF) 

Evaporative 
Loss (AF) 

Total 
Conveyance 
Loss (AF) 

G1 Curtis A 3215 4.95 14 15.2 1.1 6.8 21.21 8.39 0.31 1.83 10.53 
G1 Curtis B1 2305 3.39 14 15.2 1.1 6.8 21.21 6.02 0.15 1.31 7.48 
G1 Curtis B2 1800 1.51 14 15.2 1.1 6.8 21.21 4.7 0.05 1.02 5.77 
G1 Willow 

Feeder 120 1.34 14 15.2 1.1 6.8 21.21 0.31 0 0.07 0.38 
G2 Curtis A 3215 4.22 14 15.2 1.1 40.2 21.21 49.61 1.55 1.83 52.98 
G2 Curtis B1 2305 2.66 14 15.2 1.1 40.2 21.21 35.57 0.7 1.31 37.58 
G2 Curtis B2 1800 1.45 14 15.2 1.1 40.2 21.21 27.77 0.3 1.02 29.1 
G2 Willow 

Feeder 120 1.11 14 15.2 1.1 40.2 21.21 1.85 0.02 0.07 1.94 
G3 Curtis A 3215 3.77 14 15.2 1.1 3.7 21.21 4.57 0.13 1.83 6.52 
G3 Curtis B1 

& B2 4105 2.21 14 15.2 1.1 3.7 21.21 5.83 0.1 2.33 8.26 
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Table 15.  Ditch proposed conveyance losses per water right 

Water Right No Ditch ID 
WR Flow 

Rate (CFS) 

Required 
Diverted 

Flow Rate 
(CFS) 

Combo 
Total Flow 
Rate (CFS) Proportion 

Combo 
Conveyance 
Loss (AF) 

Water 
Right 

Conveyance 
Loss (AF) 

41G 2262-00 

S1 Curtis 
A 1.56 1.56 4.95 0.3 10.53 3.32 

S2 Curtis 
A 1.56 1.56 4.22 0.4 52.98 19.59 

S3 Curtis 
A 1.56 1.56 3.77 0.4 6.52 2.70 

41G 197111-00 

S1 Curtis 
A 9.48 3.39 4.95 0.7 10.53 7.21 

S1 Curtis 
B1 9.48 3.39 3.39 1.0 7.48 7.48 

S1 Curtis 
B2 9.48 1.51 1.51 1.0 5.77 5.77 

S1 Willow 
Feeder 9.48 1.34 1.34 1.0 0.38 0.38 

S2 Curtis 
A 9.48 2.66 4.22 0.6 52.98 33.39 

S2 Curtis 
B1 9.48 2.66 2.66 1.0 37.58 37.58 

S2 Curtis 
B2 9.48 1.45 1.45 1.0 29.1 29.10 

S2 Willow 
Feeder 9.48 1.11 1.11 1.0 1.94 1.94 

S3 Curtis 
A 9.48 2.21 3.77 0.6 6.52 3.82 

S3 Curtis 
B1 & B2 9.48 2.21 2.21 1.0 8.26 8.26 

The total proposed field applied volume was added to the proposed conveyance losses attributed 
to Claim 41G 197111-00 to obtain the total proposed diverted volume. The total proposed 
diverted volume, seen in Table 16, reflects the maximum water usage given the Applicant’s 
proposed operational plan. 

Table 16. Proposed diverted volume 

Water Right No. 
Consumed 

Volume (AF) 
Applied Volume 

(AF) 
Conveyance 
Losses (AF) 

Total Diverted 
Volume (AF) 

41G 197111-00 238.26 429.98 134.94 564.92 
 
Table 17. Comparison of volumes associated with historical and proposed use. 

Water Right No. 

Historically 
Consumed Volume 

(AF) 

Proposed 
Consumptive 
Volume (AF) 

Historically 
Diverted Volume 

(AF) 
Proposed Diverted 

Volume (AF) 
41G 197111-00 256.68 238.26 897 564.92 
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3.2 Impacted Surface Water Sources 

The Department has considered an area of potential adverse effect on Parsons Slough and the 
Jefferson River. This reach was determined to be the area from the historical POD downstream 
to where Willow Spring Creek meets the Jefferson River. This reach extends from SESESW 
Section 14, T1S, R5W, Madison County downstream to NENENE Section 13, T1S, R5W, 
Madison County. Water rights that share the POD with Claim 41G 197111-00 were also 
considered. The area of potential adverse effect can be seen in Figure 4. There are 2 water rights 
within the area of potential adverse effect, as illustrated in Appendix A.  

Figure 4. Area of Potential Adverse Effect 

Historically, 105.7 AF of return flow volume returned to the Jefferson River downstream of the 
NENESE Section 14, T1S, R5W, Madison County and 228.1 AF returned to Willow Spring 
Creek downstream of the SWNESE Section 14, T1S, R5W, Madison County. Under the 
proposed change, 51.8 AF of return flow volume will accrue to the Jefferson River downstream 
of NENWSW Section 13, T1S, R5W, Madison County and 139.9 AF will accrue to Willow 
Spring Creek downstream of the SWNESE Section 14, T1S, R5W, Madison County. The 
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Applicant proposes to leave water instream, equal to 332.1 AF, in Parsons Slough and the 
Jefferson River at the historical POD. Water will not be left instream in Willow Spring Creek 
following the proposed change. The Department has also considered an Area of Potential Impact, 
seen in Figure 5 that includes water rights in Willow Spring Creek between the historical 
location of return flows and the confluence of Willow Spring Creek and the Jefferson River.  

Part B of the Technical Analyses Report includes the Return Flow Analysis, which describes the 
methodologies used to assess the historical and proposed return flows associated with this 
application.   

Figure 5. Area of Potential Impact 

3.3 Extended Return Flow Analysis: Evaluation of Impacts to Identified Water Rights  
An evaluation of the impacts to the following water rights due to projected loss of return flows is 
required per ARM 36.12.1303(3)(d)(iii):  
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Table 18. Water rights in Area of Potential Impact 

Water 
Right No. All Owners 

Means of 
Diversion 

Flow 
Rate 

(GPM) 

Flow 
Rate 

(CFS) 
Volume 

(AF) Acres 
Animal 
Units 

Priority 
Date 

41G 
30123892 

TREASURED MOUNTAINS 
HOLDINGS LLC 

LIVESTOCK 
DIRECT FROM 

SOURCE 42.30 0.09 11.76 0.00 350.00 3/20/1876 

41G 
30124720 

TREASURED MOUNTAINS 
HOLDINGS LLC 

LIVESTOCK 
DIRECT FROM 

SOURCE 39.80 0.09 7.73 0.00 230.00 12/31/1885 

41G 
30017621 

MONTANA, STATE OF 
DEPT OF FISH WILDLIFE & 

PARKS INSTREAM 4128.96 9.20 6660.04 0.00 0.00 7/1/1985 
41G 

212596-00 
TREASURED MOUNTAINS 

HOLDINGS LLC IRRIGATION 920.04 2.05 150.38 73.00 0.00 6/30/1973 

Surface Water Analysis of the Affected Source 

Method of Estimation 
Method of Measurement Used: The Department utilized instantaneous streamflow 
measurements collected by the Montana Bureau of Mines and Geology (MBMG) between 2020 
and 2024 to validate an estimation technique. The streamflow measurements are from GWIC 
stream site ID 277126, Long/Lat -112.155823904, 45.7526167 (SRID: NAD83). These 
measurements can be seen in Table 19 below. 

Table 19. MBMG streamflow measurements on Willow Spring Creek. 

Year Streamflow Measurements (CFS) 

March April  July August September October December  

2020     14.13     14.30 11.22 

2021   10.39 11.46 13.19       

2022 8.92   14.69   11.39     

2023 9.49   18.74   24.24 25.26 12.46 

2021   10.80   18.19       

Average 9.21 10.60 14.75 15.69 17.82 17.95 11.84 

Method of Estimation Used: Under Arm 36.12.1702(4) physical availability of water in Willow 
Spring Creek was determined using linear interpolation and instantaneous streamflow 
measurements collected by MBMG. Linear interpolation is a method of curve fitting using linear 
polynomials to construct new data points within the range of a discrete set of known data points. 
If the two known points are given by the coordinate (xo, yo) and (x1, y1), the linear interpolant is 
the straight line between these two points. Using the following interpolation equation and inputs, a 
discharge measurement (y) was calculated for the 15th of each month measurements were not available 
(January, February, May, June, November).  
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Inputs to estimate stream flow (y): 

Y0 = n CFS  
X0 = date measurement was collected ~ month.date.year (serial no. format) 
Y1= n CFS  
X1 = date measurement was collected ~ month.date.year (serial no. format) 
x = date estimating stream flow ~ month.date.year (serial no. format) 

Table 20 and Figure 6 below identify average monthly measured and estimated stream flow for Willow 
Spring Creek. 

Table 20. Monthly average measured flow and estimated flow for Willow Spring Creek. 

Month 
Monthly Average Measured 

Flow (CFS) 
Interpolated Stream 

Flow (CFS) 
Summary of Monthly 

Flow (CFS) 
January   8.65 8.65 

February   8.94 8.94 
March 9.21  9.21 
April 10.6  10.6 
May   11.97 11.97 
June   13.38 13.38 
July 14.75  14.75 

August 15.69  15.69 
September 17.82  17.82 

October 17.95  17.95 
November   14.84 14.84 
December 11.84  11.84 
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Figure 6. Average monthly measured and estimated stream flow for Willow Spring Creek. Stream flow 
rises in response to spring runoff and increased stage of the Jefferson River. Stream flow stays elevated 
until late fall as a result of return flows from nearby fields and then decreases throughout the winter.  

Why this method is considered appropriate: Linear interpolation is a Department-approved 
estimation technique to estimate mean monthly stream flow. The Department deemed the 
measurements taken by MBMG adequate to validate the estimation techniques, as it meets the 
standards for streamflow measurements in ARM 36.12.1702(1)(b). 

Area of Potential Impact Analysis of the Affected Source 

The Area of Potential Impact of the affected source is: The Department has considered an 
area of potential impact (AOPI) on Willow Spring Creek. Return flows historically accrued to 
Willow Spring Creek downstream of the SWNESE Section 14, T1S, R5W, Madison County. 
Return flows will continue to accrue to Willow Spring Creek in the SWNESE Section 14, T1S, 
R5W, Madison County following the proposed change. The AOPI reach was determined to be 
the area from the historical location of return flows to the confluence of the Jefferson River and 
Willow Spring Creek. This reach extends downstream of the SWNESE Section 14, T1S, R5W, 
Madison County to NENENE Section 13, T1S, R5W, Madison County. A total of 4 water rights 
exist within this reach, as seen in Table 18. This reach can be seen in Figure 5. 

Why this is an appropriate Area of Potential Impact: The Department identified the reach 
depicted in pink on Figure 5 as the area of potential impact on the affected source (Willow 
Spring Creek) because this is a location in which historical return flows accrued. The Surface 
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Water Change Report – Part B states 228.1 AF of return flow volume historically accrued to 
Willow Spring Creek and 139.9 AF of return flow volume will accrue following the proposed 
change. A loss of 88.2 AF in return flow volume in Willow Spring Creek is projected. The 
Applicant will leave water instream in Parsons Slough and the Jefferson River. Since water 
rights exist in the stretch upstream of the confluence of Willow Spring Creek and the Jefferson 
River and the proposal does not leave any water instream in Willow Spring Creek, the 
Department identified this as an appropriate area of potential impact.  

Methodology: The Department identified the AOPI as the reach between the historical return 
flow location on Willow Spring Creek and the confluence of the Jefferson River and Willow 
Spring Creek. This reach was delineated using information about historical and proposed return 
flows from the Surface Water Change Technical Analyses Report – Part. Water rights within the 
reach were identified using the Department’s Water Right Query System and GIS application 
Converge. The Department quantified the flow rate and volume of the surface water rights using 
the following methods: 

1. The flow rate and volume for each water right was taken from the face value on the 
abstract. 

2. Water rights without an assigned flow rate or volume were quantified using further 
analysis: 

a. The adjudication standard of 30 gallons per day per animal unit was used for 
stock water right volumes. 

b. Stock direct from source/ditch water rights were a assigned a flow rate using 30 
gallons per day per animal unit and adding 35 gallons per minute to the result. 

c. Irrigation rights were assigned a volume of 2.06 AF per acre, which is the low 
range of the Department’s standard for applied volume at 60% efficiency in 
Climatic Area IV, per ARM 36.12.115. 

A total of 4 water rights exist in the AOPI, as illustrated in Table 18. 
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Review 
This document has been reviewed by the Department on March 21, 2025. 

References 
Department Standard Practice for Determining Historical Use 
Department Standard Practice to Analyze Return Flows 
Department Standard Practice for Determining Physical Availability of Surface Water 
department Technical Memorandum: Distributing Conveyance Loss on Multiple User Ditches 
(Water Management Bureau, 2020) 
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Appendix A. Water rights in Area of Potential Adverse Effect 
Water 

Right No. Owner Names Source 
Priority Date 

(DD/MM/YYYY) 
41G 

30143701 
G&M YAMAMOTO TRUST; FRED HIRSCHY; 

LYNN HIRSCHY 
PARSONS 
SLOUGH 10/15/1895 

41G 
2262-00 DUSTIN LAUGHERY; YVONIE LAUGHERY 

PARSONS 
SLOUGH 5/9/1974 
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Kim Bolhuis, Groundwater Hydrologist, Water Sciences Bureau 
 

Applicant Treasured 
Mountains, LLC 

Point of Diversion Legal 
Land Description 

Section 13 & 14, 
Township 1 South, 
Range 5 West 

Application No. 41G 30165036 

Overview 
This report is Part B of a two-part publication which analyzes data submitted by the Applicant in 
support of the above-mentioned water right change application. This report provides technical 
analyses as required under the Administrative Rules of Montana (ARM) 36.12.1303 in support of 
the water rights criteria assessment as required in §85-2-402, Montana Code Annotated (MCA). 
For applications in closed basins, this report fulfills the requirements of MCA 85-2-361.  

 
This Surface Water Change Technical Analyses Report – Part B contains the following sections:   
Overview ......................................................................................................................................... 1 
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Review .......................................................................................................................................... 14 
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1.0 Executive Summary 
Water Right Details 
The Applicant requests to add  two points of diversion (POD) and change the irrigated place of 
use (POU) of Statement of Claim No. 41G 197111-00.  The existing POD on Parsons Slough 
located in Section 14, Township 01 South, Range 05 West, Madison County would continue to be 
used. The Applicant would add two PODs on the Jefferson River. The historical use includes 116.9 
acres of flood irrigation and 120.7 acres of sprinkler irrigation. The proposed change in POU 
includes 52.9 acres outside the historical POU irrigated by a center-pivot sprinkler, 57.3 acres 
inside the historical POU flood irrigated and 89.3 acres within the historical POU irrigated by 
wheel line sprinklers. 332.1 AF will be left instream during the historical period of diversion below 
the point of diversion. The period of diversion is May 1st through October 15th.  
 
DNRC - WSB Technical Findings 
Based on information submitted, the WSB quantified the historical non-consumed volume and 
location of historical return flows. These analyses are in support of the following criteria 
assessment: adverse effect. A summary of WSB findings described in subsequent sections are 
listed below. 
 

TECHNICAL ANALYSES FINDINGS 

ADVERSE 
EFFECT 
(RETURN 
FLOWS) 

The historical non-consumed volume for 237.6 acres is 333.8 acre-feet (AF). 
The location of historical return flows as identified in Figure 2 to the 
Jefferson River began at a point in the NE¼NE¼SE¼, Section 14, Township 
01 South, Range 05 West; return flows to Willow Spring Creek began at a 
point in the SW¼NE¼SE¼, Section 14, Township 01 South, Range 05 West. 
Annual historical return flows to the Jefferson River and Willow Spring 
Creek were 105.7 AF and 228.1 AF, respectively.  
Under the proposed change, the non-consumed volume for 199.5 acres is 
191.7 AF. The location of proposed return flows as identified in Figure 3 is 
to the Jefferson River beginning at a point in the NE¼NW¼SW¼, Section 
13, Township 01 South, Range 05 West and to Willow Spring Creek 
beginning as a point in the SW¼NE¼SE¼, Section 14, Township 01 South, 
Range 05 West. Annual proposed return flows to the Jefferson River and 
Willow Spring Creek would be 51.8 AF and 139.9 AF, respectively.  

2.0 Methodology 
DNRC will analyze the change to determine if: 

a. Return flows will enter back into the source where they have historically returned 
upstream of or at the location of the next downstream appropriator; or, 

b. Water is left instream so historically diverted flows are available during the historical 
period of diversion either below the point of diversion or where return flows historically 
returned to the source. 
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If the change in return flows impacts existing water rights, the return flow analysis must include a 
monthly breakdown of the rate and timing of return flows and evaluate impacts to the identified 
rights. 
Return flows are evaluated by determining the volume of water that infiltrates past the root zone 
and identifying the likely receiving stream(s). The assumption is made that water applied for 
irrigation that is not consumed by a crop infiltrates to groundwater becoming return flow and does 
not run off. The amount of water not consumed is the difference between the amount of water 
consumed and the amount of water applied to a field. The receiving stream is determined by 
proximity and evidence of hydraulic connection to groundwater and generally does not depend on 
groundwater flow direction or land slope (Leake, 2011). 
Historical consumed volumes for irrigation are calculated following the procedures described in 
DNRC consumptive use rules in ARM 36.12.1902. The amount of water consumed at the field is 
equal to crop consumption plus irrecoverable losses calculated as a percent of applied amounts. 
The amount of water applied to a field is determined from estimates of application efficiency and 
crop consumption. The amount of water not consumed is the difference between the amount of 
water consumed and the amount of water applied to a field.  

3.0 Adverse Effect – Return Flow Analysis  

3.1. Non-Consumed Volume  

The consumed volume for irrigation is based on the net irrigation requirement (NIR) from USDA 
Natural Resources Conservation Service Irrigation Water Requirements (IWR) at a representative 
weather station. The NIR is multiplied by a county-wide management factor (from ARM 
36.12.1902) to produce an adjusted NIR representative of actual crop yields in Montana. Crop 
consumption is determined by multiplying the adjusted NIR by the number of acres of irrigation. 
Crop consumption is then divided by the field efficiency identified from the irrigation method and 
ARM 36.12.115. Irrecoverable losses (IL) are 5% of the field applied volume for flood irrigation 
or 10% for sprinkler irrigation. The total consumed volume for irrigation is the crop consumption 
plus irrecoverable losses. The total non-consumed volume is the field applied volume minus the 
total consumed volume. 
 
The historical and proposed consumed and non-consumed volumes have been calculated with the 
inputs shown in Table 1 and Table 2 following the methods described above and in ARM 
36.12.1902. 
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Table 1: Historical use. 

Irrigation 
Method Acres IWR 

(in)1 
Mgmt.  
Factor2 

Field 
Efficiency 

Crop 
Consumption 

(AF) 

Applied 
Volume 

(AF) 

IL 
(AF) 

Total 
Consumed 

Volume 
(AF) 

Non-
Consumed 

Volume 
(AF) 

Flood 116.9 16.98 0.65 0.25 107.85 431.4 21.57 129.42 301.98 

Wheel line 120.7 16.98 0.65 0.7 111.36 159.08 15.91 127.26 31.82 

Total 237.6    219.21 590.5 37.48 256.68 333.8 
1Twin Bridges IWR Weather Station 
2Madison County Historical Use Management Factor 
 
Table 2: Proposed Use. 

Irrigation 
Method Acres IWR 

(in)1 
Mgmt. 
Factor2 

Field 
Efficiency 

Crop 
Consumption 

(AF) 

Applied 
Field 

Volume 
(AF) 

IL 
(AF) 

Total 
Consumed 

Volume (AF) 

Non-
Consumed 

Volume (AF) 

Center 
Pivot - 

New Acres 
52.9 19.22 0.83 0.7 70.58 100.83 10.08 80.66 20.17 

Flood - 
Historical 

Acres 
57.3 16.98 0.65 0.25 52.86 211.46 10.57 63.44 148.02 

Wheel line 
- 

Historical 
Acres 

89.3 16.98 0.65 0.7 82.39 117.69 11.77 94.16 23.54 

Total 199.5    205.83 429.98 32.42 238.26 191.73 
1Twin Bridges IWR Weather Station 
2Madison County Proposed Use Management Factor 
 

3.2 Hydraulically Connected Surface Water(s)  

The receiving stream is determined by proximity and evidence of hydraulic connection to ground 
water. Mounding beneath irrigated fields propagates in all directions independent of ground water 
flow rate or direction and generally does not depend on surface topography (Leake, 2011). Return 
flows may accrete to more than one receiving reach or to a different stream than the source water 
is diverted from. Hydraulic connection of individual stream reaches to groundwater is evaluated 
by comparing streambed elevations to static groundwater elevations measured in wells less than 
50 ft deep and within 1,000 ft of surface water or from published water table maps (DNRC, 2019). 
Surface water within that area is considered hydraulically connected to the unconfined aquifer if 
static groundwater elevations are above or within 10 ft of the elevation of the streambed (DNRC, 
2019).  
 
As shown in Figure 1, the historical and proposed POUs are adjacent to the Jefferson River and 
Willow Spring Creek, which overlay unconsolidated basin-fill alluvium. Flood and sprinkler 
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irrigation occurred on areas overlying modern alluvial sands and gravels of the Jefferson River 
floodplain (Vuke et al., 2004; Gebril and Bobst, 2004).  
 
Per DNRC (2019) wells were queried from the Montana Bureau of Mines and Geology (MBMG) 
Groundwater Information Center (GWIC) database to investigate hydraulic connection of nearby 
surface water to groundwater. Numerous wells in the vicinity of the Jefferson River with static 
water levels of 10 ft or less and total depths of 50 ft or less were identified: GWIC IDs 107042, 
288719, 276103, 276112, 276285, and 277868.  
The historical and proposed POUs overlay the Quaternary alluvium of the Jefferson River, north 
of Waterloo, MT, and a Quaternary alluvial terrace deposit to the east (Brancheau, 2015; Vuke, 
2004). Two spring-fed perennial streams are close to the POUs: Parsons Slough and Willow Spring 
Creek. Willow Spring Creek runs through the historical and proposed POUs while Parsons Slough 
flows 2,180 ft west of the POUs and enters the Jefferson River upstream of the existing and 
proposed PODs (Figure 1). A study by MBMG was conducted in the area and concluded there is 
a strong connection between the modern alluvium on which the POUs exist, and the Jefferson 
River, Parsons Slough, and Willow Spring Creek (Gebril and Bobst, 2021).    
As shown in Figure 1, DNRC identifies the Jefferson River and Willow Spring Creek as the 
connected perennial surface water bodies to the historical and proposed places of use and the 
receiving streams for return flows. Willow Spring Creek is between the historical POUs and 
Parsons Slough, therefore Parsons Slough is not considered to have received return flows from 
irrigation of the historical irrigated POU.  
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Figure 1: Location of historical and proposed irrigated POU.  

Since two surface water sources are identified as receiving historical return flows or would receive 
proposed return flows, each field was given a label to identify which field or portion of a field 
would contribute return flows to either source. As illustrated in Figure 2, Field B of the historical 
POU lies between the Jefferson River and Willow Spring Creek. Therefore, return flows would 
return to both the Jefferson River and Willow Spring Creek. Following the inverse distance 
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weighted (IDW) method described in DNRC (2019) and Section 3.2 of the guidance document 
developed by the Province of British Columbia (2016), return flow volumes apportioned to the 
Jefferson River and Willow Spring Creek are 35% and 65%, respectively (Table 3). The distance 
used for the IDW method are from the centroid of each field. For the proposed change, the 
proposed POU of Field B (Figure 3) lies within the historical POU of Field B with the same 
apportionment of return flow volumes. The return flow volumes from the historical and proposed 
POUs south of Willow Spring Creek return only to Willow Spring Creek (Figures 2 and 3). Return 
flow volume proportions for the proposed change in POU are outlined in Table 4.  
 
Table 3: Distance to hydraulically connected surface water and Inverse Distance Weighting 
proportions used to apportion historical return flows to each source.   

  Distance to Stream (ft) IDW Percentages 
Field ID Willow Spring Cr. Jefferson R. Willow Spring Cr. Jefferson R. 

A 221  N/A 100% 0% 
B 229 310 65% 35% 

B – East of 
Willow 232 0 100% 0% 

C 227  N/A 100% 0% 
 
Table 4: Distance to hydraulically connected surface water and Inverse Distance Weighting 
proportions used to apportion proposed return flows to each source.   

  Distance to Stream (ft) IDW Percentages 
Field ID Willow Spring Cr. Jefferson R. Willow Spring Cr. Jefferson R. 

A 221 N/A  100% 0% 
B 229 310 65% 35% 
C 227 N/A  100% 0% 

D – Inside 
Historical 210 N/A 100% 0% 

D – Outside 
Historical 210 N/A 100% 0% 

E 552 98 0% 100% 
 
3.3 Location of Return Flows 

As identified in Figure 2 the location of historical return flows from 47.0 irrigated acres is the 
Jefferson River beginning at a point in the NE¼NE¼SE¼, Section 14, Township 01 South, Range 
05 West, Madison County. The location of historical return flows from 190.6 irrigated acres in 
Willow Spring Creek beginning at a point in the SW¼NE¼SE¼, Section 14, Township 01 South, 
Range 05 West. The volume of return flows from each field to the respective source for the 
historical use, using the proportions in Table 3, is given in Table 5.  
Under the proposed change, return flows from 30.3 acres of irrigation would accrue to the Jefferson 
River downstream of NE¼NW¼SW¼, Section 13, Township 01 South, Range 05 West. The 
location of return flows from 169.2 acres of irrigation would accrue to Willow Spring Creek 
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downstream of SW¼NE¼SE¼, Section 14, Township 01 South, Range 05 West (Figure 3). The 
volume of return flows from each field to the respective source for the proposed use is given in 
Table 6. 
The Applicant proposes to leave 332.1 AF of historically non-consumed water instream at the 
historical point of diversion.  

 
Figure 2: Location of historical return flows. 
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Figure 3: Location of proposed return flows. 

Table 5: Return flow volumes from each field per surface water source for the historical use.  

 

  
Field ID 

Irrigation 
Method  

Acres  
Total 

Consumed 
Volume (AF)  

Non-
Consumed 

Volume (AF)  

Return Flow Volume (AF) 

Willow Spring 
Creek 

Jefferson 
River 

A Wheel line 41.0 43.2 10.8 10.8 0.0 
B - East of 

Willow Spring 
Creek 

Wheel line 6.4 6.7 1.7 1.7 0.0 

B Flood 116.9 129.4 302.0 196.3 105.7 

C Wheel line 73.3 77.3 19.3 19.3 0.0 

Total  -  237.6 256.7 333.8 228.1 105.7 
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Table 6: Return flow volume from each field per surface water source for the proposed use.    

 
Field ID 

Irrigation 
Method  

Acres 
Total 

Consumed 

Volume (AF)  

Non-

Consumed 

Volume (AF)  

Return Flow Volume (AF) 

Willow Spring 
Creek 

Jefferson 
River 

A Sprinkler 25.7 27.1 6.8 6.8 0.0 

B Flood 57.3 63.4 148.0 96.2 51.8 

C Sprinkler 61.14 64.5 16.1 16.1 0.0 

D - Within 
Historical Sprinkler 2.46 2.6 0.6 0.6 0.0 

D – Outside1,2 
Historical Sprinkler 51.3 78.2 19.6 19.6 0.0 

E1,2 Sprinkler 1.6 2.4 0.6 0.6 0.0 

Total -  199.5  238.3 191.7 139.9 51.8 
1Fields D – Outside Historical and E are proposed sprinkler irrigation both outside of the historical POU and 
therefore use the IWR center pivot irrigation consumptive inches (36.12.1902). 
2 Fields D – Outside Historical and E are both outside of the historical POU and therefore use the current 
Management Factor as opposed to the historical Management Factor (36.12.1902). 

3.4 Rate and Timing of Return Flows (Non-Consumed Water) 
The rate and timing of return flows for historical and changed conditions are determined by 
modeling accretions of return flows to the receiving surface water. The monthly timings of 
accretions of return flows to the identified receiving reach are modeled using analytical models 
such as the Alluvial Water Accounting System (AWAS) (AWAS, 2003), the Glover parallel drain 
model (Glover, 1977), or a numerical model. The choice of model depends on the availability of 
data on aquifer properties and the geometry of the receiving aquifer and stream(s). These modeling 
methods are believed to be suitable for common hydrogeologic settings, are appropriate to the 
limited data available for most locations, and adequate to provide information to evaluate criteria 
under §85-2-402, MCA. They may not be suitable in more complex geologic settings or where 
return flows to multiple streams must be considered. 
 
Inputs to AWAS (2003) include specific yield, transmissivity, distance from recharge wells to the 
receiving reach, distance from other model boundaries to the receiving reach (optional) and a 
monthly pump schedule based on the volume of non-consumed water.  AWAS (2003) can model 
accretions from a single location, represented by a recharge well, to one source with simple aquifer 
boundaries. AWAS allows multiple recharge wells to be modeled simultaneously. Assumptions for 
AWAS include:  

• the aquifer is homogeneous, isotropic, and of uniform thickness 
• the affected surface water fully penetrates the source aquifer 
• the river is straight and infinitely long 
• boundaries to the aquifer include the connected surface water and bedrock.  
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Monthly return flows for historical and proposed use were evaluated for Willow Spring Creek 
using the return flow proportions outlined in Table 4. Inputs for the AWAS (2003) model for this 
evaluation include a transmissivity of 306,701.3 gallons per day per foot (41,000 ft2/day) derived 
from an aquifer test conducted on alluvial well GWIC ID 279259 by Bobst and Gebril (2020) 
approximately one mile south of the proposed POUs, a specific yield value of 0.1 from Lohman 
(1972), and monthly non-consumed values for each field in Table 5 and 6.   
 
Historical return flows to Willow Spring Creek associated with the non-consumed irrigated 
volume identified in Table 5 are modeled as six recharge wells representing the centroid of each 
field (Figure 4). Distances from each recharge well to Willow Spring Creek are shown in Table 
7. The return flows to Willow Spring Creek from the proposed irrigated area are modeled as four 
recharge wells representing the non-consumed irrigated volumes (Table 6) associated with the 
proposed POUs bordering Willow Spring Creek, with the distance from each recharge well to the 
Creek shown in Table 7 and illustrated in Figure 5.  
 
Table 7: Distances of each recharge well to Willow Spring Creek.   

 Recharge Wells  - Historic Return Flows Recharge Wells - Proposed Return Flows 

Field ID A B1 B2 B3 B - East C A B C D 

Distance 

to Willow 

Spring 

Creek (ft) 

221 76 116 229 232 227 221 229 227 210 

 
As identified in Table 8, positive values of net effect in columns 8 and 9 correspond to 
increased stream flows, while negative values correspond to reduced flows. 
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Figure 4: Map of the recharge wells (orange dots) representing non-consumed volumes from each 
field where historical return flows to Willow Spring Creek were modeled. 

 
Figure 5: Map of the recharge wells (orange dots) representing non-consumed volumes from each 
field where proposed return flows to Willow Spring Creek were modeled.  
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Table 8: Return flows to Willow Spring Creek and the net effect of the proposed change.  

Months 
Net Irrigation 
Requirement 

(NIR) (inches) 

Total Non-
Consumed 

Volume 
(AF) 

Total Historical Return 
Flows 

Total Proposed 
Return Flows  

Net 
Effect to 
Willow 
Spring 
Creek 
(AF) 

Net 
Effect to 
Willow 
Spring 
Creek 
(gpm) 

Willow 
Spring 
Creek 
(AF) 

Willow 
Spring 
Creek 
(gpm) 

Willow 
Spring 
Creek 
(AF) 

Willow 
Spring 
Creek 
(gpm) 

January 0 0.3 0.4 2.6 0.3 2.2 -0.1 -0.4 
February 0 0.2 0.3 2 0.2 1.6 -0.1 -0.4 
March 0 0.2 0.3 2 0.2 1.6 -0.1 -0.4 
April 0 0.2 0.2 1.7 0.2 1.4 0 -0.3 
May 1.48 5.6 7.9 57.4 5.6 40.9 -2.3 -16.5 
June 4.93 35.8 60.1 439.2 35.8 261.8 -24.3 -177.4 
July 6.44 49 81.9 598.8 49 357.9 -32.9 -240.9 

August 5.31 41.4 68.8 503 41.4 302.4 -27.4 -200.6 
September 1.06 5.1 6.3 46.2 5.1 37.4 -1.2 -8.8 

October 0 0.8 1 7.3 0.8 6 -0.2 -1.3 
November 0 0.5 0.6 4.2 0.5 3.4 -0.1 -0.8 
December 0 0.4 0.5 3.3 0.4 2.6 -0.1 -0.7 
TOTAL 19.22 139.9 228.1   139.9   -88.2   
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Review  
This document has been reviewed on March 20, 2025 in accordance with Category 7 of DNRC’s 
Water Sciences Bureau Minimum Standards of Review, Version 2, February 2024. 
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PREAPPLICATION MEETING FEE 
$ 500 

FILING FEE REDUCTION & EXPEDITED TIMELINE 
An application will be eligible for a filing fee reduction and 
expedited timelines if the applicant completes a preapplication 
meeting with the Department (ARM 36.12.1302(1)), which 
includes submitting any follow-up information identified by the 
Department (ARM 36.12.1302(3)(c)) and receiving either 
Department-completed technical analyses or Department review 
of applicant-submitted technical analyses (ARM 36.12.1302(4) 
and (5)). An application for the proposed project also must be 
submitted within 180 days of delivery of Department technical 
analyses or scientific credibility review and no element on the 
submitted application can be changed from the completed 
preapplication meeting form (ARM 36.12.1302(6)). 
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Meeting Date Time   AM/PM 

Completed Form Deadline 
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Fee Rec’d $ Check # 
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Refund $ Date 

The Department will fill out Form No. 606P and will identify follow-up during the preapplication meeting. The Department and Applicant 
will sign the Preapplication Meeting Affidavit and Certification within five business days. Within 180 days of the preapplication meeting, 
the Applicant will complete identified follow-up on a separate document with the question numbers clearly labeled. 

Applicant Information: Add more as necessary. 
Applicant Name____________________________________________________________________________ 
Mailing Address______________________________ City__________________ State_____ Zip___________  
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Email Address_____________________________________________________________________________  

NOTE: If a contact person is identified as an attorney, all communication will be sent only to the attorney unless the attorney 
provides written instruction to the contrary. If a contact person is identified as a consultant, employee, or lessee, the individual 
filing the water right form or objection form will receive all correspondence and a copy may be sent to the contact person.  

Meeting Attendees: Add more as necessary. 
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Application Details 
The following questions are mandatory and must be filled out before the Preapplication Meeting Form is determined to be complete. Narrative responses 
that are larger than the space provided can be answered in an attachment. If an attachment is used, mark the see attachment (“A”) checkbox on this form 
and label the attachment with the question number. Constrain narrative responses to the specific question as is asked on the form; do not respond to 
multiple questions in one narrative. Label units in narrative responses. Responses in the form of a table may be entered into the table provided on this 
form or in an attachment. Responses in the form of a table that are larger than the table provided on this form should be placed in an attachment. If an 
attachment is used, the table must have the exact headings found on this form, and the see attachment (“A”) checkbox must be marked. For tables in this 
form, circle correct unit at header of column when faced with a choice of units. For tables in attachments, label all units. Questions that require Applicant 
to submit items to the Department have a submitted (“S”) checkbox, which is marked when the required item is attached to the Preapplication Meeting 
Form. Label all submitted items with the question number for which they were submitted. For all questions where follow-up is necessary, mark the “F” 
checkbox in the “Follow-Up” column and write the question number on the “Follow-Up Page”.  

Questions, Narrative Responses, and Tables Check- 
boxes 

Follow
-Up

1. Do you elect to have DNRC conduct Technical Analyses? ☐ Y ☐ N ☐ F
2. Which water right(s) are proposed for change? Include water right number, currently authorized flow rate (GPM or CFS),

and flow rate needed for project (GPM or CFS).
☐ A ☐ F

Water Right Number Current Flow Rate (GPM or CFS) Flow Rate Needed for Project (GPM or CFS) 

3. Is the proposed change on a non-filed water project? ☐ Y ☐ N ☐ F
a. If yes, please submit a Non-Filed Water Project Addendum (Form 606/634-NFWPA). The project must meet the

requirements of the addendum. The addendum is required before the Preapplication Meeting Form is completed.
☐ S ☐ F

4. How many change applications will be needed for this project? Please refer to ARM 36.12.1305 for more information.
___________________________________________________________________________________________________

☐ F

5. Please submit a historical use map created on an aerial photograph or topographic map that shows the following: section
corners, township and range, a north arrow, all historical points of diversion (POD) labeled with a unique POD ID letter, all
historical places of use (POU), all historical conveyance structures, all historical places of storage, and historical place of

☐ S ☐ F
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use for all overlapping water rights. 
6. Please submit a proposed use map created on an aerial photograph or topographic map that shows the following: section

corners, township and range, a north arrow, all proposed points of diversion labeled with a unique POD ID number, all
proposed places of use, all proposed conveyance structures, all proposed places of storage, and proposed place of use for all
overlapping water rights.

☐ S ☐ F

7. Identify the water right elements proposed for change, with an “X”, for each water right proposed for change. ☐ A ☐ F
Water Right # 
Point of diversion 
Place of use 
Purpose of use 
Place of storage 

8. Does the change involve a change in point of diversion? ☐ Y ☐ N ☐ F
a. If yes, describe the proposed location of the new point(s) of diversion to the nearest 10 acres, if source is

groundwater (GW) or surface water (SW), source name, and means of diversion (e.g., pump, headgate, well). Label
POD ID with the same numbers as the proposed use map (Question 6).

☐ A ☐ F

POD 
# 

¼ ¼ ¼ Sec Twp Rge County Lot Block Tract Subdivision Gov 
Lot 

GW or 
SW 

Source Name Means 

9. Does the change involve a change in place of use? ☐ Y ☐ N ☐ F
a. If yes,

i. What are the geocodes of the proposed place of use? ☐ A ☐ F
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ii. Describe the legal land description of the proposed place of use and, if the water rights being changed will
have an irrigation or lawn and garden purpose, list the number of irrigated acres.

☐ A ☐ F

Acres Gov’t Lot ¼ ¼ ¼ Sec Twp Rge County 

Total 

b. Are you proposing to add a place of use on State of Montana Trust Land? ☐ Y ☐ N ☐ F
i. If yes, you must submit an Authorization for Temporary Change in Appropriation Right Consent Form

from the DNRC Trust Lands Management Division before the Preapplication Meeting Form is complete. A
change authorization to add a POU on Trust Land will be temporary for the duration of the lease term.
Answer project-specific questions for temporary changes (question 99 to 105).

☐ S ☐ F

10. Does the proposed change include a change in purpose of use? If yes, answer questions 106 to 109 for change in purpose of
use.

☐ Y ☐ N ☐ F

11. Do you propose to add or modify one or more place(s) of storage (reservoir or pond) with a storage capacity greater than 0.1
acre-feet? If yes, answer questions 110 to 119.

☐ Y ☐ N ☐ F

12. Are conveyance ditches used for historical or proposed uses? If yes, answer ditch-specific questions 120 to 126. ☐ Y ☐ N ☐ F
13. Do you have ownership of the entire historical POU for the water right(s) being changed? ☐ Y ☐ N ☐ F

a. If no,
i. List the water right(s) for which you do not own the entire historical POU.

______________________________________________________________________________________
☐ F

ii. Are the water right(s) listed in question 13.a.i severed from the historical POU? ☐ Y ☐ N ☐ F
1. If yes, do you own the entirety of the severed water right(s) proposed for change? ☐ Y ☐ N ☐ F
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iii. Are you filing on behalf of another entity? If yes, describe.
______________________________________________________________________________________

☐ Y ☐ N ☐ F

iv. Are all owners of the historical place of use willing to sign the application? ☐ Y ☐ N ☐ F
1. If no,

a. A Form 641 or 642 to split the water right(s) being changed must be received and
processed by the Department prior to application submittal

☐ S ☐ F

b. Describe how the water right(s) will be split, and which part of the split water right(s) will
be proposed for change.
_________________________________________________________________________
_________________________________________________________________________

☐ A ☐ F

14. Is the proposed use temporary? If yes, answer questions 99 to 105 for temporary changes. ☐ Y ☐ N ☐ F
15. Is the application to change the purpose of use or place of use of an appropriation of 4,000 or more acre-feet (AF) of water a

year and 5.5 or more cubic feet per second (CFS)? If yes, you must submit a Reasonable Use Addendum (Form 606-B) with
the application. The reasonable use criteria are found in §85-2-402(4-5), MCA.

☐ Y ☐ N ☐ F

16. Will you be transporting water for use outside of Montana? If yes, you will need submit an Out-of-State Use Addendum
(Form 600/606- OSA) with the application. The out-of-state use criteria are outlined in §85-2-402(6), MCA.

☐ Y ☐ N ☐ F

17. Is the project located in designated sage grouse habitat? If yes, you must have a consultation with and review of your project
by the Montana Sage Grouse Habitat Conservation Program. The review letter will be required at application submittal.

☐ Y ☐ N ☐ F

18. Does the application include the water marketing purpose? If yes, answer questions 127 to 134 for water marketing. A
Water Marketing Purpose Addendum (Form 600/606-WMA) will be required with application submittal.

☐ Y ☐ N ☐ F

19. Does the proposed purpose include instream flow? If yes, answer questions 135 to 145 for Instream Flow Changes. A
Change to Instream Flow Addendum (Form 606-IFA) will be required with application submittal.

☐ Y ☐ N ☐ F

20. Will the proposed use include salvage water? If yes, answer questions 146 to 150 for Salvage Water. ☐ Y ☐ N ☐ F
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Historical Use 
The following questions are mandatory and must be filled out for both Surface Water and Groundwater Applications before the Preapplication Meeting 
Form is determined to be complete.  

Questions, Narrative Responses, and Tables Check-
boxes 

Follow
-Up

21. What type of water right(s) are proposed for change? Answer question 22 for each Statement of Claim, 23 for each
Provisional Permit, and 24 for other types of water rights.
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

22. In the table below, write the water right number for each Statement of Claim proposed for change in the “Statement of
Claim” column. If there is one or more previous change authorizations, write the application numbers for the change
authorizations in the “Previous Change Authorization” column and if there are no previous change authorizations, write
“none” instead. Write the date of the Project Completion Notice for each previous change authorization in the “Project
Completion Notice” column and if the previous change authorization does not have a Project Completion Notice, write
“none” instead. In the “Previous Historical Use Analysis” column, write “full” or “partial” if a historical use analysis was
conducted for the previous change authorization, and “none” if no previous historical use analysis was conducted. In the
“Use Historical Use Analysis for Current Application” column, write “yes” if the previous historical use analysis will be
used for the current application and “no” if a new historical use analysis will be conducted.

☐ A ☐ F

Statement of Claim Previous Change 
Authorization 

Project Completion Notice Previous Historical 
Use Analysis 

Use Historical Use Analysis 
for Current Application 

23. In the table below, write the water right number for each Provisional Permit proposed for change in the “Provisional
Permit” column. If a Project Completion Notice has been submitted, write the date in the “Project Completion Notice”
column, and if no Project Completion Notice has been submitted, write “none” instead.  For each Provisional Permit
proposed for change, if there are one or more previous change authorizations, write the application number for the change
authorizations in the “Previous Change Authorization” column. If there are no previous change authorizations, write “none”
in the “Previous Change Authorization” column and “NA” in all the remaining columns. Write the date of the Project

☐ A ☐ F
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Completion Notice for each previous change authorization in the “Previous Change Project Completion Notice” column and 
if the previous change authorization does not have a Project Completion Notice, write “none” instead. In the “Previous 
Change Historical Use Analysis” column, write “full” or “partial” if a historical use analysis was conducted for the previous 
change authorization, and “none” if no previous historical use analysis was conducted. In the “Use Historical Use Analysis 
for Current Application” column, write “yes” if the previous historical use analysis will be used for the current application, 
“no” if a new historical use analysis will be conducted.  

Provisional Permit Project 
Completion 
Notice 

Previous Change Authorization Previous Change 
Project 
Completion Notice 

Previous Change 
Historical Use 
Analysis 

Use Historical Use 
Analysis for 
Current Application 

24. In the table below, write the water right number for each water right with another type proposed for change, the type of
water right, and the date of issuance.

☐ A ☐ F

Other Water Right Type Number Other Water Right Type Description Date of Issuance 

25. Are there previous Montana Water Court approved stipulations, Water Master reports, or prior Montana Water Court or
Department decisions related to the water right(s) being changed?

☐ Y ☐ N ☐ F

a. If yes, explain.
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F
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26. Fill in the table below based on ARM 36.12.1902(1) and the information provided in questions 21 to 25. In column “Water
Right Number” list all water rights proposed for change. Select one of the three options from column “Historical Use
Analysis Options” and fill in the “Information Required for Historical Use” associated with that option. Select “Full
Historical Use Analysis NA” only if an unperfected Provisional Permit will be used to serve as historical use in lieu of
analysis. If the “Existing Historical Use Analysis” or “Full Historical Use Analysis NA” option is selected, skip to question
42 because this section is complete.

☐ A ☐ F

Water Right No. 
Proposed for Change Historical Use Analysis Option and Information Required for Historical Use 

☐ New Historical Use Analysis.
Date for new Historical Use Analysis: __________________________________________________________________

☐ Existing Historical Use Analysis.
Change authorization number with existing Historical Use Analysis: __________________________________________

☐ Full Historical Use Analysis NA.
Water right number serving as historical use in lieu of analysis: ______________________________________________

☐ New Historical Use Analysis.
Date for new Historical Use Analysis: __________________________________________________________________

☐ Existing Historical Use Analysis.
Change authorization number with existing Historical Use Analysis: __________________________________________

☐ Full Historical Use Analysis NA.
Water right number serving as historical use in lieu of analysis: ______________________________________________

☐ New Historical Use Analysis.
Date for new Historical Use Analysis: __________________________________________________________________

☐ Existing Historical Use Analysis.
Change authorization number with existing Historical Use Analysis: __________________________________________

☐ Full Historical Use Analysis NA.
Water right number serving as historical use in lieu of analysis: ______________________________________________
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☐ New Historical Use Analysis.
Date for new Historical Use Analysis: __________________________________________________________________

☐ Existing Historical Use Analysis.
Change authorization number with existing Historical Use Analysis: __________________________________________

☐ Full Historical Use Analysis NA.
Water right number serving as historical use in lieu of analysis: ______________________________________________

☐ New Historical Use Analysis.
Date for new Historical Use Analysis: __________________________________________________________________

☐ Existing Historical Use Analysis.
Change authorization number with existing Historical Use Analysis: __________________________________________

☐ Full Historical Use Analysis NA.
Water right number serving as historical use in lieu of analysis: ______________________________________________

☐ New Historical Use Analysis.
Date for new Historical Use Analysis: __________________________________________________________________

☐ Existing Historical Use Analysis.
Change authorization number with existing Historical Use Analysis: __________________________________________

☐ Full Historical Use Analysis NA.
Water right number serving as historical use in lieu of analysis: ______________________________________________

27. Do you have actual knowledge of historical use? ☐ Y ☐ N ☐ F
a. If yes,

i. Is this firsthand knowledge? ☐ Y ☐ N ☐ F
ii. Who has this knowledge and what was their role?

______________________________________________________________________________________
☐ A ☐ F
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b. If no,
i. Where will the historical use data be derived?

______________________________________________________________________________________
______________________________________________________________________________________

☐ A ☐ F

Historical Use: Place of Use 

28. The historical use map provided for question 5 must clearly identify the entire place of use for each overlapping water right
that intersects the historical place of use. Does your historical use map meet this requirement?

☐ Y ☐ N ☐ F

29. Are you proposing to change all water right(s) associated with the historical place of use? ☐ Y ☐ N ☐ F
a. If no, identify the water right(s) associated with the historical place of use that are not included in this application.

Provide the priority date for each water right and explain why all overlapping water rights are not included in the
application. Include water received via contract from a company, district, or water users’ association.

☐ A ☐ F

Water Right No. Priority Date Reason Not Included in Change 

30. Answer the questions below related to the historical purpose for each of the water right(s) being changed.
a. Irrigation

i. Is the water right being changed a Statement of Claim? ☐ Y ☐ N ☐ F
1. If yes,

a. Does the Water Resources Survey corroborate the acres irrigated listed on the abstract? ☐ Y ☐ N ☐ F
i. If no, provide aerial photograph(s) that can corroborate the historical place of use. ☐ S ☐ F

b. Does the legal land description from the abstract match the actual location of the historical
place of use?

☐ Y ☐ N ☐ F

i. If no, provide documentation of a written request submitted to the Water Court for
amendment of the Claim as well as information to substantiate the requested
amendment.

☐ S ☐ F
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2. If no, provide one or more aerial photographs that can corroborate the historical place of use. ☐ S ☐ F
b. Lawn and garden

i. Provide aerial photographs that can corroborate the historical place of use. ☐ S ☐ F
c. Stock

i. Provide aerial photographs, grazing records, or other records to corroborate the historical place of use. ☐ S ☐ F
ii. Did the stock drink direct from source or direct from ditch? ☐ Y ☐ N ☐ F

1. If no, provide data sources that make clear the location of the stock watering infrastructure. ☐ S ☐ F
d. Multiple domestic, domestic, municipal, mining, commercial, and other purposes

i. Provide aerial photographs, deeds, other recorded documents or records, affidavits, or other published
documents, such as magazine articles, to corroborate the historical place of use.

☐ S ☐ F

Historical Use: Point of Diversion 

31. For all historical point(s) of diversion, identify the means, location (¼ ¼ ¼ section), and if they are proposed for change.
Label using the same POD ID letter as for the Historical Use Map (question 5).

☐ A ☐ F

POD 
ID 

Means Location (¼ ¼ ¼ Section) Proposed for Change? 

32. Does the legal land description from the abstract match the actual location of the historical point(s) of diversion? ☐ Y ☐ N ☐ F
a. If no, do you have aerial photograph(s) that clearly show the location of the historical point(s) of diversion? ☐ Y ☐ N ☐ F

i. If yes,
1. Provide the photograph(s). ☐ S ☐ F
2. Provide an explanation for the discrepancy and, if a Statement of Claim, provide documentation of

a written request submitted to the Water Court for amendment of the Claim.
☐ S ☐ F

33. Answer questions below related to the diversion means for each of the historical point(s) of diversion.
a. Headgate

i. For each headgate, provide dimensions in feet (FT), slope of the channel at the headgate (%), material of
the headgate, estimated historical capacity in gallons per minute (GPM) or CFS and the method used to
estimate historical capacity. Label using the same POD ID letter as for the Historical Use Map (question 5).

☐ A ☐ F
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POD 
ID 

Dimensions 
(FT) 

Slope (%) Material Estimated Capacity 
(GPM or CFS) 

Method 

b. Pump, dike, dam, or other surface water point of diversion
i. For each pump, dike, dam, or other surface water point of diversion, provide an estimate of the historical

capacity (GPM or CFS) and the method used to estimate the historical capacity. Label using the same POD
ID letter as for the Historical Use Map (question 5).

☐ A ☐ F

POD 
ID 

Estimated Capacity 
(GPM or CFS)  

Method 

c. Well, pit, or other groundwater point of diversion
i. For each well, pit, or other groundwater point of diversion, provide an estimate of the historical capacity

(GPM or CFS) and the method used to estimate the historical capacity. Label using the same POD ID letter
as for the Historical Use Map (question 5).

☐ A ☐ F

POD 
ID 

Estimated Capacity 
(GPM or CFS)  

Method 

34. Do other water rights share the point(s) of diversion? ☐ Y ☐ N ☐ F
a. If yes, list the water rights, their flow rates (GPM or CFS), and the nature of the relationship. Label using the same

POD ID letter as for the Historical Use Map (question 5).
☐ A ☐ F
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POD 
ID 

Water Right No. Flow (GPM 
or CFS) 

Relationship 

Historical Use: Period of Diversion 

35. Are the period of diversion and the period of use the same? ☐ Y ☐ N ☐ F
a. If no,

i. Why are they different?
______________________________________________________________________________________
______________________________________________________________________________________

☐ A ☐ F

ii. Is there a place of storage? ☐ Y ☐ N ☐ F
36. When was water diverted for the purpose(s) of the water right(s) being changed? ☐ A ☐ F

Start Date (Month (MM)/Day (DD)) End Date (MM/DD) 

37. Does the Department have a standard, found in ARM 36.12.112, for the period of diversion for the purposes for which
water is used?

☐ Y ☐ N ☐ F

a. If yes, does the period of diversion fall within Department standards? ☐ Y ☐ N ☐ F
b. If no or if the period of diversion falls outside Department standards, explain how the period of diversion is

reasonable for the purpose.
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

38. If the water right(s) being changed have an irrigation purpose, answer the following questions.
a. What were the crop(s) grown? ____________________________________________________________________ ☐ F
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i. If the crop(s) grown include hay, how many cuttings were there per season and how many days did they
last? __________________________________________________________________________________

☐ F

b. Did diversions ever temporarily cease within the period of use? This may include water shortages or calls based on
priority date.

☐ Y ☐ N ☐ F

i. If yes, please explain.
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________

☐ A ☐ F

Historical Use: Historical Diverted Volume 

39. Answer the questions below related to the historical purposes of the water rights being changed.
a. Irrigation

i. Do you want ARM 36.12.1902(11) to be used to calculate historical diverted volume? ☐ Y ☐ N ☐ F
1. If no, provide a Historical Water Use Addendum (Form 606-HUA). Form 606-HUA must be

submitted to the Department before the Preapplication Meeting Form is completed.
☐ S ☐ F

b. Non-irrigation
i. How often was water historically diverted?

______________________________________________________________________________________
☐ F

ii. What was the duration of each historical diversion?
______________________________________________________________________________________

☐ F

iii. Was wastewater historically discharged? If yes, what amount was discharged?
______________________________________________________________________________________

☐ Y ☐ N ☐ F

iv. What is the volume of water historically diverted (AF)? _________________________________________ ☐ F

v. How did you determine the volume of water historically diverted?
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________

☐ A ☐ F

vi. Did the historical diverted volume serve more than one purpose of use? ☐ Y ☐ N ☐ F
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1. If yes, how much of the diverted volume served each purpose of use and how did you determine
this?
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

☐ A ☐ F

Historical Use: Historical Consumed Volume 

40. Answer the questions below related to the historical purpose of the water rights being changed.
a. Irrigation

i. Will you use Department standards for historical consumptive use as defined in ARM 36.12.1902? ☐ Y ☐ N ☐ F
1. If no,

a. What method will you use to determine historical consumptive use?
_________________________________________________________________________
_________________________________________________________________________

☐ A ☐ F

b. Provide a Historical Water Use Addendum (Form 606-HUA) to the Department. Form 606-
HUA must be submitted to the Department before the Preapplication Meeting Form is
completed.

☐ S ☐ F

2. If yes,
a. What is the historical irrigation method type and subtype? Irrigation method types include

flood and sprinkler. Flood irrigation subtypes include level border, graded border, furrow,
contour ditch, or wild flood. Sprinkler subtypes include wheel line and center pivot.
_________________________________________________________________________
_________________________________________________________________________

☐ A ☐ F

b. What was the slope of the historical place of use?
_________________________________________________________________________

☐ F

c. Are there any factors beyond irrigation method type/subtype and place of use slope that
may influence percent efficiency of irrigation?

☐ Y ☐ N ☐ F

i. If yes, provide evidence to support the modified percent efficiency of irrigation in
the Historical Water Use Addendum (Form 606-HUA). These factors may include
infrastructure age, soil characteristics, or field improvements. Form 606-HUA must
be submitted to the Department before the Preapplication Meeting Form is

☐ S ☐ F
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completed. 
d. Based on answers to the above questions, what is the percent efficiency of irrigation?

_________________________________________________________________________
☐ F

e. What is the County Management Factor? ________________________________________ ☐ F

f. What is evapotranspiration (ET) based on the irrigation method and county?
_________________________________________________________________________

☐ F

g. What percent of applied water are irrecoverable losses per ARM 36.12.1902(17)?
_________________________________________________________________________

☐ F

h. Do other water rights supplement or overlap the historical place of use that contribute to the
irrigation water demand?

☐ Y ☐ N ☐ F

i. If yes,
1. How were the water rights operated to serve the irrigation purpose?

____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________

☐ A ☐ F

2. For each supplemental or overlapping water right, please list the average
period of diversion and use (MM/DD-MM/DD), flow rate (GPM or CFS),
and the volume of water (AF) contributed to the total irrigation water
demand.

☐ A ☐ F

Water Right No. Avg. Period of Diversion 
(MM/DD-MM/DD) 

Avg. Period of Use 
(MM/DD-MM/DD) 

Flow Rate (GPM or CFS) Volume Contributed (AF) 
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b. Lawn and garden
i. Will you use the Department standards for historical consumptive use volume for lawn and garden?

Department standards include 2.5 acre-feet per acre, or a calculated volume based on Irrigation Water
Requirements for turf grass.

☐ Y ☐ N ☐ F

1. If yes, which standard? ____________________________________________________________ ☐ F

2. If no, please provide an estimate of historical water use based on expert analysis and methods used
to determine this estimate.
________________________________________________________________________________
________________________________________________________________________________

☐ A ☐ F

c. Stock
i. Which volume standard for animal units applies to historical use and why? The standards are either 15 or

30 gallons per animal unit per day.
______________________________________________________________________________________

☐ F

ii. How many animal units were historically served? ______________________________________________ ☐ F

iii. Did these animal units rely entirely on the water right(s) proposed for change for their full water demand? ☐ Y ☐ N ☐ F
1. If no, explain.

________________________________________________________________________________
________________________________________________________________________________

☐ A ☐ F

d. Domestic and multiple domestic
i. How many households were served? ________________________________________________________ ☐ F

ii. Will the Department standard of 1 acre-foot per household be used? The same standard shall be applied to
historical and proposed uses.

☐ Y ☐ N ☐ F

1. If no, what standard will be used?
________________________________________________________________________________

☐ F

iii. Did the historical use include wastewater disposal and treatment? ☐ Y ☐ N ☐ F
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1. If yes, which of the following best describes the wastewater disposal and treatment system?
Individual drain fields, central treatment facility with minimal consumption, or evaporation basin or
land application?
________________________________________________________________________________

☐ A ☐ F

e. Municipal
i. What is the volume of water (AF) historically consumed for municipal purposes?

______________________________________________________________________________________
☐ F

ii. Provide evidence to support historical municipal use such as commercial, lawn and garden, and/or multiple
domestic uses. The data sources may include records that tie water use to the U.S Census, estimates of
historical system capacity and estimates of leakage.

☐ S ☐ F

f. Other
i. What is the volume of water (AF) historically consumed for other purposes?

______________________________________________________________________________________
☐ F

ii. Please submit to the Department evidence to support the volume of water historically consumed. ☐ S ☐ F

Historical Use: Historical Places of Storage 

41. Did the historical use include one or more place(s) of storage, which may include reservoirs, ponds, and pits that are greater
than 0.1 acre-feet in volume?

☐ Y ☐ N ☐ F

a. If yes, for each historical place of storage please provide the surface area in acres (AC), capacity (AF), annual net
evaporation (FT/year), and number of times per year the place of storage was filled.

☐ A ☐ F

ID Surface Area (AC) Capacity (AF) Annual Net Evaporation (FT/YR) # of Annual Fillings 
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Surface Water 
☐ Applicable, move on to question 42. ☐ Not Applicable, skip to question 67.

The following questions are mandatory for changes to surface water rights and must be filled out before the Preapplication Meeting Form is determined to 
be complete.  

Surface Water: Return Flow Analysis 

Questions, Narrative Responses, and Tables Check-
boxes 

Follow
-Up

42. Do the purposes of the water rights proposed for change include irrigation? ☐ Y ☐ N ☐ F
a. If yes, does the proposed change include a change in place of use and/or a change in purpose? A change in place of

use includes retiring acres in the historical place of use and adding any new acres outside the historical place of use.
☐ Y ☐ N ☐ F

i. If yes, a return flow analysis is required. Move on to answer question 43.
ii. If no, this section is complete, and you may skip to question 51.

43. Does the proposed change include a change in purpose? ☐ Y ☐ N
a. If yes, what is the consumptive use for the proposed non-irrigation purpose? Please explain.

_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

44. Does the proposed change include a change in place of use? If yes, move on to question 45. If no, this section is complete,
and you may skip to question 51.

☐ Y ☐ N

45. Provide a map showing the historical and proposed places of use created on an aerial photograph or topographic map with
section corners, township and range, and a north arrow.

☐ S ☐ F

46. How many acres, if any, will be retired from the historical place of use? _________________________________________ ☐ F

47. Are irrigated acres proposed that are outside the historical place of use? ☐ Y ☐ N ☐ F
a. If yes,

i. How many acres? _______________________________________________________________________ ☐ F
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ii. What is the proposed irrigation method type (e.g., flood or sprinkler) and subtype (e.g., level border, graded
border, furrow, contour ditch, wild flood, center pivot, or wheel line) for the new acres?
______________________________________________________________________________________

☐ F

iii. What is the slope of the new place of use? ___________________________________________________ ☐ F

iv. Based on 47.a.ii to 47.a.iii, what is the percent efficiency of irrigation for the new acres?
______________________________________________________________________________________

☐ F

v. What is the County Management Factor for the new acres?
______________________________________________________________________________________

☐ F

vi. What is the ET based on the irrigation method and county for the new acres?
______________________________________________________________________________________

☐ F

vii. What percent of applied water are irrecoverable losses for new acres per ARM 36.12.1902(17)?
______________________________________________________________________________________

☐ F

viii. Do other water rights supplement or overlap the new place of use that contribute to the irrigation water
demand?

☐ Y ☐ N ☐ F

1. If yes,
a. How will the water rights be operated to serve the irrigation purpose?

_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

☐ A ☐ F

b. For each supplemental or overlapping water right, please list the average period of
diversion and use (MM/DD-MM/DD), flow rate (GPM or CFS), and the volume of water
(AF) contributed to the total irrigation water demand.

☐ A ☐ F

Water Right No. Avg. Period of Diversion 
(MM/DD-MM/DD) 

Avg. Period of Use 
(MM/DD-MM/DD) 

Flow Rate (GPM or CFS) Volume Contributed (AF) 
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48. Do you have information for the Department to consider about the source and location where return flows historically
accrued?

☐ Y ☐ N ☐ F

a. If yes, explain.
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

49. Based on the preliminary data provided by the Department at this preapplication meeting, to what surface water sources do
return flows accrue before and after the proposed change? *Return flow data provided by the Department at the
preapplication meeting is preliminary and is subject to change during the Technical Analysis.
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

50. If an analysis of impacts to identified surface water rights is required as part of the return flow analysis, pursuant to ARM
36.12.1303(3)(c)(iii), do you elect to answer non-mandatory questions 161 to 163 to provide information required for this
extended return flow analysis?

☐ Y ☐ N ☐ F

a. If yes, go to question 161. If an analysis of impacts to identified surface water rights is required, this information
will be used for the analysis.

b. If no, did you elect in question 1 for the Department to conduct technical analyses? ☐ Y ☐ N ☐ F
i. If yes, do you elect for the Department to use publicly available water quantity data for the analysis of

impacts to identified surface water rights? If the extended return flow analysis is required and sufficient
publicly available water quantity data is not available, then the Department will not be able to conduct the
extended analysis. You will still have to prove a lack of adverse effect from the proposed change.

☐ Y ☐ N ☐ F

ii. If no, an analysis of impacts to identified surface water rights will need to be completed as part of the
extended return flow analysis. The Department will include the extended analysis in its scientific credibility
review of the Technical Analyses.

Surface Water: Mitigation Analysis 

51. Are you changing the purpose to mitigation to meet the criteria of issuance for another application? If yes, answer the
questions in this section (questions 52 to 60). If no, this section is complete, and you can skip to question 61.

☐ Y ☐ N ☐ F
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52. Identify the water right(s) proposed for change to a mitigation purpose, the water right(s) identified as needing mitigation
and the application number for the water right(s) identified as needing mitigation.
___________________________________________________________________________________________________

☐ A ☐ F

53. What source(s) have been identified as needing mitigation water?
___________________________________________________________________________________________________

☐ F

54. By what means will mitigation water be made available (e.g., infiltration gallery, water left instream)? You must provide a
copy of all relevant discharge permits at application submittal (§85-2-364, MCA).
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

55. What is the location (¼ ¼ ¼ section of start and end of reach) and length (FT) of the mitigation reach?
___________________________________________________________________________________________________

☐ F

56. What is the amount, timing, and location (¼ ¼ ¼ section) of water needed for mitigation? ☐ A ☐ F
Month Days Amount Location Month Days Amount Location 
January July 
February August 
March September 
April October 
May November 
June December 

 

57. How do the priority dates of the water rights proposed for change to mitigation compare to other water rights on the source?
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

58. Do you have measurement records or Water Commissioner records that show the reliability of the water right(s) proposed
for change to a mitigation purpose?

☐ Y ☐ N ☐ F



          Surface Water    24 Form No. 606P 

a. If yes, describe and submit them to the Department.
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ S ☐ F

59. Do the water rights proposed for change to mitigation have a period of use that is greater than or equal to the period when
mitigation is necessary?

☐ Y ☐ N ☐ F

a. If no, how will mitigation water be made available during the entire period when mitigation is necessary?
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

60. Will other water rights contribute to mitigation water? ☐ Y ☐ N ☐ F
a. If yes, what amount, at what timing, and at which location (¼ ¼ ¼ section) will they contribute? ☐ A ☐ F

Month Days Amount Location Month Days Amount Location 
January July 
February August 
March September 
April October 
May November 
June December 

Surface Water: Aquifer Recharge Analysis 

61. Are you changing the purpose to aquifer recharge to serve a current purpose or changing the purpose to marketing for
mitigation/aquifer recharge for a future mitigation purpose? If yes, answer the questions in this section (questions 62 to 66).
If no, this section is complete, and you can skip to question 67.

☐ Y ☐ N ☐ F

62. Is this aquifer recharge for a current mitigation need or marketing for mitigation/aquifer recharge for a future mitigation
need?
___________________________________________________________________________________________________

☐ F

63. What sources have been identified as having net depletions in need of mitigation or as benefiting from marketing for
mitigation/aquifer recharge water?
___________________________________________________________________________________________________

☐ F
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64. By what means will aquifer recharge water be made available? You must provide a copy of all relevant discharge permits at
application submittal (§85-2-364, MCA).
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

65. How do the priority dates of the water rights proposed for change to aquifer recharge compare to other water rights on the
source?
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

66. Do you have measurement records or Water Commissioner records that show the reliability of the water rights proposed for
change to aquifer recharge?

☐ Y ☐ N ☐ F

a. If yes, describe and submit them to the Department.
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ S ☐ F
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Groundwater 
☐ Applicable, move on to question 67. ☐ Not Applicable, skip to question 99.

The following questions are mandatory for changes to groundwater rights and must be filled out before the Preapplication Meeting Form is determined to 
be complete.  

Groundwater: Adequacy of Diversion 

Questions, Narrative Responses, and Tables Check-
boxes

Follow
-Up

67. What is the flow rate (GPM or CFS), volume (AF), and period of diversion (MM/DD-MM/DD) required at each new
groundwater point of diversion? Label using the same POD ID number as the Proposed Use Map (question 6) to match this
information with the location information.

☐ A ☐ F

POD # Flow Rate (GPM or CFS) Volume (AF) Period of Diversion (MM/DD-MM/DD) 

68. Will the monthly pumping schedule differ from an allocation of diverted volume by the number of days in the month for
year-round uses or the IWR 80% net irrigation requirements for irrigation/lawn & garden uses (IWR, NRCS 2003)?

☐ Y ☐ N ☐ F

a. If yes, provide the monthly pumping schedule in the table below. Label using the same POD ID number as the
Proposed Use Map (question 6).

☐ A ☐ F

Month POD # Volume (AF) Month POD # Volume (AF) 
January July 
February August 
March September 
April October 
May November 
June December 

69. Answer the following questions specific to the means of groundwater diversion.
Well/Pit Questions 70 to 71 Developed Spring Question 72 Pond Questions 73 to 76 
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Groundwater: Adequacy of Diversion: Well/Pit 
☐ Applicable ☐ Not Applicable

70. Have you submitted a completed Form 633 to DNRC for review? ☐ Y ☐ N ☐ F
a. If no, submit Form 633 to DNRC for review. Form 633 is required by the time the Preapplication Meeting Form is

deemed complete.
☐ S ☐ F

b. If yes, did the Department identify deficiencies? ☐ Y ☐ N ☐ F
1. If yes, are variances from ARM 36.12.121 needed? ☐ Y ☐ N ☐ F

a. If yes,
i. Do you have data for aquifer characteristics? ☐ Y ☐ N ☐ F

1. If yes, provide the data to the Department. ☐ S ☐ F
ii. Have you submitted Form 653 to the Department? ☐ Y ☐ N ☐ F

1. If yes, was the variance granted? ☐ Y ☐ N ☐ F
71. Have all the wells/pits been constructed? ☐ Y ☐ N ☐ F

a. If yes, provide a map with the location of each well/pit labeled, the well/pit depth, and, if available, the GWIC ID.
Create map on an aerial photograph or topographic map and include the following: well/pit location, well/pit depth,
GWIC ID (if available), section corners, township and range, and a north arrow.

☐ S ☐ F

b. If no,
i. When will the wells/pits be constructed? _____________________________________________________ ☐ F

ii. Do you have an initial map with the proposed location of wells/pits? ☐ Y ☐ N ☐ F
1. If yes, provide an initial map to the Department. Create map on an aerial photograph or topographic

map and include the following: proposed well/pit location, section corners, township and range, and
a north arrow.

☐ S ☐ F

iii. What is the anticipated depth for each new well/pit? Label on the initial map if the proposed location is
known. Otherwise provide the depth(s) here:
______________________________________________________________________________________
______________________________________________________________________________________

☐ S ☐ F

iv. Is the requested volume for each new well/pit known? ☐ Y ☐ N ☐ F
1. If no, what is the total requested volume (AF) and the number of new PODs?

________________________________________________________________________________
☐ F
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Groundwater: Adequacy of Diversion: Developed Spring 
☐ Applicable ☐ Not Applicable

72. Have you measured the source? ☐ Y ☐ N ☐ F
a. If yes,

i. Submit measurements to the Department. ☐ S ☐ F
ii. With what method were measurements collected?

______________________________________________________________________________________
______________________________________________________________________________________

☐ A ☐ F

iii. What is the interval of measurements?
______________________________________________________________________________________

☐ F

iv. Is the interval of measurements sufficient to comply with ARM 36.12.1703(1)? ☐ Y ☐ N ☐ F
b. If no, or if measurements do not comply with ARM 36.12.1703(1),

i. When do you plan to measure? _____________________________________________________________ ☐ F

ii. With what method and at what interval will measurements be collected?
______________________________________________________________________________________
______________________________________________________________________________________

☐ A ☐ F

Groundwater: Adequacy of Diversion: Pond 
☐ Applicable ☐ Not Applicable

73. Have you submitted Form 653 to apply for a variance from ARM 36.12.121 for the Aquifer Test? ☐ Y ☐ N ☐ F
a. If yes, did the Department approve the variance request? ☐ Y ☐ N ☐ F

74. Submit pond bathymetry data, survey, or engineering plans to the Department. ☐ S ☐ F
75. Submit a map identifying the location of the proposed pond to the Department. Create map on an aerial photograph or

topographic map and include the following: pond location, section corners, township and range, and a north arrow.
☐ S ☐ F

76. If you are conducting Technical Analyses, what is your plan to determine depth, surface area, and net evaporation of the
pond? If the Department is conducting Technical Analyses, write N/A.
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F



          Groundwater  29 Form No. 606P 

Groundwater: Adverse Effect to Existing Groundwater Rights 
All information to calculate the one-foot drawdown contour was collected in previous questions. 

Groundwater: Adverse Effect to Surface Water Rights 

Groundwater: Adverse Effect to Surface Water Rights: Surface Water Depletion Analysis 

77. Does the proposed change include a change in point of diversion or a change in place of use or purpose that will lead to a
change in consumptive use or pumping schedule? If you do not know if a change in place of use or purpose will lead to a
change in consumptive use or pumping schedule, work through this with the Department. If yes, a surface water depletion
analysis is required; move on to question 78. If no, this section is complete; skip to question 80.

☐ Y ☐ N ☐ F

78. Based on the preliminary data provided by the Department at this preapplication meeting, what are the hydraulically
connected surface water sources before and after the proposed change? *Net depletion data provided by the Department at
the preapplication meeting is preliminary and is subject to change during the Technical Analysis.
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

79. If an analysis of impacts to identified surface water rights is required as part of the surface water depletion analysis,
pursuant to ARM 36.12.1903(2)(f), do you elect to answer non-mandatory questions 166 to 168 to provide information
required for this extended surface water depletion analysis?

☐ Y ☐ N ☐ F

a. If yes, go to question 166. If an analysis of impacts to identified surface water rights is required for the surface
water depletion analysis, this information will used for the analysis.

b. If no, did you elect in question 1 for the Department to conduct technical analyses? ☐ Y ☐ N ☐ F
i. If yes, do you elect for the Department to use publicly available water quantity data for the analysis of

impacts to identified surface water rights for the surface water depletion analysis? If this extended surface
water depletion analysis is required and sufficient publicly available water quantity data is not available,
then the Department will not be able to conduct the extended surface water depletion analysis. You will still
have to prove a lack of adverse effect from the proposed change.

☐ Y ☐ N ☐ F

ii. If no, you may still include the analysis of impacts to identified surface water rights with the surface water
depletion analysis. The Department will include the extended analysis in its scientific credibility review of
the Technical Analyses.
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Groundwater: Adverse Effect to Surface Water Rights: Return Flow Analysis 

80. Do the purposes of the water rights proposed for change include irrigation? ☐ Y ☐ N ☐ F
a. If yes, does the proposed change include a change in place of use and/or a change in purpose? A change in place of

use includes retiring acres in the historical place of use and adding any new acres outside the historical place of use.
☐ Y ☐ N ☐ F

i. If yes, a return flow analysis is required. Move on to answer question 81.
ii. If no, this section is complete, and you may skip to question 89.

81. Does the proposed change include a change in purpose? ☐ Y ☐ N
a. If yes, what is the consumptive use for the proposed non-irrigation purpose? Please explain.

_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

82. Does the proposed change include a change in place of use? If yes, move on to question 83. If no, this section is complete,
and you may skip to question 89.

☐ Y ☐ N

83. Provide a map showing the historical and proposed places of use. Create map on an aerial photograph or topographic map
that shows the following: section corners, township and range, and a north arrow.

☐ S ☐ F

84. How many acres, if any, will be retired from the historical place of use? _________________________________________ ☐ F

85. Are irrigated acres proposed that are outside the historical place of use? ☐ Y ☐ N ☐ F
a. If yes,

i. How many acres? _______________________________________________________________________ ☐ F

ii. What is the proposed irrigation method type and subtype (e.g., level border, graded border, furrow, contour
ditch, or wild flood) for the new acres?
______________________________________________________________________________________

☐ F

iii. What is the slope of the new place of use? ____________________________________________________ ☐ F

iv. Based on question 85.a.ii to 85.a.iii, what is the percent efficiency of irrigation for the new acres?
______________________________________________________________________________________

☐ F
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v. What is the County Management Factor for the new acres?
______________________________________________________________________________________

☐ F

vi. What is the ET based on the irrigation method and county for the new acres?
______________________________________________________________________________________

☐ F

vii. What percent of applied water are irrecoverable losses for new acres?
______________________________________________________________________________________

☐ F

viii. Do other water rights supplement or overlap the new place of use that contribute to the irrigation water
demand?

☐ Y ☐ N ☐ F

1. If yes,
a. How will the water rights be operated to serve the irrigation purpose?

_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

☐ A ☐ F

b. For each supplemental or overlapping water right, please list the average period of
diversion and use (MM/DD-MM/DD), flow rate (GPM or CFS), and the volume of water
(AF) contributed to the total irrigation water demand.

☐ A ☐ F

Water Right No. Avg. Period of Diversion 
(MM/DD-MM/DD) 

Avg. Period of Use 
(MM/DD-MM/DD) 

Flow Rate (GPM or CFS) Volume Contributed (AF) 

86. Do you have information for the Department to consider about the source and location where return flows historically
accrued?

☐ Y ☐ N ☐ F
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a. If yes, explain.
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

87. Based on the preliminary data provided at this preapplication meeting, to what surface water sources will return flows
accrue before and after the proposed change? *Return flow data provided by the Department at the preapplication meeting
is preliminary and is subject to change during the Technical Analysis.
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

88. If an analysis of impacts to identified surface water rights is required as part of the return flow analysis, pursuant to ARM
36.12.1303(5)(d)(iii), do you elect to answer non-mandatory questions 161 to 163 to provide information required for this
extended analysis?

☐ Y ☐ N ☐ F

a. If yes, go to question 161. If an analysis of impacts to identified surface water rights is required as part of the return
flow analysis, this information will used for the analysis.

b. If no, did you elect in question 1 for the Department to conduct technical analyses? ☐ Y ☐ N ☐ F
i. If yes, do you elect for the Department to use publicly available water quantity data for the analysis of

impacts to identified surface water rights? If this extended return flow analysis is required and sufficient
publicly available water quantity data is not available, then the Department will not be able to conduct the
extended analysis. You will still have to prove a lack of adverse effect from the proposed change.

☐ Y ☐ N ☐ F

ii. If no, an analysis of impacts to identified surface water rights will need to be completed as part of the return
flow analysis. The Department will include the extended analysis in its scientific credibility review of the
Technical Analyses.

Groundwater: Mitigation 

89. Do you require mitigation water to meet the criteria of issuance for this change application or for a different application? If
yes, answer the questions in this section (questions 90 to 98). If no, this section is complete, and you can skip to question
99.

☐ Y ☐ N ☐ F

90. Please identify the water rights proposed for change to a mitigation purpose and the water rights identified as needing
mitigation. __________________________________________________________________________________________

☐ A ☐ F
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91. What sources have been identified as needing mitigation water?
___________________________________________________________________________________________________

☐ F

92. By what means will mitigation water be made available?
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

93. What is the location (¼ ¼ ¼ section of start and end of reach) and length (feet) of the mitigation reach?
___________________________________________________________________________________________________

☐ F

94. What is the amount, timing, and location (¼ ¼ ¼ section) of water needed for mitigation? ☐ A ☐ F
Month Days Amount Location Month Days Amount Location 
January July 
February August 
March September 
April October 
May November 
June December 

95. How do the priority dates of the water rights proposed for change to mitigation compare to other water rights on the source?
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

96. Do you have measurement records or Water Commissioner records that show the reliability of the water right(s) proposed
for change to a mitigation purpose?

☐ Y ☐ N ☐ F

a. If yes, describe and submit them to the Department.
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ S ☐ F

97. Do the water rights proposed for change to mitigation have a period of use that is greater than or equal to the period when
mitigation is necessary?

☐ Y ☐ N ☐ F
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a. If no, how will mitigation water be made available during the entire period when mitigation is necessary?
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

98. Will other water rights contribute to mitigation water? ☐ Y ☐ N ☐ F
a. If yes, what amount, at what timing, and at which location (¼ ¼ ¼ section) will they contribute? ☐ A ☐ F

Month Days Amount Location ( ¼ ¼ ¼ Section) Month Days Amount Location ( ¼ ¼ ¼ Section) 
January July 
February August 
March September 
April October 
May November 
June December 

Project-Specific Questions 
The following questions are mandatory when applicable and must be filled out before the Preapplication Meeting Form is determined to be complete. 

Temporary Change 

Questions, Narrative Responses, and Tables Check-
boxes

Follow
-Up

99. Does the proposal include a temporary change? If yes, please answer the questions in this section (questions 100 to 105) for
each water right being changed. If no, or if you answered these questions earlier in the preapplication meeting, this section
is complete and you can skip to question 106.

☐ Y ☐ N ☐ F

100. What element(s) of the water right(s) are being temporarily changed?
___________________________________________________________________________________________________

☐ F

101. For how many years will the water right(s) be temporarily changed? _________________________________________ ☐ F

102. Will the temporary change be intermittent over the years? ☐ Y ☐ N ☐ F
a. If yes, explain.

_____________________________________________________________________________________________
☐ A ☐ F

103. For what purpose will the water rights be temporarily used?
___________________________________________________________________________________________________

☐ F
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104. Is the quantity of water subject to the temporary change being made available from the development of a new water
conservation or storage project?

☐ Y ☐ N ☐ F

a. If yes, explain the water conservation or storage project.
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

105. If you are answering Project Specific Questions as they are referenced in Application Details, return to question 10 if
you are proposing to add a place of use on State of Montana Trust Land and question 15 if you are proposing a temporary
change that does not involve State of Montana Trust Land. If you are answering in consecutive order, go to question 106.

Change in Purpose 

106. Does the project involve a change in purpose? If yes, answer the questions in this section (questions 107 to 109). If no,
of if you answered these questions earlier in the preapplication meeting, this section is complete and you can skip to
question 110.

☐ Y ☐ N ☐ F

107. Identify the proposed new purpose, flow rate (GPM or CFS), volume (AF), and period of use (MM/DD-MM/DD) for
each purpose.

☐ A ☐ F

Purpose Flow Rate (GPM or 
CFS) 

Volume (AF) Period of Use Start 
(MM/DD-MM/DD) 

Period of Use End (MM/DD-
MM/DD) 

108. Explain why the requested flow rate and volume is the amount needed for the purpose.
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

109. If you are answering Project Specific Questions as they are referenced in Application Details, return to question 11 and
if you are answering in consecutive order, go to question 110.
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Change in Place of Storage 

110. Does the project involve a change in place of storage? If yes, answer the questions in this section (questions 111 to 119)
for each individual place of storage (use additional Change in Place of Storage sheet for additional places of storage). If no,
or if you answered these questions earlier in the preapplication meeting, this section is complete; skip to question 120.

☐ Y ☐ N ☐ F

111. Submit a map showing the location of the place of storage. Create map on an aerial photograph or topographic map that
shows the following: place of storage, section corners, township and range, and a north arrow.

☐ S ☐ F

112. Is this application to add a new place of storage or change an existing place of storage? __________________________ ☐ F

a. If application is to change an existing place of storage, list the water rights that include the place of storage and a
short description of the proposed change.
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

113. Is the place of storage located on-stream? ☐ Y ☐ N ☐ F
a. If no, explain the conveyance means to and from the off-stream place of storage and any losses that may occur with

that conveyance.
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

114. What is the proposed capacity of the place of storage? Use bathymetry data, survey, or engineering plans for capacity.
Submit the data source used with this form. In lieu of these data sources, use the following equation:
           Surface Acres x Maximum Depth (FT) x 0.5 (0.4-0.6 depending on side slope) = Capacity (AF) 
___________________________________________________________________________________________________ 

☐ S ☐ F

115. Will the place of storage include primary and/or emergency spillways? Preliminary design specifications for primary
and emergency spillways must be included with application submittal (ARM 36.12.113).

☐ Y ☐ N ☐ F

116. Will the place of storage be lined? ☐ Y ☐ N ☐ F
117. What is the annual net evaporation of water from the place of storage using the standards in ARM 36.12.116(1) and the

Department’s Gridded Net Evaporation Layer?
___________________________________________________________________________________________________

☐ F

118. Is the place of storage capacity calculated to be greater than 50 acre-feet? ☐ Y ☐ N ☐ F
a. If yes, have you made an application to the DNRC Water Operations Bureau for a determination of whether the

dam or reservoir is a high-hazard dam?
☐ Y ☐ N ☐ F
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119. If you are answering Project Specific Questions as they are referenced in Application Details, return to question 12 and
if you are answering in consecutive order, go to question 120.

Ditch-Specific Questions 

120. Does the historical use of water include at least one conveyance ditch? If yes, answer questions 121 to 122. If no, or if
you answered these questions earlier in the preapplication meeting, skip to question 123.

☐ Y ☐ N ☐ F

121. Submit a Historical Use Ditch Map that shows every ditch conveying water for the historical use of all water right(s)
proposed for change. Label the ditch name(s), POD(s), the POU(s), and the ditch measurement locations (requested in
question 122.d). The map should be created on an aerial photograph or topographic map with the following: section corners,
township and range, and a north arrow.

☐ S ☐ F

122. For each historical conveyance ditch, answer question 122.a to 122.h. If there is more than one historical conveyance
ditch, use an Additional Historical Ditch Sheet for each additional ditch.

a. What is the ditch name? _________________________________________________________________________ ☐ F

b. List the water right(s) proposed for change that were conveyed by the ditch.
_____________________________________________________________________________________________

☐ F

c. What is the distance water was historically carried by the conveyance ditch? Only include segments between the
POD and start of the POU; do not include segments within the POU.
_____________________________________________________________________________________________

☐ A ☐ F

d. Provide at least one set of ditch measurements, which include width (FT), depth (FT), and slope (%). Discuss ditch
characteristics with DNRC to determine the minimum number of ditch measurements. Include the location of each
measurement, labeled with the 2-digit measurement ID number, used on the map submitted for question 121.

☐ S ☐ F

ID # Width (FT) Depth (FT) Slope (%) Date of Measurement 

e. What is a reasonable Manning’s n value? List the factors used for estimation. If you do not know this value, please
work through estimation with the Department.
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F
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f. What type of soils compose the historical conveyance ditch? For lined ditches, write “lined” instead.
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

g. Are other water rights conveyed by the historical conveyance ditch? ☐ Y ☐ N ☐ F
i. If yes,

1. What are the water right numbers?
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

☐ A ☐ F

2. What is the sum of the flow rates (GPM or CFS) for all water rights conveyed?
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

☐ A ☐ F

3. Provide a map with your best estimate of the historical POUs for the other water rights conveyed by
the historical conveyance ditch. Include only POUs between the historical POD and your historical
POU. If you do not know this information, the Department can help you create the map. The map
should be created on an aerial photograph or topographic map and show the following: section
corners, township and range, and a north arrow.

☐ S ☐ F

h. Were any water rights proposed for change part of one historical water right that was split? ☐ Y ☐ N ☐ F
i. If yes, were all split water rights split in such a way to ensure each post-split water right could stand alone

and not be reliant on the others for carriage water?
☐ Y ☐ N ☐ F

1. If no, do any of the water right(s) proposed for change have a carriage water requirement? ☐ Y ☐ N ☐ F
a. If yes,

i. List the water right(s) with a carriage water requirement
__________________________________________________________________

☐ F

ii. Update your Historical Use Ditch Map to label the ditch segments where a carriage
water requirement exists for a water right proposed for change. Also, use your best
estimate to label the POUs for all water rights included in the carriage water
requirement. If you do not know this information, the Department can help you
update the map.

☐ S ☐ F

123. Does the proposed use include at least one existing or new conveyance ditch? If yes, answer questions 124 to 126. If no,
or if you answered these questions earlier in the preapplication meeting, this section is complete; skip to question 127.

☐ Y ☐ N ☐ F
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124. Submit a Proposed Use Ditch Map that shows every ditch conveying the water right(s) proposed for change, including
any unchanged portions. Label all unchanged and proposed PODs, all unchanged and proposed POUs, and additional ditch
measurement locations (requested in question 125.e). The map should be created on an aerial photograph or topographic
map with the following: section corners, township and range, and a north arrow.

☐ S ☐ F

125. For each proposed use conveyance ditch, answer the questions 125.a to 125.i. If there is more than one proposed use
conveyance ditch, use an Additional Proposed Use Ditch Sheet for each additional ditch.

a. What is the ditch name? _________________________________________________________________________ ☐ F

b. Is this ditch a historical conveyance ditch detailed in questions 121 to 122? ☐ Y ☐ N ☐ F
i. If yes, have any of the following details changed, to the best of your knowledge, from historical conditions:

ditch length, distance water conveyed, ditch lining, or water rights conveyed by the ditch?
☐ Y ☐ N ☐ F

1. If yes, answer questions 125.c to 125.i using current data.
2. If no, do not answer questions 125.c to 125.i for this ditch because the information remains

unchanged. Move on to the next proposed use conveyance ditch, or if none remain, skip to question
127.

c. List the water right(s) proposed for change that are going to be conveyed by the ditch.
_____________________________________________________________________________________________

☐ F

d. What is the distance water will be carried by the conveyance ditch? Only include segments between the POD and
start of the POU; do not include segments within the POU.
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

e. Provide at least one set of ditch measurements, which include width (FT), depth (FT), and slope (%). Discuss ditch
characteristics with DNRC to determine the minimum number of ditch measurements. Include the location of each
measurement, labeled with the 2-digit measurement ID number, used on the map submitted for question 124.

☐ S ☐ F

ID # Width (FT) Depth (FT) Slope (%) Date of Measurement 
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f. What is a reasonable Manning’s n value? List the factors used for estimation. If you do not know this value, please
work through estimation with the Department.
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

g. What type of soils compose the proposed conveyance ditch? For lined ditches, write “lined” instead.
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

h. Are other water rights conveyed by the proposed conveyance ditch? ☐ Y ☐ N ☐ F
i. If yes,

1. What are the water right numbers?
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

☐ A ☐ F

2. What is the sum of the flow rates (GPM or CFS) for all water rights conveyed?
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

☐ A ☐ F

3. Provide a map with your best estimate of the current POUs for the other water rights conveyed by
the proposed conveyance ditch. Include only POUs between the POD and your proposed POU. If
you do not know this information, the Department can help you create the map. The map should be
created on an aerial photograph or topographic map and show the following: section corners,
township and range, and a north arrow.

☐ S ☐ F

i. Were any water right(s) proposed for change identified as having a carriage water requirement in question
122.h.i.1.a.i?

☐ Y ☐ N ☐ F

i. If yes, update your Proposed Use Ditch Map to label the ditch segments where a carriage water requirement
exists for a water right proposed for change. Also, use your best estimate to label the POUs for all water
rights included in the carriage water requirement. If you do not know this information, the Department can
help you update the map.

☐ S ☐ F

126. If you are answering Project Specific Questions as they are referenced in Application Details, return to question 13 and
if you are answering in consecutive order, go to question 127.
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Water Marketing 

127. Does this project involve water marketing? If yes, answer the questions in this section (questions 128 to 134). If no, or if
you answered these questions earlier in the preapplication meeting, this section is complete; skip to question 135.

☐ Y ☐ N ☐ F

128. Identify the flow rate (GPM or CFS) and volume of water (AF) that will be marketed.
___________________________________________________________________________________________________

☐ F

129. Will the marketed water return to the source? ☐ Y ☐ N ☐ F
a. If yes, explain how that determination was made.

_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F

130. For what purpose(s) will the marketed water be used?
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

131. How will you control or limit access to the water?
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

132. Do you have contracts for the entire volume and flow rate sought? ☐ Y ☐ N ☐ F
133. Provide a service area map. Create map on an aerial photograph or topographic map and shows the following: general

service area boundary, section corners, township and range, and a north arrow.
☐ S ☐ F

134. If you are answering Project Specific Questions as they are referenced in Application Details, return to question 19 and
if you are answering in consecutive order, go to question 135.

Instream Flow Change 

135. Does the project involve an instream flow change? If yes, answer the questions in this section (questions 136 to 145). If
no, or if you answered these questions earlier in the preapplication meeting, this section is complete; skip to question 146.

☐ Y ☐ N ☐ F

136. Is the proposal to retire all the use from the historical purpose throughout the entire period of use? ☐ Y ☐ N ☐ F
a. If no, describe why not in detail.

_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A ☐ F
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137. What is the name of the source of water where streamflow will be maintained or enhanced?
___________________________________________________________________________________________________

☐ F

138. Provide specific information on the location (¼ ¼ ¼ section of start and end of reach) and length (FT) of the stream
reach in which the streamflow is to be maintained or enhanced.
___________________________________________________________________________________________________

☐ A ☐ F

139. Does the protected reach begin at the existing point of diversion? ☐ Y ☐ N ☐ F
a. If no, does the proposed protected reach begin upstream of or downstream from the existing point of diversion?

_____________________________________________________________________________________________
☐ F

140. Does return flow go back to the source of supply? The Department provides an initial estimate of the sources where
return flow historically accrued at the preapplication meeting.

☐ Y ☐ N ☐ F

141. Describe the way the streamflow is to be maintained or enhanced.
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

142. Provide initial details about a streamflow measuring plan, which include the points where measurements occur, the
interval of measurement, and the methods and equipment used. A complete streamflow measuring plan will be required for
the application.
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

143. Provide initial details about an operation plan, which include the proposed flow rate (GPM or CFS) to be protected up
to the proposed volume (AF) and the period when protection is to occur. If there is a “trigger flow” associated with your
operation plan, please explain. A complete operation plan, based on the Technical Analysis, will be required for the
application.
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F
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144. Is the amount of water proposed for change in the application made available through creation of a “water saving
method,” as defined in ARM 36.12.101?

☐ Y ☐ N ☐ F

a. If yes, complete the Salvage Water section (questions 146 to 150). ☐ S ☐ F
145. If you are answering Project Specific Questions as they are referenced in Application Details, return to question 20 and

if you are answering in consecutive order, go to question 146.

Salvage Water 

146. Does this project involve salvage water? Salvage water does not include destroying phreatophytes, removing vegetation,
converting to a less consumptive crop, or converting to a partial irrigation schedule. If yes, answer the questions in this
section (questions 147 to 150). If no, or if you answered these questions earlier in the preapplication meeting, this section is
complete and you can skip to question 151.

☐ Y ☐ N ☐ F

147. What water saving method was implemented? This may include lining an unlined ditch or canal, converting unlined
ditch or canal to pipeline, converting high profile or high-pressure sprinklers to low pressure, and other (explain).
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

148. How much water was salvaged from creation of the water saving method? Include flow rate (GPM or CFS) and volume
(AF).
___________________________________________________________________________________________________

☐ F

149. How did you determine the amount of water salvaged?
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________
___________________________________________________________________________________________________

☐ A ☐ F

150. If you are answering Project Specific Questions as they are referenced in Application Details, return to question 21 and
if you are answering in consecutive order, go to question 151.
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Non-Mandatory Questions for Criteria Analysis 
The following questions are not mandatory. They should be discussed in the Preapplication Meeting, but do not need to be filled out before the 
Preapplication Meeting Form is determined to be complete.  

Adverse Effect 

Questions, Narrative Responses, and Tables Check-
boxes

151. Once the historical use analysis is complete for the application, be ready to compare the historical use with the proposed use. Do
you have evidence the proposed use exceeds the historical use for flow rate, consumed volume, or diverted volume?

☐ Y ☐ N

a. If yes, what is your plan to address this with the permitting process?
____________________________________________________________________________________________________
____________________________________________________________________________________________________

☐ A

152. Describe your plan to ensure that existing water rights will be satisfied during times of water shortage.
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________

☐ A

153. Explain how you can control your diversion in response to call being made.
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________

☐ A

154. Are you aware of any calls that have been made on the source of supply or depleted surface water source? ☐ Y ☐ N
a. If yes, explain.

____________________________________________________________________________________________________
____________________________________________________________________________________________________

☐ A

155. Does a water commissioner distribute water or oversee water distribution on your proposed source or depleted surface water
source?

☐ Y ☐ N

156. Will the proposed use change the ability for you to make call? ☐ Y ☐ N
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157. When was the last time water was appropriated and used beneficially?  ______________________________________________
If there has been a period of nonuse, explain below:

a. Why the water right was not used.
____________________________________________________________________________________________________
____________________________________________________________________________________________________

☐ A

b. Why a resumption of use will not adversely affect other water users.
____________________________________________________________________________________________________
____________________________________________________________________________________________________

☐ A

c. Is the period of nonuse greater than 10 years? ☐ Y ☐ N
d. Have water rights been authorized to use the source during the period of nonuse? ☐ Y ☐ N

158. For point of diversion changes:
a. Is the proposed point of diversion upstream or downstream of the historical point of diversion?

____________________________________________________________________________________________________

b. Are there intervening water users between the historical and proposed point of diversion? ☐ Y ☐ N
c. Does the proposed point of diversion allow for diverting water longer during times of shortage? ☐ Y ☐ N

159. For place of use changes, will changes to the rate, location, volume, or timing of return flows adversely affect other
appropriators?

☐ Y ☐ N

Adverse Effect: Evaluation of Impacts to Identified Water Rights for Return Flow Analysis 

160. Respond to questions in this section if you elected in questions 50 or 88 to answer optional questions 161 to 163. If you did not
elect to answer these questions or answered these questions earlier in the preapplication meeting, this section is complete; skip to
question 165.

161. For each surface water source receiving return flows, is gage data available? ☐ Y ☐ N
a. If yes, answer the following questions for the number of stream gages that are available.

i. One stream gage is available
1. What is the gage name?

_______________________________________________________________________________________

2. Who operates and maintains the gage?
_______________________________________________________________________________________
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3. Is the stream gage upstream or downstream of the point(s) of diversion?
_______________________________________________________________________________________

4. Is there a limiting or controlling factor that would make the Drainage Area Method not practical? This
includes dams that control the flow and streams with large gaining and/or losing reaches. If you have
questions about this, please contact the Regional Hydro-Specialist or the Water Sciences Bureau.

☐ Y ☐ N

5. Is the period of record greater than or equal to 10 years? ☐ Y ☐ N
6. How frequently is stage data recorded?

_______________________________________________________________________________________

7. If data gaps were to occur, are they identified and left unfilled or estimated using interpolation, ice
correction, or indirect discharge measurements methods?

☐ Y ☐ N

8. Was the rating curve established and maintained throughout the duration of the period of record using
measurements taken near the reference gage and stage recorder according to USGS protocols?

☐ Y ☐ N

9. Were there requirements for maintaining a permanent gage datum and meeting specified accuracy limits? ☐ Y ☐ N
10. Does the gage data meet the Department’s standard to be sufficient to calculate the median of the mean

monthly flow rate and volume during the proposed months of diversion?
☐ Y ☐ N

a. If yes, skip to question 163.
b. If no, answer question 161.b.

ii. More than one stream gage is available
1. List the gage names.

_______________________________________________________________________________________

2. Who operates and maintains the gages?
_______________________________________________________________________________________

3. Is one stream gage upstream and one downstream of point(s) of diversion? ☐ Y ☐ N
4. Do the stream gages have similar periods of record? ☐ Y ☐ N
5. Are the periods of record each greater than or equal to 10 years? ☐ Y ☐ N
6. How frequently is stage data recorded at each gage?

_______________________________________________________________________________________

7. For each gage, if data gaps were to occur, are they identified and left unfilled or estimated using
interpolation, ice correction, or indirect discharge measurements methods?

☐ Y ☐ N
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8. Were the rating curves established and maintained throughout the duration of the period of record using
measurements taken near the reference gages and stage recorders according to USGS protocols?

☐ Y ☐ N

9. For each gage, were there requirements for maintaining a permanent gage datum and meeting specified
accuracy limits?

☐ Y ☐ N

10. Does the gage data meet the Department’s standard to be sufficient to calculate the median of the mean
monthly flow rate and volume during the proposed months of diversion?

☐ Y ☐ N

a. If yes, skip to question 163.
b. If no, answer question 161.b.

b. If no gage data is available or if available gage data does not meet the Department’s standard to be sufficient to calculate the
median of the mean monthly flow rate and volume during the proposed months of diversion, is the source otherwise
measured?

☐ Y ☐ N

i. If yes,
1. Submit measurements to the Department. ☐ S
2. Who collected the measurements?

_______________________________________________________________________________________
☐ A

3. With what method was the data collected?
_______________________________________________________________________________________
_______________________________________________________________________________________

☐ A

4. What is the period of record?
_______________________________________________________________________________________

5. What is the frequency of measurement?
_______________________________________________________________________________________

6. Are there gaps in the data? ☐ Y ☐ N
a. If yes, what is the nature of the gaps and how are gaps handled to ensure data quality?

________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

☐ A

7. Is there a process for maintaining the data and meeting specified accuracy limits? ☐ Y ☐ N
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a. If yes, explain.
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

☐ A

8. Does available measurement data meet the Department's standard to be sufficient to calculate the median of
the mean monthly flow rate and volume during the proposed months of diversion?

☐ Y ☐ N

a. If yes, skip to question 163.
b. If no, answer question 162.

162. For each surface water source receiving return flows, does the available measurement data, gage and/or otherwise measured,
meet the Department’s standard of including a minimum of high, moderate, and low flows to be sufficient to use for validation of a
department-accepted estimation technique?

☐ Y ☐ N

a. If yes, describe the estimation technique.
____________________________________________________________________________________________________
____________________________________________________________________________________________________
____________________________________________________________________________________________________

☐ A

b. If no, will measurements be collected prior to submission of a completed Form No. 606P that meet the Department’s
standard of including a minimum of high, moderate, and low flows to be sufficient to use for validation of a department-
accepted estimation technique?

☐ Y ☐ N

i. If yes,
1. With what method will the data be collected?

_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________

☐ A

2. What will be the interval of measurement?
______________________________________________________________________________________
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3. Describe the proposed estimation technique.
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________

☐ A

ii. If no, describe your plan supply measurements for return flow receiving sources.
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________

☐ A

163. If you are conducting Technical Analysis, how will the Area of Potential Adverse Effect be defined for evaluating return flow
impacts? If the Department is conducting Technical Analyses, write N/A.
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________

☐ A

164. If you went straight to this section when referenced, go back to question 51 for surface water changes and question 88 for
groundwater changes. If you waited to answer in consecutive order and have completed all prior sections, move to question 165.

Adverse Effect: Evaluation of Impacts to Identified Water Rights for Surface Water Depletion Analysis 

165. Respond to questions in this section if you elected in question 79 to answer optional questions 166 to 168. If you did not elect to
answer these questions or answered these questions earlier in the preapplication meeting, this section is complete; skip to question
170.

166. For each hydraulically connected surface water source, is gage data available? ☐ Y ☐ N
a. If yes, answer the following questions for the number stream gages are available.

i. One stream gage is available
1. What is the gage name?

_______________________________________________________________________________________
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2. Who operates and maintains the gage?
_______________________________________________________________________________________

3. Is the stream gage upstream or downstream of the start of the depletion?
_______________________________________________________________________________________

4. Is there a limiting or controlling factor that would make the Drainage Area Method not practical? This
includes dams that control the flow and streams with large gaining and/or losing reaches. If you have
questions about this, please contact the Regional Hydro-Specialist or the Water Sciences Bureau.

☐ Y ☐ N

5. Is the period of record greater than or equal to 10 years? ☐ Y ☐ N
6. How frequently is stage data recorded?

_______________________________________________________________________________________

7. If data gaps were to occur, are they identified and left unfilled or estimated using interpolation, ice
correction, or indirect discharge measurements methods?

☐ Y ☐ N

8. Was the rating curve established and maintained throughout the duration of the period of record using
measurements taken near the reference gage and stage recorder according to USGS protocols?

☐ Y ☐ N

9. Were there requirements for maintaining a permanent gage datum and meeting specified accuracy limits? ☐ Y ☐ N
10. Does the gage data meet the Department’s standard to be sufficient to calculate the median of the mean

monthly flow rate and volume during the proposed months of diversion?
☐ Y ☐ N

a. If yes, skip to question 168.
b. If no, answer question 166.b.

ii. More than one stream gage is available
1. List the gage names.

_______________________________________________________________________________________

2. Who operates and maintains the gages?
_______________________________________________________________________________________

3. Is one stream gage upstream and one downstream of the start of the depletion? ☐ Y ☐ N
4. Do the stream gages have similar periods of record? ☐ Y ☐ N
5. Are the periods of record each greater than or equal to 10 years? ☐ Y ☐ N
6. How frequently is stage data recorded at each gage?

_______________________________________________________________________________________
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7. For each gage, if data gaps were to occur, are they identified and left unfilled or estimated using
interpolation, ice correction, or indirect discharge measurements methods?

☐ Y ☐ N

8. Were the rating curves established and maintained throughout the duration of the period of record using
measurements taken near the reference gages and stage recorders according to USGS protocols?

☐ Y ☐ N

9. For each gage, were there requirements for maintaining a permanent gage datum and meeting specified
accuracy limits?

☐ Y ☐ N

10. Does the gage data meet the Department’s standard to be sufficient to calculate the median of the mean
monthly flow rate and volume during the proposed months of diversion?

☐ Y ☐ N

a. If yes, skip to question 168.
b. If no, answer question 166.b.

b. If no gage data is available or if available gage data does not meet the Department’s standard to be sufficient to calculate the
median of the mean monthly flow rate and volume during the proposed months of diversion, is the source otherwise
measured?

☐ Y ☐ N

i. If yes,
1. Submit available measurements to the Department ☐ S
2. Who collected the measurements?

_______________________________________________________________________________________
☐ A

3. With what method was the data collected?
_______________________________________________________________________________________
_______________________________________________________________________________________

☐ A

4. What is the period of record?
_______________________________________________________________________________________

5. What is the frequency of measurement?
_______________________________________________________________________________________

6. Are there gaps in the data? ☐ Y ☐ N
a. If yes, what is the nature of the gaps and how are gaps handled to ensure data quality?

________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

☐ A

7. Is there a process for maintaining the data and meeting specified accuracy limits? ☐ Y ☐ N
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a. If yes, explain.
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

☐ A

8. Does available measurement data meet the Department's standard to be sufficient to calculate the median of
the mean monthly flow rate and volume during the proposed months of diversion?

☐ Y ☐ N

a. If yes, skip to question 168.
b. If no, answer question 167.

167. For each hydraulically connected surface water source, does the available measurement data, gage and/or otherwise measured,
meet the Department’s standard of including a minimum of high, moderate, and low flows to be sufficient to use for validation of a
department-accepted estimation technique?

☐ Y ☐ N

a. If yes, describe the estimation technique.
____________________________________________________________________________________________________
____________________________________________________________________________________________________
____________________________________________________________________________________________________
____________________________________________________________________________________________________

☐ A

b. If no,
i. Will measurements be collected prior to submission of a completed Form No. 606P that meet the Department’s

standard of including a minimum of high, moderate, and low flows to be sufficient to use for validation of a
department-accepted estimation technique?

☐ Y ☐ N

1. If yes,
a. With what method will the data be collected?

________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

☐ A

b. What will be the interval of measurement?
________________________________________________________________________________
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c. Describe the proposed estimation technique.
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

☐ A

2. If no, describe your plan to comply with the measurement requirements for hydraulically connected surface
water sources.
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________

☐ A

168. If you are conducting Technical Analysis, how will the Area of Potential Adverse Effect be defined for evaluating changes to net
depletions? If the Department is conducting Technical Analyses, write N/A.
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________

☐ A

169. If you went straight to this section when referenced, go back to question 80. If you waited to answer in consecutive order and
have completed all prior sections, move to question 170.

Adequate Means of Diversion and Operation 

170. Provide a diagram of how you will operate your system from the point of diversion to the place of use. ☐ S
171. Describe specific information about the capacity of the diversionary structure(s). This may include, where applicable: pump

curves and total dynamic head calculations, headgate design specifications, and dike or dam height and length.
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________

☐ A

172. Is the diversion capable of providing the full amount requested through the period of diversion? ☐ Y ☐ N
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173. Describe the size and configuration of infrastructure to convey water from point of diversion to place of use. This may include,
where applicable: ditch capacity and/or pipeline size and configuration.
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________

☐ A

174. Describe any losses related to conveyance.
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________

☐ A

175. Is the conveyance infrastructure capable of providing the required flow and volume and any losses? ☐ Y ☐ N
176. Does the proposed conveyance require easements? ☐ Y ☐ N

a. If yes, explain.
____________________________________________________________________________________________________

☐ A

177. Describe any places of storage, including whether drainage devices will be installed, and provide preliminary designs, if
available. Preliminary designs will be required at application submittal.
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________

☐ A

178. Describe specific information about how water is delivered within the place of use. This may include, where applicable, the
range of flow rates needed for a pivot and output and configuration of sprinkler heads.
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________

☐ A

179. Is the water delivery system capable of providing the requested beneficial use? ☐ Y ☐ N
180. Will your system be designed to discharge water from the project? ☐ Y ☐ N

a. If yes, explain the way water will be discharged and the wastewater disposal method.
____________________________________________________________________________________________________
____________________________________________________________________________________________________

☐ A
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181. Provide a plan of operations.
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________

☐ A

182. Can the plan of operations deliver the flow rate and volume for the beneficial use being requested? ☐ Y ☐ N
183. Do you have any plans to measure your diversion and use? ☐ Y ☐ N

a. If yes, describe the plan and the type of measurements you will take.
____________________________________________________________________________________________________
____________________________________________________________________________________________________

☐ A

184. Is the means of diversion a well? ☐ Y ☐ N
a. If yes, are well log(s) available? ☐ Y ☐ N

i. If yes, submit well log(s) to DNRC ☐ S
ii. If no, who drilled the well? _______________________________________________________________________

Beneficial Use 

185. Why is the requested flow rate and volume the amount needed for the purpose?
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________

☐ A

186. Does the Department have a standard for the purposes for which water is used? Department standards can be found in ARM
36.12.112.

☐ Y ☐ N

a. If yes, does the proposed beneficial use fall within Department standards? ☐ Y ☐ N
187. If no standard or if proposed beneficial use falls outside of Department standards, explain how the use is reasonable for the

purpose.
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________
__________________________________________________________________________________________________________

☐ A

188. Will your proposed project be subject to DEQ requirements for a public water supply (PWS) system or Certificate of
Subdivision Approval (COSA)?

☐ Y ☐ N
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a. If yes,
i. Have you researched or consulted with DEQ regarding those requirements? ☐ Y ☐ N

189. Are you proposing to use surface water for in-house domestic use? ☐ Y ☐ N
a. If yes, does a COSA exist for the proposed place of use? ☐ Y ☐ N

i. If yes, please submit the COSA. ☐ S
ii. If no, have you researched or consulted with DEQ regarding their requirements? ☐ Y ☐ N

Possessory Interest 

190. Do you have possessory interest, or the permission of the party with possessory interest, of the proposed place of use? Proof of
possessory interest or permission of the party with possessory interest is required at application submittal.

☐ Y ☐ N

a. If no, explain.
____________________________________________________________________________________________________
____________________________________________________________________________________________________
____________________________________________________________________________________________________

☐ A
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PREAPPLICATION MEETING AFFIDAVIT & CERTIFICATION 
“We attest that the information on this form accurately describes the proposed project discussed during the preapplication meeting and that the items 
marked for follow-up will require the applicant to provide additional information before the form is deemed complete.” 

“Applicant acknowledges that any information provided by the Department during the preapplication is preliminary and subject to change.” 

“Applicant acknowledges that if the follow-up information provided to the Department substantially changes the proposed project, for example in a way 
that alters which sections of the form are applicable or which technical analyses are required, or who is to complete the technical analyses, the applicant 
will need to schedule a new preapplication meeting so that the department can identify any additional information necessary for completion of the 
technical analyses (ARM 36.12.1302(3)(c)).” 

Upon Department receipt of the completed form (within 180 days following the meeting), the Department reserves the first five days of the 45-day period 
in ARM 36.12.1302(4) or (5) to return the form to the applicant if: 

1 – the completed form does not include all necessary follow-up information identified in the meeting, OR 
2 – the completed form is not adequate for the Department to proceed with technical analyses, OR 
3 – the applicant has elected to complete technical analyses and has not submitted each piece of technical analysis required, OR 
4 – the applicant has substantially changed the details of the proposed project, such as in a way that alters which sections of the form are 
applicable, which technical analyses are required, or who is to complete the technical analyses. 

If the Department returns the form to the Applicant within these five days due to reasons 1-3 above, the Applicant can use the balance of their 180-day 
period in ARM 36.12.1302(4) or (5) to gather the remaining follow-up information needed. If there is no time remaining in the 180-day period, the 
Applicant can submit a written request for a new preapplication meeting, pursuant to ARM 36.12.1302(2). Even if there is still time remaining, the 
Applicant can choose to schedule a new preapplication meeting. The Department shall transfer the $500 payment received to the new preapplication 
meeting, or refund the payment to the Applicant if the Applicant desires. If the Department returns the form to the Applicant within these five days due to 
reason (4) above, the Applicant must submit a written request for a new preapplication meeting, pursuant to ARM 36.12.1302(2). The Department shall 
transfer the $500 payment received to the new preapplication meeting, or refund the payment to the Applicant if the Applicant desires. 

Applicant Signature Date 

Applicant Signature Date 

Department Signature        Date 
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FOLLOW-UP PAGE 
Applicant will provide all responses to questions marked for follow-up on a separate document entitled “Follow-up Responses” with the question number 
labeled. Answer questions in the same format as the form. For responses in the form of checkboxes, write “Y”, “N”, or “S”. Constrain narrative 
responses to the specific question as is asked on the form; do not respond to multiple questions in one narrative. Label units in narrative responses and 
tables. Tables must have the exact headings found on the form. Questions that require items to be submitted to the Department may be marked “S” when 
the required item is attached to the Preapplication Meeting Form. Label all submitted items with the question number for which they were submitted. The 
Applicant may not alter the Preapplication Meeting Form signed at the Preapplication Meeting. Instead, the Applicant must use the Amended Responses 
procedure defined below. Do not include additional information for questions not marked for follow-up here; instead include any additional information 
pursuant to the process for amending responses defined below.    
  

Questions marked for follow-up 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
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AMENDED RESPONSES PAGE 
The Applicant may not alter the Preapplication Meeting Form signed at the Preapplication Meeting or the Follow-up Page. If a response has changed to a 
question answered at the preapplication meeting, the Applicant can provide a new response in a separate document entitled “Amended Responses” with 
the question number labeled. Answer questions in the same format as the form. For responses in the form of checkboxes, write “Y”, “N”, or “S”. 
Constrain narrative responses to the specific question as is asked on the form; do not respond to multiple questions in one narrative. Label units in 
narrative responses and tables. Tables must have the exact headings found on the form. Questions that require items to be submitted to the Department 
may be marked “S” when the required item is attached to the Preapplication Meeting Form. Label all submitted items with the question number for which 
they were submitted. The Applicant will mark all question numbers with an amended response in the table below and note for each question whether the 
response will replace the response given at the preapplication meeting or will provide additional information to consider in conjunction with the response 
given at the preapplication meeting. The Applicant will return the “Amended Responses” document with the “Follow-up Responses” document and the 
signed Preapplication Meeting Form.     

Questions with amended responses 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
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FOLLOW-UP PAGE AFFIDAVIT & CERTIFICATION 

“I/we attest that this preapplication meeting form, follow-up page, and amended responses page accurately portray my proposed project. I am aware that 
my application for this project will not qualify for a discounted filing fee and expedited timelines if upon submittal of the application to the department, I 
change any element of the proposed application from the preapplication meeting form and follow-up materials (ARM 36.12.1302(6)(a)).” 

Applicant Signature Date 

Applicant Signature Date 

“We confirm that the preapplication form and follow-up information are adequate for the Department to proceed with technical analyses in ARM 
36.12.1303. If the applicant has elected to complete technical analyses, we confirm they have submitted each piece of technical analysis required based on 
the proposed project and the Department is able to proceed with the scientific credibility review (ARM 36.12.1303(8)).” 

Department Signature           Date 

Department Signature           Date 















Permit 41G 2262-00 

Permit 41G 2262-00 is an unverified permit issued in 1975.  Initially the applicant identified the Curtis 

Ditch as Parsons Slough.  This mistake likely occurred because at the time most of the flow in Parsons 

Slough was always diverted into the Curtis Ditch.  This is reflected in Waterloo Quadrangle topographic 

map based on 1956 aerial photographs and field checked in 1956.  Ultimately DNRC corrected this error 

after an August 12, 1975 field investigation identifying the correct point of diversion.  In 2007 FWP 

completed a project to restore the Parsons Slough channel below the point of diversion and installed 

diversion structures to better control the flow into the Curtis Ditch. 

The permit application describes a pump being placed in the Curtis Ditch to supply water for flood 

irrigation of 30 acres.  This is contradictory to the Notice of Completion that indicates a headgate had 

been installed with some ditching yet to be completed.  A note in the file dated 8-7-1985 seems to 

indicate that irrigation occurred at that time by backing water up in the ditch at the railroad tracks with 

water spilling over the banks.  This apparently occurred twice a year.   

The 2005 aerial photo following seems to show that water may have been diverted by a structure in the 

ditch into a ditch.  The outline in yellow follows what appear to be field boundaries at the time.  The 

yellow outline covers 4 acres.  A larger map on the next page shows Permit 41G 2622 in relation to the 

Curtis Ditch supplying 41G 197111-00.  Currently the ongoing sprinkler irrigation is supplied by a pump 

located where the Curtis Ditch enters adjacent to the place of use. 

оп



 





Curtis Ditch
Cross Section 
Sta Depth HI Elev

0 0 100 100.00
1 0.2 100 99.80
2 0.6 100 99.40
3 1 100 99.00
4 1.4 100 98.60
5 1.75 100 98.25
6 2.3 100 97.70
7 2.85 100 97.15
8 3.95 100 96.05
9 4.35 100 95.65

10 4.4 100 95.60
11 4.6 100 95.40
12 4.65 100 95.35
13 4.7 100 95.30
14 4.75 100 95.25
15 4.85 100 95.15
16 4.8 100 95.20
17 4.7 100 95.30
18 4.5 100 95.50
19 4.35 100 95.65
20 3.2 100 96.80
21 2.85 100 97.15
22 2.1 100 97.90
23 1.55 100 98.45
24 1.25 100 98.75
25 1.1 100 98.90
26 1.85 100 98.15
27 1.75 100 98.25
28 1.7 100 98.30
29 1.7 100 98.30
30 0.7 100 99.30
35 0 100 100.00

Sta Depth HI Elev water depth  Pw Area water elev
6 2.3 100 97.70 97.15
7 2.85 100 97.15 0.00 97.15
8 3.95 100 96.05 1.10 1.4866069 0.55 97.15
9 4.35 100 95.65 1.50 1.077033 1.3 97.15

10 4.4 100 95.60 1.550 1.0012492 1.525 97.15
11 4.6 100 95.40 1.75 1.0198039 1.65 97.15
12 4.65 100 95.35 1.80 1.0012492 1.775 97.15
13 4.7 100 95.30 1.85 1.0012492 1.825 97.15
14 4.75 100 95.25 1.90 1.0012492 1.875 97.15
15 4.85 100 95.15 2.00 1.0049876 1.95 97.15
16 4.8 100 95.20 1.95 1.0012492 1.975 97.15
17 4.7 100 95.30 1.85 1.0049876 1.9 97.15
18 4.5 100 95.50 1.65 1.0198039 1.75 97.15
19 4.35 100 95.65 1.50 1.0111874 1.575 97.15
20 3.2 100 96.80 0.35 1.5239751 0.925 97.15
21 2.85 100 97.15 0.00 1.059481 0.175 97.15
22 2.1 100 97.90 97.15

total 15.21 20.75 wetted width 14.00
slope= 0.0012

Hydraulic radius= 1.363865
Mannings Equation n= 0.160

V(ft/s)= 0.395674
Discharge

Q (cfs)= 8.210 Measured flow rate 8.3 cfs
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Parson Slough Photos:  Parsons Slough channel on left.  Ditch entrance on Right.  The creek channel 

opening on left is about 4 ft wide and the ditch opening is about 8 feet wide.   
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Jefferson County Area and Part of Silver Bow 
County, Montana
Survey Area Data: Version 23, Aug 30, 2022

Soil Survey Area: Madison County Area, Montana
Survey Area Data: Version 25, Aug 26, 2022

Your area of interest (AOI) includes more than one soil survey 
area. These survey areas may have been mapped at different 
scales, with a different land use in mind, at different times, or at 
different levels of detail. This may result in map unit symbols, soil 
properties, and interpretations that do not completely agree 
across soil survey area boundaries.

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Aug 17, 2022—Aug 
23, 2022

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

1 Riverwash 7.4 1.2%

6 Wetsand, Cardwell, and 
Clunton soils, 0 to 8 percent 
slopes, channeled

17.9 3.0%

48A Riverrun sandy loam, 0 to 2 
percent slopes

4.1 0.7%

481A Riverrun gravelly sandy loam, 
0 to 2 percent slopes

14.1 2.3%

521A Cardwell-Riverrun complex, 0 
to 2 percent slopes

1.2 0.2%

W Water 11.2 1.8%

Subtotals for Soil Survey Area 55.9 9.2%

Totals for Area of Interest 605.0 100.0%

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

33 Crago gravelly loam, cool, 0 to 
8 percent slopes

2.7 0.5%

58 Havre loam, cool, 0 to 2 
percent slopes

1.6 0.3%

86 Neen silty clay loam, 0 to 2 
percent slopes

186.6 30.8%

87 Neen silty clay loam, drained, 
0 to 2 percent slopes

3.6 0.6%

88 Neen silty clay loam, wet, 0 to 
2 percent slopes

159.2 26.3%

110 Ryell-Rivra complex, cool, 0 to 
2 percent slopes

130.2 21.5%

114 Scravo sandy loam, cool, 2 to 
8 percent slopes

5.6 0.9%

327 Chaffee, occasionally flooded-
Beavrock, rarely flooded, 
Dillon families, complex 0 to 
2 percent slopes

30.5 5.0%

328 Riverrun, frequently ponded 
family-Riverwash-Water, 
complex, 0 to 2 percent 
slopes

29.2 4.8%

Subtotals for Soil Survey Area 549.1 90.8%

Totals for Area of Interest 605.0 100.0%
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County Area, Montana
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INVESTIGATING LOW STREAMFLOWS IN THE 
UPPER JEFFERSON RIVER

During the late summer, low flows and elevated 
water temperatures often result in fishing closures on 
the Jefferson River. The Montana Department of Fish, 
Wildlife and Parks designated this fishery as “chronically 
dewatered,” meaning that virtually every year, water 
levels in the Jefferson River are below what is adequate 
for fish habitat. Agriculture in the Upper Jefferson Valley 
also relies on sufficient streamflow and groundwater 
availability. Groundwater discharge to streams typically 
occurs year-round, and is often the only source of water 
to streams during the late-summer low-flow season. As 
such, having adequate groundwater recharge and stor-
age to sustain river flows during late summer is critical 
for agriculture and healthy fisheries. Local communities 
have grown concerned about how current and future 
land-use practices may affect flow in the Jefferson River.

To address these questions, the Montana Bureau 
of Mines and Geology Ground Water Investigation 
Program (GWIP) developed site-specific groundwater 
models focused on how changing irrigation manage-
ment activities (such as lining canals or installing pivot 
systems) and increasing residential development would 
affect surface flows in the Jefferson River. These mod-
els require an understanding of (1) the distribution of 
hydrogeologic units (the geologic units where ground-
water flows) and (2) the groundwater budget (an esti-
mation of the inflows and outflows of the groundwater 
system). Model simulations were developed based on 
stakeholder input. Simulations focused on late-summer 
streamflows, which are characterized by low surface-
water flows, high groundwater consumption rates, and 
high rates of evaporation and plant water use (fig. 2). 
This pamphlet highlights these findings; for more detail, 
refer to the “Additional Information” section.

GROUNDWATER/SURFACE-WATER STUDY  
IN THE UPPER JEFFERSON VALLEY, MONTANA

Modeling the Effects of Changing Irrigation Practices and Increased Residential 
Development on Low Streamflows
Andrew Bobst, Ali Gebril, and Jenna Dohman 

Figure 1. The Upper Jefferson Watershed in southwest Montana.
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Figure 2. Surface-water monitoring was conducted at 53 locations. Average stream flows on the Jefferson River near Twin Bridges,  
Montana (USGS gage 06026500) are shown over the period of record 1940–2019. High flows occur in the spring and early summer  
due to snowmelt and spring rains. Irrigation diversions, evaporation, and plant water use contribute to low flows in the late summer.  
Photo credit: John Wheaton, MBMG.
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HYDROGEOLOGIC SETTING

The geologic units in the Upper Jefferson Valley 
were grouped into four hydrogeologic units (fig. 
3). Each unit constitutes an aquifer, but they have 
different properties; for example, sediments such as 
sand and gravel are more permeable, allowing water 
to move easily between grains, resulting in higher 
well yields. Based on these different properties, 
these aquifers are distinct, but groundwater still flows 
between them.

Waterloo
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Butte
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Groundwater 

surface Upper Je�erson 
River

Renova Formation
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Bench Sediments

Bedrock

Groundwater �ow 
direction

Unit

Bedrock

Renova 
Formation

Bench 
Sediments

Alluvium

Well Yields

<10 gpm

10–15 gpm

10–50 gpm

50–100 gpm*

Description

Consolidated bedrock; water 
moves through fractures

Semi-consolidated mudstones 
with some sand lenses

Unconsolidated to semi- 
consolidated sand and gravel 
with some mudstones

Unconsolidated gravel and 
sand with some silt and clay

*gpm, gallons per minute

Figure 3. (A) Surficial hydrogeologic units in the Upper 
Jefferson Valley, shown in map view. Groundwater flows 
through the aquifer system from the mountainous areas 
toward the Jefferson River. Note that both model areas are 
located in regions with alluvium and bench sediments, the 
two most productive units. (B) Idealized cross-section show-
ing how these hydrogeologic units overlie one another.

GROUNDWATER BUDGET COMPONENTS

Groundwater budgets are used to aid in understanding the components of groundwater recharge and discharge, and 
their relative importance. The components of a groundwater budget are described below (fig. 4). Groundwater budgets were 
developed for the Waterloo and Whitehall model areas.

Aquifer Storage

Evapotranspiration

Canal Leakage
Discharge to

Surface Water

Well Withdrawals

Irrigation 
Recharge

Surface-Water 
Recharge

Figure 4. Groundwater recharge pathways              send water into 
the aquifer and increase aquifer storage.Groundwater discharge 
pathways             send water out of the aquifer, decreasing aquifer 
storage.

Groundwater Inflow
Water that flows through the sub-
surface into the study area

Irrigation Recharge
Excess precipitation or irrigation 
water that is not used by crops 
and infiltrates to groundwater

Surface-Water Recharge
Water that flows to groundwater 
from surface water (e.g., infiltra-
tion)

Canal Leakage
Water that infiltrates from unlined 
canals to the subsurface

Groundwater Outflow
Water that flows through the sub-
surface out of the study area

Well Withdrawals
Groundwater pumped from wells

Discharge to Surface Water
Water that flows to surface water 
from groundwater (e.g., springs)

Riparian Evapotranspiration
  Evaporation and water use by  
  plants

Groundwater Recharge Groundwater Discharge

t t 
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CHANGING IRRIGATION PRACTICES

In Waterloo (fig. 3), stakeholders were curious about how different irrigation practices may affect flows in the Jefferson 
River. The groundwater flow model simulates how lining irrigation canals, switching from flood to center-pivot irrigation, 
and employing split-season irrigation would affect late-summer streamflows in the Jefferson River (fig. 5). Split-season 
irrigation is a technique that uses flood irrigation rates when irrigation water is plentiful, and uses center-pivot irrigation 
rates when water is scarce. 

LINED CANAL

FLOOD IRRIGATION

CENTER-PIVOTS

Waterloo Model 
- Canals

Flood to Pivot Irrigation
Conversions

Model Area

0 
I 

0.5 1 Miles 
I 

Lined Irrigation Canals
Lining Parrot and Creeklyn Canals reduced 
simulated late-summer flows in the Jefferson 
River by about 17 cubic feet per second, or 
cfs (2.4%). This indicates that water from 
these canals recharges groundwater that later 
discharges into the river.

Flood vs. Center-Pivot Irrigation
Converting five flood-irrigated fields (fig. 5) to 
center-pivots reduced simulated late-summer 
flows in the Jefferson River by 13 cfs (1.8%). 
This demonstrates that more recharge occurs 
from flood irrigation than from center-pivots.

Split-Season Irrigation
Simulated split-season irrigation was more 
effective when applied to fields further from 
the river. The increased distance from the 
river resulted in excess applied irrigation water 
discharging to the river during late summer.Figure 5. The effects of lining the Parrot and Creeklyn  

Canals and changing irrigation practices were modeled.
Photo credits at right: Ginette Abdo, MBMG, lined canal in 
Lower Beaverhead; Kirk Waren, MBMG, flood irrigation in 
Stevensville, MT.

INCREASED RESIDENTIAL DEVELOPMENT

In Whitehall (fig. 3), stakeholders were concerned about residential development. The groundwater flow model 
simulates how late-summer streamflows in the Jefferson River would be affected by groundwater pumping from different 
aquifers, changes in housing density, and converting irrigated vs. non-irrigated areas to housing developments (fig. 6). 

Whitehall Model

Figure 6. Multiple scenarios simulating residential development were 
modeled, focusing on well depth, housing density, and development 
of irrigated and non-irrigated lands.

Shallow vs. Deep Wells
Simulations of the same number of wells in the shallow 
alluvium compared to wells in the deeper Renova Forma-
tion showed late-summer streamflow depletion was nearly 
identical. This suggests that measurable increases to 
late-summer flows would not be gained by installing deeper 
wells.

Housing Density
Simulated reductions in late-summer streamflow were 
directly proportional to the total pumping rate from all wells. 
This demonstrates that it is the total amount of groundwater 
pumped from wells, not the number of wells that water is 
pumped from, that affects discharge to streams.

Irrigated vs. Non-Irrigated Development
Development in irrigated areas reduced simulated late-
summer streamflows 12x more than development in non-
irrigated areas. In addition to adding groundwater pumping, 
development in irrigated areas reduced irrigation recharge 
to the aquifer.
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IRRIGATION RECHARGE IS KEY FOR MAINTAINING LATE-SUMMER STREAMFLOWS  
IN THE UPPER JEFFERSON RIVER

◊	Flood-irrigated fields and unlined canals provide substantial groundwater recharge.  
Converting irrigated lands to almost any other use, or lining canals, will decrease groundwater recharge, seasonal 
groundwater storage, and late-summer streamflows.

◊	Split-season irrigation may be useful for increasing or maintaining late-summer streamflows.  
The application of excess water early in the irrigation season, while water is abundant, and using more efficient 
irrigation methods when water is scarce, can help maintain late-summer flows. The site-specific setting of each field, 
its soil types, and effects on ranch operations should be evaluated before applying these techniques.

◊	Adding wells through residential development has less of an effect on streamflows than changing irrigation 
practices.  
However, if development occurs on previously irrigated fields, the reduction in groundwater recharge is likely to 
have a larger effect on streamflows.

ADDITIONAL INFORMATION

For more information on the research, models, and 
interpretations conducted by GWIP in the Upper Jeffer-
son Valley, refer to the following reports:

Bobst, A., and Gebril, A., 2021, Hydrogeologic investiga-
tion of the Upper Jefferson Valley–Montana: Inter-
pretive report: MBMG Report of Investigation 28, 
130 p.

Gebril, A., and Bobst, A., 2021, Hydraulic investigation of 
the Upper Jefferson River Valley: Waterloo modeling 
report: MBMG Report of Investigation 29, 101 p.

Gebril, A., and Bobst, A., 2020, Hydraulic investigation of 
the Upper Jefferson River Valley: Whitehall model-
ing report: MBMG Report of Investigation 27, 93 p.

Bobst, A., and Gebril, A., 2020, Upper Jefferson aquifer 
tests: MBMG Open-File Report 727, 52 p.

FIGURE REFERENCES

Center Pivot, United States Geologic Survey, available 
at https://www.usgs.gov/media/images/center-pivot-
irrigation-system-arizona-usa [Accessed Sept 2022]. 

The Ground Water Investigation Program (GWIP) encompasses site-specific studies of groundwater resource con-
cerns that support statewide and local decisions regarding water. The Montana Legislature established GWIP in 2009, with 
a design that allows local communities or other stakeholders to nominate projects for study. The interagency Ground Water 
Assessment Steering Committee ranks and prioritizes project nominations every 3 years. MBMG hydrogeologists bring 
data-driven scientific analyses that address important questions to Montana’s citizens, business communities, and agricul-
tural and industrial/commercial stakeholders.

MBMG publications can be found on our website:
mbmg.mtech.edu 

Photo credit: Ali Gebril, MBMG, Jefferson River.
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Abstract 

The Upper Jefferson River is one of the most dewatered rivers in Montana. The river 
exists in an intermontane basin filled with sediment transported from the Highland Mountains to 
the west, the Tobacco Root Mountains to the east, and the Jefferson River from the south. The 
Upper Jefferson River Valley is highly dependent on the Jefferson River as the main industry in 
the valley is agriculture. A majority of the valley is irrigated and used to grow crops, and a good 
portion is also used for cattle grazing. The residents of the Upper Jefferson River Valley use the 
aquifer as the main source of potable water. The Jefferson River is also widely used for 
recreation.   

 
This study took place in the Waterloo area of the Upper Jefferson River Valley, 

approximately 20 miles south of Whitehall, Montana. The Waterloo area provides significant 
groundwater base flow to the Jefferson River, which is particularly important during the late 
irrigation season when the river is severely dewatered, and elevated surface-water temperatures 
occur, creating irrigation water shortages and poor trout habitat. This area contains two spring-
fed streams, Willow Springs and Parson’s Slough, which discharge to the Jefferson River 
providing cool water in the late season as well as providing the most important trout spawning 
habitat in the valley. The area is bordered on both the east and west by irrigation ditches, and 
about 60% of the study area is irrigated. Tile drains were installed in the study area in close 
proximity to Parsons Slough causing some concern by neighboring residents. 

 
This study evaluated relationships between surface water, groundwater, and irrigation 

practices so that water managers and others can make informed management decisions about the 
Upper Jefferson River. Data was collected via a network of groundwater wells and surface-water 
sites. Additionally, water-quality samples were taken and an aquifer test was conducted to 
determine aquifer properties. The field data were analyzed and a groundwater budget was created 
in order to evaluate the aquifer. 

 
Results of the groundwater budget show that seepage from the irrigation canals and 

irrigation recharge have the biggest influence on recharge of the aquifer. There is significant 
groundwater outflow from the aquifer in the spring-fed streams as well as discharge to the 
Jefferson River. In comparing previous study results to this study’s results, there is no evidence 
of the water table decreasing due to irrigation practice changes or tile drain installation. 
However, given the amount of recharge irrigation practices contribute to the aquifer, if 
significant changes were made, they may affect groundwater elevations. Also lining the 
irrigation ditches would have a significant impact on the aquifer, as the amount of seepage would 
be greatly reduced.   

 
 
 

 
 
 
Keywords: hydrogeology, groundwater budget, Waterloo, Jefferson River, Montana 
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1. Introduction 

The Jefferson River is one of the most critically dewatered rivers in Montana, and as such 

has been subject to numerous closures over the years (JRWC, 2013). Severe dewatering and 

elevated temperatures typically occur during the irrigation season, causing irrigation water 

shortages and trout population declines during drought years. By studying the water resources in 

the Upper Jefferson River valley, more informed decisions can be made toward future 

development and conservation efforts. It is necessary to understand the interaction between 

surface water and groundwater in this valley in order to make informed decisions and manage 

this valuable resource properly.    

1.1. Background 

The Jefferson River begins at the confluence of the Beaverhead, Big Hole and Ruby 

Rivers near Twin Bridges, Montana. A critical area of the Upper Jefferson River Valley is the 

Waterloo area. The area, as outlined in Figure 1 below, begins just north of the Parrot Ditch 

diversion and ends just north of the Jefferson Canal Diversion. The study area is bordered on the 

east by the Tobacco Root Mountains and on the west by the Highland Mountains. 

The major tributary to the Jefferson River within the Waterloo study area is Fish Creek. 

There are three major irrigation canals which divert water from the Upper Jefferson River: the 

Parrot Ditch, Jefferson Canal, and Creeklyn Ditch. Other significant water features in the study 

area include Parson’s Slough and Willow Springs.   

The main water use in the Upper Jefferson River Valley is agriculture. The valley is 

heavily irrigated during the summer months when ranchers are growing and cutting hay. The 

entire valley is reliant on the aquifer as a source of potable water. There is also an important 

sport fishing industry in the valley.  
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The groundwater/surface water interactions in the Waterloo area are complex. There is a 

balance between the Jefferson River, the alluvial aquifer, natural springs and irrigation practices. 

Parson’s Slough and Willow Springs are naturally occurring spring fed creeks in the Waterloo 

area. These creeks feed into the Jefferson River. The spring fed creeks are an important source of 

recharge to the Jefferson River during low flows which are typical during the late summer 

months when temperatures are high and irrigation is at its peak. The spring fed creeks provide 

cool groundwater when the river temperatures are warmer during these times. Willow Springs 

and Parsons Slough also provide a very important trout spawning habitat.  

In Parson’s Slough recent stream remediation work was done to enhance trout spawning 

habitat. Tile drains were installed with the purpose of providing more water to the stream. 

Deeper pools were also constructed in the stream. The drains also serve the purpose of draining 

excess water from the field they were installed in. The presence of these tile drains has caused 

some concern among neighboring landowners due to the effect they may have on groundwater 

levels.   

All three major irrigation canals (Creeklyn Ditch, Parrot Ditch, and the Jefferson Canal) 

are diverted from the Jefferson River either below or in the Waterloo study area. It is believed 

that irrigation in the area is an important source of recharge, and it becomes increasingly 

significant during critical low flow periods (typically from July to September; WET, 2006). 

There are also four ephemeral streams in the study area: Dry Boulder Creek, Beall Creek, Spring 

Creek, and Mill Creek. These creeks originate in the Tobacco Root Mountains and are diverted 

for irrigation. On the rare occasion that all the water in the ephemeral creeks is not used, they 

discharge to the Parrot Ditch.  
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Figure 1. Waterloo Area Location Map 
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1.2. Purpose and Scope 

The purpose of this project is to better understand the relationship between surface and 

groundwater with regard to irrigation in the Waterloo area. Since groundwater inputs sustain the 

Jefferson River during drought years, it is important to understand how changing conditions will 

affect the hydrogeological system of Waterloo. The spring fed creeks are the largest trout 

spawning habitat contributing to trout populations in the Jefferson River, making it an important 

study to the ecological system as well. The main focus of this study was to understand the link 

between irrigation practices and groundwater, and to determine the effects of the new tile drains.  

1.3. Study Area Overview 

1.3.1. Physiography 

The Waterloo area is located in southwest Montana in the Upper Jefferson River Valley 

near Silver Star, approximately 20 miles south of Whitehall and 10 miles north of Twin Bridges. 

The average annual flow at the Twin Bridges United States Geological Survey (USGS) gaging 

station 06026500 between 1941 and 2014 was 1,107 cubic feet per second (cfs). The average 

annual peak flow is 9,467 cfs with the lowest mean monthly flow of 770 cfs in August. 

 The Waterloo study area is approximately 12 square miles. This area provides significant 

groundwater base flow to the Jefferson River, which is particularly important during the late 

irrigation season when the river is severely dewatered, and elevated surface-water temperatures 

typically occur. The lowest flows typically occur during the month of August with a mean 

monthly flow of 399 cfs measured at the USGS gaging station 06027600 on the Jefferson River 

near Parsons Bridge (Silver Star, MT). The lowest recorded monthly flow was in 2006 with a 

mean monthly flow of only 50.6 cfs. This gaging station lies in the central region of the Waterloo 

study area. 
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The two spring fed creeks, Willow Springs and Parsons Slough, are the main source of 

surface water contribution to the Jefferson River within the Waterloo study area and carry an 

average of about 20 cfs. The Kurnow Ditch, which is an irrigation ditch blow off used to divert 

excess water from the Parrot Ditch, also discharges to the Jefferson River in the study area. The 

Parrot Ditch is the largest irrigation ditch, which runs almost the entire length of the Upper 

Jefferson Valley. The Parrot Ditch is diverted from the Jefferson River approximately 7 miles 

south of the southern border of the study area and forms the western boundary of the Waterloo 

Study area. The Creeklyn Ditch is diverted from the Jefferson River just south of the Parrot 

diversion near Hell’s Canyon and forms the eastern side of the study area. The Jefferson Canal is 

diverted from the Jefferson River within the study area just upstream of the Parsons Bridge 

gaging station. The MBMG monitoring site Jefferson River at Silver Star is used as the southern 

boundary surface water inflow into the study area, with the MBMG monitoring site Jefferson 

River at Corbett’s used for the northern boundary surface water outflow from the study area 

(Figure 8). 

1.3.2. Geologic Framework 

Understanding the fluvial geomorphology of the valley is an important factor in 

understanding the groundwater flow in the aquifer. The Upper Jefferson valley is an 

intermontane basin filled with sediment transported from the Highland Mountains to the west, 

the Tobacco Root Mountains to the east, and the Jefferson River from the south. The Tobacco 

Root Range is formed mainly of Precambrian basement rock and a large granite batholith (Alt & 

Hyndman, 1986). The east side of the valley is covered by middle Pleistocene or younger 

alluvial fan deposits (Vuke et al., 2004). There is also an alluvial fan on the west side near the 

mouth of Fish Creek with large boulders believed to be the result of glacial outburst flooding.  
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The seismically active valley contains numerous faults including the Silver Star Fault and 

the Waterloo Fault. The thickness of the basin fill over the basement high has been estimated at 

varying depths ranging from 600 to 3000 meters (Vuke et al., 2004). The depth to the bottom of 

the Jefferson Basin is estimated to change from sea level near Dry Boulder Canyon over the 

basement high to 3,000 feet near Hell’s Canyon which is north of the horst. The sudden change 

is attributed to the Silver Star fault, which is a northwest-striking fault bounding the north side of 

the basement high and down-dropped to the northeast. 
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Figure 2. Geologic Map of the Upper Jefferson Valley (Map from Vuke et al., 2004) 
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1.3.3. Climate 

Two climate stations are located near the study area in the Upper Jefferson valley. 

AgriMet station JVWM (Jefferson Valley, MT) is located approximately 6.5 miles southwest of 

Whitehall, Montana (45° 47’ 52”, 112° 09’ 55”) at an elevation of 4,415 feet. National Oceanic 

and Atmospheric Administration (NOAA) climate station USC00248430 is located near Twin 

Bridges approximately 12 miles southwest of the Waterloo study area (45° 32’ 49.9194”, -112° 

19’ 33.9594”) at an elevation of 4,625 feet.   

Additionally, 30 year normal precipitation data were obtained from Oregon State’s 

Parameter-Elevation Regressions on Independent Slopes Model (PRISM). The current PRISM 

normal data are calculated from the most recent three full decades, 1981-2010. The average 

annual precipitation within the Waterloo study area is 10 inches. The wettest month of water year 

2014 within the study area was June, with a total of 1.7 inches. The driest month of water year 

2014 was November with a total of 0.18 inches (Agrimet station JVWM). The bordering 

mountains average 18 to 19 inches per year. The Highland mountains to the west receive as 

much as 32 inches per year while the Tobacco Root Mountains to the east receive as much as 42 

inches of precipitation per year.  

1.3.4. Land Use 

The majority of the land, about 60%, within the Waterloo area is used for irrigation and is 

flood, pivot, or sprinkler irrigated. Alfalfa, hay and natural grass make up the majority of what is 

grown in the valley. Of the irrigated land, approximately 44% of the area is flood irrigated, and 

56% is pivot or sprinkler irrigated. Most of the irrigated fields use surface water (the irrigation 

ditches) but there are three irrigation wells within the study area that pump water from the 
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aquifer. There are approximately 110 residential wells within the study area according to the 

GWIC data base. A significant amount of the area is also used for cattle grazing.   
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2. Previous Studies 

2.1. Water Environmental Technologies  

Water Environmental Technologies previously performed a study to define the 

groundwater/surface water interaction of the Waterloo Area in 2006 (WET, 2006). WET 

collected data from the end of the irrigation season in 2004 through the irrigation season in 2005. 

For their data analysis WET organized the data into three seasons: pre-irrigation, mid-irrigation, 

and late irrigation. A pump test was also completed within the study area to assist in defining 

geologic properties of the aquifer.   

WET used a groundwater monitoring network consisting of 13 private wells and 22 

piezometers to collect monthly groundwater elevation data. Water quality data was also collected 

and analyzed. A surface water network consisting of six surface water sites equipped with a staff 

gauge and aquarod, as well as five additional sites with staff gauges were used to monitor 

discharge on the Jefferson River, Parrot Ditch, Willow Springs and Parson’s Slough.  The 

ephemeral tributaries (Dry Boulder Creek, Beall Creek, Spring Creek, and Mill Creek) in the 

Tobacco Root Mountains were also monitored periodically for discharge.  

An aquifer test was performed in the alluvial aquifer in the study area in order to 

determine aquifer properties such as transmissivity and storativity. From the aquifer test data a 

hydraulic conductivity of 634 feet per day was estimated for the alluvial aquifer, however no 

data on the aquifer test were made available for this study.   

WET collected water quality data from various wells. The samples were analyzed for pH, 

conductivity, dissolved oxygen and total dissolved solids.  Lab analyses were for alkalinity, 

sulfate, bicarbonate, carbonate, chloride, hardness, nitrogen, calcium, magnesium, potassium, 

sodium and iron.     
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WET evaluated their data based on pre-irrigation, mid-irrigation, and late irrigation 

seasons. Methods used to analyze the data include groundwater elevation and temperature 

contour maps, precipitation and irrigation timing comparisons, a conceptual water budget, and 

water quality analysis.  From the analysis a conceptual map was created to visualize groundwater 

and surface water interaction in the Waterloo Area. 

Contour maps of groundwater elevations display groundwater flow parallel to the 

Jefferson River flowing from the southwest to the northeast (downstream).  The majority of 

groundwater discharge to the Jefferson River occurs in the lower reach of the study area where 

the valley width decreases.  Seasonal groundwater elevation fluctuations varied from 21 feet to 1 

foot depending on the well location.  Contour maps of temperature data in early irrigation season 

(April) show cooler zones near the Jefferson River, indicating river water flowing into 

groundwater. During the irrigation season (July) uniform temperatures were seen indicating 

groundwater and surface water interaction.  In the late irrigation season (October) temperatures 

are well mixed, showing significant impact from irrigation.  Temperature data also revealed 

mountain recharge in cold groundwater coming from the Tobacco Root Mountains.  Rising 

conductivity through the season indicates increasing groundwater contribution to surface water.  

WET’s surface water budget showed gaining and loosing reaches of the Jefferson River.  

The river was separated into three separate reaches for the analysis.  As the project was 

developing and flows increased, additional surface water discharge measurements were taken in 

order to better quantify contributing surface water, however, all potential sources were not 

quantified. 

A major conclusion of the WET study was that changes in irrigation practices in the 

Waterloo area may not have a desirable outcome.  WET concluded that the fields that were flood 
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irrigated provided groundwater recharge to the aquifer, which provides a delayed discharge to 

the Jefferson River during critical months.  If irrigation practices were changed from flood 

irrigation to sprinkler or pivot irrigation, less water would be stored in the groundwater system 

and late summer return flows would be less.   

Two goals of the study were to improve understanding and management of agriculture 

and irrigation operations, which would lead to fewer water shortages on the Jefferson River, and 

prevent any significant upset to the water balance in the area.  In order to accomplish these goals 

WET recommended that the current water management (i.e. drought management plan) stay in 

place and that new practices be enacted to divert less water while still having an adequate supply 

of water for irrigation. Among WET’s recommendations were also to increase on-site ditch 

oversight from mid-July to mid-September to reduce ditch spill (more water being taken than 

needed), and increase monitoring which would shorten the reaction time of needed adjustments 

and reduce the amount of excess water being diverted. 

2.2. Seepage Studies 

The Montana DNRC conducted a seepage study on the three main irrigation canals in the 

Jefferson Valley by taking synoptic discharge measurements from 2001 to 2003. The aim of the 

study was to identify ditch reaches where high levels of seepage occurred with the intent for 

future research in those stretches.  

Synoptic flow measurements were taken on all three ditches at specified distances on two 

separate occasions. All diversions were shut down prior to the measurements to eliminate these 

variables. Stretches of significant loss were identified for each irrigation ditch which ranged from 

1 to 9.6 cubic feet per second per mile (Amman, 2005).  
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Van Mullem (2006) completed an irrigation delivery improvement project in the Upper 

Jefferson River Valley with the intent of increasing flow in the Jefferson River during drought 

years. This study also expanded on Amman’s (2005) seepage investigation. As part of the study, 

a seepage analysis was done for each of the main irrigation ditches in the Upper Jefferson 

Valley. Different methods for improving irrigation delivery were then investigated depending on 

results of the seepage analysis.  

Methods used by Van Mullem were synoptic discharge measurements and ponding tests. 

The ponding test method consists of damming a defined area of the ditch, filling the reach with 

water and timing how fast water seeps from the ditch. Different methods of analysis were also 

taken into account to compare the data results. One way data was compared was dividing daily 

loss rates by the wetted perimeter. However due to inconsistent measurements, the data was also 

graphed as discharge versus river mile to illustrate the general trend in loss.  

Tests on the Creeklyn ditch took place north of Silver Star near the Waterloo area. Two 

ponding tests were done on the ditch in consecutive years, 2004 and 2005. These showed 0.65 

and 0.88 feet lost per day, respectively (Van Mullem, 2006). The increase in loss is possibly due 

to the use of polyacrylamide (PAM) to treat the ditch in 2004. A ponding test was also done on 

the Parrot ditch in 2004 near Loomont Road in the Waterloo area that yielded results of 0.43 feet 

per day. Overall the study showed fairly low seepage rates throughout all the ditches. It was also 

concluded from the graph data comparisons that seepage is approximately the same throughout 

the length of the ditch. 
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3. Methods 

Groundwater and surface water monitoring was a crucial aspect of this study. 

Groundwater elevations were monitored in order to examine the water table in the study area and 

the seasonal changes that occur. Surface water discharge was monitored to quantify the incoming 

and outgoing flows from the study area, which was essential in determining the groundwater 

recharge to the Jefferson River within the study area. The MBMG drilled three wells within the 

study area which were used to conduct an aquifer test which enabled aquifer properties to be 

estimated. Every well and surface water site was assigned a unique identification number (GWIC 

ID), and all of the data collected was entered in to the MBMG Groundwater Investigation Center 

(GWIC) database. 

3.1. Groundwater Monitoring 

The groundwater monitoring network consisted of 36 residential wells and piezometers 

spread throughout and surrounding the study area. Groundwater elevation data was collected 

from August 2013 through May 2015 by the MBMG (Table 1). The wells were selected 

according to hydrogeologic setting, geographic location, and landowner permission. The depth to 

water (DTW) was measured monthly from a specific measuring point on the top of each well 

casing using an electronic tape meter. The measuring points were surveyed by professional 

surveyors contracted by the MBMG. The measuring point elevation was used in addition to the 

DTW readings to calculate groundwater elevations. Pressure transducers were installed in eight 

of the wells within the study area. The data loggers recorded pressure and temperature hourly, 

and were downloaded once a month. The pressure data was corrected using a barometric 

pressure logger located within the study area and calibrated according to the manual DTW taken 
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at the time the data was downloaded. The hourly data enabled the smaller fluctuations not 

reflected in monthly measurements to be identified.  
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Table I. Monitoring Well Identification, Location and Type 

Well Name GWIC ID Type Location Data Type 

Richard & Pam Smith 237587 Residential Within Study Area Monthly 

Harry Townes 209718 Residential Within Study Area Monthly 

Willow 1 276103 Piezometer Within Study Area Monthly 

Willow 2 276105 Piezometer Within Study Area Monthly 

Willow 3 276106 Piezometer Within Study Area Monthly 

Willow 4 276107 Piezometer Within Study Area Monthly 

Willow 5 276108 Piezometer Within Study Area Monthly 

Willow 6 276127 Piezometer Within Study Area Monthly 

Willow 7 276109 Piezometer Within Study Area Monthly 

Willow 8 276111 Piezometer Within Study Area Monthly 

Willow 9 276285 Piezometer Within Study Area Digital Logger 

Willow 10 276112 Piezometer Within Study Area Monthly 

Willow Springs Stock Well 277868 Stock Within Study Area Monthly 

Laurie & Scott Corbett 230730 Residential Within Study Area Digital Logger 

Alex Bauerle 107080 Irrigation Within Study Area Monthly 

Phil & Cheryl Mulhulin 276041 Residential Within Study Area Monthly 

Bob Pierson 259547 Residential Within Study Area Monthly 

Dave Schuit 276038 Residential Within Study Area Monthly 

MBMG HA-OW1 279258 Stock Within Study Area Digital Logger 

MBMG HA-OW2 279260 Stock Within Study Area Monthly 

MBMG HA-PW 279259 Stock Within Study Area Monthly 

Parson - 2 277329 Piezometer Within Study Area Monthly 

Parson - 3 276287 Piezometer Within Study Area Digital Logger 

Bench- 1 276113 Piezometer Within Study Area Digital Logger 

Bench- 3 276114 Piezometer Within Study Area Monthly 

Jerry & Sharon Engle 195941 Residential Within Study Area Monthly 

Lori Armstrong/Dwyer 261912 Residential Within Study Area Monthly 

Hunt- 1 277080 Stock East of Study Area Monthly 

Hunt-2 107055 Residential East of Study Area Monthly 

Todd Nelson 257377 Residential Southwest of Study Area Monthly 

HCC Ranch (Railroad) 107330 Residential South of Study Area Monthly 

MBMG HCC OW1 277403 Stock South of Study Area Digital Logger 

MBMG HCC OW2 277404 Stock South of Study Area Monthly 

MBMG HCC OW3S 277406 Stock South of Study Area Digital Logger 

MBMG HCC PW 277405 Stock South of Study Area Monthly 

Fish Creek House 107023 Residential Northwest of Study Area Digital Logger 
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3.2. Surface Water Monitoring 

Surface water monitoring was conducted throughout the study area at various sites along 

the irrigation ditches and the Jefferson River, as well as the spring fed creeks. In addition to these 

MBMG sites, data from two USGS sites along the Jefferson River were also used. Data was 

collected at a total of 16 sites within the study area from April to November 2014 (Figure 3). 

Staff gauges and stilling wells containing a pressure transducer were installed at each of the sites 

in order to obtain stage data. The staff gauges were surveyed by the professional surveyors. 

Discharge measurements were taken biweekly using a Marsh McBirney acoustic Doppler 

velocity meter where flow conditions allowed. During high flows or in deep cross sections, a 

SonTek acoustic Doppler river profiler was used. Flow from the Marsh McBirney was calculated 

by using the measured cross section, depth and velocity readings. Flow is calculated internally by 

the SonTek river profiler. The flow values along with stage measurements were used to create 

rating curves at each of the sites. From the rating curves and hourly stage data logged by the 

transducers, hourly flow was estimated (Appendix B).     
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Figure 3. Groundwater and Surface Water Monitoring Network
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3.3. Water Quality  

Water quality samples were collected at 10 sites throughout the study area. Data were 

obtained from three groundwater wells, and seven surface water sites including Parson’s Slough, 

Willow Springs, Parrot Ditch, and the Jefferson River. The sites were sampled periodically 

throughout the year (August 2014, November 2014, January 2015 and March 2015). A minimum 

of three well volumes was pumped from the groundwater wells and pH and specific conductivity 

values were allowed to stabilize before the samples were collected. Grab samples were collected 

at the surface water sites from the center of the stream. Field temperature, pH and specific 

conductivity were recorded, and samples were collected following the MBMG standard 

operating procedure for collecting water quality data. The samples were submitted to the MBMG 

water quality lab for analysis. Analyses were performed for major ions, trace metals, nutrients 

and water isotopes (Appendix D).     

3.4. Aquifer Test 

An aquifer test was conducted by the MBMG in March 2015 in the southeast corner of 

the study area. The test took place in the alluvium at a location determined by hydrogeologic 

setting and landowner permission. The MBMG drilled three wells at the site, one pumping well 

(HA PW) and two observation wells (HA OW1 and HA OW2). A step-drawdown test was 

performed first to determine pumping performance including well loss and pump efficiency. A 

72 hour aquifer test was then attempted; however it was terminated after 55 hours due to 

equipment problems. Well recovery was also monitored. Results of the aquifer test analyzed 

using Aqtesolv are included in Appendix A.     
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4. Groundwater Budget 

The hydrologic system describes the continuous movement of water on, above and below 

the Earth’s surface. Fresh water makes up only a very small percentage (about 3%) of the total 

water supply on Earth. About 98% of the available fresh water is groundwater (Fetter, 2001). 

Flow paths of varying length move groundwater through the subsurface, transferring water from 

areas of recharge to areas of discharge.   

The magnitude of the individual components of the hydrologic cycle varies significantly 

depending on different variables such as the climate and terrain of a region. Therefore, a 

groundwater budget can be a useful tool in quantifying the different components and estimating 

components that cannot be easily measured or quantified. There is inherent uncertainty 

associated with every component of a water budget; however, by combining the different 

elements reasonable values for each component can be calculated. Using the law of conservation, 

the total inflows to a system are equal to the total outflows in combination with the change in 

storage.  

 

Where ΔS  is change in storage. 

A groundwater budget for 2014 was created for this study with the purpose of better 

quantifying the amount of groundwater recharge to the Jefferson River within the study area. 

This included considering all of the flows coming in to the study area and all of the flows leaving 

the study area. By quantifying the inflows and outflows to the aquifer in the Waterloo area we 

can estimate the amount of groundwater leaving the aquifer and flowing in to the Jefferson 

River.  
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Inflows to the aquifer include a groundwater flux from the south boundary, precipitation 

recharge, irrigation recharge, mountain front recharge, and seepage from the irrigation ditches. 

The outflows from the aquifer include a groundwater flux out of the north boundary, 

evapotranspiration, groundwater discharge to the Jefferson River, and spring fed streams 

(Willow Springs and Parsons Slough). Assuming a steady state, the groundwater budget for the 

Waterloo area becomes 

 

 

where P is precipitation recharge, Darcy Fluxin is the groundwater flux into the study area, S is 

ditch seepage, MFR is mountain front recharge, IR is irrigation recharge, ET is 

evapotranspiration, Darcy Fluxout is the groundwater flux out of the study area, SP is 

groundwater leaving the aquifer as spring fed streams, and JRrecharge is groundwater flowing out 

of the aquifer to the Jefferson River (Figure 4).  
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Figure 4. Conceptual Groundwater Budget of the Waterloo Study Area 
 

4.1. Precipitation 

Precipitation, including both rain and snow, is the main source of freshwater in the 

hydrologic cycle (Winter et al., 1998). However, the distribution of precipitation is highly 

variable; therefore it is important to collect data from more than one weather station to get an 

accurate estimate. For a groundwater budget, only the diffuse infiltration, or amount of 

precipitation that recharges the aquifer, is included. In order to quantify this, evapotranspiration 

has to be taken into account as well.  



23 

Precipitation data was acquired from the PRISM Climate Group, Oregon State 

University, Parameter-elevation Regressions on Independent Slopes Model (PRISM). PRISM is 

an analytical model that produces gridded estimates of monthly annual (or 30 year climatological 

average values) using point data and an underlying grid such as a digital elevation model (DEM). 

It was developed with the intention to improve climate estimates in mountainous regions where 

complex variations occur. The model incorporates a conceptual framework that addresses the 

spatial scale and pattern of orographic processes, making it a good estimate for mountainous 

terrain (PRISM Climate Group, 2014). The annual average precipitation from the PRISM data 

ranged from 9.8 to 10.5 inches per year within the study area, with an average of 10 inches per 

year.  

Since precipitation is already taken into account in calculating irrigation recharge (see 

section 4.6), infiltration from precipitation is only calculated for the non-irrigated areas. A study 

done by USGS found that the relationship between precipitation and recharge becomes linear 

when mean annual precipitation exceeds 30 inches, however when precipitation values are less 

than this most of the infiltrating water is used to replenish soil moisture (Dugan & Peckenpaugh, 

1985). This was found to be particularly true for semiarid climates, such as the Waterloo study 

area. The non-irrigated land in the study area is primarily grass and sagebrush, which have an 

evapotranspiration rate of about 12 inches per year. With the assumption that only a small 

percentage of precipitation goes into the ground as recharge due to evapotranspiration, this 

parameter is negligible to the groundwater budget for this study.  

4.2. Evapotranspiration 

Evapotranspiration in terms of a groundwater budget is important when considering 

diffuse recharge from precipitation as mentioned earlier, but also important when considering 
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phreatophytes. Phreatophytes are deep rooted plants that pull water from the saturated zone of 

the aquifer. Since evapotranspiration is already taken into account in irrigated areas when 

irrigation recharge is calculated, the amount of water the phreatophytes are taking from the 

aquifer is the main concern for this groundwater budget. 

For this study Landscape Fire and Resource Management Planning Tools (LANDFIRE) 

data was used to evaluate vegetation types in the study area. LANDFIRE is a collaborative 

program between the wildland fire management bureaus of the U.S. Department of Agricultural 

Forest Service and U.S. Department of the Interior, which provides landscape scale geo-spatial 

products.  

The LANDFIRE data was used to identify type and quantity of phreatophytes that exist in 

the alluvial area. The LANDFIRE data revealed that phreatophytes in the study area include 

aspen, cottonwood and willows. As can be seen in Figure 5 below, they exist primarily in the 

riparian zone, which is consistent with field observation acres of phreatophytes. A rate of 22 

inches per year (Bobst et al., 2014) was used to quantify the amount of ET from these 

phreatophytes which resulted in total evapotranspiration of about 1,000 acre feet per year.    
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Figure 5. Phreatophyte Distribution in the Waterloo Area 
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4.3. Groundwater Flux 

Groundwater flux is the amount of groundwater moving horizontally through a specific 

cross section of the aquifer. The amount of flux can be calculated using Darcy’s law (Fetter, 

2001): 

 

where Q is the total flow (cfs), K is the hudraulic conductivity (ft/s), i is the groundwater 

gradient (unitless), and A is the cross-sectional area of the aquifer (ft2).  

The cross-sectional area of the aquifer depends on the saturated thickness of the aquifer. 

The aquifer thickness was estimated based on well logs from wells within the study area. The 

majority of wells in the alluvium were completed around 60 feet below ground surface. An 

assumed saturated aquifer thickness of 100 feet was used for calculations as that was the depth of 

the deepest well (MBMG HCC OW1) drilled in the study area.  

The cross sectional area was calculated using this assumed aquifer thickness and the 

measured distance of both the north and south boundary within the alluvium. The geologic map 

of the study area (Figure 2) reveals that the northern boundary consists of a much narrower cross 

section than the southern boundary. As such the groundwater flux out of the study area is much 

smaller than the groundwater flux into the area. The groundwater flux estimates are likely over 

estimates since the actual geometry of the aquifer is most likely not rectangular. Typically the 

aquifer is deeper in the middle and shallower on the sides, however, the study area boundary 

only encompasses the alluvium and as such a rectangular area is sufficient. A cross section near 

the southern boundary of the study area is shown below.  
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Figure 6. Geologic Cross Section Near Southern Study Area Boundary 
 

Hydraulic conductivity was estimated from the aquifer test and well log data. The aquifer 

test data in the alluvium resulted in a transmissivity value of 110,000 square feet per day using a 

confined leak aquifer model (Hantush-Jacob) which allowed for the inefficiency of the pumping 

well to be taken into account. Using the assumed 100 ft saturated thickness the resulting 

hydraulic conductivity is 1,100 feet per day. This is a reasonable value based on lithology 

records of the wells showing primarily gravel. The groundwater gradient was calculated using 

the potentiometric surface created from the static water elevation data collected in 2014. This 

resulted in a groundwater flux in of 22,364 acre-ft/yr and a groundwater flux out of 13,503 acre-

ft/yr.  

4.4. Mountain-Front Recharge 

Mountain-front recharge is generally defined as the contribution of recharge from 

mountain regions to adjacent basin aquifers. Wilson and Guan 2004 suggest a more specific 

definition of Mountain Front Recharge as “all water entering the basin aquifer with its source in 
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the mountain block and mount front (zone).” It is particularly important in semi-arid and dry 

climates due to its significant contribution to the basin aquifer which can be greater than four 

times the river basin discharge (Wilson & Guan, 2004).  

There are many different methods to estimate Mountain-front Recharge. Typical basin-

centered methods treat the mountain front as a boundary condition instead of analyzing the actual 

hydrologic system of the mountain. Mountain-centered methods consider the mountain as a 

whole and not just as a boundary condition. Mountain-centered methods consider recharge from 

rainfall, snowmelt, surface runoff, as well as through fractures and faults, along with water 

returned to the atmosphere through vegetation-controlled evapotranspiration (Wilson & Guan, 

2004).  

For this study, a mountain-centered water balance method was used to quantify the 

Mountain-front Recharge contribution. Mountain-front Recharge is pertinent to the groundwater 

budget as it is a major inflow into the east and west boundaries of the study area. The water 

balance method assumes that precipitation is the only input in the water budget. Subtracting 

surface-water runoff and evapotranspiration results in groundwater as the only output. For 

purposes of this study all surface water runoff exiting both mountain regions is intercepted for 

irrigation use and never makes it to the basin aquifer. In the event all the water is not intercepted 

it would discharge to the irrigation canals. Also, assuming a steady state, there is no storage. By 

making these assumptions the groundwater leaving the mountain front system is equal to the 

Mountain-front Recharge and can be quantified with the water budget equation below. 
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In = Out ± ∆S 

PCP + SWin + GWin = ET +  SWout + GWout ± ∆S 

PCP – ET = GWout 

GWout =MFR 

where PCP is precipitation, SW is surface water, GW is groundwater, ET is evapotranspiration, 

and ∆S is change in storage. 

The boundary used to analyze each hydrologic section of the water budget was delineated 

using topographic maps to determine the divides.  It is assumed for this case that the 

groundwater divides follow the topography of the mountains. Therefore the area used to evaluate 

precipitation and evapotranspiration was sectioned according to divides near the north and south 

flux boundaries of the study area and run all the way from the mountain peak to the alluvium 

boundary of the study area (Figure 7). The resulting areas for the Highland and Tobacco Root 

Mountains were 39,939 and 28,193 acres, respectively.   
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Figure 7. Divide Boundaries for MFR Estimate (Delineated using topographic maps) 
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4.4.1. Mountain Peak Precipitation 

The 30 year normal data from PRISM was used to estimate the amount of precipitation 

over the delineated mountain areas contributing to the study area. The 30 year normal data were 

taken from the time period 1981-2010. Evaluation of the annual average precipitation data for 

the Highland Mountain region shows a range of 9.95 inches to 32.27 inches, averaging 18.36 

inches per year. The Tobacco Root Mountain region shows a range of 10.02 inches to 42.20 

inches, averaging 19.02 inches per year. This converted to 61,116 acre-feet of precipitation per 

year for the Highland Mountains and 44,676 acre-feet of precipitation per year for the Tobacco 

Root Mountains.  

4.4.2. Mountain Evapotranspiration 

The estimation of evapotranspiration is crucial to the accuracy of the water balance 

approach, which can be difficult to quantify (Wilson & Guan, 2004). LANDFIRE vegetation 

data was acquired for the specified mountain regions to determine the amount and variation of 

different vegetation. Vegetation type was divided according to 11 different categories for which 

literature values of evapotranspiration rates were used (Johns, 1989). The total area of each type 

of vegetation was determined and used to calculate total evapotranspiration rates for each 

mountain region. The evapotranspiration rates ranged from 1.0 foot (shrub/grass lowlands) to 2.2 

feet (Whitebark pine) per year. Evapotranspiration estimates totaled 56,674 acre-feet per year 

and 41,715 acre-feet per year for the Highland Mountains and Tobacco Root Mountains, 

respectively (Table 2). 
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Table II. Vegetation Type and Evapotranspiration Rates 

Vegetation Group 
Highland Mountains Tobacco Root Mountains 

Acres ET Rate 
(ft/yr) 

Acre-
ft/yr Acres ET Rate 

(ft/yr) 
Acre-
ft/yr 

Upland Sagebrush 5,350 1.1 5,885 4,593 1.1 5,053 
Douglas Fir 8,477 1.4 11,868 12,941 1.4 18,118 
Shrub/Grass Lowlands 9,765 1.0 9,765 2,046 1.0 2,046 
Mixed Evergreen 8,290 1.8 14,923 3,215 1.8 5,787 
High Xeric Grasses 2,472 1.2 2,967 343 1.2 412 
Ag lands 309 2.1 650 1,995 2.1 4,190 
Mesic Meadow 1,216 1.7 2,067 757 1.7 1,287 
Whitebark Pine 2,838 2.2 6,244 1,492 2.2 3,283 
Alpine Rangeland, Deciduous Shrubs 864 2.0 1,728 181 2.0 361 
Developed 186 1.0 186 206 1.0 206 
Riparian 170 2.3 392 422 2.3 971 
TOTAL 39,939   56,674 28,193   41,715 

 

4.4.3. Mountain Front Recharge Estimate 

The total mountain front recharge using the water budget approach resulted in 4,443 acre 

feet per year and 2,961 acre feet per year from the Highland and Tobacco Root Mountains, 

respectively. This is a high end estimate of the amount of recharge from the mountains.  This 

method does not take surface water runoff, soil moisture retention, or sublimation into account. 

The surface water runoff is a variable output; there are times it is not completely intercepted for 

irrigation.  

Since snow is the majority of the precipitation that occurs in the alpine region, 

sublimation may have a significant impact on the water balance of the mountain. Sublimation 

occurs, in order of decreasing efficiency, due to wind transported snow, intercepted snow, and 

from the snow pack. In a study done to evaluate the effect of sublimation on a snow mass 

balance in the Canadian Rocky Mountains, snow mass loss to sublimation as a percentage of 

cumulative snowfall ranged from 20 to 32% (MacDonald, Pomeroy, & Pietroniro, 2010). 
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Sublimation was estimated through blowing snow models simulating a transect of hydrological 

response units (HRU’s) along a ridgeline in the Rockies. Of the total snow mass loss 17 to 19% 

was due to blowing snow. 

Numerical modeling of the Boulder River Valley, a region just north of the Upper 

Jefferson Valley, used the same water budget approach for mountain front recharge. The results 

of the investigation found the actual mountain front recharge to be about half of the calculated 

value (Bobst et al., in preperation). Preliminary numerical modeling of the Waterloo area was 

also done, and the calibration stage of a steady state model showed this same result. 

Consequently, the calculated values for mountain front recharge were halved for this 

groundwater budget. The total Mountain-front Recharge was 3,702 acre-ft/year. 

4.5. Irrigation Ditch Seepage 

Accurate seepage estimates were needed for this groundwater budget since irrigation 

ditches act as the east and west boundaries of the study area. The study area is bordered by the 

Parrot Ditch on the east and the Creeklyn Ditch on the west. In order to quantify the ditch 

seepage, a synoptic discharge measuring event was conducted on August 13, 2014 to analyze 

seepage from the Parrot Ditch. All irrigation pumps drawing from two reaches were turned off at 

8am that morning and the measurements were taken consecutively with minimum time in 

between measurements. Discharge was taken at four sites and seepage was calculated for the two 

reaches. Results ranged from 3 to 8 cubic feet per second per mile (cfs/mi) for the Parrot Ditch.  

Since the synoptic sampling event was only one instance it is not representative of the 

whole season. To better estimate, seepage hydrographs from surface water monitoring for 

consecutive sites on both the Parrot and Creeklyn Ditch were analyzed. It is assumed that when 

the flows at each site are closest in value, minimal pumping occurs and a good estimate of 
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seepage can be calculated. It is recognized, however, that some pumping may still be occurring. 

During times of minimal loss, flows were compared and the average loss was calculated to be 

about 2 cfs/mi and 4 cfs/mi for the Creeklyn and Parrot Ditch, respectively (Appendix A). The 

total seepage was calculated for the approximate 6 months when the irrigation ditches are 

operating (May – October). These estimates resulted in a total seepage inflow of about 12,800 

acre feet per year into the study area from both irrigation ditches.  

4.6. Irrigation Recharge 

Irrigation recharge is the amount of recharge to the aquifer as a result of irrigation. It is 

dependent on the type of irrigation as well as type of crop being irrigated. The three types of 

irrigation used in this study area are flood irrigation, pivot irrigation, and sprinkler irrigation. 

Efficiency ranges for each type of irrigation were determined from the NRCS National 

Engineering Handbook (2008) and a mid-range was selected: 25% for flood, 65% for sprinkler, 

and 80% for pivot irrigation. The NRCS Irrigation Water Requirements program (IWR) was 

used to determine certain parameters used as inputs in the following equation to calculate 

irrigation recharge: 

IR = [(NIR/IME + Peff) - ET x DPex] 

where IR is irrigation recharge, NIR is net irrigation requirement, IME is irrigation method 

application efficiency, Peff is effective precipitation, ET is evapotranspiration and DPex is the 

applied water in excess of ET that results in deep percolation. NIR, Peff and ET were estimated 

from the IWR program.  

A weather station in Twin Bridges was selected to use for climate data as it was the 

closest to the study area. The climate data is used by the program to determine the effective 
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precipitation, and a 30 year normal data set is required. Only weather stations with adequate 

records can be used.  

In an interview conducted with landowner Dean Hunt, irrigation methods and crop types 

were discussed focusing on the land inside the study area boundary. Crop types within the area 

include native grass, native alfalfa grass (a 50/50 mix of alfalfa and grass), alfalfa, barley, peas, 

potatoes, corn, sod and conifer trees (D. Hunt, personal communication, 2014). Approximate 

irrigation dates and cutting frequency was also discussed. The different crop types were split into 

four different categories for the purpose of this study: native grass, native alfalfa grass, alfalfa 

and other. The “other” category encompasses all of the remaining crop types as they have similar 

irrigation requirements and ET rates, and cover a small percentage of the area in comparison to 

the other three main crop types. It should be noted that the IR calculations were made using 

current irrigation type and crop data for 2014.  

In addition to crop type and climate data, soil type is also an important input into the IWR 

program. According to the NRCS Web Soil Survey sandy loam is the predominant soil type 

within the study area and was selected for the soil type (Appendix A). The value for the DPex 

term was based off a study by the Idaho Department of Water Resources (Idaho Department of 

Water Resources, 2013) which took place in the eastern Snake Plain Aquifer. The variable 

ranges from 0 to 1 depending on evidence of surface water return flows. For this study DPex was 

set to 0.5 for flood irrigated areas and 1 for pivot and sprinkler irrigated areas.  

Based on the IWR results the irrigation recharge for each month of the year was 

estimated. The numbers were then multiplied according to the mid-range average irrigation 

efficiency values. Tables containing the irrigation recharge values can be found in Appendix A. 
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Once the areas for each crop and irrigation type were totaled the resulting table was created with 

the total irrigation recharge estimate for the groundwater budget.   

Table III. Irrigation Recharge 

Irrigation & Vegetation Type Area 
(acres) 

IR Rate 
(ft/yr) 

IR  
(acre-ft/yr) 

Pivot (Pasture Grass, Alfalfa Hay, 50/50, Other) 1,498 0.29 432 

Sprinkler (Pasture Grass, 50/50, Other) 810 0.67 539 

Sprinkler (Alfalfa Hay) 214 1.67 357 

Flood (Pasture Grass, Other) 1,333 4.69 6,252 

Flood (50/50) 602 5.23 3,149 

Flood (Alfalfa Hay) 64 5.77 367 

Total   11,096 
 

4.7. Spring Fed Streams 

Willow springs and Parsons Slough both originate within the study area and are 

groundwater fed springs, essentially groundwater discharging from the aquifer as surface water. 

In a field visit conducted with landowner Dean Hunt, a house near Willow Springs was toured. 

The house gets its water from a spring under the house, with the overflow discharging to the 

stream. Water quality data also shows evidence of these streams being spring fed. In order to 

quantify this outflow for the groundwater budget, the hydrographs created from field 

observations were analyzed (Appendix B). The resulting estimate was approximately 22 cfs, or 

16,360 acre feet per year. 

4.8. Groundwater Discharge to the Jefferson River 

As stated earlier the Waterloo area is historically identified as the main source of 

recharge to the Jefferson River, which becomes extremely important in the late summer months 

when flows are low and temperatures are elevated. Therefore it is important to quantify this for 
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the groundwater budget. A surface water budget analysis was used in order to estimate the 

recharge.  

Since the reach of the Jefferson River between the USGS gaging station at Parsons 

Bridge and the MBMG site Jefferson River at Corbett’s has no major diversions, only additions 

from Parsons Slough and Willow Springs, it is an ideal stretch of river to analyze for the 

groundwater recharge in the Waterloo area (Figure 8). The groundwater contribution can be 

estimated by quantifying the flows coming in to this stretch of river and subtracting the outgoing 

flows with the following surface water budget equation: 

 

 

 

where Qgw is the groundwater discharge, and the remaining terms are surface flow at their 

respective sites. Flows were also analyzed in the southern stretch from the MBMG site Jefferson 

River at Silver Star to the USGS Parson’s Bridge site. The only major diversion known in this 

stretch is the Jefferson Canal irrigation ditch. The recharge to this stretch of river can be 

quantified by the following equation: 
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Figure 8. Surface Water Flows for Estimation of Groundwater Discharge to the Jefferson River  
 

Using the above equation the groundwater discharge to the Jefferson River was 

calculated based on the discharge recorded at the surface water monitoring sites. Peak runoff 

season results in high flows which are not only hard to measure due to field equipment 

constraints but also make it extremely difficult to distinguish between surface runoff and 

groundwater recharge.  Because of the measurement constraints, the rating curve for Jefferson 

River at Corbett’s has very high uncertainty for high flows. Therefore, the late summer months 

during low flow (August and September) give the best estimate of actual groundwater discharge.  
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Figure 9. Hydrograph comparison of Jefferson River at Silver Star and Jefferson River at Parson's Bridge 
showing direct discharge of groundwater 

 

Figure 10. Hydrograph comparison of Jefferson River at Parson's Bridge and Jefferson River at Corbett’s 
showing direct discharge of groundwater 
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The average groundwater discharge to the Jefferson River from Silver Star to Parsons 

Bridge for 2014 was about 20 cfs, and about 12 cfs in the stretch from Parsons Bridge to the 

Corbett’s. These values equate to 14,779 acre-ft/year and 8,831 acre-ft/year, respectively. The 

greatest gain occurs at the lowest stage, when the stage increases the river flows into bank 

storage. The manual measurements for Jefferson River at Corbett’s were also plotted on Figure 

9, with the highest measured flow at about 1,300 cfs. The highest flow in the hydrograph for 

Jefferson River at Corbett’s was over 3,200, over twice the flow that was measured which is past 

the acceptable 1.5 factor for extending rating curves (A. Bobst, personal communication, 2015).  
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5. Water Budget Assessment 

The final groundwater budget shows that initial estimated inflows to the aquifer totaled 

49,991 acre-ft per year and estimated outflows equaled 54,479 acre-ft per year, which comes to 

about a 4.3% difference (Table 4). The estimated uncertainty for each component of the 

groundwater budget must also be taken into account. The uncertainty was used to create a range 

of values for each factor, and with that range a balanced budget can be created. For this study a 

groundwater budget was estimated for the year 2014, this budget cannot be used as an accurate 

representation of inflow and outflow of the system for any other year, although it may be similar. 

Given that any variation in water levels is believed to result from climatic variability, change in 

storage is believed to be zero. As such, a weighted adjustment was applied to the budget so that it 

balances. 

Table IV. Groundwater Budget for Waterloo 

Gwin  

Initial Estimate 
(acre-ft/yr) 

Uncertainty 
(%) 

Range (acre-ft/yr) Adjusted  
Estimate 

 (acre-ft/yr) low high 

Darcy Fluxin              22,364  10% 20,128  24,601  3,371  
MFR                3,702  10% 3,332  4,072    3,869  
Seepage 12,829 5% 12,187  13,470  13,406  
IR   11,096  5% 10,541  11,651  11,595  

TOTAL IN   49,991        52,241  
Gwout 

 
        

Darcy Fluxout  13,503  10% 12,153  14,853  12,963  
Spring Fed Streams 16,365  5%   15,547    17,183  15,670  
ET 1,002  10% 902  1,102  957  
Jrrecharge  23,609  10% 21,248  25,970  22,653  

TOTAL OUT 54,479        52,242  
 

Due to a number of limitations in estimating the groundwater budget, it is important to 

note the uncertainty of this evaluation. In an ideal steady state situation the percent error would 
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be zero: all flow into the system would equal the flow out of the system. However, there is no 

such thing in the real world as true steady state. Averaging the flows and fluxes throughout an 

entire year helps to estimate the steady state, but there is never a time that the aquifer is at a true 

steady state.  

There are many different variables which affect the inflows and outflows to the aquifer. 

For instance, historical climate change will affect the budget. 2014 had near normal precipitation 

and temperatures. In 2005 during the WET study the valley experienced a drought year with less 

precipitation and higher temperatures than normal. There were also limits to the amount and type 

of groundwater and surface water monitoring that could be accomplished. Ideally data would be 

collected for more than one year. Other constraints included budget, access, acquiring landowner 

permission, and equipment limitations. Measuring surface water discharge during high flows was 

extremely difficult at both the south and north boundary sites on the Jefferson River (Jefferson 

River at Funston and Jefferson River at Corbett’s). Therefore the rating curves at both of these 

sites have high uncertainty during high flows.         

There is also uncertainty in assuming a homogenous hydraulic conductivity in the aquifer 

across the entire study area. The aquifer test that was conducted is only an accurate 

representation of the hydraulic conductivity in the area the wells are located. The uncertainty of 

the Darcy flux strongly relies on the saturated thickness. In order to accurately estimate the 

saturated thickness of the aquifer, a deeper well would be needed to identify the true saturated 

layer. A breakdown of the percentages of the inflows and outflows can be seen in Figure 11 

below.  



43 

 
 

Figure 11. Groundwater Budget for Waterloo 
 

 The major sources of inflow (aside from the darcy flux) are seepage and irrigation 

recharge. This is not surprising given that almost the entire area is irrigated land and the east and 

west borders of the area are irrigation ditches carrying over 200 cubic feet per second of water at 

times. The major outflows are groundwater discharge to the Jefferson River and the spring fed 

streams that originate within the study area. 

5.1. WET – MBMG SWE Comparison 

Groundwater elevations from the WET study in 2005 were compared to groundwater 

elevations collected from the same wells by the MBMG in 2014. Graphs of all of the well 

comparisons can be found in Appendix C. It is important to note that these comparisons only 

show the difference between the water elevations in the year the data was collected, and are 

dependent on many different variables. Water level elevations change as the inflows and 

outflows of the water budget change throughout time. Although there are limitations, these 
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graphs do provide important information of the water table trends in the Waterloo aquifer and 

some conclusions can still be drawn.  

In evaluating the graph comparisons it is apparent that the water table in 2014 was at a 

higher elevation than the water table in 2005. The main reason for this is most likely that 2005 

was considered a “drought” year with significantly lower flows in the Jefferson River compared 

to 2014 data. However, the general trend of the water table, steadily decreasing during the winter 

months and peaking May – June, then decreasing again throughout the rest of the year, has 

remained the same. There is no evidence to support the presumption that the water table in the 

Waterloo area is decreasing.  

5.2. Irrigation Practice Change Evaluation 

As irrigation recharge makes up about 22% of the inflows in the groundwater budget, 

irrigation practice changes have the potential to impact groundwater levels. As WET presumed 

from their study, flood irrigation early in the season is an important source of recharge to the 

Jefferson River in the late summer months. Although many of the fields in the area are still 

currently flood irrigated, a field just south of Loomont Road was converted from flood to pivot 

irrigation sometime after 2005. Two of the wells monitored by the MBMG are in close proximity 

to the field. Looking at these two graph comparisons there is no evidence to support the fact that 

switching this field from flood to pivot irrigation caused less recharge to the aquifer. Since this is 

an area where groundwater discharge occurs it could be that it is not sensitive to these changes, 

while practices in recharge areas would cause more of a change.  

However, flood irrigation requires approximately three times the amount of water as 

sprinkler or pivot irrigation. Although changing one field from flood to pivot irrigation 
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seemingly had no impact, if all fields were switched the impact may be significant enough to 

noticeably alter the groundwater budget. 

In a predictive scenario analysis, the irrigation recharge was recalculated to visualize the 

effect of changing irrigation practices. The fields that are currently flood irrigated were 

calculated as if they were changed to pivot irrigation. The resulting irrigation recharge value was 

calculated to be 1,904 acre feet per year. This is a drastic reduction, over 80%, in irrigation 

recharge as opposed to the current calculated value of 11,096 acre feet per year. Although it is 

not typical, due to size and expense, that all fields would be converted to pivot, it is the most 

conservative prediction of how the groundwater budget could be altered by changing irrigation 

practice. 

5.3. Ditch Lining Evaluation 

As seepage makes up approximately 26% of the inflows of the groundwater budget, it has 

the potential to have a major impact on the Waterloo aquifer. It is widely known that lining ditch 

canals will result in water conservation, as less water is required to be diverted from the river 

with reduced seepage. Conversely, from an aquifer standpoint, lining the ditch canals could have 

an adverse effect on aquifer recharge. Without seepage from the irrigation canals recharging the 

aquifer, it is likely that not as much recharge to the Jefferson River would occur later in the 

summer when it is most needed.   

5.4. Tile Drain Effect 

The tile drains that were installed in the Waterloo area have caused some concern among 

neighboring residents. The major concern is that the presence of these tile drains is causing the 

water table to lower in that area. Two wells were monitored (Shuit and Parson 2) in close 

proximity to where the tile drains were installed. There is no evidence to support the presumption 
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that the water table has been lowered in this area. Although no evidence was seen in the water 

elevations of these wells, some quick calculations can be made to support this theory. 

Freeze and Cherry wrote in relation to developing tunnels that if groundwater inflows 

could be predicted it was possible to design an adequate drainage system. They theorized that 

tunnels essentially acted as drains. With a known hydraulic conductivity the rate of groundwater 

inflow per unit length of tunnel can be calculated from a quantitative analysis of the net flow 

(Freeze & Cherry, 1979). Using this approach, an estimated flow from the tile drains can be 

made.  

Agricultural subsurface drains are installed depending on field topography and soil 

permeability. Typical depths range from 3 to 4 feet (Wright & Sands, 2001) with more 

permeable soil at deeper depths. In order to serve their purpose and discharge to Parson’s 

Slough, the drains would also have to be fairly shallow. Drain material and diameter are 

dependent on how much water is required to drain. Although exact dimensions and placement of 

the tile drains in the Waterloo area is unknown, with assumptions, an estimate can be made of 

the amount of water being drained. Using an approximate depth of 4 feet and aquifer 

characteristics from the aquifer test a cumulative transient inflow per unit length of drain after a 

specified time can be determined. From the calculation, approximately 23 square feet of water 

per linear foot of drain would be drained after one year. If there were 3,000 linear feet of tile 

drains this would equate to about 5 acre-ft/year after 10 years, which, in comparison to the water 

budget, is extremely small. 

To estimate the effect of the tile drains on nearby wells the Theis method was used. 

When aquifer properties are known a Theis curve can be used to estimate hydraulic head 

drawdown in a well at a specified distance and time in a confined aquifer. Using this method and 
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the aquifer properties from the aquifer test a time-drawdown curve for a radius of 100 feet from 

the tile drains was developed. 

 
 

 Figure 12. Time-drawdown Theis Curve for Tile Drain Influence Prediction 
 

The tile drains likely have little to no influence on neighboring wells, as drawdown even 

after one month is extremely insignificant at less than 0.01 feet. The drawdown was calculated as 

if the tile drains were a pumping well at the edge of the field. Since the closest neighboring well 

is greater than 100 feet from the field where the tile drains are installed, it is not likely 

neighboring wells will see any effect from the tile drains. 

5.5. Water Quality Evaluation 

Four sampling events were performed during the duration of this study in August 2014, 

November 2014, January 2015, and March 2015. Piper diagrams were created in order to analyze 

the results of the sampling events (Appendix D). The predominant water type in both surface 
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water and groundwater samples is calcium-bicarbonate. Since there is only subtle change in the 

marker placement from the different sampling dates, it is hard to determine if there are different 

sources of water in each location. However, it is apparent that the Hunt-1 well is a different 

water type, magnesium-bicarbonate, and from a different source. This result is expected as it is in 

the alluvial fan at the base of the Tobacco Root Mountains, likely strongly influenced by 

mountain front recharge. 

The total dissolved solids (TDS) ranged from 235.34 mg/l in the west fork of Willow 

Springs and 360.67 mg/l in Parsons Slough. A simple comparison of the lab specific conductivity 

results from each sampling event is a good indicator of how water composition changes 

throughout the season. For example, there is little change in the Hunt-1 or Willow Springs Stock 

wells, indicating that not much change occurs in the composition of the water. However, in all 

three sites in Willow Springs, the specific conductivity values decrease steadily after the 

irrigation season. This could be an indication of irrigation recharge or seepage.     
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Figure 13. Seasonal Specific Conductivity Measurements of Sites within the Waterloo Area 
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6. Conclusion 

There are many factors that could alter the water table and cause significant changes to 

groundwater flow in the Waterloo area. The biggest factors affecting the groundwater budget in 

the Waterloo study area are irrigation ditch seepage, irrigation recharge, and groundwater 

discharge to the Jefferson River. As such, lining the irrigation ditches could cause significant 

impact as seepage would be greatly reduced. In addition, major changes to the type of irrigation 

could also have a significant impact. 

There is no evidence of a decline in water levels within the past 9 years to the aquifer. 

With continual change both in irrigation practices and climate changes are possible, however, 

more detailed groundwater modeling will be needed to predict the magnitude of the effects. 

From the groundwater budget, it is evident that seepage and irrigation recharge have the biggest 

impact on the inflows to the aquifer, and therefore these factors have the potential to make a 

large impact on the groundwater system. Continued water conservation efforts and monitoring 

are recommended for the welfare of the Jefferson River.  
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Appendix A: Groundwater Budget Data, Graphs & Charts 

MOUNTAIN FRONT RECHARGE: 

Table A-1. Highland Mountain Vegetation Distribution and ET 

Vegetation Group 
Area 

(Acres) 
Evapotranspiration 

Rate (ft/yr) 
ET 

 (Acre-ft/yr) 

Upland Sagebrush 5350 1.1 5885 

Douglas Fir 8477 1.4 11868 

Shrub/Grass Lowlands 9765 1.0 9765 

Mixed Evergreen 8290 1.8 14923 

High Xeric Grasses 2472 1.2 2967 

Ag lands 309 2.1 650 

Mesic Meadow 1216 1.7 2067 

Whitebark Pine 2838 2.2 6244 

Alpine Rangeland, Deciduous Shrubs 864 2.0 1728 

Developed 186 1.0 186 

Riparian 170 2.3 392 

TOTAL 39939   56674 

 

Table A-2. Tobacco Root Mountain Vegetation Distribution and ET 

Vegetation Group 
Area 

(Acres) 
Evapotranspiration 

Rate (ft/yr) 
ET 

(Acre-ft/yr) 

Upland Sagebrush 4593 1.1 5053 

Douglas Fir 12941 1.4 18118 

Shrub/Grass Lowlands 2046 1.0 2046 

Mixed Evergreen 3215 1.8 5787 

High Xeric Grasses 343 1.2 412 

Ag lands 1995 2.1 4190 

Mesic Meadow 757 1.7 1287 

Whitebark Pine 1492 2.2 3283 

Alpine Rangeland, Deciduous Shrubs 181 2.0 361 

Developed 206 1.0 206 

Riparian 422 2.3 971 

TOTAL 28193   41715 
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Table A-3. Precipitation in the Highland and Tobacco Root Mountains 

Precipitation Highland Mountains Tobacco Root Mountains 
Minimum (in/yr)                     9.95                                10.02  
Maximum (in/yr)                   32.27                                42.20  
Average (in/yr)                   18.36                                19.02  
Area (acres)                  39,939                              28,193  
Total Precipitation (acre-ft/yr)                  61,106                              44,686  
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SEEPAGE: 

 

Figure A-1. Parrot Ditch Seepage Hydrograph 
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Figure A-2. Creeklyn Ditch Seepage Hydrograph 
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IRRIGATION RECHARGE: 

Table A-4.1. IWR Outputs for Pasture Grass 

Irrigation Method Flood Sprinkler Pivot 

  Min Mid-range Max Min Mid-range Max Min Mid-range Max 

Application 

Efficiency 

35% 25% 15% 75% 65% 60% 85% 80% 70% 

inches inches inches inches inches inches inches inches inches 

January 0 0 0 0 0 0 0 0 0 

February 0 0 0 0 0 0 0 0 0 

March 0 0 0 0 0 0 0 0 0 

April 0 0 0 0 0 0 0 0 0 

May 2.48 3.60 6.21 0.00 0.03 0.15 -0.33 -0.26 -0.08 

June 8.98 13.11 22.74 1.20 1.94 2.41 0.64 0.90 1.55 

July 12.25 18.02 31.49 1.68 2.72 3.37 0.89 1.26 2.16 

August 10.38 15.28 26.69 1.43 2.30 2.85 0.76 1.07 1.83 

September 4.24 6.27 11.02 0.15 0.52 0.75 -0.13 0.00 0.32 

October 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 

November 0 0 0 0 0 0 0 0 0 

December 0 0 0 0 0 0 0 0 0 

Annual 38.33 56.28 98.14 4.47 7.51 9.53 1.83 2.99 5.79 
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Table A-4.2. IWR Outputs for Alfalfa Hay 

Irrigation Method Flood Sprinkler Pivot 

  Min Mid-range Max Min Mid-range Max Min Mid-range Max 

Application 

Efficiency 

35% 25% 15% 75% 65% 60% 85% 80% 70% 

inches inches inches inches inches inches inches inches inches 

January 0 0 0 0 0 0 0 0 0 

February 0 0 0 0 0 0 0 0 0 

March 0 0 0 0 0 0 0 0 0 

April 0 0 0 0 0 0 0 0 0 

May 3.56 5.21 9.05 -0.03 0.27 0.45 -0.26 -0.15 0.11 

June 11.22 16.45 28.63 4.26 5.20 5.78 0.76 1.09 1.91 

July 14.86 21.92 38.37 5.46 6.73 7.52 1.04 1.49 2.59 

August 12.28 18.10 31.67 4.52 5.57 6.22 0.87 1.24 2.15 

September 5.13 7.60 13.36 1.84 2.28 2.56 -0.07 0.09 0.48 

October 0 0 0 0 0 0 0 0 0 

November 0 0 0 0 0 0 0 0 0 

December 0 0 0 0 0 0 0 0 0 

Annual 47.05 69.26 121.07 16.05 20.03 22.52 2.34 3.77 7.24 
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Table A-4.3. IWR Outputs for Natural Grass (50/50 Alfalfa and Grass) 

Irrigation Method Flood Sprinkler Pivot 

  Min Mid-range Max Min Mid-range Max Min Mid-range Max 

Application 

Efficiency 

35% 25% 15% 75% 65% 60% 85% 80% 70% 

inches inches inches inches inches inches inches inches inches 

January 0 0 0 0 0 0 0 0 0 

February 0 0 0 0 0 0 0 0 0 

March 0 0 0 0 0 0 0 0 0 

April 0 0 0 0 0 0 0 0 0 

May 3.02 4.40 7.63 -0.10 0.15 0.30 -0.29 -0.20 0.01 

June 10.10 14.78 25.68 1.34 2.18 2.70 0.70 1.00 1.73 

July 13.56 19.97 34.93 1.85 3.00 3.72 0.96 1.38 2.38 

August 11.33 16.69 29.18 1.55 2.51 3.11 0.81 1.16 1.99 

September 4.68 6.93 12.19 0.21 0.62 0.87 -0.10 0.05 0.40 

October 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 

November 0 0 0 0 0 0 0 0 0 

December 0 0 0 0 0 0 0 0 0 

Annual 42.69 62.77 109.61 4.84 8.44 10.70 2.08 3.38 6.51 
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Table A-4.4. IWR Outputs for Other (Including barley, corn, & oats) 

Irrigation Method Flood Sprinkler Pivot 

  Min Mid-range Max Min Mid-range Max Min Mid-range Max 

Application 

Efficiency 

35% 25% 15% 75% 65% 60% 85% 80% 70% 

inches inches inches inches inches inches inches inches inches 

January 0 0 0 0 0 0 0 0 0 

February 0 0 0 0 0 0 0 0 0 

March 0 0 0 0 0 0 0 0 0 

April 0 0 0 0 0 0 0 0 0 

May 0.21 0.21 0.21 -0.42 -0.42 -0.42 -0.42 -0.42 -0.42 

June 8.37 12.20 21.14 1.09 1.78 2.21 0.57 0.82 1.41 

July 16.04 23.67 41.46 2.15 3.52 4.38 1.11 1.60 2.79 

August 11.72 17.26 30.19 1.59 2.59 3.21 0.83 1.19 2.06 

September 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 

October 0.00 0 0 0.00 0.00 0.00 0.00 0.00 0.00 

November 0 0 0 0 0 0 0 0 0 

December 0 0 0 0 0 0 0 0 0 

Annual 36.85 53.86 93.53 4.95 8.00 9.90 2.61 3.71 6.36 
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Figure A-3. NRCS Web Soil Survey Soil Type Map (Soil types listed on pg 61) 
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Table A-5. NRCS Web Soil Survey Soil Types for Waterloo 

Jefferson County Area and Part of Silver Bow County, Montana (MT627) 
Map Unit 
Symbol  Map Unit Name  

Acres in 
AOI  

Percent of 
AOI 

1 Riverwash  11.6 0.10% 

6 
Wetsand, Cardwell, and Clunton soils, 0 to 8 percent slopes, 
channeled  119.9 1.50% 

48A  Riverrun sandy loam, 0 to 2 percent slopes  53.5 0.70% 
52A  Ryell loam, 0 to 2 percent slopes  120.7 1.50% 

232A  Clunton-Wetsand-Bonebasin complex, 0 to 2 percent slopes  90.7 1.20% 
274A  Bronec complex, 0 to 2 percent slopes  6.2 0.10% 
341A  Pieriver-Cardwell-Riverrun loams, 0 to 2 percent slopes  26.9 0.30% 
481A  Riverrun gravelly sandy loam, 0 to 2 percent slopes  203 2.60% 
521A  Cardwell-Riverrun complex, 0 to 2 percent slopes  153.4 1.90% 
781A  Vendome sandy loam, 0 to 8 percent slopes  618.5 7.90% 

W  Water  36.2 0.50% 
  Subtotals for Soil Survey Area  1,440.4 18.30% 
 Madison County Area, Montana (MT636) 
Map Unit 
Symbol  Map Unit Name  

Acres in 
AOI  

Percent of 
AOI 

33 Crago gravelly loam, cool, 0 to 8 percent slopes  201.1 2.60% 
37 Crago-Scravo complex, cool, 15 to 45 percent slopes  39.3 0.50% 
58 Havre loam, cool, 0 to 2 percent slopes  381.6 4.80% 
61 Kalsted sandy loam, 0 to 2 percent slopes  837.1 10.60% 
62 Kalsted sandy loam, 2 to 8 percent slopes  126.8 1.60% 
86 Neen silty clay loam, 0 to 2 percent slopes  1,201.6 15.30% 
87 Neen silty clay loam, drained, 0 to 2 percent slopes  26.9 0.30% 
88 Neen silty clay loam, wet, 0 to 2 percent slopes  794.5 10.10% 

106 Rivra, cool-Fluvaquents complex, 0 to 2 percent slopes  857.2 10.90% 
107 Rivra-Ryell-Havre complex, cool, 0 to 2 percent slopes  480.1 6.10% 
110 Ryell-Rivra complex, cool, 0 to 2 percent slopes  744.3 9.40% 
114 Scravo sandy loam, cool, 2 to 8 percent slopes  161.8 2.10% 
132 Thess loam, cool, 2 to 8 percent slopes  51.7 0.70% 
143 Trudau loam, 2 to 8 percent slopes  1.5 0.00% 
147 Varney clay loam, 2 to 8 percent slopes  52.9 0.70% 
150 Villy silty clay loam, cool, 0 to 2 percent slopes  63.8 0.80% 
217 Bronec-Amesha complex, 2 to 8 percent slopes  0.5 0.00% 
230 Vendome sandy loam, 0 to 8 percent slopes  290.6 3.70% 
231 Water  123.9 1.60% 

  Subtotals for Soil Survey Area  6,437.1 81.70% 
  Totals for Area of Interest  7,877.5 100.00% 
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AQUIFER TEST RESULTS: 

 

Figure A-4. MBMG HA1 Aquifer Test Results for Leaky Hantush-Jacob Model 
(Bobst, personal communication, 2015) 
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Appendix B: Surface Water Hydrographs 

 

 

Figure B-1. Surface Water Hydrograph of Calculated Flow and Manual Measurements at Jefferson River at Silver 
Star and USGS Twin Bridges Flow 
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Figure B-2. Surface Water Hydrograph of Jefferson River at USGS Parson’s Bridge 
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Figure B-3. Surface Water Hydrograph of Jefferson River at Corbett’s 
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Figure B-4. Surface Water Hydrograph of Parson’s Slough at Loomont Road 
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Figure B-5. Surface Water Hydrograph of West Fork of Willow Springs 
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Figure B-6. Surface Water Hydrograph of Lower Willow Springs 

 



71 

 

 

Figure B-7. Surface Water Hydrograph of Kurnow Ditch (Parrot Ditch Blowoff) 
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Figure B-8. Surface Water Hydrograph of Jefferson Canal at Diversion 
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Appendix C: Static Water Elevations (MBMG – WET Comparison) 

 

Figure C-1. Static Water Elevations for Willow 1 
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Figure C-2. Static Water Elevations for Willow 3 
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Figure C-3. Static Water Elevations for Willow 4 
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Figure C-4. Static Water Elevations for Willow 5 
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Figure C-5. Static Water Elevations for Willow 6 
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Figure C-6. Static Water Elevations for Willow 7 
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Figure C-7. Static Water Elevations for Willow 8 
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Figure C-8. Static Water Elevations for Willow 9 
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Figure C-9. Static Water Elevations for Willow 10 
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Figure C-10. Static Water Elevations for Bench 1 
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Figure C-11. Static Water Elevations for Bench 3 
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Figure C-12. Static Water Elevations for Bench 4 
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Figure C-13. Static Water Elevations for Prim 1 
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Figure C-14. Static Water Elevations for Prim 2 
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Figure C-15. Static Water Elevations for Parson 2 
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Figure C-16. Static Water Elevations for Parson 3 
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Figure C-17. Static Water Elevations for Hunt 1 
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Figure C-18. Static Water Elevations for Hunt 2 
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Figure C-19. Static Water Elevations for Schalbach-Baurle 
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Figure C-20. Static Water Elevations for Schelhammer-Shuit
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Appendix D: Water Quality Data and Piper Diagrams 

Table D-1: Major Ion Water Quality Data 

Site Date Lab pH Lab SC 
Ca 
(mg/l) 

Mg 
(mg/l) 

Na 
(mg/l) 

K 
(mg/l) 

SiO2 
(mg/l) 

HCO3 
(mg/l) 

SO4 
(mg/l) 

Cl 
(mg/l) 

Parson's Slough 
at Loomont Rd 

8/19/2014 8.18 518.39 69.03 20.00 19.11 3.51 18.01 277.36 64.58 11.34 
11/18/2014 7.35 566.41 73.55 21.71 22.28 3.03 17.69 283.44 70.88 12.12 

1/30/2015 7.51 522.65 72.43 20.48 19.79 3.19 16.83 267.58 68.46 12.10 
3/30/2015 7.48 547.43 69.97 20.67 19.03 9.15 16.21 270.98 65.09 16.72 

West Fork of 
Willow Springs 

8/19/2014 8.12 437.76 54.84 19.81 14.64 3.21 14.66 245.11 45.74 7.59 
11/18/2014 7.82 390.80 47.19 18.06 13.42 2.97 13.26 219.66 37.44 5.62 

1/30/2015 8.01 377.04 46.66 16.72 11.25 4.69 12.22 209.28 33.04 7.19 
3/30/2015 8.18 354.12 44.82 16.44 10.61 2.96 11.23 200.44 32.18 4.96 
3/30/2015 8.21 360.40 45.41 16.69 10.58 3.02 11.36 200.18 31.30 4.80 

Lower Willow 
Springs 

8/19/2014 8.30 424.63 52.68 19.89 14.53 3.52 15.68 238.19 44.09 7.56 
11/18/2014 8.22 390.14 46.97 18.33 14.20 3.20 14.24 216.50 38.02 6.82 
11/18/2014 8.03 415.19 47.10 18.64 14.32 3.17 13.85 231.47 37.98 5.78 

1/30/2015 8.23 391.03 46.43 17.39 12.69 10.38 12.75 202.63 35.04 11.20 
3/30/2015 8.29 352.25 44.22 16.47 11.24 3.11 11.47 195.97 32.77 5.12 

East Fork of 
Willow Springs 

8/19/2014 8.24 474.98 55.12 23.13 17.27 4.70 18.34 262.82 48.05 8.04 
11/18/2014 8.13 465.86 53.17 23.43 17.00 4.70 16.92 256.31 50.44 8.26 

1/30/2015 8.12 436.29 50.96 23.14 16.64 5.33 16.13 240.02 46.84 8.62 
3/30/2015 8.20 414.70 47.22 22.17 15.52 4.92 14.18 227.87 43.68 7.40 

Willow Springs 
Stock Well 

8/19/2014 7.86 385.02 47.18 16.30 11.37 2.98 14.31 215.70 32.72 5.44 
11/18/2014 7.72 392.12 48.74 17.64 13.41 3.06 13.92 219.18 33.85 5.21 

1/30/2015 7.82 387.75 48.09 16.68 12.12 3.00 14.44 215.67 33.24 5.20 
3/30/2015 7.85 375.38 46.41 16.10 11.42 3.76 14.07 211.54 31.34 5.27 

Hunt-1 Well 
11/18/2014 7.81 467.94 47.13 30.59 6.14 1.33 10.45 189.16 46.71 39.29 

1/30/2015 7.85 460.67 47.33 30.85 6.00 1.25 10.29 190.03 46.60 39.71 
3/30/2015 7.90 465.04 46.79 30.17 5.72 1.64 10.52 188.61 44.05 37.69 
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Figure D-1. Piper Diagram of all Sites Sampled 
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ABSTRACT

This modeling study focuses on the area near Waterloo in the Upper Jefferson River Valley. Groundwater 
discharges to the Jefferson River in this area, and is important during late summer, low-flow conditions. Willow 
Springs and Parson’s Slough also rely on groundwater discharge; these streams provide late summer flows of 40 
to 60 cubic feet per second (cfs) of cool water to the Jefferson River. 

Leakage from the Parrot, Creeklyn, and Jefferson Canals contributes groundwater recharge to the alluvial 
aquifer. Excess water applied to irrigated fields also provides substantial groundwater recharge. This irrigation-
related recharge eventually discharges to the Jefferson River, Willow Springs, and Parson’s Slough. There 
are concerns that changes in irrigation management practices, such as lining canals or changing from flood to 
center-pivot irrigation, may alter the volume and timing of groundwater discharge to this river and streams. 

We developed a numerical groundwater flow model to evaluate the effects of changing irrigation practices 
on surface waters during low-flow periods. The model design was based on a conceptual model derived from 
the analysis of groundwater and surface-water monitoring data, aquifer tests, well logs, and GIS analysis of soil, 
climate, vegetation, land-use, and water-rights data. 

A steady-state version of the model replicated the long-term average groundwater and surface-water flow 
conditions in the study area. This model was most sensitive to aquifer transmissivity and the streambed con-
ductance assigned to Parson’s Slough and Willow Springs. A transient version of the groundwater model was 
calibrated to conditions observed from 2013 to 2015, using time-dependent stresses (seasonal irrigation activi-
ties and changes in Jefferson River flow). 

Following calibration, the transient model simulation time was extended from 2005 to 2025 to (a) verify 
model-simulated groundwater heads compared to data collected in 2005, and (b) run predictive scenarios. The 
scenarios included lining irrigation canals, converting fields from flood to pivot irrigation, and split season irri-
gation techniques (apply flood irrigation recharge through the middle of the irrigation season followed by pivot 
irrigation). The estimated reduction in groundwater discharge to Willow Springs and Parson’s Slough in late 
summer ranged from 6 to 12 cfs (12% to 24% percent of the 50 cfs of average baseflow). More severe effects 
are expected in drought years. Model results demonstrate that split season irrigation would augment aqui-
fer storage for later release to surface water; however, the timing of this additional groundwater discharge to 
streams is influenced by the proximity of fields to surface waters, hydraulic gradient, and aquifer transmissivity.

INTRODUCTION

The Jefferson River, located in southwest Mon-
tana, regularly experiences low-flow conditions 
(JRWC, 2013; MTFWP, 2012). The lowest flows 
and highest temperatures occur during the irrigation 
season, triggering irrigation water shortages and trout 
population declines—especially in drought years. 
Evaluating the water resources in the Upper Jefferson 
River Valley can inform decisions about future devel-
opment and conservation efforts in the valley. This 
involves understanding and quantifying the complex 
interactions between surface water and groundwater. 
One of the objectives of the Upper Jefferson Ground-
water Investigation (Bobst and Gebril, 2021) is to 
evaluate the effects of changes in irrigation practices 
in the area near Waterloo on groundwater discharge 

to surface water, particularly Parson’s Slough, Wil-
low Springs, and the Jefferson River. The Waterloo 
groundwater flow model, documented in this report, 
directly addresses this objective. 

Background
The Jefferson River begins at the confluence of 

the Beaverhead, Big Hole, and Ruby Rivers near Twin 
Bridges, Montana. The largest use of surface water in 
the Upper Jefferson River Valley is irrigated agricul-
ture; residents of the valley rely on groundwater from 
the alluvial aquifer for potable water. The river is also 
important for the sport fishing industry. This modeling 
effort focuses on the area near Waterloo, a region that 
is critical to providing groundwater baseflow to the 
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Upper Jefferson River. The Waterloo model area, also 
referred to in this report as the Waterloo area, begins 
approximately 3.2 mi north of Silver Star, and extends 
to approximately 2.7 mi downstream from Parson’s 
Bridge (fig. 1). 

The model area, at about 2.5 mi wide by 5 mi 
long, covers a total area of 12.4 mi2. The Highland and 
Tobacco Root Mountains bound the valley on the west 
and east, respectively. The Creeklyn and Parrot Canals 
bound the model area on the west and east, respec-
tively. The Jefferson River runs through the middle of 
the model area, and water is diverted from the Jeffer-
son River into the Jefferson Canal, between Parson’s 
Bridge and the mouth of Parson’s Slough (fig. 2).

Purpose and Scope
The Montana Bureau of Mines and Geology 

(MBMG) developed a numerical groundwater model 
to understand and quantify interactions between 
surface water and groundwater in the Waterloo area. 
This model is a field-validated tool that will allow 
managers and planners to simulate various water 
management practices and examine the effects on 
the area water resources, such as the Jefferson River. 
Hydrogeologic conditions during critical low flow pe-
riods—late summer months or drought years—are of 
particular interest. This report complements the Upper 
Jefferson Interpretive Report, which presents addition-
al detail on the hydrogeology and geological settings 
of the study area (Bobst and Gebril, 2021). 

Previous Studies
Water and Environmental Technologies (WET) 

characterized groundwater/surface-water interactions 
in the Waterloo area (WET, 2006). WET collected 
water levels monthly from 13 private wells and 22 
piezometers from December 2004 through November 
2005. Stage and discharge measurements were collect-
ed from 11 surface-water sites located on the Jefferson 
River, Parrot Canal, Parson’s Slough, and Willow 
Springs. Periodic discharge measurements were made 
on several ephemeral tributaries (Dry Boulder Creek, 
Beall Creek, Spring Creek, and Mill Creek) in the 
Tobacco Root Mountains. A surface-water budget was 
developed from these data. Analysis of aquifer test 
data conducted in alluvial deposits yielded a hydraulic 
conductivity of 634 ft/d. Groundwater and surface-wa-
ter monitoring networks were sampled for water qual-
ity and temperature. WET concluded that changes in 

irrigation practices in the Waterloo area may adversely 
affect late summer flows in Willow Springs. Flood 
irrigation recharges the aquifer, which in turn provides 
delayed recharge to the Jefferson River during critical 
low-flow periods. 

A Montana Tech Master’s thesis (Brancheau, 
2015) prepared in association with this GWIP investi-
gation evaluated the relationships among surface-wa-
ter, groundwater, and irrigation practices in the study 
area. The GWIP investigation included surface-water 
and groundwater monitoring (water levels, river stage, 
discharge, and water-quality measurements) using a 
network of wells and surface-water sites (fig. 3). A 
groundwater budget was developed to evaluate the 
components of the flow system, and to estimate the 
net groundwater discharge to the Jefferson River (table 
A22, appendix A). Results from the Brancheau work 
showed that: 

•	 groundwater flow from the aquifer discharges to 
several groundwater-fed streams and directly to 
the Jefferson River;

•	 changing flood irrigation to other types of 
irrigation applications may lower the water 
table and reduce groundwater discharge to those 
streams; 

•	 leakage from the irrigation canals and irrigation 
recharge increase aquifer recharge; and

•	 lining the irrigation canals would reduce leakage 
and therefore reduce recharge to the aquifer.

Study Area Overview
Physiography

The Waterloo model area is within the relatively 
flat alluvial valley of the Jefferson River, with the 
Tobacco Root Mountains to the east and the Highland 
Mountains to the west. Surface elevations range from 
4,452 ft (amsl) near the northern boundary where the 
Jefferson River flows out of the model area to 4,525 
ft (amsl) along the Creeklyn irrigation canal on the 
western boundary (fig. 2). 

The United States Geological Survey (USGS) 
maintains gaging stations on the Jefferson near Twin 
Bridges, approximately 15 mi south of the study area 
(station 06026500, period of record 1941–2014) and 
at Parson’s Bridge (station 06027600, period of record 
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2006–2020, typically from July to September). The 
average flow of the Jefferson River near Twin Bridges 
for the period of record was 1,107 cubic feet per sec-
ond (cfs), with an average annual peak flow of 9,467 
cfs. Low flows occur in August, which has a mean 
flow of 770 cfs. The lowest mean monthly flow at the 
Parson’s Bridge station, located downstream of the 
Jefferson Canal diversion and above Parson’s Slough 
(fig. 3), was 40.5 cfs in August 2016; the lowest re-
ported daily mean flow at Parson’s Bridge was also in 
August 2016, at 19.9 cfs. 

Climate

Modeled 30-yr normal precipitation values 
(PRISM, 2014; Daly and others, 2008) show that 
the average annual precipitation within the Waterloo 
study area is about 10 in. The PRISM model indicates 
that precipitation in this area increases with eleva-
tion; the Highland Mountains to the west receive as 

much as 32 in per year while the Tobacco Root Moun-
tains to the east receive as much as 42 in per year. 
Approximately 15 mi south of the study area, in Twin 
Bridges, the average annual precipitation is 9.55 in 
(NWS Cooperative Network Station 248430-2; period 
of record 1950–2016); June is the wettest month in 
Twin Bridges (1.9 in), and February is the driest (0.2 
in).

Vegetation

Vegetation within the Waterloo area varies based 
on water availability. Within the alluvial floodplain 
and along some tributaries, riparian vegetation in-
cludes willows, cottonwoods, and wetland grasses. 
These phreatophyte vegetation types grow where roots 
can access shallow groundwater. Grass and sagebrush 
cover non-irrigated areas of the valley bottom and 
adjacent benches. Forests in the adjacent mountains 
include ponderosa pine, Douglas fir, lodgepole pine, 

Jefferson River

Parson's Slough

Willow Springs

Creeklyn Canal

Jefferson Canal

Parrot Canal

Dive
rsio

n

± 0 31.5 Miles

Pars
on

's 
Brid

ge

Figure 2. In the Waterloo model area, the main surface-water features include the Jefferson River, Parson’s Slough, and Willow 
Springs (groundwater-fed streams), and the three irrigation canals: Parrot, Creeklyn, and Jefferson.
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Engleman spruce, and whitebark pine. Irrigated ag-
ricultural areas support mainly alfalfa and grass hay. 
Information from the LANDFIRE Existing Vegeta-
tion Type database (USGS, 2010a), the National Land 
Cover database (USGS, 2011), air photographs, field 
visits, and landowner interviews were used to develop 
a simplified map of vegetation for the study area 
(Brancheau, 2015).

Land Use

About 60% of the land in the Waterloo area sup-
ports irrigated agriculture. Of the irrigated area, ap-
proximately 44% is flood irrigated, and 56% is pivot 
or sprinkler irrigated. Most irrigated fields use surface 
water diverted from the Jefferson River (via the irriga-
tion canals). The major crops are alfalfa and grass hay. 
A large portion of the non-irrigated land is used for 
cattle grazing.

Water Infrastructure

Within the Waterloo model area, water infrastruc-
ture includes irrigation canals (fig. 2), irrigation wells, 
domestic and stock wells, and septic systems. There 
are no public water supply or wastewater systems 
within the model area. The Jefferson River provides 
water for irrigation canals, and most irrigated fields. 

Three major irrigation canals run through the 
model area (fig. 2). All of these canals receive water di-
verted from the Jefferson River. Diversions to the Par-
rot and Creeklyn Canals are approximately 2.8 and 4.4 
mi upstream (south) of Silver Star, respectively (fig. 1). 
The Jefferson Canal, which runs through the north-cen-
tral portion of the model area, receives diverted water 
immediately downstream of Parson’s Bridge. Irriga-
tion is an important source of groundwater recharge, 
particularly during low-flow periods (summer months 
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from July to September; WET, 2006). Canal leakage 
recharges the underlying alluvial aquifer; in addition, 
irrigated fields provide infiltration recharge when water 
is applied in excess of crop demand.

There are 61 domestic wells in the study area. In 
general, wells extract (pump) groundwater and septic 
systems return domestic wastewater to the ground-
water system. For this study, we estimated domestic 
well pumping rates based on their net consumptive 
use rates; that is, the pumping rate less the amount of 
water returned to the groundwater system via septic 
systems. In addition to these domestic wells, there are 
15 stock wells and 3 irrigation wells completed in the 
alluvial aquifer. 

CONCEPTUAL MODEL

The conceptual model for the study area describes 
the characteristics and dynamics of the physical pro-
cess within the groundwater and surface-water flow 
system, based on available hydrogeologic information. 
The conceptual model includes the system’s geologic 
framework, aquifer properties, groundwater flow di-
rections, locations and rates of recharge and discharge, 
and the locations and hydraulic characteristics of natu-
ral boundaries (ASTM, 1995; Mandle, 2002). 

Geologic Framework
The Upper Jefferson Valley is an intermontane ba-

sin, filled with sediment transported from surrounding 
mountains and from the Jefferson River drainage area 
to the south. Tertiary and Quaternary pediment gravels 
occur at the base of the mountains, and Quaternary 
alluvium underlies the modern floodplain (Vuke and 
others, 2004; fig. 4). Estimates of the thickness of 
unconsolidated basin-fill material in the valley bot-
tom range from about 2,000 to 10,000 ft (Brancheau, 
2015). The depth to bedrock changes dramatically 
over short distances due to vertical offsets where faults 
cross the valley. These valley-crossing faults, such as 
the Waterloo Fault, generally trend northwest (fig. 4).

Hydrogeologic Setting
Literature review, geologic maps, and well logs 

contributed to our understanding of the hydrogeo-
logic setting. Eighty-seven well logs were reviewed 
from the MBMG’s Ground Water Information Center 
(GWIC) and can be accessed through the Groundwater 
Investigation Program (GWIP) project page, available 
at http://mbmg.mtech.edu. Detailed information on the 
methods and hydrogeologic interpretation are included 
in Bobst and Gebril (2021).

The surficial geologic units are classified into the 
Quaternary alluvium in modern channels and flood-
plains (Qal), Quaternary alluvial terrace (Qat), and the 
Quaternary bench sediments (Qaf; fig. 4; table 1). Un-
consolidated to poorly consolidated Tertiary sediments 
(Ts) underlie these units (fig. 4). Bedrock does not crop 
out within the model area. There are no geographically 
extensive confining units in the area, and the Quater-
nary and Tertiary sediments constitute hydrogeologic 
units with distinct hydrologic properties within a 
single alluvial aquifer. 

Groundwater Flow System
A potentiometric surface map was developed from 

groundwater levels measured in April 2015 (fig. 5). 
The map shows that on the eastern side of the study 
area some contours are perpendicular to the model’s 
boundaries, generally following topography. Ground-
water flows from the topographic highs—where there 
is relatively high groundwater recharge (mountain 
front recharge)—toward the center of the floodplain. 
The Jefferson River is slightly losing in the upstream 
portion of the model area, and strongly gaining in the 
downstream area (Bobst and Gebril,2021). Ground-
water discharges to the Jefferson River if the river is 
gaining, or flows approximately parallel to the river 
through the alluvial aquifer where the river is losing. 
In the floodplain, groundwater in the alluvial aquifer 
flows from the southwest (southern boundary) to the 
northeast (northern boundary). To the northeast, the 

Table 1. General stratigraphy, hydrostratigraphy, and model layers. 

Stratigraphy Hydrostratigraphy  Model Layers 

Quaternary bench 
sediments (Qaf) 

Modern floodplain Quaternary alluvial 
terrace (Qat)  Alluvial aquifer Layer 1 Quaternary alluvium 

(Qal) 

Tertiary sediment Tertiary sediment Tertiary sediment Base of alluvial 
aquifer Not simulated 

Bedrock formations Bedrock formations Bedrock formations Bedrock aquifer Not simulated 
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course-grained alluvium (Qal on fig. 4) narrows (fig. 
4), and the potentiometric contours become more 
closely spaced as the hydraulic gradient increases due 
to decreased cross-sectional transmissivity.

Hydrologic Boundaries
Hydrologic boundaries are features that convey 

water into or out of the hydrologic system, in this case, 
the alluvial aquifer (fig. 6). These boundaries include 
the Jefferson River, with an average flow of about 
1,100 cfs from the southwest to the northeast. The 
river loses water to the aquifer along a reach upstream 
from the Jefferson Diversion (fig. 2), while it gains 
groundwater downstream of the Jefferson Diversion 
(Bobst and Gebril, 2021). 

The Parrot and Creeklyn irrigation canals form 
hydrologic boundaries along the east and west sides 
of the valley, respectively. Leakage from both canals 

provides water to the aquifer. Lateral groundwater 
inflow (influx) and irrigation recharge from irrigated 
lands upgradient of the canals also contribute water to 
the model area along these boundaries. 

Groundwater also flows into the alluvium on the 
upgradient (south) side of the model area, and dis-
charges through the alluvium on the downgradient 
(north) side. These boundaries are perpendicular to 
the Parrot and Creeklyn Canals (fig. 3) but are limited 
to the floodplain. Therefore, a no-flow boundary ex-
ists perpendicular to potentiometric lines between the 
floodplain and the canals (along portions of the north-
east edge of the model area; fig. 5 and appendix A). 
Since this is a single-layer model (table 1), the bottom 
of the alluvial aquifer is also modeled as no-flow due 
to it being underlain by the less permeable Tertiary 
Renova Formation (fig. 6; Bobst and Gebril, 2021).
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Vuke, 2004).
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Sources and sinks for water are also located within 
the model domain. Irrigation recharge, and leakage 
from the Jefferson Canal, add water to the aquifer. Wa-
ter is lost from the aquifer via extraction wells, evapo-
transpiration by riparian phreatophytes and wetland 
grasses, and through discharge to the Jefferson River, 
Parson’s Slough, and Willow Springs.

Storage of water in the alluvial aquifer sustains 
baseflow to the Jefferson River, Parson’s Slough, and 
Willow Springs, especially during low-flow periods 
(e.g., late summer). A considerable amount of the 
water diverted from the Jefferson River to irrigation 
canals recharges the underlying aquifer via canal 
leakage and excess applied irrigation. This irrigation-
related recharge causes groundwater elevations in 
the alluvium to rise. In low-flow periods, the aquifer 
discharges more water to the Jefferson River and to 
the groundwater-fed streams than in other periods. The 
rate and timing of the groundwater’s release from stor-
age depends on the gradient between the aquifer and 
boundaries, the transmissivity of the aquifer, and the 
distance between recharge areas and discharge areas.

Aquifer Properties
Aquifer test analysis provides a range of aquifer 

properties such as transmissivity (T), hydraulic con-
ductivity (K), and storativity (S). We conducted one 
aquifer test in the alluvial aquifer within the floodplain 
at the Hunt Ranch, 1.6 mi southeast of Parson’s Bridge 
(Bobst and Gebril, 2020). The wells were screened 
in the gravel deposits within the floodplain alluvium 
(Qal; table 1; fig. 4). Data analysis indicated an un-
confined aquifer with a K of about 2,225 ft/d, and a 
specific yield Sy of 0.14 (appendix C). This hydraulic 
conductivity is representative of clean gravel in the 
floodplain alluvium (Qal). Variations in aquifer prop-
erties are expected within each hydrogeologic unit, 
and this value may be on the high end of the overall 
range for the alluvium since specific capacity data 
indicate these wells were more productive than other 
wells completed in the alluvium (GWIC, 2019). WET 
(2006) estimated a K of 634 ft/d for alluvium in this 
area. We used published values (Freeze and Cherry, 
1979; Heath, 1983; Driscoll, 1986; Fetter, 2001) and 
aquifer test results from outside the model domain 
(Bobst and Gebril, 2020) to estimate the aquifer prop-
erties of the bench sediments. These values were set as 
the model’s initial hydraulic conductivities.

Groundwater Budget
We developed a preliminary groundwater budget 

for the Waterloo area to constrain the steady-state 
model. We based this on modifications from previous 
work (WET, 2006; Brancheau, 2015; appendix A). 
The preliminary water budget has total inflows and 
outflows comparable to those calculated by Brancheau 
(2015). Our preliminary water budget assumed quasi-
steady-state conditions (no change in storage) based 
on groundwater-level monitoring from 2005 to 2015 
(Bobst and Gebril,2021). In addition, we calculated a 
monthly groundwater budget to compare it with the 
transient model’s monthly budget (appendix A). 

Inflows to the aquifer include groundwater influx 
from the alluvium in the south, groundwater influx 
from the adjacent mountain blocks, irrigation recharge, 
and canal leakage. Outflows are groundwater outflow 
through the alluvium in the north, evapotranspiration 
by riparian plants, well pumping, and net discharge to 
surface waters (Jefferson River, Parson’s Slough and 
Willow Springs; fig. 6). This budget can be expressed 
as:

GWin-al + GWin-lat + CL + IR = GWout-al + ETr + WEL + SWnet,

where GWin-al is alluvial groundwater influx; GWin-lat 
is lateral groundwater influx; CL is canal leakage; IR 
is irrigation recharge; GWout-al is alluvial groundwater 
outflux; ETr is riparian evapotranspiration; WEL is 
well pumping; and SWnet is net groundwater discharge 
to surface waters.

These budget components are summarized in table 
2, with details provided in appendix A. The “flux” 
term used in this study refers to the volumetric flux.

Some of the separate components in the water 
budget were lumped into a single boundary in the 
model. For instance, a single specified flux boundary 
that extends along the Parrot Canal represents lateral 
groundwater inflow, upgradient irrigation recharge, 
and canal leakage. 

MODEL DESIGN AND 
CONSTRUCTION
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Mathematical Framework (Governing Equation)
In saturated groundwater conditions, a combina-

tion of continuity (mass conservation) and Darcy’s 
Law leads to the following mathematical description 
of groundwater flow (Anderson and others, 2015):

     

(1)

In this equation the dependent variable is the hy-
draulic head, h, which is defined in the traditional (x, 
y, z) Cartesian coordinate system. The horizontal (Kx, 
Ky) and vertical hydraulic conductivities (Kz) and stor-
age coefficient (S) are specified. Boundary conditions 
(W*) and initial head conditions must also be specified 
to solve equation 1. The boundary conditions may be 
specified head (Dirichlet), specified flux (Neumann), 
or head-dependent flux (Cauchy). 

Numerical Model Approximation and  
Computer Codes

We used the USGS groundwater flow modeling 
software MODFLOW-2000 (Harbaugh and others, 
2000), which provides a means to solve equation 1 
and simulate the groundwater flow. MODFLOW ap-
plies the finite-difference method to approximate the 
solution. Groundwater Vistas (version 6.77, build 9; 
Environmental Simulations Incorporated, 2011) was 
used as the graphical-user interface (GUI) for MOD-
FLOW. We relied on PEST, a general-purpose param-

eter estimation utility (Doherty, 2010, 2013a,b), to aid 
in model calibration. 

Spatial Discretization
The model grid was overlain on a map of the Wa-

terloo area and was set to the North American Datum 
1983 Montana State Plane coordinate system, in units 
of International Feet. The rectangular grid frame en-
compassed the Jefferson River Valley study area near 
Waterloo, and cells outside of the model area were 
inactivated. The model consisted of a single layer rep-
resenting the unconfined Quaternary aquifer. In single 
layer, there is no vertical hydraulic gradient (∂h/∂z), 
therefore, the vertical flow term is not calculated. This 
approach provides simplicity and maintains reasonable 
solution stability, and reduces run times for PEST and 
model execution. The grid consisted of 150 rows and 
150 columns (22,500 cells) with uniform grid spacing 
of 178.18 ft x 188.66 ft (fig. 7). This refined cell size 
avoided placing multiple boundary conditions (such 
as a well located close to a stream) in a single cell. 
The model layer thickness ranged from 199 ft to 215 ft 
based on topography of the land surface. Additional de-
tails on the model grid are in appendix D and table D1.

Initially the top elevation of the grid was set us-
ing a Digital Elevation Model (DEM) derived from 
the USGS 1-arc second National Elevation Dataset 
(USGS, 2009). The DEM data point spacing was 
about 98 ft (30 m). Survey data from several wells in 

Table 2. Preliminary conceptual groundwater budget. 

INFLOW (acre-ft/yr) OUTFLOW (acre-ft/yr) 
Preliminary 

Budget 
Water-Budget Study 
(Brancheau, 2015) 

Preliminary 
Budget 

Water-Budget Study 
(Brancheau, 2015) 

Irrigation Recharge 
(IR) 11,096 11,595 Evapotranspiration 

(ET) 501 957 

Groundwater Influx1 45,947 23,371 Net discharge to 
surface waters* 38,556 38,323 

Canal Leakage (CL) 5,600 13,406 Groundwater 
Outflux 27,154 12,963 

Lateral Groundwater 
Influx2 3,702 3,869 Pumping Wells 

(PW) 134 0 

  Total: 66,345 52,241 Total: 66,345 52,243 

1Groundwater Influx is the Darcy flow through the southern model boundary. 
2Lateral Influx is groundwater inflow from the eastern and western model boundaries.  
*Net discharge to surface water is the difference between aquifer recharge from surface water and aquifer discharge
to surface water
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The transient model imposes monthly stress peri-
ods to simulate variations in seasonal stresses, such as 
irrigation recharge. Each stress period consists of six 
time steps to accommodate field observations, help nu-
merical stability, and minimize run times. The duration 
of each time step depends on the length of the month, 
and ranges from 4.7 to 5.2 days (table D2, appendix 
D). 

The transient calibration period included 31 
monthly stress periods (2 yr and 7 mo) from April 
1, 2013 to October 31, 2015. A one-day steady-state 
simulation was included as the first stress period of the 
transient simulation, resulting in 32 stress periods in 
the calibrated model. Thus, the heads from the one-
day steady-state model were used as initial heads for 
the transient model. 

the model area were not in agreement with the DEM. 
To correct the top elevations, the difference between 
the survey data and the DEM were defined and extrap-
olated by kriging with linear variogram (using Surfer 
9 software). The DEM-based cell-top elevations were 
adjusted using the extrapolated differences (fig. D1, 
appendix D). 

Temporal Discretization
Steady-state models generally reflect average con-

ditions and do not consider time-dependent parameters 
(storage coefficient, pumping schedules, seasonality 
of incoming boundary fluxes, irrigation rate changes, 
etc.). Transient simulations support time-dependent 
parameters that vary throughout the simulation period. 
Transient models can be used to verify past conditions 
and to simulate future predictive scenarios. Table 3 
summarizes the Waterloo model simulations.

Jefferson River 

Groundwater-Fed Streams 

Model Grid

Waterloo Model Area

0 31.5 Miles±
Figure 7. The model grid consisted of 150 rows and 150 columns (22,500 cells) with a cell size of about 178 ft x 188 ft.
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Hydraulic Parameters
Prior to steady-state model calibration, we divided 

the active grid cells into four aquifer property zones, 
representing the floodplain alluvium (Qal; zone 1), the 
alluvial terrace (Qat; zone 2), and the western (zone 
3) and eastern (zone 4) bench sediments (Qat, Qaf and Ts; 
figs. 4, 8). Anisotropy for this study is assumed equal 
to 1 (Kx = Ky) based on the aquifer test data; we used 
Kh to express horizontal hydraulic conductivity and Kv 
for vertical hydraulic conductivity instead of Kz. Initial 
values for Kh were assigned to these zones (fig. 8) as 
described in the Aquifer Properties section. We as-
sumed a vertical hydraulic conductivity (Kv) of 10% of 
the horizontal (Kh); however, since there is no vertical 
hydraulic gradient (∂h/∂z) within the model cells, the 
vertical flow term is zero (eq. 1). These initial parame-
ter values were modified during model calibration (see 
Calibration section). 

Boundary Conditions
Flow model boundary conditions control the ad-

dition or removal of water (mass) from the model. 
Boundary conditions are mathematical expressions of 
the state of the aquifer system that constrain the model 
equations; they are assigned to the edges of the model 
domain and to internal sources and sinks (ASTM, 

1995). In the Waterloo model, boundary conditions 
(fig. 9) follow the conceptual model discussed in the 
Hydrologic Boundaries section. 

Head-Dependent Flux Boundaries
We applied head-dependent flux boundaries 

(Cauchy boundary type) to represent surface-water 
features in contact with groundwater, and the removal 
of groundwater by plants through evapotranspiration 
(ET). Assuming the Jefferson River is hydraulically 
connected with the underlying aquifer, we simulated 
the Jefferson River with MODFLOW’s stream pack-
age (STR), and used the drain package (DRN) to 
simulate Parson’s Slough and Willow Springs. Evapo-
transpiration was calculated with MODFLOW’s EVT 
package.

During model execution, solving the groundwater 
flow equation involves calculations of the exchanged 
flow rates between the groundwater and the head-
dependent flux boundaries. The STR package allows 
water to flow from the groundwater to the stream 
(gaining stream), or from the stream to groundwater 
(losing stream). The DRN and EVT packages only re-
move water from the model; groundwater-fed streams 
simulated with the DRN package cannot lose flow to 
the groundwater system. In the transient model, the 

Table 3. Simulations applied to the Waterloo model. 

Simulation 
Type 

Stress 
Periods Duration Simulation Period Notes 

 Steady-State 1 Day Not applicable 

 Transient 
Calibration 31 Months April  2013 through

October  2015 

 Model 
Verification 141 Months April  2004 through

October  2015 

 Prediction 
(future 
scenarios) 

260 Months April 2005 through
October 2025 

Simulates equilibrium state using 
average boundary conditions (e.g., 
pumping rates, recharge, etc.) 

Simulate changes in groundwater 
heads and average monthly river 
flows for comparison to monitoring 
data collected during this study 
(2013–2015) 

Simulates changes in heads for 
comparison to data collected by 
WET (2004–2005) 

Simulates changes in groundwater 
levels, and Jefferson River flow and 
spring-fed stream discharge 
caused by different scenarios 
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rates at which water flows to or from these boundaries 
can change over time as a result of changing stresses. 
Thus, when head-dependent boundaries are used, the 
model quantifies changes in flow to one part of the 
system due to changes in other parts within the model 
domain. For instance, the model will simulate a reduc-
tion in groundwater flow to a stream as a result of a 
decrease in nearby canal leakage.

Jefferson River

In reality, the Jefferson River loses flow to ground-
water in some areas, and gains groundwater as base-
flow in other areas. Gaining and losing stretches of the 
river may also change seasonally. MODFLOW STR 
package terminology defines a “reach” as the portion 
of the stream specific to a grid cell (fig. D2, appendix 
D). A series of connected reaches with uniform or lin-
early changing properties that have tributary inputs to 

the first reach and/or a diversion from the final reach 
is a “segment.” A group of one or more connected 
segments is a “network.” In the Waterloo model, the 
Jefferson River is divided into three stream segments 
(fig. D3, appendix D).

The STR package requires the specification of 
several variables, including flow entering the seg-
ment, streambed top elevation, hydraulic conductivity 
(Kv) of the riverbed sediments, length (L), width (W), 
bed thickness (M), streambed roughness, and channel 
slope (S). The STR package does not explicitly ac-
count for direct precipitation. Evaporation from the 
river is assumed negligible. 

The STR Package (fig. D4, appendix D) calculates 
flux across the streambed as:

Qb = C (hb – hijk),
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Figure 8. The initial aquifer properties were designated into zones based on horizontal hydraulic conductivity (Kh). Figure 4 and table 1 
show geologic units.
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where Qb is the flux across the streambed, C is the 
streambed conductance, hb is the head in the stream, 
and hijk is the head in the aquifer. C is a function of 
riverbed material thickness, riverbed vertical hydraulic 
conductivity Kv, stream width, and the length of the 
stream reach. We set the starting value of the stream-
bed conductance equal to Kv, about 10% of the initial 
estimate of aquifer horizontal hydraulic conductiv-
ity—these values were later adjusted during model 
calibration.

The STR package routes water through the stream 
network by applying Manning’s equation to determine 
depth as function of flow and assumes rectangular 
channel dimensions. Manning’s equation requires a 
roughness coefficient (n), which is defined as: 

                                                      ,

where ϕ is a constant (L3/T; in English Units 1.486 

,

cfs); Q is the stream discharge (L3/T; cfs); A is the 
cross-sectional area (L2; ft2); R is the hydraulic radius 
(cross-sectional area divided by the wetted perimeter; 
L; ft); and S is the channel slope (L/L; ft/ft; unitless). 

Manning’s coefficient n was estimated for the 
Corbett monitoring site on the Jefferson River (GWIC 
278156; fig. D3, appendix D) based on survey data 
and measured stage and flow. The estimated n value of 
0.040 was assigned to all cells representing the river. 
Our estimate is similar to coefficients developed by 
the USGS for similar streams, such as the Middle Fork 
Flathead River near Essex, Montana (0.041; Barnes, 
1967).

Streambed elevations were specified for each cell. 
Surveyed elevations at the Funston (GWIC 278427) 
and Corbett (GWIC 278156) surface-water stations 
were applied to calculate an average riverbed slope 
of 0.001732 ft/ft (appendix B). Applying the same 

The STR package routes water through the stream network by applying Manning’s equation to determine 
depth as function of flow and assumes rectangular channel dimensions. Manning’s equation requires a 
roughness coefficient (n), which is defined as:  

where  
ϕ is a constant (L3/T; in English Units 1.486 cfs); 
Q is the stream discharge (L3/T; cfs); 
A is the cross-sectional area (L2; ft2) 
R is the hydraulic radius (cross-sectional area divided by the wetted perimeter) (L; ft); and  
S is the channel slope (L/L; ft/ft; unitless).  

Manning’s coefficient n was estimated for the Corbett monitoring site on the Jefferson River (GWIC 
278156; fig. 3 Appendix D) based on survey data and measured stage and flow. The estimated n value of 
0.040 was assigned to all cells representing the river. Our estimate is similar to coefficients developed by 
the USGS for similar streams, such as the Middle Fork Flathead River near Essex, Montana (0.041; 
Barnes, 1967). 

Streambed elevations were specified for each cell. Surveyed elevations at the Funston (GWIC 278427) 
and Corbett (GWIC 278156) surface-water stations were applied to calculate an average riverbed slope of 
0.001732 ft/ft (appendix B). Applying the same method, the slope between the Funston station and the 
up-stream station near Silver Star (GWIC 277191; Fig 1) was estimated as 0.001362 ft/ft (appendix B). 
These slopes were used to estimate streambed elevations for the Jefferson River through the Waterloo 
model domain.  

Three segments were used in the STR package (fig. 3, Appendix D). Segment 1 represents the Jefferson 
River from the southern model boundary to the Jefferson Canal. Segment 2 was a single cell simulates 
diversion from Jefferson River into Jefferson Canal, at the location of staff gage (GWIC 274575). Segment 
3 represents the Jefferson River from the Jefferson Canal to the northern model boundary, near Corbett 
station. 

Segments 1 and 3 consist of a number of grid cells (reaches). The STR package calculates surface-water 
stage in each reach using Manning’s equation for open channel flow. STR also calculates the exchange 
between the stream and groundwater (gain and loss) in each cell based on the head difference between 
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heads and specified flux (stream), specified flux (wells used to simulate canal leakage and groundwater flux), and no-flow boundaries.
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method, the slope between the Funston station and the 
upstream station near Silver Star (GWIC 277191; fig 
1) was estimated as 0.001362 ft/ft (appendix B). These 
slopes were used to estimate streambed elevations 
for the Jefferson River through the Waterloo model 
domain. 

Three segments were used in the STR package 
(fig. D3, appendix D). Segment 1 represents the Jef-
ferson River from the southern model boundary to the 
Jefferson Canal. Segment 2 was a single cell simulat-
ing diversion from the Jefferson River into the Jeffer-
son Canal, at the location of staff gage GWIC 274575. 
Segment 3 represents the Jefferson River from the 
Jefferson Canal to the northern model boundary, near 
Corbett station.

Segments 1 and 3 consist of a number of grid 
cells (reaches). The STR package calculates surface-
water stage in each reach using Manning’s equation 
for open channel flow. STR also calculates the ex-
change between the stream and groundwater (gain 
and loss) in each cell based on the head difference 
between surface-water and groundwater, and stream-
bed conductance. The net surface-water flow is then 

routed to the next reach in the segment. The STR 
package either routes all the water in the last reach 
(cell) to the next downstream segment, or splits the 
water between the downstream segment and a diver-
sion. 

In the model, flow enters the simulated Jefferson 
River at the first upstream cell in segment 1. In the 
steady-state simulation, an average flow of 1,724 cfs 
was the input flow (table 4). The input goes into the 
first upstream cell and the STR package calculates 
how much flow enters the next cells. In transient simu-
lations, the monthly average flow was varied based on 
estimates from data collected between April 2013 and 
May 2015 (table 4). At the Jefferson Canal diversion 
(the downstream end of segment 1) water is diverted 
to the Jefferson Canal, an outflow through segment 2, 
or routed to segment 3 (the downstream reach of the 
Jefferson River), or split between diversion outflow 
and routed flow through segment 3. Diversion flow at 
segment 2 is input to the model as the average month-
ly flow obtained from available diversion records at 
GWIC 274575 (table 4). 

Table 4. Transient model—Jefferson River inflows to the model domain and diversion rates. 

Month Multiplier 
Monthly Inflow   

(cfs) Inflow* (ft3/d) Month 
Diversion** 

(cfs) Diversion (ft3/d) 

Jan 0.80 1,031 7.13E+07 Jan 0 0 

Feb 0.80 1,072 7.41E+07 Feb 0 0 

Mar 0.80 1,256 8.68E+07 Mar 0 0 

Apr 1.10 2,130 2.02E+08 Apr 13 1.09E+06 

May 1.10 3,442 3.27E+08 May 64 5.50E+06 

June 1.00 4,690 4.05E+08 June 59 5.11E+06 

July 1.00 1,742 1.51E+08 July 77 6.61E+06 

Aug 1.05 664 6.02E+07 Aug 93 8.00E+06 

Sept 1.15 835 8.29E+07 Sept 47 4.05E+06 

Oct 1.00 1,286 1.11E+08 Oct 0 0 

Nov 0.90 1,378 1.07E+08 Nov 0 0 

Dec 0.80 1,164 8.04E+07 Dec 0 0 
Note. Average Monthly Inflow(cfs)** = 1,724. Average Monthly Diversion (cfs)** = 29. The average 
monthly flow of 1,724 cfs and diversion of 29 cfs are applied in the steady-state model. 
*Inflow, the monthly inflow in cfs adjusted by a multiplier and converted to CFD.
**Flows obtained from GWIC 274575.
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Groundwater-Fed Streams

Groundwater-fed streams were modeled using the 
Drain Package (DRN). Drains remove water from 
a model cell whenever the groundwater elevation is 
higher than the elevation of the drain bed. The drain-
age flux is calculated from the drain conductance and 
the difference between the groundwater and drain 
elevations (fig. D5, appendix D). This flux calculation 
is the same as in the STR package, except that drains 
never add water to the aquifer, whereas the STR pack-
age allows streams to lose flow to the aquifer. 

We modeled Parson’s Slough and Willow Springs 
as drains (285 drain cells; fig. D3, appendix D) since 
they are formed by groundwater discharge, and there 
is no evidence that they lose water to the aquifer. The 
drain cells were grouped into nine reaches. Parson’s 
Slough has two reaches (1 and 9) and Willow Springs 
has seven reaches (2 to 8). Note that the STR and 
DRN packages both use the term “reach,” but in the 
STR package a reach is a single cell, while in the DRN 
package a reach denotes a group of cells.

Drain elevations were set initially at 2 ft below 
ground surface based on air photos and survey data. 
These elevations were adjusted during steady-state 
calibration. The DRN package calculates bed conduc-
tance in the same way the STR package calculates the 
streambed conductance. Initial Kv values were 10% of 
the initial estimate of Kh and were later adjusted during 
model calibration.

Evapotranspiration 

The MODFLOW EVT Package simulates riparian 
evapotranspiration (ETr) as a flux equal to the por-
tion of groundwater consumed by riparian vegetation. 
This flux depends on the head in the cell and on three 
user-specified variables: maximum extinction depth, 
the ETr surface elevation, and maximum ETr rates. The 
extinction depth was set to 10 ft below ground surface 
in cells with riparian vegetation land cover (phre-
atophytes and grasses; Leenhouts and others, 2006; 
Scott and others, 2004; Shah and others, 2007). The 
ETr surface elevation was set equal to the land surface 
elevation (the top) of each cell. As shown in figure 
10, maximum ETr rates were set to 22 in/yr for woody 
plants and 3 in/yr for riparian grasses (similar to Bobst 
and others, 2016).

Specified Flux Boundaries
Specified flux boundaries add or remove a speci-

fied amount of water. In this model specified flux 
boundaries were implemented as injection or extrac-
tion wells (WEL package), or recharge (RCH pack-
age). These boundaries simulated alluvial groundwater 
flow into and out of the model along portions of the 
southern and northern edges, respectively, lateral 
groundwater inflows from east side and west side 
boundaries, irrigation recharge, leakage from irrigation 
canals, and pumping from wells. 

Alluvial Groundwater Influx and Outflux

As discussed in appendix A (appendix A, fig A1, 
tables A5, A6, A11, and A12), groundwater flow into 
and out of the alluvial aquifer was calculated using 
Darcy’s Law. At the southern model boundary, inflow 
was initially set as 46,742 acre-ft/yr and later reduced 
to 37,781 acre-ft/yr during calibration. This adjusted 
value was within the range of the uncertainty inherent 
in this calculation. The outflow at the northern model 
boundary was set as 25,962 acre-ft/yr, based on the 
preliminary water budget (appendix A). These rates 
were used in both the steady-state and the transient 
models. 

Lateral Groundwater Influx, Upgradient Irrigation 
Recharge, and Canal Leakage

Along the eastern and western edges of the model, 
specified flux boundaries (injection wells) supplied 
water to the model along the Creeklyn and Parrot 
Canals. These boundary flows combine lateral ground-
water inflow, upgradient irrigation recharge, and canal 
leakage. The combined inflow was estimated in the 
preliminary water budget. The long-term average 
inflow was used in the steady-state simulation, while 
the rates varied monthly according to changes in canal 
leakage and irrigation recharge in the transient simula-
tion. We divided the Parrot Canal boundary into five 
segments, and the Creeklyn Canal into three segments 
to account for spatial variation in both canal leakage 
and irrigation recharge from upgradient irrigated fields 
(fig. 11). 

Jefferson Canal

Canal leakage from the Jefferson Canal was also 
simulated as specified flux, using injection wells (fig. 
11). This canal differs from the Creeklyn and Parrot 
Canals, in that it only represented canal leakage. The 
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Jefferson Canal was assigned the average leakage rate 
applied to the Parrot and Creeklyn Canals (appendix A).

Irrigation Recharge

Irrigation recharge supplies water to the model 
through the MODFLOW Recharge package (RCH), 
which is a specified flux boundary. The RCH package 
applies flux in units of length over time (L/T) applied 
over an area (L2). We applied irrigation recharge rates 
to portions of the model where land use was designat-
ed as irrigated fields. These areas were derived from 
the Statewide Final Land Unit classification database 
[Montana Department of Revenue (MDOR), 2012], 
field visits, and landowner interviews. The rate applied 
varied by irrigation method, crop type, and source 
water (appendix A; tables A9, A10). We estimated an 
annual recharge rate for each of six irrigation and crop 
types in the model area; initial values are shown in 

table 5. Figure 12 shows the calibrated average irriga-
tion recharge rates for the crop types and application 
methods. For the transient models, this recharge was 
only applied during the irrigation season, and the rate 
was slightly adjusted during calibration (Transient 
Calibration section). 

Pumping Wells

The MODFLOW WEL package simulated pump-
ing from domestic, stock, and irrigation wells (fig. 9) 
with overall water consumption of about 134 acre-ft/yr. 
The annual consumption is made of 76% irrigation wa-
ter, 22% domestic water, and 2% for livestock (appen-
dix A). The domestic well average annual consumptive 
is 435 gallons per day (gpd; or 58.15 ft3/d) per resi-
dence, based on rates determined for the North Hills, 
located near Helena, Montana, with a climate similar to 
that of the Waterloo area (Waren and others, 2013).

Riparian Grass (3 in/yr) 

Woody Plants (22 in/yr) 

Jefferson River (Stream) 

Spring-Fed Streams (Drains) 

Parrot Canal

Creeklyn Canal

Jefferson Canal

± 0 31.5 Miles

Figure 10. The distribution of the riparian evapotranspiration rates (ETr), limited to areas with riparian grass and woody plants, con-
centrated along the Jefferson River, Parson’s Slough, and Willow Springs.
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± 0 31.5 Miles

Parrot Canal (segment 1)
Parrot Canal (segment 2)
Parrot Canal (segment 3)
Parrot Canal (segment 4)
Parrot Canal (segment 5)
Creeklyn Canal (segment 6)
Creeklyn Canal (segment 7)
Creeklyn Canal (segment 8)
Jefferson Canal (segment 1)

Figure 11. Dividing the Parrot and Creeklyn irrigation canals into segments helped to improve the model transient calibration. Segments 
correspond to the location and the extent of the irrigated fields outside the model area.

Table 5. Irrigation recharge rates initially applied to the Waterloo model. 

Flood Sprinkler Pivot 

Month** Multiplier 

Avg. Recharge 
(ft/d)* 

Avg. Recharge 
(ft/d)* 

Avg. Recharge 
(ft/d)* 

6.33E-03 9.16E-04 5.06E-04 

Apr 1 6.33E-03 9.16E-04 5.06E-04 

May 2 1.27E-02 1.83E-03 1.01E-03 

Jun 2 1.27E-02 1.83E-03 1.01E-03 

Jul 2 1.27E-02 1.83E-03 1.01E-03 

Aug 2 1.27E-02 1.83E-03 1.01E-03 

Sep 2 1.27E-02 1.83E-03 1.01E-03 

Oct 1 6.33E-03 9.16E-04 5.06E-04 
*The average recharge for each irrigation type is applied in the steady-state model.
**Recharge rates for each irrigation type are applied from April through October in
   transient simulations. 
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No-Flow

No-flow boundaries are a type of specified-flux 
boundary where the flux is zero. No-flow boundaries 
were used along portions of the southern and northern 
sides of the model, where flow lines are parallel to the 
model boundaries (figs. 5, 9). These boundaries are set 
in areas where the potentiometric surface suggests little 
to no flow entering or leaving the model domain. At the 
southern edge of the model, no-flow boundaries extend-
ed from the Parrot and Creeklyn Canals to the alluvium. 
At the northern edge of the model, they extended from 
the Creeklyn Canal to the Jefferson Canal and from the 
Parrot Canal to the Jefferson River (fig. 9). 

MODEL CALIBRATION

In model calibration, changes are systematically 
made to model parameters in order to match field 
observations within some acceptable error. For this 

model field observations included groundwater eleva-
tions, stream elevations, and stream flows. The ulti-
mate goal of model calibration is to find a set of model 
parameters that make the model useful to predict 
future system behavior with confidence. One chal-
lenge in model calibration is commonly known as the 
non-uniqueness problem: the possibility that different 
combinations of model parameters may provide an 
equally good match to field measurements, resulting 
in another version of the calibrated model. For this 
model, we used field observations, the settings of the 
hydrogeologic units, aquifer test results, published val-
ues for aquifer properties, and the preliminary ground-
water budget (appendix A) to reduce the possibility of 
creating a non-unique model. 

Initial Heads
April 2015 water levels were the basis for initial 

heads in the model (fig. 5). The values were extrapo-

± 0 31.5 Miles

Steady-State Calibrated Irrigation
Recharge (ft/yr)

0.8 (Flood Alfalfa Hay)
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2.9 (Flood Pasture Grass, Other) 

0.2 (Pivot)

0.3 (Sprinkler)

2.3 (Flood)

Jefferson River

Groundwater-Fed Streams 

Model Area

Figure 12. Calibrated steady-state annual irrigation recharge rates.
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lated over the modeling domain using Surfer 9 to 
make an initial-head surface. During the steady-state 
calibration, the head results from one run were used as 
the initial heads for the next run to improve model run 
times. The final steady-state calibrated heads were set 
as the initial heads for the transient simulations.

Steady-State Calibration
A steady-state model simulates the groundwater 

flow system in equilibrium with its boundary stresses. 
The goal of the steady-state calibration was to estimate 
the model’s parameters, within a reasonable range of 
field observations and published values, to simulate 
the mid-April 2015 heads distribution, while maintain-
ing a water budget consistent with observations (ap-
pendix A). A steady-state simulation can be useful in 
predicting the effect to the groundwater flow system 
from potential stress changes; quantifying the total 
groundwater budget; and estimating stream and drain 
conductance independently from storage parameters 
(Doherty and Hunt, 2010). In this study, we calibrated 
the steady-state model by adjusting hydraulic conduc-
tivities (Kh), streambed conductance, and drain con-
ductance. The steady-state calibrated model produced 
a set of heads and boundary fluxes applied to the first 
stress period (1-d steady-state period) in the transient 
simulations. 

Calibration Targets
Calibration targets included observed groundwater 

elevations, stream flows, groundwater discharge to the 
Jefferson River between Parson’s Bridge and Corbett’s 
station, and groundwater discharge to Parson’s Slough 
and Willow Springs. 

The groundwater-monitoring network initially was 
composed of 25 wells in the Waterloo area. Ground-
water-level data were generally collected monthly 
from July 2013 through October 2015. To avoid the 
effects of snowmelt and irrigation, data from April 
13, 2015 were selected as the steady-state (average) 
head calibration targets. Four wells (GWIC 276103, 
276127, 276041, 276113) were dry on April 13, 2015; 
therefore, they were excluded from the target list. Only 
heads from the remaining 21 wells were used (fig. 13); 
table E1 in appendix E lists the selected target wells. 

The calibration criterion for groundwater head 
was set as a ±5 ft head residual, approximately 10% 
of the 50 ft range (maximum head - minimum head) 

observed in April 2015. We evaluated the steady-state 
model calibration using overall error statistics of the 
head residuals, i.e., the residual mean (ME); the mean 
of the absolute value of the residuals (MAE), and the 
root mean square (RMS) error. 

It is worth noting that there are no calibration 
targets in the west and southwest regions of the model 
domain (hachured lines in fig. 13). Although the lack of 
targets in these areas may have affected the estimation 
of streambed conductance, the model was insensitive 
to this parameter (sensitivity analysis section). In addi-
tion, the eastern and northeastern portions of the model 
domain are the primary focus of this modeling study, 
where Parson’s Slough and Willow Springs originate 
and groundwater discharges to the Jefferson River.

Groundwater flux and streamflow targets facili-
tated the calibration of the bed and streambed con-
ductance in DRN and STR packages, respectively. 
A surface-water flow target was set at the last stream 
cell, representing Corbett’s station on the Jefferson 
River. Groundwater discharge targets were assigned 
along the stream segments (fig. 13). During calibra-
tion, discharge to the stream segments was compared 
to the average net groundwater discharge to the river 
that was calculated in the preliminary water budget. 

The ability of the model to simulate the average 
groundwater discharge to Parson’s Slough and Willow 
Springs was important for evaluating the steady-state 
calibration. We compared the simulated steady-state 
discharge to the drains (Parson’s Slough and Willow 
Springs) to their average flow (from field data); the 
average target ranged between 35 cfs and 60 cfs. 

Calibration Methods 
Calibration of the steady-state model involved the 

use of the automated parameter estimation software 
PEST and limited manual adjustments of hydraulic 
conductivity (Kh). PEST is executed independently of 
MODFLOW, and it is not involved in solving the gov-
erning flow equation. In order to determine the qual-
ity of fit to observed data, PEST automatically varies 
one—or a group—of the model’s input parameters 
(e.g., hydraulic conductivity, conductance, recharge, 
etc.) within a specified range, runs the MODFLOW 
flow model, and then evaluates the model’s output 
(e.g., heads) by minimizing an objective function (ME, 
RSS, RMS, etc.). 
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The objective of calibration is to minimize the 
difference between the model output and observed 
values (i.e., to minimize the residuals). For groundwa-
ter heads, the goal was to minimize the sum of squared 
residuals (RSS), consequently reducing the average 
simulation error, typically presented as the root mean 
squared error (RMS). For Jefferson River flows, the 
goal was to minimize the difference between simu-
lated average monthly flow and the measured average 
monthly flow at Corbett’s station. For the groundwa-
ter-fed streams, the objective was reducing the differ-
ence between the simulated discharge to the drains and 
the measured combined average discharge for Parson’s 
Slough and Willow Springs. 

In the steady-state model calibration, we applied 
PEST to estimate the horizontal hydraulic conductiv-
ity distribution (Kh), Jefferson River bed conductance 
(segments 1 and 3), and Parson’s Slough and Willow 

Springs bed conductance. The Kh was initially divided 
into four zones determined by the geology (figs. 4, 8). 
However, with this set up, PEST could not produce a 
calibrated model; simulated heads did not meet cali-
bration criteria even within the same hydraulic zone, 
suggesting a greater heterogeneity in aquifer proper-
ties. Therefore, the calibration was repeated using the 
PEST pilot points method. The pilot points method 
generates parameter values at selected points (pilot 
points) within the model grid, which in turn serve as 
surrogate parameters, and their values are interpolated 
onto the model domain. The interpolation method is 
specified by the user. For this model, we selected the 
ordinary kriging interpolation method with an expo-
nential variogram, utilizing default values provided 
by Groundwater Vistas, and an applied search radius 
of 2,500 ft. A uniform grid was initially used to create 
PEST (Kh) pilot points. Additional pilot points were 
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Figure 13. Model calibration groundwater wells (targets) divided into four groups based on location. The hachured lines show the part 
of the model domain without target wells. 



22

Gebril and Bobst, 2021

added in areas near the drain to enhance calibration 
in those areas. Seventy-eight pilot points helped to 
achieve the calibrated steady-state model (fig. 14). Pi-
lot point values were constrained by upper and lower 
bounds established for the geologic setting in the area 
(floodplain, bench, etc.). The bounds established for 
each area were typically within an order of magnitude 
of those defined by the aquifer test data (Bobst and 
Gebril, 2020), the conceptual model, and by published 
values (Freeze and Cherry, 1979; Fetter, 2001). Most 
pilot points in the floodplain alluvium fell within 
hydraulic conductivity values of 1,000 and 6,000 ft/d. 
However, pilot points near Parson’s Slough and Wil-
low Springs (drains) had a lower range (100 to 500 
ft/d); for the bench sediments (within zone 3, fig. 8), 
the range was from 1 to 285 ft/d. 

Steady-State Calibration Results
The calibrated model simulates the Jefferson 

River with a steady-state flow of 1,727 cfs at segment 
3, comparable to the long-term average flow at Cor-
bett’s station (~1,690 cfs). The average simulated net 
groundwater discharge to the Jefferson River (stream 
segments 1 and 3) was 8 cfs, which is about 70% of 
12 cfs, the average groundwater discharge estimated 
for 2014 (Broncheau, 2015). Streambed conductance 
averaged 1.3 x 107 ft2/d in stream segment 1, and 5.6 x 
106 ft2/d in segment 3. Simulated discharge to Parson’s 
Slough and Willow Springs (combined) was 47 cfs, 
which is within the established range of 35 to 60 cfs.

The model reasonably simulated the potentiomet-
ric surface in the model area (fig. 15). Qualitatively, 
the potentiometric contours show the expected in-
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neous hydraulic conductivity within the model domain. The steady-state calibrated head residuals from 21 target wells were all below 
5 ft (calibration criteria).
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teraction among groundwater and Parson’s Slough 
and Willow Springs (drains), and the Jefferson River 
(stream); i.e., reaches of gaining and losing are con-
sistent with the conceptual model. The modeled heads 
closely match the observed values in the 21 target 
wells (fig. 16). Head residuals (the difference between 
observed and modeled heads) were all below the 5 ft 
criteria (fig. 14; table E1, appendix E); however, they 
are slightly on the high side almost everywhere in the 
domain, still not affecting the quality of the calibra-
tion. Thirteen head residuals (61.9%) were less than 1 
ft, six residuals (28.6%) were between 1 and 2 ft, and 
two residuals (9.5%) were between 2 and 3 ft. The 
RMS calibration statistic was 1.38 ft, a much lower 
value than the 5 ft error criteria. 

As shown in figure 17, the steady-state model 
water budget is generally comparable to the Water-
loo preliminary water budget. The numerical model 

simulated more canal leakage and lateral ground-
water influx than initially estimated, and less irriga-
tion recharge and groundwater influx. The calibrated 
model discharged less groundwater to the Jefferson 
River than estimated, but discharged more to Parson’s 
Slough and Willow Springs. Overall, the calibrated 
model simulated less net groundwater discharge to 
surface waters than the preliminary budget. 

The distribution of calibrated Kh indicates a more 
heterogeneous distribution than was originally con-
ceptualized (fig. 8 vs. fig. 18). The Kh values in the 
floodplain alluvium (initially zone 1) ranged from 11 
to 6,270 ft/d, with a geometric mean of 1,140 ft/d. The 
alluvial terrace (initially zone 2) has Kh values rang-
ing from 15 to 7,620 ft/d, with a geometric mean of 20 
ft/d. The western bench (initially zone 3) has Kh values 
ranging from 1 to 5,000 ft/d, with a geometric mean of 
187 ft/d. The Kh values in the eastern bench (initially 
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strate the gaining and losing segments of the river and the groundwater-fed streams.
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zone 4) ranged from 1 to 345 ft/d, with a geometric 
mean value of 20 ft/d. From the calibration results, it 
appears that (a) conductive fluvial sediments underlie 
some portions of the alluvial terrace, and (b) most of 
the lower conductivity in zone 2 are near Parson’s 
Slough and Willow Springs (fig. 18), consistent with 
field observations of marshy wet conditions, indicating 
an elevated water table due to a lower transmissivity. 

Transient Calibration
Transient calibration of a groundwater model aims 

to adjust the model’s time-dependent parameters to 
reasonably reproduce groundwater heads and fluxes, 
and surface-water flows that respond to time-depen-
dent changes in boundary conditions and/or applied 
stresses. Calibration was achieved by adjusting aquifer 
storage properties and boundary conditions until ob-
served water-level changes were reasonably simulated 
by the model. We used PEST to estimate the model’s 
storativity, storage coefficient Ss, and/or specific yield 
Sy; other boundary parameters (e.g., canal leakage) 
were modified manually.

Calibration Targets
Nineteen target wells had data suitable for the 

transient calibration. Ten wells have data from 2004 
to 2005, with a data gap from 2005 to 2013, and ad-
ditional data from April 2013 to June 2015. Data from 
eight wells are limited to April 2013 to June 2015. One 
well (GWIC 107080) has a continuous record from 
2004 to 2015. Due to these data gaps, we calibrated 
the transient model to the 2013–2015 period, and used 
data from 2004 to 2005 for model validation. 

The three surface-water monitoring sites located 
on the Jefferson River are the Funston station, USGS 
station at Parson’s Bridge, and the Corbett station (fig. 
3). Corbett station operated from April 29, 2014 to No-
vember 11, 2014. Funston station operated from July 
9, 2014 to November 10, 2014, and the USGS station 
at Parson’s Bridge operated from July 1 to September 
30 in 2013 and 2014. Corbett station was selected as 
the surface-water calibration target because (a) it has 
the longest record in 2014, and (b) it is located at the 
model’s downstream boundary, where it receives all 
flows from the Jefferson River, Parson’s Slough, Wil-
low Springs, and the net groundwater discharged to 
the Jefferson River. 
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match between observed and modeled heads.
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Figure 17. Comparison of three water budgets (Brancheau’s 2015 budget, the preliminary budget, and the calibrated steady-state 
numerical model). The numerical model water budget is comparable to the preliminary water budget with some differences in the 
distribution of inflow to the aquifer. The three budgets show that outflow is primarily divided between discharge to surface water and 
groundwater outflow.
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Transient Calibration Methods
Stress Periods

The transient model was initiated with a 1-d stress 
period (corresponds to March 31, 2013) as a steady-
state period, with its output, like the heads and bound-
ary stresses, becoming the initial conditions for the 
subsequent transient simulation. Starting the simula-
tion in April, the beginning of the irrigation season and 
3 mo ahead of the data collection period (July 2013), 
provided the numerical model with enough time to 
stabilize and adjust to seasonal changes. 

After the first stress period, boundary stresses 
varied monthly from April 2013 through October 2015 
to replicate seasonal changes. These stresses include 
irrigation recharge rate, canal leakage, lateral ground-
water inflow along the Parrot and Creeklyn Canals, 
evapotranspiration, river flow entering the model 

area, diversions, and pumping from irrigation wells. 
Domestic and stock wells were kept at constant pump-
ing rates (appendix A). The groundwater inflow and 
outflow through the alluvial aquifer across the south-
ern and northern boundaries remained constant at their 
steady-state rates throughout the transient simulation.

Aquifer Storage Estimation Using PEST

Storage parameters in MODFLOW were specified 
using the layer property-flow (LPF) package, with a 
layer type “LAYCON” equals 1, which is unconfined 
layer type, applying specific yield (Sy) to calculate 
changes in storage within each cell.

For the transient calibration, we identified four 
geologic zones for which PEST estimated Sy: the 
western bench (zone 1), the alluvial valley (zone 2), 
and two zones representing the eastern bench (zones 3 
and 4, fig. 19). The eastern bench zones were designed 
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to generally account for the apparent variation in Kh 
distribution in that area. PEST produced similar stor-
age coefficients Sy for zones 3 and 4, suggesting these 
act as one zone. Additional adjustment of Sy, needed to 
improve the calibration in targets near the southwest 
boundary of the model, was accomplished by adding 
a fifth zone within zone 3 (fig. 19), in which Sy was 
modified manually. 

Irrigation Recharge Estimation

As shown in the Model Construction section of 
this report and documented in appendix A (appendix 
A, tables A9, A10), several irrigation recharge zones 
simulated pivot, sprinkler, and flood irrigation. Dur-
ing the transient calibration, the average irrigation 
recharge rates applied to the steady-state model were 
systematically changed—with multipliers—to gener-
ate monthly irrigation recharge rates over the calendar 

year (table 5). The model was run with the adjusted 
recharge rates and the results were compared to ob-
served head changes at target wells. This process was 
repeated until there was a good match with observa-
tions. Additional recharge zones representing different 
rates were added during the transient simulation to 
adjust groundwater levels to match target hydrographs 
(table 6, fig. 20). 

Evapotranspiration Estimation

The steady-state evapotranspiration rates were 
applied to the transient model. A multiplier was ap-
plied for the months April through September, and a 
multiplier of zero was used for the rest of the calendar 
year. This approach was used for both riparian grass 
and woody plant zones. The multipliers were adjusted 
for April through September to produce monthly rates 
reflecting seasonal variations in ETr (table 7). The 
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Figure 19. Transient model calibrated aquifer storage coefficients produced by PEST using the zonal approach. The property zones 
include the western bench (zone 1), the alluvial valley (zone 2), and the eastern bench (zones 3, 4).  Zone 5 was added to improve the 
calibration close to the south (upgradient) end of the Jefferson River.
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Figure 20. Transient model calibrated irrigation recharge. Areas 1 to 7 are flood-irrigated zones with annual average recharge rate of 
~2.3 (ft/yr). These areas were converted to pivot irrigation (~0.2 ft/yr) to simulate effects of changes to irrigation practices.

Table 7. Evapotranspiration rates applied to the transient calibration. 

Woody Plants Zone Riparian Grass Zone 

Average ET 
(22 in/yr) 

Average ET 
(3 in/yr) 

Month Multiplier Multiplier 
Apr 0.09 0.00 
May 0.21 0.09 
Jun 0.30 0.21 
Jul 0.27 0.30 
Aug 0.14 0.27 
Sep 0.00 0.14 

Note. ET rates are applied through growing season only, April–September. 
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model was run with the adjusted ETr rates, and the 
simulated hydrographs at target wells were compared 
to measured data. This process was repeated until the 
results were considered satisfactory. 

Canal Leakage and Lateral Groundwater Inflow

The Parrot and Creeklyn Canals were initially 
modeled as single segments with uniform leakage 
rates, but this yielded a poor match to target hydro-
graphs. We divided both canals into smaller segments 
(fig. 11) with its own specified flux rate. The rate rep-
resents the sum of canal leakage, lateral groundwater 
inflow, and irrigation recharge from adjacent upgradi-
ent irrigated areas outside the model domain (figs. 21, 
22). The segments adequately simulate variation in 
canal leakage along the canal length, and account for 
changes in lateral groundwater influx and upgradient 
irrigation recharge. The Jefferson Canal was repre-
sented with a single segment because the specified flux 
represents canal leakage only (figs. 11, 22). 

Jefferson River Flows

In the steady-state model, the average monthly 
flow in the Jefferson River (1,724 cfs) was based 
on data from the three surface-water stations in the 

model domain (fig. 3), and the year-round USGS 
gage between Twin Bridges and Silver Star (USGS 
06026500). During calibration of the transient model, 
we adjusted monthly multipliers applied to the average 
flow at the beginning of the Jefferson River (stream 
reach 1) to improve the model’s match to groundwater 
head targets and average monthly river flows at Cor-
bett station, at the downgradient end of the river (table 
4, fig. 23). 

Jefferson River Diversions

The diversion from the Jefferson River to the Jef-
ferson Canal occurs immediately downstream of Par-
son’s Bridge. For the steady-state model, we estimated 
a steady-state average diversion rate of 29 cfs based 
on monitoring records for the Jefferson Canal (GWIC 
274575; Jefferson Canal at Diversion). In the transient 
model, we calculated average monthly diversion rates 
(table 7, fig. 24) from monitoring data and adjusted 
them during calibration. 

Calibration Results
The calibrated transient model simulates head 

changes with time that matched well with observations 
(figs. 25–28). Grouping target wells according to their 
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Figure 21. Transient model calibrated specified flux per well along Parrot Canal. The boundary was divided into five segments (fig. 
11). The applied flux represents the sum of canal leakage, lateral groundwater influx, and irrigation recharge from irrigated fields 
outside of the model domain.
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during calibration with multipliers.
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proximity to the model’s boundaries (i.e., irrigation 
canals, groundwater-fed streams, river, etc.) revealed 
a common response to stresses within each group. 
Qualitatively, transient calibration results show the 
following: 

1.	 Simulated groundwater levels at target wells 
near the Parrot and Creeklyn Canals (group 1) 
show a good match to observed data and captured 
seasonal head fluctuations (fig. 25). Canal leakage, 
lateral groundwater inflow, and irrigation recharge 
influenced groundwater heads in these areas. 

2.	 Simulated groundwater levels at target wells close 
to Parson’s Slough and Willow Springs (group 2) 
generally matched the observed hydrographs (fig. 
26). They reflect the effect of seasonal recharge and 
a damping effect of groundwater discharge to the 
drains that shield them from the river’s influence.

3.	 Target wells located between the Parrot Canal and 
Parson’s Slough (group 3) show a good match to 
field observations (fig. 27). It appears that irrigation 
recharge strongly influenced these wells, as 
demonstrated by mid-summer peaks in hydrographs 
when the demand for irrigation is high. 

4.	 The hydrographs for target wells in the floodplain, 
west of Parson’s Slough (group 4), show a good 
match to observed heads, with a capture of seasonal 
head changes, caused by increased river flow due 
to snowmelt, and increased irrigation recharge (fig. 

28). Hydrographs of wells 276287 and 276108, 
both located in flood-irrigated areas, demonstrate 
the combined influence of the Jefferson River and 
irrigation recharge. 

We used the Nash Sutcliffe coefficient of efficiency 
(Nash and others, 1970) to quantify the fit between 
simulated and measured heads. The Nash Sutcliffe 
efficiency coefficient (NS) ranges from -∞ to 1; a 
positive NS means a good fit (1 is the best fit), while a 
negative NS indicates poor matching (Anderson and 
others, 2015). A detailed example of the NS calcula-
tion is presented in appendix E. As shown in transient 
calibration results (figs. 25– 28), 13 of 19 hydrographs 
(68% of the targets) have positive NS coefficients, 
meaning an overall good fit between simulated and 
observed conditions. Well 277868 and well 276038 in 
groups 2 and 4, respectively, showed large negative 
NS coefficients. Close proximity of well 277868 to 
Willow Spring (modeled as a drain) may have caused 
the higher heads at that well. Heads simulated at well 
276038 appear to be influenced by the Jefferson River. 
Improving the fit to those targets was not possible 
without degrading the quality of the rest of the model 
calibration.

The simulated Jefferson River flow at the end of 
stream reach 3 is the sum of instream flow and net 
groundwater discharge to the river; however, it does 
not include groundwater discharge to Parson’s Slough 
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Figure 24. Transient model average monthly diversion from the Jefferson River to the Jefferson Canal during the irrigation season 
(April through September). 
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Figure 25. Transient model calibrated groundwater hydrographs (groundwater elevations) for three target wells (Group 1). Results 
show that the model captured seasonal head changes with a good fit indicated by positive NS number (NS, Nash Sutcliffe coefficient 
of efficiency).
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Figure 28. Transient model calibrated groundwater hydrographs (groundwater elevations) for six target wells (Group 4). Results show 
that the model captured seasonal head changes with a good fit in three of the wells (positive NS number), and three with negative NS 
number (poor fit). Simulated hydrographs from wells of this group show strong effect of simulated leakage from Jefferson River and 
irrigation recharge during the irrigation season. 
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and Willow Springs. In reality it feeds directly into the 
Jefferson and becomes part of the measured flow at 
Corbett station (exit point). In order to account for all 
flows at the river exit point, we added the simulated 
groundwater discharge to the drains (Parson’s Slough 
and Willow Springs) to the flow at the end of the river 
(stream reach 3). This combined flow was compared 
to observed flows at Corbett station from May 2014 
to November 2014. The transient simulation of the 
monthly average flows closely matched measured 
monthly average flows at Corbett station (fig. 29). 

MODEL VERIFICATION

A calibrated model applies a selected set of hydro-
geological parameters, sources and sinks, and bound-
ary conditions to match historical field data. Model 
verification includes testing the calibrated model 
by simulating other field data (targets) deliberately 
excluded during calibration. If successful, the model 
verification is a process that can increase confidence 
in the model, especially the use of the model to predict 
hydrological responses to future changes in applied 
stresses, such as the addition of wells or changes in 
irrigation recharge. 

We verified the model performance using 11 target 
wells with water levels from the years 2004–2005. The 
model was run forward from 2003 to 2015. Simulated 

groundwater hydrographs compared to observed heads 
show that in most target wells the model reasonably 
simulated head changes during the verification period, 
and captured seasonality (fig. 30). Several target wells 
showed a close match to historic observed water levels 
(e.g. wells 107080, 276103, 276108, 276287, and 
277329). Therefore, in general, the transient model 
was considered to be verified. However, the model un-
derpredicted heads at two wells (276285 and 276112). 
These wells are likely influenced by flood irrigation 
practices at adjacent fields, and by the management of 
the Parrot Canal (figs. 12, 13). For instance, the water-
regulating structure for the Kurnow blowout imme-
diately uphill from these wells (fig. 3) was upgraded 
to minimize leakage between 2006 and 2013. Thus, 
in the area near these wells, the calibration period of 
2013 to 2015 was dissimilar to conditions during the 
verification period (2004–2005).

SENSITIVITY ANALYSIS

A calibrated groundwater model contains the 
best estimates of the hydrogeologic parameters that 
produce results in good agreement with target val-
ues, or other calibration criteria. The objective of the 
sensitivity analysis is to “quantify the uncertainty of 
the calibrated model caused by uncertainty of aquifer 
parameters, stresses, and boundary conditions” (An-
derson and others, 2015). Sensitivity analysis involves 
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Figure 29. Transient model calibrated average monthly flows in the Jefferson River at Corbett’s Station matched closely with the 
monthly average flows measured at the station.
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running the calibrated model many times while vary-
ing model parameters or boundary stresses —one by 
one—over a reasonable range, and observing changes 
in model response (e.g., simulated heads) and/or cali-
bration criteria (e.g. RMS error).

In the sensitivity analysis, 10 parameters were 
tested with the steady-state model. Parameters in-
cluded horizontal hydraulic conductivity, Jefferson 
River stream conductance, Parson’s Slough and Wil-
low Springs drain conductance, aquifer thickness, 
irrigation recharge, canal leakage, lateral groundwater 
influx, evapotranspiration rates, alluvial groundwater 
inflow across model boundaries, and well pumping 
rates (table 8). The analysis was limited to the steady-
state simulation in order to test model sensitivity under 
average long-term conditions. The process involved 
modifying the calibrated steady-state model (i.e., the 

base run) using incremental changes to the various pa-
rameters (table 8). For each parameter value, a unique 
model was executed, for a total of 82 runs. For each 
model run, we documented groundwater discharge to 
Parson’s Slough and Willow Springs, Jefferson River 
streamflow at Corbett station, and the calibration sta-
tistics RMS and RSS. 

Sensitivity results (figs. 31–34) showed that the 
quantity of groundwater discharge to the groundwater-
fed streams (drains) and river flow (streams) and cali-
bration statistics RMS and RSS are all sensitive to (a) 
changes in horizontal hydraulic conductivity, (b) drain 
bed conductance, and (c) aquifer thickness. 

Table 8. Sensitivity analysis setup and results. 

 Tested Parameters Multipliers 

Sensitivity Results 

Drains Flow River Flow RMS RSS 
Horizontal Hydraulic 
Conductivity 0.1, 0.5, 1, 2, 10 Zone 1 and  Zone 2 Zone 1 Zones 1, 2, and 3 Zone 1 and  Zone 2 

Canal Leakage 
(Parrot) 0.75, 0.9, 1.0, 1.1, 1.25 NS NS NS NS 

Canal Leakage 
(Creeklyn) 0.75, 0.9, 1.0, 1.1, 1.25 " " " " 

Canal Leakage 
(Jefferson) 0.75, 0.9, 1.0, 1.1, 1.25 " " " " 

Lateral Groundwater 
Flux (Eastside) 0.75, 0.9, 1.0, 1.1, 1.25 " " " " 

Lateral Groundwater 
Flux (Westside) 0.75, 0.9, 1.0, 1.1, 1.25 " " " " 

GW Flux (South 
Boundary) 0.75, 0.9, 1.0, 1.1, 1.25 " " " " 

GW Flux (North 
Boundary) 0.75, 0.9, 1.0, 1.1, 1.25 " " " " 

Riverbed 
Conductance 
(reaches 1 & 3) 

0.75, 0.9, 1.0, 1.1, 1.25 " " " " 

Drain Conductance 
(all reaches) 0.1, 0.5, 1.0, 2.0, 10 Multipliers (<1 & >1) " Multipliers (<1 & >1) Multipliers (<1 & >1) 

Evapotranspiration 
(ET rate) 0.75, 0.9, 1.0, 1.1, 1.25 NS " NS NS 

Evapotranspiration 
(ET depth) 0.75, 0.9, 1.0, 1.1, 1.25 " " " " 

Irrigation Recharge 
(Flood) 0.75, 0.9, 1.0, 1.1, 1.25 " " " " 

Irrigation Recharge 
(Sprinkle) 0.75, 0.9, 1.0, 1.1, 1.25 " " " " 

Irrigation Recharge 
(Pivot) 0.75, 0.9, 1.0, 1.1, 1.25 " " " " 

Aquifer Thickness 0.5, 0.8, 1.0, 1.2, 1.5 Multipliers (<1 & >1) " Multipliers (<1 & >1) Multipliers (<1 & >1) 

Pumping Wells (rate) 0.75, 0.9, 1.0, 1.1, 1.25 NS " NS NS 

Note. NS, Not sensitive. 
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Figure 31. The sensitivity analysis done for the groundwater-fed streams (drains) indicates that the discharge is most sensitive to 
zone 2 hydraulic conductivity, drain bed conductance, and aquifer thickness.
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MODEL PREDICTIONS  
(FUTURE SCENARIOS)

The objective of the Waterloo model was to evalu-
ate how potential changes in irrigation practices would 
affect surface waters, with emphasis on late summer 
flows. For each surface-water feature, the effect of a 
scenario was measured as the difference between the 
simulated surface-water flows under the scenario con-
ditions and the flows simulated by the base-run model. 
The base-run model is the calibrated transient model 
with an extended 20-yr simulation time, from January 
2005 to December 2024.

It is important to note the limitations of these pre-
dictive scenarios. We did not set out to predict effects 
of specific proposals. Rather, the scenarios were in-
tended to predict groundwater levels and streamflows 
under hypothetical conditions. This analysis assumes 
that all stresses and boundary conditions except for 
the hypothetical canal lining and changing irrigation 
type remain constant. In reality, future conditions will 
inevitably differ from the simulated base run due to 
changes in climate, land use, and other factors. The 
value of this analysis is to understand the types and 
relative magnitude of effects on surface water that 
would result from changes in irrigation practices. Al-
though the model allows us to quantify these effects, 
future conditions will be affected by many variables. 
In spite of that, these simulations allow us to better 
understand the behavior of the system as opposed to 
precisely quantifying the effects of those changes. 

Since Parson’s Slough and Willow Springs dis-
charge into the Jefferson River, the effects of each 

scenario on the Jefferson River implicitly include 
effects on Parson’s Slough and Willow Spring as well 
as effects on groundwater discharge (baseflow) to the 
Jefferson River. Particularly in late summer (August), 
these effects are important because they in turn affect 
pool connectivity and river temperature, which are 
both vital to fish and ecological health. We tested four 
combinations of changes in irrigation practices:

(a)	 Lining some or all of the Parrot and Creeklyn 
Canals. Simulated by setting canal leakage to zero.

(b)	 Converting some or all flood-irrigated areas to 
center pivot irrigation. Simulated by replacing the 
flood irrigation recharge rate with that of pivot 
irrigation (fig. 20).

(c)	 Combining canal lining (a) and conversion to pivot 
irrigation (b).

(d)	 Applying split season irrigation on flood-irrigated 
areas (fig. 20). In those areas, we used flood 
irrigation recharge rates in the first half of the 
irrigation season (April through June), then applied 
pivot recharge rates in the second half of the season 
(July through September). These scenarios test 
recharging the aquifer during the first half of the 
season to mitigate reduction in irrigation recharge 
by changing to pivot irrigation in the late summer 
(fig. 35).  

Eighteen model runs were completed to under-
stand the potential effects on late summer flows due to 
changing irrigation practices (tables 9, 10):

•	 Three scenarios represent extreme changes: lining 
all canals (scenario C1), converting all flood 
irrigation to pivot (scenario F1), and combining the 
two scenarios, lining all canals and converting all 
flood irrigation into pivot irrigation (scenario CF).
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Figure 35. Schematic of groundwater and surface-water interactions in the Upper Jefferson River area during split-season irrigation. 
This includes flood irrigation during the first half of the season, and center pivot through the rest of the irrigation season.

Table 9. Summary of extreme predictive scenarios for July and August 2024. 
Simulated Flow—July 2024 

Scenario 

Parson's 
Slough 

(cfs) 

Willow 
Springs 

(cfs) 
Total 
(cfs) 

Flow 
Reduction 

Jefferson River 
Flow Reduction 

cfs % cfs % 
Base run 24.6 40.8 65.5 

C1 23.7 38.4 62.1 3.4 6% 11.9 0.5% 

F1 24.2 36.1 60.3 5.2 9% 10.2 0.5% 

CF 23.2 33.7 57.0 8.5 15% 22.0 1.0% 

SS1 24.5 36.7 61.2 4.3 7% 7.4 0.3% 

SS2 25.5 37.7 63.2 2.3 4% 0.6 0.0% 

Simulated Flow—August 2024 

Scenario 

Parson's 
Slough 

(cfs) 

Willow 
Springs 

(cfs) 
Total 
(cfs) 

Flow 
Reduction 

Jefferson River 
Flow Reduction 

cfs % cfs % 
Base run 18.85 38.69 57.53 

C1 17.24 34.54 51.78 5.8 10% 17.02 2.4% 

F1 18.58 32.24 50.82 6.7 12% 12.80 1.8% 

CF 16.98 28.29 45.27 12.3 21% 29.70 4.3% 

SS1 18.61 32.39 51.00 6.5 11% 12.15 1.7% 

SS2 18.76 32.59 51.35 6.2 11% 10.29 1.5% 
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•	 Thirteen scenarios test limited changes in irrigation 
practices, e.g., lining individual canal segments or 
converting a single flood-irrigated area to a pivot 
system. 

•	 Two scenarios test the concept of split season 
irrigation. The first scenario (SS1) applies changes 
to five areas (same as scenario F1). Scenario SS2 
converts all the flood-irrigated fields (fig. 20) to 
pivot irrigation from July through September. 

We selected August as the most critical late sum-
mer month to evaluate the scenarios, because it is 
typically characterized by low surface-water flows, 
elevated stream temperatures, high evapotranspira-
tion, and more water consumption. July was also 
considered when we tested the split season irrigation 
scenarios. All 18 simulations ran from January 2005 
through December 2024 (20 yr), giving the model 
enough time to achieve stable groundwater–surface-
water interactions. The simulations applied changes in 
irrigation practices starting in April 2015; we docu-
mented results for July and August in the years 2005 
through 2024. 

Before running the scenarios, a base run was 
executed in which the transient model simulation 
was extended to 20 yr (2005 to 2024) while keeping 
all stresses the same throughout the simulation (e.g., 

canal leakage rates, irrigation recharge rates, etc.). The 
base run average surface-water flows in August 2024 
(most critical late summer month) became the refer-
ence flow to evaluate results from all scenarios. 

Canal Lining Scenarios
Scenario C1 stops canal leakage by lining both 

Parrot and Creeklyn Canals (fig. 20), which reduces 
recharge to the underlying aquifer. Lining was simu-
lated by setting the leakage rate to zero along the 
canals. Results from this scenario show that it takes 
more than 1 yr (~16 mo) to develop the full effect on 
streams and the Jefferson River (figs. 36, 37). Rela-
tive to the base run, this resulted in about 6 cfs less 
groundwater discharge to Parson’s Slough and Wil-
low Springs, which is a 10% reduction in late summer 
flow. Flow in the Jefferson River at Corbett station 
was reduced by about 17 cfs, a 2.4% reduction in late 
summer flow (tables 9, 10).

Other canal lining scenarios tested lining individ-
ual canal segments. The Parrot Canal was divided into 
five sections, segments 1 to 5, and the Creeklyn Canal 
was divided to three sections, segments 6 to 8 (fig. 11). 
As shown in table 10, Scenarios C2 to C6 simulated 
lining only one of the individual segments in the Par-
rot Canal (e.g., C2 lines segment 1; C3 lines segment 
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Figure 36. Predictive scenario results show that the greatest flow reduction in groundwater-fed streams discharge occurs with scenario 
CF. Scenario CF includes lining all irrigation canals (scenario C1) and converting five areas from flood to pivot irrigation (scenario F1).
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2). The Creeklyn Canal scenarios C7, C8, and C9 
simulate the individual lining of canal segments 6, 7, 
and 8, respectively. Compared to lining all the canals, 
lining individual canal segments has a lesser effect on 
Jefferson River August flow, with flow reductions less 
than 1% in scenarios C2 to C8 compared to 10% in 
scenario C1 (table 10).

Flood to Pivot Irrigation Scenarios
Scenario F1 consisted of converting five major 

flood-irrigated areas (areas 1–5, fig. 20) to center 
pivot. This would reduce irrigation recharge to the 
underlying aquifer because center pivot systems are 
more efficient than flood irrigation. This is simu-
lated by changing the recharge rate applied to the 
five zones to the lower rate used for pivot areas. The 
model response to this change occurs over more than 
1 yr (~16 mo), the time needed for maximum flow 
reduction in groundwater-fed streams and rivers (figs. 
36, 37). Relative to the base run, the conversion to 
pivot irrigation reduced the groundwater discharge 
to Parson’s Slough and Willow Springs by 7 cfs in 
August 2024, a 13% reduction in late summer flow. 
The change to pivot irrigation also reduced flow in the 
Jefferson River at Corbett station by 13 cfs in August 
2024, a 1.8% reduction in late summer flow (tables 9, 

10). Parson’s Slough and Willow Springs are relatively 
more sensitive to changes in irrigation recharge than 
to canal leakage, because irrigation recharge makes a 
larger portion of the water budget than canal leakage, 
and because of the proximity of the irrigated fields to 
the streams (fig. 20). 

Five other scenarios (F2–F6) also tested convert-
ing individual flood irrigation areas to center pivot 
irrigation. In general, results from these scenarios 
showed less reduction in late summer flows to Par-
son’s Slough, Willow Springs, and the Jefferson River 
compared to that of extreme scenario F1 (table 10); 
with the exception of scenarios F2, F3, F4, and F6, 
the reduction in Parson’s Slough flow was more than 
that of F1 (table 10). Scenario F5 produced compa-
rable flow reductions to that of scenario F1 for Willow 
Springs and the Jefferson River (table 10). Since the 
Willow Springs stream flows through the middle of ir-
rigation area 4 (fig. 20), the proximity of the spring to 
the irrigated field results in a direct effect of changes 
in irrigation to the amount of groundwater discharge 
to Willow Springs, consequently affecting discharge to 
the Jefferson River.
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Figure 37. Predictive scenario results show the effect on Jefferson River flow at Corbett’s station. The largest reduction in river flow  
occurs with scenario CF, with lining all irrigation canals and converting five flood-irrigated areas to pivot irrigation. 
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Canal Lining and Conversion to Pivot Scenario 
(CF)

Scenario CF combines scenarios C1 and F1 to pro-
duce an extreme change in irrigation practices. This 
simulation includes lining all of the Parrot and Creek-
lyn Canals and converting all major flood-irrigated ar-
eas (1 to 5, fig. 20) to center pivot irrigation, creating 
a pronounced reduction in recharge to the underlying 
aquifer. It takes about 16 mo to develop the full effect 
on groundwater-fed streams and river flows (figs. 36, 
37). In comparison to the base run, the combined late 
summer flow in Parson’s Slough and Willow Springs 
was reduced by 12 cfs, a 21% reduction. For the Jef-
ferson River, the changes reduced flows at Corbett sta-
tion by 30 cfs, a 4.3% reduction in late summer flow 
(tables 9, 10).

Split Season Irrigation Scenarios
Split season irrigation scenario SS1 adopts the 

changes from scenario F1, converting five major 
flood-irrigated areas (1–5, fig. 20) to center pivot ir-
rigation. Scenario SS1 limits center pivot rates to the 
second half of the irrigation season, July to September, 
and maintains flood irrigation recharge rates in the first 
half of the season, April to June. This scenario tested 
mitigating the reduction of flow in Parson’s Slough, 
Willow Springs, and the Jefferson River caused by 
converting to pivot irrigation in scenario F1. As 
shown in table 10, during the summer of 2024, the 
SS1 scenario lowered the Jefferson River’s flow by 7 
cfs (0.34% reduction) in July relative to baseline, not 
much different than the effect of scenario F1 (10.2 cfs, 
0.5% reduction). In August 2024, the reduction was 
about 12 cfs (1.7% reduction), which is also similar to 
that of scenario F1 (13 cfs, 1.8% reduction). 

Split season irrigation scenario SS2 expands 
scenario SS1 to include all seven flood-irrigated areas 
in the model (fig. 20). As shown in table 10, for the 
Jefferson River, the SS2 scenario showed insignificant 
flow reduction in July 2024 (<1 cfs), a favorable result 
compared to that of scenario F1 (10.2 cfs, 0.5% reduc-
tion). In August 2024, the SS2 reduction was 10.3 cfs 
(1.5% reduction), similar to that of scenario F1 (13 
cfs, 1.8% reduction). 

In the split season scenarios, the July reduction 
in Jefferson River flow was less than in scenario F1; 
however, the August flow reduction was similar to 
that of scenario F1. Thus, the desired effect did not 
last long into the second half of the irrigation season. 

Recharge to the alluvial aquifer and the increase in 
groundwater storage during the flood irrigation months 
was offset by relatively fast groundwater discharge 
to surface-water bodies, and therefore did not fully 
mitigate August low-flow conditions. We attribute this 
result to (a) the high transmissivity aquifer, and (b) 
the close proximity of the irrigated fields to Parson’s 
Slough, Willow Springs, and the Jefferson River. As 
shown in figure 38, field data from Willow well 9 
(GWIC276285), located about 1,630 ft from the Parrot 
Canal, indicates fast water table response to irrigation 
recharge. 

Model Prediction Results
The three extreme hypothetical irrigation scenari-

os, C1 (lining all irrigation canals), F1 (converting five 
areas from flood to pivot irrigation), and CF (lining all 
irrigation canals and converting five areas from flood 
to pivot irrigation) show that maximum flow reduction 
occurs during the critical low-flow, late summer month 
of August. The combined scenario CF produced the 
largest effect. 

In August 2024, the reduction in flow on the com-
bined flow coming from Parson’s Slough and Willow 
Springs was 6 cfs (a 10% reduction) in scenario C1, 7 
cfs (12% reduction) in scenario F1, and 12 cfs (21% 
reduction) in scenario CF (fig. 36). 

The transient model base run produced about 700 
cfs flow in the Jefferson River near Corbett’s station 
in August 2024. For the same period, the effects were 
17 cfs (2.4% reduction) in scenario C1, 13 cfs (1.8% 
reduction) in scenario F1, and 30 cfs (4.3% reduction) 
in scenario CF (fig. 37). The drought management 
plan includes a goal to maintain at least 50 cfs at the 
USGS station at Parson’s Bridge (JRWC, 2013). The 
50 cfs target is the minimum flow needed to maintain 
pool connectivity and buffer stream temperatures. 
Therefore, in drought years, these reductions (13 to 30 
cfs) would approach the 50 cfs goal. 

In general, Willow Springs is more sensitive to 
changes in irrigation recharge than Parson’s Slough. 
Flow reduction in Willow Springs was 11%, 17%, and 
27% in the three scenarios C1, F1, and CF, respec-
tively. Flow reduction in Parson’s Slough for these 
scenarios were 9%, 1%, and 10% (table 10). 

Similarly, Willow Springs was more sensitive than 
Parson’s Slough to conversion from flood irrigation 
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to center pivot systems (scenarios F1– F6, table 10). 
In the model, Willow Spring’s branches flow through 
flood-irrigated areas, while Parson’s Slough has less 
contact with flood-irrigated zones (fig. 20). Results 
from scenario F5 (converting flood area 4 to pivot) 
is a clear example of how the location and branching 
of drains (model cells that represent the spring) with 
respect to recharge zones can produce notable effects; 
there was a 16% reduction in Willow Springs flows 
compared to a 0.4% decrease in Parsons’s Slough 
(table 10). 

Scenario results showed that lining Creeklyn Canal 
(scenarios C7 to C9) did not have a large effect on 
Parson’s Slough or Willow Springs (table 10), most 
likely due to the Jefferson River forming a hydrologic 
boundary between Creeklyn Canal and these streams. 

In contrast, lining Creeklyn Canal had a noticeable ef-
fect on Jefferson River flows at Corbett station. 

These simulations demonstrate that split season 
irrigation can provide a source of delayed discharge to 
surface water by supplementing aquifer storage early 
in the irrigation season. However, it is important to 
evaluate the rate at which the early season ground-
water mound will dissipate. In the Waterloo area, the 
fields modeled with split season irrigation were too 
close to the surface-water features to allow for a suf-
ficient time lag given the relatively high transmissivity 
of the alluvial aquifer. 

UNCERTAINTY ANALYSIS

For any model predictions, there are two broad 
sources of uncertainty: (1) uncertainty linked to the 
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Figure 38. Field data from Willow well 9 (GWIC 276285), located about 1,630 ft from Parrot Canal, shows a fast response to canal 
stage changes, due to high transmissivity and close proximity to the recharge source. Note that the canal is turned off annually each 
4th of July week (Julian day 182), corresponding to a rapid response in the water table elevation at Willow 9.
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model itself, and (2) uncertainty associated with accu-
rate specifications of future conditions (Anderson and 
others, 2015). 

The first type of uncertainty originates from the 
following:

(a) Error in field measurements of certain 
parameters. Thus, uncertainty in predictions 
stemming from error in calibration of these 
parameters can be reduced but not eliminated.

(b) Failure to capture the complexity of the natural 
setting relevant to the prediction. This error results 
from the conceptual model or from the spatial 
and temporal simplifications made during model 
construction and calibration. 

The second source of uncertainty occurs when 
predictions require estimating future stresses and 
properties (e.g., recharge rates affected by changes in 
climate), and future non-hydrogeological conditions, 
such as political, economic, and societal actions that 
may affect hydrologic stresses (e.g., conversion from 
agricultural land use to residential development). 

In this study, we focused on the first type—uncer-
tainty caused by errors in field parameter estimation 
and the simplifications of spatial and temporal param-
eters during model construction and calibration. We 
employed a basic uncertainty analysis that is similar to 
the scenario modeling method presented by Ander-
son and others (2015). Model parameters selected 
for uncertainty analysis are based on the sensitiv-
ity analysis, and on the uncertainty associated with 
the method of estimating some model parameters 
(e.g., leakage rates from irrigation canals). We in-
vestigated six parameters that were the most likely 
to affect predictions: 

1.	 aquifer thickness, 

2.	 horizontal hydraulic conductivity (Kh) in areas 
initially assigned as zones 1 and 2, 

3.	 lateral groundwater influx (GWin-lat) in Parrot 
and Creeklyn boundaries, 

4.	 canal leakage (CL) in the three irrigation canals, 

5.	 aquifer storage coefficients (4 zones), and 

6.	 groundwater influx and outflux to the alluvial 
aquifer across the southern and northern model 
boundaries. 

The uncertainty analysis involved completing the 
base run simulation and the three extreme scenario 
simulations (C1, F1, and CF) while changing one 
of the six parameters (e.g., aquifer thickness). Each 
parameter was varied by applying a low and a high 
multiplier, creating multiple versions of each model 
(table 11). The only exception was for changes to the 
zone 1 alluvium hydraulic conductivity, which was 
executed once with a low multiplier. A total of 100 
models included 27 versions of the base run, 23 ver-
sions of scenario C1, 27 versions of scenario F1, and 
23 versions of scenario CF (table 12). Each of the six 
parameters was considered to be independent, so that 
changing one parameter did not require changing any 
other parameters. 

The uncertainty assessment focused on simulat-
ing August surface-water flows in Parson’s Slough, 
Willow Springs, and the Jefferson River. The error in 
model prediction is the difference between each sce-
nario model’s August 2024 flows and that calculated 
by the base run, with changes to one parameter at a 
time. The assessment required running all 100 simula-
tions (table 12) and calculating the “error” between the 
base run and the scenarios for August 2024 flows. This 
collection (or “ensemble”) of errors define an envelope 
of uncertainty limits around the prediction (Anderson 
and others, 2015).

Table 11. Uncertainty analysis parameters. 

Uncertainty Parameter Multipliers 

Aquifer Thickness  0.5 & 1.5 

Hydraulic Conductivity (Kx, Ky) Zone 1 0.1 

Hydraulic Conductivity (Kx, Ky) Zone 2 0.1 & 2.0 

Parrot Canal—Lateral Groundwater Flux 0.75 & 1.25 

Parrot Canal—Leakage 0.75 & 1.25 

Creeklyn Canal—Lateral Groundwater Flux 0.75 & 1.25 

Creeklyn Canal—Leakage 0.75 & 1.25 

Jefferson Canal—Leakage 0.75 & 1.25 

South Boundary GW Flux 0.75 & 1.25 

North Boundary GW Flux 0.75 & 1.25 

Storage Coefficient Zone 1 0.1 & 10 

Storage Coefficient Zone 2 0.1 & 10 

Storage Coefficient Zone 3 0.1 & 10 

Storage Coefficient Zone 4 0.1 & 10 
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The model uncertainty analysis indicated that the 
greatest uncertainty is associated with the extreme sce-
nario CF (all canals lined and all flood irrigation con-
verted to center pivot systems). This simulation had a 
maximum error in predicting August flow in Parson’s 
Slough and Willow Springs of about 40% (fig. 39), but 
remained at less than 10% for most tested parameters. 
Note that there are two groups of prediction errors that 
exceeded 10% error (fig. 39). These were due to sharp 
reductions in the transmissivity of the aquifer, consis-
tent with the sensitivity analysis. For Jefferson River 
flows, the prediction error remained within 3% for the 
majority of scenarios using uncertainty parameters. 
The maximum error is less than 5% under conditions 
of low hydraulic conductivity (fig. 40). 

MODEL LIMITATIONS 

The Waterloo groundwater flow model is a useful 
tool for refining the conceptual model and evaluating 
the effects of changes in water management practices 
on groundwater and surface-water flows. However, the 
model has limitations, mainly due to scale, parameter 
uncertainty, and lack of precision of the calibrated 

river gains and losses. The modeling scale is limited 
to the Waterloo area and is not designed to account 
for flow calculations across the entire Jefferson River 
basin, beyond the model area. On the other hand, the 
model grid size (178 ft x 188 ft) may not be suitable 
to accurately simulate groundwater/surface-water 
interactions at a finer scale. The one-layer model grid 
cannot simulate vertical flow components in ground-
water/surface-water interactions; this limits the model 
to simulate heat exchange or contaminant transport 
within the alluvial aquifer only, not between the allu-
vium and the lower Tertiary sediments (fig. 6). 

Predictive sensitivity (uncertainty) analysis 
showed that parameter uncertainty is also a limitation 
on model results. In particular, the model predictions 
are sensitive to aquifer thickness, hydraulic conductiv-
ity, estimated inflow to the alluvial aquifer, and rates 
of canal leakage. 

The lack of calibration targets (water levels in 
wells) in the west and northwest areas of the model 
limits modeling losses and gains in some reaches 
along the Jefferson River. The calibration focused on 
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Figure 39. Model uncertainty analysis focused on the prediction error of the combined groundwater discharge to Parson’s Slough and 
Willow Springs. The figure shows the ensemble of prediction errors produced by the model.
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simulating Jefferson River flow at the downstream 
point at Corbett’s station and on estimating combined 
flows from Parson’s Slough and Willow Springs.

Additional field information would improve the 
current model. For example, more groundwater-level 
measurements and longer monitoring periods from 
existing or new wells in the northwest region of the 
model would yield better estimates of river conduc-
tance and improve the model calibration and predic-
tive power. Additional aquifer tests could improve 
the estimate of aquifer parameters, or confirm the 
calibrated ones. In addition, field measurements of 
Jefferson Canal leakage could provide a better leakage 
estimation.

More survey data and DEM information would 
help better develop the simulation of groundwater/
surface-water interactions that are naturally sensitive 
to elevation differences. With respect to streambed 
elevations, LiDAR is recommended as the most cost-
effective and efficient source of high-accuracy data. 
Also, additional lithological information can enhance 
the delineation of the alluvial aquifer thickness. This 

would increase the accuracy of estimating groundwa-
ter flow into the aquifer and the water budget calcula-
tions. 

The current model scenarios operate under the 
assumption that there is no reduction in diversions 
from the Jefferson River to the canals if the canals 
were lined or center pivot irrigation was used, i.e., the 
extra water is not accounted for. That requires more 
information to correlate leakage from irrigation canals 
to diversions, but this can be tested in a post audit 
study, where the decrease in diversions to the canals 
results in an increase in flows in the Jefferson River 
and groundwater, which would ultimately flow into 
the current model domain and offset the loss from the 
canal leakages. 

SUMMARY AND CONCLUSIONS

As development of land and water resources in-
crease, it is apparent that use of either resource affects 
the quantity and quality of the other (Hirsch, 1999). 
The objectives of this modeling study were to: (a) 
simulate the interactions between groundwater and 

0%

1%

2%

3%

4%

5%

6%

7%

8%

9%

10%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Er
ro

r i
n 

Pr
ed

ic
tio

n 
 (%

)

Sensitivity Parameter Id

Scenario C1—Lining irrigation canals
Scenario F1—Converting 5 areas from flood to pivot irrigation
Scenario CF—Combine scenarios C1 and F1
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surface-water components of the flow system in the 
Waterloo area of the Jefferson River Valley, and (b) 
forecast the changes in surface-water discharge in Par-
son’s Slough, Willow Springs, and the Jefferson River 
due to changes in irrigation practices. 

The steady-state calibrated model simulated—
within specified error limits—the groundwater lev-
els, the groundwater discharge to Parson’s Slough 
and Willow Spring, and the Jefferson River flows at 
Corbett station. The model generated a balanced water 
budget that generally agreed with preliminary esti-
mates of model area inflows and outflows. The tran-
sient model displayed a reasonable match to changes 
in heads, and captured the seasonality of water-level 
changes. The transient model also matched the Jeffer-
son River monthly average flows measured at Corbett 
station. Eighteen future scenarios were tested to evalu-
ate the effects of changing irrigation practices (lining 
canals and/or converting flood irrigation to center 
pivot) on surface-water flows during the August flow 
period. Results from the simulations indicated a reduc-
tion in groundwater discharge to Parson’s Slough, Wil-
low Spring, and the Jefferson River. The overall result 
suggests lower late summer stream flows, and possible 
warmer stream temperatures, a condition that may af-
fect fish species in the area.

REFERENCES

Anderson, M.P., Woessner, W., and Hunt, R., 2015, 
Applied groundwater modeling: San Diego, Ca-
lif., Academic Press, 2nd ed., 564 p.

ASTM, 1995 (reapproved 2006), ASTM Standard 
D5718-95—Documenting a ground-water flow 
model: West Conshohocken, Pa., ASTM Interna-
tional.

Barnes, H.H., 1967, Roughness characteristics of 
natural channels: U.S. Geological Survey Water-
Supply Paper 1849, 213 p.

Bobst, A., Butler, J., and Carlson, L., 2016, Hydrogeo-
logic investigation of the Boulder River Valley, 
Jefferson County, Montana: Interpretive report: 
Montana Bureau of Mines and Geology Open-
File Report 682, 92 p.

Bobst, A., and Gebril, A., 2020, Aquifer tests in the 
Upper Jefferson Valley: Montana Bureau of 
Mines and Geology Groundwater Open-File Re-
port 727, 52 p.

Bobst, A., and Gebril, A., 2021, Hydrogeologic inves-
tigation of the Upper Jefferson Valley, Montana—
Interpretive report: Montana Bureau of Mines and 
Geology Report of Investigation 28, 130 p.

Brancheau, Nicole, 2015, A hydrogeologic evaluation 
of the Waterloo area in the Upper Jefferson River 
Valley, Montana: Butte, Mont., Montana Tech of 
University of Montana, Master’s thesis, 104 p.

Daly, C., Halbleib, M., Smith, J.I., Gibson, W.P., 
Doggett, M.K., Taylor, G.H., Curtis, J., and 
Pasteris, P.P., 2008, Physiographically sensitive 
mapping of climatological temperature and pre-
cipitation across the conterminous United States: 
International Journal of Climatology, v. 28, no. 
15, p. 2031–2064.

Doherty, J.E., 2010, PEST model—Independent pa-
rameter estimation user manual: Brisbane, Aus-
tralia, Watermark Numerical Computing, 5th ed., 
336 p., http://www.pesthomepage.org [Accessed 
December 19, 2013].

Doherty, J.E., 2013a, Addendum to the PEST manual: 
Brisbane, Australia, Watermark Numerical Com-
puting, 266 p., http://www.pesthomepage.org 
[Accessed December 19, 2013].

Doherty, J.E., 2013b, Getting the most out of PEST, 
August 2013, 12 p., http://www.pesthomepage.
org/ [Accessed October 2013].

Environmental Simulations Incorporated, 2011, Guide 
to using Groundwater Vistas, version 6.77 Build9, 
213 p.

Fetter, C., 2001, Applied hydrogeology: Upper Saddle 
River, N.J., Prentice-Hall, Inc.

Freeze, R.A., and J.A. Cherry, 1979, Groundwater, 
Prentice-Hall Inc., Englewood Cliffs, New Jersey

Ground Water Information Center (GWIC), 2019, 
http://datagwic.mtech.edu/v6/menus/menuMain.
asp [Accessed July 2021].

Heath, C.R., 1983, Basic ground-water hydrology: 
U.S. Geological Survey, Water Supply Paper 
2220.

Hirsch, M.R., 1999, Groundwater and surface water: A 
single resource: U.S. Geological Survey, Circular 
1139.

Jefferson River Watershed Council (JRWC), 2013, 
Drought management plan, 11 p., avail-
able at https://jeffersonriverwc.com/fish/up-



55

Montana Bureau of Mines and Geology Report of Investigation 29

loads/2016/06/JRWC_Drought_Mgt_Plan_2012. 
pdf [Accessed July 2021]. 

Leenhouts, J.M., Stromber, J.C., and Scott, R.L., eds., 
2006, Hydrologic requirements of and consump-
tive ground-water use by riparian vegetation 
along the San Pedro River, Arizona: USGS Scien-
tific Investigations Report 2005-5163, 154 p.

Montana Fish Wildlife and Parks Department 
(MFWP), 2012, Montana Statewide Fisheries 
Management Plan, 2013-2018, 478 p.

NRCS, 2012, NRCS web soil survey, http://websoil-
survey.nrcs.usda.gov/app/WebSoilSurvey.aspx 
[Accessed November 2012]. 

Oregon State University, 2013, PRISM Climate 
Group, Oregon State University, http://prism.
oregonstate.edu [Accessed April 2013]. 

Panday, S., Langevin, C.D., Niswonger, R.G., Ibaraki, 
M., and Hughes, J.D., 2013, MODFLOW-USG 
version 1: An unstructured grid version of MOD-
FLOW for simulating groundwater flow and 
tightly coupled processes using a control volume 
finite-difference formulation: U.S. Geological 
Survey Techniques and Methods, book 6, chap. 
A45, 66 p.

Scott, R.L., Edwards, E.A., Shuttleworth, W.J., Hux-
man, T.E., Watts, C., and Goodrich, D.C., 2004, 
Interannual and seasonal variation in fluxes of 
water and carbon dioxide from a riparian wood-
land ecosystem: Agricultural and Forest Meteo-
rology, v. 122, p. 65–84.

Shah, N., Nachabe, M., and Ross, M., 2007, Extinc-
tion depth and evapotranspriation from ground 
water under selected land covers: Ground Water, 
v. 45, no. 3, p. 329–338.

U.S. Department of Agriculture and U.S. Department 
of Interior, 2014a, LANDFIRE, from existing 
vegetation type, http://landfire.cr.usgs.gov/Na-
tionalProductDescriptions21.php [Accessed July 
23, 2014].

U.S. Department of Agriculture, 2014b, Water man-
agement models, IWR Program, from Natural 
Resources Conservation Service, http://www.
nrcs.usda.gov/wps/portal/nrcs/detailfull/national/
water/manage/irrigation/?&cid=stelprdb1044890 
[Accessed September 2014].

U.S. Geological Survey, 2004, A New streamflow-
routing (SFR1) package to simulate stream-

aquifer interaction with MODFLOW-2000: U.S. 
Geological Survey Open-File Report 2004-1042.

U.S. Geological Survey, 2009, NED, ned19_n37x50_
w122x25_ca_alamedaco_2007 1/9 arc-second 
2009 [Accessed July 2021].

U.S. Geological Survey, 2010, LANDFIRE database, 
Wildland Fire Science, Earth Resources Observa-
tion and Science Center: U.S. Geological Survey, 
http://www.landfire.gov/lf_mosaics.php [Ac-
cessed January 2013].

Vuke, S.M., Coppinger, W.W., and Cox, B.E., 2004, 
Geologic map of Cenozoic deposits in the Upper 
Jefferson Valley, southwestern Montana: Montana 
Bureau of Mines and Geology Open-File Report 
505, 35 p., 1 sheet, scale 1:50,000.

Waren, K.B., Bobst, A.L., Swierc, J.E., and Madison, 
J.D., 2013, Hydrologic investigation of the North 
Hills Study area, Lewis and Clark County, Mon-
tana, Groundwater Modeling Report: Montana 
Bureau of Mines and Geology Open-File Report 
628, 90 p.

Water & Environmental Technologies (WET), 2006, 
Ground water study of the Waterloo area: Water 
& Environmental Technologies, https://wateren-
vtech.com/projects/jefferson-river-ground-water-
study-2



56

Gebril and Bobst, 2021



57

Montana Bureau of Mines and Geology Report of Investigation 29

APPENDIX A

WATERLOO AREA CONCEPTUAL 
WATER BUDGET



58

Gebril and Bobst, 2021

APPENDIX A— WATERLOO AREA CONCEPTUAL WATER BUDGET 

A conceptual water budget was developed for the Waterloo area to aid in model construction and ensure that the amount 
of water entering and leaving the model through the boundaries was reasonable. This budget was largely based on the 
budget developed by Brancheau (2015) for the Waterloo area. The preliminary budget was modified during the model 
calibration process.  

1. Alluvial Groundwater Inflow (GWin-al)

Groundwater flowed into the model area at the upstream end of the model domain (fig. A1). The inflow at this boundary 
was calculated using the Darcy Flux Equation: 

Q = KAI, 

where Q is groundwater inflow (ft3/d); K is hydraulic conductivity of the aquifer (ft/d); A is cross-sectional area of the 
saturated alluvial aquifer at the boundary (ft2); and I is hydraulic gradient across the boundary (ft/ft or unitless). 

Brancheau (2015) estimated the aquifer thickness in this area to be 100 ft; however, further review of well logs showed 
that the deepest well was 159 ft, so we used a thickness of 200 ft. The alluvial width is estimated to be 10,600 ft based on 
geologic maps. The hydraulic conductivity was estimated to be 1,100 ft/d based on an aquifer test conducted in the 
alluvium near Waterloo, and lithologic descriptions from well logs. A gradient of 0.00235 was based on monitoring data. 

Table A1. Flow into the model area through the alluvium was estimated using the Darcy Flux Equation. 
K(ft/d) Width 

(ft) 
Sat Tk 

(ft) 
Area 
(ft2) 

I 
(ft/ft) 

BE Q 
(ft3/d) 

Q (acre-ft/yr) 

BE MinE MaxE BE MinE MaxE 
Jefferson River 1,100 825 1,375 10,600 200 2,120,000 0.00235 5,480,200 45,947 34,460 57,433 

Note. K, range based on aquifer tests, sediment descriptions, and literature values (Heath, 1983; Fetter, 1994). The 
likely range was based on a range of K values, which is the most variable, and uncertain, component of the calculation. 
BE, best estimate; MinE, minimum estimate; MaxE, maximum estimate. Width-based geologic maps: Sat Tk, saturated 
thickness, based on well logs; Area, width x Sat Tk; I, calculated using observed water levels from April 2015. 

Table A2. Monthly alluvial inflow (acre-ft). 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

BE 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 45,947 
MinE 2,872 2,872 2,872 2,872 2,872 2,872 2,872 2,872 2,872 2,872 2,872 2,872 34,460 
MaxE 4,786 4,786 4,786 4,786 4,786 4,786 4,786 4,786 4,786 4,786 4,786 4,786 57,433 

Note. The estimates for total annual inflow (table A1) were divided by 12 to estimate inflow in each month. 

Figure A1. Groundwater inflow and outflow occur along the edges of the model domain. Alluvial inflow occurs along the 
yellow segment at the southern end. Alluvial outflow occurs along the yellow segment on the northern end. Lateral 
groundwater inflow occurs along the numbered segments (table A3). 
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Table A2. Monthly alluvial inflow (acre-ft). 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

BE 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 45,947 
MinE 2,872 2,872 2,872 2,872 2,872 2,872 2,872 2,872 2,872 2,872 2,872 2,872 34,460 
MaxE 4,786 4,786 4,786 4,786 4,786 4,786 4,786 4,786 4,786 4,786 4,786 4,786 57,433 

Note. The estimates for total annual inflow (table A1) were divided by 12 to estimate inflow in each month. 

Figure A1. Groundwater inflow and outflow occur along the edges of the model domain. Alluvial inflow occurs along the 
yellow segment at the southern end. Alluvial outflow occurs along the yellow segment on the northern end. Lateral 
groundwater inflow occurs along the numbered segments (table A3). 
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2. Lateral Groundwater Inflow (GWin-lat) 

Groundwater inflow along the lateral edges of the model (fig. A1). The groundwater inflow was calculated by subtracting 
estimated evapotranspiration (based on plant types) from precipitation (PRISM 30-yr normal; PRISM, 2018) in the areas 
upgradient from each lateral edge, and assuming that half of the remaining water would run off and half would recharge 
the groundwater system.  

Table A3. Estimated evapotranspiration—Highland Mountains. 

Vegetation Group Area (acres) 
ET Rate 
(ft/yr) 

ET 
(acre-ft/yr) 

Upland Sagebrush 5,350 1.1 5,885 
Douglas Fir 8,477 1.4 11,868 
Shrub/Grass Lowlands 9,765 1.0 9,765 
Mixed Evergreen 8,290 1.8 14,923 
High Xeric Grasses 2,472 1.2 2,967 
Ag Lands 309 2.1 650 
Mesic Meadow 1,216 1.7 2,067 
Whitebark Pine 2,838 2.2 6,244 
Alpine Rangeland, 
Deciduous Shrubs 864 2.0 1,728 
Developed 186 1.0 186 
Riparian 170 2.3 392 
TOTAL 39,939 — 56,674 

 

Table A4. Estimated evapotranspiration—Tobacco Root Mountains. 

Vegetation Group 
Area 

(acres) 
ET Rate 

(ft/yr) 
ET 

(acre-ft/yr) 
Upland Sagebrush 4,593 1.1 5,053 
Douglas Fir 12,942 1.4 18,118 
Shrub/Grass Lowlands 2,046 1.0 2,046 
Mixed Evergreen 3,215 1.8 5,787 
High Xeric Grasses 343 1.2 412 
Ag Lands 1,995 2.1 4,190 
Mesic Meadow 757 1.7 1,287 
Whitebark Pine 1,492 2.2 3,283 
Alpine Rangeland, 
Deciduous Shrubs 181 2.0 361 
Developed 206 1.0 206 
Riparian 422 2.3 971 
TOTAL 28,193 --- 41,715 

 

Table A5. Lateral groundwater inflow calculated based on precipitation and vegetation types. 

  
Area 

(acres) 

Average 
PCP 
(in/yr) 

Annual 
PCP 

(acre-ft/yr) 

Estimated ET (acre-ft/yr) 
Excess Water  

(acre-ft/yr) GWlat (acre-ft/yr

BE MinE+ MaxE+ BE MinE MaxE BE MinE M
Highlands 39,939 18.36 61,116 56,674 53,840 59,508 4,442 1,608 7,276 2,221 804 3
Tobacco Root 28,193 19.02 44,676 41,715 39,629 43,801 2,961 875 5,047 1,480 438 2

TOTAL*                   3,701 1,942 5
+ET values were considered to be the most uncertain element of the calculation, and their range was estimated based on 
5% error. 
#GWlat was estimated by assuming that half of the excess water infiltrates to groundwater. 
*Total range was based on root sum of squares error propagation. 
Note. Lateral groundwater inflow was applied to the edges based on the side of the model (Highlands vs. Tobacco Root), 
and the length  
of each segment (fig. A1). Values were distributed by month by dividing the total by 12. 
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Table A5. Lateral groundwater inflow calculated based on precipitation and vegetation types. 

Area 
(acres) 

Average 
PCP 
(in/yr) 

Annual 
PCP 

(acre-ft/yr) 

Estimated ET (acre-ft/yr) 
Excess Water  

(acre-ft/yr) GWlat (acre-ft/yr)# 

BE MinE+ MaxE+ BE MinE MaxE BE MinE MaxE 
Highlands 39,939 18.36 61,116 56,674 53,840 59,508 4,442 1,608 7,276 2,221 804 3,638 
Tobacco Root 28,193 19.02 44,676 41,715 39,629 43,801 2,961 875 5,047 1,480 438 2,523 

TOTAL* 3,701 1,942 5,461 
+ET values were considered to be the most uncertain element of the calculation, and their range was estimated based on 5% error.
#GWlat was estimated by assuming that half of the excess water infiltrates to groundwater.
*Total range was based on root sum of squares error propagation.
Note. Lateral groundwater inflow was applied to the edges based on the side of the model (Highlands vs. Tobacco Root), and the length
of each segment (fig. A1). Values were distributed by month by dividing the total by 12.

Table A6. Monthly lateral groundwater inflow (acre-ft). 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct  Nov Dec Total 

BE 308 308 308 308 308 308 308 308 308 308 308 308 3,701 
MinE 162 162 162 162 162 162 162 162 162 162 162 162 1,942 
MaxE 455 455 455 455 455 455 455 455 455 455 455 455 5,461 

3. Canal Leakage (CL)

The Parrot, Creeklyn, and Jefferson Canals leak water to the underlying aquifer from mid-April to mid-October (fig. A1). 
Monitoring data was used to estimate overall average leakage rates of 1.31 and 1.36 cfs/mi on the Parrot and Creeklyn 
Canals, respectively. The average of these rates (1.34 cfs/mi) was assigned to the Jefferson Canal. The total amount of 
leakage was based on multiplying canals were separated into the same segments used to calculate lateral groundwater 
inflow (fig. A1). 

Table A7. Annual canal leakage amounts. 

Canal 

Leakage Rate (cfs/mi) 

Miles 
BE 
cfs 

BE 
ft3/d 

Days on 
per year 

BE Leakage Leakage (acre-ft/yr) 

BE MinE MaxE (ft3/yr) BE  MinE  MaxE 
Parrot 1.31 1.18 1.44 5.70 7.46 644,973 183.5 118,352,520 2,717 2,445 2,989 
Creeklyn 1.36 1.22 1.50 4.44 6.04 521,533 183.5 95,701,320 2,197 1,977 2,417 
Jefferson 1.34 1.21 1.47 1.41 1.88 162,846 183.5 29,882,160 686 617 755 

TOTAL 5,600 5,244 5,956 
Note. The likely range was based on a 10% error for the range of leakage rates, which is the most variable, and uncertain, 
component  
of the calculation. 

Table A8. Monthly canal leakage amounts. 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Days on 0 0 0 15 31 30 31 31 30 15.5 0 0 183.5 
BE 0 0 0 458 946 916 946 946 916 473 0 0 5,600 

MinE 0 0 0 429 886 857 886 886 857 443 0 0 5,244 
MaxE 0 0 0 487 1006 974 1006 1006 974 503 0 0 5,956 

Note. The estimates for total annual inflow (table A-7) were divided by the days the canal is on (183.5 d), and 
multiplied  by the days on in each month. 
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Table A10. Annual IWR calculated irrigation recharge rates. 

Irrigation & Vegetation Type 
Area 

(acres) 
Annual Totals (acre-ft/yr) 

BE MinE MaxE 
Pivot (Pasture Grass, Alfalfa Hay, 50/50, other) 1,498 446 401 491 
Sprinkler (Pasture Grass, 50/50, other) 810 568 512 625 
Sprinkler (Alfalfa Hay) 214 356 320 392 
Flood (Pasture Grass, other) 1,333 6,223 5,601 6,845 
Flood (50/50) 602 3,135 2,821 3,448 
Flood (Alfalfa Hay) 64 368 331 405 
TOTAL   11,096 10,394 11,798 

Note. Ranges were based on 10% error. 

  

4. Irrigation Recharge (IR) 

When more water is applied to fields than the crops can use, the excess may evaporate, run off, infiltrate and be stored within the root zone, or 
infiltrate through the root zone to create groundwater recharge (i.e., irrigation recharge). The Waterloo model area is affected by irrigation 
recharge within the model domain, and by irrigation recharge occurring immediately upgradient from the model boundaries. Irrigation recharge 
within the model domain was assigned as groundwater recharge. Upgradient irrigation recharge was applied at the segmented specified flux 
boundaries at the edges of the model domain (fig. A1). 
 
The NRCS’s Irrigation Water Requirements (IWR) program was used to calculate the amount of irrigation recharge (NRCS, 2003, 2019a; 
Brancheau, 2015; Butler and Bobst, 2017). This analysis considers soil types, crop type, irrigation method, and climate. Sandy loam is the 
predominant soil type within the study area (NRCS, 2019b). Field observations and landowner interviews indicated that in 2014 crop types 
included native grass, 50/50 alfalfa-grass mix, alfalfa, barley, peas, potatoes, corn, sod, and conifer trees. This was simplified into four classes of 
grass, 50/50 mix, alfalfa, and other. The “other” crops compose a small percentage of the crop land, and have similar irrigation requirements. The 
irrigated acres and irrigation types were based on the MT Department of Revenue’s Final Land Units (FLU) Classification coverage (obtained 
from http://geoinfo.msl.mt.gov/), MDOR, 2013), with modifications based on aerial photographs and field observations. Irrigation efficiency was 
set at 25% for flood, 65% for sprinkler, and 80% for pivot (NRCS, 1993; Sterling and Neibling, 1994). 
 
Table A9. Monthly IWR calculated irrigation recharge rates. 

Irrigation & Vegetation Type 
Area 

(acres) 
Monthly IR (acre-ft/mo) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Pivot (Pasture Grass, Alfalfa Hay, 50/50, 
other) 1,498 0 0 0 0 0 124 171 144 6 0 0 0 
Sprinkler (Pasture Grass, 50/50, other) 810 0 0 0 0 10 146 202 169 42 0 0 0 
Sprinkler (Alfalfa Hay) 214 0 0 0 0 5 92 119 99 40 0 0 0 
Flood (Pasture Grass, other) 1,333 0 0 0 0 398 1,450 1,993 1,690 693 0 0 0 
Flood (50/50) 602 0 0 0 0 220 738 997 833 346 0 0 0 
Flood (Alfalfa Hay) 64 0 0 0 0 28 87 116 96 40 0 0 0 
TOTAL   0 0 0 0 660 2,638 3,599 3,031 1,168 0 0 0 
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5. Alluvial Groundwater Outflow (GWout-al) 

Groundwater outflow occurs through the alluvium on the northern side of the model domain (fig. A1). The groundwater outflow was calculated 
using the Darcy Flux Equation (see Alluvial Groundwater Inflow section). 

Table A11. Groundwater flow out of the model area through the Jefferson River alluvium was estimated using the Darcy Flux Equation. 

 

K (ft/d) Width Sat Tk Area I BE Q Q (acre-ft/yr) 

BE MinE MaxE (ft) (ft) (ft2) (ft/ft) (ft3/d) BE MinE MaxE 
Jefferson River 1,100 825 1,375 6,400 200 1,280,000 0.0023 3,238,400 27,154 20,365 33,942 

Note. K, range based on aquifer tests, sediment descriptions, and literature values (Heath, 1983; Fetter, 1994). The likely range  
was based on a range of K values, which is the most variable, and uncertain, component of the calculation. BE, best estimate;  
MinE, minimum estimate; MaxE, maximum estimate. Width-based geologic maps: Sat Tk, saturated thickness, based on well logs;  
Area, width x Sat Tk; I, calculated using observed water levels from April 2015. 
 

Table A12. Monthly alluvial outflow (acre-ft). 
   Jan Feb Mar Apr May Jun Jul Aug Sep Oct  Nov Dec Total 

BE  2,263 2,263 2,263 2,263 2,263 2,263 2,263 2,263 2,263 2,263 2,263 2,263 27,154 
MinE  1,697 1,697 1,697 1,697 1,697 1,697 1,697 1,697 1,697 1,697 1,697 1,697 20,365 
MaxE  2,829 2,829 2,829 2,829 2,829 2,829 2,829 2,829 2,829 2,829 2,829 2,829 33,942 

Note. The estimates for total annual outflow (table A-9) were divided by 12 to get monthly values. 
  

6. Riparian Evapotranspiration (ETr) 

Where groundwater is close to the ground surface, some plants, such as willow, cottonwood, and riparian grasses, can 
directly remove (transpire) groundwater from the saturated zone.  

LANDFIRE data (USGS, 2010) showed that 547 acres have riparian plant coverage in the Waterloo area. Using a 
potential ET (PET) rate of 1.83 ft/yr (Hackett and others, 1960; Lautz, 2008), an upper bound estimate of 1,002 acre-ft/yr 
is calculated. Since the depth to groundwater in this area averages about 5 ft, and a 10 ft extinction depth is often used for 
riparian vegetation, the ETr value for this area is likely about 50% of the upper bound. The range of values is based on 
25% to 75% of the upper bound. The total values were distributed through the growing season (May–Sep) based on 
average monthly temperatures. 

 

Table A13. Summary of annual actual riparian evapotranspiration. 
   Jan Feb Mar Apr May Jun Jul Aug Sep Oct  Nov Dec Total 
BE  0 0 0 0 47 103 149 133 69 0 0 0 501 
MinE  0 0 0 0 24 51 74 67 35 0 0 0 251 
MaxE  0 0 0 0 71 154 223 200 104 0 0 0 752 

Note. BE is based on 50% of PET. MinE and MaxE are based on 25% and 75% of PET. 
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7. Well Pumping (WEL) 

Well pumping amounts are based on the number and type of pumping wells (GWIC, 2016; DNRC, 2016): 
 
Table A14. Summary of types of wells.  
Livestock 15 
Irrigation 3 
Domestic 61 

 
Livestock Wells 

Water used by livestock is assumed to be 100% consumed. The total amount of water used for livestock was based on the 
acreage of the Waterloo area relative to the area of Madison County, and the estimated water use for livestock in Madison 
County (770,000 gpd; Cannon and Johnson, 2004). This resulted in a usage of 2,646 gpd from the 15 wells, or 176 gpd 
per well. This is equivalent to pumping each of the wells for 35 min per day at 5 gpm. The calculated consumptive use 
was 2.97 acre-ft/yr. The distribution of livestock water use was split among months using a time-weighted distribution.  

Table A15. Livestock water use (acre-ft). 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
Days 31 28.25 31 30 31 30 31 31 30 31 30 31 365.25 

BE 0.25 0.23 0.25 0.24 0.25 0.24 0.25 0.25 0.24 0.25 0.24 0.25 2.97 
MinE 0.23 0.21 0.23 0.22 0.23 0.22 0.23 0.23 0.22 0.23 0.22 0.23 2.67 
MaxE 0.28 0.25 0.28 0.27 0.28 0.27 0.28 0.28 0.27 0.28 0.27 0.28 3.27 

Note. The range of likely values was based on an estimated uncertainty of ±10%. 

  
Irrigation Wells 
The use of water by the three irrigation wells was based on water rights, air photos, and calculations using DNRCs IWR 
program. 
 
Table A16. Summary of irrigation well annual total pumping. 

GWIC 
ID or 
Water 
Right 

Acres 
Irrigated1 

Annual Use2 (acre-ft) 

BE MinE MaxE 
107066 18 48 43 53 
107064 12 27 25 30 
130437 17 26 23 28 
TOTAL 47 101 91 111 

1Acres irrigated based on DNRC water rights information and NAIP areal imagery. 
2Annual rates based on DNRC’s Water Use Standards (ARM 36.12.115; 2.5 ft/yr for hay) and water right information. 
3The range of likely values was based on an estimated uncertainty of ±10%. 
 

Table A17. Monthly distribution of BE irrigation well pumping (acre-ft). 
GWIC ID Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total 

107066 0.0 0.0 0.0 0.0 3.6 10.7 15.0 13.5 5.0 0.2 0.0 0.0 48 
107064 0.0 0.0 0.0 0.0 0.0 6.6 9.3 8.4 3.1 0.0 0.0 0.0 27 
130437 0.0 0.0 0.0 0.0 1.9 5.7 8.0 7.2 2.6 0.1 0.0 0.0 26 

1Monthly values are annual rates distributed based on monthly crop requirements from NRCS’s IWR program, and water 
rights dates. 
2The range of likely values was based on an estimated uncertainty of ±10%. 
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Domestic Wells 

The consumptive use for the 61 domestic wells was based on a previous GWIP study (Waren and others, 2012) which used 15 yr of subdivision 
water-use records near Helena, MT, to calculate an average annual usage rate of 0.49 acre-ft/yr per home.  

Table A18. Domestic well pumping rates (61 wells; acre-ft). 
    Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total 
BE   0.09 0.09 0.12 0.18 3.03 5.41 7.79 7.85 4.22 0.71 0.15 0.06 29.7 
MinE   0.08 0.08 0.11 0.16 2.73 4.87 7.01 7.07 3.80 0.64 0.13 0.05 26.7 
MaxE   0.10 0.10 0.13 0.20 3.34 5.95 8.57 8.64 4.65 0.79 0.16 0.07 32.7 

Note. Total annual rate and distribution by month based on Waren and others, 2012. The range of likely values was  
based on an estimated uncertainty of ±10%. 
 
Total Well Pumping 

Table A19. Summary of well pumping rates by month (acre-ft). 
  Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec BE MinE MaxE 
Livestock 0.25 0.23 0.25 0.24 0.25 0.24 0.25 0.25 0.24 0.25 0.24 0.25 3.0 2.7 3.3 
Irrigation 0.00 0.00 0.00 0.03 5.57 23.03 32.28 29.04 10.70 0.26 0.00 0.00 100.9 91.0 111.0 
Domestic 0.09 0.09 0.12 0.18 3.03 5.41 7.79 7.85 4.22 0.71 0.15 0.06 29.7 26.7 32.7 
TOTAL 0.34 0.32 0.37 0.45 8.85 28.68 40.32 37.14 15.16 1.22 0.39 0.31 133.6 120.4 147.0 

 
 

 

  

8. Net Outflow from Groundwater to Surface-Water (SWnet) 

The net discharge from groundwater to surface waters was based on the difference between the calculated inflows and 
outflows (table A21). Monthly values were estimated based on monitoring data from groundwater-fed streams (Parson’s 
Slough and Willow Springs). Note that these gains occur along Parson’s Slough, Willow Springs, and the mainstem of the 
Jefferson River. 

Using best estimate (BE) values, calculated inflows totaled 66,345 acre-ft/yr (table A22), and calculated outflows other 
than surface water totaled 27,789 acre-ft/yr. Therefore, it is estimated that the average net groundwater discharge to 
surface waters is about 38,556 acre-ft/yr (53 cfs, on average). Using the likely range of inflow and outflow values based 
on root sum of squares error propagation (MinE and MaxE), the likely range of net surface water gain was estimated to be 
from 25,073 to 52,040 acre-ft/yr (35–72 cfs). The best estimate value also correlates well with the monitoring-based 
estimate of surface-water gains in this area developed by Brancheau (2015) of 39,974 acre-ft/yr (55 cfs). 

Table A20. Estimated net flow from groundwater to surface waters (acre-ft). 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct  Nov Dec Total 
BE 3,071 2,537 2,497 2,418 3,090 3,248 3,624 4,361 3,677 3,403 3,272 3,359 38,556 
MinE 1,997 1,650 1,623 1,572 2,009 2,112 2,356 2,836 2,391 2,213 2,128 2,184 25,073 
MaxE 4,145 3,424 3,370 3,264 4,170 4,384 4,891 5,887 4,963 4,593 4,416 4,533 52,040 
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9. Overall Budget
Table A21. Waterloo preliminary groundwater budget (acre-ft).

Jan Feb  Mar  Apr  May Jun Jul  Aug Sep Oct  Nov  Dec  

An

Inflows BE M

GWin-al 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 3,829 45,947 34

GWin-lat 309 309 309 309 309 309 309 309 309 309 309 309 3,702 
CL 0 0 0 458 946 916 946 946 916 473 0 0 5,600 5

IR 0 0 0 0 660 2,638 3,599 3,031 1,168 0 0 0 11,096 10

 Total Inflow 4,137 4,137 4,137 4,595 5,744 7,691 8,682 8,114 6,221 4,610 4,137 4,137 66,345 54

Outflows 

GWout-al 2,263 2,263 2,263 2,263 2,263 2,263 2,263 2,263 2,263 2,263 2,263 2,263 27,154 20

ETr 0 0 0 0 47 103 149 133 69 0 0 0 501 
WEL 0.3 0.3 0.4 0.4 8.9 28.7 40.3 37.1 15.2 1.2 0.4 0.3 134 

SWnet* 3,071 2,537 2,497 2,418 3,090 3,248 3,624 4,361 3,677 3,403 3,272 3,359 38,556 25

 Total Outflow 5,334 4,880 4,760 4,681 5,409 5,643 6,075 6,794 6,024 5,667 5,535 5,622 66,345 5

S  -1,179 -663 -622 -86 335 2,048 2,607 1,320 197 -1,057 -1,398 -1,484 0 
Note. Change in storage (S) is calculated as the difference between monthly inflows and outflows. GWin-al, alluvial 
groundwater inflow; GWin-lat, lateral groundwater inflow; CL, canal leakage; IR, irrigation recharge; GWout-al, alluvial 
groundwater outflow; ETr, riparian evapotranspiration;  
WEL, well pumping; SWnet, net ouflow from groundwater to surface waters. 

 

Table A22: Groundwater budget developed by Brancheau (2015).

low high

   Darcy Influx 22,364 10% 20,128 24,601 23,371
  Lateral Groundwater Influx 3,702 10% 3,332 4,072 3,869
  Canal Leakage 12,829 5% 12,187 13,470 13,406
  Irrigation Recharge 11,096 5% 10,541 11,651 11,595

TOTAL IN 49,991 52,241

  GWout

  Darcy Fluxout 13,503 10% 12,153 14,853 12,963

  Spring-fed Streams 16,365 5% 15,547 17,183 15,670
  Evapotranspiration 1,002 10% 902 1,102 957
  Jefferson River Recharge 23,609 10% 21,248 25,970 22,653

TOTAL OUT 54,479 52,243

   GWin

Initial 
Estimate 

(acre-ft/yr)

Uncertainty 
(%)

Range (are-ft/yr) Adjusted Estimate  
(acre-ft/yr)
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APPENDIX B

JEFFERSON RIVER SLOPE 
CALCULATIONS
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From Survey data:
Elevation of 0.00 on Staff Gage at Corbett’s (downstream end) = 4405.081 ft-amsl
Elevation of Rebar at Funston’s = 4469.951 ft-amsl (~3 ft above 0.00 on gage) ~ 4466.951
Elevation of Rebar at Silver Star = 4516.52 ft-amsl (per our survey 0.00 is 5.28 ft lower) = 4511.24

From Google:
River miles from Silver Star to Corbett’s = 12.9 miles – Overall Slope = 106/68,112 = 0.001556 ft/ft
River miles from Silver Star to Funston’s = 6.12 miles – Slope = 44/32,314 = 0.001362
River miles from Funston’s to Corbett’s = 6.78 miles – Slope = 62/35,798 = 0.001732

Source:
Andrew L Bobst
Hydrogeologist/Project Manager
Groundwater Investigations Program
Montana Bureau of Mines and Geology
1300 W. Park
Butte, MT 59701
abobst@mtech.edu
406-496-4409
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APPENDIX C

HUNT AQUIFER TEST RESULTS
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APPENDIX C 
Hunt Aquifer Test Results (Hunt, 2015) 

Figure C1. Location of Hunt aquifer test 
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Figure C2. Observation well (OW1) analysis (Neuman method) 
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Figure C3. Observation well (OW2) analysis (Neuman method) 
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APPENDIX D

MODEL CONSTRUCTION
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Grid construction item Value

Rows 150

Columns 150

Layers 1

Total area 27.13 sq mi

Active area 12.31 sq mi

Row spacing 178.18 ft

Column spacing 188.66 ft

Number of active cells 10,212

No. Inactive/no-flow cells 12,288

Vertical datum NAVD 88

Spatial units feet

Temporal units days

Max thickness 215 ft

Min thickness 199 ft

Max saturated thickness* 208 ft

Min saturated thickness* 109 ft

No. STR cellsa 795

No. DRN cellsb 285

No. WELL cellsc 578

Coordinate system State Plane MT FIPS 
2500, International Ft

*Steady-state simulation results
aMODFLOW STR Package cells represent Jefferson River
b MODFLOW DRN Package cells represent Parson’s Slough and Willow Spring
cMODFLOW WELL Package cells represent pumping wells, canal leakage, alluvial Darcy flow, and lateral groundwater 

flux

Table D1. Summary of model grid construction.
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Start Date Stress 
Period #

Stress 
period 
length 
(days)

No. of 
time steps

Time step 
length 
(days)

Simulation 
Type Remarks

Mar‐04 1
1 1 1 Steady-

State
Apr‐04 2 30 6 5.0 Transient Skipped during calibration
May‐04 3 31 6 5.2 Transient ""
Jun‐04 4 30 6 5.0 Transient ""
Jul‐04 5 31 6 5.2 Transient ""

Aug‐04 6 31 6 5.2 Transient ""
Sep‐04 7 30 6 5.0 Transient ""
Oct‐04 8 31 6 5.2 Transient ""
Nov‐04 9 30 6 5.0 Transient ""
Dec‐04 10 31 6 5.2 Transient ""
Jan‐05 11 31 6 5.2 Transient ""
Feb‐05 12 28 6 4.7 Transient ""
Mar‐05 13 31 6 5.2 Transient ""
Apr‐05 14 30 6 5.0 Transient ""
May‐05 15 31 6 5.2 Transient ""
Jun‐05 16 30 6 5.0 Transient ""
Jul‐05 17 31 6 5.2 Transient ""

Aug‐05 18 31 6 5.2 Transient ""
Sep‐05 19 30 6 5.0 Transient ""
Oct‐05 20 31 6 5.2 Transient ""
Nov‐05 21 30 6 5.0 Transient ""
Dec‐05 22 31 6 5.2 Transient ""
Jan‐06 23 31 6 5.2 Transient ""
Feb‐06 24 28 6 4.7 Transient ""
Mar‐06 25 31 6 5.2 Transient ""
Apr‐06 26 30 6 5.0 Transient ""
May‐06 27 31 6 5.2 Transient ""
Jun‐06 28 30 6 5.0 Transient ""
Jul‐06 29 31 6 5.2 Transient ""

Aug‐06 30 31 6 5.2 Transient ""
Sep‐06 31 30 6 5.0 Transient ""
Oct‐06 32 31 6 5.2 Transient ""
Nov‐06 33 30 6 5.0 Transient ""
Dec‐06 34 31 6 5.2 Transient ""
Jan‐07 35 31 6 5.2 Transient ""
Feb‐07 36 28 6 4.7 Transient ""
Mar‐07 37 31 6 5.2 Transient ""
Apr‐07 38 30 6 5.0 Transient ""
May‐07 39 31 6 5.2 Transient ""
Jun‐07 40 30 6 5.0 Transient ""
Jul‐07 41 31 6 5.2 Transient ""

Table D2. Stress periods and time steps applied to the Waterloo model.
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Start Date Stress 
Period #

Stress 
period 
length 
(days)

No. of 
time steps

Time step 
length 
(days)

Simulatio
n Type

Remarks

Aug‐07 42 31 6 5.2 Transient Skipped during calibration
Sep‐07 43 30 6 5.0 Transient ""
Oct‐07 44 31 6 5.2 Transient ""
Nov‐07 45 30 6 5.0 Transient ""
Dec‐07 46 31 6 5.2 Transient ""
Jan‐08 47 31 6 5.2 Transient ""
Feb‐08 48 29 6 4.8 Transient ""
Mar‐08 49 31 6 5.2 Transient ""
Apr‐08 50 30 6 5.0 Transient ""
May‐08 51 31 6 5.2 Transient ""
Jun‐08 52 30 6 5.0 Transient ""
Jul‐08 53 31 6 5.2 Transient ""
Aug‐08 54 31 6 5.2 Transient ""
Sep‐08 55 30 6 5.0 Transient ""
Oct‐08 56 31 6 5.2 Transient ""
Nov‐08 57 30 6 5.0 Transient ""
Dec‐08 58 31 6 5.2 Transient ""
Jan‐09 59 31 6 5.2 Transient ""
Feb‐09 60 28 6 4.7 Transient ""
Mar‐09 61 31 6 5.2 Transient ""
Apr‐09 62 30 6 5.0 Transient ""
May‐09 63 31 6 5.2 Transient ""
Jun‐09 64 30 6 5.0 Transient ""
Jul‐09 65 31 6 5.2 Transient ""
Aug‐09 66 31 6 5.2 Transient ""
Sep‐09 67 30 6 5.0 Transient ""
Oct‐09 68 31 6 5.2 Transient ""
Nov‐09 69 30 6 5.0 Transient ""
Dec‐09 70 31 6 5.2 Transient ""
Jan‐10 71 31 6 5.2 Transient ""
Feb‐10 72 28 6 4.7 Transient ""
Mar‐10 73 31 6 5.2 Transient ""
Apr‐10 74 30 6 5.0 Transient ""
May‐10 75 31 6 5.2 Transient ""
Jun‐10 76 30 6 5.0 Transient ""
Jul‐10 77 31 6 5.2 Transient ""
Aug‐10 78 31 6 5.2 Transient ""
Sep‐10 79 30 6 5.0 Transient ""
Oct‐10 80 31 6 5.2 Transient ""
Nov‐10 81 30 6 5.0 Transient ""
Dec‐10 82 31 6 5.2 Transient ""

Table D2 (Continued). Stress periods and time steps applied to the Waterloo model.
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Start Date Stress 
Period #

Stress 
period 
length 
(days)

No. of 
time steps

Time step 
length 
(days)

Simulatio
n Type

Remarks

Jan‐11 83 31 6 5.2 Transient Skipped during calibration
Feb‐11 84 28 6 4.7 Transient ""
Mar‐11 85 31 6 5.2 Transient ""
Apr‐11 86 30 6 5.0 Transient ""
May‐11 87 31 6 5.2 Transient ""
Jun‐11 88 30 6 5.0 Transient ""
Jul‐11 89 31 6 5.2 Transient ""
Aug‐11 90 31 6 5.2 Transient ""
Sep‐11 91 30 6 5.0 Transient ""
Oct‐11 92 31 6 5.2 Transient ""
Nov‐11 93 30 6 5.0 Transient ""
Dec‐11 94 31 6 5.2 Transient ""
Jan‐12 95 31 6 5.2 Transient ""
Feb‐12 96 29 6 4.8 Transient ""
Mar‐12 97 31 6 5.2 Transient ""
Apr‐12 98 30 6 5.0 Transient ""
May‐12 99 31 6 5.2 Transient ""
Jun‐12 100 30 6 5.0 Transient ""
Jul‐12 101 31 6 5.2 Transient ""
Aug‐12 102 31 6 5.2 Transient ""
Sep‐12 103 30 6 5.0 Transient ""
Oct‐12 104 31 6 5.2 Transient ""
Nov‐12 105 30 6 5.0 Transient ""
Dec‐12 106 31 6 5.2 Transient ""
Jan‐13 107 31 6 5.2 Transient ""
Feb‐13 108 28 6 4.7 Transient ""
Mar‐13 109 31 6 5.2 Transient ""
Apr‐13 110 30 6 5.0 Transient Start calibration simulation
May‐13 111 31 6 5.2 Transient Calibration simulation
Jun‐13 112 30 6 5.0 Transient ""
Jul‐13 113 31 6 5.2 Transient ""
Aug‐13 114 31 6 5.2 Transient ""
Sep‐13 115 30 6 5.0 Transient ""
Oct‐13 116 31 6 5.2 Transient ""
Nov‐13 117 30 6 5.0 Transient ""
Dec‐13 118 31 6 5.2 Transient ""
Jan‐14 119 31 6 5.2 Transient ""
Feb‐14 120 28 6 4.7 Transient ""
Mar‐14 121 31 6 5.2 Transient ""
Apr‐14 122 30 6 5.0 Transient ""
May‐14 123 31 6 5.2 Transient ""

Table D2 (Continued). Stress periods and time steps applied to the Waterloo model.
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Start Date Stress 
Period #

Stress 
period 
length 
(days)

No. of 
time steps

Time step 
length 
(days)

Simulatio
n Type

Remarks

Jun‐14 124 30 6 5.0 Transient Calibration simulation
Jul‐14 125 31 6 5.2 Transient ""
Aug‐14 126 31 6 5.2 Transient ""
Sep‐14 127 30 6 5.0 Transient ""
Oct‐14 128 31 6 5.2 Transient ""
Nov‐14 129 30 6 5.0 Transient ""
Dec‐14 130 31 6 5.2 Transient ""
Jan‐15 131 31 6 5.2 Transient ""
Feb‐15 132 28 6 4.7 Transient ""
Mar‐15 133 31 6 5.2 Transient ""
Apr‐15 134 30 6 5.0 Transient ""
May‐15 135 31 6 5.2 Transient ""
Jun‐15 136 30 6 5.0 Transient ""
Jul‐15 137 31 6 5.2 Transient ""
Aug‐15 138 31 6 5.2 Transient ""
Sep‐15 139 30 6 5.0 Transient ""
Oct‐15 140 31 6 5.2 Transient ""

Table D2 (Continued). Stress periods and time steps applied to the Waterloo model.

Figure D1. The distribution of the difference between DEM and land surveyed points (Sept 2016). 
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Figure D2. Schematic of the stream package (STR) shows the network of segments and reaches (from 
Prudic and others, 2004). The stream is divided into segments (arches between yellow triangles) in a 
sequential order indicated by the first number. A stream segment can extend over multiple model grid 
cells. Within each grid cell, the segment is defined by a reach number (second number), only one reach 
number per cell. The number of reaches represent the number of cells a segment passes through (e.g., 
the first segment passes through three cells, it has three reaches designated as 1.1, 1.2, and 1.3).  
Diversions and junctions can also be incorporated into the network. 
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Figure D3. Three segments of the stream package (STR) represent the Jefferson River within the model 
area[GM1]. Stream segment 2 consists of one cell to simulate water diverted from the river. The diverted 
water flows through the Jefferson Canal and part of the flow returns to the simulated aquifer as canal 
leakage. 
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Figure D4. A schematic of the stream package (STR) shows that when the head in the aquifer exceeds the 
stream’s head (e.g., Jefferson River stage), water discharges from the aquifer to the stream (gaining 
stream). But when head in the stream exceeds the head in the aquifer, water infiltrates from the stream to 
the aquifer (losing stream). The rate of exchange is also controlled by the streambed conductance, a 
function of streambed vertical hydraulic conductivity and streambed geometry (W, L, and M).  

Figure D5. Schematic of the drain package (DRN) shows that when the head in the aquifer exceeds the 
drain’s bed elevation (e.g., Willow Springs bed elevation), groundwater discharges from the aquifer to the 
drain, and the drain collects water. When the head in the aquifer is equal to or less than the drain’s bed 
elevation, there is no exchange of groundwater between the aquifer and the drain. The drain boundary 
condition only allows groundwater to flow in one direction, from the aquifer to the drain. The flow rate is also 
controlled by the drain’s bed conductance, a function of drain bed vertical hydraulic conductivity and drain 
bed geometry (W, L, and M).  

width (W)

bed thickness  (M)

head in stream (hb) 

head in aquifer  (hi jk) 

bed elevation 

width (W)

bed thickness  (M)

head in model cell (ha) 

bed elevation (hb) 



84

Gebril and Bobst, 2021



85

Montana Bureau of Mines and Geology Report of Investigation 29

APPENDIX E

MODEL RESULTS
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GWIC Id Observed Average       
(GWE ft-amsl)

Modeled               GWE* 
(ft-amsl)

Residual (ft)            
(observed - modeled)

107080 4453.35 4454.32 -0.97
195941 4458.34 4461.31 -2.97
209718 4439.01 4439.06 -0.05
259547 4461.78 4463.03 -1.25
261912 4464.04 4466.72 -2.68
276038 4451.55 4453.14 -1.59
276041 4455.34 4456.37 -1.03
276103 4434.22 4435.14 -0.92
276106 4432.59 4433.98 -1.39
276107 4435.52 4436.02 -0.50
276108 4438.29 4438.40 -0.11
276109 4437.99 4438.66 -0.67
276111 4441.15 4442.80 -1.65
276112 4427.96 4428.13 -0.17
276285 4414.40 4413.54 0.86
276287 4445.83 4446.28 -0.45
277329 4443.63 4444.15 -0.52
277868 4426.41 4428.32 -1.91
279258 4449.30 4450.97 -1.67
279259 4449.37 4450.99 -1.62
279260 4449.89 4451.00 -1.11

*GWE, Groundwater elevation

Table E1. Steady-state calibration results comparing observed and modeled groundwater elevations.
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Nash efficiency coefficient analysis (Targets group 1) 

Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2 Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2

7/19/2013 4467.63 6.16 4468.591 0.92 9/19/2013 4447.25 16.56 4444.757 6.22
8/14/2013 4467.33 4.76 4468.953 2.63 10/17/2013 4445.1 3.69 4443.934 1.36
9/19/2013 4467.04 3.58 4468.831 3.21 11/21/2013 4443.29 0.01 4442.595 0.48
10/17/2013 4466.92 3.14 4466.063 0.73 12/17/2013 4442.44 0.55 4442.192 0.06
11/21/2013 4464.83 0.10 4462.514 5.36 1/25/2014 4441.69 2.22 4441.972 0.08
12/17/2013 4463.11 4.15 4462.031 1.16 2/21/2014 4441.3 3.53 4441.928 0.39
1/25/2014 4462.14 9.05 4461.680 0.21 3/19/2014 4441.2 3.92 4441.901 0.49
2/21/2014 4461.53 13.09 4461.429 0.01 5/14/2014 4442.32 0.74 4443.602 1.64
3/19/2014 4461.22 15.43 4461.358 0.02 6/12/2014 4443.4 0.05 4444.755 1.84
4/18/2014 4461.45 13.67 4463.363 3.66 7/9/2014 4443.99 0.66 4444.946 0.91
5/14/2014 4464.25 0.81 4466.580 5.43 8/8/2014 4446.31 9.80 4444.622 2.85
6/12/2014 4467.89 7.52 4467.781 0.01 10/7/2014 4445.45 5.15 4444.420 1.06
7/9/2014 4468.3 9.94 4468.859 0.31 11/11/2014 4444.01 0.69 4442.939 1.15
8/8/2014 4468.64 12.20 4468.887 0.06 12/9/2014 4443.16 0.00 4442.316 0.71
9/9/2014 4468.57 11.71 4468.705 0.02 1/14/2015 4442.32 0.74 4442.015 0.09
10/7/2014 4468.19 9.26 4466.988 1.44 2/11/2015 4442 1.39 4441.934 0.00
11/11/2014 4466.35 1.45 4463.002 11.21 3/9/2015 4441.65 2.34 4441.908 0.07
12/9/2014 4464.31 0.70 4462.228 4.33 4/13/2015 4441.15 4.12 4442.390 1.54
1/14/2015 4463.3 3.41 4461.747 2.41 5/4/2015 4442.39 0.62 4442.926 0.29
2/11/2015 4462.76 5.70 4461.450 1.72
3/9/2015 4462.34 7.88 4461.345 0.99
4/13/2015 4461.78 11.34 4463.000 1.49

5/4/2015 4463.79 1.84 4463.875 0.01

Average = 4465.1 156.89 47.36 Average = 4443.2 56.79 21.24
NS =1‐(F/Fo) = 0.70 NS =1‐(F/Fo) = 0.63

276111Well (259547)

Date Obs head (ft) o = ∑[obs‐(avg. obs)]^ Sim head (ft)  F =∑ (obs‐sim)^2

7/19/2013 4443.0 11.67 4444.809 3.13
7/25/2013 4442.6 8.62 4444.775 4.91
9/19/2013 4443.0 11.67 4442.520 0.27
10/17/2013 4440.1 0.26 4440.738 0.37
11/21/2013 4437.8 3.36 4439.061 1.62
12/17/2013 4437.0 6.73 4438.116 1.18
1/25/2014 4436.9 7.26 4437.583 0.43
1/29/2014 4436.9 7.42 4437.526 0.39
2/3/2014 4436.9 7.53 4437.466 0.34
2/8/2014 4436.9 7.70 4437.479 0.40
2/13/2014 4436.8 7.75 4437.479 0.41
2/18/2014 4436.8 7.81 4437.467 0.41
2/21/2014 4436.9 7.70 4437.448 0.36
3/19/2014 4437.0 6.89 4437.292 0.09
4/18/2014 4437.9 2.87 4438.236 0.09
5/14/2014 4442.3 7.16 4440.366 3.74
6/12/2014 4444.6 24.56 4442.958 2.63
7/9/2014 4444.6 24.26 4444.187 0.13
8/8/2014 4444.2 20.48 4443.709 0.19
9/9/2014 4443.1 12.29 4442.360 0.59

11/11/2014 4439.7 0.00 4439.151 0.28
12/9/2014 4438.7 0.95 4438.238 0.17

1/14/2015 4439.1 0.31 4437.456 2.60
2/11/2015 4438.9 0.47 4437.310 2.66
3/9/2015 4438.9 0.55 4437.210 2.79
4/13/2015 4439.0 0.38 4437.834 1.38
5/4/2015 4440.3 0.47 4438.741 2.46

Average = 4439.6 197.11 34.01
NS =1‐(F/Fo) = 0.83

209718
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Gebril and Bobst, 2021

Nash efficiency coefficient analysis (Targets group 2) 

Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2 Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2

10/8/2004 4436.66 1.07 10/8/2004 4434.01 0.58
12/17/2004 4434.8 0.68 12/17/2004 4432.95 0.09
1/21/2005 4434.36 1.60 1/21/2005 4432.57 0.46
2/11/2005 4434.26 1.87 2/11/2005 4432.55 0.49
4/6/2005 4434.12 2.27 4/6/2005 4432.46 0.62
5/4/2005 4434.45 1.38 5/4/2005 4432.55 0.49
5/13/2005 4435.84 0.05 5/13/2005 4433.46 0.04
5/16/2005 4435.91 0.08 5/16/2005 4433.34 0.01
5/23/2005 4435.94 0.10 5/23/2005 4433.38 0.02
5/31/2005 4435.83 0.04 5/31/2005 4433.29 0.00
6/6/2005 4436.01 0.15 6/6/2005 4433.57 0.10
6/13/2005 4436.01 0.15 6/13/2005 4433.76 0.26
6/20/2005 4435.92 0.09 6/20/2005 4433.58 0.11
6/27/2005 4435.83 0.04 6/27/2005 4433.57 0.10
7/5/2005 4435.69 0.00 7/5/2005 4433.31 0.00
7/11/2005 4435.76 0.02 7/11/2005 4433.34 0.01
7/18/2005 4435.83 0.04 7/18/2005 4433.13 0.01
7/26/2005 4435.92 0.09 7/26/2005 4433.12 0.02
8/2/2005 4435.95 0.10 8/2/2005 4433.01 0.06
8/22/2005 4436.07 0.20 8/22/2005 4433.18 0.00
9/28/2005 4436.26 0.40 9/28/2005 4433.65 0.16
10/13/2005 4436.37 0.55 10/13/2005 4433.73 0.23
10/24/2005 4435.9 0.07 10/24/2005 4433.55 0.09
10/31/2005 4435.59 0.00 10/31/2005 4433.43 0.03
11/8/2005 4435.42 0.04 11/8/2005 4433.37 0.01

8/13/2013 4435.92 0.09 4436.272 0.12 8/13/2013 4433.17 0.01
9/19/2013 4436.63 1.01 4436.293 0.11 9/19/2013 4433.53 0.08 4434.395 0.75
10/17/2013 4435.83 0.04 4435.765 0.00 10/17/2013 4433.49 0.06 4434.222 0.54
11/21/2013 4435.05 0.33 4434.937 0.01 11/21/2013 4433.04 0.04 4433.837 0.64
12/17/2013 4434.63 0.99 4434.631 0.00 12/17/2013 4432.69 0.31 4433.625 0.87
1/25/2014 4434.38 1.55 4434.472 0.01 1/25/2014 4432.57 0.46 4433.496 0.86
2/21/2014 4434.23 1.95 4434.442 0.04 2/21/2014 4432.47 0.61 4433.476 1.01
3/19/2014 4434.24 1.92 4434.425 0.03 3/19/2014 4432.61 0.41 4433.496 0.78
4/18/2014 4434.13 2.24 4434.986 0.73 4/18/2014 4432.58 0.45 4433.863 1.65
5/14/2014 4434.77 0.73 4435.744 0.95 5/14/2014 4432.86 0.15 4434.426 2.45
6/12/2014 4435.51 0.01 4436.459 0.90 6/12/2014 4433.37 0.01 4434.885 2.30
7/9/2014 4435.32 0.09 4436.539 1.49 7/9/2014 4433.38 0.02 4434.899 2.31
8/8/2014 4435.85 0.05 4436.254 0.16 8/8/2014 4433.58 0.11 4434.496 0.84
9/9/2014 4436.35 0.52 4436.262 0.01 9/9/2014 4433.5 0.06 4434.350 0.72
10/7/2014 4435.88 0.06 4436.063 0.03 10/7/2014 4433.56 0.10 4434.349 0.62
11/11/2014 4435.3 0.11 4435.174 0.02 11/11/2014 4433.24 0.00 4433.964 0.52
12/9/2014 4435.01 0.38 4434.727 0.08 12/9/2014 4433.13 0.01 4433.707 0.33
1/14/2015 4434.63 0.99 4434.503 0.02 1/14/2015 4432.82 0.19 4433.522 0.49
2/11/2015 4434.53 1.20 4434.446 0.01 2/11/2015 4432.8 0.20 4433.476 0.46
3/9/2015 4434.36 1.60 4434.431 0.01 3/9/2015 4432.6 0.42 4433.481 0.78
4/13/2015 4434.22 1.98 4434.837 0.38 4/13/2015 4432.59 0.44 4433.749 1.34
5/4/2015 4434.86 0.59 4435.230 0.14 5/4/2015 4432.78 0.22 4434.063 1.65
Average = 4435.6 29.55 5.26 Average = 4433.3 8.38 21.91

NS =1‐(F/Fo) = 0.82 NS =1‐(F/Fo) = ‐1.62
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Montana Bureau of Mines and Geology Report of Investigation 29

Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2 Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2

12/17/2004 4439.9 0.09 38338 4429.82 2.40
1/21/2005 4439.1 1.17 38373 4429.16 4.87
2/11/2005 4438.9 1.59 38394 4429.06 5.33
4/6/2005 4438.6 2.60 38448 4428.88 6.19
5/4/2005 4439.1 1.26 38476 4430.92 0.20
5/13/2005 4440.8 0.30 38485 4434.21 8.08
5/16/2005 4441.0 0.59 38488 4434.98 13.05
5/23/2005 4441.2 1.08 38495 4435.2 14.69
5/31/2005 4441.3 1.21 38504 4434.89 12.41
6/6/2005 4441.5 1.74 38509 4434.81 11.85
6/13/2005 4441.5 1.76 38516 4434.88 12.34
6/20/2005 4441.4 1.46 38523 4434.79 11.71
6/27/2005 4441.3 1.16 38530 4434.07 7.30
7/5/2005 4441.3 1.27 38538 4433.14 3.14
7/11/2005 4441.4 1.36 38544 4432.89 2.32
7/18/2005 4441.5 1.58 38551 4433.33 3.85
7/26/2005 4441.6 1.93 38559 4434.12 7.57
8/2/2005 4441.5 1.71 38566 4434.37 9.01
8/22/2005 4441.7 2.33 38623 4434.34 8.83
9/28/2005 4442.2 3.95 38649 4432.73 1.86
10/13/2005 4442.2 3.95 38656 4431.7 0.11
10/24/2005 4441.7 2.30 38664 4431.17 0.04
10/31/2005 4441.3 1.12 41536 4433.81 5.96 4429.663 17.20
11/8/2005 4441.0 0.69 41564 4431.17 0.04 4428.853 5.37
9/19/2013 4441.3 1.18 4440.067 1.50 41599 4429.23 4.57 4427.870 1.85
10/17/2013 4440.7 0.20 4439.483 1.36 41625 4428.65 7.39 4427.557 1.19
11/21/2013 4439.5 0.55 4438.502 0.92 41664 4428.33 9.23 4427.397 0.87
12/17/2013 4438.8 1.91 4438.180 0.41 41691 4428.05 11.01 4427.368 0.47
1/25/2014 4438.3 3.47 4438.008 0.11 41717 4428.03 11.14 4427.354 0.46
2/21/2014 4438.1 4.50 4437.974 0.01 41747 4427.94 11.75 4428.012 0.01
3/19/2014 4438.1 4.63 4437.951 0.01 41773 4429.83 2.37 4429.010 0.67
4/18/2014 4437.8 5.63 4438.487 0.43 41802 4431.82 0.20 4429.948 3.50
5/14/2014 4438.8 1.97 4439.283 0.23 41829 4430.43 0.88 4430.039 0.15
6/12/2014 4439.9 0.09 4440.149 0.06 41859 4430.91 0.21 4429.627 1.65
7/9/2014 4439.9 0.10 4440.264 0.14 41891 4432.28 0.83 4429.642 6.96
8/8/2014 4441.0 0.69 4439.989 1.08 41919 4430.92 0.20 4429.245 2.81
9/9/2014 4441.4 1.48 4440.013 1.98 41954 4429.5 3.49 4428.122 1.90
10/7/2014 4440.8 0.39 4439.839 0.98 42018 4428.45 8.51 4427.426 1.05
11/11/2014 4439.9 0.12 4438.772 1.18 42046 4428.39 8.87 4427.371 1.04
12/9/2014 4439.4 0.69 4438.279 1.19 42072 4428.19 10.10 4427.359 0.69
1/14/2015 4438.8 2.02 4438.041 0.55 42107 4427.96 11.61 4427.851 0.01
2/11/2015 4438.6 2.73 4437.978 0.33 42128 4430.1 1.61 4428.265 3.37
3/9/2015 4438.3 3.66 4437.958 0.11
4/13/2015 4438.0 4.89 4438.342 0.12
5/4/2015 4438.8 1.86 4438.773 0.00

Average = 4440.2 80.96 12.71 Average = 4431.4 257.10 51.20
NS =1‐(F/Fo) = 0.84 NS =1‐(F/Fo 0.80
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Gebril and Bobst, 2021

Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2 Date Obs head (ft) ∑[obs‐(avg. obs Sim head (ft)  F =∑ (obs‐sim)^2

12/17/2004 4414.76 1.41 5/18/2014 4416.54 0.35 4414.40 4.57
1/21/2005 4414.56 1.93 5/23/2014 4416.90 0.90 4414.46 5.95
2/11/2005 4414.23 2.96 5/29/2014 4417.81 3.46 4414.50 10.94
4/6/2005 4414.54 1.99 6/3/2014 4417.84 3.58 4414.54 10.92
5/4/2005 4414.94 1.02 6/8/2014 4417.53 2.50 4414.74 7.79
5/13/2005 4417.32 1.88 6/13/2014 4417.64 2.86 4414.83 7.89
5/16/2005 4417.96 4.04 6/18/2014 4417.90 3.81 4414.89 9.07
5/23/2005 4419.14 10.18 6/23/2014 4417.76 3.28 4414.93 8.00
6/1/2005 4419.29 11.16 6/28/2014 4417.58 2.66 4414.97 6.83
6/7/2005 4419.17 10.37 7/3/2014 4417.37 2.02 4415.00 5.64
6/13/2005 4419.29 11.16 7/8/2014 4416.85 0.81 4414.53 5.39
6/19/2005 4419.14 10.18 7/13/2014 4416.74 0.63 4414.37 5.61
6/27/2005 4418.97 9.13 7/18/2014 4416.99 1.08 4414.31 7.17
7/5/2005 4418.75 7.84 7/23/2014 4416.92 0.94 4414.28 6.95
7/11/2005 4417.78 3.35 7/29/2014 4416.97 1.04 4414.27 7.31
7/18/2005 4418.2 5.07 8/3/2014 4417.15 1.44 4414.25 8.39
7/26/2005 4418.25 5.29 8/8/2014 4417.26 1.72 4414.13 9.77
8/3/2005 4418.67 7.40 8/13/2014 4417.47 2.31 4414.08 11.51
8/22/2005 4418.57 6.87 8/18/2014 4417.81 3.46 4414.06 14.03
9/28/2005 4419.24 10.83 8/23/2014 4417.69 3.03 4414.06 13.17
10/24/2005 4418.16 4.89 8/29/2014 4417.67 2.96 4414.06 13.02
10/31/2005 4417.03 1.17 9/3/2014 4417.62 2.79 4414.07 12.64
11/8/2005 4416.46 0.26 9/8/2014 4417.45 2.25 4414.12 11.08
12/17/2013 4414.87 1.16 4413.173 2.88 9/13/2014 4417.47 2.31 4414.15 11.05
1/23/2014 4414.38 2.46 4413.026 1.83 9/18/2014 4417.26 1.72 4414.16 9.64
1/29/2014 4414.32 2.65 4413.016 1.70 9/23/2014 4417.26 1.72 4414.16 9.62
2/3/2014 4414.22 2.99 4413.009 1.47 9/28/2014 4417.41 2.13 4414.16 10.54
2/8/2014 4414.12 3.35 4413.013 1.23 10/3/2014 4417.42 2.16 4414.17 10.60
2/13/2014 4414.23 2.96 4413.011 1.49 10/8/2014 4417.26 1.72 4413.99 10.73
2/18/2014 4414.24 2.92 4413.008 1.52 10/13/2014 4417.35 1.96 4413.91 11.86
2/23/2014 4414.19 3.09 4413.004 1.41 10/18/2014 4417.36 1.99 4413.85 12.33
2/27/2014 4414.13 3.31 4413.000 1.28 10/23/2014 4416.57 0.39 4413.81 7.64
3/3/2014 4414.12 3.35 4412.997 1.26 10/29/2014 4415.98 0.00 4413.77 4.88
3/8/2014 4414.22 2.99 4413.035 1.40 11/3/2014 4415.59 0.13 4413.74 3.41
3/13/2014 4414.19 3.09 4413.044 1.31 11/8/2014 4415.34 0.37 4413.61 3.00
3/18/2014 4414.16 3.20 4413.045 1.24 11/13/2014 4415.00 0.90 4413.53 2.15
3/23/2014 4414.15 3.24 4413.043 1.23 11/18/2014 4414.86 1.19 4413.48 1.91
3/29/2014 4414.15 3.24 4413.040 1.23 11/23/2014 4414.84 1.23 4413.43 1.98
4/3/2014 4414.12 3.35 4413.037 1.17 11/28/2014 4414.75 1.44 4413.40 1.83
4/8/2014 4414.12 3.35 4413.406 0.51 12/3/2014 4414.67 1.64 4413.37 1.70
4/13/2014 4414.28 2.79 4413.555 0.53 12/8/2014 4414.64 1.71 4413.25 1.92
4/18/2014 4414.71 1.54 4413.625 1.18 12/13/2014 4414.59 1.85 4413.20 1.93
4/23/2014 4415.33 0.38 4413.669 2.76 12/18/2014 4414.53 2.01 4413.17 1.85
4/28/2014 4415.99 0.00 4413.700 5.24 12/23/2014 4414.49 2.13 4413.15 1.80
5/3/2014 4416.19 0.06 4413.724 6.08 12/29/2014 4414.39 2.43 4413.13 1.59
5/8/2014 4416.48 0.28 4414.153 5.41 1/3/2015 4414.36 2.53 4413.12 1.55
5/13/2014 4416.52 0.33 4414.318 4.85 1/8/2015 4414.46 2.22 4413.07 1.93

276285 276285 (continued)
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Montana Bureau of Mines and Geology Report of Investigation 29

Date Obs head (ft) ∑[obs‐(avg. obs Sim head (ft)  F =∑ (obs‐sim)^2 Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2

1/13/2015 4414.44 2.28 4413.05 1.94 5/14/2014 4426.66 0.03 4429.178 6.34
1/18/2015 4414.37 2.49 4413.03 1.78 6/12/2014 4426.98 0.02 4429.793 7.91
1/23/2015 4414.33 2.62 4413.02 1.71 7/9/2014 4426.97 0.02 4429.680 7.34
1/29/2015 4414.32 2.65 4413.02 1.70 8/8/2014 4427.18 0.12 4429.056 3.52
2/3/2015 4414.28 2.79 4413.01 1.62 8/19/2014 4427.27 0.20 4428.929 2.75
2/8/2015 4414.26 2.85 4413.01 1.56 9/9/2014 4427.27 0.20 4428.935 2.77
2/13/2015 4414.28 2.79 4413.01 1.61 10/7/2014 4427.31 0.23 4428.776 2.15
2/18/2015 4414.27 2.82 4413.01 1.60 11/11/2014 4427.05 0.05 4428.150 1.21
2/23/2015 4414.29 2.75 4413.00 1.66 11/18/2014 4426.91 0.01 4428.060 1.32
2/27/2015 4414.35 2.56 4413.00 1.83 12/9/2014 4426.84 0.00 4427.822 0.96
3/3/2015 4414.39 2.43 4413.00 1.94 1/14/2015 4426.59 0.06 4427.607 1.03
3/8/2015 4414.46 2.22 4413.03 2.04 1/30/2015 4426.58 0.06 4427.573 0.99
3/13/2015 4414.53 2.01 4413.04 2.21 2/11/2015 4426.57 0.07 4427.569 1.00
3/18/2015 4414.62 1.77 4413.04 2.48 3/9/2015 4426.45 0.14 4427.587 1.29
3/23/2015 4414.67 1.64 4413.04 2.65 3/30/2015 4426.44 0.15 4427.610 1.37
3/29/2015 4414.17 3.17 4413.04 1.28 4/13/2015 4426.41 0.17 4428.120 2.92
4/3/2015 4414.15 3.24 4413.04 1.24 5/4/2015 4426.6 0.05 4428.454 3.44
4/8/2015 4414.10 3.42 4413.41 0.48 Average = 4426.8 1.58 48.33
4/13/2015 4414.33 2.62 4413.55 0.60 NS =1‐(F/Fo) = ‐29.60
4/18/2015 4414.56 1.93 4413.62 0.88
4/23/2015 4414.85 1.21 4413.67 1.40
42122.00 4415.29 0.43 4413.70 2.53
42127.00 4415.58 0.14 4413.72 3.44

Average = 4415.95 327.04 421.45
NS =1‐(F/Fo) = ‐0.29

277868276285 (continued)
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Gebril and Bobst, 2021

Nash efficiency coefficient analysis (Targets group 3) 

Date Obs head (ft) = ∑[obs‐(avg. obs) Sim head (ft)  F =∑ (obs‐sim)^2

6/2/2004 4455.06 0.07 3/3/2011 4455.05 0.07
11/30/2004 4456.04 0.52 4/6/2011 4454.93 0.15
3/7/2005 4453.63 2.85 5/6/2011 4454.94 0.14
6/1/2005 4454.86 0.21 6/6/2011 4455.52 0.04
8/29/2005 4453.4 3.68 9/7/2011 4458.05 7.46
12/5/2005 4456.07 0.57 12/20/2011 4456.44 1.26
8/30/2006 4456.94 2.63 3/12/2012 4454.90 0.17
11/30/2006 4456.13 0.66 9/27/2012 4458.20 8.31
3/26/2007 4454.02 1.69 12/6/2012 4455.75 0.19
8/27/2007 4453.97 1.82 3/13/2013 4453.76 2.43
12/4/2007 4455.85 0.28 6/18/2013 4453.88 2.07 4456.60 7.38
3/4/2008 4454.02 1.69 7/15/2013 4454.18 1.30 4456.63 6.00
5/8/2008 4453.91 1.98 8/14/2013 4456.39 1.15 4456.16 0.05
6/5/2008 4456.45 1.28 9/19/2013 4456.43 1.24 4456.24 0.04
9/4/2008 4457.84 6.36 10/17/2013 4456.39 1.15 4455.35 1.08

10/23/2008 4457.76 5.96 11/21/2013 4455.05 0.07 4454.11 0.88
11/3/2008 4457.17 3.43 12/17/2013 4454.26 1.12 4453.66 0.36
12/3/2008 4456.06 0.55 1/25/2014 4453.60 2.95 4453.38 0.05
1/7/2009 4455.16 0.02 2/21/2014 4453.21 4.44 4453.33 0.01
2/12/2009 4454.64 0.46 3/19/2014 4453.07 5.05 4453.35 0.08
3/8/2009 4454.37 0.90 4/18/2014 4452.36 8.75 4454.09 2.99
4/7/2009 4454.33 0.98 5/14/2014 4451.77 12.59 4455.27 12.22
5/7/2009 4454.7 0.38 7/9/2014 4455.32 0.00 4456.79 2.16
6/7/2009 4456.16 0.71 8/8/2014 4455.03 0.08 4456.20 1.37
8/6/2009 4458.01 7.25 9/9/2014 4457.37 4.21 4456.08 1.66
9/3/2009 4456.48 1.35 10/7/2014 4457.31 3.97 4455.86 2.11
10/8/2009 4458.56 10.51 11/11/2014 4456.13 0.66 4454.44 2.85
11/3/2009 4457.49 4.72 12/9/2014 4450.31 25.08 4453.82 12.34
12/3/2009 4456.46 1.30 1/14/2015 4454.49 0.69 4453.44 1.11
1/7/2010 4455.44 0.01 2/11/2015 4454.08 1.53 4453.33 0.56
2/2/2010 4455.07 0.06 3/9/2015 4453.76 2.43 4453.33 0.19
3/2/2010 4454.68 0.41 4/13/2015 4453.35 3.87 4453.87 0.27
4/2/2010 4454.36 0.92 5/4/2015 4453.95 1.87 4454.51 0.32
5/5/2010 4454.53 0.62 6/30/2015 4455.18 0.02 4456.78 2.56
10/7/2010 4458.43 9.68 12/23/2015 4454.72 0.36 4455.02 0.09
11/4/2010 4457.89 6.61
12/7/2010 4456.84 2.32 Average = 4455.32 192.90 58.72
1/6/2011 4456.04 0.52 NS =1‐(F/Fo) = 0.70

107080 107080 (continue..)

Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2 Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2 Date Obs head (ftim head (fto = ∑[obs‐(avg. obs)]  F =∑ (obs‐sim)^2

7/23/2013 4468.36 4.84 4467.417 0.89 10/25/2013 4457.53 1.00 4457.056 0.22 9/9/2014 4452.89 4452.883 7.07 0.00
9/19/2013 4467.83 2.79 4466.563 1.61 11/21/2013 4456.63 0.01 4456.116 0.26 10/7/2014 4452.79 4452.634 6.55 0.02
10/17/2013 4467.32 1.34 4466.638 0.47 12/17/2013 4455.88 0.43 4455.687 0.04 11/11/2014 4451.74 4451.162 2.28 0.33
11/21/2013 4465.75 0.17 4466.223 0.22 1/25/2014 4455.26 1.62 4455.428 0.03 12/9/2014 4451.08 4450.502 0.72 0.33
12/17/2013 4465.13 1.06 4465.810 0.46 3/19/2014 4454.74 3.21 4455.423 0.47 1/14/2015 4450.3 4450.126 0.00 0.03
1/25/2014 4464.44 2.96 4465.598 1.34 4/18/2014 4454.75 3.18 4456.225 2.18 2/13/2015 4449.94 4450.020 0.08 0.01
2/21/2014 4464.15 4.04 4465.606 2.12 5/14/2014 4455.43 1.21 4457.377 3.79 2/18/2015 4449.903 4450.016 0.11 0.01
3/19/2014 4463.91 5.07 4465.748 3.38 7/9/2014 4457.63 1.21 4458.663 1.07 2/23/2015 4449.863 4450.013 0.14 0.02
4/18/2014 4464.05 4.46 4466.989 8.64 8/8/2014 4458.29 3.09 4457.937 0.12 2/27/2015 4449.757 4450.011 0.23 0.06
5/14/2014 4466.12 0.00 4468.203 4.34 9/9/2014 4459.03 6.24 4457.754 1.63 3/3/2015 4449.71 4450.009 0.27 0.09
6/12/2014 4468.75 6.70 4469.082 0.11 10/7/2014 4459.02 6.19 4457.599 2.02 3/8/2015 4449.627 4450.006 0.37 0.14
7/9/2014 4468.65 6.20 4468.174 0.23 11/11/2014 4457.89 1.84 4456.402 2.21 3/13/2015 4449.58 4450.010 0.42 0.18
8/8/2014 4468.14 3.92 4466.730 1.99 12/9/2014 4457.13 0.36 4455.851 1.64 3/18/2015 4449.542 4450.017 0.47 0.23
9/9/2014 4468.31 4.62 4466.441 3.49 1/14/2015 4456.36 0.03 4455.480 0.77 3/23/2015 4449.508 4450.025 0.52 0.27
10/7/2014 4468.18 4.08 4466.700 2.19 2/11/2015 4455.64 0.80 4455.388 0.06 3/29/2015 4449.443 4450.032 0.62 0.35
11/11/2014 4466.71 0.30 4466.344 0.13 3/9/2015 4455.34 1.42 4455.393 0.00 4/3/2015 4449.386 4450.038 0.71 0.42
12/9/2014 4465.85 0.10 4465.957 0.01 4/13/2015 4455.34 1.42 4456.006 0.44 4/8/2015 4449.337 4450.233 0.80 0.80
1/14/2015 4465.27 0.79 4465.631 0.13 5/4/2015 4455.69 0.71 4456.608 0.84 4/13/2015 4449.305 4450.453 0.86 1.32
2/11/2015 4464.73 2.05 4465.604 0.76 4/18/2015 4449.345 4450.660 0.79 1.73
3/9/2015 4464.21 3.81 4465.694 2.20 4/23/2015 4449.459 4450.836 0.60 1.90
4/13/2015 4464.04 4.50 4466.812 7.68 4/28/2015 4449.684 4450.979 0.30 1.68
5/4/2015 4465.64 0.27 4467.205 2.45 5/3/2015 4449.804 4451.092 0.18 1.66

9/16/2015 4453.33 4452.948 9.60 0.15
Average = 4466.2 64.05 44.85 Average = 4456.5 34.0 17.80 Average = 4450.2 33.69 11.74
NS =1‐(F/Fo) = 0.30 NS =1‐(F/Fo) = 0.48 NS =1‐(F/Fo) = 0.65

279258261912 276041
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Nash efficiency coefficient analysis (Targets group 4) 

Date Obs head (ft) = ∑[obs‐(avg. obs) Sim head (ft)  F =∑ (obs‐sim)^2 Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2

6/16/2011 4462.78 6.55 11/21/2013 4451.69 0.00 4452.684 0.99
7/19/2013 4461.58 1.85 4462.328 0.56 12/17/2013 4451.53 0.03 4452.343 0.66
8/14/2013 4461.45 1.51 4461.481 0.00 1/25/2014 4451.34 0.13 4452.182 0.71
9/19/2013 4461.61 1.93 4461.539 0.01 2/21/2014 4451.23 0.22 4452.208 0.96
10/17/2013 4461.43 1.46 4461.432 0.00 4/18/2014 4451.31 0.15 4453.497 4.78
11/21/2013 4460.1 0.01 4460.896 0.63 5/14/2014 4451.68 0.00 4454.505 7.98
12/17/2013 4459.37 0.72 4460.496 1.27 7/9/2014 4452.25 0.30 4454.183 3.74
1/25/2014 4458.72 2.25 4460.281 2.44 9/9/2014 4452.25 0.30 4452.551 0.09
2/21/2014 4458.35 3.50 4460.278 3.72 10/7/2014 4452.37 0.45 4452.814 0.20
3/19/2014 4458.17 4.21 4460.392 4.94 11/11/2014 4452 0.09 4452.730 0.53
4/18/2014 4458.23 3.96 4461.477 10.54 12/9/2014 4451.76 0.00 4452.472 0.51
5/14/2014 4459.41 0.66 4462.618 10.29 1/14/2015 4451.57 0.02 4452.204 0.40
6/12/2014 4461.34 1.25 4463.519 4.75 2/11/2015 4451.49 0.04 4452.203 0.51
7/9/2014 4461.75 2.34 4462.948 1.44 3/9/2015 4451.34 0.13 4452.297 0.92
9/9/2014 4462.28 4.24 4461.405 0.77
10/7/2014 4462.28 4.24 4461.568 0.51
11/11/2014 4461.04 0.67 4461.048 0.00
12/9/2014 4460.23 0.00 4460.649 0.18
1/14/2015 4459.5 0.52 4460.318 0.67
2/11/2015 4459.04 1.39 4460.277 1.53
3/9/2015 4458.67 2.41 4460.341 2.79
4/13/2015 4458.34 3.54 4461.291 8.71
5/4/2015 4459.41 0.66 4461.721 5.34
Average = 4460.2 49.87 61.06 Average = 4451.7 1.87 22.97

NS =1‐(F/Fo) = ‐0.22 NS =1‐(F/Fo) = ‐11.28

195941 276038

Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2 Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2

10/8/2004 4436.65 1.92 10/8/2004 4438.67 0.17
12/17/2004 4434.63 0.40 12/17/2004 4437.57 0.47
1/21/2005 4434.41 0.73 1/21/2005 4437.44 0.67
2/11/2005 4434.33 0.87 2/11/2005 4437.15 1.23
4/5/2005 4434.24 1.05 4/6/2005 4437.17 1.18
5/4/2005 4437.29 4.11 5/4/2005 4437.46 0.64
5/13/2005 4435.53 0.07 5/13/2005 4439.8 2.38
5/16/2005 4435.36 0.01 5/16/2005 4439.8 2.38
5/23/2005 4435.48 0.05 5/23/2005 4439.85 2.53
5/31/2005 4435.28 0.00 5/31/2005 4439.49 1.52
6/6/2005 4435.61 0.12 6/6/2005 4439.7 2.08
6/13/2005 4436.08 0.67 6/13/2005 4439.76 2.26
6/20/2005 4435.84 0.33 6/20/2005 4439.55 1.67
6/27/2005 4436.07 0.65 6/27/2005 4439.32 1.13
7/5/2005 4436.32 1.12 7/5/2005 4438.34 0.01
7/11/2005 4435.2 0.00 7/11/2005 4438.21 0.00
7/18/2005 4435 0.07 7/18/2005 4437.9 0.13
7/26/2005 4434.7 0.32 7/26/2005 4437.67 0.35
8/2/2005 4434.53 0.54 8/2/2005 4437.52 0.54
8/22/2005 4434.48 0.61 8/22/2005 4437.45 0.65
9/28/2005 4435.49 0.05 9/28/2005 4438.11 0.02
10/13/2005 4435.5 0.06 10/13/2005 4439.49 1.52
10/24/2005 4435.27 0.00 10/24/2005 4438.07 0.04
10/31/2005 4435.08 0.03 10/31/2005 4437.89 0.14
11/8/2005 4435.02 0.06 11/8/2005 4437.85 0.17
8/13/2013 4435.21 0.00 4436.091 0.78 8/13/2013 4437.65 0.37 4437.697 0.00
9/19/2013 4435.51 0.06 4435.935 0.18 9/19/2013 4438.81 0.30 4437.782 1.06
10/17/2013 4435.19 0.01 4435.897 0.50 10/17/2013 4437.9 0.13 4438.000 0.01
11/21/2013 4434.9 0.13 4435.648 0.56 11/21/2013 4437.7 0.31 4437.876 0.03
12/17/2013 4434.69 0.33 4435.375 0.47 12/17/2013 4437.96 0.09 4437.532 0.18
1/24/2014 4434.58 0.47 4435.179 0.36 1/25/2014 4438.05 0.04 4437.358 0.48
2/21/2014 4434.52 0.55 4435.171 0.42 2/21/2014 4437.69 0.32 4437.389 0.09
3/19/2014 4434.65 0.38 4435.261 0.37 3/19/2014 4437.61 0.42 4437.551 0.00
4/18/2014 4434.87 0.15 4435.985 1.24 4/18/2014 4437.88 0.14 4438.772 0.80
5/14/2014 4435.24 0.00 4436.777 2.36 5/14/2014 4438.24 0.00 4439.787 2.39
6/12/2014 4436.2 0.88 4437.278 1.16 6/12/2014 4438.64 0.15 4440.345 2.91
7/9/2014 4436.48 1.48 4437.107 0.39 7/9/2014 4438.86 0.36 4439.334 0.22
8/8/2014 4435.8 0.29 4436.282 0.23 8/8/2014 4438.35 0.01 4437.999 0.12
9/9/2014 4435.27 0.00 4435.848 0.33 9/9/2014 4437.89 0.14 4437.657 0.05
10/7/2014 4435.52 0.07 4435.930 0.17 10/7/2014 4438.08 0.03 4437.922 0.02
11/11/2014 4435.16 0.01 4435.725 0.32 11/11/2014 4437.94 0.10 4437.904 0.00
12/9/2014 4435.1 0.03 4435.509 0.17 12/9/2014 4437.84 0.17 4437.670 0.03
1/14/2015 4434.89 0.14 4435.219 0.11 1/14/2015 4437.93 0.11 4437.383 0.30
2/11/2015 4434.87 0.15 4435.167 0.09 2/11/2015 4437.77 0.24 4437.382 0.15
3/9/2015 4434.67 0.35 4435.207 0.29 3/9/2015 4437.59 0.45 4437.484 0.01
4/13/2015 4435.52 0.07 4435.820 0.09 4/13/2015 4438.29 0.00 4438.634 0.12
5/4/2015 4435.16 0.01 4436.210 1.10 5/4/2015 4438.23 0.00 4438.871 0.41

Average = 4435.3 19.39 11.70 Average = 4438.3 27.74 9.40
NS =1‐(F/Fo) = 0.40 NS =1‐(F/Fo) = 0.66

276107 276108
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Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2 Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2

4/6/2005 4445.1 0.51 8/3/2014 4445.78 0.00 4446.42 0.41
5/4/2005 4445.28 0.29 8/8/2014 4445.65 0.03 4445.54 0.01
5/13/2005 4446.65 0.69 8/13/2014 4445.59 0.05 4445.32 0.07
5/16/2005 4446.6 0.61 8/18/2014 4445.71 0.01 4445.25 0.22
5/23/2005 4446.64 0.68 8/23/2014 4445.95 0.02 4445.22 0.53
5/31/2005 4446.09 0.07 8/29/2014 4445.93 0.01 4445.21 0.53
6/6/2005 4446.36 0.30 9/3/2014 4445.80 0.00 4445.20 0.36
6/13/2005 4446.49 0.45 9/8/2014 4445.63 0.03 4445.45 0.03
6/20/2005 4446.38 0.32 9/13/2014 4445.63 0.04 4445.51 0.01
6/27/2005 4446.37 0.31 9/18/2014 4445.62 0.04 4445.54 0.01
7/5/2005 4445.97 0.02 9/23/2014 4445.61 0.04 4445.55 0.00
7/12/2005 4445.91 0.01 9/28/2014 4445.75 0.00 4445.55 0.04
7/19/2005 4445.62 0.04 10/3/2014 4445.85 0.00 4445.55 0.09
7/27/2005 4445.35 0.22 10/8/2014 4445.83 0.00 4445.79 0.00
8/2/2005 4445.21 0.37 10/13/2014 4445.81 0.00 4445.84 0.00
8/22/2005 4445.39 0.18 10/18/2014 4445.79 0.00 4445.85 0.00
9/9/2005 4445.33 0.24 10/23/2014 4445.85 0.00 4445.85 0.00
9/28/2005 4446.13 0.10 10/29/2014 4445.87 0.00 4445.84 0.00
10/13/2005 4446.64 0.68 11/3/2014 4445.85 0.00 4445.84 0.00
10/24/2005 4446.01 0.04 11/8/2014 4445.82 0.00 4445.78 0.00
10/31/2005 4445.95 0.02 11/13/2014 4445.59 0.05 4445.76 0.03
11/8/2005 4446 0.03 11/18/2014 4445.60 0.05 4445.75 0.02
12/17/2013 4446.64 0.68 4445.357 1.65 11/23/2014 4445.74 0.01 4445.74 0.00
1/23/2014 4445.471667 0.12 4445.190 0.08 11/28/2014 4445.77 0.00 4445.74 0.00
1/29/2014 4445.423056 0.16 4445.188 0.06 12/3/2014 4445.64 0.03 4445.73 0.01
2/3/2014 4445.300333 0.27 4445.187 0.01 12/8/2014 4445.64 0.03 4445.45 0.03
2/8/2014 4445.26 0.31 4445.219 0.00 12/13/2014 4445.63 0.03 4445.38 0.06
2/13/2014 4445.485167 0.11 4445.227 0.07 12/18/2014 4445.57 0.06 4445.36 0.05
2/18/2014 4445.486917 0.11 4445.229 0.07 12/23/2014 4445.56 0.06 4445.35 0.05
2/23/2014 4445.450714 0.13 4445.230 0.05 12/29/2014 4445.43 0.15 4445.34 0.01
3/18/2014 4445.424286 0.15 4445.413 0.00 1/3/2015 4445.48 0.11 4445.34 0.02
3/23/2014 4445.253417 0.32 4445.417 0.03 1/8/2015 4445.66 0.02 4445.23 0.19
3/29/2014 4445.244931 0.33 4445.420 0.03 1/13/2015 4445.63 0.03 4445.21 0.18
4/3/2014 4445.228333 0.35 4445.421 0.04 1/18/2015 4445.53 0.08 4445.20 0.11
4/8/2014 4445.2815 0.29 4446.455 1.38 1/23/2015 4445.48 0.12 4445.19 0.08
4/13/2014 4445.828333 0.00 4446.699 0.76 1/29/2015 4445.48 0.11 4445.19 0.09
4/18/2014 4445.650917 0.03 4446.778 1.27 2/3/2015 4445.40 0.17 4445.19 0.05
4/23/2014 4445.7185 0.01 4446.811 1.19 2/8/2015 4445.44 0.14 4445.22 0.05
4/28/2014 4445.74025 0.01 4446.827 1.18 2/13/2015 4445.62 0.04 4445.23 0.15
5/3/2014 4445.699583 0.01 4446.836 1.29 2/18/2015 4445.57 0.06 4445.23 0.11
5/8/2014 4445.952333 0.02 4447.717 3.11 2/23/2015 4445.49 0.11 4445.23 0.07
5/13/2014 4445.951 0.02 4447.903 3.81 2/27/2015 4445.43 0.15 4445.23 0.04
5/18/2014 4446.046167 0.05 4447.958 3.66 3/3/2015 4445.37 0.20 4445.23 0.02
5/23/2014 4446.320667 0.25 4447.979 2.75 3/8/2015 4445.35 0.22 4445.37 0.00
5/29/2014 4447.387153 2.47 4447.989 0.36 3/13/2015 4445.43 0.15 4445.40 0.00
6/3/2014 4447.165417 1.82 4447.995 0.69 3/18/2015 4445.63 0.04 4445.41 0.05
6/8/2014 4446.527 0.50 4448.451 3.70 3/23/2015 4445.60 0.05 4445.42 0.03
6/13/2014 4446.301333 0.23 4448.543 5.03 3/29/2015 4445.53 0.08 4445.42 0.01
6/18/2014 4446.6 0.61 4448.570 3.88 4/3/2015 4445.73 0.01 4445.42 0.10
6/23/2014 4446.489583 0.45 4448.580 4.37 4/8/2015 4445.80 0.00 4446.46 0.43
6/28/2014 4446.57275 0.57 4448.585 4.05 4/13/2015 4445.85 0.00 4446.70 0.72
7/3/2014 4446.461417 0.42 4448.587 4.52 4/18/2015 4445.84 0.00 4446.78 0.88
7/8/2014 4446.37125 0.31 4446.919 0.30 4/23/2015 4445.85 0.00 4446.81 0.92
7/13/2014 4446.415167 0.36 4446.576 0.03 4/28/2015 4445.90 0.01 4446.83 0.86
7/18/2014 4446.303917 0.24 4446.478 0.03 5/3/2015 4445.95 0.02 4446.84 0.78
7/23/2014 4446.103417 0.08 4446.442 0.11 Average = 4445.82 20.65 58.32
7/29/2014 4445.93125 0.01 4446.426 0.24 NS =1‐(F/Fo) = ‐1.82

276287 276287 (continued)
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Date Obs head (ft)  Fo = ∑[obs‐(avg. obs)]^2 Sim head (ft)  F =∑ (obs‐sim)^2

4/6/2005 4442.84 1.00
5/4/2005 4442.89 0.90
5/13/2005 4443.86 0.00
5/16/2005 4443.74 0.01
5/23/2005 4443.71 0.02
5/31/2005 4443.46 0.15
6/6/2005 4443.74 0.01
6/13/2005 4444.1 0.07
6/20/2005 4443.91 0.00
6/27/2005 4444.07 0.05
7/5/2005 4443.69 0.02
7/12/2005 4443.71 0.02
7/18/2005 4443.54 0.09
7/26/2005 4443.45 0.15
8/2/2005 4443.39 0.20
8/22/2005 4443.6 0.06
9/9/2005 4443.66 0.03
9/28/2005 4444.19 0.12
10/13/2005 4444.43 0.35
10/24/2005 4444.21 0.14
10/31/2005 4444.08 0.06
11/8/2005 4444.03 0.04
4/18/2014 4443.36 0.23 4444.210 0.72
5/14/2014 4443.75 0.01 4444.895 1.31
6/12/2014 4444.33 0.24 4445.310 0.96
7/9/2014 4444.53 0.47 4445.174 0.41
8/8/2014 4444.32 0.23 4444.342 0.00
9/9/2014 4444.44 0.36 4443.819 0.39
10/7/2014 4444.55 0.50 4444.033 0.27
11/11/2014 4444.21 0.14 4443.846 0.13
12/9/2014 4444.05 0.04 4443.573 0.23
1/14/2015 4443.73 0.01 4443.228 0.25
2/11/2015 4443.71 0.02 4443.176 0.29
3/9/2015 4443.5 0.12 4443.230 0.07
4/13/2015 4443.63 0.04 4444.013 0.15
5/4/2015 4443.87 0.00 4444.445 0.33

Average = 4443.8 5.90 5.51
NS =1‐(F/Fo)  0.07

277329
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APPENDIX F

MODEL SENSITIVITY ANALYSIS
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Figure F1. The sensitivity analysis done for the groundwater-fed streams (drains) indicates that the 
discharge is most sensitive to zone 2 hydraulic conductivity, drain bed conductance, and aquifer 
thickness. 
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Figure F2. The Jefferson River flow at Corbett’s station is sensitive to zone 1 hydraulic conductivity.  
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Figure F3. The model sensitivity analysis show that the calibration statistic RMS is most sensitive to 
hydraulic conductivity in zones 1, 2, and 3, drain bed conductance for Parson’s Slough and Willow Spring, 
and aquifer thickness. 
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Figure F4. The model sensitivity analysis show that calibration statistics RSS is most sensitive to 
hydraulic conductivity (zones 1 & 2), drain bed conductance at Parson’s Slough and Willow Springs, and 
aquifer thickness. 

0

50

100

150

200

250

300

0 1 2 3 4 5 6 7 8 9 10

Dr
ai
ns
 F
lo
w
 (c
fs
)

Horizontal Hydraulic Conductivity Multiplier

Zone 1

Zone 2

Zone 3

Zone 4

0
10
20
30
40
50
60
70
80
90

100

0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25

Dr
ai
ns
 F
lo
w
 (c
fs
)

Irrigation Recharge Multiplier

Pivot Irrigation

Sprinkle Irrigation

Flood Irrigation

D

0
10
20
30
40
50
60
70
80
90

100

0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25

Dr
ai
ns
 F
lo
w
 (c
fs
)

Riverbed Conductance Multiplier

River Segment 1

River Segment 3

C

0

10

20

30

40

50

60

70

80

90

100

0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25

Dr
ai
ns
 F
lo
w
 (c
fs
)

GW Boundary Influx Multiplier

South Boundary Flux

North Boundary Flux

E

0
10
20
30
40
50
60
70
80
90

100

0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25

Dr
ai
ns
 F
lo
w
 (c
fs
)

ET Parameter Multiplier

ET Rate

ET Depth

F

0
10
20
30
40
50
60
70
80
90

100

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

Dr
ai
ns
 F
lo
w
 (c
fs
)

Aquifer Thickness Multiplier

Aquifer Thickness

G

0
10
20
30
40
50
60
70
80
90

100

0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25

Dr
ai
ns
 F
lo
w
 (c
fs
)

Wells Pumping Rate Multiplier

Pumping Rate

H

0
10
20
30
40
50
60
70
80
90

100

0 1 2 3 4 5 6 7 8 9 10

Dr
ai
ns
 F
lo
w
 (c
fs
)

Drain Conductance Multiplier

Drain Conductance

B

0
10
20
30
40
50
60
70
80
90

100

0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25

Dr
ai
ns
 F
lo
w
 (c
fs
)

Canal Leakage Multiplier

Parrot Leakage

Creeklyn Leakage

Jefferson Leakage

I

0
10
20
30
40
50
60
70
80
90

100

0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25

Dr
ai
ns
 F
lo
w
 (c
fs
)

Lateral GW Influx  Multiplier

Parrot Lateral GW Influx

Creeklyn  Lateral GW Influx
J













































































































System under normal operation. 

New 

Center Pivot 

61.3 ac 

550 gpm 

Existing 

Center Pivot 

57.3 ac 

490 gpm 

New 

Wheel Line 

25.7 ac 

280 gpm 

Existing 

Center Pivot 

53.1 ac 

490 gpm 

мтл



 

System if Jefferson pump site not operational. 

 

 

 

 

Existing 

Center Pivot  

57.3 ac 

490 gpm 

Existing 

Center Pivot  

53.1 ac 

490 gpm 

 



 

Sample set up for 100 gpm impact sprinkler shown pumping from Jefferson River.  Sprinkler will be moved  

and arc adjusted to irrigate entire 1.6-ac place of use. 
 

Pump 100 gpm 

Impact 

Sprinkler 

Supply 

Hose 



Jefferson River Pump Diversion Description 

The intent of this project is to have a continuous flow system to be able to pull constant water to provide 

adequate flow to irrigation pivots. We have created a design that utilizes a screened vault set in the 

Jefferson riverbed at a 100 CFS. Attached to the screened vault will be a 24” perforated pvc pipe that will 

draw water from the river and collect ground water from the bedded perforated pvc pipe that will feed 

the 14’ containment sump. This containment sump will be located back on the riverbank shelf and will 

act as a collection basin to retain enough water to always be available for the pivot pump. This 

containment sump is in two separated pieces. The lower half consists of a 6’ perforated containment 

chamber that is perforated including a metal plate that it will sit on. This will draw groundwater in 

though layers of a mixture of oversized and clean bedding material. The upper 8’ portion of the 

containment sump will be solid. Inside the containment pump will be a pipe that will draw out the water 

to feed the pivot pump. As a secondary backup in case the Jefferson River dips below 100 cfs will be a 

secondary 24” perforated pipe that will be embedded in the Jefferson riverbed that will always have a 

consistent water draw. Both 24” perforated pipe shall be bedded in both oversized and smaller cobble to 

allow not only river water draw, but groundwater saturation draw as well. The screened vault shall have 

2’ rip rap installed along both sides of the screened vault along the bank line 50’ on each side. This will 

speed up water along the front of the screen, which in return the screens have a less chance of foreign 

objects sticking or collecting on the screens. As an additional failsafe the screened vault with have a 

water spray bar that will be fed by the pivot pump that will apply pressurized water to blow anything off 

the screens from inside out. This should also help reduce foreign objects accumulating on the screens as 

well. The entire installation area will be embedded with oversized and small clean gravel. This will allow 

as much groundwater seepage to accumulate inside the perforated pipe as possible.  
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Example of similar pump site installed on Big Hole River. 



Proposed Sprinkler System 

The system would consist of a 14 HP gasoline powerd centrifugal pump supplying a 2-in flexible 

hose connected to a single large impact type sprinkler.  The suction line would be a 15 ft., 3 in. 

flexible line with a screen.  Based on the pump performance information supplying 100 gpm at 

85 psi, a 16 mm sprinkler nozzle would be used.  The estimated friction loss is 16.5 psi through 

200 ft. of fleximble hose, providing just under 70 psi at the sprinkler and about 100 gpm.  The 

radius of sprinkler application of 230 ft. is appropriate as it is approximately the same as the 

field width.  The sprikler can be set to provide full or partial circle patern to accommodate the 

field boundaries. 

2.5 in. discharge 3.0 in. suction 14 HP 



 

 

 

 



 

 

https://bigsprinkler.com/products/2000s-complete-irrigation-kit-w-high-pressure-pump  

https://bigsprinkler.com/products/2000s-complete-irrigation-kit-w-high-pressure-pump
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