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Thursday, October 12, 2023:  9:00 AM to 11:00 AM CDT 

A. 9:00 to 9:15 AM: Welcome – NSPW and Mead & Hunt 

1. Introductions - Northern States Power Company, a Wisconsin corporation (NSPW) 

2. Purpose of Meeting - Discuss Study Results and Modifications (Mead & Hunt) 

3. No Proposed Variances and Modifications by NSPW (Mead & Hunt) 

a. 15-Day Meeting Summary-Due October 28, 2023 

b. 30-Day Disagreement Response Period (requires good cause)-Due November 27, 2023 

c. 30-Day Response to Disagreements-Due December 27, 2023 

d. 30-Day Commission Disagreement Resolution-January 26, 2024 
 

B. 9:15 to 9:20 AM: Aquatic and Terrestrial Invasive Species Study – Mead & Hunt  

C. 9:20 to 9:25 AM: Cultural Resources Study – Mead & Hunt 

D. 9:25 to 9:40 AM: Minimum Flow Habitat Evaluation Study – Mead & Hunt 

E. 9:40 to 9:45 AM: Mussel Study – Mead & Hunt 

F. 9:45 to 10:00 AM: Recreation Study – Mead & Hunt 

G. 10:00 to 10:15 AM: Break (time permitting) 

H. 10:15 to 10:30 AM: Shoreline Stability Study – Mead & Hunt  

I. 10:30 to 10:35 AM: Water Quality Monitoring Study – Mead & Hunt  

J. 10:35 to 10:40 AM: Whitewater Recreation Flow Study – Mead & Hunt  

K. 10:40 to 10:45 AM: Wood Turtle Study – Mead & Hunt  

L. 10:45 to 11:00 AM: Reservoir / Flow Routing Model – Mead & Hunt 

M. 11:00 AM: Adjourn 

 

 

If topics are discussed in a shorter time frame than listed in the agenda, the meeting will move forward to the next agenda topic. 

Agenda for Gile Flowage Storage Reservoir Updated Study Report Meeting 

 
Meeting Date / Time: Thursday, October 12, 2023 (9:00 AM to 11:00 PM CDT) 

Note: Meeting will be conducted virtually and recorded. 

 

To be forwarded an invitation to the meeting, please contact 

Matt Miller at (715) 737-1353 or by email at 

matthew.j.miller@xcelenergy.com  

mailto:matthew.j.miller@xcelenergy.com
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INTRODUCTION 

 

Project Information and Background 

Great Lakes Environmental Center, Inc. (GLEC) conducted a Minimum Flow Habitat Evaluation Study 

(habitat study) for the Gile Flowage Project (FERC No. 15055) in August 2022 and July 2023. The 

purpose of the habitat study was to determine if the current minimum flow is sufficient to protect aquatic 

resources in the West Fork of the Montreal River downstream of the Gile Dam.  

 

Description of the Study Area 

The Gile Flowage (Flowage) is located within the northern highland area of northern Wisconsin which is 

widely known for its forests, lakes, and wetlands. The Flowage is an approximately 3,400-acre storage 

reservoir formed by the impounding of the West Fork of the Montreal River (FIGURE 1). The Flowage 

and the West Fork of the Montreal River are located in the vicinity of the Gogebic and Trap Ranges 

(Wisconsin Geological & Natural History Survey (WGNHS) 2022) which form two conspicuous ridges in 

Iron and Ashland Counties in northern Wisconsin. Both ridges are composed of rock types that are more 

resistant to erosion than the rock that underlies the valley separating them. A thin layer of sediment 

deposited during the most recent glaciation covers the valley and parts of the ridges. The Flowage is 

situated on the southern ridge of the Gogebic Range and contains iron-rich rock that is approximately 1.9 

billion years old. Bare rock faces and boulders are common along the shoreline of the Flowage. Nearly all 

the natural beaches on the Flowage are made up of gravel and cobble.  

 

The West Fork of the Montreal River downstream of the Gile Flowage flows through the Trap Range 

(northern ridge), which is distinctly different in composition from the Gogebic Range (southern ridge).  

The Trap Range is composed of younger volcanic rock, consisting primarily of basaltic-lava flows that 

are approximately 1.1 billion years old.  
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FIGURE 1. GILE FLOWAGE STUDY AREA 

METHODS 

 

Minimum Flow Habitat Evaluation Study 

The primary objective of the habitat study was to determine if the current minimum flow of 12 cfs1 is 

sufficient to provide suitable habitat for aquatic resources in the West Fork of the Montreal River 

downstream of the Gile Dam. Additional study flows of 24 and 36 cfs were evaluated to assess how the 

suitability of available habitat changes with higher flows.  

 

The habitat study included a survey of two representative river reaches (stations) downstream of the Gile 

Dam. The reaches were determined after reviewing the 2017 WDNR fishery data and WDNR’s 

Guidelines for Evaluating Habitat of Wadable Streams (WDNR Guidelines). Water depth and velocity 

information were collected at both stations at 12 cfs (baseflow conditions), 24 cfs and 36 cfs. Discharge 

from the dam spillway was calculated by Northern States Power Company – Wisconsin (NSPW) using 

standard weir equations.  

 

Instream observations at 36 cfs were completed in August 2022 and observations at 12 and 24 cfs were 

completed in July 2023. Water depth information was collected by hand measurements and point velocity 

measurements were collected with an electromagnetic flow meter mounted to a top-setting wading rod. 

The sampling methodology for each station followed the general sampling procedures outlined in WDNR 

Guidelines. In addition, GLEC incorporated improved/current methodology with the field data collection 

and interpretation, including habitat suitability curves, weighted usable area and instream flow 

methodologies. The data recommended by the WDNR Guidelines was collected for each of 12 transects 

within each of the two study reaches.  

 

 
1 Minimum flow requirement is 10 cfs, but 12 cfs is typically released to assure it does not release below the required minimum of 10 cfs. 
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Habitat Study Reaches 

Wisconsin DNR staff previously collected fisheries data in the West Fork of the Montreal River during 

backpack and/or stream shocking surveys from 2007-2018 (WDNR fisheries survey data provided to 

NSPW(April 28, 2021). During these surveys, fish were collected from five different locations 

downstream of the Gile Flowage (FIGURE 2). A total of 15 fish species were collected across all years 

and sampling areas (TABLE 1).  

 

FIGURE 2. WDNR FISH SAMPLING LOCATIONS IN THE WEST FORK OF THE 

MONTREAL RIVER (2007-2018) 

 

After reviewing the fish data provided by WDNR, two study reaches were selected for the habit study that 

corresponded to two of the WDNR fish sampling locations. The upper study reach (Reach A) began just 

downstream of the US Highway 77 bridge and the lower study reach (Reach B) included areas both 

upstream and downstream of South Drive. Results of the WDNR fish surveys from these two locations 

included 15 species of fish collected throughout the surveys. The number of fish collected and percent 

abundance for each species is displayed in TABLE 1. The ten most common species were considered 

representative of the fish community and used for further analysis. Collectively, these 10 species 

accounted for over 97.5 percent of the fish collected from the two study reaches by WDNR. 
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TABLE 1. LIST AND ABUNDANCE OF FISH SPECIES COLLECTED BY WDNR FROM THE 

GILE FLOWAGE MINIMUM FLOW HABITAT EVALUATION STUDY REACHES 

 

Species 

Common Name 

Species 

Scientific Name  

Number of Fish 

Collected 

Percent 

Abundance 

LONGNOSE DACE Rhinichthys 

cataractae 

329 42.56% 

CREEK CHUB Semotilus 

atromaculatus 

84 10.87% 

PUMPKINSEED Lepomis gibbosus 81 10.48% 

SMALLMOUTH BASS Micropterus 

dolomieu 

70 9.06% 

HORNYHEAD CHUB Nocomis biguttatus 52 6.73% 

WHITE SUCKER Catostomus 

commersonii 

49 6.34% 

YELLOW PERCH Perca flavescens 29 3.75% 

COMMON SHINER Luxilus cornutus 24 3.10% 

BLACKNOSE SHINER Notropis 

heterolepis 

23 2.98% 

WALLEYE Sander vitreus 13 1.68% 

MOTTLED SCULPIN Cottus bairdii 9 1.16% 

ROCK BASS Ambloplites 

rupestris 

4 0.52% 

WESTERN BLACKNOSE 

DACE 

Rhinichthys obtusus 3 0.39% 

BROOK TROUT Salvelinus 

fontinalis 

2 0.26% 

CENTRAL MUDMINNOW Umbra limi 1 0.13% 

 

Habitat sampling at each reach was conducted following WI DNR Guidelines for Evaluating Habitat of 

Wadable Streams (2002). At each study reach, the mean stream width (MSW) was calculated at 36 cfs 

and the reach length was calculated as 3 times the MSW at that flow. Within each reach, 12 transects 

were established (FIGURE 3 and 4). The first (most upstream) transect was established 1 MSW from the 
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upstream end of the study reach and subsequent transects were spaced 3 MSW’s apart (approximately 45 

meters in both reaches). For direct comparison among the three study flows, the same 12 transects were 

assessed in each study reach for each flow. At each transect, the following data was collected: 

• Distance from start of study reach 

• Wetted width 

• Habitat type 

• Depth at deepest point along transect (thalweg) 

• Length of each transect containing various types of cover for adult fish 

• Amount of bank erosion 

• Riparian land use within 5 meters of stream edge 

• Riparian buffer width 

 

Along each transect four equally spaced sampling points were established, effectively dividing each 

transect into five equal segments. Within a 0.3m x 0.3m quadrate on the stream bottom, centered on the 

transect point, the following data was collected: 

• Water depth (if a boulder was directly on the transect point, depth was measured next to the 

boulder) 

• Depth of fines and water 

• Embeddedness of coarse gravel and rubble/cobble 

• Percent of the stream bottom covered by various substrate types, algae, and macrophytes 

• Percent of the transect shaded by canopy 

• Water velocity (from a location equal to 0.6 times the water depth at the point) 

 

The available habitat (in square meters) of each sub-reach segment was calculated by multiplying the 

width of each segment by the sub-reach length. To calculate the weighted usable area (WUA) of each 

segment, the depth and velocity values at each sampling point were incorporated into habitat suitability 

formulas (Aadland and Kuitunen, 2006) for the 10 most common fish species collected and then summed 

to estimate total WUA for each species and in each study reach. The habitat suitability curves for depth 

and velocity for the 10 most common species are presented in FIGURE 5. A habitat suitability formula 

for pumpkinseed was not available, so the formula for bluegill was used as a surrogate. Pumpkinseed are 

generally considered very similar to bluegill, and are often found in the same habitat. 

 

As flows change within the West Fork of the Montreal River, depth and velocity are expected to change 

accordingly. Other parameters, such as substrate type, cover for fish, canopy cover, percent 

embeddedness, etc. are expected to remain relatively consistent. For this reason, habitat suitability indices 

used in the calculation of WUA were restricted to depth and velocity. Similar calculations were made at 

each of the three study flows to allow a direct comparison of WUA’s for each species at each flow. 

 

Using the habitat data collected, and the Fish Habitat Rating (FHR) system (TABLE 2) developed by 

WDNR (Simonson, Lyons, and Kanehl, 1993.), an overall fish habitat score was developed for each 

reach. This score, which ranges from zero to 100, is designed to provide a qualitative rating of fish habitat 

that ranges from poor to excellent using the scoring parameters given below. As with the calculations of 

WUA, fish habitat suitability scores were calculated to compare the quality of available habitat for each 

reach at each of the three flows. 
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• Excellent > 80 

• Good   60-80 

• Fair  20-60 

• Poor  < 20 

 

 
FIGURE 3. APPROXIMATE LOCATION OF REACH A AND TRANSECTS A1-A12 

DOWNSTREAM OF HIGHWAY 77 ON THE WEST FORK OF THE MONTREAL RIVER 
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FIGURE 4. APPROXIMATE LOCATION OF REACH B AND TRANSECTS B1-B12 IN THE 

VICINITY OF SOUTH DRIVE ON THE WEST FORK OF THE MONTREAL RIVER 

 
  

South Dr 
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FIGURE 5. HABITAT SUITABILITY CURVES FOR DEPTH AND VELOCITY FOR THE 10 

MOST COMMON SPECIES IN THE STUDY REACHES OF THE WEST FORK OF THE 

MONTREAL RIVER. 
* Habitat suitability curves for pumpkinseed were not available, so the curves for bluegill were used instead. 
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FIGURE 5 (CONT.). HABITAT SUITABILITY CURVES FOR DEPTH AND VELOCITY FOR 

THE 10 MOST COMMON SPECIES IN THE STUDY REACHES OF THE WEST FORK OF 

THE MONTREAL RIVER. 



Updated Study Report   

Gile Flowage Storage Project (FERC Project No. 15055) September 21, 2023    

Minimum Flow Habitat Evaluation Study Page 10 of 18 

 

 

            

           

FIGURE 5 (CONT.). HABITAT SUITABILITY CURVES FOR DEPTH AND VELOCITY OF 

THE 10 MOST COMMON SPECIES IN THE STUDY REACHES OF THE WEST FORK OF 

THE MONTREAL RIVER. 
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TABLE 2. FISH HABITAT RATING SYSTEM (FHR) DEVELOPED BY WDNR (SIMONSON, 

LYONS, AND KANEHL, 1993.) 

RATING ITEM EXCELLENT GOOD FAIR POOR 

Bank Stability  

(% of bank 

protected by rock 

or vegetation) 

No significant 

bank erosion; ≥ 

90% of bank 

protected; ≤ 10% 

bare soil 

(12) 

Limited erosion; 

70 to 90% of bank 

protected; 10 to 

30% bare soil 

 

(8) 

Moderate erosion; 

50 to 60% of bank 

protected; 10 to 

30% bare soil 

 

(4) 

Extensive erosion; 

< 50% of bank 

protected; > 50% 

bare soil 

 

(0) 

Maximum 

Thalweg Depth 

(average of the 

four deepest 

depths recorded) 

Stream very deep; 

≥ 1.5 meters 

 

 

(25) 

Stream relatively 

deep; 1 to 1.5 

meters 

 

(16) 

Stream 

moderately deep; 

0.6 to 0.9 meters 

 

(8) 

Stream relatively 

shallow; < 0.6 

meters 

 

(0) 

Riffle:Riffle or 

Bend:Bend Ratio 

(average distance 

between riffles or 

bends divided by 

average stream 

width) 

Diverse habitats; 

meandering 

stream with deep 

bends and riffles 

common; ratio ≤ 

10 

(12) 

Diverse 

habitats;bends and 

riffles present but 

not abundant; 

ratio 10 to 14 

 

(8) 

Habitat diversity 

low; occasional 

riffles or bends; 

ration 15 to 25 

 

 

(4) 

Habitat 

monotonous; 

riffles or bends 

rare; generally 

continuous run 

habitat; ratio > 25 

(0) 

Rocky Substrate 

(% of the 

substrate, by area, 

that is bedrock, 

boulder, 

rubble/cobble, or 

gravel) 

Extensive rocky 

substrate; ≥ 65% 

of stream bed 

 

 

 

 

(25) 

Moderate rocky 

substrate; 45 to 

65% of stream 

bed 

 

 

 

(16) 

Limited rocky 

substrate; 15 to 

44% of stream 

bed 

 

 

 

(8) 

Rocky substrate 

uncommon; < 

15% of stream 

bed 

 

 

 

(0) 

Cover for Fish 

(% of the stream 

area with cover) 

Cover/shelter for 

fish abundant; ≥ 

12% of stream 

 

(25) 

Cover common, 

but not extensive; 

7 to 12% of 

stream 

(16) 

Occasional cover, 

limited to one or 

two areas; 2 to 6% 

of stream 

(8) 

Cover rare or 

absent; limited to , 

2% of stream 

 

(0) 

 
STUDY RESULTS 

 

Minimum Flow Habitat Evaluation Study 

Both study reaches contained a mix of riffle, run, and pool habitat dominated by a hard substrate (boulder, 

cobble and gravel). Maximum transect depths ranged from 22 to 66 cm at 12 cfs, 28 to 71 cm at 24 cfs, 

and 30 to 82 cm at 36 cfs. Shallow water and soft substrates were rarely encountered. Average water 

velocities ranged from 5.5 to 40.8 cm/sec at 12 cfs, 9.6 to 33.6 cm/sec at 24 cfs, and 17.5 to 51.1 cm/sec 

at 36 cfs. Slack water areas were rarely observed. Field worksheets are included in Appendix A. 

The wetted width of the river, and therefore the total wetted area of each of the study reaches, increased 

with the higher flows (FIGURE 6).  The total available area in Reach A increased 8.0% as the flow 

increased from 12 to 24 cfs and 13% when the flow increased from 12 to 36 cfs.  The total available area 
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in Reach B increased 4.2% as the flow increased from 12 to 24 cfs and 10.2% as the flow increased from 

12 to 36 cfs. 

 

FIGURE 6. TOTAL AVAILABLE AREA IN THE THREE STUDY REACHES AT EACH STUDY 

FLOW 

 

At each study flow, habitat suitability formulas for the ten most common fish species observed during the 

Wisconsin DNR study were compared to the depth and velocity values at each sampling point to calculate 

the WUA of each transect cell which were then summed to calculate the total WUA by species/flow in 

each study reach. By dividing the WUA for any given species/flow by the total area available at that 

flow, an overall suitability index for each species, study reach, and flow was calculated. These suitability 

indices are expressed as a percentage of optimal habitat based on the available habitat suitability curves 

for individual fish, where 0% indicates a total lack of suitable conditions and 100% indicates that 

conditions are ideal for the species.  

TABLE 3. , 4 and 5 include the habitat suitability values for Reach A at the three study flows for 10 

species of fish.  TABLE 6. , 7 and 8 include the habitat suitability values of Reach B at the three study 

flows for the same 10 species of fish. 
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TABLE 3. HABITAT SUITABILITY FOR THE 10 MOST COMMON FISH SPECIES IN STUDY 

REACH A AT 12 CFS 

 
TABLE 4. HABITAT SUITABILITY FOR THE 10 MOST COMMON FISH SPECIES IN STUDY 

REACH A AT 24 CFS 

 
TABLE 5. HABITAT SUITABILITY FOR THE 10 MOST COMMON FISH SPECIES IN STUDY 

REACH A AT 36 CFS2 

 

 
2 There was an error in the formulas in the initial report for species 2-9 where the WUA was incorrectly compared to the total area for 
Reach B instead of total area for Reach A as it should have been. The current numbers are the result of corrected formulas. 

Reach A @ 12 cfs Depth Vel Depth and Velocity

LONGNOSE DACE 72.5% 16.3% 44.4%

CREEK CHUB 61.7% 83.0% 72.4%

PUMPKINSEED 2.7% 43.6% 23.1%

SMALLMOUTH BASS 14.0% 84.1% 49.1%

HORNYHEAD CHUB 17.6% 77.9% 47.8%

WHITE SUCKER 8.3% 84.4% 46.3%

YELLOW PERCH 12.6% 74.3% 43.5%

COMMON SHINER 36.1% 72.2% 54.2%

BLACKNOSE SHINER 5.7% 64.4% 35.1%

WALLEYE 8.4% 69.6% 39.0%

Average 24.0% 67.0% 45.5%

Reach A @ 24 cfs Depth Vel Depth and Velocity

LONGNOSE DACE 72.0% 20.6% 46.3%

CREEK CHUB 65.0% 83.2% 74.1%

PUMPKINSEED 3.0% 35.3% 19.1%

SMALLMOUTH BASS 15.9% 83.9% 49.9%

HORNYHEAD CHUB 19.6% 80.6% 50.1%

WHITE SUCKER 9.6% 86.4% 48.0%

YELLOW PERCH 18.8% 73.1% 46.0%

COMMON SHINER 39.1% 76.2% 57.6%

BLACKNOSE SHINER 6.1% 55.6% 30.8%

WALLEYE 9.2% 66.2% 37.7%

Average 25.8% 66.1% 46.0%

Reach A @ 36 cfs Depth Vel Depth and Velocity

LONGNOSE DACE 65.2% 36.1% 50.7%

CREEK CHUB 76.5% 80.9% 78.7%

PUMPKINSEED 4.0% 10.5% 7.3%

SMALLMOUTH BASS 22.4% 81.8% 52.1%

HORNYHEAD CHUB 26.6% 89.5% 58.1%

WHITE SUCKER 14.3% 93.3% 53.8%

YELLOW PERCH 22.8% 61.8% 42.3%

COMMON SHINER 49.3% 88.7% 69.0%

BLACKNOSE SHINER 7.5% 35.9% 21.7%

WALLEYE 12.0% 51.1% 31.5%

Average 30.1% 63.0% 46.5%
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TABLE 6. HABITAT SUITABILITY FOR THE 10 MOST COMMON FISH SPECIES IN STUDY 

REACH B AT 12 CFS 

 

TABLE 7. HABITAT SUITABILITY FOR THE 10 MOST COMMON FISH SPECIES IN STUDY 

REACH B AT 24 CFS 

 

TABLE 8. HABITAT SUITABILITY FOR THE 10 MOST COMMON FISH SPECIES IN STUDY 

REACH B AT 36 CFS 

 

Reach B @ 12 cfs Depth Vel Depth and Velocity

LONGNOSE DACE 78.7% 17.4% 48.1%

CREEK CHUB 71.3% 88.4% 79.8%

PUMPKINSEED 2.4% 34.7% 18.6%

SMALLMOUTH BASS 12.2% 91.0% 51.6%

HORNYHEAD CHUB 15.7% 80.3% 48.0%

WHITE SUCKER 6.6% 85.8% 46.2%

YELLOW PERCH 3.8% 79.4% 41.6%

COMMON SHINER 35.1% 75.7% 55.4%

BLACKNOSE SHINER 5.4% 74.7% 40.1%

WALLEYE 7.8% 81.5% 44.6%

Average 23.9% 70.9% 47.4%

Reach B @ 24 cfs Depth Vel Depth and Velocity

LONGNOSE DACE 74.8% 18.2% 46.5%

CREEK CHUB 78.9% 92.0% 85.5%

PUMPKINSEED 2.7% 27.7% 15.2%

SMALLMOUTH BASS 14.2% 93.5% 53.8%

HORNYHEAD CHUB 17.9% 83.4% 50.6%

WHITE SUCKER 8.0% 87.5% 47.7%

YELLOW PERCH 4.5% 85.7% 45.1%

COMMON SHINER 39.4% 79.7% 59.5%

BLACKNOSE SHINER 5.8% 68.3% 37.1%

WALLEYE 8.7% 83.4% 46.0%

Average 25.5% 71.9% 48.7%

Reach B @ 36 cfs Depth Vel Depth and Velocity

LONGNOSE DACE 63.1% 27.7% 45.4%

CREEK CHUB 91.8% 89.2% 90.5%

PUMPKINSEED 3.7% 15.0% 9.4%

SMALLMOUTH BASS 21.9% 89.8% 55.9%

HORNYHEAD CHUB 26.0% 89.0% 57.5%

WHITE SUCKER 13.4% 91.9% 52.6%

YELLOW PERCH 17.1% 77.9% 47.5%

COMMON SHINER 52.7% 87.3% 70.0%

BLACKNOSE SHINER 7.4% 50.3% 28.8%

WALLEYE 11.8% 68.8% 40.3%

Average 30.9% 68.7% 49.8%
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Overall, each of the three study flows provided a relatively high depth and velocity suitability for the ten 

most common fish species present in each reach. In Reach A, overall suitability (average of depth and 

velocity) values ranged from 23.1% to 72.4% at 12 cfs, 19.1% to 74.1% at 24 cfs, and 7.3% to 78.7% at 

36 cfs. In Reach B, overall suitability values ranged from 18.6% to 79.8% at 12 cfs, 15.2% to 85.5% at 24 

cfs, and 7.3% to 90.5% at 36 cfs. The highest overall suitability for both reaches was for the creek chub at 

36 cfs (78.7 and 90.5%) and the lowest was for the pumpkinseed at 36 cfs (7.3 and 9.4%) (TABLE 8).  

 

Fish Habitat Rating Score 

When the habitat data was entered into the WDNR fish habitat scoring worksheet for streams greater than 

10 meters wide, both study reaches scored in the “good” range at all three study flows (TABLE 9). Study 

reach A received a score of 61 at 12 cfs and a score of 69 at both 24 and 36 cfs. Study reach B received a 

score of 61 at all three study flows. Deductions from the top score of 100 were due primarily to shallow 

depths and a lack of bends or other stream complexes which add to the overall diversity of the stream 

structure.  

 

TABLE 9. FISH HABITAT RATING SCORES IN THE TWO STUDY REACHES 
 

 

ANALYSIS AND DISCUSSION 

 

Minimum Flow Habitat Evaluation Study 

As the study flows  changed, the resulting depth and velocity changes led to corresponding changes in the 

weighted usable area (WUA) for fish species present. For some species, as the flow increased there was a 

corresponding increase in the WUA, while other species saw a decrease in WUA with increasing flows. 

FIGURE 7 and FIGURE 8 illustrate the WUA in each reach for the 10 most common fish species at 

each study flow.  FIGURE 9 depicts the total WUA in both reaches combined for the same 10 fish 

species. 

 

Reach A 12 cfs 24 cfs 36 cfs

Bank Stability 12 12 12

Maximum Thalweg 0 8 8

Riffle:Riffle / Bend:Bend Ratio 8 8 8

Rocky Substrate 25 25 25

Cover for Fish 16 16 16

TOTAL SCORE 61 69 69

Reach B 12 cfs 24 cfs 36 cfs

Bank Stability 12 12 12

Maximum Thalweg 0 0 0

Riffle:Riffle / Bend:Bend Ratio 8 8 8

Rocky Substrate 25 25 25

Cover for Fish 16 16 16

TOTAL SCORE 61 61 61
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FIGURE 7. REACH A WEIGHTED USABLE AREA AT THREE STUDY FLOWS FOR THE 10 

MOST COMMON FISH SPECIES 

 

 

FIGURE 8. REACH B WEIGHTED USABLE AREA AT THREE STUDY FLOWS FOR THE 10 

MOST COMMON FISH SPECIES 
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FIGURE 9. TOTAL WEIGHTED USABLE AREA AT THREE STUDY FLOWS FOR THE 10 

MOST COMMON FISH SPECIES 

 

The study reaches (A and B) downstream of the Gile flowage were selected to represent the habitat 

conditions within the West Fork of the Montreal River away from the immediate influence of the 

Project’s operation. Although each level of flow (12, 24 and 36 cfs) resulted in a “Good” rating based on 

the WDNR fish habitat scoring, that approach was obviously influenced by the lack of meanders and deep 

pools in this stretch of the West Fork of the Montreal River. 

 

The consideration of habitat suitability for individual fish and the estimation of overall habitat suitability 

based on depth and velocity provided a more quantitative evaluation of the expected changes in habitat 

between 12 and 36 cfs. Total available aquatic habitat increased between 8% and 13% as flows increased 

from 12 cfs to 36 cfs in Reach A. In Reach B, total available aquatic habitat increased between 4.2% and 

10.2% as flows increased from 12 to 36 cfs. Habitat changes were slightly greater in Reach A than in 

Reach B between 12 and 36 cfs. Overall, the average increase in wetted aquatic habitat averaged between 

6.1% and 11.6%. Based on the average habitat suitability percentage for all fish, the average suitability 

changed very little between 12 and 36 cfs (TABLES 3 through 8).  

 

When combining depth and velocity as an average or overall habitat suitability score, the percent of 

optimum habitat available to all species averaged between 45.5% and 46.5% between 12 and 36 cfs for 

Reach A. For Reach B, the average habitat suitability score ranged between 47.4% and 49.8%. Although 

habitat suitability was variable between fish species, the overall increase in available habitat was modest 

between 12 and 36 cfs. For example, based on the WUA for individual fish species, the change between 

12, 24 and 36 cfs is negligible, considering there was an increase noted for some species and a decrease 

noted for others. This finding is not surprising due to the river’s channel morphology. Although there is 

an abundance of gravel, cobble and boulder habitat throughout both study reaches, the incremental 

increase in depth and velocity between 12 and 36 cfs only changed the overall habitat suitability by less 

than 3 percentage points. 
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The balance between retaining sufficient water in the impoundment for recreation and the need for 

adequate flow downstream of the Gile Dam to protect aquatic resources is a notable consideration. The 

current operation of the project appears to satisfy both needs and uses of the available resources. 

 

AGENCY CONSULTATION 

 

GLEC had no direct consultation with the resource agencies regarding either the erosion or habitat studies 

at Gile Flowage.  
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1. INTRODUCTION 

Northern States Power Company-a Wisconsin Corporation (NSPW or Applicant), owns and 
operates the Gile Flowage Storage Reservoir Project (FERC Project No. 15055). The Gile 
Flowage Storage Reservoir Project (Gile Flowage or, Project) is located on the West Fork of the 
Montreal River in Iron County, Wisconsin and currently operates under a permit issued by the 
Public Service Commission of Wisconsin. The purpose of the Project is to augment flow in the 
West Fork of the Montreal River during low flow periods for hydroelectric generation at 
NSPW’s two downstream projects, the Saxon Falls Hydroelectric Project (Saxon Falls) and the 
Superior Falls Hydroelectric Project (Superior Falls). Both downstream projects are licensed by 
the Federal Energy Regulatory Commission (FERC or Commission). 
 
NSPW is in the process of applying for an original license from the FERC to continue to operate 
and maintain the Project. To obtain a License, NSPW must submit a Final License Application 
(FLA) to FERC no later than August 18, 2023. The FLA, in part, must include an evaluation of 
the existing recreational facilities associated with the Project along with any potential recreation 
enhancements. 
 
Gile Flowage is a 3,138-acre flowage located in northern Iron County, Wisconsin, (Figure 1-1). 
NSPW retains the right to draw down the flowage 15 feet from its normal full pool elevation 
(1490.0’). The Flowage features 26 miles of shoreline, numerous islands, and a maximum depth 
of 25 feet. The entire shoreline is encompassed within the proposed Project boundary.  
 
There are ample opportunities for fishing, wildlife viewing, and water sports on the Gile 
Flowage. The Project is a popular ice fishing, snowmobiling, and ATV destination during the 
winter. In summer, sportfishing, pleasure boating, and swimming are popular activities. Existing 
recreation facilities within the proposed Project boundary are shown in Figure 1-1 and described 
below. 
 
The goals of the 2022 Gile Flowage Recreation Study were to: 
 

• obtain a subjective assessment of recreation facility conditions and needed enhancements; 

• determine capacity of existing facilities to address current and future user demand; and  

• provide sufficient information for making recreation enhancement recommendations. 

The results of the Gile Flowage Recreation Study are presented herein and include the following 
items: 
 

• recreation counts based on the data collected in 2022; 

• recreation trends by activity and season; 

• a discussion of the adequacy of the recreational facilities in the project area to meet 
recreational demand; 

• recommendations to accommodate recreational needs in the project area. 
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Figure 1-1 Gile Flowage Recreation Survey Study Area. 
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2. METHODS 

This section describes the methods used to collect, summarize, and extrapolate the recreation 
data collected in 2022. Each subsection focuses on the different types of data and information 
collected. 
 
2.1 RECREATION INVENTORY 

An inventory of public and private recreational facilities on the Gile Flowage was created using 
maps and aerial images of the area, internet resources, and interviews. Section 3 describes each 
of the following public recreational facilities: 
 

• Gile Park 

• Gile Dam Canoe Portage 

• Sucker Hole Landing 

• Town of Pence Landing 

• County Hwy C Landing 
 
The recreation facilities were inventoried during one of the recreational use surveys using the 
forms attached as Appendix 1 to collect information on recreation amenities and capacity. The 
following types of information were recorded: 
 

1) The entity responsible for operation and maintenance of the recreation facility. 
2) Identification of whether the facility is a proposed project or non-project recreation 

facility. 
3) The seasons/hours of operation. 
4) The primary type(s) of recreation provided at the site. 
5) Existing sanitation facilities (if any). 
6) Type of vehicle access and parking capacity (if any). 
7) The presence and type (if any) of barrier-free facilities. 
8) The GPS location of the facility. 
9) The type and number of amenities at each site and their location in respect to the 

proposed Project boundary. 
10) Photographs of the recreation site, each amenity, each sign, the entryways to primary 

recreation sites from the main road(s), and any adverse impacts from the site on the 
resources, including shoreline erosion. 

11) The minimum water elevation adequate recreation use is observed for existing recreation 
features including boat landings, docks, piers, etc. 

 
2.2 FACILITY CONDITION ASSESSMENT 

The condition of each facility (including recreational wayfinding signs and interpretive signs) 
and its immediate vicinity were assessed during one of the site visits. Each facility was assigned 
a rating according to the following scale: 
 

1) Not Usable and Needs Replacement 
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2) Needs Repair 
3) Needs Maintenance or Cleaning 
4) Good Working Condition (does not need any attention) 
5) Facility Lacking; need to install facility or otherwise add enhancement (identify item) 

 
If a rating warranted additional attention, that specific item was noted on the form. 
 
2.3 RECREATION SPOT COUNTS 

When first arriving at each recreation site where recreation use surveys were collected, a spot 
count was conducted using the form enclosed in Appendix 1. The information was then 
statistically analyzed to develop recreational use figures which are summarized in Section 5.1 by 
season and type of activity. 
 
2.3.1 Evaluation of Existing Recreation on Undeveloped Islands 

There are 43 undeveloped islands within the proposed Project boundary (Figures 2-1 and 2-2). 
Recreation activities occurring on privately owned islands were not evaluated as part of this 
study. Islands owned by either the Applicant or public were evaluated for existing recreational 
use during the July 4th holiday weekend, when use was expected to be higher. During the 
assessment, the surveyors examined each island for evidence of recreational use including the 
beaching or mooring of boats, shore fishing, picnicking, and camping. The location of any 
erosion caused by recreation access and any recreational user-developed facilities present (i.e., 
fire pits, campsites, signs) was also documented. The type of recreation access, existing user-
developed facilities, and recreation-caused erosion sites are summarized in Section 3. Recreation 
spot counts and recreation surveys were also conducted on each island that had recreationists 
present at the time of the survey. 
 
2.4 RECREATION USE SURVEY 

Recreation use surveys were conducted at each of the recreation sites listed in Section 2.1. The 
surveys lasted a minimum of two hours per site and were conducted between the hours of 7:00 
a.m. and 7:00 p.m. Surveys were completed on a rotating schedule to avoid them from being 
conducted at the same time of the day and to account for time-of-day use patterns. The survey 
instrument included in Appendix 1 was administered to gather opinions about the existing 
recreation facilities and opportunities. The surveyor recorded the number of people in a party, 
their primary reason for visiting the site, their perception of level of use, and their opinions with 
regard to the amount and types of recreation opportunities offered within the proposed Project 
boundary. The recreation use surveys were conducted according to the following schedule in 
Table 2-1.The recreation surveys provided the information necessary to determine the use at each 
site as well as use overall for Gile Flowage. In addition to current recreational use, these data 
were combined with 2020 United States Census Bureau data on local population growth to 
examine projected use of the Gile Flowage recreational resources as it relates to capacity. 
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Figure 2-1. Undeveloped Islands, Gile Flowage (north)  
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Figure 2-2. Undeveloped Islands, Gile Flowage (south)  
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Table 2-1. Recreation Use Survey Schedule. 

Survey 

Month/Season 
Recurrence Interval 

May Two randomly selected weekend days.  
Two randomly selected non-holiday weekend days. 
One day during Memorial Day weekend. 

June Two randomly selected weekdays. 
Two randomly selected weekend days. 

July Two randomly selected weekdays. 
Two randomly selected non-holiday weekend days. 
One day during July 4th weekend.  

August Two randomly selected weekdays. 
Two randomly selected weekend days. 

September Two randomly selected weekdays. 
Two randomly selected non-holiday weekend days. 
One day during Labor Day weekend. 

October Two randomly selected weekdays. 
Two randomly selected weekend days. 

January Two randomly selected weekdays. 
Two randomly selected weekend days. 
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3. DESCRIPTIONS OF RECREATIONAL FACILITIES AT GILE FLOWAGE 

The public recreational facilities listed in the approved study plan are described below along with 
a discussion of their use and adequacy. Facility locations are depicted in Figure 1-1.  
 
3.1 GILE PARK 

Gile Park Landing is located on the north end of the flowage just east of the Gile Dam (Figure 1-
1). The landing provides a two-lane concrete boat ramp with a courtesy pier located between the 
lanes. The parking lot can accommodate up to eight vehicles with trailers and up to four vehicles 
without trailers. The park also includes a picnic area with tables, fireplace, drinking water, 
pavilion, restrooms, changing rooms, playground facilities, a swimming beach, and shoreline 
fishing. The facility is owned and maintained by the City of Montreal. 
 
3.2 GILE DAM CANOE PORTAGE 

The Gile Dam is located immediately west of Gile Park (Figure 1-1). The canoe portage take-out 
is located just east of the dam spillway. Upon disembarking, paddlers cross over the low rise of 
the earthen dam approximately 115 feet to the downstream put-in on the West Fork of the 
Montreal River. There is no designated parking besides Gile Park and along Park Street and 
Nimikon Avenue. The canoe portage is open year-round and accessible 24-hours per day. The 
canoe portage is maintained by NSPW. 
 
3.3 SUCKER HOLE LANDING 

Sucker Hole landing is located on the south end of the Project reservoir near the mouth of the 
West Fork of the Montreal River (Figure 1-1). The landing serves as a low water access point 
and provides a single-lane boat ramp composed of concrete planks with a gravel driveway and 
parking lot. The parking lot can accommodate up to four vehicles with trailers with additional 
parking along the access road. A kiosk provides information about invasive species and fishing 
regulations. The landing is open year-round and accessible 24-hours per day. Sucker Hole 
landing is owned and maintained by Iron County. 
 
3.4 TOWN OF PENCE LANDING 

The Town of Pence landing, also known as Spring Camp landing, is located on the west 
shoreline, midway along the reservoir (Figure 1-1). The landing consists of a single lane concrete 
boat ramp with a gravel parking area along the shoulder of Spring Camp Road. The parking area 
can accommodate up to two vehicles with trailers. A kiosk provides information about invasive 
species and local fishing regulations. The landing is open year-round and accessible 24-hours per 
day. The landing is owned and maintained by the Town of Pence. 
 
3.5 COUNTY HIGHWAY C LANDING 

The County Highway C Landing is located on the west side of the highway along the east side of 
the reservoir, approximately 0.5 miles south of the intersection of County Highway C and Knight 
Road (Figure 1-1). The landing features a two-lane boat ramp composed of concrete planks and a 
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courtesy pier between lanes. The landing also provides a large gravel parking lot capable of 
accommodating 15-20 vehicles with trailers. The landing is open year-round and accessible 24-
hours per day. The County C landing is owned and maintained by Iron County. 
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4. RESULTS OF RECREATION INVENTORY AND CONDITION ASSESSMENTS 

4.1 GILE PARK 

Condition of Amenities 
 
The condition of all Gile Park amenities as described in Section 3.1 was assessed as being in 
good working condition in 2022. Photographs (1-30) of the amenities are included in Appendix 
2. Information on the minimum water elevation necessary for adequate recreation use is shown 
in Table 5-12. 
 
Parking 
 
The Gile Park parking lot is a paved with parking for eight vehicles with trailers and an 
additional five vehicles without trailers. One vehicle without a trailer parking stall near the 
southwest portion of the parking lot, near the restrooms, is designated as handicap.  
 
Signage 
 
Signage at Gile Park includes regulation (e.g., fishing limits, invasive species removal, launch 
fee), directional, and interpretive signs. The signage in the park was considered to be in good 
condition during 2022. However, there are no signs directing people on approach to the park in 
Gile or on the highway.  
 
4.2 GILE DAM CANOE PORTAGE 

Condition of Amenities 
 
The Gile Dam Canoe Portage amenities described in Section 3.2 were evaluated as being in need 
of maintenance. Photos 31 through 54 of Appendix 2 depict the amenities at the Gile Dam Canoe 
Portage. 
 
Parking 
 
While individuals have been observed parking in front of the Gile Dam access gate, there are no 
designated parking spaces for the Gile Dam Canoe Portage, however, the site is immediately 
adjacent to Gile Park and vehicle parking is available there as well as along Park Street and 
Nimikon Avenue. 
 
Signage 
 
Canoe portage signage consists of a sign identifying the waterbody as Gile Flowage as well as a 
directional sign upstream of the dam that guides paddlers to the take-out. The take-out is 
immediately east of the spillway. While the existing signage is in good condition, a lack of 
directional signage for paddlers resulted in a “in need of maintenance” rating. 
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4.3 SUCKER HOLE LANDING 

Condition of Amenities 
 
The Sucker Hole Landing amenities described in Section 3.3 were assessed as being in good 
condition during 2022. Photographs 55 through 66 of Appendix 2 depict the amenities at the 
facility. The Sucker Hole Landing is also known as the Low Water Landing on a boat landing 
map provided by Friends of the Gile Flowage. Information on the minimum water elevation for 
adequate recreation use is shown in Table 5-12. 
 
Parking 
 
The Sucker Hole landing parking lot is unpaved with room for four vehicles with trailers. There 
are no designated parking spaces. 
 
Signage 
 
The Sucker Hole landing signage consists of regulation (e.g., fishing limits, invasive species 
removal) and interpretive signage in or adjacent to a kiosk. All current signage was deemed in 
good condition. However, the signage was assessed as being in need of maintenance because a 
lack of directional signage from Spring Camp Road makes it difficult to locate the boat launch. 
 
4.4 TOWN OF PENCE LANDING 

Condition of Amenities 
 
The amenities at the Town of Pence landing, as described in Section 3.4, were assessed as being 
in good condition during 2022. Photographs 67 through 76 of Appendix 2 depict the amenities at 
the facility. As shown in Table 5-12, the minimum water elevation for adequate recreation use is 
lower than the County Highway C Landing. 
 
Parking 
 
There are no designated parking spaces at Town of Pence landing, but the available space can 
accommodate two vehicles with trailers. Occasionally, vehicles with or without trailers park on 
the shoulder of Spring Camp Road.  
 
Signage 
 
All signage associated with the Town of Pence landing was rated as being in good condition. 
Signage includes directional signs located on Spring Camp Road from both approaches that 
notify motorists that they are approaching a public boat landing. Additionally, regulation and 
interpretive signage is provided in a kiosk that is adjacent to the boat ramp.  
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4.5 COUNTY HIGHWAY C LANDING 

Condition of Amenities 
 
The condition of the amenities at the County Highway C landing described in Section 3.5 was 
assessed as being in good condition during 2022. Photographs 77 through 90 of Appendix 2 
depict the amenities at the facility. Information on the minimum water elevation for adequate 
recreation use is shown in Table 5-12. 
 
Parking 
 
The County Highway C landing parking lot is unpaved with room for 20 vehicles with trailers. 
There are no designated parking spaces at the County Highway C landing. 
 
Signage 
 
Signage at County Highway C landing includes regulation, directional, and interpretive signs. 
The signs were considered to be in good condition during 2022. 
 
4.6 SUMMARY 

The existing amenities of the five surveyed recreation resources on Gile Flowage were generally 
rated as in good condition (Appendix 3). The two exceptions were associated with Gile Dam 
Canoe Portage and Sucker Hole landing. Both facilities received a rating of “in need of 
maintenance” due to a lack of directional signage. 
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5. SUMMARY OF RECREATIONAL USE 

5.1 SPOT COUNTS 

The 31 recreational surveys conducted at Gile Flowage between 23 January and 20 October 2022 
resulted in 155 spot count reports across the five surveyed locations. These spot counts observed 
297 vehicles and 420 users total (Tables 5-1 and 5-2, Appendix 4). The average spot count for 
the 31 surveys was 9.58 vehicles and 13.55 users per location. Gile Park was slightly higher than 
County Highway C landing in terms of both vehicle and user visits. These two facilities had spot 
counts that were substantially greater than the remaining three locations. 
 
Among the seven months surveyed, January had the fewest total and average visits by vehicle 
and recreational user (Tables 5-1 and 5-2). July had the highest number of vehicle counts but the 
greatest number of users observed was in August. Gile Park had the highest number vehicle 
counts in January, May, July, September, and October.  Gile Park also had the highest number of 
user counts in each month except June. County Highway C landing was highest for vehicle 
counts in June and August, and highest for user counts in June.  
 

Table 5-1. Recreational use based on vehicle spot counts, 

Gile Flowage (January, May-October 2022) 
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Total 

by 
Month 

Average 
by 

Month 

& No. 
Surveys 

January 4 4 0 2 2 2 10 2.50 
May 5 19 0 10 1 14 44 8.80 

June 4 16 2 1 5 33 57 14.25 
July 5 39 0 2 8 24 73 14.60 
August 4 22 1 1 8 25 57 14.25 
September 5 24 1 3 3 10 41 8.2 

October 4 12 0 0 2 1 15 3.75 
Total 31 136 4 19 29 109 297 9.58 
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Table 5-2. Recreational use based on user spot counts, 

Gile Flowage (January, May-October 2022) 
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Total 
by 

Month 

Average 
by 

Month 
& No. 

Surveys 

January 4 4 0 2 2 2 10 2.50 
May 5 19 3 18 1 14 55 11.00 
June 4 16 2 2 5 33 58 14.50 
July 5 53 3 2 12 34 104 20.80 

August 4 43 3 9 16 42 113 28.25 
September 5 39 2 3 4 12 60 12.00 
October 4 16 0 0 2 2 20 5.00 
Total 31 153 50 36 42 139 420 13.55 

 
In addition to instantaneous site counts of vehicles and recreation users at each location, the spot 
count forms identified 11 specific recreational activities and one “other” category (Appendix 1). 
These activities ranged from ATV/Snowmobiling and various types of boating to 
hiking/jogging/walking and wildlife viewing. Recreation users were observed participating in all 
but one of the activities; bicycling. The majority of recreationist during the winter were listed 
under “other” and were all participating in ice fishing while from May to October, the primary 
activity of most visitors was boat fishing. 
  
5.2 RECREATIONAL USER INTERVIEWS 

This section provides a brief summary of the interviews with recreational users on the 
recreational facilities and opportunities on Gile Flowage (Appendix 5). The 31 recreational 
surveys conducted on Gile Flowage between January and October 2022 yielded 168 total users 
interviewed among the five locations (Table 5-3) 
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Table 5-3. Recreational use based on user interviews, 

Gile Flowage (January, May-October 2022) 

Month Surveys G
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Total 
by 

Month 

Average 
by 

Month 
& No. 

Surveys 

January 4 6 0 0 1 1 8 2.00 

May 5 15 5 9 3 16 48 9.60 

June 4 10 2 2 0 10 24 6.00 

July 5 12 0 1 6 10 29 5.80 

August 4 16 2 2 5 11 36 9.00 

September 5 11 1 2 2 1 17 3.40 

October 4 4 0 1 0  1 6 1.50 

Total 31 74 10 17 17 50 168 5.42 

 
Gile Park produced the most recreational user interviews followed by County Highway C 
landing while the fewest interviews were conducted at Gile Dam Canoe Portage. The most 
interviews by month were conducted in May, which also produced the highest average number 
of interviews per survey event. August yielded the second highest number of interviews and 
average number of interviews. 
 
Weekends produced more than twice the interviews compared to weekdays (Table 5-4).  
 

Table 5-4. Recreational use by type of day, 

Gile Flowage (January, May - October 2022) 

Season Month Weekday Weekend 

Winter January 3 5 

Spring 
May 19 29 

June 4 20 

Summer 

July 7 22 

August 9 27 

September 4 13 

Fall October 5 1 

Year 

Total 51 117 

# Days 14 17 

Ave. Per Day 3.64 6.88 
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Seasonally, the four surveys in January yielded eight interviews or two per event. Spring (May 
and June) collectively had 72 of the 168 total interviews and Summer (July, August, and 
September) produced 82 interviews. Fall (October) had 6 of the 168 total interviews. 
 
In terms of visit frequency, most respondents (137 or 81.5%) considered themselves regular 
visitors that visited three or more times per year.  
 

Table 5-5. Respondent Frequency of Visits to 

Gile Flowage (January, May - October 2022) 

Frequency of Visits Number of Responses. 

Regular 137 

Occasional 14 

Infrequent 6 

First 11 

Total 168 

 

Of the 168 respondents, 62.5% (n=105) were from immediately local zip codes (i.e., Ironwood 
49938, Hurley 54534, Montreal 54525, Pence 54550, and Iron Belt 54536) while 73% stated that 
they traveled less than 50 miles to visit Gile Flowage. Among those that traveled to the Gile 
Flowage area from more than 50 miles, 26% (n=43) stated they were staying the night and of 
those, 77% (n=33) were staying in a vacation or rental home. Among the respondents, 74% 
(n=125) stated they were going home after their visit.  
 
Recreational users were mostly represented as adult groups (41.7%) or individuals (32.7%) 
during the survey (Table 5-6). Family groups were a distant third. All group types except youth 
groups were observed at all five Gile Flowage recreation sites in 2022. 
 

Table 5-6. Type of recreational user group based on interviews, 

Gile Flowage (January, May-October 2022) 

User Group Type G
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Total by 

Type 

Individual 18 4 9 3 21 55 

Adult Group (over 21) 32 2 5 10 21 70 

Youth Group (under 21) 1 2 0 0 0 3 

Family (with children) 19 1 2 3 5 30 

Mixed Group (various groups and ages) 4 1 1 1 3 10 

Total 74 10 17 17 50 168 
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When eliminating individuals that briefly visited a recreation location (i.e., <10 minutes; n=6), 
the minimum duration spent in the Gile Flowage area was 10 minutes while the longest duration 
was approximately seven days. The longest duration stays in the Gile Flowage area occurred in 
January and September, with each skewing the respective monthly averages (Table 5-7). Most 
recreation visits lasted between one and six hours, however, both June and July posted mean visit 
durations slightly longer than six hours. 
 

Table 5-7. Respondent duration of visit to 

Gile Flowage (January, May - October 2022) 

Month 

Number 
of 

Interviews 
Number 
>1 Hour 

Number 
≤6 

Hours 

Average 
Duration 
(hh:mm) 

January 8 4 6 17:00 

May 43 30 36 3:07 
June 24 21 13 6:02 

July 28 23 23 6:49 

August 36 28 34 3:58 
September 17 10 15 12:09 

October 6 4 5 2:46 

Total 162 120 132  

 
Visitors were asked which of 10 activities they participated in during their visit. The most 
popular activities were boat fishing for 55% of the respondents followed by bank fishing for 26% 
(Table 5-8).   
 

Table 5-8. Activities during current visit to 

Gile Flowage (January, May - October 2022) 

Location 

Bank 

fishing 

 Boat 

Fishing  Boating  PWC  Picnic  Swim 

 Sight-

seeing  Hunt  Raft/Tube 

 Wildlife 

viewing 

County Hwy C Landing 7 41 10 1 2 3 9 4 2 7 

Gile Park 13 34 7 6 7 10 16 0 2 10 

Gile Dam 9 0 0 0 2 2 4 0 1 4 

Sucker Hole Landing 8 8 2 1 2 3 5 1 0 6 

Town of Pence Landing 6 9 2 2 1 1 2 1 1 3 

Total 43 92 21 10 14 19 36 6 6 30 

 
Respondents were also asked during which months they visited Gile Flowage in the past year 
and the activities they participated in during those visits. While the results suggest that Gile 
Flowage receives steady recreational visits through the year, spring and summer are the peak 
periods (Table 5-9).  
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Table 5-9. Visit to Gile Flowage during the past twelve months (2021-2022) 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

County Hwy C Landing 20 19 21 25 39 42 43 40 33 25 19 19 

Gile Park 33 33 36 40 58 54 53 54 52 40 36 34 

Gile Dam 4 4 6 8 9 9 8 7 8 7 4 5 

Sucker Hole Landing 8 9 9 14 16 15 15 14 12 13 9 9 

Town of Pence Landing 10 10 9 11 14 15 16 16 14 10 10 10 

Total 75 75 81 98 136 135 135 131 119 95 78 77 

 
Users responded to the question about their recreational activities in the past twelve months 
similarly to their current activities. Once again, boat fishing and bank fishing were the most 
common activities (Table 5-10).  
 

Table 5-10. Activities during visits to Gile Flowage over the past twelve months 

Location 

Bank 

fishing 

 Boat 

Fishing  Boating  PWC  Picnic  Swim 

 Sight-

seeing  Hunt  Raft/Tube 

 Wildlife 

viewing 

County Hwy C Landing 15 41 11 1 4 9 12 6 3 11 

Gile Park 29 43 17 9 12 21 22 3 3 15 

Gile Dam 10 5 1 3 3 4 5 0 1 4 

Sucker Hole Landing 8 12 3 2 3 5 6 4 0 7 

Town of Pence Landing 10 13 8 5 5 6 5 3 4 3 

Total 72 114 40 20 27 45 50 16 11 40 

 
In regard to the activity for which they participated in, respondents were asked to rate the 
following during their visit: safety, enjoyment, crowding, overall experience, and amenity 
condition for the activity that they participated in during their current visit as totally acceptable, 
acceptable, neutral, unacceptable, or totally unacceptable. Out of the 179 ratings provided for 
these categories, 168 (94%) were rated neutral or better and 85% were acceptable or totally 
acceptable.  
 
Likewise, visitors were asked to rate present or past activities at the five surveyed recreation 
locations as totally acceptable, acceptable, neutral, unacceptable, or totally unacceptable. Again, 
out of the 984 ratings provided, 952 (97%) were neutral or better and 89% were acceptable or 
totally acceptable.  
 
Lastly, visitors were asked to indicate if low water levels affected their current activities. 
Specifically, they were asked if low water was no problem (5), a small problem (4), neutral (3), a 
moderate problem (2), or a large problem (1). The average response for the eight rated concerns 
ranged from 4.20 to 4.87 (Table 5-11).  
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Table 5-11. Respondent Rating of  

Gile Flowage Low Water Impact 

Ability to: 
Number of 
Responses 

Average 
Response 

Swim safely 53 4.70 

Launch or take out boat 101 4.20 

Boat safely 108 4.39 

Use docks 93 4.25 

Shoreline fish 68 4.68 

Access shoreline 96 4.76 

Shoreline scenic quality 100 4.87 

Other 20 4.25 

 
When asked if low water had impacted their recreational experience, many responded that low 
water impacted their recreational experience in previous years but very few responded that low 
water was a problem currently. 
 
In addition to the low water question during interviews, water depth was measured from the end 
of the docks at both Gile Park and County Highway C landing as well as at the end of each 
landing. During each survey event, after the docks had been put in place at Gile Park and County 
Highway C landing, one depth measurement was recorded during the period when surveying the 
two locations and related to ramp depth. The dates and times of each measurement and 
corresponding ramp depth and Gile Flowage pond level are presented in Table 5-12. 
 
Given the change in depth 29 May versus 21 May, it is suspected that the Gile Park dock was 
moved between events. It appears water depth remain adequate for launching at Gile Park during 
the open water recreation season; however, launching may become difficult at County Highway 
C Landing in later months.  This is consistent with a comment received from a regular visitor to 
the County Highway C Landing on August 4, 2022. The visitor indicated that when the water 
level is too low at the County Highway C Landing, they use the other ramps, mainly the Town of 
Pence Ramp and the Gile Park Ramp. 
 
As described earlier in this report, the Sucker Hole Landing is also known as the Low Water 
Landing on a boat landing map provided by Friends of the Gile Flowage. However, the deepest 
portion of the concrete ramp is very shallow much of the open water season (Table 5-12). While 
individuals continue to utilize Sucker Hole Landing, other ramps remain deeper at lower pond 
levels, with Gile Park being the deepest.  
 
Respondents were asked to provide additional comments on the amenities, needs, or concerns 
with Gile Flowage. While several positive comments about the area were received, such as the 
fact that the shore is accessible for walking, or that fishing is good under low water, some 
comments included recommended improvements. The comments were organized into four main 
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categories: regulations, maintenance, new amenities, and low water. Table 5-13 briefly 
summarizes the comments. The most frequent comments received were in regard to the boat 
ramp and dock at County Highway C landing, the need for maintenance, repair, and replacement 
of the ramp and dock, as well as removal or marking of hazards near the boat landing. In 
addition, requests for trash receptacles and bathrooms at County Highway C landing were also 
popular. 
 

Table 5-12. Dock depth measurements, Gile Flowage (May-October 2022). 

Date  Recreation site  Time 
Depth 

(in) 

End of Ramp Depth (in) 

Pond 
Level 

Gile 
Park CTH C 

Pence 
Landing 

Sucker 
Hole 

5/8/2022 Gile Park 1355 36 42 30 30 9 1489.88 

5/11/2022 Gile Park 1649 39 
69 57 57 23 1489.86 

5/11/2022 County Hwy C Landing  1442 50 

5/20/2022 Gile Park 0700 38 
69 57 57 23 1489.95 

5/20/2022 County Hwy C Landing  1556 50 

5/21/2022 Gile Park 0931 38 
69 57 57 23 1489.85 

5/21/2022 County Hwy C Landing  0723 50 

5/29/2022 Gile Park 1126 51 
68 56 56 22 1489.85 

5/29/2022 County Hwy C Landing  0917 49 

6/4/2022 Gile Park 1350 49 
68 56 56 22 1489.66 

6/4/2022 County Hwy C Landing  1135 49 

6/7/2022 Gile Park 1553 51 
68 56 56 22 1489.62 

6/7/2022 County Hwy C Landing  1342 49 

6/18/2022 Gile Park 0700 38 
56 44 44 10 1489.46 

6/18/2022 County C Landing  1551 37 

6/27/2022 Gile Park 0917 30 
61 49 49 15 1489.03 

6/27/2022 County Hwy C Landing  0700 42 

7/2/2022 Gile Park 1140 30 
56 44 44 10 1488.85 

7/2/2022 County Hwy C Landing  0922 37 

7/7/2022 Gile Park 1344 36 
55 43 43 9 1488.74 

7/7/2022 County Hwy C Landing  1124 36 

7/23/2022 Gile Park 1548 31 
67 55 55 21 1488.26 

7/23/2022 County Hwy C Landing  1341 48 

7/24/2022 Gile Park 0700 33 
68 56 56 22 1488.22 

7/24/2022 County Hwy C Landing  1542 49 

7/29/2022 Gile Park 0918 38 
53 41 41 7 1488.03 

7/29/2022 County Hwy C Landing  0700 34 

8/4/2022 Gile Park 1128 31 
48 36 36 2 1487.87 

8/4/2022 County Hwy C Landing  0915 29 
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Date  Recreation site  Time 
Depth 

(in) 

End of Ramp Depth (in) 

Pond 
Level 

Gile 
Park CTH C 

Pence 
Landing 

Sucker 
Hole 

8/20/2022 Gile Park 1537 37 
54 42 42 8 1487.47 

8/20/2022 County Hwy C Landing  1308 35 

8/21/2022 Gile Park 1652 34 
47 35 35 1 1487.45 

8/21/2022 County Hwy C Landing  1412 28 

8/31/2022 Gile Park 0704 33 
46 34 34 0 1487.25 

8/31/2022 County Hwy C Landing  1135 27 

9/4/2022 Gile Park 0908 32 
43 31 31 -3 1487.22 

9/4/2022 County Hwy C Landing  0700 24 

9/6/2022 Gile Park 1124 31 
44 32 32 -2 1487.22 

9/6/2022 County Hwy C Landing  0914 25 

9/10/2022 Gile Park 1601 36 
42 30 30 -4 1486.80 

9/10/2022 County Hwy C Landing  1158 23 

9/25/2022 Gile Park 1548 31 
36 24 24 -10 1486.40 

9/25/2022 County Hwy C Landing  1340 17 

9/27/2022 Gile Park 0700 31 
36 24 24 -10 1486.40 

9/27/2022 County Hwy C Landing  1545 17 

10/2/2022 Gile Park 0908 30 
34 22 22 -12 1486.26 

10/2/2022 County Hwy C Landing  0700 15 

10/8/2022 Gile Park 1132 29 
34 22 22 -12 1486.16 

10/8/2022 County Hwy C Landing  0916 15 

10/18/2022 Gile Park 1335 28 
36 24 24 -10 1486.02 

10/18/2022 County Hwy C Landing  1121 17 

10/20/2022 Gile Park 1543 26 
34 22 22 -12 1486.02 

10/20/2022 County Hwy C Landing  1335 15 
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Table 5-13. Summary of comments received from interviews, Gile Flowage 

(January, May-October 2022), Subject (number of comments) 

Location Regulations Maintenance New Amenities Low Water 

Gile Park -Slot limit on walleye (1) 
-Eliminate launch fee (2) 

-Make ramp deeper (1) 
-Clean park (1) 
-Refill bathroom toiletries (1) 
-Pop machine eats money (1) 
-Dock higher above water (1) 

-Dog waste bag station (1) 
-Fishing pier (1) 
-Teeter totter (1) 
-Additional trash cans (1) 

-Keep water level high (1) 
-Impacts safe boating (1) 
-Impacts launching, loading 
boat (2) 

Gile Dam Canoe 
Portage 

  -Trash cans (1) 
-Electric barrier to keep fish in 
lake (1) 

 

Sucker Hole 
Landing 

 -Replace invasive spp. signs (1) 
-Repair ramp (1) 

-Add dock (1) 
-Bathroom (1) 

-Difficult to launch (2) 

Town of Pence 
Landing 

  -Add dock (2) 
-Difficult to launch no dock (1) 
-Bathrooms (1) 

-Causes a lot of problems (1) 
-Unsafe to navigate (1) 
-Impacts fishing experience, 
boating, launching, loading 
(4) 
 

County Hwy C 
Landing 

 -Resurface parking lot (4) 
-Widen/repair ramp (14) 
-Repair/replace dock (12) 
-Remove rocks/hazards (6) 

-Trash cans (5) 
-Bathrooms (7) 
-Solar lights (1) 

 

-Can’t launch (2) 
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5.3 ISLAND SURVEY 

Gile Flowage contains 43 islands throughout. During the 4th of July weekend, the islands were 
surveyed for past and active recreational use, other uses, and human caused erosion. A photolog 
of all islands is presented as Appendix 6. Of the 43 islands, 22 exhibited no sign of past or 
present recreational use (Table 5-14). Five islands had obvious landing areas, eight exhibited 
clear hiking trails, 13 had at least one fire ring, 11 showed signs of at least one camp, and several 
had trash. Island 2 had a duck blind while Island 42 has a memorial plaque fixed to a rock. Island 
15 is private property and was only viewed from the water. 
 
Given the rocky nature of many islands, erosion was limited. More often, the erosion that was 
observed was likely attributable to factors other than direct human impact (i.e., foot traffic, 
climbing, mooring, excavating, etc.). The only likely examples of human-caused erosion were 
observed on Islands 20 and 35, both of which were likely related to landing boats and foot 
traffic.  
 

Table 5-14. Island survey Gile Flowage, 4 July 2022 

Island 
No 

Sign Landing Trail 
Fire 
Ring Camp Trash Other 

Human 
Related 
Erosion 

Human Activity 
Photographs 

1 X       
 

 

2     X  
Duck 
Blind 

 
2, 3 

3 X       
 

 

4     X X  
 

16 

5  X X X X X  
 

18 – 21, 25 – 29 

6  X X X X   
 

33 – 35 

7 X       
 

 

8 X       
 

 

9 X       
 

 

10 X       
 

 

11 X       
 

 

12 X       
 

 

13   X X  X  
 

58, 59, 60, 62 

14   X   X  
 

65, 66 

15       Private 
 

67 – 69 

16 X         

Table 5-14 (Continued) 



EA Project No.: 16154.01 

Version: Updated Study Report 
 Page 5-12 

EA Engineering, Science, and Technology, Inc., PBC March 2023 

 

Iron County, Wisconsin  Recreation Report for the Gile Flowage Storage Project 

Island 
No 

Sign Landing Trail 
Fire 
Ring Camp Trash Other 

Human 
Related 
Erosion 

Human Activity 
Photographs 

17 X       
 

 

18      X  
 

82 

19 X       
 

 

20  X X X X   X 91 – 98 

21    X X   
 

102 – 106 

22 X       
 

 

23    X X   
 

110 – 114 

24 X       
 

 

25    X  X  
 

119, 120 

26    X  X  
 

124 – 126 

27   X X X   
 

129, 130 

28    X X   
 

133, 134 

29   X     
 

137 

30 X       
 

 

31 X       
 

 

32 X       
 

 

33 X       
 

 

34      X  
 

148 

35  X X X X   X 154 – 156 

36    X X   
 

159, 160 

37 X       
 

 

38 X       
 

 

39  X  X    
 

167 – 168 

40 X       
 

 

41 X       
 

 

42       Memorial 
 

174 

43 X       
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Spot counts were performed on all islands and the completed field data sheets are presented as 
Appendix 7. Active recreational activity was absent from all islands except Island 28. An 
individual camping on Island 28 (Photograph # 133) was interviewed on 2 July 2022. The 
individual had been camping there since 30 June 2022 and expected to leave on 4 July 2022. The 
person considered themselves to be a regular visitor and had traveled approximately 170 miles to 
Gile Flowage. This person has visited Gile Flowage at Gile Park and the islands, primarily in 
June, July, and October to partake in bank fishing, boat fishing, pleasure boating, personal 
watercraft, swimming, rafting/tubing, and camping, including the current trip. The individual 
gave four five ratings for all activities currently participating in and has done in the past. They 
also believed the low water caused no problem during the trip. The completed interview field 
form is presented as Appendix 8. 
 
5.4 PROJECTED USE 

Based on spot counts and user interviews, current recreational use among the facilities surveyed 
was low to moderate among the survey dates and varied among the five locations. In order to 
evaluate these facilities relative to projected future use, the number of parking spots was 
identified as likely the most limiting attribute among each of the recreational sites (Table 5-15). 
 

Table 5-15. Available parking Gile Flowage recreation locations. 

Location 
 Parking 

Spots 

Gile Park 12 

Gile Dam 0 

Sucker Hole Landing 4 

Town of Pence Landing 2 

County Hwy C Landing 20 

 
Using the number survey dates, parking spots at each location, and the number of parked 
vehicles reported monthly from survey spot counts (Table 5-1), the average capacity used was 
determined for each location and month of survey. The average capacity used was then 
extrapolated based on the Iron County population growth of 3.7% between 2010 and 2020 
(United States Census Bureau 2022) to conservatively determine the projected parking capacity 
use over the next 10 years (Table 5-16). 
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Table 5-16. Average parking capacity (%) used in 2022 and projected capacity (%) used. 

Month 

Gile Park 

Gile Dam 

Canoe Portage 

Sucker Hole 

Landing 

Town of Pence 

Landing 

County Hwy 

C Landing 

% 
Cap. 

Proj. 
Cap. 

% 
% 

Cap. 

Proj. 
Cap. 

% 
% 

Cap. 

Proj. 
Cap. 

% 
% 

Cap. 

Proj. 
Cap. 

% 
% 

Cap. 

Proj. 
Cap. 

% 

January 3.80 3.94 0.00 0.00 2.00 2.07 0.20 0.21 2.80 2.90 

May 3.80 3.94 0.00 0.00 2.00 2.07 0.20 0.21 2.80 2.90 
June 4.00 4.15 0.50 0.52 0.25 0.26 1.25 1.30 8.25 8.56 
July 7.80 8.09 0.00 0.00 0.40 0.41 1.60 1.66 4.80 4.98 
August 5.50 5.70 0.25 0.26 0.25 0.26 2.00 2.07 6.25 6.48 

September 4.80 4.98 0.20 0.21 0.60 0.62 0.60 0.62 2.00 2.07 

October 3.00 3.11 0.00 0.00 0.00 0.00 0.50 0.52 0.25 0.26 

 
The average used percent parking capacity in 2022 suggests that the Gile Flowage recreational 
resource locations are sufficient to meet the current use. Further, the projected use indicates that 
these same recreational resources are likely to remain sufficient in the foreseeable future.  
  



EA Project No.: 16154.01 

Version: Updated Study Report 
 Page 5-15 

EA Engineering, Science, and Technology, Inc., PBC March 2023 

 

Iron County, Wisconsin  Recreation Report for the Gile Flowage Storage Project 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank 
 
 



EA Project No.: 16154.01 

Version: Updated Study Report 
 Page 6-1 

EA Engineering, Science, and Technology, Inc., PBC March 2023 

 

Iron County, Wisconsin  Recreation Report for the Gile Flowage Storage Project 

6. CONCLUSIONS 

Overall, the five Gile Flowage recreational locations were considered in good condition during 
the 2022 survey. The resources inventory identified few amenities that required maintenance and 
all involved directional signage at Gile Park, Gile Dam, Sucker Hole landing. Gile Flowage 
recreational resources received low to moderate use during the 2022 survey events. Based on 
spot counts and user interviews the resources are not overused and overcrowding is of minimal 
concern. Projected use based on population growth for Iron County suggests that use will remain 
below capacity in the foreseeable future. Lastly, based on interview respondents, assessment of 
low water impacts on recreational experiences was no problem or only a small problem with 
regard to their current recreational experience. 
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Appendix 1 
Field Forms 



Location: Date:

Owned By:

Feet NGVD
Condition:

Standard: N
Barrier-Free: R
Trailer: M
Other: G

Number:

Regulations Signs

Mimimum Reservoir Elevation Needed to Operate Amenities

Additional Comments:
Describe any signs of overuse, erosion, or anything observed that is not already documented above.

Total Spaces:

Directional

Comments: Provide Details on which signs need attention.

N       R       M       G
N       R       M       G

Interpretive N       R       M       G

Number of Spaces (each type): Notes:

FERC Project Sign

Condition:
N       R       M       G

Signage:

Parking

Type of Amenity: Quanitity of Amenities:

Condition of Amenity:
-Not Usable (N)

-Needs Repair (R)

-Needs Maintenance (M)

Notes:

N       R       M       G
N       R       M       G
N       R       M       G

Trash Receptacles

Fishing Pier
Picnic Tables
Restroom

Trail

GPS Location:

Other

N       R       M       G
N       R       M       G
N       R       M       G
N       R       M       G

Skid Pier
Boat Launch Lanes:                     Launches: N       R       M       G

Shoreline Photo Numbers:

-Good Working Condition (G)

Barrier 
Free?        
(Y or N)

Amenity Photo Numbers:

Entryway Photo Number:

Recreation Inventory and Condition Assessment

Gile Flowage Storage Project P-15055-000

Survey Person:

Operated / Managed By:
Hours / Seasons of Operation:



Date: Time:

Temperature: Weather: Note: Please list primary activity by placing a "P" in the 
box.  Use and "S" for secondary activities.

Additional Comments:

N
on

-P
ow

er
ed

 B
oa

tin
g

Po
w

er
 B

oa
tin

g

O
th

er
 (s

pe
ci

fy
)

Notes

Recreation Activities

Recreation Site

N
um

be
r o

f V
eh

ic
le

s

AT
V/

Sn
ow

m
ob

ile

Sh
or

e 
Fi

sh
in

g

Bo
at

 F
is

hi
ng

Sw
im

m
in

g

H
ik

in
g/

W
al

ki
ng

/ 
Jo

gg
in

g

Bi
cy

cl
in

g

Gile Dam

Recreation Observation Form

Gile Flowage Storage Project P-15055-000

W
ild

lif
e 

Vi
ew

in
g

Wind Speed:

Pi
cn

ic
ki

ng

Bi
rd

 W
at

ch
in

g

Survey Person:

Reservoir Elevation:

N
um

be
r o

f P
eo

pl
e

Any amenities not usable due to low/high reservoir elevations?

Island Number____

Sucker Hole Landing
Town of Pence Landing

Gile Park
County C Landing
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ON‐SITE/IN‐PERSON RECREATION INTERVIEW 

 

Northern States Power Company – Wisconsin (NSPW or Applicant), d/b/a Xcel Energy, is in the process of 

applying for an original license from the Federal Energy Regulatory Commission (FERC) to operate and maintain 

the existing Gile Flowage Storage Project (Gile Flowage or Project). The Project is owned, operated, and 

maintained by NSPW. The purpose of the Project is to provide water for downstream power generation at 

NSPW’s Saxon Falls (FERC No. 2610) and Superior Falls (FERC No. 2587) hydroelectric projects. To obtain a 

license for the Gile Flowage, NSPW must submit a final license application to FERC no later than August 18, 

2023. As part of the licensing process, NSPW is conducting several environmental studies which will enable 

FERC to prepare an environmental report. The purpose of this survey is to collect information about recreational 

use and visitors’ experiences at public recreation facilities around the Gile Flowage. 

 

Interview Location  Total Number in Group:    

☐  Gile Park  Home Zip Code:    

☐  Town of Pence Landing  Interviewer:    

☐  Sucker Hole Landing  Date:    

☐  County Highway C Landing  Time:    

☐  Island 

 

 

RECREATION INTERVIEW QUESTIONS 

 

1. Regarding the Gile Flowage area, do you consider yourself: (Please select only one) 

☐   Regular visitor (3 or more times per year) 

☐   Occasional visitor (1-2 times per year) 

☐   Infrequent visitor (Less than 1 time per year) 

☐   This is my first visit 

 

2. When did you arrive on this trip to the Gile Flowage area? 

Arrive Date:       
 

Arrive Time:      am/pm 

 

3. When do you expect to leave the Gile Flowage area? 

Departure Date:      
 

Departure Time:    am/pm 

 

4. About how many miles did you travel to get to the Gile Flowage area? 
 

________  miles 
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5. During the last 12 months (including this trip), which month(s) did you visit the Gile Flowage area?  

(Check all that apply) 

Jan ☐   Feb ☐   Mar ☐   Apr ☐   May ☐   Jun ☐   Jul ☐   Aug ☐  Sep ☐   Oct ☐   Nov ☐   Dec ☐ 

 

6. Which of the following recreation areas did you visit for recreation during the past 12 months? 

(Check all that apply) 

 

☐ Gile Park ☐   Reservoir Island (identify island location on map) 

☐ Town of Pence Landing  ☐   Other (please list below) 

☐ Sucker Hole Landing ☐   None of the above 

☐ County Highway C Landing                

 

7. Are you staying overnight in the Gile Flowage area (not including your own home) on this trip? 

☐ Yes            ☐   No 

 

8. If you answered yes to 7, at what type of accommodations will you be staying?   

(Please select only one) 

 

☐ RV/Auto/Tent Campground  

☐ Motel/Hotel  ☐   Other (please list below) 

☐ Bed and Breakfast          

☐ Vacation or Rental Home                

 

9. Which of the following best describes your group during this trip? 

(Please select only one) 

 

 ☐   Individual 

☐   Adult group (over 21) 

☐   Youth group (under 21) 

☐   Family (with children) 

☐   Mixed Group (various groups and ages) 

 

 10.  On this trip to the Gile Flowage area, what activities have you or do you expect to participate in? 

 (Please select all that apply) 

 

1. ☐   Bank fishing 5. ☐   Picnicking 9. ☐   Rafting/Tubing 

2. ☐   Boat fishing 1. ☐   Swimming 10. ☐   Wildlife viewing 

3. ☐   Pleasure boating 7. ☐   Sight-seeing 11. ☐   Other (please describe below) 

4. ☐   Personal watercraft 8. ☐   Hunting  
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On any trip to the Gile Flowage in the last year, which of the following activities have you participated?  

(Please select all that apply) 
 

5. ☐   Bank fishing 6. ☐   Picnicking 12. ☐   Rafting/Tubing 

6. ☐   Boat fishing 2. ☐   Swimming 13. ☐   Wildlife viewing 

7. ☐   Pleasure boating 9. ☐   Sight-seeing 14. ☐   Other (please describe below) 

8. ☐   Personal watercraft 10. ☐   Hunting  

9.  11.   

 

11. Of the activities you selected in 10 above, what is the primary activity you participated in or expect to 

participate in on this visit?  (Please write answer below) 

 

Primary activity         

 

12. For the primary activity you participated in, please rate the following categories: 

 

Category 
Totally 

Acceptable 
Acceptable Neutral Unacceptable 

Totally 
Unacceptable 

Safety 5 4 3 2 1 

Enjoyment 5 4 3 2 1 

Crowding 5 4 3 2 1 

Overall Experience 5 4 3 2 1 

Amenity Condition 5 4 3 2 1 

  

 If you rated one of the categories above as “unacceptable” or “totally unacceptable”, please indicate 

what could be done to improve the category to “acceptable.” (Please write answer below) 

 

___________________________________________________________________________________ 

 

13. Please rate all Gile Flowage area recreational activities you participated in today or in the past.  

 

Rating scale is the same as used in 12 above: 

5 - Totally Acceptable 

4 - Acceptable 

3 - Neutral 

2 - Unacceptable 

1 - Totally Unacceptable 
 

Recreation 

Activity 
Gile Park 

Town of 

Pence 

Landing 

Sucker Hole 

Landing 

Highway C 

Landing 

Reservoir 

Islands 

Bank fishing      

Boat fishing      

Pleasure boating      
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Personal 

watercraft 
    

 

Picnicking      

Swimming      

Sight-seeing      

Hunting       

Rafting/Tubing      

Wildlife viewing      

Other      

 

 

14. Please indicate if low water levels were a problem for any of the following activities at the 

recreation area(s) you are visiting today:  

 

Circle one number for each: 

Ability to:  
No 

Problem 
Small 

Problem 
Neutral 

Moderate 
Problem 

Large 
Problem 

No Opinion 
or N/A 

Swim safely 5 4 3 2 1 ☐ 

Launch/take out boat 5 4 3 2 1 ☐ 

Boat safely 5 4 3 2 1 ☐ 

Use docks  5 4 3 2 1 ☐ 

Shoreline fish  5 4 3 2 1 ☐ 

Access shoreline 5 4 3 2 1 ☐ 

Shoreline scenic quality  5 4 3 2 1 ☐ 

Other (specify below) 5 4 3 2 1 ☐ 

 

Other:           

 
15. Please share any additional thoughts or comments you have regarding recreation on the Gile Flowage:  

 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Thank you for completing the Recreation Survey! 
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1.  Gile Park - Entrance 2.  Gile Park – Playground (1) 

3.  Gile Park – Playground (2) 4.  Gile Park – Picnic area 

5.  Gile Park - Shoreline 6.  Gile Park - Signage 
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Gile Flowage Storage Project 
(FERC Project No. 15055) 

  

7.  Gile Park – Trail signage (1) 

9.  Gile Park – Beach signage 10.  Gile Park – Trash signage 

11.  Gile Park – Pavilion, Park Bench, 
and Grill 

8.  Gile Park – Trail signage (2) 

12.  Gile Park – Pavilion, picnic tables 
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Gile Flowage Storage Project 
(FERC Project No. 15055) 

 

 

13.  Gile Park – Charcoal grill 14.  Gile Park – Trash receptable and 
signage 

15.  Gile Park – Pavilion and paved path 16.  Gile Park – Boat Launch & Skid Pier (1) 

17.  Gile Park – Boat Launch & Skid Pier (2) 

 

18.  Gile Park – Skid Pier (1) 
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Gile Flowage Storage Project 
(FERC Project No. 15055) 

 

 

19.  Gile Park – Skid Pier (2) 20.  Gile Park – Restrooms (1) 

21.  Gile Park – Restrooms (2) 22.  Gile Park – Restrooms (3) 

23.  Gile Park – Water Fountain 

 

24.  Gile Park – Parking Lot 
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25.  Gile Park – Entrance (1) 26.  Gile Park – Handicap Parking 

27.  Gile Park – Boat Trailer Parking 28.  Gile Park – Park Bench 

29.  Gile Park – Shoreline 

 

30.  Gile Park – Entrance (2) 
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31.  Gile Dam Canoe Portage – East side 
of Intake 

32.  Gile Dam Canoe Portage – West 
side of Discharge 

33. Gile Dam Canoe Portage – Left 
Descending bank of Tailrace (1)  

34.  Gile Dam Canoe Portage – Left 
Descending bank of Tailrace (2) 

35.  Gile Dam Canoe Portage – West side of 
intake (1) 

 

36.  Gile Dam Canoe Portage – West side 
of intake (2) 
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37.  Gile Dam Canoe Portage – Riprap 
shoreline of flowage, west of dam 

38.  Gile Dam Canoe Portage – Intake 
signage 

39.  Gile Dam Canoe Portage – Water 
elevation at intake 

40.  Gile Dam Canoe Portage – Walkway 
over dam 

41.  Gile Dam Canoe Portage – Tailrace and 
right descending bank, canoe portage 

42.  Gile Dam Canoe Portage – East 
side of dam, riprap shoreline of 
flowage 
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43.  Gile Dam Canoe Portage – Shoreline 
of flowage, facing west toward dam 

44.  Gile Dam Canoe Portage – 
Downstream side of dam, facing west 

45.  Gile Dam Canoe Portage – Gate and 
signage 

46. Gile Dam Canoe Portage – Signage 

47.  Gile Dam Canoe Portage – Boulders 
barricading downstream side of dam 

48.  Gile Dam Canoe Portage – Dike 
walkway facing east 
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Gile Flowage Storage Project 
(FERC Project No. 15055) 

 

 

49.  Gile Dam Canoe Portage – Entrance 
to dike walkway 

50.  Gile Dam Canoe Portage – Street 
parking, facing Gile Park 

51.  Gile Dam Canoe Portage – Riprap 
and beach, facing west 

52.  Gile Dam Canoe Portage – Riprap and beach, 
facing east 

53.  Gile Dam Canoe Portage – Canoe 
Portage 

54.  Gile Dam Canoe Portage – Riprap 
shoreline of flowage, facing east 
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55.  Sucker Hole Landing – Signage 56.  Sucker Hole Landing – Parking (1) 

57.  Sucker Hole Landing – Shoreline 
facing NE 

58.  Sucker Hole Landing – Boat ramp 

59.  Sucker Hole Landing – Shoreline facing 
SW 

60.  Sucker Hole Landing – Parking (2) 
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61.  Sucker Hole Landing – Human activity (1) 62.  Sucker Hole Landing – Entrance 

63.  Sucker Hole Landing – Parking (3) 64.  Sucker Hole Landing – Human activity (2) 

 

65.  Sucker Hole Landing – Erosion near 
boat landing 

 

66.  Sucker Hole Landing – Woody debris 
on boat landing 
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67.  Town of Pence Landing – Signage (1) 68.  Town of Pence Landing – Signage (2) 

69.  Town of Pence Landing – Signage (3) 70.  Town of Pence Landing – Signage (4) 

 

71.  Town of Pence Landing – Parking on 
Spring Camp Road, facing North 

 

72.  Town of Pence Landing – Parking 
on Spring Camp Road, facing South 
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73.  Town of Pence Landing – Boat landing 74.  Town of Pence Landing – Human activity 

75.  Town of Pence Landing – Shoreline, 
facing North 

76.  Town of Pence Landing – Facing flowage from 
boat landing 

 

77.  County Hwy. C Landing – Signage 

 

78.  County Hwy. C Landing – Left Boat 
Landing 
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79.  County Hwy. C Landing – Parking Lot and 
Entrance Signage 80.  County Hwy. C Landing – Entrance and Parking 

81.  County Hwy. C Landing – Shoreline (1) 82.  County Hwy. C Landing – Parking Lot (1) 

 

83.  County Hwy. C Landing – Shoreline (2) 

 

84.  County Hwy. C Landing – Shoreline and 
Parking 
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85.  County Hwy. C Landing – Parking Lot (2) 86.  County Hwy. C Landing – Parking Lot (3) 

87.  County Hwy. C Landing – Left and 
Right Boat Landings 

88.  County Hwy. C Landing – Entrance Signage (1) 

 

89.  County Hwy. C Landing –Entrance 
Signage (2) 

 

90.  County Hwy. C Landing – Parking 
Lot (4) 



Appendix 3 
Recreation Inventory and Assessment Raw Datasheets 













Appendix 4 
Spot Count Raw Datasheets 

































































Appendix 5 
Recreation User Interview Raw Datasheets 
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1.  Island #1 2.  Island #2 

3.  Island #2 – Duck blind 4.  Island #2 

5.  Island #2 6.  Island #2 
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7.  Island #3 

9.  Island #3 10.  Island #3 

11.  Island #4 

8.  Island #3 

12.  Island #4 
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13.  Island #4 14.  Island #4 

15.  Island #4 16.  Island #4 – Human activity 

 

17.  Island #5 

 

18.  Island #5 – Human activity 



Appendix 6 – Island Survey Photolog 
 

Gile Flowage Storage Project 
(FERC Project No. 15055) 

  

 

19.  Island #5 – Bank erosion 20.  Island #5 – Human activity 

21.  Island #5 – Human activity 22.  Island #5 

 

23.  Island #5 

 

24.  Island #5 
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25.  Island #5 – Human activity 26.  Island #5 – Human activity 

27.  Island #5 – Human activity 28.  Island #5 – Human activity 

 

29.  Island #5 – Human activity 

 

30.  Island # 6 
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31.  Island #6 – Beaver dam 32.  Island #6 

33. Island #6 – Human activity 34.  Island #6 – Human Activity 

 

35.  Island #6 – Human activity 

 

36.  Island #7 
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37.  Island #7 38.  Island #7 – Shore erosion 

39.  Island #8 40.  Island #8 – Bank erosion 

 

41.  Island #9 

 

42.  Island #9 - Bank erosion 
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43.  Island #9 44.  Island #9 

45.  Island #9 46. Island #9 

 

47.  Island #10 

 

48.  Island #10 
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49.  Island #11 50.  Island #11 

51.  Island #11 52.  Island #11 

 

53.  Island #12 

 

54.  Island #12 
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55.  Island #13 56.  Island #13 

57.  Island #13 58.  Island #13 – Human activity 

 

59.  Island #13 – Human activity 

 

60.  Island #13 – Human activity 
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61.  Island #13 – Bank erosion 62.  Island #13 – Human activity 

63.  Island #14 64.  Island #14 

 

65.  Island #14 

 

66.  Island #14 – Human activity 
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67.  Island #15 68.  Island #15 

69.  Island #15 70.  Island #15 

 

71.  Island #15 

 

72.  Island #15 
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73.  Island #16 74.  Island #16 

75.  Island #16 76.  Island #16 

 

77.  Island #17 

 

78.  Island #17 
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79.  Island #18 80.  Island #18 

81.  Island #18 82.  Island #18 – Human activity 

 

83.  Island #19 

 

84.  Island #19 
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85.  Island #19 86.  Island #19 

87.  Island #20 88.  Island #20 

 

89.  Island #20 

 

90.  Island #20 
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91. Island #20 – Human activity 92. Island #20 – Human activity 

93. Island #20 – Human activity 94. Island #20 – Human activity 

 

95. Island #20 – Human activity 

 

96. Island #20 – Bank erosion 
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97. Island #20 – Human activity 98. Island #20 – Human activity 

99. Island #21 100. Island #21 

 

101. Island #21 

 

102. Island #21 
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103. Island #21 – Human activity 104. Island #21 – Human activity 

105. Island #21 – Human activity 106. Island #21 – Human activity 

 

107. Island #22 

 

108. Island #22 
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109. Island #23 110. Island #23 – Human activity 

111. Island #23 – Human activity 112. Island #23 – Human activity 

 

113. Island #23 – Human activity 

 

114. Island #23 – Human activity 
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115. Island #24 116. Island #24 

117. Island #25 118. Island #25 

 

119. Island #25 – Human activity 

 

120. Island #25 – Human activity 
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121. Island #26 122. Island #26 

123. Island #26 124. Island #26 – Human activity 

 

125. Island #26 – Human activity 126. Island #26 – Human activity 
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127. Island #27 128. Island #27 

129. Island #27 – Human activity 130. Island #27 – Human activity 

 

131. Island #28 

 

132. Island #28 
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133. Island #28 – Human activity 134. Island #28 – Human activity 

135. Island #29 136. Island #29 

 

137. Island #29 

 

138. Island #29 
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139. Island #30 140. Island #30 

141. Island #31 142. Island #31 

 

143. Island #32 

 

144. Island #32 
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145. Island #32 146. Island #32 

147. Island #33 148. Island #33 – Human activity 

 

149. Island #34 

 

150. Island #34 
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151. Island #35 152. Island #35 

153. Island #35 154. Island #35 – Bank erosion 

 

155. Island #35 – Human activity 

 

156. Island #35 – Human activity 
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157. Island #36 158. Island #36 

159. Island #36 – Human activity 160. Island #36 – Human activity 

 

161. Island #36 

 

162. Island #36 
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163. Island #37 164. Island #37 

165. Island #37 166. Island #37 

 

167. Island #37 

 

168. Island #37 
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169. Island #38 170. Island #38 

171. Island #39 172. Island #39 

 

173. Island #39 

 

174. Island #39 – Human activity 
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175. Island #40 176. Island #40 

177. Island #41 178. Island #41 

 

179. Island #42 

 

180. Island #42 
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181. Island #42 182. Island #42 

183. Island #43 184. Island #43 
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INTRODUCTION 

 

Project Information and Background 

 

Great Lakes Environmental Center, Inc. (GLEC) conducted a follow-up shoreline stability assessment 

(stability assessment) at the Gile Flowage Project (FERC No. 15055) in July 2023.  The stability 

assessment was conducted along the reservoir shoreline and the tailwater area downstream of the Gile 

Dam following the methods outlined in the Request for Proposal (RFP) and in accordance with Wisconsin 

Administrative Code NR 328.08.  The follow-up assessment was in response to client comments on the 

final stability assessment report and the need to further identify and inventory two erosion sites. More 

specifically, Site 5 and the downstream tailrace were revisited in July 2023 to gain further information on 

the extent and probable causes for the erosion. 

 

Description of the Study Area 

 

The Gile Flowage (Flowage) is located within the northern highland area of northern Wisconsin which is 

widely known for its forests, lakes, and wetlands. The Flowage is an approximately 3,400-acre storage 

reservoir formed by the impounding of the West Fork of the Montreal River (Figure 1). The Flowage and 

the West Fork of the Montreal River are located in the vicinity of the Gogebic and Trap Ranges 

(Wisconsin Geological & Natural History Survey (WGNHS) 2022) which form two conspicuous ridges in 

Iron and Ashland Counties in northern Wisconsin. Both ridges are composed of rock types that are more 

resistant to erosion than the rock that underlies the valley separating them. A thin layer of sediment 

deposited during the most recent glaciation covers the valley and parts of the ridges. The Flowage is 

situated on the southern ridge of the Gogebic Range and contains iron-rich rock that is approximately 1.9 

billion years old. This thin layer of sediment is exposed along the Flowage shoreline where erosion is 

present. Bare rock faces and boulders are common along the shoreline of the flowage. Nearly all the 

natural beaches on the flowage are made up of gravel and cobble. Swimming beaches, when present, 

appear to be man-made and represent a very small portion of the overall shoreline.  

 

The West Fork of the Montreal River downstream of the Gile Flowage flows through the Trap Range 

(northern ridge), which is distinctly different in composition from the Gogebic Range (southern ridge).  

The Trap Range is composed of younger volcanic rock, consisting primarily of basaltic-lava flows that 

are approximately 1.1 billion years old.  

 

The July 2023 stability assessment included a second inspection of Site #5, located along the far northern 

shoreline of the flowage, and a small area of erosion adjacent to the west wingwall downstream of the 

dam gatehouse noted in the 2022 assessment (Figures 2 and 3).   
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FIGURE 1. GILE FLOWAGE STUDY AREA 

 

 

METHODS 

 

The Shoreline Stability Assessment was initially conducted on August 9 and 29, 2022.  That assessment 

identified two sites that required further investigation. Consequently, Site #5 and the area downstream of 

the dam gatehouse were revisited on July 17, 2023 to further investigate the possible causes of erosion. 

Each location was rephotographed in 2023. 

 

 

STUDY RESULTS 

 

West Wingwall below Dam Gatehouse (Downstream Tailrace) 

 

It appears that human traffic, and possibly high springtime flows, have scoured the bank and exposed the 

soil adjacent to the west concrete wingwall. This site was revisited in July 2023 to determine if the level 

of erosion had changed since the August 2022 inspection. No evidence of change was noted. NSPW 

remediated the site in August of 2023. 

 

Site #5 

 

Site #5 is located on the far north end of the Gile Flowage on private property (Figure 2) with 

approximate coordinates of 46.4249N and -90.2281W. The site was revisited on July 17, 2023. From the 

site assessment, it appears that the land owner excavated a portion of a trail that leads to the site which 

destabilized the bank and caused trees to topple into the reservoir (Figures 4a-4i). The proposed project 

boundary follows contour elevation 1490.00 feet. The elevation of the Gile Flowage at the time of the 

assessment was 1488.03 feet. The bank instability at the site, and subsequent erosion, do not appear to be 

related to the project operation nor does it appear to endanger the safety of the dam. 
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FIGURE 2. PROXIMITY OF SITE #5 IN RELATION TO THE GILE FLOWAGE DAM (SHORELINE 

STABILITY ASSESSMENT: GILE FLOWAGE). 
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FIGURE 3. AREA OF INTEREST ON THE LEFT EMBANKMENT (WEST WINGWALL) AT THE 

TOW OF THE EMBANKMENT (July 17, 2023). 
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FIGURE 4a. SITE #5 GILE FLOWAGE (July 17, 2023) FACING NORTH 

 

  
 

FIGURE 4b. SITE #5 GILE FLOWAGE (July 17, 2023) FACING SOUTH 
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FIGURE 4c. SITE #5 GILE FLOWAGE (July 17, 2023). CLOSEUP PHOTOGRAPH OF BANK 

INSTABILITY (SEE SURVEY MARKER AT TOP OF PHOTOGRAPH NEAR EXCAVATION SITE) 
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FIGURE 4c. SITE #5 GILE FLOWAGE (July 17, 2023). CLOSEUP PHOTOGRAPH OF BANK 

INSTABILITY  
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FIGURE 4d. SITE #5 GILE FLOWAGE (July 17, 2023). CLOSEUP PHOTOGRAPH OF BANK 

INSTABILITY 
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FIGURE 4e. SITE #5 GILE FLOWAGE (July 17, 2023). CLOSEUP PHOTOGRAPH OF BANK 

INSTABILITY  
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FIGURE 4f. SITE #5 GILE FLOWAGE (July 17, 2023). CLOSEUP PHOTOGRAPH OF BANK 

INSTABILITY  
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FIGURE 4g. SITE #5 GILE FLOWAGE (July 17, 2023). CLOSEUP PHOTOGRAPH OF BANK 

INSTABILITY 
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FIGURE 4h. SITE #5 GILE FLOWAGE (July 17, 2023). CLOSEUP PHOTOGRAPH OF BANK 

INSTABILITY  
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FIGURE 4i. SITE #5 GILE FLOWAGE (July 17, 2023). CLOSEUP PHOTOGRAPH OF BANK 

INSTABILITY 
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ANALYSIS AND DISCUSSION 

 

Wisconsin Administrative Code NR 328.08 categorizes erosion intensity into three groups; low energy, 

moderate energy, and high energy. Each site inspected during the 2022 and 2023 stability assessments 

ranked in the low energy category. Site #5 is located along northwest shoreline of the flowage west of the 

Gile Dam where the erosion appears to be above the waterline and the area between the water line and the 

eroded embankment is covered with cobble or sandy beach. The area immediately downstream of the dam 

and located within the proposed project boundary was also inspected for erosion.  The only area of 

concern at this site was the area of erosion adjacent to the west wingwall below the dam gatehouse.  

West Wingwall below Dam Gatehouse (Downstream Tailrace) 

It appears that human traffic, and possibly high springtime flows, have scoured the bank and exposed the 

soil adjacent to the west concrete wingwall. NSPW remediated this site in August 2023. 

Site #5 

Site #5 is located on the far north end of the Gile Flowage on private property. The site was revisited on 

July 17, 2023. From the site assessment, it appears that the land owner excavated a portion of a trail that 

leads to the site which destabilized the bank and caused trees to topple into the reservoir. The proposed 

project boundary follows contour elevation 1490.0 feet. The elevation of the Gile Flowage at the time of 

the assessment was 1488.03 feet. The bank instability at the site, and subsequent erosion, do not appear to 

be related to the project operation nor does it appear to threaten the integrity of the dam. 

 

It is our best professional opinion that Site #5 does not require further assessment. 
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Technical Memorandum 
To: Xcel Energy Corporation 

Scott Crotty, Senior Operations Manager 

From: Connor Collies 

 

Reviewed by: Shawn Puzen, Project Manager 

Jesse Piotrowski, PE, CFM 

Date: August 16, 2023 

Subject: Gile Reservoir Flow Routing Model 

 

 

Xcel Energy Corporation (Xcel) is in the process of licensing the Gile Flowage Storage Reservoir Project (GSR), Federal 

Energy Regulatory Commission (FERC) Project No. 15055-000, located on the West Fork of the Montreal River in Iron 

County, Wisconsin. As part of the proposed study plan (PSP) and revised study plan (RSP) development, Xcel received 

comments from the River Alliance of Wisconsin (RAW) regarding identification of issues associated with study 

requests. In their March 17, 2021, letter, RAW requested Xcel develop a Reservoir/Flow Routing Model, describing 

the goals and objectives as follows: 

 

The goal of the study is to identify alternative drawdown scenarios that compare power generation 

(KWs) with other uses of the GSR including recreational use and protection of the aquatic 

community and the habitats upon which they depend […] 

The modeling would provide a scientifically based evaluation that will help all concerned 

stakeholders balance power production with water levels and flows that protect fish and wildlife 

habitat and provide a suitable recreational use in the GSR. 

 

In the FERC study plan determination (SPD) dated September 24, 2021, FERC approved the Flow Routing Model 

requested study with staff-recommended modifications as quoted below: 

 

Therefore, we recommend that the Reservoir/Flow Routing Model be developed to be able to 

assess power generation and spillage at the Superior Falls Project and the Saxon Falls Project 

resulting from operating the project under a wide-range of reservoir levels and downstream 

releases, even if the reservoir levels and / or downstream releases vary hourly, daily, weekly, 

monthly, or seasonally. We also recommend that the reservoir / flow routing model be able to 

predict the effect of project operation: (1) on project reservoir levels and generation at the 

Superior Falls Project and Saxon Falls Project for simulated instream flows; (2) on downstream 

flows and generation at the Superior Falls Project and Saxon Falls Project for simulated project 

reservoir operations; and (3) on project reservoir levels, downstream flows, and generation at the 

Superior Falls Project and Saxon Falls Project both for simulated project reservoir operations and 
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instream flows. Power generation and spillage resulting from simulated project operation should 

be predicted separately for the Superior Falls Project and the Saxon Falls Project. 

 

To meet FERC’s ruling in the SPD, Mead & Hunt has developed a model within a Microsoft Excel workbook to 

calculate the relationship between discharge and stage in the GSR and simulate routing between the Gile, Superior 

Falls, and Saxon Falls projects. The model calculates results for a full calendar year and can determine power 

generation potential at Superior Falls and Saxon Falls powerhouses. 

 

Three variations of the routing model have been created. Each variation requires the user to enter different 

information; however, they all produce results for inflows at the downstream Projects, achievable power generation, 

and either GSR water level or Gile reservoir discharge. The three model variations are described below: 

 

Model 1 – The user enters a time series of discharge from the Gile reservoir spillway. Discharge values are used to 

determine the GSR water level. 

 

Model 2 – The user enters a time series of GSR water levels. Desired changes in GSR water level are used to 

determine required discharges. 

 

Model 3 – The user may enter either a GSR water level or a spillway discharge for each time step of the model. 

 

This technical memorandum documents the development of the three flow routing models and includes instruction 

on general use of the model worksheets. 
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The model is dependent on data specific to the GSR, Saxon Falls, Superior Falls, and the Montreal River to produce 

meaningful results. The data collected as part of this modeling effort is described in this section.  

 

Gage Inflow Time Series 

Limited daily discharge data in cubic feet per second (cfs) for the Montreal River and West Fork of the Montreal 

River is available online for the decommissioned United States Geological Survey (USGS) stream gage 040280001 

(in Ironwood, Michigan) and gage 040290002 (downstream of Gile reservoir), respectively. For the Montreal River, 

historical data is sparse, with the only complete years of data being 1919-1921 and 1950-1953.  

 

For the West Fork of the Montreal River, only data collected prior to the construction of the Gile reservoir is useful 

for quantifying current reservoir inflow. Data from the West Fork gage following construction of the Gile Dam 

represents a record of discharges rather than inflows. Consequently, only data from 1919-1921 is useful for this 

analysis. Proxy West Fork flow data for 1950-1953 was determined by multiplying the Montreal River flows by a 

scaling ratio, which was calculated by dividing the summation of daily average flows for the West Fork by the 

summation of daily average flows for the Montreal River for the years of 1919-1921. The resulting scaling factor 

was 1.21 as shown in Table 1 below. 

 

Hourly inflow time series were developed by linearly interpolating between daily average flow values. A 12-hour 

moving average was used to smooth the time series and limit abrupt flow changes.  

 

 

Table 1. Development of West Fork Montreal River Scaling Factor. 

Year 

Montreal River 
Summation of Daily 
Average Flows (cfs) 

West Fork Montreal 
Summation of Daily 
Average Flows (cfs) 

1919 23917 28572 

1920 22728 27897 

1921 19151 23460 

   

Total: 65796 79928 

   

 Ratio: 1.21 

 

 

 

 

 

 

 

1 USGS 04028000 Montreal River at Ironwood, MI. 
2 USGS 04029000 West Branch Montreal River at Gile, WI. 

https://waterdata.usgs.gov/wi/nwis/inventory/?site_no=04028000
https://waterdata.usgs.gov/nwis/inventory?site_no=04029000&agency_cd=USGS
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Derived Inflow Time Series Data 

As part of Xcel’s licensing application, an effort was made to derive the GSR inflow time series data from historical 

records of daily stage elevations and discharge through the Gile Dam for the years 1994-2021. The required inflow 

volume for each day was calculated as: reservoir storage change resulting from daily change in stage + daily 

discharge volume through dam + evaporation loss volume. Storage volumes of the GSR were determined using the 

stage-storage curve described in the subsection below. An average daily inflow flow rate (cfs) was determined by 

dividing the daily inflow volume (cubic feet per day) by 86,400 seconds per day. 

 

The stage and discharge data provided by Xcel included some typographic errors and missing data points. The full 

data set was plotted to identify extreme outliers and gaps in the data series. Engineering judgement and 

comparison to values for adjacent days was used to correct typographic errors. Linear interpolation was used to fill 

data gaps. 

 

Even after initial processing, there were indications of inaccurate data in the raw time series. Portions of the time 

series included illogical alignment between stage and discharge, such as a stage that fell quickly despite a small 

discharge value. This situation resulted in a negative inflow volume. To address this, the discharge on days 

resulting in a negative inflow volume was increased until the calculated inflow volume reached zero. While this 

modification of the provided data may not accurately represent the actual discharges that occurred, it does 

address the illogical relationship between stage, inflow, and discharge and maintains mathematical continuity in 

the mass balance equations. After modification of the discharge time series, a time series of GSR inflows was 

created.  

 

Historical Records of Discharge and Reservoir Level Time Series 

Discharge through the Gile Dam spillway and water surface elevation levels of the GSR have been observed and 

recorded by Xcel personnel since 1994. At the time of data delivery to Mead & Hunt, data through 2021 was 

available. This data was provided and processed for use within the model. Modifications to address errors, missing 

data, and illogical values were made to the provided data as discussed in the section above.  

 

Gile Storage Reservoir Stage-Storage Curve 

The GSR stage-storage curve was calculated from two data sources which were processed within ArcGIS PRO. 

Elevation data below the normal pool elevation of 1490 feet NGVD29 were taken from bathymetry measurements 

that were collected as part of the licensing process. Elevation data above the normal pool elevation was extracted 

from a clipped raster of the 2015 Iron County LiDAR dataset. The bathymetry and LiDAR were mosaiced into a 

single raster file. Reservoir area and volume values in one-foot elevation increments were extracted from the 

combined raster using the Storage Capacity geoprocessing tool within ArcGIS PRO. This tool also calculates 

cumulative volumes for each elevation increment.  
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Evaporation Rates 

Evaporation rates for the GSR were collected from the Evaporation Climatology data (1991-2020) available from 

NOAA Climate Prediction Center. Monthly evaporation in inches/month were estimated from graphical charts for 

each month of the year.  

Table 2: Monthly Evaporation Rates for the Project Region 

Reservoir Evaporation Rate 
 

Month 

Evaporation 

Month 

Evaporation  

in/month in/day in/month in/day  

Jan 0.00 0 Jul 2.68 0.086 
 

Feb 0.00 0 Aug 2.17 0.070 
 

Mar 0.00 0 Sep 1.38 0.046 
 

Apr 0.39 0.013 Oct 0.59 0.019 
 

May 1.50 0.048 Nov 0.00 0 
 

Jun 2.44 0.081 Dec 0.00 0 
 

 

Powerhouse Capacity, Generation, and Operation 

Information regarding powerhouse capacity for Saxon Falls and Superior Falls was taken from Exhibit A of the 

December 1988 and December 2022 Relicensing Applications as revised. Rated capacity for each generator unit, 

minimum and maximum turbine flows, and designed turbine head were used in the model to calculate power 

generation. The values taken from Exhibit A are summarized in the table below. 

 

Table 3: Powerhouse Generation Unit Parameters 

Saxon Project Powerhouse Superior Project Powerhouse 
 

                 

  
Net  

Operating Head on Turbine 130.1 ft   
Net Operating Head on 
Turbine 127 ft 

 

                 

  Single Unit Power 400 kW   Single Unit Power 215 kW 
 

  Single Unit Flow 48 cfs   Single Unit Flow 25 cfs 
 

  Calculated efficiency 0.76     Calculated efficiency 0.80    

                 

                 

  Dual Unit Power 1500 kW   Dual Unit Power 1650 kW  

  Dual Unit Flow 170 cfs   Dual Unit Flow 220 cfs  

  Calculated efficiency 0.80     Calculated efficiency 0.70    

                
 

  efficiency:  0.78     efficiency:  0.75   
 

 

Both Saxon Falls and Superior Falls are operated as run-of-the-river projects without peaking. Within the routing 

model, inflows to each Project were routed through the powerhouse up to the maximum powerhouse capacity 

(dual unit flow). Flows exceeding the powerhouse capacity were routed over the spillway to the downstream 
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reach. For power generation within the model, it was assumed that no power generation would occur for time 

steps with flows below the single unit flow threshold.  

 

Reach Delineation and River Geometries 

The modeling extents, from GSR to Superior Falls, were delineated into four reaches for routing calculations. 

Reaches were delineated based on important modeling locations including dam structures, flow convergence, and 

flow divergence. Reach 1 comprises the entire length of the West Fork of the Montreal River, from the Gile Dam to 

the confluence with the Montreal River. Reach 2 is the length of the Montreal River from the confluence with the 

West Fork to the Saxon Falls Project. Reach 3 is approximately 2,000-feet of the Montreal River between the Saxon 

Falls spillway and the downstream powerhouse discharge. The only flow in this reach is what passes the Saxon 

Falls spillway. Reach 4 is the length of the Montreal River from the Saxon Falls powerhouse to the Superior Falls 

Project.  

 

There is no available bathymetry or cross section data for any of the modeled reaches. River cross-section 

geometry was approximated using a combination of aerial imagery, Light Detection and Ranging (LiDAR) data, and 

informed assumptions. Total reach lengths were digitized within ArcGIS Pro using available aerial imagery. Reach 

slopes were approximated using Iron County LiDAR data which provided water surface elevations at the start and 

end of the reach. It was assumed that the channel slope would equal the water surface slope over the length of 

each reach. 

 

River cross-section geometries were estimated to be trapezoids. Top widths of the river under normal flow 

conditions were measured from aerial imagery in Google Earth. The presence of overbank floodplains was also 

considered when estimating river width for large flow depths. Channel side slopes were approximated based on 

bank characteristics. Banks with steep rock cliffs or where the river is incised were estimated to have a 1:1 side 

slope while banks with grassy earthen banks and floodplains were estimated to have a 4:1 slope. From this 

information, a table of flow area and top width was created for a range of flow depths. The Manning’s Equation 

was used to calculate discharge capacity of the approximated channel geometry for each flow depth. It was 

assumed that the Manning’s n-value for each reach was 0.04.  

 

𝑄 =  (
1.49

𝑛
) 𝐴𝑅

2
3√𝑆 

 

Where: Q is the discharge capacity [ft3/s], 

 n is the mannings roughness coefficient, 

 A is the cross-sectional flow area [ft2], 

 R is the hydraulic radius of the flow [ft], 

 S is the channel slope [ft/ft]. 
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The following sections discuss how to navigate the model, where to enter user information, how to run the model, 

and how to interpret the model results. 

 

3.1 Sheet 1: Inflow Time Series 

This sheet is where the user selects the yearlong inflow time series for the Montreal River (upstream of the 

confluence) and for the GSR. The table furthest to the left titled Modeled Inflow Time Series contains the flow data 

that will be utilized by the model. Data can be manually entered or populated with the other tools within the 

sheet. The data in this table is shown graphically in the two charts in the center of the sheet. 

 

The table to the right of the charts stores three sets of gage data as described in Section 2 of this memo. The three 

sets of gage data have been selected to be representative of a dry, normal, or wet year within the context of 

available gage data. If a user would like to select a set of gage data, they can click the “Select Data” button which is 

colored blue and near the top of the table. This button will copy the associated gage data and paste it into the 

Modeled Inflow Time Series table, overwriting any existing data. The charts will update to plot the new data. 

 

To the right of the gage data are three empty data slots titled S-1, S-2, and S-3. These are intended to allow the 

user to save any custom time series that may be developed. Each data slot has its own “Select Data” button which 

functions the same way as described above. 

 

The tool located furthest to the right on the sheet makes use of the derived inflow time series described in Section 

2 of this memo. The user may enter any year between 1994 and 2021 into the orange cell. Clicking the grey “Select 

Data” button will look up the data for the indicated year and paste it into the Modeled Inflow Time Series table, 

overwriting any existing data. 

 

3.2 Sheet 2: Gile Discharge/ Gile Stage/ Gile Stage + Discharge Time Series 

The data entered by the user on this sheet depends on which variation of the model is being used. It will either be 

a time series of the Gile Dam discharge, GSR stage elevation, or a combination of the two. The table furthest to the 

left titled Modeled Time Series contains the data that will be utilized by the model. Data can be manually entered 

or populated with the other tools within the sheet. The data in this table is shown graphically in the chart in the 

center of the sheet. 

 

The table to the right of the charts stores three sets of gage data as described in Section 2 of this memo. The three 

sets of gage data have been selected to be representative of a range of possible situations. If a user would like to 

select a set of gage data, they can click the “Select Data” button which is colored blue and near the top of the 

table. This button will copy the associated gage data and paste it into the Modeled Time Series table, overwriting 

any existing data. The chart will update to plot the new data.  
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The Model 3 variation includes a table titled Periods for Data Selection to Right. When using any “Select Data” 

button, this table must be filled out by the user to indicate the time periods throughout the series for which you 

would like the program to copy either the discharge or stage data. Utilize the drop-down list to select the desired 

date and time. Invalid values entered by the user will result in an error message. 

 

To the right of the gage data are three empty data slots titled S-1, S-2, and S-3. These are intended to allow the 

user to save any custom time series that may be developed. Each data slot has its own “Select Data” button which 

functions the same way as described above. 

 

The Time Series Generator in the middle of the sheet is a tool for the user to create hypothetical time series. 

Within each row of the Define Periods table the user can enter a day and time using the drop-down list, and then 

enter a desired value. Any invalid values will result in an error message. For Model 3, the user can only enter a 

value for either stage or discharge for each row. If data is entered for both, an error message will appear. When 

the user clicks the “Generate TS” button the program will populate the Modeled Time Series table using the 

entered values. Portions of the time series between date and times entered by the user will be linearly 

interpolated. Any existing data in the Modeled Time Series table will be overwritten. 

 

The Model 1 variation includes two tools which allow the user to modify the currently selected time series. Apply 

New Minimum Flow Value can be used to increase the minimum allowable release through the Gile Dam. Any 

discharge values within the time series that are less than the value entered within the orange cell will be replaced 

with the entered value when the user clicks “Apply”. The Apply White Water Flow Event tool can be used to add 5-

hour-long white-water release events into the time series. The user must enter what the discharge will be for each 

of the five hours, along with the date and time at which the white-water event will begin. There are entry fields for 

two events to be added. When the user clicks “Apply”, the data will be placed into the time series, overwriting 

existing data. 

 

The Model 2 variation includes a tool which allows the user to modify the currently selected time series. Apply 

New Operational Bounds tool is designed to quickly restrain the selected stage time series within a proposed 

maximum and minimum operational range. The user must enter a maximum and minimum stage elevation into 

the orange cells. When the user clicks “Apply” every value in the time series that exceeds the entered maximum 

value will be replaced with the maximum value, and every value in the time series that is below the minimum 

value will be replaced with the minimum value. The resulting time series will have portions of horizontal data 

where the original time series hits the new operational bounds.  
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3.3 Sheet 3: Input + Results 

This sheet functions as the primary user interface for the model. The sheet is divided into sections which are 

discussed in detail below. No modifications to the spreadsheet should be made outside of the Model Input Values 

section.  

3.3.1 Additional Model Inputs 

The Model Input Values section contains additional user input variables that are specific to each variation of the 

model and that the user may choose to modify frequently. All three model variations allow the user to enter 

additional inflow to the model in three locations; reach 1, reach 2, and reach 4. The entered value will add a 

constant base flow for the entire time series prior to reach routing calculations. This additional flow is intended to 

be used to represent additional inflows along the reach from tributaries, springs, or the reach watershed.  

 

Model 1 Inputs 

The Model 1 variation requires the user to enter a starting elevation for the GSR. The model will use this starting 

stage in the first-time step. GSR stage in subsequent time steps will be calculated based on mass balance formulas. 

 

Model 2 Inputs 

The user must define the maximum allowable discharge through the Gile Dam and the minimum discharge that 

must be always maintained. Situations in which the stage time series drops quickly may require a large discharge 

that exceeds the practical spillway capacity of the Gile Dam. The defined maximum discharge value will create a 

limit on discharge and cause the modeled reservoir level to temporarily lag the stage time series. Conversely, if the 

stage time series calls for the reservoir to rise faster than the inflow time series can fill the reservoir, the model will 

try to minimize discharge. In this scenario, discharge through the dam will be set to the minimum discharge.  

 

The Gile stage tolerance value is used to reduce oscillations within the model by setting a tolerance between 

modeled stage level and time series stage level. This tolerance is discussed further in Section 4 of this memo.  

 

Model 3 Inputs 

Model variation 3 includes all the same input variables as Model 2. In addition, there is an input variable for 

starting elevation of the GSR. This input is only used by the model when the first time series step contains a 

discharge value rather than a stage value. If stage is defined in the first time-step on Sheet 2 then this input will not 

be used, regardless of if the user enters a value.  

 

3.3.2 Error and Warning Messages 

The Error/ Warning Messages box provides an indication to the user of potential issues with the model results and 

assists with troubleshooting. Error messages address issues that prevent the model from calculating a full result 

and are shaded red. Warning messages are suggestions that the user should consider to achieve better results, and 

are shaded orange. If there are no errors in the model, a green “No Errors” message will appear at the top of the 

messages box.  

 

Error Messages 
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“Gile Reservoir Exceeds Maximum Elevation/Storage” or “Gile Reservoir Reaches Zero Storage” messages indicate 

that the data entered by the user results in the GSR exceeding the defined stage-storage curve. The input data 

should be adjusted accordingly. 

 

“Peak Discharge exceeds the defined conveyance of the XXX Reach” message means that the flow routed through 

the referenced reach by the model exceeds the estimated conveyance capacity calculated from reach geometry as 

discussed in Section 2 of this memo. 

 

“Error in Muskingum-Cunge Coefficient Calculation” messages will appear when an error has occurred with the 

Muskingum-Cunge Routing Calculations. Identification of these errors is discussed in Section 4.1.1 of this Memo. If 

an error occurs the user should review the input data for irregularities and review the referenced material.  

 

“The Maximum Allowable Gile Discharge is Reached” message may appear in model variation 2 and 3 and appears 

when the calculated discharge through the Gile Dam exceeds the maximum allowable discharge defined by the 

user. In this situation the model holds the discharge lower than what the user-specified elevation change called 

for.  

 

Warning Messages 

“Gile Reservoir Stage Deviates From Typical Range” message will appear when the calculated GSR stage strays 

from the typical operations as defined in the Project License. The typical range is defined as between 1475 and 

1490 feet NGVD29. 

 

“Input has Changed and Model Routing Is Not Current, Re-run Routing” message will appear when a user value or 

time series has been changed and the model routing calculation has not been performed. Click the “Run 

Muskingum-Cunge Routing” button on the Input + Results sheet to run the routing calculation.  

 

“Actual Gile Stage Lags Behind Desired Stage. Gile Inflow is Insufficient” message may appear in model variation 2 

and 3. If the desired reservoir level rises faster than the inflow time series can fill the reservoir, the calculated 

reservoir level will lag the desired reservoir level until sufficient inflow is provided.  

 

3.3.3 Run Routing Button 

The “Run Muskingum-Cunge Routing” button is located below the Error/ Warning Messages box. Clicking this 

button will run an excel macro program which performs the iterations of the Muskingum-Cunge routing method 

for each of the modeled reaches. 

 

3.3.4 Model Results 

The left half of the Input + Results sheet has a tabular section of model results. These values are automatically 

updated from model results. This sheet also contains 8 charts that graphically present the model results. These 

graphs plot the GSR elevation and discharge, energy production at the Saxon and Superior powerhouses, discharge 
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over the spillway at each Project, and the inflow to each Project. These graphs will update automatically as model 

results are updated. 
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This model functions as a mass balance equation, where inflow + outflow = change in storage. This mass balance 

calculation is performed for the GSR, each reach, Saxon Falls, and Superior Falls. It is assumed that each of the 

hydroelectric projects have insignificant storage because they are operated as run-of-river, which means inflow = 

outflow. 

 

Inflow arriving to the Saxon Falls Project and Superior Falls Project is first routed over the spillway to satisfy the 

minimum bypass requirements, which are in effect between the first Saturday after Memorial Day until October 

15th. Saxon Falls must maintain a bypass of 5 cfs, which increases to 10 cfs between 8 am and 8 pm. Superior Falls 

must maintain a bypass of 8 cfs, which increases to 20 cfs between 8 am and 8 pm. 

 

Inflow exceeding the bypass requirement, if in effect, is routed through the Project powerhouse. Once inflow 

exceeds the hydraulic capacity of the powerhouse, additional flow is immediately routed over the Project spillway. 

No volume attenuation occurs at either Project in this model.  

 

Power generation at each powerhouse is calculated using the hydroelectric turbine power equation: 

 

𝑃 = 0.08467𝐻𝑄𝑒 

Where: P is the generator output [kW], 

H is the operating head on the turbine [ft], 

 Q is the flow through the turbine [ft3/s], 

 e is the turbine efficiency [decimal]. 

 

The GSR mass balance calculation includes reservoir inflows, evaporation loss outflow, Gile Dam discharge outflow, 

and changes to reservoir storage volume. Evaporation loss volume is determined using evaporation rates obtained 

for the NOAA Climate Prediction Center as discussed in Section 2 of this memo. NOAA provides average inches of 

evaporation for each month of the year. For this model it is assumed that the monthly evaporation rate is evenly 

distributed across each day of the month. The inches per day evaporation rate was further converted to feet per 

hour of evaporation. For each time step of the model, the evaporation rate corresponding to the time steps month 

was multiplied by the reservoir surface area of the previous time step to obtain evaporation loss volume.  

 

4.1 Reach Routing Calculations 

Flow routing along each reach is calculated using the Muskingum-Cunge method which is based on the continuity 

equation or conservation of mass. Compared to mass balance in reservoir routing as discussed above, which 

assumes a level pool, Muskingum-Cunge routing assumes a sloping water surface. The purpose of routing the flow 

between the GSR and the two Projects is to account for delay in peak flows due to travel time along the reach, and 

to account for attenuation of flows resulting from the ability of the reach to store water.  
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Detailed discussion of the Muskingum-Cunge Routing method, including references and derivation of equations, 

can be found in USDA National Engineering Handbook, Part 630 Hydrology, Chapter 17, Section 3. Muskingum-

Cunge is based on the Muskingum equation: 

 

𝑂2 = 𝐶1𝐼1 + 𝐶2𝐼2 + 𝐶3𝑂1 

 

Where: O2 is discharge at the current time step [ft3/s], 

 O1 is discharge at the previous time step [ft3/s],  

I2 is inflow at the current time step [ft3/s],  

I1 is inflow at the previous time step [ft3/s], 

 and C1, C2, and C3 are dimensionless coefficients, the sum of which equals 1.0. 

 

The equations to determine the dimensionless coefficients are as follows: 

 

𝐶1 = [
∆𝑡

𝐾
+ 2𝑋] /𝐶0 

𝐶2 = [
∆𝑡

𝐾
− 2𝑋] /𝐶0 

𝐶3 = [2(1 − 𝑋) −
∆𝑡

𝐾
] /𝐶0 

𝐶0 =
∆𝑡

𝐾
+ 2(1 − 𝑋) 

 

Where: Δt is the time step between successive values [s], 

 K is the storage constant [s], 

 and X is a weighting factor [dimensionless]. 

 

Methods to estimate the values of K and X were developed by Cunge in 1969. These estimates are based on 

hydraulic and geometric properties of the modeled reach. 

 

𝑋 =  
1

2
(1 −

𝑄

(𝐵(𝑆0)(𝑐)∆𝑥
) 

 

𝐾 =
∆𝑥

𝑐
 

 

Where: Q is the peak discharge during the time series [ft3/s], 

 B is the top width of the flow area [ft], 

 S0 is the average channel slope [ft/ft], 

 c is the wave celerity [ft/s], 

 and Δx is the distance step [ft]. 
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The following equation for the distance step (Δx) is provided by Cunge. If the distance step is greater than the 

reach length, then the routing calculation will be performed in a single iteration. If the distance step is smaller than 

the reach length, then the reach will be divided into the fewest number of routing steps of equal length possible 

while maintaining the distance below the distance step. For example, if the distance step is between 1/3 and 1/2 

the reach length, then there will be three routing steps. The Muskingum-Cunge calculations are performed for 

each routing step, with the outflow from the previous step serving as the inflow for the next step.  

 

∆𝑥 =  
1

2
(𝑐∆𝑡 +  

𝑄

𝐵(𝑆0)(𝑐)
) 

 

The flood wave celerity is a modified velocity parameter as defined in the equation below: 

 

𝑐 = 𝑚𝑉 

 

Where: V is the average velocity at peak discharge [ft/s] 

 m is a coefficient [dimensionless] 

 

The value of m can be calculated from reach channel rating table and geometry data as developed and shown on 

the Reach Geometries sheet of the model. The calculation for m is performed for each row of the rating table, and 

intermittent values can be interpolated on a log-log basis. The calculation includes discharge and the associated 

cross-sectional area. The formula calculating m at a specific row of the rating table is shown below: 

 

𝑚(𝑖) =  
(𝑄(3)𝑆(2,3)) + ∑ [((𝑄(𝑖) − 𝑄(𝑖 − 1))𝑆(𝑖 − 1, 𝑖)) +  ((𝑄(𝑖 − 1) − 𝑄(𝑖 − 2))𝑆(𝑖 − 2, 𝑖 − 1)) +. . ]

𝑄(𝑖)
 

 

Where: Q(i) is the discharge for the ith row of the table [ft3/s], 

 S(i-1, i) is the log-log slope of discharge-end-area curve between rows i-1 and i 

 

4.1.1 Model Checks 

As part of the routing calculations, two parameters are checked after each routing step. The first check is to see 

whether the dimensionless coefficients C1, C2, and C3 add up to 1.0. If the sum of these coefficients differs from 

1.0, there is likely an error within the model or invalid input variables.  

 

To determine if the routing is within accuracy of the Muskingum-Cunge method, three additional variables are 

calculated. The Courant number, Cg, is the ratio of physical wave celerity to the grid celerity. The grid Reynold’s 

number, Dg is the mathematical criterion which distinguishes laminar from turbulent flow.  

 

𝐶𝑔 =
∆𝑡

𝐾
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𝐷𝑔 = 1 − 2𝑋 

 

𝐷𝑔(𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙) =  𝑒2.3(𝐶𝑔) 

 

When the grid Reynold’s number equals or exceeds the calculated critical value, then the results of the 

Muskingum-Cunge routing are invalid for the flow conditions. 
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The model 1 variation was used to quantify how varying the minimum required discharge from the GSR affects the 

GSR stage elevation and the power generation potential at the Saxon and Superior Projects. The minimum 

discharges evaluated were 12, 24, and 36 cfs. The derived inflow time series, as discussed in Section 2, was 

evaluated to identify full years which were dry, normal, and wet relative to the historical data set. The study years 

were identified by evaluating the data based on total annual inflow volume to the GSR, total annual discharge 

volume from the Gile Dam, and the total number of days in which discharge exceeded 50 cfs. The data years were 

sorted based on these metrics to assist with study year selection. The selected years for the minimum flow study 

are shown in the table below. Xcel records of Gile Dam discharge were matched to the identified study years. 

Table 4. Selected Model Years 

Description Year 

Inflow 
Volume 

Percentile 

Discharge 
Volume 

Percentile 

# Days 
>50 cfs 

Percentile 

Dry 2012 0th 0th 0th 

Normal 2003 56th 59th 33rd  

Wet 2016 93rd  96th 100th  

 

The inflow time series derived from historical data were modified to include two simulated white water flow 

events. Each simulated event lasted 5 hours, with the first and last hours at 600 cfs and the remaining hours at 

1200 cfs. The events occurred at noon on the last Saturday of June and September for the given data year. 

 

The model was run with a minimum of 12 cfs, 24 cfs, and 36 cfs. Stage hydrographs of the GSR and summary 

results are presented below. Increasing the minimum allowable discharge results in a decrease of the GSR 

throughout the model year. More notably, increasing the minimum allowable discharge results in an increased 

annual generation capacity, likely due to the additional flow allowing each turbine to be more fully utilized. The 

original unaltered derived inflow time series, which operated under a 10 cfs minimum discharge and includes no 

white-water events, is included in the results for reference.  

 

Table 5. Minimum Flow Study Stage Results 

 
Start of Year GSR Stage,  

FEET NGVD 
End of Year GSR Stage,  

FEET NGVD 
Minimum GSR Stage, 

FEET NGVD 

Scenario 2012 2003 2016 2012 2003 2016 2012 2003 2016 

Original 1485.30 1486.55 1489.80 1485.02 1483.45 1489.83 1483.32 1482.40 1487.27 

12 cfs 1485.30 1486.55 1489.80 1484.64 1482.91 1489.61 1483.32 1481.94 1487.27 

24 cfs 1485.30 1486.55 1489.80 1483.10 1481.28 1489.20 1483.10 1480.92 1487.25 

36 cfs 1485.30 1486.55 1489.80 1481.06 1479.24 1488.74 1481.06 1479.19 1487.20 
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Table 6. Minimum Flow Study Generation Results 

 
Saxon Falls  

Total Generation, MWh 
Superior Falls  

Total Generation, MWh 

Scenario 2012 2003 2016 2012 2003 2016 

Original 4120 6307 9389 4444 6793 10368 

12 cfs 4144 6323 9395 4468 6842 10381 

24 cfs 4304 6396 6437 5081 7522 10612 

36 cfs 4636 6622 9635 5595 7900 10763 
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1484
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The developed routing model implements simple formulas and logic to predict the behavior of a complex system. 

The model is entirely dependent on the quality and realism of the input data provided by the user. The calculation 

of results is solely predicated on a complete data set that does not violate the limits of the model. The user should 

remain cognizant and mindful that the quality of results is dependent on the quality of the input data. 





 

 

The report attachment has been eFiled as a separate file.12  

 

 
12 The model files cannot be eFiled on the Commission’s website because they are macro-enabled 
spreadsheets.  As a result, the spreadsheets for the model are available on NSPW’s relicensing website 
at: https://hydrorelicensing.com/gile-flowage/ under the filed for the FLA-Appendix E-28. 
 

https://hydrorelicensing.com/gile-flowage/



