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INTRODUCTION  

The Galien River Watershed Steering Committee (Steering Committee) was formed to guide a watershed 

management planning process for the Galien River Watershed (Watershed), Figure 1. This Hydrologic 

and Hydraulic (H&H) study is a component of the Galien River Watershed Management Plan (WMP).   

The Watershed is scattered with small farms and healthy forests, as well as a thriving seasonal Lake 

Michigan shoreline community. Water quality is a concern in this Watershed, which has problems with 

sediment, E. coli, and extreme flows, which flood valuable crops and structures.   

Many Best Management Practices (BMPs) designed to address water quality problems in a watershed 

will also have an effect on the hydrology of the stream. A stream has hydrologic stability when the 

drainage area maintains an identical response to an identical rainfall over a long period of time. Identical 

response is expected if land uses, soils, and drainage characteristics within the watershed are not 

changing. Hydrologic changes occur when forests are cleared, artificial drainage is expanded, or 

impervious cover is increased, which increases the rate and duration of these flows. Changes can cause 

the stream to become unstable. This instability can manifest itself as streambank erosion, streambed 

scour, and other changes in geomorphology, including sinuosity. The more frequently occurring flows, 

those with a 1.5- to 2-year recurrence interval, are generally the dominant channel-forming flows in 

stable, natural streams.  

STUDY AREA  

The Watershed, located in the southwest corner of Michigan and northern Indiana, encompasses about 

112,000 acres of agricultural, urban, and forested land, Figure 1. The Michigan portion, about 

82,000 acres, flows through several southwestern townships of Berrien County and flows into Lake 

Michigan at the City of New Buffalo.  

The stream pattern of the Watershed includes many stream branches and tributaries with a meandering 

main channel. The Galien River (River) has been channelized and drained in the Elm Valley region, which 

is the southern, central portion of the Watershed. This stretch of the River is in silty and loamy soils, which 

are naturally poorly drained soils and have seasonal high water tables. The area was mixed, hardwood 

swamp during presettlement times and were later artificially drained to allow farming.  
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BACKGROUND AND PROBLEM AREAS  

Both the Michigan Department of Environmental Quality (MDEQ) and the Steering Committee are 

concerned about the stability of water courses in the Watershed. An assessment of stream stability was 

included in this study to ensure a longer design life for proposed in-stream measures and to select 

appropriate BMPs that address the cause of the instability and do not move the problem to another 

location. Streams experiencing excessive instability contribute sediment to the water column, increasing 

turbidity, and impairing the designated uses of a stream. Changes in hydrology and flow regime, due to 

changing land uses and drainage patterns within the Watershed, may make streams unstable.   

The region of Elm Valley is a particular concern to the Steering Committee. This area is located in the 

south central part of the Watershed, where previously existing wetlands have been heavily drained and 

channelized. Streambeds tend to be very sandy in this region, as noted in the MDEQ road stream 

crossing survey, and sediment is a serious concern. This area has undergone significant drain 

maintenance activities in recent decades. Problems include accelerated meandering, streambank 

erosion, and loss of trees due to channel bank undercutting. This H&H analysis includes the stretch of the 

River in Elm Valley and its major contributors, the Blue Jay Drain and Dowling Creek. Most of these 

drains were constructed while settlement was occurring in the early 1900s. Less than 20% of the drains 

were established after the start of World War II.  

The Steering Committee is also concerned about the effects of log jams on flood levels and soil erosion. 

Conveyance capacities of road crossings and open channels in upper reaches of the Watershed are 

concerns of the Berrien County Road Commission (BCRC) and the Berrien County Drain Commissioner 

(BCDC). The BCDC has removed log jams from the River upstream of Minnich Road where it is a 

designated county drain. In 1998, the U.S. Army Corps of Engineers (ACOE) conducted a study to 

evaluate the effects of log jam removal downstream from Minnich Road. They have concluded the water 

surface elevation at Minnich Road is raised by 0.5 to 1 foot during most storms because of the presence 

of log jams (Appendix 1). However, they noted this increase in water surface elevation does not affect 

valuable farmland or structures. The backwater effects upstream of Minnich Road were not studied by the 

ACOE. Flooding of structures and valuable farmland occurs much further upstream in the Watershed as 

shown in Figure 2. Much of the floodplain along the River in the Elm Valley region upstream from the 

confluence with the East Branch of the River experiences flooding. Additional areas, located on upstream 

tributaries, are also flooded regularly, and some of the more frequently flooded areas are shown in 

Figure 2.  
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HYDROLOGY AND MORPHOLOGY  

METHODS OF EVALUATION  

A morphological assessment was performed using the Rosgen Level II classification system to assess the 

stability of the River system. Four locations in the Watershed were selected for the assessment. The 

parameters of the channel measured for the assessment included entrenchment ratio, width/depth ratio, 

sinuosity, channel slope, and channel materials.  

A field inventory conducted in the fall of 2001 revealed the most commonly identified problems as 

streambank erosion, log jams, and erosion at road crossings. The investigators visited every region of the 

River and its tributaries that was accessible from road crossings. The lower portion of the River was 

inventoried more thoroughly by kayak. Additional information including regions of flooding and typical 

duration of high water was gained from landowners, some of whom provided pictures.  

A Geographic Information System (GIS) was used to study 1978 Michigan Resource Information System 

(MIRIS) presettlement vegetation, which is available from the Michigan Center for Geographic 

Information.   

County drain information was made available by the BCDC (Appendix 2). Frequent maintenance on a 

stream may indicate that the reach is unstable. It is not uncommon for trees to fall into the stream at the 

bank. The frequency of this occurrence varies widely, depending on soil type, topography, vegetation 

type, and flow rates. A fallen tree will cause the stream to change flow paths, but normally the stream will 

maintain the channel with slight alteration of the banks. It may scour the streambed below and the banks 

around the obstacle, creating an increased sediment load in the River (Photographs 1 and 2). This 

sediment load may be deposited downstream in the form of a sandbar. It may also alter a fast flowing 

channelized system into a slower meandering system with riffles, pools, and snags, which provide fish 

habitat. Major changes to flow paths and heavy sediment load are causes for concern.   
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Past changes in the land use and of the River and stream channels were examined through the USDA 

Farm Service Agency aerial photographs from 1981 and 1993. Digital orthophotographs with 2-meter 

resolution from 1996 were studied as well. Changes in land cover, such as forest clearing, wetland loss, 

and increased imperviousness were identified. Channel alterations, including movement of meanders, 

straightening, and state of bank vegetation were also noted.  

EVALUATION OF EXISTING HYDROLOGY AND MORPHOLOGY  

STABILITY OF THE GALIEN RIVER SYSTEM  

An assessment of the morphological stability of a river system is an important step in selecting 

remediation techniques for water quality impairments. The Rosgen Level II classification system uses five 

morphological measurements for assessing a stream reach: entrenchment ratio, width/depth ratio, 

sinuosity, channel slope, and channel materials. The resulting classification identifies the stability of the 

reach of the stream, which is important to recognize whether an erosion problem is localized or systemic.   

CONCEPTS OF STREAM STABILITY  

A stream is considered stable when allowed to develop a stable dimension, pattern and profile, which are 

maintained over time, with the stream system neither aggrading or degrading (Rosgen, 1996). A stable 

stream is able to transport its sediment load through local deposition and scour. Channel instability occurs 

when the excessive deposition leads to aggradation or excessive scour leads to degradation. A stream is 

considered “active” or “dynamic” when it laterally migrates but maintains its bankfull width/depth ratio.  

Photograph 2: Erosion from Diverted Flow at Root Mass Photograph 1: Fallen Tree Diverting Flow 
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ASSESSMENT OF THE GALIEN RIVER SYSTEM  

The bankfull discharge was used in the assessment to represent the stream forming discharge or channel 

forming flow. Four reaches of the stream were selected according to the criteria by Rosgen, and the 

morphological measurements were calculated from available information. The first site selected was near 

the mouth of the River, where it flows into Lake Michigan at New Buffalo. The reach is in Sections 2 and 3 

of New Buffalo Township. The second area selected was also a reach of the River, near New Troy, at 

Minnich Road. The Blue Jay Drain, a tributary of the River, was selected as the third site, in Sections 21 

and 28 of Weesaw Township. Dowling Creek, another tributary to the River, was the fourth site selected, 

in Section 8 of Galien Township. The data and calculations to determine the classifications are included in 

Appendix 3.   
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REACH 1 - GALIEN RIVER BETWEEN LAKE MICHIGAN CHANNEL AND RED ARROW HIGHWAY  

This reach of the River was classified as E6 (Photograph 3). An E classification represents the 

developmental “end-point” of channel stability and fluvial process efficiency for certain alluvial streams 

undergoing a natural dynamic sequence of system evolution (Rosgen, 1996). The E stream types are 

typically slightly entrenched (>2.2), exhibit very low channel width/depth ratios (<12), and display very 

high channel sinuosity (>1.5). This reach is very slightly entrenched (22), since it is mostly a low marshy 

area and forested floodplain. The width/depth ratio is 9.6, indicating a wide, relatively deep river. The 

sinuosity is not as high as a typical type E stream, calculated at 1.3, but the number does indicate 

meandering, which is evident in the historical photographs. The slope (0.0012) and channel materials 

(Aquents and Histosols) identify the stream as E6. The relatively deep channels maintain a high 

resistance to change, resulting in channel stability. The stability can be compromised, however, when 

streambanks are disturbed or significant changes occur in the sediment loads or flows.  

 

Photograph 3: Galien River Between Lake Michigan Channel and Red Arrow Highway  
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REACH 2 - GALIEN RIVER AT MINNICH ROAD   

This reach of the River was also classified as E6 (Photograph 4). The E stream types are typically slightly 

entrenched (>2.2), exhibit very low channel width/depth ratios (<12), and display very high channel 

sinuosity (>1.5). The entrenchment ratio of 25 for a single stream indicates either a type C or E stream. 

The width/depth ratio of 8 indicates a wide, relatively deep river, resulting in an E classification. The 

sinuosity (1.4), slope, (0.0023) and channel material (Cohoctah sandy loam) yields a classification of E6. 

The relatively deep channels maintain a high resistance to change, resulting in channel stability. The 

stability can be compromised, however, when streambanks are disturbed or significant changes occur in 

the sediment loads or flows.   

   

Photograph 4: Galien River at Minnich Road

 



  

09/09/2003 
J:\GDOC01\R01338\H&H\GALIEN_H&H.DOC  

8

 
REACH 3 - BLUE JAY DRAIN BETWEEN HOLDEN ROAD AND PARDEE ROAD  

The Blue Jay Drain was also classified as E6 (Photograph 5). The E stream types are typically slightly 

entrenched (>2.2), exhibit very low channel width/depth ratios (<12), and display very high channel 

sinuosity (>1.5). The entrenchment of this reach is slight (6), as it is located in an area that was a Black 

Ash swamp in presettlement days. The channel width/depth ratio is very low (5.8), indicating that the 

narrow and relatively deep channels maintain a high resistance to change, which results in channel 

stability, unless streambanks are disturbed and significant changes in the sediment loads or flows occur. 

A tributary to this reach had maintenance performed in 1996, which could have added a large sediment 

load and increased flows to the stream, thus creating an unstable condition. The reach has moderate 

sinuosity (1.2). The slope (0.0009) and channel materials (silt loam) are indicative of the E6 classification.   

    

Photograph 5: Blue Jay Drain Between Holden and Pardee Roads
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REACH 4 - DOWLING CREEK EAST OF HAMPTON ROAD  

Dowling Creek is classified as C5 (Photograph 6). The C stream types have a well developed floodplain, 

are relatively sinuous, and have a low relief channel (Rosgen, 1996). Channels of these types of streams 

can be significantly altered when the effects of changes in bank stability, watershed condition, or flow 

regime are combined to cause an exceedance of the channel stability threshold. Dowling Creek is very 

slightly entrenched (3.3), located in the Elm Valley area of glacial outwash in the Watershed. The channel 

has a moderately high width/depth ratio (14) and a high sinuosity (1.21), indicative of the depositional 

characteristics of the stream bed and the active meandering. The slope of the channel (0.0018) identifies 

the reach as C5. This stream type is susceptible to shifts of stability caused by direct channel disturbance 

and changes in the flow and sediment regimes of the contributing watershed, but is able to recover 

quickly if no further disturbances occur.   

    

Photograph 6: Dowling Creek East of Hampton Road

 



  

09/09/2003 
J:\GDOC01\R01338\H&H\GALIEN_H&H.DOC  

10

 
FINDINGS  

The reaches analyzed in this study represent different areas of the Watershed that have specific land 

uses and various degrees of stream channel modifications. The difficulty with this analysis, however, is 

that significant alterations have been made to many of these areas, which are designated county drains, 

thus the classifications do not always fit the actual conditions. Generally, streams classified in the 

E category tend to be the most stable. Table 1 summarizes the findings of the assessment, which indicate 

that the River appears to be fairly stable in the lower reaches, but susceptible to streambank erosion in 

the upper reaches and tributaries where the channels have been altered for agricultural use.  

Table 1 - Results of Rosgen’s Level II Classification Assessment of the Galien River System 

Location 

Galien River 
Between Lake 

Michigan Channel 
and Red Arrow 

Highway 
Galien River at 
Minnich Road 

Blue Jay Drain 
Between Holden 

and Pardee Roads 

Dowling Creek 
East of 

Hampton Road 
Entrenchment Ratio 22 25 6.0 3.3 
Width/Depth 9.6 8 5.8 14 
Sinuosity 1.3 1.4 1.2 1.21 
Slope 0.0012 .0023 .0009 .0018 
Channel Materials Silt/clay Sandy Loam Silt Sand 
Classification E6 E6 E6 C5 
Characteristic Very stable unless 

streambanks are 
disturbed or changes 
in sediment supply 
occur. 

Very stable unless 
streambanks are 
disturbed or changes 
in sediment supply 
occur. 

Very stable unless 
streambanks are 
disturbed or 
changes in 
sediment supply 
occur. 

Susceptible to 
shifts in 
stability caused 
by channel 
disturbances 
and changes in 
flow and 
sediment 
regimes of the 
contributing 
watershed. 

 

The Watershed inventory found many areas with streambank erosion caused by increased flows or 

obstructions diverting the natural flow path. Although many obstructions were observed in the lower 

reaches of the River, few areas of erosion were found, which indicates the stability of the River near the 

mouth.   

Streambank erosion was present in the areas around New Troy, an area, which also had significant 

numbers of obstructions and was determined to be susceptible to streambank erosion if disturbed.   

Upstream areas and tributaries are susceptible to streambank erosion if flows increase from drain 

maintenance activities or increased development.  
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RECOMMENDATIONS  

?

 
Streambank restoration work upstream of the Warren Woods Preserve (Preserve) should be 

selectively and carefully completed so flows or increase sediment downstream are not altered.   

?

 
Restoring wetlands in the areas where presettlement wetlands existed, in northern Galien Township 

and southern Weesaw Township,  would reduce the volume and velocity of flows.   

?

 

New developments, in and upstream of Elm Valley, should be required to have onsite detention or 

retention of storm water.   

QUALITATIVE EVALUATION  

GALIEN RIVER  

A qualitative evaluation was performed on the Watershed using various sources to determine changes in 

the Watershed, including flow paths, geomorphology, channelization, land cover, vegetation type, canopy, 

imperviousness, and exposed soil. The following tasks were part of the evaluation:  

?

 

Examine survey information, including topography, land use, soils, wetlands, and presettlement 

vegetation, and other data available to determine geomorphologic characteristics of the Watershed.   

?

 

Analyze the drainage system and review the maintenance activities performed on the county drains.  

?

 

Examine aerial photographs for changes in land cover over an approximately 15-year period, using 

1981 and 1993 Farm Service Agency aerial photographs and 1996 Berrien County GIS Department 

digital orthophotographs.  

?

 

Examine aerial photographs for changes in stream channel and movement of meanders over a 

15-year period, using 1981 and 1993 Farm Service Agency aerial photographs and 1996 Berrien 

County GIS Department digital orthophotographs.  

The River, through most of its course, is highly meandering and equi-width from bank to bank. Though it 

has been channelized in Elm Valley, the River is regaining its sinuosity in regions that are not actively 

managed. In forested areas, evidence of past meanders can be found, which form crescent shaped 

ponds and marshes adjacent to the River (Photograph 7).  
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Continual maintenance of the designated 

drains in the upper portion of the Watershed 

has occurred over the past decade, mainly in 

the form of brush removal or channel clean 

out. Of the 239 drains, shown by township in 

Appendix 2, 161 or 67% have had 

improvements since 1981, with many 

requiring future additional work in the coming 

years.   

The lower portion of the River, downstream of 

Minnich Road, has been left in a more natural 

state with large meanders and broad forested 

floodplains. The River passes through the 

Preserve, which includes very unique southern floodplain forest and old growth upland forest. It is the 

only southern floodplain forest found north of southern Indiana. Even in the southeastern United States, 

where they are most commonly found, southern floodplain forests comprise only 17% of all forests, and 

an estimated 69% of southern floodplain forests have been lost since European settlement. Southern 

floodplain forests consist of bottomland hardwood stands and deep, alluvial swamps with natural levees 

created by the deposition of sand and organic debris during flooding. The constantly replenished organic 

matter boosts biological productivity. Steadily shifting stream migration, soil erosion, and deposition are 

inherent to southern floodplain forests and create areas of variable topography, soil texture, and organic 

content. Swamps and oxbow lakes are interspersed with forest. These factors create areas of ecosystem 

overlap, where biodiversity of both plants and animals is very high. Other important components are the 

predominance of woody vegetation for cover, the presence of surface water and soil moisture for greater 

food availability, and the presence of riparian forests that provide travel corridors for migration and 

dispersion. The relative stability of water levels and lack of fire in the Preserve has also allowed the 

formation of a climax of old growth upland forest in the low rises. The Preserve is a highly valued 

resource.  

The River, in this lower area of the Watershed, has a wide floodplain and the pattern of its sinuosity has 

shifted over time. It is a constantly changing river with meanders that slowly move as trees fall in at the 

banks. Its history can be seen in the convoluted meanders and oxbow lakes (Photograph 8). Flow 

through the meanders slowly erodes the outer bank, eventually causing the trees to fall in on the outer 

bank. It is a process, whereby flow may be diverted back toward the center of the channel or lead to the 

formation of more meanders and oxbow lakes. Reducing the roughness of banks and straightening the 

River through drain maintenance may increase the rate of meander wandering and erosion downstream. 

Photograph 7: Past Meanders on the Galien River
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Some movement of meanders 

appears to be occurring at a slow 

rate, barely visible over the 15-year 

period. The meander in the 

southwest quarter of Section 13 in 

Chikaming Township appears to be 

moving toward Flynn Road. 

Meanders in the southwest quarter 

of Section 7 in Weesaw Township 

are decreasing (Photograph 9).    

Photograph 9: Decreasing Meander of the Galien River  

TRIBUTARIES  

The most significant change in the natural hydrology of the Watershed was the loss of a 5-square-mile 

wetland in Elm Valley, located in the southern central portion of the Watershed around Avery Road 

(Figure 3). This wooded wetland system not only stored water, but through evapotranspiration and 

infiltration, prevented much of the runoff from entering the stream system. Artificial drainage in the form of 

tiles in fields and trenched open drains has converted this wetland into cropland (Photograph 10). The 

major wetlands that were drained were in Galien Township, Sections 5, 6, 7, and 8, as well as Weesaw 

Township, Sections 31 and 32. Restoring wetlands in these areas would reduce the volume and velocity 

of flows. The more water stored in this region, the less flooding will occur in Elm Valley. There are some 

Photograph 8: Log Jams on the Galien River
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large tracts of land that may be available to enroll in the Wetlands Reserve Program, but even small 

wetlands will reduce flooding. An alternative to restoring the wetlands is to reduce drainage and grow 

specialty crops that require or can withstand greater moisture. New developments in and upstream of 

Elm Valley should be required to have onsite retention and detention of storm water.  

 

Photograph 10: Tile Network Draining Wetland of Elm Valley  

Potential problems exist in Weesaw Township, Section 21, where a wetland appears to have been 

drained just north of the Blue Jay Drain. Near Dowling Creek, in the northwest quarter of Galien 

Township, Section 5, vegetation was removed and drainage added between 1981 and 1993. Gullies in 

the field are apparent in the 1996 photographs.  
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HYDRAULIC ANALYSIS  

The hydraulic analysis studied both extreme and more frequent flows to assess the conveyance 

capacities of the Galien River and its major tributaries.   

GALIEN RIVER  

A hydraulic model was developed to determine the bankfull conveyance capacity of a critical portion of 

the River. The ACOE HEC-RAS 3.0 computer program (HEC-RAS) was used. The HEC-RAS was 

selected due to its universal use, availability, and acceptance as a hydraulic modeling tool. The model 

was used to calculate both stage and velocity of the 2-year event and larger flows for the length of the 

River approximately 2 miles upstream and downstream of the area of New Troy. It was also used to 

evaluate the backwater effects and the impacts of log jams not included in the ACOE analysis. Figure 2 

shows the extent of this model, indicated as the Obstruction Study Area.  

METHODOLOGY  

The HEC-RAS model required the following inputs:  

?

 

Discharges: Flood frequency discharges were provided by the MDEQ (Appendix 4). The 50%, 20%, 

10%, 2%, 1%, and 0.2% annual storm water discharges were estimated for the River at confluences 

with major contributing subbasins and at locations of potential channel instability and flooding.  

?

 

Starting water surface elevation: A rating curve from the USGS stream gauge located at Minnich 

Road was used to determine starting water surface elevations for the hydraulic model (Appendix 5). 

The starting water surface elevation at Minnich Road was lowered by 1 foot to represent the effects of 

log jam removal. The 1-foot drop is based on the ACOE determination that log jam removal would 

lower the water surface elevation by 0.7 feet. This was rounded to the closest foot because of the 

accuracy of the ACOE study. The ACOE did not conduct a survey of the River, but relied on 10-foot 

interval USGS quadrangle maps.   

?

 

River geometric characteristics: Surveyors collected cross sectional data at six locations on the River; 

the upstream side of Minnich Road, 1,150 feet upstream of the confluence with the East Branch of 

the River, just downstream of Kaiser Road, and two locations downstream of Warren Woods Road. 

USGS quadrangle maps were used to extend the channel cross sections to a sufficient width. The 

effects of bridges on the stage of the River were assumed insignificant to simplify the model. The low 

flow comparison confirmed this assumption (Appendix 6). 
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?

 
River hydraulic characteristics: The roughness coefficient for the channel and the floodplain were 

estimated from floodplain photographs.  

?

 
River slope: The slope of the channel was determined from the survey data and USGS topographic 

maps.  

RESULTS  

The 1-year water surface elevations in the Galien River from Warren Woods Road to Mill Road 

(Locations 2, 3, and 4) correlate with bankfull conditions (Figure 4). The 2-year water surface elevation at 

Minnich Road (Location 1) exceeds the top of bank by 3.5 feet. This indicates a section of the River that 

may be in the process of stabilizing, although no bank erosion was reported at this location. Often, the 

2-year flow is generalized as an approximation for the channel-forming flow and bankfull discharge, but in 

the Watershed, these flows apparently occur every one to two years. The peak water depths and 

velocities associated with the 2-year storm event at locations 1 through 4 are listed in Table 2 and shown 

in Figure 4. The selection and placement of instream habitat structures, however, should be based on 

computed peak flows and velocities for the 10-year storm (Schueler, 2000).   

The backwater effects of removing log jams downstream from Minnich Road reduced water surface 

elevations for about 4,000 feet upstream of Carpenter Road for the 2-, 5-, 10-, 50-, and 100-year 

precipitation events. Graph 1 shows the backwater impacts of log jam removal in the profile view for the 

10-year storm event. The floodplain east of Minnich Road, however, is undeveloped forest, where 

structural or crop flooding damage is not a concern. These results agree with the conclusions in the 

ACOE analysis conclusions.  

Log jam removal upstream from Minnich Road was completed in 1997. Landowners have reported 

shorter sustained flooding since the log jams have been removed, which confirms the model results.  
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Table 2 - Depth and Velocity of Two-Year Rainfall Event Discharges 

Location 
No. 

Peak 2-year 
Flow (cfs) 

Actual Bankfull Height 
(ft) 

Peak 2-year 
Flow Depth (ft) 

Peak 2-year 
Flow Velocity (fps) 

1 1,500 6.5 10.0 1.3 
2 1,500 4.0 4.0 3.1 
3 1,100 7.5 7.5 2.4 
4 850 10.5 10.5 1.0 
5 250 10.0 4.0 2.6 
6 70 8.0 4.7 1.0 
7 70 10.0 3.0 2.1 
8 70 10.5 1.9 3.8 
9 70 5.0 2.9 1.7 
10 70 5.0 5.4 0.6 
11 30 NA NA NA 
12 30 5.0 2.0 1.5 
13 30 7.0 1.5 2.5 
14 30 8.0 0.8 3.1 
15 30 10.0 1.8 2.3 
16 130 14.0 3.2 2.0 
17 130 7.0 2.7 1.9 
18 50 7.0 3.4 1.2 
19 50 8.0 2.8 1.9 
20 50 10.5 2.8 1.9 
21 50 9.0 3.3 1.4 
22 50 9.0 2.8 1.9 
23 70 10.0 2.7 2.0 
24 70 2.5 1.3 2.9 
25 90 6.0 1.8 1.9 

Locations 1 through 4 are modeled in HEC-RAS  
All other locations modeled using the Principles of Hydraulic Design Series No. 5, Hydraulic Design of 
Highway Culverts (1985) as prepared for the U.S. Federal Highway Administration 
NA = Not applicable 
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Graph 1 - Effects of Log Jam Removal 

on the 10 year rainfall event 
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A channel cross section of the River at Kaiser Road (Location 3) shows the water surface elevation for 

various storm events (Graph 2). Much of the Elm Valley upstream from the confluence of the River and 

the East Branch of the River is farmed in the 2- to 5-year floodplain. Private drainage systems can be 

maintained to expedite the conveyance of water from the fields to the River once its level has gone down. 

Photograph 11 shows a blocked culvert that prevents drainage of water into the channel on the other 

side. Water will back up in the fields and overtop the driveway, causing both flooding conditions and 

erosion of the driveway.  
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Graph 2: Cross Section of Galien River at Kaiser Road (Location 3)    

 

Photograph 11: Blocked Driveway Culvert  
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TRIBUTARIES TO THE GALIEN RIVER  

METHODOLOGY  

Weesaw and Galien Townships have experienced historical flooding. The Principles of Hydraulic Design 

Series No. 5, Hydraulic Design of Highway Culverts (1985) as prepared for the U.S. Federal Highway 

Administration was used to evaluate the crossings. Channel conveyance was evaluated using Manning’s 

formula. Twenty-five crossing locations were evaluated (Figure 4).  

The evaluation of upstream crossings includes the following data inputs:  

?

 

Peak discharges for the 2-, 5-, and 10-year rainfall events used in the hydrologic analysis are 

provided by the MDEQ. Appendix 4 details the estimates of the flood frequency discharges.  

?

 

Crossing and channel geometry are based on BCDC record drawings and BCRC culvert and bridge 

assessment information. FTC&H staff conducted field visits to confirm geometry and to photograph 

each road crossing.  

?

 

The roughness coefficients are based on channel and floodplain photographs.  

?

 

The slope of the channel is from record drawings and USGS topographical maps.  

The evaluation was conducted to determine if current 2-year peak flow conditions exceed bankfull 

conveyance capacities along tributaries to the River and the present level of flood protection.   

RESULTS   

Twenty-five sites on tributaries in the upper reaches of the River were evaluated for conveyance capacity 

(Figure 4). All but two of the evaluated locations convey the 2-year event at less than bankfull conditions 

(Table 2). Many of the channels are much deeper than the depth that water flows during a 2-year storm. 

On average, the depth of flow during a 2-year event was 4 feet lower than the top of bank or about 50% 

of the actual channel depth. These tributaries have been formed by excavation to convey 5- to 10-year 

storm events. Two-year event peak velocities are reported in Table 2.  
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All but two of the crossings evaluated provide conveyance for the 5-year storm, or greater. Locations 2 

and 11, shown in Figure 4, provided enough conveyance for only the 2-year storm event. Locations 3, 5, 

10, 12, 13, 18, 22, and 24 provided conveyance for the 5-year storm, while all other locations provide 

conveyance for the 10-year storm or greater (Table 3). Five- and ten-year conveyances are common 

levels of protection used in agricultural drainage.  

Table 3 - Upper Galien Crossing Capacity Analysis 

Location 
No. 

Peak 2-Year 
Flow (cfs) 

Peak 5-Year 
Flow (cfs) 

Peak 10-Year 
Flow (cfs) 

Capacity* 
(cfs) Structure Description 

1 1,500

 

2,200

 

2,700

 

NC

 

Bridge 
2 1,500

 

2,200

 

2,700

 

1,700*

 

Bridge 
3 1,100

 

1,600

 

2,000

 

1,656*

 

Bridge 
5 250

 

400

 

500

 

400

 

16’x9.5’ multi-plate CMP 
6 70

 

180

 

280

 

280

 

16'x8.5' bridge opening 
7 70

 

180

 

280

 

>280

 

12'x8.5' bridge opening 
8 70

 

180

 

280

 

>280

 

8"x6' CMP Arch 
9 70

 

180

 

280

 

280

 

12'x6' bridge opening 
10 70

 

160

 

270

 

160

 

6'x10' elliptical CMP half full of sediment 
11 30

 

80

 

140

 

30

 

1580' LF of 36" concrete pipe  
12 30

 

80

 

140

 

80

 

48" conc. with 1' of sediment + 15" PVC 
13 30

 

80

 

140

 

80

 

150 LF of 36" concrete pipe 
14 30

 

80

 

140

 

>140

 

6' CMP 
15 30

 

80

 

140

 

>140

 

5'x5' concrete box culvert 
16 130

 

300

 

470

 

>470

 

Twin 19'-3" span x 12'-4" rise steel plate 
17 130

 

300

 

470

 

470

 

3 wood 8'x7' box culverts 
18 50

 

110

 

170

 

110

 

7' steel structural plate culvert 
19 50

 

110

 

170

 

170

 

7' steel structural plate culvert 
20 50

 

110

 

170

 

170

 

7' steel structural plate culvert 
21 50

 

110

 

170

 

170

 

7' steel structural plate culvert 
22 50

 

110

 

170

 

110

 

7' steel structural plate culvert 
23 70

 

180

 

280

 

>280

 

13.8'x7.5' Concrete Box 
24 70

 

160

 

260

 

160

 

14'x6.5' Concrete Bridge 
25 90

 

140

 

230

 

>230

 

13.8'x7.5' Concrete Box 
* = Capacity calculations account for tail water control of the downstream channel and crossing hydraulics. 
** = According to design calculations by design engineer. 
NC = Not calculated because flooding was not reported in these areas or not enough information was available. 
CMP = Corrugated Metal Pipe. 
Location No. 4 was not analyzed. 
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Flooding problems have been reported at Locations 18 

and 24. Photographs of Location 18 show thick brush on 

the channel banks (Photograph 12). Graph 3 shows the 

effects on flow capacity from different channel 

modifications at Location 18. Channel conveyance will 

approach the 10-year storm event at this location with 

selective brush removal. Replacing the crossing and 

excavating additional channel will increase this location’s 

conveyance capacity to the 25-year event. A channel’s 

flow capacity is related to the channel roughness. 

Decreasing channel roughness often results in an 

increase of the channel’s capacity. Selective brush removal within the channel can reduce a channel’s 

roughness and increase the channel’s capacity. Proper selective brush removal can also maintain the 

streambank vegetative cover, which benefits the stream by both shading the stream to maintain 

temperatures and stabilizing the streambank from possible erosion.  

Channel excavation changes both channel roughness and flow area, usually increasing the channel’s 

capacity. An increase in channel and culvert capacity can create or increase downstream channel 

instability, often causing excessive streambank erosion. These measures to increase flow capacity should 

always be fully studied to ensure that the erosion and water quantity problems are not just moving 

downstream from the site of where improvements are made. Maintaining vegetated streambank cover 

downstream of stream improvement efforts lessens erosive effects that can result from these changes to 

the hydraulics of the stream.   

Graph 3 - Crossing Improvements
Farm Crossing - Section 33 of Weesaw Township
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At location 11, on a tributary to the Blue Jay Drain at Holden Road shown in Figure 4, the capacity of the 

1,580 linear feet of 36-inch storm sewer limits conveyance to the 2-year event. Replacement of the 

36-inch pipe with a larger diameter storm sewer or open channel could increase conveyance to the 

5- or 10-year event.  

CONCLUSIONS  

The following conclusions are based on the results of the hydrologic study and hydraulic modeling:  

?

 

Restoring wetlands in the upper reaches of Dowling Creek, the Blue Jay Drain, and the River will 

retain water and reduce flooding in Elm Valley. Target areas to restore wetlands are Galien 

Township, Sections 5, 6, 7, and 8, as well as Weesaw Township, Sections 31 and 32. These areas 

are agricultural and eligible for many of the wetland restoration programs.   

?

 

Streambank restoration work upstream of the Preserve should be selectively and carefully completed 

so as to not alter flows or increase sediment downstream.   

?

 

Onsite retention or detention should be required for developments within or upstream of Elm Valley, 

based on stream protection volumes and flood control volumes.   

?

 

The River appears to be fairly stable in the lower reaches and the main tributaries. The instability of 

the River appears to be within and downstream of the agricultural areas in the western part of Galien 

Township and the eastern part of Three Oaks Township, where the natural hydrology of the system 

has been altered for agricultural drainage and the River is disconnected from the floodplain.   

?

 

Rosgen’s stream classification assessment should be used when determining the types of 

remediation efforts to solve streambank erosion problems in the Watershed.   

?

 

Peak water surface elevations in flooded areas upstream of the confluence of the River and Kirktown 

Creek will not be lowered by removing log jams in the River downstream from Minnich Road.  

?

 

Flooding in the 2- to 5-year floodplain of the River is to be expected. Private drainage systems can be 

maintained to decrease flood damage and provide drainage once the River stage decreases.  
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?

 
Most of the crossings and channels in the upper reaches of the River provide conveyance for the 

5-year event or greater. Conveyance improvements can be made by selectively removing 

obstructions and replacing culverts, although the effects that these improvements may have on 

streambank erosion and flooding downstream must be thoroughly evaluated.  

REFERENCES  
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County Drains in the Galien River Watershed

     DATE OF        DATE OF MOST DATE OF FUTURE ADDITIONAL
ESTABLISHMENT LENGTH RECENT IMPROVEMENT IMPROVEMENTS COMMENTS 

Anderson & Tibbles Weesaw 1938 2345' -
Babcock Weesaw 1927 4372' 1996
Blue Jay Weesaw Next couple of years
Blue Jay-North Branch Weesaw 1922 15,788' 1996 Next couple of years
Bowers & Penwell Weesaw 1903 2465' 1967
Carpenter & Ferry Weesaw 1906 13199' 1997
Carpenter & Holden Weesaw 1911 6126' 1994
Charles Orris Weesaw 1916 6875' 1993
Clark &  Bowers - W. Br. Weesaw 1985 Not listed 1987
Clark & Bowers Weesaw 1917 7474' 1996
Clark & Bowers - E. Br. Weesaw 1922 1300' 1984
Clark & Goodell Weesaw 1903 3720' 1997
Close Weesaw 1891 34,400' 1996 Next couple of years
Dempsey Weesaw 1915 6000' 1997
Dinges Weesaw 1921 1310' 1995
Fowler Weesaw 1907 20,900' 1993
Galien  River Weesaw 1890 Not listed 1955
Galien  River - S. Br. Ext. Weesaw 1930 Not listed 1934

Galien River - S. Br. Weesaw 1908 19148' 1991 Next couple of years
Especially along Elm 
Valley

Gardner Weesaw 1885 5222' 1993
Garfield Ave Weesaw 1887 8875' 1993
Gifford Weesaw 1906 10,482' 1993
Gifford Ext. Weesaw 1952 15,321' 1993
Gifford Ext. Partial Weesaw
Glaske & Krieger Weesaw 1911 2157' 1995
Hall & Potter Weesaw 1899 5443' 1996
Hanover Weesaw 1917 7957' 1991
Hanover S. Br. Weesaw 1917 2472' 1994
Haskins #15 Weesaw 1899 3620' 1941
Hess Weesaw 1897 3054' 1997
Hickory Cr. - Ext. & Outlet Weesaw 1903 Not listed 1961
Hickory Creek Weesaw 1894 43,246 1997
Hickory Creek Partial Weesaw 1985 Not listed -
Hickory Creek Partial - 1994 Weesaw 1994 Not listed -
Holden & Smith Weesaw 1917 4800' 1997
Holden & Smith - Partial Weesaw 1996 Not listed 1996
John English Weesaw 1903 6550' 1995
Judy Lake Weesaw 1898 26015' 2000

DRAIN NAME TOWNSHIP
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     DATE OF        DATE OF MOST DATE OF FUTURE ADDITIONAL
ESTABLISHMENT LENGTH RECENT IMPROVEMENT IMPROVEMENTS COMMENTS DRAIN NAME TOWNSHIP

Lake & Weesaw Twp Line Weesaw 1922 3340' 1984
Lintner, Allen & Ren Barger Weesaw 1909 6926' 1997
Log Cabin Road Weesaw 1994 Not listed 1997
Ludlam Weesaw 1917 1900' 1993
Luther Weesaw 1917 3340' 1995
Mc Donald Weesaw 1927 2116' 1996
Miller & Ristoff Weesaw 1952 5260' 1982
Minnich Road Weesaw No card
Moore, Klassner & Hess Weesaw 1883 2380' 1994
Moore, Klassner & Hess - old Weesaw 1967 Not listed 1997
Mud Hollow Weesaw 1898 2772' 1994
Murdock & Beeson Weesaw 1896 5460' 1993
New  Troy Village Weesaw 1950 2484' 1993
New Troy  Village - Detroit St. Br.Weesaw 1981 848' 1981
Nimtz & Rantz Weesaw 1918 4080' 1997
Norris Lake Weesaw 1902 17,340' 1993
Norris Lake Weesaw Next couple of years
Nowlan   ? Weesaw No card
Orris & Weaver Weesaw 1916 5660' 1990
Ott & Krieger Weesaw
Painter & Weatherwax Weesaw 1901 4800' 1997
Painter & Weatherwax-Wagner Br.Weesaw 1996 Not listed 1997
Pardee, McDonald &  Clark Weesaw No card
Penwell Weesaw 1937 2310' 1996
Pierce, Lewin & Jennings Weesaw 1896 4892' 1996
Prenkert & Murdock Weesaw 1914 7876' 1993 Not found
Priebe Weesaw 1922 1758' 1993
Pufall Weesaw 1928 2900' 1993
Reese Weesaw 1915 4600' 1993
Robbins Weesaw 1916 1710' 1996
Rug Lake Weesaw 1921 3482' 1991
Shields Weesaw 1898 4020' 1995
Smith & Nowlen Weesaw 1885 10,724' 1996
Sober & Becker Weesaw 1906 21,900' 1993
Sober & Becker Ext. Weesaw 1937 4930' 1987
Sober & Becker So. Br. Weesaw 1931 9220' 1985
Sober & Becker So. Br. Partial Weesaw
Stevens Weesaw 1916 1650' 1992
Troy Weesaw 1901 1454' 1993
Troy Meadow Weesaw 1897 8267' 1994
Troy Meadow Outlet Weesaw 1935 6760' 1995
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     DATE OF        DATE OF MOST DATE OF FUTURE ADDITIONAL
ESTABLISHMENT LENGTH RECENT IMPROVEMENT IMPROVEMENTS COMMENTS DRAIN NAME TOWNSHIP

Washburn Weesaw 1917 1828 1996
Weaver & Haroff Weesaw 1913 22,675' 1995
William Morley Weesaw 1918 3035' 1945
Williams & Essig Weesaw 1910 2400' 1994
Wolf Creek Weesaw 1934 10,626 1993
Bethany Beach Chikaming Not in watershed
Close Chikaming Next couple of years
Edinger Chikaming Not in watershed
Gifford Chikaming 1906 10,482' 1993
Gifford Ext. Chikaming 1953 15,321' total 1993
Gifford Ext. Partial Chikaming 1980 - -
Hellinga Chikaming 1914 15,032' 1993
Indian Trails Estates Chikaming 1976 2832' 1977
John Morley  Br. Chikaming 1925 2550' 1941
Minnich Road Chikaming No card
Streed Chikaming 1931 8828' 1986
Streed Ext. Chikaming 1938 7346' 1981
Streed Relief Chikaming 1961 1370' 1986
Union Pier Chikaming 1909 6871' 1995 Next couple of years
Bain Lake 1898 1115' 1978
Barfelz Lake 1928 2150' 1993
Becker Lake 1885 12292' 1983
Becker N. Br. Lake 1983 Not listed 1983
Becker S. Br. Lake No card
Clark & Duart Lake 1898 6303' 1994
Clark & Duart Ext. Lake 1936 2472' 1980
Galien River Lake 1890 Not listed 1951 Next couple of years
Gaul Lake 1890 4366' 1994
Grande Mere Lake Lake 1931 Not listed 1997
Hauser & Hendrix W. Ext Lake No card
Hauser & Hendrix Lake 1903 Not listed 1997
Hickory  Creek  Ext. Lake 1903 Not listed 1961
Hickory Creek Lake 1894 43246' 1997
Hickory  Creek Partial Lake 1985 - -
Hickory Crrek Partial 1994 Lake 1994 - -
James Lake 1914 7060' 1997
James Partial Lake No card
Johns Lake 1899 14834' 1995
Kill Lake 1908 9635'
Kill Bowling Green Lake 1996 Not listed 1997
Kill Clark & Duart Contribution Lake 1996 Not listed 1996
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     DATE OF        DATE OF MOST DATE OF FUTURE ADDITIONAL
ESTABLISHMENT LENGTH RECENT IMPROVEMENT IMPROVEMENTS COMMENTS DRAIN NAME TOWNSHIP

Kill East Br. Lake 1996 Not listed 1997
Kill Partial A Lake 1983 - -
Kill Partial B Lake 1983 - -
Livengood Lake
McDaneld Lake 1927 2116' 1996
Merklin Lake 1965 707.5' 1990
Miller & Ristoff Lake 1952 5260' 1982
Nazke & Smikel Lake 1917 1000' 1993
Price Lake
Smith & Nowlan Lake 1885 10,724' 1996
Smith & Nowlan  Ext. Lake 1955 1678' 1993
Smith & Nowlan Partial Lake 1976
Sober & Becker Lake 1906 2190' 1993
Sober & Becker Ext. Lake 1937 4930' 1987
Sober & Becker So. Br. Partial Lake Project failed
Sober & Becker So. Br. Lake 1931 9220' 1985
Woodridge Estates Lake No card
Johns Baroda 1899 14,834' 1995
Nixon & Landon Baroda 1917 2508' 1974
Schutze & Br. Baroda 1919 2285' 1993
Sober & Becker Baroda 1906 31,120' 1993
Chaimberland & Ext. Three Oaks 1887 29,097' 1993
Chestnut Three Oaks 1977 3040' 1977
Close Three Oaks 1891 34,400' 1996 Next couple of years

Close Partial A & B Three Oaks
1936 deemed 
unnecessary

Deer Creek Br. Three Oaks 1934 1238' 1995
Deer Creek Br. Partial Three Oaks 1980 2224' 1995

Forest Lawn Three Oaks 1992 1030'
Maintained by Forest 
Lawn Land Fill

Gale Wilson Three Oaks 1954 Not listed 1982
Galien River Three Oaks 1890 Not listed 1951
Gifford Three Oaks 1906 10482' 1993
Gifford Ext. Three Oaks 1953 15321' total 1993
Hellenga Three Oaks 1914 15032' 1993
Payne & Donner Three Oaks 1928 5331' 1993
Schwark Three Oaks 1972 2816' 1993 No card
Wild Rose Three Oaks 1908 21,667' 1995 Next couple of years
Baker Town Buchanan 1894 19,014' 1995
Blue Jay Buchanan 1902 21,180' 1990 Next couple of years
Cassler Buchanan 1908 4633' 1990
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     DATE OF        DATE OF MOST DATE OF FUTURE ADDITIONAL
ESTABLISHMENT LENGTH RECENT IMPROVEMENT IMPROVEMENTS COMMENTS DRAIN NAME TOWNSHIP

Chippewa - Walnut Buchanan No card
Clear Lake Buchanan 1997 Not listed 1997 not in watershed
Close Buchanan 1891 34,400' 1996 Next couple of years
Coveney Lake Buchanan 1918 4300' 1993
Cresent View Buchanan Not in watershed
Cresent View South Buchanan Not in watershed
Fuller & Nutt Buchanan Outside watershed
Galien River Buchanan 1890 Not listed 1951
Galien  River South Br. Ext. Buchanan 1930 Not listed 1934
Galien River South Br. Buchanan 1908 19,148' 1991 Next couple of years
Gray's Run South  Br. Buchanan Outside watershed
Haskins #15 Buchanan 1899 3620' 1941
Hickory Creek Ext. Outlet Buchanan 1903 Not listed 1961
Hickory Creek Buchanan 1894 43,246' 1997
Hickory Creek Partial Buchanan 1985 Not listed -
Hickory Creek 1994 Buchanan 1994 Not listed
Judy Lake Buchanan 1898 26,015' 2000
Lake &  Creek Buchanan Outside watershed
Lutz Buchanan 1947 2330' 1947
Madron Lake #4 or North BranchBuchanan 1898 6204' 1990
Madron Lake South Buchanan 1904 10,183 1997
Madron Lake #2 Full District Buchanan 1934 4633' 1995
Mutchler & Sabin Buchanan 1898 1848' 1898
Powers & Miller Buchanan 1961 6000' 1993
Snedker Buchanan 1921 2384' 1956
Spaulding Buchanan 1909 6389' 1990
Spaulding Partial Buchanan 1971 Not listed 1990
Wagner Lake Buchanan 1899 15,378' 1899
Weaver & Harroff Buchanan 1913 22,675' 1995
Weaver & Harroff - Partial Buchanan 1976 Not listed 1995
Wilson & Marble Buchanan 1938 13,854' 1993
Blakeslee & Glover Galien Not cty drain 3/4/88
Chamberlain & Ext. Galien 1887 29,097' total 1993
Clark & Swark Galien 1918 5000' 1996
Close Galien 1891 34,400' 1996 Next couple of years
Close Part A Galien Deemed not necessary
Close Part B Galien Deemed not necessary
Critchet, Allen & Huston Galien 1903 Not listed 1996
Cuthbert & Imhoff Galien 1909 8786' 1993
Dayton Lake Galien prior to 1958 Not listed
Denison & Roundy Galien Not cty drain 11/15/88
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     DATE OF        DATE OF MOST DATE OF FUTURE ADDITIONAL
ESTABLISHMENT LENGTH RECENT IMPROVEMENT IMPROVEMENTS COMMENTS DRAIN NAME TOWNSHIP

Dowling Creek Galien 1950 2970' 1994
Galien River Galien 1890 Not listed 1951
Galien River South Br. Galien 1908 19,148' 1991 Next couple of years
Galien River South Br. Ext. Galien 1930 not listed 1934
Galien Village Galien 1918 3960 1993
Geminder &  Ext. Galien 1909 6490 1997
Geminder Ext. & Partial Galien 1939 1510' 1992
Hall & Potter Galien 1899 5443' 1996
Horine, Thompson & Jerue Galien Not cty drain 3/4/88
James & Grooms Galien 1925 12,919 1993
J S Ingles Galien Not cty drain 11/3/88
Jerue & Goodenough Galien 1914 3883 1997
Lintner, Allen & Renbarger Galien 1909 6926' 1997
Luther & Doehrer Galien 1921 2690' 1995
Moore, Klassner & Hess Galien 1929 2380' 1994
Moore, Klassner & Hess East Br. Galien 1919 Not listed 1994
Moore, Klassner & Hess Old Galien 1967 Not listed 1997
Partridge & Heimert Galien 1913 2950' 1993
Storm & Cowell Galien 1903 4255' 1993
Storms Galien 1918 2860' 1994
Toland, Bryant & Davidson Galien 1933 3828 1996
Wild Rose Galien 1908 21,667' 1995 Next couple of years
Wilson & Marble Galien 1938 13,854' 1993
Wolf, Artus & Heimert Galien 1906 1882' 1994
Zaring & Russ Galien 1908 15,040' 1993
Zaring & Russ Ext. Galien 1994 Not listed 1994
Mud Hollow Bertrand 1898 2772' 1994
Close Bertrand Next couple of years
Galien South  Branch Bertrand Next couple of years
Blood Run New Buffalo 1883 11,823' 1997
Lake Shore New Buffalo 1885 5724' 1996

Squaw Creek New Buffalo 1883 4950' 1993
Squaw Creek Holiday Dr. Ext. New Buffalo No card
State Line New Buffalo Not a county drain
Timber Lane New Buffalo 1995 Not listed 1995
Union Pier New Buffalo 1909 6871' 1995 Next couple of years
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Project: BCDC/Galien River FTC&H
Project No.: G01338 1515 Arboretum Drive, SE
Date: 4/26/2002 Grand Rapids, MI 49546
By: MOT 616-575-3824

River Jan-02 Surveyed Modeled Percent
Station Location Flow (cfs) W.S.E. (ft) W.S.E. (ft) Error
25475 Warren Woods Road 35
25188 Trib. at Warren Woods Road 43 624.11 624.54 0.07%
18858 Kaiser Road 55 621.43 621.80 0.06%
13145 Near Log Cabin Road 55 617.90 618.63 0.12%
11998 East Branch Inlet 75
7466 Avery Mill Road 75 613.65 614.05 0.07%
3080 Tributary 75

0 Minnich Road 75 607.33 607.31 0.00%

LOW FLOW COMPARISONS
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