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EXECUTIVE SUMMARY 

Study Scope 
The scope of the study focuses on evaluating maintenance needs within the Drainage District while 
considering the potential impacts on downstream property owners.  Specific concerns include: 
• Reducing flood stages along the drain, particularly in the vicinity of Baseline Road. 
• Prevent excessive sedimentation. 
• Minimizing environmental impacts during or due to any recommended improvements. 
• Reducing long-term maintenance needs. 
 
General Findings 
• The backwater impacts from the Grand River coupled with the low gradient in the Portage River Inter 

County Drain diminishes the level of service provided by the drain and will limit the long term 
effectiveness of solutions. 

• There are several upland sources of sediment that should be controlled at the source and localized 
areas of bank erosion that should be stabilized. 

• Large windthrown trees should be removed and excessive logjams should be managed.  Barriers, such 
as abandoned pedestrian/railroad crossings, that trap large woody materials should be removed. 

• Excessive deposition continues to occur in many areas due to the low gradient and over-wide channel 
conditions. 

• The recent flood insurance rate maps for this area show extensive floodplains highlighting the 
potential for impacted lands along the drain corridor. 

 
Recommendations 

1. Investigate opportunities for land acquisition in low areas adjacent to the channel.  Breach levees 
to restore floodplain storage in “oxbows” and marginal wetlands. 

2. Increase velocity by reducing streambank roughness.  Manage invasive shrubs, thin existing trees, 
and establish herbaceous understory vegetation. 

3. Implement sediment source controls.  Plant vegetative buffers.  Stabilize gullies, outfalls, and 
areas of localized streambank erosion. 

 
Pilot Projects 
HRC suggests completing some of the recommended drain maintenance activities in 2013-2014 in a 
series of smaller pilot projects to stabilize the level of service.  The estimated costs could be reduced by 
having county staff complete most of the work and grant funding should be pursued.  Over the next few 
years, the benefits can be monitored and work such as vegetation management can be adapted based on 
empirical evidence.  The recommended pilot project(s) includes:  

1. Complete short-term recommendations 1 and 2,  
2. Continue to monitor the utility crossing upstream of Friermuth Road. 
3. Initiate the following tasks between Fitchburg and Baseline Roads (STN 309+00 TO 366+00): 

a. Remove the abandoned pedestrian bridges. 
b. Manage excessive log jams that block more the half of the channel area. 
c. Begin a Riparian Improvement Cut along both banks to thin out invasive brush (Sec. 

IV.C). 
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d. Use branches, cuttings, and shrubs to construct 12-18” brush bundles. 
e. In over-wide areas, anchor brush along the channel margins alternating from right bank to 

left bank every 40-45 feet. 
f. Stabilize side drains, establish native grass buffers along the top of banks in areas that are 

not wooded, hydro-seed streambanks, and stabilize eroded banks with blankets as needed. 
4. Start exploration of acquiring land or easements for the oxbow and wetland storage areas. 

 

The estimated cost of the pilot projects is $75,000-100,000 using contracted services.  
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I. INTRODUCTION 
 

A. Background 
 
In 2012, the Portage River Intercounty Drain Drainage Board requested that Hubbell, Roth & Clark, Inc. 
(HRC) provide an assessment of the current conditions of the drain as a follow-up to the 1999 HRC Study 
and to address concerns with flooding in the watershed, namely the upper reaches in Ingham County.  It is 
our understanding that the Drainage Board is considering cost-effective measures that can provide flood 
control, reduce maintenance, and minimize environmental or other downstream impacts. 
 
HRC performed the following tasks: 
• Reviewed the 1999 Engineering Report by Hubbell, Roth & Clark, Inc. 
• Reviewed the relevant sections of the watershed management plan. 
• Reviewed other data and reports provided by the Drainage Board members. 
• Met with Drainage Board member individually to discuss the concerns, priorities, and goals of the 

member agency and their constituents. 
• Conducted preliminary field assessments of existing conditions. 
• Summarized all data compiled into this update. 
 
B. Data Review 
 
General thoughts: 
• The surface geology consists of medium-textured glacial till in mostly Adrian muck soils in Ingham 

County.  In Jackson County, the river corridor is glacial outwash sand and gravel with soils that 
consist of muck and loam with a sandy substratum. 

• The pre-settlement vegetation community was mainly wet meadow in the upper Portage River. 
 
From the Portage River subbasin section of the Upper Grand River Watershed Management Plan: 
• Average dissolved oxygen monitoring averaged 4.58 mg/L, which is less than the State’s standard of 

5 mg/L for warm water fisheries.  The low D.O. levels are thought to occur due to sediment oxygen 
demand from deposition and low gradient which limits aeration. 

• 62% of the riparian land is natural with 100 ft riparian buffers and 38% is classified as agricultural. 
• Pickett and Jacobs Drain, Orchard Creek, Cahaogan Creek, and Wild Drain ranked as “very high” for 

loss of pre-settlement wetlands.  The Middle Branch 3 and Lower branch of the Portage River ranked 
as “high” for loss of pre-settlement wetlands. 

• Pickett and Jacobs Drain, Cahaogan Creek, and Wild Drain ranked as “very high” for potential 
contributions of nitrate/nitrite.  Orchard Creek ranked as “high” and lower reaches of the Portage 
River ranked as “moderate”.  Total phosphorus loading risks were generally very low to moderate.  
Off-field erosion generally ranked low to moderate. 

• State studies show poor macroinvertebrate and fish ratings in Cahaogan Creek and Batteese Creek. 
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• The following table summarizes the results of an inventory of streambanks needing conservation 
practices (Jackson County Conservation District, 2002): 
 

 Conservation Practice Need Index 
Watercourse Very High High Medium Low Very Low 
Cahaogan Creek 41.9 41.8 8.5 7.8 0 
Pickett & Jacobs Drain 16.0 57.5 8.1 3.7 14.6 
Wild Drain 64.3 27.7 5.6 2.4 0 
Orchard Creek 13.2 22.1 37.4 27.4 0 

 
• The following data summarizes the results of an inventory of potential wetland 

restoration/preservation areas (Jackson County Conservation District, 2002): 
 

Watercourse Acres of Restorable Wetlands Acres of Wetlands to Preserve 
Portage River Lower Branch 3,720 2,038 
Portage River Middle Branch 2,692 2,994 
Orchard Creek 87 14 
Grand River Upstream Incomplete incomplete 
Huttenlocker & Crittenden Drain Incomplete 18 
 

• The following data summarizes the results of a study of agricultural flood damage (Jackson County 
Conservation District, 2002): 
o Extensive wetlands were present in the Portage River Subwatershed prior to settlement. 
o The Portage River was deepened and straightened from 1917-1920.  The Portage Drain is 20 

miles long with a gradient of about 0.02% (0.0002 ft/ft). 
o A USDA 1972 study suggested channel improvements along 11.5 miles of the Portage River and 

10 miles of the Grand River, but was not justifiable based on cost-benefit. 
o Flood reports were recorded in 1937, 1945, 1954, and 1976, as well as during the period of 1969-

1989.  Much of the farmland was taken out of production in the 1970s and only 3 larger farming 
operations exist in the Portage River Subwatershed. 

o The report recognizes that flooding conditions will worsen and additional farmland will revert to 
degraded wetlands.  The report recommends restoring these degraded wetlands to improve habitat 
and decrease downstream flooding. 

 
• Recommended nonpoint source pollutant BMPs for the Portage River Subwatershed (Upper Grand 

River Watershed Management Plan, 2003): 
o Buffers/Filter Strips 
o Grassed Swales 
o Grassed Waterways 
o Conservation Tillage 
o Cover/Green Manure Crop 

o Terraces 
o Nutrient Management 
o Livestock Fencing 
o Wetland Restoration/Preservation 
o Streambank Stabilization 
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Findings from the HRC Portage River ICD Drainage District Evaluation and Corridor Study (2001) 
included: 
• 54% of channel obstructions blocked 3/4 of the channel or more. 
• Channelization and broadening of the drain contributed to sedimentation. 
• 65% of the 60 areas of the drain probed had 0.5-3 ft of sedimentation and only 10% were <0.5 ft. 
• Recommendations: selectively manage excessive log jams, alternative approaches for sediment 

removal, and streambank stabilization. 
 
II. EXISTING CONDITIONS (2012 FINDINGS) 
 
Floodplains 
• A review of the Flood Insurance Rate Maps for the Portage River watershed show extensive areas of 

flood hazard areas. 
• It does not appear that detailed studies have been completed to set base flood elevations and thus the 

limits shown on the mapping are approximate. 
 

Soil Erosion 
• Many areas along the Cahaogan Creek do not have adequate vegetative buffers to prevent upland 

erosion of sediment into the drain.   
• Several areas are subject to localized bank erosion such as lateral ditch outfalls, windthrown tree 

areas in the headwaters (upstream of Catholic Church Road and near Murray Road), and areas with a 
lack of understory vegetation due to excessive canopy overgrowth. 

 
Large Woody Material 
• Large windthown trees that cross the channel have the potential to create excessive jams and the 

exposed rootwads areas can lead to accelerated bank erosion.  See the previous section on soil erosion 
for specific site locations. 

• A few (3-4) moderate logjams within a half mile upstream of Baseline Road should be actively 
managed to prevent severe blockages.  The two abandoned wooden pedestrian crossings in this area 
have the potential to create blockages and should be removed. 

• The abandoned railroad crossing downstream of Hawkins Road is trapping some material and mid-
channel bars are forming. 

• Small branches and isolated woody material does not currently present impediments to flow or cause 
the flooding problems in the Portage River. 

 
Sediment Transport 
The definition of a stable channel includes the ability to transport the sediment produced by its watershed 
without excessive deposition or erosion of the channel bottom.  The original drain excavation resulted in a 
channel that was wide and flat.  It did not have enough energy to convey the incoming sediment load.  A 
survey of a typical cross-section upstream of Baseline Road indicated a bankfull shear stress of 
approximately 0.04 lb/ft2 (blue line corresponds to bankfull elevation in Figure 1).  The channel bottom 
was typically flat with several feet of loose silt.  Conversely, a stable low flow channel had begun to 
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develop with vegetated benches further upstream where there was less canopy and a moderate amount of 
wood in the channel. 

 
Figure 1 Typical Cross Section Upstream of Baseline Road (Facing Downstream) 

 
The shear stress for unconsolidated sand and silt channels (<2 mm) should be 0.11 lb/ft2 (Figure 2).  The 
blue high-lighted line should generally be used for most sections of the drain.  Bed material in the 0.0625 
to 2.0 mm range is considered sand.  Excessive siltation can increase sediment oxygen demand. 

 
Figure 2 Allowable Shear Stress for Granular Material in Straight Trapezoidal Channels 

(from Figure 8-16, NEH-654) 
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III. CURRENT COMPLIANT 
 
Over the past few years, verbal complaints have been raised to the individual Commissioners and a few 
have spoken on record at a Drainage Board meeting.  We have one letter of complaint on file as well.  It is 
our understanding that these complaints are similar and focus on: 
• Extent of flooding 
• Duration of flooding 
• Loss of agricultural production 
 
We have not reviewed the original basis of design for the Portage but assume that the drain and associated 
drainage features, crossings, etc. have not been constructed to convey a 100 year storm.  This is verified 
on the floodplain maps.  Flooding will occur during flood events that exceed the design capacity and in 
smaller events if there are excessive log jams, sedimentation, and other flow restrictions.  Managing 
these, the focus of our recommendations, will improve the extent and duration of flood events and thus 
reduce losses. Adding downstream storage will offset potential impacts due to increasing the efficiency of 
the upstream drain. 
 
IV. BRIEF SUMMARY OF AGENCY CONCERNS 
 
The recommendations of this report are based on the request from the Portage River Intercounty Drain 
Drainage Board dated January 3, 2012.  In summary, the scope of the study was to be focused on 
evaluating maintenance needs within the Drainage District while considering the potential impacts on 
downstream property owners.  Specific concerns include: 
• Reducing flood stages along the drain, particularly in the vicinity of Baseline Road. 
• Prevent excessive sedimentation. 
• Minimizing environmental impacts during or due to any recommended improvements. 
• Reducing long-term maintenance needs. 
 
See appendices for notes from meetings with all agencies. 
 
V. GENERAL RECOMMENDATIONS 
 
Flood control along the Portage River Intercounty Drain is very challenging due to a number of factors: 

A. The very low gradient makes it difficult to improve drainage capacity and prevent sedimentation.  
In general, a channel slope of 0.1 to 0.2% is desirable to prevent siltation in the upper and middle 
reaches. 

a. Station 10+00 to 370+00 (County Line, Base Line Road) 
• 28.5 feet of fall -  0.077% slope 

b. Station 370+00 to 680+00 ( Dunn Road) 
• 12.5 feet of fall  - 0.039%  slope 

c. Station 690+00 to 1100+00 ( Grand River) 
• 7.5 feet of fall - 0.018% of fall 



  Portage River Maintenance Evaluation Study 
 

Y:\201103\20110313\Design\Report\Text\Report_Draft02.docx 6 Portage River Intercounty Drain Drainage Board 

B. Much of the drain corridor is heavily wooded and equipment access is limited. 
C. Off-line stormwater detention is very expensive for watersheds draining more than a few square 

miles.  Floodplain excavation (i.e. two-stage ditch construction) and levees that are set far back 
from the top of bank may be costly in Ingham County where the most storage is needed. 

D. Channel bed excavation will only result in creating a long residual pool because of the higher 
outlet elevations. 

 
Therefore, the primary ways to improve conveyance are:  
 

1) Provide floodplain storage in existing low areas adjacent to the channel such as “oxbows” and 
marginal wetlands,  

2) Increase velocity by reducing streambank roughness, and  
3)  Implement sediment source controls. 

 
A. Management of Large Woody Material  
 
Background:  
Severe blockages of large woody material, concrete, or debris should be removed from the active channel.  
However, the impacts of wood are often over-stated.  Stream blockages as high as 50% cause only a 1% 
rise in base flow stage levels and stream blockages as high as 80% are required to significantly increase 
flood levels based on laboratory flume studies (Young, 1991).  In fact, low to moderate levels of wood 
provide many benefits in terms of improving system-wide channel stability, creating scour pools, and 
providing sediment storage.  Although the Portage River Drain is not a natural river system, the fluvial 
processes and general concepts that provide healthy, stable rivers should be considered when managing 
drainage systems so that they are more self-sustaining. 
 
Recommendations: 
• The Clean and Open Method should be adopted as the primary management method in most areas 

(Appendix C).  It involves the following steps: 
1. PLAN – Address public health, legal access, safety concerns, define point of access to river, 

determine depth of water, flow and emergency plans. 
2. CLEAN – Remove urban rubbish (man-made materials) and dispose properly. 
3. OPEN – Move or cut loose, floating debris to allow a passage for flow. Use a handsaw or chain 

saw to make the opening wide enough to allow flow through logjam. 
4.  Place and anchor excess woody debris along streambanks and in the adjacent riparian corridor to 

create habitat. 
5.  Leave woody debris that is embedded in the stream's banks or bottom undisturbed. 
6.  Minimize impact to the riparian corridor at work site. 

• Remove large windthrown trees in the headwater areas and fallen trees that are causing localized bank 
erosion.  Large logs that are perpendicular to flow should be removed or re-positioned and anchored 
along the toe of the banks.  Extensive jams exceeding 50% of the channel area, and excessive wood 
near road crossings should be actively managed. 

• Remove all manmade litter and debris from the channel. 
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• Avoid armoring or channel modifications to protect utility crossings.  Require utilities to be relocated. 
 
B. Increase Floodplain Capacity 
 
Background:  
Over-wide, single trapezoidal channels are prone to excessive deposition, bank erosion, and very high 
energy during flood conditions.  The basic single-trapezoid design has a higher risk of failure and requires 
additional maintenance.  A more self-sustaining approach involves using the natural stability of stable 
rivers as a template for design.  This involves increasing flood capacity by making the floodplain bigger 
rather than the active channel. 
 
Recommendations: 
• Provide lateral connectivity to existing wetlands, floodplains, and abandoned meanders by removing 

sections of levees adjacent to the channel to allow for more frequent, but less severe inundation.  A 
more detailed analysis is needed to see if these off line properties are in the drain easement or if rights 
need to be negotiated/purchased.   

• Review all input sources of water to the Portage for storage potential starting with the MDNR 
property north of Murray Road. 

• Floodplain excavation may not be desirable or cost-effective along wooded reaches of channel.  
Along critical farmland areas, levees can be constructed that are setback from the top of bank at the 
edge of the drain R.O.W. (ex. 50 ft from top of bank) to provide floodplain storage in the drain 
R.O.W.  The cost-effectiveness of this flood protection alternative would have to be evaluated on a 
site-by-site basis. 

• Provide floodplain drainage along the bankfull elevation at road crossings to improve conveyance and 
reduce contraction scour (Figure 3). 
 

 
 

Figure 3 Example of Floodplain Drainage Culverts at Bankfull Elevation 
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• Constructing a multi-staged ditch is more expensive, but appears to be the best option in Ingham 
County.  The typical cross-section that should be constructed in the future is a multi-stage design with 
several stages including a low flow channel, an active bankfull channel, and a larger floodway 
(reproduced as Figure 1 below).  These guidelines provide for relatively stable channel conditions that 
will improve conveyance and water quality, while reducing long-term maintenance. One or both of 
the upper side slopes may be terraced back rather than grading to a uniform 3:1 slope.  This will 
effectively create additional channel stages which can be particularly effective in dissipating energy 
in urban areas where bankfull stage is difficult to define. 

 
Figure 4 Typical Multi-Staged Channel Cross-Section (MCPWO, 2008) 

 
Low Flow Channel – the low flow (or thalweg) channel will increase channel velocity and depth 
during periods of low discharge to improve sediment conveyance.  This stage provides a deep point 
(thalweg) within the bankfull channel by promoting the formation of “inner berm” features by 
anchoring logs and brush bundles along the channel margins. 
 
Bankfull Channel – in stable alluvial stream channels with a hydraulically-connected floodplain, the 
point where the flow just begins to overtop the banks of a stable channel into its floodway.  The 
capacity of the bankfull channel is assumed to be equivalent to the 1-yr to 2-yr (average 1.5-yr) 
recurrence interval. 
 
Floodway (Hydrologic Floodplain) – the area contained within upper terrace side slopes or setback 
levees which includes the bankfull channel and area adjacent to the channel that will carry moving 
water during times of flooding.   

 
C. Riparian Improvement Cut (RIC) 
 
Background: 
The term Riparian Improvement Cut borrows from the forestry term for a selective thinning practice that 
leads to long term stand improvement.  The RIC practice manages for bank stability, moderate channel 
roughness, and vertical plant diversity (trees, shrubs, and herbaceous understory vegetation).  The riparian 
canopy should be managed for 60-70% shade coverage with the assumption that some additional growth 
will occur over the following 5 years. 
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The optimal channel canopy is 65-80% with a vertically diverse mixture of trees, shrubs, and herbaceous 
vegetation.  The existing banks are bare in areas with 90-100% canopy due to a lack of grass and forb 
understory vegetation.  Conversely, areas with less than 50% canopy can tend to lose drainage capacity 
due to excessive growth of aquatic and emergent vegetation such as cattails and phragmites that increase 
roughness and trap sediment. 
 
The RIC practice involves the following: 
• Provide supplemental plantings of hardwood shade trees 6-10 ft back from the edge of upper bank 

and shrubs along the mid-bank area to promote at least 50% channel shading. 
• Thin trees to a density of one tree every 10 feet.  Cut stumps to within 6 inches in height.  Clear 

branches along the lower 6 feet of trees.  Clear and treat all invasive shrub and vine species. 
• Logs and saleable timber may be offered to the landowner.  Branches and undesirable woody material 

may be buried, burned, or chipped for upland erosion control mulch. 
• Brush (without thorns), tops, and branches may also be bundled with coir rope and anchored along 

the margins of over-wide channel areas to promote depositional along the margins and scour of the 
central (thalweg) channel.  Induced meandering methods, as shown in Figure 5, can increase the 
channel shear stress to 0.1 lb/ft2 which would reduce silt/fine sand deposition.  During floods, 
sediment deposits in the voids between the branches where grasses later become established.  These 
areas can be seeded with a wild rye mix following spring rains.  A low flow channel width will have 
to be determined for each reach, but it appears to be about 12 ft. 

 
Figure 5 Proposed Typical Channel Cross Section Near Baseline Road 

 
D. Soil Erosion Control (see Appendix B for details) 
 
• Due to the nature of the fine sediment present in the watershed, source controls are the most effective 

management approach to prevent erosion.  Work with landowners to implement vegetative buffers, no 
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till, cover crops, and other practices recommended in the watershed management plan.  A minimum 
35 ft buffer width from the top of bank is recommended by NRCS (Appendix B). 

• Stabilize lateral drainage ditches coming into the drain.  At a minimum stabilize the bed with riprap 
and vegetate side slopes with seed and erosion control blankets.  Install demonstration projects of 
step-pool conveyance channels at outlets using field stone and logs. 

• Stabilized disturbed banks and localized erosion areas with grading, seeding, and straw/coir, double-
net, biodegradable erosion control blankets such as North American Green SC150BN. 

• Control invasive plant species such as reed canary grass and invasive shrubs and vines.  Native plant 
species tend to allow for more vertical diversity and provide deep roots for stabilization. 

• First establish erosion control with a cover of wild rye (such as Canada wild rye or Riverbank wild 
rye).  The following year, over-seed bank areas with a more diverse mix that may include: other 
grasses (such as cord grass, bluejoint), sedges, and forbs. 

• Stabilize roadside ditches with appropriate seed and erosion control blankets when they are 
maintained.  In high gradient areas, install temporary permeable berms such as Enviroberm or 
GeoRidge (Nilex, Inc.) until vegetation becomes established rather than rock check dams.  Use turf 
reinforcement mats and/or ScourStop (by Landmark Earth Solutions Inc.) or equal around step slopes, 
culverts, and outfalls. 

• If the watershed management plan is updated, consider including a detailed study of channel stability 
and geomorphic processes such as the Watershed Assessment of River Stability and Sediment Supply 
(WARSSS) developed for EPA for the assessment of clean river sediments. 

 
V. SHORT-TERM RECOMMENDATIONS 
 
A demonstration project should be completed and monitored before implementing all of the long-term 
recommendations (Section VI below).  Erosion control practices, fasteners, and plant lists could be 
modified in some areas based on the results.  Sheet 1 at the end of this report shows the locations of the 
short-term and long-term recommendations.  The short-term project should include the following actions 
with estimated costs in bold: 
 
1. Murray Road – remove recent windthrown trees just upstream and downstream of the road crossing 

(STN 69+00 TO 73+00).  Provide localized bank stabilization – which typically incudes minor 
grading, seed, and coir erosion control blankets.  $10,000  
 

2. Utility Crossing Upstream of Catholic Church Road – the utilities were not exposed at the time of 
our field assessment, but the crossing (STN 91+50) should be periodically monitored.  Remove recent 
windthrown trees (STN 85+00 TO 97+00) if they cross the drain and provide localized erosion 
control measures as necessary. $5,000 
 

3. Downstream of Fitchburg Road – provide a 10 ft grass buffer along the top of the right bank (STN 
308+50 TO 329+00 facing downstream).  Begin to install localized erosion control measures along 
disturbed banks and plant some trees and shrubs along the banks, particularly the left (STN 309+00 
TO 317+00) east bank. $25,000 
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4. Upstream of Baseline Road – provide a moderate riparian improvement cut in wooded areas (STN 
329+00 TO 366+00 right bank; STN 317+00 TO 366+00 left bank).  Anchor brush bundles along the 
toe of the banks in over-wide areas to reduce the low flow channel width.  Seed and hydraulically-
mulch bare bank areas.  Stabilize lateral drain outlets to channel (STN 317+50 AND 331+50 left 
bank).  Remove the two pedestrian crossings (APPROX. 330+00 TO 352+00) and manage the log 
jams at these sites.  The two or three additional logjams in the area should be managed using the clean 
and open method.  $160,000 

 
5. At Baseline Road – construct a sediment sump/trap in the drain bottom that can be actively 

maintained from the bridge or from stable access in the road right of way.  May require some bed 
armoring (riffle creation) under the bridge.  $50,000 
 

6. Upstream/Downstream of Coon Hill Road – review the feasibility and landowner interest of long-
term recommendations F & G and implement one of these options. $50,000 
 

7. Downstream of Dunn Road – review the construction feasibility of removing sections of levee along 
the left bank to re-connect the river oxbow area for additional flood storage.  Also, investigate the 
need for ditches along the south side of the river that are draining existing wetlands.  $25,000 

 
8. Downstream of Hawkins Road – the abandoned railroad crossing (STN 940+00) should be 

removed.  Remove the mid-channel bars and logs that are perpendicular to flow. $45,000 
 
The total estimated construction cost for all of these recommendations in $370,000.  The construction 
costs could be significantly reduced if County staff could implement most of the work and volunteers can 
be recruited to assist with riparian plantings. 
 
Potential Funding Sources 
 
Grant funding should be sought as a preliminary task prior to, or concurrent with, the pilot projects to 
offset the costs of the recommended work above and for the Long Term solutions to the extent possible.  
Possible sources may include: 
• Conservation Enhancement Program (CREP) and other USDA programs. 
• Stream and wetland mitigation banking including new  Stormwater, Asset Management, Wastewater 

(SAW) Program for developing the old channel (oxbow) areas as mitigation banks. 
• Use the new Stormwater, Asset Management, Wastewater (SAW) Program to develop an asset 

management plan and for planning and design of pilot projects. 
• MDNR’s Michigan Natural Resources Trust Fund for the acquisition of easements or the purchase of 

property of environmental importance. 
• Tax incentives for conservation easements in areas that no longer support farming. 
• Grants – habitat restoration, nonpoint source, wetland restoration, CMI for TMDL reach. 
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VI. LONG-TERM RECOMMENDATIONS 
 
NOTE: The preliminary construction cost estimates are based on typical contractor costs and do not 
include survey, easement acquisition, engineering design, or construction administration/observation.  
They also do not include monitoring and follow-up inspection costs.  Drain maintenance crews may be 
able to rent equipment, if necessary, and complete some tasks at a reduced cost. 
 
A. Upstream of Murray Road – Review potential of providing storage on the MDNR property.  

Possible modification of control structure.  $30,000 
 

B. Upstream of Fitchburg Road – provide a riparian improvement cut in wooded areas (STN 180+00 
TO 308+00).  Anchor brush bundles along the toe of the banks in over-wide areas to reduce the low 
flow channel width.  Seed and hydraulically-mulch bare bank areas. $175,000 

 
C. Downstream of Fitchburg Road – provide a 10 ft grass buffer along the top of the right bank (STN 

309+00 TO 329+00).  Install localized erosion control measures along disturbed banks.  Plant trees 
and shrubs along the banks, particularly the left (east) bank (STN 309+00 TO 317+00) to provide 
>50% shading. $55,000 

 
D. Upstream of Baseline Road – provide a moderate riparian improvement cut in wooded areas (STN 

330+00 TO 365+00).  Anchor brush bundles along the toe of the banks in over-wide areas to reduce 
the low flow channel width.  Seed and hydraulically-mulch bare bank areas.  Stabilize lateral drain 
outlets to channel.  Remove the two pedestrian crossings and manage the log jams at these sites.  The 
two or three additional logjams in the area should be managed using the clean and open method 
(Appendix A); however, most of the isolated wood pieces along this reach should be left in place.  
$160,000 
Excavating additional floodplain storage along the east side of the drain may be considered (STN 
350+00 TO 365+00), but it is not likely cost-effective. 

E. Downstream of Baseline Road – provide a moderate riparian improvement cut in wooded areas 
(STN 367+00 TO 420+00).  Anchor brush bundles along the toe of the banks in over-wide areas to 
reduce the low flow channel width.  Seed and hydraulically-mulch bare bank areas. $90,000 

 
F. Upstream of Territorial Road –minimal control of invasive plants is necessary (STN 420+00 TO 

443+00).  Plant trees and shrubs along the banks, particularly the left (east) bank to provide >50% 
shading. $20,000 

 
G. Upstream of Coon Hill Road – remove the levee along the west side (618+00 TO 631+00) to 

provide lateral connectivity to the existing wetland area.  Provide a minimal riparian improvement cut 
– mostly removing invasive vines and shrubs.  Install seed and supplemental plantings as necessary. 
See Sheet 2 at the end of this report.  $60,000 

 
H. Downstream of Coon Hill Road – remove sections of levee along the left bank to re-connect the 

river oxbow area (STN 636+00 TO 645+00) for additional flood storage.  Provide a minimal riparian 
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improvement cut – mostly removing invasive vines and shrubs.  Install seed and supplemental 
plantings as necessary. See Sheet 2.  $65,000 

 
I. Downstream of Dunn Road – remove sections of levee along the left bank (STN 695+00 TO 

711+00) to re-connect the river oxbow area for additional flood storage.  $55,000 
Investigate the need for ditches along the south side of the river that are draining existing wetlands.  
Restoring the hydrology by re-connecting these wetlands can provide flood storage and improve 
habitat. 

 
The total estimated construction cost for all of these recommendations in $710,000.  Therefore, moderate 
flood control benefits can be provided with a project in the range of $500,000-1,000,000 (construction 
only) implemented and monitored in stages over several years.  The cost/benefit for additional 
improvements will increase exponentially. 
 
Typical Unit Costs Used 
 
• Riparian Improvement Cut: 

o $6,000-8,000/acre 
o $55,000/mile of drain assuming a 30 ft width of each side 
o $90,000/mile of drain assuming a 50 ft width of each side 

• Straw/Coir Erosion Control Blankets and Fasteners (NAG SC150BN): $3-4/syd or $15,000-
20,000/acre 

• Hydraulically-Applied Wood Fiber Mulch/Bonded Fiber Matrix: $5,000/acre 
• Excavator, Track Loader, and 2-Man Grading Crew: $200-250/hr 
• 6”-12” Tree Removal: $500 each 
• 12”-24” Tree Removal: $900 each 
• 12” Wood Chipper: $1,200-1,500/week 
• Basic Seed (Canada wild rye/Riverbank wild rye): $10-20/lb (material cost) 
• Diversity Seed Mix (other grasses, sedges, and forbs): $50-100+/lb (material cost) 
• Live Stakes (silky dogwood, red osier dogwood, sandbar willow, etc. ): $4-5 each 
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Condition: Moderate log jam upstream of Baseline Road  
Recommendation: Manage using the “Clean and Open Method” 
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Condition: two abandoned pedestrian crossings upstream of Baseline Road contribute to logjams and erosion 
Recommendation: Remove the abandoned pedestrian crossings and manage wood using Clean and Open Method 
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Condition: Example of isolated woody material does not require significant management 
Recommendation: Re-position some of the large cross logs and anchor along the toe of bank, except remove 
rotted or soft wood logs that are not embedded.  A riparian improvement cut will reduce roughness and thin the 
canopy slightly to allow additional herbaceous understory vegetation to become established. 
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Condition: Area upstream of Baseline Rd. with excessive shade and no understory bank vegetation.   
Recommendation: Anchor logs and brush bundles along the margins following riparian improvement cut, seed, 
and mulch. 
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Condition: Moderate erosion along a side drain upstream of Baseline Rd. 
Recommendation: stabilize upper drain with seed and erosion control blankets.  Riprap outlet or restore with a 
reach of step-pool conveyance channel. 
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Condition: Example of a reach with moderate shade, stable banks, and a vertically diverse mix of vegetation. 
Recommendation: Consider floodplain excavation along the north/west bank to establish a two-stage ditch. 

 
Condition: Stable channel with low flow channel, but wetland vegetation may limit capacity, no buffer/no shade. 
Recommendation: Establish tree/shrub vegetation along south or east bank. Consider floodplain excavation 
along the opposite bank to establish a two-stage ditch. 
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Condition: Excessive woody material at Murray Road. 
Recommendation: Completely remove all wood upstream of the road culvert, remove large windthrown trees, 
and manage other woody material using the Clean and Open Method.  Stabilize localized erosion areas. 
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Condition: Stable banks, but depositional, laterally confined, and limited shade at Territorial Road. 
Recommendation: Establish narrow grass buffer along top of both banks, supplement with trees on top of bank 
and shrubs along mid-bank on the east bank to increase shading.  Excavate a two-stage ditch along west bank. 
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Condition: Remnant river meander cutoff during drain construction downstream of Coon Hill Road. 
Recommendation: Provide lateral connectivity (see below). 

 
Condition: Spoils from historic dredging create a levee along the east bank and cutoff meanders. 
Recommendation: Sections of this levee along the river should be removed to re-connect the meander oxbow 
(see above) to improve flood capacity, water quality, and habitat. 
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Condition: Existing wetland disconnected from river upstream of Coon Hill Road. 
Recommendation: Remove levee along the west bank to re-connect the wetland. 

 
Condition: river straightened with levees downstream of Dunn Road.  Channel is over-wide and depositional. 
Recommendation: Remove sections of levee along the south side of the river to re-connect the meander oxbow 
(seen to the left) for flood storage. 
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Condition: ditches draining wetlands downstream of Dunn Road. 
Recommendation: investigate opportunities for wetland and floodplain restoration. 
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Condition: Abandoned railroad crossing downstream of Hawkins Road causing mid-channel bars. 
Recommendation: Remove abandoned railroad crossing and manage wood and sediment bars. 
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Typical log toe wood detail with bank stabilization (Rosgen, 2011) 

 
Example of tree revetment (Ingham Co. Drain Office, 1997) 
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Example of anchored brush bundles or “biolunkers” (Ingham Co. Drain Office, 1997) 

 
Example of brush toe protection 5 yrs after installation 
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Brush fill of over-widened areas – typical 

 
Induced meandering in an over-wide channel using willow posts and brush bundles at point bars (Zeedyk, 2009) 
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Duckbill anchor for logs and brush bundles 
Anchor Capacity and Driving the Anchor 

 
DUCKBILL 
MODEL # 

RATED 
CAPACITY 

DRIVE ROD 
DIAMETER 

NORMAL DEPTH OF 
INSTALLATION 

 
40 300 lbs. ¼" 20" 
68 1,100 lbs. ½" 2 ½' 
88 3,000 lbs. ¾" 3 ½' 

138 5,000 lbs. 1' 5' 
 
 

 
Example of One-Sided Excavation 
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Illustration of forest buffer zones for an incised stream.  Zone 1 - 15 ft min. width of predominantly trees 

and shrubs.  Zone 2 - 20 ft min. width area of trees/shrubs.  Zone 3 - optional 20 ft max. width grass buffer.  
The minimum width of 35 feet (Zones 1 and 2) provides area for planting more than one row of 

trees/shrubs deemed necessary to contribute to the intended purpose(s) of the buffer (NRCS, 2011). 
 
 

6.5ft
(2m)

STAPLE PATTERN "D"

3.5 staples/yd2 (4.2
staples/m2) using 6 in
(15.2 cm), 11 ga. wire "U"
staples.  8 in (20.3 cm)
staples and longer may be
used for loose soils.  9
ga. staples or heavier may
be necessary in hard or
rocky soils.

2.0ft
(.61m)

4.0ft
(1.22m) 20in

(50.8cm)

 
High Kinetic Energy Erosion Control Blanket Installation (North American Green) 
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1A. Anchor Trench (Method 1) 1B. Anchor Trench (Method 1) 

  
2A. Anchor Trench (Method 2) 2B. Anchor Trench (Method 2) 

 
3. Channel Check Slot 

Erosion Control Blanket Installation Details (ECTC) 
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Hydraulic Erosion Control Products Specification Chart (ECTC, 2010) 
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Example of Floodplain Drainage Culverts at Bankfull Elevation (Doll, et al. 2003) 

 

 
GeoRidge temporary permeable berms (projectlink.com.au) 
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Typical step-pool conveyance channel (HRC, 2011) 
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Rosgen Priority 2 Restoration of Incised Channels (Harman, W. and R. Starr. 2011) 
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Woody Debris Management 101
Clean and Open Method

- Leave rooted or embedded stumps & logs.
- Remove floating or resting logs.

Before 101

After 101

1. Requires no Michigan Department of Environmental Quality Inland Lakes 
    and Streams Permit. 
2. Creates, preserves and enhances fish, aquatic invertebrate and wildlife 
    habitat structure.
3. Reduces localized flooding and erosion while maintaining flow reduction 
    and sediment deposition benefits.
4. Increases and/or maintains the river's aesthetic value.
5. Meets the habitat creation, riparian vegetation preservation and erosive 
    flow reduction requirements of the Michigan General Stormwater permit.
6. Saves money by eliminating the need to use heavy machinery and 
    extensive restorative work.
7. Involves multiple volunteers and activities can be done by hand.

Benefits 

In the recent past, logjams were presumed to be a significant problem in urban rivers, such as the Rouge River, and 
were completely removed from stream channels. New studies have now shown that properly managed logjams help 
reduce erosion, provide habitat for fish and wildlife, and are an important part of a river system's natural processes.  
Experts recommend leaving most logjams in place. Woody Debris Management (WDM) is the process of determining 
whether to move, remove or add woody debris in a river and how best to do that work. The Clean and Open Method of 
Woody Debris Management has been specifically developed to give guidance on how to manage logjams, preserving 
the benefits they provide while minimizing the problems they can create. The following method can be used at 
individual sites effectively and is designed to be part of a larger riparian corridor management plan.

1. PLAN - Address public health, legal access, safety concerns, define point of access 
    to river, determine depth of water, flow and emergency plans.
2. CLEAN - Remove urban rubbish (man-made materials) and dispose properly.
3. OPEN - Move or cut loose, floating debris to allow a passage for flow.  Use a handsaw or 
    chain saw to make the opening wide enough to allow flow through logjam.
4. Place excess woody debris along streambanks and in the adjacent riparian corridor to 
    create habitat.
5. Leave woody debris that is embedded in the stream's banks or bottom undisturbed.
6. Minimize impact to the riparian corridor at work site.

Clean and Open Method

Materials Volunteer Activities  
Some equipment you might need for repositioning, 
modifying or removing large woody debris are:

	 1.  Hand saws
	 2.  Stout rope 
	 3.  Come-alongs, block & tackle
	 4.  Chain saws (to be operated by trained users,)

Some activities for volunteers include:
1.  Rope teams to move or remove loose, floating woody 
     debris
2.  Trash removal teams for man-made materials in stream, 
     on floodplain or riparian corridor
3.  Logjam opening team
4.  Equipment support team providing equipment to 
     workers in stream
5.  Planting teams for native trees, shrubs and grasses in 
     riparian buffer zone

Last Updated :  Apr i l  20, 2004



 
Woody Debris Management Frequently Asked Questions

Where can you get help?

Clean and Open Method: Woody Debris Management 101

Developed by the Riparian Corridor Maanagement Technical Advisory 
Committee, which was made possible by a partnership between Friends of the 
Rouge, the Rouge River Advisory Council's Habitat Committee, the Michigan 
Department of Environmental Quality and the Wayne County Department of 
Environment.  For more information, please contact Friends of the Rouge at (313) 
792 - 9900, 22586 Ann Arbor Trail, Dearborn Heights, Michigan 48127.

Last Updated: February 19th, 2004

Why is NO PERMIT required for this work?
To fully understand why NO PERMIT is required, one must understand what work REQUIRES a permit.  Please review of Part 301, 
Inland Lakes and Streams, of Michigan's Natural Resources and Environment Protection Act, 1994 PA, 451, as amended. Any 
work within 500 feet of a stream, that may cause an earth change and/or may alter or install a structure could require a permit 
from the Regulatory agency (MDEQ).  There is a fine line between what work needs a permit and what does not.  If proposed 
work significantly alters soil or water flow, impedes navigation, or secures structure to the bank or bottom of the watercourse, it 
will require a permit. Under these conditions, if the proposed work includes only moving/removing tangled-up floating wood, 
cutting back wood that is secured to banks or bottom, keeping impact to the streambanks and river light, and not securing 
anything to the banks or bottom of the watercourse, then it does not need a permit. The WDM 101 method was created in 
partnership with Michigan Department of Environmental Quality (MDEQ) and the MDNR to help create proper direction 
through these WDM 101 guidelines.  If still unsure whether proposed work will need a permit, please contact the local State 
regulatory district office for further clarification.
Who can do this work?
Anyone (including public entities and private citizens) can implement WDM 101 techniques in a watercourse if they follow the 
basic guidelines outlined in this document.  For safety reasons, one person efforts are discouraged. Two people can accomplish 
useful improvements safely. We recommend partnership and teamwork to reduce workload and to accomplish more complete 
projects. 

Where can this work be done?
WDM 101 can be implemented in any river system where logjams are present. Some woody debris buildups will not be causing 
any negative impacts and therefore be unnecessary to work on. However, some may be causing 'excessive' flooding (flooding 
that could directly damage property), bank erosion and may be trapping urban rubbish.  These types of logjams could benefit 
from CLEAN and OPEN work. Some jams may only be trapping rubbish but not cause flooding or erosion.  These logjams can 
benefit from the CLEAN process but really do not require any OPEN work.  There are some logjams that may be causing 
problems that can directly impact human safety or causing real property damage (an example is an eroding building 
foundation.)  In this case, the WDM 101 method does not apply and other WDM methods should be implemented.
How is this work done?
Determine what you want to accomplish. If the goals of the activity are to remove the man made trash and improve the flow 
through an existing logjam to alleviate localized flooding and erosion, then WDM 101 is the proper method.  Know your work 
site. Determine how safe the watercourse is to work in.  Define a point to get in and out of the river.  Locate where you will place 
excess woody debris along the streambank an din the riparian corridor.  Develop a work plan that is focused on safety and 
teamwork. If there are questions, ask for assistance. Make sure that the work team understands scope of work and assignments.  
One common issue during projects is that, due to enthusiasm of the work crews, the logjam is completely removed through the 
course of the work.  Provide necessary tools and materials and remember to take your time and works safely. Remember, if you 
only Clean a portion and Open a portion, you have done some useful work. Every effort helps and the accumulative effects of this 
work over time will make a difference.

Why was Woody Debris Management 101 developed?
         -  To meet Remedial Action Plan goals
          -  To meet Michigan Department of Natural Resources (MDNR) Fisheries recommendations
          -  To meet local government needs
          -  To meet riparian property owner needs
          -  To aid Rouge Rescue ( A River Clean-up Day in the Rouge River Watershed in Southeastern Michigan)
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January 20, 2012 
 
Portage River Intercounty Drain Drainage Board 
c/o Michigan Department of Agriculture and Rural Development 
Constitution Hall 
P.O. Box 30017 
Lansing, Michigan 48909 
 
Attn: Mr. Brady Harrington, Chair 
 
Re: Proposal for Professional Consulting Services HRC Job No. 20110313 
 Maintenance Evaluation 
 
Dear Mr. Harrington and Members of the Drainage Board: 
 
Per your request, Hubbell, Roth and Clark, Inc. (HRC) is pleased to submit this cost proposal for the 
above mentioned project.  The scope of services and costs are based on your request dated January 3, 
2012.  In summary, the scope of this assignment shall be focused on evaluating maintenance needs within 
the Drainage District while considering the potential impacts on downstream property owners.  HRC is 
familiar with the Portage River drainage basin having completed a similar study in 1999.     
 
SCOPE OF SERVICES 
Our costs are based on providing the following services as necessary to develop recommendations for 
implementation of requested maintenance activities.  Your stated tasks are included here in with any 
proposed changes identified in italics: 
 

1. Review previous data, mapping, and analysis that formed the basis of the 1999 Engineering 
Report by Hubbell, Roth & Clark, Inc.  

 
2. Review such available data as can be provided by members of the Drainage Board such as 

mapping, aerial photographs, soil conservation service reports, Upper Grand River 
Implementation Project papers, photographs, maintenance logs, or property owner complaints.  It 
is our understanding that data from the members will be provided shortly after approval to 
proceed or at the individual meeting outlined in Task 3.  Areas of known concern shall be 
provided to HRC to focus visual inspection efforts (Task 4). 

 
3. Meet with each member of the Drainage Board (individually) to discuss the concerns, priorities, 

and goals of the member agency and their constituents.  Meeting minutes will be drafted, 
circulated to the interviewed member for review and approval, then released to the full Drainage 
Board.   
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4. Perform a visual inspection of the drain as necessary to identify areas of concern, changes in 
conditions from the 1999 report, maintenance concerns affecting lands in Ingham County, and 
limiting factors in Jackson County. Using the recommendations in the 1999 study, available 
maintenance logs, and the meetings with the members, we will determine the areas to focus on in 
the field and are not proposing a complete drain walkthrough.  For instance, if areas have been 
restored or maintenance efforts have addressed a problem, this area will not be reviewed again.  
Similarly, the field work will be focused on the current concerns and areas downstream that may 
be impacted along with a sampling of areas that will help define how the maintenance needs 
outlined in 1999 may have changed.   As shown in our hourly budget, we have assumed one week 
of inspection time. Also, for safety purposes, two people are required for the drain walkthrough.  
HRC will provide one staff person and each commissioner will provide a person when reviewing 
the drain in their jurisdiction. Should more time be requested or if HRC has to staff the second 
person, we will perform this work on an hourly basis or negotiate a contract amendment.   

 
5. Summarize all data compiled into an addendum and update to the 1999 report, which shall 

include: 
a. Identification of best management practices (BMPs) recommended to be implemented 

either by the drainage board or by landowners within the drainage district in order to 
minimize or eliminate sediment sources along the route of the drain.   

b. Engineering and cost opinion of a recommended maintenance scope that will: 
i. Improve the drainage situation for upstream lands and landowners, and 

ii. Not cause a detrimental impact on downstream lands and landowners as a result 
of additional drainage in upstream areas. 

c. Comment on the impact that recommendations may have on Phase II NPDES permitting 
criteria and goals. 

d. Potential sources of available grant funding for recommended maintenance activities and 
BMPs. 

 
6. Attend one two meetings of the Intercounty Drainage Board and present the amended engineering 

report, along with a maintenance recommendation to the Board and members of the public. 
a. Meeting 1 – Receive comments on Draft Report 
b. Meeting 2 - Presentation 

 
DELIVERABLES 

a. Minutes from all meetings, including those with individual members of the Drainage Board; 
b. Field notes and photographs; 
c. Concise report of maintenance options, with opinion of probable costs;  

a. Draft for member review 
b. Final copy after presentation, and 

d. Brief presentation (Powerpoint or similar form) for Intercounty Drainage Board Meeting. 
 
ITEMS NOT INCLUDED AT THIS TIME 
Please refer to walkthrough comment on staffing and scope on Task 4.  We have also not included time 
for additional meetings in our cost proposal other than those identified above.  We have not included any 
topographical survey, geotechnical/sampling, detailed drain inventory or evaluation, or 
environmental/habitat assessments.  Also, we have not included any costs to develop or evaluate potential 
benefited properties or assessments.  These items would be dealt with under a separate proposal and 
agreement, if needed. 
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COSTS 
The attached spreadsheet shows the staff hours estimated for each task, hourly rates, and total costs.  We 
estimate a total of 330 staff hours with a total budget of $28,475.  This budget will not be exceeded 
without prior authorization.  We propose to invoice the Drainage Board for payment at scheduled 
meetings, and based on direct hourly costs plus a 1.9 multiplier to cover overhead, equipment, mileage, 
professional liability insurance, and profit.   
 
TIMELINE 
HRC is staffed and prepared to begin work immediately and diligently pursue project completion based 
on the following schedule: 

Tasks 1 thru 3 are to be completed within 30 days of authorization,   
Task 4 within 60 days, 
Task 5 and the Task 6 - Draft Report presented within 90 days, and 
Task 6 - Final Report and presentation within 120 of authorization.   

 
PROJECT TEAM 
The team for this project includes: Mr. Walter Alix as Principal-In-Charge of this project, Mr. James 
Burton – Associate Environmental Engineering Department (EED) providing project management, Mr. 
Rob Myllyoja coordinating field inspections and BMP evaluation, and Ms. Laura Gruzwalski preparing 
the final reports.   
 
DISCUSSION 
HRC recognizes the potential impact of this study on various stakeholders.  We proposed to maintain a 
transparent file and short of the individual meetings with the Commissioners and their staff, copy all 
parties through the Chair of the Drainage Board on all correspondence and communication.  We feel it is 
important to objectively review this matter, present our findings, and assist in building consensus on a 
plan moving forward.   
 
We sincerely appreciate this opportunity to provide professional services to the Portage River Intercounty 
Drain Drainage Board and look forward to working with you and the Commissioners.  If you have any 
questions or require any additional information, please contact the undersigned. 
 
Very truly yours, 
 
HUBBELL, ROTH & CLARK, INC. 
 

 
 
Walter Alix, P.E., P.S.      James F. Burton, P.E. LEED AP, CFM 
Vice President       Associate – Project Manager 
 
jfb 
Attachment 
pc: Ingham County Drain Commissioner; Mr. Patrick Lindemann 
 Jackson County Drain Commissioner; Mr. Geoffrey Snyder 
 Washtenaw County Drain Commissioner; Ms. Janis Bobrin 
 HRC; File 
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Task Description Principal Manager Engineer Environ. Analyst GIS Support Hours Budget per Task
1 Review previous data, mapping, and analysis 5 10 10 5 30 $2,775
2 Review such available data as can be provided by

members 5 10 10 5 30 $2,775
3 Meet with each member of the Drainage Board

(individually) including  prep and minutes 10 20 20 5 55 $4,375
4 Perform a visual inspection of the drain 10 50 5 65 $5,850
5 Updated Report Inc. BMPs, Costs, and Impacts 5 20 20 40 5 5 95 $8,325
6 Attend two meetings of the ICDB (including prep

time and minutes) 10 20 20 5 55 $4,375
TOTAL ESTIMATED HOURS 25 80 40 150 20 15 330
HOURLY RATES INC. A +1.90 MULTIPLER -$                    $115 $90 $85 $90 $75
TOTAL ESTIMATED BUDGET -$                    $9,200 $3,600 $12,750 $1,800 $1,125 $28,475

No charge

Proposal for Professional Consulting Services
Maintenance Evaluation

Portage River Intercounty Drain Drainage Board
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