


















Cardno ENTRIX 
5400 Glenwood Avenue 

Suite G 03 
Raleigh, NC 27612 

(919)239-8900  |  Fax (919)239-8913 
www.cardnoentrix.com 

DATE: April 8, 2011 

TO: Dr. Bryan Burroughs 
Executive Director of Michigan Trout Unlimited 

CC: Ryan Holem, 
Project Scientist, Cardno ENTRIX 

Brendan Belby, 
Senior Project Scientist, Cardno ENTRIX 

FROM: Alix Matos 
Senior Project Engineer, Cardno ENTRIX 

RE: Lansing Club Dam Removal 

Dr. Burroughs – 

Per your request, we have examined environmental issues related to the planned removal of the Lansing 
Club Dam on the Pigeon River.  

The screening-level analyses presented here are intended to examine whether there is sufficient 
indication of potential environmental effects of dam removal that warrant further consideration prior to 
dam removal. This investigation is not reflective of a full-scale sediment transport or water quality 
analysis. Our conclusions are preliminary and subject to change if more detailed analyses are undertaken 
and/or information received.  

The documents we reviewed are: 

1) PDF titled “Golden Lotus – JPA (01Feb11),” 134 pages; 
2) PDF titled “Golden Lotus TM Additional Information (Compiled) – 03Dec10,” 51 pages; and  
3) PDF titled “Dam Draining Lethality,” 7 pages.  

Based on the content and assumptions contained in the aforementioned documents, the following 
questions should be given strong consideration prior to removal of the Lansing Club dam.  

1. Is the sediment transport capacity of the Pigeon River below the dam sufficient to mobilize and 
effectively transport the estimated sediment retained by the dam? 

2. Total suspended solids (TSS) will increase in the waters downstream from the dam during 
stoplog removal. Could the increased TSS concentrations create lethal conditions for fish 
including, but not limited to, trout? 
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3. It is expected that considerable amounts of material rich in organic content will be transported 
downstream during stoplog removal. The oxygen demand from the introduction of this material 
may cause a decrease in dissolved oxygen levels. Could this decrease cause or contribute to 
lethal conditions for fish including, but not limited to, trout? 

4. What will be the impacts on water quality in downstream waterbodies? Will they be capable of 
assimilating the organic load while maintaining a level of water quality protective of aquatic 
organisms? 

The questions above are addressed in more detail in the sections that follow. 

Sediment Transport Capacity
Table 2 Attachment C of the February 2011 Joint Permit Application (page 35/134) states that the 
carrying capacity of the stream ranges from 77 yd3/d when stream flow is 50 cfs up to 2,432 yd3/d when 
stream flow is 400 cfs (for an average grain size of 2 mm to 0.3 mm). Maximum and minimum estimated 
carrying capacities are presented as well. Note that even when flow is 400 cfs, the maximum estimated 
carrying capacity of the stream is 6,369 yd3/d.   

Table 2 Attachment C Copied from the February 2011 Joint Permit Application 

The December 3, 2010, Technical Memorandum from Golder Associates presents the average daily flow 
record for the Pigeon River near Sturgeon Valley Road based on 60 years of USGS data (Figure 1). 
Flows typically range from 60 cfs to 135 cfs, though these are averages and would not represent extreme 
low flow or high flow conditions.   

Figure 1. Average Daily Flow Based on 60 Years of Record on Pigeon River near Sturgeon Valley 
Road
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Assuming an average stream flow of approximately 100 cfs (typical of the spring) and using Table 2 from 
Attachment C (page 35/134), the average sediment transport carrying capacity of the stream is  
243 yd3/d.   

Page 49/134 of the February 2011 Joint Permit Application contains a table that list the volume of organic 
sediment and sand that is predicted to be released following the removal of each 4 inch stop log. 
Sediment loads range from unknown at the bottom of the impoundment to 9,341 yd3 for the top log. Page 
65/134 of the February 2011 Joint Permit Application contains a table that list surface area of the pond 
and total elapsed time to drain following stoplog removal. For removal of the 31 stop logs listed in the 
table on page 49/134, the total elapsed time is reportedly 5.5 days (133 hours) during a river flow of 63 
cfs. Thus, for each stoplog reported on page 49/134, the average drawdown time will be 4.3 hours (note 
the maximum time listed for any single stoplog drawdown is 21 hours and minimum drawdown time 
reported is 0.01 hours). 

We assume that following each stoplog removal it takes 24 hours to drawdown, or 1 day. Thus,for each 
stoplog removed, the total sediment load reported on page 49/134 would be the daily sediment load 
discharged to the river (in actuality, the sediment load on a daily basis will be higher since drawdown will 
be less than a day). Thus, daily sediment loads of 9,341 yd3 may be discharged to the river. Compared to 
the sediment capacity numbers shown in Table 2 Attachment C, it is unlikely that the Pigeon River will be 
able to transport the load associated with each stoplog removed. Figure 2 shows the estimated sediment 
load assumed discharged over a 24 hour period relative to the average sediment capacity for a stream 
flow of 100 cfs. 

Figure 2. Reported Sediment Load Compared to Transport Capacity When River Flow is100 cfs 

Figure 2 shows that Pigeon River will likely not be capable of transporting the discharge load until nearly 
30 stoplogs have been removed. At that point, a total sediment load of 150,490 yd3 will have been 
released into the stream. At a transport capacity of 243 yd3/d, it would take approximately 620 days to 
move the sediment through the system.   

Note that a significant fraction of the discharge load may be water. If we assume that the water content of 
the sediment that will be discharged is equal to 66.6 percent as shown for sediment sample GL-01 (page 
90/134 of the February 2011 Joint Permit Application), the stream is still not capable of transporting the 
remaining sediment load (Figure 3) until stoplog 28 is removed. 
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Figure 3. Sediment Load Assuming 66.6 percent Water Content Compared to Transport Capacity

The December 3, 2010, Technical Memorandum states that the average water content of the sediment is 
95 percent. The basis of that assumption is not provided. Even if only 5 percent of the discharge load is 
sediment, the transport capacity is still exceeded for nearly half of the logs removed (Figure 4). Note that 
as the number of stoplogs removed increases, the water content will decrease and 95 percent water 
content is likely a high estimate for most of the sediment that has accumulated behind the dam. 

Figure 4. Sediment Load Assuming 95 percent Water Content Compared to Transport Capacity

Total Suspended Sediment (TSS) Concentration
Page 65/134 of the February 2011 Joint Permit Application contains a table that list surface area of the 
pond. Assuming a 4 inch stoplog (0.33 ft), volume associated with each stop log removal may be 
calculated as surface area times 0.33 ft. Using the sediment quantities reported on page 49/134 of the 
February 2011 Joint Permit Application, we can approximate TSS concentration from the reported organic 
sediment load (we will assume for this exercise that the sand component is not part of the suspended 
load).
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As the number of stoplogs removed increases, the estimated concentrations of the material behind the 
dam also increase. Figure 5 shows the estimated TSS concentrations for the material in the 
impoundment, assuming water contents of 0, 66.6, and 95 percent. Volumetric data were only provided 
through stoplog 27, so this figure does not include data for the remaining stoplogs. According to the 
USGS Open-File Report 2005-1380 (http://pubs.usgs.gov/of/2005/1380/pdf/OFR2005-1380.pdf), average 
TSS concentration in a river draining a similarly sized watershed is 27 mg/L. The land use in the studied 
watershed is approximately 75 percent agricultural, so a TSS concentration of 27 mg/L is likely high 
relative to concentrations present in Pigeon River which drains primarily forest land. As water quality data 
were not easily accessible for the Pigeon River, a value of 27 mg/L, or 0.027 g/L, provides a comparison 
to estimated concentrations for the material behind the impoundment (Figure 5). Regardless of assumed 
water content, the estimated TSS concentration of the material behind the dam is greater than 0.027 g/L. 

Figure 5. Estimated TSS Concentrations in the Material Stored Behind the Dam Relative to 
Example Background TSS Concentrations

Using the total volume and elapsed time for stoplog removal, the average discharge flow rate from the 
dam removal is approximately 10 cfs: 
(Total Volume of approximately 4,730,000 ft3 / 133 hours * (1 hour/60 minutes) * (1 minute/60 seconds). 

Assuming a river flow of 100 cfs and a river TSS concentration of 0.027 g/L, the resulting TSS 
concentration in the river can be estimated using the equation: 
Cs = (CdQd + CrQr)/(Qd + Qr),
where 
Cs is the solution concentration assuming complete mixing of the river and the material behind the 
impoundment 
Cd is the concentration of the material 
Qd is the flow rate of the material 
Cr is the concentration of the river 
Qr is the flow rate of the river 
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Garric et al. (1990) studied lethal effects of increased TSS and ammonia concentrations and decreased 
dissolved oxygen levels on brown trout fry. They report that TSS concentrations of 19 and 33 g/L were 
correlated with 24 and  80 percent mortality, respectively, after 48 hours of exposure. Low DO 
concentrations (also common following dam removals) increase the lethal effects of TSS so these 
thresholds may be high.) Figure 6 shows the predicted TSS concentrations for the varying water content 
assumptions along with the 24 percent and 80 percent mortality concentrations reported by Garric et al. 
(1990). Each assumption regarding water content will likely result in TSS concentrations greater than the 
24 percent mortality threshold following removal of at least half the stoplogs. Assuming a water content of 
66.6 to 95 percent water content will likely result in concentrations greater than the 80 percent mortality 
threshold following removal of approximately two thirds of the stoplogs. 

Figure 6. Estimated TSS Concentrations Following Mixing Relative to Lethal Concentrations

Dissolved Oxygen
The forwarded email from Matt Staron, PE, MDNRE dated December 16, 2010, discusses a dissolved 
oxygen model bhased on low river flows and a water column BOD concentration of 20 mg/L. Was 
sediment oxygen demand considered in this assessment? The above sediment transport calculations 
show that Pigeon River is likely not capable of transporting the sediment load and keeping the material 
suspended. For some time, a large amount of this material may deposit on the bottom of the river. Given 
the high organic content of this material, the increase in sediment oxygen demand may be problematic. 
Sediment oxygen demand can cause a significant decrease in dissolved oxygen levels, particularly when 
the water column BOD concentration is already expected to cause a decline in DO relative to the 
assimilative capacity of the river. 

DownstreamWaterbodies
Based on the documentation reviewed, it is not clear what potential impacts may be realized by 
downstream water bodies. An example of this concern is whether Mullet Lake can assimilate a large 
amount of organic material and maintain dissolved oxygen levels that will protect the aquatic organisms in 
that waterbody. 
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