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Date: December 3, 2010 Project No.: 093-88639 

To: William M. Schlecte Company:  Schlecte Law Firm, P.C. 

From: Thomas Stanko & Mark Funkhouser, P.E. 

cc:  Email: bill@schlectelaw.com 

RE: GOLDEN LOTUS / SONG OF THE MORNING LANSING CLUB DAM 
RESPONSE TO MDNRE NOVEMBER 18, 2010 ADDITIONAL INFORMATION REQUEST  

 
This technical memorandum (TM) is intended to provide the Michigan Department of Natural Resources 

(MDNRE) with responses to comments and additional information requested on November 18, 2010.  

Golder Associates Inc. (Golder) understands that MDNRE comments and information requests were a 

result of Technical Team’s review of the November 15, 2010 TM prepared by Golder.  MDNRE comments 

are provided below in bold with responses provided immediately following.  

SECTION 1.0 SEDIMENT CORE DEPTH AND 2.0 SEDIMENT COMPOSITION 

Comment: Only two cores appear to match predicted thalweg. This means that the thalweg wasn’t 
accurately mapped, the cores weren’t pushed all the way down, or perhaps there is a natural 
drop/waterfall.  

Response: Golder agrees that only two cores seem to match the predicted thalweg. The other cores are 

believed to be located not on the thalweg or out of the pre-impoundment channel. In 2008, Affiliated 

Researchers mapped bathymetry and estimated sediment depths within the impoundment. Golder 

assumed the thalweg would be located along the longitudinal line where sediment depths were estimated 

to be the greatest. The true pre-impoundment thalweg may deviate from this location.  The bottom 

elevations of these two cores appear to align along the line drawn by the MDNRE and assumed to be the 

average Pigeon River channel slope line (see revised Figures 2 attached). Golder believes Affiliated 

Researchers did push cores as far down as was manually possible.  The depth of sediment was not 

determined by the length of the core sample, but rather by how deep the sediment probing rod could be 

inserted into the sediment.  Golder invites discussion from MDNRE on this issue. 

If a natural drop or water fall does exist, the estimated sediment volumes to be transported during and 

post draw-down may be over estimated. Again, Golder invites discussion form the MDNRE on how a 

natural drop/waterfall may affect the project. 
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Comment: This means the volume of sediment is underestimated.  

Response: See revised the sediment volume estimate below.   

 

Comment:  ACTION – Golder should adjust the numbers to include all of the sediment found 
within the “wedge” as drawn by our slope line (attached slide). 

Response:  See revised sediment volume estimate below. 

 

Comment:  ACTION – Golder should revise Table 1 and include volume of organic versus sand 
that is expected to move under different flow scenarios and as stop logs are removed.  

Response:  See revised table below. 

Revised Table 1:  Estimated Sediment Volumes in 1 Foot Increments 

Stop-log Elevation 
Increments  

(feet) 

- Organic - 
Sediment / Water  Volume 

(cubic yards) 

-Sand- 
Sediment  Volume 

(cubic yards) 

930 – 929 24,623 3259 
929 - 928 24,201 2296 
928 – 927 23,480 1407 
927 - 926 22,123 592 
926 - 925 18,752 nominal 
925 - 924 13,172 0 
924 - 923 8,039 0 
923 - 922 4,811 0 
922 - 921 2,805 0 
921 - 920 1,059 0 
920 - 919 112 0 

919 – 918 (approx.) unknown 0 
TOTAL 143,177 7554 

 

The original estimate total for organic debris is the same as the revised, with the exception of a nominal 

volume below 920 feet in elevation.  Organic debris volumes were determined using AutoCAD. For each 

“slice”, or 1 foot increment of the sand “wedge”, Golder has assumed a channel width of 40 feet, and 

linear distance from longitudinal station 55+00 upstream to the point where the elevation at the middle of 
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the slice intersects the red channel slope line.  For example, the sand volume associated with stop-log 

elevation  930-929, or 3259 cubic yards,  is calculated as follows: 

40 feet wide x [(55+00) – (33+00)] feet long x 1 foot deep) / (27 cubic feet / 1 cubic yard).  

The original estimate was approximately 8000 cubic yards, while the revised estimate is 7554 cubic 

yards.  Again, the sediment volume estimate for organic debris may be misleading since this material is 

considered to be nearly 95% water.   In the upstream area of the impoundment where the channel is 

braided and islands have developed, Golder recognizes that the channel may have the potential to 

migrate laterally during draw-down or while the channel incises in this area.  As such, the sediment 

volume may need to be adjusted to account for this additional material.  Golder invites MDNRE to discuss 

implications of lateral channel migration through the upper portions and whether or not the sediment 

volume presented accounts for this.  

Sediment Transport Dynamics and Estimates – The organic debris is anticipated to be transported 

downstream as suspended material as stop-logs are removed and this material is exposed to higher 

velocity flows. Golder expects this material to stay suspended until it approaches Mullet Lake, where it is 

expected to settle out in the delta or within Mullet Lake.  Transport of this material is a function of flow and 

the extent to which stop-log removal intercepts, or slices through the material in cross section. The 

greater the flow, the greater amount of organic debris that can be transported downstream.    

Anticipated transport dynamics of the sand from the impoundment, delta and upstream channel are 

complex processes that warrants further discussion. As stop-logs are initially removed and the water 

slope intersects the sand material, it will be transported primarily as bed load material downstream from 

the delta and the upstream channel to the impoundment where it is expected to be re-deposited in the 

impoundment.   The rate at which this occurs is a function of stop log removal and river flow, with more 

sediment being transported at higher flows and rapid stop-log removal or elevation change.  In concept, 

large head-cut formation in the sand delta and rapid head cut propagation upstream has the potential to 

contribute large volumes of sand downstream from the delta over short periods of time.  However, since 

sand material is not cohesive, formation of a large head cut is not considered likely.   Sand re-deposited 

in the impoundment is expected to be transported downstream of the dam as bed load material when the 

final few stop-logs are removed.   In general, higher flows or executing a rapid drawdown may tend 

towards moving sand material in a translocation manner (essentially moving as a slug of sediment), while 

smaller flows or a more gradual drawdown may tends towards moving sand in a dissociation manner, or 

spreading out of the sand throughout the river channel downstream.  Within the Pigeon River, the specific 

dynamic or combination thereof at any given flow is not known.  However, dissociation is assumed to be 

the predominant mechanism.   
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In the Dam Removal Conceptual Plan Report prepared by Golder in May 2010, sediment transport load 

capacity of the Pigeon River was evaluated at bankfull conditions using a variety of sediment transport 

equation. Based on several of these equations, average total load capacity ranges from to 315 to 824 

cubic yards per day with an average of 536 cubic yards per day assuming bulk density of 93 pounds per 

cubic foot.  As discussed in Golder’s May 2010report, sediment volume transport estimates are 

notoriously inaccurate without substantial amounts of empirical data.   

Since sediment transport is generally a function of flow, Golder has developed an annual average 

hydrograph from data obtained for the USGS gage located near Sturgeon Valley Road to better 

understand seasonal flows (see figure below).  Approximately sixty (60) years of data were available. 

Average flows increase in later winter/early spring likely due to snow melt and precipitation, thus possibly 

presenting an opportunity for transporting larger volumes of sediment out of the impoundment and 

downstream.  

Annual Average Pigeon River Hydrograph (USGS Gage near Sturgeon Valley Road) 
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To better understand sediment transport rates of the sediment once it is transported below the dam and 

during flows other than bankfull flow, Golder attempted to develop a sediment rating curve for the Pigeon 

River.  Development of a rating curve is complex and requires consideration of many factors including 

flow-scaling, grain size representation, channel geometries, time and space scales and often incorporates 

a sampling campaign of significant effort to average wide variability.  With that said, development of a 

rating curve considered to be reasonable and accurate has not been accomplished to date.   In light of 

this and the likelihood a reasonable sediment rating curve may be difficult to develop, even if a significant 
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field campaign was executed, Golder will be prepared to discuss adaptive management and contingency 

planning with regard to sediment transport at the December 15th meeting in Lansing.  For example, since 

the predominant sediment transport mechanism is believed to be dissociation, the impacts of sediment 

release are likely to be most noticeable closest to the dam.  Accordingly, qualitative (visual assessment of 

the stream bed) and possibly some quantitative (i.e., sediment grain size analysis of downstream 

substrates) evaluation techniques could be employed.  Additionally, staging for possible sand removal 

upstream of the stop-logs could be established.      
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BKF  

Comment: ACTION – Golder should also include May Bkf, WS, and USGS gage data in Table 2.  

Response:  Please see revised Table 2 below.  

 
Revised Table 2:  Field Data Bankfull Elevation Verification  

Date X- 
Section 

Gage 
Datum 

(ft-
amsl) 

USGS 
041289

90 
Gage 

Height 
(ft) 

LDB RDB LDB RDB LDB RDB 
Expected  

BF  
Height 

 (ft) 

Notes Water 
Surface 
Elev (ft) 

Water 
Surface 
Elev (ft) 

BF  
Elev  
(ft) 

BF  
Elev 
 (ft) 

BF  
Height  

(ft) 

BF  
Height 

 (ft) 

5/27/2010 XS-12 909.03 2.2268     1.0  1.02  (Golder/MDNRE) 

5/27/2010 XS-1 909.03 2.2268     1.4  1.16 
Est. at 1.3-1.5' 
(Golder/MDNRE) 

6/28-
7/2/2010 AR XS-1 909.03 2.2746 936.46 936.19 937.04 936.54 0.58 0.35 1.12   

6/28-
7/2/2010 AR XS-2 909.03 2.2746 934.25 934.36 934.77 935.39 0.52 1.03 0.92   

6/28-
7/2/2010 AR XS-3 909.03 2.2746 933.73 933.75 934.46 934.67 0.73 0.92 0.92 

Benchmarked 
against XS-2 

6/28-
7/2/2010 AR XS-4 909.03 2.2746   933.22 934.48 934.09   0.87 0.92 

Benchmarked 
against XS-2 

6/28-
7/2/2010 

AR XS-
11 909.03 2.2746 917.67 917.64 919.20 918.53 1.53 0.89 0.98 

Benchmarked 
against XS-12 

6/28-
7/2/2010 

AR XS-
12 909.03 2.2746 916.20 916.11 917.12 916.80 0.92 0.69 0.98   

7/5-7/9/2010 
AR LXS-

1 909.03 2.21 935.82 935.69 936.84 937.08 1.02 1.39 1.18 
Benchmarked 
against XS-1 

7/5-7/9/2010 
AR LXS-

2 909.03 2.21 934.74 934.88   935.89   1.00 0.98 
Benchmarked 
against XS-2 

7/5-7/9/2010 
AR LXS-

3 909.03 2.21 933.83 933.95 934.84 934.85 1.02 0.90 0.98 
Benchmarked 
against XS-2 

7/5-7/9/2010 
AR LXS-

13 909.03 2.21 917.22 917.40 918.26 918.15 1.04 0.75 1.04 
Benchmarked 
against XS-12 

7/5-7/9/2010 
AR LXS-

14 909.03 2.21 917.09 917.01 917.98 917.74 0.89 0.73 1.04 
Benchmarked 
against XS-12 

7/5-7/9/2010 
AR LXS-

15 909.03 2.21 916.99 917.08 918.03 918.23 1.04 1.15 1.04 
Benchmarked 
against XS-12 

7/5-7/9/2010 
AR LXS-

16 909.03 2.21 916.98 917.02 918.36 918.02 1.38 0.99 1.04 
Benchmarked 
against XS-12 

7/5-7/9/2010 
AR LXS-

17 909.03 2.21 916.85 916.81 917.71 917.65 0.86 0.84 1.04 
Benchmarked 
against XS-12 

9/21/2010 XS-12 909.03 2.26 916.22 915.49 - 916.48 - 0.99   
Verification Site - 
Golder & MDNRE 

9/21/2010 XS-1 909.03 2.26 936.25 935.80 - 936.93 - 1.13   
Verification Site - 
Golder & MDNRE 

9/21/2010 XS-2 909.03 2.26 934.17 934.15 - 935.08 - 0.93   
Verification Site - 
Golder only 

Note: Green cells, avg. USGS gage height from 13:30-16:30 on 9/21/10. 

Orange cells, avg. USGS gage height for 6/28-7/2/2010. 

Purple cells, avg. USGS gage height for 7/5-7/9/2010.  

Pink cells, Measured bankfull elevations deem different from expected bankfull elevations. 
Expected BF Height is calculated using the verified BF Height on 9/21/10 and the relationship to USGS Gage 
Height.   
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OPTIONS 

Comment: ACTION – Did Golden Lotus have a structural analysis conducted of the dam?  

Response:  See structural assessment report from Wade Trim attached. In summary, it is Wade Trim’s 

professional opinion that the existing bridge can remain with the removal of the vertical column between 

the gates and any concrete training wall in line and downstream of the column the bridge is expected to 

hold passenger vehicle traffic with a final assessment, and existing stop log channels are expected to be 

able to safely support new stop logs as is or with simple modification.   

 

Comment: ACTION – Golder should provide itemized details for cost estimates.  

Response: As presented in the November 15, 2010 TM, the following four dam removal options were 

presented to the MDNRE: 

Option 1 (the preferred option) - Removal of primary spill gates, power house gate, and powerhouse 

infrastructure, including portions of the upstream headwall and portions of the downstream back wall of 

the powerhouse to allow for additional flow area.  The existing bridge would remain in place, with possible 

reinforcement to ensure structural stability under prescribed loads.  

Option 2 - Demolition of existing infrastructure including the bridge and replacement with round culverts 

and construction of a new bridge/road crossing. 

Option 3 – Demolition of the existing infrastructure including the bridge and replacement with arched, 

bottomless culverts and construction of a new bridge/road crossing. 

Option 4 – Complete removal of dam, including primary spillway, powerhouse, earthen embankments 

and bridge.  This option includes abandoning the bridge at this location and use of an existing bridge 

downstream as a means of providing primary access to Song of the Morning’s geodesic domes, housing, 

offices, dining area, and gathering space.     

Comparative costs were developed to allow feasibility-level assessment of relative cost of each of the 

options. The comparative costs do not reflect an estimate of actual, anticipated construction cost for the 

work since detailed drawings, specifications, and other specific requirements, of each of the options have 

not been developed.  These comparative costs should not be viewed as “construction cost estimates. 
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The comparative costs for four different options include many of the major, anticipated construction 

activities to allow a reasonable comparison between the alternatives.  As summarized here, the 

comparative costs for Options 2 and 3 have been revised slightly from as presented in the previous 

technical memorandum based on refinement of culvert and temporary sheetpile costs.   In the attached  

Table 1, the cost items included in the comparative cost analysis include: base supervision and labor, 

water testing, select concrete demolition, mechanical and electrical equipment removal, soil excavation 

and backfill, temporary sheetpile cofferdams, road gravel, culverts, bridge retrofit contingency, and 

markup. 

 

The base supervision and labor item is one supervisor and one laborer at an aggregate unit rate of 

$4,960/week.  The cost of this item is this unit rates times the estimated duration of each of the options.  

The duration of each option is estimated as follows: 

• Option 1 4 weeks 

• Option 2 13 weeks 

• Option 3 13 weeks 

• Option 4 17 weeks 

The construction durations are based, where possible, on the production rates included in the R S Means 

Heavy Construction Cost Data reference cited previously.  Where production rates for particular activities 

are not available, durations are estimated.  The durations multiplied times the aggregate unit rate result in 

the values in the table. 

 

The cost of water testing is estimated based on the “vadose zone sampling” unit in the R S Means 

reference, and is used to represent the possible need to test the river water during powerhouse 

demolition and other work over or in the river.  The estimated unit rate is $2,500/day, and it is assumed 

that two visits per week (two days per week) are performed during the initial four weeks of the work and 

one visit per week is performed each week for all additional weeks of work over, in or near the river.  

Multiplication of the unit rate times the durations noted above results in the estimated costs for this item in 

the table. 

 

The cost of select concrete demolition is based on the R S Means reference, and for Option 1 includes 

saw cutting limits and edges where necessary and then removing select parts of the reinforced concrete 

powerhouse by reasonably careful means to allow water flow through the powerhouse.  For Options 2, 3, 

and 4, a lower unit rate for careful reinforced concrete removal was used because of the easier access, 

and the quantity for the entire reinforced concrete structure is used to develop this cost.  As can be seen 

in the table, the comparative cost for Options 2, 3, and 4 are the same for this item. 
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The comparative cost for mechanical and electrical equipment removal is the same for all options and 

includes careful removal of all of the equipment in the structure.  This cost does not include cost of 

disposal and does not include salvage value or scrap metal value, but rather assumes zero net cost to 

haul and dispose of the equipment and metal, i.e. the salvage and scrap value offsets the cost to haul and 

dispose.  There is not a specific unit rate for this item in the R S Means reference, so the cost was 

developed from crew and equipment rates in this same reference.  The estimated unit rate of $3,337/day 

including all labor and equipment was developed, and the estimated duration of 3.5 weeks results in the  

$58,400 comparative cost for each of the four options. 

 

The cost of soil excavation and backfill varies significantly between options.  Option 1 includes no 

excavation or backfill, while Options 2 and 3 require excavation and backfill to replace the existing bridge 

at the spillway and powerhouse structure with culverts.  Option 4 requires significant excavation to 

remove the entire embankment and then also some backfill to improve the road to the other bridge to the 

north. 

 

The comparative cost of temporary sheetpile cofferdams also varies significantly between options.  

Options 1 and 4 require no temporary sheet piles, while Options 2 and 3 both require temporary sheetpile 

cofferdams to allow the installation of culverts.  The cost included for Options 2 and 3 includes a 

temporary sheetpile wall 15 feet tall (assumed 10-foot embedment and 5-foot height) and 190 feet long is 

installed around “half” the culvert installation area, these culverts would then be installed, and then this 

sheetpile wall is removed, and the river is routed through these culverts by installation of the second 

sheetpile wall around the second half of the culvert installation area.  Ultimately the sheetpiles would then 

be removed after installation of the second half of the culverts.  This comparative cost for Options 2 and 3 

is $120,900 as shown in the table. 

 

The cost of road gravel is relatively insignificant compared to many of the other cost items included, and 

ranges from zero to $23,000.  Option 1 has zero cost, while Option 4 has the highest cost. 

 

The comparative cost of culverts for Options 2 and 3 is $207,000 and $422,000 respectively.  Option 2 

culverts (6 x 72-inch diameter 100-foot long culverts) is based on the R S Means reference, while the 

Option 3 cost is based on supplier data as these large arch culverts are somewhat of a specialty item and 

are not in the R S Means reference.  Options 1 and 4 have zero comparative cost for this item; no culverts 

are required. 

 

A contingency cost of $100,000 is included for bridge retrofit in Option 4 because little is known about the 

capacity of this bridge.  None of the other options have a value for this item.  
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All options include a “markup” of 40 percent.  This is not implied to be the total markup that a contractor 

might include to perform the total scope of work, but rather some reasonable amount of markup that 

would include such things as cots for insurance, bonds, subcontractor markup, taxes, and the like.  This 

markup is applied to the subtotal comparative cost for each of the four options. 

 

 As can be seen in the table, the comparative cost of Option 1 is lowest at $155,000.  The costs of 

Options 2 and 3 that include culvert installation are comparable at approximately $930,000 and 

$1,216,000 respectively.  The increase in cost over Option 1 relates primarily to the duration of 

construction, and the cost of concrete demolition, excavation and backfill, culverts, and temporary 

sheetpiles.  Option 4 is significantly greater than Option 1 and somewhat less than Options 2 and 3.  The 

Option 4 cost difference from Options 2 and 3 comes largely from not installing culverts.  The Option 4 

cost is still much greater than Option 1, which requires none of the road work required for Option 4.  The 

estimated duration for Option 4 is also much greater than for Option 1. 

 

Comment: ACTION – Golder should provide the information and calculations use to develop the 
Section 5 Comparisons. The Technical Team was surprised that the water velocities were so high 
through the structure and surprised that there was no anticipated storage of water (i.e., water 
impounded) under high flow conditions.  The water velocities provided are a barrier for fish 
passage and potentially a safety concern for wading anglers or paddlers.  

Response:   

Fish Passage and Culvert Water Velocity Information – A table of fish swim speed information for 

brook trout, brown trout, and rainbow/steelhead is attached to this document (see Table 2). This 

information was extracted from the FishXing V3 beta program. This program is not proprietary and can be 

downloaded at no cost.  If angler and paddling passage safety are concerns, the Ranch will allow portage 

around the former dam area on their property.    

Water Storage – Golder speculates our definition of storage and the MDNRE’s definition of storage may 

differ. Similar to other topics, Golder invites MDNRE discussion to further clarify the definition of water 

storage and associated concerns. In concept, Golder expects some backwater and overbank flooding 

upstream to occur under flood flows (i.e., greater than bankfull flow) for Options 1, 2, and 3 because these 

options do not afford significant over bank flow.  Detailed evaluations of hydraulics, including evaluation of 

inlet and outlet water surface elevations, for each option has not been performed.  Therefore, the specific 

differences between the developed options are not known.  
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A hydraulic rating curve, in 100 cfs increments up to 1000 cfs, for the preferred option (Option 1) was 

established for the three resulting culvert openings and included as an attachment to the Interim 

Evaluation of Drawdown and Dam Removal Options submitted to the MDNRE in October 2010 and also 

to this document for reference. At 200 cfs, close to the estimate bankfull discharge of 195 cfs, the inlet 

water surface depth is approximately 2 feet.   

Sediment Transport – Given that, in general, the profile of the Pigeon River is expected to be 

approximately the same for each option, Golder does not anticipate any significant difference in temporal 

or spatial sediment transport characteristics between the options.  

 

Comment: Each Option will eventually need to have sub-options that evaluate different tools (e.g., 
tools for sediment management).   

Response:  Golder deems this a very open ended comment/request.  To avoid unnecessary expenditure 

of resources, Golder invites MDNRE to discuss what specific sub-options and different tools should be 

evaluated and how these specific items are germane to the accomplishing project objectives.  
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December 2010 Table 1 ‐ Itemized Comparative Cost Table
Golden Lotus Dam Removal Options

(Costs are in thousands)

093‐88639
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OPTION 1 - 
Flow Through 
Powerhouse 1$     9.8 $    20.0 $ 12.5   $ 58.4      -$        $      -   $   -     $ -       -$        111$      44.3$     155$       

OPTION 2 - 
Remove Entire 
Concrete 
Structure and 
Replace with Si
6 ft Diameter 
Culverts

x 

6$     4.5 $    42.5 $ 117.8 $ 58.4      52.6$    12$   0.9 $   1.0   $ 206.8 -$        665$      265.8$   930$       

OPTION 3 -OPTION   
Remove Entire 
Concrete 
Structure and 
Replace with 
Two 23 ft Wide 
Culverts 6$     4.5 $    42.5 $ 117.8 $ 58.4      40.8$    12$   0.9 $   1.2   $ 422.4 -$        869$      347.4$   1,216$    

OPTION 4 - 
Remove 
Concrete 
Structure and 
Embankment, 
Improve Existi
"North Road" 
and Bridge 

ng 

8$     4.3 $    52.5 $ 117.8 $ 58.4      108.6$  $      -   $   23.2 $ -       100.0$   545$      217.9$   763$       

Golder Associates Inc.



December 2010 Table 2 - Swim Speed Reference Information
Oncorhynchus mykiss, Salmo trutta, Salvelinus fontinalis

FishXing V3.0 2006
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References

.  

3.1 .2

Common Name Scientific Nam
Swimming Speeds

 Speed 
(ft/s)

Length 
Type L

Fish Length Information
Velocity Equate Swim Mode Min Sp

(cm/s
eed 
)

Max
(c

 Speed 
m/s)

Max Sp
(ft/s

eed 
)

Swim Sp
(cm/s)

eed Swim Min 
ength

Max L
(c

ength 
m)

Mean Length 
(cm) Reference 1 Data Reference

Commentsion Given - 
Reference 1 or 2 or other

Rainbow trout Oncorhynchus
mykiss

 Burst NR NR NR Calculated 2.0 TL 10.3 28 18.5 V=7.16 TL^0.77 t^-0.46           
Where: V(m/s); TL(m); t(s)

Hunter and Mayor 
1986 Bainbridge 1960 The trout used by Bainbridge 1960 were from Europe 

and he called them O. iridues

Steelhead Oncorhynchus
mykiss

 Burst NR NR NR Calculated 10.8 NR 61 81.3 NR V=12.30 TL^0.62 t ^-0.51          
Where: V(m/s); TL(m); t(s)

Hunter and Mayor 
1986

Weaver 1963; Paulik 
and DeLacy 1957

The data for this velocity formula were from the 
fastest fish tested - so the upper speeds are probably 

faster than most steelhead can swim.

Steelhead Oncorhynchus
mykiss

 Burst NR NR NR Calculated 10.3 TL 10.3 81.3 NR V=12.81 TL^1.07 t ^-0.48          
Where: V(m/s); TL(m); t(s)

Hunter and Mayor 
1986

The data for this velocity formula includes both 
European rainbow and steelhead from Washington 
(USA).  Data from differing methods were combined 
reducing the confidence the user should have in this 

formula.

Steelhead Oncorhynchus
mykiss

 Burst 427 822 27.0 620 20.3 NR 61 82.3 NR Bell 1991
Bell (1991) cites several unpublished reports from the 
1950s that were unavailable.  The methods used to 

develop these swim speeds is unknown.

Rainbow trout Oncorhynchus
mykissmykiss

 Prolonged 47.1 83.2 2.7 66.57 2.2 FL 27.5 36.5 30.58 Jones et al.  1974
Jones et al. 1974 tested wild and hatchery and found 
wild fish had a swim speed range and standard error 

that were twice those of hatchery fish.  Concluded that were twice those of hatchery fish.  Concluded 
variability in wild fish inherent.

Rainbow trout Oncorhynchus
mykiss

 Prolonged NR NR NR 76.7 2.5 TL NR NR 35.79 Burgetz et al.  1998

Rainbow trout Oncorhynchus
mykiss

 Prolonged NR NR NR 68.9 2.3 FL NR NR 37.8 Jain et al.  1997

The critical velocity was calculated from the mean of 
the three tests using Ucrit protocols means lengths 
were also calculated from the three means provided 

for fish used in the Ucrit protocol.

Rainbow trout Oncorhynchus
mykiss

 Prolonged NR NR NR 80 2.6 SL NR NR 17.2 Tsukamoto 1975 Oncorhynchus mykiss irideus

Rainbow trout Oncorhynchus
mykiss

 Prolonged NR NR NR 65.9 2.2 TL NR NR 10.9 Jones 1971 Oncorhynchus mykiss irideus

Rainbow trout Oncorhynchus
mykiss

 Prolonged NR NR NR 79.2 2.6 TL NR NR 12.5 Jones 1971 Oncorhynchus mykiss irideus

Steelhead Oncorhynchus
mykiss

 Prolonged 150 440 14.4 295 9.7 NR 61 82.3 NR Bell 1991
Bell (1991) cites several unpublished reports from the 
1950s that were unavailable.  The methods used to 

develop these swim speeds is unknown.

Steelhead Oncorhynchus
mykiss

 Prolonged 47.1 83.2 2.7 66.6 2.2 FL 27.5 36.5

Jones et al. (1974) tested hatchery and wild 

30.6 Jones et al.  1974

Jones et al (1974) tested hatchery and wild
steelhead to determine whether the extreme swim 
speed variability was due to handling stress or was 

inherent in wild populations - they concluded the 
variability was inherent in wild populations.

Steelhead Oncorhynchus
mykiss

 Prolonged 83.3 97.9 3.2 91 3.0 FL 31 32.8 35.8 Jones et al.  1974

Jones et al.  (1974) tested hatchery and wild 
steelhead to determine whether the extreme swim 
speed variability was due to handling stress or was 

inherent in wild populations - they concluded the 
variability was inherent in wild populations.

Steelhead Oncorhynchus
mykiss

 Prolonged NR NR NR 77 2.5 FL NR NR 10.01 Hawkins and Quinn 
1996

Converted body lengths per second to cm/s using 
mean fork length reported for steelhead.

Brown Trout Salmo trutta Burst NR NR NR Calculated 4.5 TL 12.8 37.3 NR V=8.74TL^0.68t^-.5              
Where: V(m/s); TL(m);t(s)

Hunter and Mayor 
1986

Blaxter and Dickson 
1959

Brown Trout Salmo trutta Prolonged NR NR NR 92 3.0 TL NR NR 34 Beamish 1978

Brown Trout Salmo trutta Prolonged NR NR NR Calculated 1.9 FL 5.1 26 NR V=0.305+0.061FL+-0.174Log(t)     
Where: V(m/s);FL(cm);t(s) Peake et al.  1997b

Brook TrBrook Trout Sout f
alvelinus 

f ti liontinalis BurstBurst NRNR NRNR NRNR 9393 3.1 SLSL NR NR 11.2 Peterson 1974NR NR 11 Peterson 1974

Brook Trout S
f
alvelinus 
ontinalis Prolonged NR NR NR Calculated 1.1 TL 4 27 NR V=1.99TL^.43t^-.01              

Where: V(m/s); TL(m); t(s)
Hunter and Mayor 

1986 Beamish 1980a

Brook Trout S
f
alvelinus 
ontinalis Prolonged NR NR NR Calculated 2.0 FL 7.1 40.5 NR V=0.151+.045FL+-.011t           

Where: V(m/s); FL(cm); t(min) Peake et al.  1997b

Notes:  NR = Not Recorded, FL = Fork Length, SL = Standard Length, TL = Total Length

Golder Associates Inc.
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