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1.0 INTRODUCTION/PURPOSE 

This report presents an evaluation of the data and technical analyses which form the basis of the 

upcoming instream flow (ISF) recommendations for the Lower San Miguel River.  The Colorado 

Water Conservation Board (CWCB) is planning on filing an ISF for a 16.5-mile reach of the river 

from Calamity Draw to the Dolores River.  The filing is based on fieldwork and technical 

evaluations performed by Colorado Division of Wildlife (CDOW) and U.S. Bureau of Land 

Management (BLM) as described in the draft “Executive Summary” available at 

http://cwcb.state.co.us/NR/rdonlyres. 

Additional supporting information, including data from fish and macroinvertebrate (benthic 

organism) surveys, and the results of the modeling, was provided to Bikis Water Consultants, 

LLC (BWC) by CDOW staff in November 2008.  A memorandum from CDOW, “Fish Sampling 

Report” dated July 15, 2008, was also provided to BWC in March 2009.  The draft Executive 

Summary and supporting information were reviewed for reasonableness and consistency with 

existing data.  These data include information from fieldwork completed by BWC on October 8, 

2008, and March 17, 2009.   

This evaluation is based on the data and information available at this time.  It is possible that 

additional data will become available which could alter the conclusions contained herein. 

2.0 SUMMARY OF CDOW/BLM WORK AND RECOMMENDATIONS 

CDOW and BLM claim to have been collecting data on the physical and biological 

characteristics of the river throughout the past ten years.  The subject reach of the river is 

reported to support a fishery which includes bluehead and flannelmouth suckers and roundtail 

chub.   All three of these fish are considered “sensitive species” by the BLM; the roundtail chub 

is also a State of Colorado Species of Concern. The July 15, 2008, memorandum from CDOW 

presents the results of a fish collection effort from the Uravan stream gage (U.S. Geological 

Survey (USGS) Gage No. 09177000) to the Dolores River on July 15, 2008, which found that 

most of the fish collected (72%) were natives.  CDOW and BLM have a plan for management of 

these species to foster their long-term survival.  New Mexico privet and skunk brush riparian 

shrubland communities, which are designated as being “globally impaired”, are also stated as 

occurring along the subject reach of the river.   

http://cwcb.state.co.us/NR/rdonlyres
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The following flows are recommended by the CDOW and BLM (see Figure 1 for graphic 

display): 

• 80 cubic-feet/second (cfs), September 1–February 28  

• 115 cfs, March 1–April 14 

• 325 cfs, April 15–June 14 

• 170 cfs, June 15–July 31 

• 115 cfs, August 1–August 31 

These recommendations are based on the results of modeling using both the 

PHABSIM/RHABSIM and R2CROSS models with cross-section information from seven sites on 

the river.  The sites were reportedly located approximately 1.5 miles upstream of Tabeguache 

Creek on the Nature Conservancy Preserve (NCP) and were reportedly representative of riffle, 

pool, run, and glide habitats (see Figure 2).  

PHABSIM determines the weighted usable area (WUA) for a species based on depth and 

velocity criteria.  R2CROSS determines the water depth, velocity, and wetted perimeter at a 

cross-section for a range of flows, and is best suited for use in riffles.  The flow which meets all 

three hydraulic criteria (depth, velocity, and percent wetted perimeter) is used as the initial 

summer ISF; the flow which meets two of the three criteria is used for the initial winter ISF.  

Values of the R2CROSS criteria from the R2CROSS manual are based on stream top width.  

The top width of the reach of the San Miguel River of interest is generally greater than 60 feet 

which results in the following criteria values: 

• Average depth - 0.6 feet 

• Average velocity - 1.0 feet/second  

• Percent wetted perimeter - at least 70% 

In the modeling work by CDOW, the bluehead sucker was used as the primary indicator species 

since the abundance of this fish is highly dependent on the availability and quality of riffles 

(which is the habitat type most affected by low flows).  Specific hydraulic criteria for bluehead 

suckers were derived by Stewart et al. 2005, and these criteria for “marginally suitable” habitat 

are as follows:  
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• Average depth - 1.0 feet 

• Average velocity - 1.3 feet/second  

A water availability assessment was completed by CDOW/BLM which shows the percent of the 

time that flows occur at the Uravan gage located just downstream of Tabeguache Creek.  

CDOW and BLM state that they analyzed water rights information and will consult with the 

Division Engineer’s Office to identify water availability concerns due to existing diversions.  It 

does not appear that existing water rights were actually considered in the ISF recommendations.  

A combination of modeling results and information was used with “best professional judgment” 

to develop the ISF recommendations, as reported in the draft Executive Summary. 

Prior to issuance of this draft report, it was learned that the CWCB may have completed a more 

detailed assessment of water availability using methods in the USGS Technical Water 

Resources Investigations Report.  This method reportedly is more rigorous than the one used by 

CDOW/BLM and entails determination of confidence limits on flow estimates. BWC has not 

been able to confirm the use of this method for the Lower San Miguel River. 

The following explains the flows proposed by CDOW/BLM: 

• 80 cfs September 1–February 28:  The 115 cfs was reduced to 80 cfs due to water 

availability.  80 cfs still provides an average depth of 0.63 feet, average velocity of 

greater than 2.5 feet/second, and 60% of the wetted perimeter.  

• 115 cfs March 1–April 14: The winter recommendation of 115 cfs occurs at least 50% of 

the time during this period and so was used as the ISF. 

• 325 cfs April 15–June 14: This is based on PHABSIM which found the maximum usable 

area for flannelmouth suckers at 325 cfs, and 90% of the WUA for bluehead suckers at 

this flow. 

• 170 cfs June 15–July 31: The 325 cfs was reduced to 170 cfs during this time due to 

water availability concerns.  170 cfs occurs at least 50% of the time, and meets two of 

the three R2CROSS criteria. 
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• 115 cfs August 1–August 31: R2CROSS was used to determine the winter ISF 

recommendation using cross-section 1 since it was in a riffle.  The results show that 115 

cfs meets two of the three criteria by providing an average depth of 0.8 feet and velocity 

of 2.8 feet/second. 

Information provided by CDOW indicates the presence of a fishery with bluehead suckers, 

flannelmouth suckers, roundtail chubs, and other species.  Results of macroinvertebrate (also 

known as benthic organism) collections at three locations within the ISF reach and several 

upstream sites were also provided.  These results show that there is a macroinvertebrate 

community with mayflies, caddis flies, true flies, and other families in the lower San Miguel 

River, but that it is less robust, less diverse, and more pollution tolerant than the community 

upstream (near Placerville and Beaver Creek) on the San Miguel.  A qualitative survey of 

macroinvertebrates in riffles by BWC found a low density of organisms with few species on 

October 8, 2008, but a moderate density with more species on March 17, 2009. 

3.0 URAVAN WATER RIGHTS 

As part of the consent decree entered in February 1987 to settle litigation with Union Carbide 

(Umetco Minerals Corporation) for reclamation activities, the CWCB received a deed for the 

water rights in the Miguel Power Company Canal, Johnson Ditch and several wells—referred to 

collectively as the Uravan Water Rights (UWR).  In 1991, the CWCB entered into a 

Memorandum of Understanding (MOU) with Montrose County, Nucla, and Naturita regarding the 

future use and disposition of the UWR.  There have been several meetings between the 

signatories of the MOU to discuss potential uses of the water rights and the time schedule for 

their availability.  Two studies have been completed on the water rights, one by Leonard Rice 

Engineers in 2005, and the other by Harris Water Engineering, Inc. in July 2008 (final report).  

The Harris Engineering report estimated the historic consumptive use (HCU) of the irrigation 

portion of the UWR is 200 acre-feet/year (AF/yr); the HCU of the industrial portion of the rights 

was estimated to be 350 AF/yr.  Harris Engineering recommended the following for the 

disposition of the UWR: 

• Several of the wells be conveyed to Montrose County for use in the Lower San Miguel 

basin, consistent with the MOU; 
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• The Johnson Ditch rights, which are senior rights, be conveyed to the municipalities in 

the MOU for use in meeting their future water needs.  This should include consideration 

of loaning or leasing the HCU associated with the rights to the CWCB through the 

CWCB’s Water Acquisition Program;  

• The remaining wells and rights in the Miguel Power Company Canal be relinquished to 

the river.  All but 40 cfs of this right has been abandoned, and poor documentation of use 

of the remaining water would make a change of use difficult. 

The UWR were discussed at the July 2008 CWCB Board meeting, at which time Harris 

Engineering gave a presentation on their report, and the Southwestern Water Conservation 

District (SWCD) made recommendations.    

The UWR will not be available until 2010.  The CWCB has stated its intent to continue to work 

with the signatories of the MOU, SWCD, San Miguel County, and “other interested persons and 

entities” on the use of the UWR.  The latest actions regarding the water rights and the intentions 

of the CWCB are not known at this time, but need to be investigated. 

BWC observed the subject reach of the river on October 8, 2008, and March 17, 2009.  Five 

cross-sections were completed in riffle, run, and pool habitat on October 8, 2008, at the 

locations shown on Figure 2.  The cross-sections were surveyed with a tape, rod, and level.  

Flow was measured at Section 2 using a Price AA current meter.  A qualitative assessment of 

macroinvertebrates was completed by picking rocks throughout the riffle at Section 1.  

Conditions were documented with photographs (see Appendix 1).  Plots of the channel cross-

sections are included in Appendix 2.  

An additional section (Section 6) was completed on March 17, 2009, in a riffle on the NCP (see 

Figure 2).  Flow was measured at Section 1 on this day using a Price AA current meter (see 

Appendix 3).  A qualitative assessment of macroinvertebrates was also completed on this day at 

both Sections 1 and 6, and conditions were documented with photographs (see Appendix 1). 

BWC ran the R2CROSS model with the field data at the riffle at Section 1.  The results of this 

modeling are included in Appendix 4.   
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A water availability study was also completed using daily flow records from the Uravan gage for 

the entire available record of flow (1954-2008).  This analysis focused on the number of days 

that the flow in the river is less than the proposed flows.  The results of this analysis are shown 

in Table 1.  Hydrographs for selected years (2000-2004) were also plotted with the proposed 

flows in Figures 3a-3e.   

Lastly, information on water rights upstream of the proposed ISF reach was analyzed.  This 

included a tabulation of decreed water rights and evaluation of the potential effects of the ISF on 

the rights.  Figure 4 shows the decreed water rights in the lower reach of the San Miguel River.   

4.0 EVALUATION 

We have the following concerns with the work completed by CDOW/BLM to support the 

proposed ISF amounts.  

4.1 R2CROSS Analysis 

The R2CROSS runs by the CDOW/BLM show that the fall/winter goal of meeting two of the 

three criteria is met at flows less than the recommended flow of 115 cfs.  The text of the draft 

report states that 115 cfs was chosen because it meets two of the three of the criteria by 

providing an average depth of 0.8 feet and velocities greater than 2.5 cfs.  However it is also 

stated that 80 cfs is adequate (for the period of September-February) as it maintains an average 

depth of almost 0.7 feet, velocity greater than 2.5 feet/second, and wetted perimeter of almost 

60%.  However, the results for Section 1 by CDOW/BLM show that two of the three criteria are 

provided at a flow of 73 cfs, where the average depth is 0.6 feet and the average velocity is 

greater than 2.5 cfs.   

R2CROSS results for other sections by CDOW/BLM show considerable variability in the amount 

of flow which meets the hydraulic criteria.  For example, the flow that meets at least two of the 

three criteria (the wintertime requirement) ranges from 28 cfs at CDOW/BLM Section 7 to 431 

cfs at Section 4 (all flow values).   This indicates a relatively high level of uncertainty in the 

quantity of flow necessary to protect the natural environment to a reasonable degree.  It appears 

that the natural environment could be protected to a reasonable degree at flows lower than the 

ones proposed. 
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Observations of the river on March 17, 2009, show that flows less than 115 or 80 cfs are 

adequate to support the aquatic community.  BWC measured 69 cfs of flow on this day at 

Section 1 (see Figure 2); flow at the Uravan gage approximately 4,440 feet downstream was 71 

cfs.  As shown on photographs 4-7 in Appendix 1, water covers most of the channel bottom at 

69 cfs, the average depth that was measured at Section 1 was 0.6 feet, and the average velocity 

was 1.84 cfs.  Therefore, at least two of the three criteria are met at 69 cfs based on the field 

data.   

BWC ran R2CROSS for Section 1 using the field data from October 8, 2008, and March 17,    

2009 (see Appendix 4).  The results found that both the initial summer and winter flow 

recommendations are met at flows much lower than the recommendations by CDOW/BLM.   For 

example, 11 cfs (average for two dates) results in an average velocity of 1.0 feet/second with 

70% wetted perimeter which meets the winter flow requirements.  All three criteria are met at a 

flow of 88 cfs.  The initial winter and summer flow recommendations by CDOW/BLM are 115 

and 325 cfs, respectively. 

Figure 5 shows the flows which meet one, two, and three of the R2CROSS criteria from the work 

by CDOW/BLM and BWC.  There is a relatively wide range of flows that meet the criteria, and 

two or three of the criteria are met at flows much lower than the flows proposed. 

4.2 Increase in Flow in Reach 

Analysis of flow records for USGS stream gages in the lower San Miguel show that natural 

groundwater increases flow in the river, and this is not accounted for in the ISF 

recommendations.  Streamflow data exist at the following gages (see Figure 4): 

• Uravan (USGS 09177000) 1954-present 

• Naturita (USGS 09175500) 1917-1981 

• Near Nucla at Brooks Bridge (USGS 09174600) 1995-2008 

The average daily flow increases by 21.7 cfs between the Nucla and Uravan gages during 

September-February when the proposed ISF is 80 cfs.  Naturita Creek and its major tributary, 

Maverick Draw, are located between these gages and most of the return flow from irrigation on 
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the south side of the river reaches the San Miguel in these tributaries.  Flow records for West 

Naturita Creek from 1940-1981 show an average flow of only 1.7 cfs from September-March, but 

this gage is located in the upper part of the watershed. 

The average daily flow increases by 10.2 cfs between the Naturita and Uravan gages during 

September-February.  Only several relatively small and dry tributaries occur between these 

gages.  The largest of these is Tabeguache Creek, the confluence of which is just upstream of 

the Uravan gage.  The flow was estimated to be 0.2 cfs at the mouth of Tabeguache Creek on 

October 8, 2008.  Therefore, most of the increase in flow between the Naturita and Uravan 

gages during September-March is shallow groundwater inflow.   

The 10.2 cfs of total gain represents 0.75 cfs/mile of increased flow.  This increase in flow 

should be accounted for in the ISF.  For example, if there is 80 cfs at the upstream end of the 

reach (Calamity Draw) during baseflow conditions, 92 cfs would be expected 16.5 miles 

downstream at the confluence with the Dolores River.  For 80 cfs to be found anywhere in the 

reach under base flow conditions, only 68 cfs is needed in the river at Calamity Draw.  The 

amount of flow should, therefore, be reduced if the ISF is to be 80 cfs. 

4.3 Water Availability Assessment 

The water availability assessment completed by CDOW/BLM focused on the flow that is 

available one-half (50%) of the time.  The approach used is that the CWCB has the right to claim 

all of the flow in the river under average-to-dry flow conditions.  However, it is during these times 

that other beneficial users of the river need water the most.  Water planning for interests in the 

watershed is based on dry year conditions; that is, flow which occurs less than 50% of the time.  

This creates a conflict with existing and future beneficial uses in the basin. 

Table 1 shows the average (and minimum and maximum) number of days that, if the proposed 

ISFs are adopted, the flow in the river would be less than the ISF, based on records at the 

Uravan gage.  For example, if the proposed ISF of 80 cfs is adopted for September-February, 

the flow in the river would be less than this value an average of 63 days each year (35% of the 

time); a flow of 325 cfs does not occur an average of 11 days early in the irrigation season from 

April 15-June 14 each year.    
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Figures 3a-3e graphically show the findings in Table 1 for the selected years of 2000-2004.  

These figures show that flow in the river is often less than the proposed flows in August, 

September, October, and other times.  The lack of available flow was noted by CDOW in their 

July 15, 2008, memorandum wherein it is stated: “Of special concern is the late summer period 

from about mid-August to October when base flows in the upper basin average around 100 cfs 

at Placerville but routinely drop to near 50 cfs at Uravan”. 

4.4 Effects on Water Rights 

Water rights senior in priority to the proposed ISF right can not be called out by the ISF right.  

Since the ISF right will likely have an appropriation date of 2010, this means that only new rights 

junior to 2010 could be called out.  Exchanges, transfers, or other changes in rights filed after 

the date of the ISF rights would be junior to the ISF rights, even though the priority dates for the 

rights themselves are senior.  These changes in existing rights could be affected by the 

proposed ISF rights.  This includes junior changes in the upper watershed, including in the Town 

of Telluride.  

As shown in Table 1 and on Figures 3a-3e, there are significant periods during which the flow in 

the river will not be adequate to meet the proposed ISFs.  During these times, junior water rights 

can be curtailed to meet the ISFs.  For example, junior diversions for snowmaking in the upper 

watershed (which supports an economically beneficial activity to the County and State) could be 

curtailed.  Likewise, filling of irrigation reservoirs in the lower basin, which routinely occurs in 

early March of each year, could be curtailed if junior to the ISF at that time.  The water which 

would not be diverted represents “lost diversion potential”; this water could be diverted and put 

to beneficial use but for the proposed ISFs.   

BWC calculated the amount of water that could not be diverted for each ISF period. This equals 

the difference between the amount of water in the river and the amount of the proposed ISF 

filings. The results of these calculations are shown in Table 1.  

The lost diversion potential averages 8,667 acre-feet/year, at the flows proposed (Table 1). That 

is, if the flows are adopted, this is the average amount of new diversions each year that could be 

affected.  The actual amount varies each year. 
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A broader approach to evaluating the amount of lost diversions and beneficial uses would look 

at the amount of water lost from the State in the context of the Colorado River Compact.  The 

amount of water required to protect the natural environment to a reasonable degree could be 

defined as the State’s compact obligation, which is left in the river for non-consumptive use.  It 

may be possible to develop an apportionment each year based on snowpack/flow conditions 

and an agreement as to reasonable percentages of flow to be left in the river.   

5.0 CONCLUSIONS AND RECOMMENDATIONS 

This technical evaluation indicates that the flow levels proposed for ISFs for the Lower San 

Miguel River: 

• Are higher than that needed to maintain the natural environment to a reasonable degree; 

• Are higher than the available flow in the river during significant periods in each year; 

• Do not consider natural groundwater inflows which reduce the amount the ISF filing 
necessary by increasing flow in the river; 

• Will adversely affect water rights in the San Miguel River watershed and limit future 
development of water for beneficial purposes in the State of Colorado. 

The following recommendations are made with respect to ISFs for the Lower San Miguel River: 

• An effort should be made to work with the CWCB and CDOW to refine specific flow 

levels necessary to protect the river to a reasonable degree, per the findings in this 

report. 
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4/15 - 6/14 325 11 7 61 1871
6/15 - 7/31 170 23 11 47 1691
8/1 - 8/31 115 44 14 31 1478
9/1 - 2/28 80 35 65 171 2763
3/1 - 4/14 115 32 15 44 864

8667

Source:

Notes:
AF = acre-feet
cfs = cubic feet per second
ISF = in-stream flow

Percent of Days on 
Record Below ISF

Total

USGS Streamflow Data for San Miguel River at Uravan gage.  Period of Record 1954-2008 with gaps (10-1-1962 through 9-30-1973 
and 10-1-1994 through 8-29-1996).

Table 1. Number of Days Flow in River is Less than the Proposed ISF Values

DRAFT

Average AF of Potential 
Lost Diversion

 San Miguel River at Uravan Gage

Date Proposed 
ISF (cfs)

Average Number of 
Days below ISF

Maximum Number of 
Days below ISF

Bikis Water Consultants
04/20/2009
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Figure 1.  Proposed ISF Filings for the Lower San Miguel River
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Figure 3a.  Comparison of Flow at Uravan in 2000 to proposed ISFs
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Figure 3b.  Comparison of Flow at Uravan in 2001 to proposed ISFs 
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Figure 3c.  Comparison of Flow at Uravan in 2002 to proposed ISFs
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Figure 3d.  Comparison of Flow at Uravan in 2003 to proposed ISFs 
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Figure 3e.  Comparison of Flow at Uravan in 2004 to proposed ISFs
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Figure 5. Comparison of Flows Which Meet R2CROSS Hydraulic Criteria
(70% Wetted Perimeter - Average Depth 0.6 Feet, Average Velocity 1 Foot/Second)
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Appendix 1 
Photographs



Lower San Miguel River Photographs

 

October 8, 2008 and March 17, 2009

Photo 1. Cross-section 1 was in riffle in foreground.

Photo 2. Riffle at Cross-section 1.  Note flow covering nearly 
all of the channel bottom.
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Lower San Miguel River Photographs

 

October 8, 2008 and March 17, 2009

Photo 3. Lower part of riffle at cross-section looking downstream. 
Note relatively uniform flow.
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Lower San Miguel River Photographs

 

October 8, 2008 and March 17, 2009

Photo 4. Cross-section at riffle. 

Photo 5. Cross-section looking downstream.  Note flow (69 
cfs) covering most of the channel bottom.
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Lower San Miguel River Photographs

 

October 8, 2008 and March 17, 2009

Photo 6. Riffle at cross-section 6. Note larger substrate and 
flow (69 cfs) covering most of the channel bottom.

Photo 7. Cross-section 6 from opposite bank.
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Appendix 2 
Channel Cross-sections 
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Lower San Miguel River
Section 2
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Lower San Miguel River
Section 3
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Appendix 4 
R2CROSS Model Run Results by BWC 
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The CDOW and BLM welcome the independent review by Bikis Water Consultants of the information provided 

by the CDOW and BLM to support our instream flow recommendation for the lower San Miguel River.   We have 

reviewed the “Evaluation of Technical Basis for Lower San Miguel River CWCB Instream Flow 

Recommendations” report prepared by Bikis Water Consultants LLC (Bikis Report).    Our detailed analysis is 

provided below.   The primary conclusions of our review are as follows:  

The Bikis Report adopted inappropriate hydraulic criteria when using the R2CROSS model to determine

the flows required to preserve the natural environment to a reasonable degree.

The Bikis Report applied these inappropriate hydraulic criteria when evaluating the CDOW/BLM

modeling work.

The Bikis Report ignored the “modeling range of accuracy” limitations of the R2CROSS model when

suggesting alternative flow recommendations.

The Bikis Report appeared to utilize incorrect field techniques when gathering data for R2CROSS

modeling runs.

The Bikis Report flow recommendations protect substantially less habitat than the CDOW/BLM flow

recommendations and do not preserve the natural environment to a reasonable degree.

1. Application of Instream Flow Methodologies

We believe that the Bikis report exhibits a general misunderstanding of the fundamentals of the instream flow 

methodologies (PHABSIM and R2CROSS) used by CDOW & BLM.  The CDOW/BLM study modeled an 815 

foot representative reach of stream incorporating different mesohabitat types, including pools, runs, glides and 

backwaters.   CDOW/BLM analyzed multiple habitat types because all of these habitat types are critical for the 

targeted three species of concern, roundtail chub, bluehead sucker and flannelmouth sucker.  The CDOW/BLM 



study included a biological component, which consisted of habitat suitability curves for bluehead and 

flannelmouth sucker derived from extensive research relating to the habitat preferences of these species.   These 

curves identify habitat attributes that are preferred by the species they are specifically developed for and generally 

relate to hydraulic characteristics  such as velocity, cover and water depth.  The BLM/CDOW study also included 

a hydraulic component, compromised of a series of one-dimensional cells linked together to incrementally model 

hydraulic parameters.  Each cell represents hydraulic components found in that cell, such as velocity and depth.   

The habitat and hydraulic components were used in combination to measure the amount of suitable habitat 

available to these species over a range of flows.  Habitat availability was measured by a standard index called 

Weighted Useable Area (WUA).   

CDOW and BLM also incorporated the R2CROSS hydraulic model as a cross-check in the development of the 

flow recommendations.   The R2CROSS model is single-transect model designed to examine only hydraulic 

characteristics found in riffles, which is only one of the habitat types used by the target species.    The CDOW 

derived R2CROSS model hydraulic criteria for bluehead suckers from the habitat suitability curves.  However, 

because the R2CROSS model analysis only identified habitat suitability for bluehead suckers in riffle 

environments, CDOW/BLM relied on their more detailed PHABSIM analysis which incorporated the habitat 

requirements of both bluehead and flannelmouth suckers for all habitat types including riffles, pools and runs to 

develop their instream flow recommendations.  The Bikis Report relied solely upon the R2CROSS model.   

CDOW and BLM conclude that placing exclusive reliance on R2CROSS modeling in this situation is 

inappropriate because it does not consider habitat requirements for the flannelmouth sucker and it does not 

consider the other important habitats (pools and runs) used by these species.   CDOW and BLM concluded that 

use of the R2CROSS model was beneficial in assisting in developing seasonal flow recommendations after 

incorporating their weighted usable area habitat and historical water availability analysis.   

2. R2CROSS Hydraulic Criteria

The Bikis Report acknowledges that “specific hydraulic criteria for bluehead suckers were derived by Stewart, et 

al 2005, and these criteria for “marginally suitable” habitat are as follows: Average Depth = 1.0 Feet and Average 

Velocity = 1.3 feet/second” (page 3).  However, the Bikis report, without justification, chose to use the following 

hydraulic criteria: Average Depth = 0.6 Feet and Average Velocity = 1.0 feet/second (page 2).   This arbitrary 

reduction in hydraulic criteria reduces the Average Depth criteria by 40% and Average Velocity criteria by 23% 

from the CDOW-developed hydraulic criteria for bluehead suckers.

The CDOW and BLM hold that limiting the average depth criteria to 0.6 feet for these species and for this 

segment of the San Miguel River is an incorrect application of the R2CROSS Criteria developed for bluehead 

suckers.  The CDOW and BLM take the position that if flow recommendations are based solely on the results of 

the R2CROSS model and do not incorporate other habitat suitability criteria than only the specie specific 

hydraulic criteria should be used in the analysis.  However, CDOW and BLM accept that the average depth 

criteria standard of 1.0 foot could be modified, if other PHABSIM habitat criteria are considered, by the accepted 

R2CROSS practice of using the average depth calculated from 1% of the measured bankfull top width.  For 

example, if the measured top width was 70 feet then the average depth criteria would equal 0.7 feet, if it was 80 

feet then the average depth criteria would equal 0.8 feet.

As Figures 1 and 2 below show, 325 cfs maximizes the amount of useable habitat for flannelmouth sucker (WUA 

= 24,104 units or 36% of total area) and provides substantial useable habitat for bluehead sucker (WUA = 40,352 

units or 60% of total area).    Because the PHABSIM/RHABSIM data only quantified suitable versus unsuitable 

hydraulic habitat as a function of discharge, CDOW and BLM staff used the results of the R2CROSS Model to 

assist in developing the late summer/fall/winter instream flow recommendations of 170 cfs, 115 cfs and 80 cfs.  

Using the hydraulic criteria developed for bluehead suckers for the R2CROSS model at the Cross Section #1 

representative riffle site: 170 cfs summer flow meets the 1.0 foot average depth criteria and exceeds the 1.3 ft/s 

velocity criteria (WUA = 24,750 units of 40% of total area); 115 cfs fall/winter flow meets the average depth 

criteria calculated from 1% of the measured bankfull top width (this method is routinely used for instream flow 

recommendations for trout) by providing on average 0.8 feet of depth and velocities over 1.3 ft/sec (WUA = 

15,271 units or 26% of total area).  The fall/winter flow recommendation was further reduced to 80 cfs, for the 

time period of September through February, due to water availability concerns.  It should be noted however, that 



80 cfs still maintains adequate velocity (approximately 2.5 ft/sec), a wetted perimeter of almost 60% and an 

average depth of nearly 0.7 feet (WUA = 8,924 units or 16% of total area).  

 Figure 1: Bluehead Sucker WUA vs Discharge 

Figure 2: Flannelmouth Sucker WUA vs Discharge 

3. Bikis Analysis of CDOW/BLM Flow Recommendations

The Bikis Report uses erroneous hydraulic criteria to evaluate the CDOW and BLM modeling analysis. The Bikis 

report states that “the results for [cross] section 1 [collected] by CDOW/BLM show that two of three criteria are 

provided at a flow of 73 cfs, where the average depth is 0.6 feet and the average velocity is greater than 2.5 

[ft/sec]”.  As was pointed out earlier, if the R2CROSS model is used alone, the recommended application of the 

average depth criteria is 1.0 foot to provide marginally suitable habitat or at the very least calculating the average 

depth criteria using the 1% of the measured bankfull top width method should be used.  The Bikis Report 

provides no justification for why the hydraulic criteria developed specifically for bluehead suckers was reduced to 

0.6 feet.    

The Bikis Report erroneously applies R2CROSS hydraulic criteria to habitat types outside of the capabilities of 

the R2CROSS model.  Specifically, the Bikis Report, on page six, incorrectly applies data collected by CDOW & 

BLM to justify their conclusions that lower flow amounts would satisfy the needs of the natural environment.  

The Bikis Report states the “R2CROSS results for other sections by CDOW/BLM show considerable variability 

in the amount of flow which meets the hydraulic criteria”.  However, the Bikis report does not acknowledge that 



some of the cross section data collected by CDOW and BLM were collected in different mesohabitat types (i.e. 

pools, runs, glides) rather than in a standard reference riffle as used in an R2CROSS Analysis.  In addition, some 

of CDOW/BLM cross-sections were located on stream meanders.  One would expect the hydraulic characteristics 

of a critical representative riffle to vary considerably from the hydraulic characteristics of a pool, run, glide or 

backwater.  This variation of hydraulic characteristics is the reason why different species prefer different 

mesohabitat types and further justifies the use of a model that is capable of modeling such variable habitat.  The 

CDOW /BLM chose the PHABSIM model for the San Migule River for that reason.  Using hydraulic criteria 

designed for use in riffle habitat in pool, run or glide habitat is an incorrect application of the R2CROSS 

Methodology.   

The Bikis Report also ignores the predicted accuracy range of the R2CROSS model when concluding that the 

CDOW/BLM modeling effort “indicates a high level of uncertainty in the quantity of flow necessary to protect 

the natural environment.”   In arriving at this conclusion, the Bikis Report compares the 2 of 3 criteria winter flow 

recommendations from cross section 7 with the 3 of 3 criteria summer flow recommendation from cross section 4.    

The CDOW/BLM study measured flows at 100 cfs, 175 cfs, 325 cfs and 450 cfs.  The expected accuracy range of 

modeled streamflows would be 40 cfs (40% of 100 cfs) to 1,125 cfs (250% of 450 cfs).  This accuracy range is 

standard for models using the Manning’s “n” coefficient to predict streambed roughness.    Instream flow 

recommendations based on instream flow criteria which are met outside of the 40 cfs to 1,125 cfs range are 

suspect because of the ability of the model to accurately predict velocity and discharge without an accurate 

estimate of streambed roughness at lower stages.    

For example, the Bikis Report references a flow of 28 cfs without stating this flow would fall outside the accuracy 

range of the hydraulic model used.  The Bikis Report also states the flow of 28 cfs at cross-section 7 satisfies 2 of 

3 R2CROSS hydraulic criteria.  CDOW/BLM review of this cross-section did not support this conclusion.  Based 

on staging table data for cross-section 7 and assuming the modeled hydraulic characteristics are accurate, a flow 

of 28 cfs results in an average depth of 1.2 feet, an average velocity of 0.72 ft/sec, and a percent wetted perimeter 

of 45%.  Only one of these values (average depth) meets the standard hydraulic criteria.  In addition, this cross-

section is not valid for use with the R2CROSS Methodology because it was not considered a representative 

critical riffle.  

The Bikis Report also claims a flow of 431 cfs is required to meet 3 of 3 R2CROSS hydraulic criteria at cross-

section 4.  After further review, the CDOW/BLM calculations did not agree with those in the Bikis Report .  It is 

important to recognize that cross-section 4 was located in a run on a meander bend (a high percentage of the flow 

is located on one side of the cross-section) and thus should not be used with the R2CROSS Methodology 

designed for a critical hydraulic control feature.  Even if this inappropriate application of R2CROSS on a meander 

bend is acknowledged, the Bikis report conclusions are still inaccurate.   All 3 R2CROSS hydraulic criteria would 

be met at 605 cfs, not 431 cfs, as stated in the report.       

4. Field Work Conducted for Bikis Report

The Bikis Report bases its instream flow recommendation on R2CROSS Model estimates of the hydraulic 

characteristics at one cross-section location surveyed on two occasions (October 8, 2008 and March 17, 2009).  

CDOW and BLM conclude that the field data collection techniques may have been erroneously applied in this 

location.   

The graphs of the channel cross-sections performed by Bikis, as shown in Appendix 2, indicate the total bankfull 

top width measurement was in error.  The left top of bank grassline elevation (ordinary high watermark) of each 

surveyed cross-section was omitted from their surveys.  The graphs clearly, and it is assumed correctly, identify 

the “ordinary high water mark” or bankfull condition on the right bank of each graph, but fail to identify the same 

on the left bank of each graph.  The distance between these two “ordinary high water marks” is the bankfull top-

width that is used in the R2Cross Methodolgy to calculate % Wetted Perimeter and Average Depth (if the 1% of 

bankfull method is used).   

This error in data collection leads to errors in the calculations used to determine the flow required to meet the 

three key hydraulic criteria identified in the R2CROSS Methodology, (percent wetted perimeter, average velocity 

and average depth).  An error of this sort would affect R2CROSS hydraulic criteria estimates by underestimating 



bankfull width.   Underestimation of bankfull width would lead to errors in determining the flow required to meet 

the 70 percent wetted perimeter criteria and the average depth criteria, if based on 1% of measured bankfull width 

method.   

An error in identifying bankfull width would also produce errors in correlating modeling results with actual flow 

rates found in the San Miguel River.   The staging tables in Appendix 2 of the Bikis Report indicate a range of 

modeled maximum of bank full flows from 334 cfs to 392 cfs.  Bankfull flows calculated by the model should 

generally reflect average annual peak flows, as indicated by stream gage data.   In contrast, the water availability 

graphs of the Bikis Report show flows regularly exceeding 500 cfs at Uravan in the driest years of record.  In 

addition, data from the San Miguel River at Uravan Gage for the month of May reveals median flow to be 

approximately 943 cfs and average flow to be 1,142 cfs.   CDOW and BLM conclude that erroneous field 

measurements by Bikis did not correctly identify the bankfull channel.  

It should also be noted that the Bikis Report did not provide the hydraulic data from the four additional cross-

section graphs mentioned in the report.  It would be useful to examine these data and their analysis, especially 

cross-section #3, to ascertain the consistency of data collection and analysis.   

5. Summary

The Bikis Report recommends flows of 88 cfs and 11 cfs to satisfy the instream flow needs of the San Miguel 

River.  The basis for this flow recommendation is data collected at one cross-section at two different flow rates.   

The CDOW used their PHABSIM model to calculate the amount of useable area provided by the Bikis Report 

flow recommendations.  This analysis shows 88 cfs provides a WUA of approximately 10,367 units (18% of total 

area) and 11 cfs provides a WUA of only 155 units (0.5% of total area).  The CDOW/BLM flow 

recommendations provide a WUA of 40,352 units at 325 cfs (60% of total area), WUA of 24,750 units at 170 cfs 

(40% of total area), WUA of 15,371 units at 115 cfs (26% of total area) and WUA of 8,924 units at 80 cfs (16% 

of total area).  The Bikis Report’s flow recommendation of 88 cfs only protects 26% of the habitat that is 

protected by the CDOW/BLM flow recommendation of 325 cfs and their 11 cfs recommendation protects less 

than 2% of the habitat protected by the CDOW/BLM flow recommendation of 80 cfs.  It is our opinion that Bikis 

Report flow recommendations would not protect a sufficient amount of habitat to maintain naturally reproducing 

populations of bluehead and flannelmouth sucker or roundtail chub.       
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