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gage statistics and, in turn, suggest alternative flow values. Altered watersheds will exhibit 
altered hydrographs, gage data, and medians. 
 
2. Connecticut Minimum Flow Standards 
 
Developer: Connecticut Department of Environmental Protection (DEP) 
 
Summary: Connecticut’s Minimum Stream Flow Standards established, in 1977, establish 
minimum flow standards and variance procedures for all fish-stocked river and stream systems. 
These regulations, found in Regulations of Connecticut State Agencies Section 26-141a, use a 
table to determine the required daily average releases from the impoundment based on the 
percent of safe yield utilized. For existing impoundments the regulation required releases of 
between 0.01 and 0.20 cubic feet per second per square mile of drainage area (cfsm). For new 
impoundments, the regulations specify releases of between 0.02 and 0.25 cfsm. In any event, 
these regulations require no more than one half of the August base flows recommended by the 
FWS ABF policy (Apse, 2000). 
 
Assumptions: The biological/technical basis for the required releases is not clear. 
 
Use in New England: Connecticut only. 
 
Strengths: 
 
Limits and Constraints: The instream flow standard applies to waterbodies that are designated as 
a stocked watercourse and tributaries to a stocked watercourse. There are few watercourses so 
designated and even these do not always have enforceable flow standards. Diversion or 
impoundment operators can be exempted from these regulations by petitioning the 
Commissioner of Environmental Protection. These regulations are seen by state agency staff as 
being difficult to implement and even more difficult to enforce.  Additionally, the Minimum 
Stream Flow Standards do not address groundwater withdrawals.   
 
3. Tennant Method 
 
Developer: Donald Tennant, FWS, in Montana. 
 
Summary: Based on percentages of average annual flow (AAF) derived from estimated or 
measured hydrologic records. Narrative descriptions of flow include flushing, optimum range of 
flow, outstanding, excellent or good habitat down to fair or poor habitat and severe degradation. 
Recommendations are given for April- September and October - March periods. 
 
Assumptions: Various percentages of average annual flow are appropriate for maintaining habitat 
quality, that the time periods for providing different levels of flow are appropriate and if properly 
calibrated is transferable from the streams Tennant used to develop the method. 
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Use in New England: 
 
Strengths: Low level of effort, however, field effort is required if the user desires to calibrate or 
adjust on a regional or site specific scale. 
 
Limits and Constraints: (See IFC 2002) AAF developed from hydrologic data, thus 
recommendations are only as good as data. Developed for western streams; not tested in eastern 
waters. Where hydrologic records are simulated from other basins, ranges in confidence intervals 
arise. Average annual flow does not represent season patterns in hydrology. 
 
4. Range of Variability Approach  
 
Developer: The Nature Conservancy 
 
Summary: This approach is an extension of the Nature Conservancy’s Index of Hydrologic 
Alteration (IHA). Target streamflows are determined by identifying an appropriate range of 
variation in each of the IHA’s 32 indicators. 
 
Assumptions: That the full range of natural variability in the hydrologic regime is necessary to 
conserve aquatic ecosystems. 
 
Use in New England: US Geological Survey (USGS), Ipswich river habitat assessment report 
(Armstrong et al. 2001)and Usequepaug-Queen River Rhode Island (in preparation), 
Massachusetts Stressed Basins Technique, various site specific studies. 
 
Strengths: Allows managers to develop flow targets and river management strategies without 
long-term ecological data. Application requires that strategies and targets be revisited once 
ecological data have been collected and implemented. 
 
Limits and Constraints: Availability of adequate streamflow records that limit applicability of all 
IHA parameters. Default statistical derivation of natural variability (mean plus or minus one 
standard deviation) may not work where hydrological data is not naturally distributed (e.g., 
highly altered flow regimes). 
 
5. Wetted Perimeter Approach  
 
Developer: Multiple developers including Nelsen (1984). 
 
Summary: Wetted perimeter in riffles is graphed versus flow. Wetted perimeter is that distance 
along the stream bottom measured from the wetted edge on one side to the wetted edge on the 
other side. The “breakpoint” on the graph is the flow recommendation. Some applications use 
computer programs based on Manning’s equation to compute the stage-discharge relation for a 
cross section. 
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Assumptions: Assumes that adequate habitat is provided by the flow that wets the channel 
bottom and begins to rise up the banks. 
 
Use in New England: USGS Ipswich habitat assessment report (Armstrong et al. 2001) and 
Usequepaug-Queen River Rhode Island (in preparation).  Maine DEP uses a modification of this 
approach for river macroinvertebrate protection. 
 
Strengths: Relatively easy to measure. Useful if only “low” flow prescriptions are needed. 
 
Limits and Constraints: Used primarily to develop a low flow standard (summer and fall) and 
does not address intra- or inter- annual variability. Several visits (10 or more) to site at different 
discharges are necessary if empirical relations are to be used.  Fewer needed if computer 
simulations are developed. 
 
6. R-2 Cross or Habitat Retention 
 
Developer: Nehring (1979) 
 
Summary: Habitat is assessed based on hydraulic criteria measured in critical areas of streams 
such as riffles. Stream flows required for habitat protection are determined from flows that meet 
criteria for three hydraulic parameters: mean depth, percent of bank full wetted perimeter and 
average velocity. 
 
Assumptions: Assumes that a discharge chosen to maintain habitat in the riffle is sufficient to 
maintain fish habitat in nearby pools and runs for most life stages of fish and invertebrates 
 
Use in New England: USGS Ipswich habitat assessment report (Armstrong et al. 2001) and 
Usequepaug-Queen River Rhode Island (in preparation). 
 
Strengths: Relatively easy to measure. Requires site-specific data at one or more transects. 
Computer generated hydraulic characteristics are needed. 
 
Limits and Constraints: Used primarily to develop a low flow standard (summer and fall) and 
does not address intra- or inter- annual variability. 
 
7. Connecticut Aquatic Base Flow Method (Apse Method) 
 
Developer: Colin Apse, Yale University 
 
Summary: Uses a two tiered approach. Table 1 lists the 10 rivers and gauges used in the method, 
whereas Figure 1 shows the contributing watersheds to these gages. 
 
Tier One: Uses a median of mean daily flows for each month for unregulated rivers throughout 
Connecticut. These values would apply on a monthly basis to all months except July, August and 
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September. The summer standard would be calculated from the median of mean monthly flow, 
averaged for all unregulated rivers in CT.  Tier Two Allow and encourage water developers to 
adopt an alternative standard that incorporates natural variability. Potential include the 
percentage-based approach (Whittaker and Shelby, 2000), trigger flow method and RVA. 
 
In addition, a provision to include flushing flows should be considered on a watershed by 
watershed approach. This could include several days of flows at 3.75 cfsm. 
 
Assumptions: As this is a refinement of the FWS ABF approach (i.e. based on Connecticut 
hydrology statistics),it is implicit that biological assumptions mirror those of the FWS ABF . It 
assumes that Connecticut streams have hydrologic cycles that are identifiable and differ from 
other regions within New England.  Assumes flow in gaged basins is truly natural. 
 
Use in New England: none, as yet. 
 
Strengths: Statistics are based on local watershed data. 
 
Limits and Constraints: Median statistic not necessarily related to habitat suitability.  The 
method does not address natural variability among streams in Connecticut. 
 
[The following two techniques can be used to estimate daily flow statistics, which in turn can be 
used to estimate monthly flow statistics.  These techniques can be applied to Step 2b of the 
interim method approach described in section III of the Subcommittee report entitled 
“Recommendation – Interim Method”].  
 
8. QPPQ Transform Method 
 
Developer: Fennessey (1994) 
 
Summary:  A procedure that generates daily streamflow at an ungaged site using data from flow 
in gaged, unregulated basins in the northeast.  A regression approach that includes watershed 
variables such as main stream channel slope, watershed relief, precipitation, and soil-moisture 
retention. 
 
Assumptions:  Flow in the gaged basins is truly natural. The wide range in settings in the 
northeast will cover all possible situations in Connecticut. 
 
Use in New England: Quinebaug River MesoHABSIM study, several studies in Massachusetts. 
 
Strengths: Generates daily hydrograph, generates site-specific statistics; relatively simple to use. 
 
Limits and Constraints:  It is not clear that watershed conditions in the large northeast 
area(Pennsylvania to Maine) provide a reliable basis for determining flows for Connecticut 
streams. 
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9. Rainfall-Runoff Models 
 
Developers: Stanford Watershed Model, Crawford and Linlsey (1966); National Weather Service 
River Forecast System model; Hydrocomp (Hydrological) Simulation Package FORTRAN 
(HSPF), Hydrocomp, Inc. 
  
Summary: These models generate daily flow at ungaged sites by representing the passage of 
precipitation on the watershed through the soil layers and ultimately to the stream channel. 
 
Assumptions: Most accurate estimates of flow in a steam are generated from data on that stream. 
 
Use in New England:  Connecticut River, Nashua River, and Ware River in Massachusetts 
(NWSRFS); Ipswich River in Massachusetts (HSPF). 
 
Strengths:  Uses features of the target basin to develop estimates of flow for that basin. Ability to 
vary parameters to generate natural (pre-anthropogenic influence) runoff. Incorporates water-
quality modeling routines.   
 
Limits and Constraints: Estimates of many parameters are required as input data making the 
procedure time consuming and costly. 
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Appendix C – Excerpts from Presentation of  Piotr Parasiewicz on the MesoHABSIM 
Approach 
 
Obviously, with our present tools, we are not able to measure all of the microhabitats in a given 
river. The common approach is therefore to sample microhabitats in selected sites, which is 
much more manageable, and then follow the above framework to generalize the results to the 
right scale.  
 
There are two techniques used to extrapolate microhabitat information into larger units according 
to the above scheme.   
 
The less-common approach of “mesohabitat typing” involves the measurement of hydraulics 
along cross-sections within hydromorphologic units such as riffles or pools. The proportions of 
hydromorphologic units in the reach are determined by detailed mapping or measurements taken 
at random. To define the character of the reach, the average habitat values calculated for sampled 
units are summarized proportionally. The same procedure is used to extrapolate the character of 
reaches into the segment scale, and so on.   
 
The other method is called the “representative site approach” and is used much more often.  It 
involves selecting a site that is “typical” for river reach, and assuming that the remaining part of 
the reach is similar to the selected site.  This method is often abused, however; in an attempt to 
respond to the growing demands on watershed management techniques, the “reaches” become 
progressively longer and representative sites  become shorter. 
 
The attempts to use this method on the Quinnebaug River in Massachusetts and Connecticut 
were not successful due to the river’s high level of variability. The change in physical 
characteristics that Quinebaug exhibits every few meters, indicated that to measure the river 
properly would require a great deal of effort.  These difficulties proved to be pivotal in leading to 
the development of MesoHABSIM that led to the development of MesoHABSIM.  
 
In actuality, MesoHABSIM is not drastically different from previous methods. Borrowing from 
the mesohabitat-typing approach, it shifts from precise hydraulic measurements and hydraulic 
modeling to mesohabitat mapping and multiple observations. The underlying goal of 
MesoHABSIM is to operate in a scale that has more biological than hydraulic justification. 
Many recent studies have demonstrated the high biological relevance of the mesohabitat scale. It 
has also been recognized that species composition within mesohabitats is very unique and there 
is a much greater difference in species abundance and composition between mesohabitats than 
there is between the microhabitats within these units.  
 
We have also realized that although hydromorphological units form the shape and hydraulic 
character of mesohabitats, they alone cannot fully describe the habitat settings. To determine the 
mesohabitat conditions they need to be combined with other parameters that provide cover and 
shelter. In other words, one must recognize that a pool with woody debris can be a different 
mesohabitat than a pool without woody debris. 



 

 38

Appendix D – Water Supply Impacts Discussion 
 
[NOTE:  The following is an analysis of potential impacts to water supply only.  Strategies to 
mitigate these potential impacts, as recommended by the Subcommittee include water 
conservation, effective demand side management, effective stormwater management, etc.] 
 
On June 13, 2002, Dr. Neil M. Fennessey (2002) presented the results of a computer simulation 
model assessment of the potential impact of the proposed inflows equal outflows instream flow 
operating rule (IFR).  The rule is described in III. Interim Instream Methods.  Applying the 
proposed monthly instream ecological flow goal statistic as the trigger for the IFR operationally 
is as follows.  When the inflows upstream of a diversion fall below the monthly ecological flow 
goal rate, the project outflows (downstream releases) must equal the project inflows.  When the 
project inflows exceed the monthly ecological flow goal rate, the project must release and/or 
spill at least this rate.  For those diversions that are incapable of releasing water from storage, 
such as groundwater source systems, they would have to wait for the streamflow to rise above 
the monthly ecological goal rate before being allowed to turn on their pumps.  Although highly 
protective of downstream uses, the potential impact on withdrawers would be significant.   

Over a long period of time by statistical definition, a groundwater supply system would be 
required to cease withdrawing water at least half the time during the months of October-June if 
the Apse (2002) monthly statistics are used.  During the months of July-September, these 
systems would be required to cease withdrawing water approximately sixty percent of the time 
(V. deLima, USGS, 2002, Apse median of monthly mean equivalent daily percentile estimates, 
daily Q40).   

Dr. Fennessey showed the Committee that if a very small reservoir system was required to adopt 
the outflows equal inflows IFR, that reservoir’s safe yield (a measure of reliability) would fall to 
10% of what that reservoir would be rated for before adopting the proposed IFR.  If a system 
with a very large reservoir was required to adopt the outflow equal to inflow IFR, that reservoir’s 
safe yield would fall to 40% of what that reservoir would be rated for before adopting the 
proposed IFR. See Tables D-1.1 and D-1.2. 

If either system’s water use was equal to the safe yield, to operate with the same level of 
reliability, the small reservoir system users would need to cut their water usage by 90%.  
Similarly, the large reservoir users would have to cut their water usage by 60%.  In order to 
maintain the same level of service and reliability, any system that could not trim water usage to 
this degree would be forced to build additional reservoirs or find alternative, additional sources 
of supply.  Figure D-1 shows the results of Dr. Fennessey’s computer simulation.  The Active 
Storage (MG/mi2) axis represents the volume of accessible water (million gallons) in a reservoir 
divided by its contributing watershed area (square miles).  The Firm Yield (mgd/mi2) axis 
represents the volume of water that can be withdrawn every day over a long period of time, 
divided by the source reservoir’s contributing watershed area (million galls per day per square 
mile).  The upper graph’s curves illustrate that as the reservoir volume increases, the safe yield 
does too, but not in a straight-line (linear) fashion.  The bottom graph curves show that the 
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degree of reduction in safe yield is very large for small reservoir but not as great for large 
reservoirs.  Table D-1 serves to summarize some of the information found in Figure D-1. 
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Figure D-1.  Sensitivity of Reservoir Yield to “Inflow Equals Outflow” Rule 
 
 

Table D-1.1 
Impact of Proposed “Inflow Equals Outflows” Rule on Water Supply Systems 

Comparison Between Present and Future Safe Yield 
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Table D-1.2 
Impact of Proposed “Inflow Equals Outflows” Rule on Water Supply Systems 

Percent Reduction in Safe Yield 
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Dr. Dan Sheer incorporated the proposed IFR using the Apse (2000) monthly statistics into a 
computer simulation model of the city of Waterbury multi-reservoir water supply system.  The 
current safe yield of Waterbury system (both the Shepaug River system and the Branch Brook 
system) drops from approximately 21 million gallons a day (including the current releases of up 
to 5 mgd (0.2 cfsm) made for the benefit of downstream users) to nine million gallons a day, 
which is seven million gallons below the system’s current average annual daily demand of 16-17 
mgd.  The results are shown in Table D-2. 
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Table D-2 

Impact of Proposed “Inflow Equals Outflows” Rule on City of Waterbury  
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These results support the Committee’s recommendation that any proposed instream flow rule be 
fully tested through economic, mathematical and computer simulation before being considered 
for application as a standard. 

[The following is excerpted from 7/2/02 Water Allocation Task Force Report Appendix A, 
Ecological Needs – Need for a CT Instream Flow Standard (MacBroom and Jacobson)] 
 

Implementation of minimum releases at reservoirs to maintain downstream flow rates, or 
increases in minimum release rates, can have a significant impact upon water supply safe 
yield and could increase the need for additional sources. Reservoirs in turn have a substantial 
impact on downstream aquatic ecology if they do not release adequate flows. 

 
For example, the often discussed release rate of 0.2 cubic feet per second per square mile of 
watershed area is equal to eleven percent of the mean annual runoff, and is larger that the 
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margin of safety (excess yield) of some water systems.  The U.S. Fish and Wildlife Service 
recommended Aquatic Base Flow of 0.5 cfsm is 28 percent of the mean annual runoff rate.  

 
Detailed studies were conducted of the potential impact of proposed stream flow releases 
upon the safe yield of the Hartford Metropolitan District Commission in the Farmington 
River Basin.  A continuous simulation computer model was used to analyze the reservoir's 
safe yield with and without the additional streamflow release.  It was found that the safe 
water supply yield of the 1960’s drought period would be reduced by 12.1 percent 
(MacBroom 1983). 

 
The potential water supply impact of instream flow releases is further highlighted by 
comparing them to regional reservoir yields.  The safe yield of New England large water 
supply reservoirs is typically about 600,000 gallons per day per square mile of watershed for 
the 1960’s droughts (NEWWA 1974; Soule 1969).  This typical safe yield is less than the 
total annual runoff because some flow spills over in wet periods and is not retained.  The 0.5 
cfsm ABF release rate is 53 percent of the typical safe yield, while the 0.2 cfsm release rate 
used in Connecticut’s Minimum Stream Flow Standards represent 21 percent of the safe 
yield. 

 
Much of the difficulty lies in the inability to forecast future precipitation and runoff conditions.  
During wet years, many reservoirs could be drawn down to release water for maintaining 
summer instream flows, then refill in the winter and spring.  However, reservoir operators are 
naturally reluctant to release water in dry summers because they do not know if it will be 
followed by a dry or wet winter.  By the time instream flow releases are reduced in water supply 
emergencies, much of the excess water is already gone. 
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Appendix E – Estimating Natural Daily Streamflow at Ungaged Sites  
 
[Note: This is not an endorsement by the Subcommittee of these methods but a summary of the 
presentation by Dr. Fennessey] 
 
On May 30, 2002 Dr. Neil M. Fennessey (2002b) made a presentation to the Subcommittee 
describing how to generate a long record of estimated daily flows at ungaged location, such as a 
site of an existing or proposed diversion.   

Currently, there are two ways available to generate a long record of estimated, natural 
(unregulated) daily flow data at ungauged locations in Connecticut.  Estimates of daily flows at 
ungauged locations are necessary to test the efficacy of proposed rules and regulations on the 
needs of riparian ecology and the potential impacts or changes that would be imposed on the 
regulated community.  The proposed instream ecological goal flow monthly statistics, suchs as 
Apse (2000), can be directly estimated from the data generated.  One techniques lies in the realm 
of rainfall-runoff modeling and the other is a special transformation of historic streamgauge 
observations referred to as the QPPQ transform. 
 
Rainfall-Runoff Models 
The Stanford Watershed Model (SWM) described by Viessman and Lewis (1996), developed by 
Crawford and Linlsey (1966), is recognized as the forerunner of today’s generation of physically 
based research and operational rainfall runoff models.  A lumped, physically based, deterministic 
approach to generating estimates of daily streamflow, represents the passage of precipitation 
upon the watershed’s water body surface, soil and vegetative surface then through the upper and 
lower soil layers and ultimate discharge into a stream channel.  It models direct runoff, soil water 
interflow and the slower responding baseflow.  Evapotranspiration is possible from both upper 
and lower soil layers.  Major parameters include the necessary specification of maximum storage 
amounts of tension and free water in each zone, the rates of passage between zones based upon 
storage volumes.  Requiring over 25 model parameters, including daily precipitation and 
evapotranspiration, SWM requires 3-6 years of daily streamflow data (i.e. a streamgauge) 
collected at the target location to calibrate the model, and then additional data to validate the 
model.  The model output is runoff with a daily time step.   
 
A variation of the SWM is the National Weather Service River Forecast System model.  Used for 
generating flood forecasts, the NWSRF model output timestep is 6 hours.  Kirshen and 
Fennessey (1995) used this version of SWM in conjunction with the 13 parameter National 
Weather Service Snow Accumulation and Ablation Model to generate daily flows in the 
Connecticut River, the Nashua River and Ware River in Massachusetts.  As described by 
Fennessey and Kirshen (1994), the NWSRF model requires estimates of daily evapotranspiration 
and the MWRA operations model requires estimates of reservoir evaporation, the Penman-
Monteith and Penman equations were used.  The Penman and Penman-Monteith models require 
NOAA First Order weather observatory data that in Connecticut, is available only in Hartford 
and Bridgeport, as described by Fennessey and Vogel (1996). 
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Hydrocomp, Inc developed a commercial version of the Stanford Watershed Model.  It was 
named the Hydrocomp Simulation Package (HSP) and incorporated water quality modeling 
routines.  In 1980, the US EPA funded the development of HSPF (Hydrocomp Simulation 
Package FORTRAN), the public domain version of HSP, changing the computer language from 
ALGOL to FORTRAN-77 and incorporating yet more water quality modeling routines.  With 
regard to generating ‘natural” runoff (i.e. pre-anthropogenic influence), several model 
parameters can be varied in HSPF.  These include:  (1) the impervious fraction of the watershed 
surface (2) Manning roughness coefficient for overland flow (SWM incorporates Kinematic 
Wave routing) (3) Manning roughness coefficient for impervious area; (4) surface storage 
capacity index; (5) fraction of watershed area covered by phreatophytes and (6) volume of water 
in swamp (wetlands) storage.  Parameters that drive the routines in HSPF must be estimated for 
all hydrological processes, making model calibration and validation a difficult exercise.  HSPF 
requires over 35 different parameters.  The Massachusetts Office of the USGS employed HSPF 
to explore alternative management practices in the Ipswich River basins.   
 
The QPPQ Transform 
Fennessey (1994) developed the QPPQ transform as an improvement over what is referred to as 
the watershed area ratio transform.  In the watershed area ratio transform, the runoff from an 
ungauged watershed is assumed to be a linearly scaled copy of the gauged watershed’s response, 
but otherwise identical in every other characteristic.  The scaling factor is the fraction the 
ungauged watershed’s area divided by the area of the gauged watershed.  It is widely recognized 
that there are other factors responsible for a watershed’s unique runoff signature, these 
differences being the motivation for the development of the Stanford Watershed Model. 
 
Recognizing the difficulty in calibrating and validating rainfall-runoff models, impossible in the 
absence of the required streamgauge, Fennessey developed the QPPQ transform, a procedure 
that generates daily streamflow at an ungauged site, which driven by an historic record of daily 
streamflow observed at an unregulated stream gauge.  The QPPQ transform, proven to be an 
improvement over the watershed area ratio transform, is applicable to New York, Pennsylvania, 
New Jersey and all of the New England states, including Connecticut.  It has been used in the 
past for several studies in Massachusetts and is currently being used to assess the firm yield of 
several water supply reservoir systems there as well.  The QPPQ transform has also been used 
for several studies in Connecticut, including the on-going Quinebaug River MesoHABSIM study 
collaboration between Cornell University and HYSR, Inc.   
 
Because the QPPQ transform generates daily flows at some chosen location on a stream or river, 
it is then a simple matter to generate site-specific streamflow statistics.  For example, the QPPQ 
transform can be used to develop a site-specific estimate of the US F&WS ABF median of the 
monthly mean daily streamflow or alternatively, the monthly median of daily flows (daily Q50, 
the C. Aspe (2000) October-June statistic), the monthly mean daily flow, or the weekly averaged 
or median daily flow or even the 7Q10 low-flow statistic, etc.  The QPPQ transform, more 
parameter parsimonious than the Stanford Watershed Model, requires site specific estimates of 
the contributing watershed area; average watershed elevation; main stream channel slope, 
watershed relief; the mean annual precipitation and the mean annual snowfall and the USDA 
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NRCS maximum soil moisture retention, P.  Parameter P, which is used to estimate the NRCS 
runoff curve number, CN, depends on both the soil’s hydrologic characteristics what that soil is 
covered with, such as forest, pasture, wetlands, ½ acre developed building lots, etc.   
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