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Abstract
The headwaters of the Flambeau River in northern Wisconsin have resisted traditional
hydrologic analysis in the past because of an indeterminate drainage pattern and a lack of historic hydrologic data. Geographic information system (GIS) analyses of soil distributions, land
cover, and topography provided the basis for a conceptual watershed model. Further spatial
analysis of historic storm data permitted validation of that model. Spatial topographic analysis
also allowed the extension of observed storage effects to Probable Maximum Flood (PMF) levels. As a result of these analyses, the existing watershed model for computing the PMF was
modiﬁed, leading to signiﬁcant changes in the computed PMF.

Background

The headwaters of Wisconsin’s Flambeau River are in an area of lakes, open and forested wetlands, and dry upland forests having little overall relief and few visible signs of overland drainage. The Turtle-Flambeau Dam is an embankment dam with a small gated spillway
located at the downstream boundary of this region, at a drainage area of roughly 600 square
miles. Turtle-Flambeau and a smaller upstream dam, Rest Lake Dam, were constructed early
in the twentieth century to provide lake level control over natural chains of lakes. Historically,
ﬂooding in the region has been mild. The dams’ spillway capacities substantially exceed
Wisconsin requirements and the dams’ capacity to store or pass extreme ﬂoods has not been
viewed as a serious safety concern.
Rest Lake Dam and Turtle-Flambeau Dam are operated by the Chippewa Flambeau
Improvement Company (CFIC). Because of its connection with the operation of downstream
hydropower projects, Turtle-Flambeau Dam is currently inspected and evaluated under the
Federal Energy Regulatory Commission’s (FERC) Engineering Guidelines for the Evaluation
of Hydropower Projects, leading to the requirement to determine the PMF inﬂow and outﬂow at
the dam.
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Past efforts to construct and validate runoff models for the watershed have been frustrated by several conditions, especially:
• High ﬂow events are long and diffuse and are recorded only through daily lake-level and outﬂow readings at the dams
• There is only one hourly rain gage within the Turtle-Flambeau basin and its record
is incomplete
• The drainage basin, dominated by questionably interconnected lakes and wetlands, is unlike
any gaged area in the region to which it might be compared
• Flow paths, directions, and drainage divides are difﬁcult to deﬁne or measure
Notwithstanding these difﬁculties, a PMF was computed in 1998 for the Turtle-Flambeau
Dam, using regional unit hydrograph relationships and loss function assumptions derived from
digital State Soil Geographic (STATSGO) series soil maps. The 1998 PMF slightly exceeded
the dam’s spillway capacity and its computation methods did not meet FERC guidelines, as
revised in 2000.

Figure 1: Turtle-Flambeau watershed map

Overview of Study

To address the spillway adequacy issues existing in the context of FERC requirements,
CFIC initiated a detailed hydrologic model study of the watershed above Turtle-Flambeau
Dam, which has a nominal drainage area of 622 square miles.
The new analysis of the Turtle-Flambeau watershed has four important components that
affect the simulation of extreme ﬂoods:
• Subdivision of the watershed at Rest Lake Dam (Figure 1)
• Electronic measurement and modeling of the
impoundment storage above both Rest Lake and
Turtle-Flambeau Dam, particularly the areas that are above normal operating levels but below the minimum overtopping elevation
• Electronic measurement of areas that are topographically capable of delivering direct runoff
to the Flambeau River
• Assessment of historic storms and runoff to develop
a better understanding of how high runoff events develop in the watershed

Watershed Characteristics and Streamﬂow Data

The watershed of the Flambeau River at Turtle-Flambeau Flowage is a heavily forested,
low-relief landscape with abundant lakes and wetlands, mostly within Vilas County, Wisconsin.
Some of the lakes and wetlands are hydraulically connected to the river, but others are internally draining “pothole” features that would contribute to ﬂow in the river only through slow subsurface processes. There are no hourly stream gages within this part of the basin, and historic
inﬂow data for Rest Lake Dam and Turtle-Flambeau Dam must be developed by back-routing
daily recorded stages and outﬂows at those dams.
The maximum recorded daily outﬂow from the Turtle-Flambeau Dam was 3,440 cubic
feet per second (cfs), and occurred on two separate dates in 1939 and 1952. Daily back-routing analysis of more recent outﬂow data suggests that the corresponding daily average inﬂows
may have been around 6,000 cfs. Neither of the two maximum events was associated with
snowmelt. In contrast to the historic ﬂood of record, the PMF outﬂow computed in 1998 was
approximately 26,000 cfs.

Rest Lake Watershed Assessment

Rest Lake Dam, located approximately 18 river miles upstream of the Turtle-Flambeau
Dam, was constructed as outlet control for a series of natural lakes and connecting channels.
CFIC manages lake levels and outﬂows from the dam.
Initial characterizations of the Turtle-Flambeau watershed focused on the area above
Rest Lake for several reasons:
• In topography, land cover, and practical operational experience, this area is representative of
most of the Turtle-Flambeau basin
• The Rest Lake drainage area, about 243 square miles as reported by the US Geological
Survey (USGS), was a practical size for testing approaches to topographic and soils analysis

• The area is entirely represented in the SSURGO geographic soils database, which contains
speciﬁc information on the location of soil types. This is not true for the area downstream of
Rest Lake, which is partially mapped in STATSGO. STATSGO deﬁnes soils only at the “map
unit” level, with map units containing a speciﬁed percent composition of several soil associations
• Back-routing ﬂows and evaluating the sources of runoff are much more straightforward for a
relatively small watershed and small impoundment, and are not complicated by the presence
of upstream storage reservoirs
Initial map and ﬁeld investigations by CFIC, Mead & Hunt, and Gannett Fleming showed
that the watershed above Rest Lake Dam could be divided into four hydrologic categories:
open lakes interconnected by streams; wetland areas adjacent to and at approximately the
same elevation as open water; heavily forested, dry ground showing an irregular, hummocky
topography and lacking established drainage features; and internally draining depressions.
There was little or no physical evidence of overland runoff, such as drainage swales or differentiated vegetation. The only channel forms observed (either ephemeral or watered) were
those linking lakes to one another.
The ﬁeld observations prompted an analysis of historic 1937 aerial photographs (the
time of the last forestry clear-cut in the area); digital topographic, soils, land use, wetlands
maps; hourly rainfall isohyets for two storms; contributing basin runoff; and precipitation volumes to evaluate the signiﬁcance of overland runoff in ﬂood hydrographs at Rest Lake. The
review of the historic aerial photos conﬁrmed the observation made in the site visit that upland
drainage features have not formed in the landscape, even during a hydrologically stressed
condition of deforestation.

Classiﬁcation of Watershed Areas

A detailed GIS analysis for the Rest Lake and Turtle-Flambeau watersheds was undertaken by Gannett Fleming.
This analysis included the classiﬁcation of land areas in both watersheds into four categories corresponding to the site visit observations:
• Open water hydraulically connected to the Flambeau River system
• “Connected wetlands” – wetlands adjacent to connected open water
• “Connected uplands” – uplands (or isolated wetlands) situated in a topographic position that
could drain to connected water or wetlands
• “Isolated areas” – internally drained areas having no topographic potential to drain to the river
or connected wetlands
The determination of whether an area was topographically “connected” or “isolated”
was made through analysis of ﬂow paths in a digital elevation model. In this type of analysis,
a path traced downhill from any given point leads either to the river system (if the point is in a
“connected” area) or to an internal “sink” (when the starting point is in “isolated” land).

The percentage of the Rest Lake watershed falling into each of these categories is listed
in Table 1. The “nominal area” is the 231-square-mile area found to lie inside the outer basin
boundaries in Gannett Fleming’s topographic analysis.
Table 1
Rest Lake Watershed Area Classiﬁcations
Square Miles

Percent of
Nominal Area

Percent of
Contributing Area

Connected open water
(including reservoir)

34

15

17

Connected wetlands

51

22

26

Connected uplands

114

49

57

Isolated (topographically noncontributing) area

32

14

n/a

Area Type

Runoff Ratio Analysis

Daily outﬂow and stage data for Rest Lake are available in electronic format for the
period from 1994 to the present. Additional hard-copy data were reviewed for the period from
1970 to 1994. A back-routing analysis of the electronic record indicated that since 1994, the
24-hour inﬂow to Rest Lake has exceeded 1,000 cfs on only two occasions. The largest estimated 24-hour inﬂow was 1,500 cfs, occurring in April 2002 as a result of heavy rain, snowmelt, and possibly releases from ice-dammed areas upstream of Rest Lake. An estimated
daily inﬂow of approximately 1,100 cfs also occurred in May 2003. Although the May 2003
ﬂooding in the Rest Lake watershed was not damaging, as it was elsewhere in the region, Rest
Lake rose by 1.4 feet over several days and operators removed stoplogs to release a maximum ﬂow of 350 cfs.
As a preliminary evaluation of how runoff is generated in the Rest Lake watershed,
Mead & Hunt computed runoff ratios for the largest estimated inﬂow events since 1994. Each
direct runoff period was assumed to be seven days, unless a double-peaked rainfall or inﬂow
suggested a prolonged period of runoff. All inﬂows above the base ﬂow existing the day before
the rainfall began were assumed to be direct runoff. Precipitation was estimated from daily
totals at three climate stations surrounding the basin (exceptions were the storms of May 2003
and August 1978, for which more detailed precipitation data were available as discussed below). Snowmelt for the single snowmelt event was estimated from daily snow water equivalent
measurements at Rest Lake. Table 2 summarizes the computed runoff ratios for events since
1994. A ﬂood occurring in August 1978 is also included, as this was the largest event available
in the paper records from 1970 to 1993.

Table 2
Runoff Ratios for High Flow Events in Rest Lake Basin
Inches of Rain
on Rest Lake
Basin

Inches of Runoff,
Assuming 199-SquareMile Contributing Basin

Runoff as Percent of
Basin Total Rain

August 1978

3.5

0.68

0.19

September 1994

2.4

0.31

0.13

July 1999

3.3

0.32

0.10

July 2000

4.8

0.19

0.04

April 2002

6.1 - 7.1*

1.00

0.14 - 0.16*

July 2002

3.1

0.23

0.08

May 2003

3.5

0.73

0.21

Date of Storm

* Snowmelt added; range reﬂects assumed 10- and 20-percent snow water equivalents.

The highest computed runoff ratio is 0.21, occurring in May 2003, and the second highest is 0.19, occurring in August 1978. But Table 1 shows that 17 percent of the 199-squaremile contributing area is open water that is directly connected to the river and reservoir. In
other words, almost all of the measured direct runoff in the most severe events can be attributed to rain falling on open water. Only a very small contribution from other areas, such as the
connected wetlands, is needed to account for all of the direct runoff. It is clear that wetlands
have not historically functioned as impervious surfaces; nor could there have been a signiﬁcant
runoff contribution from low-permeability upland areas.
The two highest runoff ratios are not associated with exceptionally high rainfall intensities. Detailed analyses of these storms by Applied Weather Associates showed that the peak
rates of precipitation above Rest Lake were 1-inch per hour or less in both of these events. In
comparison, the 2-year, 1-hour, 200-square-mile precipitation for the Vilas County area is 0.95
inch, according to the Rainfall Frequency Atlas of the Midwest (Midwestern Climate Center
Bulletin 71). Almost certainly, rainfall intensities have signiﬁcantly exceeded those in the 1978
and 2003 storms, but they did not produce high runoff ratios. One such example is the storm
of July 2000, in which almost ﬁve inches of rain fell on the basin in a single day, but very little
runoff was produced. Storage in adjacent and connecting wetland areas could be an explanation for this storm’s low runoff ratio, which was much less than the fraction of open water in the
basin. Another possible explanation is that rain recorded at the single rain gage was not representative of the basin as a whole.
This analysis of historical storms and runoff amounts indicates that the runoff ratio does
not increase as the rainfall rate increases. In other words, over the range of historical events,
there is no threshold rainfall rate above which increasing amounts of runoff are produced. In
either a lumped or spatially distributed constant-loss-rate model, increasing intensities would
be associated with increasing runoff ratios as more intense rain exceeded some soils’ inﬁltra-

tion capacities. Here, new areas apparently do not begin to produce runoff as precipitation becomes more intense. Using traditional hydrologic reasoning, there are two possible conceptual
explanations for this. First, rainfall over the period studied never exceeded the inﬁltration rate
of the soils. Second, the heavy forest cover and lack of drainage features promote retention of
all precipitation, whether it is able to inﬁltrate the soil immediately or not.
One or both of these explanations could be correct, but two important conclusions apply
in any case:
• High initial losses, inﬁltration losses, or both have limited the size of ﬂoods in the Rest Lake
watershed
• If the PMF is presumed to include runoff from upland areas, the characteristics of this runoff
cannot be derived from historic data
Additionally, since no historic ﬂoods originated from the same area that will be presumed to contribute PMF runoff, it is necessary to recognize that unit hydrographs calibrated to
historic events will not represent the presumed PMF condition.
A review of topographic maps, 1937 aerial photos (following the last forest clear cut in
the area), hydrologic records, soil classiﬁcations, and land cover information suggests that the
drainage between Rest Lake and Turtle-Flambeau Reservoir would behave similarly to the
drainage above Rest Lake. Model calibration using detailed spatial analysis of the two most
critical storms (August 1978 and May 2003), as described in the following section, supports
this hypothesis.

Building the Watershed Model

An accurate representation of the physical processes in the Rest Lake and TurtleFlambeau watersheds would call for a spatially distributed model (allowing small areas to function as contributing areas, or not, as conditions changed over time) with routines for vegetation
effects, land surface processes, routing between lakes and wetlands, and subsurface transmission of water to the river. Because simplicity, cost control, and reviewer acceptance were important criteria in choosing modeling tools, a much simpler HEC-1 watershed model structure
was retained, with numerous “subbasins” representing reservoirs, other open water, connected
wetlands, and variously permeable soils in the uplands.
The HEC-1 watershed model was also subdivided at Rest Lake, which had not been
done in earlier model studies. This change was made for two reasons. First, the potential for
storage above Rest Lake is substantial, especially at surcharged reservoir levels. Second,
Applied Weather Associates was able to generate hourly precipitation maps for signiﬁcant
storms, making calibration possible.

Characterization of Drainage Area

Like the basin above Rest Lake, the drainage between Rest Lake and Turtle-Flambeau
Dam (here called the “Turtle-Flambeau subbasin”) was classiﬁed into four area types based on
topography and hydrography. Table 3 summarizes the composition of both the Rest Lake and
Turtle-Flambeau subbasins, using the four categories deﬁned above. The area classiﬁcations
are mapped in Figure 2.
Table 3
Rest Lake and Turtle-Flambeau Subbasin Area Classiﬁcations
Square Miles

Percent of Nominal
Area (inside basin
boundaries)

Percent of Topographically
Contributing Area

Connected Open Water
(including reservoir)

34

15

17

Connected Wetlands

51

22

26

Connected Uplands

114

49

57

Isolated Area

32

14

n/a

Connected Open Water
(including reservoir)

60

14

18

Connected Wetlands

102

24

31

Connected Uplands

167

38

51

Isolated Area

105

24

n/a

Area Type
Rest Lake

Turtle-Flambeau

Figure 2: Hydrologic classiﬁcation of watershed areas

Preliminary Hydrologic Model Assumptions

In the most basic approach presented in the FERC guidelines, the majority of each
subbasin’s area (wetlands, open water, and uplands having minimum-of-range inﬁltration rates
of zero) would be treated as impervious. The remainder of the topographically contributing
area would be assumed to generate runoff according to the minimum inﬁltration rate speciﬁed
for each soil class. Historic data do not support such a formulation. Assuming that the runoff
ratio observations from the Rest Lake subbasin also hold true for the Turtle-Flambeau subbasin, there is considerably more loss potential, even during the most critical antecedent conditions, than the guideline’s basic assumptions would suggest. In the case of connected wetland
areas, which have at least seasonally saturated soils, the capacity to store precipitation is the
most likely explanation for the observed low runoff generation. In the uplands, which exhibit
few or no drainage paths, there is more potential for inﬁltration but, like the wetlands, there is
also potential for surface storage of water that cannot make its way to a stream.
In developing the basin model for calibration, the following initial assumptions were made:
• Open connected water has a zero loss rate
• Open connected water is differentiated by whether it is in the immediate reservoir area or in
more remote regions of the basin, with the immediate reservoir component being given more
rapid timing parameters

•
•

•

•
•

Connected wetlands have a constant loss rate of zero, but also have a capacity for initial
depression storage losses, which can be evaluated by calibration
Connected uplands have a larger initial loss capacity than the connected wetlands, but when
this initial loss is satisﬁed, the uplands will generate runoff according to the minimum soil
inﬁltration rate from the ranges given in the STATSGO or SSURGO databases
Open connected water (other than the reservoir) and connected wetlands have the same unit
hydrograph parameters (This probably is not accurate, but represents the wetland contribution in a way that maximizes the simulated peak.)
Connected uplands have an extended unit graph time base relative to the open water and
wetlands
Only the “topographically connected” areas are included in the model

The conceptual model relies on initial losses, rather than high inﬁltration rates, to
achieve calibration to historic events. Either one of these approaches could replicate the
1978 and 2003 ﬂoods, because most of the basin area simply did not contribute runoff at all.
Historic data provide no opportunity either to deﬁne inﬁltration rates or to set a limit on initial
losses in the uplands. With respect to computing the PMF, it is most conservative to assume
that the threshold that has not historically been exceeded is an initial loss threshold. This is because the initial loss is likely to be fully satisﬁed by the time the peak of the Probable Maximum
Storm (PMS) occurs.

Model Calibration
Precipitation Analysis
In order to develop a meaningful model calibration and to verify that open water accounted for almost all direct runoff during some of the largest ﬂoods on record, good estimates
of hourly precipitation during critical runoff events were needed. An estimate of the precipitation that actually fell on open water during these events would provide even stronger support.
To better describe the storms that produced the maximum recorded ﬂoods, Applied Weather
Associates (AWA) of Monument, Colorado, performed a spatial and temporal analysis of
two critical storms, using hourly and daily precipitation data from more than 50 rain gages in
northern Wisconsin, Michigan’s Upper Peninsula, and eastern Minnesota. An initial search for
extreme 3-day rainfall depths over the Rest Lake and Turtle-Flambeau watersheds produced
about 30 candidate storms for further analysis. Two of these were the storms of May 2003 and
August 1978, the storms which showed the highest runoff ratios. These storms were not the
largest in the list, but the fact that they produced relatively high runoff ratios suggests that they
coincided with antecedent moisture conditions that were conducive to ﬂooding.
The AWA study resulted in maps of hourly and total precipitation depth over the TurtleFlambeau drainage (Figure 3). These maps were added to the Gannett Fleming map database, enabling Gannett Fleming to develop hourly precipitation sequences over a speciﬁed
point, area, or land type. For use in the HEC-1 model that would ultimately be applied to
determine the PMF, basin total precipitation and precipitation over open connected water were
computed for each hour of the storm.

Figure 3: Total storm isohyets for storm of August 1978

Table 4
Summary of Precipitation Data for August 1978 and May 2003 Storms
Storm Dates

Subbasin

Storm Total Precipitation
(inches)
Entire
Subbasin
Area

August 21-24,
1978

May 9-12,
2003

Connected
Open Water
Only

Maximum Hourly
Precipitation Increment
(inches)
Entire
Subbasin
Area

Connected
Open Water
Only

Rest Lake

3.47

3.52

1.04

1.05

Turtle-Flambeau

4.24

4.24

0.79

0.79

Rest Lake

3.54

3.53

0.28

0.27

Turtle-Flambeau

3.96

3.96

0.34

0.34

Gannett Fleming was also able to compare point rainfall rates with minimum inﬁltration
rates, and then map the areas that would produce runoff if the minimum-of-range loss rates
were applied with no further loss adjustment (Figure 4).

Figure 4: Potentially runoff-producing areas in storm of 1978, assuming minimum-of-range loss rates
(Graphic provided by Gannett Fleming)

Calibrating Loss Functions and Unit Hydrograph Parameters
The 1978 and 2003 precipitation sequences were applied to the HEC-1 watershed
model terminating at Turtle-Flambeau Dam.
The HEC-1 model contained subbasins for Rest Lake and Turtle-Flambeau, each of
which was further subdivided as follows:
• A “reservoir only” subbasin, having zero loss rates, no initial loss, and more rapid timing parameters (the Clark time of concentration [Tc] and storage coefﬁcient) than the remainder of
the basin
• A “connected open water” subbasin, having zero loss rates, no initial loss, and lengthened Tc
and storage parameters
• A “connected wetlands” subbasin, having zero loss rates after an initial storage depth has
been satisﬁed and the same Clark parameters as the “connected open water.”
• Subbasins representing upland soil groups having minimum SSURGO or STATSGO loss
rates of 0.0, 0.2, 0.6, 2.0, and 6.0 inches per hour. These subbasins also have substantial
initial loss depths and Clark parameters that are extended relative to the open water and wetland components of the basin

Values that could be adjusted to calibrate this model structure included the Clark unit
hydrograph parameters for the reservoir, connected water, and connected wetlands; and the
initial losses in the wetlands. As suggested by the runoff ratio analysis, the total runoff volume
was so low that no contribution of any sort could be identiﬁed or calibrated from the uplands.
Thus, the initial loss in the uplands was set higher than the storm total, and for the PMF model
the Clark Tc and R were assumed to be 1.5 times those in the open water and connected wetlands.
Flow data consisted of daily back-routed inﬂows at Rest Lake and Turtle-Flambeau
Flowage. Rather than try to discern probable hourly inﬂow hydrographs from these data, the
daily average ﬂows were retained, and the ﬁt of the model was judged by matching the runoff
volumes and by visually assessing the agreement between the simulated inﬂow hydrographs
and the estimates of daily average inﬂow. The size of the reservoirs and the precision of the
reservoir stage readings (to one-tenth of a foot) introduce an uncertainty in the estimated inﬂows – about 200 cfs over a day at Rest Lake, and about 700 cfs in a day at Turtle- Flambeau.
Over a period of several days, however, the likely percent error in estimated inﬂow volumes
diminishes.
During both storms and at both reservoirs, inﬂows began to rise on the same day that
signiﬁcant rainfall began. Over the following several days, inﬂow declined very slowly from the
ﬁrst-day peak. This combination of a prompt rise and a very slow fall to the hydrograph suggests that:
• Rainfall in the immediate reservoir area, followed by contributions from other connected water, is inﬂuential in forming the initial peak
• The storage coefﬁcient for all of the contributing area is very large relative to the Tc, allowing
water to drain out of the system for several days after rainfall has ceased. This “draining out”
may in fact have a substantial subsurface component, but for the purposes of the PMF determination it is represented in the surface runoff model HEC-1
The initial loss in the connected wetlands was the only value that was adjusted to
achieve a volume match. The value selected – 2.5 inches – resulted in over-predicting the
runoff volume in three out of four cases (two reservoirs during two storms) by an average of
11 percent, and under-predicting the runoff by 6 percent in one case.
The simulated peak 1-day runoff volumes were also higher than the back-routed volume
in all cases but one. This outcome represents a balance between choosing timing parameters that generate an early enough peak, and loss parameters that reproduce the total ﬂood
volume. It also reﬂects the uncertainty in estimating inﬂows through 24-hour readings. Very
high Clark storage coefﬁcients (4 to 4½ times the Tc ) helped to spread out the simulated runoff
volume after the peak.
In the process of developing the model, a beneﬁt of using the more detailed SSURGO
soil maps became apparent. Low-permeability areas appeared to be more prevalent in
the Turtle-Flambeau basin in areas for which SSURGO mapping is not yet available. The
SSURGO-mapped portion of the same basin did not show as high a proportion of low-permeability areas as the STATSGO-mapped portion. SSURGO identiﬁes low-permeability soils

only in areas that are already identiﬁed as wetlands through a separate land cover data layer.
In contrast, STATSGO does not “know” the exact location of a particular soil type, only of the
map unit containing that soil type among many others. Therefore, using STATSGO along with
a digital wetland map may “double count” impervious wetlands and low-permeability soils that
actually occur in the same location.

Reservoir Routing

One other important modiﬁcation was made to the Turtle-Flambeau basin model,
which was to digitally re-measure the impounded areas above Rest Lake Dam and TurtleFlambeau Dam at pool levels above the normal level. For example, the normal surface area
of Turtle-Flambeau Reservoir has been measured and modeled in the past at approximately
17,800 acres. At the minimum top-of-dike elevation of 1578 feet (6 feet above normal) however, a much greater area of lakes and interconnected wetlands becomes available for storage.
The same is true for Rest Lake. Gannett Fleming used digital elevation models to identify all
areas contiguous to the dams and at elevations lower than the top of the dikes. At the topof-dike elevation 1610 feet, Rest Lake Dam impounds an area of 13,400 acres; 175-percent
larger than the lake area at the normal operating level of 1600 feet. At Turtle-Flambeau Dam,
the maximum impounded area at top-of-dike elevation 1578 feet is 27,400 acres; 54-percent
larger than the normal pool area of 17,800 acres (Figure 5). Including these areas in the reservoir routing step of HEC-1 probably underestimates the effects of this storage, as it neglects
gradients that would develop in the interconnected lakes and rivers.

Figure 5: Areas impounded at Rest Lake and Turtle-Flambeau Dam at top-of-dike levels

The strong inﬂuence of reservoir storage on the PMF outﬂow hydrograph also helped to
mitigate the fact that overall, the unit hydrograph parameters were the least satisfactory aspect
of the model calibration. A sensitivity analysis showed that the considerable uncertainty in
runoff timing, which arose from the daily-only nature of the inﬂow data and from the inability to
calibrate runoff from upland areas of the watershed, had very little effect on the simulated PMF
outﬂow from the dam.

Beneﬁts for Probable Maximum Flood Development

When the critical 72-hour PMS pattern was applied to the updated HEC-1 model, the
resulting Turtle-Flambeau reservoir inﬂow peak was similar to the peak computed in 1998.
However, this result represents a substantial drop from the inﬂow that would have been computed by applying the 2000 FERC guidelines for loss functions with no further changes to the
model. More importantly, the outﬂow peak dropped from 26,000 cfs in 1998 to about 14,000
cfs, thanks to a reduction in total inﬂow volume, to the re-measured reservoir areas at surcharged levels, and to the fact that new outﬂow could be passed without the dike overtopping.
The full beneﬁt of GIS analysis in hydrology would come from pairing it with spatially
distributed, physically based hydrology models. However, this study shows that it has important beneﬁts even when the information provided is used in conventional “lumped” models
like HEC-1. In this case, the use of GIS analysis did not introduce new or untested hydrologic
techniques. It simply solved practical problems that had dogged the analysis of the watershed
for years – indeterminate topography and lack of rain data – adding value to an otherwise conventional PMF analysis.

