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1. Opinions to be Expressed 
 
On the basis of my evaluation of the available data and accompanying reports, my observations 
during a number of field inspections of the two sites along Fountain Creek, as well as a 
reconnaissance of other reaches of Fountain, Monument and Sand Creeks, hydrologic and 
sediment-transport analyses, my general knowledge of fluvial geomorphology, bank erosion, 
and sediment-transport processes, and my research into the pertinent scientific literature, I have 
formed the following conclusions with regard to the technical basis for the case filed by the 
Speight Family Partnership and the Greenview Trust: 
 
1. Urbanization of the Fountain Creek, Monument Creek and Sand Creek Basins without 

concurrent on-site stormwater detention has increased the magnitude and frequency of 
peak discharges in Fountain Creek downstream of the confluences of the three 
drainages.  Under 1992 conditions, approximately 13 percent of the surface area of the 
Fountain Creek watershed upstream of the Monument Creek confluence was classified 
as impervious.  In the Monument Creek watershed, the impervious area was about 9 
percent of the watershed area, and in the Sand Creek basin, the impervious area was 
about 48 percent. 

 
2. Hydrologic and hydraulic analyses of Fountain Creek, Monument Creek and Sand Creek 

Basins conducted for planning purposes for the City of Colorado Springs in the mid 
1990s indicated that projected future development (2010) and urbanization of the basins 
in the absence of stormwater detention would further increase the magnitude of the 10- 
and 100-year floods, and would also cause further channel erosion.  The estimates 
included a 2-percent increase in impervious area for Fountain Creek, a 10-percent 
increase for Monument Creek, and a 10-percent increase for Sand Creek. 

 
3. U.S. Geological Survey (USGS) studies of Fountain Creek in the 1980s demonstrated 

that urbanization increased the daily suspended-sediment yields from the watersheds by 
a factor of about 17.  Measured bank-erosion rates increased  by about 65 percent, and 
part of this increase was attributed to the increase in frequency and magnitude of flood 
peaks due to urbanization (von Guerard, 1989a,b). 

 
4. Urbanization of the Fountain Creek, Monument Creek and Sand Creek Basins and 

uncontrolled in-channel and channel margin sand-and-gravel mining have resulted in 
degradation of the channel bed of Fountain Creek that has led to increased rates of bank 
erosion.  Channel deepening and widening have, in combination, resulted in increased 
channel capacity and retention of higher magnitude floods within bank that has 
increased the erosive capacity of the flows in Fountain Creek. 

 
5. Importation of transbasin and transmountain flows into the Fountain Creek Basin and the 

discharge of about 24,000 ac-ft of water from the Colorado Springs Wastewater 
Treatment Plant to Fountain Creek have increased the baseflows in Fountain Creek by 
about 30 cfs daily.   The USGS concluded that the combined effects of the imported 
flows and the cessation of most of the irrigation abstractions from Fountain Creek since 
about 1969 have permitted increased growth of riparian vegetation as well as increased 
sediment-transport rates for sand-sized particles that make up the bed of Fountain 
Creek (Stogner, 2000). 

 
6. The increased density of in-channel riparian vegetation has resulted in increased 

channel energy that has been reflected in increased bank-erosion rates at the 
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Greenview Trust property.  Because of the channel adjustments due to the 
encroachment of the vegetation into the channel, erosion rates resulting from moderate- 
sized floods are very similar to those that were experienced as a result of the flood of 
record in 1965 (about 10 ft/year).  Stogner (2000) estimated that the east bank of the 
creek at the location of the Overton Road bridge, which is about 800 feet upstream of 
the Greenview Ditch headgate, retreated by about 15 feet during the 1999 flood that had 
a recurrence interval of about 63 years at the Pinon gage. 

 
7. During the four flood events on Fountain Creek between April 29 and May 3, 1999, 

mean daily Colorado Springs Wastewater Treatment Plant discharges to Fountain Creek 
ranged from 29 to 44 cfs when the peak discharges in Fountain Creek exceeded the 
ordinary high-water mark as defined by the mean annual flood at the USGS Janitell 
Road gage. 

 
8. A flood-frequency analysis based on the 1977—2001 flood-frequency curves for the 

peak discharges for the April—May 1999 events at seven USGS stream gages on 
Fountain Creek and its tributaries, indicated that the recurrence interval for the events 
ranged from 16 to 85 years, and were not, therefore, extreme hydrological events.  At 
the Security gage, located about 1.3 miles upstream of the KOA property, the recurrence 
interval for the 1999 flood peak was 82 years. 

 
9. Erosion of the KOA property during the 1999 floods was the result of a complex set of 

factors that included: (1) baselevel raising and consequent upstream slope reduction as 
a result of construction of the Chilcott Diversion structure at the head of the west branch 
channel, (2) increased sediment supply from upstream as a result of urbanization of the 
watershed (von Guerard, 1989a, b), (3) increased delivery of sediment to the reach as a 
result of increased flows, upstream channel degradation and levee construction, and (4) 
flanking of in-place pre-1999 bank protection along the west bank of the creek at the 
head of the diversion structure due to bed aggradation, armoring of the east bank and 
lateral migration of the channel to the west.   

 
10. Absent man-made interventions in the upstream watershed, it is inevitable that similar 

adverse downstream impacts to those that occurred in the 1999 floods will eventuate in 
response to future flood flows in Fountain Creek. 
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2. Basis and Reasons for the Opinions, including Data and 
Information Relied upon and Considered in Forming the 
Opinions 

2.1. Introduction 
 
The Fountain Creek watershed lies within the Arkansas River Basin and encompasses all or 
portions of eight municipalities (Colorado Springs, Pueblo, Green Mountain Falls, Fountain, 
Manitou Springs, Monument, Palmer Lake and Woodland Park) and three counties (El Paso, 
Pueblo and Teller, Figure 1).  It also includes other special districts or entities as follows:  
Southeastern Colorado Water District, Widefield, Security, Chipita Park, Cascade, Crystola, 
U.S. Army, U.S. Air Force, and U.S. Forest Service.  The absence of a coordinated watershed 
plan among the various entities has resulted in erosion and flooding problems that have caused 
loss of river related infrastructure elements (roads, bridges, utility crossings) and loss of riparian 
lands as a result of flooding, erosion or sedimentation.  During the four floods in Fountain Creek 
that occurred between April 29 and May 3, 1999, significant bank erosion occurred along 
Fountain Creek at the properties owned by the Speight Family Partnership (KOA Campground) 
and the Greenview Trust (Figure 1). 

2.2. Background 
 
The fact that a change from natural or agricultural land use to urban land use has dramatic 
effects on water and sediment yields from a drainage basin has been widely known and 
quantified since the 1960s (Wohl, 2001).  Numerous studies in the United States (Wolman, 
1967; Miller et al., 1971; Graf, 1975; Morisawa and LaFlure 1979; Harvey et al., 1983; Miller, 
1987; von Guerard, 1989a.b; Urbonas and Benik, 1995; Mussetter et al., 1994; Stogner, 2000; 
Harvey and Morris, 2004) and around the world (Nanson and Young, 1981; Park, 1977; Lvovich 
and Chernogaeva, 1977; Balamururugan, 1991; Ruslan, 1995) have documented the adverse 
effects of urbanization on receiving channel characteristics and flood regimes.  Following 
urbanization, reduced infiltration and depression storage results in greatly increased runoff 
volumes which reaches the channel system more rapidly (Cohen et al., 1960).  The runoff 
regime is much flashier with shorter lag times, and the peak discharge increases with the 
percentage of the basin urbanized, especially in arid and semi-arid climatic zones (Hollis, 1974; 
Gregory, 1974; Mussetter et al., 1994).  Urbanization can cause annual direct runoff to increase 
by a factor of 2.54 and flood peaks can increase by a factor of 10, depending on the return 
period of the event (Hollis, 1975).  The size of the mean annual flood can increase by a factor of 
4 following urbanization (Wilson, 1967), and the number of floods equal to, or greater than, 
bankfull can also increase by a similar factor (Leopold, 1968).  Sediment yields can increase by 
a factor of 200 during the construction phase of urbanization, but tend to decline to pre-
urbanization levels after construction is completed (Wolman, 1967; Wolman and Schick, 1967; 
von Guerard, 1989a).  Natural channels tend to erode and enlarge as a result of the increased 
runoff following urbanization (Richards, 1982; Wolman and Schick, 1967; Hammer, 1972; Park, 
1977b; von Guerard, 1989b).   Channel degradation, aggradation and channel widening have 
been reported to have occurred following urbanization (Richards and Wood, 1977; Nixon, 1959; 
Shaw, 1974).  Channel degradation frequently predisposes subsequent channel-bank failure 
and channel widening (Harvey et al., 1983; Schumm et al., 1984; Harvey and Watson, 1986).  
When stability thresholds are exceeded systematic disequilibrium occurs, and the recovery of a 
new state of equilibrium may be complex and take a considerable period of time (Schumm, 
1977).  Exceedence of thresholds of channel stability and the resulting morphological changes 
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Figure 1. Map of Fountain Creek near Colorado Springs and Pueblo, El Paso and Pueblo 

Counties, Colorado, showing locations of major drainage basins near Colorado 
Springs, USGS stream gages, and Speight Family Partnership and Greenview 
Trust properties. 
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of the channel frequently can be described in terms of an incised channel-evolution model 
(Schumm et al., 1984; Harvey and Watson, 1986; Mussetter et al., 1994). 
 
The Drainage Criteria Manual (DCM) that was developed in 1987, and subsequently modified in 
1991 and 2002 (Volume 2), and is jointly used by the City of Colorado Springs and El Paso 
County for the provision of adequate drainage that preserves and promotes the general health, 
safety, welfare and economic well-being of the community (DCM, p.1-2), explicitly recognizes 
the adverse effects of stormwater discharge from urban development on receiving stream 
systems.  Section 2.1 of Volume 2 of the DCM summarizes the impacts as follows: 
 
• Stream Hydrology: Urban development affects the environment through changes in the 

size and frequency of storm runoff events, changes in baseflows of the stream and 
changes in stream flow velocities during storms results in decrease in travel time for 
runoff. Peak discharges in a stream can increase from urbanization due to decrease in 
infiltration of rainfall into the ground, loss of buffering vegetation and resultant reduced 
evapotranspiration.  This results in more surface runoff and larger loads of various 
constituents found in stormwater. 
 

• Stream Morphology: When the hydrology of the stream changes, it results in changes to 
the physical characteristics of the stream.  Such changes include streambed 
degradation, stream widening, and streambank erosion.  As the stream profile degrades 
and the stream tries to widen to accommodate higher flows, instream bank erosion 
increases along with increases in sediment loads.  These changes in the stream bed 
also result in changes to the habitat of aquatic life. 

 
• Water Quality: Water quality is impacted through urbanization as a result of erosion 

during construction, changes in stream morphology, and washing off of accumulated 
deposits on the urban landscape.  Water quality problems include turbid water, nutrient 
enrichment, bacterial contamination, organic matter loads, metals, salts, temperature 
increases and increased trash and debris. 

 
 
Review of the population statistics for the City of Colorado Springs and El Paso County 
indicates that significant increases in the population occurred in the mid-1970s.  Since 
population growth is associated with urbanization, the hydrological and sedimentologic impacts 
of urbanization on Fountain Creek can be assessed by comparing the pre- and post-1976 
records (Miller, 1987; von Guerard, 1989a, b; Stogner, 2000). 
 
2.3. Hydrology 
 
Urbanization of the Fountain Creek, Monument Creek and Sand Creek Basins and importation 
of transbasin and transmountain flows have resulted in changes to both the peak flow and flow-
duration characteristics of Fountain Creek (Miller, 1987; Stogner, 2000).  Seven USGS gaging 
stations with varying periods of record are available to evaluate the changed hydrology within 
the basins (Figure 2).   Based on an analysis of the precipitation data for the April 28-May 2, 
1999 period, Garcia and Roesner (2002) concluded that the maximum 24-hour rainfall totals 
exceeded the regional 100-year 24-hour storm as identified in the DCM adopted by the City of 
Colorado Springs and El Paso County.  However, Table 1 which is based on the gage records 
during the same April—May 1999 period and summarizes the peak discharges and their 
recurrence intervals for the individual gages on Fountain Creek, clearly shows that the resulting 
floods were large, but not extraordinary. 
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Figure 2. Schematic diagram of Fountain Creek from the headwaters to the city of Pueblo 

showing major tributaries, USGS stream gages, and Speight Family Partnership 
and Greenview Trust properties. 
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Table 1. Summary of 1999 peak flow discharges and associated  
  recurrence intervals for USGS gages on Fountain Creek. 

USGS Stream Gage Number Period of 
Record 

1999 Peak 
Discharge 

(cfs) 

Recurrence 
Interval 
(years) 

#07103700 (near CO Springs) 1959-2001 1750 16 

#07105500 (at CO Springs) 1977-2001 9490 37 
#07105800 (at Security) 1965-2001 17600 82 

#07106000 (near Fountain) 1939-1954,       
1985-2001 20100 85 

#07106300 (near Pinon) 1973-2001 19100 63 

#07106500 (at Pueblo) 
1923-1925,      
1941-1965,       
1971-2001 

18900 29 

 
 *Based on 1977—2001 flood-frequency curves. 
 
The peak discharges at the KOA and Greenview Trust properties during the 1999 floods are 
best approximated by the Security (# 07105800) and Pinon (# 07106300) gages, which were 
17,600 and 19,100 cfs, respectively.  The corresponding recurrence interval for these peak 
discharges was approximately 82 and 63 years, respectively which indicate that the April—May 
floods were significant, but not extreme, events at these locations.  Figures 3 and 4 show the 
annual flood peaks for the periods of record for the two gages.  At the Security gage (Figure 3) 
the 1999 flood peak was the second largest in the period of record (1965—2001).  At the Pinon 
gage, the 1999 flood peak was the largest in the period of record (1973—2001).  However, 
neither gage record includes the very large events of 1921, 1924, 1935, 1942, 1944, 1946, 
1951, and 1955 (Stogner, 2000).   
 
Analyses of the flood flows in the April-May 1999 period by Garcia and Roesner (2003) showed 
that upstream development had increased the peak discharge at the KOA property by about 24 
percent, the mean discharge during the event by 33 percent and the total volume of flow by 
about 33 percent.  Mean flow velocity during the flood period, and hence the potential erosivity 
of the flows, was estimated to increase by about 15 percent.  At the Greenview Ditch site, 
upstream development increased the peak discharge by about 26 percent, the mean discharge 
during the event by about 33 percent, and the total volume of flow by about 33 percent.  The 
mean velocity during the event, and hence the potential erosivity of the flows, increased by 
about 17 percent as a result of the upstream development (Garcia and Roesner, 2003). 
 
Figures 5, 6, 7 and 8 present the flood-frequency curves (developed using the WRC Bulletin 
17B procedures, USGS, 1982) for the pre- and post-1977 data for the following gages: Fountain 
Creek near Colorado Springs (#07103700), Fountain Creek at Security (#07105800), Fountain 
Creek near Fountain (#07106000), and Fountain Creek at Pueblo (#07106500).  The range of 
responses to the development in the basin can be seen by comparing the curves for the 
individual gages. 
 
The flood-frequency curves for the Fountain Creek near Colorado Springs gage (Figure 5)  for 
the pre- and post-1977 periods indicate that the magnitude of the less frequent events has 
increased, and the magnitude of the more frequent events has decreased somewhat.  At the 
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Figure 3. Peak flow record from 1965 to 2001 for the Fountain Creek at Security gage (No. 07105800).  
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Figure 4. Peak flow record from 1973 to 2001 for the Fountain Creek near Pinon gage (No. 07106300). 
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Figure 5. Flood-frequency curves for the Fountain Creek near Colorado Springs gage (No. 07103700) for the periods of 1959 to 

1976 and 1977 to 2001. 



 11

1.01 1.053 1.111 1.25 2 5 10 20 50 100 200 500

0.5 0.2

Return Period (Years)

Upper 90% Confidence Limit

Lower 10% Confidence Limit

001125102030405060708090959899
Exceedence Probability

10

100

1000

10000

100000

1000000
D

is
ch

ar
ge

 (c
fs

)
Computed Flood Frequency Curve (1965-1976)
Measured Peak Discharge (1965-1976)
Computed Flood Frequency Curve (1977-2001)
Measured Peak Discharge (1977-2001)

Lower 10% Confidence Limit
Upper 90% Confidence Limit

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Flood-frequency curves for the Fountain Creek at Security gage (No. 07105800) for the periods of 1965 to 1976 and 

1977 to 2001. 
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Figure 7. Flood-frequency curves for the Fountain Creek at Fountain gage (No. 07106000) for the periods of 1939 to 1954 and 

1985 to 2001. 
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Figure 8. Flood-frequency curves for the Fountain Creek at Pueblo gage (No. 07106500) for the periods of 1923 to 1976, and 

1977 to 2001. 
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Security gage (Figure 6), the magnitude of the more frequent events has increased dramatically, 
but the magnitude of the less frequent events has decreased somewhat.  The relatively short 
period of record (1965—1976) for the pre-1977 period may be responsible for some of the 
disparity between the two curves.   
 
A similar trend is observed at the Fountain Creek near Fountain gage (Figure 7).  More frequent 
events have increased magnitude while less frequent events have somewhat lower magnitudes.  
At the Fountain Creek at Pueblo gage (Figure 8), the curves for the pre- and post-1977 period 
show the same trends.   
 
Flow-duration curves based on the mean daily flows were developed for the seven USGS 
gages.  Table 2 summarizes the 1-, 50-, and 90-percent exceedence data for four of the gages. 
 
 

Table 2. Summary of discharges equaled or exceeded 1, 50, and 90 percent of the 
time for the Fountain Creek near Colorado Springs, at Security, near 
Fountain, and Pueblo gages. 

USGS Stream Gage Number Period of 
Record 

Discharge 
Equaled or 
Exceeded 1 
Percent   of 

the Time 
(cfs) 

Discharge 
Equaled or 
Exceeded 
50 Percent 
of the Time 

(cfs) 

Discharge 
Equaled or 
Exceeded 
90 Percent 
of the Time 

(cfs) 

1959-1976 72 9 5 #07103700 (near Colorado 
Springs) 1977-2001 145 12 6 

1965-1976 380 36 17 #07105800 (at Security) 
1977-2001 845 98 44 
1939-1954 725 19 4 #07106000 (near Fountain) 
1985-2001 1175 119 53 
1923-1976 743 10 0.9 

#07106500 (at Pueblo) 
1977-2001 1130 104 18 

 
 
At the Fountain Creek near Colorado Springs gage (#07103700) the 1-percent exceedence 
flows increased from approximately 70 to 150 cfs in the post-1977 period.  The 50- and 90-
percent exceedence flows did not change significantly in the post-1977 period.  At the Security 
gage (#07105800) the impacts of upstream development and water importation into the basin 
are very clear.  In the post-1977 period, the 1-percent exceedence flows increased from 380 to 
845 cfs, the 50-percent exceedence flows increased from 36 to 98 cfs, and the 90-percent 
exceedence flows increased from 17 to 44 cfs.  Similar increases occurred in the post-1977 
period at the Fountain Creek near Fountain (#07106000) and Fountain Creek at Pueblo 
(#07106500) gages.   
 
Stogner (2000) showed very similar changes in the hydrology of the basin in the post-1977 
period, and he correlated the increased baseflows and greater in-channel flows to increases in 
riparian vegetation, sediment-transport capacity of the flows and bank erosion and lateral 
migration of the channel of Fountain Creek.  Miller (1987) attributed the degradation of Fountain 
Creek to the combined effects of urbanization, sand-and-gravel mining, abandonment of 
irrigation abstractions from Fountain Creek and importation of transbasin and transmountain 
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flows.  Von Guerard (1989a) also attributed the changed hydrology and greatly increased 
sediment yields to urbanization, primarily in the lower portion of the Monument Creek basin. 

2.4. Colorado Springs Wastewater Treatment Plant Discharges 
 
The annual water diversion report of the Office of the State Engineer for the Colorado Springs 
WWTP for Irrigation Year 1999 (November 1, 1998, to October 31, 1999) was used to evaluate 
the discharges to Fountain Creek during the floods of April—May 1999.  The mean daily 
discharges for the Fountain Creek at Colorado Springs (#07105500) gage (upstream of 
WWTP), Fountain Creek below Janitell Road (#07105530) gage (downstream of WWTP), and 
the WWTP discharges from April 29 to May 5, 1999, are shown on Figure 9.  Additional flows 
are delivered to Fountain Creek between the two gages by two tributaries (Shooks Run and 
Spring Creek).  Figure 9 shows that WWTP discharges to Fountain Creek in the April 29 to May 
5, 1999, period ranged from 29 to 44 cfs.  The Colorado Springs Utilities 1999 Exchange Report 
indicates that about 32,000 (31,515) acre feet of water were returned to Fountain Creek. 

2.5. 1999 Hydrographs 
 
The 15-minute data were recovered from the USGS to evaluate the flood hydrographs at four 
gages on Fountain Creek for the period between April 29 and May 5, 1999 (Figure 10).  The 
hydrographs demonstrate the increase in the flows from the increased contributing area 
between the Fountain Creek at Colorado Springs gage and the Fountain Creek near Fountain 
gage, as well as the downstream attenuation of the peaks and the increased travel time of the 
flood waves between the Fountain Creek near the Fountain and Pueblo gages.  Figure 10 also 
shows that there were four separate flood peaks during the period between April 29 and May 3, 
1999. 

2.6. Ordinary High-Water and Colorado Springs WWTP Discharges 
 
Under Colorado Revised Statutes, Title 37 Water and Irrigation Water Rights and Irrigation 
Reservoirs and Waterways Article 87 (37-87-102) the definition of the “Ordinary High-water 
Mark” of any stream means the visible channel of a natural watercourse within which water 
flows with sufficient frequency so as to preclude the erection or maintenance of man-made 
improvements without special provision for protection against flows of water in such channel or 
the channel defined by the mean annual flood, whichever is greater.   The mean annual flood for 
the below Janitell Road gage (#07105530) was determined using a two-station comparison 
method to extend the peak-flow record at the below Janitell Road gage because of the short 
period of record for that gage.  The mean annual flood was also computed for the Fountain 
Creek at Colorado Springs gage (#07105500).  Figure 11 shows the hydrographs for the two 
gages for the period between April 28 and May 7, 1999, as well as the mean annual flood 
values for the two gages.  At both gages, the four flood peaks exceeded the respective mean 
annual floods, and therefore, the peak discharges also exceeded the ordinary high-water mark.  
During the period of exceedence of the ordinary high-water mark, flows were being discharged 
to Fountain Creek from the Colorado Springs WWTP (Figure 9). 

2.7. Drainage Basin Studies 
 
Drainage Basin Planning studies were conducted by the City of Colorado Springs for Fountain 
(Müller Engineering, Inc., 1994) Monument (CH2M Hill, 1992) and Sand (Kiowa Engineering 
Corporation, 1996) Creeks in the early 1990s.  Existing condition (1992) and future condition 
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Figure 9. Mean daily flow records from April 29 to May 5, 1999 (duration of the 1999 flood), for the Fountain Creek at Colorado 

Springs and below Janitell Road gages, and the discharges from the Colorado Springs Wastewater Treatment Plant. 
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Figure 10. The 15-minute interval discharge records from April 28 to May 7, 1999, for the Fountain Creek gages at Colorado 

Springs, below Janitell Road near Fountain, and at Pueblo. 
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Figure 11. The 15-minute interval discharge records from April 28 to May 7, 1999, for the Fountain Creek at Colorado Springs 

and below Janitell Road gages comparing the actual flood discharges with the computed mean annual floods (MAF).
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 (beyond 2010) peak discharges for the 10- and 100-year events were computed to evaluate the 
effects of further development within the basins.  Table 3 summarizes the estimated discharges 
for the two recurrence intervals for existing and future conditions for the Fountain Creek basin 
above the confluence with Monument Creek, the Monument Creek, and Sand Creek basins. 
 

The data in Table 3 clearly indicate that further development in the Fountain Creek basin will 
further increase the magnitudes of both the 10- and 100-year flood peaks in all three basins.  
For the 10-year event, the magnitudes are estimated to increase between 11 percent (Fountain 
Creek)  and 58 percent (Sand Creek), and for the 100-year event, the magnitudes are estimated 
to increase by 12 percent (Fountain Creek), and 53 percent (Sand Creek) reflecting the degree 
of additional development that is projected to occur in the basins.  Since the development that 
has already occurred to date in the Fountain Creek basin is causing downstream hydrologic and 
erosion impacts, it is reasonable to conclude that further development will further exacerbate the 
existing problems. 
 
Successive planning studies for the Cottonwood Creek Drainage Basin (a tributary to Monument 
Creek), Lincoln DeVore, (1979), URS (1994) and Ayres Associates (2000) have quantified the 
effects of basin development on the magnitude of the 100-year flood.  The most recent estimate 
of the future conditions 100-year peak discharge (Ayres Associates, 2002) (10, 738 cfs) is 
double the existing conditions 100-year peak discharge of 5,179  cfs.  Mitigation alternatives 
that have been proposed for the increased runoff volume in the Cottonwood Creek basin have 
included 3 detention basins (Lincoln DeVore, 1979), 6 detention basins (URS, 1994) and a 
prudent line concept (Ayres Associates, 2002).  The Prudent Line alternative was adopted by 
the City of Colorado Springs in lieu of detention (Resolution No. 104-00).  However, adoption of 
the prudent line concept provides no downstream mitigation for the increased runoff to 
Monument and Fountain Creeks from historical and on-going development within the 
Cottonwood Creek basin.  As pointed out in the Ayres Associates report, implementation of the 
prudent line concept provides flooding and erosion protection for properties along Cottonwood 
Creek, but in doing so it ensures increased delivery of runoff and sediment to Monument Creek. 
 
 
 
 

Table 3. Summary of the 10- and 100-year peak discharges for both existing 
and future conditions in the Fountain Creek basin as reported in the 
drainage basin planning studies for Fountain, Monument, and Sand 
Creeks. 

         Existing Conditions*       Future Conditions 

Basin 10-year  
Discharge 

(cfs) 

100-year 
Discharge 

(cfs) 

10-year  
Discharge 

(cfs) 

100-year 
Discharge 

(cfs) 

Fountain Creek above 
Monument Creek confluence 3,820 11,524 4,264 12,934 

Monument Creek 7,650 27,900 9,270 32,800 
Sand Creek 7,470 16,900 11,800 25,800 
*Represents existing conditions at time of drainage basin planning studies (1992—1996). 
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2.8. Apportionment of Causes of Hydrologic Impacts 
 
Estimation and apportionment of the causes of the hydrologic impacts of the development are 
based on the amount of impervious surface area among individual drainage basins and 
individual cities and counties within each of the drainage basins.  The values are based on the 
1992 conditions as identified in the various planning studies for each of the basins that were 
conducted for the City of Colorado Springs (Müller Engineering, Inc., 1994; CH2M Hill, 1992; 
Kiowa Engineering, 1996). Entities not party to this litigation such as Green Mountain Falls, 
Fountain, Manitou Springs, Monument, Palmer Lake, Woodland Park, Teller County, 
Southeastern Colorado Water District, Widefield, Security, Chipita Park, Cascade, Crystola, 
U.S. Army, U.S. Air Force, and U.S. Forest Service were included within El Paso County.  
 
 Figure 12 summarizes the data for Monument, Fountain and Sand Creeks.  As of 1992, in the 
Monument Creek basin (upstream of the confluence with Fountain Creek), 9 percent of the 
surface area was classified as impervious.  Five percent is located within the City of Colorado 
Springs, and the remainder (4 percent) is located within El Paso County and other minor 
entities.    In the Fountain Creek basin (upstream of the confluence with Monument Creek), 13 
percent of the surface area was classified as impervious.  Ten percent is located within the City 
of Colorado Springs, 2 percent is located in El Paso County and other minor entities, and 1 
percent is located outside of both Colorado Springs and El Paso County.  Within the Sand 
Creek basin (upstream of the confluence with Fountain Creek), 48 percent of the surface area 
was classified as impervious.  Twenty-nine percent is located within the City of Colorado 
Springs and 19 percent is located within El Paso County and other minor entities.  When the 
basins are combined above the confluence of Sand and Fountain Creeks, about 15 percent of 
the surface area was classified as impervious, of which about 10 percent is located within the 
City of Colorado Springs and 5 percent is located in El Paso County and the other minor 
entities.  Based on these values, it appears that the City of Colorado Springs has about twice as 
much impervious area as El Paso County and the other minor entities combined. 
 
Based on the 2010 population trend projections, it was estimated that the impervious area in the 
Monument Creek basin would increase about 10 to 19 percent (CH2M Hill, 1992), and in the 
Fountain Creek basin it would increase about 2 to 15 percent (Müller Engineering, Inc., 1994) 
(Figure 13).  The proportions of the impervious areas in the City of Colorado Springs and El 
Paso County and other minor entities remained the same as for the 1992 estimates.  Estimates 
were not readily available for the Sand Creek basin, but the projected increases in the 10- and 
100-year peak discharges were on the order of 55 percent, which suggests that the impervious 
area would have to increase substantially.  A regression relationship was developed from the 
Monument and Fountain Creeks data, and this was used to estimate the future (2010) 
impervious area in the Sand Creek basin on the basis of the estimated increases in the 10- and 
100-year peak discharges.  The regression-based estimate for the impervious area was 58 
percent, which is a 10-percent increase above the 1992 condition. 
 
Based on the available information, it appears that there is approximately twice as much 
impervious area within the boundaries of the City of Colorado Springs than in El Paso County 
and the other minor entities.  Consequently, it is reasonable to apportion twice as much of the 
hydrologic impact of urbanization to the City of Colorado Springs. 
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Figure 12.   Estimates of the impervious areas in the Monument, Fountain and Sand Creek basins that are based on the c.1992 

Drainage Basin Planning Studies that were conducted for the City of Colorado Springs. 
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Figure 13. Estimates of the impervious areas in the Monument, Fountain and Sand Creek basins that are based on the 2010 

projections in the  Drainage Basin Planning Studies that were conducted for the City of Colorado Springs.
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2.9. Quantification of Erosional Impacts of Upstream Development 
 
Miller (1987), von Guerard (1989a, b), and Stogner (2000) have attributed increased rates of 
erosion and sediment transport along Fountain Creek to the hydrologic and sedimentologic 
impacts of urbanization and transbasin and transmountain water importation.  Specifically, at the 
Greenview Trust property, Stogner (2000) has documented an increased rate of erosion of the 
high terrace located just upstream of the point of diversion.  Stogner (2000) has also suggested 
that the increased baseflows have promoted the growth of riparian vegetation.  Studies of the 
effects of increased riparian vegetation (Williams and Wolman, 1984; Harvey and Schumm, 
1987; Harvey and Watson, 1988) have indicated that bank-erosion rates may be higher with the 
added vegetation because discharges must be passed through the unvegetated portions of the 
channel that have lower hydraulic roughness and higher more erosive velocities.  Von Guerard 
(1989a) showed that urbanized areas in the Fountain Creek basin produced an order of 
magnitude  more sediment than non-urbanized areas (7.7 tons/sq. mile/day compared to 0.5 
tons/sq. mile/day).  He also showed that measured bank-erosion rates at a site located about 
1.05 miles upstream of the Security gage had increased by 65 percent over time, which he 
partially attributed to the increased frequency and magnitude of flood peaks due to upstream 
urbanization.  Garcia and Roesner (2003) concluded that upstream development increased the 
mean flow velocities during the 1999 flood events, and hence the erosivity of the flows, by 
between 15 and 17 percent.  

2.9.1. Vegetation and Channel Changes at Greenview Site 
 
Aerial photography of the Greenview Trust reach of Fountain Creek was available for the 
following years: 1955, 1962, 1970, 1980, 1993 and 1999 (after the April—May floods).  The 
photography was used to quantitatively evaluate changes in riparian vegetation within a defined 
polygon centered on the point of diversion for the Greenview Ditch (Figure 14), and to quantify 
the lateral erosion of the channel at a transect located just upstream of the point of diversion 
(Figure 15).   
 
For the analyses of the changes in vegetation through time, the ground conditions were 
classified into seven mapping units for each time period: (1) bare sand and gravel (active 
channel), (2) bare ground with sparse vegetation, (3) bare ground with medium density 
vegetation, (4) complete ground cover (shrubs), (5) medium density trees and shrubs, (6) dense 
trees and shrubs, and (7) agricultural land.  The various classes were not ground truthed, so no 
assignment of species was attempted even though the shrubs are dominated by willows and the 
trees by cottonwoods.  The boundaries of the mapping units within the defined polygon were 
identified on each of the aerial photographs, and the areas within each mapping unit were 
digitized.   Figure 16 shows the distribution of the mapping units on the 1993 photography, and 
comparison of Figures 14 and 16 demonstrates that the amount of vegetation and the types of 
vegetation changed significantly between 1955 and 1993, which is most likely the condition that 
existed at the time of the 1999 floods since there were no large floods between 1993 and 1999 
at the Pinon gage.   Figure 17 summarizes the distribution of the mapping units for each of the 
time periods between 1955 and 1993.    Table 4 presents the areas (ac) and corresponding 
percentages for each of the vegetation mapping units for 1955 and 1993.   
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Figure 14. 1955 aerial photograph of Fountain Creek in the vicinity of the Greenview Ditch 

point of diversion showing the boundaries of the polygon that was used to 
quantify changes in vegetation between 1955 and 1999. 
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Figure 15.   1999 aerial photograph of Fountain Creek in the vicinity of the Greenview Ditch 

point of diversion showing the location of the transect that was used to quantify 
lateral migration  of Fountain Creek between 1955 and 1999. 
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Figure 16.   1993 aerial photograph of Fountain Creek in the vicinity of the Greenview Ditch 

point of diversion showing the boundaries of the mapping units that were used to 
quantify the distribution of the vegetation mapping units within the defined 
polygon. 
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Figure 17.   Summary of the distribution of the vegetation mapping units at the Greenview site between 1955 and 1993.
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Table 4.   Summary of acreages and percentages for 1955 and 1993 at 
Greenview Trust site. 

1955 1993 
Vegetation Class Area 

(ac) 
Percent 

(%) 
Area 
(ac) 

Percent 
(%) 

Bare Ground; sand and gravel 48 8 43 7 
Bare ground with sparse vegetation 156 27 115 20 
Bare ground with medium vegetation 85 15 15 3 
Complete ground cover (shrubs) 38 7 15 3 
Medium density trees and shrubs 60 10 70 12 
Dense trees and shrubs 10 2 83 14 
Agricultural land 177 31 235 41 
Total 574  576  

  
  
The data in Table 4 clearly show that the areas of higher density vegetation (complete ground 
cover (shrubs), medium density trees and shrubs, and dense trees and shrubs) increased 
substantially between 1955 and 1993.  If the agricultural land within the polygon in 1955 and 
1993 are subtracted from the total areas, and the percentages are recomputed, it is apparent 
that the percentage of the three higher-density vegetation units increased from about 28 to 49 
percent between 1955 and 1993.  The increases in the amount and density of the riparian 
vegetation can be attributed to the increased base flows in Fountain Creek as a result of flow 
importation to the basin (Table 2),  and the absence of  large floods since 1965 (Stogner, 2000). 
 
Riparian vegetation establishment increases the hydraulic roughness of the channel and 
increases the stability of the vegetated surface because of the binding effects of the roots 
(Smith, 1976).  The presence of the vegetation encourages both lateral and vertical growth of 
the point bar on the inside of the bends by trapping sand and gravel.  This tends to lead to the 
concentration of flow on the outside of the bend, and results in a narrower, deeper, more 
asymmetric and sinuous channel.  All these processes increase shear stress (erosive force) on 
the outside of the bend (Ligon et al., 1995).  As channel roughness increases due to the 
presence of vegetation, water velocity is reduced due to drag.  Since the volume of water 
passing through the channel cross section is determined by how much water is entering from 
upstream, and the channel width is fixed, any reduction in water speed due to the vegetation 
must be compensated for by an increase in depth, which causes an increase in erosive force 
since shear stress is directly proportional to depth (Harvey and Watson, 1988).   In addition, 
during higher flows, water that would have previously have spread out over the bottom of the 
channel to form a wide, relatively shallow flow is now confined to a narrower and deeper 
channel by the presence of the aggraded point bar.  Additionally, whereas the pre-vegetated 
low-flow channel could migrate within the wider channel area, the establishment of a vegetated 
point bar tends to keep the channel in one place, thereby exposing the outside of the bend to 
more continuous erosive forces.  This leads to the reasonable conclusion that smaller floods 
become more effective in causing bank erosion, and that increased baseflows accelerate the 
removal of failed bank materials, thereby effectively increasing the rates of erosion. 
 
Stogner (2000) evaluated the erosion rates of the terrace margin on the east side of Fountain 
Creek at the Overton Road Bridge.  He concluded that, between 1955 and 1970, there was little 
erosion at the site, even though the flood of record at the downstream Pueblo gage occurred in 
1965 (47,400 cfs).  Between 1970 and 1991, the terrace margin retreated about 100 feet at an 
average rate of 5 ft/year.  Between 1991 and 1999, the terrace margin retreated a further 160 
feet at an average rate of about 20 ft/year, which lead him to conclude that the rate of bank 
retreat had increased through time primarily because of the occurrence of five moderate-sized 
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floods (>10,000 cfs at the Pueblo gage) between 1991 and 1999.  Although he did not correlate 
the increased erosion rates with the increased riparian vegetation in the reach, he did note the 
presence of the higher vegetation density.  He further noted that the increased baseflows in 
Fountain Creek had the capacity to transport sand-sized and finer material, which is the size 
range introduced to the channel by bank failure at the Overton Road Bridge site.  Continued 
removal of failed bank materials during low-flow periods is the process by which bank failure is 
permitted to continue (Thorne, 1982).   
 
A similar analysis was undertaken about 1,000 feet upstream of the Overton Road Bridge 
(Figure 15).  The results of the analysis are shown on Figure 18.  Between 1955 and 1962, the 
terrace retreated 15 feet, at an average rate of 2.1 ft/year.  The 1965 flood of record (47,400 cfs) 
occurred between 1962 and 1970, where the bank retreated 85 feet at an average rate of 10.6 
ft/year.  Between 1970 and 1980, there was a further 31 feet of bank retreat at an average rate 
of 3.1 ft/year, primarily because of the occurrence of the 1980 flood (15,200 cfs).  Five feet of 
retreat occurred between 1980 and 1988 (average rate of 0.6 ft/year) and the largest discharge 
in this period was 9,080 cfs in 1982.  Between 1988 and 1993, there was no measurable bank 
retreat, and the largest flood event was less than 4,000 cfs.  A further 60 feet of bank retreat 
occurred between 1993 and 1999 at an average rate of 10 ft/year.  The retreat was driven by 
five events that exceeded 10,000 cfs, and included the 1999 event (18,900 cfs).  The average 
rates of bank retreat suggest that smaller events in the 1993 to 1999 period were capable of 
producing similar rates of erosion (about 10 ft/year) to that of the flood of record in the 1962 to 
1970 period.   Review of the time-sequential aerial photography indicated that the channel in the 
reach changed from a braided to a narrower single-thread meandering planform between 1955 
and 1993 as a result of vegetation encroachment.  Following the 1999 flood, the channel width 
increased as a result of lateral migration to the east as well as removal of riparian vegetation on 
the west. 

2.9.2. Channel Changes at the KOA Property Site 
 
Aerial photography of the Speight Family Partnership (KOA) reach of Fountain Creek was 
available for the following years: 1955, 1962, 1967, 1983, 1988, 1993 and 1999 (after the 
April—May floods).  Review of the time-sequential aerial photography revealed that a number of 
man-made changes have occurred within the reach, and these changes have affected the 
sediment- transport characteristics of the reach.  On the 1955 and 1962 photographs, in the 
general location of the KOA property, a split-flow condition existed with the dominant channel 
being located on the east side of the valley floor.  A small diversion structure for the Chilcott 
Ditch was present in the east branch.  The east and west branches of the creek were separated 
by a tree-covered mid-channel bar or island (Figure 19).  Following the 1965 flood (25,000 cfs 
at the Security gage), both branches of the creek widened as a result of erosion of the 
vegetated island and the floodplain on the west side of the west channel.   To maintain flows at 
the Chilcott Ditch, a berm was constructed across the head of the west branch channel (Figure 
20).  By the time of the 1983 photography, the west branch was the dominant channel, and a 
diversion structure (about 8 feet high) had been constructed at the head of the channel to 
ensure that low flows could be diverted from Fountain Creek at the headgate for the Chilcott 
Ditch that was still located on the east branch channel (Figure 21).  Flood flows in 1978 (9,000 
cfs) and 1980 (9,120 cfs) were probably responsible for the widening of the west branch 
channel.  Installation of the diversion structure effectively raised baselevel for the upstream 
portion of the channel of Fountain Creek and flattened the channel slope.  Sand-and-gravel 
mining on the floodplain on the east side of the creek upstream of the KOA property appears to 
have required construction of a levee along the east bank that confined the flows between the 
levee and the terraces on the west side of the creek.  Although there were no floods higher than 
3,800 cfs between 1983 and 1988, the 1988 photography shows that there was upstream 
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Figure 18.  Cumulative bank erosion rates at the Greenview site from 1955 to 1999. 
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Figure 19.   1955 aerial photograph of the KOA reach of Fountain Creek. 
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Figure 20.   1967 aerial photograph of the KOA reach of Fountain Creek. 



 33

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 21.   1983 aerial photograph of the KOA reach of Fountain Creek. 
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channel widening, most probably caused by sediment deposition due to baselevel raising due to 
construction of the diversion structure at the head of the west branch channel.  Very little 
change occurred in the reach between 1988 and 1993 (Figure 22).  The 1999 post-event 
photography clearly shows the erosion of the KOA property, the failure of the diversion structure 
at the head of the west branch channel and removal of most of the vegetated island between 
the east and west branches.  The photography also shows that there was extensive erosion of 
the west bank of the creek upstream of the KOA property (Figure 23).  Based on the evidence 
of sediment deposition in the bed of the channel upstream of the diversion structure in the 1988 
and 1993 photographs, it is highly likely that the upstream west bank erosion was driven by the 
aggradation of the bed in a similar manner that was reported by Stogner (2000) at other 
locations between Widefield and Pinon during the 1999 floods.  The presence of riprap bank 
protection almost continuously along the east bank of the creek that had been emplaced to 
protect the east bank levee and wastewater treatment and other ponds, also made it more likely 
that the unprotected west bank of the creek upstream of the KOA property would erode. It is 
also highly likely that failure of the diversion structure during the 1999 floods also caused 
erosion along the KOA property.  Failure of the structure would have lowered baselevel during 
the event, and also concentrated the flows in the vicinity of the KOA property. 

2.9.3. Sediment-transport Evaluation at KOA Property Site 
 
Erosion of the KOA property during the 1999 floods was the result of a complex set of factors 
that included: (1) baselevel raising and consequent upstream slope reduction as a result of 
construction of the Chilcott Diversion structure at the head of the west branch channel, (2) 
increased sediment supply from upstream as a result of urbanization of the watershed (von 
Guerard, 1989a, b), (3) increased delivery of sediment to the reach as a result of increased 
flows derived from upstream development, upstream channel degradation and levee 
construction, and (4) flanking of in-place pre-1999 bank protection along the west bank of the 
creek at the head of the diversion structure due to bed aggradation, armoring of the east bank 
and lateral migration of the channel to the west.  To evaluate the impacts of the various man-
made changes a sediment-transport analysis was conducted of the reach of Fountain Creek 
between the reconstructed diversion structure at the KOA property and the USGS Security 
gaging station, a channel distance of about 6,700 feet. 
 
To conduct a sediment-transport analysis of the existing conditions (post-1999) since pre-1999 
data were not available, a topographic survey of the reach was conducted by Mussetter 
Engineering, Inc. staff on June 5 and 6, 2003.  During the course of the survey that was based 
on arbitrary coordinates, the thalweg of the creek was surveyed as were 11 cross sections that 
were tied together horizontally and vertically (Figure 24).  Cross-section locations were selected 
by Dr. Harvey to reflect the morphological conditions within the reach.  The survey data were 
reduced and were then used to develop a one-dimensional (1-D) HEC-RAS hydraulic model of 
the reach (USACOE, 2002).  Hydraulic output from the HEC-RAS model and an average bed-
load sediment gradation developed from 15 samples collected by the USGS at the Security 
gage (von Guerard, 1989b) (Figure 25) were then used to develop sediment-rating curves for 
each of the cross sections using the MPM-Einstein sediment-transport formulation (Simons, Li & 
Associates, 1982). 
 
The modeled reach was subdivided into four subreaches based on the field-observed 
geomorphic characteristics of the reach (Figure 24).  Subreach 1 includes Cross Sections 10 
and 11.  The bed of the creek in this subreach has degraded between about 4 and 6 feet and is 
composed of Pierre Shale outcrop, and the channel is confined between high terraces formed in 
Pierre Shale (von Guerard, 1989a, b; Stogner, 2000).  The bed slope is about 0.006, and the 
width of the bankfull channel (i.e., the former floodplain surface) is about 160 feet. Subreach 2 
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Figure 22.   1993 aerial photograph of the KOA reach of Fountain Creek. 
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Figure 23.   1999 aerial photograph of the KOA reach of Fountain Creek. 
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Figure 24.   1999 aerial photograph of the KOA reach of Fountain Creek showing the 

locations of the cross sections surveyed in June 2003. 
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Figure 25.   Bed-load gradation curves for samples collected at the Security gage by the USGS (von Guerard, 1989b).  Also 

shown is an average gradation that was used to develop sediment-rating curves for the KOA reach. 
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includes Cross Sections 7, 8 and 9, and the bed of the channel is composed of very coarse 
rubble that overlies shale outcrop, that indicates that bed degradation has also occurred in this 
subreach.  The channel is confined by a floodplain remnant and high terrace along the west 
(right) bank and by a riprapped levee along the east (left bank).  The bed slope is about 0.006, 
and the width of the bankfull channel is about 166 feet.  Subreach 3 includes Cross Sections 5 
and 6, which encompass a large mid-channel bar that has formed in the bed of the channel.  
The channel is confined by a riprapped levee along the east bank, and by an alluvial terrace 
along the west bank.  The bed of the channel is composed of sand and gravels, and the bed 
slope is about 0.003.  The presence of the mid-channel bar has caused erosion of the west 
bank, and as a result the average width of the bankfull channel is about 197 feet.  Subreach 4 
includes Cross Sections 3 and 4.  The channel is confined by a riprapped levee along the east 
bank and by the floodplain of Fountain Creek along the west bank.  Field evidence and 
photographs taken during the 1999 floods indicate that the floodplain along the west bank was 
overtopped and water extended west to the terrace that supports Bandley Drive.  The average 
bed slope in the reach is 0.003, and the bed is composed of sand and gravels.  The average 
width of the channel at bankfull stage is about 252 feet.  Figure 26 presents the thalweg, left 
and right bank, and water-surface profiles for a range of flows between 10 and 15,000 cfs.  
Additionally, the east bank levee profile is shown on Figure 25 as well as the elevations of the 
terraces that flank the channel on the west side of the valley.  The water-surface profiles show 
that the floodplain on the west side of the river between Cross Section 4 and the Chilcott 
Diversion structure was inundated in 1999.  Cross Section 2 was not included in Subreach 4 
because of uncertainty with respect to the downstream boundary conditions for the model.  
However, the bed slope at this cross section is very flat (0.00014), and the channel width at 
bankfull stage is about 380 feet.  Cross Section 1 in the model represents the crest of the 
Chilcott Diversion structure.   
 
Sediment-rating curves were developed for the individual subreaches (Figure 27). Based on the 
actual flow record at the Security gage, an average annual sediment-transport volume was 
computed for each of the subreaches for the 1965 to 1976 and 1977 to 2001 periods (Figure 
28). These volumes were then compared with von Guerard’s (1989b) estimates that were based 
on suspended-sediment measurements at the Security gage between 1985 and 1988.  As a 
check of the MPM-Einstein-based estimates, the gradations from the MPM-Einstein relationship 
were compared with the measured gradations at the USGS gage (von Guerard, 1989b) (Figure 
29).   The MPM-Einstein gradations are a little finer than the measured gradations, which 
suggest that the sediment-rating curves may be a little steep, and the estimated sediment 
volumes may be a high.   
 
Von Guerard (1989a) demonstrated that urbanization of the Fountain Creek basin increased the 
suspended-sediment yield by a factor of nearly 17.  Based on suspended-sediment 
measurements at the Security gage, von Guerard (1989b) determined that the mean annual 
suspended-sediment load at the Security gage was 196,000 tons (Figure 28), of which 77,900 
tons were sand.  Because of the somewhat finer gradation computed by the MPM-Einstein 
formulation (Figure 29), and possibly because of increased slope due to degradation and 
exposure of the shale outcrop in the bed of the channel since the 1985—1988 period (William 
Payne, USGS personal communication, June 2003), the average annual estimate computed for 
Subreach 1 which is located just downstream of the Security gage (334,000 tons total; 132,800 
tons sand assuming the same ratio as the USGS measurements), is much higher than the 
USGS estimate (Figure 28) for the Security gage (196,000 tons). The MPM-Einstein 
computation estimates the capacity to transport sediment based on the assumption of sediment 
availability.  Von Guerard (1989b) noted that there was in-channel and floodplain sediment 
storage between the Fountain Creek at Colorado Springs gage (#0710500) and the Security 
gage, which may also explain why the computed and measured values at the Security gage are 
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Figure 26.   Thalweg, top of bank, levee, terrace and water-surface profiles for the KOA reach.  Also shown are the locations of the 

cross sections that were used to develop the HEC-RAS hydraulic model of the reach. 
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Figure 27.       Sediment-rating curves for the four subreaches of Fountain Creek.  The rating curves were developed from the MPM-
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Figure 28.       Subreach averaged annual sediment volumes for the 1965—1976 and 1977—2001 periods.  Also shown is the mean 

annual sediment volume from 1985-1988 determined from measurements at the Security gage by the USGS (von 
Guerard, 1989b).  
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different.  Sediment sizes less than sand (0.062 mm) do not have much effect on channel 
morphology, and therefore, the sand load is a better indicator of potential downstream impacts 
of increased sediment loads. 
 
Regardless of the absolute values, Figure 28 shows a progressive reduction in the volume of 
sediment transported downstream in each subreach on an average annual basis based on the 
1977—2001 flow record.  The reduction in transport capacity in the downstream direction is due 
to the combined effects of slope reduction as a result of the presence of the diversion structure, 
and channel widening.  In Subreach 2, the estimated volume (65,100 tons of sand) is similar to 
the volume computed by the USGS (77,900 tons of sand), and there is no evidence of sediment 
deposition in the channel (Figure 24) which suggests that the sediment supply and transport 
capacity are balanced.  A large mid-channel bar is present in Subreach 3 (Figure 24) and the 
computed transport capacity (45,600 tons of sand) is significantly less (30 percent) than the 
upstream supply from Subreach 2 (65,100 tons of sand). The relatively low transport capacity in 
this subreach is also due to the increased channel width and reduced slope.  Riprapping of the 
east bank has required that the channel adjustment to the aggradation occur by erosion of the 
west bank.  In Subreach 4, the estimated sediment volume (49,100 tons of sand) is similar to 
that of Subreach 3, indicating that both reaches are equally aggradational.  Since the east bank 
of the channel is riprapped, the aggradation-induced channel widening has occurred on the 
west side of the channel. 
 
In summary, the data and the sediment-transport analyses confirm that erosion of the KOA 
property in the floods of 1999 was the result of the interaction of a complex set of processes.  
Upstream urbanization and the importation of transbasin and transmountain flows has resulted 
in increased flows at the Security gage which is located about 6,700 feet upstream of the KOA 
property.  Computation of an average annual suspended-sediment volume for Subreach 4 
based on the 1965 to 1976 actual flow record at the gage indicated that about 96,000 tons was 
transported annually.  In comparison, for the 1977—2001 period, the estimated average annual 
volume is on the order of 334,100 tons, an increase by a factor of about 3.5.  In other words, the 
increased flows due to upstream development have the potential to supply significantly more 
sediment to the KOA reach than occurred historically (Figure 28).  Von Guerard (1989a, b) has 
demonstrated that upstream urbanization has significantly increased the sediment supply from 
the watershed as a result of both increased erosion rates of disturbed lands and due to channel 
adjustments (widening and deepening) to increased flows.  Levee construction along the east 
bank of Fountain Creek prevented overbank flows, thereby increasing the sediment-transport 
capacity of the flows confined between the west bank terraces and the east bank levee.  The 
confined flows delivered more sediment to the reach and in combination with the riprap 
protection of the east bank forced erosion of the unprotected west bank.  Reduction in slope as 
a result of the construction of the Chilcott Diversion structure reduced the sediment-transport 
capacity of the flows, caused aggradation of the reach, and in turn led to erosion of the west 
bank of the creek and flanking of the riprap that had been constructed on the west bank 
immediately upstream of the diversion structure in the 1999 floods.  

2.10. Conclusions 
 
Based on the information and analyses that have been conducted, the following can be 
concluded regarding the erosion and damages that occurred at the Speight Family Partnership 
and Greenview Trust properties along Fountain Creek in the floods that occurred between April 
29 and May 3, 1999: 
 
1. Urbanization of the Fountain Creek, Monument Creek and Sand Creek basins without 

concurrent on-site stormwater detention has increased the magnitude and frequency of 
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peak discharges in Fountain Creek downstream of the confluences of the three 
drainages.  Under 1992 conditions, approximately 13 percent of the surface area of the 
Fountain Creek watershed upstream of the Monument Creek confluence was classified 
as impervious.  In the Monument Creek watershed, the impervious area was about 9 
percent of the watershed area, and in the Sand Creek basin, the impervious area was 
about 48 percent. 

 
2. Hydrologic and hydraulic analyses of the Fountain Creek, Monument Creek, and Sand 

Creek basins conducted for planning purposes for the City of Colorado Springs in the 
mid 1990s indicated that projected future development (2010) and urbanization of the 
basins in the absence of stormwater detention would further increase the magnitude of 
the 10- and 100-year floods, and would also cause further channel erosion.  The 
estimates included a 2-percent increase in impervious area for Fountain Creek, a 10- 
percent increase for Monument Creek, and a 10-percent increase for Sand Creek. 

 
3. USGS studies of Fountain Creek in the 1980s demonstrated that urbanization increased 

the daily suspended-sediment yields from the watersheds by a factor of about 17.  
Measured bank erosion rates increased  by about 65 percent, and part of this increase 
was attributed to the increase in frequency and magnitude of flood peaks due to 
urbanization (von Guerard, 1989a, b). 

 
4. Urbanization of the Fountain Creek, Monument Creek and Sand Creek basins and 

uncontrolled in-channel and channel margin sand-and-gravel mining have resulted in 
degradation of the channel bed of Fountain Creek that has led to increased rates of bank 
erosion.  Channel deepening and widening have, in combination, resulted in increased 
channel capacity and retention of higher magnitude floods within bank that has 
increased the erosive capacity of the flows in Fountain Creek. 

 
5. Importation of transbasin and transmountain flows into the Fountain Creek basin and the 

discharge of about 24,000 ac-ft of water from the Colorado Springs Wastewater 
Treatment Plant to Fountain Creek have increased the baseflows in Fountain Creek by 
about 30 cfs daily.  The combined effects of the imported flows and the cessation of 
most of the irrigation abstractions from Fountain Creek since about 1969 have permitted 
increased growth of riparian vegetation as well as increased sediment-transport rates for 
sand-sized particles that make up the bed of Fountain Creek (Stogner, 2000). 

 
6. The increased density of in-channel riparian vegetation has resulted in increased 

channel energy that has been reflected in increased bank-erosion rates at the 
Greenview Trust property.  Because of the channel adjustments due to the 
encroachment of the vegetation into the channel, erosion rates resulting from moderate- 
sized floods are very similar to those that were experienced as a result of the flood of 
record in 1965 (about 10 ft/year).  Stogner (2000) estimated that the east bank of the 
creek at the location of the Overton Road bridge, which is about 800 feet upstream of 
the Greenview Ditch headgate retreated by about 15 feet during the 1999 flood that had 
a recurrence interval of about 63 years at the Pinon gage. 

 
7. During the four flood events on Fountain Creek between April 29 and May 3, 1999, 

mean daily Colorado Springs Wastewater Treatment Plant discharges to Fountain Creek 
ranged from 29 to 44 cfs when the peak discharges in Fountain Creek exceeded the 
ordinary high-water mark as defined by the mean annual flood at the USGS Janitell 
Road gage. 
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8. A flood-frequency analysis based on the 1977—2001 flood-frequency curves for the 
peak discharges for the April—May 1999 events at seven USGS stream gages on 
Fountain Creek and its tributaries, indicated that the recurrence interval for the events 
ranged from 16 to 85  years, and were not, therefore, extreme hydrological events.  At 
the Security gage, located about 1.3 miles upstream of the KOA property, the recurrence 
interval for the 1999 flood peak was 82 years. 

 
9. Erosion of the KOA property during the 1999 floods was the result of a complex set of 

factors that included: (1) baselevel raising and consequent upstream slope reduction as 
a result of construction of the Chilcott Diversion structure at the head of the west branch 
channel, (2) increased sediment supply from upstream as a result of urbanization of the 
watershed (von Guerard, 1989a, b), (3) increased delivery of sediment to the reach as a 
result of increased flows, upstream channel degradation and levee construction, and (4) 
flanking of in-place pre-1999 bank protection along the west bank of the creek at the 
head of the diversion structure due to bed aggradation, armoring of the east bank and 
lateral migration of the channel to the west.   

 
10. Absent man-made interventions in the upstream watershed, it is inevitable that similar 

adverse downstream impacts to those that occurred in the 1999 floods will eventuate in 
response to future flood flows in Fountain Creek. 

2.11. References Cited and Documents Reviewed 
 
Ayres Associates, 2000.  Cottonwood Creek Drainage Basin Planning Study.  Prepared for 
Nor’Wood Ltd., Inc. and La Plata Investments, Inc., and City of Colorado Springs, June. 
 
Balamururugan, G., 1991.  Some characteristics of sediment transport in the Sungai Kelang 
Basin, Malaysia.  Journal of the Institution of Engineers, Malaysia, v. 48, pp. 31-52. 
 
CH2M Hill, 1992.  Monument Creek Drainage Basin Planning Study, Volume 1.  Prepared for 
the City of Colorado Springs Planning, Development and Finance Department. 
 
Cohen, P.  et al., 1960.  An Atlas of Long Island’s Water Resources.  New York Water Res. 
Committee Bull., v. 62. 
 
Graf, W.L., 1975.  The impact of suburbanization on fluvial geomorphology.  Water Resource 
Research 11, pp. 690-692. 
 
Garcia, M., and Roesner, L., 2002.  Report No.1 to the City Attorney for Colorado Springs, 
Colorado, in reference to El Paso County District Court, Case No. 01CV1290, July 31. 
 
Garcia, M., and Roesner, L., 2003.  Report No.2 to the City Attorney for Colorado Springs, 
Colorado, in reference to El Paso County District Court, Case No. 01CV1290, May 21. 
 
Gregory, K.J., 1974.  Streamflow and Building Activity.  In Gregory, K.J. and Walling, D.E. (eds), 
Fluvial Processes in Instrumental Catchments, Inst. Brit. Geog. Spec. Publ. 6, pp. 107-122. 
 
Hammer, T.R., 1972.  Stream channel enlargement due to urbanization.  Water Resources 
Research 8, pp. 1530-1540. 
 



 47

Harvey, M.D. and Schumm, S.A., 1987.  Response of Dry Creek, California, to land use change, 
gravel mining and dam closure.  Erosion and Sedimentation in the Pacific Rim.  IAHS Publ. No. 
165, pp. 451-460. 
 
Harvey, M.D., and Watson, C.C., 1988.  Channel response to grade-control structures on 
Muddy Creek, Mississippi.  Regulated Rivers:  Research and Management, v. 2, pp. 79-92. 
 
Harvey, M.D. and Watson, C.C., 1986.  Fluvial processes and morphological thresholds in 
incised channel restoration.  Water Resources Bulletin, v. 22, no. 3, p. 359-368.  Reprinted in 
W.L. Jackson (ed.), Engineering Considerations in Small Stream Management, AWRA 
Monograph Series, No. 5. 
 
Harvey, M.D., Watson, C.C., and Schumm, S.A., 1983.  Channelized Streams:  An analog for 
the Effects of Urbanization.  Proc. Tenth Int. Symp. on Urban Hydrology, Hydraulics and 
Sediment Control: Sterling, H.J. and DeVore, R.W. (eds), Univ. of Kentucky.  Pub. No. 
UKYBU131, pp. 401-410. 
 
Hollis, G.E., 1975.  The effects of urbanization of floods of different recurrence intervals.  Water 
Resour. Res. 11, pp. 431-435. 
 
Hollis, G.E., 1974.  The effect of urbanization on floods in Canon’s Brook, Harlow.  Essex.  In 
Gregory, K.J. and Walling, D.E. (eds), Fluvial Processes in Instrumental Catchments, Inst. Brit. 
Geog. Spec. Publ. 6, pp. 107-122. 
 
Kiowa Engineering Corporation, 1996. Sand Creek Drainage Basin Planning Study, Preliminary 
Design Report, City of Colorado Springs and El Paso County, Colorado.  Prepared for the City 
of Colorado Springs Department of Comprehensive Planning, Development and Finance. 
 
Leopold, L.B., 1968.  Hydrology for urban land planning—a guidebook on the hydrologic effects 
of urban land use.  U.S. Geological Survey Circular No. 554, 18 p. 
 
Ligon, F.K., Dietrich, W.E., and Trush, W.J., 1995.  Downstream ecological effects of dams:  A 
geomorphic perspective.  BioScience, v. 45, no. 3, March, pp. 183-192. 
 
Lincoln DeVore, 1979.  Engineering Study of Cottonwood creek Drainage Basin, Colorado 
Springs, Colorado.  Prepared for Drainage Board of the City of Colorado Springs, August. 
 
Lvovich, M.I. and Chernogaeva, G.M., 1977.  The water balance of Moscow.  In Effects of 
Urbanization and Industrialization on the Hydrological Regime and on Water Quality, IAHS Publ. 
123, Wallingford, UK, pp 48-51. 
 
Miller, D.R., 1987.  The effect of diversion water on the channel morphology of Fountain Creek, 
Colorado.  Masters Thesis, University of Colorado, Boulder, Colorado. 
 
Miller, R.A., Troxell, J., and Leopold, L.B.,1971.  Hydrology of two small river basins in 
Pennsylvania before urbanization.  U.S. Geological Survey Professional Paper 701-A, 57 p. 
  
Morisawa. M.E. and LaFlure, E., 1979.  Hydraulic geometry, stream equilibrium and 
urbanization.  In Rhodes, D.D. and Williams, G.P. (eds), Adjustments of the Fluvial System, pp. 
333-350. 
 



 48

Muller Engineering, Company, Inc., 1994.  Fountain Creek Drainage Basin Planning Study, 
Volume I.  Prepared for the City of Colorado Springs Engineering Department. 
 
Mussetter, R. A., Lagasse, P.F., and Harvey, M.D., 1994.  Erosion and Sediment Design Guide, 
prepared for Albuquerque Metropolitan Arroyo and Flood Control Authority. 
 
Nanson, G.C. and Young, R.W., 1981.  Downstream reduction of rural channel size with 
contrasting urban effects in small coastal streams of southeastern Australia.  Journal of 
Hydrology 52, pp. 239-255. 
 
Nixon, M., 1959.  A study of the bankfull discharge of rivers in England and Wales.  Proceedings 
of the Institution of Civil Engineers, 12, pp. 157-175. 
 
Park, C.C., 1977a.  World wide variations in hydraulic geometry exponents of stream channels.  
An analysis and some observations, Journal of Hydrology, 33, pp. 133-146. 
 
Park, C.C., 1977b.  Man-induced changes in stream channel capacity.  In Gregory, K.J. (ed), 
River Channel Changes, Chichester, Wiley, pp. 121-144. 
 
Richards, K.S., 1982.  Rivers: form and process in alluvial channels.  Methuen, London, 358 p. 
 
Richards, K.S. and Wood, R., 1977.  Urbanization, water redistribution, and their effect on 
channel processes.  In Gregory, K.J. (ed), River Channel Changes, Chichester, John Wiley & 
Sons, pp. 369-388. 
 
Ruslan, I.W., 1995.  Impact of urbanization and uphill land clearances on the sediment yield of 
an urbanizing catchment of Pulau Pinang, Malaysia.  In McLelland, S.J., Skellern, A.R., and 
Porter, P.R. (eds), Postgraduate Research in Geomorphology:  Selected Papers from the 17th 
BGRG Postgraduate Symposium, University of Leeds, School of Geography, pp. 28-33. 
 
Schumm, S. A.  1977.  The Fluvial System.  New York, NY, Wiley. 
 
Schumm, S.A., Harvey, M.D., and Watson, C.C., 1984.  Incised Channels:  Morphology, 
Dynamics and Control.  Water Resources Publications, Littleton, Colorado, 200 p. 
 
Shaw, T.L., 1974.  Requirements of drainage design for large urban areas.  In Rainfall, Runoff 
and Surface Water Drainage of Urban Catchments, Proc. Res. Colloquium, Cristol Univ, CIRIA, 
Paper 13, April. 
 
Simons, Li & Associates, Inc., 1982.  Engineering Analysis of Fluvial Systems. Fort Collins, 
Colorado. 
 
Smith, D.G., 1976, Effect of vegetation on lateral migration of anastomosed channels of a 
glacial meltwater river.  Geological Society of America Bulletin, v. 87., pp.857-860. 
 
Stogner, R.W., 2000.  Trends in Precipitation and Streamflow and Changes in Stream 
Morphology in the Fountain Creek Watershed, Colorado, 1939-1999.  U.S. Geological Survey 
Water-Resources Investigations Report 00-4130, 43 p. 
 
Thorne, C.R., 1982.  Processes and mechanisms of riverbank erosion.  In Hey, R.D., Bathurst 
J.C., and Thorne C.R. (eds), Proceedings of the International Workshop on Engineering 



 49

Problems in the Management of Gravel-Bed Rivers, Greynog, Wales, June 23-28, 1980, John 
Wiley & Sons, London, United Kingdom, pp. 227-271. 
 
Urbonas, B. and Benik, B., 1995.  Stream stability under a changing environment.  In Herricks, 
E.E. (ed), Stormwater Runoff and Receiving Systems:  Impact, Monitoring, and Assessment, 
Boca Raton, Florida, Lewis Publishers, pp. 77-101. 
 
URS Consultants, 1994.  Cottonwood Creek Drainage Basin Planning Study, City of Colorado 
Springs and El Paso County.  Prepared for the City of Colorado Springs, June 9. 
 
U.S. Army Corps of Engineers, Hydrologic Engineering Center, 2002. HEC-RAS, River Analysis 
System, User’s Manual. Davis California, Version 3.1, CPD-68. 
 
U.S. Geological Survey, 1982.  Guidelines for Determining Flood Flow Frequency, Bulletin #17B 
of the Hydrology Subcommittee, 431 p. 
 
Von Guerard, P., 1989a.  Suspended sediment and sediment-source areas in the Fountain 
Creek Drainage Basin Upstream from Widefield, Southeastern Colorado.  U.S. Geological 
Survey Water Resources Investigation Report 88-4136, 36 p. 
 
Von Guerard, P., 1989b.  Sediment-transport characteristics and effects of sediment transport 
on benthic invertebrates in the Fountain Creek Drainage Basin Upstream from Widefield, 
Southeastern Colorado.  U.S. Geological Survey Water Resources Investigation Report 89-
4161, 133 p. 
 
Williams, G.P. and Wolman, M.G., 1984.  Effects of dams and reservoirs on surface water 
hydrology:  changes in rivers downstream from dams.  U.S. Geological Survey Professional 
Paper 1286, 83 p. 
 
Wilson, K.V., 1967.  A preliminary study of the effect of urbanization on floods in Jackson, 
Mississippi.  U.S. Geological Survey Professional Paper 575D, pp. 259-261. 
 
Wohl, E.E. (ed), 2001.  Inland Flood Hazards: Human, Riparian, and Aquatic Communities.  
Cambridge University Press, 498 p. 
 
Wolman, M.G., 1967.  A cycle of sedimentation and erosion in urban river channels.  Geogr. 
Annaler 49A, pp. 385-395. 
 
Wolman, M.G. and Schick, A.P., 1967.  Effects of construction on fluvial sediment:  Urban and 
suburban areas of Maryland.  Water Resour. Res. 3, 2, pp. 451-462. 

Overton Road Alternate Alignment Analysis 

KOA Kamper Kitchen Building Plans, letter about soil testing at site 

Aerial photographs with drawings of damage 

SBA loss estimate 

Legal description of KOA property from McCook 

Notice of Claim, letter from PPACG with info on Fountain Creek Watershed Plan 

Gregory Johnson's report of KOA property 

KOA photograph log 
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USGS webpage with daily mean streamflow for April 1, 1999 through August 1, 1999 
(provisional data), Water Discharge Records 

Gazette article:  City, county discuss joint measure on drainage 

Geografiska:  Sierra Club warns of flood risk 

Newspaper article:  Have Precipitation and Streamflow in Fountain Creek Watershed Changed 
over time? 

Taming the Creek:  Flood-control planning begins for Fountain Creek, State will get $6 million to 
help fight flooding 

Copy of Gazette article:  Landowners tired to treading water 

Environmental Audit: Fountain and Monument Creeks 

Hazard Mitigation Grant Program 

PPACG: Environmental Program 

Newspaper article:  Waterways damaged by floods are required USGS Fact Sheet 136-00, 
Trends in Precip and Streamflow in the Fountain Creek Watershed, SE Colorado, 1977-99 

Newspaper:  City, County discuss joint measure on drainage 

Newspaper:  Sierra Club warns of flood risk 

Legal encyclopedia with general law on "Act of God" defense, Ryan Gulch Reservoir Co. V 
Swartz, Barr v. Game Fish and Parks Commission 

2000 Colorado Springs Utilities Water Resources Department's Arkansas River Exchange 
Report 

USGS Trends in Precip and Streamflow and Changes in Stream Morphology in the Fountain 
Creek Watershed, Colorado, 1939-99 

Annual Water Diversion Report, 1999 Exchange Report, Gage records 

Gazette article:  Two sue over flood 

Fountain Creek Report by MacDonald and Sampson 

USGS maps, drainage basin boundaries 

Fountain Creek Watershed Plan website with photographs of KOA and Greenview Ditch 

Field trip photographs of drainage structures 

Curriculum Vitae for Lee MacDonald 

An Overview of Issues in Fountain Creek Watershed, MacDonald and Sampson 1996 

Effect of Urbanization of Floods of Different Recurrence Interval, Urbanization and the Natural 
Drainage System and Fountain Creek Chronicles 1996-1998 (not inclusive)  

Changing Hydrology in Fountain Creek Watershed (Sampson Term Project) 

Dr. Lee MacDonald's deposition 

Gazette article:  Tree removal will limit flooding 

Gazette article:  Floodplain mismanaged, group says 
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Appendix Survey Report Fountain River Watershed Colorado 

Fountain Creek Watershed Plan Newsletter, October 2002 

Monument Creek Drainage Basin Planning Study, Volume I, Report 

Monument Creek Drainage Basin Planning Study, Volume IV, Appendixes C 

Monument Creek Drainage Basin Planning Study, Volume III, Appendixes A-B, D-H 

Fountain Creek Drainage Basin Planning Study, Volume I 

Fountain Creek Drainage Basin Planning Study, Volume III, Supporting Info/Technical 
Addendum, Book 1 of 2 

Fountain Creek Drainage Basin Planning Study, Volume III, Supporting Info/Technical 
Addendum, Book 2 of 2 

Sand Creek Drainage Basin Planning Study, Preliminary Design Report 

Sand Creek Drainage Basin Planning Study, Preliminary Design Report, Technical Addendum 

Engineering Study and Revision of the North Shook's Run - Templeton Gap Drainage Basin, C. 
Springs CO 

KOA map with line showing 1st, 2nd and 3rd events 

Scanned photos of KOA campground 

Scanned photos taken by MacDougall, examples of drainage structures 

Fountain Creek Chronicles, 1996-1997 (not inclusive) 

Plots of Bowl Assembly Performance' and 'Submersible Turbine Pump 

Drainage Criteria Manual Volumes 1 and 2, Oct 1987, revised 1991 

Monument Creek Drainage Basin Planning Study 

Monument Creek Drainage Basin Planning Study, Volume II Drawings 

Fountain Creek Drainage Basin Study 

City of Colorado Springs Fee Basin Map 

GIS sample of Fountain Creek Watershed 

Fountain Creek Watershed Plan 

USGS Surface Water Data for Fountain Creed Watershed 

Sand Creek Drainage Basin Planning Study - Hydrology Report, technical addendum 

West Fork Jimmy Camp Creek Drainage Basin Planning Study 

Johnson/Security Creek Drainage Basin Planning Study 

Arkansas River Report, Trans-Mountain water diversion records WY 1987-2001 

TR20 and HEC2 models, data files but only two are readable 

Sand Creek Drainage Structure Inventory, Quattro Pro Spreadsheet 

ArcView image files for Pueblo County 

Aerial photographs of Greenview Trust with property boundary and approximate damages 
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FEMA HEC models and GIS overlay 

Aerial photograph of KOA campground showing post-flood conditions 

Post-flood Assessment Report, Arkansas River Southern Colorado, USACOE, 1999 

Gazette article:  Landowners tired of treading water, in Growth, storms feed flooding' Pueblo 
Chieftain 

The Effect of Diversion Water on the Channel Morphology of Fountain Creek, CO 

 
3. Exhibits which Summarize or Provide Support for 

Opinions 
 
The listings, tables, and figures set forth above, the documents and publications referenced 
above summarize or provide support for the opinions expressed. 
 
4. Qualifications (including a list of all publications 

authored within the preceding ten years) 
 
A copy of Dr. Michael Harvey’s curriculum vitae is attached hereto which identifies his expert 
qualifications, including all publications authored by him within the preceding ten years. 
 
5. Compensation 
Dr. Michael D. Harvey’s hourly billing rate for his work is $143 per hour.  This rate increases to 
$215 per hour for deposition and trial testimony. 
 
6. Expert Testimony within Preceding Four Years 
Dr. Michael D. Harvey has testified as an expert at trial or by deposition in four judicial 
proceedings within the preceding four years as follows: 
 
2003: Superior Court of California, Mono County, Louis A. deBottari v. California Department of 
 Transportation—Case No. 12449 (deposition and expert testimony) 
 
2006: R.C. Ingram, Jr. et al. vs. U.S. - Case No. 03-2430L, United States Court of Claims 
(deposition and expert testimony) 
 
Date  March 18, 2008,  
 
Dr. Michael D. Harvey                  
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MICHAEL D. HARVEY 
 
 
TITLE: Vice President, Mussetter Engineering, Inc. 

Principal Engineering Geomorphologist 
 
BIRTH DATE: May 19, 1947 
 
CITIZEN:  New Zealand 
 
VISA STATUS: U.S. Permanent Resident 
 
EDUCATION: B.S. 1968 University of Canterbury, New Zealand 

Soil and Water Engineering 
 

M.S. 1973 University of Canterbury, New Zealand 
(Hons) Soils, Hydrology 

 
Ph.D. 1980 Colorado State University 

Fluvial Geomorphology 
 
PROFESSIONAL EXPERIENCE: 
 

1994-              Vice President, Mussetter Engineering, Inc. 
 

1991-1994 Vice President, Resource Consultants & Engineers, Inc. 
 

1990-1991 President, Water Engineering & Technology, Inc. 
 

1983-1990 Vice President, Water Engineering & Technology, Inc. 
 

1983-1988 Senior Research Scientist and Associate Professor of  
Geology, Colorado State University 

 
1981-1983 Senior Research Associate, Colorado State University 

 
1977-1980 Research Associate, Colorado State University 
 
1975-1977 Project Leader, Water and Soil Division 

Ministry of Works and Development, New Zealand 
 

1973-1974 Scientist, Water and Soil Division 
Ministry of Works and Development, New Zealand 

 
1970-1971 Soil Conservator, Water and Soil Division 

Ministry of Works and Development, New Zealand 
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PROFESSIONAL SOCIETIES: 
Geological Society of America (Fellow) 
American Geophysical Union 

  Linnaen Society of London (Fellow) 
 
TEACHING: 

Courses Individually and Team Taught at Colorado State University:  
 

1983-1984 ER 454 Geomorphology 
1983-1984 ER 376 Field Methods 
1984  ER 592 Seminar in Glacial Geology 
1984-1987 ER 480 Continental Depositional Processes 
1984  ER 696 Group Study in Engineering Geology 
1985  ER 544 Engineering Geology 
1986-1987 ER 692 Geomorphology Seminar  
1983-1984 ER 440 Watershed Problem Analysis 
1983-1984 CE 413 Environmental River Mechanics 
1983  CE 717 River Mechanics 

 
Short Courses and Seminars: 

 
2002 Working at a Watershed Level, A workshop on water resource issues in  

   California’s Central Valley, California State University, Fresno, CA 
2001 Advanced Streambank Protection Training Course, U.S. Army Corps of  

   Engineers, Vicksburg, MS 
1994  Sediment and Erosion Design Guide Short Course, Albuquerque Metropolitan 

   Arroyo Flood Control Authority   
1993  Sediment and Erosion Design Guide Short Course, Albuquerque Metropolitan 

   Arroyo Flood Control Authority  
1991 Soil Conservation Service, Design of Stable Earth Channels, Fort Worth, 

Texas 
1990 USACE Hydrologic Engineering Center (HEC) - Application of engineering 

   geomorphology to HEC-6 modeling, Davis, California 
1988 USACE Hydrologic Engineering Center (HEC) - Applied geomorphology, 

Davis,    California  
1988 Soil Conservation Service - Geomorphology and channel design, Fort Worth, 

Texas 
1987 Soil Conservation Service - Use of Geomorphology in Erosion Control and 

Channel Design, Portland, Oregon  
1986 Office of Surface Mining - Design of Reclaimed Channels - Salt Lake City, 

Utah 
1984 Erosion and River Behavior Analysis - Colorado State University 
1984 Soil Conservation Service - Stream Mechanics - Colorado State University 
1983 Soil Conservation Service - Geomorphology in channel design, Fort Worth, 

Texas, Greenville, S.C., Washington, D.C. 
 

COMMITTEES: 
American Society of Civil Engineers Hydraulics Division, River Bank Erosion Task 
Committee 
National Academy of Sciences, Earth Surface Processes Panel 

 
HONORS: 

Fellow, Geological Society America, 1995 
Fellow, Linnaen Society of London, 1994 
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LITIGATION SUPPORT AND TESTIMONY 
Qualified as an expert in geomorphology and provided expert testimony as follows: 

 
U.S. Court of Claims 

J.R. Cooper vs. U.S. (Case No. 681-84L)—1986 
M.A. Powers et al. vs. U.S. (Case No. 434-75)—1989 
B. Bagwell et al. vs. U.S. (Case No. 439-87L)—1996 

 C.S. Green et al. vs. US (Case No. 00-167L)—2002 
 R.C. Ingram, Jr. et al. vs. US (Case No. 03-2430L)—2006 
 
U.S. Federal Court Cheyenne, Wyoming 

C.R. Hanson vs. U.S.—1981 
 

District Court, Water Division No. 1, State of Colorado 
State of Colorado vs. U.S. (Case No. W-8439-76)—1990 

 
Superior Court of California, Yuba County 

Multiple plaintiffs vs. Reclamation District 784 and the State of California  
 (Case No. 2104)—1994 

 
Superior Court of California, San Benito County 

Sandman, Inc. vs. County of San Benito and Board of Supervisors  
(Case No. 22107)—2000 
 

 Superior Court of California, San Joaquin County 
Reclaimed Island Lands Company vs. State of California   
and RD 2107, the Dept of Water Resources of the State of California 
(Case No. 004313)—1999 

 
U.S. District Court for the District of Idaho 

Napias Creek (Case No. 94-0159-S-HLR)—1996 
 

Fifth Judicial District, State of Idaho, County of Twin Falls 
Snake River Basin Adjudication (Case No. 39576) 
 (Consolidated Case No. 63-25243)—1998 

 
Fifth Judicial District, State of Idaho, County of Twin Falls 

Snake River Basin Adjudication (Case No. 39576) 
(Consolidated Case No. 02-10063)—2001 

 
 Superior Court of California 

San Benito County, Sandman, Inc. vs. County of San Benito and Board of 
Supervisors (Case No. 22107)—2001 
 

U.S. District Court of Kansas 
Jacquline Seyler v. Burlington Northern Santa Fe Corporation and AMTRAK 
(Case No. 99-2342-KHV)—2002 

 
Superior Court of California, San Benito County 

Sandman, Inc. vs. County of San Benito and Board of Supervisors  
(Case No. 22107)—2002 
 

Superior Court of Arizona, County of Mariposa 
The Burlington Northern and Santa Fe Railway Company v. The State of 
Arizona et al. (Case No. CV98-14172)—2002 
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 U.S. District Court for the Eastern District of California 
  California Sportfishing Protection Alliance v. Diablo Grande, Inc. 
  (Case No. F-00-597- OWWDLB)—2001 
 
 Superior Court of California, Mono County 
  Louis A. deBottari v. California Department of Transportation (Case No.  
  12449)—2004 
 
 Superior Court of California, County of San Joaquin 

Reclaimed Island Land Co. v. RD 2107 and the State of California  
(Case No. 0043113)—2000 

 
District Court of El Paso County, Colorado 

Speight Partnership and Greenview Trust v. City of Colorado Springs and El 
Paso County (Case No. 01CV1290)—2004 

  
PUBLICATIONS: 
 
Harvey, M.D., Trabant, S.C., and Levitt, J.E., 2007.  Predicted Sedimentation Rates at 

Proposed Lake Ralph Hall, North Sulphur River, Texas.  Presented at the Texas 
Water 2007 Conference by the Texas Section of the American Water Works 
Association (TAWWA) and the Water Environment Association of Texas (WEAT), 
Fort Worth, Texas, April 10-13. 

 
Mussetter, R.A., Harvey, M.D., and Parkinson, S., 2007.  Boat Wake Erosion of Sand Bars in 

Hells Canyon of the Snake River, Idaho and Oregon.  World Environmental and 
Water Resources Congress 2007, ASCE, Tampa, Florida, May. 

 
Harvey, M.D. and Trabant, S.C., 2006.  Evaluation of Bar Morphology, Distribution, and 

Dynamics as Indices of Fluvial Processes in the Middle Rio Grande.  Abstract for 
Middle Rio Grande Endangered Species Collaborative Program, First Annual 
Symposium, Albuquerque, New Mexico, April. 

 
Schumm, S.A. and Harvey, M.D., 2006.  Engineering Geomorphology.  American Society of 

Civil Engineers, Sediment Engineering Manual, Chapter 18. 
 
Mussetter, R.A., Harvey, M.D., and Harner, R.F., 2005.  Physical characteristics, flow regime 

and riparian vegetation in coarse-grained streams, Idaho Batholith, USA.  Poster 
presented at the Sixth Gravel-bed Rivers Conference, Austria, September 5-9. 

 
Mussetter, R.A. and Harvey, M.D., 2005.  Design Discharges for Arroyos in an Urban 

Setting.  Proceedings of the EWRI 2005 World Water and Environmental Resources 
Congress, Anchorage, ASCE, Alaska, May 15-19. 

 
Harvey, M.D. and Mussetter, R.A., 2005.  Difficulties of Identifying Design Discharges in 

Steep, Coarse-Grained Channels in the Arid Southwestern US.  Proceedings of the 
EWRI 2005 World Water and Environmental Resources Congress, Anchorage, 
Alaska, May 15-19. 

 
Armstrong, S., Miller, W., Mussetter, R.A., Harvey, M.D., and Thomas, D.B., 2004.  Aquatic 

Habitat and Hydraulic Modeling Study, Rio Grande at Bosque del Apache National 
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Wildlife Refuge.  Poster session for the 2004 Festival of Cranes, San Antonio, New 
Mexico, November. 

 
Harvey, M.D., Trabant, S.C., Lunger, J.R., and Llewellyn, D., 2004.  Bar Dynamics in the 

Bosque del Apache National Wildlife Refuge.  Poster session for the 2004 Festival of 
Cranes, San Antonio, New Mexico, November. 

 
Mussetter, R.A. and Harvey, M.D., 2004.  Geomorphic, Hydrologic, Hydraulic and Sediment 

Transport Analyses: Tools for Evaluating In-channel and Channel-margin Habitat 
Dynamics.  Proceedings of the 3rd Missouri River and North American Piping Plover 
and Least Tern Workshop, Sioux City, Iowa, April 12-14. 

 
Harvey, M.D. and Mussetter, R.A., 2004.  Fine Sediment Dynamics in Coarse-Grained 

Streams; Implications for Biological Productivity in Urbanized Western Streams.  
Proceedings of the EWRI Environmental Resources Congress 2004, Salt Lake City, 
Utah, June. 

 
Harvey, M.D. and Morris, C.E., 2004.  Downstream Effects of Urbanization in Fountain 

Creek, Colorado.  Proceedings of the EWRI Environmental Resources Congress 
2004, Salt Lake City, Utah, June. 

 
Mussetter, R.A. and Harvey, M.D., 2004.  Maintaining Natural Conditions in Urban Arroyos:  

Is It Possible?  Proceedings of the EWRI Environmental Resources Congress 2004, 
Salt Lake City, Utah, June. 

 
Lunger, J.R., Harvey, M.D., and Mussetter, R.A., 2004.  Investigation of Habitat Formation 

and Fish Use during a Range of Flows in a Sand-bed Stream, the Pecos River, New 
Mexico.  Abstract for the proceedings of the American Geophysical Union, Hydrology 
Days 2004, Colorado State University, Fort Collins, Colorado, March. 

 
Thomas, D.B., Harvey, M.D., and Mussetter, R.A., 2004.  Sediment Yield Estimates from 

Ungaged Tributaries to the Middle Rio Grande, New Mexico.  Abstract for the 
proceedings of the American Geophysical Union, Hydrology Days 2004, Colorado 
State University, Fort Collins, Colorado, March. 

 
Trabant, S.C. and Harvey, M.D., 2004.  Landscape Evolution in High-Elevation Andean River 

Basins, Northern Peru:  Mass Failure and Fluvial Transport.  Abstract for the 
proceedings of the American Geophysical Union, Hydrology Days 2004, Colorado 
State University, Fort Collins, Colorado, March. 

 
Wolff, C.G., Mussetter, R.A., and Harvey, M.D., 2004.  Evaluation of the Effects of Dam Re-

operation on Establishment of Riparian Vegetation, Verde River, Arizona.  Abstract 
for the proceedings of the American Geophysical Union, Hydrology Days 2004, 
Colorado State University, Fort Collins, Colorado, March. 

 
Mussetter, R.A., Harvey, M.D., Anthony, D.J., 2003.  Identification of the Ordinary High-water 

Mark of the Snake River, Western Idaho, USA. Abstract:  Proceedings of Hydrology 
Days 2003, American Geophysical Union, Fort Collins, Colorado. 

 
Harvey, M.D., Mussetter, R.A., Anthony, D.J., 2003.  Island Aging and Dynamics in the 

Snake River, Western Idaho, USA. Abstract:  Proceedings of Hydrology Days 2003, 
American Geophysical Union, Fort Collins, Colorado. 
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Harvey, M.D., Mussetter, R.A., Morris, C.E., 2003.  Fine Sediment in the Upper Colorado 

River During Spring Runoff and Summer Baseflows:  Implications for Flow 
Recommendations and Biological Productivity. Abstract:  Proceedings of Hydrology 
Days 2003, American Geophysical Union, Fort Collins, Colorado. 

 
Harvey, M.D., Mussetter, R.A., Morris, C.E., 2003.  Fine Sediment Dynamics in the Upper 

Colorado River During Spring and Summer Baseflows.  Presented to the Upper 
Colorado River Basin Researcher’s Annual Meeting, Grand Junction, Colorado, 
January 16. 

 
Mussetter, R.A., Harvey, M.D., and Trabant, S.C., 2002.  Historical and Present Day 

Sediment Loads in the Middle Rio Grande, New Mexico.  Proceedings of Hydrology 
Days, 2002 American Geophysical Union, Colorado State University, Fort Collins, 
Colorado, April 1-2. 

 
Harvey, M.D. ,2001.  Napias Creek Falls, Idaho: A natural or man-made barrier for 

endangered chinook salmon. In Applying Geomorphology to Environmental 
Management, Anthony, D.J., Harvey, M.D., Laronne, J.B., and Mosley, M.P. (eds), 
Water Resource Publications, Englewood, Colorado, pp 291-307. 

 
Mussetter, R.A., Harvey, M.D., Zevenbergen, L.W., and Tenney, R.D., 2001.  A Comparison 

of One- and Two-Dimensional Hydrodynamic Models for Evaluating Colorado 
Squawfish Spawning Habitat, Yampa River, Colorado.  In Applying Geomorphology 
to Environmental Management, Anthony, D.J., Harvey, M.D., Laronne, J.B., and 
Mosley, M.P. (eds), Water Resource Publications, Englewood, Colorado, pp 361-379. 

 
Mussetter, R.A. and Harvey, M.D., 2001.  The Effects of Flow Augmentation on Channel 

Geometry of the Uncompahgre River.  In Applying Geomorphology to Environmental 
Management, Anthony, D.J., Harvey, M.D., Laronne, J.B., and Mosley, M.P. (eds), 
Water Resource Publications, Englewood, Colorado, pp 177-198. 

 
Wolff, C.G., Harvey, M.D., and Mussetter, R.A., 2000.  San Miguel River Restoration:  

Geomorphology and Hydraulic Engineering as a Basis of Design.   2000 Joint 
Conference on Water Resources Engineering and Water Resources Planning and 
Management, Minneapolis, Minnesota, July 30-August 2. 

 
Mussetter, R.A., Harvey, M.D., Wolff, C.G., and McDowall, D.G., 2000.  Whitewood Creek 

Reclamation Plan:  A Sound Basis for Design.   2000 Joint Conference on Water 
Resources Engineering and Water Resources Planning and Management, 
Minneapolis, Minnesota, July 30-August 2. 

 
Thomas, D.B., Abt, S.R., Mussetter, R.A., and Harvey, M.D., 2000.  A Design Procedure for 

Sizing Step-Pool Structures.   2000 Joint Conference on Water Resources 
Engineering and Water Resources Planning and Management, Minneapolis, 
Minnesota, July 30-August 2. 

 
Harvey, M.D., Trabant, S.C., Biedenharn, D.S. and Thomas, K.J., 2000.  Formation and 

Maintenance of San Bernardino Kangaroo Rat Habitat, Santa Ana River Alluvial Fan, 
California.  2000 Joint Conference on Water Resources Engineering and Water 
Resources Planning and Management, Minneapolis, Minnesota, July 30-August 2. 
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Harvey, M.D. and Schumm, S.A., 1999.  Indus River dynamics and the abandonment of 
Mohenjo Daro.  In The Indus River: Biodiversity, Resources and Humankind, The 
Linnean Society of London, Symposium Report, A. and P.S. Meadows (eds). 

 
Harvey, M.D., Mussetter, R.A., Chainey, S.J. and Landis, P.J., 1999.  Geomorphic and 

Ecological Responses of the Upper San Joaquin River, California, to Multiple 
Anthropogenic Disturbances. GSA Abstracts with Programs, v. 31, no. 7, A-201. 

 
Mussetter, R.A., Harvey, M.D. and Tenney, R.D., 1999.  Geologic and Geomorphic 

Associations with Colorado Pikeminnow Spawning, Lower Yampa River, Colorado.  
GSA Abstracts with Programs, v. 31, no. 7, A-483. 

 
Harvey, M,D. and Smith, T.W., 1998.  Gravel Mining Impacts on San Benito River, California.   

Proceedings of the 1998 International Water Resources Engineering Conference, 
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1. Apportionment of Causes of Downstream Hydrologic 
Impacts 

 
Failure to implement upstream runoff detention in the Fountain Creek Basin resulted in an 
estimated 33 percent increase in the total volume of flow in Fountain Creek at the KOA and 
Greenview properties during the April-May 1999 storm events (Garcia and Roesner, 2003).  
Estimation and apportionment of the causes of the hydrologic impacts of upstream development 
on the downstream channel and landowners during the April 28 to May 2, 1999 period is based 
on the amount of impervious surface area within the individual drainage basins that make up the 
Fountain Creek watershed, and their spatial distribution within the City of Colorado Springs and 
El Paso County.  The total drainage area of Fountain Creek within El Paso County is 760 
square miles, of which about 197 square miles are located within the City of Colorado Springs.  
Entities not party to this litigation such as Green Mountain Falls, Fountain, Manitou Springs, 
Monument, Palmer Lake, Woodland Park, Teller County, Southeastern Colorado Water District, 
Widefiled, Security, Chipita park, Cascade, Crystola, U.S. Army, U.S. Air Force, and U.S. Forest 
Service are included within El Paso County for the purposes of this analysis.   
 
The amount of impervious area within the basins used in this analysis is based on the assumed 
2010 conditions (refer to Figure 13 in my Expert Report of March 18, 2008) that were derived 
from various planning studies that were conducted for the City of Colorado Springs and El Paso 
County (CH2M Hill, 1992; Muller Engineering, Inc., 1994; Kiowa Engineering Corporation, 1996) 
and from a regression equation developed to predict the 2010 impervious area for the Sand 
Creek Basin.  For the Monument Creek Basin, it is estimated that the total percentage of 
impervious area is about 19 percent, and in the Fountain Creek and Sand Creek Basins the 
estimated percentages of impervious area are 13 and 58 percent, respectively.  Further 
breakdown of the impervious data, indicates that within the Monument Creek Basin about 11 
percent of the impervious area is located within the City of Colorado Springs, and about 8 
percent is located in El Paso County.  In the Fountain Creek Basin, the apportionment between 
the City and County is about 11 and 3 percent, respectively, and in the Sand Creek Basin, the 
apportionment is 34 and 24 percent, respectively. 
 
2. Runoff Estimation 
 
Garcia and Roesner (2003) developed isohyetal maps of the Fountain Creek Basin for the 
rainfall events of April 28, 1999, April 29, 1999, April 30, 1999, May 1, 1999, and May, 2, 1999, 
as well as a combined total for the period between April 28 and May 2, 1999.  For the purposes 
of this analysis, the individual storm event and period total maps were digitized and registered 
on the map of Fountain Creek and the boundaries of the City of Colorado Springs and El Paso 
County were identified on the maps (Figures 1 through 6).  The mid-point value between 
adjacent isohyets (inches) was multiplied by the area (acres) between the isohyets to compute 
the volume of rainfall (acre-feet) that fell on both the City and the County within the Fountain 
Creek Basin for each of the events and for the period between April 28 and May 2.  In the April 
28th event, rainfall totals over the City and County ranged from about 0.25 in. to >1 in. (Figure 
1).  In the April 29th event rainfall totals over the City and County ranged from >1 in. to >4 in. 
(Figure 2).  In the April 30th event, rainfall totals over the City and County ranged from >1 in. to 
>3 in. (Figure 3).   In the May1st event, rainfall totals over the City and County ranged from 
>0.25 in. to > 1 in. (Figure 4) and in the May 2nd event rainfall totals over the City and County 
ranged from >0.25 in. to >0.75 in. (Figure 5).   For the entire period from April 28 to May 2, the 
rainfall totals ranged from >1 in. to >9 in. (Figure 6). 
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Figure 1.  Isohyetal map of the Fountain Creek basin showing the distribution of rainfall on 

the City of Colorado Springs and on El Paso County on April 28, 1999. 
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Figure 2.   Isohyetal map of the Fountain Creek basin showing the distribution of rainfall on 

the City of Colorado Springs and on El Paso County on April 29, 1999. 



 

 4

 
Figure 3.   Isohyetal map of the Fountain Creek basin showing the distribution of rainfall on 

the City of Colorado Springs and on El Paso County on April 30, 1999. 
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Figure 4.   Isohyetal map of the Fountain Creek basin showing the distribution of rainfall on 

the City of Colorado Springs and on El Paso County on May 1, 1999. 
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Figure 5.   Isohyetal map of the Fountain Creek basin showing the distribution of rainfall on 

the City of Colorado Springs and on El Paso County on May 2, 1999. 
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Figure 6.   Isohyetal map of the Fountain Creek basin showing the distribution of rainfall on 
the City of Colorado Springs and on El Paso County between April 28 and May 2, 
1999. 
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For each of the rainfall events and for the entire period between April 28 and May 2, 1999, the 
runoff volumes for the City and County were estimated by applying runoff coefficients to the 
estimated rainfall volumes.   For undeveloped and pervious conditions a runoff coefficient of 0.2 
was applied, and for impervious and developed conditions a value of 0.7 was applied for each 
storm event and for the entire period (American Society of Civil Engineers cited in Pilgrim and 
Cordery, 1993).  No corrections to the runoff coefficients were made to account for reduced 
detention storage between successive events, and the events were treated singularly.  Runoff 
volume estimates were developed for the City and County for the projected 2010 conditions and 
for a pre-development condition where it was assumed that there was no development and thus 
no impervious areas in the basin.  The difference in the runoff volumes for the two conditions 
represents the contribution of the two entities to the increased runoff, and therefore, provides a 
means of apportioning the downstream hydrologic impact.    
 
Table 1 summarizes the estimated runoff volumes for the City and County for the five rainfall 
events and for the period between April 28 and May 2, 1999.   
 

Table 1.   Summary of the estimated runoff volumes for 2010 and pre-development 
conditions in the Fountain Creek Basin. 

Runoff Volumes for 2010 
Conditions  
(acre-feet) 

Runoff Volumes 
for Undeveloped 

Conditions  
(acre-feet) 

Runoff Volume Due to 
Development  

(acre-feet) 
Rainfall 

Event Date 

City County City County City County 
4-28-99 9,595 19,753 3,163 6,157 6,432 13,596 
4-29-99 56,763 104,981 18,713 32,721 38,050 72,260 
4-30-99 44,135 94,102 14,550 29,331 29,585 64,771 
5-1-99 13069 39041 4309 12169 8760 26872 
5-2-99 2,805 11,865 925 3,698 1,880 8,167 

4-28-99 to 
5-2-99 126,444 278,905 41,685 86,932 84,759 191,973 

 
For the individual rainfall events and for the period from April 28 to May 2, 1999, the percentage 
increase in estimated runoff volume as a result of development for the City of Colorado Springs 
was about 67 percent, and for El Paso County it was about 68 percent.  Therefore, it can be 
concluded that development in the two entities contributed equally to the downstream increase 
in runoff in Fountain Creek. 
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