DRAFT MEMORANDUM

TO: File 863CCQO01

FROM: Greg Roush

DATE: September 6, 1989

RE: Surface Water Hydrology

This memorandum outlines the development of the procedure used in
the Cherry Creek Master plan to determine runoff quantity and
phosphorous loads for sub-basins above Cherry Creek Reservoir.

I. DRURP Study

Rainfall-Runoff relationships were developed during the 3-year
Denver Regional Urban Runoff Program (DRURP) study [1].

A. The DRURP study area consisted of nine (9) urban basins
between the USGS South Platte River gaging stations at
Littleton and 50th Avenue. (Exhibit No. 1).

B. The study involved monitoring runoff and various water
quality constituents for a 2-year period.

C. A rainfall, percent effective imperviousness (PEI),
runoff relationship was developed and is attached as
Exhibit No. 2.

D. The rainfall, PEI, and phosphorous load relationship is
shown in Exhibit No. 3.

E. Limitations on the use of Exhibits 2 and 3 are listed in
Exhibit No. 4.

II. Application to the Cherry Creek Basin

Data and models derived as a part of the DRURP study were used in
the Cherry Creek and Chatfield Clean Lakes Study to predict total
phosphorous loading and runoff by land use type (i.e. Exhibits 2
and 3) [2]. Adjustments to the models were made to calibrate it
to the upper Cherry Creek basin.

A. A storm size distribution and frequency analysis was
conducted to provide needed rainfall information. The
study assumed 1969 through 1982 daily precipitation
records at Cherry Creek Dam were representative of the
entire reservoir tributary area. Exhibit No. 5 shows the
results of the analysis.

® Leonard Rice Consulling Water Engingers, Inc.
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B.

Annual runoff for each sub-basin 1is estimated as follows:

1. For each storm-size in Exhibit No. 5, the amount of
runoff is determined for various land uses.

2. The frequency of each storm-size 1is then multipiied
times the runoff amount in step 1 for each land use

type.

3. The runoff for each storm-size for a particular land
use is summed to get an annual unit runoff amount.

4. The number acres in each land use is multiplied
times the annual unit runoff.

5. The annual runoff for each type of land use in a
sub-basin 1s then summed to get the annual runoff
from a sub-basin.

An example from the DRURP study is given as Exhibit No.
6.

Scaling factors were applied to the DRURP data and models
for calibration to the Clean Lake study Basins (Cherry
Creek and Chatfield). The scaling factors assess how
much of the load and runoff will be conveyed out of the
sub-basin to the reservoilr indirectly accounting for
factors such as basin slope, channel efficiency, soil
type, etc.

Scaling factors were calculated by sub-basin individually
for runoff and phosphorous loading by comparing predicted
to measured 1982 loads. (Exhibit No. 7).

The average scaling factors by sub-basin were correlated
against sub-basin PEI, to allow prediction of scaling
factors for other basins, and future conditions. The
resulting equations are shown on Exhibit No. 8.

Exhibit No. 9 shows the current (1982) predicted total
phosphorous load and annual runoff volume. Exhibit No.
10 shows the projected loadings and annual runoff to the
year 2010. :

Questions and Concerns

The original study from which the models were developed were
based on small urban basins, and the models were not to be
used on large undeveloped basins (greater than 1,000 acres).

Leonard Rice Consulting Water Engineers, Inc,
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2.

® Leonard Rice Consulting Water Engineers, Inc.

Rainfall duration and intensity are not considered, only total
depth for any time period separated by 12 hours of no
precipitation.

Daily rainfall records were analyzed. UDFCD is currently
investigating hourly records for storm-size distribution and
frequency.

Ben Urbonas at UDFCD stated that storms in Urban areas have
to total more than .08 to .15 inches in rainfall depth for
runoff to occur. Use of the two lower classifications (.02-
.09 and .1 to .19 of precipitation, Exhibit No. 5} may
overestimate loads and runoff.

The accuracy of runoff prediction decreases for basins having
less than 10 percent PEI. According to a report by CDM the
projected Cherry Creek Basin full build-out PEI is only 6.1
percent.

Calibration of the models to the Cherry Creek Basin required
scaling factors that changed predicted results by orders of
magnitude (see Exhibit No. 7) in either direction depending
on the sub-basin.

The scaling factors were correlated to PEI for the Cherry
Creek basin with satisfactory results. However, the Chatfield
data could not be successfully correlated to PEI. Was the
Cherry Creek relationship a function of limited data?

Tt was assumed that the Cherry Creek Dam precipitation gage
was representative of the reservoirs tributary area. Annual
precipitation at Cherry Creek Dam averaged 18.95 inches for
the period 1969-1982, Cherry Creek Dam lies within the
preferred South Suburban thunder storm track as identified in
Figure 21 of Ref [1}.

Average annual precipitation of the Parker 6E weather station
is 13.4 inches for the period 1941-70. Hourly records are
also available at this station.

There are 246,000 acres or 384 square miles in the basin. The
annual runoff volume predicted for current conditions is 685
AF (1982) and 870 to 1,860 AF for 1985 (Exhibits 9 and 10).

Historic gaged flows of Cherry Creek near Melvin (336 mi?),
located at Arapahoe Road, average 8,500 AF per year for the
period 1941-1969, and 1985. Cherry Creek near Franktown (169
mi?) records show an average of 6,800 AF for the period 1941-
1986.
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10. In the DRURP study it is stated that extreme caution is to be
used for storms greater than 1.5 inches total depth to
determine runoff amount. Would regular peak discharge methods
be applicable? .

11. Can the data collected in 1986, 1987, and 1988 be useful in

updating scaling factors, and other relationships? (currently,
reviewing these documents.)

® Leonard Rice Consuilting Water Engineers, Inc.
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found to be directly related to rainfa
some cases, the greatest loading

Figures for estimating storm loads of pollutants were developed based upon
the relationships depicted in Figu 12 for the“five constituents in Figures
4 and 5: total nitrogen, total phosphorus, . total suspended solids, total
lead, and zinc. These constituents wenre selected as, at least during wet
months, major contributions of them outh Platte River were found
to be from urban runoff (Chapte hs were constructed that
estimate unit-area loading in Ibs/ac based upon™rainfall and land use by
solving linear regression equations expressing loadi in Ibs/ac as a func-
tion of runoff (Table 23) with regression equations eXrressing runoff as a
function of rainfall (Table 24). Data from the pairs of %ingle family
(Northglenn and Askdry Park Retention) and multi—famiﬁf‘%S%uthglenn and
Cherry Knolls) bag<ins were combined, since it was determined
were similar for'the same tland use (Figure 5). The resuiting eq
able 25 and graphed in Figures 13 to 17 for a range

presented i
storms between 0.1 to 2.5 inches. This range was chosen as it inclu
the majority of rainstorms in the DRURP study area. Figures for the
ining constituents monitored appear in a technical memorandum available
rough DRCOG.

Estimation of Urban Runoff Volume and Pollutants

Figures 13 through 17 can be used in a variety of ways for the preliminary
assessment of effects of already-existing or proposed land uses on rain-
storm-runoff quality. They permit a quick, reiative comparison of pollutant
loads between land uses. Also, Figure 11 can be used to estimate rain-
storm-runoff volumes from various land uses or areas of known PEI.

Due to the limited number of storms sampled, small number of basins moni-
tored, and large variability found in pollutant loading, application of these
figures and data outside of the DRURP study area is not encouraged. It
was originally thought that results of this study could be applied to other
regions of similar climate and geographical characteristics. The above men-
tioned factors precluded this. Ailso, these figures were derived from data
from small, developed basins. They should not be used to estimate runoff
and loads from large undeveloped basins (greater than 1000 acres).

The following restrictions apply to the predictive figures in this section.
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Figure 11. Nomograph for Estimation of Rainstorm Runoff:

1. Rainfall duration and intensity are not considered in this fig-
ure. Rainfall in figure refers to total storm amount over any
time period, and rainfall data cannot be aggregated to esti-
mate a runoff amount. Runoff has to be estimated for each

rainfall level. That is, the the runoff from a one-inch rain-
storm is not equal to twice the runoff from two half-inch
storms;

28]

This figure is most reliable for one inch or less of rainfall
and caution is urged in using this figure to estimate runoff
for storms greater than 1.5 inches;

3. The accuracy of runoff prediction decreases for basins having
less than 10 percent PEI. Runoff from such sites is highly
variable and dependent upon soil moisture and conditions
which were not included in this analysis;

4. Specific runoff amounts may vary throughout PEl and the
land uses due to factors not considered in the analysis such
as: basin siope, residual soil moisture, soil type, rainfall
intensity and duration, and presence of frozen socil surface.
Estimates of runoff represent average runoff amounts to be
expected from small basins in the DRURP study area;

5. Designated land uses correspond to average PEls found in a
study of various land uses within the Denver region.® |If
possible, known site PE! should be used; and,

6. This figure is not intended to replace standard engineering
methods for runoff prediction. Its use should be limited to
planning level analysis for water quality purposes.

Figures 13 thru 17. Graphs for Estimation of Rainstorm loads from Various

Land Uses:

1.

Rainfall data can not be aggregated over time. Loads must be estimated
for each rainstorm size. For example, the load from a one-inch rain-
storm is not equal to twice the load from a half-inch storm;

These figures are most accurate for rainstorms of one inch or less, but
can only be used with a minimum of 0.1 inches of rain;

16
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William M. Alley and Jack E. Veenhuis, "Determination of Basin Charac-
teristics for an Urban Distributed Routing Rainfall-Runoff Model," Pre-
sented to Storm Water Management Model Users Group, Montreal,
Canada, May 24-25, 1979.



3. Caution is urged in using these figures to predict loads from natural
grasslands from rainstorms of one-inch or less. Runoff may only be
produced from small storms in such areas when either saturated or
frozen soil conditions exist;

4. The curve labelled "single family” in these figures was derived from
data from high density developments (3-6 dwelling units/acre). This
curve should not be used to estimate loads from low-density single
family developments; and,

Actual rainstorm loads may vary depending upon residual soil moisture,
antecedent dry days, storm characteristics, and other factors not
accounted for in this analysis.

The following information can be gathered from Figure 11 and Figures 13
through 17:

. an estimate of individual rainstorm runoff volume and load;
. an estimate of individual rainstorm event mean concentration;
» an estimate of annyal rainstorm runoff volume and load; and,

* an estimate of annual average rainstorm event mean concentration.

3 use of Figure 11 is demonstrated in Figure 18. In this example, it is”

desired _to estimate runoff in inches produced from an inch of rain on

single fa 'Ly\development. To use the nomograph, use the followi steps:
/

1. Locate 1.0 i precipitation on left vertical axis labelled”™"Total Rain-

fall”; e

-

2. Proceed down and to t right along line a?gz%d with 1.0 inch total
rainfall, stop above point horizontal axjs“below (labelled "Land
Use/PEI") designated single family; /

3. Draw a horizontal line from this)-n’fer
vertical axis labelled "runoff’;~

4. Read runoff amount (app@mateiy 0.14 inches F

The use of Figures

tion straight across to right

through 17 is illustrated in Figure 19:
estimated using same procedure for each of these graphs. estimate

a load from a_given rainfall, draw a vertical line up from desired | of

rainfall to_appropriate line of designated land use. Draw a line horizontally
intersection to the left hand axis labelled "Total Lead". Read \

Loads are

rea load (Ibs/ac) off of this axis. In the example illustrated in

igure 19, a one-inch rainstorm will produce 0.027 {bs/ac of total lead from ~.
commercial land use.
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Table 1

Distribution of Annual Precipitation by Storm Size

Cherry Creek Dam Gage1

Amount of
Precipitation Number of Storms
{inches) Expected per Year
0.02-0.09 20.93
0.10-0.19 11.86
0.20-0.29 5.93
0.30-0.39 4,21
0.40-0.49 3.21
0.50-0.5%9 2.07
0.60-0.69 1.79
0.70-0,79 , 1.00
0.80-0.89 1.29
0.90-0.99 0.71
1.00-1.45 2.07
1.50-1.99 1.43
2.00-2,49 0.50
>2.49 ‘ 0.36

1 _ Based upon record from 1969-1982. Events separated by at

least 12 hours of no precipitation considered to be different
storms.
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estimated runoff from 0.20 inch rainstorm = 0.12 inches;

ated runoff from 1.0 inch rainstorm = 0.73 ipches

4. Convert runeff in inches to cubic feet using coptversion formula

in Table 26:

a. cubic feet rurnoff from 0.20 inch rainstorm =
0.12 inches x 75 acres x 3630 = ,670 cu,ft.;

b. cubic feet runoff
0.73 inches x

acres x 3630 = 198,743 cu. ft.

- 5, Calculate estimated EMC foi total
formula in Table 26:

ead from two rainstorms using

a. 0.20 inch rain EMC =

0.68 Ibs
32,670 cu.ft.

b. 1.0 inch rain E

6. Calculate estimated average EMC for total lead

rom two rain-
storms usipg formula in Table 26: '

2.71 Ibs ¢ (6.245 x 107°) = 0.19 my/L.
731,413 cu ft,

Concl

The estimaZ; event mean concentration of total lead was greater for t
0.20 inch rain despite the greater total load produced from the larger
storm/ For this to have occurred, the percentage increase in runoff voluige
had to have been greater than the increase in pounds total lead from the

0.27to 1.0 inch rainstorm. The average estimated EMC of total lead repres-

B ents the sum of loads divided by storm volumes for the two storms.
—

Example 4. Estimation of annual suspended solids load and comparison
with estimated annual wastewater effiuent load from same area.
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A planning agency wishes to compare the annual suspended solids load-

ing to receiving waters from urban runoff with secondary wastewater
effiluent from a 200 acre, one-quarter acre lot, single family develop-

ment.

The following additional information is provided:

persons per households = 2.61,%?
per capita wastewater flow = 65 gallons/day, "

secondary suspended solids effluent ioad = 30 mg/L.

Solution:

1.

Calculate estimated annual suspended solids load from urban run-
off from the development. This will require information on aver-
age expected yearly rainfall such as is presented in Table 27.
This table gives the average number of storms of various sizes
anticipated per year in the DRURP study area.

Estimated annual load (LT) equals the sum of the individual
storm loads (Ii) for each precipitation level (Xi) times the aver-
age number of storms of that level expected per year (Ni):

i =1
In this example, precipitation is aggregated into 13 levels
{Table 27). Letting Y.I denote the pollutant load per acre from
all the < 0.10 inch events per year, Y2 the annual load from
0.10-0.19 inches precipitation, up to Y13 as the annual load from

2.5 inches, the annual load per acre can be expressed as:

LT (Ibs/acre) = Y] + Y2 + Y3 oLl Y13' where

Yi = Ii Ni for any precipitation level Xi

The total estimated annual load for the development wiil then be
equal to the annual load per acre multiplied by the total acreage.

Using data from Table 27 and the line labelled "single family" in
Figure 15, calculation of annual total suspended solids from
urban runoff load appears in Table 28.

17

Denver Regional Council of Governments, "Household and Household
Size Forecasts for the Denver Region”, DRCOG, July, 1982.

Denver Regional Council of Governments, "Technical Report on Clean
Water Plan”, DRCOG, August, 1981.




Table 27

AVERAGE EXPECTED YEARLY RAINFALL
AT STAPLETON INTERNATIONAL AIRPORT?

i Rainfall Average Numbar Storms
J (inches) (Xl) Expected per year (Nl)
1) <0.10? 20.5 |
2) 0.10-0.19 6.83
- 3) 0.20-0.29 3.58
4) 0.30-0.39 1.58
5) 0.40-0.49 0.92
6) 0.50-0.59 1.0
7) 0.60-0.69 0.17
8) 0.70-0.79 0.50
9) 0.80-0.89 0.58
10) 0.90-0.99 0.33
11) 1.00-1.49 1.08
12) 1.50-1.99 0.42
2.00-2.49 0.08

r 13)

Source: Adams County Planning Department
i !Based upon data from yesars 1968 - 1979,

20Only storms producing greater than 0.02 inches rainfall
were recorded.

Tabte 28

CALCULATION OF ANNUAL TOTAL SUSPENDED
SOLIDS LOAD FROM URBAN RUNOFF

Total suspended

Precipltation in Load in Number storms solids per year
inches (Xl) Ibs/ac(ll) per year (N|) In Iba/ac(YI)
0.10 1 20.5 Y = 21.
0.20 7 6.83 Y = 48
0.30 15 3.58 Y = 54
0.40 23 1.58 Y = 38
0.50 32 0.92 Y = 20
0.60 42 1.00 Y = 42
0.70 53 0.17 Y = §
0.80 64 0.50 Y = 32
0.90 75 0.58 Y = 44
1.0 88 0.33 Y = 29
1.5 155 1.08 Y =167
2.0 231 0.42 Y = 97
2.5 314 0.08 Y = 25

' Y- = 633 Ibs/acre/year

T
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2

The estimated annual load per acre (LT) is 633 |bs/acre/year.

Multiplying this by 200 acres (development size) gives an esti-
mate of 126,600 Ibs/year suspended solids from runoff.

Calculate estimated annual suspended solids load from a natural
grassland of the same size as the development. This is neces-
sary for a valid comparison of loading from wastewater effluent
with urban runoff.

Annual suspended solids load from the natural grassland is calcu-
lated using the same proceedure outlined in the previous step
and the line labelied "natural grassland” in Figure 15. Calcu-
lations are omitted in order to conserve space and avoid redun-
dancy.

The estimated annual load per acre (LT) is 10 Ibs/acre/year.

Multiplying this by 200 acres (development size) gives an esti-
mate of 2000 lbs/year suspended solids.

Estimate annual total suspended solids loading from the develop-
ment from secondary treated wastewater effluent:

a. calculate persons in development:

200 acres x 4 houses x 2.61 persons = 2088 persons;
acre house

b. calculate daily wastewater flow in liters:

2088 persons x 65 gals/person x 3.785 liters =
day gal.

513,700 liters/day;

c. calculate daily suspended solids load:

513,700 liters x 0.03 gram x 1 pound = 34 lbs/day;
day liter 453.6 grams

d. calculate annual suspended solids load:

34 |bs x 365 days = 12,410 ibs/year.
day year

Compare estimated annual total suspended solids loading from
urban runoff with that from secondary wastewater effluent from
the development:

* annual load from urban runoff = 126,600 Ibs/year;

* annual load from effluent = 12,410 |bs/year;

103




prm——

¢ annual load from runoff from natural grassland = 2000 Ibs/
year.

Conclusions:

The total estimated annual load of suspended solids from both municipal
wastewater and urban runoff from the development is 139,010 pounds.
Loading from urban runoff accounted 91 percent of the estimated total load.
However, a more objective estimate of suspended solids loading can be made
by subtracting the estimated load for the natural grassland of the same size
as the deveiopment, from the development (urban runoff) load. In this
manner, only the load attributable to development can be compared to the
wastewater effluent load. If this is done, then the total estimated load of
suspended solids becomes 137,010 pounds, but roughly 91 percent of this
load is still from urban runoff. Suspended solids loading from the natural
grassland is insignificant in this analysis. The majority of the estimated
load is from urban runoff,

Summary and Conclusions

Methods and procedures for estimating rainstorm runoff quantity and quality
in the DRURP study area for any time period, using a minimum of informa-
tion and calculations were presented in this section. The figures and meth-
ods provided are based upon results and data from the urban runoff
monitoring effort (Chapter [(11}.

A graph was presented to estimate rainstorm-runoff quantity based upon
land use or PEl. This figure was constructed based on the conclusions
that runoff was well related curvilinearly to rainfall within a basin, and

that the percent of rainfall occurring as runoff was well related linearly
between basins.

Graphs that estimate pollutant loading were constructed based upon the
findings that loading varied mainly as a function of runoff quantity, which
was found to be dependent upon site PEIl, and that loading rates tended to
be similar for the same land use. Four practical examples were presented
that, hopefully, demonstirated the applicability and usefulness of these
graphs for estimating urban runoff quantities, constituent loads, and con-
stituent concentrations.

A more detailed analysis of rainfall-runoff relationships, pollutant loading

and model development that includes figures for the remaining constituents
monitored (Table 8) is available in a separate technical report from DRCOG.
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. | TP Loading:

Data from Shop Creek and Piney Creek were omitted in this analysis.
Linear regression analysis between Sf and sub-basin PEI yielded the

following eguation:

Sg=0.116 PEI + 0.0039 r=0.98 .

This equation was used to predict scaling factors for TP 1_c_>ad1ng based
on basin PEI for all sub-basins except Shop Creek. The Sf for Shop
Creek was held constant‘and used for development scenarios in the future.

al 10.7
B. Runoff Volumes:

Data from all sub-basins except Lone Tree Creek were used in this
analysis. Lone Tree had an unexplainably high Sf for its PEI. Linear
regression analysis between §f and sub-basin PEI yielded the following
equation:

S¢g=0,185 PEI - 0,057 r=0.98 .
This equation was used to predict a Sf for runoff for all sub-basins.

Both of these regression eguations could predict 1982 mean scaling factors sufficiently
well, and appeared to predict reasonable scaling factors by sub-basin in the future
based upon sub-basin PEI.
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Scaling factors were derived by 4div %gﬁlm loads and runoff by predicted

loads and runoff as was done in_the-€Herry Cre eservoir Basin. Mean scaling
factors (Sf) wgiw,caf}cﬁlﬁg& for each sub-basin. Measured and predicted loads

and runoff and-scaling factors are shown in Table 6 for Chatfield,
//
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Table 9 o Cvlniod 1 O(

CHERRY CREEK RESERVOIR:
1982 PREDICTED TOTAL PHOSPHORUS LOAD (ANNUAL POUNDS)
AND ANNUAL RUNOFF VOLUME (ACRE-FEET)

1982 Load 1982 Runoff Volume

Unmonitored Area - 378 174
Cherry Creek

(includes Happy Canyon) 596 74
Lone Tree Creek 36 6
Cottonwood Creek 343 181
Piney Creek 223 91
Shop Creek 2,429 159

TOTAL 4,010 ;685

Table 10

CHATFIELD RESERVOIR:
1982 PREDICTED TOTAL PHOSPHORUS LOAD (ANNUAL POUNDS)
AND ANNUAL RUNOFF VOLUME (ACRE-FEET)

1982 Load 19682 Runoff Volume

Massey Draw 125 113
Deer Creek 791 . 179
Plum Creek 5,711 979
Unmonitored Area

(west of Reservolr) 275 42
Unmonitored Area '

(Plum Creek below Louviers) 549 202

TOTAL 7,450 1,520
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SUMMARY OF SURFACE WATER HYDROLOGY INVESTIGATION

Reviewed references attached to Draft Memorandum which
include, DRURP final report, Clean Lakes Study Report, Clean
Lakes Technical Memorandum No. 6, Cherry Creek Water Quality
Master Plan and Technical Report.

Contacted UDFCD, DRCOG, CWRPDA, and CWCB for any reports they
had regarding rainfall/runoff relationships.

- UDFCD has master plans for: Lonetree Creek
Wind Mill Creek
Dove Creek
*Cottonwood in Progress
Shop Creek
Quincy Drain

- UDFCD (Ben Urbonas) made a copy of a draft report
entitled "Optimization of Stormwater Quality Capture
Volume".

- CWRPDA and CWCB did not have any reports they felt would
help our investigation.

Investigated the methodology used to estimate annual runoff
and phosphorous loading from sub-basins. Drafted a memorandum
briefly outlining the methodology and stating our concerns and
guestions.

Currently, reviewing the Cherry Creek Basin Water Quality
1986-88 annual reports for data that could be used to check
and update the methodology to predict runoff and phosphorous
loads to Cherry Creek Reservoir.

Leonard Rice Consulling Water Engineers, Inc.
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