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This technical document describes results of anal-
ysis performed by DRCOG which enabled the
Cherry Creek Basin Task Force to recommend a
phosphorus control program which would maintain
the 0.035 milligram per liter total phosphorus res-
ervoir standard (as established by the Water
Quality Control Commission). Point and nonpoint
phosphorus control options were analyzed. Based
on the results of analyses, the Task Force
recommended a phosphorus control program for
point and nonpoint sources of phosphorus in the
basin.
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EXECUTIVE SUMMARY

This technical report provides clarification of and support for the phosphorus
control program described in the Cherry Creek Basin Water Quality Management
Master Plan. The data and analysis performed by DRCOG which enabled the
Task Force to make their recommendations for the phosphorus control program

are described in this report.

Land use data provided to DRCOG by local governments were the basis for
assumptions about how the basin would develop. From these assumptions,
projections of population and employment in the basin were made. The land use

information also provided estimates of runoff volumes and loads in the basin.

A range of acceptable effluent treatment options were identified. Using the
population and employment projections, point sour;:e phosphorus loading using
different treatment options was calculated. Alternatives for service area scenar-
ios were identified. From the long list of possible point source phosphorus con-
trol alternatives, five were identified for further analysis. The five
alternatives chosen were analyzed for- their ability to meet water quality stand-

ards.

Nonpoint phosphorus control options were considered concurrently with point
source options. A goal of 50 percent basinwide nonpoint phosphorus removal
was established. A subbasin approach was identified as the most effective

approach in attaining the 50 percent removal goal.



Richard P. Arber and Associates, Inc., were hired to do cost and water rights
impact analys’is on the nonpoint source and the five-point source phosphorus

control alternatives. Their analysis identified the twelve-plant option as having
the least impact on water rights and-as one of the least expensive. Their ana-
lyses also identified rapid infiltration and detention followed by rapid infiltration

as the most cost-effective means of controlling nonpoint phosphorus.

In addition to the analyses done by Arber and Associates, an analysis of the
non-quantifiable aspects of the five point source alternatives was done. This
non-quantifiable analysis helped to evaluate options and was used with other

information on water quality, water rights impacts, and costs.

Based on the analysis described above, the Task Force made recommendations
on a basinwide phosphorus control program. This technical report provides the
link between all the analyses performed during the course of this study and the

final policies continued in the Master Plan.



I. INTRODUCTION

The Cherry Creek Basin Water Quality Management Master Plan was designed to =
identify the most feasible and effective means for achieving the 0.035 milligram
per liter (mg/L) total phosphorus established for Cherry Creek Reservoir. The
plan made specific recommendations with respect to four major topics. These

are:

1. Point Source Control
Nonpoint Source Control

Phosphorus Allocation Among Sources

A W N

Institution

With adoption of the plan as an amendment to DRCOG's Clean Water Plan, the
Colorado Water Quality Control Commission (WQCC) is considering adopting spe-
cific control regulations for the Cherry Creek Basin. Thé control regulations
relate to controlling phosphorus in the basin by establishing wasteload allo-
cations by sources, defining effluent limitations, controlling nonpoint sources,
monitoring the water quality in the bésin and establishing a process by which
the WQCC can regularly review the program. The WQCC will also adopt the

plan as an update to DRCOG's existing Clean Water Plan.

The purpose of this document is to provide the technical information which sup-
ports the policy oriented plan. Details will be provided with respect to

projections of population and employment, basinwide phosphorus limitation,



nonpoint generation rates and control strategies, point source effluent limita-
tions and scenarios, and general discussion will be provided regarding the

institution and plan implementation.

The intense effort in preparing the Master Plan and this supporting technical
document was a cooperative effort by DRCOG, state and federal agencies, and
local governments in the Cherry Creek Basin. These entities formed a Task
Force which was responsible for guiding the s;tudy'and making final recommen-
dations according to an approved scope of work. The entire effort was
directed at maintaining the total phosphorus standard and beneficial uses of

Cherry Creek Reservoir.



Il. BASIN DEVELOPMENT

The type and rate of growth in the Cherry Creek Basin will have a direct
impact on the water quality of Cherry Creek Reservoir. |In an attempt to quan-
tify future reservoir impacts, it was necessary to define projections of land

use, population and employment of the basin. This information was used to
détermine the volume of water and phosphorus load from nonpoint sources and
also determine the volume of wastewater. The timeframe used was 1985 through

2010, with some recognition of estimates of land use at buildout.
Land Use

Land use information in the plan was provided by local governments and
reflected anticipated land use at buildout based on conditions (zoning, platting
and planning) recognized as of June, 1984. Land use categories were separated
into'seven general groups which represent general growth patterns in the

basin. The land use categories are:

1. Large lot residenﬁal (<1 D.U./acre)
Residential (> 1 D.U./acre)
Residential (> 11 D.U./acre)
Commercial (retail and office)
Industrial (light industrial and office)

Airport Property

~N o0 g A WKN

Open space (parks, flood plains and agriculture)



Figure 1 displays the land use patterns in the basin. It was necessary to dis-
aggregate the basinwide land use into smaller sub-areas. The sub-areas chosen
were the subbasins defined by natural drainage ways (Figure 2). This resulted
in a total of 30 subbasins within which land use was measured. Table 2 pre-

sents the areas of each land use category within each of the 30 subbasins.

Projections of Population and Empioyment

Land use information in Table 2 wa;s translated into estimates of population and
employment. The population estimates were derived from three residential cate-
gories of and specific assumptions regarding the number of density units

(D.U.'s)/acre and the number of persons per household. Table 1 presents the

assumptions used for density units/acre and persons per household.

Table 1
Density Units Per Acre And Persons Per Household By
Residential Land Use

Land Use Density Units/Acre Persons/Household
Large Lot Residential 0.3 3.4
Residential - 6.0 2.7
Residential (Multi-Family) 12.0 2.1

Employment estimates were determined from information from two sources. Land
use information from the local governments defined the total acres of commercial
and industrial land. The Lincoin Report was used for providing the methodol-

ogy of calculating the number of employees based on Floor to Area Ratios (FAR)



Figure 1
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Figure 2

Cherry Creek Basin
& Subbasins




*Aj3uno) osed

13

J0 eaJe paileasodaoduiun 3ayl
UlyliM 3t| sasde g1g‘ge 4o

‘aouBJaSlp AYL

*$213UNnoo

aoyedesy pue seibnog
ulyliM a1 saJsoe Gglgee

Jeys JO ‘ulseq ayl ul

1s1%9

saJoe L£GGhe 40 |BI03 V o
(Ajrweg-13nw) a4oe/°n°Qq LL < ,
aJdoe/'n"ad L < ¢

A3uno) osed

auoe/'nN"A L 5 ¢

13 03Ul SPUIIXD BIAUY

13

GelL‘sgee 126°1 996101 h69°6 2992 H10L 60L°LE 10189 IvioL
916°6 0 '916°‘6 0 0 0 0 0 6#
681 0 61G°E 0 LeE 0 L6 L2L‘¢E ek
968°¢ 0 0£9 696 28 0 619°2 0 L#
9099 0 9¢€1 862 862 0 HLE‘S 0 oK
LEG‘L 6L B TAT HOG ‘L g¢¢ £9¢ 62h‘L €192 GH
266°1 9lh , oht the‘t 0 0 G6 0 h#
198 0 22 0" 86 L] 809 62l c#
826 0 22 0 0s gee 116 LY cH
ontL 0 66 0 96 Loe hhe 0 L

tM0j4 309410
268°9 0 £26°G 0 0 0 1.6 861 }ad4) MOl 1M
Lo2‘0¢ 0 28h‘61L 0 0 0 0 6LL  Maa4D A4uaayd IsoM
ghL ‘02 0 €891 0 0 0 0 oL6°¢ yatng axye) Jaddn
260°n 0 8L2 0 0 0 LLL L ¢ho‘e yo|ng uew|jeyl
1£9°L 0 92h 22 682 0 L8 £80°9 yo(ng Joyd|ng
669 0 LS 0 L 14 286 0 yaadp doys
olLG‘e 0 098 0 0 0 lehr’l €82 yo{ng 313008
86G6°1LL 0 269t 0 0 0 0 9h6°9 MO||OH paay
6£9 ML 0 Ll 0 16 €€ 690°¢ 699°LL Yaad) Aauld
GGL 0L 0 cLL‘e 901 02t 0 9¢G ‘¢ 089°¢ yo|ng ul!jMaN
£60°‘G1L 0 otL‘L 6¢ 26 0 666‘¢ £98 0L yo|no au}ysuoou
gg2‘e 0 LEO‘L 0 LL 0 166 ‘1 616G ¥aadd | 18YydIin
082°‘h 0 L9t 0 Ge 0 nlL‘e oLh yo|ng OpJINWOU
GaLL n2h €L 829 0 0 0 0 3¥aaJ) 8aJd]| auol
z2Le‘s 0 629°1L 0 0 0 £L9°L 0L6°L yo|ng wwa?
geh ‘e 0 £6e 14 69 0 £18°1 88L L yaadd Aauuly
oLg“glL 0 HLL‘6 0 0 0 0 9609 yaaua) ado|ajuy/|axseH
nhL‘0l Lok 1912 2Ll 912 0 ooL‘h 9¢L‘2 uoAue) Addey
89291 0 892 ‘91 0 0 0 0 0  Meaud Aduayd 1sel
LLh's Lhg 99¢ 796 °¢ toe ofL 66 601 yo|ng pooMU0II0)
G882t 0 961 881 8Ge 0 Heo9 6to‘e yo|ng uimpied

S840V ARddadoad }oaoedsg uasdp feraasnpui | B1JJ42WW0H L.le1juapisay ¢lB13UBpLISaAY |ejauapisay eady abeuieuag
tejoyl juodaly .107 abaeq

N3IFYD AYYIHI IHL NI

1noalingd 31VAILINn LV Nisvd

2 aiqel

(s342Vv) 3sSn aNv 40 NolLngiY¥Lsia




and the number of square feet occupied by an employee.* Using a FAR of 0.3
and 234 square feet per employee resulted in approximately 55.8 employees per
acre. An exception to this approach was taken with the airport property where
the factor of 55.8 employees/acre was only applied to the terminal areas and not

all of the land covered by runways.

Twenty Year Projections

A necessary element of the plan was to develop a twenty-year projection of
population and employment based on land use. This was accomplished by using
the estimate of population and employment as previously described which
represented a buildout. That was then compared to estimates of existing popu-
lation and employment for 1980 and 1983. These three points then allowed for

the estimation of population and employment for the years 1990, 2000 and 2010.

The method used to project estimates for 1990, 2000 and 2010 was a typical
population logistic curve (Gompertz equation).? The general shape of the curve

is believed to describe realistically the actual growth of a population in a

1The Lincoln Company, "the Arapahoe County Airport Influence Area Develop-
ment Forecast," prepared for the Planning Departments of Arapahoe and
Douglas counties, June, 1983.

2walter Isard, "Methods of Regional Analysis: An Introduction to Regional Sci-
ence,”" the M.|.T. Press, April, 1969, p. 13.

10



physically delineated area. With this methodology, the twenty-year projections

of population and employment appear in Table 3.

Tabie 3

Basinwide Projections of Population and Employment

1980 2000 2010
Population 390,000 186,600 298,700
Employment 58,900 155,000 276,700

These basinwide projections were then allocated among each of the 30 sub-
basins. This was accomplished by comparing the increase in subbasin land use
between the years 1983 and buildout and applying that percent increase to the
total population and employment for the individual years. Where necessary,
adjustments were made to reflect conditions which did not fit into this pattern.
Examples of this were where development is already near buildout such as
Inverness, or where an individual development area overlapped severél sub-

basins.

With the projections established over the planning period, it was then necessary
to categorize the population into two different‘groups; large lot residential .and
sewered population. Sewered population was further defined into that popu-
lation which would receive sewer service inside the Cherry Creek Basin and
that sewered population within the basin which received sewer service through

an agency outside of the basin. By making these distinctions between groups

n



of population, it was possible to gain a better estimate as to that portion of the
total basin population which would directly contribute to the total wastewater

produced in the basin.

Tables 4 and 5 show the projections of population for the total basin and for
the individual categories of population. Table 6 displays the projections of

employment for the basin.

12



Table 4

Projections of Total Basin Population By Subbasin

1990 2000 2010
Baldwin Gulch 3,000 4,400 6,100
Cottonwood Gulch 1,700 2,200 2,900
East Cherry Creek 0 0 0
Happy Canyon 5,600 15,500 27,000
Haskel/Antelope Cr 500 1,400 2,500
Kinney Creek 3,300 7,700 12,800
Lemon Gulch 2,800 8,700 15,800
Lone Tree Gulch 0 0 0
McMurdo Gulch 2,500 7,700 13,700
Mitchell Creek 1,200 3,600 6,400
Moonshine Gulch 5,900 14,200 24,000
Newlin Gulch 4,700 14,400 25,800
Piney Creek 8,800 14,600 21,400
Reed Hollow 1,100 2,000 3,100
Scott Gulch 1,600 5,000 9,000
Shop Creek 10,000 10,100 10,300
Sulphur Gulch 3,500 6,000 8,900
Tallman Gulch 2,400 6,800 11,900
Upper Lake Gulch 300 900 1,500
West Cherry Creek 100 200 300
Willow Creek 800 2,200 3,900
Direct Flow #1 5,600 6,400 7,300
Direct Flow #2 3,100 5,000 7,200
Direct Flow #3 4,200 5,200 6,500
Direct Flow #4 300 500 700
Direct Flow #5 5,100 9,800 15,200
Direct Flow #6 6,200 18,600 33,100
Direct Flow #7 4,500 10,300 17,300
Direct Flow #8 1,600 4,200 7,200
Direct Flow #9 0 0 0
Total 90,400 | 187,600 | 301,800




Table 5
Year 2000 Projections of Population by Subgroup

Sewered Population-

Large Lot

Basin In Basin Out of Basin Population Total .
Baldwin Gulch 2,800 1,600 4 400
Cottonwood Gulch 0 2,100 100 2,200
East Cherry Creek 0 0 0
Happy Canyon 9,600 3,200 2,700 15,500
Haskel/Antelope Cr 0 ‘ 1,400 1,400
Kinney Creek 6,400 1,300 7,700
Lemon Gulch 7,700 1,000 8,700
Lone Tree Gulch 0 0 0
McMurdo Gulch 6,800 900 7,700
Mitchell Creek 2,900 800 3,700
Moonshine Gulch 9,900 4,300 14,200
Newlin Guich 12,200 2,200 14,400
Piney Creek 9,100 5,500 14,600
Reed Hollow 0 2,000 2,000
Scott Gulch 4,400 600 5,000
Shop Creek 10,100 100 10,200
Sulphur Gulch 3,800 2,200 6,000
Tallman Gulch 5,500 1,300 6,800
Upper Lake Guich 0 900 900
West Cherry Creek 0 200 200
Willow Creek 1,800 400 2,200
Direct Flow #1 6,300 100 6,400
Direct Flow #2 4,700 300 5,000
Direct Flow #3 5,000 200 5,200
Direct Flow #4 500 100 600
Direct Flow #5 7,600 2,200 9,800
Direct Flow #6 16,600 2,000 18,600
Direct Flow #7 _ 9,300 1,000 10,300
Direct Flow #8 2,800 1,400 4,200
Direct Flow #9 0 0 0 0

Total 110,600 40,500 36,800 187,900



Table 6

Projections of Employment By Subbasin

1990 2000 2010
Baldwin Gulch 2,350 5,610 9,940
Cottonwood Gulch 26,970 55,990 94,470
East Cherry Creek 0 0 0
Happy Canyon 3,880 14,150 27,770
Haskel/Antelope Cr 0 0 0
Kinney Creek 360 1,310 2,570
Lemon Gulch 100 370 740
Lone Tree Gulch 2,970 7,610 13,780
McMurdo Gulch 70 - 260 520
Mitchell Creek 210 750 1,470
Moonshine Gulch 480 1,140 2,030
Newlin Gulch 5,190 18,940 37,160
Piney Creek 270 990 1,950
Reed Hollow 0 0 0
Scott Gulch 0 0 0
Shop Creek 30 120 230
Sulphur Gulch 900 3,280 6,440
Tallman Gulch 0 0 0
Upper Lake Gulch 0 0 0
West Cherry Creek 0 0 0
Willow Creek 0 0 0
Direct Flow #1 280 1,010 1,990
Direct Flow #2 140 530 1,040
Direct Flow #3 170 610 1,200
Direct Flow #4 3,900 13,360 25,900
Direct Flow #b5 6,630 20,560 39,030
Direct Flow #6 1,610 5,870 11,520
Direct Flow #7 1,870 6,830 13,410
Direct Flow #8 960 3,500 6,860
Direct Flow #9 0 0 0
Total 59,340 | 162,790 | 300,020

15



[11. NONPOINT

The significance of nonpoint source loading to Cherry Creek Reservoir was well
documented in the Clean Lakes Study.® With the upda‘ting of land use as identi-
fied in Table 2, it was necessary to re-calculate the nonpoint source loading.

This re-calculation was anticipated to produce a different nonpoint load than

was projected in the Clean Lakes Study.

The m'ethod used to predict the nonpoint loading was that deveioped in the
Clean Lakes Study.®* This method determined phosphorus loading and runoff
volume according to land use. The coefficients used to predict nonpoint phos-

phorus loading and runoff volume according to land use appear in Table 7.

Table 7

Unit Area Phosphorus
Loading and Runoff Volume

by Land Use
Land Use Ibs-Phos./Ac/Yr Increases Runoff/Ac/Yr
Commercial 1.99 11.95
Residential 0.834 3.17
Large Lot and Open Space 0.070 0.38

3Denver Regional Council of Governments, "Cherry Creek Reservoir Clean Lakes
Study, April, 1984, Denver, Colorado

“Denver Regional Council of Governments, "Chatfield and Cherry Creek Reser-
voir Clean Lakes Study, Technical Memoranda," TM No. 6, (unpublished).

16



The Cherry Creek Reservoir Clean Lakes Study also recognized the need to
adjust the coefficients in Table 7 due to the difference in urban runoff data col-
lected in Denver and the urban runoff data collected in the Cherry Creek
Basin. To account for this difference, scaliné factors were applied to the
annual load by land use to adjust data when transferring it from the small site
coefficients to larger subbasins. Table 8 shows the scaling factors applied to
the coefficients in Table 7 for projecting nonpoint contributions in the Cherry

Creek Basin.

Table 8
Scaling Factors Used in the Cherry Creek Basin*

Land Use Phos. Load Scaling Factor Runoff Scaling Factor
All types 0.116 PEI + 0.004 0.185 PEl - 0.057

*The Shop Creek subbasin phosphorus loading scaling factor was held constant
at 10.7

The three land use categories presented in Table 7 are far fewer thén those
categories identified basinwide in Table 2; The seven categories in Table 2
were aggregated into the three categories because their land uses are similar
and in some cases, only small quantities of a particular land use existed in the
basin. Examples of this are the airport property and multi-family residehtial.
The total area of these two land uses is small when compared to the other land
uses and, therefore, they were considered to be part of the commercial and

residential land use categories.

17






These two examples not only illustrate the method to compute the land use
runoff but also show the difference in nonpoint loading due to differences in
land use. The Shop Creek example presents loading from a developed sub-
basin while the Moonshine Guich shows Ioadin_gs’ from a relatively undeveloped

subbasin.

The nonpoint loadings which appear in the plan are based on the land use
assumptions which were submitted to DRCOG.. As those assumptions change,
the nonpoint loading will also change. As such, it may be necessary to
re-calculate the nonpoint loading whenever necessary to adjust for changing

land use conditions.

19



Example 1: Load and Runoff Calculations for Shop Creek

Load Calculations:

[(Comm. Load Factor x Comm. Ac.)*(Res. Load factor x Res. Ac.) *
(LL & OS Load Factor x LL & OS Ac.)] x (0.116 PEl + 0.004) = Load in pounds/yr.

Runoff Calculations:

[(Comm. R.O. x Comm. Ac.) * (Res. R.O. Factor x Res. Acres) *
(LL & OS R.O. Factor x LL & OS Ac.)] x (0.185 PEl - 0.057) = R.O. in inches

Load Runoff )

Land Use Factor Factor Acres Acres Acres
Commercial 1.99 7 11.95 ; 8 20.5 36
Residential /Q_.M834 v/ 3.17 224 607.8 1,080
Large Lot & Open Space (0.00%07 .950.35 14,869 14,485 14,013
PEI = ;@0 20.0 20.4 21.0

Tces :

gJ y
1990 Load = [(1.99 x O/é) + (0.834 x 617.3) *+ (0.07 x 81.7)] x 10.7!

5,583 pounds/year
1990 Runoff +[(11.95 x 0.6) * (3.17 x 617.3) * 0.38 x 81.7)] x (0.185(20) - 0.057)
= 7,268 inches : 12 = 606 feet

lis a Scaling factor specifically determined for Shop Creek using measured data.

Example 2: Load and Runoff Calculations for Moonshine Gulich

{ oo Rt :
Land Use Factor Factor Acres Acres Acres
Commercial 1.99 11.95 8 20.5 36
Residential 0.834 3.17 224 607.8 1,080
Large Lot & Open Space 0.07 0.38 14,869 14,485 14,013
PE!I ' — 1.0 1.6 2.4

> (g / v v v
1990 Load = [(1.99 x@ + (0.834 x 224) + (0.07 x 14,869)] x

[0.1\1/6 (1:/ + 0.004] = 149 pounds/year v~

[(11.95 x 8) + (3.17 x 224) *+ (0.38 x 14,869)] x
[0.185 (1.0) - 0.057] = 826 inches # 12 = 68.83 feet

1990 Runoff

20



IV. POINT SOURCES

This chapter describes the different types of point source effluent treatments
that were considered for the Master Plan. [Initially, nine different treatment
options had effluent phosphorus concentrations ranging from 0.2 mg/L to 0.025

mg/L. They are described in Table 9.

Table 9

Treatment Options Considered in the Cherry Creek Basin

Direct discharge, effluent phos. = 0.2 mg/L

Land application, percolate phos. = 0.2 mg/L

Land application of advanced treated wastewater of 0.2 mg/L,
percolate phos. = 0.1 mg/L

Direct discharge, effluent phos. = 0.1 mg/L

- Land application, percolate phos. = 0.1 mg/L

- Land application of advanced wastewater of 0.1 mg/L,
percolate phos. = 0.05 mg/L

- Direct discharge, effluent phos. = 0.05 mg/L

- Land application, percolate phos. = 0.05 mg/L

- Land application of advanced treated wastewater of 0.05 mg/L,
percolate phos. = 0.025 mg/L

—ITr0O TMgQg O©>
1

The treatment options considered correspond to treatments expected to occur in
the future (direct discharge) as well ‘as treatments existing in the basin (land
application). A direct discharge treatment option is one in which all the
effluent is directly discharged into a stream, lake or other water body. All the
effluent from direct discharging systems is assumed to reach Cherry Creek Res-
ervoir. Land application treatment options involve applying effluent on land by
either rapid infiltration or slow rate land application. Land application by rapid

infiltration is assumed to have the same effect on the reservoir as direct

2]



discharging systems. Slow rate land application is assumed to reduce the vol-
ume of effluent and phosphorué concentration by 50 percent due to crop uptake
and soil sorption. For example, a volume of 1.0 mgd of effluent with a phos-
phorus concentration of 0.1 mg/L slow rate land applied would result in a
percolate volume of 0.5 mgd and a phosphorus effluent concentration of 0.05
mg/L. Only half of the original 1.0 mgd (or 0.5 mgd) is assumed to reach the

reservoir.

The range of phosphorus concentrations for the treatment options was chosen to
reflect available technology. In the Clean Lakes Study an effluent phosphorus
concentration of 0.2 mg/L was determined to be achievable® Drawing from data
submitted by Summit County dischargers, the Colorado Department of Health
determined that effluent concentrations of 0.1 mg/L and 0.05 mg/L were also
achievable. A consistent percolate quality of 0.025 mg/L was determined not to
be achievable. Because of the urgent need to reduce phosphorus levels in the
reservoir, 0.1 mg/L was determined to be the highest acceptable concentration
of phosphorus. Based on these determinations, treatment options A, B and |

were eliminated from further consideration.

Having reduced the number of treatment options to six (C through H), the vol-
umes of effluent and phosphorus loads generated by the effluent were deter-

mined. Using the population and employment projections in Chapter I,

sDenver Regional Council of Governments, "Cherry Creek Reservoir Clean Lakes
Study,"” April 1, 1984.
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wastewater flows were determined for the basin in 1990, 2000, and 2010 using
the following equation:

Wastewater Flow (sewered

in gal. per day - pop x 85 gal/day) * (employees x 35 gal/day)

This equation includes ten gallons per person and employee for infil-
tration/inflow. Flows in gallons per day were then converted to Ac-ft per year
to meet the data requirements of the modeling effort described in Chapter VI.

The conversion was accomplished using the following eduation:

gal/day x 365 x 0.1337
43,560

Ac-ft. per year =

The loads of phosphorus (in pounds per year) were calculated for each of the
treatment options. To calculate the annual pounds of phosphorus the following

equation was used:

load (in Ibs/yr) = mgd x conc. of effluent x 8.34 x 365

It is important to note that the mgd for slow rate land application treatment
options (C, E, F, and H) were reduced by 50 percent before use in the above
equation. The loads and volumes of phosphorus generated in the basin by

treatment option are displayed in Table 10.
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Table 10

Phosphorus Loads and Volumes of Effluent by Treatment Option

Treatment 1990 2000 2910
Type L (1) V(2) L V L V
C 807 2,969 2,162 7,954 3,836 14,116
D 1,613 5,938 4,323 15,908 7,671 28,232
E 807 2,969 2,162 7,954 3,836 14,116
F 404 2,969 1,081 7,954 1,918 14,116
¢] 807 5,938 2,162 15,908 3,836 28,232
H 404 2,969 1,081 7,954 1,918 14,116

The information in Table 10 described a situation in which all treatment plants
in the basin use the same treatment option. It is unrealistic to assume that all
plants in the basin would use the same treatment option. Therefore, other
alternatives considered mixing the treatment options to create an alternative

closely following the present treatment practices in the basin.

Determining wastewater flows and loads for those alternatives with a mixture of
treatment options was more complicated than for alternatives that assumed a
constant treatment option. The reason it was more complicated was because
separate calculations were performed for each treatment plant in the basin.

These individual loads and flows were then summed to produce the basin total.

Having determined wastewater flows and phosphorus loads for the treatment

options, various wastewater service alternatives were created. The following
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chapter discusses all the point source and nonpoint source phosphorus control

alternatives that were evaluated in this study.
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V. ALTERNATIVE ANALYSIS

Chapters 11l and IV discussed the nonpoint and point loadings in the basin.
This chapter discusses the alternatives evaluated to control those loads. The
goal of evaluating alternatives was to select a preferred alternative which could

be used in the plan.

Literally thousands of different alternatives were possible by combining the var-
ious point and nonpbint phosphorus control options. To reduce the alternatives
to a more manageable number, several preliminary analyses and assumptions
were made. Only nonpoint options with proven success records documented in
literature were chosen. In addition, a subbasin approach to nonpoint phospho-
rus control was selected. Point source options were chosen to closely reflect
plants and treatment options existing in the basin and/or those that could rea-
sonably occur. A cost analysis and water rights impact assessment was done to
assess the quantifiable impacts of the chosen alternatives. An analysis of
non-quantifiable impacts was done to further assess the suitability of alterna-
tives chosen. Using the results of these analyses, the Task Force was able to

choose one option upon which to base the plan.

Nonpoint Source Alternatives

Chapter 111 demonstrated what a significant contribution nonpoint phosphorus
was of the total load to the reservoir. The reservoir phosphorus standard

would be maintained if the nonpoint load is controlled. Therefore, it was

26



recognized that before phosphorus could be allocated to point sources, it was

necessary to account for loadings from nonpoint sources.

The goal of the non-

point phosphorus control program is 50 percent removal of the basinwide annual

nonpoint phosphorus load.

nonpoint phosphorus removal program, the 50 percent removal represents an

Since no data exists on the success of a basinwide

expectable goal requiring advanced technology and basinwide coordination of the

facility operations.

Originally, eleven nonpoint control structures were considered.

in Table 11.

*See text below

Of the options listed in Table 11, only those with proven phosphorus removal
efficiencies were evaluated further.
isk. Review of literature and results from the Nationwide Urban Runoff Pro-

gram indicated that these options were capable of removing at least 50 percent

Table 11
Nonpoint Control Options

Rapid Infiltration¥
Detention Followed by Rapid Infiltration*
Erosion Control on New Construction
Subbasin Detention
Mechanical Treatment*
Grassed Waterways
Channel Stabilization
Septic Tank Policy
Wetlands*

In-lake Management
Detention with Sand Filtration¥*

These appear

Those options are identified by an aster-
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of the total phosphorus.¢’7’® The other options in Table 11 were regarded as

Best Management Practices (BMP's).

The issue of locating the control structures was ‘discussed in detail by the Task
Force. The decision was made to locate the structures at the end of each sub-
basin drainage rather than site specifically by development area. The subbasin
approach was chosen because it was the best way to coordinate the program and
achieve the 50 percent removal goal. A subbasin approach captures more run-

off from all areas more effectively. It also avoids a multiplicity of structures

and reduces operating and maintenance costs.

Preferred Alternative, Nonpoint Sources

Four nonpoint alternatives were analyzed in this chapter. Detention followed by
sand filtration was shown to be the most effective, while the use of wetlands ‘as
a phosphorus control structure was shown to be the least. The analysis per--
formed on the nonpoint control alternatives indicated that the highest phospﬁo-
rus removal rates were achieved when stormwater was filtered through a‘rr_\edia
such as sand or gravel. Therefore, rapid infiltration or sand filtration were -

recommended. Detention was also recommended as it removed phosphorus; but

sDenver Regional Council of Governments, "Urban Runoff Quality in the Denver
Region, September, 1983. o
7U.S. EPA "Results. of the Nationwide Urban Runoff Program," Vol. 1, Final-
Report, December 1983. :
®.Urban Drainage and Flood Control District, "Douglas and Arapahoe Counties
Drainage Criteria Manual," Draft 1984.
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it was also needed to stablize flow prior to applying the stormwater flow to the

filtration basins.

Point Source AIternatiVes

Selecting point source alternatives was more complicated than selecting nonpoint
alternatives because decisions had to be made regarding the number of plants
and the type of treatment for each plant. The point source alternatives
involved identifying service areas and selecting treatment facilities for the ser-

vice areas. The six alternatives that were selected are listed below:

1. One-plant Option: One plant, located approximately where Arapahoe Water
and Sanitation District's proposed treatment facility exists, would treat all
wastewater generated in the basin (Fig. 3).

2. Two-plant Option: Two plants, one located approximately where Arapahoe
Water and Sénitation District's proposed treatment facility exists and the
other located in Parker, would treat all wastewater in the basin. The
Parker plant would treat all wastewater generated upstream from their
plant. The Arapahoe plant woula treat all wastewater generated between it
and the Parker plant (Fig. 4).

3. Three-plant Option: One plant located in .Denver Southeast Suburban
Water and Sanitation District was added to the two-plant option. It would
serve all wastewater generated upstream from it and reduce the amount of

wastewater the Parker plant would need to treat (Fig 5.).
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4. Four-plant Option: One plant located where Castle Rock's Cherry Creek
facility exists, was added to the three-plant option. It would treat all

wastewater generated upstream from it and would reduce Denver Southeast

wastewater by that amount (Fig 6.).

5. Ten-plant Option: The ten existing plants in the basin with four of them
acting-as joint-use facilities for the basin was assumed. The ten existing
plants are: Arapahoe; Cottonwood; Inverness; Meridian; Stonegate;
Parker; Denver Southeast; Castle Rock;" (Cherry Creek; McMurdo;
Mitchell) with Arapahoe, Parker, Denver Southeast and Castle Rock,
(Cherry Creek) as the joint-use facilities (Fig. 7).

6. Twelve-plant Option: The ten existing plants plus two additional plants in

Rampart Range and Castle Rock (Newlin Gulch) (Fig 8.).

The report concluded that the subbasin approach to nonpoint phosphorus con-
trol is an effective one. It also concluded that testing needs to be done to
document the amount of phosphorus actually removed by these structures. This

must be done to ensure that the goal of 50 percent basinwide removal is met.

Non-quantifiable Analysis

The analyses described above addresses the quantifiable aspects of point and
nonpoint source phosphorus control. These are: water quality, costs, and

water rights impacts.
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The cost analysis performed allowed the Task Force to verify the economic fea-
sibility of their selected alternatives for point and nonpoint phosphorus control.
Another analysis was also performed to study the non-quantifiable aspects of
the selected alternatives. The non-duantifiab‘le.chara_cteristics of this analysis
included: environmental impacts; potential for implementation; flexibility poten-
tial for phasing; reliability of meeting standard; energy usage; ease of opera-
tion; potential for expansion; aesthetics; reuse potential; innovation; impact on
existing facilities; and management. Alternative 5 (the twelve-plant option) was

ranked the highest of all five alternatives based on non-quantifiable character-

istics. Table 12 is a summary of the non-quantifiable analysis.

Preferred Alternative, Point Sources

All of the point alternatives selected above assumed that existing facilities would
be used for their expected lifetimes. The joint-use facilities would be built as

the need arose.

With the service areas of the selected alternatives defined, the next step was to
determine which treatment options thé facilities would use. The seven types of
treatments selected for consideration are described in Chapter IV. With six
possible service area scenarios and seven different treatment options identified
(with any combination of treatment options possible), the number of alternatives
was still much too great. Before the co§t and water rights impacts analysis
could be performed, the Task Force reduced the number of possible alternatives

to five.

37



-abuaeyosip 39941p YilA My pue uciiedl|dde puel yilA Ad
‘uoi3ed| |dde pue| Y3itM uauwieads? AJ epUODAS
-abaeyosip 30a41p YilM |My pue uotied!|dde pue| YiiM AJepuodoas paxiu
*abuaeyosip 108J41Pp YIIM IMM padueApe
*uojledl (dde pue| yitm jusauwleasd AJepuooas

‘anjeA 4o ‘3oedu; ‘3108449 Isea}| pue 1sa3ealb

:6
:6
:b6

BpuUODasS paxiW 3
buidsixa ual sn|d sa
!
i
!

11sixa uajl snjd sa
11si1xa ual snyd sa
1381x2 ual sn|d sa

isa|

11108y Bujas|xe aAjdML S
13111084 3sn 3utofl oML °f
3111084 asn augol unoy °¢
31110e4 asn 3ujof 4nod -2
3y11084 asn 3jujof unod i

yitm A31j1oey o3 Buypaodoe buluey :3|eOS saAlleudal|e A3} |]oey,
61 €€ 92 L€ 92 |ejol
‘uMouy aq 03 paau sidoadse (euo!iInliisu] juawabeuey
! L £ 2 S ] EYEYRNELZ]
fuiasix3 uo 3oedui
uo|leAouu |
*je1jualod asnas s93eaub apiAoad uojiled
-1)dde pue| pue s3jue|d jo sagqunu Jabae L [« £ ] 2 j813ludlod asnay
2 € f S L Alriiqeliay
‘uolleot jdde pue| sdeysad pue
abueyostp 10aJ41p wody wajqosd weoy 40 JOPO so|3ayisav
uoisuedx3 Joj jejiIualod
G L U] £ 2 uoijesadp jJo ase3l
g 2 f L € bujdung siybry 423eM INOYIIA
uo)3dunsuo)y Abusul
buiseyd
L S 2 € U] A3111qixaid
L G 2 f € uojleluawa | du|
*pue| JO junowe 3seaj ayl sasn JMy 3uswdo
-]19A8p wouay pue| saAowad uoiijed}jdde pue’ 2 [ € L f sjoedw| asn-pue’]
*abaeyosip 30941p Yiim Auaysiy e
404 a433em ybnoua apiAoad Jou |[|1M JMY l ] 2 [+ € s3oedw| |eljuawuod AUl
21493140
sjuawwo) [ f € 2 L
,SOAIJBUIDIY

SBA13EUN3 |V BAL] JO sisA|euy ejqetsiiuenb-uoN Jo A4 BULING

Zi 9jqelL

38



Cost Analysis, Point and Nonpoint Alternatives

To perform cost analysis on the nonpoint and point options selected by the
Task Force, Richard P. Arber Associates, Inc. was Hired. The cost analysis is
contained in three volumes that evaluate: Costs of Wastewater Treatment
Options, Costs and Water Rights Impacts of Selected Point Source Treatment

Options, and Costs of Nonpoint Control Options.?" 1%/ 1%

The fifst volume of the Arber reports deals with costs of the wastewater treat-
ment options selected by the Task Force. The results of this report were used
to verify the economic achievability of the treatment options. They were also

used to estimate the cost of phosphorus removal associated with each treatment

option. 1?2

The second volume of the Arber reports was a cost and water rights impact

analysis on five alternatives selected by the Task Force.'® The alternatives

*Richard P. Arber Associates, Inc., Cherry Creek Basin Master Plan,
"VWolume 1: Costs of Wastewater Treatment Options," prepared for DRCOG
May 1985. . ,

19Richard P. Arber Associates, Inc. and Gronning Engineering Co., Cherry

Creek Basin Master Plan, "Volume 2: Costs and Water Rights Impacts of
Selected Point Source Treatment Alternatives,” prepared for DRCOG, May
1985. :

li1Richard P. Arber Associates, Inc., Cherry Creek Basin Master Plan,
"Volume 3: Costs of Nonpoint Control Options," prepared for DRCOG, May
1985. _

12Cherry Creek Basin Master Plan, "Volume 1: Costs and Wastewater Treatment

Options," Richard P. Arber Associates, May 1985. '

13Cherry Creek Basin Master Plan, "Volume 2: Costs and Water Rights Impacts

of Selected Point Source Treatment Alternatives,” Richard P. Arber Associ-

ates, Inc. and Gronning Engineering Co., May 1985.
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selected by the Task Force are listed below in Table 13. They were chosen
because they represent a good cross-section of possible service area scenarios

and treatment options. They also represent five alternatives considered very

likely to occur.

Table 13
Alternatives Selected by the Task Force for Cost
and Water Rights Impacts Analysis

Alternative 1: Four Joint Use Facilities Plus Ten Existing
Type of Treatment: Secondary treatment followed by land application
resulting in a percolate quality of 0.05 mg/L

Alternative 2: Four Joint Use Facilities Plus Ten Existing
Type of Treatment: Advanced treatment with direct discharge, effluent
phosphorus of 0.1 mg/L

Alternative 3: Four Joint Use Facilities Plus Ten Existing
Type of Treatment: Mixture of land application resulting in 0.05 mg/L
phosphorus and advanced treatment with direct discharge resulting in 0.1
mg/L phosphorus.

Alternative 4: Two Joint Use Facilities Plus Ten Existing
Type of Treatment: Secondary treatment followed by land applicating
resulting in percolate quality of 0.05 mg/L phosphorus.

Alternative 5:Twelve Existing Facilities
Type of Treatment: Mixture of land application resulting in 0.05 mg/L
phosphorus and advanced treatment resulting in 0.1 mg/L phosphorus.

The details of the assumptions and methodology used in developing costs and
water rights impacts are described in the report. The water rights report con-
cluded that use and reuse of water in the Cherry Creek Basin should be given

the highest priority.!* Only Alternative 5 (the twelve-plant option) required

14Richard P. Arber Associates Inc., Volume 2.

40



that no water be imported into the basin. In addition, Alternative 5 was one of

the least expensive alternatives.

The third volume of the Arber report analyzed the costs for nonpoint control
options selected for analysis by the Task Force. The four nonpoint control

options studied in order of cost-effectiveness are:!®

1. Detention followed by sand filtration.
Rapid infiltration alone.

Detention followed by rapid infiltration.

HWN

Wetlands.

Based on the analysis described in this chapter the twelve-plant option (or
Alternative 5), which would ensure compliance with the standard, was selected
by the Task Force. It had the least impacts on water rights, was one of the
least expensive and also ranked highest in the non-quantifiable analysis. It
utilized all existing treatment plants fully. The twelve-plant option and its use

in the allocation process will be discussed in the following chapter.

15Cherry Creek Basin Master Plan, "Volume 3: Costs of Nonpoint Control
Options," Richard P. Arber Associates, Inc., May 1985.
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Vl. BASIN PHOSPHORUS LIMITATION AND ALLOCATION

This chapter discusses the maximum phosphorus load that can be allowed in the
basin and still maintain the 0.035 milligrams peér liter {mg/L) total phosphorus
standard adopted for the reservoir by the Colorado Water Quality Control Com-
mission (WQCC). The standard will be maintained by controlling the annual
quantity of phosphorus discharged into the reservoir from all sources. This
annual quantity is termed the "allowable annual reservoir phosphorus loading.”
Water quality modeling, discussed I'ater in this chapter, predicted that, for the
preferred alternative, a total of 14,270 pounds of phosphorus could enter the
reservoir annually without exceeding the allowable annual reservoir phosphorus
loading. The portion of the allowable annual reservoir phosphorus loading
which is due to point source only is termed the "critical point source load."
The method used to determine the allowable annual reservoir phosphorus load

and the critical point source load is discussed in this chapter.

In determining the allowable annual phosphorus loading, it was necessary to
define the quantity of phosphorus contributed by each source. Data generated
in Chapter Il and Chapter IV on noﬁpoint and point source phosphorus show
that point and nonpoint loads increase as land use changes and growth occur.
In 1982, a total of 5,180 pounds of phosphorus were contributed to the reser-
voir. Most of this loading (77 percent) came from nonpoint sources with the
remainder due to background sources. Less than 1.0 percent of the 1982 load
was attributable to point sources due to the relatively small quantity of waste-

water produced. The expected quantity of point source phosphorus is shown in
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Table 14 and the anticipated nonpoint quantity in the basin appears in Table

15. Background sources are listed in Table 16 and represent those conditions

measured in 1982 as part of the Cherry Creek Reservoir Clean Lakes Study.

Total basin phosphorus loads are listed in Tab]e -17 and represent the sum of

point, nonpoint and background loads.

Table 14

Projected Annual Point Source Loading :For the Twelve plant Option

1990 2000 2010
Phosphorus
Load (pounds) 657 2,310 4,210
Volume v
(acre-feet) 5,153 16,132 29,352
Table 15

Projected Annual Nonpoint Source Loading

1990 2000 2010
Phosphorus Load »
(pounds) 10,835 21,531 43,909
Volume :
(acre-feet) 3,675 10,997 26,557
Table 16

Projected Annual Background Loading

Baseflow Groundwater Precipitation
Phosphorus Load
(pounds) 350 130 690
Volume

(acre feet) 400 -220 1,360

Total

1,170

1,560
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Table 17

Projected Annual Total Phosphorus Loading

1990 © 2000 - 2010
Phosphorus
Load (pounds) 12,662 25,011 49,289
Volume
(acre-feet) 10,388 28,689 57,469

It is important to note that Tables 14, 15, 16 and 17 do not represent
flows and loads at the critical point. They represent flows

in three discreet years (1990, 2000 and 2010).

The total phosphorus loads shown in Table 17 were modeled to determine
the resulting in-lake phosphorus concentration. The Canfield/Bachmann
in-lake phosphorus model was used for these calculations and is

described below:!®

L
TP = Z [K 0.114(L/Z)0.589¢ + p]
Where:

—

P = inlake total phosphorus concentration (mg/L)

= total phos. loading mg/M(2)/yr per loading of lake

surface area: surface area = 3.45x10(6)M(2)

mean depth 5.2 M

flushing rate inflow/lake volume: volume = 13,960 ac-ft
sedimentation coefficient, constant for Cherry Creek Reservoir (2.3)

ATUN ™

1spDenver Regional Council of Governments, "Cherry Creek Reservoir
Clean Lakes Study,"” April 1, 1984, Denver, Colorado

44



This methodology results in the ability to predict an in-lake phosphorus concen-
tration based on any of the wastewater treatment types described in Chapter II.
The task of determining the exact poundage limit depends on the phosphorus
concentration in the wastewater and the volum_e ;>f water associated with each
option. This task is made more difficult with the 12-plant option because it
assumes a mixture of treatments. Additionally, the Canfield/Bachmann model
was not intended to be used as a method to predict the loading and as such, it
is difficult to ‘solve the equation for the variable "L." Therefore, it was neces-

sary to determine allowable annual phosphorus load that would maintain the

0.035 mg/L standard.

All information in this task with respect to phosphorus loading and critical point
source loading is dependent upon two main factors: 1) the 0.035 mg/L total
phosphorus standard for the reservoir and 2) that the reservoir responds to
the basinwide phosphorus loading according the the Canfield/Bachmann model.
This planning effort did not intend to challenge or change the reservoir stand-
ard and, therefore, it is accepted as a given control factor which will not be
altered in this study. It is appropriate to investigate the Canfield/Bachmann
model, because it is one of the imporfant factors in determining the phosphorus

limitations.

The Canfield/Bachmann model is a modification of the original Vollenweider model
which is used to predict in-lake phosphorus from the annual basinwide phospho-
rus loading. Both models are relatively simple; they utilize a few reservoir

characteristics and the annual basinwide phosphorus loading to predict an
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in-lake phosphorus concentration. The advantage of the Canfield/Bachmann
model is that it incorporates a sedimentation coefficient. The sedimentation
coefficient is a factor which takes into account that portion of the annual phos-
phorus load which settles out and does not become part of the reservoir water
column. Including this coefficient appears to make the model more reliable as
settling of phosphorus into the lake sediment appears to be a common

phenomena.

The components of the Canfield/Bachmann model are: reservoir surface area,
mean depth, lake volume, phosphorus loading, flushing rate, and sedimentation
coefficient. The surface area, mean depth, and lake volume all remain constant

while the flushing rate and sedimentation coefficient vary with the loading.

Monitoring of the reservoir and basin as part of the 1982 Clean Lakes Study
provided inputs for the Canfield/Bachmann model. When the model was run
with these inputs, the result was a predicted in-lake phosphorus concentration
which was higher than the measured in-lake phosphorus concentration. To
account for this discrepancy, the Colorado Department of Health adjusted the
sedimentation coefficient by multiplyiﬁg it by a dimensionless constant (2.3).
All predictions of in-lake phosphorus concentration are now measured using the
adjusted sedimentation coefficient. The basin has been monitored since 1982,
but no calculations have been done to determine if the sedimentation coefficient

needs to be adjusted.
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Analysis and readjustment of the sedimentation coefficient is particularly impor-
tant because of its dramatic effect on the model. To illustrate how sensitive
the model is to changes in the sedimentation coefficient, an analysis varying the

coefficient was performed. Table 18 shows the results of this analysis.

Table 18

Canfield/Bachmann Model Results for
Various Sedimentation Coefficient Constants

Sedimentation Coefficient Constant

05 1.0 2.0 3.0 50 100 150
In-Lake Pconc.? 112 70 40 28 17 9.0 6.0
In-Lake Pconc.? 103 68 40 29 18 10.0 7.0
In-Lake Pconc.? 96 66 40 29 19 10.0 7.0

lannual phosphorus load 12000 pounds; annual volume 14800 ac-ft.
2annual phosphorus load 14700 pounds; annual volume 24600 ac-ft.
3annual phosphorus load 16200 pounds; annual volume 32100 ac-ft.

The data show two important facts: 1) varying the sedimentation coefficient
has a much greater effect on the in-lake phosphorus concentration than varying
the annual phosphorus load and annual volume, and 2) there is an inv‘erse
relationship between in-lake phosphorus concentrations and sedimentation coeffi-
cient. This analysis emphasizes the need for continued monitoring of the basin

and reservoir to more precisely calibrate the model.

Acknowledging the limitations of the Canfield/Bachmann model, analysis was
done to determine in-lake phosphorus concentrations under the conditions
represented in the twelve-plant option. The model determined that a maximum
phosphorus load of 14,270 pounds could enter the reservoir on an annual basis

and meet the 0.035 mg/L total phosphorus standard. The 14,270 pounds
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represents a combination of point, nonpoint, and background sources of phos-
phorus. The annual load is dependent upon the type of wastewater treatment
used throughout the basin. By changing the type of treatment, the allowable
annual load can fluctuate between 12,000 and 16,000 pounds. The fiuctuation is
due to the flushing effect from a direct discharging treatment facility, as com-

pared to a land application facility.

in the tweive-plant option, a mixture of treatment options are assumed to exist
in the basin and are described in '.l'able 19. Their population, employment and
wastewater flows are shown in Table 20. With this information, it was possible
to determine the pounds generated by each of the treatment facilities. These

pounds are also listed in Table 20. Using the point source loads as described
in Table 20 and the nonpoint and background loads described in Tables 15 and
16, a methodology was developed to ascertain what part of the 14,270 pound

maximum was attributable to point source loading.

The methodology used to determine point source loading at the critical point is

most easily described as a series of steps:

1. Using the wasteWater flows in 1990, 2000 and 2010, and the pounds of
phosphorus generated by these flows, plot three points reflecting this
relationship. Draw a line through these three points.

2. On the same graph, plot a curve reflecting the amount of available phos-
phorus. Available phosphorus is calculated by subtracting nonpoint and

background phosphorus from the critical pounds of phosphorus; 44,270
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Table 19

Wastewater Treatment Facilities
and Method of Treatment in The Twelve-Plant Option

Discharger

Arapahoe

Inverness
Meridian
Cottonwood
Stonegate
Parker

Denver Southeast

Castle Rock
(Cherry Creek,
McMurdo, Mitchell Creek,
and Newlin Gulch)

Rampart Range

Type of Treatment and Effluent Concentration?

AWT, discharge, 0.1 mg/L phos. for 1/2 year,
sec. treatment, land application, 0.05 mg/L
for 1/2 year

Sec treatment, land application, 0.05 mg/L
Sec treatment, land application, 0.05 mg/L
Sec treatment, rapid infiltration, 0.05 mg/L
Sec treatment, land application, 0.05 mg/L
AWT, discharge, 0.1 mg/L for 1/2 year,
Sec treatment, land application, 0.05 mg/L
for 1/2 year

AWT, Rapid infiltration, 0.05 mg/L

AWT, land application, 0.05 mg/L

AWT, discharge, 0.1 mg/L for 1/2 year,
Sec treatment, land application, 0.05 mg/L
for 1/2 year

1Effluent concentrations are those recognized for the specific type of
treatment by the Colorado Department of Health, Water Quality Control

Division.
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pounds of phosphorus are the critical basinwide pounds for the
twelve-plant option. Nonpoint and background pounds in 1990, 2000 and
2010 are shown in Tables 12 and 13. The pounds of nonpoint source
phosphorus were first reduced by 50 per:cént because it was assumed that
the 50 percent nonpoint source reduction goal outlined in the plan couild be
achieved in 1990, 2000 and 2010.

3. Where the line plotted in Step 1 and the curve plotted in Step 2 cross is
the point at which phosphorus from all sources will equal 14,270, or the
critical point. From the graph, the point source pounds and population

can be estimated.

Following this methodology, the critical point for the twelve-plant option was
estimated to occur in the year 2000. The critical point source pounds were cal-
culated to be 2,310. The background and nonpoint were calculated to be 1,170

and 10,790, respectively. Figure 9 represents this relationship.

The methodology described above determines that only 2,310 pounds of the
annual 14,270 pounds could be generated by point sources and still maintain the
standard. These 2,310 pounds were allocated to each of the treatment facilities
in the basin by an allocation process described in the plan. Each facility's
point source allocation will be reviewed annually, if requested, and incorporated
into an annual basinwide water quality assessment report. The allocations will
also be incorporated into discharge permits to maintain regulatory control over
the process. Incorporating the allocation into discharge permits is the only

means by which the State Department of Health can enforce the phosphorus
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control program and have the guarantee that a discharger is in compliance with
the basinwide allocation program. The phosphorus allocations are shown in
Table 21. The 2,159 allocated pounds shown in Table 21 allow for a current
reserve of 151 pounds per year, increasing to a reserve of 303 pounds after
Denver Southeast constructs their new treatment facility. This reserve could
be used in the event a discharger needs to bypass or experiences an emergency
situation where a breakdown might cause temporary exceedance of the facilities’

allocation.

With the point source pounds of phosphorus calculated at 2,310 pounds, 10,790
pound were allocated to nonpoint sources. As discussed in the plan, two other
contributors of phosphorus, septic systems and industrial discharger, needed to

be recognized.

No data specifically addressing the impact of septic systems on Cherry creek
Reservoir was available but, information from Lake Dillon and the Clean Lakes

Study can provide an indication of the potential impact.

The work from Dilion stated that res'ulting effluent phosphorus concentration
from septic systems "was equal to or lower than 0.12 mg/L."!® Assuming a
phosphorus concentration of 0.12 mg/L and 75 gallons per day per capita flow
for septic users, the forecasted phosphorus loads from septic systems would be

530 pounds in 1990; 1,010 pounds in 2000; and 1,440 pounds in 2010.

l¢Upper Blue River Wastewater Management Plan, Appendix C, Soils Evaluation
Program, p. C-18.




Table 21

Twelve-Plant Phosphorus Allocation

Future Allowed

- - Phosphorus
Discharge
Discharger (Ibs/yr)
Arapahoe 354
Inverness 68
Meridian 114
Cottonwood 213
Stonegate : 53
Parker ' 533
Denver Southeast 365%
Castle Rock
Cherry Creek 21
McMurdo 64
Mitchell 128
Newlin Gulch 86
Rampart Range 160
TOTAL 2,159

*The present facility at Denver Southeast Subur-
ban Water and Water and Sanitation District
requires 365 pounds of phosphorus annually.
The 365 pound phosphorus allocation to Denver
Southeast is temporary and should be reduced to
213 pounds of phosphorus in 1990 or when Denver
Southeast completes construction of its 1.4 mgd
facility, whichever occurs first.

**The Castle Rock, Cherry Creek plant will proba-
bly serve a portion of the Newlin Guich facility
up to 51 pounds annually. In this case, 51
pounds would be subtracted from the 86 pounds
listed in this table and added to the Castle Rock,
Cherry Creek facility.



However, the 1983 data indicates that the 0.12 mg/L value was too high for the
Cherry Creek Basin. - If we assume that all phosphorus in the groundwater was
from septic systems, the septic system effluent would have had an average con-
centration of 0.058 mg/L in 1983. That concentration-would result in future
loads of 260 pounds in 1990; 490 pounds in 2000; and 700 pounds in 2010.
Therefore, an initial allocation of 450 pounds which closely follows the year 2010

estimate, seemed a reasonable allocation until more information is known about

septic systems’' effects on the reservoir.

Although there may not be any industrial dischargers presently permitted in the
basin, phosphorus was allocated to this source since industrial dischargers may
operate within the basin independent of domestic wastewater facilities. Because
both industrial dischargers and septic systems are considered nonpoint contrib-
utors at this point, their phosphorus allocation was subtracted from the original
nonpoint allocation. The resultant allocated phosphorus loads are shown in

Table 22.
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Table 22

Critical Loading From All Sources
(Pounds Per Year)

Point Sources . T - 2,310
Nonpoint Sources 10,280
Septic Systems 450
Industrial Sources S0
Background 1,170
Critical Load 14,270

The critical loads shown in Table 22 are based on the following assumptions.

The point source load is based on the number of treatment systems and the
mix of wastewater treatment methods identified in Chapter V. Any changes
in the number of facilities, type of treatment, or quantity of wastewater
generated will change the critical point source loading limit in addition to

changing the allowable annual reservoir phosphorus load.

The nonpoint source load is dependent upon the land use forecast and asso--
ciated runoff coefficients. The land uses recognized in this planning effort
include large lot residential, urban residential at two different densities,
commercial industrial, airport pro.perty, and open space. The actual rate
and distribution of growth may be different resulting in different nonpoint
loading rates. Any significant changes in the nonpoint contribution, as
measured through an annual monitoring program, will change the annual

critical nonpoint loading and the allowable annual phosphorus limit.
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3. The critical nonpoint source loading is actually 10,790 pounds which con-
tains 450 pounds of phosphorus from septic systems. Lacking an intensive
study to more precisely define the contribution from septic systems, the
plan recognizes an annual loading of 450 ;Jounds %rom this source regardiess

of the population served by septic systems. It also contains 50 pounds for

industrial dischargers.

4., The 1,170 background source loading is considered to represent an average
condition. If this amount changes, its affect on the allowable annual phos-
phorus limit will need to be determined. In any event an increase in the
uncontrollable background loading in any one year which is the result of an

act of nature should not jeopardize or reduce the point source allocation.

In this chapter the methodology and calculations necessary to determine the
point source contribution to the critical loading were identified. The process
by which the 2,310 point source pounds of phosphorus were allocated to the
facilities in the basin is not based on technical methodology; but, rather, on
decisions made by the Task Force. Therefore, this chapter is the end of the

technical report.
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