KANSASLOWER REPUBLICAN BASIN TOTAL MAXIMUM DAILY LOAD

Water Body: Lake Olatheand Cedar Lake

Water Quality Impairment: Eutrophication

(Replaces Existing Cedar Lake Eutrophication TMDL)
1. INTRODUCTION AND PROBLEM IDENTIFICATION

Subbasin: Lower Kansas River
County: Johnson
HUC 8: 10270104

HUC 11 (HUC 14): 060 (020) (Figure 1)

Ecoregion: I X - Southeastern Temperate Forested Plains and Hills, Centrd Irregular Plains,
Osage Cuestas (40b)

Drainage Area: Approximately 16.9 square miles (Cedar Lake 6.10 square miles, Lake Olathe
10.8 square miles)

Conservation Pool: Cedar Lake Lake Olathe
Surface Area (acres) 54 170
Maximum Degpth (feet) 14.0 44.0
Mean Depth (feet) 6.20 18.2
Totd Storage Volume 334 3,100
(acre-feet)
Retention Time (months) Es. 2 Es. 6

Designated Uses.  Primary Contact Recreation (A for Lake Olathe and B for Cedar Lake);
Expected Aquatic Life Support; Domestic Water Supply; Food Procurement;
Industrial Water Supply

Authority: City of Olathe

2004 303(d) Listing: Kansas/Lower Republican River Basin — Lakes (Lake Olathe)
1998 303(d) Listing: Table 4 —Water Quality Limited Lakes (Cedar Lake)

Impaired Use: All uses areimpaired to a degree by eutrophication

Water Quality Standard: Nutrients- Narrative: Theintroduction of plant nutrients into
dreams, lakes, or wetlands from artificia sources shal be controlled to



prevent the accelerated succession or replacement of aguatic biota or
the production of undesirable quantities or kinds of aquatic life.
(KAR 28-16-28€(c)(2)(B)).

The introduction of plant nutrients into surface waters designated for
primary or secondary contact recregtional use shdl be controlled to
prevent the development of objectionable concentrations of agae or
agd by-products or nuisance growths of submersed, floating, or
emergent aquatic vegetation. (KAR 28-16-28¢e(c)(7)(A)).

Figure 1. Map of Lake Olathe Watershed
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2. CURRENT WATER QUALITY CONDITION AND DESIRED ENDPOINT

Level of Eutrophication: Cedar Lake - Lower Hypereutrophic, Trophic State Index = 67.0
Lake Olathe — Fully Eutrophic, Trophic State Index = 59.7

Monitoring Sites: LM061601 for Cedar Lake, LM061301 for Lake Olathe, USGS Monitoring Sites
(USGS 06892440, USGS 06892450, and USGS 385218094521200) for Cedar Creek and Lake
Olathe.

Period of Record Used: Surveys by KDHE in 1989 and USGSin 1998 - 2004.

Current Condition: A TMDL was completed for Cedar Lake in 1999 — The lake in 1989 had an
average chlorophyll a concentration of 41 pg/L (ppb) and Trophic State Index of 67.0 indicating a
hypereutrophic condition. The average total phosphorus concentration was 115 pg/L (ppb).
Phosphorus gppears to the primary limiting factor. Chlorophyll-to-phosphorus yield was good.
Inorganic turbidity was very low, with abundant light in the shalow water column. This TMDL will make
dight adjustments to the existing Cedar Lake TMDL, but will focus primarily on Lake Olathe.

Over the period of record, the average chlorophyll-a concentration in Lake Olathe was 19.4 png/L

(ppb). Thisrdatesto a Trophic State Index of 59.7. The average, total phosphorus (TP) concentration
was 0.05 mg/L (ppm). The average total Kjeldahl nitrogen (TKN) was 0.78 mg/L (ppm). The average
nitrite plus nitrate concentration was 0.47 mg/L (ppm). The chlorophyll-to-phosphorus yield was
moderately good.

Hydrology

Cedar Lakeislocated on asmall tributary to Cedar Creek that runsinto Lake Olathe. Table 1
indicates the flow gatidtics from the gaging sation ingtalled on the creek in 2000 as well aslong term
estimates for the segment (USGS 2275) of Cedar Creek above Lake Olathe (Perry, et d, 2004).
Thereisanotable jump in flow beyond mean flows or flows exceeded less than 25 percent of thetime
(Figure 2). Thelong term estimated mean flow of 9.8 cubic feet per second (cfs) was the basis for the
unit runoff of 0.29 meters (m) per year used in modeling the trophic state of Lake Olathe. The
hydrology of Cedar Lake was estimated as that necessary to support a hydraulic resdence time of 2
months (0.16 m/yr). FHood flows are over two orders of magnitude greater than mean flow.

Table 1. Summary Statistics for Flow (cfs) in Cedar Creek above Lake Olathe

Flow Drainage | Min | Max [ Mean | 10% | 25% | Med | 75% | 90% | 2yr 10yr | 100yr
Edimate Area Q Q Q Q Q Q Q Q flood | flood | flood
2000-04 133 miles’ | O 570 |93 16 54 15 036 | 006 | NA NA NA
Gaged

Seg 2275 115miles> | NA | NA |98 116 | 375 |09 | O 0 1640 | 4720 | 10,500
Estimate




Figure 2. Cedar Creek Flow Duration Curve
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Lake Nutrients

Table 2 provides average nutrient and chlorophyll concentrations over years, by season and by depth.

Table 3 digplaysindividua concentrations in the lake water column over time as sampled by USGS over

2000-2004.

Table 2. Average Nutrient and Chlorophyll Levelsin Lake Olathe (nutrientsin ppm; chlorophyll in

ppb)

Average NH3 Unfiltered | Filtered | NO3& NO2 Unfiltered | Filtered | PO4 Chla | Chlb
Condition TKN TKN NO2 TP TP

2000-2004 0.080 0.783 0472 0.469 0.028 0.053 0.051 0.020 195 16
2000-2003 0.080 0.811 0.455 0476 0.029 0.051 0.053 0.019 137 11
2000-2002 0.087 0.838 0.460 0.509 0.032 0.054 0.056 0.019 144 13
2004 0.078 0.650 0.550 0434 0.023 0.058 0.040 0.024 28.7 2.3
June-Oct 0.050 0.805 0439 0.212 0.030 0.049 0.049 0.018 2.7 2.0
Hypolimnion | 2277 3.118 2.867 0.222 0.019 0.373 0.233 0.211 2.7 0.2




Table 3. Lake Olathe Concentrations over Time

Date Total Total Kjeldahl | Nitrite+ | Chlorophyll a [ Secchi Disc Total Turbidity
Phosphorus|Nitrogen (mg/L)| Nitrate (ug/L) Depth Suspended (NTU)
(mg/L) (mg/L) (ft) Solids (mg/L)

10/9/1989 144

6/21/2000 0.04 0.67 0.05 16.8 24 10

7/20/2000 0.04 0.71 0.05 135 30 10

8/22/2000 004 0.74 0.05 30 10

9/19/2000 0.04 0.76 0.05 22 30 10

10/24/2000 0.07 0.98 0.19 185 25 10 7.8

12/7/2000 0.06 0.95 034 0.6 23 10 3.7

3/20/2001 014 110 217 4.7 16 10 230

4/18/2001 0.03 0.81 197 30 120

5/17/2001 0.06 0.58 124 4.6 6.1

6/27/2001 0.06 1.00 0.95 129 29 17.0

8/14/2001 004 081 0.03 18 32 130

10/23/2001 0.06 0.97 0.10 273 9.7

2/21/2002 0.04 0.60 0.61 11 6.2 4.6

4/23/2002 0.04 057 0.53 228 15.0

6/4/2002 0.05 0.83 049 182

6/18/2002 0.05 0.89 0.32 17.0 28 6.9

7/23/2002 0.04 0.88 0.05 174 25 10.0

9/6/2002 0.06 110 0.05 308 110

10/30/2002 0.07 0.97 044 44 14 180

2/20/2003 0.04 0.55 0.61 4.2 35

5/20/2003 0.04 0.64 0.52 3.7 4.2 74

7/29/2003 0.03 0.85 0.06 25 54

9/30/2003 0.04 0.70 0.08 229 31 43

3/22/2004 0.09 0.81 111 20 1 19.0

6/16/2004 0.04 043 0.88 55 5.6 10 410

7/8/2004 35

7/14/2004 156 5.2

7/21/2004 144 30

7/28/2004 0.06 0.76 0.06 0.1 26 10 82

8/5/2004 0.04 0.39 0.06 3438 3.2

8/11/2004 318 2.7

8/26/2004 82.2 16

9/2/2004 58.6 20

9/9/2004 44.8 25

9/16/2004 0.06 0.86 0.06 339 35 10 6.9

9/24/2004 121 2.7

9/30/2004 109 32




Phosphorus

All but five of the unfiltered samples for total phosphorus were above the detection limit, whereas only
four of the filtered TP and orthophosphate samples were measured above their detection limits.
Therefore, most of the phosphorus seen in the water column is probably in colloidal organic form, while
agae and macrophytes rapidly take up any labile inorganic orthophosphate rel eased to the water. 2004
saw larger amounts of phosphorusin the lake, driven by early spring concentrations (Figure 3). The
growing season tends to have lower phosphorus because of lower inflows and loadings to the lake in
those months and the uptake of phosphorus by lake biota. Phosphorus accumulates in the deeper
portions of the lake, through settling of sediment and organic materid. The low oxygen levelsin the
hypolimnion support redox reactions that liberate orthophosphate from the sediments to the overlying
water. Thelack of active biotain the light and temperature limited deep zone retards assmilation of the
phosphorus.

Input from Cedar Creek tends to be steady for a mgority of the time for both total and dissolved forms
of phosphorus (Figure 4). At the high flows exceeded less than 5 percent of the time; thereisa
ggnificant increase in total phosphorus concentrations. The geometric mean total phosphorus
concentration is 0.864 mg/l for these high flow conditions, sgnificantly different from the geometric mean
concentration of 0.103 mg/l under norma conditions. Dissolved phosphorus concentrations raise from
0.049 mg/l a normal flowsto 0.058 mg/l at high flows, dthough thisis not a datisticaly sgnificant
difference. The differencein total and dissolved phosphorus concentrationsis sgnificantly different at all
flows, but the proportion of tota phosphorus that passes through afilter is larger at normd flows (~
48%) than at high flows (~7%). Usng the four-year period of record, aflow weighted average total
phosphorus concentration of 0.596 mg/l and average filterable (available P) proportion of 21.3% is
derived for modd andysis.



Figure 3. Tota Phosphorus (TP) in Lake Olathe
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Figure4. Tota Phosphorus (TP) in Cedar Creek
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Nitrogen

Similar to most lakes, nitrogen concentrations are an order of magnitude greeter than those for
phosphorus. Tota Kjeldahl Nitrogen (TKN) is the dominant form of nitrogen in Lake Olathe and
Cedar Creek (Table 3). A high proportion of the TKN is dissolved (Figure 5), and is likely composed
of organic nitrogen, Snce ammoniatendsto be a low or undetectable levelsin the |ake epilimnion.
Nitrate and nitrite levels are notable, but less than those of TKN (Figure 6). Nitrite makes up asmal
proportion of the combined concentration with nitrate. Nitrate levels tend to be highest in the spring, but
are likely taken up by lake biota after June. During the growing season, TKN tends to be high, while
ammoniaand nitrate are low. The inorganic forms are likely assmilated into the lake biology and
organic formsin cdll structure or refractory particulates predominate. Accumulated organic materid a
depth in the lake increases the concentration of TKN. Because of the oxygen-poor condition in the
hypolimnion, the reduced form of ammonia becomes prevaent, while nitrate and nitrite are reduced by
bacteria stripping off their oxygen atoms.

Similar to phosphorus, TKN in Cedar Creek isfairly steady under norma flows, but rises significantly at
the highest flows (Figure 7). Dissolved TKN remains smilar in concentration a high flows as at other
times (geometric means 0.554 mg/l vs. 0.486 mg/l), but high flow sgnificantly increases unfiltered TKN
(2.955 mg/l vs. 0.739 mg/l). Nitrate, on the other hand, remains constant across al flow conditions
(geometric mean = 0.76 myg/l; Figure 8).

Figure 5. Tota Kjeldahl Nitrogen (TKN) in Lake Olathe
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Figure 6. Nitrite plus Nitrate in Lake Olathe
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Figure 7. Tota Kjeldahl Nitrogen (TKN) in Cedar Creek
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Figure 8. Nitrite plus Nitrate in Cedar Creek
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Chlorophyll

Average chlorophyll alevels are indicated of eutrophication (Table 3; Figure 9). Concentrations
average around 14 ppb prior to 2004. Samplesin 2004 averaged 28.7 ppb; however, the August-
September growth period was sampled more intensaly in 2004 than previoudy. Overdl concentration
during the growing season is 22.7 ppb. Whét little chlorophyll isfound in the hypolimnion is probably
the result of yet-to-be decomposed settled phytoplankton. Concentrations of chlorophyll b range from
1-2 ppb, indicative of green dgaein the summer and euglenoid dgee in thefall.

The Carlson Trophic State Index (TSI) using chlorophyll shows a seasond pattern of eutrophy in the
summer, gpproaching hypereutrophy in 2004 (Figure 10). Algee levels between October and April
decline notably. Comparing the TSI vaues derived from chlorophyll, phosphorus and secchi disk
depths shows under-utilization of the total phosphorus present relative to the amount of chlorophyll
(Figure 11). The redive plots showing higher TSI vaues from phosphorus (a direct relation) and secchi
depths (an inverse relation) indicate the lake is light limited by suspended solids in the water column.
These solids (sediment and organic materid) are aso likely bound with much of thetota phosphorus
measured in the lake. As these solids settle to the lake bottom, they accumulate the phosphorus in the
sediments. USGS coring indicated sediment phosphorus concentrations of 774 ug/kg of sediment.
Annud loading was estimated a 9720 |bs/year for Lake Olathe. Thisisin contrast to coring at Cedar
Lake that showed concentrations of 1540 ug/kg and loading of 14,700 Ibs'year.

There is a definite relationship between the average total phosphorus seen in Cedar Creek during May-
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October and the average chlorophyll alevels seen in Lake Olathe during June- October in each year
over 2000-2004 (Figure 12). Also notable is the fact that both the average phosphorus inflow and in-
lake chlorophyll content have increased over the past three years.

Figure 9. Chlorophyll ain Lake Olathe

Chlorophyll a - Lake Olathe Near Dam

©
o

@
o

~
o

[=2]
o

ul
o

N
o

Conc. in ug/L

w
o

N
<]
]

|

IR i AN v ey AT

FELL FF L, TS EEFF ST ST IS TS SIS F S

Date

Figure 10. Tropic State Index (TSl) of Chlorophyll a(Chl), Lake Olathe
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Figure 11. Tropic State Index (TSl) Deviation Graph, Lake Olathe
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Phytoplankton

Various groups of agae have dominated the composition of Lake Olathe at various times over 2000
2002 (Figure 13, Table 4). There were two outbreaks of blue-green agae, the most notorious of the
causes of taste and odor problemsin water supplies, in June 2000 and August 2001. Diatoms
(Bacillariophyta) tend to dominate in the spring before the onsat of runoff and the growing season.
Cryptophyta, such as Rhodomonas and Cryptomonas, became abundant in the spring, aswell. Green
agee are dways present, but Chlamydomonas became dominant in 2002. Euglenophyta, typicaly,
Trachelomonas, dominated in the autumn, particularly as diatom abundance declined.

There was a rdative weak relationship between dominant groups of phytoplankton, chlorophyll levels
and the biovolume seen at each sampling (Table 4). The two largest accumulations of biovolume
occurred in June 2000 and October 2002, the corresponding chlorophyll levels were 16.8 ppb and 4.4
ppb, respectively. The firg date coincided with a blue-green dgad bloom; the latter was dominated by
the euglenoid Trachelomonas. Thelevels of chlorophyll b, a pigment restricted to green and euglenoid
agae, corresponded fairly well to dominance by ether of those groups. Cryptomonas has been linked
to increased nitrogen content in water.

Comparison of the dominant dgae in Cedar Creek and Lake Olathe suggests seeding of certain taxa
(Melosira, Synedra, Trachelomonas, Chlamydomonas, Cryptomonas) from the creek into the lake
a times (Table5). Many of the diatoms found in the sediment cores of the Lake Olathe are found
abundantly in Cedar Creek, more s0 than in the water column of the lake itsdf. Conversdly, blue-green
algae seem to be predominantly supported in the lake, Cyanophytais sparsely found in Cedar Creek,
except for occasiona samples of Aphanocapsa. Diatoms are more prevaent in the hypolimnion and in
the epilimnion of the lake headwaters, than in the epilimnion of the main lake body.

Diatoms identified in the sediment cores of Cedar Lake and Lake Olathe show a predominance of a
few select species (Table 6). Most of the taxa are centric as opposed to pennate diatoms, indicating a
preference for planktonic forms, rather than benthic or attached. Centric to pennate ratios in the top
and bottom cores range from 5.1 to 6.2, respectively, in Lake Olathe. In Cedar Lake, the lowest core
had a C:P ratio of 3.6, but the upper core foot was amost devoid of pennate forms, leaving arétio of
16. Theseratiostend to support the notion of ongoing eutrophication and siltation, conditions that favor
free-floating dgae over those dwelling at depth.

One of the most prevalent genera, Aulacoseira, was not noted in the subsequent lake sampling and was
found in only one of the Cedar Creek samplings. Conversdy, Melosira was found consgtently in the
water columns of the lake and creek, but is not found in the Lake Olathe sediment cores, and rardly
noted in the Cedar Creek cores (M.varians). Both generaare very smilar and it is possble they are
interchanged during identification. The sediment andysisis not hampered by the presence of organic
matter shidlding details of the sllicon frustules (samples are treated with acid to remove organic metter)
unlike the lake analys's (samples are examined without acid trestment, leaving the organic components,
such as chloroplasts).
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Taken together, the presence of certain diatoms, such as Asterionella, Fragillaria, Synedra,
Sephanodiscus and Melosira granulate, dong with green and blue-green dgae during the summer, is
indicative of eutrophic conditions in the lake (Wetzd, Table 14-2, 1975).

Figure 13. Phytoplankton in Lake Olathe
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Table 4. Dominant Phytoplankton and Proportion of Blue-green Algee — Lake Olathe

Date Dominant Phytoplankton Species | Percentage of Biovolume of all Chlorophyll a &
Blue-green algae b concentrations
Algae
(Cyanophyta)
Name Percentage um3/m ppb
6/1/2000 Rhodomonas 52.6% 0% 224K NA
minuta
(Cryptophyta)
6/20/2000 Anabaena spp. 32.3% 52.5% 19.5M NA
(Cyanophyta)
6/21/2000 Pseudoanabaena 37.2% 54.52% 1.1M 16.8/1.6
spp. (Cyanophyta)
10/24/2000 | Trachelomonas spp. | 34.7% 2.04% 297K 185/1.6
(Euglenophyta)-
3/20/2001 Cyclotella spp. 63.4% 0% 78K 4.7/0.1
(Bacillariophyta)
4/18/2001 Chlamydomonas 42.0% 0.29%9 216K NA
spp. (Chlorophyta)
5/17/2001 Melosiraislandica | 28.7% 0% 275K NA
(Bacillariophyta)
6/27/2001 Chlamydomonas 37.8% 4.38% 600K 12.9/1.9
spp. (Chlorophyta)
8/14/2001 Melosiraislandica | 389% 40.74% 760K 1.8/0.1
(Bacillariophyta)
10/23/2001 | Cryptomonas spp. 32.2% 5.29% 986K 27.3/8.7
(Cryptophyta)
2/21/2002 Cryptomonas spp. 50.2% 0.55% 139K 1.1/0.1
(Cryptophyta)
4/23/2002 Melosiraislandica | 23.6% 0.10% 240K 22.8/0.1
(Bacillariophyta)
6/4/2002 Chlamydomonas 55.2% 0% 672K 18.2/2.1
spp. (Chlorophyta)
6/18/2002 Chlamydomonas 66.2% 0.03% 177K 17.0/1.2
spp. (Chlorophyta)
9/6/2002 Chlamydomonas 58.7% 0% 296K 30.8/0.1
spp. (Chlorophyta)
10/30/2002 | Trachelomonas spp. | 30.8% 244% 93.3M 4.4/0.1
(Euglenophyta)
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Table 5. Five most abundant dgae in Cedar Creek and Lake Olathe at Selected Times, 2000-02

Date Water #1 Group #2 Group #3 Group #4 Group #5 Group
6/20/00 | Cedar Staurastrum Aphanocapsa Rhoicosphena Chlorella Scenedesmus
Creek spp. spp. curvata ellipsoidea bijuga
(24.2%) (16.4%) (13.8%) (6.5%) (4.1%)
6/20/00 | Lake Anabaena spp. | Synedra Pseudoanabaen | Scenedesmus Chlamydomonas
Olathe | (32.3%) delicatissima a spp. bijuga spp.
(29.6%) (16.9%) (6.5%) (4.3%)
6/27/01 | Cedar Melosira spp. Cryptomonas Trachelomonas | Gyrosigma spp. Synedra spp.
Creek (28%) ovata (16%) spp. (9.1%) (8.5%) (7.5%)
6/27/01 | Lake Chlamydomona | Melosira Crypotomonas Fragillariaspp. | Oscillatoria
Olathe | sspp. granulata ovata (8.9%) limnetica
(37.8%) (20.2%) (17.9%) (3.6%)
8/14/01 | Lake Melosira Anabaena flos Anabaena spp. Synedra ulna Cyclotella spp.
Olathe | islandica aquae (12.4%) (5.2%) (4.6%)
(38.9%) (23.7%)
4/23/02 | Lake Melosira Melosira Trachelomonas Synedra Cryptomonas
Olathe islandica granulata spp. delicattissima spp.
(23.6%) (11.6%) (10.4%) (10.0%) (9.9%)
5/12/02 | Cedar Trachelomonas | Chlamydomonas | Nitzschia spp. Melosira Synedra
Creek spp. spp. (11.9%) islandica (7.8%) | delicatissima
(24.3%) (20.3%) (5.8%)
6/18/02 | Lake Chlamydomona | Trachelomonas | Cryptomonas Melosira Cyclotella spp.
Olathe | sspp spp. spp. islandica (1.9%) | (1.3%)
(66.2%) (22.1%) (5.6%)
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Table 6. Predominant diatoms found in sediment cores of Cedar Lake and Lake Olathe

Core Location Diatom taxa Order Cedar Lake Lake Olathe

Upper Foot # of valves # of valves
Aulacoseira cf alpigena Centrales 542 642
Cyclotella meneghiniana Centrales 14 222
Aulacoseira granulate Centrales 229 168
Cyclotella bodanica Centrales 0 146
Asterionella formosa Pennales 0 138
Stephanodiscus nigarae Centrales 8 114
Cyclotella ocillata Centrales 3 86
Synedra delicatissima Pennales 2 52
Cyclotella striata Centrales 33 0
Fragillaria capucina Pennales 0 36
Cyclostephanos cf dubius Centrales 0 30
Achnanthidium minutissimum Pennales 6 30
Remaining centric diatoms Centrales 4 20
Remaining pennate diatoms Pennales 6 76

L owest Foot
Aulacoseira distans Centrales 155 0
Aulacoseira granulata Centrales 125 160
Aulacoseira cf alpigena Centrales 0 97
Achnanthidium minutissimum Pennales 40 A
Cyclotella meneghiniana Centrales 30 35
Aulacoseira lirata Centrales 30 0
Cyclotella borden Centrales 0 30
Stephanodiscus nigarae Centrales 30 29
Remaining centric diatoms Centrales 25 27
Remaining pennate diatoms Pennales 70 27

Endpoints of Desired Water Quality (Implied Load Capacity) at Cedar Lake and L ake Olathe

The origind TMDL for Cedar Lake in 1999 sought a chlorophyll a concentration of 12 ppb to fully
support the designated uses of thelake. That endpoint will be carried forward by thisTMDL. The City
of Olathe developed agod of 10 ppb for Lake Olathe. This TMDL will ultimately achieve the city’s
god asthelong-term seasond average to achieve the water qudity sandards at the lake. Aninitid Sate
god of 12 ppb, on average, will be sought with initid reductions in phosphorus loadings to the lake.
Additiondly, in order to protect the water supply function of the lake and recognizing occasiord agd
blooms are likdly to occur in the future, afurther god establishing a maximum single incident chlorophyll
concentration of 20 ppb is established to reduce the frequency of taste and odor problems brought on
by such blooms. Of the 32 |ake samples taken over 1998-2004, 12 were over 20 ppb. This maximum
chlorophyll endpoint will ensure long-term average levels remain below 12 ppb and reduce the
likelihood thet dgae composition will be dominated by blue-green taxa. The exact load reductions of
phosphorus necessary to achieve this 20 ppb chlorophyll cap cannot be determined because of the
impact of other factors influencing dga response to a single episode of nutrient loading (concurrent
turbidity, seasondlity, etc.) However, on aquditative basis, any reduction in phosphorus loading will
lower therisk of epic dgd blooms occurring in the lake.
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In support of the chlorophyll endpoaints, in-lake average concentrations of total phosphorus will need to
be 35 ppb and amaximum level set a 50 ppb. A corroborating endpoint of Secchi Disk depths greater
than one meter (1 m) will aso be used to assess the aesthetic qudity of the lake for recrestion.

3. SOURCE INVENTORY AND ASSESSMENT

Land Use: Currently, more than haf of the watershed is cropland (54%) (Table 7 and Figure 14).
The agricultura runoff isthe main source of nutrient inputs to the watershed. The City of Olathe
estimates that the total annua loads of phosphorus and nitrogen to the watershed are 5,962 pounds and
257,400 pounds, respectively. Cropland contributes about 4,600 pounds (77%) of phosphorus and
100,000 pounds (39%) of nitrogen annudly.

The City of Olathe is planning to fully urbanize the watershed area within the next 25 to 30 years. After
fully developed, the watershed will have 0% cropland and grasdand (Table 7). The urban residentia
and commercid areas will increase from the current 15% to 62%. The City of Olathe also estimates
that the total annud loads of phosphorus and nitrogen will increase to 9,630 pounds and 639,000
pounds, respectively. Urban resdentid and commercial land use will contribute about 7,500 pounds
(78%) of phosphorus and 560,000 (88%) pounds of nitrogen to the watershed. It is expected that the
urban runoff will gradudly become the mgjor source of nutrient inputs to the watershed during the
development.

Urbanization can have detrimenta effects on the hedlth of the watershed. The increased stormwater
runoff often begins a chain of eventsincluding flooding, eroson, stream channel dteration, and
ecologica damage (City of Olathe, 2004). Combined with an increase in man-made pollutants, these
changes result in degraded systems no logger capable of providing good drainage and hedlthy habitat, or
dlow for naturd remova of pollutarts (City of Olathe, 2004). To protect and improve the water quality
in the lakes, mitigating measures must be ingtalled to minimize the potentia problems brought by
increasing the impervious surface of the lake watersheds.

Table 7. Current (2005) and Future (ca. 2030) Land Use

Land Use Current Area | Current Area | FutureArea | Future Area | Change
(acres) (%) (acres) (%) (acres)
Cropland 5731 54 0 0 -5731
Grassand 935 9 0 0 -935
Forest 664 6 725 7 61
Parks 298 3 646 6 348
Urban Residential 277 6 3647 35 3370
Rural Residential 397 5 1758 17 1361
Commercial 920 9 2801 27 1881
Industrial/Mfg. 256 2 780 8 524
Quarries 879 6 0 0 -879

Source: Lake Olathe Watershed Restoration & Protection Plan, City of Olathe, 2004
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Figure 14. Current Land Use Coverage (2005) for the Lake Olathe Watershed
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Source: Lake Olathe Watershed Restoration & Protection Plan, City of Olathe, 2004

NPDES:. There are 8 NPDES permitted facilities located within the watershed (Table 8). The
discharges from these facilities to the watershed are limited to sormwater runoffs or occasona pit
dewatering. None of the discharges are viewed as a nutrient source to the lakes, dthough some
discharges from quarry wash operations could contribute suspended solids, leading to sitation of the
lake water column. . Projections by the City of Olathe indicate the quarries will be converted to other
types of land usein the future (Table 7).

Two M3 sormwater NPDES permits cover the Lake Olathe watershed; Olathe (KSR041025, M-
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K S52-SU01) and Johnson County (KSR041007, M-K S52-SU02). Both permits have provisonsto
ingtal Best Management Practices to dedl with pollutants cited by TMDLs on Lake Olathe and Cedar
Lake and arein effect until September 30, 2009.

Table 8. NPDES Facilitiesin Lake Olathe Watershed

KS Permit # NPDES # Facility Facility Design TSS Permit Permit
Name Type Flow Limits (mg/l) Expires

1-K S52-PO08 K'S0089303 Shawnee Rock Plant #3 Limestone Quarry — stormwater Sporadic 30 avg; 45 07/31/11

max

1-K S52-PO07 K 'S0089290 Olathe Aggregates Asphdt Sales Limestone Quarry - stormwater Sporadic Narraive 07/31/11

1-K S52-PO09 KS0089478 Johnson County Aggregates Limestone Quarry — stormwater Sporadic Narrative 12/31/06

1-K S52-PO10 K'S0092321 Holland Corporation Aggregates & Concrete — strm witr Sporadic Narraive 12/31/11

1-K S52-PR02 KSG110030 Kincaid Ready Mix Concrete Aggregates & Concrete — strm wtr Sporadic 100 09/30/07

1-K S52-PR04 KSG110070 Quicksilver Ready Mix Aggregates & Concrete — strm wtr Sporadic 100 09/30/07

1-KS32-NPO7 KSG110005 Century Concrete Aggregates & Concrete — strm wtr 0.001 100 09/30/07

MGD
M-K S52-NO01 K'SJ000398 L akestone Estates Wastewater Lagoon used for Irrigation Non-Q 0 08/31/11

Livestock: Phosphorus from animd waste is a potentia contributing factor. Currently, 9% of land in
the watershed is grasdand. The grazing density is low for this part of the State (19-28 anima units per
square mile). There are no anima feeding operations located in or around the watershed that are
permitted or certified by KDHE according to the KDHE Livestock Permitting database. Grasdand will
be converted to urban land usesiin the future; therefore any anima waste contributing nutrients to the
lakes will be domedtic in origin.

Background L evels: Some nutrient loading within the lake might be contributed from atmaospheric
deposition or seepage from geologic formation and soil. Resuspension of sediment and nutrients within
the lake might be caused by the wind mixing the water column or carp feeding along the lake bottom.

4. ALLOCATION OF POLLUTANT REDUCTION RESPONSIBILITY

Reduction of phosphorus loading to the lakes is the long-term Strategy to reduce their trophic states and
the frequency of nuisance aga blooms. This reduction must continue even in the face of an increesngly
urbanized watershed with higher proportions of impervious surface and nutrient wash-off.

Point Sources: A current Wasteload Allocation of zero is established by this TMDL because of the
lack of nutrient contributions from the point sources discharging directly into the Lake Olathe drainage.
Mogt of the facilities are quarry or aggregete operations that will limit their discharges to high runoff
conditions. Furthermore, these operations might contribute some suspended solids to the lakes, but the
nutrient content of their sormwater will likely be low.

A Wasteload Allocation for urban stormwater above the lakes must be established and the resulting
permits will have appropriate Best Management Practices put in place to minimize any increased nutrient
loading to the lake from urban development. Currently, about 17% of the |ake watershed is developed,
therefore, the current desired |oad capacity of 4840 pounds per year is further distributed by 810
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pounds per year to the Wasteload Allocation assgned to urban ssormwater activities in the watershed
(Table9). At the ultimate build-out level anticipated in 25-30 years, the percent of developed land in
the watershed climbs to 70%. Therefore, the future desired load capacity, which increases to 6230
pounds per year because of the increase in inflows to the lake, is distributed by 4310 pounds per year
to the Wasteload Allocation for M34 permits.

Table 9. Loading Conditions and Reductions Necessary to Meet TMDL

Loading Chla | TP Load % WLA WLA- | Load Load

Condition | (ug/L) | (ug/L) | (Ibslyear) | Reduction | (Ibslyr) | M4 Allocation | Allocation -
(Ibslyr) | (Ibslyr) Atmosphere

(Ibslyr)

Current 22.7 81 11,060 | - 0.0 Not Set | Not Set 70

State Goal | 12.0 43 5,800 47.5% 0.0 975 4755 70

City Goal | 10.0 36 4,840 56.2% 0.0 810 3960 70

Urbanized Condition (Higher inflows and loadings)

Altered 36.8 131 23,725 Increaseof | 0.0 Not Set | Not Set 70

Current 215%

City Goa | 10.0 35 6,230 73.8% 0.0 4310 1850 70

Urbanization increases loading by increasing runoff from impervious areas and increasing the number of
phosphorus sources (lawns, roads, pets, population dengity) contributing to the stream system. The
increased runoff aso shortens the resdence time of weter in the lake (from roughly 6 monthsto 4
months), decreasing the settling potentia of incoming phosphorus. The City of Olathe s Management
Plan for the |ake anticipates complete build out in the watershed, leading to an increased 60% in
phosphorus loading and necessary 74% reduction to achieve this TMDL.

Spreadshests of the CNET model used to ca culate loadings and corresponding lake conditions are
provided in Appendix A. The best fit to existing KDHE and USGS data was provided by using
Vollenweider's (1976) phosphorus sedimentation modd that predicts in-lake phosphorus levelsas a
function of the square root of the hydraulic resdencetime. Smilarly, alinear chlorophyll response
relation with phosphorus digned fairly well with the observed data.

The origind TMDL for Cedar Lake cdled for areduction in phosphorus loading from an estimated
current condition of 3,748 pounds per year to 911 pounds per year, a 73% reduction. However,
USGS has since devel oped more detailed data on the hydrology and loading into Cedar Lake. In order
to match up with the USGS estimated long term overland loading to Cedar Lake of 14,700 pounds per
year, runoff into the lake had to carry atotal phosphorus concentration of 2650 ppb, but only about 7%
of that would be biologicdly available, both Stuations possble when flows in the Cedar Creek drainage
surpass the 5% exceedance flow. This TMDL revises the expected load reduction necessary to achieve
achlorophyll concentration of 12 ppb to 66% (from 14,760 pounds/yr to 5,028 pounds/yr). Because
of anticipated high urbanization in the future above Cedar Bluff, 80% of the 4950 pounds per year of
load (the remaining load after subtracting the Margin of Safety of 56 #/yr and atmospheric load of 22
#lyr) will be the Wasteload Allocation assigned to urban sormwater (3960 #/yr). The CNET
Spreadsheet is provided in Appendix B.
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Nonpoint Sour ces. The hydrology of loading into these lakes, clearly establishes high flow runoff asthe
principa loading mechanism of introducing phosphorus into the lakes and fuding their primary
productivity. Therefore, this TMDL will initialy be dominated by the Load Allocation assgned to non
point sources, but will trangition to a Wasteload Allocation for future urban sormwater activities. Table
9 shows the current loading estimates, the necessary current and future Load Allocations to achieve the
12 and 10 ppb chlorophyll endpoints and the percent reduction in loading for Lake Olathe. Thetable
a0 shows the potentia impact of an increasingly urbanized watershed above the lake. The current
edimate of loading iswithin 12% of the estimate derived by USGS in their sediment coring of the Lake
(9720 pounds per year). The Load Allocation for Cedar Lake is 1012 #/yr, after accounting for the
M Wasteload Allocation, and the Margin of Safety. The Load Allocations for both lakes include
ground surface non+point sources and atmospheric deposition.

Because of the ruling on the Anacostia River requiring TMDLs be expressed as daily loads, Region VI
has requested that TMDL s such asthis oneinclude adaily load expression, using an approach
described in the Technica Support Document for Water Quality Based Toxics Control (EPA/505/2-
90-001). Expressng theload intermsof daly time steps does not imply a daily response of
chlorophyll to phosphorus loading. The average chlorophyll level seen over the growing seasonina
lake isinfluenced by interna lake nutrient loading, water residence time, wind action and interactions
between light penetration, nutrients, sediments and dgad communities. Nonethdless, in accord with the
EPA request, daily load calculations are provided in Appendix C.

Defined Margin of Safety: The margin of safety provides some hedge againg the uncertainty in
meeting the endpoint tied to state water quaity sSandards. In this case, the loca god of 10 ppb is more
stringent than that used by the state in lake eutrophication issues (12 ppb). Therefore, the Margin of
Safety for Lake Olathe will be the additiona 1000 pounds of annua |oad reduction necessary to
achievethe loca god. Reducing current loads by this additiona amount will ensure that the State weter
quaity standard is being achieved. For Cedar Lake, its current condition of plant communities and
shallow depth resembles more of awetland than lake. Because of its evolved condition, the likelihood
of either primary contact recreation or public water supply uses being made at Cedar Lake are
diminished, especialy since those uses are provided at the downstream Lake Olathe. Nonetheless, the
desired target god of 12 ppb of chlorophyll is established at Cedar Lake, regardlessif those uses are
present. The explicit Margin of Safety for Cedar Lake is 56 #/yr, assuring the Wasteload and Load
Allocations will atain the assumed level of designated use despite the lake' s physica shortcomings.
Reducing phosphorus loads above Cedar Lake will result in improved qudity within its lake-wetland
complex and will further protect the qudity of Lake Olathe.

State Water Plan Implementation Priority: Because the Lake Olathe watershed is an important
water supply feature of Johnson County, this TMDL will be a High Priority for implementation,
particularly in light of the watershed' s vulnerability to urbanization impacts.

Unified Water shed Assessment Priority Ranking: Thiswatershed lieswithin the Lower Kansas
(HUC 8: 10270104) with a priority ranking of 1 (High Priority for restoration).
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Priority Congderations. The digribution of loading is skewed to the infrequent high flow events
occurring on Cedar Creek (Figure 15). A mgority of load occurs less than 5 percent of the time, when
flows increase by severd orders of magnitude over norma conditions. The phosphorusistypicaly
bound to sediment trangported during these high flow events and has reduced bio-availability (BAF).

Analysis of datafrom Cedar Creek indicates the proportion of dissolved or inorganic phosphorus
potentiadly available to lake biota drops from nearly haf (48%) of the totad phosphorus during normal
conditions to about 7% of total phosphorus during runoff. Nonetheess, most of the loading of
bioavailable phosphorus occurs during the high flow events because of the large mass of phosphorus
moving into the lake at those times.

Therefore, practicesto reduce or eiminate loading to the lake should be selected among those that are
effective at flows greater than mean flow or flows exceeded 25% of thetime or less. Practicesthat are
gpplied to norma or low flow conditions have little rdative impact to the condition of the lake. Runoff
control through detention ponds and enhanced infiltration is the most likely gpproach to curtall loading to
the lake, particularly as the watershed becomes more urban in nature.

Figure 15. Didtribution of Loading into Lake Olathe and Focus for Load Reductions
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S. IMPLEMENTATION

Desired Implementation Activities

Asthe land uses in the watershed above the |akes changes from cropland and grasdand to urban, the
necessary implementation activities will o need to trangtion from land treatment practices to
sormwater control. The guiding principles are outlined in the City’ s Lake Olathe Watershed
Regtoration and Protection Plan. These principles are crafted in anticipation of ongoing development in
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the lake watershed. Additiond activities are identified in the City’s plan aswell as the proposed
Watershed Restoration and Protection Strategy implementation project.

1. Avoid direct sormwater discharges into waterways or the lakes

2. No net increase in the volume or rate of water discharged into the waterways over and above the
pre-development conditions at each Site of development.

3. No net increase in pollutant load delivered to Lake Olathe beyond pre-development conditions.

4. Minimize the amount of impervious cover in the watershed to minimize the ddivery of pollutantsto
Lake Olathe.

5. Implement appropriate nutrient management measures to cropland and grasdand areas currently in
place in the lake watershed.

6. Implement city measures through the State- supported WRAPS process to significantly reduce
loading of phosphorus and sediment to the lakes.

I mplementation Programs Guidance

Water shed Management Program - KDHE

a. Support ongoing implementation projects conducted under the Watershed
Restoration and Protection Strategy (WRAPS) for Lake Olathe, including
demondtration projects and outreach efforts dealing with erosion and sediment
control, sormwater management and practices, pollution prevention, public
outreach and studies of water quaity impacts of new development.

b. Support septic system inspection, upgrade and repair through the Johnson County
Locd Environmenta Protection Program.

c. Provide technicd and financid assistance on nutrient management and vegetative
buffer development in vicinity of sreams viathe WRAPS.

d. Through the WRAPS, support aspects of the City’s Stormwater Program, outsde
the requirements of the Phase II NPDES permit, that promote stream buffers,
ingtdlation of new and retrofitted ormwater management practices, including Low
Impact Development and Best Management Practices, and runoff trestment train
practices, dl working to mitigate the impacts of impervious areain the watershed.

NPDES Permits— KDHE
a. Ensure quarriesin the watershed of the lakes are appropriately permitted for their
occasond discharge to waterways, minimizing sediment loading to the lakes,

Stormwater NPDES Permits— KDHE
a. Coordinate sormwater management between Olathe and Johnson County
b. Revise M3 sormwater generd permits for Johnson County and Olathe to
incorporate requirements to begin implementation of Best Management Practices
for nutrient loading into Cedar Creek and Lake Olathe.
c. Ensurethe City’s Phase Il Stormwater Program addressesillicit dischargesto the
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city sormwater system and waterway's, public outreach, pollution prevention
practices, such as street sweeping, construction site runoff control, post-
congtruction sormwater management, as well as placement of Best Management
Practices to address sediment and phosphorus, particularly in new devel opment
above the lake, pursuant to this High Priority TMDL.

Water Resour ce Cost Share Nonpoint Sour ce Pollution Control Program - SCC
a. Apply consarvation farming practices, including terraces and waterways, sediment

b.

control basins, and constructed wetlands in cropland of unincorporated areas of
Johnson County lying within the |ake watershed.

Provide sediment control practices to minimize eroson and sediment and nutrient
trangport from cropland and grasdand in the lake watershed.

Riparian Protection Program - SCC

a

b.

C.

d.

Egtablish or reestablish naturd riparian systems, including vegetative filter strips and
streambank vegetation dong Cedar Creek and its tributaries.

Develop riparian restoration projects.

Promote wetland congtruction to assmilate nutrient loadings.

Coordinate riparian management within Olathe and in unincorporated Johnson
County.

Buffer Initiative Program - SCC
a Ingd| vegetative buffer strips along Cedar Creek and its tributaries.

Reservoir Restoration Demonstration Project — Kansas Water Office

a

Support alake restoration project at Cedar Lake

Time Framefor Implementation: Stormwater control and management practices should be ingtalled
in the watershed in 2006 with the initiation of WRAPS financid and technica support from the State
Water Plan. Implementation should be ongoing, but shift its emphasis over time from agriculturd
oriented practices to urban stormwater as the watershed builds out over the next 30 years.

Targeted Participants: Primary participants for implementation will initidly be agriculturd producers
within the drainage of the lake and the City of Olathe. Initid work in before 2007 should include loca
assessments by conservation district personnel and county extension agents to locate within the lake

drainage:

1. Tota row crop acreage

2. Cultivation alongside Cedar Creek

3. Drainage dongsde or through anima feeding lots
4. Livestock use of riparian areas

5. Fidds with manure applications
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The City of Olathe will assess and inventory the various pollutant sources within its jurisdiction, indluding
those components addressed within its Phase I1 Stormwater NPDES permit, including illicit discharges,
congtruction sites and new development and redevelopment Sites.

Milestone for 2010: The year 2010 marks the next cycle of 303d activities in the Kansas-Lower
Republican Basin. At that point in time, sampled data from Lake Olathe should indicate evidence of
reduced phosphorus and chlorophyll levels than those seen 2000-2004.

Delivery Agents: The primary ddivery agents for program participation will be the City of Olathe, the
Johnson County Stormwater Program and the Johnson County Conservation Didtrict.

Reasonable Assurances:
Authorities: The following authorities may be used to direct activities in the watershed to reduce
pollutants and to assure dlocations of pollutants to point and non-point sources can be attained.

1. K.SA. 65-171d empowers the Secretary of KDHE to prevent water pollution and to
protect the beneficid uses of the waters of the state through required treatment of sewage and
established water quaity standards and to require permits by persons having a potentiad to
discharge pollutants into the waters of the Sate.

2. K.S.A. 2-1915 empowers the State Conservation Commission to develop programsto
ass g the protection, conservation and management of soil and water resources in the state,
including riparian aress.

3. K.S.A. 75-5657 empowers the State Conservation Commission to provide financia
assistance for loca project work plans developed to control nonpoint source pollution.

4. K.SA. 82a-901, et seg. empowers the Kansas Water Office to develop a state water plan
directing the protection and maintenance of surface water quality for the waters of the dtate.

5. K.S.A. 82a-951 creates the State Water Plan Fund to finance the implementation of the
Kansas Water Plan, including selected Watershed Restoration and Protection Strategies.

6. The Kansas Water Plan and the Kansas-Lower Republican Basin Plan provide the
guidance to State agencies to coordinate programs intent on protecting water qudity and to
target those programs to geographic aress of the state for high priority in implementation.

Funding: The State Water Plan Fund annually generates $16- 18 million and is the primary funding
mechanism for implementing water quality protection and pollutant reduction activitiesin the Sate
through the Kansas Water Plan. The state water planning process, overseen by the Kansas Water
Office, coordinates and directs programs and funding toward watersheds and water resources of
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highest priority. Typicdly, the state alocates at least 50% of the fund to programs supporting water
quality protection. Additiondly, $2 million has been dlocated between the State Water Plan Fund and
EPA 319 funds to support implementation of Watershed Restoration and Protection Strategies. The
Lake Olathe WRAPS has been sdected for funding support in State Fiscal Year2006. This watershed
and its TMDL are a High Priority consderation and should receive funding beginning in 2006.

Effectiveness: Stormwater control practices, notably those involving runoff retention will reduce
pollutant loading to waterways. Nutrient control has been proven effective through conservation tillage,
contour farming and use of grass waterways and buffer strips. The key to success will be widespread
utilization of sormwater management in developed areas and mitigation measures a Sites with high
proportions of impervious cover.

6. MONITORING

Additiond sampling by the City of Olathe and the USGS is expected to occur in the future. The data
collected by those monitoring efforts will assess the degree that implementation of Best Management
Practices has been effective in abating impacts from the changing watershed above the lakes. Those
data are not expected to be obtained before 2010, when the next cycle of TMDL development and
revison is dated for the waters of the Kansas-Lower Republican Basin. However, raw water taken
from the lake should be monitored for nutrient and geosmin content at the Olathe water treatment plant
by the City. The implied water qudity condition from the water supply data will be examined in 2010 as
part of re-vigting this TMDL.

With implementation efforts in full swing after 2010, some follow-up monitoring in the lake and
watershed, including use of sensors at the lake is expected to be established by the USGS and Olathe
to assess changes in water quality associated with changes in the lake watershed.

7. FEEDBACK

Public Notice: Public notification of the second round of TMDL s in the Kansas-Lower Republican
Basn was made in the Kansas Regigter in January 5, 2006. An active Internet Web Ste was established
at http://Amww.kdheks.gov/tmdl/ to convey information to the public on the generd establishment of
TMDLs and specific TMDLs for the Kansas-Lower Republican Basin.

Public Hearing: Public Hearings on the second round of TMDL s for the Kansas-Lower Republican
Basin were held in Olathe on January 19, and in Topeka on January 30, 2006. Comments were
received from Johnson County Wastewater and Stormwater Programs.

Basin Advisory Committee: The Kansas-Lower Republican Basn Advisory Committee met to

discuss the second round of TMDL s in the basin on April 7, 2005 in Lawrence, July 26, 2005 in
Concordia, October 20, 2005 in Lawrence and January 24, 2006 in Topeka
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Discussion with City of Olathe: A meeting to discuss TMDLs of interest to the City of Olathe and
Johnson County occurred on December 21, 2005.

Milestone Evaluation: In 2010, evauation will be made as to the progressin implementing Best
Management Practices in Johnson County and Olathe. Additiondly, any lake nutrient or biologica data
will be examined to assess the condition of Lake Olathe. Changes in the amount of developed land and
land use above the lake should be noted and compared to conditions seen in 2004. Subsequent
decisonswill be made regarding the implementation approach and follow up of additiona
implementation in the watershed.

Consderation for 303(d) Ddlisting: Thelake will be evauated for delisting under Section 303(d),
based on the lake's chemica and biologica monitoring data collected between 2010 and 2015.
Therefore, the decision for delisting will come about in the preparation of the 2016 303(d) list. Should
modifications be made to the applicable water qudlity criteria during the implementation period,
consderation for ddigting, desired endpoints of this TMDL and implementation activities might be
adjusted accordingly.

I ncor poration into Continuing Planning Process, Water Quality Management Plan and the
Kansas Water Planning Process. Under the current version of the Continuing Planning Process, the
next anticipated revison would come in 2007, which will emphasize revision of the Water Quality
Management Plan. At that time, incorporation of this TMDL will be made into both documents.
Recommendations of this TMDL will be considered in Kansas Water Plan implementation decisons
under the State Water Planning Process for Fisca Y ears 2008-2010.
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Appendix A. CNET Resultsfor Lake Olathe Scenarios

RESERVOIR EUTROPHICATION MODELING WORKSHEET TITLE -»

Lake Olathe Desired Endpoint: 12 ppb chl a

Bazed on CHET.WK1 VERSION 1.0

VARTABLE IINITS Current I VARTARLE IINITS Current IC  VARIABLE UNITS Current IC
VATERSHED CHARACTERISTICS Latitude 39| |AVAILABLE P BALANCE. .. RESPONSE CATCULATIONS. ..

Drainage rea Jm2 28 28] |Precipitation Load kg/yr 16 16 Reservolr Volune hnd  3.8295 38295
Precipitation neyr 1 i [¥onPoint Load kg/yr 1148 599 Residence Tine yrs 04454 0 4454
Evaporation YT 5% 7 1.12] |Point Load kg/yr i I Overflov Rate nyr 125 12.5
Unit Runoff Wyr 0.31 0.3 |Total Load kgryr 1184 615 Total P Availability Factor 1 1
Strean Total P Conc ppb 575 300 [Sedimentation kg/yr 468 246 Ortho P Availability Factor 0 0
Strean Ortho P Conc. peb i 0 [Outilow kg yr 598 369 Inflovy Ortho P/Total P 0,000 0.000
itnospheric Total P Load kg km2-yr b 4p] |PREDICTION SUMMARY. .. Infloy P Conc ppb 1354 715
itnospheric Ortho P Load kg kn2-yr i 0] |F Betention Coefficient - 0400 0.400 P Reaction Rate - Mods 5.0 2.6
POINT SOURCE CHARACTERISTICS. .. Mean Phosphorus ppb 81.2 429 P Reaction Rate - Hodel 2 #DIV/01 #DIV/OI
Flow hndsyr 0 0.0 tean Chlorophyll-a peb 2.7 12.0 P Reaction Rate - Hodel 3 6.0 i)
Total P Conc jjula] 2000 2000.0 4lgal Huisance Frequency % 754 488 1-Fp Model 1 - Avail P 0.359 0.456
Ortho P Conc ppb i 0] [Mean Secchi Depth neters 0.8l 0.59 1-Kp Model 2 - Decay Rate #DIVA01 #DIV/O!
RESERVOIR CHARACTERISTICS. .. Hypol. OUxygen Deplstion & mg/m2-d 11443 4317 1-Fp Model 3 - 2nd Order Fizec 0,333 0.425
Surface irea Jen2 0.89 0.69 [|Hvpol. Oxygen Depletion ¥V ngsmd-d L2438 |5 1-Bp Model 4 - Canfield & Bact 0.412 0.508
Hax Depth It 134 13.4] |Organic Hitrogen peb 715.2 4835 1-Kp Model § - Vollenweider 1° 0,600 0.600
Mean Depth It i il 5 55] [Fen Ortho Phosphorus reb 489 3139 1-Fp Model 6 - First Ovder Dec 0.692  0.8%92
Hon-&lgal Turbidity 1/m 057 0.7] |chl-s = Secchi ng/n2 133" 7.1 1-Fp Model 7 - First Order Set 0.926 0.926
Mean Depth of Mized Layer Tt 492 4.92] |Principal Component 1 - 293 248 1-Bp Model 8 - 2nd Order Tp Or 0359 0.456
Mean Depth of Hypolimnion nt 2.18 2.18] |Principal Component 2 - 088" 068 1-Rp - U=ed 0.600 0.600
Obzerved Phosphorus juuli] 50 43.0 (Observed  Pred Target Reservolr P Conc b 81.2 42 9
Obzerved Chl-a peb Al Carlson TSI P 0.6 7.6 584 Gp 0.981 0981
Obzerved Secchi NSLErs .81 1.00] |Carlson TSI Chl-a 812 813 550 Bp mh 846 353
MODEL PARANETERS Carlson TSI Secchi 514 5700 677 Chla vs. P, Turb, Flusl 2 111 54
BATHTUE Total P Model Nunmber (1-8) 5 5| [OBSERVED ~ PREDICTED RATIOS. .. Chla vs. P Linear i 2.7 12.0
BATHTUB Total P Model Nane YOLLENV Phosphorus 1.00 Chla vs. P 1.48 5 497 196
BATHTUB Chl-a Model Number  (2.4.5) 4 4| |Chlorophyll-a 1.00 Chla Uzed b 22.7 12.0
BATHTUB Chl-a Model Nane B-LIH Secchi 1.70 nl - Nuisance Freg Calc. 249 &
Beta = 1/5 vs. C Slope n2/ng 0.04841 0.083333| |OBSERVED ~ PREDICTED T-STATISTICS. .. z -0.689  0.029
P Decay Calibration (normally =1) 1 i |Phosphorus -1.78 0.0 v 0,315 0.399
Chlorophyll-a Calib (normally = 1) 1 1| [Chlorophyll-a -0.01 0.0 kg Tonale 0.990
Chla Temporal Coef. of Var. 0.635 0,635 [Secchi 1.45 1.95 k4 0,246 [.488
Chla Nuizance Crlte_rlon ppb 12 10] |ORTHO P LOADS. .. TOTAL P LOADS. .

VATER BALANCE. .. BAF Override (K5 ) Orf %

Precipitation Flow hndeyr Precipitation kg yr i I 0.5 0% 2 12
HonPoint Flow hndsyr HonPoint kgryr i I ik 0z 4991 2604
Point Flow hndeyr Point kg yr i I 0.8 0% 0 0
Total Inflov hndsyr Total kgryr i I 5023 2636
Evaporation hnd yr Total H/yzar i I 11050 5799

30



RESERYOIR EUTROPHICATION HODELING

VORKSHEET TITIE -»

Lake Olathe Desired Endpoint: 10 ppb chl a

Bazed on CHET.WKL VERSION 1.0
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VARTABLE INITS Current LC  VARIAELE INITS Current I1C  VARIABLE THITS Current IC
WATERSHED CHARACTERISTICS. .. Latitude 39 |AVAILABIE P BALAHCE. .. RESPONSE CALCULATIONS. ..

Drainage Area km2 28 28] |Precipitation Load kgsyr 16 16 Reservoir Volume hn3  3.8295 38295
Precipitation WYL 1 1| |WonFoint Load kgsyr 11448 499 Rezidence Tine vre 0.4454 0. 4454
Evaporation 0Yr 12 1.12] |Point Load kgsyr 0 0 Overflow Rate n4yr 125 12.5
Unit Runoff nyr 0.31 0.31] |Total Load kg/yr 1164 515 Total P Availability Factor 1 1
Strean Total P Conc. ppb 575 250]  |Gedinentation kgsyr 466 206 Ortho P Availability Factor i I
Streanm Ortho P Conc. PEb I 0 [Outilow kg yr 698 309 Inflow Ortho P/Total P 0,000 0.000
Atnospheric Total P Load kg/kn2-yr i 46| |PREDICTION SUMMARY. .. Inflow P Conc ppb 1354 £3.9
Atnospheric Ortho P Load kg/kn2-yr I 0] |F Retention Cosfficient - 0.400 0.400 P Reaction Rate - Nods 5.0 2.2
POINT SOURCE CHARACTERISTICS Hean Phosphorus rrb i 5.4 P Reaction Rate - Model 2 #DIVA01 RDIVAQ
Flow hudsyr 0 0.0 tean Chlorophyll-a ppb 22.7 10.1 P Reaction Rate - Model 3 £.0 2.7
Total P Conc ppb 2000 20000 ilgal Nuisance Frequency % 754 7.9 1-Fp Model 1 - Avail P 0.359 0.485
Ortho P Conc p&b I 0| [M=an Secchi Depth neters 061 0.57 1-Fp Model 2 - Decay Rate $DIV-01  #DIV-O!
RESERVOIR CHARACTERISTICS. .. Hypol. Ozygen Depletion & mg/m2-d 1144 .3 761.2 1-Fp Model 3 - 2nd Order Fizec 0.333 0.453
Surface Area km2 0.69 0.69] |Hypol. Ozygen Depletion ¥V mg/md-d 524 9 349.2 1-Fp Model 4 - Canfield & Bact 0.412 0.531
Max Depth I 13.4 13 4] |0rganic Nitrogen rpb 715.2 442.8 1-Fp Model § - Vollenweider 1% 0.600 0.600
Mean Depth I £.55 5.55] |Won Ortho Phosphorus rpb 489 e 1-Fp Model & - First Order Dec  0.5892 0.692
Fon-ilgal Turbidity 1/ 057 0.75] [chl-a % Secchi ng/n2 139" 5.7 1-Rp Model 7 - First Order Set  0.926 0.928
Mean Depth of Mized Layer ! 4,92 4.92] |Principal Component 1 - 293 258 1-Fp Model 8 - 2nd Order Tp Or  0.359 0.485
Mean Depth of Hypolimnion I 2.18 218 |Principal Component 2 - past g2 1-RFp - Used 0.600 0.600
Obzerved Phosphorus rpb 50 6.0 Obzerved  Pred Target Reservoir P Conc ppb Bl.2 5.9
Ubserved Chl-a prb 27 0.1 Carlzon TSI P 806 £7.6 558 Gp 0,981 0.9
Obzerved Secchi neters 0.91 1.00) |Carlson TSI Chl-a Bl.2 613 £3.3 Bp ppb B 6 27.7
MODEL PARAMETERS. . . Carlzon TSI Secchi 514 57.0 0.1 Chla vs. P, Turb, Flus] 21t 1.3
BATHTUE Total P Model Humber (1-8) 5 51 |OBSERVED - PREDICTED RATIOS. .. Chla vs. P Linear LI .1
BATHTUE Total P Model Hame YOLLENY Phosphorus 0.62 Chla vs. P 1.46 g 49.7 15.1
BATHTUE Chl-a Model Humber (2,4,5) 4 4| |Chlorophyll-a 1.00 Chla Uzed ppb 227 0.1
BATHTUB Chl-a Hodel Hanme P-LIN Secchi 1.48 nl - Nuisance Freq Calc. 2.9 2
Beta = 145 vz, C Slope n2/ng 0.04841 0.1] |OBSERVED - PREDICTED T-STATISTICS. .. z -0.68% 0308
P Decay Calibration (normally =1) il 1| |Phosphorus -1.78 0.0t v 0.315 0.380
Chlorophyll-a Calib (normally = 1) il 1| [Chlorophyll-a -0.01 -0.02 ki Y onaLd 0.907
Chla Temporal Coef. of Var. 0.635 0635 [Secchi 1.45 2.07 X 0.246 0.379
Chla Nuizance Criterion rph 12 10] |ORTHO P LOADS. TOTAL P LOADS.

WATER BALANCE, . BAF Override {KS Orf %

Precipitation Flow a3 yr 0.69 0.69 Precipitation kgsyr 0 I 0.5 0% 32 12
NonPoint Flow b3 yr 9.68 9.68 HonPoint kg yr 0 I Qs 0% 4991 2170
Foint Flow hudsyr 0.00 0.00 Foint kg yr 0 0 0.8 0% I I
Total Inflow hudsyr 937 9.37 Total kgsyr 0 I G023 2202
Evaporation a3 yr 0.77 0n.77 Total Y/vear i I 11050 1544
Outflow hd yr 3.60 3.60




RESERYOIR EUTROPHICATION MODELING WORKSHEET TITIE -»

Lake Olathe Impact of Urbanization increasing load Hpsff%on CHET WK1 VERSION 1.0

VARTAELE URITS Lurzent 1
WATERSHED CHARACTERISTICS. .. Latitude 39
Drainage Area k2 28 28
Precipitation wyr 1 1
Evaporation nyr 412 1.12
Unit Runoff YT 0.4 0.4
Strean Total P Conc. ppb 550 250
Strean Ortho P Conc. opb 1] 1]
itnozpheric Total P Load kgskni-yr 1h 1k
Atmospheric Ortho P Load kg knl-yr I I
POINT SOURCE CHARACTERISTICS. .

Flow hndsyr i 0.

Total P Conc ol 2000 2000.0

Ortho P Conc pph i i
RESERVOIR CHARACTERISTICS. .

Surface Ares k2 089 0.69
Max Depth n 13.4 13.4
Mean Depth n 556 5,50
Won-Algal Turbidity 1/ 058 0.7
Mean Depth of Mixed Layer n {192 1.92
Mean Depth of Hypolimnion n 2.18 2.18
Obzerved Phosphorus opb 50 36.0

Obzerved Chl-a ppb 2T 10.0

bzerved Secchi neters 081 1.00
MODEL PARANETERS. ..

BATHTUB Total P Modsl Wumber (1-8) 5 5
BATHTUE Total P Hodel Hame VOLLERV

BATHTUR Chl-a Modsl Humber  (2.4.5) 4 4
BATHTUE Chl-z Model Hame P-LIH

Beta = 15 ve, C Slope n2/ug 0.04841 01
P Decay Calibration (normally =1) 1 1
Chlorophyll-a Calib (normally = 1) 1 1
Chla Temporal Coef. of Var. 0.635 0635
Chla Muisance Criterion pab 12 10
VATER BALANCE. ..

Precipitation Flow hudsyr 0.69 0.69

NonPoint Flow hud/ yr .20 110

Foint Flow hudsyr 0.00 0.on

Total Inflow hud/ yr 1.8 1189

Evaporation hudsyr 0.77 0.77

Out f low hndsyr 11 12 11.12

VARIABLE UHITS Curzent L. VARIABLE URITS Current L
AVAILABIE P BALANCE. . RESPONSE CALCULATIONS. ..
Precipitation Load kg/yr 16 16 Rezervoir Volune hmd  3.8295 38295
HonPoint Losd kgsyr 2301 589 Rezidence Tine yrs 0.3445 0. 3445
Foint Load kg/yr 0 1 Overfloy Rate nyr 161 16.1
Total Load kasyr 2317 g1 Total P oAvailability Factor 1 1
Sedinentation kg/yr Y 227 Ortho P Availability Factor 0 If
(utf loy kasyr 1460 188 Inflow Drtho BTotal P g.ooo o o.oo0
FREDICTION SUMMARY Inflow P Conc b 2084 553
P Retention Coefificient - 0.3 0,370 P Reaction Rate - Hods 6.7 1.8
Mean Phosphorus el 1313 W9 P Reaction Rate - Hodel 2 #DIV/0L #DIV/0
Mean Chlorophyll-a peb 5.8 548 P Reaction Rats - Hodel 3 Fed 14
Algal Wuisance Frequency % 926 1 1-Bp Model 1 - dwail P 0,319 p.sa0
Mean Secchi Depth neters 043 058 1-Bp Model ? - Decay Rate DIVA0L FDIVAO
Hypol. Oxygen Depletion A ng/mi-d 1455.3 7489 1-Bp Model 3 - 2nd Order Fizec 0.310  0.508
Hypol. Oxygen Depletion ¥ ng/md-d B67.6 3440 1-Bp Model 4 - Canfield & Bact 0.376  0.569
Organic Nitrogen peb 1035.3 4360 1-Bp Model 5 - Vollemweider 1% 0.630  0.630
Hon Ortho Phosphorus el 739 il 1-Bp Model 6 - First Order Dec 0744 0744
Chl-a & Secchi ng/ml 559" 57 1-Rp Model 7 - First Order Set 0.942  0.942
Principal Component 1 - 1Y 15 1-Bp Model 8 - Zod Order Tp Ov 00319 0.520
Principal Component 2 - 090" 06l 1-Rp - Used 0,630 0630

Obzerved  Pred Target Rezervoir P Conc b 131.3 L
Carlson TSI P 0.6 HE 4] e 0.995 099
Carlzon TSI Chl-a 2 B6.0 0] IBe b 1636 6.6
Carlzon TSI Secchi 814 721 579 Chla ve. P, Turb, Flusl 2 1l 4.2
(BSERVED - PREDICTED RATIOS .. Chla ve. P Linear 4 368 9.8
Phozphorus 0.38 1.03 Chla vs. P 1.46 5.3 14,5
Chlorophyll-a .62 1.02 Chla lsed pob 368 9.8
% 2. 10 173 nl - Huizance Freg Calc. 3.4 2.1
(UBSERVED ~ PREDICTED T-STATISTICS. .. z -l.448 0355
Phosphorus -3.55 0.12 i 0,140 037
Chlorophyll-a -1.7% IR I Y L LT
Secchi £l 0] = 0.074 0361
CRTHO P LOADS. .. TOTAL P LOADS. ..

BAF Override (K5 ) 0P %

Precipitation kg/yr 0 0 0.5 0% 32 32
HonFoint kgsyr i 0 0.214 0r o 10752 2800
Point kg/yr 0 0 0.8 0% 0 1
Total kgsyr i 0 10784 2832
Total t/year 1] 1] 23724 £230
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Appendix B. CNET Resultsfor Cedar Lake Andyss

RESERVOIR EOTROPHICATION MODELING WORKSHEET TITLE -»

Cedar Lake; 2 mos res time; calib to usgs

Bazed on CNET WK1 VERSION 1.0

VARTABLE INITS Current 10 VARIABLE IHITS Current IC  VARIABLE [HITS Current LT
WATERSHED CHARACTERISTICS. . Latitude 39 |AVAILARLE P BATANCE. RESPONSE CAICUTATIONS

Drainage Area kn2 15.8 15.8] [Precipitation Load kgfyr 5 5| |Reservoir Volume hmd  0.4158 0,415
Frecipitation WYL 1 1| [FonPoint Load kasyr 435 148 | |Residence Tine yrs (1662 0.1662
Evaporation wyr 1.12 1.12] |Point Load kasyr i 0] |Overflow Rate wyr 114 114
Unit Runoff wyr 0.16 0.16) |Total Load kasyr 441 153 | |Total P &vailability Factor 1 1
Strean Total P Conc. peb 2650 300) |Sedimentation kasyr 128 44| |Ortho P dvailability Factor 0 1
Strean Ortho P Conc. peb 0 0 [Outflow ka/yr 313 109 Inflow Ortho B/Total B 0.oo0 0,000
Atnospheric Total P Load ka/knl-yr 46 4g|  |PREDICTION SUMMARY. .. Inflow P Conc ppb 1761 6l.1
Atnospheric Ortho P Load kasknl-yr 0 0| |P Retention Coefficient - 0.290  0.290 | |P Reaction Rate - Hods 2.3 0.8
POINT SOURCE CHARACTERISTICS. Hean Phosphorus opb 1251 43.4 | |P Beaction Rate - Hodel 2 #IV/00 RDIVA

Flow hndsyr 0 0.0 [Hean Chloraphyll-a ppb 350 12.2]| |F Beaction Rate - Hodel 3 2.9 1.0
Total P Conc jols an0f 2000 0 ilgal Nuizance Frequency % 91.5 49 6| |1-Fp Model 1 - Avail P 0477 0687
Ortho P Conc jud I 0| [Mean Secchi Depth neters 019 0.27| |1-Bp lodel 2 - Decay Rate $0IV/01 #DIVAD

RESERVOIR CHARACTERISTICS. .. Hypol. Oxygen Depletion &4 nmg/md-d 142004 836 9| |1-Rp Model 3 - 2nd Order Fimec 0.438  D.615
Surface Area In? 022 02| [Hypol Owuygen Depletion ¥ mg/md-d 21521 12681 | |1-Bp Model 4 - Canfield & Back 0.473 0 626
Hax Depth il 427 427 |0rganic Nitrogen ppb 11295  5s2 3| [1-Bp Model & - Vollenweider 1% 0710 0.710
Hean Depth il 189 183 |fon Ortho Phosphorus ppb 113.0 578 | |1-Bp Model 6 - First Orvder Dec 0.857  (0.857
Non-&lgal Turbidity 1/n 247 1 lohi-z v Secchi ng/u? 68 11 1-Rp Model 7 - First Order Set 0.919  0.919
Mzan Depth of Mixed layer  m 189 183 |Principal Component 1 - B R 1-Rp Model 8 - 2nd Order Tp O 0.477  0.657
Mean Depth of Hypolinnion — m 066 0.66| [Principal Component 2 - 062" 0.4 1-Rp - Used 0.7 0,710
Obzerved Phosphorus jujoh] s 4 Obzerved Pred  Target Reservoir P Canc pob 1251 134
(bzerved Chl-s b 41 120 [Carlson TSI P 2.6 73.8 S| [Gp 0.407  0.407
(bzerved Secchi neters .30 0.50) |Carlsan TSI Chl-a 870 5.5 I B 5] pob 1530 159
HODEL PARAMETERS . Carlzon TSI Secchi 774 83.7 79.0] |Chla vs=. P, Turb, Flusl 213 6.2
BATHTUE Total P Model Humber (1-8) 5 5| |OBSERVED + FREDICTED RATIOS. .. Chla ve. P Linear {350 12.2
BATHTUE Total P Model Nane VOLLEKY Phosphoruz 0.92 0.99] |Chlavs. P 146 593 19.9
BATHTUB Chl-a Model Humber  (2.4.5) 4 4| |Chlorophyll-a 1.17 0.99] |Chla Uzed ppb 350 12.2
BATHTUB Chl-a Model Fame P-LIK Secchi 1.55 1.86 | Iul - Muisance Freq Calc. 34 2.3
Beta = 1/5 vs. C Slope n2/ng 0.081301 0.166667) |OBSERVED / PREDICTED T-STATISTICS. .. z =139 0,008
P Decay Calibration (normally =1) 1 1| |Phosphorus =030 =00 | 0156 0.3%9
Chlorophyll-a Calib (nornally = 1) 1 1| [Chlorophyll-a 058 =005 [v Tone 0.9y
Chla Temporal Cosf. of Var. 0.635 0835 |Secchi 1.61 229 |z 085 0.4%
Chla Nuizance Criterion pph 12 10} |ORTHO P LOADS. .. TOTAL P LOADS. .

WATER BALANCE. .. BAF Override (KS ) oeP %

Frecipitation Flow hndsyr .22 .22 Precipitation kasyr I i 05 0% 10 10
HonPoint Flow hndsyr 2.53 2.53 HonFoint kasyr i i 0065 0% 6E% 2275
Point Flow hndsyr 0.00 0.00 Point kasyr I 0 (1] 0% 0 0
Total Inflov hndsyr 2.75 2.75 Total kasyr I 0 5709 2285
Evaporation hndsyr 0.2% 0.2% Total 1/year i i 14761 5028
Outflow hnd/yr 2.50 2.50
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Appendix C. Daily Load Calculations

Maximum Daily Load = (Long Term Average Load) * e/“°~ %2

Where: s? = In(CV?+1)
CV = Coefficient of variation = Standard Deviation / Mean (assumed to be 0.5)
Z = 2.326 for 99" percentile probability basis

2

Loading Annual Z s e®-052 | Max DailyLoad | MS4AWLA | LA
Condition TP Load (#/yr)

Current 11,050 2.326 | 0.223 | 2.684 81.2 #/d 13.8#/d | 67.4#/d
State Goal 5800 2.326 | 0.223 | 2.684 42.6 #/d 7.2#/d 35.4 #/d
City Goal 4800 2.326 | 0.223 | 2.684 35.3#/d 6 #/d 29.3 #/d
Urban Future | 23,725 2.326 | 0.223 | 2.684 174.4 #/d 122 #/d | 52 #/d
Future Goal 6200 2.326 | 0.223 | 2.684 45.6 #/d 31.9#/d | 13.7 #/d




