Watershed, Hydrodynamic, Water
Quality and Sediment Flux Modeling to
Support TMDL Determinations, Lake
Thunderbird
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Designated Uses,
303(d) Impairments & WQ Targets



HSPF

EFDC

[ Sediment Bed Sediment Fqu]

Water Quality Targets

Flow, Loads

Management Scena




HSPF Watershed Model

64 Sub-Watersheds » 1 Yr Calibration
WestEIm Creek at Hog Creekat ° 4/2008 - 4/2009

1341 St. (EIm) 119" St. (Hog)

Lite Riverat « Average hydrology
17t (L17) . WQ data. 5
sites,OCC

. HSPF: Flow, TSS,
Total-P Temperature, DO,
BOD, N,P, Algae

s e Lo e 500_Lseamee_

Tributary 29,933
Overland 19 3 37 1,553

Total 322 63 647 31,486

Little River at
60" Ave. (L60)

Rock Creek at
72 Ave. (Rock)




Streamflow & PO4: Little R. @60t

WestEIm Creek at
134t St. (Elm) Hog Creek at
119" St. (Hog)
Little River at
17" St. (L17)
Little River at
60" Ave. (L60)
Monitoring
Rock Creek at .
727 Ave. (Rock) Sites

Flow (cfs) PO4 (mg/L)




Lake Thunderbird
-%



Lake Model Data Sources

Bathymetry

Watershed flow & loads
Meteorology

Lake level, dam release

Water supply
withdrawals

WQ (T,DO,TSS,N,P,Chl)
Sediment bed (TP, TKN)

OWRB survey, 2001
HSPF watershed model
Oklahoma Mesonet
USACE Tulsa District

Central OK Master
Conservancy District

OWRB surveys, 8 sites
OWRB surveys, 5 sites



EFDC Lake Model
BT

1660 Cells,6 Layers

Loads: HSPF Flow,

WQ, Atm Dep N,P

Hydrodyn: Lake level,
Velocity, Wtemp

Sediment: TSS, bed
WQ: Chl, DO, C, N,P

Sed Flux: SOD, N,P
fluxes, Bed C,N,P

Calibration: 8 sites, 1
yr, 4/2008-4/2009
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Lake Thunderbird, OWRB Stations for Model Calibration

Bottom Elev (m)
299.2 2008-04-18 00:00316.8
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Lake Thunderbird, Calibration (Final) Run517
Calibration Results: Time Series Summary

Lake Thunderbird, OWRB Stations for Model Calibration
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Aug-2008 Storm, Anoxic Volume

s R __ N __§N_ |

30

Anoxic Volume (%)

20 -

L 1

- Legend

———  Site2Polygon, Anoxic Volume
[ @ Anoxic Volume Site 2 Aug-4-2008 09:56

-1
l |
I Animation, Aug-2008—>|

Apr 08 May 08 Jun 08

Jul 08 Aug 08 Sep Oct 08 Nov 08 Dec 08 Jan 09 Feb 09 Mar 09 Apr 09

Date
-_— -

T T ' ! i -
Lake Thunderbird, EE7 WTEMP/TSS/WQ/SedFlux KC=6 :"J ‘l“'---...g_'l , ' 4 .
70 — B‘Our;darTCOl‘]diﬁ‘on':—Ime‘ser;ES: Little River & Hog Creek Aug 2008 1\ I.- ) s _i "‘i"""“"'---'--_: -------------------- === T
of| = peFermedl River El Y Wator Lolumn B
= e River F L=\ | o 200808032000 50 v
__50 i L2 ) i y - I . 'i/___“
Z i”\ \Uy-< C lh r . A - vor ) /
£ L - n i P K noxic Volume (%
=50 f!\\ ,f \\ orn ents i lr § DO Cutoff: 2 {(mg/l)
[ ! ¢ - 1 ! 3 !
i M IS -/ /
20 iR I i a]I ;( rrlr i :1‘_, L i Iy
AR \ N
0 A =t ™ 1
2008-08-08 2008-08-15 2008-08-22 2008-08-29 = H !
Date = Y N
1 " o ] a A g
X 1_1_.'__;"7 .I_i f.-' "
. Lake Thunderbird, Calibration (Final) Run517
ite 2 Anoxic Volum
| 50% Target S te OXic volume




EFDC Sediment Flux Model

Biological Production &
Deposition of POM

POM diagenesis (decay)
in bed

Sediment oxygen
demand (SOD) &

benthic N,P fluxes

Sediment bed C,N,P Di Toro (2001) Sediment Flux Modeling
data from OWRB



Sediment Bed Surveys

N
e OWRB Surveys in July &

December 2008
* TKN, TP, % Solids
* Lacustrine (Site 1,2,4)
* Transition (Site 3)
* Riverine (Site 8)

e OWRB data & literature;
fill data gaps for TOP,
PO4, NH4, NO3, TON,
TOC by zones




Sed Flux PO4: Model & Observations

Phosphate Flux (g/m2/day)

7 Lake Thunderbird, Calibration (Final) Run517 Lake Thunderbird, OK
+10 mg P mday’ FFDC, Stratified, 15 May-1 Oct 2008
- Sed Flux jPO4 (mg P m™~day ™)
= S:emes Zone Avg (Low-High)
Whole Lake 5.2 (3.4-8.2)
Lacustrine 4.5 (3.4-5.4)
Jul-Aug | Transition 7.4 (7.2-7.7)
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How Well Did Lake Model

Match Observed Data”
N

 Model generated seasonal stratification
« Good match to water temperature and dissolved oxygen
* Aug-2008 storm event reproduced

 Model matched seasonal trends of temperature, DO,
secchi depth, nutrients & chlorophyill

« Sediment flux model SOD & internal load of P
comparable to other Midwest reservoirs

 Model DO used to compute anoxic volume of lake as
percentage for WQ target compliance



Management Scenario

“What-if” 35% of TSS and
nutrient (N,P) load is
removed?

Would lake attain WQ
targets for turbidity,
Chlorophyll & DO?

How long will it take to
attain compliance with
WQ targets?

Sediment flux model
“Spin-up” runs, 8 years

| Watershed |

Reduce Loads

!




" 30 NTU Turbidity (NTU),

Annual, 90™ Percentile |

" 130 pg/L

Chlorophyll (pg/L)
Annual Average

“ 10 mg/L

_ Bottom Dissolved Oxygen (mg/L)
| | Stratified, 10t Percentile

Meets Turbidity Target
< 25 NTU Turbidity

Meets Chl Target
<10 pg/L Chl

Meets DO Targets
(a) Sfc DO > 5 mg/L
(b) <50% Lake Volume
can be <2 mg/L



Sediment Flux: PO4 & SOD
Calibration & 8 Yr Spin-up

.— 6 mg P m2day’ = 1 gm2day’

Sediment Flux ] Sediment Flux
Oxygen (g/m2-day)

Phosphate (mg/m? -day)

C;JI | Y.r.1 o Yr4 Yrg Cal Yri Yr4 Yr8



35% Load Reduction & TMDL

_
* Based on “spin-up”, 35% load reduction should

attain compliance with WQ targets

* Flow & TSS,BOD, N,P loads described by log-
normal distribution

* Probability-based statistics of log-normal
distribution of HSPF watershed loading data used
to compute TMDLs

e TMDL computed from Long Term Average (LTA)
load (35% R), CoeffVar, & 95% Confidence Interval
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Summary

N
e Calibrated Watershed-Lake model provided
Oklahoma DEQ with technically defensible tool

* Literature used to help fill data gaps for
sediment flux model

* 35% removal attains compliance with WQ
targets for Turbidity, Chlorophyll & Oxygen

* Watershed-Lake model used to support TMDL
Determinations for TN, TP, TSS, and BOD

* Lake Thunderbird TMDL approved by EPA
Region 6 in Nov-2013




Lake Thunderbird
Watershed-Lake Model
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Sediment Bed C,N,P Data Gaps
(e

e Sediment Flux Model e Phosphorus
needs N _|4, NOB, e TP from OWRB
D
TON, TOP, PO4, TOC | 1op pog = 50% TP
for initial conditions

(Nowlin et
* Nitrogen al.,2005,0H)
e TKN from OWRB e Organic Carbon
* NH4 = 1% TKN e C:N =15 (Kaushai &
* NO3=1% NH4 Binford, 1999, MA)

* TON =99% TKN * TOC=TON * C:N



SOD: Observations vs. Model

Reservoir State (Observed SOD (g m'zdafl:l Reference
Wister Lake 0K  |Eutrophic 0.24-0.54 Haggard & Scott (2010)
Broken Bow OK |Oligotrophic 1.49 Veenstra & Nolen (1991)
Texoma TX,0OHEutrophic 1.69
Birch OK |Eutrophic 3.2
Pine Creek 0K [Mesotrophic 3.39
Pat Mayse TX  |Eutrophic 4.08
Reservaoir State [EFDC Zone SOD (g m'Edafl:l Reference
Lake Thunderbird |OK |Eutrophic Avg(Low-High) EFDC, Stratified
Whole Lake 0.8 (0.2-1.7) 15 May-1 Oct-2008
Lacustrine 0.9 (0.6-1.1)
Transition 1.4 (1.1-1.7)
Riverine 0.2




Lake Model Performance

Relative RMS Error ‘%‘
.

Parameter Number Target
Data Pairs Relative RMS Relative-RMS
Error (%) Error (%)

Water Level 8921 0.6% 20%

Water 465 8% 50%
Temperature

TSS 184 52% 50%
Chlorophyll 217 21% 100%
Dissolved Oxygen 432 19% 20%

Total-P 184 56% 50%

Total-N 114 55% 50%



Total Maximum Daily Loads

Existing, 31,487
2008-2009

Load Removal 35% 35% 0% 35%
Long-Term 209 41 647 20,466

Average Load

Coeff Var (CV) 4.25 4.40 4.77 5.82

TMDL 808 158 2,481 76,951
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