Significance of BATHTUB modeling in watersheds
with impaired lakes

Greg Wilson, Barr Engineering Company
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background

Numeric nutrient criteria are in-place

By way of chlorophyll-a criterion for lakes
In 3 ecoregions

If a lake is impaired, how do we
determine necessary point-nonpoint
nutrient load reductions?

Need to distinguish impact of internal
versus external (watershed) phosphorus
load

BATHTUB—supported by Corps, used
extensively around the country
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 Lake and reservoir water quality model
BATHTUB « Simulates eutrophication-related constituents

 Steady-state water and nutrient balances

Spatially segmented hydraulic networks
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data/inputs

Lake morphomotry (by segment)
Depth/volume
Mixing/stratification

Tributary nutrient loadings and water
balance info (incl. exchange rates)

Including direct drainage, point source
and NPS estimates

Observed nutrient, chlorophyll-a, water
transparency (also, DO and chloride)

Precipitation, evaporation, lake volume
change, atmospheric loading rates
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BATHTUB

modeling
scheme

SCHEME 1.

SINGLE RESERVOIR, SPATIALLY AVERAGED
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SCHEME 3.

PARTIAL RESERVOIR OR EMBAYMENT, SEGMENTED
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SCHEME 5.

COLLECTION OF RESERVOIRS, SPATIALLY AVERAGED
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SCHEME 2.
SINGLE RESERVOIR. SEGMENTED

SCHEME 4,
SINGLE RESERVOIR, SPATIALLY AVERAGED,

MULTIPLE LOADING REGIMES
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SCHEME 6.

NETWORK OF RESERVOIRS, SPATIALLY AVERAGED

o0 -

ARKANSAS
RIVER

{
LAKE
KEYSTONE

POINT SOURCE

CIMARRON
RIVER } DISCHARGE
POINT SOURCE
a. Morphologic features
ARKANSAS
RIVER
N
2
POINT S\OUHCE ' a3
A 2 7
CIMARRON %~ \ 6 [oV
RIVER DISCHARGE

POINT SOURCE

b. Segmentation scheme




BATHTUB
modeling
options—

phosphorus

Phosphorus Sedimentation Models

Unit P Net Sedimentation Rate (mg/m3-year) = CP Al PAZ
Solution for Mixed Segment:
Second-Order Models (A2 = 2):
P=[-1+(1 +4KALPT)=]/(2KALIT)
First-Order Models (A2 = 1):
P=PI/(1+KALT)

Pi = TP inflow (mg/m3)
K = Calibration factor
T = Residence time (yr)

W, = Total TP loading (kg/yr)

V = Total volume (hm?3)

Option | Model Description Al A2
0 Do Not Compute (Set Predicted = Observed) [default] - -
Second-Order, Available P [default]
e — 2% D ; 0.17 Qs/(Qs + 13.3)
1 Inflow Avail P = 0.33 Pi + 1.93 Pio Qs = Max(Z/T.4) 2
Second-Order Decay Rate Function
5 Fot = Tributary Ortho P/ Total P Load 0.056 Fotr!Qs/(Qs + 13.3) >
Requires specification of inflow total & ortho P Qs = Max(Z/T,4)
loads
Second-Order 0.10 2
4 Canfield & Bachman (1981), Reservoirs 0.114 {Wp/\v)o-383 1
5* Vollenweider (1976), Northern Lakes T4 1
B5* Simple First-Order 1 1
7* First-Order Settling 1/Z 1
8* Canfield & Bachman (1981), Natural Lakes 0.162 {Wp/\V o458
g* Canfield & Bachman (1981), Reservoirs + Lakes 0.129 {Wp/\v )03 1




BATHTUB
modeling
options—

nitrogen

Ni Sedi .

Unit N Sedimentation Rate (mg/m’-year) = CN B1 N®?

Solutions for Mixed Segment:

Second-Order Models (B2 = 2)

N=[1+(1+4CNBINiTOI{2CNB1T)

First-Order Models (B2 = 1)

N = Ni/(1 + CNB1T)

Model

B1

O - Do Not Compute
(Set Predicted = Observed)

1 - Second-Order, Available N [default]

QS = Maximum (Z/T,4)

Inflow Available N=0.59 Ni + 0.79 Nin
2 - Second-Order Decay Rate Function

Qs = Maximum (Z/T,4)

Fin = Tributary Inorganic N/Total N Load
3 - Second-Order
4 - Bachman (1980)/Volumetric Load
5 - Bachman (1980)/Flushing Rate
6 - Simple First Order

7 - First-Order Settling

0.0045 Qs/(Qs + 7.2)

0.0035 Fin®*Qs/(Qs +17.3)

0.00315
0.0158 (Wn/V)**°
0.693 T
1
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M Chl hyll Applicabili
Model O: Do Not Compute
Model 1: N, P, Light, Flushing Rate General

Xpn = [P? + ((N-150)/12)2°8
Bx = Xpn"® /4.31

G = Zmix (0.14 + 0.0039 Fs)
BATHTUB o o oS e e + can
d |. Model 2: P, Light, Flushing Rate [default] Ninorg/Portho > 7
O e Ing G = Zmix (0.19 + 0,0042 Fs)
B = CB Bp/l{1 + 0.025 Bp G) {1 + Ga))

Bp = p"*¥/4.88 (N-150)/P > 12
O ph O nS Model 3: P, N, Low-Turbidity a<04m’

B = CB 0.2 Xpn"?® Fs < 25 1/year
chlorophyll a Model 4: P, Linosr " <08 1m
B=CB0.28P Ninorg/Portho > 7

{N-150)/P > 12

and Secchi P o

Model 5: Jones and Bachman (1976) a<04m’
d e p-l-h B = CB 0.081 P4 Ninorg/Portho > 7
{N-150)/P > 12
Fs < 25 1/year

Secchi Deptl Applicabili
Model O: Do Not Compute

Model 1: Secchi vs. Chl a and Turbidity [default] General
S = CS/{a + 0.025 B)

Model 2: Secchi vs. Composite Nutrient General
S = CS 16.2 Xpn®™

Model 3: Secchi vs. Total P Ninorg/Portho > 7
S =CS 17.8 P07




BATHTUB
modeling
options—
dispersion

Model O: Do Not Compute

E=0.
Model 1: Fischer et al. {1979) Dispersion Equation, Walker (1985) [default]
Width W = As/L
Cross-Section Ac =WZ
Veiocity U = QjAc
Dispersion D = CD 100 W? Z%% Maximum (U, 1)
Numeric Dispersion Dn =UL/2
Exchange E = MAX(D-Dn, 0) Ac/L

Model 2: Fixed Dispersion Rate

Same as Model 1, except with fixed dispersion rate of 1,000 km?/year
D =1,000CD

Model 3: Input Exchange Rates Directly

E=CD

Model 4: Fischer Equation, Not Adjusted for Numeric Dispersion

E=DAc/L (D as defined in Model 1)

Model 5: Constant Dispersion Coefficient, Not Adjusted for Numeric Dispersion

E = 1,000 CD Ac/L

Note: For all options, E = 0. always for segments discharging out of network
(outflow segment number = 0}.




Important
consideration
for BATHTUB

modeling

Nutrient residence time and turnover ratio

The “averaging period” is defined as the period of time over which water
and mass balance calculations are performed. The selection of an approprate
averaging period is an important step in applying this type of model to reser-
voirs. Two variables must be considered in this process:

Nutrient mass in reservoir, kg
External nutrient loading, kg/year

Mass residence time, year =

Length of averaging period, year
Mass residence time, year

Turnover ratio




Medicine
Lake
example

Medicine Lake

=

Contours
Sampling locations
@ Lake Sampling
RUSS Unit
Medicine Lake
Depth ft
[ ]0-49
[ 149-98
98-148
146 -196
] 195 - 244
[ 244 -293
293-34.2

Second largest lake in @
Hennepin Co., MN

Bayed lake system
with 2-mile fetch

12,000-acre fully
developed watershed

High lake flushing
rate, intermittent
mixing

Excess nutrients/chl-a




Medicine
Lake
example

Medicine Lake

=

Contours
Sampling locations
@ Lake Sampling
RUSS Unit
Medicine Lake
Depth ft

=== Three Rivers

= park pisTRICT

2000




BATHTUB provides good sophistication
summary to evaluate nutrient loading impacts on
water quality

Requires significant judgment for complex
systems

Steady-state
Distinguishes internal vs. external load

Flexible framework—quick updates as new
data becomes available
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questions

Greg Wilson

952-832-2672


mailto:gwilson@barr.com

