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Presentation Outline
Phase 7 Dynamic Watershed Model (DWM)

1. Dynamic Watershed Model Overview
2. Review of prior model development progress

3. Water quality (TN & TP) routing for small streams
= Building blocks of water quality routing
= Structure of water quality routing
=" Model testing and verification

4. Summary and next steps

= A quick note on surface water withdrawals



Purpose

NHD Scale Dynamic Watershed Model (DWM)

" |nputs for the estuarine models (MBM/MTMs)
= \Watershed model calibration and scenario applications

= Support research and collaboration activities



Framework: Spatial Model (CalCAST) = Dynamic Watershed Model (DWM)
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= Data-driven CalCAST informs DWM parameters and responses.

= NHD-scale DWM prototype is now using CalCAST average annual (a) total flow,
(b) stormflow, (c) sediment erosion and delivery factors, and (d) total nitrogen and
total phosphorus loads and delivery factors.




Dynamic Watershed Model (DWM) Development

=" Year 2022: NHD-scale model structure

and prototypes for hydrology, sediment, e ———
and nutrients. ol

= Operational prototypes with reasonable RGO

runtime and on the graph paper model

results.

" Year 2023: Incremental refinements of bl s s v

model prototypes in terms of model

segmentation, CalCAST->DWM linkage,
and simulation of the small streams.
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Building blocks of water quality routing for small streams

" Develop model parameters that provide Figure: network of small streams
. . . .- . and monitoring stations
information on flow and seasonal variability in
concentration for small 100K NHDplus streams 3

= parameters rooted in monitoring data and
emergent watershed properties

" improved loadings to the tidal estuary and to HSPF
simulations of river mainstems

= Tools such as WRTDS-K and Fluxmaster-K can
be useful

In(c) = B, + it + B, In(Q) + B3sin(2mt) + Byrcos(2nt) + €



Building blocks of water quality routing for small streams

> data at a monitoring station
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Nitrogen flow variability, B,
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Nitrate flow variability, B,
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Flow variability, B, parameter

Nitrogen vs. Nitrate
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TN Yield (Ib/ac)

-0.6

Explaining variability in B, parameter

60

Beta2 Parameter

R?=0.2582

**We have not fully investigated
explaining the variability in 3,
parameters.

**But spatial patterns are intriguing
and so we think use of watershed
properties and better analysis
tools should be successful.
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Phosphorus flow variability, B, . Dissolved PO4 flow variability, B,
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Structure of water quality routing for small streams

HSPF: hourly surface and groundwater
hydrology of land uses

UNEC: annual surface and groundwater
concentrations as a function of input history

and estimates of lag-times Input to the stream
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Cowanesque River
SU1_0820_0740

1 Pine Creek
< SW3_0930_1110

Pine Creek
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Flows and loads are
routed as per topology of
NHD streams and then
into a mainstem.
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Simulated Concentrations at SW2_0880_0930 - Pine Creek (~94 sq. mi)

o TOTN Output = Inputx STF

0© %9 80 o ° (e} .
© 008 o9 S o e = TOTN Beta Routing (NTN Avg)
R 0&900 @Ooooosooé;o 00000 o 000 . .
oL o Oooggo% c? %%OOO 00O ° o ° °
o 0080 o o o ®g 000 o o o o Oc? o oo D, o o o
o ® g©° oo Onoo Fao P, 0o ©55 %D O‘m@oo °© ° & tgo 8 o o o ° o
8 o og na oo auﬁn o & o oo o ° o
= ! 2 3 ad e TR o 5 8 : o o o
o a (] o
o B0 o S gt im o= 8 2 28 3 %o © .
g 1 é) © 4 o% o« % n“ga o o
& EO o . o o .
§ k8 g 10000
b~ o
S o
Ll
=
<]
(5]
=
o
(&)
0.1
Flow (ft"3/s)
Simulated Concentrations at SW2_0880_0930 - Pine Creek (~94 sq. mi)
]
10000
© o
«to noo ° = o
8o % °8 08 6n ©
o o Q o ©
gl e
0.1
=4
o
£
—
f =
=]
'
©
=
+£0.01
-4}
Q
[ =
[=]
o o TOTP Output = Input x STF
= TOTP Beta Routing (NTN Avg)
0.001

Flow (ft"3/s)

14




Output = Input x STF
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Beta Parameters Nitrogen
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Output = Input x STF Phosphorus
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Beta Parameters Phosphorus
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Summary

1. We implemented water quality routing for small streams for total
nitrogen, total phosphorus, and its species

" routing modules are functioning as expected in simulating flow and
seasonal variability in concentrations

= our analysis showed that riverine simulation of water quality processes
were not degraded significantly

>> Next Steps for the Phase 7 Dynamic Watershed Model (DWM)
2. perform testing and verification of new modules for the TN & TP species
3. examine surface and groundwater transport in the land simulation

4. Water quality calibration and linkage with the estuarine models
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Surface water withdrawals

= Surface water withdrawals for (a) public water supply, and (b)
irrigation & agricultural use are inputs to the watershed model.

" The data are used in estimating the removal of water, nutrients, and
sediment loads in the riverine streamflow and water quality
simulation.

= |n Phase 6, the effect of withdrawals from coastal sub-watersheds
without riverine simulation was not assessed.

= We received 1982-2022 QAQC withdrawals data from VADEQ.

Thanks to
Brendan Brogan




Analysis of VADEQ data

Withdrawals (ft3/s)
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= Average withdrawals of about 165 ft3/s (VA data only!)
= Non-costal withdrawals is about 735 ft3/s

= Non georeferenced withdrawals is about 4.5 ft3/s
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A very rough assessment of TN loads

Estimated TN Load (millions lbs)

0.9 = About 1.25 Mibs/year lower delivery of total nitrogen

. from the VA coastal subwatersheds.
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Building blocks of water quality routing for small streams
In(c) =B, + b1t + B, In(Q) + B3sin(2nt) + Lcos(2mt) + €

USGS 01613030 - Warm Springs Run Near Berkeley Springs, WV

1.5
= 2 _
S : o R*=0.7662
3 o
) ° o
Q
< O O O
Q. 05 2 o
+
E fe© oo.. o
O :
S>5 ) 1.5 1 0.5 Cpégcb Q"q 0.5 1 1.5
.S LR . o og .-o OO oo !
%] o .
S %o ©0°
PO o
+ o ® 5o 3 ©
AE . ".%o ° o
S o @ on .O 1 o
S o 8208 @ ©
s @& B e
~ (8 [e) 8 (0)) o
Q o % 8
0. o 1.5
+ © 0 208 0% o
*:i_‘ o © o.x Oo (o)
oy OQ) (@] o
+ ) 9 2
QS
Q
-2.5
ln(cobs)

In(concentration)

In(concentration)

1.5

0.5

-0.2011

-1.5

-2.5

oln(cops) — Bo — P1t

O

o @

o
°% 5

O

o)

e

O

TN Seasonal Variablity

w— B2sin(2mt) + B4cos(2mt)

B;=-0.093; B, =+0.05;
o ol-€., end of October peak
© o © . o o

O (¢}
o] o Q
2012  9013° 2612° 201 2096° 2017 0182010 2020
o) 080 O o 3 o0 o 8 8 o%) o fg o
o©O O (@]
00 o o 9

¥ o O 0o 3
o o)
o o0 0 0 o
o o oo o 00 .
Gz% o © o) 7
o o]
o © o

@

TN Flow Variability

0 In(cops) — Bo — B1t —P3 sin(2mt) — Pacos(2mt) — B2In(Q )

B,=0.632 26



Nitrogen seasonality

TN Seasonal Peak (month)
e 0.08-211
® 212-470
4.71-7.26
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Drainage Area (acres)
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565516 - 3137652
3137653 -17343973
Stream Execution Order
1-31
32-116
— 117 - 272
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In(c) = B, + it + B2 In(Q) + B3sin(2mt) + B4cos(2nt) + &

Phosphorus seasonality

TP Seasonal Peak (month)
e 0.59-0.83
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Drainage Area (acres)
230 - 15497
15498 - 99814
99815 - 565515
565516 - 3137652
3137653 -17343973
Stream Execution Order
1-31
32-116 g,
—117-272 S

Al

 273-4818°%

—— 482-709 /ﬁ 4ise,
/r’){./’ » < 4

+ % % X%

50 100 200 Kilometers

27



Structure - two good options

Ln (C)

data points of
input time series

4. Obtain

-7 relationship between

Ln(Q) and transport
factor (TF)

5. Apply Ln(Q) vs. TF
relationship to input
time series

Option 1: Concentration time series
generated at the end of Step #3

Option 2: Concentration time series

generated at the end of Step #5
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Flow variability, B, parameter

a1eydsoydoyrio panjossip 9,

Phosphorus vs. Dissolved Orthophosphate
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