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Wetlands provide habitat, improve water quality,
Control er03|on and store floowater

Since the 1780’s, about
53% of all US wetlands

have been lost

from Mitch and Gosselink, 1993
(Dahl, 2000)



Wetland restoration and creation can
help offset the effects of wetland loss

South Florida
Water District - ;
62.5% of projects [ @S
exhibited - :
hydrologic
problems

Erwin (1991)

from Dahl, 2000 (US Fish and Wildlife)

. ——

Many restored
and created

o wetlands are

too wet to

| effectively

function
Cole & Brooks (2000)




Piedmont Wetlands:
the interface between uplands,
/groundwater, and surface water




A “simple” way to create a mitigation wetland
IS to create a perched system
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A “simple” way to create a mitigation wetland
IS to create a perched system
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A “simple” way to create a mitigation wetland
IS to create a perched system

Can work on uplands with
low permeability
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Inflow Outflow
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In most wetlands, Groundwater can seep
IN and OUT many places

Ignore GW? the wetland can be “too wet”

Precipitationl IEvapotranspiration
Inflow Outflow
e S
I
Groundwater




Hydraulic resistance due to vegetation
IS typically ignored
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(Kadlec, 1990)



Hydraulic resistance due to vegetation
IS typically ignored

Precipitation l Evapotranspiration

Outflow

114\
\\\*\» N

Groundwater

In desighed wetland systems, Outflow Is
determined, all or in part, by
hydraulic resistance due to vegetation

(Kadlec, 1990)




Wetland Water Budget Modeling

» Document known water budget methodologies;
®» Document existing design and construction issues;
» Assess existing software and individual process-models;




Modflow was tested as a possible tool to
model wetlands

/I\
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Outlet

* Field study conducted by W. Cully Hession and Andrea Ludwig *



Wetland was modeled in MODFLOW as a
two-layer aquifer system

Unconfined \V i/ \ ;
aquifer Layer 1: sufface water |

_v\\/\ /\\ Vs \\\(/

—
Confined/

- Unconfined Layer 2: Clay loam soil

- aquifer

ror rangecj from '43 Ccm tO 14 Absolute error (m)
Cm Wlth a mean error Of _11 Cm . 00431 --00400 @ -0.0099 - -0.0030

o -0.0029 - 0.0030
@ -0.03%9--0.0300

O 0.0031-0.0100
@ -0.0299--0.0200

. . . O 0.0101-0.0200
» close to the survey and digitization error @ 00ee--0010




Modflow was also tested as a possible
tool to model wetlands at Cedar Run 3
Wetland Bank

i e _ . _" g ’ i ' : j i ) yfolk. Lvirginia Beach
‘ 13 [ ; 4 : g
g o i s i’ 3 % ke

O



Water level data were collected in the southern cell
via USACOE standard observation well installations

60 30 0 60 Meters



MODFLOW-2005

Cedar Run Wetlands Bank - Phase 3 N
August 2008
WSSI #6175AH
Scale: 1" =400’ W

Site Limits

Aquaveo GMS 8.0



the wetland was represented as...
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The Pierce model with FAO-Penman ET
and Modflow performed best
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Wetland Water Budget Modeling

» Develop a library of historic rainfall data,;
» Classify each year as “dry,” “typical,” or “wet”,;
» Develop model inputs based on Piedmont
soil conditions;
» Provide additional model capability:
Sloped wetlands

2. Groundwater inputs
3. Vegetation resistance

Test model using data sets developed from
two field sites;




Pierce’s model for depressional

wetlands
Ppt ET
SWinl Rt N
v [l SWou
/
Soil Perm.

I GWou




WetBud Basic Version

Ppt ET
SWin & B AN

\ SWout

> Soil Perm.

GWout




WetBud - Advanced Version




WetBud - Advanced Version

Setup for a
Piedmont
valley bottom
mitigation site

Vegetation Loose surface soll
w/ added OM
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Stream gravel
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WetBud - Advanced Version
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WetBud - Advanced Version

Setup for a
Piedmont
valley bottom
mitigation site

Vegetation
Wetland Substrate
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Building WetBud Model(s)

Create Project and Scenario
Build weather data

Determine WND years w/ WETS tables
~ User determines inputs and outputs

1. Calculate ET for WDN years (Thornthwaite,
Penman)
. Calculate SW, using Curve Numbers
3. Input GW, or calculate using W, (well data)
4. Input or calculate Gw,,
5. Input or calculate overbank flow




Create Project and Scenario

Basic

? Project Scenarios 23]
* Mew Scenario ‘ ] ‘ 2] ‘ -— ‘ ‘ v ‘ X ‘ E=port ‘ ﬂ Exit
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Sw_Penman  |[2001,1932,1333 Analysis Option Standard Analysiz Years
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Create Project and Scenario

Advanced

¥ Modflow Grid Setup "= ==

MP_CODE [+|[MP_DESCR Boundary Conditions | F’ropertiesl
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Building WetBud Model(s)

Create Project and Scenario

Build weather data

Determine WND years w/ WETS tables
User determines inputs and outputs
1. Calculate ET for WDN years (Thornthwaite,
Penman)
. Calculate SW, using Curve Numbers
3. Input GW, or calculate using W, (well data)
4. Input or calculate Gw,,
5. Input or calculate overbank flow




Build weather data

Stationz

? Weather Data

ST_COI[+||ST_LOCATION [l
722632 Warrentan, W
723075 Oceana, Wi

F230a0 Moarfalk, WA

F2aen

Faamao Richrmond, W,
724030 Sterling, W, - 140
724036 W anaszas Beqgiarial &
F240850 YW azhington-Feagan £
F24100 Lynichburg, WA
24110 Roanoke, Wi,

213

9399399 W azhingtaon Dulles |4
Cedar Bun |Mannazsas, WA

DCA M ational Airport

[AD Dulles Airport

RahwS Sol:

WSS Cedar Run 3 [Matt]
4] | [»

‘wieather Data Log Avallable Data | Retrieve from the Web | Copy Station Data I Impart from E xcel I Help I
M + — & F X (u
"wheather D aily A FPM+ — a /X0
rFY
WLL[7]IWL_DATE E WD D& [=||WD_TEI[=][swD_DE ='WD _wi[ = |['D_tl [=]|"WD_Mas[+]
1999 | 20130311 1333071 -01 15.80 5.80 5.20 10.90 30.00
2000 | 20130311 1393-01-02 21.40 3.30 E.E0 10.00 30.00
2001 | 20130311 1533-01-03 3270 27.50 7.90 15.40 45.00
2002 | 2013031 1993-01-04 26.70 10.00 8.20 17.10 3810
2003 | 2013031 1999-01-05 19.80 310 8.90 16510 2410
2004|201 30311 19990108 16.40 7.00 4.40 3.90 33.10
2005 |20 30311 1393-01-07 3310 12.80 11.00 28.90 3E.00
2006 | 20130311 1393-01-08 23.90 14.40 410 21.20 27.00
2007 | 20130311 1393-01-09 w0 .90 10,90 2410 44 60
2008 | 20130311 1393-01-10 24.30 9.60 a.10 17.10 32.00
2009 | 20130311 1993-01-11 2830 9.50 R.20 16.00 30.90
2010 | 20130311 19990112 41,50 24.30 8.20 28.00 57.00
2011 | 20130311 19990113 43.70 3E.60 770 45.00 59.00
2012 2013051 19930114 3370 .20 8.50 2610 50.00
13930115 28.90 28.20 5.80 21.00 37.00
1993-01-16 3z.00 2310 R.30 21.00 Bz.00
19930117 41.90 28.00 4.50 27.00 5790 (=
Export Annual Data
1] | [»
+ Delete Year

=L

pent
Far
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Building WetBud Model(s)

Create Project and Scenario
Build weather data

Determine WND years w/
WETS tables

User determines inputs and outputs
. Calculate ET for WDN years (Thornthwaite,
Penman)
. Calculate SW, using Curve Numbers
nput GW, or calculate using W, (well data)
nput or calculate Gw,_,
nput or calculate overbank flow

7AW




Determine WND years w/ WETS tables:
#1: Which years have WET (or bry or Norm) total ppt?

|

30-yr record
of annual
precipitation

1980 2010




Determine WND years w/ WETS tables:
#1: Which years have WET (or bry or Norm) total ppt?

29.32

30-yr record 55| DRy Rank order

30.67

of annual 27 annual ppt.

33.82
3499

precipitation |~ —|%7|13533" |- values |

35.84

|

35.94
35.96
36.16
36.38 M k I't
3663 ake splits
37.57

37.73 NORM
ST with

39.57
39.80

1980 2010 WET§ Tz.able
\} - —|aull404 - {  Statistics
22| WET




Determine WND years w/ WETS tables:
| #1: Which years have WET (or bry or NorM) tOtal ppt?

30-yr record
of annual
precipitation

1 | - _ 35.96
= 36.16
1| - 36.38

1980

2010

29.32
29.62
29.95
30.67

ol.74
32.57
33.82
3499
35.77
35.84

35.94

2R AR
| 3757
37.73
38.07
39.57
39.80
40.23
40.60
40.84

- o=l A4Al
46.02

47.33

DRY | 1988
Select the
93533" |[= = = = - :
median value
in each split
NORM | 1994
—4204" F - mmmmm - - - -




Determine WND years w/ WETS tables
#2: Did 1975 have a WET “spring”?

2
o 3 [ [ |3 |
Hit HH HH N
'3 31 Do a WETS
N DW analysis for
213 each Spring
X1 x2 x3 T
2+2+49=
13
(6 to 18)




Determine WND years w/ WETS tables
#2: Did 1975 have a WET “spring”?

2 +2

o 3 /w3 |
R 2NN
1311 Do a WETS

D W N analysis for

13 2 each Spring

X1 x2 x3 T

2+6+6=

14
(6 to 18)




Determine WND years w/ WETS tables
#2: Did 1975 have a WET “spring”?

Fimia v |
H

H Hi HH W
111 Do a WETS
W N W analysis for
3 23 each Spring
x1 x2 X3 T
3+4+9=
16
(6 to 18)




Determine WND years w/ WETS tables
#2: Did 1975 have a WET “spring”?

2 +2 +3 +3

[ |3 [

HH Hi HH W
111 Do a WETS
N W W analysis for
2.3 3 each Spring
x1 x2 X3 T
2+6+9=
17
(6 to 18)




Determine WND years w/ WETS tables
#2: Did 1975 have a WET “spring”?

4-6 . DRY
7-9 : NORM
Spring is WND 10-12: WET

Score
determines if




Determine WND years w/ WETS tables
#2: Did 1975 have a WET “spring”?

F

Score 4-6 . DRY
determines if 7-9 : NORM
Spring is WND 10-12: WET

A Year is WET if both the Spring and the
Annual Precipitation are both WET




Determine WND vyears

W Weather Station Data (NOAA) Bl
? Project Scenarios |__.5_3_]
* Mew Scenario ‘ ] ‘ g | = ‘ ‘ v ‘ X | Expart ‘ ﬂ Exit
|sC_coDE [=|sC_DESCR  [+]] q Acdvanced Model
[ MNw/_Penman |CR _GW « Code Project Chart Settingg(inchesz)
M Penman | Custom Range |SW Thom CR3
Mw_Penman  |[2010.2011.2002 -
Mw' Thom | CR_GWwi+ Description 15 Chart Settings [cm)
M T ke Cusztomn Pange |I:ust|:|m Fiange hd
Mw'_Tharn 20$10,2011.2012
Sw_Penman | CR_GW + Elevation Latitude Longitude Meareszt \Weather Station [Airport]
SwW_Penman | Custom Range | 183 | 3.6 7755 724036 i
Sw'_Penman | 2001.19332.1333 finalysiz Optian Standard Analysis Years
SW_Thom _|CR_GW+ +) Simple Solution (fast] v| Default Dry Year 3peciied Dry Year
Si'_Thormn Cuztom Range ) Fartial ‘Year 2005
Sw_Thom 2007 1982.1983 Advanced Solution [Modflow]
Both w| Default Awg Year specified Avg Year

Specify Analyzis Fange Partial *rear |2|:||:|E

v| Llze Custam B ange [mm-yo]

v Default Wet veal Specified Wet ear
Fram yyyy-min To pppy-mm Partial ear |2|:||:|3
2009-m - 201205 -
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Building WetBud Model(s)

Create Project and Scenario
Build weather data

Determine WND years w/ WETS tables
User determines inputs and outputs

1. Calculate ET for WDN vyears

(Thornthwaite, Penman)

. Calculate SW, using Curve Numbers

nput GW, or calculate using W, (well data)
nput or calculate Gw,_,

nput or calculate overbank flow

R

SIS




Calculate ET for WND years

W Modflow Grid Setup

=

MP_CODE [+]|MP_DESCR I Boundary Conditions ~ Properties |
CR3_2009 | Mew Layer Data
CR3_ 2009 2009T homthwaite " Hydr Conductivity ¢ Spec Yield/Storage ¢ Recharge & ET
CR3_2010 200T hornthwai = =F
CR3 Compar | #2009T hornthwaite J. J_! 2 5 J. J. 2 =5 l J_
CR3_Small Troubleshoot - = )y
CR3 Test 20710T harnthwaite
b att Gloe
4] | [»
Current Laper r

Current Zone / Property Set

ZT_A[v]|ZT_DESCR

Print Current Grid

Initialize Layer

Copy From

Clear Layer

TestET | Madify Zone Parameters

¥ Cancel

ﬂ Close

—1]
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Building WetBud Model(s)

Create Project and Scenario
Build weather data
Determine WND years w/ WETS tables

/User determines inputs and outputs
1. Calculate ET for WDN years (Thornthwaite,

enman)
.Calculate SWin using

Curve Numbers

3. Input GW, or calculate using W, (well data)
4. Input or calculate Gw,_,
5. Input or calculate overbank flow



Calculate SW,  using Curve Numbers

:_ﬁ’ Basic Analysis

Select Scenario

|SI:_CEID37 SC DESCR -
M Penman| 2010,2011,2012
M _Penmal| CH_GW +

M _Penmar| Cuztom Fange
M _Thorn | 20010,2011,2012
MWy _Thorn |CR_GW+

MY Thorn | Cuztom FBange
Sw'_Penmar| CR_GW +
SWw'_Penmar| Cuztom Fange
Shw'_Penmat| 2001,1982, 1933
Sw'_Tham |CR_GWwW+

S Thamm | Cuztom Range
S Thom | 2007.1382,1333

Calculate Budget B

v Recalc ET and Runoff

Show Results I

[~ DoMNOT &pply Preset Chart Settings

[ Auto Show Results
-

Delete ALL Scenario Results )6

_-Analysis i ater Budget Chart MultipIeScenarios]

Debug |

Inches of Vater

cobooboobooboobd

55
50
45
404
35
301
254
20
15
101

5

Centimeters of Water

o

Manth (Jan -

Dec)

bodoobodlocbodoobodoabeds

= ==

Reference Statian

724036

W 1148
§3513
N 23086
N 0.345
N 3521

Hzs8

1373
N 0.053
W 3827
W 1.257
12751
Hz188

~Range [Dry, Mormal, Wet)
" 2005

" 2008
(v 2003
(" 2003-01< 200 2-05

0292

| RN
058557
B 0878
| R
05553
0435
B0134
5574
H3.194
N 22388
B556

Dizplay Options
" [T)okal

" Total Ad[)Justed
" [water Mazs Balance
" [Plrecip

" Op)erbank

* [Fjunoff

(™ Groundwater [[M]
™ Initial [F)ill # Storage
™ [Ewapotrans
[0t

™ Groundwater O[T
A

Ewport

ﬂ Cloze




Building WetBud Model(s)

Create Project and Scenario
Build weather data
Determine WND years w/ WETS tables
User determines inputs and outputs
1. Calculate ET for WDN years (Thornthwaite,
enman)
. Calculate SWin using Curve Numbers

3.Input GW.,  or calculate using
W, (well data)

4. Input or calculate Gw,_,
5. Input or calculate overbank flow

R




GWin = K A Ah/AX

: (for Month B)
Wat.ir Ieve-l% Ground level
ﬁqw er estimate at toeslope

Y Wem

calc’'ns ;//
Ah/Ax ¥

Soll K

A: cross-section of uphill end




Wem = “Effective Monthly Recharge”
Wmo = “Monthly Recharge” = Pptmo - ETmo




Effective Monthly Recharge: W,

A time-weighted average recharge value

n= # preceding
%/ months
- -1
em = Wmo X
a=1 \

Each month’s Response-
recharge decay factor
(Ppt - ET) (<1.0)




To predict the water table in Month A,
“how many month’s W must you use?

J

A

S

O

N

D

J

W+W+W+W+W+ W=

W

em




How much influence do past months
have on water levels in Month A?

J

W+ W+ W+ W=

JIA|S|O(N D
W+W+W+W+ W+ W= JRiiEs

W

em




How much influence do past months
have on water levels in Month A?

J

d=0.85 W+ W+ W+ W =

' J[J|A|s|O|N|D
FETEER| W+ W W+ W W+ W= [T

w

em

\ Must run every combination of
n and d to find the best for prediction




Matrix of
orrelation
oefficients

(R?)

# of antecedent months

n

d: response-decay factor

0.99
0.045
0.1135
0.1336
0.0953
0.2135
0.3747
0.1452
0.4705
0.0349
0.4622
0.2021

0.2533

0.1567
0.188
0.258

0.4136

0.3384

0.9
0.045
0.1135
0.1369
0.1062
0.2135
0.3565
0.1452
0.5043
0.0361
0.6434
0.2021
0.6793
0.6551
0.705
0.7742
0.824
0.8587

0.3661 [N0:8711

0.2022
0.0474
0.0013
0.0149

0.858
0.8327
0.7233
0.5455

0.85
0.045
0.1132
0.1382
0.1121
0.212
0.3402
0.1452
0.4858
0.0861
0.6151
0.2021
0.6636
0.6473
0.662
0.6855
0.72
0.7356
0.7412
0.7445
0.7263
0.7023
0.6763

0.8
0.045
0.1125
0.139
0.1178
0.2089
0.3193
0.1452
0.4438
0.4794
0.5259
0.2021
0.5451
0.5316
0.5346
0.5477
0.5597
0.5638
0.5653
0.5652
0.5548
0.5455
0.5405

0.7
0.045
0.1099
0.1385
0.1267
0.1972
0.2694
0.1452
0.3329
0.3423
0.3512
0.2021
0.3494
0.3455
0.3457
0.3475
0.3494
0.3496
0.3497
0.3494
0.348
0.3468
0.3463




........ WemVSMeasuredHead(2003'2005)

Filtered well data

(effects ofrecent rain removed)
n=18,d=0.90, 1=0.25

| 25 20 15 10 05 0
”3:3‘3‘ ........ ........... ........... . CH'CU Iatedwem (ft) ....... ........... ........... .......




Ver|f|cat|on of Wem Calculatlons

z | . Groundwater Head - -
""""" é-----MeaSured and Predlcted Monthly (1931 2005)””“_“””

.......... USGSWE"REBOI’dCa“bratlon
38 ; ; ; W,y Model 7\\ | Period




W, = “Effective Monthly Recharge”
| W, = “Monthly Recharge” = Ppt_ - ET

MO

Must have at least 6 months of
water level measurements
from a well just uphill of site




W, = “Effective Monthly Recharge”
| W, = “Monthly Recharge” = Ppt_ - ET

MO

Must have at least 6 months of
water level measurements
from a well just uphill of site

Can reconstruct GW levels
using weather data for times
with no well data




Input GW,  or calculate using W,

-_ﬁ Project Scenarios

* Mew Scenario ‘

|sc_cope [+1|sC_DESCR

x |

My _Penman |[CR _GW +

MW _Perman | Custom Bange
WNw' Penman | 2010,2011.2002
My _Tharn CR_GW+
My _Tharn Custom Fange
Mwd_Thaorn 20m0.2m1.2m2
S’ Penman  |CR_GW +

S’ Penman | Custom Range
Sw' Penman | 2001,1982.1953
W _Thaom CR_GWw+
S’ _Tharn Custom Range
S Thom 2007 1982 .15283

[=]
H‘H‘—‘A‘- ‘ ‘ E:-:pu:urt| ﬂE:-:it
. General] Watershed Data  Inputs and Outputs | FPET Options | M anagemernt | Perinds | Advanced Model |
W' ater Inputs W ater Dutputs
w| [nitial Fill [in] | 2.000 w| FET
Ground %/ ater I Options—— Ground Yater QUT Option
+) Mo Groundwater [N Rate [in/ma) Mo Groundwater QUT Rate [in/mo)
I1ze Conztant R ate | +! Uze Constant R ate | 0.20000
Jze Variable R ate IJze Y ariable A ate

w| Direct Surface Runaff into YWetland
v Precipitation

Stream Dverbank, Flow
CH MNw THH -

W aterlevel Adjustment
Soil Storage Factor [0-1]
| 0.25
Surface Storage Factor [0-1]
| 0.98 -

Averageiwetland Depth o wWeir— Dept (in]

Uze Constant Depth | 2000

UzeYariable Depth




Building WetBud Model(s)

Create Project and Scenario
Build weather data
Determine WND years w/ WETS tables
User determines inputs and outputs
1. Calculate ET for WDN years (Thornthwaite,
enman)
. Calculate SW, using Curve Numbers
3. Input GW, or calculate using W, (well data)

4. Input or calculate GW,_,,
5. Input or calculate overbank flow

R




GW_ .= K A Ah/Ax

out
(for Month B)

ater level at Water level below
end of Month A outlet

A: cross-section of downhill end



Input or calculate GW_,

:ﬁ Project Scenarios

+ Mew Scenario ‘

|5C_CODE [+1[5C_DESCR

hul |

Mw'_Penman
M Penman
Miw'_Penman
M _Thaorr
M’ _Thorr
Mw'_Thormn
Swf_Penman
S Penman
S _Penman
S _Thorn
Sw_Thaorn
S _Thaorn

CR_GW +
Cuztom Range
20102011202
CR_GWwW+
Cuztom Range
201020112012
CR_GWw +
Custom Range
2001.1982.1983
CR_GW+
Cuztom Range
2007 1982,1983

2 e

W ater lnputs

v Initial Fill [in) 2.000
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WetBud is being tested at four sites

edar Run 3 Wetland Bank
completed in October 2001 by WSS

Bender Farms Wetland Bank
’ completed by Acorn Environ

Pocahontas State Park
- natural toeslope-floodplain wetland

Powhatan WMA

natural toeslope-terrace wetland
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Cross-section of Pocahontas State Park study site
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Basic Model output: toe-slope water level

Pocahontas State Park study site
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Basic Model output: toe-slope water level

Water Level (cm)
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B Penman Basic Model Results
® Thornthwaite Basic Model Results

= Average Monthly Well Data

Model Results
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Ongoing Work

» Fully integrating Wem

» Overbank flow routines

» Advanced model wizard
» Completing testing (5 sites)

» Developing output for use Iin
wetland hydrologic assessments;

» Developing an instruction manual;

» Developing training materials and
workshops
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