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Routing Packages



Data Management Packages
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Wells with Hydrogeologic Data



Hydrostratigraphy
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Layer 5 Bottom Elevation
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Composite Hydraulic Properties of the
Surficial Aquifer System
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Hydraulic Conductivity of Layer 2
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Hydraulic Conductivity of Layer 3

- cLapes

cower

Legend

ECSM Model Boundary
] ECcsM Model Boundary
Layer 3 Kh (ft/day)

[ ]1-10

[ ]10-50
[150-100

[ 100 - 500

[ 500 - 1,000

[ 1,000 - 5,000
I 5.000 - 10,000
I 10,000 - 50,000
I 50.000 - 75,000

monroE

0 5 10 15 20

User Neme: stacooen Map Frduced on Date 83112022 6:0712 FM Z1GISECSMCalbration.med



Hydraulic Conductivity of Layer 4
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Hydraulic Conductivity of Layer 5
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Chloride Time-Series Graphs
West and East of the Interface
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SEAWAT Background
and How is it Related to MODFLOW?

GWF IMT  LMT
GWF

GWF
IMT

LMT GWF
IMT



To Meet the Objectives of the ECSM

GWF

IMT



The Original “WMD Packages”

GWF



Features Needed for ECSM Were the Primary
Focus of the SEAWAT2022 Development

IMT

RDF
MDIV
LPF WTL



Focus of the SEAWAT2022 Development -
Continued



SEAWAT2022 Code Development Phases

Lo o (e ) -~ (S

| SEAWAT0TMMmd P WelandPackage  SEAWATZ2020wmd
[ VDF Wetlands ]

 SEAWATZ020wmd \~

VDF WMD Packages

3 _ = [Transport Wetlands ] = _
| seAwATzozomod

Transport WMD pkgs




Phase 0 - Merge Code




Phase 1 - LPF Wetlands Package
|SEAWATZOUZnG | LpFWelandRackage  SEAWAT0zOwmd



SEAWAT Main Subroutines Called for LPF

Wetlands

gwflpfl wtl.F:: SUBROUTINE SGWF1LPF1S_ WTL
Purpose: Computes Storge budget flow term.

wtle_2000.f:: SUBROUTINEWTLGLPFRS

Purpose: Read the wetland input dataand call SGWF1LPF1MN_WTL
LPF uses HK instead of HY

wtle_2000.f:: SUBROUTINESGWFI1LPF1IN_WTL
Purpose: Calculate initial Vertical Conductance and Storage Terms
LPF uses HK instead of HY

LPF uses LAYWET from COMMON instead of BCF IWDFLG

gwilpfl_wtl.F:: SUBROUTINE GWF1LPF1FM_WTL
Purpose: add leakage correction and storage to HCOF and RHS; and calculate conductance.
or convertible layers, vertical and horizontal conductance is recalculated
w SGWFILPFIHCOMND _WTL and SGWF1LPFIVCOND_WTLwith each LPF call
vs just horizontal w/ SGWF1BCF6H_WTL for BCF.
Key Logic for Wetland Package code:
IF (LAYTYP.EQ.1) THEN ![unconfined necessary forwetlands]
IF (LAYER.EQ.1 .AND. IBND WTL.GT.@) THEN
Wetland leakage & storage are handled w/2 storage capacities just as confined and
unconfined aguifers, except thatwetland specificyield is substituted for the secondary
storage capacity (SC2)
ELSE ! [outside wetlands in unconfined layer 1]
Leakage and storage are handled with two storage capacities (SC1land 5C2)
ELSE IF (LAYTYP_.NE.® .AND. LAYTYP.ME.1) THEN
Mormal LPF for LAYTYP =0 Included to simplify differences in previous code.
LAYTYP .EQ. 3 w/BCFwetlands runs for layer 2 & 3 = convertible confined/unconfined
Leakage and storage are handled with two storage capacities (SC1land SC2)
ELSE IF (LAYTYPE .EQ. 8) THEN ![non-convertibleakaconfined]
A single/primary storage capacity (SC1) is used.

Key Logic for Wetland Package vs. LPF code:

IF (LAYER.EQ.1l) THEN

IF (IBMD_WTL.GT.®) THEN !{withinthe wetland boundary)
wetland storage is handled w/ two storage capacitiesin the same manner as confined and unconfined aquifers,
except the wetland specificyield (SYWTL) is used instead of secondary storage capacity (SC2).
ELSE ![Outside the wetland boundaryin layer 1} (SC1 and5C2 ) are used.

ELSE IF LAYTYP.NE.® !(convertible)two storage capacities(3C1Aand 5C2) are used.

ELSE ! (confined) asingle, primary storage capacity. (SC1}
gwflpfl_wtl.F:: SUBROUTINE SGWF1LPFIHCOND_ WTL
Purpose: Computes Horizontal Conductance
Key Logic for Wetland Package vs. LPF code:

IF (THCK.LE. .@28885) THEN ! [ifsatthicknessof layer 1 wetland is very, very thin]
CC= @.8 |[[transmissivity =0.0]
ELSE IF (LAYER.EQ.1 .AND. IBND _WTL.GT.@) THEN
IF (LAYAVG .EQ. 2) THEMN
[UNMTESTED: arithmeticmean of saturated thickness & log mean hydraulic conductivity (for unconfined aquifers
with gradually varying Transmissivities]
ELSE
[TESTED: layavg .eq. 0 for harmonic mean & UNTESTED layavg .eq 1 for Log mean]
convert BCF equation CC (transmissivity) to Branch Conductance value needed by LPFHARM equation
CC(3,I,KB)=(THCK1**BETA(J,I) )*HK(J, I, KE)+ZTHCK*HYMUC (I, I)
CC{1,I,KB)=CC(I,I,KB)/HK(I,I,KE)

gwflpfl wtl.F:: SUBROUTINE SGWF1LPFIVCOND_ WTL
Purpose: Computes Vertical Conductance
Key Logic for Wetland Package vs. LPF code:

IFLAYER.EQ.1 _AND. IBND_WTL.GT.O
Calculate sat thickness in wetland cell and for ce

below and then calculate vertical hydraulic conductivity
CV(1, LK) THCKW* 5/ HYCLH{THCK2* 5/HYC2 ) - ZTHCK /VHYIM)
CVI(1,1,K)= DELR(J)*DELC(I}) f CW(1,1,K)




Head Difference Map Comparing BCF vs. LPF Within the
Wetland Boundary Showing Nearly Ildentical Heads



Phase 2 - Variable Density Wetland
and “WMD packages”

VDF Wetlands

VDF WMD Packages

RDF, MDIV, UGEN



Example Code Comparisons Highlight Code
for the New Subroutines for WMD Packages



Example Code Comparison

GWF1LPF1FM (Clean up DO Loops and GOTOs)

VDF1LPF1FM (Clean up DO Loops and GOTOs)

SUBROUTINE GWFL1LPF1FM(HCOF,RHS,HOLD,SC1,HNEW, TBOUND, CR, CC,CV, HK,
1 HANI,VKA,BOTM, 5C2,DELR, DELC,DELT, 1SS ,KITER,KSTP,KPER,NCOL,
2 MROMW, NLAY , TOUT ,WETDRY ,WETFCT , TWETIT, THDUWET , HDRY , NBOTM, VKCB)

SUBROUTINE VDF1LPF1FM(HCOF,RHS,HOLD,SC1,HNEW, IBOUND, CR,CC, TV, HK,

1 HANI, VKA, BOTM, 5C2, DELR, DELC,DELT, ISS,KITER, KSTP, KPER, NCOL,
2 NROW, NLAY , TOUT , WETDRY ,WETFCT, IWETIT, THDWET , HDRY , NBOTHM, VKCB,
3 INVSC)

ODULE,  OMLY: DENSEREF,PS,ELEV,HSALT,M

DOUBLE PRECISION HMEW

DOUBLE PRECISIOM HMEW,HTMP

DO 188 K=1,NLAY

.ME.®) THEN

SGWF1LPF1HCOMD (HNEW, IBOUND, CR, CC, HK ,HANI,, DELR, DELC, BOTM,

1 NBOTM, KK, KITER, KSTP,KPER, NCOL , NROU, NLAY,, TOUT , HETDRY,
2 WETFCT, IWETIT, IHDWET ,HDRY)
END IF
END DO
DO K=1,NLAY
KK=K
IF(K.NE.NLAY) THEN
IF(LAYTYP(K).NE.® .OR. LAYTYP(K+1).NE.@)
1 CALL SGWFILPFLIVCOND(CV,HK, VKA, VKCE, TBOUND, BOTM, NEOTM, KK,
2 NCOL , NROW, NLAY , HNEL, DELR, DELC, TOUT)
END IF
END DO

DO K=1,NLAY
KK=K

IF (INVSC.GT.0.AND.KITER.EQ.1 .OR. LAYTYP(K).NE.@) THEN

CALL
SVDFLLPFIHCOND (HNEW, IBOUND, CR, CC,HK, HANI ,DELR, DELC, BOTM,
1 NBOTM, KK, KITER, KSTP, KPER,NCOL , NROW, NLAY , TOUT, WETDRY,
2 WETFCT, IWETIT, THDWET ,HDRY , HSALT , THVSC)
END IF
END DO
DO K=1,NLAY
KK=K

IF(K.NE.NLAY) THEN

IF{INVSC.GT.0.AND.KITER.EQ.1)

z CALL SVDF1LPFIVCOMD(CV,HK,VKA,VKCE, IBOUND,BOTM, NBOTM,KK,
3 MCOL ,MROU, MLAY ,HSALT ,DELR,DELC, IOUT)
C @ .AND. (LAYTYP(K).H

E.@ .OR.

[

IF(LAYTYP(K).EQ.8) THEN

DO I=1,NROW
DO J=1,NCOL
IF(IBOUND(J,T,K).GT.@) THEN
RHO=5C1(J,I,K)*TLED
HCOF (3,1,K)=HCOF (3,1,K)-RHO
RHS(3,1,K)=RH5(3,T,K)-RHO®HOLD(3,1,K)

IF(LAYTYP(K).EQ.8) THEN

DO I=1,NROW
DO J=1,NCOL
IF(IBOUND(J,T,K).GT.8) THEN
RHO=5C1(1,T,K)*TLED

HCOF(3,1,K)=HCOF(3,1,K)-RHO*PS (],

END IF RHS(3,1,K)=RHS (1, T,K)-RHO*HOLD(J,TI, (3,L,K
END DO END IF
END DO END DO




Head Difference Map GWF - VDF



Phase 3 - LPF Wetland Transport
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Code Comparisons for New Code



Variable Density Transport Code
Comparisons



Transport Concentrations Vary Over 32 Years
Show Noticable Change in the Wetland Areas as Circled

O Initial OMonth 1 OYear 1 Oear 16 O Year 32

Concen tration
Layer 1
ppt



Phase 4 - Transport for “WMD packages” and
Adjustments for Open Water Wetlands

[ Transport WMD pkgs ]
S - e -

IMT
RDF, MDIV, UGEN



Layer O Porosity Affects Most of the
Transport Code

IMT Subroutine Purpose

Blue indicates code with Adjustments for Open water Green indicates New subroutine

IMT Subroutine Purpose

IMT1BTNSDF
IMT1BTNSAL
IMT1BTNSRP
IMT1BTNSST
IMT1BTNSAD
IMT1BTNSSV
IMT1BTNSFM
IMT1BTN5BD
IMT1BTNSOT
IMT1FMISAL

IMT1FMISRP2A

IMT1FMISAL
IMT1FMISRP1
IMT1FMISRP2
IMT1ADVSAL
IMT1ADVSRP
IMT1ADVSSY
SADVSM
VRK4
SADVSB
VRK4
PARMGR
GENPTR
GENFTN
SADVSQ
SADVSU
CFACE

Dimension and simulation options

Allocate Arrays

Read and Prepare (Constant for Simulation)
Stress Timing

Advance Timestep and set next step size
Formulate and Solve Transport Equation
Formulate Matrix Coefficients

Calculate Mass Budgets

Save Qutputs

IF BTN Determine Flow Components Active
Initialize S5 array to 0.0

Second call for Allocate Arrays

Calc Sat Thickness, fluxes, and flow rates
Read and process SSterms

Allocate Space for Advection Array

Reads Advection Input

Calculates concentration at intermediate time level due to advection
with the mixed Eulerian-Lagrangian schemes.

Several subroutines and functions, specific to IMT1ADVSSY, required
madifications to support appropriate handling of the OW and porosity
adjustments.

IMT1ADVSEM
IMT1ADVSBD
IMT1TOBSAL

IMT1TOBSRP
IMT1DSPSAL
IMT1DSPSRP

IMT1DSPSOW

IMT1DSPSCF
IMT1DSPSFM
IMT1DSP5BD
IMT1SSM5AL
IMT1SSM5RP
IMT1SSM5FM
IMT1SSM5BD
IMT1SSM50T
IMT1RCTSAL
IMT1RCTSRP
SRCT3R
IMT1RCTSCF
SRCT3R
IMTA1RCTSFM
IMT1RCTSBD
SRCT5R
IMT1GCG3AL
IMT1GCGSRP
IMT1GCGSAP

Formulate Matrix Coefficients
Calculate Budget of Constant Concentration
Allocate Space for Transport Observation Package
Read Input data for TOB package
Allocate Space for Dispersivity arrays
Reads Dispersivity & Ratios as Well as Diffusion info
Calculates open water adjusted longitudinal dispersion & diffusion
Calculates components of DISP using DARCY wi/paorosity
Formulate Matrix Coefficients for Dispersivity
Calculates Mass Budget for Constant Concentration
Allocate space for Source and Sink Mixing
Read & Prepare concentration of source and sinks each SP
Formulate Matrix Coefficients
Calculate Budgets (Mass) all source & sinks terms
Saves info for multi-node wells
Allocate Space for chemical reaction arrays
Read & Prepare input for reactions
Calculates retardation factor and concentration of sorbed
Update Reaction Coefficients
Calculates retardation factor and concentration of sorbed
Formulate Matrix Coefficients
Calculate Mass Budget associated with reactions.
Calculates retardation factor and concentration of sorbed
Allocate Storage for Solver
Read gcg input for solver package
Generalized Conjugate Gradient Solver



Porosity for Layer O

DIMENSION DELR(NCOL),DELC(NROW),DH(NCOL,NROW,NLAY),
& OW(NCOL,NROW) , RHOB(NCOL , NROW, NLAY),
& SRCONC(NCOL ,NROW,NLAY,NCOMP) ,PRSITY (NCOL,NROW,1-IWTL :NLAY)

IF (IWTL.EQ.1 .and. K.eq.1) THEN

CKAR-2021 I Recalc Layer 1 Porosity as weighted Ratio of
CKAR-2021 I Open Water to Saturated Muck Thickness
PRSITY(J,I,1) = (PRSITY(J,I,0)*OW(JI,I)/DZ(3,I,1))+
& (PRSITYL1(J,I)*(1-(OW(J,I)/DZ(3,I,1))))
Le=0.0

IF(K.EQ.1) LO=0W(J,I)
DMSTRG=(CNEW(J,I,K,ICOMP)-COLD(J,I,K,ICOMP))
& *DELR(J)*DELC(I)*(DH(J,I,K)+LO)*PRSITY(J,I,K)



Specialized Transport Handling for WMD
Packages



Concentrations Before and After Transport
Enhancement to Use Source WQ

TDS ppt
[1-1.00 -0.00
B 0.01 -0.02
[ 0.03-0.04
[ 0.05-0.08
[]0.09-0.10
[J0.11-025
[Jo26-050
[Jos1-1.00
[T1.01-125
[ T126-150
[J1.51-2.00
[J201-250
[251-500
[ 5.01-10.00
[ 10.01 - 25.00
B 25.01 - 36.00
B 36.01-75.00




Transient WQ Incorporating All WMD Packages with Transport
[Initial] [year 32] [year 64]



Example Problems with SEAWAT2022

Box saltlake
case1
case2 case1
Henry rotatation
classic case1 symmetric
classic case2 asymmetric
VDF no Trans swtv4_ex
VDF uncpl Trans casel
VDF DuallD Trans case2
age simulation case3
Elder case4
case1 cased
hydrocoin case6

case1 case’



Henry Problem Comparison

Contour: Meter Contour: Kilograms per cubic meter

------ SEAWAT2022
SEAWAT V4




Elder Problem Comparison

——————— SEAWAT2022 Contour: Kilograms per cubic meter
SEAWAT V4




Conclusions



Panel Discussion



Public Comment
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ET-Recharge Program



General Information on AFSIRS




Incorporation of Return Flow into ECSM



ECSM Implementation of Return Flow for
Irrigation Needs



ECSM Implementation of Return Flow for
Residential Septic Tanks



ECSM Implementation of Return Flow for
Supplemented Surface Water System



QA/QC Check for Return Flows



Land Use



2014 Land Use



Rainfall



Reference ET (ETgg)

wmm RET 2001
Annual Inches
00
01- 551
55.2- 56.0
56.1- 56.9
n 57.0- 57.8
u 57.9- 586
u 58.7- 59.5
] 50.6- 605
u 60.6- 618
[ ] 619- 837




Monthly Distribution of Rainfall and
Reference ET



Annual Distribution of Rainfall and
Reference ET



Imput Data Sets

Anushi Obeysekera, E.I.T.



River and Drain Coverage



Wetland Coverage



Public Supply Demands



Initial Head Arrays



Tidal Boundary Condition



Development of Initial Water Quality
Arrays



Conversion: Chloride to Specific
Conductance



Conversion: Specific Conductance to TDS



Equation Verification



Historical Water Quality Data Points
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Historical Water Quality Data Points
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Initial Water Quality Array (1985)
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Proposed Calibration Procedure



Proposed Calibration Procedure -
Continued



Monitoring Locations



Proposed Water Level Calibration Criteria



Proposed Water Quality Calibration Criteria

_ Fresh to Brackish Water Moderately Saline Saline Water

;I'r?]tgalll_l)mssolved Solids 0 — 4,000 4.000 — 10,000 10,000 — 18,000 >18,000

Calibration Error Band +500 +750 +3,000 +4,000
(mg/L)



Proposed Water Quality Calibration Criteria

Fresh to Brackish Water Moderately Saline Water
Saline

Total Dissolved 1,000 1,000 — 2,000 - 4,000 — 10,000 —

Solids (mg/L) 2,000 4,000 10,000 18,000 Sl

Calibration Error +500 +750 +1.000 +2.000 +3.000 +4.000
Band (mg/L)



Proposed Structure Flow Calibration
Criteria

Description
Coefficient of determination measures the goodness of fit.
Nash-Sutcliffe is a model efficiency coefficient that indicates the predictive power of
models.
Deviation of volume measures the difference between historical and simulated flow
volumes. Positive values indicate that the model is underpredicting, negative
values indicate that the model is overpredicting.




Soft Calibration Metrics



Path Forward



Panel Discussion



Public Comment



