





















































































































































































































































































































































VNN VIFW VIRC VLE

PWAT-PARM1
*x* <PLE > Flags
*** x - x CSNO RTOP UZFG VCS VOzZ
101 102 0 I 1 0 0 0
201 203 0 1 1 0 0 0
301 303 0 1 1 0 0 0
END PWAT-PARML
PWAT-PARM2
*h%  <PLS> FOREST LZSN INFILT
Lo A (in) (in/hr)
101 0.0 2.5 0.02
102 0.0 2.5 0:03
201 0.0 2.5 0.04
202 0.0 2.5 0.04
203 0.0 245 0.04
301 0.0 3.0 0.03
302 0.0 3.0 0.03
303 0.0 3.0 0.03
END PWAT-PARMZ2
PWAT-PARM3
*%%  <PLS> PETMAX PETMIN INFEXP
*kk  ap — % (deg F} (deg F)
101 40.0 35.0 2.0
102 40.0 35.0 2.0
201 40.0 35.0 2.0
202 40.0 35.0 2.0
203 40.0 35.0 2.0
301 40.0 3540 2.0
302 40.0 35:10 250
303 40.0 35.0 2.0
END PWAT-PARM3
PWAT-PARM4
*xx ZPLE > CEPSC UZSN NSUR
N abe R (in) (in)
101 0.14 0.17% 0.15
102 0,12 0,17 0.15
201 0L12 0.16 0.15
202 Qs E2 0.16 0.15
203 0,12 0.16 0.15
301 0.12 0.20 0.15
302 0.10 0.20 0.15
303 0.09 0.20 0.15
END PWAT-PARM4
PWAT-STATEL
**%  <PLS> PWATER state variables (in)
wXE o = XN CEPS SURS UzZs
101 0.0 0.0 0., 1
102 0.0 0.9 0.1
201 0.0 0.0 051
202 0.0 0.0 0.1
203 0.0 0.0 0.1
301 0.0 0.0 0.1
302 0.0 0.0 0.1
303 0.0 0.0 0 d
END PWAT-STATEL
END PERLND
RCHRES
ACTIVITY
*** RCHRES Active sections
*** x - x HYFG ADFG CNFG HTFG SDFG GQFG
i1 i 0 0 0 0 0
i 5 1 0 0 0 0 0
3 X 0 0 0 0 0
14 1 0 0 0 0 0
18 1 0 0 0 0 0
16 T 0 0 0 0 0
%) 1 0 0 0 0 0
90 97 1 0 0 0 0 0

END ACTIVITY
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PRINT-INFO
*** RCHRES

**J{x—

Printout level flags

* HYDR ADCA CONS HEAT SED
11 13 5 6 6 6 6
a0 97 5 6 6 6 6

END PRINT-INFO
GEN-INFO
HkE Name Nexits
*** RCHRES
LS = 3 ®o- ®
11 WEST NUECES SEG 11 2
1z WEST NUECES SEG 12 2
13 NUECES RIVER SEG 13 3
14 NUECES RIVER SEG 14 2
15 NUECES RIVER SEG 15 2
16 NUECES RIVER SEG 16 2
17 NUECES RIVER SEG 17 2
90 WN 11 CH LOSSES 1
91 WM 12 CH LOSSES 1
92 NE 13 CH LOSSES 31
93 NR 14 CH LOSSES X
94 NR 15 CH LOSSES 1
95 NR 16 CH LOSSES 1
97 UPPER NUECES REACH al
END GEN-INFO
HYDR-PARM1
e Flags for HYDR section
RCHRES VC Al AZ A3 ODFVFG for
¥ - x FG FG FG FG possible
11 12 0 1 0 0 4 5 0
13 0 1 0 0 4 5 0
14 16 0 1 0 0 4 5 0
17 0 1 0 0 4 0 0
90 95 0 0 0 0 4 0 0O
97 0 0 0 0 4 0 0
END HYDR-PARMI1
HYDR-PARMZ
*** RCHRES FTBW FTBU LEN
k*k o = K (miles)
11 0.0 11.0 L2:5
12 0.0 12.0 29.5
13 0.0 13.0 11.2
14 0.0 14.0 342
15 0.0 15.0 6.0
16 0.0 16.0 3.2
17 00 17:0 8.9
90 95 0.0 90.0 0.1
97 0.0 %80.0 0.1
END HYDR-PARM
HYDR-INIT
LRI Initial conditions for
*** RCHRES VOL CAT Initial w
*kk oy - x ac-ft for each
11 17 0.00 0.0 4.0 4.0
90 95 0.00 0.0 4.0 4.0
97 0.00 0.0 4.0 4.0
END HYDR-INIT
END RCHRES

EXT SOURCES
<-Volume->

<Name> x <Name> x tem strg<-facto

WDM 51 FLOW 10 ENGL 1.98
WDM 52 FLOW 10 ENGL 1.98
WDM 53 FLOW 10 ENGL 1.98
wDM 63 PREC 10 ENGL
WDM 43 EVAP 10 ENGL
wDM 64 PREC 10 ENGL
WDM 44 EVAP 10 ENGL
WDM 67 PREC 10 ENGL
WDM 47 EVAP 10 ENGL
WDM 67 PREC 10 ENGL
WDM 47 EVAP 10 ENGL
WDM 65 PREC 10 ENGL

GOL CXRX NUTR PLNK PHCB PIVL

6 6 6 6
6 6 6 6

Unit Systems
t-series
in

et
[e]
=
-+

e e e e e e e e e il el el o
L S
w0
o

PYR
6 45 12
6 1 12

Printer
Engl Metr LEKFG

o000 Oo0O0O0OCOD o0
OO0 00D0DO00O 0000000

each *** ODGTFG for each FUNCT for each
exit *** possible exit possible exit
0 0 0 0 0 0 O I @ 4 3. X
0 0 0 1 0 0 1 1 & 2.1
0 0 0 0 0 0 O 1 I 1T 3 I
0 0 01 0 0 0 I 1 4. %
0 0 0 0 0 0 O b S Tt L TR
0 0 0 0 0 0 O T A 3 3 Z
DELTH STCOR KS DBS0
(ft) (ft) (in)
120.0 0.0 0.5 0.01
260.0 0.0 0.5 0.01
128.0 0.0 0.5 0.01
40.0 0.0 Q:8 0.01
43.0 0.0 0.5 0.01
31.0 0.0 0.5 0.01
66.0 0.0 0.5 0.01
1.0 0.0 0.5 0.01
1.0 0.0 055 0.01
HYDR section
alue of COLIND initial wvalue of QUTDGT
possible exit for each possible exit, ft3
4.0 4.0 4.0 0.0 0.0 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0 0.0 D.O

r->strg <Name> x
35 RCHRES 11
35 RCHRES 13
35 RCHRES 17

<Member> SsysSgap<--Mult-->Tran <-Target vols>

b4

RCHRES 11 12
RCHRES 11 12
RCHRES 13 14
RCHRES 13 14
RCHRES 15 17
RCHRES 15 17
RCHRES 90 95
RCHRES 90 95

RCHRES 897
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<-Grp> <-Member->
<Name> X
VoL 1
VoL 1
VoL 1
PREC 1
POTEV 1
PREC 1
POTEV 1
1
1
2!
3
i

EXTNL
EXTNL
EXTNL
EXTNL
EXTNL
EXTNL
EXTNL
EXTNL
EXTNL
EXTNL
EXTNL
EXTNL

PREC
POTEV
PEEC
POTEV

®
1
1
1
1
1
1
1
1
i
il
3
PREC 1

d %k g

ok
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wDM 45 EVAP 10 ENGL RCHRES
WDM 61 PREC 10 ENGL PERLND
WDM 41 EVAP 10 ENGL PERLND
WDM 62 PREC 10 ENGL PERLND
WDM 42 EVAP 10 ENGL PERLND
WDM 63 PREC 10 ENGL PERLND
WwDM 43 EVAP 10 ENGL PERLND
WDM 64 PREC 10 ENGL PERLND
WDM 44 EVAP 10 ENGL PERLND
wDM 65 PREC 10 ENGL PERLND
WDM 45 EVAP 10 ENGL PERLND
WDM 66 PREC 10 ENGL PERLND
WDM 46 EVAP 10 ENGL PERLND
WDM 67 PREC 10 ENGL PERLND
wDM 47 EVAP 10 ENGL PERLND
WDM 68 PREC 10 ENGL PERLND
wDM 48 EVAP 10 ENGL PERLND
WDM 31 WRDM 10 ENGL 0.504 RCHRES
WDM 32 WRDM 10 ENGL 0.504 RCHRES

END EXT SOURCES

EXT TARGETS
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume->

<Name>

X

<Name> x x<-factor->strg <Name>
*** SIMULATED FLOW ON NUECES RIVER AT UVALDE ***

97 EXTNL
101 EXTNL
101 EXTNL
102 EXTNL
102 EXTNL
201 EXTHNL
201 EXTNL
202 EXTNL
202 EXTNL
203 EXTNL
203 EXTNL
301 EXTHNL
301 EXTNL
302 EXTNL
302 EXTNL
303 EXTNL
303 EXTNL

13 EXTNL

17 EXTNL

<Member>

x <Name>gf

POTEV
PREC
PETINP
PREC
PETINP
PREC
PETINP
PREC
PETINP
PREC
PETINP
PREC
BPETINP
PREC
PETINP
PREC
PETINP
QUTDGT
QUTDGT

Tsys BAggr Amd ***
tem strg strg***

L e N I e S S g S g e

RCHRES 17 HYDR QVOL 1 wWDM 70 FLOW il
*** RECHARGE FROM EACH RIVER REACH SEGMENT ***

RCHRES 11 HYDR OVOL 2 WDM 71 RCHG 1
RCHEES 12 HYDR OVOL 2 WDM 72 RCHG 1
RCHEES 13 HYDR OVOL 2 WDM 73 RCHG 1
RCHRES 14 HYDR OVOL 2 WDM 74 RCHG 1
RCHEES 15 HYDR OVOL 2 WDM 75 RCHG 1
RCHRES 16 HYDR OVOL 2 WDM 76 RCHG 1
*** Water Rights OUTFLOW FROM RCHRES 17 ***

RCHRES 17 HYDR OVOL 2 WDM 77 WRDM 1
*** WATER RIGHTS OUTFLOW FROM RCHRES 13 ***

RCHRES 13 HYDR OVOL 7 | WDM 78 WRDM 1
*** TOTAL EVAPORATIVE LOSSES FROM RIVER REACHES ***

RCHERES 11 HYDR VOLEV 1 WDM 511 VLEV 1
RCHEES 12 HYDR VOLEV 1 WDM 512 VLEV 1
RCHRES 13 HYDR VOLEV 1 WDM 513 VLEV 1
RCHRES 14 HYDR VOLEV 1 WDM 514 VLEV 1
RCHRES 15 HYDR VOLEV 1 WDM 515 VLEV 1
RCHRES 16 HYDR VOLEV 1 WDM 516 VLEV 1
RCHRES 17 HYDR VOLEV 1 WDM 517 VLEV 1
**% YOLUME OF WATER CONTRIBUTED BY PRECIPITATION***

RCHEES 11 HYDR PRSUPY 1 WDM 611 PREC 1
RCHRES 12 HYDR PRSUPY 1 WDM 612 PREC 1
RCHRES 13 HYDR PRSUPY 1 WDM 613 PREC 1
RCHRES 14 HYDR PRSUPY 1 WDM 614 PREC 1
RCHRES 15 HYDR PRSUPY 1 wWDM 615 PREC il
RCHRES 16 HYDR PRSUPY 1 WwDM 616 PREC 1
RCHRES 17 HYDR PRSUPY 1 WDM 617 PREC 1
*** RECHARGE FROM LAND SEGMENTS OVER CONTRIBUTING ZONE ***
PERLND 101 PWATER IGWI WDM 111 IGWI 1
PERLND 102 PWATER IGWI WDM 112 IGWI 1
**% RECHARGE FRCM LAND SEGMENTS OVER OQUTCROP ***

PERLND 201 PWATER IGWI WDM 211 IGWI 1
PERLND 202 PWATER IGWI WDM 212 IGWI 1
PERLND 203 PWATER IGWI WDM 213 IGWI 1
*** RECHARGE FROM LAND SEGMENTS OVER DOWNDIP ***

PERLND 301 PWATER IGWI WDM 311 IGWI 1
PERLND 302 PWATER IGWI WDM 312 IGWI 1
*%** RECHARGE FRCOM LAND SEGMENTS OVER LECONA GRAVELS ***

PERLND 303 PWATER IGWI WDM 313 IGWI 1
*** TOTAL ACTUAL E-T FROM ALL LAND SEGMENTS ***

PERLND 101 PWATER TAET WDM 121 TAET 1
PERLND 102 PWATER TAET WDM 122 TAET 1
PERLND 201 PWATER TAET WDM 221 TAET 1
PERLND 202 PWATER TAET WDM 222 TAET 1
PERLND 203 PWATER TAET WDM 223 TAET 1
PERLND 301 PWATER TAET WDM 321 TAET 1
PERLND 302 PWATER TAET WDM 322 TAET 1
PERLND 303 PWATER TAET WDM 323 TAET 1
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ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
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Nueces.uci
**% TOTAL SURFACE RUNQOFF FROM ALL LAND SEGMENTS ***

PERLND 101 PWATER SURO WDM 131 SURO 1 ENGL REPL
PERLND 102 PWATER SURO WDM 132 SURO 1 ENGL REPL
PERLND 201 PWATER SURO WDM 231 SURO 1 ENGL REPL
PERELND 202 PWATEER SURO WDM 232 SURO 1 ENGL REPL
PERLND 203 PWATER SURO WDM 233 SURO 1 ENGL REPL
PERLND 301 PWATER SURO WDM 331 SURO 1 ENGL REPL
PERLND 302 PWATER SURO WDM 332 SURO 1 ENGL REPL
PERLND 303 PWATER SURO WDM 333 SURO 1 ENGL REPL
*** TQTAL OUTFLOW FROM ALL LAND SEGMENTS *#**

PERLND 101 PWATER PERO WDM 141 PERQO 1 ENGL REPL
PERLND 102 PWATER PERO WDM 142 PERO 1 ENGL REPL
PERLND 201 PWATER PERO WDM 241 PERO 1 ENGL REPL
PERLND 202 PWATER PERO WDM 242 PERO 1 ENGL REPL
PERLND 203 PWATER PERO WDM 243 PERO 1 ENGL REPL
PERLND 301 PWATER PERO WDM 341 PERO 1 ENGL REPL
PERLND 302 PWATER PERO WDM 342 PERO 1 ENGL REPL
PERLND 303 PWATER PERO WDM 343 PERO 1 ENGL REPL
***TOTAL STORAGE BMOUNTS FROM ALL LAND SEGMENTS ***

PERLND 101 PWATEER PERS WDM 151 STOR 1 ENGL REPL
PERLND 102 PWATER PERS WDM 152 STOR: 1 ENGL REPL
PERLND 201 PWATER PERS WDM 251 STOR 1 ENGL REPL
PERLND 202 PWATER PERS WDM 252 STOR 1 ENGL REPL
PERLND 203 PWATER PERS WDM 253 STOR 1 ENGL REPL
PERLND 301 PWATER PERS WDM 351 STOR 1 ENGL REPL
PERLND 302 PWATER PERS WDM 352 STOR 1 ENGL REPL
PERLND 303 PWATER PERS WDM 353 STOR 1 ENGL REPL
END EXT TARGETS

SCHEMATIC

<-Volume-> <--RArea--> <=-Volume-> <ML#> ***

<Name> X <-factor-> <Name> b4 3l

***PERLND 101 IS WEST NUECES CONTRIBUTING***

PERLND 101 5165.32 RCHRES 11 1

PERLND 101 34095.83 RCHRES 12 1

PERLND 101 31.69 RCHRES 13 1

***PERLND 102 IS NUECES RIVER CONTRIBUTING***

PERLND 102 35.93 RCHRES 12 E

PERLND 102 5211.15 RCHRES 13 1

***PERLND 201 IS WEST NUECES RECHARGE***

PERLND 201 39665.19 RCHRES 11 1

PERLND 201 51034.23 RCHRES 12 E

PERLND 201 63.32 RCHRES 13 I

PERLND 201 34.60 RCHRES 14 1

PERLND 201 2.45 RCHRES 15 1

***PERLND 202 IS NUECES RIVER RECHARGE***

PERLND 202 BZ2.49 RCHRES 12 T

PERLND 202 33586.20 RCHRES 12 I

PERLND 202 11876.43 RCHRES 14 1

PERLND 202 41761.47 RCHRES 15 1

PERLND 202 581.37 RCHRES 16 I

***pPERLND 203 IS5 NUECES UPPER RECHARGE ***

PERLND 203 3296.00 RCHRES 97 E

***PERLND 301 IS WEST NUECES RIVER DOWNDIP***

PERLND 301 13619.92 RCHRES 12 1

PERLND 301 6.45 RCHRES 15 1

PERLND 301 L7 8) RCHRES 186 i

***PERLND 302 IS NUECES RIVER DOWNDIP***

PERLND 302 18.44 RCHRES 12 1

PERLND 302 2619.88 RCHRES 15 1

PERLND 302 1444.,65 RCHRES 16 1

PERLND 302 21828.02 RCHRES 17 I

***PERLND 303 IS LEONA GRAVELS***

PERLND 303 3561.05 RCHRES 15 1

PERLND 303 5839.98 RCHRES 16 1

PERLND 303 2895.34 RCHRES 17 1

***RIVER REACHES***

RCHRES 11 RCHRES 12 4

RCHRES 12 RCHRES 15 4

RCHRES 13 RCHRES 14 4

RCHRES 14 RCHRES 15 4

RCHRES 15 RCHRES 1@ 4

RCHRES 16 RCHRES 17 4

RCHRES 11 RCHRES 80 3
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RCHRES 12
RCHRES 13
RCHEES 14
RCHRES 15
RECHEES 186
END SCHEMATIC
MASS-LINK

MASS-LINK 1
<-Volume-> <-Grp> <-Member-><--Mult-->Tran
<Name> <Name> x x<-factor->strg
PERLND PWATER PERO 0.0833333

END MASS-LINK 1

MASS-LINK 2
<-Volume-> <-Grp> <-Member-><--Mult-->Tran
<Name> <Name> x x<-factor->strg
RCHRES HYDR OovVoL 3

END MASS-LINK 2

MASS-LINK 3

**% Qutflow to channel losses
<-Volume-> <-Grp> <-Member-><--Mult-->Tran

<Name> <Name> x x<-factor->strg
RCHRES HYDR OVOL 2

END MASS-LINK 3

MASS-LINK 4

*** Qutflow (discharge) to next RCHRES
<-Volume-> <-Grp> <-Member-><--Mult-->Tran
<Name> <Name> x» x<-factor->strg
ECHRES HYDR OVOL 1

END MASS-LINK 4
END MASS-LINK

FTABLES
FTABLE 11
rows cols
13 5
11 West Nueces Segment 11
DEPTH AREA VOLUME DISCH
(E'T) (BCRES) (BC-FT} [CFS)
0.0 0.0 0.0 0.0
2.0 167.2 268.8 29.4
2.6 171.7 372.1 92.6
3.0 174.7 441.0 157.4
4.0 185.2 620.7 500.6
5.0 196.2 811.0 1020.0
6.0 205.4 1011.9 1750.0
7.0 214.5 1221.8 2700.0
8.0 227.3 1442.3 3900.0
9.0 248.1 1676.4 5350.0
10.0 295.6 1948.3 7080.0
20.0 1170.3 8075.6 45000.0
31.0 2794.1 29879.8 237300.0
END FTABLE 11
FTABLE 12
13 5
12 West Nueces Segment 12
DEPTH AREA VOLUME DISCH
0.0 0.0 0.0 0.0
0.5 5753 1359 2243
0.7 614.0 253.9 60.5
0.9 679.8 382.6 112.0
el 738.4 525:6 179:.9
1.2 795.3 616.8 219.2
1.3 817.1 683.0 260.2
Tab 1004.8 865.3 336.3
e AR 1079.9 1072.7 458.4
5:0 2003.9 6007.3 5358.9
10.0 3898.6 21232.8 28219.9
20.0 7329.6 77576.1 160565.6
30.0 10522.7 166837.7 452107.3

END FTABLE 12

RCHRES
RCHRES
RCHRES
RCHRES
RCHRES

<-Target
<Name>
RCHRES

<-Target
<Name>
RCHERES

<-Target
<Name>
RCHRES

<-Target
<Name>
RCHRES

12.46
CH LOSS
(MIN)

W
351
Lon e I o B e B o Ry W A o o ) B o A IR S

29:.5
CH LOSS

225

60.
112.
179.
219.
219.
219.
219,
2195
219,
219.
219,

MR RNNDWDOoOWWD
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vols>

vols>

vols>

vols>

* & &

* k%
ok

* ok

* %k
kK

[TERN P8 B % R S R o

<-Grp>

INFLOW

<-Grp>

INFLOW

<-Grp>

INFLOW

<-Grp>

INFLOW

<-Member->
<Name> x X
IVOL

<-Member->
<Name> x X
IVOL

<-Member->
<Name> X X
IVOL

<-Member->
<Name> x X
IVOL

L& & 2
d %k g

% e
L& 3

* %k
*k ok

ddkk
L& 3
LS & 3
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13

14

15

FTABLE 13
13 5
DEPTH AREA
(FT) {ACRES)
0.0 0.0
3.0 74.3
3.5 83.2
3.7 86.8
4,0 92.2
4.5 100.9
B 109.5
5D 118.0
10.0 2953
150 409.5
20.0 581.4
30.0 1836.4
35.0 2463.9
END FTABLE 13
FTABLE 14
14 5
Nueces River
DEPTH AREA
{FT) (ACRES)
0.0 0.0
0.2 7.4
0.3 18.3
2 44.6
2.0 677
2.8 114.2
8.0 160.9
3:5 207.5
4.0 254.1
5.0 282.1
10.0 846.5
20.0 1179.5
30.0 1412.5
35.0 1554.0
END FTABLE 14
FTABLE 15
13 5
Nueces River
DEPTH AREA
(FT) {ACRES)
0.0 0.0
7.0 10.6
B d 15.8
2.0 28.1
3.0 45.7
4.0 63.3
5.0 80.9
7.0 132.9
10.0 231.7
Z20.0 526.0
30.0 1219.8
358 2224.5
40.0 2833.9

Nueces River Segment 13
VOLUME
(BC-FT)

END FTABLE 15

0

125,

164,
182,
208.
257.
308
365.
1383.
3250.
5476,
17567,
28317,

1
6
3
1
0
ol
8
1
4
7
1
9

0

Segment
VOLUME
(BC-FT}

0

0.

4.

36.
Tz
117.
185.
20
393,
473,
5536.
15415.
28125.
35542,

)
1
2
6
1
6
.8
0
9
4
8
8
3

.0

Segment
VOLUME
(AC-FT)

9
4
5
4
8
3
.1
1
7
3
5
9

.0

DISCH
(CFS)

0.

3.

22.

41,
110.
323.
701.
1262.
11330.
29000.
67600.
234000,
307000.

00000 WOoOODOoOOoOo

14
DISCH
(CFS)

0.

0.

3,

112,
266.
426.
731,
1208.
1882,
2398,
69351.
315309.
739961.
1025552.

R gy =] W WO ;O

15
DISCH
(CFS)

0.

2

i

37.
135.
322,
623.
1547,
4584,
39523.
119131.
178762.
340503,

0o B 6 IR 2 T N SRS e o L 5 I S

1022 *%*

CH LOSS: *#*%

(MIN) ***
0.

oy
[ss
OwUon-lNOWwHOoOOooo

J. 21 *ex
CH LOSS ***
(MIN} *x
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CH LOSS ***
(MIN) ***
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FTABLE
14 5
16
DEPTH
( FT)
.0

5
8
0
5
0
5
.0
5
0
0
0
0

L
COOoOUVaWWMNMNREL,RFROOO

.0
END FTAB
FTABLE

12 4

17

DEPTH
(FT)
0.0

0
5
0
0
0
.0
0
0
0
0
0

END FTAB
FTABLE
4 4
90
DEPTH
(FT)
0.0
10.0
100.0
1000.0

END FTAB
END FTABLE
END RUN

16
Nueces River Segment 16
AREA VOLUME DISCH
{BCRES) (BC-FT) (CES)
0.0 0.0 0.0
37.0 10.8 20.1
41.8 20.8 55.4
459 30.8 100.2
54.9 58.2 256.6
63.9 87.7 459.4
72.8 121.8 727.6
81.7 160.5 1066.6
90.7 203.8 1481.7
99.56 2813 1973.3
117.5% 359.7 3213.5
206.0 1228.0 17106.6
512.3 4406.0 78382.6
1024.6 12090.0 265555.9
LE 16
17
Nueces River Segment 17
AREA VOLUME DISCH
(ACRES) (AC-FT) (CFS)
0.0 0.0 0.0
299.2 325.0 437.7
327.5 511.4 775.0
365.2 684.1 1169.0
500.2 1568.1 3156.0
507.6 2071.3 4110.0
543.3 2585.4 5327.0
672.8 3194.6 7000.0
936 4798.1 15130.0
1420.5 8251.1 45620.0
2656.6 18317.8 117900.0
3956.1 34848.6 203000.0
LE 17
90
Null River Segment
AREA VOLUME DISCH
{BCRES) (BC-FT) (CES)
0.0 0.0 0.0
100.0 2000.0 0.0
1000.0 300000.0 0.0
10000.0 4000000.0 0.0
LE 90
5
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Appendix C

Nueces Recharge Basin
Time Series Input

s?;:igt## i Time Series Data Type Da't:gr:t #
101 Precipitation on Land Segment 61
102 Precipitation on Land Segment 62
201 Precipitation on Land Segment 63
202 Precipitation on Land Segment 64
203 Precipitation on Land Segment 65
301 Precipitation on Land Segment 66
302 Precipitation on Land Segment 67
303 Precipitation on Land Segment 68
101 Evaporation on Land Segment 41
102 Evaporation on Land Segment 42
201 Evaporation on Land Segment 43
202 Evaporation on Land Segment 44
203 Evaporation on Land Segment 45
301 Evaporation on Land Segment 46
302 Evaporation on Land Segment 47
303 Evaporation on Land Segment 48
11 Upstream Inflow at Bracketville 51
13 Upstream Inflow at Laguna 52
17 Infllow from Leona Gravels 53
13 Water Rights Out of Reach 31
17 Water Rights Out of Reach 32
11 Precipitation on Reach 63
12 Precipitation on Reach 63
13 Precipitation on Reach 64
14 Precipitation on Reach 64
15 Precipitation on Reach 67
16 Precipitation on Reach 67
17 Precipitation on Reach 67
11 Evaporation on Reach 43
12 Evaporation on Reach 43
13 Evaporation on Reach 44
14 Evaporation on Reach 44
15 Evaporation on Reach 47
16 Evaporation on Reach 47
17 Evaporation on Reach 47

Edwards Aquifer Authority

Pilot Recharge Models of the Nueces

and Blanco River Basins

C-1



Appendix C

Nueces Recharge Basin
Time Series Output

Seg;:g;t## ¢ Time Series Data Type Dai:gr:t #
101 Simulated Recharge from Land Segment 111
102 Simulated Recharge from Land Segment 112
201 Simulated Recharge from Land Segment 211
202 Simulated Recharge from Land Segment 212
203 Simulated Recharge from Land Segment 213
301 Simulated Recharge from Land Segment 311
302 Simulated Recharge from Land Segment 312
303 Simulated Recharge from Land Segment 313
101 Simulated Total Actual E-T from Land Segment 121
102 Simulated Total Actual E-T from Land Segment 122
201 Simulated Total Actual E-T from Land Segment 221
202 Simulated Total Actual E-T from Land Segment 222
203 Simulated Total Actual E-T from Land Segment 223
301 Simulated Total Actual E-T from Land Segment 321
302 Simulated Total Actual E-T from Land Segment 322
303 Simulated Total Actual E-T from Land Segment 323
101 Simulated Surface Runoff from Land Segment 131
102 Simulated Surface Runoff from Land Segment 132
201 Simulated Surface Runoff from Land Segment 231
202 Simulated Surface Runoff from Land Segment 232
203 Simulated Surface Runoff from Land Segment 233
301 Simulated Surface Runoff from Land Segment 331
302 Simulated Surface Runoff from Land Segment 332
303 Simulated Surface Runoff from Land Segment 333
101 Simulated Storage in Land Segment 151
102 Simulated Storage in Land Segment 152
201 Simulated Storage in Land Segment 251
202 Simulated Storage in Land Segment 252
203 Simulated Storage in Land Segment 253
301 Simulated Storage in Land Segment 351
302 Simulated Storage in Land Segment 352
303 Simulated Storage in Land Segment 353
101 Simulated Total Outflow from Land Segment 141
102 Simulated Total Outflow from Land Segment 142
201 Simulated Total Outflow from Land Segment 241
202 Simulated Total Outflow from Land Segment 242
203 Simulated Total Outflow from Land Segment 243
301 Simulated Total Outflow from Land Segment 341
302 Simulated Total Outflow from Land Segment 342
303 Simulated Total Outflow from Land Segment 343
17 Simulated Streamflow at Uvalde 70
11 Simulated Recharge from Reach 71
12 Simulated Recharge from Reach 72
13 Simulated Recharge from Reach 73
14 Simulated Recharge from Reach 74
15 Simulated Recharge from Reach 75
16 Simulated Recharge from Reach 76
17 Simulated Recharge from Reach 77

Edwards Aquifer Authority
Pilot Recharge Models of the Nueces
and Blanco River Basins



Appendix C

Blanco Recharge Basin
Time Series Input

S(:g:;:t: £ Time Series Data Type Dai:gr; #
101 Precipitation on Land Segment 61
201 Precipitation on Land Segment 62
202 Precipitation on Land Segment 63
203 Precipitation on Land Segment 64
204 Precipitation on Land Segment 65
301 Precipitation on Land Segment 66
302 Precipitation on Land Segment 67
101 Evaporation on Land Segment 41
201 Evaporation on Land Segment 42
202 Evaporation on Land Segment 43
203 Evaporation on Land Segment 44
204 Evaporation on Land Segment 45
301 Evaporation on Land Segment 46
302 Evaporation on Land Segment 47
11 Upstream Inflow to Reach at Wimberley 51
11 Precipitation on Reach 61
12 Precipitation on Reach 61
13 Precipitation on Reach 62
14 Precipitation on Reach 62
15 Precipitation on Reach 62

16 Precipitation on Reach 66
21 Precipitation on Reach 63
22 Precipitation on Reach 63
23 Precipitation on Reach 63
24 Precipitation on Reach 64
25 Precipitation on Reach 64
31 Precipitation on Reach 65
32 Precipitation on Reach 65
11 Evaporation on Reach 41
12 Evaporation on Reach 41
13 Evaporation on Reach 42
14 Evaporation on Reach 42
15 Evaporation on Reach 42
16 Evaporation on Reach 46
21 Evaporation on Reach 43
22 Evaporation on Reach 43
23 Evaporation on Reach 43
24 Evaporation on Reach 44
25 Evaporation on Reach 44
31 Evaporation on Reach 45
32 Evaporation on Reach 45

Edwards Aquifer Authority
Pilot Recharge Models of the Nueces

and Blanco River Basins
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Appendix C

Blanco Recharge Basin
Time Series Output

S?;:s:t##/ Time Series Data Type Dai:csi?t #
101 Simulated Recharge from Land Segment 171
201 Simulated Recharge from Land Segment 271
202 Simulated Recharge from Land Segment 272
203 Simulated Recharge from Land Segment 273
204 Simulated Recharge from Land Segment 274
301 Simulated Recharge from Land Segment 371
302 Simulated Recharge from Land Segment 372
101 Simulated Total Actual E-T from Land Segment 181
201 Simulated Total Actual E-T from Land Segment 281
202 Simulated Total Actual E-T from Land Segment 282
203 Simulated Total Actual E-T from Land Segment 283
204 Simulated Total Actual E-T from Land Segment 284
301 Simulated Total Actual E-T from Land Segment 381
302 Simulated Total Actual E-T from Land Segment 382
101 Simulated Surface Runoff from Land Segment 191
201 Simulated Surface Runoff from Land Segment 291
202 Simulated Surface Runoff from Land Segment 292
203 Simulated Surface Runoff from Land Segment 293
204 Simulated Surface Runoff from Land Segment 294
301 Simulated Surface Runoff from Land Segment 391
302 Simulated Surface Runoff from Land Segment 392
101 Simulated Storage in Land Segment 151
201 Simulated Storage in Land Segment 251
202 Simulated Storage in Land Segment 252
203 Simulated Storage in Land Segment 253
204 Simulated Storage in Land Segment 254
301 Simulated Storage in Land Segment 351
302 Simulated Storage in Land Segment 352
101 Simulated Total Outflow from Land Segment 161
201 Simulated Total Outflow from Land Segment 261
202 Simulated Total Outflow from Land Segment 262
203 Simulated Total Outflow from Land Segment 263
204 Simulated Total Outflow from Land Segment 264
301 Simulated Total Outflow from Land Segment 361
302 Simulated Total Outflow from Land Segment 362
15 Simulated Streamflow at Kyle 71
26 Simulated Streamflow at San Marcos 72
11 Simulated Evaporation on Reach 90
12 Simulated Evaporation on Reach 91
13 Simulated Evaporation on Reach 92
14 Simulated Evaporation on Reach 93
15 Simulated Evaporation on Reach 94
11 Simulated Precipitation on Reach 95
12 Simulated Precipitation on Reach 96
13 Simulated Precipitation on Reach 97
14 Simulated Precipitation on Reach 98
15 Simulated Precipitation on Reach 99

Edwards Aquifer Authority
Pilot Recharge Models of the Nueces
and Blanco River Basins
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Appendix C

Blanco Recharge Basin
Time Series Output (Concluded)

S?;:s:t##/ Time Series Data Type Dai:csf?t #

12 Simulated Recharge from Reach 75

13 Simulated Recharge from Reach 76

14 Simulated Recharge from Reach 77

15 Simulated Recharge from Reach 78

21 Simulated Recharge from FRS 79

22 Simulated Recharge from FRS 80

23 Simulated Recharge from FRS 81

24 Simulated Recharge from FRS 82

25 Simulated Recharge from FRS 83

31 Simulated Recharge from FRS 84

32 Simulated Recharge from FRS 85
Edwards Aquifer Authority C25 m
Pilot Recharge Models of the Nueces it
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Summary of ANNIE

NAME
annie - Interactive hydrologic analyses and data management

ABSTRACT
ANNIE is a program designed to help users interactively
store, retrieve, list, plot, check, and update spatial,
parametric, and time-series data for hydrologic models and
analyses. Data are stored in a direct access file called a
Watershed Data Management (WDM) file. Many hydrologic and
water—-quality models and analyses developed by the U.S.
Geological Survey (USGS) and the Environmental Protection
Agency (EPA) currently use WDM files. The WDM file provides
users with a common data base for many applications, thus
eliminating the need to reformat data from one application
to another. There is also an expanding library of
subroutines for graphics, user interaction, and data storage
and retrieval available to application programmers designing
software utilizing WDM files.

METHOD
A WDM file is a binary, direct-access file used to store
hydrologic, hydraulic, meteorologic, water-quality, and
physiographic data. The WDM file is organized into data
sets. Each data set contains a specific type of data, such
as streamflow at a specific site or air temperature at a
weather station. Each data set contains attributes that
describe the data, such as station identification number,
time step of data, latitude, and longitude. A WDM file may
contain a single data set or as many as 200,000 data sets.
A data set may be described by a few attributes or by
hundreds of attributes. Data can be added, deleted, and
modified without restructuring the data in the file. Space
from deleted data sets is reused.

The Annie Interactive Development Environment (AIDE) user
interface is used. This character-based interface provides
a consistent look and feel across different computer
platforms, including DOS-based PC, UNIX, and minicomputers.
The RIDE interface is used with most of the interactive
programs that use the WDM file.

HISTORY



The original design and implementation of the WDM file was a
cooperative effort between the USGS and the Soil
Conservation Service in 1983. Additional types of data sets
have been implemented by the USGS and EPA. ANNIE, IOWDM,
and HSPF were the original programs that used the WDM file
in 1984. Since then, over a dozen programs have been
developed or modified by the USGS and EPA to use the WDM
file. USGS maintains and distributes the official version
of the WDM library.

Version 4.0 2000/11/01 - Corrected problem introduced in the
June 29, 1998, revisions, which caused some small
negative numbers to be exported as "*****"_ This was a
problem for data values in the range -0.01 - -0.09. With
respect to time series data stored in a wdm file, this
range of data is occasicnally seen in temperature data.
A1l WDM data sets now contain the date the data set was
created and the date the data set was last modified.
Program wdmrx is included with the compiled distributions
to trouble-shoot problems in wdm files.

Version 3.0 - there was no 3.0 distribution.

Version 2.5 1998/06/29 - Corrected problem introduced when
the number of significant digits in Archive/Export files
was increased to 6. The Import option was not reading
the first digit in some cases.

Version 2.4 1998/03/06 - Updated to incorporate corrections
and changes made in lib library; there are two noteworthy
changes. (1) In some instances, the common time period
that was determined by the software may actually have
been shorter than the actual common time period; this has
been corrected. (2) The Archive/Export option will now
output the time-series data values with six significant
digits (values were previously output with four
significant digits).

Version 2.3 1997/02/06 - New version number to reflect use
of updated library (previously used 1ib3.0, now updated
to 1ib3.1). There were a number of miscellaneous changes
made in the library, none of which should be noticed in
ANNIE. However, several scripts and the make file needed
to be changed to point to the new library. The make file
now includes building the test.wdm file needed by the
graph.sh tests.

Version 2.2 1996/03/01 - General release.

DATA REQUIREMENTS
Data may be input to a WDM file by hand but can be converted
(more effectively) to WDM format by the IOWDM program.
IOWDM can convert data to WDM format from a generic flat
file format or from the following WATSTORE card image
formats: daily, unit, basin, peak, and n-day data.

OUTPUT OPTIONS
Data can be output in multiple graphical, tabular, and text



file formats. An output option is available to export data
to a format that can be directly converted by ANNIE to a WDM
file. This option is helpful for transferring data between
WDM files including transferring data between files on
different computer platforms on which ANNIE is implemented.

SYSTEM REQUIREMENTS
ANNIE is written in Fortran 77 with the following extension:
use of include files. The ANN, WAIDE, GRAPH, STATS, AIDE,
WDM, ADWDM, and UTIL libraries from LIBANNE are required to
recompile. For more information, see System Requirements in
LIBANNE.

APPLICATIONS
Widely used in watershed modeling projects, regional
regression analysis projects, and time-series data
management efforts.

DOCUMENTATION
Flynn, K.M., Hummel, P.R., Lumb, A.M., and Kittle, J.L.,
Jr., 1995, User's manual for ANNIE, version 2, a computer
program for interactive hydrologic data management: U.S.
Geological Survey Water-Resources Investigations Report
95-4085, 211 p.

REFERENCES
Kittle, J.L., Jr., Hummel, P.R., and Imhoff, J.C., 1989,
ANNIE-IDE, a system for developing interactive user
interfaces for environmental models (programmers guide):
U.S. Environmental Protection Agency, EPA/600/3-89/034,
Environmental Research Laboratory, Athens, Ga., 166 p.

Lumb, A.M., Carsel, R.F., and Kittle, J.L., Jr., 1988, Data
management for water-quality modeling development and
use: Proceedings of the International Symposium on Water
Quality Modeling of Agricultural Non-Point Sources, 14 p.

Lumb, A.M., and Kittle, J.L., Jr., 1985, ANNIE - Interactive
processing of data bases for hydrologic models:
Proceedings of the International Conference on
Interactive Information and Processing Systems for
Meteorology, Oceanography, and Hydrology.

Lumb, A.M., Kittle, J.L., Jr., and Flynn, K.M., 1990, Users
manual for ANNIE, a computer program for interactive
hydrologic analyses and data management: U.S. Geological
Survey Water-Resources Investigations Report 89-4080, 236

P.

TRAINING
Watershed Systems Modeling I (SW2008TC), offered annually at
the USGS National Training Center.

Watershed Systems Modeling II (SW3018TC), offered upon
request at the USGS National Training Center.

Statistical Approach to Surface-Water Hydrologic Analysis
(SW2011TC), offered annually at the USGS National Training



Center.

River Basin Water-Quality Modeling (ID2146TC), offered
annually at the USGS National Training Center.

CONTACTS
Operation and Distribution:
U.S. Geological Survey
Hydrologic Analysis Software Support Program
437 National Center
Reston, VA 20192

h2osoftRusgs.gov
Official versions of U.S. Geological Survey water-resources
analysis software are available for electronic retrieval via
the World Wide Web (WWW) at:
http://water.usgs.gov/software/
and via anonymous File Transfer Protocol (FTP) from:

water.usgs.gov (path: /pub/software).

The WWW page and anonymous FTP directory from which the
ANNIE software can be retrieved are, respectively:

http://water.usgs.gov/software/annie.html
-—and--
/pub/software/surface water/annie

See

http://water.usgs.gov/software/ordering documentation.html
for information on ordering printed copies of USGS
publications.

SEE ALSO
hass-cui (1) - Character-based user interface

iowdm(1l) - Program to store time-series data in a WDM file

wdm(l) - Watershed Data Management system

The URL for this page is http://water.usgs.gov/cgi-bin/man wrdapp? annie
Send questions or comments to h2osoft(@usgs.gov
Page created: 02/28/2002
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Summary of IOWDM

NAME

iowdm - Input and Output for a Watershed Data Management
(WDM) file

ABSTRACT
IOWDM is designed to reformat data to and from a WDM file.
Data in selected WATSTORE card-image formats and flat file
formats can be added to a WDM file.

ME THOD
A WDM file is a binary, direct-access file used to store
hydrologic, hydraulic, meteorologic, water-quality, and
physiographic data. The WDM file is organized into data
sets. Each data set contains a specific type of data, such
as streamflow at a specific site or air temperature at a
weather station. Each data set contains attributes that
describe the data, such as station identification number,
time step of data, latitude, and longitude. A WDM file may
contain a single data set or as many as 200,000 data sets.
A data set may be described by a few attributes or by
hundreds of attributes. Data can be added, deleted, and
modified without restructuring the data in the file. Space
from deleted data sets is reused.

HISTORY
Version 4.1 2002/02/25 - Updated to use latest libanne
libraries, version 4.0 dated September 27, 2001.
Calculation for last available group for attribute data
and time series data have been corrected.

Version 4.0 2001/02/08 - In the Input/Timeseries option,
increased the maximum allowed value for TSBYR from 2000
to 1000000.

Version 4.0 2000/11/01 - The Input menu now includes an
option to save summary information to a file. All WDM
data sets now contain the date the data set was created
and the date the data set was last modified.

Version 3.0 - There was no 3.0 distribution.

Version 2.4 1998/06/18 - Change in Input/Peak option.



Partial duration peaks, (peaks above a base and less than
an annual maximum, record type "4") are not longer stored
in the WDM file. These peaks were causing incorrect
results in the peakfq program. peakfqg analysis should be
checked to verify that partial duration peaks were not
included.

Version 2.3 1998/01/13 - Correction in flat time-series
option. In some cases of long records with time step
shorter than a day, a part of the record was shifted in
time. Alsc, in some instances where the user specified
the begin and end date for the data, the last time step
was not written to the WDM file. Data sets can be
checked for this problem by examining data values at the
end of the record.

Version 2.2 1996/03/01 - Added flat file options.
Version 2.1 1994 - Updates.

1994 - Distributed as iowdm2.0. Option to read WATSTORE n-
day high/low flows added to the iowdm.1.0 version.

1992 - Distributed as iowdm.1.0. IOWDM was revised to use
the AIDE user interface. This version read WATSTORE
basin characteristics, annual peak flows, daily values,
and unit values. There was no output option.

1989 - Distributed with ANNIE0189. Used an interactive,
guestion—-answer, scrolling user interface. Read WATSTORE
basin characteristics, annual peak flows, daily values,
unit wvalues, and n-day high/low flows, HSPF sequential
files and PLTGEN files, a user-defined flat file, and
Carter daily and unit values files. Wrote WATSTORE daily
and unit values.

DATA REQUIREMENTS
Data in the following WATSTORE card-image formats may be
written to a WDM file:

o daily values (3 cards with optional Z, H, N, and 2
cards)

o unit wvalues (B-cards with optional Z, H, N, and 2
cards)

o basin and streamflow characteristics (1 and 2 cards)

o n-day high and/or low flow (2 and 3 cards)

o annual peak flows (3 and 4 cards with optional Z, H, N,
and 2 cards)

Flat file formats:
o time series, RDB
o time series, tabular
o attributes, tabular
o attributes, list

OUTPUT OPTIONS
The IOWDM file writes data from formatted input files to the



WDM file. No other output options are currently supported.

SYSTEM REQUIREMENTS
IOWDM is written in Fortran 77 with the following extension:
use of include files. The WAIDE, AIDE, WDM, ADWDM, and UTIL
libraries from LIBANNE are required to recompile. For more
information, see System Requirements in LIBANNE.

APPLICATIONS
IOWDM is used in support of projects that use a WDM file for
data management.

DOCUMENTATION
Text files are included with the distribution.

Lumb, A.M., Kittle, J.L., Jr., and Flynn, K.M., 1990, Users
manual for ANNIE, a computer program for interactive
hydrologic analyses and data management: U.S. Geological
Survey Water-Resources Investigations Report 89-4080, 236
p. (Documents the 1990 wversion included in the ANNIE
program. )

RELATED DOCUMENTATION
Flynn, K.M,, Hummel, P.R., Lumb, A.M., Kittle, J.L., Jr.,
1995, User's manual for ANNIE, version 2, a computer
program for interactive hydrologic data management: U.S.
Geological Survey Water-Resources Investigations Report
95-4085, 211 p.

TRAINING
There are no regularly scheduled classes for IOWDM. The use
of the program is included as part of the introductory
exercises in other classes.

Watershed Systems Modeling I (SW2008TC), offered annually at
the USGS National Training Center.

Statistical Approach to Surface-Water Hydrologic Analysis
(SW2011TC), offered annually at the USGS National Training
Center.

River Basin Water-Quality Modeling (ID2146TC), offered
annually at the USGS National Training Center.

CONTACTS
Operation and Distribution:
U.S. Geological Survey
Hydrologic Analysis Software Support Program
437 National Center
Reston, VA 20192

hZ2osoft@usgs.gov
Official versions of U.S. Geological Survey water-resources

analysis software are available for electronic retrieval via
the World Wide Web (WWW) at:



http://water.usgs.gov/software/
and via anonymous File Transfer Protocecl (FTP) from:
water.usgs.gov (path: /pub/software).

The WWW page and anonymous FTP directory from which the
IOWDM software can be retrieved are, respectively:

http://water.usgs.gov/software/iowdm.html
-—and--
/pub/software/surface water/iowdm

See

http://water.usgs.gov/software/ordering documentation.html
for information on ordering printed copies of USGS
publications.

SEE ALSO
annie(l) - Program to list, table, plot data in a WDM file

hass-cui(l) - Character-based user interface

wdm(l) - Watershed Data Management system

The URL for this page is http://water.usgs.gov/cgi-bin/man_wrdapp?iowdm
Send questions or comments to h2osoft(@usgs.gov
Page created: 06/24/2002




Appendix E
Summary of Traditional
Recharge Calculations

E.1  Nueces Basin Recharge Calculations
E.1.1 USGS Recharge Calculation Method

The USGS method for calculating recharge is a water balance equation that utilizes the
known streamflow, provided by long-term streamflow gauges, both above and below the
Edwards Aquifer Recharge Zone (outcrop), and approximations of runoff from the intervening
drainage area. Estimates of recharge to the Edwards Aquifer in the Nueces Recharge Basin by

the USGS are calculated using the following equation:

RH\I'H = Q” + wih + (SIH XRF‘H )_ thu (1)

where,
Ruwn = Monthly Recharge;
Qn = Total Monthly Flow, Nueces River at Laguna;
Quwn = Total Monthly Flow, West Nueces River near Brackettville;
Quou = Total Monthly Flow, Nueces River below Uvalde;
SI, = Monthly Runoff in the intervening area;

RF, = Rainfall Ratio obtained by the equation:

RF,==2 )

where,
LP, = Average monthly precipitation in the intervening area between the upper
gauges (Laguna and Brackettville) and the lower gauge at Uvalde:
UP, = Average monthly precipitation in the drainage area above the Laguna and

Brackettville gauges.

RF, is set to unity if the value is between 0.8 and 1.2. The product of SI,, and RF, is the estimate

of potential monthly runoff for the area between the two upper gages and the lower gauge

Edwards Aquifer Authority m
Pilot Recharge Models of the Nueces E-1

and Blanco River Basins



Appendix E

(483 square miles'). Runoff is assumed to be proportional to the runoff in the drainage area

(764 square miles') above the gauge at Laguna. The calculation for SI;, is as follows:

SIH = i(cﬂ + AJ’? + Bi? ) (3)

where,

A, = Intervening area between the upper and lower gauging stations (483 sq. mi.);
Aun = Area above the Brackettville and Laguna gauging stations (764 sq. mi.); and
C, = Flood flow component, Nueces River at Laguna;

A, = Initial increase in base flow during a flood, Nueces River at Laguna;

B, = Base-flow component, Nueces River at Laguna.

C, and A, are obtained from analyses of the streamflow records at the Laguna gage. B, is
obtained from an equation relating ground-water storage in the Edwards Plateau Aquifer and
base flow at the Laguna gage. Estimates of SI,, are made only for the months in which significant
storms occur. If a storm overlaps into the following month, the runoff is distributed

proportionately according to the flood flow occurring during each month.

E.1.2 HDR Recharge Calculation Method

The HDR recharge method, like the USGS method, uses a water balance equation as in
Equation 1. However, the HDR method accounts for water rights diversions and/or return flows
by using the naturalized flow at the downstream gauge, rather than the gauged flow. The USGS
method does not account for water rights diversions and/or return flows between the upstream
and downstream gages. Additionally, the HDR method approximates the runoff factor of the
equation differently. With these small, but important, differences, the equation for determining

historical recharge in the Nueces Recharge Basin becomes:

RH’W” = QH' + Q\"ﬂ + QIH - (Qﬂ'hh‘ + WR) (4)

" The USGS model used for recharge calculation has not been modified to account for drainage area revisions
published in 1984.

Edwards Aquifer Authority E-2 m
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Appendix E

where,
QI,, = Potential Runoff in the Intervening Area; and

WR= Reported Water Rights Diversions in the Intervening Area.

The term, QI,, in the above equation, which is most difficult to quantify, is estimated
using a variation of the SCS runoff curve number procedure®. This procedure is indexed to the
gauged watershed above Laguna and employs a monthly calibration procedure taking into
account differences in drainage area, soil cover complex, and precipitation. QI,, is estimated from

the following equation:

200 .,
o4 Pyt
Qfﬂ = 1‘) Ai” 800 (5)
S (P -8)
CN

where,
Ain = Intervening area between the upper and lower gauging stations;
P = Areal precipitation; and

CN = Composite SCS Curve Number for the watershed.

E.2 Blanco Basin Recharge Calculations
E.2.1 USGS Recharge Calculation Method

The USGS recharge calculation method in the Blanco Recharge Basin is similar to the
method used by USGS in the Nueces Recharge Basin. It is a water balance equation that utilizes
gauged streamflow both above and below the Edwards Aquifer recharge zone (outcrop), and
approximations of runoff from the intervening drainage area. The equation for the Blanco

Recharge Basin recharge estimates is as follows:

R, =0, +(SI,)(RF;) - O, (6)

* HDR, “Guadalupe - San Antonio River Basin Recharge Enhancement Study,” Vol. 2, Edwards Underground
Water District. September, 1993.

* HDR, “Nueces River Basin Regional Water Supply Planning Study, Phase I,” Vol. 2, Nueces River Authority, et
al., May, 1991.
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Appendix E

where,
Ry, = Monthly Recharge;
Q = Total Monthly Streamflow, Blanco River at Wimberley:
Qk = Total Monthly Streamflow, Blanco River at Kyle:
SIy = Monthly Runoff in the intervening area, and
RF}, = Rainfall Ratio obtained by the equation:
RE, = éﬁ (7)
where,

LP, = Average monthly precipitation in the intervening area between the Kyle
and Wimberley gauges. and;

UPy, = Average monthly precipitation in the drainage area above the Kyle gauge.

RF}, is set to unity if the value is between 0.8 and 1.2. The product of SI, and RF}, is the estimate
of potential monthly runoff for the area between the Kyle gauge and the Wimberley gauge
(57 square miles). Runoff is assumed to be proportional to the runoff in the drainage area

(355 square miles) above the gauge at Wimberley. The calculation for Sl is as follows:

A
A =A—’*’(C,, +B, +4,) (8)

ub
where,
Ajp = Intervening area between the Kyle and Wimberley gauging stations
(57 sq. mi.);
A = Area above the Wimberley gauging station (355 sq. mi.);
Cy = Flood flow component, Blanco River at Wimberley;
Ay = Initial increase in base flow during a flood, Blanco River at Wimberley; and

B, = Base-flow component, Blanco River at Wimberley.

Cp and Ay are obtained from analyses of the streamflow records at the Wimberley gauge. By, is

obtained from an equation relating ground-water storage in the Trinity Aquifer and base flow at
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the Wimberley gauge. Estimates of Sl are made only for the months in which significant storms
occur. If a storm overlaps into the following month, the runoff is distributed proportionately
according to the flood flow occurring during each month.

For the ungauged portion of the Blanco Recharge Area (the watersheds of Purgatory
Creek. Sink Creek, York Creek, and Alligator Creek), the USGS approximates the unit recharge
in this area by averaging unit runoff for three surrounding gauged watersheds not believed to
contribute recharge to the Edwards and subtracting unit runoff for the Dry Comal Creek
watershed which is located on the Edwards Aquifer recharge zone to obtain unit recharge. Unit
recharge is then multiplied by the 94 square mile area of the ungauged portion of the Blanco
Recharge Basin to obtain total recharge. The three surrounding gauged watersheds are the
Blanco River above the Wimberley gauge, the Guadalupe River between the Sattler and New
Braunfels gauges, and Plum Creek above the Lockhart gauge. It is important to note that the
three surrounding watersheds differ from the ungauged recharge area in both average rainfall per

year and SCS Curve Number (an indicator of potential runoff characteristics).

E.2.2 HDR Recharge Calculation Method

The differences between the HDR and USGS recharge calculations in the Blanco
Recharge Basin are the similar to those in the Nueces Recharge Basin. The HDR method for
calculating recharge in the Blanco Recharge Basin uses a water balance equation that accounts
for water rights diversions and/or return flows by using the naturalized flow at the downstream
gauge, rather than the gauged flow. The HDR method also approximates the runoff factor of the
equation using a variation of the SCS runoff curve number procedure. Estimates of recharge to
the Edwards Aquifer in the Blanco Recharge Basin are calculated by HDR using the following

equation:

Ry =0y + 0L, —(Q) +WR) )
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where,
QI = Potential Runoff for the Intervening Area, as estimated
from the following equation:
(P- 210 +2)?
640 CN
th = 12 A:h 800
(P+ -38)
CN
where,

Aip =Intervening area between the Kyle and Wimberley gauging stations;

P = Areal precipitation; and

CN = Composite SCS Curve Number for the watershed.

(10)

The term QI is estimated using a variation of the SCS runoff curve number procedure. This

procedure is indexed to the gauged watershed above Kyle and employs a monthly calibration

procedure taking into account differences in drainage area, soil cover complex, and precipitation.

For the ungauged partner area (Sink, Purgatory, Alligator, and York Creeks) of the

Blanco Recharge Area, the HDR method uses the same techniques for recharge as described in

Equations 9 and 10. Because the ungauged partner area does not have a gauge upstream of the

recharge zone, and the downstream gauge has a limited period of record, the calculation of

recharge is almost entirely dependent upon the estimation of potential runoff. Potential runoff in

this area was calculated using Equation 10 and includes monthly calibration with an adjacent

gauged watershed (Blanco River at Wimberley).
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Appendix F
Comparison of Traditional Recharge
Calculation Methods

F.1 Nueces Recharge Basin

Long-term average recharge for the Nueces Recharge Basin estimated by the USGS is
some 25,045 acft/yr (27.7 percent) greater than that estimated by HDR.'! Figures F-1 and F-2
compare USGS and HDR historical annual recharge estimates through 1996. As indicated in
these figures, USGS estimates of recharge significantly exceed HDR estimates in wet years and

tend to be somewhat less than HDR estimates in dry years.
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Figure F-1. Long-Term Edwards Aquifer Recharge Comparisons —
Nueces Recharge Basin

" HDR, “Edwards Aquifer Recharge Analyses, Edwards Aquifer Recharge Update,” Trans-Texas Water Program,
West Central Study Area, Phase 11, San Antonio River Authority, et al., March 1998.
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Figure F-2. Long-Term Edwards Aquifer Recharge Comparisons —
Nueces Recharge Basin

There are four key elements in the USGS procedure that result in estimates of potential
runoff over the Edwards Aquifer outcrop and historical recharge in the Nueces Recharge Basin
that are greater than those computed by HDR. These elements involve: (1) Use of an equation
(“base flow curve”) relating storage in the Edwards Plateau Aquifer contributing to base flow
upstream of the Edwards Aquifer outcrop in the estimation of potential runoff for the area over
the outcrop; (2) Accounting for differences in soil cover complex upstream of Laguna and over

the outcrop; (3) Updated drainage areas upstream of the gauges located at Laguna, near
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Brackettville, and below Uvalde; and (4) Accounting for reported surface water diversions from
the stream segment below the Laguna gauge and above the Uvalde gauge. Each of these
elements is discussed in the following paragraphs.

Review of USGS recharge calculations for the year 2000 shows months in which
selection of minimum and maximum base flow at Laguna and use of the base flow curve lead to
estimates of potential runoff from the area over the outcrop that actually exceed the total gauged
streamflow at Laguna. This situation should not occur as the outcrop area is only 58 percent of
that upstream of Laguna and received substantially less precipitation during these months. HDR
procedures do not distinguish between base and flood flow at Laguna in the estimation of
potential runoff over the outcrop.

Compilation of soil cover complex information in a previous study” resulted in the
selection of normal antecedent moisture condition (AMC II) curve numbers of 87 for the
watershed above Laguna and 84 for the watershed over the Edwards Aquifer outcrop. The
greater the curve number, the greater the runoff for a given precipitation event. For example,
unit runoff (acft/sqmi) resulting from a 2.0-inch rainfall event would be almost 22 percent
greater in a watershed with a curve number of 87 than in a watershed with a curve number of 84.
USGS recharge calculation procedures do not consider differences in soil cover complex
between the area above Laguna and the area over the outcrop and, therefore, overestimates
potential runoff and recharge in the outcrop area.

Review of USGS recharge calculations for the year 2000 shows that updated drainage
areas published in 1984’ for gauges in the Nueces Recharge Basin are not used. Use of the
outdated drainage areas by the USGS results in at least an 8.4 percent overestimation of potential
runoff originating over the outcrop and, ultimately, overestimation of recharge. HDR recharge
calculations use the updated drainage areas.

The USGS procedure does not account for reported diversions under surface water rights
authorized to divert and use up to 2,249 acft/yr from the Nueces River below Laguna and above
Uvalde for irrigation purposes. Depending upon utilization of these rights in a given year, this
may result in overestimation of recharge. Reported water rights diversions are reflected in HDR

historical recharge estimates.

> HDR, Op. Cit., May 1991.
3 USGS., “Water Resources Data, Texas, Water Year 1983, Water Data Report TX-83-3. 1984.
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In addition, there is one key element in the USGS procedure that results in estimates of
potential runoff over the Edwards Aquifer outcrop and historical recharge in the Nueces
Recharge Basin that are less than those computed by HDR. This situation occurs during dry
periods during which the USGS assumes that all flow passing Laguna is base flow, thereby

assigning flood flow at Laguna and potential runoff over the outcrop to zero.

F.2  Blanco Recharge Basin

Long-term average recharge for the Blanco Recharge Basin estimated by the USGS is
some 25,022 acft/yr (37.7 percent) less than that estimated by HDR*. Figures F-3 and F-4
compare USGS and HDR historical annual recharge estimates through 1996. As indicated in
these figures, USGS estimates of recharge are significantly less than HDR estimates in all but
two years (1987 and 1992). These two years included major storm events and/or record high
flows.

There are three key elements in the USGS procedure that result in estimates of potential
runoff over the Edwards Aquifer outcrop and historical recharge in the Blanco Recharge Basin
that are less than those computed by HDR. These elements involve: (1) Accounting for
differences in soil cover complex over the outcrop and in partner watersheds above Wimberley
(Blanco River), Lockhart (Plum Creek), and New Braunfels (Guadalupe River); (2) Accounting
for Flood Retardation Structures in the ungauged area over the outcrop (Sink, Purgatory, and
York Creeks); and (3) Assigning flood flow at Wimberley and potential runoff over the outcrop
to zero during dry periods. Each of these elements is discussed in the following paragraphs.

USGS recharge calculation procedures do not consider differences in soil cover complex
between selected partner areas and the area over the outcrop resulting in consistent
underestimation of potential runoff and Edwards Aquifer recharge in the Blanco Recharge Basin.
Compilation of soil cover complex information in a previous study’ resulted in the selection of
normal antecedent moisture condition (AMC II) curve numbers of 84.3 and 86.4 for the
respective gauged (Blanco River below Wimberley and above Kyle) and ungauged (Sink,
Purgatory, York, and Alligator Creeks) areas over the Edwards Aquifer outcrop. The partner

watershed selected by the USGS for estimation of potential runoff in the gauged area over the

' HDR, “Edwards Aquifer Recharge Analyses, Edwards Aquifer Recharge Update.” Trans-Texas Water Program,
West Central Study Area, Phase 11, San Antonio River Authority, et al., March 1998.
* HDR. Op. Cit., September 1993.
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Figure F-3. Long-Term Edwards Aquifer Recharge Comparisons —
Blanco Recharge Basin

outcrop is the Blanco River above Wimberley and has an AMC II curve number (CN) of 82.6.
Similarly, the three partner watersheds selected by the USGS for estimation of potential runoff in
the ungauged area over the outcrop include the Blanco River above Wimberley (CN = 82.6), the
Guadalupe River below Sattler and above New Braunfels (CN = 83.7), and Plum Creek above
Lockhart (CN = 85.7). The average curve number for these three partner watersheds is 84. First
considering the 55 square mile gauged area over the outcrop, unit runoff (acft/sqmi) resulting
from a 2.0-inch rainfall event would be almost 11 percent greater in a watershed with a curve
number of 84.3 than in a watershed with a curve number of 82.6. Similarly. unit runoff resulting
from a 2.0-inch rainfall event would be more than 14 percent greater in the 94 square mile
ungauged watershed over the outcrop with a curve number of 86.4 than in the partner watersheds
having an average curve number of 84. Furthermore, one of the three partner areas for the
ungauged portion of this recharge basin (the Guadalupe River below Sattler and above New
Braunfels) is located on the outcrop of the Edwards Aquifer resulting in lower actual unit runoff

amounts than indicated by soil cover complex.
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Figure F-4. Long-Term Edwards Aquifer Recharge Comparisons —
Blanco Recharge Basin

More than 99 percent of the 94 square mile ungauged watershed area over the Edwards
Aquifer outcrop within the Blanco Recharge Basin is controlled by seven flood retardation
structures. These structures serve not only a flood control function, but also enhance recharge by
impounding waters that would otherwise have flowed downstream and allowing them to
percolate into the aquifer. This phenomenon is partially accounted for in the USGS recharge
computation procedure by use of runoff from the nearby Dry Comal Creek watershed as an
indicator of runoff escaping the outcrop. Approximately 57 percent of the 130 square mile Dry
Comal Creek watershed is controlled by flood retardation structures. Nevertheless unit runoff
from the Dry Comal Creek watershed still exceeds that for ungauged outcrop area in the Blanco

Recharge Basin resulting in underestimation of recharge.
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Another key element in the USGS procedures that results in estimates of potential runoff
over the Edwards Aquifer outcrop and historical recharge in the gauged portion of Blanco
Recharge Basin that are less than those computed by HDR is the assumption that all flow passing
Wimberley in dry times is base flow, thereby assigning flood flow at Wimberley and potential
runoff over the outcrop to zero. Review of USGS recharge calculations for the year 2000 shows
that there are months during which more than two inches of precipitation fell over the outcrop
without indication of potential runoff. It is believed that a 2.0-inch rainfall event over the
outcrop will contribute to recharge even if little or none of this rainfall would appear as surface
runoff at the downstream edge of the outcrop.

In addition, there is one key element in the USGS procedures that results in estimates of
potential runoff over the Edwards Aquifer outcrop and historical recharge in the Blanco
Recharge Basin that are greater than those computed by HDR. Review of USGS recharge
calculations for the year 2000 shows months in which selection of minimum and maximum base
flow at Wimberley and use of a base flow curve lead to estimates of potential runoff from the
area over the outcrop that actually exceed the total gauged streamflow at Wimberley. HDR
procedures do not distinguish between base and flood flow at Wimberley in the estimation of

potential runoff over the outcrop.
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Geographical Recharge Distribution

The pilot recharge models of the Nueces and Blanco Recharge Basins, as configured in
Hydrologic Simulation Program — Fortran (HSPF), calculate recharge or deep percolation
occurring in defined land segments using the variable identified as IGWI (Inactive Groundwater
Inflow) which is representative of flux between active and inactive groundwater storage.
Inactive groundwater is water that has percolated to a sufficient depth that it is no longer subject
to depletion by evapo-transpiration or discharge into incised river or stream reaches. Additional
recharge associated with channel losses in river reaches or impoundments created by Flood
Retardation Structures is calculated as a function of streamflow and/or storage. Finally, the pilot
recharge models include approximate accounting for inter-formational transfer of groundwater
between the Trinity or Edwards Plateau Aquifers and the Edwards Aquifer as referenced in
previous studies."?

Daily or monthly recharge estimates from the pilot models are geographically distributed
into a cell grid defined by the U.S. Geological Survey (USGS) for their ongoing development of
a new simulation model of the Edwards Aquifer constructed on a MODFLOW platform. It is
generally assumed that recharge per unit area is uniform within each defined land segment and
that recharge per unit stream distance is uniform within each defined river reach. More
specifically, Geographic Information System (GIS) techniques are used to superimpose HSPF
land segments and river reaches over the outcrop onto the MODFLOW cell grid and uniformly
distribute calculated land segment and river reach recharge amounts for each timestep. Recharge
amounts associated with inter-formational transfer are then added to the Edwards Aquifer
outcrop cells along the boundaries with the Trinity or Edwards Plateau outcrops. Figure G-1
provides a schematic illustration of geographical recharge distribution through projection of a

cell grid onto a generic outcrop land segment and river reach.

' USGS. “Hydrologic Framework of the Edwards-Trinity Aquifer System, West-Central Texas.” Paper 1421-B,
1996.

> TWDB, “Groundwater Availability of the Trinity Aquifer, Hill Country Area, Texas: Numerical Simulations
through 2050.” Report 353, 2000.
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Figure G-1. Schematic Illlustration of Geographical Recharge Distribution
Within a Cell Grid System
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