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Abstract

One of the major goals for the U.S. Army Corps of Engineers Dissolved Gas Abatement Study is
to identify measures that could reduce levels of dissolved gas supersaturation in the Columbia
and Snake Rivers caused by spillway discharges. Attaining this goal could contribute
significantly to meeting water quality criteria and lowering gas bubble traumain resident and
migrating fish in theserivers. To achieve this goal, the Corps of Engineersis studying various
operational and structural alternatives using field investigations and computational modeling
tools to simulate the transport of dissolved gasin the river system.

Part 6 of the report series summarizes the development and application of a two-dimensional
depth-averaged hydrodynamic and water quality model (MASS2) to the McNary Reservoir of
the Lower Columbia and Snake River system. The report also describes the initial testing of the
FINS individual-based model that can be used to estimate fish exposure to dissolved gas.



Acknowledgements

Significant editorial and technical contributions were made by the following Battelle staff: Lyle
Hibler of the Marine Sciences Group and Kurt Recknagle of the Fluid Dynamics Group, Russ
Moursund of the Ecology Group, and Christa Knudson of the Hydrology Group.

Thanks to Rick Emmert, Tom Carlson, Kim Fodrea, and Joe Carroll of the USACE for their
assistance in this project.



DGAS Flow and Transport Modeling — Part 6: McNary Pool Vv

Contents

1 APPLICATION OF THE HYDRODYNAMICS AND WATER QUALITY

MODELS TO MCNARY POOL ..ottt 1
11 1Y oo 1< I ] Lo PSPPSR 1
1.2 Lo TU gl F= YA @0 g To L1 o] oIS 5
13 Hydrodynamics Calibration and VerifiCation..........cccccvveeieicienie s 6
131 [CE HArDOr TAIWELES ..ottt sttt st se e e 6
132 1996 ADCP DaA .....cueiveeeeiitiierisiesiesesteseesestesaesessessesessessesessessesessessesessessesessessesessessesessessanesen 8
133 RS e N B O e T - T S SURRt 17
134 D1 o015 o ] o PR 31
14 Water Quality Calibration and VerifiCation ..........c.covireininennenerseesese e 31
141 1996 SUMIMEr SIMUIBLTON. ....c.eiieieeeieee ettt e e seeseesbesaesaesneeneeneens 32
142 1996 SPriNG SIMUIBLION. .....c.eeueitirieeeterieeete ettt eb et s e b e ebeseeeere s 90
14.3 RS s o T 0o IS T g U1 o) o 135
144 [DTES w0 o] o TS 169
15 FINSTESE SIMUIALION ...ttt sttt 170
2 REFERENCES.. ... e 179
APPENDIX A. MCNARY POOL DATA SOURCES........cccoiiviiieeiieei e 180
y N 2 T 11 017101 YOS 180
A.2 Calibration/Verification Data SOUMCES........ccciuieirerieiee ettt sttt sttt see e s 183
A.2.1 DisSOIVEd GaS MEBSUIEMENES........coiueieiueriereeueeeereesieseestesaeeseeseeseeseeseestesseeseeneensenseseessessessesneenen 183
A.2.2 ADCP VEOCItY MEASUFEMENES .......eviuietiriiieiirteeetestee ettt see e n e s s sne e nnas 185
A.2.3 DM OPEFATIONS DA .....c.veueevireiietiriiietese ettt b bbb s st b e bbb se b neneneas 190
YN ViYL= 1 1< g T - VSR 190
APPENDIX B. SPRING 1996 MCNARY POOL STUDY ....ccovvviiiiiiiiiiiiineeiis 191
T R DTN Y B T | - TSRS 191
I Y= T Torl A DT - VS 193
B.31ce Harbor Dam BOUNGAIY ........cccciiiiiirieieierieeeie ettt sttt st st e b e ebesneneene 193
B.3.1 DaIM OPEIELIONS. ......eeueeuetineeeertieeierteteiestee ettt ss et be b e b e b et b e b e e e st et e e e b et e e e bt e b e e ebenbe e eneees 193
B.3.2 WaEr QUAITTY .....eevieieeeieieieet ettt b et bbbt e 193
B.4 Clover 1S1and BOUNGEAIY .......ccoriiiriiiieiiieseeiete ettt ettt st st se et et se e ebeseeneere 197
B4, L DISCREIGE. ....cu ettt bbbt bbb e 197
B.4.2 WEEr QUAITTY .....eevieieeteitieet ettt bbbt bbb b e e 199
B.5 McNary Dam Boundary OPEratiONS..........ccceceieeeeieriesesiesesiesseseeseessessessessessesssessessessessessessessesnnes 201
B.6 Walla Walla RIVEr FIOWS......coiiiiiiieieesieete ettt sttt st st se et st sbesaenentens 202

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool Vi

BL7 WEBLNET ...ttt sttt bttt b e bttt et be st e e besteeerens 203
APPENDIX C. SUMMER 1996 MCNARY POOL STUDY......ccoiiviiiiiiiiiieen, 206
(O R DT C7 N Y BT - ISR 206
CL.2 VEOCITY DALA ....evevineeeirieeeiert ettt b bbbt b e e e bt b et bt b e e e st eb e et et nn e e 208
C.31ceHarbor Dam BOUNGAIY .......ccceeiieiiieiiieeteeeeiesieste et ste s esaesae s e tesrestesseesae e essessessestesneenesneensenes 211
(ORI I 1= 4 7= (o[- SR 211
C.3.2 WEEE QUEIILY ..veveneetiiieiete sttt sttt sttt e ettt et e et et e st et e st e e et e sae e ebesbe e ebesaenentens 211
C.ACIOVEr 19and BOUNGAIY .....ccueeuieieieie sttt ete ettt e tesr et s seesa e e esesbesrentesneeneennensenes 215
(O 3 T I TS 4 7= (o[ RS 215
CA2 WEEN QUEIITY ..ttt sttt ettt sttt et et s e et et e sb et et e st e e et e sae e ebeseeneeteseeneetens 217
C.5McNary Dam Boundary OPeratiONS.........coeoeeririeiririeesesie e sbe e ees 219
C.EWallaWalla RIVEr FIOWS.......ooiiieee ettt st se e e et saesbesneene e e eneenes 219
(O V= 4 1 SRS 220
APPENDIX D. SPRING 1997 MCNARY POOL STUDY ....ccovvviiiiiiiiiiiinieiis 223
.1 DGAS DALA .. ccveveueetirieiete sttt ste et ste et sttt st et st et ebe st et et e s b et ke A e e EenE et Rt sE et et e sRe e etenteneebeneeneerens 223
DIV A= oo} Y - | - LSO 223
D.31ce Harbor Dam BOUNGAIY ........cccccieieieie i etieeestes e ste e e et estesreste e s e e enaessesaestesnesnaeneenean 228
D.3. L DISCRAIGE. ...t eteueetert ettt ettt bbb bbbt bR b et b et b e e 228
D.3.2 WELEr QUEIITY ..eeveeieeeteiteeeeet ettt bbbt b et b e 228
D.4 Clover 19and BOUNGAIY .......coiiiiirieieierieiet ettt sttt e b e e et e e b seeneene s 234
D41 DISCRAIGE. ...t ettt ettt ettt b bbbt bbb bbbt bbb et b et b e 234
D.4.2 WELEr QUEIITY .....cveeieeetiiteeetest ettt bbbttt b et b ettt b e 236
D.5McNary Dam Boundary OPErationS.........ccceceieeeereerieseseeseseeteseessessesressessessesssessessessessesssssssssesees 238
D.6 Walla Walla RIVEN FIOWS......cciiiiiiieiciesieiete sttt sttt sttt sttt ste e sbeseeneerens 239
DAY= T TSP PSP 240

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool Vii

Figure 1. Model grid for MCNary POOI. .........cooiririiiieiererese e 3
Figure 2. Modé grid near Ice Harbor dam and Clover Idland..........ccccceevieevieieccieccennn, 4
Figure 3. Comparison of simulated (Manning n=0.027) and measured water surface
elevation at the Ice Harbor Dam tailwater gage for the Summer 1996 study period....7
Figure 4. Comparison of simulated (Manning n=0.027) and measured water surface

elevation at the Ice Harbor Dam tailwater gage for the Spring 1996 study period.......7
Figure 5. Comparison of simulated (Manning n=0.027) and measured water surface
elevation at the Ice Harbor Dam tailwater gage for the Spring 1997 study period.......8
Figure 6. Simulated and observed depth-averaged velocities near |ce Harbor Dam on 7-8-
L SRS 9
Figure 7. Simulated and observed depth-averaged velocities near Ice Harbor Dam on 7-8-
L SRR 9
Figure 8. Simulated and observed depth-averaged vel ocities near Snake River Mile 8 on
T-8-1996. .....ccuteieieueetesteneee st e st ettt sttt b et R ettt Re et nente et ne ettt renrens 10
Figure 9. Simulated and observed depth-averaged velocities near Snake River Mile 6 on
T-8-1996. .....ccutiieieueeteste et s et sttt sttt b ettt et Re st ne et et ne et st neerenrens 10
Figure 10. Simulated and observed depth-averaged velocities near Snake River Mile 6 on
T-8-1996. .....ccuiiieeeueetesteieee sttt st st ettt sttt b et R et et R et Re e te e ne et et e e erenrens 11
Figure 11. Simulated and observed depth-averaged velocities near Snake River Mile 2 on
0 LT RSP SRS 11
Figure 12. Simulated and observed depth-averaged velocities near Snake River Mile 1.5
o) o B K LT TSP 12
Figure 13. Simulated and observed depth-averaged velocities at the confluence of the
Columbiaand Snake Rivers 2 0n 7-11-1996. .........ccccceeveereseereeie e eee e 12
Figure 14. Simulated and observed depth-averaged velocities near Columbia River Mile
328 0N 7-11-1996. ....oeveueeresieieiisie ettt se st e besee e seste st neere st e renrens 13
Figure 15. Simulated and observed depth-averaged velocities near Columbia River Mile
326 ON 7-11-1996. .....oveueeiesieieiesie e see et se ettt e et besae e s ste e neebestenennenrens 13
Figure 16. Simulated and observed depth-averaged velocities at the confluence of the
Columbiaand Snake RIvVers on 7-11-1996. ..........cccccevveveeiiesieereee e eee e 14
Figure 17. Simulated and observed depth-averaged velocities at the confluence of the
Columbiaand Snake RIvVers on 7-11-1996. ..........cccccevveveeiieseeneeie e see e 14
Figure 18. Simulated and observed depth-averaged velocities near Columbia River Mile
325 0N 7-11-1996. ....eoveneeresieieiesie e eeie sttt sttt st be et n e te st et st nenrenrens 15
Figure 19. Simulated and observed depth-averaged velocities near Columbia River Mile
319 0N 7-11-1996. ....eevenieiesieieiesie ettt sttt st sae e neste st neere st e e nrenrens 15
Figure 20. Simulated and observed depth-averaged velocities near Columbia River Mile
I o T I 1 G RSP RS 16
Figure 21. Simulated and observed depth-averaged velocities near Columbia River Mile
306.5 0N 7-11-1996. .....cueeveireiereriesieeeesie et e sttt be e e ssesee e sesteseeneesessenensensens 16
Figure 22. Simulated and observed depth-averaged velocities in the McNary Dam
forebay near Columbia River Mile 293 0n 7-11-1996.........cc.ccceveeeeeeeseerieseeseeeeen 17
Figure 23. Simulated and observed depth-averaged velocities near Ice Harbor Dam on 4-
P R 1 RSP SRS 18

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool viii

Figure 24. Simulated and observed depth-averaged velocities near Ice Harbor Dam on 4-

P R 1 RSP SS 18
Figure 25. Simulated and observed depth-averaged velocities near Ice Harbor Dam on 4-
e R 1 RSP SRS 19
Figure 26. Simulated and observed depth-averaged velocities near Snake River Mile 7 on
R 1 USSP 19
Figure 27. Simulated and observed depth-averaged velocities near Snake River Mile 7 on
e R L RSP RSPSRSN 20
Figure 28. Simulated and observed depth-averaged velocities near Snake River Mile 6 on
R L USSR 20
Figure 29. Simulated and observed depth-averaged velocities near Snake River Mile 6 on
e R 1 SRS 21
Figure 30. Simulated and observed depth-averaged velocities near Snake River Mile 5 on
e R L USSR 21
Figure 31. Simulated and observed depth-averaged velocities near Snake River Mile 4.5
[0 R R 1 TSP SRS 22
Figure 32. Simulated and observed depth-averaged velocities near Snake River Mile 2 on
R L RSSO 22
Figure 33. Simulated and observed depth-averaged velocities at the confluence of the
Columbiaand Snake RIVErs 0N 4-24-1997. ........ccccoecieeieeieeeese e 23
Figure 34. Simulated and observed depth-averaged velocities near Columbia River Mile
323.5 0N 4-24-1997. ...ttt ettt nenens 23
Figure 35. Simulated and observed depth-averaged velocities near Columbia River Mile
328 0N 4-24-1997. ..ottt sttt nennens 24
Figure 36. Simulated and observed depth-averaged velocities near Columbia River Mile
327 ON4-24-1997. ..ottt ettt sttt nenrens 24
Figure 37. Simulated and observed depth-averaged velocities at the confluence of the
Columbiaand Snake RIVers 0n 4-29-1997. ........ccccccoeveeieeceseese e 25
Figure 38. Simulated and observed depth-averaged velocities at the confluence of the
Columbiaand Snake RIVers 0n 4-29-1997. ........cccccoeieeieeie e se e 25
Figure 39. Simulated and observed depth-averaged velocities at the confluence of the
Columbiaand Snake RIVErs 0n 4-29-1997. ........cccccieveeieeieseese e 26
Figure 40. Simulated and observed depth-averaged velocities near Columbia River Mile
321 0N 4-29-1997. ..ottt sttt ettt e et b ne et 26
Figure 41. Simulated and observed depth-averaged velocities near Columbia River Mile
319 0N 4-29-1997. ..ottt ettt ne et 27
Figure 42. Simulated and observed depth-averaged velocities at Wallula Gap near
ColumbiaRiver Mile 313 0N 4-30-1997........c.ccceieeie et et 27
Figure 43. Simulated and observed depth-averaged velocities at Wallula Gap near
ColumbiaRiver Mile 313 0N 4-30-1997........c.ccceiieieieesteee e eee e 28
Figure 44. Simulated and observed depth-averaged velocities near Columbia River Mile
309 0N 4-30-1997. ..ottt ettt ne et 28
Figure 45. Simulated and observed depth-averaged velocities near Columbia River Mile
305 0N 4-30-1997. ..ottt sttt renrens 29
Figure 46. Simulated and observed depth-averaged velocities near Columbia River Mile
302 0N 4-30-1997. ..ottt et be st re et 29

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool iX

Figure 47. Simulated and observed depth-averaged velocities near Columbia River Mile

299 0N 4-30-1997 . ...ttt bbbttt bbb 30
Figure 48. Simulated and observed depth-averaged velocities at the McNary Dam forebay
near Columbia River Mile 293.5 0N 4-30-1997.........cccoomirieririeree e 30
Figure 49. Temperature and total dissolved gas time series comparisons near |ce Harbor
Dam for the Summer 1996 pool study (FMS-BC).....c.cccevievieececrece e 33
Figure 50. Total dissolved gas pressure and saturation time series comparisons near lce
Harbor Dam for the Summer 1996 pool study (FMS-BC). ......ccccccevveveveeiecceceenens 34
Figure 51. Temperature and total dissolved gas time series comparisons near the Ice
Harbor Fixed Monitor for the Summer 1996 pool study (FMS-BC).........cccecevueneene 35
Figure 52. Total dissolved gas time series comparisons near the |ce Harbor Fixed
Monitor for the Summer 1996 pool study (FMS-BC). ......ccccceviiieeieeie e 36
Figure 53. Temperature and total dissolved gas time series comparisons near Snake River
Mile 6.1 for the Summer 1996 pool study (FMS-BC)........ccccevvieeieeie e 37
Figure 54. Total dissolved gas time series comparisons near Snake River Mile 6.1 for the
Summer 1996 pool study (FMS-BC). .....coiieeciesece e 38
Figure 55. Temperature and total dissolved gas time series comparisons near Snake River
Mile 2.2 for the Summer 1996 pool study (FMS-BC).......ccccceevviieeiicie e 39
Figure 56. Total dissolved gas time series comparisons near Snake River Mile 2.2 for the
Summer 1996 pool study (FMS-BC). .....ooiieeceeece e 40
Figure 57. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 326 for the Summer 1996 pool study (FMS-BC)........cccceevvvvevveiieseennnns 41
Figure 58. Total dissolved gas time series comparisons near Columbia River Mile 326 for
the Summer 1996 pool study (FMS-BC). .....ccvieeceeeceesece e 42
Figure 59. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 323.5 for the Summer 1996 pool study (FMS-BC)........ccccceevevvecieieennnne 43
Figure 60. Total dissolved gas time series comparisons near Columbia River Mile 323.5
for the Summer 1996 pool study (FMS-BC). ......coceeiviiecice e 44
Figure 61. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 314 for the Summer 1996 pool study (FMS-BC).......cccccevvvveveeiieseennns 45
Figure 62. Total dissolved gas time series comparisons near Columbia River Mile 314 for
the Summer 1996 pool study (FMS-BC). .....ccveeeiieeceeseee et 46
Figure 63. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 306 for the Summer 1996 pool study (FMS-BC). ......ccccceevvvveveeiieseennns a7
Figure 64. Total dissolved gas time series comparisons near Columbia River Mile 306 for
the Summer 1996 pool study (FMS-BC). .....ccveeeiiceceeece e 48
Figure 65. Temperature and total dissolved gas time series comparisons at the McNary
Fixed Monitor for the Summer 1996 pool study (FMS-BC). .....ccceevevvveeiececeenene 49
Figure 66. Total dissolved gas time series comparisons at the McNary Fixed Monitor for
the Summer 1996 pool study (FMS-BC). ....cccvieeiiceeceese e 50
Figure 67. Temperature and total dissolved gas time series comparisons near |ce Harbor
Dam for the Summer 1996 pool study (TM-BC)......ccceieiieieeeieesece e 59
Figure 68. Total dissolved gas time series comparisons near |ce Harbor Dam for the
Summer 1996 pool Study (TM-BC).....ccceeiieieciesece e 60
Figure 69. Temperature and total dissolved gas time series comparisons near the Ice
Harbor Fixed Monitor for the Summer 1996 pool study (TM-BC)........ccccecvevvereenene 61

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool X

Figure 70. Total dissolved gas time series comparisons near the |1ce Harbor Fixed

Monitor for the Summer 1996 pool study (TM-BC). ....cccceveeiiiiesece e 62
Figure 71. Temperature and total dissolved gas time series comparisons near Snake River
Mile 6.1 for the Summer 1996 POOI SEUAY. .......cccereeiieie e 63
Figure 72. Total dissolved gas time series comparisons near Snake River Mile 6.1 for the
Summer 1996 pool Study (TM-BC).....ccceeiieeceesece e 64
Figure 73. Temperature and total dissolved gas time series comparisons near Snake River
Mile 2.2 for the Summer 1996 pool study (TM-BC)........cccevvriiiieeiieeceesiecie e 65
Figure 74. Total dissolved gas time series comparisons near Snake River Mile 2.2 for the
Summer 1996 pool Study (TM-=BC).....cceeiieieceeie e 66

Figure 75. Temperature and total dissolved gas concentration at Columbia River Mile
326.1. Note that this monitor supplied the model boundary conditions at Clover

1S18NA (TIM-BC) oot ss s esss s sss s ss s sssss s sneess s snssansenness 67
Figure 76. Tota dissolved gas at Columbia River Mile 326.1. Note that this monitor
supplied the model boundary conditions at Clover Island (TM-BC).........ccccccevueeneee. 68
Figure 77. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 323.5 for the Summer 1996 pool study (TM-BC). .....ccccceviviriiirinenee 69
Figure 78. Total dissolved gas time series comparisons near Columbia River Mile 323.5
for the Summer 1996 pool study (TM-BC). .....ooviiiiiiereireeee s 70
Figure 79. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 314 for the Summer 1996 pool study (TM-BC). .....ccccoeieiiiininirireee 71
Figure 80. Total dissolved gas time series comparisons near Columbia River Mile 314 for
the Summer 1996 pool study (TM-BC). .....cociiiriiieieie s 72
Figure 81. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 306 for the Summer 1996 pool study (TM-BC). ..o 73
Figure 82. Total dissolved gas time series comparisons near Columbia River Mile 306 for
the Summer 1996 pool study (TM-BC). .....coiiiiiiieee s 74
Figure 83. Temperature and total dissolved gas time series comparisons at the McNary
Fixed Monitor for the Summer 1996 pool study (TM-BC). ......ccccvieiiierenirereenee 75
Figure 84. Total dissolved gas time series comparisons at the McNary Fixed Monitor for
the Summer 1996 pool study (TM-BC). .....coiririiieieie s 76
Figure 85. Total dissolved gas simulated distribution near Ice Harbor Dam on 7-8-1996
(TM-BC). The monitors are color coded to their measured saturation....................... 85
Figure 86. Total dissolved gas simulated distribution near Snake River Mile 6 on 7-8-
1996 (TM-BC). The monitors are color coded to their measured saturation.............. 85

Figure 87. Tota dissolved gas simulated distribution at the confluence of the Columbia
and Snake Riverson 7-8-1996 (TM-BC). The monitors are color coded to their

MEASUNEH SALUMBLION. ......eeveeueeiesie sttt sttt sttt e bbb e b se s e 86
Figure 88. Total dissolved gas simulated distribution near Columbia River Mile 314 on 7-
8-1996 (TM-BC). The monitors are color coded to their measured saturation. ......... 86

Figure 89. Total dissolved gas simulated distribution near Columbia River Mile 306.5 on
7-8-1996 (TM-BC). The monitors are color coded to their measured saturation. ......87
Figure 90. Simulated temperature distribution near Ice Harbor Dam 7-8-1996 (TM-BC).

The monitors are color coded to their measured temperature...........cccecveveeeevieennene. 87
Figure 91. Simulated temperature distribution near Snake River Mile 6 7-8-1996 (TM-
BC). The monitors are color coded to their measured temperature. ...........ccccceeveneee 88

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool Xi

Figure 92. Simulated temperature distribution at the confluence of the Columbia and
Snake Rivers on 7-8-1996 (TM-BC). The monitors are color coded to their measured

L0 10161 = LU TP 88
Figure 93. Simulated temperature distribution near Columbia River Mile 314 7-8-1996
(TM-BC). The monitors are color coded to their measured temperature. .................. 89
Figure 94. Simulated temperature distribution near Columbia River Mile 306.5 7-8-1996
(TM-BC). The monitors are color coded to their measured temperature. .................. 89
Figure 95. Temperature and total dissolved gas time series comparisons near |ce Harbor
Dam for the Spring 1996 PO0I SEUAY. ........cceririeeieeresie e 91
Figure 96. Temperature and total dissolved gas time series comparisons near Snake River
Mile 8.9 for the Spring 1996 Pool StUAY. ........ccceeeerierierierireeee e 93
Figure 97. Tota dissolved gas time series comparisons near Snake River Mile 8.9 for the
SPring 1996 POOI SLUAY. .....c.eeueeiiieriesie sttt 9
Figure 98. Temperature and total dissolved gas time series comparisons near |ce Harbor
Fixed Monitor for the Spring 1996 pool StUdY. ........ccccoerireririeieeee e 95
Figure 99. Total dissolved gas time series comparisons near |ce Harbor Fixed Monitor for
the Spring 1996 POOI SEUAY. ......ceeiiiiiiiieriereeee e e 96
Figure 100. Temperature and total dissolved gas time series comparisons near Snake
River Mile 6.1 for the Spring 1996 Po0l StUAY. ........cccovirireririeeeeee e 97
Figure 101. Total dissolved gas time series comparisons near Snake River Mile 6.1 for
the Spring 1996 POOI SEUAY. ......ceoiiiiiiiiisiereeee e e 98
Figure 102. Temperature and total dissolved gas time series comparisons near Snake
River Mile 2.2 for the Spring 1996 Pool StUAY. ........cccoviririririeeeee e 99
Figure 103. Total dissolved gas time series comparisons near Snake River Mile 2.2 for
the Spring 1996 POOI SLUAY. ......c.coiuiiiiiiieeierie e 100

Figure 104. Temperature and total dissolved gas concentration at Columbia River Mile
326.1. Note that this monitor supplied the model boundary conditions at Clover

Figure 105. Total dissolved gas concentration at Columbia River Mile 326.1. Note that
this monitor supplied the model boundary conditions at Clover Idland. .................. 102
Figure 106. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 323.5 for the Spring 1996 pool Study. ........cccceeeieereeieeseere e 103
Figure 107. Total dissolved gas time series comparisons near Columbia River Mile 323.5
for the Spring 1996 POOI SEUAY.........cceiieiieiieiicie e 104
Figure 108. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 314.2 for the Spring 1996 pool Study. ........ccccevereereeiiesiereee e 105
Figure 109. Total dissolved gas time series comparisons near Columbia River Mile 314.2
for the Spring 1996 POOI SEUAY.........cceiieieiierieeie e ns 106
Figure 110. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 312.3 for the Spring 1996 pool Study. ........ccccceeviereeieeseere e 107
Figure 111. Total dissolved gas time series comparisons near Columbia River Mile 312.3
for the Spring 1996 POOI SEUAY.........cceiieiieiierieie e 108
Figure 112. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 309.4 for the Spring 1996 pool Study. ........ccceevereereeiieniere e 109
Figure 113. Total dissolved gas time series comparisons near Columbia River Mile 309.4
for the Spring 1996 POOI SEUAY.........cceiierieiiesiieie e ns 110

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool Xii

Figure 114. Temperature and total dissolved gas time series comparisons near Columbia

River Mile 302.4 for the Spring 1996 pool Study. ........cccceeeieereeieseere e 111
Figure 115. Total dissolved gas time series comparisons near Columbia River Mile 302.4
for the Spring 1996 POOI SEUAY.........ccciieiieiieiieie e ne 112

Figure 116. Temperature and total dissolved gas time series comparisonsin the McNary
Dam forebay near Columbia River Mile 293 for the Spring 1996 pool study.......... 113
Figure 117. Total dissolved gas time series comparisons in the McNary Dam forebay near

ColumbiaRiver Mile 293 for the Spring 1996 pool study. .........ccccvevvveereriieseenene 114
Figure 118. Temperature and total dissolved gas time series comparisons at the McNary
Dam Fixed Monitors for the Spring 1996 pool study. .........cccceveeverieenecie e 115
Figure 119. Total dissolved gas time series comparisons a the McNary Dam Fixed
Monitors for the Spring 1996 PO0l StUAY . ........cccvervieieeiiee e 116
Figure 120. Total dissolved gas simulated distribution near 1ce Harbor Dam on 5-9-1996.
The monitors are color coded to their measured concentration. ............ccoceveeverenens 127
Figure 121. Total dissolved gas simulated distribution near Snake River Mile 6.1 on 5-9-
1996. The monitors are color coded to their measured concentration. ..................... 127

Figure 122. Total dissolved gas simulated distribution at the confluence of the Columbia
and Snake Rivers on 5-9-1996. The monitors are color coded to their measured

(o0 0T0rc 011 = 1 o SRR 128
Figure 123. Total dissolved gas simulated distribution near Columbia River Mile 320 on
5-9-1996. The monitors are color coded to their measured concentration. .............. 128

Figure 124. Total dissolved gas simulated distribution at Wallula Gap near Columbia
River Mile 313 on 5-9-1996. The monitors are color coded to their measured
(00] 107 11 7= 1 o o VARSI 129
Figure 125. Total dissolved gas simulated distribution near Columbia River Mile 309 on
5-9-1996. The monitors are color coded to their measured concentration. .............. 129
Figure 126. Total dissolved gas simulated distribution near Columbia River Mile 302 on
5-9-1996. The monitors are color coded to their measured concentration. .............. 130
Figure 127. Total dissolved gas simulated distribution in the McNary Dam forebay near
Columbia River Mile 293 on 5-9-1996. The monitors are color coded to their
MEASUIEd CONCENIIALION.....cueevieeeeeiesieete et see e ste e sre et e e e sbeetesseeseeenee e 130
Figure 128. Simulated temperature distribution near Ice Harbor Dam on 5-9-1996. The
monitors are color coded to their measured temperature. ...........cccceeevererenenenenn 131
Figure 129. Simulated temperature distribution near Snake River Mile 6.1 on 5-9-1996.
The monitors are color coded to their measured temperature............ccoeeerereneenens 131
Figure 130. Simulated temperature distribution at the confluence of the Columbia and
Snake Rivers on 5-9-1996. The monitors are color coded to their measured

[0S 10107 = (0PSRN 132
Figure 131. Simulated temperature distribution near Columbia River Mile 320 on 5-9-
1996. The monitors are color coded to their measured temperature......................... 132

Figure 132. Simulated temperature distribution at Wallula Gap near Columbia River Mile
313 on 5-9-1996. The monitors are color coded to their measured temperature. .....133
Figure 133. Simulated temperature distribution near Columbia River Mile 309 on 5-9-

1996. The monitors are color coded to their measured temperature......................... 133
Figure 134. Simulated temperature distribution near Columbia River Mile 302 on 5-9-
1996. The monitors are color coded to their measured temperature......................... 134

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool Xiii

Figure 135. Simulated temperature distribution in the McNary Dam forebay near
Columbia River Mile 293 on 5-9-1996. The monitors are color coded to their
MEASUIEd tEMPENBEUIE. ......c.eieiterieitieie ettt e b e s enes 134

Figure 136. Temperature and total dissolved gas time series comparisons near Snake
River Mile 6.1 for the Spring 1997 pool study. These data were used for the upstream
model water quality boundary CONditioNS............ccoveeveieerecce e 136

Figure 137. Total dissolved gas time series comparisons near Snake River Mile 6.1 for
the Spring 1997 pool study. These data were used for the upstream model water

quality boundary CONAITIONS. ..........coiriririiieeee e 137
Figure 138. Temperatire and total dissolved gas time series comparisons near |ce Harbor
Fixed Monitor for the Spring 1997 pool Study. ..........ccooeiiririniieieeeeeeeeeee 138
Figure 139. Total dissolved gas time series comparisons near Ice Harbor Fixed Monitor
for the Spring 1997 P00l SEUY........ccciiiiririreeiee et 139
Figure 140. Temperature and total dissolved gas time series comparisons near Snake
River Mile 2.2 for the Spring 1997 pool StUdY. ........cccooirirenieieeeeee e 140
Figure 141. Total dissolved gas time series comparisons near Snake River Mile 2.2 for
the Spring 1997 PO0I SEUAY. ......ceoiiiiiriri it 141

Figure 142. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 328.2 for the Spring 1997 pool study. Note that station MCN32822 was
used as the upstream water quality boundary condition. ...........ccccceeceeviecnccieneenene, 142

Figure 143. Total dissolved gas time series comparisons near Columbia River Mile 328.2
for the Spring 1997 pool study. Note that station MCN32822 was used as the
upstream water quality boundary CONAitioN. ..........c.cooerereririeeee e 143

Figure 144. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 323.4 for the Spring 1997 pool StUdy. .........cooererireeieerese e 144

Figure 145. Total dissolved gas time series comparisons near Columbia River Mile 323.4
for the Spring 1997 P00l SEUY........ccoiiiiririeieiee et 145

Figure 146. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 313.3 for the Spring 1997 pool Study. .........cccoereririeeieeree e 146

Figure 147. Total dissolved gas time series comparisons near Columbia River Mile 313.3
for the Spring 1997 P00l SEUY........ccciiiiriiiieeeeee e 147

Figure 148. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 302.4 for the Spring 1997 pool StUdy. .........ccooererereeieeee e 148

Figure 149. Total dissolved gas time series comparisons near Columbia River Mile 302.4
for the Spring 1997 P00l SEUY........ccciiiiriiirieiee et 149

Figure 150. Temperature and total dissolved gas time series comparisons near Columbia
River Mile 293.4 for the Spring 1997 pool StUdY. .........cooereririeieeree e 150

Figure 151. Total dissolved gas time series comparisons near Columbia River Mile 293.4
for the Spring 1997 P00l SEUY.........cciiiiriierieieee et 151

Figure 152. Temperature and total dissolved gas time series comparisons at the McNary
Forebay Fixed Monitors for the Spring 1997 pool study...........cccceverenirencrenenne 152

Figure 153. Total dissolved gas time series comparisons at the McNary Forebay Fixed
Monitors for the Spring 1997 pPool StUAY . ........ccceiveiererenerereeee e 153

Figure 154. Simulated total dissolved gas saturation distribution in the Snake River. The
monitors are color coded to their measured temperature. ...........cocevevenerenenesene 163

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool Xiv

Figure 155. Simulated total dissolved gas saturation distribution at the confluence of the
Columbia and Snake Rivers. The monitors are color coded to their measured
TEIMPEIBIUIE. ... srr e ne e 163

Figure 156. Simulated total dissolved gas saturation distribution in the Columbia River.
The monitors are color coded to their measured temperature.............ccoeeereneneenens 164

Figure 157. Simulated total dissolved gas saturation distribution in the Columbia River.
The monitors are color coded to their measured temperature............coceverenereenens 164

Figure 158. Simulated total dissolved gas saturation distribution in the Columbia River.
The monitors are color coded to their measured temperature.............coevvrererieenees 165

Figure 159. Simulated total dissolved gas saturation distribution in the Columbia River.
The monitors are color coded to their measured temperature............cccoevererereenene 165

Figure 160. Simulated temperature distribution in the Snake River. The monitors are
color coded to their measured tEMPErature. ..........ccooeverereneeieeeee e 166

Figure 161. Simulated temperature distribution in the Columbia River. The monitors are
color coded to their measured tEMPErature. ...........cooevererereeeeeee e 166

Figure 162. Simulated temperature distribution at the confluence of the Columbia and
Snake Rivers. The monitors are color coded to their measured temperature. .......... 167

Figure 163. Simulated temperature distribution in the Columbia River. The monitors are
color coded to their measured tEMPEIatUre. ...........cooevererereeeeeee e 167

Figure 164. Simulated temperature distribution in the Columbia River. The monitors are
color coded to their measured tEMPEIatUre. ...........coovvererereeieeeee e 168

Figure 165. Simulated temperature distribution in the Columbia River. The monitors are
color coded to their measured tEMPErature. ...........coovverireneeieeeeee e 168

Figure 166. Dissolved gas concentration exposure logs for 2 randomly selected fish....171

Figure 167. Depth-histories for 2 fish using a random vertical velocity only (mean = 0.0

ft/s, variance = 0.001) and a depth-preference of 16 feet. ......cccvvvvevvececceciccie e, 171
Figure 168. Depth-histories for 2 fish using a random vertical velocity only (mean = 0.0
ft/s, varianCe = 0.001) .....ocoueieeiecie et ns 172
Figure 169. Depth-histories for 2 fish using arandom vertical velocity only only (mean =
0.0 ft/s, varianCe = 0.005) .....ccoeeiueiierieeie e st eee s este et e e ae e sr e e e ene s 172
Figure 170. Depth-histories for 2 fish using a random vertical velocity only (mean = 0.0
ft/s, variance = 0.001) and a depth-preference of 2 feet. .......cccevvevvececcececce e, 173
Figure 171. Fish distribution 1 hour after release at Ice Harbor Dam. The fish particles
are colored according to the level of dissolved gas exposure at that location. ......... 174
Figure 172. Fish distribution 3 hours after release at Ice Harbor Dam. The fish particles
are colored according to the level of dissolved gas exposure at that location. ......... 175
Figure 173. Fish distribution 6 hours after release at Ice Harbor Dam. The fish particles
are colored according to the level of dissolved gas exposure at that location. ......... 176
Figure 174. Fish distribution 12 hours after release at Ice Harbor Dam. The fish particles
are colored according to the level of dissolved gas exposure at that location. ......... 177
Figure 175. Fish distribution 24 hours after release at Ice Harbor Dam. The fish particles
are colored according to the level of dissolved gas exposure at that location. ......... 178
Figure 176. Color representation of the McNary pool bathymetric surface................... 181
Figure 177. Bathymetric datanear Ice Harbor dam. ..o 182
Figure 178. Bathymetric datanear MCNary dam. ..........cccooeiirinenienieieee e 182
Figure 179. FMSlocationsin and around McNary pool. ........ccccceveeveeieseenesieeseennens 184

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool XV

Figure 180. Dates and duration of dissolved gas and ADCP velocity measurement
StUAIES IN MCNAY POOL.........eoiece ettt 185
Figure 181. McNary pool ADCP velocity measurements near |ce Harbor dam. ........... 186
Figure 182. McNary pool ADCP velocity measurements near Strawberry Island......... 186
Figure 183. McNary pool ADCP velocity measurements near the Snake River mouth.187

Figure 184. McNary pool ADCP velocity measurements near Burbank Slough. .......... 187
Figure 185. McNary pool ADCP velocity measurements near Wallula Gap................. 188
Figure 186. McNary pool ADCP velocity measurements below Wallula Gap............... 188
Figure 187. McNary pool ADCP velocity measurements near Hat Rock State Park.....189
Figure 188. McNary pool ADCP velocity measurements near McNary dam................. 189
Figure 189. Dissolved gas monitor locations during the Spring 1996 studly.................. 192
Figure 190. Ice Harbor Dam operations during the Spring 1996 study............c.ccceuvenee.. 193
Figure 191. Water temperature measured by the fixed monitor at Ice Harbor dam during
the SPring 1996 SUAY. ....ccveieeciicee et ae e nns 194
Figure 192. TDG pressure measured by the fixed monitor at Ice Harbor dam during the
Spring 1996 StUAY PEITOM. .....coiveeieiieieeie et sre e e ne s 195
Figure 193. Computed TDG concentration from fixed monitor measurements at Ice
Harbor during the Spring 1996 StUAY...........cccveiiiieieesece e 195
Figure 194. Water temperature measured by temporary monitors at Ice Harbor dam
during the SPring 1996 StUAY. .........cccoveieiieseee e ne s 196
Figure 195. TDG pressure measured by temporary monitors at Ice Harbor dam during the
Spring 1996 StUAY PEITOU. .....coiveeieiieieeie et sre e nee e 196
Figure 196. Computed TDG concentration from temporary monitor measurements at Ice
Harbor during the Spring 1996 StUAY...........ccviveiirieieese e 197
Figure 197. Priest Rapids dam operations during the Spring 1996 study. .............c....... 198
Figure 198. Y akima River flows during the Spring 1996 studly...........ccccccevverveceesieennens 198
Figure 199. Predicted discharge at Clover Island during Spring 1996 study. ................ 199
Figure 200. Assumed water temperature for the Clover 1sland boundary during the Spring
1SI0SR 200
Figure 201. Assumed TDG pressure for the Clover Island boundary during the Spring
LS G [0 | S 200
Figure 202. Computed TDG concentration for the Clover I1sland boundary during the
SPriNG 1996 SEUAY. ......eiveeiieieeieieie ettt se b e 201
Figure 203. McNary Dam operations during the spring 1996 study period.................... 202
Figure 204. WallaWallaRiver flows during the Spring 1996 study period. ................. 203
Figure 205. Air temperature, dew point, and barometric pressure used during the Spring
1996 SLUAY PEITOM. ......eeeeeeiieieeieeie ettt st sr e ene b enes 204
Figure 206. Wind speed used during the Spring 1996 study period............cccoevevvereennens 204
Figure 207. Net incoming short-wave solar radiation based on observed and estimated
total radiation during the Spring 1996 study period. .........ccccvevvvieeveeresieeseere e 205
Figure 208. Dissolved gas monitor locations during the Summer 1996 study............... 207
Figure 209. Locations of ADCP velocity measurements during the Summer 1996 study
8= oo KSR T ORI 210
Figure 210. Ice Harbor Dam operations during the Summer 1996 study....................... 211
Figure 211. Water temperature measured by the fixed monitor at Ice Harbor dam during
the SUMMEYX 1996 SLUAY........ceeiiiie et ns 212

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool XVi

Figure 212. TDG pressure measured by the fixed monitor at Ice Harbor dam during the

Summer 1996 StUAY PEITOM. ...c.veeeeeieeeiece e ne s 212
Figure 213. TDG concentration computed from fixed monitor measurements at Ice
Harbor during the Summer 1996 StUdY...........cceviiierierieie e 213
Figure 214. Water temperature measured by temporary monitors at Ice Harbor dam
during the SUMMEr 1996 SIUY. ........ccveiuiiieiece e 214
Figure 215. TDG pressure measured by temporary monitors at Ice Harbor dam during the
Summer 1996 StUAY PEITOM. ...c.veeeeeieeeiece e ne s 214
Figure 216. Computed TDG concentration from temporary monitor measurements at Ice
Harbor during the Summer 1996 StUdY...........cccovvrerieri e 215
Figure 217. Priest Rapids dam operations during the Summer 1996 study.................... 216
Figure 218. Y akima River flows during the Summer 1996 study............ccevveveecvereennens 216
Figure 219. Predicted discharge at Clover Island during the Summer 1996 study period.
................................................................................................................................... 217
Figure 220. Assumed water temperature for the Clover 1sland boundary during the
SUMMES 1996 SEUAY. ...cuveeeeeiieeiteeieciieste et e sttt sre e e e e teeaesreesseeneesneenens 217
Figure 221. Assumed TDG pressure for the Clover 1sland boundary during the Summer
S G [0 | ST 218
Figure 222. Computed TDG concentration for the Clover Island boundary during the
Summer 1996 StUAY PEITOM. ...cveeeeeeeeeiece e 218
Figure 223. McNary Dam operations during the Summer 1996 study period. ............... 219
Figure 224. WalaWallaRiver flows during the Summer 1996 study period. .............. 220
Figure 225. Air temperature, dew point, and barometric pressure used during the Summer
1996 SEUAY PEITOM. ....veeeeieeieeee sttt e e e aeeeesre e reenne e 221
Figure 226. Wind speed used during the Summer 1996 study period.............ccccereruenne. 221
Figure 227. Net incoming short-wave solar radiation based estimated total radiation used
during the Summer 1996 Study PENOU.........cceoveieiriirirereeesee e 222
Figure 228. Dissolved gas monitor locations during the Spring 1997 study.................. 225
Figure 229. Locations of ADCP velocity measurements during the Spring 1997 study
0= 0o RSO 227
Figure 230. Ice Harbor Dam operations during the Spring 1997 study...........ccccceeeueee. 228
Figure 231. Comparison of temperature recorded by the IHR FM S and temporary water
quality monitorsin Ice Harbor dam forebay . ..........cccooeiiiininiiiccceee 229
Figure 232. Comparison of TDG pressures recorded by the IHR FM S and temporary
water quality monitors at [ce Harbor dam. ... 229
Figure 233. Comparison of computed TDG concentrations from IHR FMS and
temporary water quality monitors at Ice Harbor dam. ..........ccocoveeevenvennncnsicceee, 230
Figure 234. Water temperature measured by the fixed monitor at Ice Harbor dam during
the SPring 1997 SEUY. .......ooeiieieeie e 231
Figure 235. TDG pressure measured by the fixed monitor at Ice Harbor dam during the
Spring 1997 StUAY PEITOU. .....c.eeeeieriesie et 231
Figure 236. TDG concentration computed from fixed monitor measurements at Ice
Harbor during the Spring 1997 StUY..........coirieiieieesee s 232
Figure 237. Water temperature measured by temporary monitors near |ce Harbor dam
during the SPring 1997 SIUAY. ........coiiirireeiee e e 233

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool XVii

Figure 238. TDG pressure measured by temporary monitors near Ice Harbor dam during

the Spring 1997 StUAY PEFIOU. ........cccveiiieieceese e ns 233
Figure 239. Computed TDG concentration from temporary monitor measurements near

Ice Harbor during the Spring 1997 Study..........coceeieiieiieie e 234
Figure 240. Priest Rapids dam operations during the Spring 1997 study. ...........cc...... 235
Figure 241. Y akima River flows during the Spring 1997 study..........ccceecevvererieseenens 235

Figure 242. Predicted discharge at Clover Island during the Spring 1997 studyperiod. 236
Figure 243. Assumed water temperature for the Clover 1sland boundary during the Spring

L1907 SHUAY. ...ttt b e et bbbt e e e b e ne e 237
Figure 244. Assumed TDG pressure for the Clover Island boundary during the Spring
L7 SHUAY. ..ttt b e e b ettt e e e b e ne e enes 237
Figure 245. Computed TDG concentration for the Clover 1sland boundary during the
Spring 1997 StUAY PEITOU. .....cuveeeieieiierieeie e 238
Figure 246. McNary Dam operations during the Spring 1997 study period. .................. 239
Figure 247. WallaWallaRiver flows during the Spring 1997 study period. ................. 240
Figure 248. Air temperature, dew point, and barometric pressure used during the Spring
1997 SHUAY PEMTOM. ...ttt sr b e ene e n e enes 241
Figure 249. Wind speed used during the Spring 1997 study period...........ccceevevvereennens 241
Figure 250. Net incoming short-wave solar radiation based estimated total radiation used
during the Spring 1997 Study PEriOd.........ccceiiriieiiereeie e 242

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool XVili

Tables

Table 1. Statistical summary of measurements and simulations near Ice Harbor Dam for
the Summer 1996 pool study (FMS-BC). .....covieeieeeceesece e 51
Table 2. Percentage of time during the simulation where the computed value is within the
given variance compared to the measurements. Stations near Ice Harbor Dam for the
Summer 1996 pool study (FMS-BC). .....ooeiiiieieieiereseree e 51
Table 3. Statistical summary of measurements and simulations for the Summer 1996 pool
SUAY (FIMS-BC)..e et 52
Table 4. Percentage of time during the simulation where the computed value is within the
given variance compared to the measurements. FMS-BC..........ccocoiiiininiieneneees 52
Table 5. Statistical summary of measurements and simulations for the Summer 1996 pool
SUAY (FIMS-BC)..ee e 53
Table 6. Percentage of time during the simulation where the computed value is within the
given variance compared to the measurements. FMS-BC..........ccoooiiiinininneneees 53
Table 7. Statistical summary of measurements and simulations for the Summer 1996 pool
SUAY (FIMS-BC)...e ettt 54
Table 8. Percentage of time during the simulation where the computed value is within the
given variance compared to the measurements. FMS-BC..........ccocoiiiininineneens 54
Table 9. Statistical summary of measurements and simulations for the Summer 1996 pool
SUAY (FIMS-BC)...ee et 55
Table 10. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements. FMS-BC..........cccocvivieviennnnne. 55
Table 11. Statistical summary of measurements and simulations for the Summer 1996
POOI StUAY (FIMS-BC).... ittt 56
Table 12. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements. FMS-BC..........ccccocveivieeiennenne. 56
Table 13. Statistical summary of measurements and simulations for the Summer 1996
POOI StUAY (FIMS-BC)....niiieeiie et 56
Table 14. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements. FMS-BC..........ccccoooeiviieiennnnne. 57
Table 15. Statistical summary of measurements and simulations for the Summer 1996
POOI StUY (FIMS-BC).... ittt 57
Table 16. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements. FMS-BC..........cccocvivvieviennnnne. 57
Table 17. Statistical summary of measurements and simulations for the Summer 1996
POOI StUAY (FIMS-BC).... ittt s 58
Table 18. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements. FMS-BC..........cccooviviieviennenne. 58
Table 19. Statistical summary of measurements and simulations near Ice Harbor Dam for
the Summer 1996 pool study (TM-BC). .....cciriiiiieeererese s 77
Table 20. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements. Stations near Ice Harbor Dam for

the Summer 1996 pool study (TM-BC). ....cooieiieceeeceereee e 77
Table 21. Statistical summary of measurements and simulations for the Summer 1996
07070 IS (N o YA 1\, = S 78

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool XiX

Table 22. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........ccccvveeveevecceesecce e 78
Table 23. Statistical summary of measurements and simulations for the Summer 1996
07070 IS (N 0 YA AV = U 78
Table 24. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccvveeveececcesecce s e s 79
Table 25. Statistical summary of measurements and simulations for the Summer 1996
07070 IS (N o YA AV = S 79
Table 26. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccvveeveevecesecce e s 79
Table 27. Statistical summary of measurements and simulations for the Summer 1996
07070 S (N 0 YA AV = S 80
Table 28. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........ccccceeceeveevecceesecce e s 80
Table 29. Statistical summary of measurements and simulations for the Summer 1996
07070 IS (N o YA AV = U 81
Table 30. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........ccccvveeveececeesecce e s 81
Table 31. Statistical summary of measurements and simulations for the Summer 1996
01070 S (N o YA AV = S 82
Table 32. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........ccccvvceeveecesceesecce e 82
Table 33. Statistical summary of measurements and simulations for the Summer 1996
07070 IS (N o YA AV = S 83
Table 34. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements............ccccvveeveevesceeseccecee s 83
Table 35. Statistical summary of measurements and simulations for the Summer 1996
01070 S (N o YA AV, = S 83
Table 36. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccvvceeveeveceesecce e s, 84
Table 37. Total dissolved gas time series comparisons near |ce Harbor Dam for the
Spring 1996 POOI SUAY. .....ccveeieiieciecie e ens 92
Table 38. Statistical summary of measurements and simulations near Ice Harbor Dam for
the Spring 1996 POOI SLUAY. ....c..ocveiieiice e 117
Table 39. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccvevveeeveececceececce s 117
Table 40. Statistical summary of measurements and simulations for the Spring 1996 pool
£ 111 |2 117
Table 41. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccvevevceveececceeceese s 118
Table 42. Statistical summary of measurements and simulations for the Spring 1996 pool
£ 111 |2 USSR 118
Table 43. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccvevvvceeveececceesecse s 118
Table 44. Statistical summary of measurements and simulations for the Spring 1996 pool
£ (11 |2 USSP 119

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool XX

Table 45. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccveveveeveccecceececcee e 119
Table 46. Statistical summary of measurements and simulations for the Spring 1996 pool
£ 111 YU 120
Table 47. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........ccccceeveveeeveevecceesecse e 120
Table 48. Statistical summary of measurements and simulations for the Spring 1996 pool
£ 111 |2 SSPS 121
Table 49. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........ccccceevveeeeveevecceeseesie e 121
Table 50. Statistical summary of measurements and simulations for the Spring 1996 pool
£ 111 |2 122
Table 51. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........ccccceeveveeeveevesceeseccie e 122
Table 52. Statistical summary of measurements and simulations for the Spring 1996 pool
£ 111 |2 SPS 123
Table 53. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccveceveeveeveccesecse s 123
Table 54. Statistical summary of measurements and simulations for the Spring 1996 pool
£ 111 |2 OSSP 123
Table 55. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccveveveeveece e secce s 124
Table 56. Statistical summary of measurements and simulations for the Spring 1996 pool
111 |2 124
Table 57. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccvevevveveerecceeseecie s 124
Table 58. Statistical summary of measurements and simulations for the Spring 1996 pool
£ 111 |2 USSR 125
Table 59. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccveveeeeeveevecceececse s 125
Table 60. Statistical summary of measurements and simulations for the Spring 1996 pool
£ 111 |2 USRS 126
Table 61. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccvevevveveececceeceecee s 126
Table 62. Statistical summary of measurements and simulations for the Spring 1997 pool
£ 011 |2 RSSO 154
Table 63. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements............ccccveveveeeveccecceesecsie e 154
Table 64. Statistical summary of measurements and simulations for the Spring 1997 pool
£ 111 |2 USSP 155
Table 65. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccvevevceeveevecceeseese e 155
Table 66. Statistical summary of measurements and simulations for the Spring 1997 pool
£ 111 |2 USSP 156
Table 67. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccveveveeeveececceeseccee e 156

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool XXi

Table 68. Statistical summary of measurements and simulations for the Spring 1997 pool
£ 011 2SS 157
Table 69. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccvevevceeveececceececse e 157
Table 70. Statistical summary of measurements and simulations for the Spring 1997 pool
£ 111 | RSSO 158
Table 71. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........ccccveveveeveeve e secse e 158
Table 72. Statistical summary of measurements and simulations for the Spring 1997 pool
£ 111 |2 159
Table 73. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccvevevceeveeve e s cse e 159
Table 74. Statistical summary of measurements and simulations for the Spring 1997 pool
£ 111 |2 160
Table 75. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........ccccceevevveeveececceesecsie e 160
Table 76. Statistical summary of measurements and simulations for the Spring 1997 pool
£ 111 |2 161
Table 77. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccveveeeeveececceeseesee s 161
Table 78. Statistical summary of measurements and simulations for the Spring 1997 pool
£ 111 |2 SSSS 162
Table 79. Percentage of time during the simulation where the computed value is within
the given variance compared to the measurements...........cccccvevevceevecvecceesecsee s 162
Table 80. Snake and Columbia River bathymetry data sets used to create the McNary
pool bathymetric surface. The listed Figure number refers to the map which shows

the SUIVEY 10CEEION(S). .. .veveeeeieeieeteie sttt 180
Table 81. Dates of dissolved gasfield studiesin McNary pool. ........cccccevveveieeiieennee. 184
Table 82. Dissolved gas monitor stations, and their records, used during the Spring 1996

MCNaErY POOI SEUAY.......eeiueeiicee et ee e re e 191
Table 83. Dissolved gas monitor stations, and their records, used during the Summer

1996 MCNAry POOI SEUAY.......cveireerieiieitiesieeiesee e eee e sre e e sre e e sae e sreesreenee e 206

Table 84. Summary of ADCP transects made during the Summer 1996 study period. .209

Table 85. Dissolved gas monitor stations, and their records, used during the Spring 1997
MCNAIY POOI STUAY .....c.eeeerieiieeiieieiere ettt 224

Table 86. Summary of ADCP transects made during the Spring 1997 study period. ....226

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool 1

Two-Dimensional Hydrodynamic, Water Quality, and Fish
Exposure Modeling of the Columbia and Snake Rivers.
Part 6: McNary Reservoir

Under Biological Services Contract DACW68-96-D-0002, Delivery Order No. 8,
Battelle, Pacific Northwest Division is developing and applying a two-dimensional
hydrodynamic, transport model, and fish exposure model to the Lower Columbiaand
Snake River systems. Thiswork is an element of the U.S. Army Corps of Engineers
Dissolved Gas Abatement Program (DGAYS).

Part 6 of the report series describes the application of the model to the McNary Pool of
the Columbia and Snake Rivers. The modeled domain encompasses the following region:

* lceHarbor dam, at Snake rivermile (RM) 9.7
* Clover Idand, at about ColumbiaRM 328.5

* McNary dam, at Columbia RM 292.5.

1 Application of the Hydrodynamics and Water Quality Modelsto
McNary Pool

A two-dimensional-depth averaged hydrodynamics and transport model has been
developed and applied to the part of the Columbia and Snake Rivers that form the
McNary Dam pool. The model simulates time-varying distributions of the depth-
averaged velocities, water temperature, and total dissolved gas. Further details
concerning the model including the governing equations and solutions procedures are
provided in Part 1 of the report series (Richmond, Perkins, and Scheibe, 1998).

The section discusses the genera aspects of the application of the models to McNary
Pool. The data used to assign the bathymetry and boundary conditions are described in
Appendix A. Summaries of the field data used in the modeling study are provided in
Appendices B though D.

Hydrodynamics were calibrated and verified using 1996 and 1997 tailwater gage and
Acoustic Doppler Current Profiler (ADCP) data. Dissolved gas and temperature
calibration used the Summer 1996 pool study data and verification used the Spring 1996
pool study data.

1.1 Mode Grid

The computational grid was generated using the Gridgen 9.1 code. Gridgen 9.1is
software for the generation of 3D, multiple block, structured grids. The code was
developed for NASA Ames Research Center (Steinbrenner and Chawner, 1995).
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To create the grid, a data file containing discrete geographical locations that outline the
river shoreline was imported to Gridgen. In Gridgen, curves containing the data points
were created and joined to enclose 2-dimensional flow regions. Grid spacing was set in
each flow region and the grids were smoothed using the Gridgen élliptic solver. The
elliptic solver was used to minimize grid twist and skew. The flow regions were then
joined end to end in the downstream direction to make up the entire flow domain and the
entire 2-dimensional grid was written to file. Once the grid was created bottom elevations
in each cell were assigned using the bathymetric data and procedure described in
Appendix B.

The model grid for McNary pool is shown in Figure 1. Larger scale maps of the model
grid near the Ice Harbor dam and Clover I1sland boundaries are shown in Figure 2. Note
that several small islands were not included in the model and these were replaced with
bottom elevation approximately 2 ft below the low water surface elevation (the water is
about 2 ft deep where the islands are).
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Figurel. Model grid for McNary pool.
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Figure2. Model grid near Ice Harbor dam and Clover Island.
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1.2 Boundary Conditions

At Ice Harbor, spill and powerhouse flows were uniformly spread across the
corresponding part of the grid: spill to cells 1 to 10, and powerhouse flow to cells 11 to
19.

Two procedures were used to assign temperature and dissolved gas boundary conditions
at Ice Harbor Dam.

The first procedure to assign boundary conditions using the forebay dissolved gas data
and a dissolved gas sourcing function. Spill and powerhouse flow temperatures that were
assumed to be equal to each other and equal to the forebay temperature. Powerhouse
TDG concentrations were set using instrumentation in the forebay. Spillway TDG
concentrations were computed using the Ice Harbor sourcing function, presented by
Schnieder and Wilhelms (1997):

S, =1368-420e %1% (1)
where

S, = TDG saturation of spillway flow, percent; and
Qs = spillway flow, cfs.

Note that this sourcing function was developed prior to the installation of spill deflectors
in 1997. The Spring 1997 study (Appendix D) took place after the deflectors were
installed. Consequently, the calculated gas concentrations in the spillway using equation
(1) may not be representative of the actual conditionsin 1997. Therefore an updated gas
production relationship will be needed to apply the first procedure for the Spring 1997
field study.

The second procedure was to use the furthest upstream dissolved gas monitors to assign
both incoming flow temperature and dissolved gas concentrations. In the Spring and
Summer 1996 instruments were available at locations laterally across the river near the
end of the navigation lock guide wall (see Figure 2). During the Spring 1997 period the
nearest monitors were located at Snake River Mile 6.1 approximately 3.7 miles
downstream from Ice Harbor Dam.

The Clover Island boundary is located just below Clover Island near Kennewick,
Washington at about Columbia RM 289.5. A one-dimensional hydrodynamic model was
used to estimate Columbia River discharge and stage at this location. Figure 2 shows the
location of one-dimensional cross-sections locations relative to the model grid. The one-
dimensional model used operations at Priest Rapids, McNary, and Ice Harbor dams and
tributary inflows from the Y akima and Walla Rivers.

At the McNary Dam boundary the measured forebay elevation was used as the
downstream boundary condition for the model.
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Air and dew point temperature, wind speed, barometric pressure, and net incoming solar
radiation are the meteorological data used as model boundary conditions. These were
assigned uniformly over the entire McNary Pool. A single latitude and longitude was
used for the entire McNary pool: 46°N and 119°W. The data sources and data are
summarized in Appendices B through E. Surface heat flux was computed using the
method described in Appendix A.

1.3 Hydrodynamics Calibration and Verification

The model hydrodynamics were calibrated primarily using the Ice Harbor tailwater
elevation gage. Due to instrumentation problems the horizontal coordinates of the ADCP
data were subject to uncertain errors. Therefore, at thistime, use of the ADCP datawas
restricted to qualitative comparisons with the model simulations.

In all ssimulationsin this report atime step of 50 seconds was used. The simulations also
used constant longitudinal and lateral turbulent eddy viscosities of 0.2 ft*/s.

1.3.1 IceHarbor Tailwater

Thefirst step in the calibration procedure was to select a spatially uniform value of the
Manning roughness coefficient that would yield computed water surface elevationsin
satisfactory agreement with the Ice Harbor Dam tailwater gage. The Summer 1996 pool
study period was selected because ADCP velocity measurements were also available for
that period. Simulations were performed using Manning n values in the range of 0.026 to
0.030. Figure 3 compares the model simulation and measured tailwater elevation for an-
value of 0.027 which was chosen as the final parameter value to be used in the remainder
of the McNary Pool simulations. The model simulates the temporal changes well using
hourly dam operations data. The tailwater is somewhat under predicted (lessthan 0.5
difference) at stages above 345 ft.

The selected n-value was verified for both the Spring 1996 and 1997 pool study periods.
The verification results are shown in Figure 4 and Figure 5. Asin the Summer 1996 case
the model under predicts when the elevation is above 345 ft. However, during the Spring
1997 case the model dlightly over predicts the elevation. The temporal variations are not
aswell smulated in 1997 case and could be the result of using hourly operations data.
The inconsistency could be related to the fact that turbine units 3 and 5 were down most
of 1996 and unit 5 was down for all of 1997. Further simulations using the 5 minute
operations data could be performed to verify whether the gage elevation differences and
temporal differences can be addressed using finer temporal and spatial inflow conditions.

To approximate the effect of flow division that occurs near Columbia River Mile 324
where the small islands were not included the manning n was increased to 0.050.
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Figure 3. Comparison of ssmulated (M anning n=0.027) and measur ed water surface
elevation at thelce Harbor Dam tailwater gage for the Summer 1996 study period.
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Figure 4. Comparison of ssmulated (M anning n=0.027) and measured water surface
elevation at thelce Harbor Dam tailwater gage for the Spring 1996 study period.
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Figure 5. Comparison of ssmulated (M anning n=0.027) and measured water surface
elevation at thelce Harbor Dam tailwater gage for the Spring 1997 study period.

1.3.2 1996 ADCP Data

Once the manning n value was selected the model was run for the operational conditions
(Clover Idland flow, Ice Harbor spill and powerhouse flow, and McNary forebay
elevation) that existed when the 1996 ADCP measurements were performed. The
manning n value was not altered from the value of 0.027 selected from the tailwater
calibration. Simulated vel ocities are compared to the depth-averaged 1996 ADCP datain
Figure 6 through Figure 22.
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Figure 6. Simulated and observed depth-averaged velocities near |ce Harbor Dam

on 7-8-1996.
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Figure 7. Simulated and observed depth-averaged velocities near |ce Harbor Dam

on 7-8-1996.
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Figure 8. Simulated and observed depth-averaged velocities near Snake River Mile

8 on 7-8-1996.
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Figure 9. Simulated and observed depth-averaged velocities near Snake River Mile

6 on 7-8-1996.
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Figure 10. Smulated and observed depth-aver aged velocities near Snake River Mile

6 on 7-8-1996.
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Figure 11. Smulated and observed depth-aver aged velocities near Snake River Mile

20n 7-11-1996.
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Figure 12. Smulated and observed depth-aver aged velocities near Snake River Mile

1.50n 7-11-1996.
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Figure 13. Simulated and observed depth-aver aged velocities at the confluence of

the Columbia and Snake Rivers 2 on 7-11-1996.
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Figure 14. Smulated and observed depth-aver aged velocities near Columbia River

Mile 328 on 7-11-1996.
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Figure 15. Simulated and observed depth-aver aged velocities near Columbia River

Mile 326 on 7-11-1996.
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Figure 16. Simulated and observed depth-aver aged velocities at the confluence of

the Columbia and Snake Riverson 7-11-1996.
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Figure 17. Smulated and observed depth-aver aged velocities at the confluence of

the Columbia and Snake Riverson 7-11-1996.
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Figure 18. Simulated and observed depth-aver aged velocities near Columbia River

Mile 325 on 7-11-1996.
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Figure 19. Simulated and observed depth-aver aged velocities near Columbia River

Mile 319 on 7-11-1996.
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Figure 20. Simulated and observed depth-aver aged velocities near Columbia River
Mile 314 on 7-11-1996.
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Figure 21. Simulated and observed depth-aver aged velocities near Columbia River
Mile 306.5 on 7-11-1996.
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Figure 22. Smulated and observed depth-averaged velocitiesin the McNary Dam

forebay near Columbia River Mile 293 on 7-11-1996.

1.3.3 1997 ADCP Data

As was the case for the 1996 ADCP case, the model was run using operational conditions
(Clover Island flow, Ice Harbor spill and powerhouse flow, and McNary forebay
elevation) that existed when the 1997 ADCP measurements were performed. Again, the
manning n value was not atered from the value of 0.027 selected from the tailwater
calibration. Simulated vel ocities are compared to the depth-averaged 1997 ADCP datain

Figure 23 through Figure 48.
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Figure 23. Simulated and observed depth-averaged velocities near 1ce Harbor Dam

on 4-24-1997.
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Figure 24. Simulated and observed depth-averaged velocities near 1ce Harbor Dam

on 4-24-1997.
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Figure 25. Simulated and observed depth-averaged velocities near 1ce Harbor Dam
on 4-24-1997.
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Figure 26. Smulated and observed depth-averaged velocities near Snake River Mile
7 on 4-24-1997.
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Figure 27. Smulated and observed depth-aver aged velocities near Snake River Mile

7 0n 4-24-1997.
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Figure 28. Smulated and observed depth-aver aged velocities near Snake River Mile

6 on 4-24-1997.
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Figure 29. Smulated and observed depth-aver aged velocities near Snake River Mile

6 on 4-24-1997.
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Figure 30. Smulated and observed depth-aver aged velocities near Snake River Mile

5o0n 4-24-1997.
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Figure 31. Smulated and observed depth-aver aged velocities near Snake River Mile

4.5 on 4-24-1997.
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Figure 32. Smulated and observed depth-aver aged velocities near Snake River Mile

2 0n 4-24-1997.
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Figure 33. Smulated and observed depth-aver aged velocities at the confluence of
the Columbia and Snake Riverson 4-24-1997.
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Figure 34. Smulated and observed depth-averaged velocities near Columbia River
Mile 323.5 on 4-24-1997.
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Figure 35. Simulated and observed depth-aver aged velocities near Columbia River

Mile 328 on 4-24-1997.
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Figure 36. Simulated and observed depth-aver aged velocities near Columbia River

Mile 327 on 4-24-1997.
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Figure 37. Smulated and observed depth-aver aged velocities at the confluence of

the Columbia and Snake Riverson 4-29-1997.
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Figure 38. Simulated and observed depth-aver aged velocities at the confluence of

the Columbia and Snake Riverson 4-29-1997.
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Figure 39. Simulated and observed depth-aver aged velocities at the confluence of

the Columbia and Snake Riverson 4-29-1997.
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Figure 40. Simulated and observed depth-aver aged velocities near Columbia River

Mile 321 on 4-29-1997.
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Figure4l. Smulated and observed depth-averaged velocities near Columbia River

Mile 319 on 4-29-1997.
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Figure 42. Simulated and observed depth-aver aged velocities at Wallula Gap near

Columbia River Mile 313 on 4-30-1997.
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Figure 43. Simulated and observed depth-aver aged velocities at Wallula Gap near

Columbia River Mile 313 on 4-30-1997.
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Figure 44. Simulated and observed depth-aver aged velocities near Columbia River

Mile 309 on 4-30-1997.
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Figure 45. Simulated and observed depth-aver aged velocities near Columbia River

Mile 305 on 4-30-1997.

ADCP Transect 04-30-1997 08:17

Simulated
Observed

— 5fps

301

Study Set: IHR MCN SPR 97
Prepared: 13May1998

Figure 46. Simulated and observed depth-aver aged velocities near Columbia River

Mile 302 on 4-30-1997.
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Figure 47. Smulated and observed depth-aver aged velocities near Columbia River
Mile 299 on 4-30-1997.
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Figure 48. Simulated and observed depth-aver aged velocities at the McNary Dam
forebay near Columbia River Mile 293.5 on 4-30-1997.
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1.3.4 Discussion

The model tailwater calibration and verification showed good agreement with the Ice
Harbor Tailwater gage over awide range of flows. Differences in elevation were less
than 0.5 ft. It is not certain why the model under predicts the elevation at times during the
1996 simulations, but performs well at higher stages during 1997. As noted above, this
might be related to turbine unit operations.

The comparisons between the simulated vel ocities and those measured using the ADCP
are generally good at the majority of transects. Adjusting the roughness coefficient
distribution to better match the data was not warranted at this time because of the
uncertainty in the ADCP coordinates.

1.4 Water Quality Calibration and Verification

The model simulates the transport of the mass concentration of total dissolved gas (TDG)
in water. Total dissolved gasis assumed to be composed of air in the following fractions:
nitrogen (78.084%), oxygen (20.946%), argon (0.934%), and carbon dioxide (0.0320%).
The conversion from total dissolved gas concentration to total pressure and/or saturation
and vice versais done using the relationships in Colt (1984) assuming that the TDG isin
the air ratios given above. For the range of conditions simulated here +- 5% saturation
corresponds to approximately +- 1.5 mg/l TDG concentration.

The principal model parameter that was varied in the water quality simulations was the
lateral mixing coefficient. A spatially uniform and constant value of 0.5 ft?/s was found to
produce the best overall agreement with the field data. These simulations were all
performed setting the surface gas exchange to zero. This provides a baseline with which
to compare different parameterizations for gas exchange at the air-water interface.
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1.4.1 1996 Summer Simulation

Boundary Conditionsusing I ce Harbor Sourcing Function and Forebay Data

Comparisons between the measurements and simul ations using an upsteam boundary
condition devel oped from the empirical project gas sourcing function and the forebay
FMS monitor are shown in the Figures below. This case is denoted as FMS-BC in the
figure captions.

Battelle, Pacific Northwest Division February 1999
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Figure 49. Temperature and total dissolved gastime series comparisons near |ce

Harbor Dam for the Summer 1996 pool study (FM S-BC).
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Figure 50. Total dissolved gas pressure and saturation time series comparisons near
IceHarbor Dam for the Summer 1996 pool study (FM S-BC).
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Figure51. Temperature and total dissolved gastime series comparisons near the
IceHarbor Fixed Monitor for the Summer 1996 pool study (FM S-BC).
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Figure 52. Total dissolved gastime series comparisons near the Ice Harbor Fixed
Monitor for the Summer 1996 pool study (FMS-BC).
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Figure 53. Temperature and total dissolved gastime series comparisons near Snake
River Mile 6.1 for the Summer 1996 pool study (FM S-BC).
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Figure 54. Total dissolved gastime series comparisons near Snake River Mile 6.1 for
the Summer 1996 pool study (FMS-BC).
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Figure 55. Temperature and total dissolved gastime series comparisons near Snake
River Mile 2.2 for the Summer 1996 pool study (FM S-BC).
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Figure 56. Total dissolved gastime series comparisons near Snake River Mile 2.2 for
the Summer 1996 pool study (FMS-BC).
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Figure 57. Temperature and total dissolved gas time series comparisons near
Columbia River Mile 326 for the Summer 1996 pool study (FMS-BC).
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Figure 58. Total dissolved gastime series comparisons near Columbia River Mile
326 for the Summer 1996 pool study (FM S-BC).
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Figure 59. Temperature and total dissolved gas time series comparisons near
Columbia River Mile 323.5 for the Summer 1996 pool study (FM S-BC).
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Figure 60. Total dissolved gastime series comparisons near Columbia River Mile

323.5 for the Summer 1996 pool study (FM S-BC).
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Figure 61. Temperature and total dissolved gas time series comparisons near

Columbia River Mile 314 for the Summer 1996 pool study (FMS-BC).
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Figure 62. Total dissolved gastime series comparisons near Columbia River Mile
314 for the Summer 1996 pool study (FM S-BC).
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Figure 63. Temperature and total dissolved gas time series comparisons near
Columbia River Mile 306 for the Summer 1996 pool study (FMS-BC).
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Figure 64. Total dissolved gastime series comparisons near Columbia River Mile
306 for the Summer 1996 pool study (FM S-BC).
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Figure 65. Temperature and total dissolved gastime series comparisons at the
McNary Fixed Monitor for the Summer 1996 pool study (FMS-BC).
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Figure 66. Total dissolved gastime series comparisons at the McNary Fixed Monitor
for the Summer 1996 pool study (FMS-BC).
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
IHRGWXBP 17.73 18.14 0.47 0.73 0.64
IHRGWCBMP 17.69 18.14 0.47 0.73 0.67
IHRGWXCP 17.65 18.13 0.47 0.73 0.69
IHRGWXDP 17.75 18.13 0.47 0.72 0.63

Concentration (mg/l)

IHRGWXBP 30.77 29.63 0.45 0.58 1.19
IHRGWCBMP 31.79 29.64 0.53 0.58 2.23
IHRGWXCP 31.88 30.68 0.51 0.44 1.27
IHRGWXDP 32.65 30.77 0.35 0.44 1.92

Gas Pressure (mmHg)

IHRGWXBP 889.88 864.81 8.94 12.85 28.23
IHRGWCBMP 918.43 864.88 13.45 12.94 56.96
IHRGWXCP 920.13 894.83 13.04 3.53 27.70
IHRGWXDP 943.70 897.21 7.29 3.48 46.90

% Saturation

IHRGWXBP 118.06 114.74 1.38 2.02 3.74
IHRGWCBMP 121.85 114.75 1.86 2.03 7.55
IHRGWXCP 122.08 118.72 1.79 0.35 3.68
IHRGWXDP 125.21 119.03 0.86 0.20 6.23

Table 1. Statistical summary of measurements and simulations near |ce Harbor
Dam for the Summer 1996 pool study (FMS-BC).

Station +1.00C | +£1.00 mg/l | +38.00 mmHg [+5.00% Sat.
IHRGWXBP 88.42 38.95 82.63 81.58
IHRGWCBMP | 86.84 0 26.32 25.26
IHRGWXCP 86.32 38.95 77.89 77.89
IHRGWXDP 87.89 0.53 9.47 7.37

Table 2. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measurements. Stations near Ice Harbor
Dam for the Summer 1996 pool study (FMS-BC).

Battelle, Pacific Northwest Division February 1999
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
FMS_IDSW 17.54 18.15 0.55 0.69 0.77

Concentration (mg/l)
FMS_IDSW 31.50 30.46 0.37 0.42 1.07

Gas Pressure (mmHg)
FMS_IDSW 907.53 888.76 4.33 3.22 19.10

% Saturation
FMS_IDSW 120.4 117.91 0.49 0.59 2.53

Table 3. Statistical summary of measurements and simulationsfor the Summer 1996
pool study (FM S-BC).

Station +1.00 C +1.00 mg/l +38.00 mmHg [+5.00% Sat.

FMS_IDSW 83.16 58.42 100 100

Table 4. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measurements. FMS-BC

Battelle, Pacific Northwest Division February 1999
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
MCNO00624P 17.83 18.14 0.48 0.70 0.59
MCNO0612P 17.92 18.14 0.35 0.70 0.58
MCNOO0615P 17.84 18.20 0.51 0.69 0.61
IHR00615B 17.97 18.15 0.48 0.69 0.52

Concentration (mg/l)

MCNO00624P 30.75 30.31 0.39 0.43 0.48
MCNO00612P 31.51 30.39 0.64 0.43 1.41
MCNO0615P 29.68 29.73 0.49 0.50 0.23
IHR00615B 31.30 30.46 0.32 0.42 0.87

Gas Pressure (mmHg)

MCNO00624P 891.03 884.40 6.02 4.37 8.14
MCNO00612P 914.24 886.69 21.39 3.65 35.12
MCNO0615P 860.64 868.65 10.19 10.68 13.12
IHR00615B 909.36 888.77 4.36 3.23 20.90

% Saturation

MCNO00624P 118.22 117.34 0.97 0.82 1.08
MCNO00612P 121.47 117.64 2.79 0.70 4.96
MCNOO615P 114.18 115.25 1.57 1.73 1.74
IHR00615B 120.65 117.91 0.53 0.59 2.77

Table 5. Statistical summary of measur ements and simulationsfor the Summer 1996
pool study (FMS-BC).

Station £1.00C +1.00 mg/l £38.00 mmHg [+5.00% Sat.
MCNO00624P 90 98.42 100 100
MCNO00612P 91.05 64.21 69.47 69.47
MCNO00615P 88.42 100 100 100
IHR00615B 92.63 80.53 100 100

Table 6. Per centage of time during the ssimulation where the computed valueis
within the given variance compar ed to the measurements. FMS-BC

Battelle, Pacific Northwest Division February 1999
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCNO00225P 17.74 18.24 0.50 0.62 0.69
MCNO00221P 17.70 18.24 0.50 0.63 0.72
MCNO00223P 17.72 18.24 0.59 0.63 0.73
Concentration (mg/l)
MCNO00225P 34.83 30.24 0.71 0.39 4.62
MCNO00221P 30.05 30.05 0.39 0.40 0.20
MCNO00223P 29.52 29.98 0.41 0.40 0.48
Gas Pressure (mmHg)
MCNO00225P 1005.42 884.03 11.53 5.90 122.02
MCNO00221P 868.82 878.46 8.55 6.93 12.37
MCNO00223P 854.13 876.34 9.33 7.36 23.24
% Saturation
MCNO00225P 133.39 117.29 1.86 0.95 16.19
MCNO00221P 115.27 116.55 1.18 1.16 1.64
MCNO00223P 113.32 116.27 1.39 1.25 3.08

Table 7. Statistical summary of measur ements and simulationsfor the Summer 1996
pool study (FMS-BC).

Station +1.00C | £1.00 mg/l | +38.00 mmHg [+5.00% Sat.
MCNO00225P | 83.68 0 0 0
MCNO00221P | 82.63 100 100 100
MCNO00223P | 80.53 100 98.42 97.89

Table 8. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measurements. FMS-BC
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
MCN32613P 16.90 16.93 0.28 0.24 0.08

Concentration (mg/l)
MCN32613P 31.31 31.31 0.46 0.45 0.05

Gas Pressure (mmHg)
MCN32613P 891.04 891.98 12.73 12.67 1.85

% Saturation
MCN32613P 118.22 118.35 2.06 2.06 0.25

Table9. Statistical summary of measurements and simulationsfor the Summer 1996
pool study (FM S-BC).

Station £1.00C +1.00 mg/l £38.00 mmHg [+5.00% Sat.

MCN32613P 100 100 100 100

Table 10. Per centage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measurements. FMS-BC

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
MCN32353P 17.05 16.93 0.28 0.24 0.20
MCN32352P 17.12 16.97 0.28 0.23 0.20
MCN32351P 17.39 18.13 0.36 0.51 0.84

Concentration (mg/l)

MCN32353P 31.12 31.32 0.46 0.45 0.21
MCN32352P 31.18 31.29 0.41 0.44 0.16
MCN32351P 30.68 30.19 0.37 0.34 0.56

Gas Pressure (mmHg)

MCN32353P 888.02 891.95 11.70 12.72 4.69
MCN32352P 890.84 892.13 11.12 12.70 3.77
MCN32351P 881.29 880.62 8.67 7.79 5.69

Battelle, Pacific Northwest Division February 1999
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% Saturation

MCN32353P 117.82 118.34 1.93 2.08 0.62
MCN32352P 118.20 118.37 1.87 2.07 0.50
MCN32351P 116.92 116.83 1.40 131 0.75

Table 11. Statistical summary of measurements and simulations for the Summer

1996 pool study (FMS-BC).

Station +1.00 C +1.00 mg/l +38.00 mmHg [+5.00% Sat.
MCN32353P 100 100 100 100
MCN32352P 100 100 100 100
MCN32351P 74.74 96.84 100 100

Table 12. Percentage of time during the simulation wher e the computed valueis

within the given variance compared to the measurements. FMS-BC

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCN31423P 17.23 17.28 0.28 0.29 0.13
MCN31422P 17.91 18.53 0.40 0.70 0.75
MCN31421P 17.49 17.54 0.36 0.33 0.21
MCN31424P 17.11 17.06 0.26 0.31 0.11
Concentration (mg/l)
MCN31423P 31.01 31.04 0.47 0.41 0.19
MCN31422P 29.86 30.02 0.95 0.86 1.42
MCN31421P 30.30 30.82 0.66 0.35 0.77
MCN31424P 31.20 31.26 0.49 0.48 0.15
Gas Pressure (mmHg)

MCN31423P 888.43 890.29 13.33 13.11 5.37
MCN31422P 866.85 882.96 24.06 34.85 47.05
MCN31421P 872.45 888.69 16.37 11.98 22.00
MCN31424P 891.49 892.74 14.31 15.43 4.22

% Saturation
MCN31423P 117.87 118.12 2.07 2.08 0.72
MCN31422P 115.01 117.15 3.44 473 6.24
MCN31421P 115.75 117.91 2.39 1.91 2.92
MCN31424P 118.27 118.45 2.24 2.39 0.56

Table 13. Statistical summary of measurements and simulations for the Summer

1996 pool study (FMS-BC).
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Station +1.00C +1.00 mg/l £38.00 mmHg [+5.00% Sat.
MCN31423P 100 100 100 100
MCN31422P 80.00 52.63 54.74 54.21
MCN31421P 100 82.63 91.05 91.05
MCN31424P 100 100 100 100

Table 14. Per centage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measurements. FMS-BC

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCN30661P 17.52 18.32 0.27 0.60 0.88
MCN30663P 17.43 17.61 0.23 0.31 0.23
Concentration (mg/l)

MCN30661P 30.19 30.13 0.42 0.92 1.06
MCN30663P 30.74 30.96 0.44 0.33 0.35

Gas Pressure (mmHg)
MCN30661P 870.24 882.46 10.21 35.00 37.53
MCN30663P 883.98 893.82 11.00 11.32 13.28

% Saturation
MCN30661P 115.50 117.11 1.75 4.55 4.97
MCN30663P 117.32 118.62 1.87 1.75 1.76

Table 15. Statistical summary of measurements and simulations for the Summer
1996 pool study (FMS-BC).

Station +1.00 C | £1.00 mg/l | £38.00 mmHg [+5.00% Sat.

MCN30661P | 75.76 69.09 52.12 50.30
MCN30663P 100 100 100 100

Table 16. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measurements. FMS-BC

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
FMS_MCQW 18.85 17.47 0.51 0.27 1.48
FMS_MCQO 17.81 17.89 0.70 0.37 0.57
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Concentration (mg/l)
FMS_MCQW 30.37 3131 0.26 0.57 1.10
FMS_MCQO 30.36 30.55 0.22 0.62 0.56

Gas Pressure (mmHg)
FMS_MCQW 897.70 901.36 7.81 19.42 22.74
FMS_MCQO 879.61 887.33 14.10 23.42 19.85

% Saturation
FMS_MCQW 118.68 119.55 1.41 2.33 3.21
FMS_MCQO 116.29 117.69 1.69 2.78 2.92

Table 17. Statistical summary of measurements and simulationsfor the Summer
1996 pool study (FMS-BC).

Station +1.00 C | £1.00 mg/l | £38.00 mmHg |+5.00% Sat.

FMS_MCQW | 33.33 51.67 92.50 92.50
FMS_MCQO 94.17 97.50 97.50 95.00

Table 18. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measurements. FMS-BC

Boundary Conditionsusing Temporary Monitored Field Data

Comparisons between the measurements and simul ations using an upsteam boundary
condition devel oped from the furthest upstream temporary gas monitor and the gas
monitor located at the draft tube are shown in the Figures below. This case is denoted as
TM-BC in the figure captions.
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Figure 67. Temperature and total dissolved gastime series comparisons near |ce

Harbor Dam for the Summer 1996 pool study (TM-BC).
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Figure 68. Total dissolved gastime series comparisons near |ce Harbor Dam for the

Summer 1996 pool study (TM-BC).
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Figure 69. Temperature and total dissolved gastime series comparisons near the

IceHarbor Fixed Monitor for the Summer 1996 pool study (TM-BC).
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Figure 70. Total dissolved gastime series comparisons near the Ice Harbor Fixed
Monitor for the Summer 1996 pool study (TM-BC).
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Figure 71. Temperature and total dissolved gastime series comparisons near Snake
River Mile 6.1 for the Summer 1996 pool study.
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Figure 72. Total dissolved gastime series comparisons near Snake River Mile 6.1 for

the Summer 1996 pool study (TM-BC).
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Figure 73. Temperature and total dissolved gastime series comparisons near Snake
River Mile 2.2 for the Summer 1996 pool study (TM-BC).
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Figure 74. Total dissolved gastime series comparisons near Snake River Mile 2.2 for
the Summer 1996 pool study (TM-BC).
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Figure 75. Temperatur e and total dissolved gas concentration at Columbia River
Mile 326.1. Note that this monitor supplied the model boundary conditions at

Clover I1dand (TM-BC).
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Figure 76. Total dissolved gas at Columbia River Mile 326.1. Note that this monitor
supplied the model boundary conditions at Clover Island (TM-BC).
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Figure 77. Temperature and total dissolved gas time series comparisons near
Columbia River Mile 323.5 for the Summer 1996 pool study (TM-BC).
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Figure 78. Total dissolved gastime series comparisons near Columbia River Mile

323.5 for the Summer 1996 pool study (TM-BC).
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Figure 79. Temperature and total dissolved gas time series comparisons near
Columbia River Mile 314 for the Summer 1996 pool study (TM-BC).
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Figure 80. Total dissolved gastime series comparisons near Columbia River Mile

314 for the Summer 1996 pool study (TM-BC).
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