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STUDY COMPONENTS
Well information
Hydrogeology
Groundwater pumpage
Groundwater recharge
Groundwater / surface water interchanges
Groundwater flow system, including 
groundwater levels
Hydraulic characteristics
Groundwater flow model



Hydrogeologic Framework of 
Sedimentary Deposits in Six Structural 
Basins



Basalt 
Hydrogeologic 
Units

Saddle Mountains unit
Wanapum unit
Grande Ronde unit





Ground-Water Usage in Yakima River Basin





Groundwater Rights

Number Instantaneous Annual Irrigated Area
(GPM) (Acre-FT) (Acres)

2,874 950,000 530,000 130,000

Instantaneous =  1.4 Billion gallons per day
Annual =  730 Cubic feet per second
Streamflow leaving the Basin =  3,600 Cubic feet per second

Total Surface Water rights: 5,800 Cubic feet per second



Ground-Water Recharge

Simulates
81,367 HRUs
for 41 years

1.2 billion daily values



Predevelopment Conditions
30.5 cm
157 m3/s
3.9 million acre-feet

Current Conditions
40 cm
202 m3/s
5.2 million acre-feet

Mean Annual Recharge since 1950

Vaccaro and Olsen, 2007



Seepage 
Measurement
Reaches





Cooling
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Streamflow Gains and Losses, 198 reaches
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ALL DATA

		CFS/MILE		MILES		NAME						POS CFS/MI		MILES				NEG CFS/MI		MILES		ABS(NEG)

		-76.5		2.3		Y						68.9		0.9		1		-76.52		2.3		76.52				POSITIVE VALUES						NEGATIVE VALUES

		-56.1		5.6		Y		167 REACHES				65.6		0.9		2		-56.07		5.6		56.07

		-30.9		1.6		N04		2 NEUTRAL				61.0		1.0		3		-30.91		1.6		30.91				Mean		11.4				Mean		-8.64

		-27.5		4.8		Y		98 POSITIVE				50.0		0.8		4		-27.50		4.8		27.50				Standard Error		1.5				Standard Error		1.59

		-26.3		9.4		YY		67 NEGATIVE				49.0		4.9		5		-26.28		9.4		26.28				Median		5.1				Median		-4.37

		-25.7		0.7		T04						41.3		12.3		6		-25.71		0.7		25.71				Mode		10				Mode

		-24.0		0.5		N04						37.5		2.4		7		-24.00		0.5		24.00				Standard Deviation		14.7				Standard Deviation		13.03

		-21.7		3.2		N04						33.4		3.7		8		-21.67		3.2		21.67				Sample Variance		217.4				Sample Variance		169.86

		-20.9		1.1		N04						32.2		13.1		9		-20.91		1.1		20.91				Kurtosis		4.5				Kurtosis		12.45

		-19.7		7.3		Y						31.1		0.9		10		-19.73		7.3		19.73				Skewness		2.1				Skewness		-3.15

		-19.7		2.9		N04						29.6		2.5		11		-19.66		2.9		19.66				Range		68.9				Range		76.51

		-18.2		21.5		YL						29.1		3.7		12		-18.19		21.5		18.19				Minimum		0.0				Minimum		-76.52

		-17.1		2.4		Y						26.3		0.6		13		-17.08		2.4		17.08				Maximum		68.9				Maximum		-0.01

		-13.7		15.5		Y						25.2		3.7		14		-13.72		15.5		13.72				Sum		1114.8				Sum		-578.78

		-11.7		2.9		Y						24.8		10.2		15		-11.72		2.9		11.72				Count		98				Count		67

		-10.1		16.6		Y						23.6		1.1		16		-10.09		16.6		10.09

		-9.5		6.3		Y						23.3		0.9		17		-9.49		6.3		9.49

		-8.0		8.7		Y						20.6		3.1		18		-7.95		8.7		7.95				LENGTHS

		-7.7		17.1		YU						20.0		7.2		19		-7.66		17.1		7.66

		-7.6		2.1		T04						18.7		3.3		20		-7.62		2.1		7.62				Mean		5.9

		-7.4		3.3		YCYN						17.9		17.4		21		-7.42		3.3		7.42				Standard Error		0.4

		-7.2		7.3		Y						17.0		1.0		22		-7.18		7.3		7.18				Median		3.7

		-6.9		1.8		AHT						14.7		11.1		23		-6.94		1.8		6.94				Mode		2.6

		-6.6		3.5		YY						14.3		26.6		24		-6.57		3.5		6.57				Standard Deviation		5.6

		-6.0		3.7		Y						13.4		3.2		25		-5.97		3.7		5.97				Sample Variance		31.3

		-5.8		1.2		N04						13.3		16.4		26		-5.83		1.2		5.83				Kurtosis		3.8

		-5.5		2.9		Y						12.4		2.3		27		-5.52		2.9		5.52				Skewness		1.8

		-5.1		3.7		Y						12.2		0.9		28		-5.11		3.7		5.11				Range		31.7

		-5.0		0.8		T04						11.7		4.9		29		-5.00		0.8		5.00				Minimum		0.2

		-4.8		3.3		YCYN						11.48		3.1		30		-4.85		3.3		4.85				Maximum		31.9

		-4.5		2.9		N04						11.4		6.4		31		-4.48		2.9		4.48				Sum		991.32

		-4.4		12.4		Y						11.3		8.9		32		-4.44		12.4		4.44				Count		167

		-4.4		3.5		TOP						11.1		11.4		33		-4.39		3.5		4.39

		-4.4		3.5		TOP						11.0		4.8		34		-4.37		3.5		4.37

		-3.7		3.5		TOP						11.0		2.0		35		-3.72		3.5		3.72

		-3.5		9.4		Y						10.56		1.43		36		-3.51		9.4		3.51

		-3.3		0.9		N04						10.4		9.9		37		-3.33		0.9		3.33

		-3.3		1.2		N04						10.0		5.7		38		-3.33		1.2		3.33

		-3.1		4.8		Y						10.0		3.4		39		-3.13		4.8		3.13

		-3.1		1.7		nandoe						10.0		0.2		40		-3.05		1.7		3.05

		-3.0		3.5		TOP						9.1		7.6		41		-3.05		3.5		3.05

		-3.0		9.6		Y						8.9		25.0		42		-3.01		9.6		3.01

		-2.8		3.9		TIE						8.9		12.6		43		-2.82		3.9		2.82

		-2.2		11.7		Y						8.6		4.7		44		-2.16		11.7		2.16

		-2.1		10.6		YU						8.5		5.1		45		-2.11		10.6		2.11

		-1.7		2.3		AHT						8.1		11.7		46		-1.65		2.3		1.65

		-1.6		6.5		YU						7.2		1.0		47		-1.60		6.5		1.60

		-1.5		3.3		TIE						6.3		3.2		48		-1.52		3.3		1.52

		-1.2		1.7		TAN						5.4		13.1		49		-1.21		1.7		1.21

		-1.2		2.0		tandoe						4.8		3.5		50		-1.20		2.0		1.20

		-1.0		2.1		tandoe						4.6		5.9		51		-1.00		2.1		1.00

		-1.0		2.1		tandoe						4.3		31.9		52		-0.95		2.1		0.95

		-0.8		2.6		nandoe						4.1		16.1		53		-0.84		2.6		0.84

		-0.8		7.6		MAN						3.8		2.4		54		-0.84		7.6		0.84

		-0.8		2.0		T04						3.7		16.5		55		-0.77		2.0		0.77

		-0.7		4.5		TIE						3.6		2.8		56		-0.67		4.5		0.67

		-0.7		4.7		nandoe						3.5		6.9		57		-0.66		4.7		0.66

		-0.5		3.6		TAN						3.4		12.0		58		-0.47		3.6		0.47

		-0.4		9.4		YCNY						3.2		17.4		59		-0.43		9.4		0.43

		-0.3		13.0		SAT						3.1		3.2		60		-0.33		13.0		0.33

		-0.3		18.7		YCNY						3.1		2.6		61		-0.27		18.7		0.27

		-0.2		5.1		YCNY						2.9		3.5		62		-0.20		5.1		0.20

		-0.1		21.5		YL						2.8		14.4		63		-0.14		21.5		0.14

		-0.1		9.8		SAT						2.6		9.7		64		-0.11		9.8		0.11

		-0.1		5.9		swauk						2.5		4.8		65		-0.09		5.9		0.09

		-0.1		5.9		swauk						2.3		1.4		66		-0.06		5.9		0.06

		-0.0		5.9		tandoe						2.3		7.5		67		-0.01		5.9		0.01

		0.0		5.0		Y						2.2		1.8		68

		0.0		0.9		YL						2.1		0.8		69

		0.0		2.1		nandoe						2.0		0.5		70

		0.0		6.9		SAT						1.9		12.6		71

		0.1		4.4		umtan						1.7		1.4		72

		0.1		4.4		umtan						1.6		0.4		73

		0.1		2.6		nandoe						1.5		2.0		74

		0.1		3.6		TWY						1.5		7.6		75

		0.1		14.0		cook						1.2		1.4		76

		0.3		1.4		TOP						1.1		8.7		77

		0.3		6.8		YCYN						1.0		0.4		78

		0.4		2.6		nandoe						1.0		6.0		79

		0.4		2.6		nandoe						0.9		8.9		80

		0.6		5.0		YCYN						0.9		2.6		81

		0.6		2.1		nandoe						0.9		5.1		82

		0.7		2.6		nandoe						0.8		3.9		83

		0.7		8.3		Y						0.7		8.3		84

		0.8		3.9		tandoe						0.7		2.6		85

		0.9		5.1		AM						0.6		2.1		86

		0.9		2.6		nandoe						0.6		5.0		87

		0.9		8.9		Y						0.4		2.6		88

		1.0		6.0		tandoe						0.4		2.6		89

		1.0		0.4		cook						0.3		6.8		90

		1.1		8.7		YU						0.3		1.4		91

		1.2		1.4		TOP						0.1		14.0		92

		1.5		7.6		AM						0.1		3.6		93

		1.5		2.0		T04						0.1		2.6		94

		1.6		0.4		cook						0.1		4.4		95

		1.7		1.4		TOP						0.1		4.4		96

		1.9		12.6		Y						0.0		6.9		97

		2.0		0.5		T04						0.0		2.1		98

		2.1		0.8		Y

		2.2		1.8		YCYN

		2.3		7.5		NCH

		2.3		1.4		TOP

		2.5		4.8		SAT

		2.6		9.7		YY

		2.8		14.4		YY

		2.9		3.5		AHT

		3.1		2.6		nandoe

		3.1		3.2		Y

		3.2		17.4		Y
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		10.0		5.7		Y
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		10.4		9.9		Y

		10.56		1.43		CHERY
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		29.1		3.7		Y

		29.6		2.5		N04

		31.1		0.9		YCYN

		32.2		13.1		YL

		33.4		3.7		Y

		37.5		2.4		Y

		41.3		12.3		N04

		49.0		4.9		Y

		50.0		0.8		Y

		61.0		1.0		N04

		65.6		0.9		NCH

		68.9		0.9		Y





ALL DATA

		



POSITVE CFS/MILES

NEGATIVE (ABS) CFS/MILE

RANK OF VALUES FOR: POS AND NEG

CFS/MILE



Sheet1

		





PERCENTILES BOTH (ABS NEG)

		ALL DATA, NEGATIVE AS ABSOLUTE

		Column1		Rank		Percent

		76.5		1		100.00%		1.00		100

		68.9		2		99.40%		0.99		99.4

		65.6		3		98.90%		0.99		98.9

		61.0		4		98.40%		0.98		98.4

		56.1		5		97.90%		0.98		97.9

		50.0		6		97.40%		0.97		97.4

		49.0		7		96.90%		0.97		96.9

		41.3		8		96.40%		0.96		96.4

		39.6		9		95.90%		0.96		95.9

		37.5		10		95.40%		0.95		95.4

		33.4		11		94.90%		0.95		94.9

		32.2		12		94.40%		0.94		94.4

		31.1		13		93.90%		0.94		93.9

		30.9		14		93.40%		0.93		93.4

		29.6		15		92.80%		0.93		92.8

		29.1		16		92.30%		0.92		92.3

		28.8		17		91.80%		0.92		91.8

		27.5		18		91.30%		0.91		91.3

		26.3		19		90.80%		0.91		90.8

		26.3		20		90.30%		0.90		90.3

		25.7		21		89.80%		0.90		89.8

		25.2		22		89.30%		0.89		89.3

		24.8		23		88.80%		0.89		88.8

		24.0		24		88.30%		0.88		88.3

		23.6		25		87.80%		0.88		87.8

		23.3		26		87.30%		0.87		87.3

		21.7		27		86.80%		0.87		86.8

		20.9		28		86.20%		0.86		86.2

		20.6		29		85.70%		0.86		85.7

		20.0		30		85.20%		0.85		85.2

		19.7		31		84.70%		0.85		84.7

		19.7		32		84.20%		0.84		84.2

		19.3		33		83.70%		0.84		83.7

		18.7		34		83.20%		0.83		83.2

		18.6		35		82.70%		0.83		82.7

		18.2		36		82.20%		0.82		82.2

		17.9		37		81.70%		0.82		81.7

		17.1		38		81.20%		0.81		81.2

		17.0		39		80.70%		0.81		80.7

		14.8		40		80.20%		0.80		80.2

		14.7		41		79.60%		0.80		79.6

		14.3		42		79.10%		0.79		79.1

		13.8		43		78.60%		0.79		78.6

		13.7		44		78.10%		0.78		78.1

		13.4		45		77.60%		0.78		77.6

		13.3		46		77.10%		0.77		77.1

		12.8		47		76.60%		0.77		76.6

		12.4		48		76.10%		0.76		76.1

		12.2		49		75.60%		0.76		75.6

		11.7		50		75.10%		0.75		75.1

		11.7		51		74.60%		0.75		74.6

		11.4		52		74.10%		0.74		74.1

		11.3		53		73.60%		0.74		73.6

		11.1		54		73.00%		0.73		73

		11.0		55		72.50%		0.73		72.5

		11.0		56		72.00%		0.72		72

		10.4		57		71.50%		0.72		71.5

		10.1		58		71.00%		0.71		71

		10.0		59		70.00%		0.70		70

		10.0		59		70.00%		0.70		70

		10.0		61		69.50%		0.70		69.5

		9.5		62		69.00%		0.69		69

		9.1		63		68.50%		0.69		68.5

		8.9		64		68.00%		0.68		68

		8.9		65		67.50%		0.68		67.5

		8.6		66		67.00%		0.67		67

		8.5		67		66.40%		0.66		66.4

		8.1		68		65.90%		0.66		65.9

		8.1		69		65.40%		0.65		65.4

		8.0		70		64.90%		0.65		64.9

		8.0		71		64.40%		0.64		64.4

		7.7		72		63.90%		0.64		63.9

		7.6		73		63.40%		0.63		63.4

		7.4		74		62.90%		0.63		62.9

		7.2		75		62.40%		0.62		62.4

		7.2		76		61.90%		0.62		61.9

		7.0		77		61.40%		0.61		61.4

		7.0		78		60.90%		0.61		60.9

		6.9		79		60.40%		0.60		60.4

		6.6		80		59.80%		0.60		59.8

		6.3		81		59.30%		0.59		59.3

		6.0		82		58.80%		0.59		58.8

		5.8		83		58.30%		0.58		58.3

		5.5		84		57.80%		0.58		57.8

		5.4		85		57.30%		0.57		57.3

		5.1		86		56.80%		0.57		56.8

		5.0		87		56.30%		0.56		56.3

		4.8		88		55.80%		0.56		55.8

		4.8		89		55.30%		0.55		55.3

		4.8		90		54.80%		0.55		54.8

		4.8		91		54.30%		0.54		54.3

		4.6		92		53.80%		0.54		53.8

		4.5		93		53.20%		0.53		53.2

		4.4		94		52.70%		0.53		52.7

		4.4		95		52.20%		0.52		52.2

		4.4		96		51.70%		0.52		51.7

		4.3		97		51.20%		0.51		51.2

		4.1		98		50.70%		0.51		50.7

		3.8		99		50.20%		0.50		50.2

		3.7		100		49.70%		0.50		49.7

		3.7		101		49.20%		0.49		49.2

		3.6		102		48.70%		0.49		48.7

		3.5		103		48.20%		0.48		48.2

		3.5		104		47.70%		0.48		47.7

		3.4		105		47.20%		0.47		47.2

		3.4		106		46.70%		0.47		46.7

		3.3		107		46.10%		0.46		46.1

		3.3		108		45.60%		0.46		45.6

		3.2		109		45.10%		0.45		45.1

		3.2		110		44.60%		0.45		44.6

		3.1		111		44.10%		0.44		44.1

		3.1		112		43.60%		0.44		43.6

		3.1		113		43.10%		0.43		43.1

		3.1		114		42.60%		0.43		42.6

		3.0		115		42.10%		0.42		42.1

		3.0		116		41.60%		0.42		41.6

		2.9		117		41.10%		0.41		41.1

		2.8		118		40.60%		0.41		40.6

		2.8		119		40.10%		0.40		40.1

		2.6		120		39.50%		0.40		39.5

		2.5		121		39.00%		0.39		39

		2.3		122		38.50%		0.39		38.5

		2.3		123		38.00%		0.38		38

		2.2		124		37.50%		0.38		37.5

		2.2		125		37.00%		0.37		37

		2.1		126		36.50%		0.37		36.5

		2.1		127		36.00%		0.36		36

		2.0		128		35.50%		0.36		35.5

		1.9		129		35.00%		0.35		35

		1.9		130		34.50%		0.35		34.5

		1.7		131		34.00%		0.34		34

		1.7		132		33.50%		0.34		33.5

		1.6		133		32.90%		0.33		32.9

		1.6		134		32.40%		0.32		32.4

		1.6		135		31.90%		0.32		31.9

		1.5		136		31.40%		0.31		31.4

		1.5		137		30.90%		0.31		30.9

		1.5		138		30.40%		0.30		30.4

		1.2		139		29.90%		0.30		29.9

		1.2		140		29.40%		0.29		29.4

		1.2		141		28.90%		0.29		28.9

		1.2		142		28.40%		0.28		28.4

		1.2		143		27.90%		0.28		27.9

		1.1		144		27.40%		0.27		27.4

		1.1		145		26.90%		0.27		26.9

		1.0		146		25.80%		0.26		25.8

		1.0		146		25.80%		0.26		25.8

		1.0		148		25.30%		0.25		25.3

		1.0		149		24.80%		0.25		24.8

		0.9		150		24.30%		0.24		24.3

		0.9		151		23.80%		0.24		23.8

		0.9		152		23.30%		0.23		23.3

		0.8		153		22.80%		0.23		22.8

		0.8		154		22.30%		0.22		22.3

		0.8		155		21.80%		0.22		21.8

		0.8		156		21.30%		0.21		21.3

		0.7		157		20.80%		0.21		20.8

		0.7		158		20.30%		0.20		20.3

		0.7		159		19.70%		0.20		19.7

		0.7		160		19.20%		0.19		19.2

		0.7		161		18.70%		0.19		18.7

		0.7		162		18.20%		0.18		18.2

		0.6		163		17.70%		0.18		17.7

		0.6		164		17.20%		0.17		17.2

		0.6		165		16.70%		0.17		16.7

		0.6		166		16.20%		0.16		16.2

		0.5		167		15.70%		0.16		15.7

		0.5		168		15.20%		0.15		15.2

		0.5		169		14.70%		0.15		14.7

		0.5		170		14.20%		0.14		14.2

		0.4		171		13.70%		0.14		13.7

		0.4		172		13.10%		0.13		13.1

		0.4		173		12.60%		0.13		12.6

		0.4		174		12.10%		0.12		12.1

		0.4		175		11.60%		0.12		11.6

		0.3		176		11.10%		0.11		11.1

		0.3		177		10.60%		0.11		10.6

		0.3		178		10.10%		0.10		10.1

		0.3		179		9.60%		0.10		9.6

		0.3		180		9.10%		0.09		9.1

		0.3		181		8.60%		0.09		8.6

		0.2		182		8.10%		0.08		8.1

		0.1		183		7.60%		0.08		7.6

		0.1		184		7.10%		0.07		7.1

		0.1		185		6.50%		0.07		6.5

		0.1		186		6.00%		0.06		6

		0.1		187		5.50%		0.06		5.5

		0.1		188		5.00%		0.05		5

		0.1		189		4.50%		0.05		4.5

		0.1		190		4.00%		0.04		4

		0.1		191		3.50%		0.04		3.5

		0.1		192		3.00%		0.03		3

		0.1		193		2.50%		0.03		2.5

		0.1		194		2.00%		0.02		2

		0.0		195		1.50%		0.02		1.5

		0.0		196		1.00%		0.01		1

		0.0		197		0.50%		0.01		0.5

		0.0		198		0.00%		0.00		0





PERCENTILES BOTH (ABS NEG)

		



CFS/MI, ALL REACHES



PERCENTILES POS VS NEG

				POSITIVE										NEGATIVE						POSITIVE&NEGATIVE

		Percent		Column1								Percent		Column1

		100.00%		68.89								100.00%		76.5						76.5

		99.10%		65.56								98.70%		56.1						56.1

		98.20%		61.00								97.40%		39.6						39.6

		97.40%		50.00								96.20%		30.9						30.9

		96.50%		48.98								94.90%		28.8						28.8

		95.70%		41.30								93.60%		27.5						27.5

		94.80%		37.50								92.40%		26.3						26.3

		94.00%		33.43								91.10%		25.7						25.7

		93.10%		32.15								89.80%		24.0						24.0

		92.30%		31.11								88.60%		21.7						21.7

		91.40%		29.60								87.30%		20.9						20.9

		90.50%		29.13								86.00%		19.7						19.7

		89.70%		26.33								84.80%		19.7						19.7

		88.80%		25.22								83.50%		18.2						18.2

		88.00%		24.80								82.20%		17.1						17.1

		87.10%		23.64								81.00%		13.7						13.7

		86.30%		23.33								79.70%		12.8						12.8

		85.40%		20.65								78.40%		11.7						11.7

		84.60%		20.00								77.20%		10.1						10.1

		83.70%		19.32								75.90%		9.5						9.5

		82.90%		18.73								74.60%		8.1						8.1

		82.00%		18.59								73.40%		8.0						8.0

		81.10%		17.93								72.10%		7.7						7.7

		80.30%		17.00								70.80%		7.6						7.6

		79.40%		14.78								69.60%		7.4						7.4

		78.60%		14.73								68.30%		7.2						7.2

		77.70%		14.32								67.00%		7.0						7.0

		76.90%		13.81								65.80%		6.9						6.9

		76.00%		13.40								64.50%		6.6						6.6

		75.20%		13.30								63.20%		6.0						6.0

		74.30%		12.39								62.00%		5.8						5.8

		73.50%		12.22								60.70%		5.5						5.5

		72.60%		11.71								59.40%		5.1						5.1

		71.70%		11.42								58.20%		5.0						5.0

		70.90%		11.35								56.90%		4.8						4.8

		70.00%		11.05								55.60%		4.5						4.5

		69.20%		11.04								54.40%		4.4						4.4

		68.30%		11.00								53.10%		4.4						4.4

		67.50%		10.36								51.80%		4.4						4.4

		65.80%		10.00								50.60%		3.7						3.7

		65.80%		10.00								49.30%		3.5						3.5

		64.90%		10.00								48.10%		3.3						3.3

		64.10%		9.08								46.80%		3.3						3.3

		63.20%		8.94								45.50%		3.1						3.1

		62.30%		8.89								44.30%		3.1						3.1

		61.50%		8.58								43.00%		3.0						3.0

		60.60%		8.51								41.70%		3.0						3.0

		59.80%		8.11								40.50%		2.8						2.8

		58.90%		7.99								39.20%		2.2						2.2

		58.10%		7.22								37.90%		2.1						2.1

		57.20%		7.03								36.70%		1.9						1.9

		56.40%		6.25								35.40%		1.7						1.7

		55.50%		5.42								34.10%		1.6						1.6

		54.70%		4.84								32.90%		1.5						1.5

		53.80%		4.83								31.60%		1.2						1.2

		52.90%		4.82								30.30%		1.2						1.2

		52.10%		4.58								29.10%		1.2						1.2

		51.20%		4.29								27.80%		1.1						1.1

		50.40%		4.09								26.50%		1.0						1.0

		49.50%		3.75								25.30%		1.0						1.0

		48.70%		3.67								24.00%		0.8						0.8

		47.80%		3.57								22.70%		0.8						0.8

		47.00%		3.48								21.50%		0.8						0.8

		46.10%		3.44								20.20%		0.7						0.7

		45.20%		3.36								18.90%		0.7						0.7

		44.40%		3.25								17.70%		0.6						0.6

		43.50%		3.22								16.40%		0.5						0.5

		42.70%		3.13								15.10%		0.5						0.5

		41.80%		3.11								13.90%		0.5						0.5

		41.00%		2.94								12.60%		0.4						0.4

		40.10%		2.85								11.30%		0.3						0.3

		39.30%		2.58								10.10%		0.3						0.3

		38.40%		2.48								8.80%		0.2						0.2

		37.60%		2.29								7.50%		0.1						0.1

		36.70%		2.27								6.30%		0.1						0.1

		35.80%		2.22								5.00%		0.1						0.1

		35.00%		2.13								3.70%		0.1						0.1

		34.10%		2.00								2.50%		0.1						0.1

		33.30%		1.90								1.20%		0.0						0.0

		32.40%		1.71								0.00%		0.0						0.0

		31.60%		1.65																68.89

		30.70%		1.55																65.56

		29.90%		1.50																61.00

		29.00%		1.49																50.00

		28.20%		1.24																48.98

		27.30%		1.21																41.30

		26.40%		1.07																37.50

		25.60%		1.00																33.43

		24.70%		0.98																32.15

		23.90%		0.90																31.11

		23.00%		0.90																29.60

		22.20%		0.86																29.13

		21.30%		0.79																26.33

		20.50%		0.72																25.22

		19.60%		0.69																24.80

		18.80%		0.69																23.64

		17.90%		0.68																23.33

		17.00%		0.61																20.65

		16.20%		0.60																20.00

		15.30%		0.57																19.32

		14.50%		0.51																18.73

		13.60%		0.42																18.59

		12.80%		0.41																17.93

		11.90%		0.38																17.00

		11.10%		0.36																14.78

		10.20%		0.35																14.73

		9.40%		0.32																14.32

		8.50%		0.29																13.81

		7.60%		0.26																13.40

		6.80%		0.12																13.30

		5.90%		0.11																12.39

		5.10%		0.11																12.22

		4.20%		0.10																11.71

		3.40%		0.10																11.42

		2.50%		0.09																11.35

		1.70%		0.07																11.05

		0.80%		0.03																11.04

		0.00%		0.03																11.00

																				10.36
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PERCENTILES POS VS NEG

		



GAINS

LOSSES

PERCENTILE

Cubic Feet/Second per Mile

GAINS, LOSSES



ALL + CHEHALIS

		



losses



		



GAINS

LOSSES

PERCENTILE

Cubic Feet/Second per Mile



		68.89		1		-76.52		76.5		76.5		1				Point		Column1		Rank		Percent

		65.56		2		-56.07		56.1		68.9		2				1		76.5217391304		1		100.00%

		61.00		3		-39.6		39.6		65.6		3				2		68.8888888889		2		99.40%

		50.00		4		-30.91		30.9		61.0		4				3		65.5555555556		3		98.90%

		48.98		5		-28.8		28.8		56.1		5				4		61		4		98.40%										ALL

		41.30		6		-27.50		27.5		50.0		6				5		56.0714285714		5		97.90%

		37.50		7		-26.28		26.3		49.0		7				6		50		6		97.40%

		33.43		8		-25.71		25.7		41.3		8				7		48.9795918367		7		96.90%

		32.15		9		-24.00		24.0		39.6		9				8		41.3043478261		8		96.40%

		31.11		10		-21.67		21.7		37.5		10				9		39.5937458521		9		95.90%

		29.60		11		-20.91		20.9		33.4		11				10		37.5		10		95.40%

		29.13		12		-19.73		19.7		32.2		12				11		33.4324324324		11		94.90%

		26.33		13		-19.66		19.7		31.1		13				12		32.1526717557		12		94.40%

		25.22		14		-18.19		18.2		30.9		14				13		31.1111111111		13		93.90%

		24.80		15		-17.08		17.1		29.6		15				14		30.9090909091		14		93.40%

		23.64		16		-13.72		13.7		29.1		16				15		29.6		15		92.80%

		23.33		17		-12.8		12.8		28.8		17				16		29.1338582677		16		92.30%

		20.65		18		-11.72		11.7		27.5		18				17		28.7831113131		17		91.80%

		20.00		19		-10.09		10.1		26.3		19				18		27.5		18		91.30%

		19.3		20		-9.49		9.5		26.3		20				19		26.3333333333		19		90.80%

		18.73		21		-8.1		8.1		25.7		21				20		26.2765957447		20		90.30%

		18.6		22		-7.95		8.0		25.2		22				21		25.7142857143		21		89.80%

		17.93		23		-7.66		7.7		24.8		23				22		25.2162162162		22		89.30%

		17.00		24		-7.62		7.6		24.0		24				23		24.8039215686		23		88.80%

		14.8		25		-7.42		7.4		23.6		25				24		24		24		88.30%

		14.73		26		-7.18		7.2		23.3		26				25		23.6363636364		25		87.80%

		14.32		27		-7.0		7.0		21.7		27				26		23.3333333333		26		87.30%

		13.8		28		-6.94		6.9		20.9		28				27		21.6666666667		27		86.80%

		13.40		29		-6.57		6.6		20.6		29				28		20.9090909091		28		86.20%

		13.30		30		-5.97		6.0		20.0		30				29		20.6451612903		29		85.70%

		12.4		31		-5.83		5.8		19.7		31				30		20		30		85.20%

		12.22		32		-5.52		5.5		19.7		32				31		19.7260273973		31		84.70%

		11.71		33		-5.11		5.1		19.3		33				32		19.6551724138		32		84.20%

		11.4		34		-5.00		5.0		18.7		34				33		19.3159182806		33		83.70%

		11.35		35		-4.85		4.8		18.6		35				34		18.7272727273		34		83.20%

		11.05		36		-4.48		4.5		18.2		36				35		18.5896929019		35		82.70%

		11.04		37		-4.44		4.4		17.9		37				36		18.1860465116		36		82.20%

		11.00		38		-4.39		4.4		17.1		38				37		17.9310344828		37		81.70%

		10.36		39		-4.37		4.4		17.0		39				38		17.0833333333		38		81.20%

		10.00		40		-3.72		3.7		14.8		40				39		17		39		80.70%

		10.00		41		-3.51		3.5		14.7		41				40		14.7769866589		40		80.20%

		10.00		42		-3.33		3.3		14.3		42				41		14.7297297297		41		79.60%

		9.08		43		-3.33		3.3		13.8		43				42		14.3233082707		42		79.10%

		8.94		44		-3.13		3.1		13.7		44				43		13.8092715639		43		78.60%

		8.89		45		-3.05		3.1		13.4		45				44		13.7161290323		44		78.10%

		8.6		46		-3.05		3.0		13.3		46				45		13.4		45		77.60%

		8.5		47		-3.01		3.0		12.8		47				46		13.2987804878		46		77.10%

		8.1		48		-2.82		2.8		12.4		48				47		12.7502304949		47		76.60%

		8.0		49		-2.16		2.2		12.2		49				48		12.3931623932		48		76.10%

		7.2		50		-2.11		2.1		11.7		50				49		12.2222222222		49		75.60%

		7.0		51		-1.9		1.9		11.7		51				50		11.724137931		50		75.10%

		6.25		52		-1.65		1.7		11.5		52				51		11.7142857143		51		74.60%

		5.42		53		-1.60		1.6		11.4		53				52		11.4241001565		52		74.10%

		4.8		54		-1.52		1.5		11.3		54				53		11.3483146067		53		73.60%

		4.8		55		-1.2		1.2		11.1		55				54		11.0526315789		54		73.00%

		4.8		56		-1.21		1.2		11.0		56				55		11.0416666667		55		72.50%

		4.58		57		-1.20		1.2		11.0		57				56		11		56		72.00%

		4.29		58		-1.1		1.1		10.6		58				57		10.3636363636		57		71.50%

		4.09		59		-1.00		1.0		10.4		59				58		10.0903614458		58		71.00%

		3.75		60		-0.95		1.0		10.1		60				59		10		59		70.00%

		3.67		61		-0.84		0.8		10.0		61				60		10		59		70.00%

		3.57		62		-0.84		0.8		10.0		62				61		10		61		69.50%

		3.48		63		-0.77		0.8		10.0		63				62		9.4920634921		62		69.00%

		3.4		64		-0.67		0.7		9.5		64				63		9.0789473684		63		68.50%

		3.36		65		-0.66		0.7		9.1		65				64		8.94		64		68.00%

		3.2		66		-0.6		0.6		8.9		66				65		8.8888888889		65		67.50%

		3.22		67		-0.5		0.5		8.9		67				66		8.5836909871		66		67.00%

		3.13		68		-0.5		0.5		8.6		68				67		8.5148514851		67		66.40%

		3.11		69		-0.47		0.5		8.5		69				68		8.1058020478		68		65.90%

		2.94		70		-0.43		0.4		8.1		70				69		8.089188613		69		65.40%

		2.85		71		-0.33		0.3		8.1		71				70		7.9938741179		70		64.90%

		2.58		72		-0.27		0.3		8.0		72				71		7.9540229885		71		64.40%

		2.48		73		-0.20		0.2		8.0		73				72		7.6608187135		72		63.90%

		2.29		74		-0.14		0.1		7.7		74				73		7.619047619		73		63.40%

		2.27		75		-0.1		0.1		7.6		75				74		7.4242424242		74		62.90%

		2.22		76		-0.11		0.1		7.4		76				75		7.2164948454		75		62.40%

		2.13		77		-0.09		0.1		7.2		77				76		7.1780821918		76		61.90%

		2.00		78		-0.06		0.1		7.2		78				77		7.0315909459		77		61.40%

		1.90		79		-0.0		0.0		7.0		79				78		6.9720480043		78		60.90%

		1.71		80		-0.01		0.0		7.0		80				79		6.9444444444		79		60.40%

		1.6		81						6.9		81				80		6.5714285714		80		59.80%

		1.55		82						6.6		82				81		6.25		81		59.30%

		1.50		83						6.3		83				82		5.972972973		82		58.80%

		1.49		84						6.0		84				83		5.8333333333		83		58.30%

		1.2		85						5.8		85				84		5.5172413793		84		57.80%

		1.21		86						5.5		86				85		5.4198473282		85		57.30%

		1.07		87						5.4		87				86		5.1081081081		86		56.80%

		1.00		88						5.1		88				87		5		87		56.30%

		0.98		89						5.0		89				88		4.8484848485		88		55.80%

		0.90		90						4.8		90				89		4.8356620939		89		55.30%

		0.90		91						4.8		91				90		4.8265895954		90		54.80%

		0.86		92						4.8		92				91		4.8216490105		91		54.30%

		0.79		93						4.8		93				92		4.5762711864		92		53.80%

		0.7		94						4.6		94				93		4.4827586207		93		53.20%

		0.7		95						4.5		95				94		4.435483871		94		52.70%

		0.69		96						4.4		96				95		4.3914285714		95		52.20%

		0.68		97						4.4		97				96		4.3714285714		96		51.70%

		0.61		98						4.4		98				97		4.2946708464		97		51.20%

		0.60		99						4.3		99				98		4.0931677019		98		50.70%

		0.6		100						4.1		100				99		3.75		99		50.20%

		0.5		101						3.8		101				100		3.7171428571		100		49.70%

		0.4		102						3.7		102				101		3.6654545455		101		49.20%

		0.41		103						3.7		103				102		3.5714285714		102		48.70%

		0.4		104						3.6		104				103		3.5106382979		103		48.20%

		0.36		105						3.5		105				104		3.4782608696		104		47.70%

		0.3		106						3.5		106				105		3.4366465345		105		47.20%

		0.3		107						3.4		107				106		3.3583333333		106		46.70%

		0.29		108						3.4		108				107		3.3333333333		107		46.10%

		0.26		109						3.3		109				108		3.3333333333		108		45.60%

		0.12		110						3.3		110				109		3.2485078816		109		45.10%

		0.11		111						3.2		111				110		3.224137931		110		44.60%

		0.11		112						3.2		112				111		3.125		111		44.10%

		0.1		113						3.1		113				112		3.125		112		43.60%

		0.10		114						3.1		114				113		3.1076923077		113		43.10%

		0.1		115						3.1		115				114		3.0529411765		114		42.60%

		0.07		116						3.1		116				115		3.0457142857		115		42.10%

		0.03		117						3.0		117				116		3.0104166667		116		41.60%

		0.03		118						3.0		118				117		2.9428571429		117		41.10%

										2.9		119				118		2.8472222222		118		40.60%

										2.8		120				119		2.8205128205		119		40.10%

										2.8		121				120		2.5773195876		120		39.50%

										2.6		122				121		2.4791666667		121		39.00%

										2.5		123				122		2.2928571429		122		38.50%

										2.3		124				123		2.2666666667		123		38.00%

										2.3		125				124		2.2222222222		124		37.50%

										2.2		126				125		2.1623931624		125		37.00%

										2.2		127				126		2.125		126		36.50%

										2.1		128				127		2.1132075472		127		36.00%

										2.1		129				128		2		128		35.50%

										2.0		130				129		1.9047619048		129		35.00%

										1.9		131				130		1.8894670072		130		34.50%

										1.9		132				131		1.7071428571		131		34.00%

										1.7		133				132		1.652173913		132		33.50%

										1.7		134				133		1.6482601702		133		32.90%

										1.6		135				134		1.6		134		32.40%

										1.6		136				135		1.55		135		31.90%

										1.6		137				136		1.5151515152		136		31.40%

										1.5		138				137		1.5		137		30.90%

										1.5		139				138		1.4947368421		138		30.40%

										1.5		140				139		1.2372995829		139		29.90%

										1.2		141				140		1.2150428073		140		29.40%

										1.2		142				141		1.2117647059		141		28.90%

										1.2		143				142		1.2071428571		142		28.40%

										1.2		144				143		1.2		143		27.90%

										1.2		145				144		1.0977366282		144		27.40%

										1.1		146				145		1.0689655172		145		26.90%

										1.1		147				146		1		146		25.80%

										1.0		148				147		1		146		25.80%

										1.0		149				148		0.98		148		25.30%

										1.0		150				149		0.9523809524		149		24.80%

										1.0		151				150		0.8988764045		150		24.30%

										0.9		152				151		0.8961538462		151		23.80%

										0.9		153				152		0.862745098		152		23.30%

										0.9		154				153		0.8384615385		153		22.80%

										0.8		155				154		0.8368421053		154		22.30%

										0.8		156				155		0.7871794872		155		21.80%

										0.8		157				156		0.7666666667		156		21.30%

										0.8		158				157		0.719822306		157		20.80%

										0.7		159				158		0.691263		158		20.30%

										0.7		160				159		0.686746988		159		19.70%

										0.7		161				160		0.6846153846		160		19.20%

										0.7		162				161		0.6666666667		161		18.70%

										0.7		163				162		0.6574468085		162		18.20%

										0.7		164				163		0.6171259391		163		17.70%

										0.6		165				164		0.6142857143		164		17.20%

										0.6		166				165		0.6		165		16.70%

										0.6		167				166		0.565064854		166		16.20%

										0.6		168				167		0.5050776779		167		15.70%

										0.5		169				168		0.5		168		15.20%

										0.5		170				169		0.4876656067		169		14.70%

										0.5		171				170		0.4666666667		170		14.20%

										0.5		172				171		0.4255319149		171		13.70%

										0.4		173				172		0.4162915258		172		13.10%

										0.4		174				173		0.4076923077		173		12.60%

										0.4		175				174		0.3798289457		174		12.10%

										0.4		176				175		0.3576923077		175		11.60%

										0.4		177				176		0.3490553873		176		11.10%

										0.3		178				177		0.3315384615		177		10.60%

										0.3		179				178		0.3156538823		178		10.10%

										0.3		180				179		0.2941176471		179		9.60%

										0.3		181				180		0.2673796791		180		9.10%

										0.3		182				181		0.2642857143		181		8.60%

										0.3		183				182		0.1960784314		182		8.10%

										0.2		184				183		0.1395348837		183		7.60%

										0.1		185				184		0.1221428571		184		7.10%

										0.1		186				185		0.1195388814		185		6.50%

										0.1		187				186		0.112244898		186		6.00%

										0.1		188				187		0.1111111111		187		5.50%

										0.1		189				188		0.1076923077		188		5.00%

										0.1		190				189		0.1005932773		189		4.50%

										0.1		191				190		0.0977272727		190		4.00%

										0.1		192				191		0.09497279		191		3.50%
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Water-Table Altitude, 
Kittitas Basin



Water Level Declines



Saddle Mountain Basalt

Wanapum Basalt

Grande Ronde Basalt

Distributed Hydraulic Conductivity
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deep



Model Dimensions
 MODFLOW-2000
 6,900 mi2
 600 rows, 600 columns, 24 layers
 1,000 ft x 1,000 ft cells
 44 hydrogeologic units
 4.6 billion active cells
 Simulation period: 1960-2001
 504 1-month stress periods



Horizontal Flow     Hydrogeologic Unit  
Barrier (HFB)         Flow (HUF)

3,600 HFBs per model layer
44 Hydrologic Units reduced to 
24 active model layers



Well (WEL) Package
9,800 pumping wells

3.6 million monthly 
values



Drain and Streamflow-Routing 
(SFR) Package

250 stream segments 
8,500 stream cells
5,000 drain cells
2,500 mi of streams
150 points of diversion



The need for assessing water 
management strategies is not 
going away

Creating and maintaining the 
necessary tools is important for 
such assessments



http://wa.water.usgs.gov/projects/yakimagw/
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