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California Water Plan 2013
Tulare Lake Hydrologic Region, 
DWR

Year Regional Water 
Use

Consumptive Use 
(Ag, M&I, Wetlands)

MAF MAF MAF % CU
2001 19.5 8.0 4.1 52%
2002 18.3 8.1 3.9 48%
2003 20.1 7.7 3.0 39%
2004 21.0 8.2 4.0 49%
2005 22.3 7.0 0.1 2%
2006 23.4 7.4 0.2 2%
2007 16.0 8.2 4.1 50%
2008 18.8 8.6 5.3 61%
2009 18.0 8.7 5.5 63%
2010 22.7 7.7 2.3 31%
Mean 20.0 7.9 3.2 40%
Median 19.8 8.1 4.0 49%
Min 16.0 7.0 0.1 2%
Max 23.4 8.7 5.5 63%

GW Overdraft (MAF)


Sheet2

																		$M

																		Groundwater Recharge				Reservoir Expansion				Seawater Desalin.				NRCS programs for Water Savings  **

																MAF		90		1,100		1,700		2,700		1,900		3,000		167		$/Ac-ft

																		$/Ac-ft		$/Ac-ft		$/Ac-ft		$/Ac-ft		$/Ac-ft		$/Ac-ft		$/Ac-ft

																1		$   90		$   1,100		$   1,700		$   2,700		$   1,900		$   3,000		$   167

																5		$   450		$   5,500		$   8,500		$   13,500		$   9,500		$   15,000		$   835

																10		$   4,500		$   55,000		$   85,000		$   135,000		$   95,000		$   150,000		$   8,350

																** Gollehon, NRCS, 2016



																																				Irrigated Acres						8		MAcs

																																				Annual CA Overdraft						10		MAF/y



																																				Water Storage or Creation				$/area		$/Year to cover annual Overdraft		Annual $s per Irrigated Acre

																																								$s/ac-ft		M$s/y		$s/ac/y

																																				Groundwater Recharge

																																						Min		90		$900		$113

																																						Max		1,100		$11,000		$1,375

																																				Reservoir Expansion

																																						Min		1,700		$17,000		$2,125

																																						Max		2,700		$27,000		$3,375

																																				Seawater Desalination

																																						Min		1,900		$19,000		$2,375

																																						Max		3,000		$30,000		$3,750
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								CA

								Year		Lost GW Supply (MAF)

								2001		9.7

								2002		9.6

								2003		8.7

								2004		9.8

								2005		4.1

								2006		6.1

								2007		11.5

								2008		13.1

								2009		13.1

								2010		8.0

								Mean		9.4

								Median		9.7

								Min		4.1

								Max		13.1

								Tulare

								Year		Regional Water Use		Consumptive Use 
(Ag, M&I, Wetlands)		GW Overdraft (MAF)														Regional Water Use		Ag, M&I, Wetlands

										MAF		MAF		MAF		% CU

								2001		19.5		8.0		4.1		52%												19516		7986

								2002		18.3		8.1		3.9		48%												18348		8124

								2003		20.1		7.7		3.0		39%												20113		7667

								2004		21.0		8.2		4.0		49%												20981		8221

								2005		22.3		7.0		0.1		2%												22274		6953

								2006		23.4		7.4		0.2		2%												23350		7376

								2007		16.0		8.2		4.1		50%												16026		8214

								2008		18.8		8.6		5.3		61%												18849		8595

								2009		18.0		8.7		5.5		63%												18011		8684

								2010		22.7		7.7		2.3		31%												22721		7668

								Mean		20.0		7.9		3.2		40%

								Median		19.8		8.1		4.0		49%

								Min		16.0		7.0		0.1		2%

								Max		23.4		8.7		5.5		63%







On-Farm Flood Capture and 
Recharge (OFFCR)

• Available = Physical, Legal

• Leveraging Private Lands

• Dual Use - Flood Management and 
Crop Irrigation

• Design into Farm Management 

• Leveraging Community Resources

Capturing Available Flood Flows onto Farm 
Lands for Groundwater Recharge and to 
Mitigate Downstream Flood Risks 

Typically 10 Acres
needed to capture 
and recharge 1 CFS
(Bachand et al, 2014)



Test Site Map  
• Treatments:

• Control –
• No Recharge
• 3 events

• Mid –
• Target 0.5 ft/event
• 3 events

• High –
• Target 1.5 ft/event
• 3 events 

• Instrumentation
• Soil Probes

• Post-Irrigation soil 
boring locations



Experimental Design - Instrumentation

Soil Layering 
in the 
Vadose Zone 
(sand, 
loams, clays)

Soil Cores
• 30 feet deep
• 3 Reps per 

Treatment

Soil Probes
• EC, Temp, 

Moisture
• 6”, 24’’, 48”
• 3 Reps per 

Treatment

Groundwater

Almond Orchard

Before Irrigation End of Season



Groundwater

Recharge Treatments
• Control = ET
• Mid =  ET + 0.5 ft per event
• High = ET + 1.5 ft per event
• 3 events during Irrigation Season

Co Mid
High

Experimental Design – Recharge Treatments



Control, Location B
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Control Results:

Changes in 
Volumetric 
Water Content 
Under 
Recharge
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Moisture Probes:



Control, Location B
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Control Results:

Changes in 
Volumetric 
Water Content 
Under 
Recharge

6 “

24 “
48 “

Field Capacity
25th

median

75th

Irrigation water did not 
move past root zone

Moisture Probes:



High Treatment, Location B
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High Results:

Changes in 
Volumetric 
Water Content 
Under 
Recharge

Moisture Probes:



High Treatment, Location B
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High Results:

Changes in 
Volumetric 
Water Content 
Under 
Recharge

Field Capacity

• Irrigation water 
moved past root 
zone

• Soils were not 
saturated

• Presumably no 
O2 deficit

Moisture Probes:



Days above Field Capacity by Depth and Treatmen

 Co
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For each treatment and depth, 3 locations x 3 recharge irrigations = 9 tests

Mean; Whisker: Mean±0.95 Conf. Interval

Recharge Rates 
Increase Periods of 
Flow Past the Root 
Zone

Control – No flow 
past root zone (48” 
depth)

High Treatment –
Typically nearly 9 days 
of flow past root zone 
during a recharge 
event

Moisture Probes:  Days Above Field Capacity by Depth and by Treatment

Days Above Field Capacity a



• Loams having a higher water content than sands. 
• Water content lower in the shallow zone (< 150 cm) and higher and uniform with depth for all 

treatments consistent with trees uptake
• No significant different in water content with depth indicating recharge water passed deeper than 30 -

foot deep soil core.
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Soil texture: sandy loam
Soil texture: loam
Soil texture: fine sand
Soil texture: loamy fine sand
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Coring Results, Fall 2016 (3.5 months after last Recharge Event)



2016 Recharge at Chowchilla Almond Orchard 

Recharge Event Acres Timing
Target Recharge 

(Ft)
Measured Recharge 

(Ft)

Control
1 26.3 Early June 0.00 -0.07
2 26.3 Late June 0.00 -0.03
3 26.3 Mid July 0.00 -0.07

Total 0.00 -0.18
Middle 

1 13.8 Early June 0.50 0.90
2 13.8 Late June 0.50 0.38
3 13.8 Mid July 0.50 0.36

Total 1.50 1.63
High

1 13.5 Early June 1.50 2.29
2 13.5 Late June 1.50 1.64
3 13.5 Mid July 1.50 1.38

Total 4.50 5.31
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		2016 Recharge at Chowchilla Almond Orchard



		Recharge Irrigation Event		Treatment1		Acreage		Start Date & Time		Stop Date & Time		Irrigation Volume, ac-ft		Irrigation, inches		ET2, inches		Recharge Inches		Recharge Volume, ac-ft

		1		Control		26.25		5/31/16 10:00		6/1/16 19:53		15.36		7.02		7.87		-0.85		-1.86

		2		Control		26.25		6/23/16 7:00		6/25/16 8:49		14.09		6.44		6.85		-0.41		-0.90

		3		Control		26.25		7/16/16 7:00		7/18/16 7:53		13.74		6.28		7.14		-0.86		-1.88

		1		Mid		13.75		6/1/16 19:53		6/4/16 17:41		19.09		16.66		5.89		10.77		12.34

		2		Mid		13.75		6/25/16 8:49		6/28/16 0:12		13.09		11.42		6.92		4.50		5.16

		3		Mid		13.75		7/18/16 7:53		7/20/16 17:39		13.07		11.41		7.11		4.30		4.93

		1		High		13.5		6/4/16 17:41		6/13/16 6:06		37.29		33.15		5.64		27.50		30.94

		2		High		13.5		6/28/16 0:12		7/3/16 5:53		29.14		25.90		6.24		19.66		22.11

		3		High		13.5		7/20/16 17:39		7/26/16 6:05		26.5		23.56		7.05		16.51		18.57

																		Total Recharged:		94.05

		1Control is standard irrigation, in which farmer tries to irrigate sufficiently to meet but not exceed ET demand.  

		 Med is Medium treatment, in which farmer aimed to add approximately 1' of water per irrigation.

		 High is High treatment, in which farmer aimed to add approximately 2' of water per irrigation

		2ET, evapotranspiration, was calculated for each event as the sum of hourly ET  that occurred between the end of the previous irrigation and the end of the irrigation event.  

		In CA Recharge Database, query "Calculate Recharge per Irrigation"





Tbl1 Rprt

				2016 Recharge at Chowchilla Almond Orchard



				Recharge Event		Treatment		Acres		Timing		Start Date & Time		Stop Date & Time		Irrigation Volume, ac-ft		Irrigation, inches		ET2, inches		Target Recharge (Ft)		Recharge Inches		Recharge
cm		Recharge Volume, ac-ft		Measured Recharge (Ft)

		Control

				1		Control		26.3		Early June		5/31/16 10:00		6/1/16 19:53		15.36		7.02		7.87		0.00		-0.85		-2.15		-1.86		-0.07

				2		Control		26.3		Late June		6/23/16 7:00		6/25/16 8:49		14.09		6.44		6.85		0.00		-0.41		-1.05		-0.90		-0.03

				3		Control		26.3		Mid July		7/16/16 7:00		7/18/16 7:53		13.74		6.28		7.14		0.00		-0.86		-2.19		-1.88		-0.07

				Total																		0.00		-2.12		-5.39		-4.64		-0.18

		Middle 

				1		Middle		13.8		Early June		6/1/16 19:53		6/4/16 17:41		19.09		16.66		5.89		0.50		10.77		27.36		12.34		0.90

				2		Middle		13.8		Late June		6/25/16 8:49		6/28/16 0:12		13.09		11.42		6.92		0.50		4.50		11.43		5.16		0.38

				3		Middle		13.8		Mid July		7/18/16 7:53		7/20/16 17:39		13.07		11.41		7.11		0.50		4.30		10.92		4.93		0.36

				Total																		1.50		19.57		49.71		22.43		1.63

		High

				1		High		13.5		Early June		6/4/16 17:41		6/13/16 6:06		37.29		33.15		5.64		1.50		27.50		69.86		30.94		2.29

				2		High		13.5		Late June		6/28/16 0:12		7/3/16 5:53		29.14		25.90		6.24		1.50		19.66		49.93		22.11		1.64

				3		High		13.5		Mid July		7/20/16 17:39		7/26/16 6:05		26.5		23.56		7.05		1.50		16.51		41.93		18.57		1.38

				Total																		4.50		63.67		161.71		71.63		5.31

																												94.05





				In CA Recharge Database, query "Calculate Recharge per Irrigation"





Sheet1 (2)

		2016 Recharge at Chowchilla Almond Orchard																																												Average infiltration rate from pressure transducer :										26.2030593248		cm/day

																																						Days above field capacity												Ma										This similar to swedish study - only a few meters though														Assumption here is that infiltration rate = celerity once soil is above field capacity

		Recharge Irrigation Event		Treatment1		Acreage		Start Date & Time		Stop Date & Time		Irrigation Volume, ac-ft		Irrigation, inches		ET2, inches		Recharge Inches		Recharge Volume, ac-ft		Recharge cm												Recharge Event				Valid N		Mean		Minimum		Maximum		Std.Dev.		infiltration,  cm/day below 4'		Particle velocity (cm/day) (during disturbance)		Celerity, cm/day		Celerity in/day		Time to go 120' -4'		Distance if Max VWC - wp  probably not right because water doesn’t stay at max VWC		Time to go 31' - 4' with observed celerity		observed 0.5 to 3 days to go 48", assume 2 days, days to 31'		observed 0.5 to 3 days to go 48", assume 2 days, days to leave 31'		observed 0.5 to 3 days to go 48", assume 2 days, days to 120'		observed 0.5 to 3 days to go 48", assume 2 days, days toleave 131'		Celerity based on average infiltration rate (PT) cm/day		Time to go 31' with PT celerity		Time to go  120 minus 4' (days)		Time to go 4' (0.5-3 days, assume2 days

		1		Control		26.25		5/31/16 10:00		6/1/16 19:53		15.36		7.02		7.87		-0.85		-1.86														1		High		3		10.34375		3.718750		16.33333		6.331251		6.7536476939		33.2692004623		106.6365425346		41.9828907616		33.1563638127		344.1282922824		7.7174295081		9.7174295081		20.06118		35.1563638127		45.50011		386.2024424317		2.4465925022		9.1549912987		2

		2		Control		26.25		6/23/16 7:00		6/25/16 8:49		14.09		6.44		6.85		-0.41		-0.90														1		Mid		3		5.22338		1.951389		9.01042		3.557587		5.2380901976		18.9100729156		157.1427059284		61.8672070584		22.4998034692		98.774489662		5.2370232213		7.2370232213		12.46040		24.4998034692		29.72318		582.3727929743		1.622465904		6.0711627374		2

		3		Control		26.25		7/16/16 7:00		7/18/16 7:53		13.74		6.28		7.14		-0.86		-1.88				% infiltrating		Total																																				2

		1		Mid		13.75		6/1/16 19:53		6/4/16 17:41		19.09		16.66		5.89		10.77		12.34		27.3605336364		0.7408457994										2		High		3		8.826389		4.145833		12.47917		4.260676		5.6569696932		27.8668457791		113.1393938631		44.54306845		31.2506535458		245.9636179529		7.273859015		9.273859015		18.10025		33.2506535458		42.07704		447.4357561327		2.111766856		7.9020953322		2

		2		Mid		13.75		6/25/16 8:49		6/28/16 0:12		13.09		11.42		6.92		4.50		5.16		11.43254		0.4514527165										2		Mid		3		6.052083		2.302083		8.68750		3.335432		1.8890255422		6.8195867948		125.9350361446		49.5807228916		28.0754276827		41.2727075812		6.5347978227		8.5347978227		14.58688		30.0754276827		36.12751		788.629487524		1.1981291785		4.4833220872		2

		3		Mid		13.75		7/18/16 7:53		7/20/16 17:39		13.07		11.41		7.11		4.30		4.93		10.9208454545		0.4319066206		49.7139190909		19.57																																		2

		1		High		13.5		6/4/16 17:41		6/13/16 6:06		37.29		33.15		5.64		27.50		30.94		69.8580433333		0.9334592468										3		High		3		7.180556		1.437500		11.02083		5.067099		5.838737795		28.7622551476		116.7747558994		45.9743133462		30.2777768428		206.5289709907		7.0474135755		9.0474135755		16.22797		32.2777768428		39.45833		413.1278465583		2.2871370397		8.5583192454		2

		2		High		13.5		6/28/16 0:12		7/3/16 5:53		29.14		25.90		6.24		19.66		22.11		49.9306144444		0.8537853359										3		Mid		3		5.243056		0.000000		7.87500		4.540631		2.0829162191		7.8011843414		156.2187164359		61.5034316677		22.6328834385		40.9020429009		5.2679987314		7.2679987314		12.51105		24.6328834385		29.87594		848.7956101766		1.1132008562		4.1655257845		2

		3		High		13.5		7/20/16 17:39		7/26/16 6:05		26.5		23.56		7.05		16.51		18.57		41.9253811111		0.7883198703		161.7140388889		63.67		3.2528925871		3.2528925871		Total		High

																		Total Recharged:		94.05																Mid																				Total High		796.6208812261				the pulse of increased saturation leaves the core depth 7 to 20 days 

																																												High		Max VWC - FC				0.06						Total Mid		180.9492401441				the pulse of increased saturation reaches groundwater 25 to 45 days

		 Med is Medium treatment, in which farmer aimed to add approximately 1' of water per irrigation.																																										Mid		Max VWC - FC				0.04

		 High is High treatment, in which farmer aimed to add approximately 2' of water per irrigation																																																																						3.5714285714

																																CheckID		Final Depth		Irrigation #		Soil Texture		Sat Note		Wilting point		Max VWC		Saturated		FC VWC		New VWC		Avg Diff (max vwc - FC)		Maximum VWC-wilting point																		6.4285714286

		2ET, evapotranspiration, was calculated for each event as the sum of hourly ET  that occurred between the end of the previous irrigation and the end of the irrigation event.  																														High		48		1		loam  		0.32		0.117		0.32		n		0.3		0.3		0.0633333333		0.203

																																High		48		2		loam  				0.117		0.32		n		0.3		0.3		0.05		0.203

																																High		48		3		loam  				0.117		0.32		n		0.3		0.3		0.05		0.203

																																Mid		48		1		sand 				0.033		0.31		n		0.29		0.29		0.0333333333		0.277

																																Mid		48		3		sand 				0.033		0.31		n		0.29		0.29		0.015		0.277

																		7/26/16		11/3/16		100		14.2857142857								Mid		48		2		sand 				0.033		0.3		n		0.29		0.29		0.0133333333		0.267

		In CA Recharge Database, query "Calculate Recharge per Irrigation"																						3.5714285714

																																																				0.3775510204		fraction of mid pore/high pre







Infiltration Rate

		2016 Recharge at Chowchilla Almond Orchard																								Start

																										Date Time 

		Recharge Irrigation Event		Treatment1		Acreage		Start Date & Time		Stop Date & Time		Irrigation Volume, ac-ft		Irrigation, inches		ET2, inches		Recharge Inches		Recharge Volume, ac-ft		Elapsed time irrigate		Water starts increasing		Water Starts dropping		water stops dropping		Elapsed time of total irrigation		Elapsed Time for drainage, days		Peak level, not related to draining		Max level, ft		Min level, ft		Rate (ft/day)		Rate, cm/day		Total days infiltration

																								4/28/16		4/28/16 10:00		4/28/16 12:30		0.43		0.1041666667				0.132		0.009		1.1807999999		35.9907839983

		1		Control		26.25		5/31/16 10:00		6/1/16 19:53		15.36		7.02		7.87		-0.85		-1.86		1.41		6/1/16 3:45		6/1/16 19:30		6/2/16 2:15		0.94		0.28125				0.208		0.002		0.7324444444		22.3249066667

		2		Control		26.25		6/23/16 7:00		6/25/16 8:49		14.09		6.44		6.85		-0.41		-0.90		2.08		6/24/16 13:30		6/24/16 20:15		6/25/16 1:15		0.49		0.2083333333				0.183		0.003		0.864		26.3347199997

		3		Control		26.25		7/16/16 7:00		7/18/16 7:53		13.74		6.28		7.14		-0.86		-1.88		2.04		7/17/16 12:00		7/17/16 19:15		7/18/16 0:30		0.52		0.21875				0.181		0.001		0.8228571429		25.0806857143		0.52

		1		Mid		13.75		6/1/16 19:53		6/4/16 17:41		19.09		16.66		5.89		10.77		12.34		2.91		6/2/16 16:00		6/3/16 23:45		6/4/16 17:00		2.04		0.71875				0.274		-0.022		0.411826087		12.5524591304

		2		Mid		13.75		6/25/16 8:49		6/28/16 0:12		13.09		11.42		6.92		4.50		5.16		2.64		6/26/16 1:00		6/26/16 10:00		6/26/16 14:15		0.55		0.1770833333				0.171		-0.021		1.0842352941		33.0474917643

		3		Mid		13.75		7/18/16 7:53		7/20/16 17:39		13.07		11.41		7.11		4.30		4.93		2.41		7/18/16 23:30		7/19/16 8:30		7/19/16 13:30		0.58		0.2083333333				0.197		0.005		0.9216		28.0903679997

		1		High		13.5		6/4/16 17:41		6/13/16 6:06		37.29		33.15		5.64		27.50		30.94		8.52

		2		High		13.5		6/28/16 0:12		7/3/16 5:53		29.14		25.90		6.24		19.66		22.11		5.24

		3		High		13.5		7/20/16 17:39		7/26/16 6:05		26.5		23.56		7.05		16.51		18.57		5.52								% difference in time		% Difference irrigation		recharge				range		in/day

																		Total Recharged:		94.05										117.78%		137.27%		10.77				max		14.1695999993		35.9907839983		treatments are not significantly different

		1Control is standard irrigation, in which farmer tries to irrigate sufficiently to meet but not exceed ET demand.  																				1.50		Difference						12.77%		77.36%		4.50				min		4.9419130435		12.5524591304

		 Med is Medium treatment, in which farmer aimed to add approximately 1' of water per irrigation.																				0.57								12.00%		81.60%		4.30				average		10.3161650885		26.2030593248

		 High is High treatment, in which farmer aimed to add approximately 2' of water per irrigation																				0.37										1.77		2.39				stdev		0.2501712147		7.6252186253

																																						#		7		7

		2ET, evapotranspiration, was calculated for each event as the sum of hourly ET  that occurred between the end of the previous irrigation and the end of the irrigation event.  																														hours		level range		ft		inches				cm

																												max		0.9375		22.5		max		0.208		2.496		co		6.33984

																												min		0.4895833333		11.7500000001		min		0.181		2.172				5.51688

																												max		2.0416666667		49.0000000001		max		0.274		3.288		mid		8.35152

																												min		0.5520833333		13.2500000001		min		0.171		2.052				5.21208

		In CA Recharge Database, query "Calculate Recharge per Irrigation"







Nitrogen Concentrations with Depth    (1000 cm = 10 m = 30 ft)
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Flushing of Nitrogen and Salt Species 
During Recharge

NO3 - N NH4 - N TDN - N DON - N TDS

Control 405 3.2 1792 1389 4071
Mid 107 2.5 375 268 2531
High 45 2.3 208 163 1561

Mid 297 0.7 1417 1121 1541
High 360 0.9 1584 1225 2511

Mid 73.5% 23.1% 79.1% 80.7% 37.8%
High 88.9% 27.2% 88.4% 88.2% 61.7%

Notes:

Treatment1

Average Mass within Core to 945 cm (31'), g/m2

Change in Mass due to Recharge, g/m2

% Mass Removed due to Recharge


Mass (2)

		Treatment1		Average Mass within Core, to 945 cm (31'), g/m2

				NO3 - N		NH4 - N		TDN - N		DON - N		TDS

		Core		Mass within Core (945 cm), grams

		C1		462		3.2		2104		1639		4779

		C2		345		2.6		1416		1081		3185

		C3		408		3.8		1857		1445		4250

		M2		92		3.3		365		273		2101

		M3		122		1.7		385		263		2960

		H1		120		2.7		533		415		2495

		H2		5		2.4		78		72		1022

		H3		10		1.9		12		3		1164

				Average Mass within Core to 945 cm (31'), g/m2

		Control		405		3.2		1792		1389		4071

		Mid		107		2.5		375		268		2531

		High		45		2.3		208		163		1561

				Change in Mass due to Recharge, g/m2

		Mid		297		0.7		1417		1121		1541

		High		360		0.9		1584		1225		2511

				% Mass Removed due to Recharge

		Mid		73.5%		23.1%		79.1%		80.7%		37.8%				0.8072632744

		High		88.9%		27.2%		88.4%		88.2%		61.7%				0.8823213118

		Notes:
  1The control treatment was supplied with water approximately equal to ET demand.  For the Mid treatment, water was applied over ET demands on three occasions, for a total of 19.6 inches (49.7 cm) water recharge.  For the High treatment, water was applied over ET demands on three occasions, for a total of 63.7 inches (161.7 cm) water recharge. 
2 Mass within the cores was calculated for 31' depth (945 cm).  Mass within core M1 was not calculated because the core did not extend beyond 15', where drilling was stopped by dense very fine sand





Conc Chg Below 700 cm

				From Water Depths.stw

						Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.						Total Cm, FC-WP:		  y = 1.6313 + 0.123*x; r2 = 0.9695

																				Mean		Geometric Mean		Median

		Co		Representative EndDepth cm		8		843.9150		839.2725		830.5800		701.0400		944.8800		93.92359		Average g/m2 below 700						y= Total Cm

		Co		NO3-N mg/kg		8		23.9571		15.3709		16.8470		2.8555		79.8143		24.74875		124.8379434587		80.0848460344		87.1121178203		x=Representative end depth

		Co		NH4 -N mg/kg		8		0.1468		0.1357		0.1277		0.0764		0.2521		0.06485		0.7651625892		0.7069503321		0.6605289786		For High treatment, Total Cm =						161.714

		Co		TDN mg/kg		8		110.4963		66.4727		110.8632		4.3681		308.6012		94.77885		575.784106938		346.3342850946		573.248254086		x= 		1301.4853658537

		Co		DON mg/kg		8		86.3923		46.5824		89.0246		1.3879		228.6410		71.52407		450.1810008901		242.7022968673		460.3259199021

		Co		TDS (ppm)		8		130.9568		107.9465		108.7360		36.4544		248.5120		80.71849		85.5012187805		59.9921418644		71.3756979261

		Co		Water Content		8		0.1253		0.1067		0.1269		0.0459		0.2928		0.07861								Divide by 		0.3889732491		due to observation that all pores not flushed in Mid treatment.. 

		Co		Dry Density (g/cm3)		8		1.4613		1.4610		1.4500		1.4200		1.4900		0.02588												Flush down to 1000 cm instead of 400 cm (calculated based of FC - WP).. Divide by 0.4

																														Reduced by an additional 0.88 based on fraction of N or TDS remaining.

		Mid				Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.

		Mid		Representative EndDepth cm		7		859.9714		856.6839		891.5400		731.5200		944.8800		80.09203								Depth=		3345.9508301464		m

		Mid		NO3-N mg/kg		7		7.2396		5.9783		7.9869		2.5423		12.1599		4.28064		37.7245943427		31.1478200238		41.2985913078				109.7471872288		ft

		Mid		NH4 -N mg/kg		7		0.1512		0.1325		0.1266		0.0766		0.2941		0.08679		0.7880784991		0.6901592029		0.654710459

		Mid		TDN mg/kg		7		19.1644		9.4857		7.8793		2.1912		56.8514		23.23601		99.8635518781		49.4219324604		40.7419639704

		Mid		DON mg/kg		7		12.0501		0.1525		0.1525		0.0000		45.3276		20.27963		62.7914979403		0.7947006113		0.7886905815

		Mid		TDS (ppm)		7		73.2078		63.4602		63.8272		27.8912		131.4560		38.76957		46.9652885933		34.7307212521		47.6999272599

		Mid		Water Content		7		0.1230		0.1049		0.1445		0.0292		0.1849		0.05984

		Mid		Dry Density (g/cm3)		7		1.4629		1.4626		1.4500		1.4200		1.4900		0.02752

						Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.

		High		Representative EndDepth cm		10		849.6300		845.5446		845.8200		708.6600		944.8800		86.37867

		High		NO3-N mg/kg		10		3.3771		0.3848		0.1458		0.1248		22.7557		7.44386		17.5975388105		2.004915472		0.7536500265

		High		NH4 -N mg/kg		10		0.1067		0.1039		0.1030		0.0713		0.1473		0.02587		0.5558464626		0.5411411719		0.5324412024

		High		TDN mg/kg		10		12.6112		0.4671		0.1450		0.1248		79.4999		27.48769		65.7154355482		2.4337579282		0.7499994993

		High		DON mg/kg		10		9.2288		0.0000		0.0000		0.0000		56.5970		20.07029		48.0901839115		0		0

		High		TDS (ppm)		10		64.3898		52.4653		52.3136		14.4640		182.5920		47.18514		46.5275653022		32.5556359565		44.8867576244

		High		Water Content		10		0.1388		0.1192		0.1659		0.0381		0.2234		0.06641

		High		Dry Density (g/cm3)		10		1.4600		1.4598		1.4500		1.4200		1.4900		0.02828

				NO3-N mg/kg		g/m2 below 944.88 cm												Diff, High-Co		107.2404046482		78.0799305624		86.3584677938

				NH4 -N mg/kg		g/m2 below 944.88 cm												Diff, High-Co		0.2093161266		0.1658091602		0.1280877763

				TDN mg/kg		g/m2 below 944.88 cm												Diff, High-Co		510.0686713898		343.9005271664		572.4982545867

				DON mg/kg		g/m2 below 944.88 cm												Diff, High-Co		402.0908169787		242.7022968673		460.3259199021

				TDS (ppm)		g/m2 below 944.88 cm												Diff, High-Co		38.9736534783		27.4365059079		26.4889403017

																		ft		cm

																		31		944.88





Conc Chg Below 800 cm

				From Water Depths.stw																		Not correct with final estimates of FC

						Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.						Total Cm, FC-WP:		  y = 1.6313 + 0.123*x; r2 = 0.9695

																				Mean		Geometric Mean		Median								y=depth =		9.074+9.3606*x				x=water cm

		Co		Representative EndDepth cm		6		882.6500		880.3361		895.3500		800.1000		944.8800		69.7414		Average g/m2/cm below 800						y= Total Cm

		Co		NO3-N mg/kg		6		24.7777		13.9790		14.4329		2.8555		79.8143		28.9219		0.3613419626		0.2038310691		0.2092774284		x=Representative end depth

		Co		NH4 -N mg/kg		6		0.1646		0.1545		0.1384		0.0946		0.2521		0.0652		0.0024007677		0.0022528456		0.0020063244		For High treatment, Total Cm =						161.714				average porosity between FC & WP

		Co		TDN mg/kg		6		117.6045		61.8184		110.8632		4.3681		308.6012		109.0192		1.7150661778		0.9013888708		1.6075160306		x= 		1301.4853658537		x=		1522.8140684				0.1061941857

		Co		DON mg/kg		6		92.6622		42.3417		96.2388		1.3879		228.6410		81.7634		1.3513234475		0.6173934427		1.3954622395

		Co		TDS (ppm)		6		124.4011		99.9527		98.2720		36.4544		248.5120		85.0632		0.2465453978		0.1647487342		0.1933824761

		Co		Water Content		6		0.1359		0.1130		0.1357		0.0459		0.2928		0.0885								Divide by 		0.4396892658		Based on distance between porewater pulses of

		Co		Dry Density (g/cm3)		6		1.4583		1.4581		1.4500		1.4200		1.4900		0.0271												NO3, DON, and TDS

		Mid				Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.

		Mid		Representative EndDepth cm		6		881.3800		879.5347		891.5400		800.1000		944.8800		62.03011								Depth=		3463.3869570374		CM

		Mid		NO3-N mg/kg		6		6.5386		5.3650		5.6468		2.5423		12.1599		4.22629		0.0953548392		0.078227787		0.0818781734				113.5990921908		ft

		Mid		NH4 -N mg/kg		6		0.1634		0.1445		0.1379		0.0766		0.2941		0.08835		0.0023821983		0.0021072363		0.0019990478

		Mid		TDN mg/kg		6		12.8832		7.0381		6.2556		2.1912		48.5238		17.79012		0.1878803027		0.1026240677		0.0907059058

		Mid		DON mg/kg		6		6.5038				0.0763		0.0000		37.7919		15.33375		0.0948469775		0		0.0011058322

		Mid		TDS (ppm)		6		69.4411		59.2495		62.2560		27.8912		131.4560		41.04285		0.1214538722		0.0863295993		0.1187878352		For Mid treatment, Total Cm=						49.71

		Mid		Water Content		6		0.1194		0.0995		0.1298		0.0292		0.1849		0.06472								x= 		390.8837398374		474.389426

		Mid		Dry Density (g/cm3)		6		1.4650		1.4648		1.4700		1.4200		1.4900		0.02950								Depth=		1078.9197346273		cm

																												35.3885672958		feet

						Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.								x=11.4 cm

		High		Representative EndDepth cm		8		882.9675		881.3656		868.6800		800.1000		944.8800		56.79511								11.4		y=		115.78484		cm

		High		NO3-N mg/kg		8		4.1861		0.4953		0.1458		0.1248		22.7557		8.21599		0.0610475099		0.0072217332		0.0021134029

		High		NH4 -N mg/kg		8		0.1090		0.1065		0.1030		0.0772		0.1473		0.02519		0.001589264		0.0015532803		0.001493084

		High		TDN mg/kg		8		15.7287		0.6311		0.1450		0.1248		79.4999		30.26405		0.2293775005		0.0092017002		0.002103166

		High		DON mg/kg		8		11.5360				0.0000		0.0000		56.5970		22.07916		0.1682330433		0		0

		High		TDS (ppm)		8		66.1320		52.6303		52.3136		14.4640		182.5920		51.67326		0.1337754448		0.0929182742		0.1258724853

		High		Water Content		8		0.1384		0.1208		0.1659		0.0381		0.2015		0.06078

		High		Dry Density (g/cm3)		8		1.4613		1.4610		1.4500		1.4200		1.4900		0.02588

				NO3-N mg/kg		g/m2 below 944.88 cm												Diff, High-Co		756.2936681314		495.1619802387		521.7440396288

				NH4 -N mg/kg		g/m2 below 944.88 cm												Diff, High-Co		2.0437777303		1.7618600692		1.292599522

				TDN mg/kg		g/m2 below 944.88 cm												Diff, High-Co		3741.7172696997		2246.9795962288		4043.2434684552

				DON mg/kg		g/m2 below 944.88 cm												Diff, High-Co		2979.6214137585		1554.9096807455		3514.4813583782

				TDS (ppm)		g/m2 below 944.88 cm												Diff, High-Co		284.0119109571		180.9055130557		170.0243815481



				NO3-N mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		35.652843434		16.835830603		17.0765623338

				NH4 -N mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		0.0024890396		0.0195174338		0.0009753514

				TDN mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		204.7035894155		107.0662222381		203.3128266027

				DON mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		168.4177725953		82.7552532242		186.8991628062

				TDS (ppm)		g/m2 below 944.88 cm												Diff, Mid-Co		16.7672348935		10.5112800323		9.9986458707

																		ft		cm

																		31		944.88





Sheet1

		R=		retardation coefficient given by Sharma and Reddy, 2004												http://www.engr.mun.ca/~ccoles/Publications/ICWEM-023.pdf

		porosity				0.106

		Frueindlich				0.001

		dry density		g/m3		1.45

		Concentration mg/l				200

		mg/l to gram per cm3				0.000001

		n				depends on linearity of isotherm								1.25

		R=1+		1.0037926793

		Fruuendlich parameters are from study of similar soil (Nitrate Sorption in an Agricultural Soil Profile)																				https://www.hindawi.com/journals/aess/2013/597824/

		Indicates that retardation is less than 1%.



http://www.engr.mun.ca/~ccoles/Publications/ICWEM-023.pdf

Conc Chg Below 800 cm with max 

				From Water Depths.stw																		Not correct with final estimates of FC

						Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.						Total Cm, FC-WP:		  y = 1.6313 + 0.123*x; r2 = 0.9695

																				Mean		Geometric Mean		Median								y=depth =		9.074+9.3606*x				x=water cm

		Co		Representative EndDepth cm		6		882.6500		880.3361		895.3500		800.1000		944.8800		69.7414		Average g/m2/cm below 800						y= Total Cm

		Co		NO3-N mg/kg		6		24.7777		13.9790		14.4329		2.8555		79.8143		28.9219		0.3613419626		0.2038310691		0.2092774284		x=Representative end depth

		Co		NH4 -N mg/kg		6		0.1646		0.1545		0.1384		0.0946		0.2521		0.0652		0.0024007677		0.0022528456		0.0020063244		For High treatment, Total Cm =						161.714

		Co		TDN mg/kg		6		117.6045		61.8184		110.8632		4.3681		308.6012		109.0192		1.7150661778		0.9013888708		1.6075160306		x= 		1301.4853658537		x=		1522.8140684

		Co		DON mg/kg		6		92.6622		42.3417		96.2388		1.3879		228.6410		81.7634		1.3513234475		0.6173934427		1.3954622395						However, Center of DON, NO3, TDS pulse is at 550 cm; 550cm, 

		Co		TDS (ppm)		6		124.4011		99.9527		98.2720		36.4544		248.5120		85.0632		0.2465453978		0.1647487342		0.1933824761

		Co		Water Content		6		0.1359		0.1130		0.1357		0.0459		0.2928		0.0885								Divide by 		0.4396892658		Based on distance between porewater pulses of

		Co		Dry Density (g/cm3)		6		1.4583		1.4581		1.4500		1.4200		1.4900		0.0271												NO3, DON, and TDS

		Mid				Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.														Max depth of DON				2200		cm

		Mid		Representative EndDepth cm		6		881.3800		879.5347		891.5400		800.1000		944.8800		62.03011								Depth=		3463.3869570374		m		Mas Depth of TDN				2200		cm

		Mid		NO3-N mg/kg		6		6.5386		5.3650		5.6468		2.5423		12.1599		4.22629		0.0953548392		0.078227787		0.0818781734				113.5990921908		ft		from graph with linear fit, taking out one outlier

		Mid		NH4 -N mg/kg		6		0.1634		0.1445		0.1379		0.0766		0.2941		0.08835		0.0023821983		0.0021072363		0.0019990478

		Mid		TDN mg/kg		6		12.8832		7.0381		6.2556		2.1912		48.5238		17.79012		0.1878803027		0.1026240677		0.0907059058

		Mid		DON mg/kg		6		6.5038				0.0763		0.0000		37.7919		15.33375		0.0948469775		0		0.0011058322

		Mid		TDS (ppm)		6		69.4411		59.2495		62.2560		27.8912		131.4560		41.04285		0.1214538722		0.0863295993		0.1187878352		For Mid treatment, Total Cm=						49.71

		Mid		Water Content		6		0.1194		0.0995		0.1298		0.0292		0.1849		0.06472								x= 		390.8837398374		474.389426

		Mid		Dry Density (g/cm3)		6		1.4650		1.4648		1.4700		1.4200		1.4900		0.02950								Depth=		1078.9197346273		cm

																												35.3885672958		feet

						Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.								x=11.4 cm

		High		Representative EndDepth cm		8		882.9675		881.3656		868.6800		800.1000		944.8800		56.79511								11.4		y=		115.78484		cm

		High		NO3-N mg/kg		8		4.1861		0.4953		0.1458		0.1248		22.7557		8.21599		0.0610475099		0.0072217332		0.0021134029

		High		NH4 -N mg/kg		8		0.1090		0.1065		0.1030		0.0772		0.1473		0.02519		0.001589264		0.0015532803		0.001493084

		High		TDN mg/kg		8		15.7287		0.6311		0.1450		0.1248		79.4999		30.26405		0.2293775005		0.0092017002		0.002103166

		High		DON mg/kg		8		11.5360				0.0000		0.0000		56.5970		22.07916		0.1682330433		0		0

		High		TDS (ppm)		8		66.1320		52.6303		52.3136		14.4640		182.5920		51.67326		0.1337754448		0.0929182742		0.1258724853

		High		Water Content		8		0.1384		0.1208		0.1659		0.0381		0.2015		0.06078

		High		Dry Density (g/cm3)		8		1.4613		1.4610		1.4500		1.4200		1.4900		0.02588

																				Constituents don't drop off								Constituents to  Max Depth 2200 cm, drop off linearly

				NO3-N mg/kg		g/m2 below 944.88 cm												Diff, High-Co		756.2936681314		495.1619802387		521.7440396288				188.4527866982		123.3841548265		130.0078558824

				NH4 -N mg/kg		g/m2 below 944.88 cm												Diff, High-Co		2.0437777303		1.7618600692		1.292599522				0.509267266		0.4390191982		0.3220891464

				TDN mg/kg		g/m2 below 944.88 cm												Diff, High-Co		3741.7172696997		2246.9795962288		4043.2434684552				932.3587863084		559.900980805		1007.492897319

				DON mg/kg		g/m2 below 944.88 cm												Diff, High-Co		2979.6214137585		1554.9096807455		3514.4813583782				742.4602140539		387.4514289198		875.7362829993

				TDS (ppm)		g/m2 below 944.88 cm												Diff, High-Co		284.0119109571		180.9055130557		170.0243815481				70.7699116503		45.0779234324		42.3665698386



				NO3-N mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		35.652843434		16.835830603		17.0765623338

				NH4 -N mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		0.0024890396		0.0195174338		0.0009753514

				TDN mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		204.7035894155		107.0662222381		203.3128266027

				DON mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		168.4177725953		82.7552532242		186.8991628062

				TDS (ppm)		g/m2 below 944.88 cm												Diff, Mid-Co		16.7672348935		10.5112800323		9.9986458707

																		ft		cm

																		31		944.88





Removed within Core

		From query Sum All Constituents Per Core… these are totals for entire cores.  M1 was not included because it is a partial core																Average by treatment				grams per sq meter

		core		SumOfPorewater Volume (l/m2)		SumOfPorewater cm, FC-WP		SumOfNO3 Mass N-g/m2		SumOfNH4 Mass N g/m2		SumOfTDN Mass N-g/m2		SumOfDON Mass N g/m2		SumOfTDS Mass g/m2		NO3		NH4		TDN		DON		TDS						SumOfTDS Mass g/m2

		C1		1686.0282677324		120.7901748696		461.7704216504		3.2100805811		2103.898512472		1638.881260487		4779.2245579421		404.6835369938		3.2197019003		1792.061691097		1388.556240377		4071.2479996967						4779.2245579421

		C2		1562.9653559482		122.6011612284		344.6954767833		2.6085237375		1415.6132882378		1081.3980859235		3184.6819745634																3184.6819745634

		C3		2186.182769492		124.858983236		407.5847125477		3.8405013823		1856.6732725812		1445.3893747205		4249.8374665846																4249.8374665846

		H1		1848.0073682027		121.9471486544		119.6673421196		2.7343402365		533.4329861679		415.4915813297		2495.3119183754		45.0918878821		2.3444367102		207.7424643669		163.4034767934		1560.5101632

		H2		2065.8039826689		123.9220171739		5.4531857551		2.379326761		77.6197934685		71.5331333381		1022.3153234511

		H3		1516.6372661724		108.8919239433		10.1551357715		1.919643133		12.1746134643		3.1857157124		1163.9032477735

		M1*		993.7114760839		64.8705119056		15.6018814436		1.7588324856		17.7243642372		3.6727956321		1070.83652736		107.3009732941		2.4761254544		374.6751736447		267.6257830854		2530.6350797095						2495.3119183754

		M2		1386.1306635084		101.0462044818		92.1345523984		3.2578394748		364.8069866757		272.5593615475		2101.3475908135																1022.3153234511

		M3		1317.298536402		109.5276448533		122.4673941898		1.694411434		384.5433606138		262.6922046233		2959.9225686055																1163.9032477735

																Removed in Mid (grams)		297.3825636997		0.743576446		1417.3865174523		1120.9304572916		1540.6129199872

																Removed in High (grams)		359.5916491117		0.8752651902		1584.3192267301		1225.1527635836		2510.7378364967

		*M1 not a full core														%Control remaining in Mid		26.51%		76.91%		20.91%		19.27%		62.16%

																%Control remaining in High		11.14%		72.82%		11.59%		11.77%		38.33%						1070.83652736

																% removed in mid		73.49%		23.09%		79.09%		80.73%		37.84%						2101.3475908135

																% removed in high		88.86%		27.18%		88.41%		88.23%		61.67%						2959.9225686055

				cm traveled, 2nd & 3rd irrigation				cm applied for 2nd irrigation mid=						11.4		Control - high 		359.5916491117		0.8752651902		1584.3192267301		1225.1527635836		2510.7378364967

		DON		260				Calculated depth based on pore space between FC & WP=						115.78484		Control - mid		297.3825636997		0.743576446		1417.3865174523		1120.9304572916		1540.6129199872

		NO3		260				Fraction of above porosity for water flow=						0.4396892658		Fraction		0.8270007505		0.8495441774		0.8946344231		0.9149311748		0.613609632		about 87% of what is possibly removed is removed by Mid treatment

		TDS		270												Average		0.8199440316										Even though I believe (need to check) that water filled porosity of mid is 1/3 of high (see Recharge Quantities….xls)

						474.389426		 is calculated depth of water flow based on movement of water between FC & WP

		Average		263.3333333333		944.88		is depth of core

		about		260		944.88		we know water goes deeper than this						Fraction from 474.39 to 1000		0.47439		0.392320886		0.4030152623		0.424405624		0.4340342		0.2910902733

						1000		Assume this is depth where front of water for Mid treatment has traveled								x porosity between FC & WP		Average		0.3889732491

								This is a minimum estimate										0.3889732491

																Or Depth for Mid =		FALSE		1177.1018231227		1117.7750085967		1092.9783873871		1629.7006236437

																average Depth for mid		1254.3889606876

		Almond Doctor 				20-40 pounds of N per acre per year								Reasonable Check		Total N in core		1792.061691097		gams per m2				15985.1902845852		pounds per acre

						90.2444287496		years at 40lb/yr								Nitrate in core		404.6835369938		grams per m2				3609.7771499845		pounds per acre

				1280.16

												average

				Hannah		from poster		Almonds nitrate to about 9 meters				2350 kg nitrate per hectare				2091.5		pounds per acre

								range in almonds		2000 to 2750 kg/ha		which is		1780		to		2447.5		pounds per acre

												fraction higher		1.536075383





Calc of Total Gms removed

		Total Differences		In cores to 944.88 cm				31		g/m2								Volume		cm		liter/m2		another estimate of volume						I have checked the calculation of volume and mg/l

				NO3		NH4		TDN		DON		TDS						High		161.714		1617.14

		High - Co		359.5916491117		0.8752651902		1584.3192267301		1225.1527635836		2510.7378364967						Mid		49.71		497.1

		Mid - Co		297.3825636997		0.743576446		1417.3865174523		1120.9304572916		1540.6129199872

		Average Concentration (mg/l)

		High - Co		222.3627200562		0.5412426816		979.7044329681		757.6046375599		1552.5791437332

		Mid - Co		598.2348897599		1.4958286984		2851.3106365968		2254.9395640547		3099.2012069749																				DON diffusion coefficient						0.76		cm2/day				Tian, 2013

																																nitrate difusion coefficent

		Total Differences Below Cores 																																				0.000001		cm2/sec				0.0864		cm2/day

		High - Co		495.1619802387		1.7618600692		2246.9795962288		1554.9096807455		180.9055130557																								max		0.0000032		cm2/sec				0.27648		cm2/day		Hill, 1984

		Mid - Co		16.835830603		0.0195174338		107.0662222381		82.7552532242		10.5112800323

		Total difference below cores if goes to zero and max depth is 2200 cm

		High - Co		123.3841548265		0.4390191982		559.900980805		387.4514289198		45.0779234324						123.3841548265		0.4390191982		559.900980805		387.4514289198		45.0779234324

		Mid - Co		8.4179153015		0.0097587169		53.533111119		41.3776266121		5.2556400162

		Total Difference estimated for vadose zone								g/m2

		High - Co		854.7536293504		2.6371252594		3831.298822959		2780.0624443291		2691.6433495524

		Mid - Co		314.2183943026		0.7630938797		1524.4527396904		1203.6857105158		1551.1242000195

		Average Concentration (mg/l)

		High - Co		528.5588318578		1.6307340486		2369.1819032112		1719.1229233889		1664.4467081096

		Mid - Co		632.1029859236		1.535091289		3066.6922946899		2421.4156316955		3120.3464092125

		g/m2

		Total Difference estimated for vadose zone, difference goes to zero by end of pore flow

		High - Co		607.1726392311		1.7561952248		2707.8090248445		2002.6076039564		2601.1905930246

		Mid - Co		305.8004790011		0.7533351628		1470.9196285713		1162.3080839037		1545.8685600034

		g/m2

		Total Difference estimated for vadose zone, difference goes to zero by end of pore flow and max depth 2200 cm

		High - Co		482.9758039382		1.3142843884		2144.2202075351		1612.6041925034		2555.8157599291

		Mid - Co		305.8004790011		0.7533351628		1470.9196285713		1162.3080839037		1545.8685600034

		Average Concentration (mg/l)				goes to zero

		High - Co		375.460775957		1.0859883651		1674.4431680897		1238.3637804744		1608.5129259214

		Mid - Co		615.1689378418		1.5154599937		2959.0014656434		2338.1775978751		3109.7738080937

		Average Concentration (mg/l)				 goes to zero, 2200 cm

		High - Co		298.6604771004		0.8127214641		1325.9335663796		997.1951670872		1580.4542339742

		Mid - Co		189.0995702296		0.4658441216		909.5808826517		718.743017861		955.9274769057

		Average Concentration if all pores effected estimated from graph PoreWater.stw No3 PW Conc

		High - Co		514.1741763576		0.4224204229		651.3135995866		481.6903833043		625.668499074

		Mid - Co		257.0870881788		0.5894733977		1150.9724142915		909.4885373041		1209.6188222144





Calc of Total Gms removed (2)

		Total Differences		In cores to 944.88 cm				31		g/m2								Volume		cm		liter/m2		another estimate of volume														Mass to 945 cm (31')		Recharged, cm

				NO3		NH4		TDN		DON		TDS						High		161.714		1617.14																Mass in core (to 31')		cm		inches		NO3		NH4		TDN		DON		TDS

		High - Co		359.5916491117		0.8752651902		1584.3192267301		1225.1527635836		2510.7378364967						Mid		49.71		497.1																Control		0.0		0.0		405		3.2		1792		1389		4071

		Mid - Co		297.3825636997		0.743576446		1417.3865174523		1120.9304572916		1540.6129199872																										Mid		49.7		19.6		107		2.5		375		268		2531

																																						High		161.7		63.7		45		2.3		208		163		1561

		Average Concentration (mg/l)																																				Change Due to Mid Treatment						297		0.7		1417		1121		1541

		High - Co		222.3627200562		0.5412426816		979.7044329681		757.6046375599		1552.5791437332																										Change relative to control

		Mid - Co		598.2348897599		1.4958286984		2851.3106365968		2254.9395640547		3099.2012069749																										% removed						73.5%		23.1%		79.1%		80.7%		37.8%

																																						Change due to High Treatment						360		0.9		1584		1225		2511

		Total Differences Below Cores 																												cm2/day

		High - Co		495.1619802387		1.7618600692		2246.9795962288		1554.9096807455		180.9055130557																		cm2/day		Hill, 1984						Change relative to control						88.9%		27.2%		88.4%		88.2%		61.7%

		Mid - Co		16.835830603		0.0195174338		107.0662222381		82.7552532242		10.5112800323

		Total difference below cores if goes to zero and max depth is 2200 cm

		High - Co		123.3841548265		0.4390191982		559.900980805		387.4514289198		45.0779234324						123.3841548265		0.4390191982		559.900980805		387.4514289198		45.0779234324

		Mid - Co		8.4179153015		0.0097587169		53.533111119		41.3776266121		5.2556400162

		Total Difference estimated for vadose zone								g/m2

		High - Co		854.7536293504		2.6371252594		3831.298822959		2780.0624443291		2691.6433495524

		Mid - Co		314.2183943026		0.7630938797		1524.4527396904		1203.6857105158		1551.1242000195

		Average Concentration (mg/l)

		High - Co		528.5588318578		1.6307340486		2369.1819032112		1719.1229233889		1664.4467081096

		Mid - Co		632.1029859236		1.535091289		3066.6922946899		2421.4156316955		3120.3464092125

		g/m2

		Total Difference estimated for vadose zone, difference goes to zero by end of pore flow

		High - Co		607.1726392311		1.7561952248		2707.8090248445		2002.6076039564		2601.1905930246

		Mid - Co		305.8004790011		0.7533351628		1470.9196285713		1162.3080839037		1545.8685600034

		g/m2

		Total Difference estimated for vadose zone, difference goes to zero by end of pore flow and max depth 2200 cm

		High - Co		482.9758039382		1.3142843884		2144.2202075351		1612.6041925034		2555.8157599291

		Mid - Co		305.8004790011		0.7533351628		1470.9196285713		1162.3080839037		1545.8685600034

		Average Concentration (mg/l)				goes to zero

		High - Co		375.460775957		1.0859883651		1674.4431680897		1238.3637804744		1608.5129259214

		Mid - Co		615.1689378418		1.5154599937		2959.0014656434		2338.1775978751		3109.7738080937

		Average Concentration (mg/l)				 goes to zero, 2200 cm

		High - Co		298.6604771004		0.8127214641		1325.9335663796		997.1951670872		1580.4542339742

		Mid - Co		189.0995702296		0.4658441216		909.5808826517		718.743017861		955.9274769057

		Average Concentration if all pores effected estimated from graph PoreWater.stw No3 PW Conc

		High - Co		514.1741763576		0.4224204229		651.3135995866		481.6903833043		625.668499074

		Mid - Co		257.0870881788		0.5894733977		1150.9724142915		909.4885373041		1209.6188222144





Mass

		Treatment1		Average Mass within Core, to 945 cm (31'), g/m2

				NO3 - N		NH4 - N		TDN - N		DON - N		TDS

		Core		Mass within Core (945 cm), grams

		C1		462		3.2		2104		1639		4779

		C2		345		2.6		1416		1081		3185

		C3		408		3.8		1857		1445		4250

		M2		92		3.3		365		273		2101

		M3		122		1.7		385		263		2960

		H1		120		2.7		533		415		2495

		H2		5		2.4		78		72		1022

		H3		10		1.9		12		3		1164

		Treatment1		Average Mass within Core to 945 cm (31'), g/m2

		Control		405		3.2		1792		1389		4071

		Mid		107		2.5		375		268		2531

		High		45		2.3		208		163		1561

		Treatment1		Change in Mass due to Recharge, g/m2

		Mid		297		0.7		1417		1121		1541

		High		360		0.9		1584		1225		2511

		Treatment1		% Mass Removed due to Recharge

		Mid		73.5%		23.1%		79.1%		80.7%		37.8%				0.8072632744

		High		88.9%		27.2%		88.4%		88.2%		61.7%				0.8823213118

		Notes:
  1The control treatment was supplied with water approximately equal to ET demand.  For the Mid treatment, water was applied over ET demands on three occasions, for a total of 19.6 inches (49.7 cm) water recharge.  For the High treatment, water was applied over ET demands on three occasions, for a total of 63.7 inches (161.7 cm) water recharge. 
2 Mass within the cores was calculated for 31' depth (945 cm).  Mass within core M1 was not calculated because the core did not extend beyond 15', where drilling was stopped by dense very fine sand





Conc Range mgkg



						Treatment		N		Mean		Median		Minimum		Maximum		Std.Dev.

				NO3-N mg/kg		Co		34		26.3		26.5		0.1		84.3		23.6

						Mid		34		5.6		3.5		0.1		20.7		5.4

						High		40		2.0		0.1		0.1		22.8		5.2

				DON-N mg/kg		Co		34		93.4		92.8		1.0		267.8		68.8

						Mid		34		13.5		0.7		0.0		102.2		24.4

						High		40		8.0		0.0		0.0		85.7		18.9

				NH4 -N mg/kg		Co		34		0.29		0.13		0.08		2.71		0.52

						Mid		34		0.21		0.13		0.05		1.56		0.26

						High		40		0.19		0.12		0.06		0.93		0.18

				TDN-N mg/kg		Co		34		120.1		118.3		1.2		352.2		91.3

						Mid		34		19.1		4.7		0.1		123.0		28.5

						High		40		9.9		0.1		0.1		107.8		23.4

				TDS (ppm)		Co		34		295		290		1		876		205

						Mid		34		169		143		2		472		115

						High		40		104		90		22		281		63







				TDS (ppm)				Original, not corrected for dilution																Correction for dilution

				1		Co		34		191.72		188.35		0.77		569.47		133.19						1.5384615385

				2		Mid		34		109.71		92.96		1.51		306.69		74.50

				3		High		40		67.37		58.79		14.46		182.59		40.89







								Co		Valid N		Mean		Median		Minimum		Maximum		Std.Dev.

		1		1		Co		NO3 PW Conc mg/l		27		216.651		221.579		36.95018		593.511		117.954

		3		1		Co		NH4 PW Conc mg/l		27		1.220		0.965		0.49835		3.885		0.787

		4		1		Co		TDN PW Conc mg/l		27		1022.930		997.054		76.85511		2594.055		595.783

		2		1		Co		DON PW Conc mg/l		27		805.060		772.001		24.41995		2373.215		508.242

		5		1		Co		Porewater TDS (mg/l)		27		2420.931		2198.350		8.70225		6756.944		1575.116

		1		2		Mid		NO3 PW Conc mg/l		25		70.446		65.845		2.4139		201.569		52.346

		3		2		Mid		NH4 PW Conc mg/l		25		1.343		1.299		0.5435		2.624		0.517

		4		2		Mid		TDN PW Conc mg/l		25		203.285		89.943		2.4139		823.473		231.639

		2		2		Mid		DON PW Conc mg/l		25		134.107		7.445		0.0000		683.894		197.654

		5		2		Mid		Porewater TDS (mg/l)		25		1775.532		1462.382		644.3253		5130.343		1133.222

		1		3		High		NO3 PW Conc mg/l		31		13.5506		1.1686		0.6917		144.316		33.8458

		3		3		High		NH4 PW Conc mg/l		31		1.0801		0.8747		0.4783		3.010		0.6536

		4		3		High		TDN PW Conc mg/l		31		58.6212		1.1686		0.6917		713.106		159.6761

		2		3		High		DON PW Conc mg/l		31		46.4296		0.0000		0.0000		567.199		128.1751

		5		3		High		Porewater TDS (mg/l)		31		843.8258		719.9610		294.4550		1819.998		409.3968





ConcRng Rprt

		Analyte		Treatment		N		Measured Concentrations in   
Soil (mg/kg)												Calculated Concentrations in Porewater (mg/l)														Estimated g/m2

								Mean		Median		Range						S.Dev.		Mean		Median		Range						S.Dev.

		NO3-N		Co		34		26.3		26.5		0.1		-		84		23.6		187		204		2		-		594		127				373.2622181269		376.0759335438

				Mid		34		5.6		3.5		0.1		-		21		5.4		58		56		2		-		202		51				79.515280137		49.9731062708

				High		40		2.0		0.1		0.1		-		23		5.2		15		2		1		-		144		35				28.022151998		2.0603893213

		DON-N		Co		34		93.4		92.8		1.0		-		268		68.8		786		761		19		-		2373		549

				Mid		34		13.5		0.7		0.0		-		102		24.4		130		11		0		-		1008		235

				High		40		8.0		0.0		0.0		-		86		18.9		68		0		0		-		567		150

		NH4-N		Co		34		0.29		0.13		0.08		-		2.7		0.52		4		1		0		-		50		10

				Mid		34		0.21		0.13		0.05		-		1.6		0.26		3		2		1		-		27		5

				High		40		0.19		0.12		0.06		-		0.9		0.18		2		1		0		-		12		3

		TDN-N		Co		34		120.1		118.3		1.2		-		352		91.3		977		992		30		-		2594		638

				Mid		34		19.1		4.7		0.1		-		123		28.5		189		65		2		-		1098		265

				High		40		9.9		0.1		0.1		-		108		23.4		83		2		1		-		713		174

		TDS		Co		34		295		290		1		-		876		205		2585		2277		9		-		6757		1506

				Mid		34		169		143		2		-		472		115		2150		1583		33		-		8727		1810

				High		40		104		90		22		-		281		63		877		813		294		-		1820		390

		1 Concentration in porewater = (Concentration in soil)/ (Water content)  



						Original, not corrected for dilution														Correction for dilution

		Co				34		191.72		188.35		0.77		569.47		133.19				1.54

		Mid				34		109.71		92.96		1.51		306.69		74.50

		High				40		67.37		58.79		14.46		182.59		40.89





												Valid N		Mean		Median		Maximum		Std.Dev.

		1				1		Co		NO3 PW Conc mg/l		34		186.916		203.755		593.511		127

		1				2		Mid		NO3 PW Conc mg/l		34		58.324		55.844		201.569		51

		1				3		High		NO3 PW Conc mg/l		40		15.2843		1.9773		144.316		35

		2				1		Co		DON PW Conc mg/l		34		785.908		761.292		2373.215		549

		2				2		Mid		DON PW Conc mg/l		34		130.432		10.831		1008.407		235

		2				3		High		DON PW Conc mg/l		40		68.2812		0.0000		567.199		150

		3				1		Co		NH4 PW Conc mg/l		34		4.449		1.338		49.859		10

		3				2		Mid		NH4 PW Conc mg/l		34		3.234		1.538		26.558		5

		3				3		High		NH4 PW Conc mg/l		40		2.1306		0.9668		12.199		3

		4				1		Co		TDN PW Conc mg/l		34		977.086		992.399		2594.055		638

		4				2		Mid		TDN PW Conc mg/l		34		189.233		64.714		1098.309		265

		4				3		High		TDN PW Conc mg/l		40		83.4885		2.1642		713.106		174

		5				1		Co		Porewater TDS (mg/l)		34		2584.795		2277.134		6756.944		1506

		5				2		Mid		Porewater TDS (mg/l)		34		2149.840		1582.747		8726.893		1810

		5				3		High		Porewater TDS (mg/l)		40		876.6985		812.5107		1819.998		390





ConcRng Rprt (2)

								Measured Concentrations in   
Soil												Calculated Concentrations in Porewater

				Treatment		N		Mean		Median		Range						S.Dev.		Mean		Median		Range						S.Dev.

								NO3-N mg/kg												NO3-N, mg/l

				Co		34		26.3		26.5		0.1		-		84		23.6		187		204		2		-		594		127

				Mid		34		5.6		3.5		0.1		-		21		5.4		58		56		2		-		202		51

				High		40		2.0		0.1		0.1		-		23		5.2		15		2		1		-		144		35

								DON-N mg/kg												DON-N, mg/l

				Co		34		93.4		92.8		1.0		-		268		68.8		786		761		19		-		2373		549

				Mid		34		13.5		0.7		0.0		-		102		24.4		130		11		0		-		1008		235

				High		40		8.0		0.0		0.0		-		86		18.9		68		0		0		-		567		150

								NH4 -N mg/kg												NH4-N, mg/l

				Co		34		0.29		0.13		0.08		-		2.7		0.52		4		1		0		-		50		10

				Mid		34		0.21		0.13		0.05		-		1.6		0.26		3		2		1		-		27		5

				High		40		0.19		0.12		0.06		-		0.9		0.18		2		1		0		-		12		3

								TDN-N mg/kg												TDN-N, mg/l

				Co		34		120.1		118.3		1.2		-		352		91.3		977		992		30		-		2594		638

				Mid		34		19.1		4.7		0.1		-		123		28.5		189		65		2		-		1098		265

				High		40		9.9		0.1		0.1		-		108		23.4		83		2		1		-		713		174

								TDS (ppm)												TDS, mg/l

				Co		34		295		290		1		-		876		205		2585		2277		9		-		6757		1506

				Mid		34		169		143		2		-		472		115		2150		1583		33		-		8727		1810

				High		40		104		90		22		-		281		63		877		813		294		-		1820		390

				1 Concentration in porewater = (Concentration in soil)/ (Water content)  



						Original, not corrected for dilution														Correction for dilution

				Co		34		191.72		188.35		0.77		569.47		133.19				1.54

				Mid		34		109.71		92.96		1.51		306.69		74.50

				High		40		67.37		58.79		14.46		182.59		40.89





												Valid N		Mean		Median		Maximum		Std.Dev.

				1		1		Co		NO3 PW Conc mg/l		34		186.916		203.755		593.511		127

				1		2		Mid		NO3 PW Conc mg/l		34		58.324		55.844		201.569		51

				1		3		High		NO3 PW Conc mg/l		40		15.2843		1.9773		144.316		35

				2		1		Co		DON PW Conc mg/l		34		785.908		761.292		2373.215		549

				2		2		Mid		DON PW Conc mg/l		34		130.432		10.831		1008.407		235

				2		3		High		DON PW Conc mg/l		40		68.2812		0.0000		567.199		150

				3		1		Co		NH4 PW Conc mg/l		34		4.449		1.338		49.859		10

				3		2		Mid		NH4 PW Conc mg/l		34		3.234		1.538		26.558		5

				3		3		High		NH4 PW Conc mg/l		40		2.1306		0.9668		12.199		3

				4		1		Co		TDN PW Conc mg/l		34		977.086		992.399		2594.055		638

				4		2		Mid		TDN PW Conc mg/l		34		189.233		64.714		1098.309		265

				4		3		High		TDN PW Conc mg/l		40		83.4885		2.1642		713.106		174

				5		1		Co		Porewater TDS (mg/l)		34		2584.795		2277.134		6756.944		1506

				5		2		Mid		Porewater TDS (mg/l)		34		2149.840		1582.747		8726.893		1810

				5		3		High		Porewater TDS (mg/l)		40		876.6985		812.5107		1819.998		390





Sheet3





N Movmt Mid Cores

		Movement of Peak from ground surface

		Core		NO3		DON		TDS		TDS has two humps				N 

		M1		395		395		245		probably 2 bumps if deeper

		M2		410		400		250		2 bumps

		M3		320		610		400		1 bump



		Average		375		468		298





		Movement of start of hump from ground surface

		Core		NO3		DON		TDS

		M1		320		350		175

		M2		250		250		150

		M3		250		300.0000		150



		Average		273		300		158

























Flushing of Nitrogen and Salt Species 
During Recharge

NO3 - N NH4 - N TDN - N DON - N TDS

Control 405 3.2 1792 1389 4071
Mid 107 2.5 375 268 2531
High 45 2.3 208 163 1561

Mid 297 0.7 1417 1121 1541
High 360 0.9 1584 1225 2511

Mid 73.5% 23.1% 79.1% 80.7% 37.8%
High 88.9% 27.2% 88.4% 88.2% 61.7%

Treatment1
Average Mass within Core, to 945 cm (31'), g/m2

Average Mass within Core to 945 cm (31'), g/m2

Change in Mass due to Recharge, g/m2

% Mass Removed due to Recharge


Mass (2)

		Treatment1		Average Mass within Core, to 945 cm (31'), g/m2

				NO3 - N		NH4 - N		TDN - N		DON - N		TDS

		Core		Mass within Core (945 cm), grams

		C1		462		3.2		2104		1639		4779

		C2		345		2.6		1416		1081		3185

		C3		408		3.8		1857		1445		4250

		M2		92		3.3		365		273		2101

		M3		122		1.7		385		263		2960

		H1		120		2.7		533		415		2495

		H2		5		2.4		78		72		1022

		H3		10		1.9		12		3		1164

				Average Mass within Core to 945 cm (31'), g/m2

		Control		405		3.2		1792		1389		4071

		Mid		107		2.5		375		268		2531

		High		45		2.3		208		163		1561

				Change in Mass due to Recharge, g/m2

		Mid		297		0.7		1417		1121		1541

		High		360		0.9		1584		1225		2511

				% Mass Removed due to Recharge

		Mid		73.5%		23.1%		79.1%		80.7%		37.8%				0.8072632744

		High		88.9%		27.2%		88.4%		88.2%		61.7%				0.8823213118

		Notes:
  1The control treatment was supplied with water approximately equal to ET demand.  For the Mid treatment, water was applied over ET demands on three occasions, for a total of 19.6 inches (49.7 cm) water recharge.  For the High treatment, water was applied over ET demands on three occasions, for a total of 63.7 inches (161.7 cm) water recharge. 
2 Mass within the cores was calculated for 31' depth (945 cm).  Mass within core M1 was not calculated because the core did not extend beyond 15', where drilling was stopped by dense very fine sand





Conc Chg Below 700 cm

				From Water Depths.stw

						Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.						Total Cm, FC-WP:		  y = 1.6313 + 0.123*x; r2 = 0.9695

																				Mean		Geometric Mean		Median

		Co		Representative EndDepth cm		8		843.9150		839.2725		830.5800		701.0400		944.8800		93.92359		Average g/m2 below 700						y= Total Cm

		Co		NO3-N mg/kg		8		23.9571		15.3709		16.8470		2.8555		79.8143		24.74875		124.8379434587		80.0848460344		87.1121178203		x=Representative end depth

		Co		NH4 -N mg/kg		8		0.1468		0.1357		0.1277		0.0764		0.2521		0.06485		0.7651625892		0.7069503321		0.6605289786		For High treatment, Total Cm =						161.714

		Co		TDN mg/kg		8		110.4963		66.4727		110.8632		4.3681		308.6012		94.77885		575.784106938		346.3342850946		573.248254086		x= 		1301.4853658537

		Co		DON mg/kg		8		86.3923		46.5824		89.0246		1.3879		228.6410		71.52407		450.1810008901		242.7022968673		460.3259199021

		Co		TDS (ppm)		8		130.9568		107.9465		108.7360		36.4544		248.5120		80.71849		85.5012187805		59.9921418644		71.3756979261

		Co		Water Content		8		0.1253		0.1067		0.1269		0.0459		0.2928		0.07861								Divide by 		0.3889732491		due to observation that all pores not flushed in Mid treatment.. 

		Co		Dry Density (g/cm3)		8		1.4613		1.4610		1.4500		1.4200		1.4900		0.02588												Flush down to 1000 cm instead of 400 cm (calculated based of FC - WP).. Divide by 0.4

																														Reduced by an additional 0.88 based on fraction of N or TDS remaining.

		Mid				Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.

		Mid		Representative EndDepth cm		7		859.9714		856.6839		891.5400		731.5200		944.8800		80.09203								Depth=		3345.9508301464		m

		Mid		NO3-N mg/kg		7		7.2396		5.9783		7.9869		2.5423		12.1599		4.28064		37.7245943427		31.1478200238		41.2985913078				109.7471872288		ft

		Mid		NH4 -N mg/kg		7		0.1512		0.1325		0.1266		0.0766		0.2941		0.08679		0.7880784991		0.6901592029		0.654710459

		Mid		TDN mg/kg		7		19.1644		9.4857		7.8793		2.1912		56.8514		23.23601		99.8635518781		49.4219324604		40.7419639704

		Mid		DON mg/kg		7		12.0501		0.1525		0.1525		0.0000		45.3276		20.27963		62.7914979403		0.7947006113		0.7886905815

		Mid		TDS (ppm)		7		73.2078		63.4602		63.8272		27.8912		131.4560		38.76957		46.9652885933		34.7307212521		47.6999272599

		Mid		Water Content		7		0.1230		0.1049		0.1445		0.0292		0.1849		0.05984

		Mid		Dry Density (g/cm3)		7		1.4629		1.4626		1.4500		1.4200		1.4900		0.02752

						Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.

		High		Representative EndDepth cm		10		849.6300		845.5446		845.8200		708.6600		944.8800		86.37867

		High		NO3-N mg/kg		10		3.3771		0.3848		0.1458		0.1248		22.7557		7.44386		17.5975388105		2.004915472		0.7536500265

		High		NH4 -N mg/kg		10		0.1067		0.1039		0.1030		0.0713		0.1473		0.02587		0.5558464626		0.5411411719		0.5324412024

		High		TDN mg/kg		10		12.6112		0.4671		0.1450		0.1248		79.4999		27.48769		65.7154355482		2.4337579282		0.7499994993

		High		DON mg/kg		10		9.2288		0.0000		0.0000		0.0000		56.5970		20.07029		48.0901839115		0		0

		High		TDS (ppm)		10		64.3898		52.4653		52.3136		14.4640		182.5920		47.18514		46.5275653022		32.5556359565		44.8867576244

		High		Water Content		10		0.1388		0.1192		0.1659		0.0381		0.2234		0.06641

		High		Dry Density (g/cm3)		10		1.4600		1.4598		1.4500		1.4200		1.4900		0.02828

				NO3-N mg/kg		g/m2 below 944.88 cm												Diff, High-Co		107.2404046482		78.0799305624		86.3584677938

				NH4 -N mg/kg		g/m2 below 944.88 cm												Diff, High-Co		0.2093161266		0.1658091602		0.1280877763

				TDN mg/kg		g/m2 below 944.88 cm												Diff, High-Co		510.0686713898		343.9005271664		572.4982545867

				DON mg/kg		g/m2 below 944.88 cm												Diff, High-Co		402.0908169787		242.7022968673		460.3259199021

				TDS (ppm)		g/m2 below 944.88 cm												Diff, High-Co		38.9736534783		27.4365059079		26.4889403017

																		ft		cm

																		31		944.88





Conc Chg Below 800 cm

				From Water Depths.stw																		Not correct with final estimates of FC

						Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.						Total Cm, FC-WP:		  y = 1.6313 + 0.123*x; r2 = 0.9695

																				Mean		Geometric Mean		Median								y=depth =		9.074+9.3606*x				x=water cm

		Co		Representative EndDepth cm		6		882.6500		880.3361		895.3500		800.1000		944.8800		69.7414		Average g/m2/cm below 800						y= Total Cm

		Co		NO3-N mg/kg		6		24.7777		13.9790		14.4329		2.8555		79.8143		28.9219		0.3613419626		0.2038310691		0.2092774284		x=Representative end depth

		Co		NH4 -N mg/kg		6		0.1646		0.1545		0.1384		0.0946		0.2521		0.0652		0.0024007677		0.0022528456		0.0020063244		For High treatment, Total Cm =						161.714				average porosity between FC & WP

		Co		TDN mg/kg		6		117.6045		61.8184		110.8632		4.3681		308.6012		109.0192		1.7150661778		0.9013888708		1.6075160306		x= 		1301.4853658537		x=		1522.8140684				0.1061941857

		Co		DON mg/kg		6		92.6622		42.3417		96.2388		1.3879		228.6410		81.7634		1.3513234475		0.6173934427		1.3954622395

		Co		TDS (ppm)		6		124.4011		99.9527		98.2720		36.4544		248.5120		85.0632		0.2465453978		0.1647487342		0.1933824761

		Co		Water Content		6		0.1359		0.1130		0.1357		0.0459		0.2928		0.0885								Divide by 		0.4396892658		Based on distance between porewater pulses of

		Co		Dry Density (g/cm3)		6		1.4583		1.4581		1.4500		1.4200		1.4900		0.0271												NO3, DON, and TDS

		Mid				Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.

		Mid		Representative EndDepth cm		6		881.3800		879.5347		891.5400		800.1000		944.8800		62.03011								Depth=		3463.3869570374		CM

		Mid		NO3-N mg/kg		6		6.5386		5.3650		5.6468		2.5423		12.1599		4.22629		0.0953548392		0.078227787		0.0818781734				113.5990921908		ft

		Mid		NH4 -N mg/kg		6		0.1634		0.1445		0.1379		0.0766		0.2941		0.08835		0.0023821983		0.0021072363		0.0019990478

		Mid		TDN mg/kg		6		12.8832		7.0381		6.2556		2.1912		48.5238		17.79012		0.1878803027		0.1026240677		0.0907059058

		Mid		DON mg/kg		6		6.5038				0.0763		0.0000		37.7919		15.33375		0.0948469775		0		0.0011058322

		Mid		TDS (ppm)		6		69.4411		59.2495		62.2560		27.8912		131.4560		41.04285		0.1214538722		0.0863295993		0.1187878352		For Mid treatment, Total Cm=						49.71

		Mid		Water Content		6		0.1194		0.0995		0.1298		0.0292		0.1849		0.06472								x= 		390.8837398374		474.389426

		Mid		Dry Density (g/cm3)		6		1.4650		1.4648		1.4700		1.4200		1.4900		0.02950								Depth=		1078.9197346273		cm

																												35.3885672958		feet

						Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.								x=11.4 cm

		High		Representative EndDepth cm		8		882.9675		881.3656		868.6800		800.1000		944.8800		56.79511								11.4		y=		115.78484		cm

		High		NO3-N mg/kg		8		4.1861		0.4953		0.1458		0.1248		22.7557		8.21599		0.0610475099		0.0072217332		0.0021134029

		High		NH4 -N mg/kg		8		0.1090		0.1065		0.1030		0.0772		0.1473		0.02519		0.001589264		0.0015532803		0.001493084

		High		TDN mg/kg		8		15.7287		0.6311		0.1450		0.1248		79.4999		30.26405		0.2293775005		0.0092017002		0.002103166

		High		DON mg/kg		8		11.5360				0.0000		0.0000		56.5970		22.07916		0.1682330433		0		0

		High		TDS (ppm)		8		66.1320		52.6303		52.3136		14.4640		182.5920		51.67326		0.1337754448		0.0929182742		0.1258724853

		High		Water Content		8		0.1384		0.1208		0.1659		0.0381		0.2015		0.06078

		High		Dry Density (g/cm3)		8		1.4613		1.4610		1.4500		1.4200		1.4900		0.02588

				NO3-N mg/kg		g/m2 below 944.88 cm												Diff, High-Co		756.2936681314		495.1619802387		521.7440396288

				NH4 -N mg/kg		g/m2 below 944.88 cm												Diff, High-Co		2.0437777303		1.7618600692		1.292599522

				TDN mg/kg		g/m2 below 944.88 cm												Diff, High-Co		3741.7172696997		2246.9795962288		4043.2434684552

				DON mg/kg		g/m2 below 944.88 cm												Diff, High-Co		2979.6214137585		1554.9096807455		3514.4813583782

				TDS (ppm)		g/m2 below 944.88 cm												Diff, High-Co		284.0119109571		180.9055130557		170.0243815481



				NO3-N mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		35.652843434		16.835830603		17.0765623338

				NH4 -N mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		0.0024890396		0.0195174338		0.0009753514

				TDN mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		204.7035894155		107.0662222381		203.3128266027

				DON mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		168.4177725953		82.7552532242		186.8991628062

				TDS (ppm)		g/m2 below 944.88 cm												Diff, Mid-Co		16.7672348935		10.5112800323		9.9986458707

																		ft		cm

																		31		944.88





Sheet1

		R=		retardation coefficient given by Sharma and Reddy, 2004												http://www.engr.mun.ca/~ccoles/Publications/ICWEM-023.pdf

		porosity				0.106

		Frueindlich				0.001

		dry density		g/m3		1.45

		Concentration mg/l				200

		mg/l to gram per cm3				0.000001

		n				depends on linearity of isotherm								1.25

		R=1+		1.0037926793

		Fruuendlich parameters are from study of similar soil (Nitrate Sorption in an Agricultural Soil Profile)																				https://www.hindawi.com/journals/aess/2013/597824/

		Indicates that retardation is less than 1%.



http://www.engr.mun.ca/~ccoles/Publications/ICWEM-023.pdf

Conc Chg Below 800 cm with max 

				From Water Depths.stw																		Not correct with final estimates of FC

						Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.						Total Cm, FC-WP:		  y = 1.6313 + 0.123*x; r2 = 0.9695

																				Mean		Geometric Mean		Median								y=depth =		9.074+9.3606*x				x=water cm

		Co		Representative EndDepth cm		6		882.6500		880.3361		895.3500		800.1000		944.8800		69.7414		Average g/m2/cm below 800						y= Total Cm

		Co		NO3-N mg/kg		6		24.7777		13.9790		14.4329		2.8555		79.8143		28.9219		0.3613419626		0.2038310691		0.2092774284		x=Representative end depth

		Co		NH4 -N mg/kg		6		0.1646		0.1545		0.1384		0.0946		0.2521		0.0652		0.0024007677		0.0022528456		0.0020063244		For High treatment, Total Cm =						161.714

		Co		TDN mg/kg		6		117.6045		61.8184		110.8632		4.3681		308.6012		109.0192		1.7150661778		0.9013888708		1.6075160306		x= 		1301.4853658537		x=		1522.8140684

		Co		DON mg/kg		6		92.6622		42.3417		96.2388		1.3879		228.6410		81.7634		1.3513234475		0.6173934427		1.3954622395						However, Center of DON, NO3, TDS pulse is at 550 cm; 550cm, 

		Co		TDS (ppm)		6		124.4011		99.9527		98.2720		36.4544		248.5120		85.0632		0.2465453978		0.1647487342		0.1933824761

		Co		Water Content		6		0.1359		0.1130		0.1357		0.0459		0.2928		0.0885								Divide by 		0.4396892658		Based on distance between porewater pulses of

		Co		Dry Density (g/cm3)		6		1.4583		1.4581		1.4500		1.4200		1.4900		0.0271												NO3, DON, and TDS

		Mid				Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.														Max depth of DON				2200		cm

		Mid		Representative EndDepth cm		6		881.3800		879.5347		891.5400		800.1000		944.8800		62.03011								Depth=		3463.3869570374		m		Mas Depth of TDN				2200		cm

		Mid		NO3-N mg/kg		6		6.5386		5.3650		5.6468		2.5423		12.1599		4.22629		0.0953548392		0.078227787		0.0818781734				113.5990921908		ft		from graph with linear fit, taking out one outlier

		Mid		NH4 -N mg/kg		6		0.1634		0.1445		0.1379		0.0766		0.2941		0.08835		0.0023821983		0.0021072363		0.0019990478

		Mid		TDN mg/kg		6		12.8832		7.0381		6.2556		2.1912		48.5238		17.79012		0.1878803027		0.1026240677		0.0907059058

		Mid		DON mg/kg		6		6.5038				0.0763		0.0000		37.7919		15.33375		0.0948469775		0		0.0011058322

		Mid		TDS (ppm)		6		69.4411		59.2495		62.2560		27.8912		131.4560		41.04285		0.1214538722		0.0863295993		0.1187878352		For Mid treatment, Total Cm=						49.71

		Mid		Water Content		6		0.1194		0.0995		0.1298		0.0292		0.1849		0.06472								x= 		390.8837398374		474.389426

		Mid		Dry Density (g/cm3)		6		1.4650		1.4648		1.4700		1.4200		1.4900		0.02950								Depth=		1078.9197346273		cm

																												35.3885672958		feet

						Valid N		Mean		Geometric		Median		Minimum		Maximum		Std.Dev.								x=11.4 cm

		High		Representative EndDepth cm		8		882.9675		881.3656		868.6800		800.1000		944.8800		56.79511								11.4		y=		115.78484		cm

		High		NO3-N mg/kg		8		4.1861		0.4953		0.1458		0.1248		22.7557		8.21599		0.0610475099		0.0072217332		0.0021134029

		High		NH4 -N mg/kg		8		0.1090		0.1065		0.1030		0.0772		0.1473		0.02519		0.001589264		0.0015532803		0.001493084

		High		TDN mg/kg		8		15.7287		0.6311		0.1450		0.1248		79.4999		30.26405		0.2293775005		0.0092017002		0.002103166

		High		DON mg/kg		8		11.5360				0.0000		0.0000		56.5970		22.07916		0.1682330433		0		0

		High		TDS (ppm)		8		66.1320		52.6303		52.3136		14.4640		182.5920		51.67326		0.1337754448		0.0929182742		0.1258724853

		High		Water Content		8		0.1384		0.1208		0.1659		0.0381		0.2015		0.06078

		High		Dry Density (g/cm3)		8		1.4613		1.4610		1.4500		1.4200		1.4900		0.02588

																				Constituents don't drop off								Constituents to  Max Depth 2200 cm, drop off linearly

				NO3-N mg/kg		g/m2 below 944.88 cm												Diff, High-Co		756.2936681314		495.1619802387		521.7440396288				188.4527866982		123.3841548265		130.0078558824

				NH4 -N mg/kg		g/m2 below 944.88 cm												Diff, High-Co		2.0437777303		1.7618600692		1.292599522				0.509267266		0.4390191982		0.3220891464

				TDN mg/kg		g/m2 below 944.88 cm												Diff, High-Co		3741.7172696997		2246.9795962288		4043.2434684552				932.3587863084		559.900980805		1007.492897319

				DON mg/kg		g/m2 below 944.88 cm												Diff, High-Co		2979.6214137585		1554.9096807455		3514.4813583782				742.4602140539		387.4514289198		875.7362829993

				TDS (ppm)		g/m2 below 944.88 cm												Diff, High-Co		284.0119109571		180.9055130557		170.0243815481				70.7699116503		45.0779234324		42.3665698386



				NO3-N mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		35.652843434		16.835830603		17.0765623338

				NH4 -N mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		0.0024890396		0.0195174338		0.0009753514

				TDN mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		204.7035894155		107.0662222381		203.3128266027

				DON mg/kg		g/m2 below 944.88 cm												Diff, Mid-Co		168.4177725953		82.7552532242		186.8991628062

				TDS (ppm)		g/m2 below 944.88 cm												Diff, Mid-Co		16.7672348935		10.5112800323		9.9986458707

																		ft		cm
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Removed within Core

		From query Sum All Constituents Per Core… these are totals for entire cores.  M1 was not included because it is a partial core																Average by treatment				grams per sq meter

		core		SumOfPorewater Volume (l/m2)		SumOfPorewater cm, FC-WP		SumOfNO3 Mass N-g/m2		SumOfNH4 Mass N g/m2		SumOfTDN Mass N-g/m2		SumOfDON Mass N g/m2		SumOfTDS Mass g/m2		NO3		NH4		TDN		DON		TDS						SumOfTDS Mass g/m2

		C1		1686.0282677324		120.7901748696		461.7704216504		3.2100805811		2103.898512472		1638.881260487		4779.2245579421		404.6835369938		3.2197019003		1792.061691097		1388.556240377		4071.2479996967						4779.2245579421

		C2		1562.9653559482		122.6011612284		344.6954767833		2.6085237375		1415.6132882378		1081.3980859235		3184.6819745634																3184.6819745634

		C3		2186.182769492		124.858983236		407.5847125477		3.8405013823		1856.6732725812		1445.3893747205		4249.8374665846																4249.8374665846

		H1		1848.0073682027		121.9471486544		119.6673421196		2.7343402365		533.4329861679		415.4915813297		2495.3119183754		45.0918878821		2.3444367102		207.7424643669		163.4034767934		1560.5101632

		H2		2065.8039826689		123.9220171739		5.4531857551		2.379326761		77.6197934685		71.5331333381		1022.3153234511

		H3		1516.6372661724		108.8919239433		10.1551357715		1.919643133		12.1746134643		3.1857157124		1163.9032477735

		M1*		993.7114760839		64.8705119056		15.6018814436		1.7588324856		17.7243642372		3.6727956321		1070.83652736		107.3009732941		2.4761254544		374.6751736447		267.6257830854		2530.6350797095						2495.3119183754

		M2		1386.1306635084		101.0462044818		92.1345523984		3.2578394748		364.8069866757		272.5593615475		2101.3475908135																1022.3153234511

		M3		1317.298536402		109.5276448533		122.4673941898		1.694411434		384.5433606138		262.6922046233		2959.9225686055																1163.9032477735

																Removed in Mid (grams)		297.3825636997		0.743576446		1417.3865174523		1120.9304572916		1540.6129199872

																Removed in High (grams)		359.5916491117		0.8752651902		1584.3192267301		1225.1527635836		2510.7378364967

		*M1 not a full core														%Control remaining in Mid		26.51%		76.91%		20.91%		19.27%		62.16%

																%Control remaining in High		11.14%		72.82%		11.59%		11.77%		38.33%						1070.83652736

																% removed in mid		73.49%		23.09%		79.09%		80.73%		37.84%						2101.3475908135

																% removed in high		88.86%		27.18%		88.41%		88.23%		61.67%						2959.9225686055

				cm traveled, 2nd & 3rd irrigation				cm applied for 2nd irrigation mid=						11.4		Control - high 		359.5916491117		0.8752651902		1584.3192267301		1225.1527635836		2510.7378364967

		DON		260				Calculated depth based on pore space between FC & WP=						115.78484		Control - mid		297.3825636997		0.743576446		1417.3865174523		1120.9304572916		1540.6129199872

		NO3		260				Fraction of above porosity for water flow=						0.4396892658		Fraction		0.8270007505		0.8495441774		0.8946344231		0.9149311748		0.613609632		about 87% of what is possibly removed is removed by Mid treatment

		TDS		270												Average		0.8199440316										Even though I believe (need to check) that water filled porosity of mid is 1/3 of high (see Recharge Quantities….xls)

						474.389426		 is calculated depth of water flow based on movement of water between FC & WP

		Average		263.3333333333		944.88		is depth of core

		about		260		944.88		we know water goes deeper than this						Fraction from 474.39 to 1000		0.47439		0.392320886		0.4030152623		0.424405624		0.4340342		0.2910902733

						1000		Assume this is depth where front of water for Mid treatment has traveled								x porosity between FC & WP		Average		0.3889732491

								This is a minimum estimate										0.3889732491

																Or Depth for Mid =		FALSE		1177.1018231227		1117.7750085967		1092.9783873871		1629.7006236437

																average Depth for mid		1254.3889606876

		Almond Doctor 				20-40 pounds of N per acre per year								Reasonable Check		Total N in core		1792.061691097		gams per m2				15985.1902845852		pounds per acre

						90.2444287496		years at 40lb/yr								Nitrate in core		404.6835369938		grams per m2				3609.7771499845		pounds per acre

				1280.16

												average

				Hannah		from poster		Almonds nitrate to about 9 meters				2350 kg nitrate per hectare				2091.5		pounds per acre

								range in almonds		2000 to 2750 kg/ha		which is		1780		to		2447.5		pounds per acre

												fraction higher		1.536075383





Calc of Total Gms removed

		Total Differences		In cores to 944.88 cm				31		g/m2								Volume		cm		liter/m2		another estimate of volume						I have checked the calculation of volume and mg/l

				NO3		NH4		TDN		DON		TDS						High		161.714		1617.14

		High - Co		359.5916491117		0.8752651902		1584.3192267301		1225.1527635836		2510.7378364967						Mid		49.71		497.1

		Mid - Co		297.3825636997		0.743576446		1417.3865174523		1120.9304572916		1540.6129199872

		Average Concentration (mg/l)

		High - Co		222.3627200562		0.5412426816		979.7044329681		757.6046375599		1552.5791437332

		Mid - Co		598.2348897599		1.4958286984		2851.3106365968		2254.9395640547		3099.2012069749																				DON diffusion coefficient						0.76		cm2/day				Tian, 2013

																																nitrate difusion coefficent

		Total Differences Below Cores 																																				0.000001		cm2/sec				0.0864		cm2/day

		High - Co		495.1619802387		1.7618600692		2246.9795962288		1554.9096807455		180.9055130557																								max		0.0000032		cm2/sec				0.27648		cm2/day		Hill, 1984

		Mid - Co		16.835830603		0.0195174338		107.0662222381		82.7552532242		10.5112800323

		Total difference below cores if goes to zero and max depth is 2200 cm

		High - Co		123.3841548265		0.4390191982		559.900980805		387.4514289198		45.0779234324						123.3841548265		0.4390191982		559.900980805		387.4514289198		45.0779234324

		Mid - Co		8.4179153015		0.0097587169		53.533111119		41.3776266121		5.2556400162

		Total Difference estimated for vadose zone								g/m2

		High - Co		854.7536293504		2.6371252594		3831.298822959		2780.0624443291		2691.6433495524

		Mid - Co		314.2183943026		0.7630938797		1524.4527396904		1203.6857105158		1551.1242000195

		Average Concentration (mg/l)

		High - Co		528.5588318578		1.6307340486		2369.1819032112		1719.1229233889		1664.4467081096

		Mid - Co		632.1029859236		1.535091289		3066.6922946899		2421.4156316955		3120.3464092125

		g/m2

		Total Difference estimated for vadose zone, difference goes to zero by end of pore flow

		High - Co		607.1726392311		1.7561952248		2707.8090248445		2002.6076039564		2601.1905930246

		Mid - Co		305.8004790011		0.7533351628		1470.9196285713		1162.3080839037		1545.8685600034

		g/m2

		Total Difference estimated for vadose zone, difference goes to zero by end of pore flow and max depth 2200 cm

		High - Co		482.9758039382		1.3142843884		2144.2202075351		1612.6041925034		2555.8157599291

		Mid - Co		305.8004790011		0.7533351628		1470.9196285713		1162.3080839037		1545.8685600034

		Average Concentration (mg/l)				goes to zero

		High - Co		375.460775957		1.0859883651		1674.4431680897		1238.3637804744		1608.5129259214

		Mid - Co		615.1689378418		1.5154599937		2959.0014656434		2338.1775978751		3109.7738080937

		Average Concentration (mg/l)				 goes to zero, 2200 cm

		High - Co		298.6604771004		0.8127214641		1325.9335663796		997.1951670872		1580.4542339742

		Mid - Co		189.0995702296		0.4658441216		909.5808826517		718.743017861		955.9274769057

		Average Concentration if all pores effected estimated from graph PoreWater.stw No3 PW Conc

		High - Co		514.1741763576		0.4224204229		651.3135995866		481.6903833043		625.668499074

		Mid - Co		257.0870881788		0.5894733977		1150.9724142915		909.4885373041		1209.6188222144





Calc of Total Gms removed (2)

		Total Differences		In cores to 944.88 cm				31		g/m2								Volume		cm		liter/m2		another estimate of volume														Mass to 945 cm (31')		Recharged, cm

				NO3		NH4		TDN		DON		TDS						High		161.714		1617.14																Mass in core (to 31')		cm		inches		NO3		NH4		TDN		DON		TDS

		High - Co		359.5916491117		0.8752651902		1584.3192267301		1225.1527635836		2510.7378364967						Mid		49.71		497.1																Control		0.0		0.0		405		3.2		1792		1389		4071

		Mid - Co		297.3825636997		0.743576446		1417.3865174523		1120.9304572916		1540.6129199872																										Mid		49.7		19.6		107		2.5		375		268		2531

																																						High		161.7		63.7		45		2.3		208		163		1561

		Average Concentration (mg/l)																																				Change Due to Mid Treatment						297		0.7		1417		1121		1541

		High - Co		222.3627200562		0.5412426816		979.7044329681		757.6046375599		1552.5791437332																										Change relative to control

		Mid - Co		598.2348897599		1.4958286984		2851.3106365968		2254.9395640547		3099.2012069749																										% removed						73.5%		23.1%		79.1%		80.7%		37.8%

																																						Change due to High Treatment						360		0.9		1584		1225		2511

		Total Differences Below Cores 																												cm2/day

		High - Co		495.1619802387		1.7618600692		2246.9795962288		1554.9096807455		180.9055130557																		cm2/day		Hill, 1984						Change relative to control						88.9%		27.2%		88.4%		88.2%		61.7%

		Mid - Co		16.835830603		0.0195174338		107.0662222381		82.7552532242		10.5112800323

		Total difference below cores if goes to zero and max depth is 2200 cm

		High - Co		123.3841548265		0.4390191982		559.900980805		387.4514289198		45.0779234324						123.3841548265		0.4390191982		559.900980805		387.4514289198		45.0779234324

		Mid - Co		8.4179153015		0.0097587169		53.533111119		41.3776266121		5.2556400162

		Total Difference estimated for vadose zone								g/m2

		High - Co		854.7536293504		2.6371252594		3831.298822959		2780.0624443291		2691.6433495524

		Mid - Co		314.2183943026		0.7630938797		1524.4527396904		1203.6857105158		1551.1242000195

		Average Concentration (mg/l)

		High - Co		528.5588318578		1.6307340486		2369.1819032112		1719.1229233889		1664.4467081096

		Mid - Co		632.1029859236		1.535091289		3066.6922946899		2421.4156316955		3120.3464092125

		g/m2

		Total Difference estimated for vadose zone, difference goes to zero by end of pore flow

		High - Co		607.1726392311		1.7561952248		2707.8090248445		2002.6076039564		2601.1905930246

		Mid - Co		305.8004790011		0.7533351628		1470.9196285713		1162.3080839037		1545.8685600034

		g/m2

		Total Difference estimated for vadose zone, difference goes to zero by end of pore flow and max depth 2200 cm

		High - Co		482.9758039382		1.3142843884		2144.2202075351		1612.6041925034		2555.8157599291

		Mid - Co		305.8004790011		0.7533351628		1470.9196285713		1162.3080839037		1545.8685600034

		Average Concentration (mg/l)				goes to zero

		High - Co		375.460775957		1.0859883651		1674.4431680897		1238.3637804744		1608.5129259214

		Mid - Co		615.1689378418		1.5154599937		2959.0014656434		2338.1775978751		3109.7738080937

		Average Concentration (mg/l)				 goes to zero, 2200 cm

		High - Co		298.6604771004		0.8127214641		1325.9335663796		997.1951670872		1580.4542339742

		Mid - Co		189.0995702296		0.4658441216		909.5808826517		718.743017861		955.9274769057

		Average Concentration if all pores effected estimated from graph PoreWater.stw No3 PW Conc

		High - Co		514.1741763576		0.4224204229		651.3135995866		481.6903833043		625.668499074

		Mid - Co		257.0870881788		0.5894733977		1150.9724142915		909.4885373041		1209.6188222144





Mass

		Treatment1		Average Mass within Core, to 945 cm (31'), g/m2

				NO3 - N		NH4 - N		TDN - N		DON - N		TDS

		Core		Mass within Core (945 cm), grams

		C1		462		3.2		2104		1639		4779

		C2		345		2.6		1416		1081		3185

		C3		408		3.8		1857		1445		4250

		M2		92		3.3		365		273		2101

		M3		122		1.7		385		263		2960

		H1		120		2.7		533		415		2495

		H2		5		2.4		78		72		1022

		H3		10		1.9		12		3		1164

		Treatment1		Average Mass within Core to 945 cm (31'), g/m2

		Control		405		3.2		1792		1389		4071

		Mid		107		2.5		375		268		2531

		High		45		2.3		208		163		1561

		Treatment1		Change in Mass due to Recharge, g/m2

		Mid		297		0.7		1417		1121		1541

		High		360		0.9		1584		1225		2511

		Treatment1		% Mass Removed due to Recharge

		Mid		73.5%		23.1%		79.1%		80.7%		37.8%				0.8072632744

		High		88.9%		27.2%		88.4%		88.2%		61.7%				0.8823213118

		Notes:
  1The control treatment was supplied with water approximately equal to ET demand.  For the Mid treatment, water was applied over ET demands on three occasions, for a total of 19.6 inches (49.7 cm) water recharge.  For the High treatment, water was applied over ET demands on three occasions, for a total of 63.7 inches (161.7 cm) water recharge. 
2 Mass within the cores was calculated for 31' depth (945 cm).  Mass within core M1 was not calculated because the core did not extend beyond 15', where drilling was stopped by dense very fine sand





Conc Range mgkg



						Treatment		N		Mean		Median		Minimum		Maximum		Std.Dev.

				NO3-N mg/kg		Co		34		26.3		26.5		0.1		84.3		23.6

						Mid		34		5.6		3.5		0.1		20.7		5.4

						High		40		2.0		0.1		0.1		22.8		5.2

				DON-N mg/kg		Co		34		93.4		92.8		1.0		267.8		68.8

						Mid		34		13.5		0.7		0.0		102.2		24.4

						High		40		8.0		0.0		0.0		85.7		18.9

				NH4 -N mg/kg		Co		34		0.29		0.13		0.08		2.71		0.52

						Mid		34		0.21		0.13		0.05		1.56		0.26

						High		40		0.19		0.12		0.06		0.93		0.18

				TDN-N mg/kg		Co		34		120.1		118.3		1.2		352.2		91.3

						Mid		34		19.1		4.7		0.1		123.0		28.5

						High		40		9.9		0.1		0.1		107.8		23.4

				TDS (ppm)		Co		34		295		290		1		876		205

						Mid		34		169		143		2		472		115

						High		40		104		90		22		281		63







				TDS (ppm)				Original, not corrected for dilution																Correction for dilution

				1		Co		34		191.72		188.35		0.77		569.47		133.19						1.5384615385

				2		Mid		34		109.71		92.96		1.51		306.69		74.50

				3		High		40		67.37		58.79		14.46		182.59		40.89







								Co		Valid N		Mean		Median		Minimum		Maximum		Std.Dev.

		1		1		Co		NO3 PW Conc mg/l		27		216.651		221.579		36.95018		593.511		117.954

		3		1		Co		NH4 PW Conc mg/l		27		1.220		0.965		0.49835		3.885		0.787

		4		1		Co		TDN PW Conc mg/l		27		1022.930		997.054		76.85511		2594.055		595.783

		2		1		Co		DON PW Conc mg/l		27		805.060		772.001		24.41995		2373.215		508.242

		5		1		Co		Porewater TDS (mg/l)		27		2420.931		2198.350		8.70225		6756.944		1575.116

		1		2		Mid		NO3 PW Conc mg/l		25		70.446		65.845		2.4139		201.569		52.346

		3		2		Mid		NH4 PW Conc mg/l		25		1.343		1.299		0.5435		2.624		0.517

		4		2		Mid		TDN PW Conc mg/l		25		203.285		89.943		2.4139		823.473		231.639

		2		2		Mid		DON PW Conc mg/l		25		134.107		7.445		0.0000		683.894		197.654

		5		2		Mid		Porewater TDS (mg/l)		25		1775.532		1462.382		644.3253		5130.343		1133.222

		1		3		High		NO3 PW Conc mg/l		31		13.5506		1.1686		0.6917		144.316		33.8458

		3		3		High		NH4 PW Conc mg/l		31		1.0801		0.8747		0.4783		3.010		0.6536

		4		3		High		TDN PW Conc mg/l		31		58.6212		1.1686		0.6917		713.106		159.6761

		2		3		High		DON PW Conc mg/l		31		46.4296		0.0000		0.0000		567.199		128.1751

		5		3		High		Porewater TDS (mg/l)		31		843.8258		719.9610		294.4550		1819.998		409.3968





ConcRng Rprt

		Analyte		Treatment		N		Measured Concentrations in   
Soil (mg/kg)												Calculated Concentrations in Porewater (mg/l)														Estimated g/m2

								Mean		Median		Range						S.Dev.		Mean		Median		Range						S.Dev.

		NO3-N		Co		34		26.3		26.5		0.1		-		84		23.6		187		204		2		-		594		127				373.2622181269		376.0759335438

				Mid		34		5.6		3.5		0.1		-		21		5.4		58		56		2		-		202		51				79.515280137		49.9731062708

				High		40		2.0		0.1		0.1		-		23		5.2		15		2		1		-		144		35				28.022151998		2.0603893213

		DON-N		Co		34		93.4		92.8		1.0		-		268		68.8		786		761		19		-		2373		549

				Mid		34		13.5		0.7		0.0		-		102		24.4		130		11		0		-		1008		235

				High		40		8.0		0.0		0.0		-		86		18.9		68		0		0		-		567		150

		NH4-N		Co		34		0.29		0.13		0.08		-		2.7		0.52		4		1		0		-		50		10

				Mid		34		0.21		0.13		0.05		-		1.6		0.26		3		2		1		-		27		5

				High		40		0.19		0.12		0.06		-		0.9		0.18		2		1		0		-		12		3

		TDN-N		Co		34		120.1		118.3		1.2		-		352		91.3		977		992		30		-		2594		638

				Mid		34		19.1		4.7		0.1		-		123		28.5		189		65		2		-		1098		265

				High		40		9.9		0.1		0.1		-		108		23.4		83		2		1		-		713		174

		TDS		Co		34		295		290		1		-		876		205		2585		2277		9		-		6757		1506

				Mid		34		169		143		2		-		472		115		2150		1583		33		-		8727		1810

				High		40		104		90		22		-		281		63		877		813		294		-		1820		390

		1 Concentration in porewater = (Concentration in soil)/ (Water content)  



						Original, not corrected for dilution														Correction for dilution

		Co				34		191.72		188.35		0.77		569.47		133.19				1.54

		Mid				34		109.71		92.96		1.51		306.69		74.50

		High				40		67.37		58.79		14.46		182.59		40.89





												Valid N		Mean		Median		Maximum		Std.Dev.

		1				1		Co		NO3 PW Conc mg/l		34		186.916		203.755		593.511		127

		1				2		Mid		NO3 PW Conc mg/l		34		58.324		55.844		201.569		51

		1				3		High		NO3 PW Conc mg/l		40		15.2843		1.9773		144.316		35

		2				1		Co		DON PW Conc mg/l		34		785.908		761.292		2373.215		549

		2				2		Mid		DON PW Conc mg/l		34		130.432		10.831		1008.407		235

		2				3		High		DON PW Conc mg/l		40		68.2812		0.0000		567.199		150

		3				1		Co		NH4 PW Conc mg/l		34		4.449		1.338		49.859		10

		3				2		Mid		NH4 PW Conc mg/l		34		3.234		1.538		26.558		5

		3				3		High		NH4 PW Conc mg/l		40		2.1306		0.9668		12.199		3

		4				1		Co		TDN PW Conc mg/l		34		977.086		992.399		2594.055		638

		4				2		Mid		TDN PW Conc mg/l		34		189.233		64.714		1098.309		265

		4				3		High		TDN PW Conc mg/l		40		83.4885		2.1642		713.106		174

		5				1		Co		Porewater TDS (mg/l)		34		2584.795		2277.134		6756.944		1506

		5				2		Mid		Porewater TDS (mg/l)		34		2149.840		1582.747		8726.893		1810

		5				3		High		Porewater TDS (mg/l)		40		876.6985		812.5107		1819.998		390





ConcRng Rprt (2)

								Measured Concentrations in   
Soil												Calculated Concentrations in Porewater

				Treatment		N		Mean		Median		Range						S.Dev.		Mean		Median		Range						S.Dev.

								NO3-N mg/kg												NO3-N, mg/l

				Co		34		26.3		26.5		0.1		-		84		23.6		187		204		2		-		594		127

				Mid		34		5.6		3.5		0.1		-		21		5.4		58		56		2		-		202		51

				High		40		2.0		0.1		0.1		-		23		5.2		15		2		1		-		144		35

								DON-N mg/kg												DON-N, mg/l

				Co		34		93.4		92.8		1.0		-		268		68.8		786		761		19		-		2373		549

				Mid		34		13.5		0.7		0.0		-		102		24.4		130		11		0		-		1008		235

				High		40		8.0		0.0		0.0		-		86		18.9		68		0		0		-		567		150

								NH4 -N mg/kg												NH4-N, mg/l

				Co		34		0.29		0.13		0.08		-		2.7		0.52		4		1		0		-		50		10

				Mid		34		0.21		0.13		0.05		-		1.6		0.26		3		2		1		-		27		5

				High		40		0.19		0.12		0.06		-		0.9		0.18		2		1		0		-		12		3

								TDN-N mg/kg												TDN-N, mg/l

				Co		34		120.1		118.3		1.2		-		352		91.3		977		992		30		-		2594		638

				Mid		34		19.1		4.7		0.1		-		123		28.5		189		65		2		-		1098		265

				High		40		9.9		0.1		0.1		-		108		23.4		83		2		1		-		713		174

								TDS (ppm)												TDS, mg/l

				Co		34		295		290		1		-		876		205		2585		2277		9		-		6757		1506

				Mid		34		169		143		2		-		472		115		2150		1583		33		-		8727		1810

				High		40		104		90		22		-		281		63		877		813		294		-		1820		390

				1 Concentration in porewater = (Concentration in soil)/ (Water content)  



						Original, not corrected for dilution														Correction for dilution

				Co		34		191.72		188.35		0.77		569.47		133.19				1.54

				Mid		34		109.71		92.96		1.51		306.69		74.50

				High		40		67.37		58.79		14.46		182.59		40.89





												Valid N		Mean		Median		Maximum		Std.Dev.

				1		1		Co		NO3 PW Conc mg/l		34		186.916		203.755		593.511		127

				1		2		Mid		NO3 PW Conc mg/l		34		58.324		55.844		201.569		51

				1		3		High		NO3 PW Conc mg/l		40		15.2843		1.9773		144.316		35

				2		1		Co		DON PW Conc mg/l		34		785.908		761.292		2373.215		549

				2		2		Mid		DON PW Conc mg/l		34		130.432		10.831		1008.407		235

				2		3		High		DON PW Conc mg/l		40		68.2812		0.0000		567.199		150

				3		1		Co		NH4 PW Conc mg/l		34		4.449		1.338		49.859		10

				3		2		Mid		NH4 PW Conc mg/l		34		3.234		1.538		26.558		5

				3		3		High		NH4 PW Conc mg/l		40		2.1306		0.9668		12.199		3

				4		1		Co		TDN PW Conc mg/l		34		977.086		992.399		2594.055		638

				4		2		Mid		TDN PW Conc mg/l		34		189.233		64.714		1098.309		265

				4		3		High		TDN PW Conc mg/l		40		83.4885		2.1642		713.106		174

				5		1		Co		Porewater TDS (mg/l)		34		2584.795		2277.134		6756.944		1506

				5		2		Mid		Porewater TDS (mg/l)		34		2149.840		1582.747		8726.893		1810

				5		3		High		Porewater TDS (mg/l)		40		876.6985		812.5107		1819.998		390
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N Movmt Mid Cores

		Movement of Peak from ground surface

		Core		NO3		DON		TDS		TDS has two humps				N 

		M1		395		395		245		probably 2 bumps if deeper

		M2		410		400		250		2 bumps

		M3		320		610		400		1 bump



		Average		375		468		298





		Movement of start of hump from ground surface

		Core		NO3		DON		TDS

		M1		320		350		175

		M2		250		250		150

		M3		250		300.0000		150



		Average		273		300		158

























Tomatoes:

Modeling 
Groundwater 
Response in 
Domestic Well Zone

(Bachand, Roy, et al 2017)

• Represent an upper 
bookend recharge site

• Model
• based upon historic 

Kings Basin 
Hydrology 

• 3 recharge 
years

• followed by 4 
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Tomatoes:

Modeling 
Groundwater 
Response in 
Domestic Well Zone

(Bachand, Roy, et al 2017)

• Initial legacy loading 
degrades water quality

• Returns to baseline by 
10 years

• Effects decreases with 
distance and depth

• Lower bookend recharge 
opportunity improved 
groundwater quality
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Summary

• GW shortfalls and water level declines are a serious problem in CA
• OFFCR seeks to provide a flexible and cost effective opportunity to increase water 

supplies

• Recharge water under both Mid and High Treatments moved past the root 
zone but did not saturate soils

• Longer duration under the High Treatment

• Cores suggests recharge water moved past the 30-foot deep core depth
under Mid and High treatments.

• Under the High Treatment over 5 feet of recharge occurred and under the 
Mid Treatment about 1.6 feet occurred



Summary (cont.)

• Nitrate, DON and salts were flushed by recharge
• Most N-species flushing (in the 30-foot deep cores) occurred under the Mid 

Treatment recharge level
• Under High Treatment, most constituents already flushed

• Represents legacy load in soils

• GW model suggests effects on groundwater quality are relatively 
short-lived (about a decade) and decrease with both distance from 
the site and depth of groundwater.

• High loading crops can decrease GW quality, primarily from legacy loads
• Low loading crops can improve GW quality.
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