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08 September 2020

Memorandum

To:  Tasha Harden, Assistant Manager, San Bernardino National Wildlife Refuge



From:  Cassondra Walker, Refuge Biologist, San Bernardino National Wildlife Refuge

Subject: Status of Monitoring Wells and Ponds on San Bernardino NWR: Monthly Update (August)



Water management on San Bernardino NWR comprises active monitoring of several wells, ponds, and riparian areas.  San Bernardino has nine shallow aquifer monitoring wells, three which are fitted with transducers that monitor water temperature, depth to water, and well pressure: Hay Hollow Ponds, Hay Hollow Upstream, and Hay Hollow Downstream. The remaining seven wells are monitored with a tape piezometer to determine depth to water: Frog, Cemetery North, Cemetery South, Black Draw East, Black Draw North, and Black Draw South, Snail Spring (Slaughter Ranch). Further, San Bernardino NWR also has 10 deep aquifer wells that provide water to create critical lentic and lotic aquatic habitat: Mitigation, Bath House, Hackberry, West Border Well, Twin, Oasis, Middle, Cottonwood, Bunting, and Hay Hollow. Eight of these wells are currently providing water for refuge ponds containing three species of endangered Rio Yaqui fishes, with two other artesian wells currently off (Mitigation and Middle). A new deep aquifer well was added to Slaughter Ranch and monitoring was initialized on 25 March 20. The critical aquatic habitat on San Bernardino, specifically 19 refuge ponds and 1 pond on Slaughter Ranch have been monitored weekly (water levels and water quality) since November of 2019. During May and June, deep well monitoring equipment and protocol were updated with monthly monitoring occurring until the system is upgraded to a radio telemetry system. With increased water usage off refuge in association with border wall construction, the frequency of monitoring refuge water resources was initially increased, but the installation of new equipment has allowed for more data collection with decreased monitoring effort.

Since August of 2019, refuge ponds have showed variable levels, with some remaining consistent and others showing high changes in response to several factors. Ponds that have shown little to moderate change are the two Minckley ponds and Oasis (all fed by Oasis well). Water to Mesquite pond was turned off on 21 October 2019 in response to dropping pond levels and to control cattail. Solar power was turned off on 22 November 2019, many ponds with wells that have associated solar panels showed immediate responses, specifically, the Phd ponds. The Hackberry ponds, Hay Hollow ponds, and North ponds did show a slight response as well, but not as dramatic as the Phds. With the Phd ponds continuing to drop to alarming levels, on 23 December 2019 the solar powered pump at Bath House well was turned back on; the pond levels rebounded to normal levels, although in August 2020 Bath House pond drastically lost water over a two day period and fish were salvaged so the pond could be turned off until causes can be determined. Hay Hollow ponds and North pond dropped further when water was turned off for well pressure monitoring. On 23 January 2020 it was decided to no longer alter pond levels for data collection and water to these ponds was left on according to customary management actions. Although water now remains on to the ponds during monitoring and pond levels have increased some, several ponds have ceased to produce outflow (specifically: the 4 Hackberry ponds).  Outflow from multiple ponds provides critical aquatic habitat in both Black Draw and Hay Hollow. As of 13 February 2020, it was decided to resume/attempt to return to normal operations on refuge, utilizing pumps as needed to maintain normal pond levels and outflow amounts. 

Currently, of the 20 monitored ponds (House pond included) 6 ponds show normal behavior, 4 ponds are dry, and 9 ponds showing abnormal behavior; see table below for specific ponds names. Of the dry ponds, Robertson Ciénega was turned off to divert water to Cobble and Magoffin ponds, Bath House was turned off until water loss cause determined, whereas Urquides and Yaqui ponds remains dry due to uncertainty in the ability to maintain these ponds under current water availability. The 12 abnormal ponds show inconsistent pond levels and inflows/outflows and are consistently monitored to prevent drying or anoxic conditions for the fish residing in these ponds. Specifically, it appears that with increased temperatures and evapotranspiration, these ponds are dropping at night when solar pumps are not operating and artesian flow is no longer enough to keep pond levels at normal maintenance levels. During the day when pumps are running, the ponds fill up with levels and outflows start to rebound. The time of day when pond levels and outflows are checked is telling, as these ponds show lower levels in the morning and more normal levels later in the afternoon. This is particularly true for ponds filled by Bath House and Bunting wells, both of which have lost artesian flow.
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Further, to increase pond volume in the Hackberry and Phd ponds, maintenance was performed on six ponds. Urquides, the dry Hackberry pond was lined with clay and the four full Hackberry ponds were grubbed to remove cattail. The margin of Phd 2 was worked to remove excess sedge build up that had restricted access to the pond and utilized water for transpiration. See pond level variation by well in the graphs below:

























All shallow aquifer monitoring wells on San Bernardino are monitored with a tape piezometer, the depth to water is measured from the top of the well casing. Monitoring frequencies in 2019 started as monthly, were increased to bimonthly, and is currently conducted weekly. Since October 2019, monitoring wells have shown a decrease in depth to water. Although with increasing temperatures and transpiration these decreases have begun to stabilize and plateau, with increases to ground water beginning to show. Snail Spring well, continues to show erratic depth to water believed to be linked to the clay lining of the well which causes the well to act more like a sump pump than a well pump. Lately the Snail Spring pump appears to be malfunctioning as no flow has been provided to the snail spring box. The monitoring wells on SBNWR are important indicators of groundwater (shallow aquifer) availability and these levels are highly associated with precipitation. Many of these wells are beginning to show the effects of the drier summer climate and evapotranspiration as depth to water has increased for many of these wells. A poor monsoon season has not recharged groundwater and these shallow wells continue to show deeper depths to water throughout August. 





















Water for nearly all ponds on the refuge is derived from the deep aquifer, which is ancient water runoff from the Peloncillo and Chiricahua Mountains. Changes in water availability in the deep aquifer directly impacts water management on the refuge, thus six deep aquifer wells on SBNWR are monitored for well pressure as well as one well on Slaughter Ranch. Four of the six wells are also monitored for well outflow for ponds (Twin well, Bunting well, Hackberry well, and Hay Hollow well) and two wells (Mitigation and Middle) are currently off such that the static pressure can be monitored. Since four wells must be turned off to measure static pressure, collecting data provides challenges as maintaining pond levels is paramount. From 29 Nov 19 – 23 Jan 20, wells were turned on and off, but the unstable pond levels were a concern for fish health. The decision was made to submerge transducers in well and keep water to ponds turned on. However, Mitigation and Middle well remain off and continue to provide static pressure data. Mitigation provides the best indicator of deep aquifer water availability as it is the closest static well to the DHS well located on Glenn Ranch, just off-refuge. Below, the weekly mean pressure for each well shows an overall decreasing trend for Mitigation and Slaughter Ranch (closest wells to DHS well) and to some extent Middle. Stable pressure occurs for Twin and Hay Hollow, whereas unstable pressure readings are apparent for Bunting and Hackberry wells. Two wells have had new higher capacity pumps installed, Bunting and Hackberry, which have influenced the well pressure readings. Graphs below show weekly means with variation about the means measured by standard deviation (error bars). 
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[bookmark: _GoBack]Month of August 2020:

· 03 Aug 20 – Inflow and Outflow to North pond measured using bucket tests for refuge water budget analysis 

· 03 Aug 20 – Data logger flow data downloaded from Bunting well and issues in measuring flow was noticed, specifically that flow is not being recorded at night 

· 03 Aug 20 – North and South Minckley ponds trapped for shiner. None caught, but black spot disease noticed in North Minckley on many chub captured.

· 03 Aug 20 – Bath House pond nearly dry, level dropped over weekend

· 04 Aug through 13 Aug 20 – Hackberry well used to fill pesticide tanks.

· XX Aug 20 – New pump installed in Bunting well

· XX Aug 20 – Pump at Bunting well re-installed.

· 05 Aug 20 – North pond very low. Investigation shows that artesian flow is nonexistent at Bunting well and pond does not receive water overnight and drops 

· 12 Aug 20 – Cottonwood well turned off (0600) to manage pond breach

· 13 Aug 20 – Night-time bucket tests performed to measure flow when solar pumps are off. Bucket tests were conducted on Mitigation (0311), Hackberry outflow (0324), Cobble (0333), Brasher (0338), Twin (0346), and Hay Hollow (0415). 

· XX Aug 20 – Mesquite pond repaired and water turned back on

· 26 Aug 20 – Bath House pond salvaged for topminnow as pond is going dry. Fish released into Mesquite pond

· 27 Aug 20 – Bath House pond salvaged for remaining topminnow and released into Mesquite pond.

Hackberry Well Pond Levels



Ben New	43896	43903	43910	43917	43924	43931	43938	43945	37012	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	1.52	1.52	1.5	1.42	1.38	1.34	1.32	1.3	1.18	1.48	1.52	1.52	0.76	1.1200000000000001	1.52	1.48	1.48	1.52	1.54	1.52	1.54	1.54	1.52	1.52	1.54	Brasher	43896	43903	43910	43917	43924	43931	43938	43945	37012	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	1.54	1.54	1.54	1.54	1.54	1.54	1.52	1.54	1.5	1.5	1.54	1.54	1.58	1.54	1.52	0.38	1.1399999999999999	1.56	1.56	1.54	1.58	1.56	1.52	1.52	1.56	Cobble	43896	43903	43910	43917	43924	43931	43938	43945	37012	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	1.5	1.5	1.5	1.5	1.5	1.5	1.52	1.5	1.5	1.5	1.5	1.54	1.52	1.54	1.52	1.18	1.5	1.54	1.56	1.54	1.58	1.54	1.54	1.54	1.52	Magoffin	43896	43903	43910	43917	43924	43931	43938	43945	37012	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	1.54	1.52	1.52	1.46	1.44	1.38	1.3	1.28	1.56	1.58	1.58	1.56	1.56	1.56	1.1200000000000001	1.46	1.56	1.56	1.56	1.58	1.58	1.58	1.58	1.58	1.58	Urquides	43896	43903	43910	43917	43924	43931	43938	43945	37012	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	







Bunting Well Pond Level



North	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	1.68	1.68	1.68	1.64	1.66	1.66	1.66	1.68	1.68	1.68	1.64	1.68	1.64	1.66	1.64	1.68	1.68	1.64	1.64	1.58	1.64	1.38	1.56	1.6	1.7	







Bath House Well Pond Levels



Bath House	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	1.46	1.36	1.62	1.52	1.56	1.6	1.48	1.48	1.48	1.44	1.54	1.5	1.42	1.5	1.58	1.48	1.44	1.54	1.36	1.4	1.26	0	0.06	1.18	1.32	Phd 1	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	1.58	1.58	1.58	1.58	1.58	1.58	1.58	1.6	1.58	1.58	1.58	1.56	1.54	1.52	1.56	1.56	1.52	1.56	1.5	1.64	1.68	1.7	1.56	1.56	1.54	Phd 2	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	1.56	1.56	1.56	1.54	1.56	1.54	1.54	1.58	1.56	1.56	1.58	1.52	1.52	1.5	1.52	1.52	1.5	1.52	1.26	1.26	1.22	1.3	1.3	1.36	1.44	







Hay Hollow Well Pond Levels



S Hay Hollow	43896	43906	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44063	44070	1.58	1.56	1.52	1.54	1.54	1.54	1.56	1.54	1.56	1.54	1.56	1.56	1.58	1.58	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.58	N Hay Hollow	43896	43906	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44063	44070	1.7	1.68	1.68	1.68	1.68	1.68	1.7	1.68	1.7	1.68	1.68	1.68	1.68	1.7	1.68	1.68	1.7	1.68	1.7	1.7	1.7	1.7	1.7	1.7	1.7	







Oasis Well Pond Levels



Oasis	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	2.1	2.1	2.1	2.12	2.1	2.12	2.1	2.1	2.1	2.06	2.08	2.06	2	2.04	2.04	2	2.12	2.16	2	2.2200000000000002	2.2400000000000002	2.2599999999999998	2.2799999999999998	2.2799999999999998	2.2799999999999998	N Minckley	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	1.52	1.52	1.52	1.54	1.54	1.52	1.54	1.54	1.56	1.56	1.56	1.56	1.54	1.54	1.56	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.52	S Minckley	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	1.72	1.72	1.68	1.72	1.7	1.72	1.72	1.72	1.7	1.7	1.72	1.74	1.74	1.74	1.74	1.74	1.74	1.74	1.72	1.74	1.74	1.74	1.72	1.74	1.7	







Twin Well Pond Levels



Twin 2	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	1.58	1.54	1.54	1.56	1.58	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.5	1.52	1.52	1.54	1.54	1.54	1.56	1.54	1.54	1.54	1.54	1.52	Twin 1	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.48	1.5	1.52	1.5	1.52	1.54	1.54	1.58	1.58	1.58	1.58	1.52	







Cottonwood Well Pond Levels



Mesquite	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	0.84	1.36	1.42	1.4	1.44	1.46	1.46	1.48	1.48	1.48	1.48	1.48	1.48	1.5	1.58	1.58	1.64	1.7	1.76	1.82	1.82	1.8	1.7	1.1599999999999999	0.9	







West Border Well Pond Levels



Robertson Cienega	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44062	44070	2.1	2.1	2.1	2.1	2.1	2.1	2.08	2.06	1.8	1.1200000000000001	0.57999999999999996	0	0	0	0	0	0	0	0	0	0	0	0	0	0	







Black Draw Monitoring Wells



Black Draw East	42891	42986	43067	43755.791666666664	43770.791666666701	43777.861215277801	43783.791666666701	43790.791666666701	43798.791666666701	43801.791666666701	43805.791666666701	43812.791666666701	43819.791666666701	43826	43833.791666666701	43840	43847	43854	43861	43868	43875	43882	43889	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44063	44070	14.52	15.41	15.34	15.32	15.44	15.34	15.26	15.1	13.46	13.78	13.97	13.64	13.69	13.61	13.61	13.58	13.53	13.43	13.45	13.4	13.32	13.29	13.21	13.18	13.08	13.06	13.3	13.05	13.19	13.1	13.18	13.31	13.29	13.48	13.7	13.91	14.17	14.33	14.7	14.91	15.1	15.11	14.76	14.52	14.72	15.01	15.18	15.33	Black Draw North	42891	42986	43067	43755.791666666664	43770.791666666701	43777.861215277801	43783.791666666701	43790.791666666701	43798.791666666701	43801.791666666701	43805.791666666701	43812.791666666701	43819.791666666701	43826	43833.791666666701	43840	43847	43854	43861	43868	43875	43882	43889	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44063	44070	14.48	15.25	15.23	15.34	15.44	15.34	15.24	15.58	13.84	13.95	14.08	13.8	13.82	13.75	13.75	13.71	13.57	13.61	13.59	13.54	13.56	13.41	13.34	13.3	13.17	13.16	13.11	13.11	13.11	13.12	13.15	13.25	13.38	13.51	13.79	13.98	14.24	14.42	14.71	14.84	15.01	15.11	15	14.67	14.87	15.06	15.35	15.5	Black Draw South	42891	42986	43067	43755.791666666664	43770.791666666701	43777.861215277801	43783.791666666701	43790.791666666701	43798.791666666701	43801.791666666701	43805.791666666701	43812.791666666701	43819.791666666701	43826	43833.791666666701	43840	43847	43854	43861	43868	43875	43882	43889	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44063	44070	15.29	16.18	16.440000000000001	16.3	16.41	16.399999999999999	16.39	16.37	15.68	15.18	15.12	14.95	14.89	14.86	14.82	14.78	14.75	14.71	14.67	14.62	14.56	14.52	14.5	14.4	14.32	14.28	14.22	14.19	14.19	14.18	14.19	14.23	14.31	14.43	14.71	14.86	15.11	15.29	15.55	15.71	15.88	16.03	16.14	15.88	15.85	15.99	16.170000000000002	16.350000000000001	

Depth to Water (ft)









Cemetery Monitoring Wells



Cemeterty North	42891	42986	43067	43753.791666666701	43770.791666666701	43777.8600462963	43783.791666666701	43790.791666666701	43798.791666666701	43801.791666666701	43805.791666666701	43812.791666666701	43819.791666666664	43826	43833.791666666701	43840	43847	43854	43861	43868	43875	43882	43889	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44063	44070	24.15	24.85	25.28	24.85	25	24.99	24.94	24.92	24.39	24.21	24.18	24.02	23.91	23.79	23.69	23.6	23.51	23.46	23.39	23.3	23.16	23.11	23.01	22.87	22.71	22.56	22.5	22.5	22.5	22.49	22.49	22.5	22.51	22.57	22.71	22.92	23.1	23.22	23.44	23.6	23.77	23.82	23.93	23.91	23.97	24.11	24.24	24.39	Cemetery South	42891	42986	43067	43753.791666666701	43770.791666666701	43777.8600462963	43783.791666666701	43790.791666666701	43798.791666666701	43801.791666666701	43805.791666666701	43812.791666666701	43819.791666666664	43826	43833.791666666701	43840	43847	43854	43861	43868	43875	43882	43889	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44063	44070	27.76	28.6	28.57	28.78	28.84	28.75	28.64	28.57	28.19	27.95	27.78	27.55	27.4	27.29	27.24	27.24	27.29	27.18	27.05	27.01	26.93	26.76	26.67	26.62	26.55	26.49	26.42	26.41	26.41	26.43	26.44	26.51	26.63	26.77	27.11	27.28	27.58	27.7	27.94	28.05	28.21	28.33	28.39	28.19	28.28	28.45	28.58	28.7	

Depth to Water (ft)









Frog Monitoring Well



Frog	42891	42986	43067	43753.791666666701	43770.791666666701	43777.860532407401	43783.791666666701	43790.791666666701	43798.791666666701	43801.791666666701	43805.791666666701	43812.791666666701	43819.791666666701	43826	43833.791666666701	43840	43847	43854	43861	43868	43875	43882	43889	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44063	44070	9.81	10.62	11.12	11.49	11.21	11.2	11.2	11.11	10.69	10.61	10.53	10.39	10.32	10.19	10.11	10.050000000000001	9.98	9.91	9.86	9.7899999999999991	9.7200000000000006	9.58	9.6300000000000008	9.5500000000000007	9.41	9.33	9.31	9.27	9.25	9.23	9.2200000000000006	9.23	9.2200000000000006	9.23	9.2799999999999994	9.35	9.42	9.44	9.56	9.66	9.73	9.76	9.81	9.85	9.91	10.039999999999999	10.130000000000001	10.210000000000001	

Depth to Water (ft)







Hay Hollow Monitoring Well



Hay Hollow Ponds	43138.791666666701	43277.791666666701	43524.791666666701	43552.791666666701	43600.791666666701	43648.791666666701	43689.791666666701	43711.791666666701	43726.791666666701	43741.791666666701	43756.791666666701	43770.791666666701	43777.859351851897	43783.791666666701	43791.791666666701	43801.791666666701	43805.791666666701	43812.791666666701	43819.791666666701	43826	43833.791666666701	43840	43847	43854	43861	43868	43875	43882	43889	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44063	44070	18.57	19.670000000000002	18.350000000000001	18.940000000000001	18.71	20.12	20.41	20.6	20.5	19.84	21.05	20.14	19.98	19.829999999999998	19.7	18.739999999999998	18.649999999999999	18.239999999999998	18.05	17.98	17.82	17.71	17.54	17.600000000000001	17.3	17.18	17.07	17.010000000000002	16.93	16.79	16.84	16.72	16.68	16.64	16.63	16.64	16.63	16.47	17.03	17.23	17.78	18.07	18.45	18.64	19.010000000000002	19.170000000000002	19.399999999999999	19.55	19.37	19.53	19.690000000000001	19.93	20.11	20.22	Hay Hollow Downstream	43138.791666666701	43277.791666666701	43524.791666666701	43552.791666666701	43600.791666666701	43648.791666666701	43689.791666666701	43711.791666666701	43726.791666666701	43741.791666666701	43756.791666666701	43770.791666666701	43777.859351851897	43783.791666666701	43791.791666666701	43801.791666666701	43805.791666666701	43812.791666666701	43819.791666666701	43826	43833.791666666701	43840	43847	43854	43861	43868	43875	43882	43889	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44063	44070	22.51	23.08	22.43	23.39	22.8	23.33	23.31	23.25	22.92	22.73	23.8	23.28	23.21	23.18	23.11	20.63	21.4	21.61	22.13	22.27	21.99	22.31	22.38	22.37	22.26	22.12	22.03	22.01	21.95	21.9	21.82	21.8	21.79	21.79	21.83	21.84	21.86	21.96	22.11	22.25	22.55	22.66	22.84	22.91	23.04	23.11	23.16	23.21	23.11	23.05	23.17	23.24	23.31	23.33	Hay Hollow Upstream	43138.791666666701	43277.791666666701	43524.791666666701	43552.791666666701	43600.791666666701	43648.791666666701	43689.791666666701	43711.791666666701	43726.791666666701	43741.791666666701	43756.791666666701	43770.791666666701	43777.859351851897	43783.791666666701	43791.791666666701	43801.791666666701	43805.791666666701	43812.791666666701	43819.791666666701	43826	43833.791666666701	43840	43847	43854	43861	43868	43875	43882	43889	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44063	44070	9.92	10.89	9.8000000000000007	9.65	10.199999999999999	11.17	11.1	11.39	10.95	12.61	10.9	10.91	10.83	10.58	10.41	8.92	9.49	9.06	9.0299999999999994	9.39	9.34	9.3699999999999992	8.9	9.4600000000000009	8.7200000000000006	8.69	8.65	8.68	8.66	8.65	8.64	8.59	8.66	8.68	8.6999999999999993	8.73	8.77	8.93	9.11	9.26	9.68	9.85	10.14	10.17	10.5	10.55	10.77	10.78	10.16	10.56	10.76	11	11.24	11.27	

Depth to Water (ft)









Snail Spring Well



Snail Spring	43777	43826	43840	43847	43854	43861	43868	43871	43873	43875	43882	43886	43889	43896	43903	43910	43917	43924	43931	43938	43945	43952	43959	43966	43980	43987	43994	44001	44008	44014	44022	44028	44036	44042	44048	44056	44063	44070	32	23.1	34.31	41.11	34.51	42.58	43.37	24.66	40.75	42.74	35.75	33.74	44.21	42.94	32.64	31.27	44.81	34.03	32.299999999999997	37.9	43.61	38	42.03	46.46	43.67	30.62	30.75	33.5	31.2	31.02	32.1	45.38	31.73	45.08	31.9	

Depth to Water
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