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July 5, 2022 
 
To: Manchester Board of Water Commissioners 
 Manchester, Vermont 
 
Re: Evaluation of Source Protection Area Delineation, Manchester Wells #1, #2 
 WSID #5022 
 
As authorized by the Town of Manchester on March 25, 2022, this letter / report provides my 
evaluation of the Source Protection Area [SPA] for the two drilled gravel wells that serve as 
sources of water for the Public Community Water System in Manchester, Vermont, WSID #5022; 
particularly, whether any changes in the delineation of the SPA are appropriate since the 1980s. 
 
Table of Contents: 
A. Summary of Findings and Recommendations 
B. Documents Reviewed 
C. Permitted Well Yields; Basis of Source Protection Area Delineations 
D. History of Source Protection Area Delineations, from 1980s and 1990s 
E. Annual Recharge Volume Compared to Permitted Withdrawal Rates 
F. New Information since 1995 SPA Approval 
G. Suggested Revision to SPA Delineation and Zones 
Appendix. 
 
A. Summary of Findings and Recommendations: The current SPA appears to be slightly 
undersized in comparison to the estimated average annual recharge volume, so I am suggesting a 
revision to the SPA to achieve a somewhat larger size. A 2006 study by DeSimone and Becker for 
the Vermont Geological Survey and Town of Manchester evaluated water level measurements in 
the town production and monitoring wells, in two new wells drilled specifically for the study, and 
on the adjacent Batten Kill. The authors concluded that there is no indication that the town wells 
could draw from the portion of the gravel aquifer that is west of the Batten Kill, and also could not 
likely draw from the Batten Kill itself. Also, groundwater flow paths near the two town wells that 
were measured in the 2006 study indicate that there is no hydrogeologic reason to delineate the 
northwest corner of the current SPA all the way north to Boorn Brook near its confluence with the 
Batten Kill.  
 
Based on the above information, and on mapping of the eastern edge of the high-permeability 
gravel aquifer from which the two town wells draw their water, and on topographic contours from 
a USGS base map, I suggest a modified delineation of the Source Protection Area that is somewhat 
larger in the higher elevations to the east -- to provide a larger total area in order to exceed the 
permitted annual withdrawal from the two town wells, but narrower in its western section near the 
wells – to be in accordance with the findings of the 2006 study of water levels. A majority of the 
proposed expansion to Zone 3 is in the National Forest. 
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B. Documents Reviewed: 
 
• 1984 – 1986: Several documents from Vermont Dept. of Health and Dufresne-Henry regarding 

site and source approvals for Well #1, and the proposed “Aquifer Protection Area” delineation; 
• Batten Kill Well Aquifer Protection Area Inventory; Dufresne-Henry; May 1987; 
• Pumping Test Evaluation; 1988 Pumping Test on Well #2; Jeff Hoffer, dated 2/14/1994. This 

report is Appendix A of next document by Hoffer [Sept. 1994]; 
• Wellhead Protection Area Delineation; Well #1 and Well #2, Manchester, VT; Jeff Hoffer, 

Sept. 1994; 
• Letter, Tim Raymond [VTDEC Water Supply Div.] to Manchester Town Manager re: Wells #1 

and #2; 1/13/1995; 
• Letter, Hoffer to Dufresne-Henry re: Wellhead Protection Area Delineation; 7/24/1995; 
• Report on Batten Kill Wells 1 and 2; including proposed revised wellhead protection area for 

Wells 1 and 2; Dufresne-Henry, Aug. 1995; 
• Source Approval, Gravel Well #2, Manchester Public Community Water System, WSID #5022; 

12/08/1995; 
• Surficial Geology and Hydrogeology of Manchester, Vermont; David DeSimone; Vermont 

Geological Survey Open File Report VG-4-1; dated 2004; 
• Draft Final Report on Static Water Level Measurements in the Manchester Town Well Aquifer; 

David DeSimone & Laurence Becker, VT Geological Survey; dated 4/14/2006; 
• Permit to Operate; Public Community Water System, Manchester Town, WSID #5022; 

VTDEC Drinking Water Program; dated 5/23/2013; 
• Source Protection Plan Update, Manchester; WSID #5022; Dufresne Group; dated 1/21/2019; 
• Sanitary Survey Letter; Manchester PCWS, WSID #5022; Matthew Hunt [VTDEC Drinking 

Water Program], dated 2/03/2022. 
• Map of Source Protection Area, Manchester PCWS, Wells #1 and #2, WSID #5022; 

downloaded from Vermont Natural Resources Atlas on 3/21/2022. 
 
C. Permitted Well Yields; Basis of Source Protection Area Delineations: The approved 
well yields that were used as the basis of the historical delineations of the Source Protection Area 
[originally called “Aquifer Protection Areas”, then “Wellhead Protection Areas”] are described 
below. The sources for this information are: 
• For Well #1: VT Dept. of Health approval letter dated 1/13/1986; 
• For Well #2 [and confirming for Well #1]: Letter from Tim Raymond, VTDEC Drinking Water 

Program dated 1/13/1995, at p. 7, Item #8. 
 
• Well #1: Approved for 800 gpm [gallons per minute] over 24-hour pumping period; 

o Average Day Demand [ADD]: 1,152,000 gpd [gallons per day] [basis: 800 gpm x 1,440 
mins/24-hr day = 1,152,000 gpd]. 

o This approved rate is not necessarily the maximum yield of Well #1. The 1/13/1986 
approval letter for this well indicates that this approved yield is based on the maximum 
pumping rate of the pump test that was conducted by Scott Assocs. on this well, as reported 
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in their report titled Report Relative to the Hydraulic Investigation of a 24-inch Gravel-
packed Well, Manchester, VT dated July 1985. [I was not able to locate or review a copy 
of this report]. 
 

• Well #2: Approved for 468 gpm over 12-hour pumping period [referred to in the Water Supply 
Rule as “Maximum Day Demand”]; 
o ADD: 337,000 gpd [basis: 468 gpm x 720 mins/12-hr day = 337,000 gpd]. 
o This approval rate is lower than the proposed long-term safe yield for Well #2 of 1,080 

gpm [777,600 gpd] that was proposed by Hoffer in his 2/14/1994 report. Hoffer arrived at 
his proposed yield for Well #2 by evaluating data from the 1988 pump test on Well #2 by 
R.E. Chapman. VTDEC apparently disagreed with Hoffer’s calculations, and approved 
Well #2 for 468 gpm over a 12-hour period [or 337,000 gpd], per an approval letter dated 
8/8/1994, as stated in Tim Raymond’s letter dated 1/13/1995. I was not able to locate or 
review the original VTDEC 8/8/1994 approval letter. 
 

• Total Approved Yield, Manchester Wells #1 and #2: 1,489,000 gpd, Average Day Demand. 
[Note: It is confusing to express the approved combination of the two well yields in gallons 
per minute [Max Day Demand], so I do not include that number in Total Approved Yield, 
because the two Manchester wells are approved for “water days” of different duration: Well 
#1 is approved for 800 gpm over a full 24-hour period, while Well #2 is approved for 468 gpm, 
but over a 12-hour period]. 

o For use in later calculations, this combined daily approved yield is equivalent to approx. 
200,000 cu.ft/day [1,489,000 gpd x 0.13368 cu.ft./gal = 199,050 cu.ft./day]. 

 
D.  History of Source Protection Area Delineations, from 1980s and 1990s: Manchester’s 
consultants in the 1980s, Dufresne-Henry, Inc.; and Jeff Hoffer [Hoffer & Assocs.] went back and 
forth on several proposed delineations of the boundaries for the SPA for Well #1, and then adding 
the adjacent Well #2. The term in the 1980s for SPA was “Aquifer Protection Area”, which then 
was modified in the 1990s to “Wellhead Protection Area”; each with somewhat different 
definitions.  
• 1986: The initial approved boundary of the Aquifer Protection Area [1986] for Well #1 was 

based somewhat on cultural features [East Manchester Rd. to the north; west edge of the airport 
runway, to the east; Airport Rd. to the south] – and, hydrologically, the Batten Kill to the west. 

• 1994: Eight years later, at the time when Well #2 was installed and pump-tested, the Water 
Supply Rule required the delineation of four zones for what was then called a “Wellhead 
Protection Area” [WHPA]. In the Sept. 1994 report, Hoffer proposed the following boundaries 
for those four areas, as shown on a map in the attachment, and which I describe as follows: 
o  Zone 1: “200-foot radius around each well, which must be controlled by the water system”. 
o Zone 2: “the area from where there will be probable impacts from potential sources of 

contamination …” [underline added by me, for emphasis]. Hoffer’s proposed Zone 2 was 
developed by using several calculation methods from the EPA and VTDEC Water Supply 
Division. His conceptual model from applying these methods results in a Zone 2 that is 
bounded on the north by Boorn Brook which he inferred to be a hydrologic barrier, on the 
east by hydrogeologic modeling which was approximately at the western edge of the airport 
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runway; to the south by about 600 feet from the mid-point of both wells as suggested by 
groundwater flow models; and on the west by the Batten Kill, which due to the lack of 
detailed information on contributions from that river he proposed assuming it to be a 
hydrologic barrier. 

o Zone 3: “the remaining recharge area or area of contribution to the well not delineated in 
Zone 2, and where there may be possible impacts from potential sources of contamination” 
[underline added by me, for emphasis]. Hoffer’s proposed Zone 2 extends eastward to the 
“eastern extent of the unconsolidated aquifer” – which happens to fall approximately at 
Rte. 7; and it extends 1000 feet south from Well #2 along the Batten Kill, and then 
upgradient to the east, perpendicular to “inferred groundwater contours”. 

o Two-Year Time-of-Travel Zone: Using a hydrogeologic model from the EPA, Hoffer 
proposed the two-year time-of-travel zone to be an elliptical shape extending about 2,000 
feet upgradient to the northeast from the two wells. 

• 1995: 
o In January 1995, the VTDEC Drinking Water Program requested that the western boundary 

of the WHPA be extended to 200 feet west of the Batten Kill because monitor well OW-
B, located on the west side of the Batten Kill, responded slightly to the May 1987 pump 
test on Well #1, and that there may be some component of recharge to the town wells from 
the Batten Kill itself.  They also requested that the eastern boundary of the WHPA be 
extended southeast to the top of the topographic divide, so that it “includes groundwater 
recharge from the till and adjacent underlying bedrock in the Green Mountains”. 

o In July and August 1995, Hoffer and Dufresne-Henry suggested that there is not enough 
hydrologic data to support extending the WHPA to the west side of the Batten Kill, but 
agreed with VTDEC’s explanation of this boundary based on “a regulatory approach”. He 
also suggested that the VTDEC’s proposed extension of the southern boundary was not 
appropriate because it followed an intermittent stream valley up the mountain, and he 
proposed a smaller extension to the south, following a topographic ridge or shoulder up the 
mountain.  

o These revised WHPA boundaries were accepted, per the “Source Approval – Gravel Well 
#2” letter from VTDEC dated 12/08/1995.  

• 2022: The current SPA map on the VT ANR Natural Resources Atlas shows these 1995-
approved three zone boundaries [but not the 2-year time-of-travel zone, which is typically not 
shown on the Atlas]. Refer to the current map on page 1 of the Appendix. 

 
My evaluation of these boundaries is contained in Sections E, F and G of this report, below. 

 
E.  Annual Recharge Volume, Compared to Permitted Withdrawal Rates: An important 
component of determining the appropriate boundaries and size of an SPA is an estimate of the 
annual recharge of water to the three Zones, compared to the annual volume of water that is 
permitted for withdrawal from the approved sources. 
1. Annual Recharge Estimate, 1995 Hoffer evaluation: Hoffer estimated the recharge to the 

aquifer that supplies the two Manchester wells at 2.0 ft/year. This is 61% of the total average 
annual precipitation in the area [see next bullet], which is a reasonable estimate for an SPA 
that spans an area of high recharge potential [the highly permeable surficial deposits from the 



   
________________________________________________________________________ 
 

TEL: 802-860-9400 • FAX: 802-860.9440 • www.waiteenv.com • 7 Kilburn S., Suite 301, Burlington, VT 05401 

July 5, 2022; 
Manchester SPA Evaluation; 

Page 5

wells eastward to approximately Rte. 7] to areas of moderate recharge potential [areas with 
shallow-to-bedrock conditions veneered with thin till], and areas of low recharge potential 
[areas with thick low-permeability till; the latter two categories being found in the higher 
elevations east of Rte. 7].  

2. Annual Precipitation: The average total annual precipitation in the Manchester area is 
approximately 3.3 ft/year [39.8 in./year]. This is based on 24 years of data from the National 
Weather Service station at Morse State Airport in Bennington, VT, the nearest long-term NWS 
station with a long period of record at a comparable elevation as the Manchester SPA. 
Variations in the annual totals range from 0.7 ft. higher [47.5 inches in 2008] to 0.9 feet lower 
[29.0 inches in 2015]. See the summary table of precipitation records in the Appendix, p. 5. 

3. Predicted Average Annual Recharge Volume of Water in Current SPA: 456 mil.gals/year. 
See calculations in Appendix. This predicted average annual recharge volume is based on the 
area of the current SPA, which is about 700 acres [1.1 sq.mi.]. 

4. Permitted Annual Withdrawal Rate from two Manchester wells: 543 mil.gals/year. 
This is based on the approved ADD of 1,488,960 gpd, times 365 days/yr. 
 

Potential under-sizing of current SPA: Based on the above annual estimates, the current SPA might 
not have enough recharge to meet the permitted demand on the two Manchester wells, in an 
average precipitation year by about 16%. This suggests that the current delineation of the SPA is 
too small an area. 
 
F.  New Information since 1995 SPA Approval: A detailed study of water levels in wells at and 
near the two Manchester wells was conducted in 2005 and 2006 by David DeSimone and Larry 
Becker for the Vermont Geological Survey, funded by a grant obtained by Town of Manchester. 
The study culminated in their report titled Draft Final Report on Static Level Measurements in the 
Manchester Town Well Aquifer dated 4/14/2006 [attached]. 
 
This study provides important information regarding the size and configuration of the cone of 
depression around Well #1 under pumping conditions [“capture zone”], including an evaluation of 
whether the Manchester wells draw from the aquifer on the west [opposite] side of the Batten Kill, 
and also from the Batten Kill itself. To conduct this study, two new monitoring wells were installed 
on the west side of the Batten Kill, about 25 feet from the river. One well was 55 feet deep, 
completed in the same coarse deposits that the town wells are installed in just across the river; and 
the second well was a bedrock well 260 feet deep. In addition, a staff gauge was installed in the 
Batten Kill on the Union Street bridge abutment about 350 feet upstream of the town wells, to 
reads water levels in the river. Finally, water levels were also measured in eight of the monitoring 
wells that had been installed in the vicinity of the two final production wells of the town’s system. 
Water levels and staff-gauge readings were taken periodically from July 2005 to March 2006. The 
data were then interpreted by the authors. 
 
The authors make several important conclusions that have a direct impact on adjusting the 
delineated boundaries of the SPA for the Manchester wells: 
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1. The bedrock aquifer beneath the unconfined gravel aquifer in which the two town wells are 
completed discharges water upward into the gravel aquifer. The amount of this upward recharge 
cannot be quantified with the available data. This observation of the direct connection from the 
bedrock aquifer into the base of the gravel aquifer is supported by the lack of low-permeability 
materials at the base of the gravel aquifer that has been reported in earlier studies. 
 
2. A small cone of depression in the water table develops around a town well under pumping 
conditions, in a pattern that is predictable and consistent with hydrogeologic principles. When the 
pump is turned off, the cone of depression recovers within a few hours to the pre-pumping 
condition, indicating that the withdrawal rate from the gravel aquifer is not depleting it.  
 
Refer to the “Water Table Map” on page 6 of the Appendix. This map is taken from the report 
[Fig. 1], and reflects the largest and deepest cone of depression that was measured in this 2005-
2006 study. I have annotated it in red, to show the area to the northwest of Well #1 where 
groundwater does not flow into the capture zone of Well #1, but rather continues to flow westward 
into the Batten Kill. I use this observation to suggest that the northwest portion of the current SPA 
can be reduced in size, and the boundary of Zone 2 can be moved closer to the well. 
 
3. The shape of the cone of depression is not symmetrical around the pumping well. It reaches only 
about 70 feet westward from the well – not all the way to the Batten Kill, which is about 200 feet 
west of the town wells. The cone of depression reaches about 120 to 150 feet north and south from 
the well. The portion of the gravel aquifer that is to the east-northeast of the town wells is directly 
upgradient of the wells, so groundwater in that upgradient direction flows to the wells in both 
pumping and non-pumping conditions. 
 
4. There is no hydraulic connection with the water table west of the Batten Kill. That is, 
groundwater beneath the land west of the Batten Kill is not drawn in to the town wells. 
 
5. The water table is fairly shallow beneath the ground surface in the vicinity of the town wells, 
averaging about 3.5 feet below ground surface. At wetter times of the year, it is as shallow as 2.9 
feet below ground surface. 
 
6. No indications were seen in the staff gauge in the Batten Kill to suggest that the river responds 
demonstrably to the pumping cycles in the town wells. At most times of the year, the Batten Kill 
is a “gaining” stream, indicating that groundwater from the surficial aquifer discharges into the 
river, rather than the river discharging into the aquifer. The authors suggest that more data are 
needed to determine if these hydrologic conditions are maintained in extremely dry weather.  
 
However, I note that even if the river is briefly “losing” [discharging into the base of the gravel 
aquifer], it does not appear likely that the town wells could draw on that water. The intake screens 
of the town wells are 70 to 75 feet below the bed of the Batten Kill [far below], and the cone of 
depression in the surface of the water table due to the town well was shown not to reach even half-
way to the river in all dates measured in the 2005-2006 study. So it is very unlikely that the 
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groundwater flowpaths, even in drought conditions, could induce flow from the river into the town 
wells. 
 
Recent Water Quality in Town Wells: Indirect evidence about the viability of the SPA, and about 
the water quality protection measures that have been in place within the SPA for several decades, 
can be provided by examining the water quality data from the raw water drawn by the wells. I have 
briefly looked at the water quality data that is available from the on-line database on the VTDEC 
Drinking Water Program’s website. I see no indications of compromised water quality. PFAS 
[“per- and polyfluoroalkyl substances”] have been tested for, three times, and found to be not 
present at detectable levels [April 2016, Oct. 2019, Oct. 2020]. Volatile organic compounds 
[VOCs, which can indicate industrial or petroleum contamination] were not detected in the most 
recent analysis [March 2020]. Elevated Nitrate concentrations [an indication of possible 
contamination by sewage or animal wastes] are not seen [tested annually in March]. Therefore, 
there is no indication in the water quality data that would suggest the need for a quality-based 
adjustment to the source protection area delineation. 
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G.  Suggested revision to SPA Delineation and Zones: Following up on my calculation that the 
current SPA may be somewhat too small, in comparison to the annual recharge volume necessary 
to provide the permitted yields of the two wells, and following up on the information about the 
shape and extent of the cone of depression around the wells from the 2006 DeSimone & Becker 
study, I suggest that the boundaries of the Source Protection Area for the two wells serving the 
Manchester public community water system [WSID #5022] be modified as explained below, and 
as shown on the map titled Suggested Source Protection Area; WHEM, dated 5/19/2022 on page 
2 of the Appendix. For a comparison with the current SPA, see the map on page 3 of the Appendix 
titled Suggested Source Protection Area, with Current SPA shown; WHEM, dated 6/30/2022. 
 
• Zone 1 for each well: No change to the 200 ft. radius around each well on the east side of the 

Batten Kill. The western limit of each Zone 1 would be the eastern edge of the Batten Kill; 
Zone 1 would not extend into the Batten Kill itself, or to its west.  
 

• Zone 2 [areas where there will be probable impacts from potential sources of contamination]: 
o North boundary of Zone 2, close to wells: extending eastward to the east-northeast from 

the radius of the 200-ft. Zone 1 for Well #1, following the boundary of the north edge of 
the capture zone of Well #1; 

o South boundary of Zone 2, close to wells: extending to the southeast from the radius of the 
200-foot Zone 1 for Well #2, then eastward up the inferred groundwater flow fall-line as 
suggested by ground contours and earlier studies; 

o West boundary of Zone 2: east bank of the Batten Kill; 
o East boundary of Zone 2: eastern edge of the high-permeability gravel aquifer, as mapped 

by DeSimone in 2004, and as shown on the Surficial Geology Map available through the 
ANR Natural Resources Atlas [see map titled Surficial Geology near Manchester Wells; 
page 7 in the Appendix]. This proposed eastern boundary of Zone 2 is shown as a darker 
black line on my suggested SPA map [App., p. 2]. 
 
It is not appropriate or necessary to extend Zone 2 [areas of probable impacts from potential 
sources of contamination] further to the east, into the area underlain by glacial till because 
the glacial till provides substantial protection to the underlying bedrock aquifer from 
contamination at the ground surface due to its low permeability dense nature. Any 
contamination in the underlying bedrock aquifer in the area east of Zone 2 will be 
substantially diluted by clean groundwater in both bedrock and gravel aquifers, so this area 
does not pose a probable impact on water quality for the town wells.  
 

• Zone 3 [the remaining recharge area or area of contribution to the well not delineated in Zone 
2 areas, and where there may be possible impacts from potential sources of contamination]: 
o North boundary, eastern portion of Zone 3: from the northeast edge of the high-

permeability gravel aquifer [see map in Attachment], continue eastward perpendicular to 
ground contours but crossing to the north side of Boorn Brook at a location south of the 
brook’s confluence with Bromley Brook. It is possible that a portion of the Boorn Brook 
flow may discharge [“lose”] into the eastern edge of the gravel aquifer. But this flowpath 
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would not reach the town wells from the portion of Boorn Brook that is down-stream of 
the Bromley Brook confluence, as indicated by the groundwater flow paths on the water 
table map in the 2006 DeSimone and Becker report. Accordingly, the downstream section 
of Boorn Brook can be eliminated from the SPA. I propose to include a portion of the upper 
elevations of Boorn Brook’s watershed, by following its northern watershed boundary 
uphill [crossing ground contours perpendicularly, in the standard method of watershed 
delineation] to a significant ridgeline above “Prospect Rock” on the USGS base for my 
suggested SPA map [App., p. 2]. 

o South boundary, eastern portion of Zone 3: from the eastern edge of the high-permeability 
gravel aquifer, continue eastward perpendicular to ground contours, following the ridgeline 
that denotes the watershed divide between Boorn Brook [to the north] and Lye Brook [to 
the south]. Follow this watershed divide uphill to the east, to a significant height of land 
[2900 ft. elev.]. 

o East boundary of Zone 3: connect the eastern ends of the two eastern portions of the 
boundaries described just above, using the standard method of crossing ridgetop contours 
perpendicularly. 

 
• Area of Zones 1, 2 and 3; Annual Estimated Recharge: The combined area of Zones 1, 2 

and 3 is about 2.0 square miles [1,250 acres; refer to the same calculations on page 3 in the 
Appendix], which is more than adequate to meet the permitted annual water demand of the two 
town wells. 
 

• Two-Year Time-of-Travel Zone: The 1995 Hoffer analysis uses a reasonable flow model 
method to estimate the upgradient extent of the two-year time-of-travel zone to be 
approximately 2,000 feet. This distance would be measured in the up-gradient direction from 
the wells [east-northward] as indicated by the groundwater flowpaths shown in the 2006 
DeSimone & Becker report. The suggested 2-year T-o-T zone is shown in the red dashed lines 
on my suggested SPA map. The northern and southern boundaries of this zone are the 
boundaries of Zone 2, which is conservatively somewhat wider than the predicted north-south 
extent of the cones of depression around the wells. The western boundary of this zone could 
conservatively be set at the eastern bank of the Batten Kill, although in actuality the predicted 
cone of depressions of the two wells only reaches about half-way from the wells to the river. 

 
H. Question about Limitation on Septic Systems in Zone 3: The Town Committee asked the 

following question: “Should the Town limit septic systems in Zone 3, via the zoning regs 
(Aquifer Protection Overlay)?  For example, limit septic system numbers or capacities to XX 
gpd per acre of land.” 

 
My answer: Significant limitations are already in place that apply to any proposed septic 
systems in Zones 2 and 3 [and they are essentially prohibited in the 200-foot radius Zone 1]. 
Those current limitations are explained in the Water Supply Rule, App. A, Sect. 3.3.1.1 [p. 22 
of App. A], by this sentence: “On site sewage disposal systems located within the recharge 
area shall be located a minimum of a two year travel time in saturated materials from proposed 
source sites.”  
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I suggest that an applicant proposing a wastewater disposal system in Zones 2 or 3 be required 
to provide a time-of-travel analysis by a qualified hydrogeologist, AND provide a letter of 
concurrence from the VTDEC Drinking Water Program. In my judgment, it would not be 
necessary or fruitful [and potentially it might not be legally defendable] to limit septic system 
numbers or capacities by some other method.  

 
I would also point out that septic systems are not the only potential sources of aquifer 
contamination. So the town could consider requiring an analysis of all potential sources of 
contamination by an applicant who is proposing any type of land use change, such as 
commercial or industrial activities [even if there is no septic system proposed], followed by a 
concurrence letter from VTDEC. This PSOC analysis could include review of proposed 
stormwater infiltration, hazardous materials and waste management, underground storage 
tanks of virgin or waste products, and so on. Time-of-travel analyses do not generally apply to 
these types of chemicals, because they can travel for many more than 2 years in an aquifer and 
still be present at unsafe levels. The 2-year time-of-travel restriction on septic systems is 
specifically focused on the estimated time for significant die-off of human pathogens in 
wastewater, and it is a state-wide generic number; it was developed a couple of decades ago 
based on VTDEC’s review of the scientific literature regarding the viability of common viruses 
in wastewater – so it was a reasonable attempt by the regulators to characterize the die-off time 
of some of the more common pathogens [for example, viruses that cause gastrointestinal 
problems, and so on] as they travel in “typical” Vermont soils. 

 
 

Prepared by: 
 

 
Craig Heindel, C.P.G. 
Senior Hydrogeologist 
 
[U:\PROJECTS - WHEM\Manchester SPA\Report\ 
2022.07.05 - Manchester SPA Evaluation Report TEXT - C.Heindel, WHEM.docx] 
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Calculations: Manchester Source Protection Area Details

A. Permitted Well Yields:
Source: Letter Re: Report on Batten Kill Well #1 and backup well #2; 

T. Raymond, VTDEC Water Supply Div., 1/13/1995 [pages 6 -7, Items 7, 8].
[Note: some more recent VTDEC documents such as Permit to Operate appear to contain 

conflicting information]
Well #1: 800 gpm over 24-hour period:

1,152,000 gpd [ADD; Average Day Demand]
Well #2: 468 gpm over 12-hour period:

336,960 gpd [ADD]
Total:  1,488,960 gpd [ADD]

conversion: 199,044 cu.ft./day [gpd x 0.13368 cu.ft./gal]
conversion: 72,651,123 cu.ft./yr [ADD x 365]
conversion: 543,470,400 gal/yr

B. Recharge Rate for Source Protection Area: 2.0 ft/yr
Source: Estimated by Hoffer in Wellhead Protection Area Delineation,

Well #1 and Well #2, Manchester, VT;  Sept. 1994.

C. Average Annual Recharge Volume to Current SPA:
Area of Current SPA: 700 acres, approx. [measured using Adobe Acrobat Tool]

conversion:  1.1 sq.mi.
conversion:  30,492,000 sq.ft.

Calculate Average Annual Recharge Volume in SPA:
multiply SPA area by avg. annual recharge rate: 60,984,000 cu.ft./year [sq.ft. of SPA x 2.0 ft/yr recharge rate]

conversion:  456,193,896 gal/year

Calc. Shortfall in Annual Recharge Volume, in current SPA:
87,276,504 gals, annual shortfall

   [based on ESTS. of Avg. annual precip. and recharge]
16% Percent, annual shortfall

D. Area Needed to Provide Permitted Average Day Demand:
36,325,562 sq.ft. [ADD in cu.ft./yr divided by recharge rate, ft/yr]

conversion: 834 acres
conversion: 1.3 sq.mi.

E. Area of Suggested Source Protection Area: 1,250 acres [measured using Adobe Acrobat Tool]
[C. Heindel, WHEM, 5/2022]. 2.0 sq.mi.

Last revised: May 24, 2022;
[U:\PROJECTS - WHEM\Manchester SPA\Calcs - Manchester SPA Recharge Details - C.Heindel, 05.24.2022]
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from Hoffer (1994) "Wellhead Protection Area Delineation, Well #1 and Well #2, Manchester, Vermont"
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5/16/22, 4:04 PM NOWData Results

1/1

Monthly Total Precipitation for BENNINGTON MORSE STATE AP, VT


Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1998 M M M M M M M M M M M M M
1999 4.17 1.69 2.55 0.26 3.08 2.29 4.60 4.62 5.05 1.56 2.24 0.63 32.74
2000 2.43 1.99 1.86 1.57 3.20 3.23 M 5.95 M 1.12 0.68 2.40 M
2001 1.30 2.10 M 0.75 1.26 2.61 2.28 1.92 3.18 1.42 2.17 2.13 M
2002 2.91 2.53 2.99 3.48 4.86 6.29 2.27 4.07 3.72 3.64 4.03 2.93 43.72
2003 1.79 1.23 2.50 2.11 5.35 2.19 3.40 6.29 4.54 5.12 4.73 4.54 43.79
2004 0.63 1.01 2.40 2.66 4.61 2.28 5.99 5.11 4.90 1.16 2.93 2.79 36.47
2005 3.36 1.25 3.05 2.91 1.30 4.65 5.22 2.73 2.08 7.45 4.46 2.14 40.60
2006 3.67 0.91 1.36 2.76 5.36 6.57 6.58 3.57 3.62 4.28 2.74 2.23 43.65
2007 3.06 1.75 3.38 3.64 4.14 3.72 4.38 2.75 3.26 4.64 3.24 3.00 40.96
2008 1.02 4.81 5.12 2.55 1.35 4.18 6.53 4.63 5.67 5.02 1.77 4.87 47.52
2009 1.57 1.09 2.62 1.62 3.76 6.68 6.70 4.64 1.44 4.44 2.03 2.05 38.64
2010 1.93 2.36 2.71 1.66 2.04 5.32 5.86 2.41 2.56 6.72 2.75 2.77 39.09
2011 1.71 2.48 2.66 3.52 4.02 5.14 2.52 9.03 6.64 3.51 1.90 4.37 47.50
2012 1.73 0.77 1.58 2.18 5.76 2.00 2.99 2.95 4.65 4.25 0.79 2.85 32.50
2013 1.45 1.21 1.28 3.37 7.16 7.29 5.60 4.36 4.03 3.54 2.61 2.88 44.78
2014 2.92 2.94 2.15 2.46 2.36 3.33 7.95 1.85 1.02 3.83 2.24 3.91 36.96
2015 2.40 1.01 1.14 2.04 0.97 2.95 2.00 1.73 7.42 2.30 1.26 3.75 28.97
2016 1.11 3.93 2.46 2.63 2.92 1.74 2.39 4.13 3.03 3.57 2.63 2.11 M
2017 1.71 2.11 3.11 2.37 7.13 7.08 6.20 2.83 3.50 2.26 1.45 2.14 41.89
2018 3.05 3.61 1.89 3.17 1.85 3.43 5.27 4.84 4.73 3.72 5.73 3.23 M
2019 1.96 2.07 1.41 3.04 4.03 5.77 3.37 4.28 2.27 5.94 3.03 3.30 40.47
2020 1.34 2.81 2.66 2.93 2.08 2.91 4.58 3.97 3.81 3.75 2.95 3.15 36.94
2021 1.65 1.39 1.54 1.86 3.46 M 9.48 4.24 6.88 6.08 2.69 3.46 M
2022 1.18 3.01 3.46 5.01 M M M M M M M M M

Mean 2.09 2.09 2.43 2.52 3.57 4.17 4.83 4.04 4.00 3.88 2.65 2.94 39.84

Max 4.17

1999

4.81

2008

5.12

2008

5.01

2022

7.16

2013

7.29

2013

9.48

2021

9.03

2011

7.42

2015

7.45

2005

5.73

2018

4.87

2008

47.52

2008

Min 0.63

2004

0.77

2012

1.14

2015

0.26

1999

0.97

2015

1.74

2016

2.00

2015

1.73

2015

1.02

2014

1.12

2000

0.68

2000

0.63

1999

28.97

2015
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Well #1

Well #2

Groundwater
Flowpaths

NOT within
Well Capture Zone

Proposed Northern Boundary
 of SPA

Near Manchester Wells

[C. Heindel, WHEM. 5/2022]

Figure 1: from Draft Final Report on Static Level Measurements,
Town of Manchester Well Aquifer.
DeSimone, D.; Becker, L. VT Geological Survey.

Annotations in color: by Craig Heindel, C.P.G.
Waite-Heindel Envir. Mgmt. 5/2022.
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Surficial Geology near
Manchester Wells

May 19, 2022

U: Manchester SPA.
Map produced by: C. Heindel.
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