
 

 
 
 
May 6, 2020 

Ms Jamie Teague, Business Administrator 
Dresden School District/SAU7O 
44 Lebanon St., Suite 2 
Hanover, NH 03775 
 
 
RE:  Marion Cross School, Wastewater Disposal System – Hydrogeologic Evaluation 
        of a Failed Wastewater Disposal System and the Overall Norwich Town Green 
                 
 
Dear Ms Teague: 
 
When what are described as colored surface discharges began appearing on the ice and snow covered 
surface of the Town Green (the Green) west of the Marion Cross School’s (MCS) four (4) disposal areas, 
there was of course, a concern that they were failing or had failed.  Pathways Consulting, LLC (PC) 
conducted a reconnaissance on January 26, 2018 to take photographs to locate, characterize and collect 
representative samples of four (4) of them for fecal coliform analysis.  The February 2, 2019 PC letter 
report, the Figure 1 Sampling Diagram, seventeen (17) photographs and the fecal coliform laboratory 
results are attached as Attachment A. The letter report clearly shows the wide spread presence of colored 
surface discharges on the Green west of the 4 disposal areas, as well as their appearance.  Four frozen 
samples were collected for analysis, the results of which suggested very low level fecal coliform 
presence.  There is enough evidence of fecal impact to understand that the surface discharges form 
seasonally, driven by the dynamics of the current system. The facts that were defined are that the colored 
surface discharges only appear during periods of very cold weather enhanced by snow and ice conditions 
and they appear north and west of the 4 disposal areas. Based on the definition of a failed wastewater 
system in the current State wastewater regulations, systems that have recurring, continuing, or seasonal 
failures are considered to be failed systems. In this regard, the Marion Cross School wastewater disposal 
system is a failed system. 
 
In response to their findings, the reoccurrence of the problem in 2019 and concerns of widespread 
disposal system failure, Lincoln Applied Geology, Inc. (LAG) in concert with PC was contracted by 
Norwich School District to conduct a four (4) task Hydrogeologic Analysis to define the nature and cause 
of the problem, as well as a possible solution.  The four tasks include: 
 
Task 1 – A site and soil evaluation was conducted in the current disposal area and the Green using 
reconnaissance and test pit methods.  Several pits were precisely placed to evaluate if and why the 
existing disposal areas are failed given that they are located in a permeable sand deposit.  The other test 
pits were be placed in the Green to define conditions that could cause seasonal failures, as well as to 
define potential solutions to the problem beyond the limits of the current disposal area. 
 
Task 2 – Three (3) borings (with continuous macrocore samples) were placed and converted to 
monitoring wells finished off  below grade to be used for hydraulic conductivity testing and water table 
monitoring.  This included oversight by a geologist/hydrogeologist, the boring contractor (T&K Drilling) 
and all required materials. 
 
Task 3- Hydraulic conductivity tests on the 3 monitoring wells were conducted to define the ability of the 
sand deposit to transmit effluent from the disposal areas. 
 



 

Task 4- The analysis of the overall database was conducted to define the cause of the colored surface 
discharges, to define a basis of design for handling +/- 5000 gallons per day (gpd) and to define solutions 
for remediating the process causing the colored surface discharges. 
 
As a result of a summary meeting on November 11, 2019 with the State of Vermont Regional Engineer, 
Terry Shearer; Pathways Consulting, LLC; Ms Jamie Teague, Business Administrator for Dresden School 
District/SAU70 and Tom Candon, School Board Chair of Norwich School District, the tasks were 
expanded to include Task 5- Altering disposal system operations as soon as possible and groundwater 
system monitoring (which was authorized in early March 2020). 
 
Preliminary to conducting the analysis, a comprehensive review of the soil and hydrogeologic evaluation 
that was conducted by Wagner, Heindel and Noyes(WHN) to provide a basis of design for the current 
10,000 gpd system that was designed, permitted and installed in 1988 – 1989 timeframe was reviewed.  
The 10,000 gpd system design was also reviewed to define the specific details of the distribution system 
along with its adequacy and functionality in terms of defining how the distribution system may have 
contributed to the appearance of the colored surface discharges.  This review was ultimately conducted to 
define potential ways of remediating the system (if possible) to prevent the seasonal formation of the 
colored surface discharges. 
 
A series of seven (7) test holes shown on Figure 1 were excavated and evaluated by Tim McCormick of 
PC and Stephen Revell, CPG of LAG on June 13, 2019 with Terry Shearer, State Regional Engineer in 
attendance.  Formal descriptions were compiled by Tim McCormick, Soil Scientist which are presented in 
Attachment C.  The test hole locations are shown on the attached Figure 1 – Existing Conditions 
Wastewater Plan prepared by PC.  Four test holes (TH-1 through TH-4) were placed adjacent to each of 
the 4- 4200 sq. ft. disposal fields to define soil conditions and evidence of failure or proper function.  
Three additional test pits were excavated and evaluated on the western half of the Green (TH-5, 6 and 7) 
to define native soil conditions and water table limitations beneath the overall Green. 
 
The test holes placed adjacent to each disposal area identified clean disposal area stone and no 
evidence of clogging or the presence of black organic deposits that would suggest malfunction or failure.  
Following their placement, the effluent pump was activated to evaluate distribution to all four disposal 
areas and they all passed with flying colors.  The native soils beneath each disposal area were evaluated 
and fine to coarse sands and some loamy fine sands were identified with no indication of a water table 
noted to a depth of at least 48 to 65”.  The soil descriptions defined by WHN in 1988 were generally 
confirmed. 
 
The native soil profiles beneath the overall Green were defined as sandy loams to loamy sands over 
gravelly coarse sands with no real evidence of a water table to a depth of 72”.  Evidence of a seasonal 
high water table and saturation were noted at a depth of 72 to 84”. This mimiced the depth to water table 
indicators noted by WHN in 1988.  The overall soil data indicated the presence of permeable sands which 
were thought  to be capable of handling either 10,000 gpd in 1988 or +/- 5000 gpd in 2019 generated by 
MCS. 
 
To define the soil characteristics at depth, 3 borings/ monitoring wells shown on Figure 1 were installed 
and evaluated to a depth of 12 to 15’, directly adjacent to test holes 1, 3 and 4. The boring/ monitoring 
well descriptions are included in Attachment C.  They indicated the presence of fine to coarse sands with 
minor gravel to a depth of 11 to 12’, underlain by fine sand to silt.  They were found to be saturated at a 
depth of 6 to 7’’.  The boring/monitoring well descriptions indicate the presence of permeable well drained 
sands which preliminarily appeared capable of handling the current wastewater flows (+/- 5000 gpd) from 
MCS.  The boring/ monitoring wells were also placed to define the water table and direction of 
groundwater flow in the area of the 4 disposal areas, as well as to allow the hydraulic conductivity/ 
permeability of the native sand deposits to be defined. 
 
Saturated hydraulic conductivity tests were conducted on July 30, 2019 in the 3 monitoring wells and 
analyzed using Hvorslev’s Method.  Prior to the testing, the depth to water table was defined between 7.3’ 
and 8.2’ below ground surface.  Utilizing the monitoring well elevations shown on the Figure 1 Existing 



 

Conditions Wastewater Plan, groundwater elevations were calculated.   As shown, they are 514.56’(MW-
1), 514.90’(MW-2) and 515.59’(MW-3). A single groundwater contour (515’) is shown which describes 
general groundwater flow to the south – southeast at a low (not flat) groundwater gradient of 0.0068 
feet/feet which discharges into one or more tributaries of the Connecticut River.  Depending on 
groundwater conditions at different times of the year, as well as cold weather related perturbations, I 
believe that flow components could be radial to the west, southwest, south and southeast.  The results of 
the hydraulic conductivity analysis are contained in Attachment D.  Three tests were conducted with 
hydraulic conductivities ranging from 40.48 ft./day to 40.94 ft./day to 42.70 ft./day.  They are somewhat 
higher than the results generated by WHN.  The average value is 41.37 feet/day which was used in the 
Site Specific Effluent Mounding Analysis utilizing Darcy’s Law.  This is an overall effects analysis which 
relates to all 4 disposal areas operating simultaneously.  The results of this analysis indicate that a 8.48’ 
effluent mound would develop beneath the disposal area in response to a maximum potential daily flow of 
5000 gpd.  It is important to note that the way the current system was operated through December 2019 
with very limited alternation of the disposal areas, the mounding could be higher. As Attachment D shows, 
the Darcy’s Law analysis was also conducted with literature values of 50 feet/day and 100 feet/day 
because 41.37 feet/day did not seem high enough for the underlying sands. The results indicate an 
effluent mound 7’ and 3.5’ will form. 
 
 An attempt at calibrating the Darcy’s Law model using the Hantush model was made using 41.37 
feet/day, 50 feet/day and 100 feet/day. The results indicate effluent mounds of 2.14’, 1.86’ and 1.08’ 
would form. The use of the model suggests that the mounding associated with the simultaneous use of 
the disposal fields will be much less than that calculated using Darcy’s Law, so the use of Hantush to 
calibrate Darcy’s Law is not considered to be applicable because there is not flow in all directions 
throughout the year. The use of the Hantush Model does confirm to the greatest degree the analysis 
conducted by WHN in 1988 which showed a 1.5’ mound resulting beneath the 2- 2500 gpd beds of each 
5000 gpd system. To continue with the attempt to calibrate the current Darcy’s Law model, the WHN data 
was used to calculate a groundwater gradient (in 1988) of 0.0042 feet/feet. This gradient was used to 
calculate mounding of 13.7’, 11.4’and 5.68’. Although the effluent mounding was greater using WHN data, 
the results compare favorably with the effluent mounding calculated in 2020. This calibration/comparison 
indicates that if an active groundwater gradient in a specific direction can be calculated from groundwater 
elevation data, Darcy’s Law should be used because the Hantush Model is based on effluent flow in 4 
directions from the disposal field. In short, modeling using Hantush significantly underestimates effluent 
mounding associated with a sloping one dimensional groundwater flow system. 
 
Based on the effluent mounding results generated from Darcy’s Law, it is difficult to understand why the 
four disposal areas are not failing all the time. It is my belief that as the effluent mound grows effluent flow 
goes from being one dimensional to the south-southeast to being multi-dimensional to the southeast-
south-southwest-west-northwest. This results in the zone of effluent transmission expanding to the point 
that results in effluent mounding being much less than that calculated in Attachment D. This answers the 
question about the impact of effluent from the disposal areas remaining subsurface most of the year but it 
doesn’t explain what takes place during very cold periods of the year. 
 
In order to define the process by which the cold weather colored surface discharges form, the way the 
disposal system is currently operated and related earth processes must be taken into account.  In this 
regard, during cold (below freezing consistently) weather, the roads and walkways bounding 4 sides of 
the Green freeze to variable depths normally approximating 6’ with all other ground surfaces freezing to 
variable depths depending on their use which includes the playground use, other Green uses, the ice rink 
use, and the disposal area use. In this regard, there is a variable layer of frost and ice/snow cover over 
the complete area of the Green which includes the disposal areas.  This sets up the cold weather 
existence of a box bounded by four sides of frozen soil to a depth of 6’ with a variable thickness of frozen 
ground on the top and a water table on the bottom.  The presence of the frozen soil box, the correctly 
calculated effluent mounding, the distribution system design and the current operation of the system 
results in excessive distribution to a limited area (flooding) causing excessive effluent mounding and 
causing effluent and comingled groundwater to be compressed between the water table, the frozen 
ground on three sides and the variable thickness of frost and snow/ ice ground cover. This results in the 
migration of effluent to the north and west, the least impacted area of the frozen box.  In short, the colored 



 

surface discharges form at random locations based on random westerly and northerly paths of least 
resistance to the surface.  It is a bit difficult to comprehend but it is real. This relates to understanding that 
the historic system operations revolved around a 850 gpm pump which doses 2500 gallons to 2 of the 4 
disposal fields (at a time) in 3 minutes.  In other words the 2 disposal fields are being flooded and in 
winter weather the related effluent is compressed by ice and the underlying effluent related mounded 
water table resulting in the colored surface discharges expressing themselves at ground surface. Even 
without the Girard Way frozen side of the box blocking the south flowing groundwater system, a review of 
the St. Barnabas Church soil and groundwater data indicates restrictive conditions downgradient of the 
school with both a very shallow water table and a very flat groundwater gradient. 
 
Task 5 was initiated after the November 11, 2019 summary meeting by reducing the total flow during 
each pumping event and opening valves to allow effluent to be distributed simultaneously to all four 
disposal areas at the same time. As cold weather set in, the system showed no signs of failure or the 
formation of the colored surface discharges to the west of it. Unfortunately, when consistently very cold 
conditions set in and ice and snow began covering the overall Green, the colored surface discharges 
again began to form. In response, at the end of February, LAG was asked to install pressure transducers 
to continuously monitor the water table during the simultaneous operation of all 4 disposal areas. 
 
The transducers were installed in monitoring wells MW-1 and MW-3(shown on Figure 1) located on the 
west side of the overall disposal area on March 9, 2020 during what looked to be the meltdown of the 
snow and ice conditions on the surface of the Green and probably the frozen soil sides of the box. During 
the first week of monitoring, the school was in operation but after that the school was shut down for the 
mid-winter break and then was closed due to Covid-19. The school has remained closed to date. 
Because the school was shutdown, the transducers were removed on March 31, 2020 to evaluate water 
table impacts during the one week of school operation. 
 
The graphical results of groundwater monitoring are presented in Attachment E as Figures 1 through 6. A 
water table data set was collected when the transducers were removed in order to define the groundwater 
flow direction and the groundwater gradient. To the greatest degree, they were the same as that shown 
on the Figure 1 Existing Conditions Wastewater Plan, with groundwater flow to the south at a gradient of 
0.0068 feet/feet. Monitoring Figure 1 and 3 describe groundwater conditions between March 9 and March 
31 in MW-1 (located on the Girard Way side of the disposal area) and MW-2 (located on the ballfield side 
of the system). The peaks represent system pumping events with the school in operation during the first 
week and without the school in operation during the remaining period although normal maintenance was 
being conducted and possibly staff related activities were being conducted in response to Covid-19. Since 
the disposal areas were installed at an approximate depth of 2.5’, the minimum separation of the 
groundwater system from the bottom of the disposal areas can be calculated. Relative to MW-1, the 
minimum calculated separation was 3.71’. For MW-3, the minimum separation was 3.54’. The required 
minimum separation from the groundwater system is 3’. The monitored separation is concerning given 
only one week of the school operating and the fact that the seasonally high groundwater period had not 
been completely reached. 
 
Monitoring Figures 2 and 4 describe groundwater conditions between March 9 and March 14 when the 
school was in operation. These graphs (Monitoring Figures 2 and 4) show nothing different than 
Monitoring Figures 1 and 3, they just allow a focus on the groundwater conditions when the school was 
operating. Based on the fact that the monitoring was conducted just after frost left the ground and now the 
school is no longer operating, the monitoring was suspended because the necessary data was already 
collected and the collection of additional data would not show anything more that would aid the 
evaluation. 
 
In summary, the five task hydrogeologic evaluation describes the presence of well drained sands with a 
high enough permeability to transmit effluent and groundwater but with very difficult one dimensional flow 
to the south at a low gradient of 0.0068 ft/ft. When modeled properly using Darcy’s Law, effluent 
mounding can be shown to be prohibitively high and in direct conflict with State wastewater regulations. 
While the groundwater flow system expands in width due to radial flow in a southeast-south-southwest-
west-northwest direction to dissipate the effluent mounding during most of the year, it cannot be 



 

expanded at all when frozen ground conditions are present. In this regard, comingled groundwater and 
effluent flows to the north and west, the least impacted area in the frozen box. What this suggests is that 
the disposal areas may be sized large enough to accept 5000 gpd in warmer conditions but during very 
cold weather when the frozen soil box is present there is nowhere for the effluent to go but up to the 
surface on the north and west side of the Green. Based on the results of the evaluation, it is my 
professional opinion that regardless of the size, dimension or orientation of an up to 5000 gpd system, the 
presence of the frozen ground barriers will not allow a system of this size to function properly year-round.  
 
If you have any questions, please don’t hesitate to call me at 802-453-4384 or email me at 
srevell@lagvt.com 
 
 
Very truly yours, 
Lincoln Applied Geology, Inc. 
 
 
 
 
 
Stephen Revell, CPG  
Senior Hydrogeologist 
 
SR/KC  
Cc Jeff Goodrich 
     Tom Candon 
     Tony Daigle 
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