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R131.06049.001 
 
Mr. John S. Holt, Chair 
Lamoine Planning Board 
606 Doughlas Highway 
Lamoine, ME 04605 
 
Re:  Peer Review of MacQuinn Gravel Pit Expansion Application 
 
Dear Mr. Holt: 
 
In accordance with Ransom Consulting, Inc.’s (Ransom) proposal of March 14, 2013, and the 
Lamoine Planning Board’s acceptance of that proposal in an April 3, 2013 email, Ransom has 
completed Task 1 of the work scope.  This report summarizes our review of written 
documents submitted to the Board as part of its review of the proposal of Harold MacQuinn, 
Inc., to expand its gravel pit by moving into the area shown on the attached Figure 1 and 
apparently part of Lamoine Tax Map 3, Lots 31 and 33.  Specifically, Ransom’s work includes a 
review and analysis of a report by Summit Environmental Consultants, Inc. (Summit), of 
September 2012 (beginning on P. 74 of the Record), a rebuttal by Dr. Willem Brutsaert 
(Brutsaert) dated January 2013 (beginning on P. 228 of the Record), and a surrebuttal by 
Summit to Brutsaert’s testimony, dated Feb. 1, 2013 (beginning on P. 221 of the record).  
These three reports contained tables, boring logs, groundwater elevations, maps, and other 
references and my analysis is based on the data contained in or referenced by these pieces of 
the record.  Ransom’s task was to analyze the record and identify, to the extent possible, the 
potential groundwater impact. 
 
One of the first tasks that we undertook was to assemble all of the data into ArcGIS so that 
everything could be correctly georeferenced.  We noticed that the November 2011 LiDAR GIS 
products were available from the Maine Office of GIS so we downloaded the new topographic 
maps and hillshade representations of topography.  We georeferenced the data points 
contained in the three reports by aligning data with identifiable points on the 2003 
orthophotograph or the USGS 7.5’ topographic map of the area.  Therefore, we transferred 
Summit’s “site boundaries, cross section locations, and data points” from the various maps to 
the ArcGIS environment.  A map in the Record that showed the proposed final topographic 
configuration of the completed pit was on P. 136 of the Record and was a map prepared by 
Summit called “Post Development Drainage Plan.”  We assume that this represents the final 
outcome of the project that is before the Board for approval.
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Using the LiDAR-determined ground surface, we estimated the ground elevation for each 
geologic data point, and then subtracted the depths to different features of interest to find the 
depths to such features as:  1) an upper, or perched water table in fine-grained glaciomarine 
sediments; 2) the position of the uppermost glaciomarine fine-grained sediment; 3) any 
deeper identified water table in the sand and gravel aquifer; and 4) the top of bedrock.  
Additional data points were added along the Jordan River, Archers Brook, Blunts Pond, and a 
few other small unnamed streams and tributaries that were obviously in glaciomarine fine-
grained sediments.  The purpose of these points was to add additional data points to the top of 
glaciomarine fine-grained sediments, and a perched water table elevation.   Although most of 
the ground elevations that were surveyed at the Summit data points (after changing from 
NGVD29 to NAVD88 datum = 0.64’ difference) were in close agreement with the LiDAR (95% 
of LiDAR points are supposed to be within +/- 0.5’ of true ground surface), one point, MW-3-
2012 has a difference in estimated ground elevation of about 27 feet, suggesting that either 
the survey data at MW-3-2012 are off either vertically or horizontally or MW-3-2012 was not 
plotted at the correct location on the Summit maps.  We also note that on our maps we 
abbreviate the name for “glaciomarine fine-grained sediments” to “clay” simply for the 
purpose of fitting the text easily into the figures.  We understand that the glaciomarine 
sequence is not all clay and that silty fine sands, silts, and clay-silts are stratified to form the 
unit and the texture is variable from place to place and one depth to another. 
 
We put together all of the viable data for each of the four groups of data—shallow water table; 
deep water table; top of clay; and top of bedrock—in the program SURFER9 to contour the 
data using the minimum curvature algorithm, then blanked out large areas of the contour map 
where no data existed as we did not want to extrapolate far without data.  By digitizing the 
location of the Summit Geologic Sections AA’ and BB’, we brought those into SURFER as *.bln 
files and used them to cut “slices” through the four data sets, giving us the elevation profiles of 
each data set along each of the two cross sections, in the general vicinity of where data 
existed.  These data sets consist of sets of coordinates of distance from the beginning of the 
section and elevation of the data in NAVD88 feet.  These data sets were then combined in 
EXCEL to show the estimated positions in cross section. 
 
In reviewing the data and comparing the Summit interpretations to those of Brutsaert, the 
thing that struck us was that there are obviously two different water tables in the vicinity of 
the proposed gravel pit expansion.  Cold Spring, which is located at the intersection of 
Geologic Cross Sections AA’ and BB’ and is the source of a small community water supply in 
Lamoine, is formed by springs that exit at the interface of a sand and gravel layer that pinches 
out over an underlying glaciomarine fine-grained sediment layer, which we will call “clay” for 
short, but understand the caveat we gave in the previous paragraph.  All indications are that 
this water table that supplies Cold Spring is a perched or “shallow” water table.  Boring logs 
and monitoring wells MW-1 and MW-3-2012 suggest a deeper water table in sand and gravel 
underlies the “clay” layer.  In other words, the clay layer is sandwiched into the sand and 
gravel and a monitoring well that has a screen set deep into the clay layer shows up as “dry”.  
Monitoring well OW-1 (the one in the existing Kittridge Pit) finds a groundwater table at 
about elevation 25’ NAVD88.  Given the knowledge and approximate inclination and 
distribution of the “clay” layer in the sand and gravel, the question is how important this clay 
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layer is to diverting precipitation recharge going down through the gravel pit area from the 
surface sands and gravels towards the Cold Spring area.  As described below, it appears that 
the clay layer is sloped upward from Cold Springs into the pit area and it is not a stretch to 
conclude that Cold Spring is recharged by groundwater that percolates into the sand and 
gravel of the pit area, travels downward and hits the clay layer that slopes toward Cold Spring, 
and then flows down along this clay layer, concentrating and developing a more defined 
perched water table as it nears the Spring.  How much of this clay layer can be removed before 
Cold Spring has a “significant impact”? 
 
Figure 1 shows the proposed pit expansion area, the locations of Geologic Cross Sections AA’ 
and BB’ (the same as used by Summit), and a contour map of the top of the “clay” unit inferred 
from a few boring logs, and data points located along streams in obvious glaciomarine 
sediment terrain.  Notice how the clay layer is interpreted to slope upward from the Cold 
Spring area (at the juncture of the two cross sections) toward the middle of the pit expansion 
area but remain well below the ground surface.  Figure 2 is a color-coded digital terrain 
model that accentuates with color the differences in the ground surface elevation.  Otherwise, 
the information is the same as on Figure 1.  Figure 3 is a shaded relief model developed from 
the LiDAR data that is quite informative as to what is happening geologically.  Notice the 
rather smoothed ground surface on the southeast side of the large raised mound of sand and 
gravel on the western end of Cross Section AA’.  We interpret this rounded shoulder to be 
beach deposits in sand and gravel on top of the clay unit.  The beach was formed immediately 
after deglaciation when the relative sea level dropped fairly rapidly from Elevation 240’ at the 
time of deglaciation toward where it is today at 0’. 
 
The important difference between the Summit interpretation and the Brutsaert interpretation 
has to do with whether or not the clay layer under the beach deposits extends into the gravel 
pit area and is important to the hydrology of Cold Spring.  Summit’s Geologic Cross Section AA’ 
as shown on P. 231 of the Record (Attachment 1) suggests that the clay layer just laps up on 
the side of the esker, but does not penetrate into it.  Summit’s written analysis does not seem 
to put any weight on a clay layer penetrating into the gravel pit, either, despite boring log 
descriptions (Attachment 2) that suggest some type of fine-grained glaciomarine deposits 
being encountered at depth in borings near the expansion area.  We have attached several 
pages from a well-known reference on glacial geomorphology by Embleton & King 
(Attachment 3).  If you look at pages 475 and 476 of that reference and the figure on page 
475, you can see how having an inclined clayey layer embedded in an esker is certainly 
possible. 
 
It is easier to see what we are talking about by looking at our renditions of Geologic Cross 
Sections AA’ and BB’.  In Section AA’ (Figure 4) we have drawn the topography of the ground 
surface with great precision, based on the November 2011 LiDAR.  Notice that there is a lot of 
vertical exaggeration, so slopes look much steeper than they would be in a 1:1 scale.  The 
green line is the inferred top of “clay” or the fine-grained glaciomarine sediments that we 
believe are important to the recharge capability of the springs to the east of the pit.  The blue 
line is the shallow water table that would occur near the top of the “clay” unit.  The orange line 
is the water table in the lower sand and gravel (beneath the “clay” unit under the eastern half 
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of the pit expansion area).  Notice it is annotated within the pit expansion area itself as being a 
maximum because no water table was found in borings that were terminated at that depth.  
The estimated top of bedrock is shown by the lower red line.  Because of the scarcity of the 
data points and the broad brush contouring, some of the lines fall above the ground surface 
lines in places but that is only an artifact of the methodology we have had to use to interpret 
widely-scattered data points.  We know the lines are above ground surface in places but it is 
not important to the overall point to try to force them down to the ground surface.  Cold 
Spring is located at the distance of about 6250’ from the start of the AA’ line.  Section BB’ 
(Figure 5) is not nearly as important to the issue as Section AA’, so although we have 
provided Section BB’ here to be complete, we do not need to discuss it here. 
 
On Cross Section AA’ we have sketched in the approximate sideways projected position of the 
bottom of the pit expansion in a black dashed line.  The important thing to note here is that if 
the pit is developed as suggested by P. 136 of the Record, that a lot of the glaciomarine unit 
that is inferred to slope upward from Cold Spring into the pit area will be removed.  If this unit 
is removed, the effect of this low permeability layer in encouraging downward percolating 
recharge to flow toward Cold Springs could be lost.  If that happens, the flow of the spring 
could be greatly reduced. 
 
With all of the foregoing in mind, and feeling that there should be some requirement for the 
applicant to prove as part of the approval process that he can really excavate the pit to the 
elevations shown on the plan on P. 136 of the Record and maintain 5’ of separation to the 
average seasonal high water table, we have developed a proposed plan of additional 
exploration that will assist the Board in answering the most important questions pertaining to 
the groundwater impact of this proposed expansion:  1) where are the shallow and deep 
water tables within this pit; and 2) would excavation in the eastern half of the pit expansion 
area significantly affect the recharge for Cold Spring? 
 
Figure 6 shows the location of 4 proposed exploration points.  To try to capture the essential 
information at each point, two monitoring wells may be necessary.  The idea would be to 
advance a boring at each location that would go at least 5 feet into the permanent (deep) 
water table in sand and gravel beneath any glaciomarine fine-grained sediment units.  The 
boring should be logged continuously as it is advanced.  It may be possible to do this through 
air rotary drilling methods, as we have found that this is a reliable means of drilling through 
thick esker sediments with boulders in a relatively quick and cheap fashion,  provided the 
driller is experienced in logging surficial material in an air rotary hole and can differentiate 
the fine-grained units from the glaciofluvial sand and gravel.  A monitoring well can then be 
completed in the hole and the casing either partially or totally withdrawn.  Having determined 
the depth to the glaciomarine unit (if one is encountered), a separate hole should be drilled 10 
feet away from the first that penetrates only 5’ into that unit and a well installed in that hole.  
Since the existing data suggest that any glaciomarine units are likely to be relatively shallow, 
those wells should be installed with hollow-stem auger and continuous split-spoon samples 
taken as the augers are advanced, then the well installed inside the augers.   
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