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1.0 INTRODUCTION 

At the request of Waste Management Disposal Services of Maine, Inc. – Crossroads Landfill (WMDSM, also 

referred to the Crossroads Landfill), Golder Associates Inc. (Golder) prepared this Geologic and Hydrogeological 

Assessment Report in support of the proposed Phase 14 landfill at the WMDSM facility in Norridgewock, Maine 

(the Site). 

1.1 Objective 
This report was prepared to satisfy the requirements established by the Maine Department of Environmental 

Protection (MEDEP) related to the geologic and hydrogeologic conditions, specifically, Chapter 401 Section 2.B, 

2.C, 2.G, and 2.K of the Maine Solid Waste Management Rules (Maine SWMR), effective 2 November 1998 

(revisions effective 12 April 2015). This document represents Volume III of the Phase 14 Permit Application 

package, which, in its entirety, is organized as follows: 

 Volume I - Application Form and General Information Requirements  

 Volume II - Natural Resources Protection Act (NRPA) Application 

 Volume III - Geologic and Hydrogeologic Assessment 

 Volume IV - Landfill Engineering Report 

 Volume V - Site Operations Manual 

 Volume VI  - Draft Construction Bid Documents 

The requirements of Chapter 401 Section 2.B, 2.C, 2.G, and 2.K are listed below along with the location (in either 

this report or other parts of the application) where the requirements are addressed: 

Maine SWMR Chapter Regulatory Requirements Location Within 
Report/Application 

401.2.B Site Specific Investigation Volume III, Section 2.0  

401.2.B(1) Geological Investigation Volume III, Section 2.0 

401.2.B(1)(a) Bedrock Investigation Volume III, 2.0, 3.4 and 4.4  

401.2.B(1)(a)(i) Bedrock lithology Volume III, 3.4 and 4.4 

401.2.B(1)(a)(ii) Structure Volume III 3.4 and 4.4 

401.2.B(1)(a)(iii) Aquifer characteristics Volume III, Section 5.1.1.4 and 
5.2.4 

401.2.B(1)(a)(iv) The degree of weathering Volume III, Section 4.4  

401.2.B(1)(b) Hydraulic Conductivity Tests Volume III, Section 5.2  

401.2.B(1)(c) Hydrogeological Site Conditions Volume III, Section 5.0 through 
5.4 

401.2.B(2) Ground and Surface Water Investigation Volume III, Section 2.0 
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Maine SWMR Chapter Regulatory Requirements Location Within 
Report/Application 

401.2.B(2)(b) Water Table Observation Wells/Piezometers Volume III, Figures 12a and 12c 

401.2.B(2)(b) Site Characterization Monitoring Volume III, Section 7.0 

401.2.B(2)(c) Summary and Interpretation of Water Quality Data Volume III, Section 7.0 

401.2.B(3) Geotechnical Investigation Volume IV, Section 2.0 

401.2.C Site Assessment Report: Volume III 

401.2.C(1) Maps, Drawings and Sections showing: As follows: 

401.2.C(1)(a) Topographic base map Volume III, Figure 2 

401.2.C(1)(b) Surficial geologic map Volume III, Figure 3 

401.2.C(1)(c) Geologic cross-sections Volume III, Figures 11a and 11b 

401.2.C(1)(d) Isopach map of surficial deposits Volume III, Figures 5b, 6b, 7b, 
and 8b 

401.2.C(1)(e) Bedrock contour map Volume III, Figure 9 

401.2.C(1)(f) Two phreatic surface contour maps Volume III, Figures 12a and 12c 

401.2.C(1)(g) Vertical flow Volume III, Figure 15  

401.2.C(1)(h) Drawings showing: As follows: 

401.2.C(1)(h)(i) Existing grade of the site and proposed initial and 
final grades 

Volume IV Appendix IV (a) 

401.2.C(1)(h)(ii) The location of all test pits, borings and other 
explorations 

Volume III, Figure 1 

401.2.C(1)(h)(iii) The location and elevation of the permanent on-site 
benchmark 

Volume III Figure 12b 

401.2.C(1)(h)(iv) The property boundary when located within 500-ft. 
of the facility site 

Volume I Appendix 26A Figure 
S26-2 

401.2.C(1)(h)(v) The location of protected natural resources and 
drainageways when located with 500-ft. of the 
facility site 

Volume II Attachment 9 

401.2.C(1)(h)(vi) The location of existing and proposed water supply 
wells or water supply springs within 1000-ft. of the 
solid waste boundary 

Volume I, Figure S1-1 of 
Appendix 1B 

401.2.C(1)(h)(vii) The locations of existing and proposed access 
roads 

Volume IV Appendix IV(a) 
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Maine SWMR Chapter Regulatory Requirements Location Within 
Report/Application 

401.2.C(1)(h)(viii) The location of all proposed surface and 
groundwater monitoring points 

Volume III, Figure 16 

401.2.C(1)(h)(ix) The location and identification of buffer zones and 
visual screening provisions 

Volume I Section 7 and 26 and 
Appendix 26A Figure S26-2 

401.2.C(1)(h)(x) The location of the proposed solid waste boundary 
and all proposed waste handling area boundaries 

Volume IV Appendix IV(a) 

401.2.C(2) Time of Travel Calculations Volume III, Sections 6.3, 6.4  

401.2.C(3) Geotechnical Results Volume IV Section 2.4 

401.2.G Contaminant Transport Analysis Volume III, Section 6  

401.2.K Water Quality Report and Proposed Monitoring 
Program 

Volume III, Section 7.0  

 

1.2 General Site Description 

The WMDSM facility is located in Norridgewock, Maine, approximately 15 miles northwest of Waterville, Maine. A 

site location map is provided as Figure 1. WMDSM is proposing to construct a new, approximately 48.6-acre 

landfill (Phase 14) to the east of previously permitted landfills at the location illustrated on Figure 1. 

Extensive subsurface investigations have been conducted at the WMDSM facility in support of previous landfill 

permitting activities. Information from these previous investigations is used to supplement the subsurface 

investigation data collected for the Phase 14 solid waste permit application. Specifically, geologic and 

hydrogeologic information from the following reports is incorporated in this report: 

 Hydrogeologic Report, Phase 8 Permit Application, Crossroads Landfill, Norridgewock, Maine (Golder, 

2001), herein referred to as the “Phase 8 Permit Application (Golder, 2001)” 

 Phases 9, 11, and 12 Landfill Expansion (Robert G. Gerber, May 1996), herein referred to as the “Gerber 

Report (1996)” 

 Phase VIII and Phase X Landfill Expansion Application, Consolidated Waste Services, Inc., Norridgewock, 

Maine, Volume III, Hydrogeological Investigations” (Robert G. Gerber, January 1993), herein referred to as 

the “Gerber Report (1993)” 

Where appropriate, information from these documents has been incorporated into this report. 

2.0 SITE SPECIFIC INVESTIGATIONS 

Golder conducted a series of subsurface investigations in 2017, 2018 and 2019 in the area of Phase 14 to obtain 

site-specific geologic and hydrogeologic information. The subsurface investigations included: 

 Installation of 64 overburden monitoring wells and piezometers 

 Installation of 4 bedrock monitoring wells 
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 Installation of 7 stream piezometers/staff gauges 

 Collection of 25 soil samples for laboratory testing of grain size, Atterberg limits and/or permeability 

 Slug testing (i.e., hydraulic testing) of 40 monitoring wells and piezometers 

 Completion of 29 rounds of water level measurements 

Information obtained from these investigations was supplemented by information from subsurface investigations 

conducted by Geosyntec Consultants (Geosyntec) to support the Phase 14 landfill engineering design, which 

included: 

 Piezocone penetration testing (CPT) at 46 locations 

 22 geotechnical borings 

 Installation of 14 vibrating wire piezometers and 6 standpipe piezometers. 

2.1 Investigation Methodologies 

The following sections describe the investigation methods used by Golder to collect geologic and hydrogeologic 

information in the area of Phase 14. 

2.1.1 Soil and Bedrock Borings 

Between September 2017 and April 2019, Golder subcontracted New England Boring Contractors of Hermon, 

Maine (NEB) and S.W. Cole Explorations (S.W. COLE) of Bangor, Maine to advance soil and bedrock borings, 

collect soil samples, and install piezometers and monitoring wells. 

Golder advanced a soil boring at each piezometer/monitoring well location (i.e., one soil boring at each 

piezometer/well cluster) and collected continuous split-spoon samples into the glacial till, after which split-spoon 

samples were collected at five-foot intervals until bedrock was encountered. Blow counts and N- values (blows 

per foot) were recorded during split-spoon sampling. Golder personnel logged split spoon samples and 

lithologically classified soil using a method based on the Unified Soil Classification System (USCS). 

Golder also advanced borings approximately 40 ft. into bedrock at four locations (MW14-01, MW14-02, MW14- 

03, and MW14-04) using HQ (3.78-inch diameter) diamond bit coring techniques. Continuous core samples up to 

5 feet long were collected and logged in general accordance with the International Society of Rock Mechanic 

(ISRM) protocols. Soil and bedrock boring logs are provided in Appendix A. 

Golder’s Site-specific geologic interpretations (see Section 4.0) were supplemented by data from Geosyntec’s 

CPT results and geotechnical borings (see Figure 2 for locations). 

2.1.2 Soil Sampling 

Golder collected soil samples representative of each stratigraphic unit from a subset of boreholes (PZ-1S, PZ-2S, 

PZ-3S, PZ-4S, PZ-5D, PZ-6S, PZ-8, PZ-9, PZ-13, and PZ-14) for laboratory testing by GeoTesting Express Inc. of 

Acton, Massachusetts (GeoTesting Express). All samples were analyzed for particle size (ASTM D422 or ASTM 

D6913/D7928). Samples from PZ-1S, PZ-2S, PZ-3S, PZ-4S, PZ-5D, and PZ-6S were also analyzed for USCS 

classification (ASTM D2487) and Atterberg limits (ASTM D4318). 
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Shelby tube samples were collected from the upper stiff clay facies of the Presumpscot Formation at Golder 

borings PZ-3S, PZ-4S and Geosyntec borings GB-06 and GB-16 and from the lower soft clay facies of the 

Presumpscot Formation at Golder borings PZ-2S and PZ-3S, and Geosyntec borings GB-06 and GB-16. 

GeoTesting Express tested the samples for permeability/hydraulic conductivity (ASTM D5084). Laboratory soil 

testing results are provided in Appendix B. 

2.1.3 Piezometer and Monitoring Well Installation 

Borings advanced for soil sampling were typically completed as either a piezometer or monitoring well. At most 

locations multiple borings were advanced for the installation of piezometers or monitoring wells in both the 

overburden and bedrock hydrogeologic units. Piezometers and monitoring wells in overburden were constructed 

with either 1-inch or 2-inch diameter PVC casing and a 0.010-inch slot size well screen up to five-feet long 

depending on lithologic thickness. Monitoring wells installed in bedrock were constructed with 2-inch diameter 

PVC casing and twenty- foot long, 0.010-inch slot size well screens. The space surrounding the well screens was 

backfilled with clean filter sand. Bentonite chips or a bentonite-grout slurry mix was used to seal the filter pack 

from the ground surface. Each piezometer and monitoring well was completed with a 4-inch diameter above grade 

well cover. Well construction logs are provided in Appendix A and construction details are summarized in Table 1. 

In September 2018, Golder installed 7 stainless steel 0.75-inch Solinist® 615 Drive Point stream piezometers (S-1 

through S-7) with a 6” screen into the intermittent streams around the Phase 14 boundary (see Figure 2). Stream 

piezometers were installed using hand tools to advance the probe to refusal and/or approximately 4 feet below the 

stream bed. Steam piezometer construction details are presented in Table 2. 

2.1.4 Piezometer and Monitoring Well Development 

Golder developed the overburden and bedrock piezometers and monitoring wells by pumping and intermittent 

surging using a submersible pump. At least one well volume was pumped out of piezometers and monitoring wells 

screened in the clay and at least three well volumes were pumped out of piezometers and monitoring wells screen 

in the sand, glacial till, and bedrock. Piezometers and monitoring wells which did not have a large enough water 

column for the pump to gain suction were not developed. 

2.1.5 Water Level Monitoring 

Water levels measurements were collected monthly at PZ-1S, PZ-2S, PZ-3S, PZ-4S, PZ-5D, and PZ-6S from 

September 2017 through March 2019. Water level measurements in piezometers installed in September 2018 

(PZ-7 through PZ-14) were collected in October 2018, February 2019 and March 2019. Water level 

measurements were collected biweekly (once every other week) at all Phase 14 piezometers and monitoring wells 

and select Phase 11 and 12 monitoring wells between May 2019 and August 2019. Water level measurements 

are provided in Table 3a (Fine Silty Sand Unit) and Table 3b (Phreatic, Glacial Till, and Bedrock units). 

Depth to groundwater measurements and depth to surface water measurements were collected in stream 

piezometers in October 2018, February 2019, and on a biweekly basis beginning in May 2019. Groundwater and 

surface water measurements collected from the stream piezometers are provided in Table 2. 

2.1.6 Slug Testing 

Golder performed falling and rising head slug tests in 40 monitoring wells and piezometers to obtain estimates of 

horizontal hydraulic conductivity of the screened lithology. Golder analyzed the slug test data using the Hvorslev 

and Bouwer-Rice methods (Hvorslev, 1951; Bouwer and Rice, 1976). Only data from rising head tests were 

analyzed for wells with partially saturated well screens. 
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The following steps were completed for each slug test: 

 An initial manual water level measurement was collected. 

 A transducer was placed near the bottom of the well and set to record pressure (water level) at linear intervals 

from 0.125 seconds up to 5 minutes. 

 A PVC slug was rapidly lowered into the well until fully submerged. A PVC slug with a displacement of 12 

inches, 18 inches, or 24 inches was used for the two-inch diameter wells and piezometers. A slug with 

approximately 7 inches of displacement was used in the one-inch diameter piezometers. The choice of slug 

was dependent on the well diameter and length of the standing water column. 

 The slug was rapidly removed from the well after the water level recovered to at least approximately 90% of the 

initial water level. However, recovery in some wells was very slow due to the low hydraulic conductivity of the 

formation at the well screen, and 90% recovery was not achieved during all tests. Although 90% recovery 

was not achieved in all wells tested, sufficient representative data were collected to allow for analysis of 

hydraulic conductivity. 

 To verify the transducer data, manual water level measurements were periodically collected. 

Slug tests could not be conducted in the following shallow wells/piezometers because there was an insufficient 

water column in the well/piezometer: MW14-02S, MW14-05S, MW14-06S, PZ-7M, PZ-8S, PZ-11S, PZ-14M, PZ- 

20S, or PZ-21S. 

The slug test analyses are presented in Appendix C. Slug testing results are presented in Tables 4a through 4e 

and are discussed in Section 5.2. 

3.0 REGIONAL GEOLOGY AND HYDROGEOLOGY 

The following sections describe the regional geologic and hydrogeologic conditions. 

3.1 Site Setting 

The Site is located within the uplands section of Central Maine, which is characterized by steeply dipping 

metasedimentary rocks that have been intruded in many places by granitic rocks. Both bedrock terrains exhibit a 

strong secondary overprint from the effects of glaciation. The bedrock in the highland areas is typically covered by 

a thin veneer of bouldery glacial till. Local accumulations of windblown sand and silt are present. In the lower 

elevations, below approximately 300-feet msl, surficial deposits are quite thick. The general surficial sequence 

features till on top of the bedrock surface, followed by overlying glaciofluvial deposits, glaciomarine bottom 

sediments, proglacial fluvial or nearshore marine sediments, windblown sand, and river terrace deposits as well 

as recent alluvium along the major river valleys (Gerber, 1993, Golder, 2001). 

Local relief ranges from over 600 feet above mean sea level (msl) to the south in the granitic terrain near Rome, 

Maine, to less than 200 feet above msl in the broad region bounded by the Sandy River, the Kennebec River, and 

Route 2. The topographic highs and lows generally trend northeast-southwest and are controlled by the bedding 

of the underlying metasedimentary rocks. Topography above the granitic plutons is typically knobby, with rugged 

local relief (Gerber 1993, Golder, 2001). 
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3.2 Regional Overburden Geology 

Work by Weddle (1991 and 1992) indicates that the overburden deposits in the region are a complex series of 

diamicton facies deposited in a proglacial environment and glacial marine sediments. Recession of the continental 

ice sheet likely began very rapidly after the start of climatic warming. As the amount of free water increased at the 

base of the ice, subglacial meltwater systems began to develop. These streams integrated to form major englacial 

and subglacial meltwater systems. The large esker chain which follows the Kennebec River valley from the upper 

Dead River to Augusta is a good example of one such feature. A portion of this esker complex lies to the 

northeast of the Site, along the west side of the Kennebec. The esker system in the Kennebec River valley was 

graded to a late-glacial sea, which was rising due to the addition of large quantities of glacial meltwater to global 

ocean basins. The sediments associated with this late glacial sea are collectively known as the Presumpscot 

Formation (Bloom, 1960). These deposits are generally clay and silt believed to be caused by rock flour 

flocculation as meltwaters entered the saline sea. The silt and clay blanket interfingers with the sand and gravel of 

the esker, as observed in gravel pits along the Kennebec River west of Norridgewock village. 

The period of marine submergence in Maine lasted from roughly 13,200 to 12,000 years before present (Smith, 

1982). At maximum submergence, the marine waters extended well up the Kennebec River valley, at least as far 

as Caratunk (Caldwell, 1977). In the portion of the Kennebec River valley near Norridgewock, the present 

elevation of the highest strandline was approximately 375 feet above msl (Thompson and others, 1981), as 

indicated by a surveyed glaciomarine delta south of Norridgewock, along Route 8. 

During marine submergence, the surface of the ice sheet lowered as large volumes of ice calved into the sea, and 

to a much lesser extent, by surface melting. The effect of this "flattening" in the Upper Kennebec River valley was 

to cut off large stagnant ice masses from each other as the ice surface intersected the Boundary and Longfellow 

Mountains. The sediment trapped on and within these ice blocks was released over time and carried down the 

Kennebec River valley by meltwater streams. The sedimentation of the Kennebec River valley was maintained as 

the sea level fell, so that in many places, the granular glaciofluvial sand and gravel completely blanket the 

Presumpscot Formation. These sand and gravel deposits have been named the Emden Formation (Borns and 

Hagar, 1965). The large terraces in Norridgewock (at or below 220 feet above msl) are features formed during this 

time. 

Before the development of vegetation in the area, large amounts of fine sand and silt were picked up by strong, 

late glacial winds and deposited in the lee of hills and on many of the previously formed glaciofluvial or 

glaciomarine surfaces. Locally, these windblown sediments attained a thickness great enough to form dunes. 

Several dune fields exist in Norridgewock, the most extensive being to the east of the village near Martin Stream. 

Fine sand currently exposed at the surface in the Site area is likely of windblown (eolian) origin. 

The Pleistocene Epoch ended and the modern (Holocene) geologic environment was established with the final 

melting of ice in the upper Kennebec and the establishment of a sea level close to its current elevation. In the 

Norridgewock region, the principal features associated with Holocene sedimentation are the alluvial terraces and 

floodplains, which border the Kennebec and Sandy River valleys. Of lesser importance in terms of quantities are 

the accumulations of organic debris in small topographic basins. These generally are limited to bog and swamp 

deposits; thick peat deposits are rare in central Maine. 

The most widespread and laterally continuous surficial deposits are the clay and silt of the Presumpscot 

Formation and the stratified outwash sand of the Emden Formation. Pit exposures and subsurface data gathered 
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both at the Site and in the surrounding region indicate that the largest volume of surficial materials are the clay 

and silt of the Presumpscot Formation. 

The average thickness of surficial deposits in the region is approximately 50 feet but can be quite variable. 

Thicknesses greater than 100 feet occur along the high crest of the esker adjacent to the Kennebec River and to 

the southwest of the village of Norridgewock, where an inferred relatively deep bedrock trough diverted 

glaciofluvial sedimentation away from the axis of the Kennebec River valley. 

3.3 Regional Overburden Hydrogeology 

The various overburden deposits represent discrete hydrogeologic units with unique physical properties and 

characteristics as described in the following sections. 

3.3.1 Kennebec Esker 

The esker sand and gravel deposits along the Kennebec River valley (shown on Figure 1 as the glacial stream 

deposits) constitute one of the most significant regional surficial aquifers in southern Somerset County. However, 

as discussed in the Section 5.0, there is no hydraulic connection between the hydrogeologic units present 

beneath the Site and the Kennebec Esker. The esker deposits are locally greater than 100 feet thick as observed 

in exposures in local gravel pits and as confirmed by subsurface data from published literature (Adamik and 

others, 1987; Tolman and Lanctot, 1982) and the results of a 1984 drilling program conducted cooperatively by 

the Maine Geological Survey (MGS) and the U.S. Geological Survey (USGS). The saturated thickness of the 

esker sands and gravels is substantially less than the total thickness because the esker deposits are highly 

permeable. Many portions of the esker system are overlain by, or interfingered with Presumpscot clay and silt. 

Locally, artesian conditions likely exist on the lower flanks of the esker, where a significant thickness of clay 

overlies the esker system. Given the depositional environment of the sediments, the esker aquifer materials are 

probably quite heterogeneous and vertically anisotropic. The esker deposits represent a groundwater resource 

due to their high permeability and their proximity to the Kennebec River and the likelihood of induced recharge 

from the river when water is withdrawn. The Norridgewock water supply is developed in the esker on a river 

terrace at the location presented on Figure 1. 

3.3.2 Glacial Till 

The surface exposure of glacial till in the region is limited to high hills or stream valleys, where erosion has 

removed the overlying materials. Glacial till at the Site directly overlies the bedrock and is typically fully saturated. 

Data collected during investigations for Phase 14 and data from previous Site investigations indicate that the 

permeability of the till is quite variable. The till is primarily recharged in upland areas where overlying of low 

permeability silt/clay Presumpscot Formation deposits are thin and absent and can also receive flow from the 

underlying bedrock. 

3.3.3 Glacial Outwash (Emden Formation) 

The character of the Emden outwash deposits in the region is not known in detail because of a lack of good 

exposure and because subsurface records of the deposits are not detailed enough to distinguish it from eolian 

deposits. Mapping by Gerber (1993) suggests that the outwash is quite thin in the inter-fluvial area between the 

Sandy and Kennebec rivers where the Site is located. It appears that the outwash in the Norridgewock area is 

largely unsaturated. Thicker deposits may exist immediately adjacent to the Sandy and Kennebec rivers, where 

the saturated thickness may be relatively large. The potential for the outwash to serve as a ground water resource 

is likely limited to those areas immediately adjacent to the rivers. 
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The Emden Formation and the Kennebec esker are hydraulically indistinguishable where they are in direct 

contact. Given the depositional sequence in the region, it is probable that an aquitard of Presumpscot clay-silt 

exists over much of the area where the outwash is super-adjacent to the esker. 

3.3.4 Eolian Sand 

Because of the close textural similarity between the Emden outwash and eolian sand, their hydraulic properties 

are likely similar. However, the groundwater resource potential of the eolian sand is likely minimal due to the 

limited thickness, the limited areal extent, and the preferential distribution of the deposits away from the river 

valleys. 

3.3.5 Presumpscot Formation 

The clay-silt Presumpscot Formation is not an aquifer. However, due to its low permeability, thickness and 

widespread distribution, it exerts a strong influence on the regional groundwater setting. It is an impediment to 

meteoric recharge to the underlying bedrock and till and can create artesian heads in underlying 

hydrostratigraphic units resulting in upward vertical gradients. 

In some areas, the upper few feet of the Presumpscot are weathered to a brown or olive brown color. Where 

present, the weathered Presumpscot can exhibit post-depositional features such as desiccation fissuring, 

disruption by roots and other biological activity, frost fracturing and expansion joints. These features can make the 

upper Presumpscot relatively more permeable than the unweathered Presumpscot. Where desiccation fissuring is 

present, vertical prismatic structure is observed, which can result in higher vertical permeability than the lateral 

permeability, a feature that when present, distinguishes it from the underlying unweathered gray Presumpscot 

clay-silt. These post-depositional weathered features were not as prevalent within the upper Presumpscot 

formation of the Phase 14 area (see Sections 4 and 5). 

Unweathered clay-silt Presumpscot deposits are generally gray-brown to gray, massive, devoid of secondary 

structures, and relatively impermeable. Because of the low permeability and low specific yield of the unweathered 

clay-silt Presumpscot Formation, it never drains or becomes unsaturated before the next annual cycle of 

recharge. The long-term average water table position is in the olive-brown (weathered) unit of the Presumpscot. 

3.4 Regional Bedrock Geology 

Figure 4 presents a regional bedrock geology map. As shown, the Site is located in a terrain of regionally 

metamorphosed sedimentary rocks, locally intruded by granite, known collectively as the Sangerville Formation 

(Moench and others, 1982; Osberg, 1988). The Sangerville Formation is grouped with the Silurian System of 

rocks because of its stratigraphic position and fossil fauna assemblages. The absolute ages of the rocks in the 

Sangerville Formation are not known with certainty but are estimated to span most of the Silurian Period, currently 

taken as 435 million years to 395 million years before present. 

Several members of the Sangerville Formation have been mapped in the area bounded by the Sandy and 

Kennebec Rivers. These units are distinguished from one another by texture and lime content. In general, all 

members of the Sangerville Formation are part of a thick miogeosynclinal sequence of clastic and calcareous 

sediments, deposited in a westward-facing tectonic basin. In central Maine, the entire basin sequence is believed 

to have been thrust to the west during the Acadian Orogeny as a direct result of the closing of the proto-Atlantic 

Ocean basin during the mid- to late-Paleozoic Era. During this episode of active tectonism, the Sangerville 

Formation rocks were metamorphosed to greenschist facies. Metamorphic grades are locally higher in areas 
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adjacent to igneous intrusions. In some cases, the relatively high temperatures associated with these magmatic 

stocks obliterated the original sedimentary structures and substantially altered pre-existing mineralogy. 

Such intrusive contacts occur on the north side of the Site, near the "Old Point Pluton" and roughly two miles 

south of the Site, where the "Rome or Norridgewock Pluton" is exposed. 

The regional strike of the Sangerville Formation, as inferred from published maps and from previous outcrop 

investigations, is approximately N50oE (Moench and others, 1982, and Hussey and others, 1984). The area 

surrounding the Site lies between two large-scale northeast-trending structural features:  the Currier Hill Syncline 

and the Strickland Hill Anticline. Map patterns to the northeast of the Site (to the south of Lakewood) indicate the 

presence of a small syncline within the Site area located on its southeastern flank. There are no mapped faults in 

the immediate Site area, but there are several large-scale northeast-trending pre-metamorphic faults to the 

northwest. These features have trends in the range of N20°E to N50°E. Post-metamorphic faults have trends that 

are oblique or normal to the general northeast grain, averaging N30°W. 

Gerber (1993) evaluated the regional structural features that may affect the directional permeability of the 

bedrock. Gerber’s evaluation included: 

 A photo-geologic fracture trace analysis using conventional and high-altitude imagery 

 A structural analysis of features exposed in outcrop (Gerber, 1985) 

 A photo-linear analysis focusing on the Site area 

 A geophysical survey to verify the photo-linear interpretation and precisely locate features on the ground 

 Detailed logging of rock core obtained from Site rock borings and monitoring well installations 

 Bedrock pumping tests conducted at selected locations at the Site 

The regional photo-geologic study was initiated to identify any linear terrain features that could be related to 

bedrock structure and locally control aquifer permeability. The outcrop investigation allowed Gerber to test the 

hypotheses developed during the regional photo-geologic study, and to develop a structural model that would give 

insight into the regional aquifer properties. The Site area photo-linear analysis and geophysical survey allowed for 

locating bedrock wells at specific locations in predicted high yield zones. The results of these investigations 

formed the basis to define geometric and topological aspects of the bedrock and anisotropic conditions within the 

bedrock aquifer. 

3.4.1 Photo-geologic Investigation 

Stereoscopic evaluation of aerial photographs identified linear features that likely represent the horizontal traces 

of planar elements associated with bedrock structure. Gerber (1993) identified only a limited number of distinct 

linear elements in the immediate vicinity of the Site at the regional scale. However, features such as joints and 

cleavage are regional structural effects. Therefore, an investigation of linear elements included not only those 

features expressed locally at the area of interest, but also features that likely reflect the overall brittle fracture 

setting. 

Gerber identified sixty-two (62) linear elements in the Site region (Gerber, 1987) and plotted the elements on a 

rose diagram. Four principal directions of photo-linear orientation were identified in order of decreasing 

abundance as follows: 
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1) N8°E to S8°W. The relative abundance of features in this group suggest the presence of a very prominent 

conjugate joint set, possibly related to regional folding. 

2) N10°W - 30°W to S10°E - S30°E. Although many of these linear elements appear to be joint-related, 

subsequent investigation indicate that many are of glacial origin. 

3) N50°E to S50°W. This prominent set marks the strike of the Sangerville Formation. Although other sets are 

more abundant in imagery, this set has the strongest topographic and photographic imprint. The linear 

course of the Kennebec river from Norridgewock to Skowhegan is aligned to the regional strike of the 

Sangerville Formation. Similarly, the reach of Mill Stream that passes through the Site follows the same 

alignment. Gerber identified several linear features with this orientation within the Site area investigation. 

4) N70°E - S50°E to - S70°W - N50°W. This set is identified solely by photo-geologic and topographic 

expression. It was not possible to distinguish discrete sets of linear elements in this group with any degree of 

certainty. 

3.4.2 Outcrop Fracture Analyses 

Gerber’s field investigation of fracture features entailed measurements of the strike and dip of joints and bedding, 

and a general description of the lithology. Because of the paucity of outcrop within the region bounded by the 

Sandy and Kennebec Rivers (which were taken as the most likely local boundaries of the bedrock aquifer), the 

investigation covered terrain as far north as Madison, as far south as Rome, and from Mercer to Fairfield in the 

east and west. Gerber (1993) examined twenty-seven (27) outcrops, including igneous and metasedimentary 

lithologies. Fracture data were plotted on a Schmidt equal-area stereo-nets. The resulting distribution of points 

were counted and reduced to percentages of total planar features. The diagrams closely corroborate the 

interpretations of the photo-geologic study and show the three-dimensional orientations of fracture sets. Several 

important features are visible on the stereo-nets from which the following conclusions were drawn: 

1) The textures of the Sangerville Formation rocks, regardless of local lithology, suggest that rock matrix 

permeability would be very low. This conclusion was supported by the results of field permeability tests 

conducted on monitoring wells at the Site. Therefore, the factors controlling hydraulic conductivity in the 

bedrock are believed to be almost entirely related to brittle fracture. 

2) There is a coincidence between bedding in the Sangerville Formation rocks and cleavage, most likely an 

axial plan cleavage related to the folding described above. Both bedding and cleavage are essentially 

vertical. 

3) The four sets of linear features expressed in remote imagery are part of a regional system. In addition, granite 

sheeting was observed in the field that was not seen in the aerial photographs due to shallow dips. 

4) The prominent north-south set of photo-lineaments is only weakly expressed in outcrop. Only 5% of the 

observed planar elements have strikes in this direction. 

5) The northwest-southeast set of photo-lineaments includes an abundance of glacial features (local striations 

occurred in the range of S20o to 30oE), but also includes a very prominently developed joint set. As with axial 

plane cleavage and bedding, the dips on this set approach the vertical, although there is greater variability in 

dips measured on the Sangerville Formation than on the granites. 
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6) Except for the nearly horizontal sheet joints seen on the stereogram for granitic rocks, there are no 

statistically significant differences between the planar features in Sangerville Formation rocks and in the 

granitic rocks. This implies that the granite was in place and largely cold at the time of deformation of the 

country rock. 

7) No evidence of faulting occurs in outcrop, nor are there stratigraphic displacements that suggest faulting. 

Gerber (1993) observed slickensided surfaces only along partings associated with bedding in the Sangerville 

and interpreted these to be a result of bedding plan slip related to folding. 

3.5 Regional Bedrock Hydrogeology 

Groundwater presence and flow in bedrock primarily occurs because of secondary porosity created by bedrock 

joints and fractures. The principal axes of permeability are controlled by two major fracture sets: bedding plane 

fractures and rock cleavage that trend northeast-southwest with secondary conjugate joints, oriented northwest- 

southeast. Because of the relative abundance of vertical dips, the greatest percentage of fracture intersections is 

also vertical. Many of the joints have shallower dips. In two dimensions, the bedrock is considered anisotropic, 

with the principal direction of permeability N51°E, and the secondary direction normal at approximately N39°W. 

4.0 SITE GEOLOGY 

The overburden and bedrock geology at the Site are generally consistent with the regional geology of the 

Norridgewock region as described above. The following sections describe geologic conditions encountered in the 

Phase 14 area. 

4.1 Surficial Deposits 

Silty fine sand, interpreted to be of eolian origin, was encountered at or within approximately six inches of the 

ground surface in most borings in the Phase 14 area. In some areas the silty fine sand is overlain by a thin layer 

of organic material and silty clay and/or by fill material stockpiled during development of previous landfill or 

infrastructure construction at the Crossroads facility. These materials referred to herein as “undifferentiated 

materials” are unsaturated and discontinuous. Figure 3 illustrates the interpreted surficial geology in the Phase 14 

area. 

Golder submitted five samples of the silty fine sand to GeoTesting Express for laboratory testing to determine the 

USCS classification, particle size, and Atterberg limits (PZ-2S and PZ-4S samples only). Laboratory testing 

results are presented in Appendix B. The following summarizes laboratory testing results: 

 Sample PZ-2S (0 to 4 feet below ground surface (ft. bgs)):  classified as a poorly graded sand (93.7%) with 

silt (6.3% silt and clay) with an identified group symbol of SP-SM. 88% of particles passed the #40 sieve, 

indicating the sand portion is predominantly fine grained. The sample is non-plastic with a medium dry 

strength. 

 Sample PZ-4S (2 to 6 ft. bgs):  classified as a silty sand (62.5% sand, 37.5% silt and clay) with an identified 

group symbol of SM. 92% of particles passed the #40 sieve, indicating the sand portion is predominantly fine 

grained. The sample is non-plastic with a high dry strength. 

 Sample PZ-8S (6 to 8 ft. bgs):  classified as a sand (90.9%) with silt (9.1% silt and clay). 92% of particles 

passed the #40 sieve, indicating the sand portion is predominantly fine grained. 
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 Sample PZ-9S (9-11 ft. bgs):  classified as a sand (88.3%) with silt (11.7% silt and clay). 88% of particles 

passed the #40 sieve, indicating the sand portion is predominantly fine grained. 

 Sample PZ-13S (7-8.2 ft. bgs):  classified as a silty sand (82.2% sand, 17.8% silt and clay). 89% of particles 

passed the #40 sieve, indicating the sand portion is predominantly fine grained. 

Figure 5a illustrates the interpreted elevation of the top of the silty fine sand, which generally slopes from an 

elevation of approximately 305 ft. msl on the north end of Phase 14 to approximately 275 ft. msl to the south, 

southwest of Phase 14. Where exposed at the ground surface, the top of sand elevation is controlled by the local 

topography. 

An interpreted isopach (thickness) contour map for the silty fine sand is presented as Figure 5b. As illustrated, the 

silty fine sand is absent in some areas of Phase 14. In most of the Phase 14 area the silty fine sand ranges in 

thickness from approximately one to six feet. Thicker mounds of silty fine sand were encountered in some areas, 

particularly in the southeast corner of Phase 14 where one boring encountered 21 feet of silty fine sand. 

4.2 Presumpscot Formation 

Golder encountered silt and clay interpreted to be the Presumpscot Formation in all borings within the footprint of 

the expansion area. The silt and clay are separated into the following two facies based on observations of the 

lithology: a stiff upper clay facies and a soft lower clay facies. The contact between the upper stiff facies and the 

lower soft facies is transitional as evidenced by a reduction in N-value and stiffness observations, over a range of 

approximately one to five feet. Golder generally differentiated the two facies based on the stiffness observations, 

with the stiff/medium-stiff material an indicator for the stiff clay, and soft/very soft material indicating a soft clay 

which would extrude between fingers when squeezed. N-values for the stiff clay typically ranged from 6 to 26 and 

from 0 (weight of hammer) up to approximately 6 for the soft lower clay. 

4.2.1 Stiff Upper Clay Facies 

The stiff upper clay facies was encountered underlying the surficial deposits in all borings. The material is a gray- 

brown, medium stiff to very stiff clay that is typically moist and exhibits orange and red mottling and occasional silt 

partings. In boreholes advanced in other areas of Crossroads Landfill facility, the upper gray-brown facies exhibits 

post-depositional features such as desiccation fissures, disruption by roots, frost fracturing, and expansion 

fracturing. These features were infrequently observed in the samples from borings within and adjacent to the 

Phase 14 footprint. 

Golder submitted three samples of the stiff upper clay facies to GeoTesting Express for laboratory testing to 

determine particle size, Atterberg limits and USCS classification (PZ-3S and PZ-4S samples only). Laboratory 

testing reports are included in Appendix B. The following summarizes laboratory testing results: 

 Sample PZ-3S (10 to 12 ft. bgs):  classified as a lean clay (0.8% sand, 99.2% silt and clay), with a liquid limit 

of 33, a plastic limit of 21, a very high dry strength, low toughness and a group symbol of CL. 

 Sample PZ-4S (8 to 10 ft. bgs):  classified as a lean clay (2.9% sand, 97.1% silt and clay), with a liquid limit 

of 31, a plastic limit of 20, a very high dry strength, low toughness and a group symbol of CL. 

 Sample PZ-14M (8.5-10.5 ft. bgs):  classified as a lean clay (0.1% gravel, 0.4% sand, 99.5% silt and clay). 
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Figure 6a illustrates the interpreted elevation of the top of the stiff upper clay facies, which generally slopes from 

an elevation of approximately 290 ft. msl on the north side of Phase 14 to approximately 270 ft. msl on the south, 

southeast side of Phase 14. 

An interpreted isopach (thickness) contour map for the stiff upper clay facies is presented as Figure 6b. The upper 

clay facies ranges in thickness from approximately 2 to 3 feet on the north side of Phase 14 to more than 10 feet 

in the central portion and south side of Phase 14. Because the contact between the upper stiff clay facies and the 

lower soft clay facies is transitional, the identified thickness of each individual facies is considered approximate. 

4.2.2 Soft Lower Clay Facies 

The soft lower clay facies of the Presumpscot Formation was encountered underlying the upper stiff clay facies in 

most borings at the Phase 14 area. The material is a gray, soft to very soft clay that is typically moist or wet, and 

relatively homogenous. Two samples of the lower soft facies were submitted to GeoTesting Express for laboratory 

testing to determine particle size, Atterberg limits and USCS classification. The following summarizes laboratory 

testing results: 

 Sample PZ-2S (15 to 17 ft. bgs):  classified as a lean clay (1.3% sand, 98.7% silt and clay), with a liquid limit 

of 33, a plastic limit of 19, a very high dry strength, low toughness and a group symbol of CL. 

 Sample PZ-3S (16 to 18 feet bgs):  classified as a lean clay (0.2% sand, 99.8% silt and clay), with a liquid 

limit of 35, a plastic limit of 20, a very high dry strength, low toughness and a group symbol of CL. 

 As described above, the contact between the upper stiff facies and the lower soft facies is transitional. 

Golder submitted one sample considered representative of the transition zone for laboratory testing to 

determine USCS classification, particle size, and Atterberg limits. 

 Sample PZ-2S (8 to 10 ft. bgs):  classified as a lean clay (0.7% sand, 99.3% silt and clay), with a liquid limit 

of 31, a plastic limit of 20, a very high dry strength, low toughness and a group symbol of CL. 

Figure 7a illustrates the extent and the elevation of the top of the soft lower facies clay. The lower facies clay was 

not encountered in the northern corner of Phase 14 or in isolated areas in the vicinity of borings GB-09 and GB- 

10 and the vicinity of CPT-30. 

Where encountered, the top of the soft lower clay facies slopes from an elevation of approximately 280 ft. msl on 

the northern side of Phase 14 to approximately 262 ft. msl on the south, southwest side of Phase 14. 

An interpreted isopach (thickness) contour map for the soft lower clay facies is presented as Figure 7b. The lower 

clay facies ranges in thickness from zero feet where it is absent to greater than 17 feet on southwestern side of 

Phase 14. Because the contact between the upper stiff clay facies and the lower soft clay facies is transitional, the 

identified thickness of each individual facies is considered approximate. 

4.3 Glacial Till 

A gray-brown, clayey fine to coarse sand and fine to coarse, angular gravel interpreted to be a glacial till was 

encountered beneath the Presumpscot silt and clay in all borings that penetrated the clay. The till is typically moist 

to wet with a medium density. 
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Golder submitted six samples of the glacial till to GeoTesting Express for laboratory testing to determine the 

particle size, Atterberg limits and USCS classification (PZ-4S and PZ-5S samples only). Laboratory testing reports 

are included in Appendix B. The following summarizes laboratory testing results: 

 Sample PZ-4S (14 to 18 ft. bgs):  classified as a sandy silt with gravel (17.5% gravel, 32.1% sand, 50.4% silt 

and clay). 100% of particles passed the 0.75-inch sieve, indicating the gravel portion is fine grained. A 

relatively even distribution of particles passed the #4 through #100 sieves, indicating the sand portion is fine, 

medium, and coarse grained. The sample is non-plastic with a high dry strength, and a group symbol of ML. 

 Sample PZ-5D (12.8 to 16.8 ft. bgs):  classified as a silty gravel with sand (36.5% gravel, 31.1% sand, 32.4% 

silt and clay). 71% of particles passed the 1-inch sieve and 66% passed the 0.375-inch sieve, indicating the 

gravel portion is fine to coarse grained. A relatively even distribution of particles passed the #4 through #100 

sieves, indicating the sand portion is fine, medium, and coarse grained. The sample is non-plastic with a high 

dry strength, and a group symbol of GM. 

 Sample PZ-8D (16 to 18 ft. bgs):  classified as a silty gravel with sand (45% gravel, 40.5% sand, 13.8% silt 

and clay). 89% of particles passed the 0.75-inch sieve, indicating the gravel portion is primarily fine grained. 

 Sample PZ-9D (53 to 55 ft. bgs):  classified as a silty gravel with sand (33.1% gravel, 23.9% sand, 43.0% silt 

and clay). 80% of particles passed through the 0.75-inch sieve and 71% passed the 0.375- inch sieve, 

indicating the gravel portion is fine to coarse grained. A relatively even distribution of particles passed the #4 

through #100 sieves, indicating the sand portion is fine, medium, and coarse grained. 

 Sample PZ-13D (32-34 ft. bgs):  classified as a silty sand with gravel (15.2% gravel, 59.6% sand, 25.2% silt 

and clay). 100% of particles passed through the 0.5-inch sieve, indicating the gravel portion is fine grained. A 

relatively even distribution of particles passed the #4 through #100 sieves, indicating the sand portion is fine, 

medium and coarse grained. 

 Sample PZ-14D (38-40 ft. bgs):  classified as a sand with silt and gravel (38.2% gravel, 50.4% sand, 11.4% 

silt and clay). 86% of particles passed the 0.75-inch sieve and 67% of particles passed the 0.375-inch sieve, 

indicating the gravel portion is fine to coarse grained. A relatively even distribution of particles passed the #4 

through #100 sieves, indicating the sand portion is fine, medium, and coarse grained. 

Figure 8a illustrates the interpreted elevation of the top of the till, which slopes from an elevation of approximately 

290 ft. msl on the northeast side of Phase 14 to less than 260 ft. msl to the south, southwest side of Phase 14. 

An interpreted isopach (thickness) contour map for the till is presented as Figure 8b. The till thickness is variable 

ranges in thickness from less than 1 foot in the area of GB-2 to over 20 feet in the area of MW14-05D. 

4.4 Bedrock 

Bedrock was encountered underlying the glacial till in borings that penetrated the till. Bedrock in the Site area has 

previously been identified as meta-sedimentary rock (meta-sandstones and quartzites) of the Sangerville 

Formation and intrusive igneous rocks. 

Golder collected rock cores in the uppermost 40 feet of bedrock at MW14-01, MW14-02, MW14-03, and MW14-

04. The bedrock encountered in the Phase 14 area is primarily a medium dark to dark gray, moderately foliated, 

very fine, sandy meta-limestone with calcite veins up to 0.75 inches thick. The rock was fresh (W1) and medium 

strong (R3). Little weathering was observed with the exception of the top 5 feet at MW14-02 which was slightly 
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weathered. The mean rock quality designation (RQD) in the upper 20 feet of core was 73%. The mean RQD for 

rock core collected from 20 to 40 feet was slightly higher (83%) indicating that the rock becomes slightly more 

competent at depth. Overall RQD values at MW14-01 (92%), MW14-03 (85%), and MW14-04 (82%) indicate 

good to very good rock quality at these locations. MW14-02 had an RQD of 52% which indicates fair rock quality. 

Observed discontinuities were planar, smooth to very rough to stepped, with dip angles from near vertical to near 

horizontal. Spacing of discontinuities in the rock cores ranged from extremely closely spaced (<1”) to widely 

spaced (48”). Many discontinuities were coated with calcite up to 0.25 inches thick and iron hydroxide staining. 

Figure 9 illustrates the interpreted top of bedrock elevation. The top of bedrock slopes from an elevation of 

approximately 280 ft msl on the north side of Phase 14 to less than 250 ft msl on the south side of Phase 14. 

4.5 Geologic Cross-Sections 

Figure 10 illustrates the location of two geologic cross sections. Figures 11a and11b present the geologic cross 

sections and illustrate the location of nearby subsurface investigations with their respective offset distances, the 

proposed solid waste boundary and leachate management system components, the existing base grade, the 

proposed constructed base preparation grade, and the intersections of the cross-sections. 

Key items illustrated on the cross-sections include: 

 The top of bedrock surface dips from north-northeast to south-southwest 

 The overburden sequence dips and thickens from north-northeast to south-southwest 

 The thickness of the glacial till is variable, but generally thickens to the south  

 The soft lower facies of the Presumpscot Clay was not encountered in the northern portion of the Phase 14 

area, but generally thickens to the south 

 The stiff upper facies of the Presumpscot Clay is continuous across the Phase 14 area 

 The undifferentiated fill materials and silty fine sands are discontinuous across the Phase 14 area 

 The proposed base grades of Phase 14 are generally coincident with the top of the Presumpscot clay 

5.0 SITE HYDROGEOLOGY 

The hydrogeologic conditions in the area of Phase 14 are consistent with the hydrogeological conditions 

encountered in other areas of the Crossroads Landfill facility. Four distinct hydrostratigraphic units have been 

identified: 

 Silty Fine Sand – contains disconnected areas of saturated, seasonally saturated, and perched groundwater. 

 Presumpscot Clays – including the upper stiff clay facies within which a continuous phreatic surface is 

present, and the lower soft clay facies. These units represent an aquitard which creates perched 

groundwater conditions in the overlying silty fine sand, which impedes meteoric recharge, and creates 

artesian heads in the underlying glacial till. 

 Glacial Till – a relatively permeable zone of fine to coarse sand and gravel. Groundwater in this unit is 

confined beneath the Presumpscot clays. 
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 Bedrock – the bedrock is less permeable than the glacial till, but the two units are in direct hydraulic 

communication. 

The following sections summarize and evaluate the investigation data collected to characterize the hydrogeologic 

conditions in the Phase 14 area. 

5.1 Hydraulic Gradients and Groundwater Flow Directions 

Golder interpreted hydraulic gradients and groundwater flow directions using the groundwater elevation data 

described in Section 2.1.6 and summarized in Tables 3a and 3b. Groundwater elevations measured in May 2019 

represent the approximate seasonal high. Therefore, groundwater elevations measured on May 2, 2019 were 

used to prepare seasonal high phreatic surface maps (Figure 12a – Phase 14 Area, Figure 12b – Facility-wide) 

and seasonal high potentiometric surface maps for the glacial till (Figure 13a – Phase 14 Area, Figure 13b – 

Facility-wide) and bedrock (Figure 14a – Phase 14 Area, Figure 14b – Facility-wide). 

Water levels measured in August 2019 represent the most complete dataset that approximates seasonal low 

phreatic surface. Therefore, groundwater elevations measured on August 23, 2019 were used to prepare a 

seasonal low phreatic surface map (Figure 12c). 

5.1.1 Horizontal Hydraulic Gradients and Groundwater Flow Directions 

The following sections discuss the water levels measured in each hydrostratigraphic unit and describes hydraulic 

gradients and interpreted flow directions based on the potentiometric surface maps developed from the water 

level measurements. 

5.1.1.1 Groundwater in the Silty Fine Sand 

Twenty-six piezometers, monitoring wells and vibrating wire piezometers were installed with screened intervals 

within the silty fine sand. However, piezometers could not be installed in the silty fine sand at some locations 

because the silty fine sand was either not present, was too thin, or no water was encountered in the unit at the 

time of boring advancement. 

Water levels measured in piezometers, monitoring wells and vibrating wire piezometers installed in the fine silty 

sand are summarized in Table 3a. Water levels were recorded as “dry” in ten of the 26 locations during one or 

more water level monitoring events. These measurements indicate that the silty fine sand is only seasonally 

saturated in some areas. At an additional ten locations there was three feet or less of standing water during one 

or more monitoring events. The three locations where the average saturated thickness of the fine silty sand is 

greater than 6 feet are located far upgradient of Phase 14 (PZ-11S and PZ-12S) or southeast of Phase 14 (PZ-

20S, outside of the Phase 14 footprint) in an area of thicker sand. 

The fine silty sandy is generally only saturated year-round in areas of thicker undifferentiated soil/fill and silty fine 

sand. In areas of thinner undifferentiated soil/fill and silty fine sand, the silty find sand is often only seasonally 

saturated or dry year-round. The Phase 14 design incorporates removal of undifferentiated soil/fill material and 

silty fine sand, and stormwater will be routed to drainage basins. As a result, any areas of saturated, seasonally 

saturated, and/or perched groundwater beneath Phase 14 will be removed as part of construction. 

5.1.1.2 Phreatic Surface 

A continuous phreatic surface is present in the Presumpscot clays. The interpreted seasonal high phreatic surface 

based on groundwater levels measured on May 2, 2019 is presented in Figure 12a. The elevation of the 

approximate seasonal high phreatic surface within the Phase 14 footprint is interpreted to range from over 290 ft 
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msl in the north to approximately 275 ft msl along the south side of Phase 14. Consistent with the topography and 

geologic structure, the phreatic surface decreases from northeast to southwest/southeast. As a result, the overall 

direction of phreatic groundwater flow is from the northeast to south-southwest/southeast. This flow direction is 

consistent with the interpreted site-wide phreatic surface as presented in Figure 12b. Phreatic groundwater in the 

Phase 14 area primarily flows towards the existing Phase 12 landfill. 

Phreatic groundwater in the immediate Phase 14 area is recharged through a combination of local meteoric 

recharge (infiltration of precipitation) and groundwater inflow from the northeast. Data collected from the stream 

piezometers/staff gauges were used to evaluate whether phreatic groundwater discharges to the nearby streams. 

Groundwater and surface water levels measured at the seven stream piezometer/staff gauge locations are 

summarized in Table 2. The majority of measurements indicate that the streams in the Phase 14 area are either 

losing streams (i.e., surface water recharges groundwater) and/or that the surface water is perched on top of the 

Presumpscot clay, as evidenced by the consistently higher surface water elevations compared to the groundwater 

elevations (i.e., downward gradients). The exception is the consistent upward gradient observed at stream 

piezometer/staff gauge S-6, and the intermittently upward gradients observed at piezometer/staff gauges S-2 and 

S-7. Phreatic groundwater may discharge to the streams on an intermittent basis at these locations1. 

Stream piezometer/staff gauge location S-7 is located hydraulically upgradient of Phase 14. Therefore, phreatic 

groundwater beneath Phase 14 would not discharge to the stream in the area of S-7. Piezometer/staff gauge 

location S-6 is located side-gradient of Phase 14. The upward gradients observed at S-6 are interpreted to be the 

result of higher phreatic surface head values to the north of S-6 where the ground surface elevation rises to an 

elevation of over 310 ft. msl. Therefore, any phreatic groundwater that discharges to the stream in the area of S-6 

is interpreted to be groundwater flow from the north. 

Piezometer/staff gauge location S-2 is also located side-gradient of Phase 14. The upward gradients observed at 

S-2 are interpreted to be the result of the higher phreatic surface to the north of S-2 as indicated by head 

elevations measured in phreatic piezometer PZ-10M, indicating that, any phreatic groundwater that discharges to 

the streams in the area of S-2 originates north of S-2. 

Consistent losing stream conditions (i.e., higher surface water elevations than groundwater elevations) were 

observed at all other stream piezometers/staff gauge locations, indicating that phreatic groundwater does not 

discharge to the stream at these locations. 

Horizontal phreatic surface groundwater flow gradients under seasonal high and season low conditions in the 

Phase 14 area where calculated at the locations illustrated on Figures 12a and 12b, respectively. The calculated 

gradients range from 0.012 to 0.032 under seasonal high conditions, and 0.016 to 0.030 under seasonal low 

conditions. Horizontal hydraulic gradients may be higher in the immediate area of streams and/or in areas of 

steeper topography. The difference in phreatic groundwater elevations between seasonal high and seasonal low 

conditions ranges from approximately 0.4 to 4.3 feet based on a comparison of minimum and maximum values at 

each location. 

 

1 Because the stream piezometers are steel drive points the lithology of the screened interval could not be confirmed. Therefore, some of 

these screened intervals may extend to the glacial till, where the groundwater elevation is representative of the potentiometric surface of the 
confined till, and not phreatic conditions which would result in discharging conditions. 
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5.1.1.3 Glacial Till 

The interpreted potentiometric surface for the glacial till based on groundwater levels measured on May 2, 2019 is 

presented in Figure 13a. The elevation of the potentiometric surface within the Phase 14 footprint ranges from 

over 295 ft. msl on the northeast side of Phase 14 to between approximately 260 ft. msl and 270 ft. msl along the 

southwest side of Phase 14. Consistent with geologic structure, the elevation of the potentiometric surface in the 

glacial till decreases from northeast to southwest/southeast. As a result, the overall direction of groundwater flow 

in the glacial till is from the northeast to south-southwest/southeast. This flow direction is consistent with the 

interpreted site-wide potentiometric surface in the glacial till as presented in Figure 13b. 

Glacial till in the Phase 14 area is primarily recharged via groundwater inflow from the north-northeast and can 

also receive flow from the underlying bedrock. Glacial till groundwater does not discharge locally. Glacial till 

groundwater is confined beneath the Presumpscot clays that thicken to the south-southeast and is interpreted to 

eventually discharge to Mill Stream approximately 1,500 feet downgradient of Phase 12, where the Presumpscot 

clays are thin or absent. 

Horizontal groundwater flow gradients in the glacial till in the Phase 14 area were calculated at the locations 

illustrated on Figure 13a. The calculated gradients range from approximately 0.011 ft./ft. to 0.044 ft./ft. 

5.1.1.4 Bedrock 

The interpreted potentiometric surface for the bedrock based on groundwater levels measured on May 2, 2019 is 

presented in Figure 14a. The elevation of the potentiometric surface within the Phase 14 footprint ranges from 

approximately 295 ft. msl on the northeast side of Phase 14 to between approximately 265 ft. msl and 275 ft. msl 

along the southwest side of Phase 14. Like the other hydrostratigraphic units and consistent with the geologic 

structure, the elevation of the potentiometric surface in the bedrock decreases from northeast to 

southwest/southeast. As a result, the overall direction of groundwater flow in the bedrock is from the northeast to 

southwest/southeast. This flow direction is consistent with the interpreted site-wide potentiometric surface in the 

bedrock as presented in Figure 14b. 

The bedrock in the Phase 14 area is primarily recharged via groundwater inflow from the north-northeast and 

regionally appears to be recharged in the area of the bedrock ridge to the east-northeast of Phase 14. Bedrock 

groundwater does not discharge locally. Like the glacial till, bedrock groundwater in the Phase 14 area is confined 

beneath the Presumpscot clays that thicken to the south-southeast under Phase 11 and is interpreted to 

eventually discharge to Mill Stream approximately 1,500 feet downgradient of Phase 12, where the Presumpscot 

clays are thin or absent. As described above, groundwater in the bedrock also likely flows into the overlying 

glacial till in some area. 

Horizontal groundwater flow gradients in the bedrock in the Phase 14 area calculated at the locations illustrated 

on Figure 14a. The calculated gradients range from approximately 0.013 ft./ft. to 0.025 ft./ft. 

Figure 14c illustrates the interpreted regional bedrock potentiometric surface and regional groundwater divides. 

Phase 14 and all existing landfill phases are within a groundwater flow system with a prevailing groundwater flow 

direction from the upland areas to the north of Phase 14 towards Mill Stream to the south. There is a groundwater 

divide coincident with the upland areas to the north and east of Phase 14. The presence of this groundwater 

divide precludes groundwater flow from Phase 14 to the “Significant Sand and Gravel Aquifer” located along the 

banks of the Kennebec River, the Town of Norridgewock water supply well, and the Kennebec River. 

Groundwater east of the divide flows away from Phase 14 and towards the Kennebec River. 
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5.1.2 Vertical Hydraulic Gradients 

Vertical hydraulic gradients between the phreatic surface and the glacial till, and between the glacial till and the 

bedrock were calculated at five locations, as summarized in Table 5. The vertical gradients were calculated under 

seasonal high (May 2, 2019) and seasonal low (August 2019) conditions, and indicate the following: 

 Vertical gradients from the phreatic surface to the glacial till are generally downwards at the well locations 

evaluated. Gradients ranged from 0.18 ft/ft to 1.05 ft/ft. 

 The direction of vertical gradients between the glacial till and the bedrock are variable, ranging from a 

downward gradient of 0.01 ft/ft to an upward gradient of -0.09 ft/ft. 

While downward vertical gradients from the phreatic surface to the till are observed in some areas, vertical 

groundwater flow through the Presumpscot clays is negligible due to the very low vertical hydraulic conductivity of 

the clays, which precludes recharge of the underlying glacial till and bedrock through the clays in the immediate 

area of Phase 14. 

5.2 Hydraulic Conductivity and Other Hydraulic Parameters 

As described in Sections 2 and 3, slug tests and laboratory permeability tests were conducted to evaluate the 

hydraulic conductivity of the hydrostratigraphic units encountered in the Phase 14 area. Results of this work are 

compared to and supplemented by findings from hydrogeologic investigations completed in other areas of the 

Crossroads Landfill facility. Specifically, the hydraulic conductivity, transmissivity and storativity of the various 

hydrostratigraphic units across the site were analyzed in detail by Gerber (1993 and 1995). Investigations 

included over 180 slug tests and five groundwater pumping tests. The Gerber groundwater pumping tests 

included: 

 An approximately 51-hour pumping test at bedrock pumping well 101F located east of Phases 1-6. 

 Approximately 72-hour bedrock pumping tests at four wells: B-1101; B-1103B, B-1104, and B-1106. These 

bedrock wells were installed to intersect bedrock fracture zones delineated from geophysical studies and 

aerial photography interpretation. Well B-1101 is in the Phase 9 area. Well B-1104 is located adjacent (west) 

to Phase 10. Well B-1106 is located south of Phase 11A, and 1103B is located on the north side of Phase 

12. 

Pumping test locations are illustrated on Figure 14b. Results of Gerber’s testing are presented below as 

appropriate. The following sections present the measured and calculated hydraulic parameters for each of the 

hydrostratigraphic units tested during this investigation. 

5.2.1 Silty Fine Sand 

Slug tests could not be completed in all wells/piezometers screened in the silty fine sand because the water 

column was very limited in some of the installations. Table 4a presents the results of the slug tests that were 

conducted, and the geometric mean, maximum, and minimum hydraulic conductivity values derived from the slug 

tests are presented in Table 4e. Estimated horizontal hydraulic conductivity values for wells screened in the silty 

fine sand ranged from 1.31E-04 cm/sec to 8.06E-02 cm/sec with a geometric mean of 7.06E-03 cm/sec. 

The saturated thickness of the silty fine sand unit is limited and the Phase 14 design incorporates removal of 

undifferentiated soil/fill material and silty fine sand. Golder considers the hydraulic significance of the silty fine 

sand to be minimal, consistent with previous interpretations (Gerber, 1996). 
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5.2.2 Presumpscot Clay 

The horizontal hydraulic conductivity of the Presumpscot clay was estimated by conducting slug tests in eight 

wells/piezometers screened within the clay: four within the stiff upper clay, one within the soft lower clay, and 

three across the contact between the stiff upper and soft lower clays. Slug test results are presented in Table 4b 

and the geometric mean, maximum, and minimum hydraulic conductivity values derived from the slug tests are 

presented in Table 4e. The following summarizes the results: 

 The estimated horizontal hydraulic conductivity values for wells/piezometers screened solely in the stiff 

upper clay facies ranges from 1.84E-07 cm/sec to 1.89E-05 cm/sec with a geometric mean of 1.19E-06 

cm/sec. 

 The estimated geometric mean horizontal hydraulic conductivity value for the one well (MW14-02M) 

screened solely in the soft lower clay facies is 1.70E-07 cm/sec. 

 The estimated horizontal hydraulic conductivity values for wells/piezometers screened across the upper and 

lower clay facies ranges from 1.36E-07 cm/sec to 2.04E-06 cm/sec with a geometric mean of 7.21E-07 

cm/sec. 

The highest calculated horizontal conductivity value for any well screened in the Presumpscot clay is 1.7E-05 

cm/sec based on the slug testing results for piezometer PZ-16M, which is screened in the stiff upper clay facies. 

Comparison of the Phase 14 slug test results to slug test results from other areas of the Crossroads facility 

indicates that the geometric mean horizontal hydraulic conductivity for the stiff upper clays in the Phase 14 area 

(1.19E-06 cm/sec) is about an order of magnitude lower than geometric mean horizontal hydraulic conductivity for 

the stiff upper clays in other areas (2.5E-05 cm/sec based on 55 slug tests (Gerber, 1996)). The generally lower 

horizontal hydraulic conductivities values for the stiff upper clay in the Phase 14 area is consistent with the finding 

that post-depositional features such as desiccation fissures, disruption by roots, frost fracturing, and expansion 

fracturing were infrequently observed in the samples from borings within and adjacent to the Phase 14 footprint as 

compared to other areas of the site. 

The geometric mean horizontal hydraulic conductivity value calculated for the lower soft clay in other areas of the 

Crossroads facility (based on forty slug tests (Gerber 1996)) is 2.3E-06 cm/sec. This is about half an order of 

magnitude higher than the geometric mean value calculated for wells/piezometers screened across the upper and 

lower clay facies in the Phase 14 area. 

The vertical hydraulic conductivity of the Presumpscot clay was estimated by GeoTesting Express using a flexible 

wall permeameter in accordance with ASTM D5084. Laboratory results are presented in Appendix B. The 

following summarizes vertical hydraulic conductivity testing results for the two clay facies: 

 Stiff Upper Clay Facies: 

▪ Sample PZ-3S (9 to 11 ft. bgs):  1.2E-07 cm/sec 

▪ Sample PZ-4S (9 to 11 ft bgs):  1.1E-07 cm/sec 

▪ Sample GB-06 (21 to 23 ft bgs):  7.7E-08 cm/sec 

▪ Sample GB-16 (17 to 19 ft bgs):  2.9E-07 cm/sec 

▪ Geometric mean:  1.31E-7 cm/sec 
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 Soft Lower Clay Facies: 

▪ Sample PZ-3S (16 to 18 ft. bgs):  2.4E-07 cm/sec 

▪ Sample PZ-2S (10 to 12 ft. bgs):  4.2E-07 cm/sec 

▪ Sample GB-06 (29 to 31 ft bgs):  1.2E-07 cm/sec 

▪ Sample GB-16 (27 to 29 ft bgs):  8.4E-08 cm/sec 

▪ Geometric mean:  1.79E-07 cm/sec 

Gerber calculated a geometric mean vertical hydraulic conductivity value of 6.2E-08 cm/sec (Gerber, 1993) for the 

soft lower clay facies (gray facies) in other areas of the Crossroads Landfill facility using data collected during 

groundwater pumping tests. This value compares favorably to vertical hydraulic conductivity values obtained from 

the laboratory testing of Phase 14 area samples. 

The Presumpscot clays are very fine-grained and have a consistently low tested horizontal and vertical hydraulic 

conductivity. Given these characteristics, Golder considers both the upper and lower facies of the Presumpscot 

clay in the Phase 14 area to be aquitards. The almost impermeable nature of the formation impedes meteoric 

recharge and creates artesian heads in the underlying glacial till as described further in Section 5.1.2. 

5.2.3 Glacial Till 

The horizontal hydraulic conductivity of the glacial till was estimated by conducting slug tests in 16 wells/ 

piezometers screened within the glacial till. Results are summarized in Table 4c and the geometric mean, 

maximum, and minimum hydraulic conductivity values derived from the slug tests are presented in Table 4e. 

Estimated geometric mean values of horizontal conductivity values for wells screened in the glacial till ranged 

from 3.77E-07 cm/sec (MW14-02D) to 1.94E-02 cm/sec (PZ-11D) with a geometric mean of 7.60E-04 cm/sec for 

all tested wells/piezometers. 

These results compare very favorably with the geometric mean horizontal hydraulic conductivity value (3.3E-04 

cm/sec) calculated from 86 slug tests conducted in wells screened in the glacial till in other areas of the 

Crossroads Landfill facility (Gerber, 1996). 

Transmissivity and storativity values for the glacial till were calculated using data from pumping tests conducted in 

other areas of the Crossroads Landfill facility (Gerber, 1996). The following summarizes the calculated values: 

 Transmissivity:  115 ft2/day to 4,085 ft2/day 

 Storativity:  7.0E-02 to 2.6E-05 

5.2.4 Bedrock 

Slug tests were completed in the four Phase 14 bedrock monitoring wells. Results are summarized in Table 4d. 

and the geometric mean, maximum, and minimum hydraulic conductivity values derived from the slug tests are 

presented in Table 4e. Estimated geometric mean values of horizontal hydraulic conductivity at each location 

ranged from 2.11E-04 cm/sec (MW14-03B) to 8.73E-06 cm/sec (MW14-04B) with a geometric mean for all 

bedrock slug tests of 3.18E-05 cm/sec. These results compare very favorably with the geometric mean horizontal 

hydraulic conductivity value (1.9E-05 cm/sec) calculated from 50 slug tests conducted in wells screened in the 

bedrock in other areas of the Crossroads Landfill facility (Gerber, 1996). 



October 2019 19119078 

 

 

 
 23 

 

Transmissivity and storativity values for the till were calculated for the bedrock using data from pumping tests 

conducted in other areas of the Crossroads Landfill facility (Gerber, 1996). The following summarizes the 

calculated values: 

 Transmissivity:  35.9 ft2/day to 4,980 ft2/day 

 Storativity:  4.5E-07 to 2.9E-01 

5.3 Hydrostratigraphic Cross-Section 

Figure 15 presents a conceptual hydrostratigraphic cross-section (i.e., vertical flow net) that illustrates the three-

dimensional groundwater flow in the Phase 14 area. The hydrostratigraphic cross-section was constructed to be 

generally consistent with the tangent law for the refraction of groundwater flowlines at geologic boundaries. This 

law describes the refraction of flowlines created by the hydraulic conductivity contrast between geologic units. 

When the hydraulic conductivity contrast increases so does the amount of refraction that occurs at the hydraulic 

boundary. When there is vertical exaggeration along the cross-section or when the media is anisotropic the 

equipotential lines and flow lines will not intersect at right angles (Fetter, 1980). These complexities, along with 

thickness changes of the Site strata precludes the development of quantitative flow nets for the Site. However, the 

conceptual hydrostratigraphic cross-section depicted in Figure 15 is a good tool for understanding the three-

dimensional flow of groundwater in the Phase 14 area. 

Comparison of the relative elevation of the phreatic, glacial till, and bedrock potentiometric surfaces in Figure 15 

indicates the following: 

 Upgradient of Phase 14 the glacial till potentiometric surface is higher than the phreatic surface, consistent 

with the confining nature of the Presumpscot Clays. 

 The elevation of the phreatic, glacial till, and bedrock potentiometric surfaces are approximately equal 

between MW14-01 and VW-5, indicating weak vertical gradients under much of Phase 14. 

 To the southeast of VW-5, the phreatic surface is generally higher than the glacial till potentiometric surface 

because the till thickens to south, which increases the overall transmissivity till and results in lower heads in 

the till. The potentiometric surface in the bedrock is generally higher than the glacial till southeast of VW-4, 

indicating upward flow of groundwater from the bedrock into the thicker, more transmissive glacial till. 

 Horizontal flow in all three hydrostratigraphic units is generally from north to south along this 

hydrostratigraphic cross-section, coincident with the slope of the topography and geologic structure. 

5.4 Horizontal Groundwater Seepage Velocity Estimates 

Groundwater flow (seepage) velocities were estimated using an analytical approach and conservative 

assumptions that results in velocities in the high end of an expected range. The calculations are presented in 

Appendix D and are discussed below. The seepage velocities were estimated using Darcy's Law and input 

parameters described below. For the horizontal hydraulic conductivity, site-wide geometric mean hydraulic 

conductivity values as presented in Section 5.2 were used. An effective porosity of 10% was used as required in 

Maine SWMR Chapter 401.2.C(2). 
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6.0 TIME OF TRAVEL ANALYSIS 

Maine SWMR, Chapter 401.2.G, requires a "thorough analysis of the proposed site and the adjacent area that 

could be affected during operation and after closure of the landfill in the event of releases of contaminants to 

groundwater beyond engineered systems". It is required that this analysis identifies the potential for an 

"unreasonable threat to all identified sensitive receptors." The rules define an "unreasonable threat" as an "arrival 

time of less than 6 years from the landfill or less than 3 years from a leachate storage structure and pump stations 

of a concentration of a pollutant which would result in contamination of that sensitive receptor". To address this 

requirement a “time-of-travel” analysis was completed. 

6.1 Identification of Potential Sensitive Receptors 

The first step in the time-of-travel analysis was to identify potential sensitive receptors. The Maine SWMR, 

Chapter 400.1.Aaa, defines a sensitive receptor as "public and private water supply aquifers and wellhead 

protection zone; public and private drinking water supplies; significant groundwater aquifers and primary sand and 

gravel recharge areas; sand and gravel deposits; and Class AA, A and B surface water bodies and great ponds." 

A review of published data for the Site and surrounding area was performed to evaluate each of the above to 

identify potential sensitive receptors. 

 There are no public water supplies or well-head protection areas in the immediate vicinity of Phase 14 or the 

WMDSM facility. As noted in Section 3.3.1, the Town of Norridgewock water supply well field is developed in 

the esker on the bank of the Kennebec River. However, there is no hydraulic connection between 

groundwater in the Phase 14 area and the esker (shown as the “Significant Sand and Gravel Aquifer” on 

Figure 14c) because groundwater flow in all hydrostratigraphic units in the Phase 14 area are primarily to the 

south-southwest/southeast (consistent with the topography and geologic structure) away from the Town of 

Norridgewock water supply, which is located approximately 6,000 feet to the northeast of Phase 14. 

Therefore, there are no public water supplies or well-head protection areas that represent a sensitive 

receptor. 

 Locations of private water supply wells, as identified by the Maine Geological Survey, are provided in Figure 

S1-1 of Volume I Appendix 1B. There is no hydraulic connection between groundwater in the Phase 14 area 

and the private water supply wells located on Airport Road because groundwater flow in all 

hydrostratigraphic units in the Phase 14 area is to the south-southwest/southeast, away from Airport Road. 

The WMDSM supply well identified as “New Office Well” on Figure 13b is the closest well considered 

potentially downgradient of Phase 14 and is identified as the potential sensitive receptor for the purpose of 

the time-of-travel calculation. 

 A “significant sand and gravel aquifer” is defined by Maine SWMR Chapter 400.1.Ddd as “a porous formation 

of ice-contact and glacial outwash sand and gravel that contains significant recoverable quantities of water 

likely to provide drinking water supplies.” Significant sand and gravel aquifers identified by the Maine 

Geological Survey in the Norridgewock quadrangle (Neil, 2000) are presented on Figure 14c. The identified 

significant sand and gravel aquifers are located north and east of the Crossroads Landfill and Phase 14. 

There is no hydraulic connection between groundwater in the Phase 14 area and the significant sand and 

gravel aquifers because groundwater flow in all hydrostratigraphic units in the Phase 14 area is primarily to 

the south-southwest/southeast, away from the aquifers. The Crossroads Landfill facility and Phase 14 are 

located in an area where the Maine Geological Survey identified surficial deposits with “less favorable aquifer 

characteristics”, which are described by the Maine Geological Survey as “areas with moderate to low or no 
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potential ground-water yield (includes areas underlain by till, marine deposits, eolian deposits, alluvium, 

swamps, thin glacial sand and gravel deposits, or bedrock)” (Neil, 2000). As described Sections 4 and 5, 

surficial soils within the proposed Phase 14 area include eolian silty fine sand and glaciomarine clay 

underlain by glacial till. These findings are consistent with the Maine Geological Survey’s mapping of 

deposits “with less favorable aquifer characteristics” in the Phase 14 area. These deposits do not meet the 

definition of a significant sand and gravel aquifer. Therefore, there are no significant sand and gravel 

aquifers identified as sensitive receptors. 

 Recharge to the significant sand and gravel aquifers does not occur in the Phase 14 area. Meteoric recharge 

to the significant sand and gravel aquifer likely occurs in areas where the sand and gravel is not overlain by 

low permeability Presumpscot clays (i.e., the upland areas to the east of the groundwater divide illustrated 

on Figure 14b) and from flow from the underlying bedrock in the immediate area of the esker. Under 

pumping conditions, recharge is likely induced from the Kennebec River. 

 Streams mapped in the area of Phase 14 are classified by MEDEP as Class B streams. Normandeau field- 

delineated five intermittent Class B streams in the vicinity of Phase 14. Two of these streams are interpreted 

to be downgradient of Phase 14 and are identified as potential sensitive receptors. There are no great ponds 

in the area of Phase 14. 

In summary, the sensitive receptors identified for Phase 14 include: 

 WMDSM’s “New Office” well (see Figure 13b) 

 Two classified (Class B) streams located downgradient of Phase 14 (see Figure 12b) 

6.2 Potential Pathways 

The second step in the time-of-travel analysis was to identify potential pathways from theoretical release points to 

the identified potential sensitive receptors. Phase 14 will comprise of five cells with base grades in each cell that 

slope to a sump located in the western/southwestern part of the cells (see Figure 12a). The sumps are identified 

as theoretical release points because they represent locations where leachate could theoretically accumulate and 

create a hydraulic head on the liner for a leachate release. The sumps are also located on the downgradient side 

of the landfill cells, and therefore conservatively reduce the length of the potential pathway to the potential 

sensitive receptors. 

For each of the potential sensitive receptors, the closest sump is identified as the theoretical release point. The 

following summarizes the identified pathways: 

 Pathway 1 (Figure 12) - Cell 14E sump to the stream to the west of Phase 14 (near stream 

gauge/piezometer S-5) 

 Pathway 2 (Figure 12b) - Cell 14A sump to the stream to the south-southeast of Phase 14 (near stream 

gauge/piezometer S-4) 

 Pathway 3 (Figure 13b) - Cell 14A sump to WMDSM’s “New Office” well 

The following summarizes the general assumptions used to complete the time of travel calculations: 

 Pathway 1 – the sump in Cell 14E will be directly underlain by the upper stiff clay facies of the Presumpscot 

Formation. Therefore, a theoretical release from the Cell 14E sump would enter the groundwater flow 
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pathway and migrate horizontally through the stiff upper clay to the stream west of Phase 14. For the 

purpose of this evaluation, it is conservatively assumed that the pathway is a straight line from the Phase 

14E sump to the S-5 stream gauge/piezometer, and that groundwater discharges to the stream at this 

location as shown on Figure 12b. 

 Pathway 2 – the sump in Cell 14A will be directly underlain by the upper stiff clay facies of the Presumpscot 

Formation. Therefore, a theoretical release from the Cell 14A sump would enter the groundwater flow 

pathway and migrate horizontally through the stiff upper clay to the stream south-southeast of Phase 14. For 

the purpose of this evaluation, it is conservatively assumed that the pathway is a straight line from the Phase 

14A sump to the S-4 stream gauge/piezometer, and that groundwater discharges to the stream at this 

location as shown on Figure 12b. 

 Pathway 3 – this pathway originates from a theoretical release from the Cell 14A sump (see Figure 13b) 

which is directly underlain by the upper stiff clay facies of the Presumpscot Formation. It is then assumed 

that the theoretical release migrates vertically downward through the upper stiff clay and lower soft clay to 

the underlying glacial till. The assumption that a release would migrate straight downward through the two 

clay units is considered conservative because the actual flow path through the two clay units would include a 

horizontal flow component, which would increase the travel time through the vertical thickness of the clays. 

While the New Office well is a bedrock well, the groundwater flow pathway through the glacial till, which is in 

direct hydraulic communication with the bedrock, is assumed to be the fastest flow path to the potential well 

because the average hydraulic conductivity of the glacial till is higher than hydraulic conductivity of the 

bedrock. 

6.3 Time of Travel Calculations 

Time of travel calculations for each of the flow paths described above were made by calculating a seepage 

velocity for each component of the flow pathway and multiplying the seepage velocity by the length of the 

pathway. Time of travel values are based on average hydraulic conductivity and horizontal hydraulic gradient 

values. An effective porosity of 10% was used as required in the Maine SWMR, Chapter 401.2.C(2). Time of 

travel calculations are presented in Appendix D. 

6.4 Time of Travel Results 

The following summarizes the time of travel analysis results: 

Pathway Time of Travel 

Pathway 1 637 years 

Pathway 2 1,538 years 

Pathway 3 25 years 

 

These travel times significantly exceeded the 6-year minimum travel time required to prevent an unreasonable 

threat to the sensitive receptors and likely underpredict the true time of travel between the theoretical release 

areas and the potential sensitive receptors for the following reasons: 
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 The flow paths are assumed to be a straight line between the theoretical release areas (i.e. sumps) to the 

potential sensitive receptors and are not constructed perpendicular to the potentiometric contours. 

Groundwater flows perpendicular to potentiometric lines, and thus the actual flow paths would be longer than 

the assumed straight lines. A longer groundwater flow path would increase the length of the time of travel. 

 Stream gauges/piezometers indicate downward gradients (i.e., surface water elevations are higher than 

groundwater elevations) at the potential receptor locations (stream gauge/piezometer S-5 for Phreatic 

Pathway 1 and stream gauge/piezometer S-4 for Phreatic Pathway 2), which indicates that the streams are 

losing streams and that phreatic groundwater does not discharge in the area of the potential sensitive 

receptors. Phreatic groundwater in these areas likely discharges to surface water further downstream, which 

would increase the length of the flow path and increase the time of travel. 

 Flow through the upper and lower clay facies was assumed to be entirely vertical with no horizontal 

component for Pathway 3. If the horizontal component of flow was considered, the flow path through the two 

clay units would be longer, resulting in a greater time of travel. 

 The time for downward vertical flow from the till into the bedrock was not accounted for (added to) the travel 

time for Pathway 3 (where the potential sensitive receptor is a bedrock well). 

Maine SWMR Chapter 401.2.G requires the applicant to provide an analysis of the proposed site and the adjacent 

area that could be affected during operation and after closure of the landfill, in the event of releases of 

contaminants to groundwater beyond engineered systems. The purpose of this analysis is to assess the potential 

for an unreasonable threat to all identified sensitive receptors and to identify any operational or monitoring 

measures needed to ensure protection of the sensitive receptors. The potential for an unreasonable threat to a 

sensitive receptor is defined by Chapter 401.2.G as arrival time of less than 6 years from the landfill of a 

concentration of a pollutant which would result in contamination of that sensitive receptor. 

As described above, calculated times of travel from theoretical potential release areas associated with Phase 14 

to potential sensitive receptors far exceed the 6-year time frames that would represent “an unreasonable threat to 

a sensitive receptor”. Therefore, potential releases from Phase 14 do not represent an unreasonable threat to 

sensitive receptors. 

Chapter 401.2.G also indicates that “an unreasonable threat to a sensitive receptor” is a time of travel less than 

three years from leachate storage structures and pump stations that would result in contamination of a sensitive 

receptor. However, no new leachate storage structures or pump stations will be constructed for Phase 14. 

Leachate generated from Phase 14 will be transported to existing leachate management structures near Phase 

12. 

Th results of the Phase 14 time-of travel evaluations are consistent with analyses completed for the other landfill 

phases at the WMDSM facility. Gerber performed extensive numerical groundwater modeling of the Site and the 

area surrounding the Site for the Phases 9, 11, and 12 (Gerber, 1996) permit application and the Phases 8 and 10 

(Gerber, 1993) permit application. These modeling efforts corroborate the analytical time of travel calculations 

completed for Phase 14 because the model domains include the area of Phase 14. 

Appendix E provides the modeling section from the Phases 9, 11 and 12 permit application (Gerber, 1996), which 

describes the model development, calibration and simulation results. The following summarizes Gerber's 

modeling efforts, focusing on the results of the simulations for Phases 11 and 12 (located downgradient of Phase 

14) and describes how the results support the Phase 14 evaluations. 
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Gerber first developed a two-dimensional finite element numerical model using AQUIFEM (Townley and Wilson, 

1980) to evaluate regional groundwater flow in the bedrock aquifer and to define boundary conditions for a three-

dimensional model. Gerber used MODFLOW (McDonald and Harbaugh, 1988) for the three-dimensional finite-

difference numerical groundwater flow model which encompassed a 2.67 square-mile area, including the area of 

Phase 14 Site (see Appendix D, Figure 4-43 - Model Finite Difference Grid). Following calibration and verification 

of the MODFLOW model, Gerber used a particle-tracking post-processor (MODPATH) to predict the path of 

advective plumes from theoretical releases from Phase 11 and 12. 

The MODPATH simulations indicate the average time of time travel for a theoretical release from Phases 11 and 

12 to nearby streams through the shallow groundwater flow pathways was 8 and 15 years, respectively. 29% of 

the pathways originating at Phase 11 had a time of travel to discharge of greater than 200 years. Similarly, 18% of 

the pathways originating at Phase 12 had a time of travel to discharge of greater than 200 years. The longer flow 

paths (i.e., those greater than 200 years) represent those pathways through the Presumpscot clay. 

Gerber (1996) also calculated shallow groundwater travel times based upon Darcy’s law and hand-calculated 

seepage velocities. Using this method Gerber estimated time of travel from Phase 11 potential release areas to 

nearby shallow streams ranging from 21 to 97 years, and estimated time of travel from Phase 12 potential release 

areas to nearby shallow streams ranging from 13.9 to 46 years. These results were used to support the 

determination that the all calculated travel times exceed the 6-year time of travel requirement. Gerber’s results 

compare favorably to those calculated by Golder for Phase 14. 

Lastly, Gerber used analytical methods and groundwater modeling (MODPATH and MT3D) to simulate theoretical 

failure scenarios from Phases 11 and 12. As detailed in Attachment E, Gerber simulated impacts on ground water 

under three failure scenarios and evaluated the potential impact on six different surface water points. The 

evaluation identified nearby drainage ways, Mill Stream, and bedrock as potential receptors from the landfill and 

simulated average travel times to discharge at greater than six years for Phase 11 and 12. The analytical 

evaluations predicted no measurable long-term change in water quality in Mill Stream or other drainage ways. 

Computer simulations of the liner system failure and pumping station leak also predicted no impact to sensitive 

receptors and minimal impact to local drainage ways. Gerber concluded that the site has good hydrogeologic 

controls to back up the engineered systems, which serve to reduce the effect of any unforeseen event over the life 

of the facility. 

7.0 WATER QUALITY MONITORING PROGRAM 

Maine SWMR Chapter 401.2.C(1)(h)(viii) requires identification of proposed surface and groundwater monitoring 

points. Table 6 lists the proposed groundwater and surface water quality monitoring points. Monitoring locations 

are illustrated on Figure 16. The following sections describe the proposed water quality monitoring program. 

7.1 Proposed Groundwater Water Quality Monitoring Program 

The proposed groundwater monitoring program includes one (1) upgradient monitoring location and five (5) 

downgradient monitoring locations. Two hydrostratigraphic units will be monitored at each downgradient location 

as follows: 

 Upgradient location MW14-01 - includes glacial till monitoring well (MW14-01D) 
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 Downgradient location MW14-08 - includes a phreatic unit monitoring well (MW14-08M) and a glacial till 

monitoring well (MW14-08D) to monitor groundwater quality downgradient of Phase 14A2 

 Downgradient location MW14-03 - includes a phreatic unit monitoring well (MW14-03M) and a glacial till 

monitoring well (MW14-03D) to monitor groundwater quality downgradient of Phase 14B 

 Downgradient location MW14-04 - includes a phreatic unit monitoring well (MW14-04M) and a glacial till 

monitoring well (MW14-04D) to monitor groundwater quality downgradient of Phase 14C 

 Downgradient location MW14-05 - includes a phreatic unit monitoring well (MW14-05M) and a glacial till 

monitoring well (MW14-05D) to monitor groundwater quality downgradient of Phase 14D 

 Downgradient location MW14-07 - includes a phreatic unit monitoring well (MW14-07M) and a glacial till 

monitoring well (MW14-07D) to monitor groundwater quality downgradient of Phase 14E 

In accordance with Chapter 405.2.C(1) site characterization monitoring will be conducted prior to waste placement 

in Phase 14 to establish the parameters to be monitored and their concentrations in groundwater in the vicinity of 

the Phase 14. The site characterization monitoring program will comprise four independent samples from each 

groundwater monitoring well. In accordance with Chapter 405.2.C(1)(d), all samples will be analyzed for the 

Column 2 parameters during the first two sampling events. Samples collected during the subsequent sampling 

rounds will be analyzed for the Column 1 parameters and any Column 2 parameters detected in the first two 

sampling rounds. 

7.2 Proposed Surface Water Quality Monitoring Program 

Surface water samples will be collected as part of the water quality monitoring program from streams located 

upgradient and downgradient of Phase 14. Surface water sampling locations are illustrated on Figure 16 and 

identified on Table 6. Sampling locations include: 

 Upgradient location SW14-07 at stream piezometer/staff gauge S-7 

 Upgradient location SW14-02 at stream piezometer/staff gauge S-2 

 Downgradient location SW14-05 at stream piezometer/staff gauge S-5 

 Downgradient location SW14-08 at a new location downstream of existing piezometer/staff gauges S-1 and S-4 

In accordance with Chapter 405.2.C(1), site characterization monitoring will be conducted prior to waste 

placement in Phase 14 to establish the parameters to be monitored and their concentrations in groundwater in the 

vicinity of the Phase 14. The site characterization monitoring program will comprise of four independent samples 

from each surface water sampling location. In accordance with Chapter 405.2.C(1)(d), all samples will be 

analyzed for the Column 2 parameters during the first two sampling events. Samples collected during the 

subsequent sampling rounds will be analyzed for the Column 1 parameters and any Column 2 parameters 

detected in the first two sampling rounds. 

 

2 Wells to be installed. 
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7.3 Proposed Water Level Monitoring Program 

Water levels will be monitored at each groundwater sampling location and surface water sampling location during 

each monitoring event. Water levels will also be monitored at the monitoring wells, piezometers, and stream staff 

gauges identified on Figure 16 and listed in Table 6. 

8.0 PIEZOMETER AND WELL DECOMMISSIONING PROGRAM 

Existing monitoring wells and piezometers within the footprint of the proposed expansion area will be 

appropriately decommissioned prior to landfill construction to ensure that well materials (well casings etc.) do not 

compromise the integrity of the liner system. Wells and piezometers within the disturbed area for a particular 

phase will be decommissioned prior to construction of that phase. The wells and piezometers to be 

decommissioned and the associated landfill construction phases are provided on Figure 16.  

The following standard well decommissioning procedures will be used: 

1. Record Well Information:  The total well or piezometer depth and depth to water will be recorded at each 
well or piezometer prior to decommissioning. If available, the design well depth will be compared to the 
measured well or piezometer depth. All information will be recorded on well decommissioning forms. 

2. Remove Protective Well Cover:  The protective well cover will be removed from the wells or piezometers 
by securing a chain or pulley wire around the well or piezometer cover and pulling straight up with the drill 
rig. 

3. Remove Well Casing Materials:  PVC well casing and screen will be removed from the borehole by 
securing a chain or pulley wire around the casing and pulling straight up using the drill rig. 

4. Over-drill Borehole:  To remove remaining well materials including PVC casing/well screen, filter sand 
material, and grout materials, boreholes will be over-drilled using drive and wash drilling techniques and 
4-inch casing. The casing will be either driven or spun to the full design well depth and the borehole will 
be flushed with water. If the PVC material cannot be pulled from the ground, a roller bit will be used to 
grind up and flush out the PVC material. 

5. Grouting of Borehole:  Each borehole will be grouted by placing a tremie pipe to the bottom of the boring 
inside the 4-inch casing and pumping grout into the borehole through the tremie pipe. The 4-inch casing 
will be completely filled with grout through the tremie pipe. The casing will then be pulled from the 
borehole and additional grout added as necessary to keep the level of grout at the ground surface. Each 
decommissioned borehole will be inspected within five days to check for grout settlement. Additional grout 
or bentonite chips will be added as required. 
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