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1.0 INTRODUCTION 

This Feasibility Study (FS) was prepared by Woodard & Curran (W&C) in accordance with the 

Administrative Order by Consent (USEPA CERCLA Docket No. I-CERCLA-95-1069) (Order), between 

the City of Saco, Maine; the U.S. Environmental Protection Agency (USEPA); and the Maine 

Department of Environmental Protection (MEDEP). This FS addresses the management of groundwater 

migration and was developed based on the findings of the Remedial Investigation (RJ) report, Baseline 

Human Health and Ecological Risk Assessments, Groundwater Modeling results, and U.S. Geological 

Survey (USGS) studies. This report reflects current site conditions including the Non-Time Critical 

Removal Action (NTCRA) conducted at the landfill during 1997-98. The NTCRA addressed source 

control at this site through the placement of a Resource Conservation and Recovery Act (RCRA) Subtitle 

C Landfill Cover system over Landfill Areas 3 and 4 and focused on "hot spot" sediment removal at two 

seep areas adjacent to Sandy Brook. 

A detailed discussion of site investigations, site characteristics, and the NTCRA is presented in the Final 

Phase IA RJ and Engineering Evaluation/Cost Analysis (EE/CA) reports (W &C, 1998a and 1996) and is 

not repeated here. Results of studies conducted at the site between December 1997 and October 1998 

(e.g., December 1997, and June 1998 Pre-ROD groundwater data; USGS investigations; groundwater 

modeling and pumping test results and sediment and surface water sampling results) are summarized 

along with a refined site conceptual model in the text of this report and presented as appendices. 

1.1 PURPOSE 

The purpose of this FS is to develop potential remedial alternatives for the management of migration of 

groundwater associated with Landfill Areas 3 and 4, such that an appropriate remedy can be selected for 

the site. Based on results of the human health and ecological risk assessments, groundwater is the only 

medium associated with Landfill Areas 3 and 4 (Figure I-I) that poses a potential risk to human health 

(W &C, 1998a; Exponent, 1999). It should be noted that the concentrations of certain constituents exceed 

state or federal drinking water standards, or statewide water quality criteria. However, currently no one 

is being exposed to groundwater or to surface water in Sandy Brook as a drinking water source. 

Institutional controls implemented as part of the NTCRA will restrict future exposure to these media .. 

As supported by the Human Health and Ecological Risk Assessment Reports, the NTCRA has resolved 

all necessary source control actions at the site. 
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Long-term monitoring of the source control measures will be undertaken by the City of Saco to ensure 

continued protection of human health and the environment. 

Landfill Areas 1 and 2 did not present a risk to either human health or the environment and, as such, are 

not considered in this FS. However, as part of the NTCRA, deed restrictions have been placed on both 

these areas. 

1.2 ORGANIZA TION 

This FS was conducted in accordance with National Contingency Plan (NCP) (USEPA, 1990) and 

guidance described in: "Guidance for Conducting Remedial Investigations and Feasibility Studies Under 

CERCLA" (USEPA, 1988), "Presumptive Remedy for CERCLA Municipal Landfill Sites" (USEPA, 

1993), and "Conducting Remedial Investigations and Feasibility Stud.ies for CERCLA Municipal Landfill 

Sites" (USEPA, 1992) and is in accordance with the Order (USEPA, 1988, 1990, 1992, and 1993). The 

FS process for Municipal Landfill sites is presented in Figure 1-2. 

Section 2.0 presents the results of groundwater, surface water, and sediment investigations conducted 

between July 1997 and October 1998, and provides a summary of the groundwater model and USGS 

investigations. This information supports the previous site understanding and is the basis of the site 

conceptual model. Additional surface water, sediment, and groundwater samples were collected 

throughout 1999. In general, these data are not included in the summary tables presented in this text. 

However, the 1999 data are included as Appendix F for completeness. Although this data were not 

included specifically within this text, they were reviewed and compared to previous results. The 1999 

data are similar to the previous sampling results, and therefore, do not change the findings of this FS. 

The remainder of this FS is organized to address each of the steps identified in Figure 1-2 as follows: 

• Section 3.0 establishes the remedial objectives to mitigate the potential future risks to human health 

from groundwater exposure and identifies potential action-specific Applicable or Relevant and 

Appropriate Requirements (ARARs) for the site. 
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• Section 4.0 identifies and screens technologies that may achieve the remedial objectives. The 

demonstrated performance and applicability of each technology is considered with respect to the site 

and contaminant characteristics. 

• Section 5.0 develops remedial alternatives by combining the technologies retained through the 

previous screening process. 

• Section 6.0 screens these remedial alternatives against the three criteria identified m the NCP: 

effectiveness, implementability, and cost. 

• Section 7.0 presents a detailed analysis of the alternatives retained in Section 6.0 and screens these 

alternatives against the nine evaluation criteria identified in the NCP. 

• Section 8.0 is the comparative analysis of the retained remedial alternatives and compares the 

advantages and disadvantages of each of the alternatives relative to one another and with respect to 

the NCP criteria. 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

1-5 7/27/00 



2.0 SUPPLEMENTAL REMEDIAL INVESTIGATION REPORT 

This section presents an evaluation of the data collected at the SML between July 1997 and October 1998 

and supplements information presented in the Final Phase IA RI Report (W &C, 1998a). Since 1997, 

various media have been re-sampled to further define the nature and distribution of contamination and 

new studies (particularly by the USGS) have been completed and allowed for refinement of the site 

conceptual model. Additional data have been collected and will continue to be collected as part of the 

Pre-ROD Sampling. Of these data, the June 1999 surface water program data have been included in this 

section because they provide the most recent record of conditions in Sandy Brook. A summary of the 

surface water, sediment, and groundwater data collected between December 1998 and November 1999 is 

provided in Appendix F. These data are consistent with previous sampling results and has been provided 

for completeness. 

2.1 U.S. GEOLOGICAL SURVEY DATA COLLECTION 

The USGS collected geologic and hydrologic data in 1997 and 1998 to supplement the information 

provided in the Final Phase IA RI Report (W &C, 1998a). The USGS data collection efforts were 

focused primarily on the distribution of contaminants southeast of Landfill Areas 3 and 4. The two main 

components of the USGS work were installation of several monitoring wells in this portion of the site 

and detailed analyses of whole-r~ck samples to assess the primary chemical and physical processes 

influencing the distribution of arseriic within the aquifer. An additional goal of the USGS study was to 

characterize the flow path from the landfill to the stream to enable geochemical modeling of the arsenic 

distribution in this system. 

2.1.1 Monitoring Well Installation 

Nine monitoring wells were installed by the USGS during August and September 1997. These wells are 

identified with "MW-97" followed by a well number unique to the series and are shown on Figure 2-1. 

Eight of the nine wells were installed directly southeast of the landfill, both upgradient (north) and 

downgradient (south) of the sediment retention basin. One well (MW-97-17R) was installed adjacent to 

the southwest edge of the landfill. Wells MW-97-13R and MW-97-17R were installed in bedrock; the 

remainder were installed in the unconsolidated sand and gravel unit. 

WOODARD & CURRAN (95093.06) 
Interim Final Feasibility Study 

2-1 7127/00 



~ 

Legend 
// 

-$-
~ • -$-

/----" 

",--

C) .... 
{2l;!; 

, , 
! 

Monitoring Well 

Pump Test Well 

Piezometer 

Surface Water 
Sampling Location 

Waterway 
Extent of Landfill 
Cap 
Capped Area 

Retention Basin 

MW-96-9R. 

PZ-9 

i 
I 
I 
I 

I 

/ 
! 
I 

;' 

• SW-7 

,. 
MW-93-7-$-

••••••••••••••• I 

.·.·.~~·.1.·.~.·.·.·.· 
. . . . . . . . . .. .Mw-a 105 

:::: :: *~~~~:::::: :::::::::. 

~PZ-2D 
. ~W-95-8S 

~ 

':A, 
SW-17 

SW-16 

. ,. _ /' SW-75 

/ 

'~ MW-93-4 

SW~3V£S::~:9 
SW-28 , / ~SW-83 0 250 500 

SW-78 ~ , ~I~~~I ____ __ 

SW-86 I .SW-20 FEET 

Figure 2-1 
Monitoring Well Locations 

Feasibility Study Report 
Saco Municipal Landfill 

Saco, Maine 
L. ____________________________________________________________________________ ~~.~.~ _ 

2 -1.dwQ/95093/pll 



Placement of the wells was designed to provide information about the distribution of inorganic 

parameters, primarily arsenic, downgradient of Landfill Areas 3 and 4. All the wells in unconsolidated 

materials, with the exception of MW-97- 13S 1, were screened in the coarse grained glaciomarine 

deposits. MW-97-13SI was screened 30 to 35 feet below ground surface (bgs) in a silt-clay layer. Two 

bedrock wells were installed to verify and support findings of the Phase IA RI Report. Table 2-1 lists 

pertinent monitoring well construction information for these wells. 

Monitoring wells in the unconsolidated materials were installed using hollow-stem augers and were 

constructed of 2-inch inside diameter PVC materials with 5-foot well screens. Bedrock wells were 

drilled using a 2.5-inch coring bit and clear water as a drilling fluid, and consist of open boreholes below 

the top of rock. The bedrock wells have 20 to 30 feet of open borehole. 

The USGS wells were sampled in December 1997 and June 1998 along with selected existing wells. The 

samples were analyzed for inorganic parameters as part of the Pre-ROD groundwater sampling program. 

Appendix F includes results of the December 1998, June 1999, and November 1999 sampling programs. 

2.1.2 Soil and Bedrock Descriptions 

Geologic logs prepared by the USGS during monitoring well installation are provided in Appendix A. 

Descriptions of subsurface geology made by the USGS are consistent with data collected during Phase 

IA investigations for this area and indicate the presence of clay layers (e.g., MW-97-13S1) in a 

predominantly gravel formation and the presence of numerous fractures in the upper portions of the 

bedrock. Table 2-2 summarizes the hydrogeologic unit in which each well is screened. Figure 2-2 is a 

geologic cross-section that and includes geologic detail provided by the USGS monitoring wells. 

2.1.3 Core Studies 

Fourteen soil and rock cores from the contaminated portion of the aquifer downgradient of Landfill 

Areas 3 and 4 were collected by the USGS and subjected to laboratory tests to mimic the leaching of 

inorganics from the native rock. The objective of these ongoing USGS studies is to characterize the 

chemical mechanisms occurring in the aquifer by which arsenic is leached from the rock to provide a 

basis for estimating the time that may be required to improve groundwater quality beneath and 
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TABLE 2-1 
USGS MONITORING WELL CONSTRUCTION SUMMARY 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Ground 
Date Elevation 

Well ID Installed (ft. msl) 
MW-97-13R 09/04/97 107.60 
MW-97-13S-1 08121197 106.60 
MW-97-13S-2 08125/97 106.50 
MW-97-14S-1 08/20/97 87.20 
MW-97-14S-2 08120/97 87.30 
MW-97-16S 08118/97 86.10 
MW-97-17R 09/03/97 122.50 
MW-97-18S 08/28/97 87.10 
MW-97-19S 08118/97 89.3 

Notes: 

ft mgs = feet relative to mean sea level 
ft bgs = feet below ground surface 
ne = not encountered 
• = refusal 
•• = open boreholes 

Stratigraphic Units: 
ss = sand facies of glaciomarine deposits 
fin = silt-clay facies of glaciomarine de'posits 
sf = sand facies of glaciomarine distal-f~ deposits 

Bottom of 
Boring 

(ft. bgs.) 
83 
35 
48 

17.5 
14.6 
25 
49 
18 

26.5 

gd = gravel and diamict facies of glaciomarine proximal-fan deposits 
gt = glacial till 
br= bedrock 

Woodard & Curran (95093) 
Feasibility Study 

Top of Rock 
(ft. bgs.) 

48 
ne 

48· 
17.5· 

ne 
ne 
17 

18· 
26.5· 

Screen 
Interval 
(ft. bgs.) 
53-83·· 

30-35 
43-48 

12.5-17.5 
5-10 

20-25 
19.5-49·· 

13-18 
21.5-26.5 

Stratigraphic 
Unit Screened 

br 
fin 

sf/gd 
sf/gd 
sf/gd 
sf/gd 

br 
sf/gd 
sf/gd 
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TABLE 2-2 
MONITORING WELL DESIGNATIONS BY HYDROGEOLOGIC UNIT 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

AREAS 1 and 2 AREAS 3 and 4 
Upper Sand Lower 

Facies Aquifer Bedrock 

MW-93-7 MW-93-1 MW-95-5R 

MW-95-lOS* MW-93-4 

MW-95-11S PZ-ID 

MW-95-12S* PZ-2D 

MW-95-9S PZ-3D 

MW-95-SS 

MW-13 

PZ-4S* 

PZ-5S* 

MW = monitoring well 
PZ = piezometer 
S = screen set in overburden materials 
R = screen set in bedrock 

Lower Aquifer 
Shallow Deep 

MW-95-1S MW-93-3 

MW-95-2S 

MW-95-3S 

MW-95-4SA 

MW-95-4SB 

MW-95-6S 

MW-95-7S 

MW-93-5 

MW-97-13S1 

MW-97-13S2 

MW-97-14S1 

MW-97-14S2 

MW-97-16S 

MW-97-1SS 

MW-97-19S 

* = indicates monitoring welVpiezometer is in the landfill 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

Bedrock 

MW-95-1R 

MW-95-3R 

MW-95-4R 

MW-95-4RD 

MW-95-6R 

MW-95-7R 

MW-95-SR 

MW-96-9R 

MW-97-17R 

MW-97-13R 
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downgradient of the landfill. The data collected from these analyses fonn much of the basis for the 

chemical conceptual model discussed in Subsection 2.5 (a more detailed presentation of this model is 

provided in Appendix B). 

These data have not been published~ however, they were presented by the USGS at American 

Geophysical Union Meetings held in San Francisco, California in December 1998 and in Boston, 

Massachusetts in June 1999 (Colman and Lyford, 1999, Stollenwerk and Colman, 1998~ Stollenwerk and 

Colman, 1999). 

2.2 POST JULY 1997 SAMPLING EVENTS 

The Phase IA RI Report was based on site infonnation and analytical data collected through July 1997. 

Woodard & Curran conducted additional sampling of groundwater, surface water, and sediment in 1997, 

1998, and 1999. This section provides a summary of the analytical data collected during the RI and Pre

ROD sampling events. Tables 2-3, 2-4, and 2-5 present a summary of surface water, sediment, and 

groundwater sampling events, respectively. These tables provide a summary of sampling locations and 

the analyses conducted during each sampling event. This report is based on the RI completed in January 

1998. Since that time four additional sampling events have occurred. This section provides a summary 

of the analytical results through 1998. Appendix F presents the analytical results collected in 1999. 

2.2.1 Surface Water Sampling· 

Three surface-water sampling events were conducted from July 1997 through June 1999. Surface water 

samples were collected from eight locations in Sandy Brook in June 1998 and were analyzed for total 

arsenic and iron. Surface water from six of these locations had been sampled during previous 

investigations and two locations (SW-34 and SW-69) had only been sampled previously for sediments. 

Surface water samples were collected from seven locations in Sandy and Big Ledge brooks in October 

1998 and analyzed for total and dissolved arsenic, chromium, lead, and manganese. Table 2-3 

summarizes surface water sampling locations and analyses through October 1998. Surface water 

samples were collected from 14 locations in Sandy Brook during June and November 1999 and analyzed 

for arsenic, iron, and manganese. Figure 2-3 shows the surface water sampling locations. 

WOODARD &. CURRAN (95093.06) 
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TABLE 2-3 
SUMMARY OF SURFACE WATER SAMPLES AND ANALYSIS 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SA CO, MAINE 
Fall 19951Winler 1996 Spring 1996 Fall 1996 Summer Summer Fall June Nov 

1997 1998 1998 1999 1999 

SML Sampling Pesticides, Dissolved Pesticides! AS,Cr, 
Location VOCs SVOCs Inorganics PCBs Aluminum Inorganics· PCBs Mercury Inorganics As, Fe As, Fe Pb, As,Fe, As,Fe, 

Mn Mn Mn 

SW-2 v v v " " " SW-2DUP v " v " SW-3 " " v 
SW-4 v " " " " SW-4 DUP " SW-5 v v v 
SW-6 v v " v v v v v 
SW-6A " " SW-7 v v v " " " SW-7D " v 
SW-7T " " " " SW-8 " " " " v " SW-9 " " " v v v v v 
SW-9DUP v v v " " " SW-9D " SW-9T " " " SW-IO " " " SW-II " " v 
SW-13 v v " " " SW-I3D " SW-13T v v " SW-14 " " " " SW-15 " " " v 
SW-15D v 
SW-I5T " " " SW-16 " " " " SW-17 v " v v 
SW-18 " v " " SW-20 " " " SW-21 v v 
SW-21 DUP " SW-21D " SW-2lT v v v 
SW-28D v 

'SW-28T " " WOODARD & CURRAN (95093) Table 2-3 - I 7/27/00 



TABLE 2-3 
SUMMARY OF SURFACE WATER SAMPLES AND ANALYSIS 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO. MAINE 

Fall 1995IWinter 1996 Spring 1996 Fall 1996 Summer Summar Fall June Nov 
1997 1998 1998 1999 1999 

SML Sampling Pesticides, Dissolved Pesticides! As,Cr, AS,Fe, AS,Fe, 
Location VOCs SVOCs Inorganics PCBs Aluminum Inorganics· PCBs Mercury Inorganics As, Fe As, Fe Pb,Mn Mn Mn 

SW-29 " " SW-290 " SW-29T " SW-31 " " SW-34 " SW-340UP " SW-34 0 " SW-34T " " " SW-37 " " SW-52 " SW-69 
SW-690 " SW-69T " " " SW-73 " SW-75 " SW-78 " SW-83 " SW-84 " SW-86 " SW-93 " SW-98 " SW-I03 " Notes: 

T = Total, D = Dissolved, DUP = duplicate 
• Inorganics include AI, Sb, As, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, TI, Y, Zn 

WOODARD & CURRAN (95093) Table 2-3 - 2 7/27/00 



SML 
Sampling VOC SVOCs 
Location 

SD-2 " SD-2 v 
DUP 
SD-3 " SD-4 v 
SD-5 " SD-6 " " SD-7 
SD-8 v " SD-9 v " SD-9 DUP v v 
SD-IO " SD-II " SD-12 " v 
SD-13 " SD-14 " SD-15 " SD-16 "-SD-17 " SD-18 " SD-19 " SD-20 "-SD-21 
SD-22 
SD-22A 
SD-23 
SD-23A 
SD-24 
SD24A 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

Fall 1995 

Inorganics Pesticide! 
PCBs 

" " ..J " 
..J ..J 
..J " " " " " " " ..J " ..J " ..J " " " " " v " " " " " " " " " " " " " " " " " 

TABLE 2-4 
SUMMARY OF SEDIMENT SAMPLES AND ANALYSES 

SVOCs 

" 

" " 
" ..J 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO, MAINE 

Spring 1996 Summer 
1996 

(July & 
Aug) 

Inorganics Pesticides! Arsenic, Arsenic, 
PCBs Iron Iron 

" " 
..J 

" ..J 

" v 

..J ~ 

..J ~ 

" 
" " ..J 

v 
..J 

..J 

" " ..J 
~ 

" ..J 

Fall 
1996 

Arsenic, 
Iron, 

Manganese 

" 

" v 

" 

" v 

" 

" 

" 

April July June June Nov. 1999 
1997 1997 1998 1999 

Arsenic, Arsenic, 
Arsenic, Arsenic, Arsenic, Iron, Iron, 

Iron Iron Iron Manganese Manganese 

" 
" ..J " " " " " " 

" v " 
" " 

" " ..J 
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SML 
Sampling vee SVOCs 
Location 

SO-25 
SO-26 
SO-27 
SO-28 
SO-29 
SO-30 
SO-31 
SO-32 
SO-33 
SO-34 
SO-34 
DUP 
SO-35 
SO-36 
SO-37 
SO-38 
SO-39 
SO-40 
SO-41 
SO-42 
SO-43 
SO-43 
DUP 
SO-44 
SO-45 
SO-46 
SO-47 
SO-48 
SD-49 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

Fall199S 

Pesticide 
Inorganics PCBs SVOC 

s 

TABLE 2-4 
SUMMARY OF SEDIMENT SAMPLES AND ANALYSES 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SA CO, MAINE 

Spring 1996 Summer 
1996 

(July & 
Aug) 

Inorganics Pesticides! Arsenic, Arsenic, 
PCBs Iron Iron 

.J 

" " v " v " v 
v 

" " " " 
" " " " " " " " " " 
" " " " " " 

Fall 1996 

Arsenic 
Iron, 

Manganese 

" 

April July June June Nov. 
1997 1997 1998 1999 1999 

Arsenic Arsenic 
Arsenic, Arsenic, Arsenic, Iron, Iron, 

Iron Iron Iron Manganese Manganese 

" 

v v 

" v " v 

" " 
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Fall 1995 

SML 
Sampling VOC SVOCs 
Location 

SO-50 
SO-51 
S05IDUP 
SO-52 
SO-53 
SO-54 
SO-55 
SO-56 
SO-60 
SO-61 
SO-62 
SO-63 
SO-64 
SO-65 
SO-66 
SO-67 
SO-68 
SO-69 
SO-70 
SD70DUP 
SO-71 
SO-72 
SO-73 
SO-74 
SO-75 
SO-76 
SO-77 
SO-78 
SO-79 
SO-80 
SO~81 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

Inorganics 
Pesticide 
/PCBs SVOCs 

TABLE 2-4 
SUMMARY OF SEDIMENT SAMPLES AND ANALYSES 

FEASIBILITY STUDY REPORT 
SA CO MUNICIPAL LANDFILL 

SACO, MAINE 

Spring 1996 Summer 
1996 

(July & 
Aug.) 

Pesticides 
Inorganics /PCBs Arsenic, Arsenic, 

Iron Iron 

~ 
...j 

...j 

" " ...j 

...j 

...j 

...j 

" ...j 

...j 

Fall 1996 

Arsenic, 
Iron, 

Manganese 

April July June June Nov. 
1997 1997 1998 1999 1999 

Arsenic Arsenic 
Arsenic, Arsenic, Arsenic, Iron, Iron, 

Iron Iron Iron Manganese Manganese 

...j ...j 

...j 

...j 

...j 

...j 

...j 

" " " " ...j 

...j 

...j 

...j 

...j ...j 

...j 

...j 

...j 

...j 

...j 

...j 

" " 
7/27/00 



TABLE 2-4 
SUMMARY OF SEDIMENT SAMPLES AND ANALYSES 

Fall 1995 

SML Pesticide 
Sampling VOC SVOCs Inorganics !PCBs 
Location 
SO-82 
SO-83 
SO-84 
SO-85 
SO-86 
SO-87 
SO·88 
SO-93 
SO-98 
SO-103 

Notes: 

SVOCs 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Spring 1996 Summer 
1996 

(July & 
Aug.) 

Inorganics PesticidesIPCBs Arsenic, Arsenic, 
Iron Iron 

1) SO-22 collected at depth of 0.2 ft. to 0.4 ft.; SO-22A collected at depth of 0.4 ft. to 0.6 ft. 
2) S0-23 collected at depth of 0.3 ft. to 0.5 ft.; SO·23A collected at depth of 0.5 ft. to 0.8 ft. 
3) SO·24 collected at depth of 0 ft. to 0.5 ft.; SO-24A collected at depth of 0.5 ft. to 1.0 ft. 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

Fall 1996 

Arsenic, 
Iron, 

Manganese 

April July June June 1999 Nov. 1999 
1997 1997 1998 

Arsenic Arsenic 
Arsenic, Arsenic, Arsenic, Iron, Iron, 

Iron Iron Iron Manganese Manganese 

" " " " " " " " " " " 
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Fall 1995IWinter 1996 
SML Sampling 
Location VOCs 

MW-93-1 ...j 

MW-93-3 ...J 

MW-93-4 v 
MW-93-S ...J 

MW-93-7 v 
MW-9S-IR v 
MW-9S-1S ...J 

MW-9S-2S ...J 

MW-9S-3R 
MW-9S-3S ...J 

MW-9S-4R ...J 

MW-9S-4RD ...J 

MW-9S-4SA v 
MW-9S-4SB ...J 

MW-9S-SR v 
MW-9S-6R v 
MW-9S-6S ...J 

MW-9S-7R ...J 

MW-9S-7S v 
MW-9S-8R v 
MW-9S-8S ...J 

MW-9S-9S v 
MW-9S-10S v 
MW-9S-1IS ...J 

MW-9S-12S -.J 

MW-96-9R 
MW-13 
PZ-ID v 
PZ-2D ...J 

PZ-3D -.J 

PZ-4S 
PZ-5S 
PZ-9 
City 18 
MW-97-13 R 
MW-97-13 S-l 
MW-97-13 S-2 
MW-97-14 S-1 
MW-97-14 S-2 

WOODARD &. CURRAN (95093.06) 
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SVOCs Inorganics 

...j ...j 

...J ...J 

v v 
v v 
...J ...J 

v v 
v v 
...J ...J 

...J v 

...J ...J 

...J " v v 
v v 
...J ...J 

" " v v 
...J ...J 

...J ...J 

v v 
v v 
...J ...J 

v v 
...J v 
-.J ...J 

-.J -.J 

...J v 

...J ...J 

Spring 1996 

VOCs SVOCs Inorganics VOCs 

...j 

...J ...J ...J 

v 
v v v 

...J 

v v ...J 

v v v 
...J ...J 

v v v ...J 

v v v v 
...J v ...J v 
v v ...J ...J 

v v v " ...J " ...J v 
...J ...J ...J 

v ...J ...J 

v v v 
...J " ...J v 
...J ...J ...J 

v v " ...J " v v 
...J v ...J ...J 

...J ...J 

-.J 
...J ...J ...J 

v ...J v 
-.J v ...J 

v 

TABLE 2-5 
SUMMARY OF GROUNDWATER SAMPLES AND ANALYSES 

Fall 1996 

SVOCs 

...J 

-.J 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SA CO, MAINE 

July 1997 December 1997 

Inorganics VOCs Inorganics VOCs Inorganics 

v v v 

...J ...J ...J v 

v v ...J v 
...J ...J ...J ...J v 

...J 

...J v ...J v 

...J ...J ...J 

v " v v v v v 
...J v ...J v 
...J ...J v ...J 

v v " v ...J v 
...J ...J v 
...J ...J v ...J 

v v v v 
v v ...J 

...J ...J 

v ...J " 
...J ...J 

...J ...J -.J 

...J -.J v ...J 

...J 

...J 

" ...J 

" v 
...J 

June 1998 December 1998 June 1999 November 1999 

VOCs Inorganics VOCs AS,Fe VOCs AS,Fe VOCs As,Fe 
Mn Mn, Mn 

v v v 

...J ...J v ...J 

...J ...J v 
...J v v ...J ...J v ...J 

v ...J ...J v 

v v ...J 

v " ...J v v v ...J 

...J v 
v v 
v ...J 

...J v ...J 

...J ...J v 

" v v 
v v ...J 

v ...J ...J 

...J ...J v 
v v ...J 

...J ...J ...J -.J 

...J ...J ...J 

-.J v -.J ...J ...J ...J -.J 

v -.J v 
...J ...J ...J 

v -.J -.J 

...J v v ...J 

" -.J ...J ...J 

7126100 



Fall 1995/Winter 1996 
SML Sampling 
Location VOCs 

MW-97-16S 
MW-97-17R 
MW-97-18S 
MW-97-19S 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

SVOCs Inorganics 

Spring 1996 

VOCs SVOCs Inorganics VOCs 

TABLE 2-5 
SUMMARY OF GROUNDWATER SAMPLES AND ANALYSES 

Fall 1996 

SVOCs 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

July 1997 December 1997 

Inorganics VOCs Inorganics VOCs Inorganics 

v 

" v 
v 

June 1998 December 1998 June 1999 November 1999 

VOCs Inorganics VOCs As,Fe VOCs AS,Fe VOCs AS,Fe 
Mn Mn, Mn 

v v v v 
v v v v 
v v v " " v v 
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2.2.2 Sediment Sampling 

Sediment samples were collected in June 1998 from 10 locations in Sandy Brook and analyzed for 

arsenic and iron. Four samples were collected upstream and adjacent to Area 2; three samples were 

collected in the groundwater discharge area upstream and adjacent to the primary seep area southeast of 

Areas 3 and 4; and three samples were collected in the groundwater discharge area downstream of the 

primary seep. Table 2-4 summarizes sediment sampling locations and analyses and Figure 2-4 shows 

sediment sample locations. 

Two additional sediment sampling events were conducted during 1998. The April 1998 event was 

conducted to provide samples for site-specific toxicity testing and the October 1998 event was conducted 

to characterize the distribution of arsenic in sediments along Sandy Brook. The data from these events 

are presented and discussed in more detail in the Whole Sediment Toxicity Program (W&C, 1998b) and 

Ecological Risk Assessment Reports (W &C, 2000). The nature and distribution of contaminants are also 

summarized in Section 2.3 of this report. 

2.2.3 Groundwater Sampling 

Groundwater sampling events were conducted at SML in December 1997 and June 1998. During the 

December 1997 event, 28 wells were sampled for inorganic parameters, and four were also sampled for 

VOCs. During the June 1998 sampling event, 29 samples (including two duplicates) were collected from 

27 locations. Of the 28 monitoring wells sampled, 26 wells, including the nine USGS wells, were 

sampled during both events. Monitoring wells MW-95-5R and MW-95-2S were sampled only during the 

December 1997 event, and wells MW-95-8R and MW-96-9R were sampled only during the June 1998 

event. Table 2-5 summarizes the wells sampled and parameters analyzed through June 1998, and Figure 

2-1 shows the monitoring well locations. December 1998, June 1999, and November 1999 groundwater 

sampling results have been reported in Pre-ROD Sampling Program reports. Results for these events are 

provided in Appendix F. 
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2.3 NATURE AND DISTRIBUTION OF CONTAMINANTS 

Nature and distribution of contaminants are summarized in the following sections. 

2.3.1 Surface Water Analytical Data 

Surface water samples were collected during June/October 1998, and JunelNovember 1999. Sampling 

locations for these sampling events are shown in Figure 2-3. The June 1998 event includes one 

background location (SW-7), three locations adjacent to Area 2 (SW-4, SW-8 and SW-9), and four 

locations downstream of Landfill Areas 3 and 4 (SW-6A, SW-13, SW-34 and SW-69). These samples 

were analyzed for arsenic and iron. Sampling locations for the October 1998 sampling event include one 

background location (SW-7), five locations downstream of Landfill Areas 3 and 4 (SW-21, SW-13, SW-

34, SW-IS and SW-69), and one location in Big Ledge Brook (SW-29). These samples were analyzed 

for total and dissolved arsenic, chromium, lead, and manganese. The analytical data from the June and 

October 1998 samples are included in Table 2-6 with historical sampling data, and discussed below. The 

June 1999 event includes one background location (SW -7), one location adjacent to Area 2 (SW -9), and 

seven locations downstream of Landfill Areas 3 and 4 to the confluence with Big Ledge Brook (SW -21, 

SW-13, SW-37, SW-34, SW-31, SW-lS, and SW-69), and four locations downstream from the 

confluence (SW-7S, SW-78, SW-83, and SW-86). These samples were analyzed for arsenic, iron, and 

manganese. A summary of the arsenic, iron, and manganese surface water data for samples collected in 

Sandy and Big Ledge brooks through November 1999 is presented in Table 2-7. 

June 1998 - The three surface water samples collected adjacent to Area 2 (SW-4, SW-8, and SW-9) did 

not contain detectable concentrations of arsenic. Iron concentrations in these samples were variable. 

The chronic Ambient Water Quality Criteria (AWQC; EPA, 1992) for iron of 1,000 micrograms/liter 

(Jlg/L) was exceeded only at the background location SW-7 (l,880 Jlg/L). During three prior sampling 

events, iron was detected at concentrations below the AWQC at SW-7. 
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TABLE 2-6 
SURFACE WATER ANAYTICAL DATA 

LANDFILL AREA 1") 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACOMAINE 

-- -_.- - -- Tributary to D"p Brook Dubola Pond 
LANDFILL AREA 2") 

P~w AWQCFu~~~I~~S~W~2~-+7S~W~2~D~-r~S~W2~~~~SW~2~~~S~W~1~8~~~SW~18~-+~SW~17~ __ ~~SW~4~~SW~~~-FSW~~~D~U~P~~SW~~~,~S~W7~~~S~W7~T+-~~SW7~~~S~W7~~S7.W~-~7D~ 
--A1lunltSlnug/i.--- --Chronlc- Acut. 11/17"5 11/17"5 51181116 11/1l1li6 11/17"5 11/17"5 11/17"5 11117/95 7/17/97 7/17/97 812WI 11/17/95 5118/96 11/19J98 8I2Wa 10198 

PHticldHIPCB. 
D~kin---- ·~--~0".00~19~~~2.·S-I-~N~D-t1-~N~D 

EndoaUWen II 0.056 0.22 NO- NO 

svoc. 
1,4-0ichlorobenz_ ___ __ __ 3 __ 
4-Chloro-3-melhylphenol ___ ___ _ __ 3 
Bia(2-elhylhexyflphlhalate_ _ _560 400 NO 
O· ...... """"""·lale 3 - 940 NO-

3 
3 

NO 
NO 

U = Undetected. J = Estimated. NO = Not detected NA • Not anatyzed. 

NA NA 
NA -I- NA 

NA 
NA 
NA 

- --NA-

'" 1999 ,.suMs have not been included in this table. See Appendix F for a complete set of ,asuMs. 
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NO 
NO 

NO NO 
0.0014 NO---

.. -. - -- -- - -- - ----- ------ f----- ----- ---

Page 1 

NA 
NA 
NA 
NA 

r- NA - - NA NO 

NA 
NA 
NA 

NA 
NA 
NA 

NO 
NO 
NO-· 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
-NA-

NA 
NA 
NA 
NA 
NA-

NA 
NA 
NA 
NA 

226 NA I NA 
NO NA -- f--NA--
NO- --,;m- --NO 

- 4.7 -NA· I NA 

2~~0 ~~ r' ~ NO NA NO 
NO NA NA 
NO NA -- NA-
31S 1880- -NA -
NO NA - -NO--

1020 NA NA 
21.9 NA 3050 
NO NA-- NA 
NONA-- - NA 

101(;·· --NA- NA 

NO NA NA 
NO Ni\- NA 

3600 _~~A =- NA 
NO NA NA 

-No--- NA NA 

NO NA NA 

7127100 



. TABLE 2-6 
SURFACE WATER ANAYTlCAL DATA 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACOMAINE 

Parameter AWQC uglL) SW-7T swa SW-6 swa Swt SwtD SwtT Swt SwtD Swt Swt(DUP SW-9 SW-9 SW10 
--Ail unitS In "gIL -- Chronic ~Al:!c:Lut:-.+':;1:;:0/9=a'-+-:1~1/:;17:::1t:-:5++-=7/;;17:;1t;7+6/:7.2;':4It=8+-:1~1/:;17::1t::5++-;1:;:1/~17;:1t==5++-:5I:7.1"'8IH=+-'~5I~181H='+'5I;7.1;:;8IH=+1:::17./1:;;:91tG=r.-1~11~1_=+7~/~17;:1t:::7~6/7.;2~4It~8~1;:;1:;;/1:;71t=5;-ti ~ 

svoc.------- ---I-----+---H---+---f------f--t----+-I------- -+-- ----~ ------- --~-----

!3:()iChlo!"~~ __ -----I----=--- -----;~~I_____~D NA 
~hJoro:3-melJ:1Ylphel14)'-- _-__ I~ NA NO _~ ___ 

N~_~O __ _ 
NA NO 

Bis(2-e1hy1hexyt)phthalata ~~ _~ ~~ __ N~ __ NA 
OHl-butylphthalata 3 940 NA NO NA 

voc. 

NA NO 
NA NO 

~:OiCh/or08~ ___ ~--=. ____ . NA -NO NA NA f 
1,2,4-TnmalhylbenZ8na __ - _ __ _ NA NO- NA NA NO 
1,2-Oich\orobenZene 783 ~Q _____ NA NO NA NA NO . 
1,J-Oich\orobenZane NA 1 NA NA NO 
1,4-0ich\orobenZene 783 1120 _~=-:_~O__ NA NA NO 
Ac:eIone - NA NO NA NA NO 
Benzene 6300 NA NO NA NA NO 
c;.-1,2-Oich/oroethene 11,600 NA NO-I-f---N,,'-NA- - NO 
Chloniii.Oz-.n.--- --50-- 256":':: NA=~NO_-:- NA NA NO 

E~}'\I)enz- 32,00Q. ~ f--_N~ __ . _ NA NA NO 
m,p-Xylene _________ -_. ~-_ ~~_I_____~Q...-I- __ NA~_ NA NO 
Naphthalene ___ .____ _ 2300_ 620 NA NO NA r--NA _____ NO 

Tetrahydrofuran ___ N~_r--~O ___ t-t-----o~~ _N~t--~O 
Toluene 17,500- NA NO NA NA NO 

U = Undelected. J = Estimated. NO = Not detected NA = Not analyzed. 

(1) 1999 rasutts hava not been included in this table. See Appendix F for a complete set of ,asutts. 
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NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

. NA 
NA

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA ____ NA___ NA NA 
NA NA NA NA 
NA NA NA NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

'-NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

I NA_ 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA NA 

NA NA-
NA NA 
NA NA' 

NA NA 
NA NA 
NA 'NA 
NA-- NA 

NA -NA 
NA - NA 

- NA NA 

NA NA 
NA NA 
NA NA 
NA NA 

224.00 
NA 
NA -

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

281 
NO 
NO 
12.5 
NO-
NO 

NA NA 

8570 
NO 
NO 
NO 
548 
NO 

1820 
65.6 
NO 0.0037 0.00351 

NA 

NA 
NA 
NA 

'NA 

NA 
NA 
NA 
NA' 
NA 
NA 
NA 
NA 
NA 
NA 

NO 
NO 
NO 
12.5 
NO 
NO 

8720 
NO 
NO 
NO 
557 
NO 

67.6 
NO 

NA 
NA 

NA 
NA I 

NA - NA 

NA NA 
NA NA 
NA I NA 

NA' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
1 

NO 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2680 
NA 
NA 
NA 
NA 

NA -

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NO 

NA' 

NA 
NA 
NA 
NA 
NA 
792 
NA 
NA 

NA 

NO 
NO 

NO 
NO 
5 

NO 

NA 
NA---

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

461.00 

1--

.~!il~ 
8760.00 

0.71 J 
NO 
NO 

619.00 
NO 

2250.00 
97.20 
0.12 J 
1.30 J 

7127100 



1---------- ------

All unite In ug/l 

TABLE 2-6 
SURFACE WATER ANAYTICAL DATA 

FEASIBIUTY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACOMAINE 

LANDFILL AREAS 3 & 4'" 
Stre.mlPool North Pool South Seep South 

_._----
PHtlcldHIPCBa 
Dieldrin 
Et.dosuKen II 

0_0019 2.5 NO 
0056-- --o.ii- ---NO 

NA 
NA 

NA 
NA 

- NO--- f-----~ 

NO NA 

SVOCa 
-~---- ------ ~~- -------- I 

~----- ~~- --- --""'~ --- -----

1,4-Dich~_- NO N~_ - NO NA NO NA NA -NA NO 
4-:(;hloro-J.methylplleliOl---

-- ---- _._- --- -NO- NA -NA-c---. ---
NO NO NO 2 NA NA 

BiS(2.ethyt.8XyI)Phthalale 
--

560 
--- _._---- -N-O- -""0-~ r-----

=ND __ 400 -1-- NA 2 NA NA NA 
Oi-O.butyjphtiia18te 3 940 --NO-- -""0--

2 NA NO NA NA NA NO 

----~ -,--t----+-~-~-t--

~~~~, 116.00 J -87
N

·
O
eO 77

N
6
0
·00 NNOO -N180-- -; :~NOO-~=~N.eooo~-~~f -~~NNAA- 4

N
7
0
2 

Antimony 30 88 --NO---
Ars.nic----~~-1So_~340-3_io- J 3_10 J -3.10 18.6 128 -1(ls-- -7850 -12 - 87 

Barium~~~-~--:-=- ____ --=-== ____ 7.40 2}"p_~ -=147(_:J __ -305 723 81 - - -{870 ~NA---205 
Beryllium 5_3 180 NO N~~f- _N~_ __ ___ NO NO NO _= (3_~NA _--:-NO--
Cadmium- 1.'--- -3~9- -NO NO NO NO NO NO 5_8 NA NO 
Calcium - --- ---- --18900_00 5220_00 f--- 6800_00 16600 51400 41000 -'CJ4000-NA- -11890 I 
Clvomium ---IT--18-10~20 ~_Nb~=----1.20 J NO 0.87 5.1 --19s----NA--.88 J 
Cabatt - :-- -- .--- -NO-- 'NO NO NO 2.1 115 78.7-----NA- NO 
CopPer 12 18 NO--- - -NO NO NO NO NO 93 --NA NO-- --
iron - 1000 NO NO - - -{15(i.oo --'---2270- 18000 27300 3120000 213()-- -1570--
Lead---- --- - 3.2 83 NO NO NO NO - NO 2.1 66.7 NA 
Mij"ri8sium -------- 1990.00 J 694.00 2220.00 3570 - - -- - -13300 15800 26500 NA 
Mang~~ ______ =-_______ NO __ NO 118.00 617 -3720--7390 52200 NA 

Mercury _________ 001_~ ~2c~ ~O_ __ NO_ -- 0.12 NO 0.28 - 0~OOOj3 0.31 - NA 
Nick.I---- 160 ~OO __ NO~A""" _ NO _ 1.10 - 5.1 5.4 - -J - -47:5-- - 151 NA 
Potassium - 643.00 J NO 281000 2840: 5730-r----i76Q-- 1260C) NA 
Selenium 5 20 -- NO NO NO NO - NO -t - NO-- -- NO NA 
Siiver 0_12 4_1--0.7'-- J NO NO - NO -- - -N0-L - -NO- - 46 NA 

Sodium 3600_00 J 2730_00 9680_00 214~~ __ 74706 - - 71200 29000 NA 
Thallium 40 - -1400 NO NO NO NO 5.9J NO NO NA 
Venadium NO NO NO ---NO--f--- ---NO NO 160 NA 
Zinc-------- "0-'20 NO NO- - -NO- ---NO----- NO NO 103 NA --

U = Undetected_ J = Estimated. NO. Not detected NA = Not analyzed. 

") 1999 resutts have not been included in this table_ See Appendix F lor a complete set 01 resutts_ 
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1.9 j 
2650- J 
342 
NO 

--

1.5 
2270 

NA 
NA 
NA 
NA 

--

NO 
NO 
106 
63 
NO 
NO 

37700 
NO 
NO 
NO 

12000 
NO 

6750 
2950 
NO 
NO 

4540 

--

NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
14 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2370 
NA 
NA 
NA 
NA 
NA 

- NA 

NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA --NA-

NA -NA 
------~ -- -

NA NA 
NA NA 

- ------ -

NA NA 
NA -NA--
16 14 
NA 

- -- NA.--

NA NA 
NA -NA-

NA NA-

ND NO--

NA NA 
NA NA 
NA NA 
NO NO 
NA NA 

2080 1940 
NA NA 
NA NA 
NA -NA--
NA- --NA- -

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

7127/00 



TABLE 2-8 
SURFACE WATER ANAYTICAL DATA 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACOMAINE 

LANDFILL AREAS 3 '" 
Big Ledge Brook 

SW28D SW29 SW·29D SW·29T 
51161ge 5116196 1 0198 10198 

I----,~P=aramec;=~t:.-."-r -=c--/--= AWOC ug/l SW28T 
All unite In ug/l Chronic' Acut. 5116/96 

------.--------- ----+-+----t-

SW5 
11117195 

Pe.tI~I~B. ___ . ___ f-;;-;;-- -~__+_+-~---i-I-~-
Dieldrin 0.0019 2.5 NA ~--f---~ __ NA ___ NA_ _ NO 'J 
Endosulfan-" ---- - -0.056- (1:22- NA NA NA NA NA--6~ooflf 

560 
3 - -

VOC. 

400 
940 

--,:'jA- ----N,O;-
NA -f--NA -

NA NA 
NA - NA 

NA 
-- NA 

NA 
NA 

1.1·oichrOrOethen8 --- NA NA NA 
1.i4:TriIn-.thylbenZ"'- - NA - NA NA 
1.2·DichiorObenzane 783 1120 NA NA NA 
1 ;3.biChiOrObenZ..,.-- -- . NA NA NA 

1-.--4-DichiOrOb.nzane 7831120 NA . NA NA AC8tonil-- -- ------ - -- NA NA NA 

1!.8f!Z~ __________ ~6~ =~= f---NA- NA 
cia-l.2·oichloroe~ 11.600 NA NA-- - NA 
cillorObenzerie ---- -50- - -250 - NA -NA- NA-

~ttlt~~----=-= ~3i.oOO - -NA NA NA-
m.p-Xylene NA NA NA 
NaPhth8,.,.,. '2300- --620 NA NA - NA 
t.ii-ihY<!iOiUran--- - - - - NA -- t--NA-- NA 
To/UiiOe- ----- ------ 17.500 NA NA NA 

~-----.. - - --- _.-

Aluminum -NO 83.10 -U NO 
AntitTtony ------ --- 30 88 NO - NA - 4.10-

ArseniC' 150 -340 NO NA NO 
Barium 5.20 NA 5.10 
Beryllium -- ----- 5.3 180" No- - --NA NO 

CadmMn------- -1.1 ~39~~_~No...:\_,_~N.A= _ ~No~_ 
Calcium • 11900.00 J NA 9520.00 
Chromium 11 -1-8- -N-O' - -NA--- 12.10 

g~_-=~---=-:-~=- ----i2 __ ,~~~g~-r-~ ~~~-:-f- --~:~~ 
Iron . 1000 NO NA 528.00 
Lead 3.2 83 1.00 NA 34.50 
MalYMlsium. _ 1620 00 NA . 1140.00 
Manganese 17.20 NA 22.40 
MerCUry _ --- - omi 2.4 NO NA NO 
Nickel 160 1400 NO NA 99.60 
Potasslum- - .. - - . --- -- : - --No- \- _NC~ :....r.4~cOO_ 
-. -- -- -I-c .,.-. 
Selenium _____ ~ ____ 20. _ _4.:..60 ___ J NA NO 
Si~er __________ 012 4.1 No_+--NA-- -No-
Sodium 8940.00 NA - 8450.60 
Thallium ----- --.--- 40 1400 NO NA NO 

~~ ~ NA ~ 
Zinc 110 120 NO NA NO 

U • Undetectad. J = Estimatad, NO = Not detected NA = Not analyzed, 

"'1999 resuKs have not been included in this table. See Appendix F for a complete set of resuHs. 
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NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA--

NA' 

NA 
NA 
NA 
NA 

- NA-

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

-NA 

NA 
NA 
NA 
NA-

- NA 

NA 

NO 
NO 
2 

NO 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA -

NA 
NA---

NA - - NA 555.00 
-NA -NA NO 
NO 'NO 10.90 
NA NA 20,10 
NA NA NO 
NA "NA NO 

--NJ>.- -NA- - 1-690060-

.. 

NO- --NO- 1,10 - J 
--NA- -- NA---No--

NO 

Page 4 

Sandy Brook South Area 4 
SW15 SW·15D SW·15T SW20 SW21 

11117195 11119196 10198 10198 11117195 5116196 11119196 

NO 
NO 

NO 
NO 

, NO 

NO' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

440,00 
NO 
4.20 
14.90 

NA 
NA 

.... 

NA - NA 

NA NA 
NO 
NO 

NA 
NA 

NA 
NA 

--_._. ------

NA NA NA -- - --NO- - - - -w,-j - NA 

--~~~.:.-= =~- -~1=t-~~~g~- ~~- j- :-
NA -NA- --NA - f--- NO NA NA 

NA NA 

~~ -- =~~--
NA NA 

NA NA NA NA -NA NA 
NA -~ -j\jA--- -NA---NA- -.- - NA -
NA -- - NA NA NA- f-- -NA - 1-1-- NA--
NA - NA-- -ilA-- -NA- - -NA'--I-I---NA-
NA NA NA- --NA - NA-I-- --NA--
NA NA'- NA NA NA NA 
NA NA NA .,_ 'NA NA -- - --NA--

NA NA NA NA NA NA 
NA NA NA -NA- NA, NA 
NA NA NA NA I 'NAl NA 
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TABLE 2 .. 
SURFACE WATER ANAYTlCAL DATA 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACOMAINE 

LANDFILL AREAS 3 & 4 1'1 

Sandy Brook South Are. 4 
Parameter AWQC ug/L SW-21D SW-21T SW-34 SW-34 DUP SW-34D SW-34T SW .. 9 SW .. 9D SW-69T 

- -Ali ullita In "iIIi--- Chronic Acute 10198 10198 6124198 6124198 10198 10198 6124198 10/98 10198 

Pe.tlcldeS/PCB. 
Dieldrin 
Endosuffan II' -

----~- ._- .-

0.0019 2.5 NA 
0.056 - --6.:22- - NA-

NA 
NA 

NA 
NA 

NA 
NA 

NA NA NA ---NA- -- NA 
-- NA" NA NA" NA NA 

SVOC. 
1,4-Oichlorobenzene 
4:<:hloro-3-il1ethjl!'lhtiOOl_ 

-- -- -NA-":- N:- -' N~·I NA 

400': : -~!= 1-- ~~ 
NA-NA-- --NANA NA 

NA 
NA 
NA 

NA NA NA NA 
NA -NA- -NA NA BiS!2-eth}'~xyl}~thalate_ 560 

Di-n-butylphthalate 3 940 NA- -f.jA- --NA- -- - NA NA NA--NA- - NA 

VOC. 
.' -----------

f1-D;ChtOroeth..ne - -~-- ------w..- NA-

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA .. 

(2,4-Trimethylbenzene - - --- -NA -
f)-Dichlorobenzene' -f83 ~ - NA 
'-,3--0iChlorobenzene -- --~ ---- _. NA 

1,4-Dichlorobenzene --7~ 1120- NA 
Acetone ---- -- --- NA 

- -------- ----- -----
Benzene - 6300 NA 
cis-1,2-DichiorOeu;e;;e .- -----'1(606 NA 
ChtOrobenzene' -- ---sa-- 250- -NA 

Ethylbenzene ---- - == ::I2~OOO~ NA 
m,p-Xylene NA 
Naphthalene - . ---~ 620- NA 

T etr8tiydrOiuran NA 
T oiuene -17 ,500 NA 

lI!!!qw!Ia 
Aluminum 
Antimony- . 
Arsanic 
Barium 

~I}'iiiu~=-=~" 
Cadmium 
Catclulii---- --
Chromium 
Cobalt ----~-~ 

Copper 
Iron 
Lead 
Magnesium_-_ :.:. __ 
Manganese 
Mercury 
Nickel 
Potassium' -

Selenium 
Silver 
SOdium 
ni8l1ium 
Vanadium 
Zinc 

5.3 
1.1 

11 

12 
1000 

.- 3.2 

NA NA 
88 -NA- -NA-

-340- --NO- -NO-

180 
39 

18 

18 

83 

NA NA 
NA 
NA 
NA 
NO 

NA 
NA 
NA 
NO 

NA NA 
NA NA 
NA NA 
NO NO 
NA NA 

38.4 43 
- 0~01:i -- 2.4 . NA NA 

160 1400- NA' NA 
- NA NA 

5 20 NA NA 
0.12 4.1 NA NA-- --- -'NA- -NA-

40 1400 NA NA . - - -- -- - ---

NA 
110 120 NA 

NA

NA 

NA

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA NA NA 
NA --- NA- --. NA 
-NA- -NA-- NA 

- --NA-- -NA NA 
NA- - -NA NA 

----- --
NA NA NA 

--N"-- - NA NA 

-NA ____ ~A:.:. NA 
NA NA NA 
N"--- -NA NA 

-:.:.:--~~C: 
~~=-t-----NA_ -... NA NA 

NA NA NA NA 

NA 
NA 
10 

- NA 

NA 
NA 
NA 
NA 
NA 
NA 

1760 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

-NA' 

NA 
NA 
NA 
NA 

NA 
NA 
12 
NA 
NA 
'NA 

NA 
NA 
NA 
NA 

1720 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA NA 
NA NA 
7 --10---

NA NA 
NA NA 
NA NA 
NA NA 
NO NO 
NA NA 

-NA NA 

INA~-=- NA 
NO - NO' 

NA NA 
423 448 
NA NA 
NA 1 NA-
NA-- -NA-
NA I" NA ... 

NA NA 
NA- NA 
NA NA-
NA- ---N"--
NA --NA 

NA NA 
NA NA NA 
NA NA--- -N): 

NA NA--NA 
NA ---NA---NA 

NA NA NA 
NA - -NA-- 'NA 
NA NA- -NA
NA-N'A- --NA
NA Ni\-- -N"-

NA 
NA 
11 

-NA 
-NA-

NA 
NA 
NA 
NA 
NA 

1480 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA-

NA 
NA 
NA 
NA 

- NA 
-- NA 

6 
NA 
NA 
NA 
NA 
NO 
NA 
NA 
NA-
ND 
NA 
243 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

'NA 

NA 
NA 
8 

NA 
NA 
NA 
NA 
NO 
NA 
NA 
NA 
NO 
NA 
244 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

U = Undetected. J. Estimetad. NO = Not detected NA = Not analyzed. 

11) 1999 resuMs have not been included in this table. See Appendix F for a complete set of resuns. 
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Table 2-7 
Surface Water and Sediment Analytical Data for Total Arsenic, Manganese, and Iron 

Saco Municipal Landfill 

, , '< .. ,;'::~.> ("":';:':.0-":. :; ;?",~,>,\;";;,,\;,,: 

, LOCATION;,' '>;.,~;DATE ::;:" 

Area 2 

SW-7 11/17/95 
SW-7 5/16196 
SW-7 11/19/96 
SW-7 6/24198 
SW-7(t) 10/1/98 
SW-7 6/10/99 
SW-7 11/19/99 
SW-8 11/17/95 
SW-8 7/17/97 
SW-8 6/24/98 
SW-9 11/17/95 
SW-9 11/17/95 
SW-9 5/16/96 
SW-9 11/19/96 
SW-9 11/19/96 
SW-9 7/17/97 
SW-9 6/24/98 
SW-9 6/10/99 
SW-9 11/19/99 
SW-10 11/17/95 
SW-4 11/17/95 
SW-4 7/17197 
SW-4 7117197 
SW-4 6/24/98 

Areas 3 and 4 

SW-21 5116/96 
SW-21 5/16/96 
SW-21 11/19/96 
SW-21(t) 10/1/98 
SW-21 6/10/99 
SW-21 6/10/99 
SW-21 11/19/99 
SW-52 11/19/99 
SW-6A 6124/98 
SW-13 11/17/95 
SW-13 11119/96 
SW-13 6/24/98 

WOODARD CURRAN (95093.06) 
Feasibility Study 

Saco, Maine 

{;>:,"RESULT:,,;;,< Arsttn.c, 
-,,,.~ :::rrVPE r~~;,<tt'~~~, (I 'SJIlr'" ,;, U ':,',0';: 

Primary 2.8 U 
Primary 3 U 
Primary 3 U 
Primary 8 U 
Primary ND 
Primary < 5 
Primary < 5 
Primary 2,8 U 
Primary 6.7 U 
Primary 8 U 
Primary 2.8 U 

Duplicate 1 2.8 U 
Primary 3 U 
Primary 2.1 U 

Duplicate 1 2.1 U 
Primary 6 U 
Primary 8 U 
Primary < 5 
Primary < 5 
Primary 2.8 U 
Primary 2.8 U 
Primary 4.6 U 

Duplicate 1 6.9 U 
Primary 8 U 

Primary 138 
Duplicate 1 136 

Primary 2.1 U 
Primary ND 
Primary < 5 
Primary 34 
Primary < 5 
Primary 16 
Primary 12 
Primary 8.7 J 
Primary 108 
Primary 14 

-Manganese "", , Iron ,7; " , 
;f;,"(USJll)""~;' '(uglL) '/J, ( 

93.4 596 
32.9 239 
21.9 315 

1880 
3050 
1620 1320 
708 366 

77,9 582 
3620 
665 

95,6 611 
102 632 

86.8 805 
65.6 548 
67.6 557 

2680 
792 

73 790 
37.4 392 
97.2 619 
80.4 575 

2020 
2650 

839 

3530 15500 
3500 15400 
83.5 772 

43 
88 806 

875 4110 
33.8 388 
515 1900 

2130 
342 1570 

2950 12000 
2370 

7127/00 



Table 2-7 
Surface Water and Sediment Analytical Data for Total Arsenic, Manganese, and Iron 

Saco Municipal Landfill 

, ~;,,:::;;·;c~;··~;X;'i;:; 't'A\ !yJ' .. " 
,;. LOCATION·;'\ "''':~;DATE;' , 

SW-13 (t) 10/1/98 
SW-13 6/10/99 
SW-13 6/10/99 
SW-13 11/19/99 
SW-13 11/19/99 
SW-37 6/10199 
SW-37 11/19/99 
SW-5 11117195 
SW-34 6/24/98 
SW-34 6/24/98 
SW-34 (t) 10/1/98 
SW-34 6/10/99 
SW-34 11/19/99 
SW-31 6/10199 
SW-31 11/19/99 
SW-15 11/17195 
SW-15 11/19/96 
SW-15 (t) 10/1198 
SW-15 6/10/99 
SW-15 11/19/99 
SW-69 6/24198 
SW-69 (t) 10/1/98 
SW-69 6/10/99 
SW-69 11/19/99 
SW-73 11/19/99 
SW-75 6/10199 
SW-78 6/10/99 
SW-78 6/10/99 
SW-83 6/10/99 
SW-84 11/19/99 
SW-86 6/10199 
SW-20 11/17/95 
SW-93 11/19/99 
SW-98 11/19/99 
SW-103 11/19/99 
SW-103 11/19/99 

Big Ledge Brook 

SW-28 5/16196 
SW-29 5/16/96 

WOODARD CURRAN (95093.06) 
Feasibility Study 

Saco, Maine 

:~ i",RESUl.;:T:'\~;,;; Arsenic·;;· 
,,~:f ::~~~}~tTVPE;}t~tg,~:~~1< (ug/L)n· 

Primary 14 
Primary 36 

Duplicate 1 34 
Primary 17 

Duplicate 1 17 
Primary 39 
Primary 15 
Primary 10.9 
Primary 10 

Duplicate 1 12 
Primary 10 
Primary 22 
Primary 14 
Primary 14 
Primary 8 
Primary 4.2 J 
Primary 12.2 
Primary NO 
Primary 13 
Primary 5 J 
Primary 11 
Primary 8 
Primary 12 
Primary 6 J 
Primary 6 J 
Primary 12 
Primary 11 

Duplicate 1 12 
Primary 11 
Primary < 5 
Primary 11 
Primary 2.8 U 
Primary < 5 
Primary 6 J 
Primary < 5 

Duplicate 1 < 5 

Primary 3 U 
Primary . 3 U 

',Manganese ~t: Iron "':' 
" : '(ug/L) ,.;\\~~~ )~(ug/L) ;';,( 

1940 
1300 3980 
1280 3850 
668 2010 
671 2010 

1350 4990 
704 1890 
239 1750 

1760 
1720 

448 
1150 2450 
634 1760 
816 1350 
427 827 
151 863 
381 1260 

29.9 
769 1260 
274 601 

1480 
244 
762 1100 
352 684 
367 652 
772 1150 
778 1050 
756 1020 
787 1020 
387 669 
794 1020 

89 677 
374 621 
288 658 
359 599 
375 630 

17.2 138 U 
22.4 528 

7127/00 



Table 2-7 
Surface Water and Sediment Analytical Data for Total Arsenic, Manganese, and Iron 

Saco Municipa! Landfill 

::'," ,'}f "<;"':<;,', :Yif~'; ,:~)t, jL,iC , 

~LOCATlON,'" ~~;~: DATE'>:t 

SW-29 (t) 10/1/98 

Area 2 
SO-7 11/95 
SO-7 5/96 
SO-7 11/96 
SO-7 6/98 
SO-7 11/99 
SO-9 11/95 
SO-9 11/95 
SO-9 5/96 
SD9D 5/96 
SO-9 11/96 
SD-9 6/98 
S09D 5/96 
S09 11/99 

Areas 3 and 4 
SO-21 5/96 
SO-21 11/96 
SO-21 6/98 
SO-21 11/99 
SO-52 7/96 
SO-52 11/99 
SO-13 11/95 
SO-13 5/96 
SO-13 1/96 
SO-13 6/98 
SO-13 11/99 
SO-130 11/99 
SO-37 11/99 
SO-34 7/96 
SO-34 6/98 
SO-34 6/98 
SO-34 11/99 
SO-31 7/96 
SO-31 11/99 
SO-15 11/95 
SO-15 5/96 
SO-15 11/96 
SO-15 11/99 

WOODARD CURRAN (95093,06) 
Feasibility Study 

Saco, Maine 

"".1 .. RESULT · •. ··!~,;i>; Arsenlc~;; 
rr ;-)l~_~:;,'!'lYPE ~~~~;;{i;~¥;: : (ugll) !:,~,~ 

Primary NO 
SEDIMENTS 

Primary 6,5 J 
Primary 2,1 
Primary 4,5 J 
Primary 2,1 
Primary 1,5 
Primary 2.2 J 

Duplicate 1 2,2 J 
Primary 3,5 

Duplicate 1 4,7 
Primary 3A 
Primary 4,5 

Duplicate 1 4.7 
Primary· 3.5 

Primary 29.2 
Primary 9,88 
Primary < 8.6 
Primary 6.8 
Primary 12.6 
Primary 29.8 
Primary 2250 J 
Primary 41.3 
Primary 8.7 
Primary 71 
Primary 98.5 
Primary 105 
Primary 57.9 
Primary 19.6 
Primary 140 

Duplicate 1 120 
Primary 60A 
Primary 81.5 
Primary 175 
Primary 42.2 J 
Primary 84 
Primary 26.1 
Primary 14.2 

_,Manganese::; '~.i ••. lrOn'#':)i:(' 
~:1f* (ug/L) ';-;.<;13:' "(ugIL) ,:i,\t' . ~ »,"','V: 

10A 

329 J 10500 J 
137 9420 
139 9410 
NA 10,100 B 

255 5,760 
76,3 J 4700 J 
91,8 J 5160 
230 8740 
305 10,900 
221 9080 
NA 10,300 B 

305 10,900 
202 7,950 

102 8090 
214 11500 
NA 10,000 B 

162 10,300 
NA 9410 

85.1 10,400 
1660 J 318,000 J 

184 22,400 
92 9,350 
NA 15,700 B 

508 36,200 
551 39,000 
242 12,200 
NA 21,500 
NA 30,000 B 
NA 27,500 0 

109 9,920 
NA 13,700 

1420 30,900 
464J 16,000 J 

NA 29,000 
305 17,200 
122 7,340 

7127/00 



Table 2-7 
Surface Water and Sediment Analytical Data for Total Arsenic, Manganese, and Iron 

Sa co Municipal Landfill 
Sa co, Maine 

t<f~~ '}., ·if;· .:" .•....• fj.{,;,,'. :;'.; RESULT.. " . . Arsenic.·.,;. Manganese' ; Iron < ." 
; LOCATION • ':.;~DATE~<: ":;\';>TYPE ":., ... /" (uglL)'~j i···.(ugll)· ~:{ ~(ugJL)··-:. 

Areas 3 and 4 (continued) 
SO-69 11/99 Primary 18.3 338 6,380 
SO-73 11/99 Primary 17.3 77 8,130 
SO-84 11/99 Primary 16.8 405 5,650 
SO-93 11/99 Primary 14.4 270 5,080 
SO-98 11/99 Primary 12.4 262 5,360 
SO-103 11/99 Primary 11 576 14,400 
SO-1030 11/99 Ouplicate 10 557 17,800 

Big Ledge Brook 
SO-28 5/96 Primary 5.2 89.8 5610 
SO-29 5/96 Primary 4.4 63 4570 

~ 
Sampling locations are presented in upstream to downstream order (see Figure 2-3) 
SW-6A - new location across from SW-13 
J = estimated 
U = not detected at indicated reporting limit 
t = total arsenic analysis 
< = element was detected, but at a concentration less than the indicated value 
NA = not analyzed 

WOODARD CURRAN (95093.06) 
Feasibility Study 7127/00 



Surface water samples collected adjacent to and downstream of the primary seep area include SW-6A (a 

new location across from SW-13 in the vicinity of the excavated seep), SW-13, SW-34, and SW-69 (see 

Figure 2-3). This stretch of Sandy Brook is the primary discharge zone for groundwater impacted by 

Landfill Areas 3 and 4. Sample SW-6A contained 12 ~gIL arsenic, and sample SW-13 contained 14 ~gIL 

arsenic. Surface water samples downstream of the seep, SW-34 and SW-69, contained 10 and II ~gIL of 

arsenic, respectively. The chronic SWQC for arsenic developed for the protection of aquatic organisms 

is ISO ~gIL and was not exceeded in these surface water samples. Iron concentrations in these samples 

exceeded the chronic A WQC of I ,000 ~gIL and ranged from 1,480 to 12,000 ~gIL. 

October 1998 - Samples collected during the October 1998 sampling event were analyzed for both total 

and dissolved arsenic, chromium, lead, and manganese. Samples were collected in Sandy Brook both 

upstream and downstream of the groundwater discharge from Landfill Areas 3 and 4, and in Big Ledge 

Brook. Chromium and lead were not detected in any of the surface water samples. 

Neither total nor dissolved arsenic was detected in the background sample (SW-7), the Big Ledge Brook 

sample (SW-29), or upstream of the seep area in Sandy Brook (SW-21). Total and dissolved arsenic 

were detected in the samples adjacent to and downstream of the primary seep areas. The arsenic 

concentration in SW-13 was 14 ~gIL (total) and 16 ~gIL (dissolved), and in SW-34 was 10 ~gIL (total) 

and 7 ~gIL (dissolved). These concentrations are similar to those reported for total arsenic in June 1998. 

Arsenic was below the detection limit at the confluence of Big Ledge and Sandy brooks (SW-IS), but 

was detected downstream of the confluence at 8 ~gIL (total) and 6 ~gIL (dissolved) (SW-69). These data 

indicate that the arsenic is present in surface water in the dissolved phase. All detected concentrations 

were well below the chronic arsenic SWQC of ISO ~gIL. 

Manganese was detected in all surface water samples in both the total and dissolved phases. The highest 

concentration of manganese was detected in the background sample SW-7 at 3,OSO ~gIL (total) and 2,930 

~gIL (dissolved). Manganese was detected at SW-13, adjacent to the seep area at 1,940 ~gIL (total) and 

2,080 ~gIL (dissolved). The concentration of total manganese in the downstream samples (SW-34, SW

IS, and SW-69), ranged from 29 ~gIL (SW-IS) to 4S0 J.1gIL (SW-34). Manganese was detected in the 

sample collected from Big Ledge Brook at 10 J.1gIL (total) and 9 J.1gIL (dissolved). There is no A WQC 

for manganese. 

WOODARD & CURRAN (95093.06) 
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June 1999 - Thirteen surface water locations were sampled during June 1999 along Sandy Brook and 

analyzed for total arsenic, iron, and manganese. The locations included nine locations from the 

background location (SW-7) to downstream of the confluence of Big Ledge and Sandy brooks (SW-69), 

and four new locations further downstream of the confluence. (Note: Surface water sampling locations 

are the same as sediment sampling locations [see Figure 2-4].) Arsenic was detected at all locations at 

concentrations from <5 ~gIL (SW-7 and SW-9) to 39 ~gIL (SW-37). The state of Maine has set the State 

Water Quality Criteria (SWQC) at 150 ~gIL for acute exposure to arsenic. EPA has set the AWQC for 

arsenic at 190 IlgIL. The state has reduced the SWQC based on an assumed hardness value of 20 milL 

compared with a hardness value of 100 mgIL assumed by EPA. All concentrations were below both the 

chronic arsenic SWQC of 150 ~gIL and the MCL of 50 IlgIL. 

Manganese was detected in all surface water samples. The highest concentration of manganese was 

detected in the background sample SW-7 at 1 ,620 ~gIL, as during the October 1998 event. Manganese 

was detected at 1,300 ~gIL at SW-13, adjacent to the seep area. The concentration of total manganese in 

the downstream samples ranged from 756 IlgIL (SW-78 Duplicate) to 1,350 IlgIL (SW-37). There is no 

A WQC for manganese. 

The AWQC for iron of 1,000 (~gIL) was exceeded at the background location SW-7 (1,320 ~gIL) and at 

all other locations except SW-9 and SW-21. During the previous sampling event, iron was detected at a 

concentration above the A WQC at SW -7 and several other downstream locations. 

November 1999 - W&C collected surface water samples from IS locations on November 19, 1999. All 

samples were analyzed for total arsenic, iron, and manganese. Results are presented in Table 2-7 along 

with results from previous sampling events. The arsenic concentration adjacent to the remediated seep 

(SW -13) was reported at 17 IlgIL. The concentrations of arsenic, manganese, and iron in surface water 

samples collected 300 to 500 feet downstream from the confluence of Sandy and Big Ledge brooks (SW-

93, SW-98, SW-I03) are at concentrations similar to background prior to leaving the City of Saco 

property. 

2.3.2 Sediment Analytical Data 

In June, 1998, ten sediment samples were collected from Sandy Brook, including sediment sample SD-

6A collected at a new location across from SD-13. Figure 2-4 shows sediment sample locations and 
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Table 2-8 presents the sediment analytical data. Table 2-7 provides a summary of the iron, manganese, 

and arsenic in sediments. 

Oata from background sediment samples SO-7 and SO-9, upgradient and adjacent to Landfill Area 2, are 

consistent with previous sampling results. Arsenic was detected below the arsenic benchmark 

concentrations identified in the Ecological Risk Assessment of 6 milligramslkilogram (mglkg) in these 

samples. 

Concentrations of total arsenic detected in SO-6A, SO-I3, SO-27, and SO-34 exceeded the benchmark 

concentration for arsenic (see Table 2-7). Because of the elevated concentrations of arsenic detected in 

these and other samples, sediment toxicity testing with Hyalella azteca for acute and chronic toxicity 

(e.g., growth and reproductive effects) was conducted to evaluate the potential ecological risks at this 

Site. 

As reported in the Ecological risk assessment (W &C, 2000), the potential ecological risks to 

environmental receptors at the SML were systematically reviewed and evaluated. Previous sampling at 

the Site identified Sandy Brook as the only completed pathway to site contaminants. A habitat and 

chemical stressor evaluation identified sediment as the exposure medium. Arsenic, iron, and manganese 

are present in sediments above benchmark values, and arsenic, because it is the most toxic of the three, 

was selected as the contaminant of potential concern for quantitative evaluation. Benthic 

macroinverebrates were selected as the assessment endpoint, because they have the highest potential 

exposure to stream sediments. Potential effects on benthic macroinvertebrates were evaluated by a 

benthic survey and toxicity tests, while the range of exposure of benthic macro invertebrates to arsenic in 

Sandy Brook was determined by comprehensive sediment sampling. The findings of these three 

evaluations are summarized below. 

Benthic Survey: 

• Results showed slight impairment of community structure at most locations, and moderate 

impairment at a location immediately south of the remediated seep. 

• A sample location upstream of the Area 4 discharge area also showed slight impairment. 

• No severe impairment of community structure was detected at any location. 

• Sampling reflects the effects of all possible surface water and sediment contaminants. 
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TABLE 2·. 
SEDIMENT ANAlYTICAl DATA 
FEASIBILITY STUDY REPORT 

SACO MUNICIPAL LANDALL. SACO. MAINE 

5odimonl Quailly 
COMPOUND Crlerion or Guidance Reference 

Pootlcldoo/PCB •• ~g 
4,4·000 • OMOE 1992 

4,4·00E 5 OMOE 1992 

PCB· 1260 5 Ot.tOE 19Q2 

SVOC •• ug/kg 
',2·0IchIorobenz .... 340 U.S. EPA ,1ifD6 
1,4-Ok:hkxobenzene 350 u.s. EPA ,gga 
4·ChIoro-3-moIhyl>heooI NA .. 
BenzO(.lP'!' .... 430 long.' al. 1995 
Banzo(bjlluoranlhene 2,300 Inge"oll.' al. 1m 
Bi.(2 .... hylhexylJphlhelat. 1.200 N .... ,98& 

Oi-n-butylplOholat. 11,000 u.s. EPA 1996 

OlaehylplOholat. 630 u.s. EPA 1996 
Fluoranthena 600 Long .,.1. '905 
Phonantlvone 240 long .t.1. 1995 
IPvrone 665 long .,.1. 1995 

VOC •• ug/kg 
1,2,3-Trtchlo-.o", i,roo . US. EPA ,we 
1,2,4-TrtchIo-.z ... i,roo US. EPA ,gus 
1,2,4·Trimolhyl>enzo ... NA .. 
1,3.5· Trimothylbenzo ... NA .. 
2·BIhnono NA .. 
""'01 .... 57 .. 
Sanzone .20 U.S. EPA ,Q9C!i 

Chlorabenz .... NA U.S. EPA lags 
Chloroform NA .. 
TOI",hydroluran .. 

Me ..... mg/kg 
Aklminum NA .. ......., , OMOElm 
Barium 20,000 U.S. EPA .en 
Betyllum NA .. 
Cadmium 0.' OMOE 1992 

Calcium 
Ctvomium 2. OMOE 1992 

CoboI1 50,000 Filchko 1989 
Copper 16 OMOE 1992 

Iron 21,200 BCMOe lW4 
lead 3! OMOe 1992 

Magnesium 
Mangoneao 4.0 OMOElm 
Nickel 18 OMOE 1992 

Potassium 
SeLenAum 5 BCMOE 1994 

Thollum NA .. 
Vanadium NA .. 
Zinc 120 OMOElm 

ttot.:- .... ~ 
.~ ..... bl.2.4-h:tIb'~ -, 
M"'CoUfttIII.......,~efMtonr'Mnt(BCMOE) ,* ~.ndWCJf1UrG~forw ..... quaIIy-l984 
w ... ~8rM'ldl ErwlronrMnllllPl'ot.dIano..,.tMnlISBNo-11'2e-2OIJ1·)( ~BnIah~ upp 
FlIc:tlko.J I. c.MrWotor~SoiIISecJrnenICIMnup. e.k~1.JmII<I BrM!plDn.On&.na 

ISBN 0-834116--21-4. PuctIwI~Co Inc. Nor'HIrook ....... 

IngIfd,C.Q .• PS ~.El8Amon.TJ c.na.Ad.FJ Dw)w.CE."".N.E ~.DR Mounl,.nd 
RQ FoIl 1M ~.nd....-..an~~.-:t~tor .... ~Hy.w."" 
.nd.,.....,C2*~ ..... J. GtWIIIL.aiMI ReI 22(3).102-823 
l.anQ.EA.DD.~SLSmItI.MdF.D c.tdeI'. I. 1nC*iItIOI~ __ .. ~.a.da"""f..g.. 

of~oonoenhIoMlntIWiNlnCf""""""""" ErMan IMniIgI 18(1"'-417 
'"-'.A.J.'_ ~~for~MChent ~yclf1ts .... ~at&wv~Con ..... .-on 
~.""'York 2tpp 
OMwtoMlnlRyoflwlEnWon!lwll(OMOE) 1M2. EcMldb'j'P......t.O.A JugIMMgI . .ndA ~ ~ 
tor Iw proMIon'" ~ ~ aqu.Io Ndtnent quIIIly In 0farD. 0nWI0 MIniRy at EIWWonmenl 0nCIirI0 
US EPA. ,.n GuldlllnNtor .... poIubIduallcMlonofGrMtIAlMHMKwIl«lmentl us ErMrOfWMf'l'-i 
Pl'oIIdIonJqtttq ~v Gr"lAIrM~BrWdl. a..uo.1IInolt 
us EPA. ,'* Eoaan.. ..... EPMoIM'-t5.03I us E"~PfOtIdonlqlncy.~ofSoldW ... " 
WId E"*fIII'CY ARponM. WuI'*IgIon. Dc 

50002 500020 50002 
Nov·95 Nov·95 Mav·96 

NO NO 
NO NO 
NO NO 

32J NO 
IIOJ 56J 
50J 40J 
NO NO 
NO NO 
NO NO 
NO NO 

140J NO 
NO NO 
NO NO 
NO NO 

NO NO NA 
NO NO NA 
NO NO NA 
NO NO NA 
NO NO NA 
NO NO NA 
NO NO NA 
NO NO NA 
NO NO NA 
NO NO NA 

38BOJ 2860J 
18.3J 44.oIJ 5.1 
30.6J 38.9J 
0.51J 0.38J 

NO NO 
966 1140 
7J 6.8J 

3.3J 3.1J 
2.7J 2.9J 

20500J 45400J 2440 
5.9 6.6 

l000J 809J 
109J 201J 1020 
4.2J 3.oIJ 
933J NO 
0.5J 0.6oIJ 
NO NO 
8.2J 6.8J 
NO NO 

LANDFILL AREA 1 
Trbutary to Deep Brook Dubois Pond 

50002 50018 50018 50019 50019 50016 50017 
Noy·96 Nov-95 May·96 Noy·9S May·96 Nov-95 Noy·9S 

NA NO NA NO NA NO NO 
NA NO NA NO NA O.29J NO 
NA NO NA NO NA NO NO 

NA NO NA NO NA NO NO 
NA NO NA NO NA NO NO 
NA NO NA NO NA NO NO 
NA NO NA 180J NA NO NO 
NA NO NA NO NA NO NO 
NA NO NA 630 NA NO NO 
NA NO NA NO NA NO NO 
NA NO NA 69J NA NO NO 
NA NO NA NO NA NO NO 
NA NO NA NO NA NO NO 
NA NO NA NO NA NO NO 

NA NO NA NA NA NA NA 
NA NO NA NA NA NA NA 
NA ND NA NA NA NA NA 
NA NO NA NA NA NA NA 
NA NO NA NA NA NA NA 
NA NO NA NA NA NA NA 
NA NO NA NA NA NA NA 
NA NO NA NA NA NA NA 
NA NO NA NA NA NA NA 
NA NO NA NA NA NA NA 

NA ~OJ 26SOJ HI. 10700J 12300J 
7.9 105J 22 3.1J NO 4.3J 4.1J 
NA 141J 22.5J NA 45.2J 49.5J 
NA NO O.oIJ NA 1.1 1.4 
NA NO 0.09J NA NO NO 
NA 3650 NO NA 1980 2380 
NA 7.6J 4.9J NA 16.7J 17J 
NA 5.2J 1.4J NA B.1J 9J 
NA 3.5J 1.2J NA 10.1 11.4 

31600 151000J 29000 461 OJ 1400 17700J 19600J 
NA 99 6.6 NA 11.1 129 
NA 1240J 452J NA 4920J 6100J 
538 S17J 183J 544J 507J 
NA 5J 2.2J NA 11.oIJ 11.6J 
NA NO NO NA 4800 6780 
NA 1.9J 0.6J NA NO NO 
NA NO NO NA 0.9J 0.79J 
NA 10.6J 4.8J NA 2S.6J 29.5J 
NA NO NO NA 54.8J 61.9J 



Sediment Quality 
COMPOUND Criterion or Guidance R"erenee 

PeotlcldoelPCB •• ug/llg 
4.4-000 • OMOE lW2 
4.4-DOE 5 owe 19Q2 

PCB· I 260 5 OMOE 1992 

SVOC .. ug/IIg 
1.2-Dtch_nzono 340 U,S. EPA 1996 
1.4-Dtch-.. .... 350 U.S. EPA 1996 

4-Chloro-3-mott.n>honol NA .. 
Benzo(o)pyrono 430 Long.1 aI. 1995 
Bonzo(b)1Iuonontheno 2.300 Ingertolletal.'882 
BIo(2-e1"yll"",yl)plllhololo 1,200 Newel ,DIg 
DI-~holat. 11.000 U.S. EPA lliJg8 
OiolhA>hlholal. 630 U.S. EPA 1996 
F1uoranthene 100 long et aI. lOllS 
Phononthrono 240 long et at '995 
!Pyrone 665 lano e' at 1995 

voc .. ugIkg 
1.2,3-TricI1Ior-.zone 9,200 . U.S. EPA 1M 
1.2.4-TricI1Ior-.z.". 9,200 u.s. EPA 1996 
1.2,4-TrImoC~ono NA .. 
1,3.5-TrImoChylMlnzono NA .. 
2-BWonono NA .. 
__ 

57 .. 
Benzono 820 U.S. EPA 1M 
C~ono NA U.S. EPA ,SfV6 
Chloroform NA .. 
ToIrahydrolUran .. 

-,mg/IIg 
AkImInum NA .. ......., 6 OMOE 1992 - 20,000 U.S. EPA len 
Boryllum NA .. 
Ced_ 0,6 OMOE'992 
Calcium 
ClvomIum 26 OMOE 1992 
C_ SO,OOO FlChko 1989 

~ 11 OMOEl9Q2 
Iron 21.200 

BCMOE ,_ 

lMd 31 OtwtOE 1992 
Magnoolum 
Mangoneoo 460 OMOE'992 
Nickel ,. OMOEl9Q2 
POIaUium 
Solonlum 5 BCMOE 1994 
Thalium NA .. 
Vanadium NA .. 
Zinc '20 OMOE 1992 

-..waCoUntill~oI~(8CMOE~ 181M Apprawd..:lwartWlgcn.n.Iaf __ ~-I884. 

W_a&.My~ EnWoMwIIiII~o..-mn.. l58No.T72I-2OI1·X Vk:tDM,BnhhCoUnba .5pp 
FIIKHIo,J 1_ c....1of~~~ a...ConNIInIILJmItiIcI BrM'll*ln.OnUrIo. 
l88Ho.t34116-2N. PulMftPubllt*lgCo 1nC.~~ 
"",,,,,c.Q .• pa.~EL...8n.Non.TJ.CMIeIcI.FJ CIwyer.CE ....... NE ~.DR 1IbInl,.:I 

RQ foil. ,. CIiIouIIIIIoneIftd~oI""""""~Iot .. arnpNpodHy.wa"" 
Ind IN tn/dgII C»onornut .... J GNIIt l..IIIIM ReI 22(31) I02-t23 
lDng.ER.OD ~SL~MdFO CIiIcIIIr 1M lncIr:imceol .... ~ ......... r.ngn 

oIc:Nma1~"""'Md"""""". EnWan ....... Ii(I) .• ' ... 7. 
~. A..J "l1li ~cftlllMb~..-...t. N.- yotks .... ~of EnwOf'l'lWltillConMMlllon . 
...". NMW Ycwk. 28pp 
an.no......,oI .. E~(OMOE) ,. E ... b¥p ...... O.R ~.MdA ~ CWdIInet 

kif tie pr'*dlon N ~ oI~ MdIrMnI quIIIty 1n0run0 an.no~ 01 EnWDnrMnI. C/ntanD 
us EPA. 18n GuldlllnMbhpc*llan~oIQr_L.akuIWbar""". US.EnvlrOl'Wf-*! 
PrcleclonAfl/lttwJ'l ~V Qr"'LMrM~a.aa aw:.ga, ..... 
U I EI'A. ttll fooD:~. EP~·1M)3I U.S. ErMCIM'IWIW f'rotIIcton 1q#JtMIy, 0ftI0e 01 tkJId w .... 
Md E-.rq AMpan., WMI'*1gIDn, DC. 

SD004 
Nov·95 

5.8J 
2.3J 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
63J 
140J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

29000J 
20,IJ 
144J 
1.9 
NO 

5640 
85J 

17.3J 
24,7 

31000J 
27.8 

861 OJ 
605J 
34J 

6640 
NO 
1.6J 

50.2J 
126J 

SD004 
May·96 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

• NA 
NA 
NA 
NA 
NA 
NA 
NA 

6,7 

16300 

358 

TABLE 2-8 
SEDIMENT ANALYTICAL DATA 
FEASIBILITY STUDY REPORT 

SACO MUNICIPAL LANDFILL. SACO. MAINE 

LANDFILL AREA 2 

SD008 SD009 SD009D SD009 SD0090 
Nov·95 Nov·95 Nov·95 May·96 Mal':.96 

NO NO NO 
NO NO NO 
NO 150 NO 

NO 36J NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
63J 41J NO 

NO IJ NO 
NO NO IJ 
NO IJ NO 
NO IJ NO 
25J NO 4J 
72J NO NO 
NO IJ NO 
NO IJ NO 
NO IJ NO 
31J NO NO 

8370J 5080J 6460J 
4J 2.2J 2.2J 3,S 4,7 

45.8J 19.3J 23.8J 
0.78J 0,47J 0.51J 
NO NO NO 

2230 936 1070 
11,7J 6,8J 8.8J 
4.6J 2.5J 2.7J 
4.3 I.IJ 0.9J 

9550J 4700J 5160 B740 10900 
11.1 6.6 5,1 

2250J 1250J 1640J 
175J 76.3J 91.8J 230 lOS 
6.5J 3.7J 44J 
1530 NO 954 
NO NO NO 
NO NO NO 

14,IJ 7.8J 9,4J 
59.IJ 205J 209J 

LANDFILL AREAS 3 • 4 
Siream/Pcol North Pool South Big Lodge Br_ 

SD009 50010 50003 50011 Sool4 Sool4 Sool4 SD028 SD029 SD029 
Nov-96 NOY-95 Nov-95 Nov·95 Nov·95 MaY'96 Nov-96 May-96 May-96 Nov-96 

NA NO NO 1.6J NO NA NA NO NO NA 
NA NO NO IJ NO NA NA NO NO NA 
NA 61 NO NO NO NA NA NO NO NA 

NA NO NO NO NO NA NA NA NA NA 
NA NO NO NO NO NA NA NA NA NA 
NA NO NO NO NO NA NA NA NA NA 
NA NO NO 140J NO NA NA NA NA NA 
NA NO NO NO NO NA NA NA NA NA 
NA NO NO NO NO NA NA NA NA NA 
NA NO NO NO NO NA NA NA NA NA 
NA NO lOOJ NO NO NA NA NA NA NA 
NA 54J NO NO NO NA NA NA NA NA 
NA NO NO NO NO NA NA NA NA NA 
NA 44J NO NO NO NA NA NA NA NA 

NA NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA 

NA 8760J I8200J 16200J 20300J NA NA NA 
3.4 4,9J IS.9J 7,8J 10.6J 9.8 10.7 3.3 S.2 U 
NA 46.6J 87.5J 60.7J 84.3J NA NA NA 
NA 0,83J 1.3 0.97J I NA NA NA 
NA NO NO NO NO NA NA NA 
NA 1660 2300 2360 2960 NA NA NA 
NA 26.2J 25.8J 20.6J 41.4J NA NA NA 
NA 5.5J 23.6J 6.9J 15.4J NA NA NA 
NA 4.4 6.7 8.5 16.9 NA NA NA 

9080 II600J 24500J 11000J 41100J 38000 42100 4440 5610 4570 
NA 12.2 22,6 16,6 9,2 NA NA NA 
NA 2100J 3240J 2420J 10400J NA NA NA 
221 478J 6780J 148J 666J 739 53.7 89.8 63 
NA 6.8J 168J 16.8J 26.8J NA NA NA 
NA 1560 1690 NO 10100 NA NA NA 
NA NO 3,4J 0,82J NO NA NA NA 
NA NO 6.7 NO NO NA NA NA 
NA 15,3J 41.2J 21,6J 51.5J NA NA NA 
NA 60lJ 781J NO 672J NA NA NA 



SO<ImonlQualily 
COMPOUND Cnlanon or Gukiance Reference 

PutlcldoaIPCS., ug/kg 
4.HlOD 8 OUOEliKr.! 
4.4-DOE 5 OMOe 1992 

PCB-'260 s OMOe lW2 

SVOC., ug/kg 
'.2-~ ... 34ll U.S. EPA 1996 

1 ,4-Dichlorobenzene 350 U.S. EPA 1l1li6 
4-Chloro-3-l11IIhylphenol NA .. 
BenzO(.)pyr .... 430 long.1 aI. llitQ5 

Banzo(b)l1uotanlheno 2.300 Ingersoll., aI. 1992 
Bls(2-«hy1hexyt)phlhalalo 1,200 N ..... 1989 
Oi-n-butytphlhalal. ",000 U.S. EPA 1998 
Oiolhy1>hlhaloto &30 U.S. EPA 15M)6 
FUotanIhono 800 Longel aI. 1995 P ..... _ ... 

240 Long et.1. 1995 
Pyrone 66S long et al. ,SH15 

VOCe, ug/Ilg 
, .2.3-Tr1chIorobonz ... 9.200 . U.S. EPA 1996 
, .2,4-Tr1chIorobonz ... 9.200 U.S. EPA liMHS 
, .2,4-Trimelhyl>enzono NA .. 
, ,3.5-Trimolhyllenzo .. NA .. 
2-1I<.Canono NA .. _one 

67 .. 
Benz ... 820 U.S. EPA 1SK16 
C~ .... NA U.S. EPA 1996 
Chloroform NA .. 
TOCrohydrofuran .. 

IIobIIa,mglkg 
AIuINnum NA .. - & OMOE 1992 
Barium 20.000 U.S. EPA 1977 
Booyllium NA .. 
Codmium 0.6 OMOE 1992 
Calcium 
Chromium 2& QUDE 15t92 

Cd>aII 50,000 Fltcnko 1989 
COJlpof ,6 OMOE 1992 

Iron 21,200 BCMOe 19Q4 

Load 31 OMOE 1992 

MalIneoium 
Mangonooo 480 OMOe 1992 

Nlcl<oI ,. OMOE 1992 

Pol"""" 
SoIonIum 6 BCMOE 15& 
Thalium NA .. 
Vanadium NA .. 
Zlnc 120 OMOE 1992 

-BnWICoUnOIIlMnlMyolEIWIn:InrMN:(BCMOf) 111M ~"'worIungcm.n.lofw"'q.IIIMy-l994 
W"~IrMdl ~ProlM*on~ lSBNo-T72e-2OI1-)( ~BnlIhCoUnb6a 45pp 
F*MD.J. till. ~b~5oI/'SeIcItMnII0Nnup Beakeon.Mlntlllrnltild BrIln'lf*ln.Ontarb 
tSBHOoa:J4116-2H. P\OtWI~Co Inc NoI'tI'IbrootI.1IInoII 
Inglflo •• C.G.P.S ~ELan..on.TJ CAnIeId.FJ Dwyer.CE ..... NE ~.D.R McM\l.nd 
RQ.FCIII I. ~1M~ot~.-.cf~donItofrw~HyalillllazIIoII 
1M ...... a.onomu. ...... J a-.t uu. AM 22(3)1IQ2o..I23 

L..ong.ER.DD ~SLSrNIh . ..:IfD.c.... lli5. lnridInoIof .... bioIogIcII.tfldlwlhntW'9" 
ofClMMlolloonoMhlonlln--. ................... ErMron ........ II(I).,~7 

~.A.J talt. a..n-upatalltil.b~NChenl New YorkSWIo.p.tnentofErwlrOfV'lWlUlleona.rv..on 
~. t-. yen.. 2Ipp 

ar.rto MInI*y 01 ... EtMn::nnenIIOMOE). 1182 EcMId by Penaud. D. R ..IugI.IrMgI. and A HayDl GuIdMnn 

tor ... protIoc*lrIlnd ~ oI.,..ec MClINn! qI.IIIIty In Orar'a On.no MIrV*y 01 EIMrOM'Ief'Il 0nWI0 
us EPA ttn ~lDrflepolullan~oIQrMlL.aMltwbor~1I us ErwIronmtlf'lWi 
Pf*'*"/Ipq AegIonV OrNIL.IMI~BrMOh. DlIc:ego.1IIno6I 
US EPA. , .. EooaTlwMholl» EPAI54Oo'F-i6J03I us EIWIrontnenIIIIPnMctQnAptt:y.~oISoIdW"" 
.,., EIMfVIir"IOY RMponM. Wut*IgIon. DC 

50005 500,5 
NoY-e5 NoY-e5 

NO NO 
0.76J NO 
NO NO 

NO NO 
NO NO 
NO NO 
NO 47J 
NO NO 
NO NO 
NO NO 
NO 76J 
NO NO 
NO NO 
NO NO 

NA NA 
NA NA 
NA NA 
NA NA-
NA 'NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

40, OJ 6330J 
11.9J 42.2J 

'5.6J 44.7J 
NO 0.48J 
NO NO 
511 11 SO 
9.5J ,4J 
2.7J 5.'J 
'.5J 5.4 

5390J ,6OOOJ 
4.4 6.9 

'42OJ 2200J 
72.7J 464J 
4.8J '0.8J 
NO NO 
NO O.72J 
NO NO 
6.6J '4.6J 
2'.7J NO 

TABLE 2-8 
SEDlIlEKT ANALYTICAL DATA 
FEASIBILITY STUDY REPORT 

SACO IIUNICIPAL LANDFILL, SACD, IIAINE 

500,5 500,5 50024 S0024A 500024 
May-96 Nov-96 May-96 May-96 NoY-96 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA NA 
94 26.' 1.3 '.7 2'.5 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

29000 ,7200 1700 2000 8600 
NA NA NA NA 
NA NA NA NA 
305 ,55 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

LANDFILL AREAS 3 & 4 co.I'd) 
Sandy Brook Sooth 01 Area 4 

50026 50027 50030 5003, 
May-96 May-96 JuI-96 Ju~96 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 
89 36 3.' 81.5 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

11000 8300 3280 ,3700 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

50032 50033 50034 50035 50040 5004, 50047 

Jul·96 Jul-96 Jul-96 Ju~96 Jul·Q6 Jul-96 Ju~96 

NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 
,85 54.9 '9.6 69 8.9 81.3 37.8 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 

33500 24700 21500 5300 9260 ,5500 NO 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 



Sediment Ouallly 
COMPOUND Criterion or Gukiance Reference 

PaotlclcloolPCB., uglkg 
4.4-000 • OMOE1Q92 

4.4-DOE • OMOE 1992 
PCB-l2fiO • OMOE 1992 

SVOCa, uglkg 
1.2-D6chbrobenzene 340 U.S. EPA '996 
1,4--Ok:hlorobenzene 350 U.S. EPA 1996 

4-Chloro-3-moIhylphenoi NA .. 
Benzo(a)pyrena 430 longe4 aI. 11'195 
Benzo(b)11uo<an1hona 2.300 Ingersoll ., aI. , W2 

Bla(2-ethylhexyl)phthalato '.200 N .... ,gag 

O~n-t>uIyIpIOhala'. 11,000 U.S. EPA 1996 
Oiolhylphlllalato 630 U.S. EPA '996 
FIuoranlhena 600 long .'at , ... 
Phenanlhr_ 240 long ., aJ. lW5 
IPyrena ••• long ., al. 1 ggs 

VOC., ug/IIg 
12.3-T~ ... .,200 . U.S. EPA 1M 
12,4-TrIc:hIo.-.zo .. '.200 U.S. EPA 1$Kt8 

12.4-TrimoIhyI>onzono NA --
1,3,5-T_hyI>onze .. NA .. 
2-1IWInona NA .. -- .7 --
Benzena 820 U.S. EPA 1~ 
Chlorobenzone NA U.S. EPA 1996 
Chloroform NA --
T"~ro/ufOfl .. 

"'-,mglkg 
Aluminum NA --- • OUOEII192 
Barium 20.000 U.S. EPA '.n 
Bery_ium NA .. 
Cadmium 0.' OUOE'1I92 
Calcium 
Chromium 26 OUOE'1I92 
~ 50.000 Fitchko 11iM1a 

~ .. OMOEl892 

Iron 2'.200 BCUOE 1994 
Lead 3' OUOE 11192 

Magnooium 
MangoMM 4SO OUOE 1992 
N_ 16 OUOE '''2 
PotaaaIlm 
Salenlum • BCUOE '994 
TIlalium NA .. 
Vanadium NA --
Zinc '20 OUOEII192 

-, 
8r111hc:auntle~oIErMQnrnenI:(BCMOE) 111M. ~awed.-lld~derletor."'~-I'" 
w.-QueltyBrMdl. EnWonrn.ItIIIPrcMc:*on~ lSBNo-712O-2'081·X Yk*lna.BnIlhColun!t*a 4Spp 
FIId*D, J. 1l1li. c.... tor ~ ~ QMnup .... ConNwItI UmIIId a-MIpIOn. ()nI.nI) 

ISBNo-I34116-a-e. ~PubbtqCo Inc.NoftIbrook.. ... 
Ingwtol. co. p. ~. E l 8NMon. T J c.nwd. F J ewy., C E HerU. N E ~IM, 0 A Mcxri. Mel 

FlO Foal. I. ~.-IId~oIldnMteIMIIlxx ... ,"larwfar"MIphIpocIt+y-.llillHlce 
and ...... O*onarnuI ...... J.ar..l.UMIIRM 22Cl}.e0:z...t23 
IAng,EA,DD MecCIaneAd. S.L Srr.-.,.-IIdF.O CeIdiIf. 11M. lnI:idIItaIof ..... b6oIoVoIIeItectI....,'1ngM 
cia.-.. ~ ~ ..... ..c:I.....,. .......... Enwon. MenIIgI. 11(1) 11-t1 
NRIIII,A.J 1111. OeIrHlpattllrlllfar~Midmenl NMVOfkS ... ~04ErwlronrnenllllConMIYdon 

MIM'fi. NIIW Yen 2Qpp 
on.no MInIMy of IW Erwtronment tOWOE) 1882 E«MId by P.-......d. 0 . R ~ . .-IId A twymn GukWN. 
lot ... prc*dlon Ind ~ of equdc MdmenI queIty ~ 0nIMD an.no MnUy of ErMrOM'WII, 0nIIn0 
U I EPA 1.n IluIdMInM far .. paIuIon deuIIcMan 01 Dr_ LMIH HIIrOor NIImWItI U 5 Enw~ 
~/Ipq. RegIonY. Dr_UMl~BrInd'l. a-.o.go.1Im6t 
U.S. EPA. 1181 EootoaThr ....... EPN&4C)'F·IM)3I. US.EnwonrnentallP~IqMq.~oI$o11QW" • .... __ ._.OC 

svoc· .......... otgeNc oompcuv::I 
voc· __ _ 

50049 
Jul·96 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
/JIA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
43.9 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

27300 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

IAl3ll:. ~·af 

SEDIMENT ANALYTICAL DATA 
FEASIBILITY 81lJDY REPORT 

SACO MUNICIPAL LANDFILL, SACO, MAINE 

50·50 5D051 SD0510 50052 SOO53 
Jul-96 Ju~96 Ju~96 Ju~96 Jul-96 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA NA NA 
13.4 114 113 12.6 7.1 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

20900 16400 22600 9410 8350 
NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

LANDFILL AREAS 3 • 4 conl'd) 
Sandy BrOOk South 0/ Area 4 

SD060 SD061 SD062 SD063 
Jul-96 Jul·96 Jul·96 Jul-96 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 
5.9 6.7 18.3 6 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

4090 6490 7550 6350 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

SD064 SD065 SD066 SD067 SD068 SD069 
Apr-97 Apr-97 Apr-97 Apr-97 /l.rH-97 /l.rH-97 

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

NA NA NA NA NA NA 
33.2 42 48.3 45 .• 7.7 7 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

21000 20900 15000 14000 5210 6640 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 



• Results do not reflect potential improvements in community structure following the additional 

removal of contaminated sediment in November 1998. 

Toxicity Tests: 

• Tests evaluated survival, growth, and reproduction under acute and chronic conditions 

• Survival in all tests was comparable to reference samples 

• Slight reductions in growth occurred for all concentrations under the prolonged exposure of a 42-

day test. 

• Moderate reduction in reproduction was associated with higher arsenic concentrations 

• These results suggest that organisms in affected portions of the stream would be able to complete 

their life cycles in the sediment, but may be slightly smaller than those in unaffected sediments. 

• Line-of-evidence evaluation of toxicity data suggests that moderate reduction in growth and 

reproduction may be associated with samples with sediment arsenic concentrations higher than 

106 mglkg. 

Comprehensive Sediment Sampling: 

• Results suggest that 14% of the stream area, or approximately 280 ft. of the 2,000 foot study 

area, potentially contains sediment with arsenic concentrations above 106 mglkg and thus the 

potential to affect growth and reproduction in highly sensitive members of the benthic 

community. This estimate does not reflect probable improvements in sediment quality 

following the November 1998 sediment remediation. 

• Mapping of data indicates that these 280 ft. are not contiguous, but are scattered along the length 

of the brook, with affected areas separated by 25-75 ft. of stream with lower arsenic levels. 

• The separation of potentially affected areas would serve to reduce exposure and effect, since 

benthic organisms are able to move in and out of affected areas. 

Taken together, these test data suggest that: 

1. Discharge of groundwater from Area 4 has had a measurable impact on the benthic 

macro invertebrate community of Sandy Brook. 
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2. Although post-remediation concentrations of site-related contaminants are lower than they were 

before remedial activities, they may still present risks of minor adverse effects among sensitive 

members of the benthic community. 

3. The potential for impacts from current levels of site-related contaminants are limited to a small 

portion of the brook downstream of the remediated seep. 

4. Observed effects do not constitute a significant impact on the ecology of Sandy Brook and do not 

warrant additional remediation of Area 4 or the sediments of Sandy Brook. 

In addition, because the impact on the macrobenthic community of Sandy Brook is minor and restricted 

in area, it is likely to have little or no effect on downstream reaches, where arsenic levels are 

significantly lower. However, because elevated concentrations of arsenic, iron, and manganese are still 

present around the landfill, periodic monitoring of stream sediments is recommended to detect any 

changes in metal concentrations over time. 

2.3.3 Groundwater Analytical Data 

Groundwater samples were collected from 28 monitoring wells in December 1997, and from 27 wells in 

June 1998. All samples were analyzed for inorganic parameters. Four of the wells, (MW-13, MW-95-

11 S, MW-95-1 S, and MW-95-4RD) were also analyzed for VOCs during both events. The monitoring 

wells sampled and parameters analyzed are presented in Table 2-5; the analytical data are presented in 

Table 2-9; and monitoring well locations are presented in Figure 2-1. The chemical distribution in the 

overburden and bedrock aquifers generally has remained consistent between the 1997-1998 sampling 

events and prior events; 1998 data are consistent with the site model. A summary of the analytical data 

is presented below for VOCs and inorganic parameters. 

2.3.3.1 VOCs - There were no significant changes in VOC concentrations detected in any of the four 

monitoring wells between the 1997-98 sampling events and prior events. MW-13 and MW-95-4RD had 

trace to very low concentrations of up to 25 VOCs. Similar to two prior sampling events, MW-95-ll S 

had no detectable levels of VOCs and MW -95-1 S had trace levels of just three VOCs. 

2.3.3.2 Inorganic Parameters - The inorganic analytical data are discussed separately for the existing 

RIIFS monitoring wells (e.g., MW-95 series) and the USGS monitoring wells (e.g., MW-97 series). 
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RIIFS Monitoring Wells - Nineteen of the 28 wells sampled in December 1997 and 27 wells sampled in 

June 1998 had been sampled at least twice previously. No significant changes in either detected analytes 

or concentrations were noted in the following 13 monitoring wells: 

• MW-95-4R, MW-95-4SA, MW-95-4SB, MW-95-4RD, Area 4 

• MW-95-6S, Area 4 

• MW-95-7S, MW-95-7R, Area 4 

• MW-95-9S, Area 2 

• MW-95-3R, Area 4 

• MW-95-5R, Areas I and 2 

• MW-95-8R, Area 2 

• MW-93-5, Area 4 

• MW-96-9R. Area 4 

However, differences in inorganic analyte concentrations from previous results were noted for some 

monitoring wells and are discussed below for Landfill Area 2 and Landfill Areas 3 and 4. These 

differences likely reflect the inherent variability in environmental sampling. 

Area 2 Wells 

The most notable difference betwe'en the 1997-98 data and previous data collected at Area 2 was the 

detection of aluminum in two wells where this metal had previously not been detected. Aluminum was 

detected at 430 Jlg/L in MW-13 during the December 1997 event but was below detection levels in two 

prior events and during the June 1998 event. Aluminum was detected at 420 and 170 Jlg/L in MW-95-

11 S during the December 1997 and June 1998 events, respectively, and was below detection levels 

during two prior events. There is no Maximum Contaminant Level (MCL) for aluminum; however, 

these reported concentrations are all below the Maximum Exposure Guideline (MEG) for aluminum of 

1,430 Jlg/L developed by the Maine Department of Human Services (MEDHS). Iron concentrations in 

MW-95-8S have increased from below detection levels in the first two sampling events (1995-96), to 

380,560, and 1,920 Jlg/L in the last three sampling events, including 1997-98. There is no primary MCL 

or MEG for iron. While this apparent increase in iron concentrations is not currently understood, MW-
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95-8S will continue to be sampled during Post-ROD long-term monitoring. Evaluation of this data may 

reveal a trend. 

Areas 3 and 4 Wells 

Notable differences between the analytical data for 1997-98 and previous sampling events were observed 

in seven wells. As with Area 2, aluminum was detected in four monitoring wells (i.e., MW-95-8S, MW-

95-2S, MW-95-6R and MW-93-3) during the 1997-98 sampling at locations where it had previously not 

been detected. Concentrations of aluminum in these wells ranged from 120 Ilg/L (MW-95-6R) to 1,080 

Ilg/L (MW-95-8S), all below the MEG of 1,430 Ilg/L. 

Other differences observed at Areas 3 and 4 include changes in arsenic and iron concentrations at MW-

95-1S and MW-95-1R located north of the landfill. Arsenic was detected for the first time in MW-95-1S 

at 13 Ilg/L during the June 1998 event. Iron concentrations have also increased over the five sampling 

events from below detection levels to 11,600 Ilg/L in June 1998. Concentrations of arsenic, iron, and 

manganese have increased two- to three-fold in MW-95-1R between the 1997-98 events and four prior 

sampling events. 

Concentrations of barium, cobalt, iron, and manganese in MW-95-8R located to the west of the landfill 

in June 1998 were approximately twice the reported concentrations during four prior events. However, 

the arsenic concentration in this well in June 1998 (64 Ilg/L) was the lowest reported concentration for 

this well. 

Although changes were noted between the 1997-98 sampling results and previous data, it is unlikely they 

reflect a significant change in environmental conditions at this site. These changes likely reflect the 

inherent variability in environmental media and sampling. Overall, these data are consistent with 

previously collected data and support the site conceptual model for this site. 

USGS Monitoring Wells - The nine USGS monitoring wells installed around Landfill Areas 3 and 4 were 

sampled both in December 1997 and June 1998. Data from these wells provide additional information 

on the distribution of groundwater contaminants in the aquifer between the toe of the landfill and Sandy 

Brook. Eight of the nine wells are located southeast and downgradient of Landfill Areas 3 and 4; one 

well (Le., MW-97-17R) is located southwest of the landfill. 
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Monitoring well series MW-97-13 includes three wells: two in the unconsolidated gravel and clay 

deposit (S 1 and S2), and one in shallow bedrock (R). All three monitoring wells are located between the 

toe of the landfill and the sediment retention basin, and contained elevated concentrations of arsenic. 

The overburden wells contained the highest arsenic concentrations reported at the site, ranging from 700 

to 800 J.lg/L. The bedrock well contained arsenic at concentrations ranging from 40 to 179 J.lg/L. 

Manganese and iron were also detected at elevated concentrations, with concentrations highest in the 

shallowest well (S 1) and decreasing with depth. 

Monitoring well series MW -97 -14, located downgradient of the MW -97 -13 series wells, includes two 

wells in the unconsolidated material: SI and S2. Arsenic was detected at concentrations of 149 to 232 

Ilg/L in S 1 and at concentrations of 115 to 119 Ilg/L in S2. Iron and manganese were also detected at 

elevated concentrations. Arsenic was also detected in monitoring well MW-97-19S, located east of 

Landfill Area 4, at concentrations of 150 to 190 J.lg/L. 

Arsenic was not detected in monitoring wells MW-16S, MW-17R, and MW-18S, the southernmost of the 

USGS wells. 

2.3.3.3 Chemical Plume Maps - An interpretive plume map presented as Figure 2-5 illustrates the 

distribution of arsenic, iron, and manganese in the overburden aquifer based on the June 1998 data. 

Figure 2-6 shows the isopleths for ~rsenic in the bedrock aquifer based on the June 1998 data. 

Figure 2-7 shows a cross-section of the gravel pit, from the toe of the landfill to Sandy Brook. This 

figure shows the distribution of arsenic in both the overburden and bedrock aquifers based on June 1998 

data from both RIIFS and USGS monitoring wells. Arsenic concentrations in the overburden aquifer are 

greatest in the MW-97-13 series wells and decreased by almost an order of magnitude to the MW-97-14 

series wells located approximately 400 feet downgradient of the landfill. The observed decrease in 

concentration is attributed primarily to dilution through precipitation recharge to the aquifer. 

Groundwater bedrock contamination appears limited to the upper fractured portion of the rock. The 

strong upward gradients observed in these wells indicate groundwater flow from the rock to the 

overburden aquifer with ultimate discharge to Sandy Brook. 
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Overall, the chemical distribution in the overburden and bedrock aquifers has remained consistent over 

past sampling events (e.g., 1997, 1998, and 1999). This distribution appears to be controlled by the 

groundwater flow paths and geology at this site, as is described in the following two sections. 

2.4 PUMPING TEST AND GROUNDWATER MODELING 

The hydrogeological investigation and modeling efforts at the SML site were completed to further the 

understanding of site conditions. The construction of the groundwater model has led to a better 

understanding of the site conditions, particularly the water balance and groundwater within the flow 

system. This improved understanding has allowed for the evaluation of various remedial activities. The 

Hydrogeological Investigation Report and supporting materials are presented in Appendix B-1 and B-2, 

respectively. Calculations related to mixing of contaminants in surface water are presented in Appendix 

B-3. 

The following findings were identified from the hydrogeological investigation and modeling: 

• While there are no wells installed through the Area 4 landfill cap, the model predicted the greatest 

degree of change in modeled groundwater elevations beneath the landfill, subsequent to capping, 

would occur during the first two years (approximately 10 ft.); 

• Groundwater elevations downgradient from the capped area are not significantly affected by the cap 

because of their location; 

• Volume of groundwater moving through bedrock and till beneath the landfill is estimated at less than 

5% of the total groundwater flow. The volume of groundwater moving through the sand and gravel 

deposits is estimated at greater than 95% of the total groundwater flow; 

• Radial flow from the landfill causes groundwater in the northern portion of the landfill to flow under 

Sandy Brook then flow southwest again eventually discharging within the same area in Sandy Brook; 

and 

• Approximately one pore volume will be flushed from between the toe of the landfill and Sandy 

Brook within 2 years. 
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The overall understanding of the flow system indicates that groundwater flow is controlled by the 

bedrock and surface topography of the site. Groundwater flow is directed radially away from a bedrock 

high located just to the west of Landfill Areas 3 and 4. The groundwater flowing from the northern 

boundary of the landfill gradually turns to the east and then turns again to the south-southwest, 

paralleling the flow of Sandy Brook. The groundwater at the southeast toe of the landfill flows generally 

southeast toward, and discharges to, Sandy Brook (see plume distribution Figure 2-5). 

Groundwater and surface water interactions at the site are governed by the discontinuous nature of the 

silt and clay deposits of the Presumpscot Formation (Fm.) and their relationship to the sand and gravel 

deposits of the lower aquifer (W &C, 1998a). The Presumpscot Fm. is present below the portion of the 

stream between Areas 3 and 4 and Areas I and 2. The presence of this clay and silt layer limits the 

discharge of groundwater to the stream between Areas I and 2 and Areas 3 and 4. The Presumpscot Fm. 

is absent beneath the stream directly downgradient of Areas 3 and 4 allowing for greater discharge to the 

stream via the higher conductivity sand and gravel deposits. 

2.5 CONCEPTUAL MODEL 

Based on work completed durin~ the Rl phase of the investigation and subsequent investigations 

completed by the USGS, a conceptual model for the occurrence of arsenic in groundwater has been 

developed for this site. The studies focused on the aqueous geochemistry of the system as a whole in an 

effort to understand the mechanisms that allow for the release of arsenic from naturally-deposited and 

landfilled materials. 

Analyses of samples of the bedrock and overburden were conducted by the USGS to determine the 

chemical composition of the native materials at the site. The whole rock analyses results and references 

to the laboratory column tests completed by the USGS are provided in Appendix C. In general, whole 

rock analyses indicate that the concentrations of arsenic on the west side of the stream range from 3 to 15 

mg/kg in the bedrock and from 1 to 3 mg/kg in the overburden materials. The concentration of arsenic 

from whole rock digestion for the sand on the east side of Sandy Brook was below approximately I 

mg/kg. 
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2.5.1 Occurrence of Arsenic in Groundwater 

Two distinct, yet dependent, processes govern the occurrence of arsenic in groundwater at the SML site; 

the first is a biological process, and the second is a physical process (Colman and Lyford, 1999, 

Stollenwerk and Colman, 1998; Stollenwerk and Colman, 1999). The biological process is the 

consumption of oxygen by microbial organisms as they feed on the dissolved organic carbon (DOC) 

present in the system. The physical process is the reductive dissolution of arsenic and iron contained 

both within the aquifer materials and in the bedrock caused by the reducing conditions created by 

depletion of oxygen below the landfill. 

Infiltration of rainwater through landfill wastes generates leachate. As waste materials in the form of 

DOC are degraded by microorganisms, oxygen is consumed and the supply of dissolved oxygen in the 

leachate is depleted creating reducing conditions within the leachate. The reducing conditions of the 

leachate cause the reductive dissolution of arsenic and other metals (i.e. iron and manganese) from the 

natural overburden and bedrock materials beneath the landfill. As arsenic- and iron-rich leachate mixes 

with more oxygenated water downgradient of the landfill, arsenic co-precipitates with iron, coating the 

overburden aquifer materials, and in effect "staining" the aquifer materials. 

Arsenic is present, primarily in its As(III) form, along with high concentrations of iron and manganese as 

coatings on the grains of the overburden materials. The USGS studies indicate that mobile arsenic (i.e., 

As(III» is present in groundwater only when oxygen is absent. In addition, speciation modeling 

conducted by the USGS indicated that arsenic minerals are not formed. The USGS study also showed 

that dissolved As(III) is in equilibrium with substantial amounts of As(III) adsorbed on the solid phase. 

A reductive dissolution model for arsenic dissolved from iron hydroxide coatings adequately explains 

observed arsenic to iron ratios in source materials and leachate plume water in areas where overburden 

was isolated from the bedrock by the presence of the Presumpscot Fm. (i.e., east of Sandy Brook). In 

areas where overburden and bedrock are not separated by the Presumpscot Fm. (i.e., west side of Sandy 

Brook), sources within both the bedrock and overburden are necessary to explain the observed arsenic to 

iron ratios in the leachate. For either situation, natural arsenic in native materials accounts for elevated 

concentrations of arsenic in groundwater and sediment. 
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The USGS studies further indicate that large quantities of DOC may be adsorbed to the grains of the 

aquifer materials downgradient of the landfill between Area 4 and Sandy Brook. Adsorption of DOC 

onto aquifer materials in significant quantities suggests that DOC may provide a long-term source of 

nutrients for the microbial population within this area. The long-term source of nutrients means that the 

microbial population will consume oxygen until the DOC or oxygen supply is exhausted. Once the DOC 

in the system has been consumed, the demand for oxygen by the microbes will begin to decrease. The 

purpose of the landfill cap is to cut-off infiltration of rainfall thereby preventing the formation of DOC

rich leachate. As the availability of DOC decreases, the ability of reducing conditions to be sub stained 

will become less pronounced causing a corresponding decrease in the reductive dissolution of arsenic 

and iron from the coatings of the overburden aquifer materials and from the bedrock. Significant 

amounts of recharge to the groundwater system now occur only in areas not covered by the cap. The 

Design Report (W &C, 1997) estimated that the cap would allow less than 0.006 percent of precipitation 

to pass through it. The recharge entering the flow system above the landfill outside of the capped area 

will eventually introduce more oxygen-rich waters to the area beneath the landfill. Concentrations of 

iron, manganese, and arsenic in groundwater will decrease over time as fresh oxygenated water flushes 

through the system diluting the existing groundwater and pushing the equilibrium of the reductive 

dissolution/precipitation reaction toward the precipitation side of the equation. Eventually, oxygen-rich 

waters will serve to immobilize the arsenic by precipitating first iron, then manganese, and finally 

arsenic beneath the landfill. 

The time frame for the stabilization of arsenic is uncertain and governed to a large extent by the DOC 

available to microorganisms. Laboratory core leaching studies and modeling projections by the USGS 

indicate that arsenic concentrations in groundwater will stabilize at or below concentrations of 50 flg/L 

after 30 to 50 pore volumes have been flushed through the system. Based on modeled travel time of 

approximately two years for groundwater from the toe of Landfill Area 4 to reach the stream, arsenic 

concentrations will stabilize after approximately 50 to 100 years. 

2.5.2 Mixing of Groundwater with Surface Water 

Mixing of groundwater discharging from Landfill Area 4 with streamflow in Sandy Brook will result in 

lower chemical concentrations in surface water than in the discharging groundwater. The resulting 

concentrations will be a function of the concentrations in influent groundwater, the quantity of influent 

groundwater, the concentrations in influent surface water, and the quantity of surface water at the point 
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of groundwater discharge. Calculations using stream discharges measured by the USGS indicate that 

groundwater discharge from the plume represents about five percent of total streamflow at high flow and 

about 39 percent of total streamflow at low flow (Appendix B-3). Consequently, at high flow, 

concentrations of inorganic chemicals in surface water downstream of the plume discharge should be 

about five percent of the concentrations in the discharging groundwater, assuming that influent surface 

water has a unit concentration. Details regarding the low-flow and high-flow scenarios and sensitivity of 

the scenarios is included in Appendix B. 

Mixing calculations for Sandy Brook indicate that present arsenic concentrations should range from 11 to 

82 J.lg/L and manganese concentrations should range from 151 to 1108 J.lg/L. Analytical results from 

recent sampling events are generally consistent with this calculated range. These calculations are based 

on area-weighted average concentrations for arsenic and manganese at the toe of Landfill Area 4 

calculated from the December 1998 Pre-ROD sampling and upstream groundwater concentrations. 

When arsenic concentrations at the core of the plume have been reduced to 50 J.lg/L and the weighted

average groundwater concentration reduced to about 15 J.lg/L, arsenic concentrations in the stream are 

estimated to be at or below the practical quantitation limit (PQL) for arsenic of 3 J.lg/L at harmonic mean 

flow. 

2.5.3 Model for Reduction of Arsenic Concentrations in Groundwater and Surface Water 

Appendix B-4 provides a detailed discussion of the analytical model developed by W &C, based on the 

leaching studies conducted by the USGS to explore the relationship between the groundwater plume and 

Sandy Brook surface water concentrations. The goal of the model is to predict arsenic concentrations in 

groundwater and surface water during implementation of a natural attenuation remedy (SML-3) at the 

site. Using information provided by the USGS and the existing groundwater surface water data, the 

following approach was followed in developing this model: 

1. Estimate timeframe of initial aquifer flushing; 

2. Estimate rate of groundwater plume contaminant reduction; 

3. Estimate average arsenic concentration in plume over time; 

4. Estimate flow characteristics of Sandy Brook; 

5. Estimate the relationship between surface water flow and groundwater flux; 
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6. Estimate the variation of arsenic concentration in surface water down stream of groundwater 

flux; and 

7. Predict arsenic concentrations in Sandy Brook overtime. 

The analytical model developed by W &C was calibrated using the existing groundwater and surface 

water chemical concentrations, USGS flow measurements, and USGS column leaching studies 

(Stollenwerk and Colman, 1999). As required by the EPA and the MEDEP, the model results are 

presented using the harmonic mean flow to provide a conservative estimate of flow volume and therefore 

a conservative estimate of the arsenic concentrations in surface water. Table 2-10 provides a summary 

of predicted arsenic concentrations at several sampling locations along Sandy Brook. Figure 2-8 

provides a graphic representation of the same data. The model results predicted that within 15 years 

arsenic concentrations in Sandy Brook, exceeding the site-specific performance standard (3 Jlg/L) at the 

harmonic mean flow conditions, will be limited to a very small area directly adjacent to the remediated 

seep. Based on this same model, it is expected that the entire length of Sandy Brook will be at or below 

the PQL of3 Jlg/L (i.e., background concentrations) between 50 and 100 years from the present time (see 

Table 2-10). 

There are inherent limitations in the ability of this model to accurately predict arsenic concentrations 

within Sandy Brook 5, 10, and 50 years from the present. However, based on the available flow data, 

USGS column studies, and the conservative nature of many of the assumptions used in developing this 

groundwater flux and surface water transport model (see Appendix B-4), we believe the arsenic 

concentrations predicted for Sandy Brook are conservative and are within the inherent limitations 

imposed by the existing data set. Because the arsenic concentrations in Sandy Brook are most sensitive 

to the volume of flow within the brook, actual arsenic concentrations measured at any given time may 

vary depending on actual flow volume. Based on the USGS flow information, predictions at the 

harmonic mean (estimate of the average flow), 0.35 cfs is an appropriate estimate for projecting average 

exposure point concentrations for arsenic in surface water. It is expected that this model will continue to 

be updated and evaluated during each 5-year site review conducted by EPA. Pending those future 

evaluations, this model provides a reasonable estimate of arsenic concentrations in Sandy Brook surface 

water over time. 
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Table 2-10 
Estimated Arsenic Concentrations in Sandy Brook 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO, MAINE 

Arsenic at Surface Water Stations (ugfl) at Harmonic Mean 

Surface Water Sampling Location 
Years 

After Cap SW-13 SW-34 SW-31 SW-15 SW-69 
0-8 35.0 22.0 14.0 12.9 11.8 

9 25.7 16.1 10.3 9.5 8.7 
10 17.4 10.9 7.0 6.4 5.9 
15 9.3 5.8 3.7 3.4 3.1 
20 6.9 4.3 2.8 2.5 2.3 
30 4.8 3.0 1.9 1.8 1.6 
40 3.8 2.4 1.5 1.4 1.3 
50 3.2 2.0 1.3 1.2 l.l 

100 2.0 1.3 0.8 0.7 0.7 
150 1.5 0.9 0.6 0.6 0.5 
200 1.2 0.8 0.5 0.4 0.4 

Flow 

SW-103 
8.0 
5.9 
4.0 
2.1 
1.6 
l.l 
0.9 
0.7 
0.5 
0.3 
0.3 
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3.0 BASIS FOR SITE REMEDIATION 

This section presents a summary of the remedial objectives and regulatory requirements for developing 

remedial alternatives for Landfill Areas 3 and 4. These remedial actions address the final response 

actions identified during the NTCRA to minimize and mitigate impacts of the Landfill on all 

environmental media. This section also provides a review of the response actions taken as part of the 

NTCRA which support the basis for the remedial actions proposed in this report. The remainder of the 

section presents the ARARsidentified for this site and the remedial objectives including the preliminary 

remedial goals (PRGs). 

3.1 PREVIOUS RESPONSE ACTIONS 

In June 1996, the USEPA authorized the preparation of an EE/CA for a NTCRA at the SML site. This 

was based on the results of the Phase IA RI and investigations conducted at the site by the City of Saco 

and the USGS. Field investigations detected elevated concentrations of chromium in the surface soils of 

Area 3; arsenic, barium, manganese and iron in sediments of a groundwater seep adjacent to Sandy 

Brook; arsenic and iron in the surface water of Sandy Brook; and arsenic, manganese, benzene and other 

VOCs in both shallow and bedrock groundwater downgradient of the landfill. These conditions 

demonstrated a continuing release and migration of hazardous substances from the landfill to 

groundwater, surface soils, sediments, and surface water of Sandy Brook. Estimated human health risks 

associated with exposure to these media exceeded the USEPA target risk range (e.g., 10"" to 1 0-6 for 

cancer risk and Hazard Index (HI) of 1.0 for noncancer risk). The potential for adverse ecological 

impacts to Sandy Brook was identified. In addition, compounds were detected in groundwater above 

state and federal drinking water standards. 

The action objectives for the removal action, as presented in the Approval Memorandum (USEPA, 

1996), were: 

• Prevent, to the extent practicable, direct contact with and ingestion of soil/debris within the landfill 

and beneath the landfill; 

• Prevent, to the extent practicable, the potential for water to infiltrate through the landfill debris mass; 
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• Control landfill gas so that methane does not present a fire or explosion hazard; 

• Prevent, to the extent practicable, the release of landfill gas containing hazardous substances, 

pollutants or contaminants at levels that would represent an unacceptable human health exposure to a 

site worker or trespasser; 

• Remove sediments and s~ils at levels that would result in an unacceptable ecological impact; 

• Prevent, to the extent practicable, the migration of groundwater with contaminant concentrations 

above state or federal drinking water standards, or in their absence a level equal to a hazard quotient 

of 1 or excess carcinogenic risk of 1 x 10.6 beyond the edge of the landfill; 

• Prevent, to the extent practicable, continued ecological impacts to Sandy Brook or Big Ledge Brook; 

and 

• Prevent, to the extent practicable, the migration of landfill-impacted groundwater into Sandy Brook. 

Between 1997-98, the City of Saco implemented the NTCRA pursuant to Administrative Order USEPA 

CERCLA Docket No. I-CERCLA-95-I069. The NTCRA included construction of a RCRA Subtitle C 

landfill cover system over Landfill Areas 3 and 4, focused "hot spot" sediment removal at two seep 

locations adjacent to Sandy Brook (Figure 3-1), and implementation of institutional controls (Figure 3-

2). Actions conducted to date by the City of Saco fully address all but the last three response objectives 

of the removal action. Although, the landfill cover system has reduced the amount of water infiltrating 

through the waste material, there is currently a localized plume of inorganic-contaminated groundwater 

downgradient of the landfill that continues to discharge to Sandy Brook. This FS is being conducted 

specifically to address the last three response objectives as described in the following sections. 
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3.2 ApPLICABLE OR RELEVANT AND ApPROPRIATE REQUIREMENTS 

This section provides a summary of the regulatory requirements to be used in the FS for the SML Site. 

Subsection 3.2.1 discusses the definition of ARARs; Subsection 3.2.2 identifies the categories of 

ARARs; Subsection 3.2.3 identifies chemical-specific ARARs; Subsection 3.2.4 identifies location

specific ARARs; Subsection 3.2.5 identifies potential action-specific ARARs for the Removal Action at 

SML Site Areas 3 and 4; and Subsect~on 3.2.6 identifies potential action-specific ARARs for 

management of migration at 'the SML site. 

3.2.1 Definition of ARARs 

The CERCLA of 1980, as amended by the 1986 Superfund Amendments and Reauthorization Act 

(SARA), and the NCP require that potential ARARs be identified during the RIIFS process. ARARs are 

federal and state human health and environmental requirements and guidelines that will be used to (1) 

evaluate the appropriate extent of site cleanup; (2) define and formulate remedial action alternatives; and 

(3) govern implementation and operation of the selected action. 

To properly consider ARARs and to clarify their function in the RIIFS and remedial response processes, 

the NCP defines three ARAR components: (1) applicable requirements; (2) relevant and appropriate 

requirements and, (3) other requirements to be considered (TBCs). These definitions are discussed in the 

following paragraphs. 

Applicable requirements are those cleanup standards, standards of control, and other substantive 

environmental protection requirements, criteria, or limitations promulgated under federal or state law 

that specifically address a hazardous substance, pollutant, contaminant, remedial action, location, or 

other circumstance at a site. These include federal requirements that are directly applicable, as well as 

those incorporated by a federally authorized state program. Only those state standards identified by the 

state in a timely manner that are more stringent than federal requirements may be applicable. Examples 

of applicable requirements are the MCL drinking standards for a site where groundwater contamination 

has affected a public water supply. 
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Relevant and appropriate requirements are those cleanup standards, standards of control, or other 

substantive environmental protection requirements criteria, or limitations promulgated under federal or 

state law that, while not "applicable" to a hazardous substance, pollutant, contaminant, remedial action, 

location, or other circumstance at a site, address problems or situations sufficiently similar to those 

encountered at the site that their use is well-suited to the particular site. There is more discretion in this 

determination in that it is possible for only part of a requirement to be considered relevant and 

appropriate, the rest being dismissed if judged not to be relevant and appropriate in a given case. Only 

those state standards identified by the state i.n a timely manner that are more stringent than the applicable 

federal standard may be relevant and appropriate. Examples of relevant and appropriate requirements for 

the SML include the MCLs that are appropriate for the groundwater aquifer at the site that, although is 

not a public water supply, is designated as a potential drinking water source. 

Other requirements to be considered (TBe) are non-promulgated advisories or guidance issued by the 

federal or state government that are not legally binding, and do not have the status of potential ARARs. 

However, if there are no specific ARARs for a chemical or site condition, or if existing ARARs are not 

deemed sufficiently protective, then guidance or advisory criteria should be identified and used to 

confirm protection of human health and the environment. Examples of a TBC are the reference 

concentrations used in the risk assessment calculations. 

Development of a comprehensive inventory of ARARs involves a two-tiered analysis: establishing the 

applicability of an environmental regulation; and evaluating relevancy and appropriateness if the 

regulation is not applicable. A requirement may be either "applicable" or "relevant and appropriate," but 

not both. 

3.2.2 Identification of ARARs 

Because of their site-specific nature, identification of ARARs requires evaluation of the body of federal, 

state, and local environmental and health regulations with respect to chemicals of concern, site 

characteristics, and proposed remedial alternatives. Requirements that pertain to the remedial response 

at a CERCLA site can be categorized into three distinct areas: 
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• Chemical-specific requirements generally involve health- or risk-based numerical values or 

methodologies that establish site-specific acceptable chemical concentrations or amounts of a 

chemical that may be found in, or discharged to, the environment. 

• Location-specific requirements involve restrictions established for specific substances or activities 

based on their location. 

• Action-specific requirem~nts involve performance, design, or other action-specific requirements and 

are generally technology- or activity-based. 

3.2.3 Identification of Chemical-Specific ARARs 

Chemical-specific ARARs are numerical values or procedures that, when applied to a specific site, 

establish numerical limits for individual chemicals or groups of chemicals. These ARARs are generally 

health- or risk-based standards limiting the concentration of a chemical found in or discharged to the 

environment. They govern the extent of site remediation by providing either actual cleanup levels, or the 

basis for calculating such levels. Table 3-1 summarizes potential chemical-specific ARARs listed by 

media to which they may apply. Media applicable to Areas 3 and 4 include groundwater, surface water 

and sediment. A summary of key chemical-specific ARAR issues by environmental media is provided 

below. 

Groundwater 

Chemical-specific ARARs for groundwater include regulations and criteria promulgated under the Safe 

Drinking Water Act (SDW A), Clean Water Act (CW A), and Maine Drinking Water Rules. The federal 

National Drinking Water Regulations consist of contaminant-specific standards known as MCLs and 

Maximum Contaminant Level Goals (MCLGs). MCLs are enforceable standards for a limited number of 

organic and inorganic compounds that are the maximum permissible level for specific contaminants in 

public water supplies. MCLGs are non-enforceable health-based goals that establish levels at which no 

known or anticipated adverse health effects occur. For parameters with no MCLs, MCLGs, or Maine 

MEGs promulgated in 1992 (Maximum Exposure Guidelines for Drinking Water) the January 3, 2000 

Draft interim MEGs (Bureau of Health, Maine Department of Human Services; Draft, January 3, 2000) 

were reviewed and considered TBCs. 
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Requirement Status 

Federal Regulatory Requirements 

SDWA-MCLs (40 CFR Relevant and 
141.11-141.16) Appropriate 

SDWA-MCLGs (40 CFR Relevant and 
141.50-141.51) Appropriate 

Federal A WQC Relevant and 
Appropriate 
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TABLE 3-1 
CHEMICAL-SPECIFIC ARARs and TBCs 

GROUNDWATER FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water 

MCLs have been promulgated for several common 
organic and inorganic contaminants. These levels 
regulate the concentration of contaminants in public 
drinking water supplies, but may also be considered 
relevant and appropriate for groundwater aquifers 
potentially used for drinking water. 

MCLGs are health-based criteria. As promulgated 
under SARA, MCLGs are to be considered for 
drinking water sources. Non-zero MCLGs are 
available for several organic and inorganic 
con tam inants. 

Federal A WQC include (I) health-based criteria 
developed for 95 carcinogenic and noncarcinogenic 
compounds and (2) water quality parameters. 
A WQC for the protection of human health provide 
levels for exposure from drinking water and 
consuming aquatic organisms, and from consuming 
fish alone. Remedial actions involving 
contaminated surface water or groundwater must 
consider the uses of the water and the circumstances 
of the release or threatened release; this determines 
whether A WQC are relevant and appropriate. 

Consideration in the FS 

To assess the potential risks to human health due to 
consumption of groundwater, contaminant 
concentrations were compared to their MCLs. 
MCLs were also used to develop groundwater and 
surface water cleanup criteria. 

The 1990 NCP states that non-zero MCLGs are to 
be used as goals. Contaminant concentrations in 
groundwater were compared to their MCLGs. 

This requirement will be used, if appropriate, when 
determining clean-up levels or potential discharge 
limits for treated groundwater. 
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Requirement Status 

Federal Regulatory Requirements 

USEPA RIDs To be considered 

USEPA Carcinogen To be considered 
Assessment Group CSFs 

USEPA Proposed Rule for To be considered 
Primary Drinking Water 
Regulations; Arsenic MCL. 
(Federal Register 6/22/2000, 
Vol. 65, No. 121, pages 
38887-38983) 

State Regulatory Requirements 

Department of Human Relevant and 
Services (10-144 CMR Appropriate 
Chapters 231-233) 
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TABLE 3-1 
CHEMICAL-SPECIFIC ARARs and TBCs 

GROUNDWATER FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water (continued} 

Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants. 

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contam inants. 

Promulgated MCLs regulate the concentration of 
contaminants in public drinking water supplies, and 
are considered relevant and appropriate for 
groundwater aquifers potentially used for drinking 
water. The proposed value should be considered a 
guidance value until it is adopted. 

Maine's Primary Drinking Water Standards are 
equivalent to federal MCLs. When state levels are 
more stringent than federal levels, the state levels 
may be used. 

2 

Consideration in the FS 

USEPA RIDs were used in the HHRA to 
characterize risks due to non carcinogens in various 
media. 

USEPA CFS were used in the HHRA to compute 
the individual incremental cancer risk resulting from 
exposure to carcinogenic compounds. 

This proposed MCL was considered in developing 
groundwater and surface water cleanup criteria. 

Primary drinking water standards may be used to set 
clean-up levels. 
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Requirement Status 

Federal Regulatory Requirements 
Applicable 

Maine Regulations Relating to 
Surface Water Toxic Control 
Program (38 M.R.S.A. Section 
420, Chapter 530.5) 

Federal Regulatory Requirements 

USEPA Risk Reference Doses To be 
(RIDs) considered 

Federal Regulatory Requirements 

USEPA Carcinogen 
Assessment Group CSFs 

National Oceanic and 
Atmospheric Administration 
Effects Range-Low 
Concentrations for Sediments 
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To be considered 

To be considered 

TABLE 3-1 
CHEMICAL-SPECIFIC ARARs and TBCs 

GROUNDWATER FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water (continued} 

This rule limits the concentrations of certain 
materials allowed in Maine waters to prevent the 
occurrence of pollutants in toxic amounts as 
required by state and federal law. Except if 
naturally occurring, ambient levels of toxic 
poHutants shall not exceed the Clean Water Act 
A WQC. Where A WQC do not exist, the Board of 
Environmental Protection shaH adopt site-specific 
numerical criteria. 

Sediments 

Guidance values used to evaluate the potential 
non-carcinogenic hazard caused by exposure to 
contaminants. 

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contam inants. 

National Oceanic and Atmospheric Administration 
Effects Range-Low concentrations for sediments 
identify contaminant concentrations that have the 
potential for environmental impact. 

3 

Consideration in the FS 

These standards may be used when determining 
clean-up levels or potential discharge limits. 

RIDs were used in the HHRA to evaluate potential 
risk from contaminant exposure. 

CSFs were used in the HHRA to estimate potential 
incremental cancer risk resulting from contaminant 
exposure. 

These concentration ranges were used to screen for 
CPCs in Sandy Brook sediments. 
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Requirement Status 

Federal Regulatory Requirements 

Ontario Canada Ministry of To be considered 
Environmental Sediment 
Concentrations 

USEPA Sediment Quality To be considered 
Criteria 

NOTES: 

TABLE 3-1 
CHEMICAL-SPECIFIC ARARs and TBCs 

GROUNDWATER FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Sediments (continued} 

Ontario, Canada Ministry of Environment Sediment 
Concentrations identify concentrations of 
contaminants that protect ecological habitat. 

These sediment criteria are developed for non-ionic 
compounds based on equilibrium partitioning and 
identify contaminant concentrations that have the 
potential for environmental impact. 

ARAR=Applicable or Relevant and Appropriate Reqmts 
A WQC=Ambient Water Quality Criteria MCL = Maximum Contaminant Level 
CAGCarcinogen Assessment Group MCLG = Maximum Contaminant Level Goal 

Consideration in the FS 

These concentration ranges were used to screen for 
CPCs in Sandy Brook sediments. 

These concentrations were used to screen for CPCs 
in Sandy Brook sediments. 

mglkg = milligrams per kilograms 
NAAQS = National Ambient Air Quality Standards 
NCP = National Contingency Plan 

CMR=Code of Maine Regulations MEDEP = Maine Department of Environmental Protection RID = Reference dose mglkg - milligrams per kilograms 
SDWA= Safe Drinking Water Act CPC=contaminants of potential concern MEG = Maximum Exposure Guideline 

CSF=Cancer Slope Factor M.R.S.A. = Maine Revised Statutes Annotated 
HHRA = Human Health Risk Assessment 
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Surface Water 

Federal AWQC have been developed for 157 chemicals under the CWA. The AWQC are health- and 

ecological-based criteria developed for carcinogenic and non-carcinogenic compounds and water quality 

parameters. There are four components to the A WQC: 

(1) protection of aquatic life from acute effects, 

(2) protection of aquatic life from c~ronic effects, 

(3) protection of human health from the consumption of organisms, and, 

(4) protection of human health from the consumption of water and organisms. 

In 1990, the MEDEP adopted the Federal A WQC as part of Maine's Surface Water Quality Standards. 

These Statewide Water Quality Criteria (SWQC) are the maximum allowable amounts of contaminants 

allowed instream to protect the designated use of the stream. In addition, State regulations provide a 

mechanism for development of site-specific water quality criteria where such criteria would be more 

appropriate as an alternative to the SWQC. For example, site-specific criteria are appropriate where they 

reflect circumstances different from the SWQC, such as in exposure scenarios, and meet the 

requirements of Chapter 530.5 including protection of designated uses. 

Based on actual exposure to surface water contaminants at this site, the first two components of the 

SWQC (i.e., protection of aquatic life from acute effects [340 )lglL for arsenic, no criterion for 

manganese] and protection of aquatic life from chronic effects [150 Ilg/L for arsenic, no criterion for 

manganese]) are considered to be relevant and appropriate to this site. 

Exposure of humans to contaminants through the ingestion of organisms (e.g. fish) obtained from Sandy 

Brook is considered to be an incomplete exposure pathway as explained below and was not considered in 

the baseline risk assessment. The arsenic SWQC for protection of human health from water and fish 

consumption is 0.018 Ilg/L. Neither of these exposure pathways is considered complete. A site-specific 

performance standard of 311g/L is proposed, which represents the arsenic PQL. The exposure 

assumptions on which the SWQC is based assume a daily ingestion rate of 6.5 grams of fish obtained 

from the brook per day. Stream survey data obtained from the Maine Department of Inland Fisheries 

identified the presence of only small (e.g., less than 4 inches in length) fish in Sandy Brook. 

Electroshocking of the stream yielded 12 golden shiners between 1 lh to 3 lh inches long and one sunfish 
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1 inch long. These species of fish are generally not considered to be the highly desirable edible fish; 

however, even if consumed, these populations of fish represent an insufficient biomass to support the 

assumed exposure conditions of 6.5 grams fish per day. No sport fisheries (e.g., trout) were identified in 

the stream. Discussions with the Maine Department of Inland Fisheries biologist indicate that sport fish 

would not be expected to be in the upper portions of the brook (i.e., upstream of the confluence of Sandy 

Brook with Deep Brook) because the natural fluctuation in temperature and dissolved oxygen content of 

the surface water is not conducive to cold water or sports fish. It is possible that trout could be in the 

lower portions of Sandy Brook (i.e., near th~ confluence of Deep Brook) during the spring months as the 

temperature during this tim'e of year is colder. However, these trout are not expected to migrate 

upstream towards the landfill portion of the brook and neither Sandy Brook nor Big Ledge has ever been 

stocked with sport fish. 

Exposure to contaminants through the ingestion of surface water is also considered to be an incomplete 

exposure pathway and was not evaluated in the baseline Human Health Risk Assessment. Although it is 

possible that trespassers or site visitors could drink from Sandy Brook, currently no one is being exposed 

to groundwater or surface water in Sandy Brook as a drinking water source. The trespasser and 

recreational user scenario evaluated in the risk assessment included incidental ingestion of surface water. 

The risk assessment concluded that there was no unacceptable risk to human health based on this 

scenario. Institutional controls mandated as part of the NTCRA will restrict future use of on-site surface 

water and groundwater for potable or other domestic purposes. Therefore, SWQC based on the 

protection of human health from the ingestion of water and organisms is not considered to be relevant or 

appropriate at this site. 

Of the four components of the SWQC, two components (e.g., the protection of aquatic organisms from 

acute exposure and the protection of aquatic organisms from chronic exposure), are considered to be 

appropriate and relevant to this site and will be used in this FS. 

In summary, the protection of surface water quality at this site falls in to three categories: 

I. Protection of aquatic organisms from acute and chronic exposure, 

2. Protection of human health from the long-term use of surface water as a drinking water source, 

and 

3. Non-deg'radation requirements for a Class B stream. 
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Protection Of Aquatic Organisms - The federal A WQC for protection of aquatic organisms from acute 

exposure to arsenic is 360 Ilg/L with the chronic exposure set at 190 Ilg/L. The state has set the SWQC 

(see letter from MEDEP dated January 14, 2000) for protection of aquatic organisms from acute 

exposure to arsenic at 340 Ilg/L and from chronic exposure at 150 Ilg/L (based on a hardness value of 

20). There is no A WQC or SWQC for manganese; however, the benchmark value used as a screening 

criterion in the Ecological Risk Assessment (W&C, 2000) is the British Columbia Ministry of the 

Environment range of 100 Ilg/L to 1,000 Ilg/L for chronic effects (BCMOE, 1994). . . 

Protection of Human Health - The exposure pathway for human ingestion (i.e., long-term drinking water 

source) currently is not considered a complete exposure pathway, because no one currently is using the 

surface water of Sandy Brook as a 'drinking water source. Nonetheless, compliance with appropriate 

drinking water criteria is a long-term goal for the site. The federal MCL for arsenic is 50 Ilg/L. The 

state has proposed a new MEG of 10 Ilg/L for arsenic; this standard has not been promulgated and is 

therefore considered a TBe. EPA has not established a MCL for manganese. The state has a MEG for 

manganese of 200 Ilg/L. 

Non-Degradation Requirement - The state of Maine has designated Sandy Brook as a Class B stream. 

As such, Sandy Brook should be suitable as a drinking water supply after treatment, for general 

recreation, and industrial use. Currently, the background sampling location SW-7 has reported arsenic 

concentrations at or below the PQL. For discussion purposes in this FS, background concentrations of 

arsenic will be set at the PQL for arsenic of 3 Ilg/L. Developing a background concentration for arsenic 

will be one of the goals for long-term monitoring of surface water. Manganese was reported at 

concentrations greater than 1,000 Ilg/L at this background location, indicating that elevated manganese 

concentrations within Sandy Brook are not caused by the landfill. 

The criteria used to evaluate the protectiveness of the proposed remedy for Sandy Brook shall be the 

most protective for current or possible long-term use. In the case of Sandy Brook, the ecological 

criterion is less restrictive than the human health criterion. Therefore, the human health criterion shall be 

used. As discussed previously, Sandy Brook is not currently being used as a drinking water source, nor 

is it likely to be used in the future because of institutional controls restricting its use. The following 

criteria will be used to evaluate surface water quality: 
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• Arsenic - the site-specific performance standard for arsenic will be set at 3 Ilg/L (i.e., PQL) or 

background if upstream monitoring establishes a background concentration higher than 3 Ilg/L. 

• Manganese - the criterion for manganese will be set at 200 Ilg/L (i.e. MEG), or background if 

upstream monitoring establishes a background concentration greater than 200 IlglL. 

Sediment 

No federal or state regulations have been, promulgated for concentration limits for contaminants in 

sediment. For this reason, site-specific sediment toxicity testing was performed on sediment from Sandy 

Brook to evaluate baseline risks and determine an acceptable sediment concentration for arsenic. Whole 

sediment toxicity testing demonstrated that exposure of benthic organisms to concentrations of arsenic as 

high as 189 mg/kg in sediments did'not result in significant risk (e.g., acute effects). This site-specific 

toxicity information will be used to evaluate the need for sediment remediation and develop sediment 

remediation goals, if necessary. 

3.2.4 Identification of Location-Specific ARARs 

Location-specific ARARs represent restrictions placed on the concentration of hazardous substances or 

the conduct of activities relative to natural site features (e.g., wetlands, floodplains, sensitive ecosystems) 

and manmade features (e.g., existing landfills and disposal areas). Table 3-2 presents site-specific 

federal and state requirements identified for the SML Site. 

The SML site is located adjacent to and upgradient of Sandy Brook and the associated riparian wetlands, 

and is within a 100-year floodplain. The presence and proximity of these features may trigger the 

location-specific ARARs shown in Table 3-2. The implementation of remedial activities such as 

installing a fence for institutional controls or constructing an on-site groundwater treatment facility could 

involve a certain amount of soil excavation and placement. In addition, potential discharge of treated 

groundwater may trigger state location-specific ARARs that regulate streams and wetlands. These 

natural features are regulated under the Maine Natural Resources Protection Act (38 M.R.S.A. 480A-S). 

Specific standards affecting activities that take place in, or adjacent to, wetlands or water bodies are set 

forth in the Permit by Rule Standards (MEDEP Regulations, Chapter 305). The design of remedial 

alternatives conducted within 100 feet of the high-water mark of a wetland, or other water body, would 

address the requirements of these rules. 
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Requirement 

Federal Regulatory Requirements 

National Environmental Policy Act 
Wetland Executive Order 
(EO 11990),40 CFR 6.302(a) and 
40 CFR Part 6, Appendix A 

National Environmental Policy Act 
Floodplains Executive Order 
(EO 11988),40 CFR Part 6, 
Appendix A 

Clean Water Act Section 404 
Requirements for discharge of 
dredged and fill materials (33 USC 
1344, 40 CFR 230) 
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TABLE 3-2 
LOCATION-SPECIFIC ARARs AND TBCs 

GROUNDW ATER FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Status Summary of Requirement 

Wetlands/Flood~lains 

Applicable The Wetlands Executive Order requires federal 
agencies to minimize the destruction, loss, or 
degradation of wetlands, and preserve and 
enhance natural and beneficial values of 
wetlands. 

Applicable The Floodplains Executive Order requires federal 
agencies to reduce the risk of flood loss, to 
minimize the impact of floods, and to restore and 
preserve the natural and beneficial values of 
Floodplains. 

Applicable Section 404 of the CW A regulates the discharge 
of dredged fill material into U.S. waters, 
including wetlands. The purpose of Section 404 
is to ensure that proposed discharges are 
evaluated with respect to impact on the aquatic 
ecosystem. The guidelines prohibit the discharge 
of dredge or fill material is a practicable 
alternative with less impact to the aquatic system. 
Discharge is also prohibited unless steps are 
taken to minimize potential adverse impacts, or if 
it will cause or contribute to significant 
degradation of U.S. waters. 

Consideration in the FS 

Wetland areas adjacent to Areas 3 and 4 
have been identified. Wetlands 
destroyed as part of remedial action 
have been documented and 
compensatory wetlands are currently 
being constructed. 

All construction activities will be 
conducted in a manner that minimizes 
impacts to the flood plain. 

Sediment excavation/dredging of Sandy 
Brook is not anticipated. However, any 
sediment excavation will be conducted 
in accordance with this regulation. 
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Requirement 
Federal Regulatory Requirements 

Section 10 of the Rivers and 
Harbors Act (33 USC 403, 33 CFR, 
320-323) 

Fish and Wildlife Coordination Act 
(16 U.S.C. 661); 40 CFR 6.302 

RCRA Location Standards (40 CFR 
264.18) 

State Regulatory Requirements 

Maine Wetlands Protection Rule 
(06-096 CMR Chapter 310, 
Section I) 

WOODARD & CURRAN (95093.06) 
Interim Final Feasibility Study 

TABLE 3-2 
LOCATION-SPECIFIC ARARs AND TBCs 

GROUNDWATER FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Status Summary of Requirement 

Relevant and These requirements include criteria for obtaining 
Appropriate authorization to excavate sediments from waters 

of the United States. 

Applicable This act requires that any federal agency 
proposing to modify a body of water must consult 
with the U.S. Fish and Wildlife Service, National 
Marine Fisheries Service, and other related State 
agencies. 

Relevant and A facility located in 100-year Floodplain must be 
Appropriate designed, constructed, operated, and maintained 

to prevent washout of any hazardous wastes by a 
I DO-year flood. 

Applicable This act outlines requirements and performance 
standards for certain activities adjacent to any 
freshwater wetland greater than 10 acres or with 
an associated stream, pond, or brook. The 
activities must not unreasonably interfere with 
certain natural features, such as natural flow or 
quality of any waters, nor harm significant 
aquatic habitat, freshwater fisheries, or other 
aquatic life. 

Consideration in the FS 

Sediment excavation from Sandy Brook 
is not anticipated. 

No stream f!1odification is necessary or 
will result from remedial actions. 

The landfill cap was designed to meet 
RCRA requirements, including to 
prevent washout of hazardous 
substances during a I DO-year flood. 

Storm water and erosion controls will be 
incorporated into any remedial design 
to minimize the impacts of construction 
on the natural resources of Sandy 
Brook. 
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Requirement 
State Regulatory Requirements 

Maine Natural Resource Protection 
Act, Permit by Rule Standards (06-
096 CMR, Chapter 305) 

Maine Natural Resources 
Protection Act (38 M.R.S.A.; 
Section 480-A through S) 

Maine Standards for Classification 
of Major River Basins and Minor 
Drainages (38 M.R.S.A., Chapter 3, 
Sections 465, 467, and 468) 

WOODARD & CURRAN (95093.06) 
Interim Final Feasibility Study 

TABLE 3-2 
LOCATION-SPECIFIC ARARs AND TBCs 

GROUNDWATER FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Status Summary of Requirement 

Applicable This rule outlines prescribed standards for 
specific activities that may take place in or 
adjacent to wetlands and water bodies. The 
standards are designed to ensure that disturbed 
soil material is stablized to prevent erosion and 
filtration of water. 

Applicable A permit application must be submitted and 
approved by the Maine Bureau of Land Quality 
Control and Section 480-D performance 
standards met when conducting activities 
adjacent to any freshwater wetland greater than 
10 acres or with an associated stream, brook, or 
pond. 

Applicable Sandy Brook is classified as a Class B water 
under the state water quality standards. Class B 
waters are defined as suitable for drinking water 
(after treatment), fishing, recreation in and on the 
water, and as a habitat for fish and other aquatic 
life. 

Consideration in the FS 

Storm water and erosion controls will be 
incorporated into any remedial design 
to minimize the impacts of construction 
on the natural resources of Sandy 
Brook. 

Remedial activities regulated under this 
act must meet activity standards 
developed by the Maine Bureau of 
Land Quality Control. 

Remedial actions should not result in 
the degradation of surface water quality 
classification. 
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Requirement 

Federal Regulatory Requirements 
Endangered Species Act (16 USC 
1531 et seq.; 40 CFR 6.302(h) 

State Regulatory Requirements 

Maine Site Location and 
Development Law and Regulations 
(38 M.R.S.A. Sections 481 through 
490; MEDEP Regs. Chapters 371-
377) 

Maine Standards for Classification 
of Groundwater (38 M.R.S.A., 
Sections 465-C and 470) 

WOODARD & CURRAN (95093.06) 
Interim Final Feasibility Study 

TABLE 3-2 
LOCATION-SPECIFIC ARARs AND TBCs 

GROUNDW ATER FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Status Summary of Requirement 

Other Natural Resources 

, 

Relevant and This statute requires that federal agencies avoid 
Appropriate activities that jeopardize threatened or 

endangered species or adversely modify habitats 
essential to their survival. Mitigation measures 
should be considered if a listed species or habitat 
may be jeopardized. 

Relevant and This act and regulations govern new 
Appropriate development, including those that handle 

hazardous wastes and oil. Activities cannot 
adversely affect existing uses, scenic character, or 
natural resources in the municipality or 
neighboring municipality. 

Applicable This law requires the classification of the state's 
groundwater to protect, conserve, and maintain 
groundwater resources in the interest of the 
health, safety, and general welfare of the people 
of the state. 

Consideration in the FS 

No endangered or threatened species 
have been documented in the site area. 

Remedial alternatives will consider 
these regulations. 

Under the Maine standards, 
groundwater is classified as GW-A. 
Class GW-A is the highest groundwater 
classification and is designated as a 
potential public water supply. 
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Requirement 
State Regulatory Requirements 

Maine Endangered Species Act and 
Regulations (12 MRSA Section 
7751-7756;09-137 CMR 008) 

Town Shoreland Zoning 
Ordinances and State Minimum 
Guidelines 

Maine Critical Areas Program and 
Maine Natural Heritage Program 

WOODARD & CURRAN (95093.06) 
Interim Final Feasibility Study 

TABLE 3-2 
LOCATION-SPECIFIC ARARs AND TBCs 

GROUNDWATER FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Status Summary of Requirement 

Applicable The State of Maine has authority to research, list, 
and protect any species deemed endangered or 
threatened as listed in the state regulations. The 
Maine Department of Inland Fisheries and 
Wildlife has also developed the following 
administrative categories for species not 
considered endangered or threatened but 
considered important for research and further 
evaluation: Maine Watch List, Special Concern 
List, and Indeterminate Category. The 
Department determines appropriate use(s) of 
various habitats on a case-by-case- basis. The 
Maine lists may differ from the federal lists of 
endangered species. 

To be considered These minimum guidelines and town ordinances 
apply to activities proposed within 200 feet of a 
high-water mark of a stream or other body of 
water. 

To be considered These state programs issue policies and 
regulations governing special habitats or 
communities. 

Consideration in the FS -

No endangered or threatened species 
have been identified in the site area. 

These guidelines will be considered in 
the siting of treatment facilities during 
the development and evaluation of 
remedial alternatives. 

Where such special areas exist, these 
state programs will become involved in 
the project and/or permit review 
process. 
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Requirement 
State Regulatory Requirements 

Maine Critical Areas Act (5 
M.R.S.A. 3310 through 3316) 

Notes: 

TABLE 3-2 
LOCATION-SPECIFIC ARARs AND TBCs 

GROUNDWATER FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Status Summary of Requirement 

To be considered This nonregulatory legislation allows Maine 
agencies such as the Critical Areas Program and 
the Natural Heritage Areas Program to identify, 
research, and protect critical areas and 
endangered or threatened plants. 

ARAR = Applicable or Relevant and Appropriate Requirement 
CFR = Code of Federal Regulations 
CMR = Code of Maine Regulations 
CW A = Clean Water Act 
MEDEP = Maine Department of Environmental Protection 
M.R.S.A. = Maine Revised Statues Annotated 
RCRA = Resource Conservation and Recovery Act 
TBC = To be considered 
USC = U.S. Code 
mg/kg = milligram per kilogram 

WOODARD & CURRAN (95093.06) 
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Consideration in the FS 

Where such special areas exist, these 
state programs will become involved in 
the project and/or permit review 
process. 
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Construction within wetlands and floodplains is regulated under the Federal National Environmental 

Protection Act (NEPA) and the Wetlands and Floodplain Executive Orders (EO 11990 and EO 11988) 

and the CWA. NEPA requires that federal agencies include, in their decision-making processes, 

appropriate and careful consideration of the environmental effects of proposed actions, avoid or 

minimize adverse effects of the proposed actions, and restore and enhance environmental quality as 

much as possible. 

Additional location-specific requirements include the Fish and Wildlife Coordination Act. This law 

requires that before issuing a federal permit or undertaking an action that causes impoundment, 

diversion, or other control or modification of a water body, the applicable federal agency must consult 

with (I) the appropriate state agency· exercising jurisdiction over wildlife resources, (2) the u.s. Fish and 

Wildlife Service, and (3) the National Marine Fisheries Service. 

3.2.5 Identification of Potential Action-Specific ARARs for the SML Areas 3 & 4 

Removal Action 

ARARs previously identified as part of the NTCRA for this site were limited to the scope of the removal 

action, which included the capping of Landfill Areas 3 and 4. The action-specific ARARs for the 

removal action are presented in the EE/CA as Table 3-3 (W &C, 1996). Summaries of specific removal 

action ARARs are presented in Section 3.4 of the EE/CA. 

3.2.6 Identification of Potential Action-Specific ARARs for the SML Site Management of 

Migration 

Action-specific ARARs, unlike chemical-specific and location-specific ARARs, are technology- or 

activity-based requirements that direct how remedial actions are conducted and are, therefore, addressed 

as part of this FS. The applicability of this set of requirements is directly related to the particular 

remedial activities proposed for the Site. Table 3-3 identifies those requirements that may pertain to 

components of each of the remedial alternatives developed as part of this FS. The applicability of the 

action-specific ARARs pertinent to each specific remedial alternative is discussed in Section 7.0, 

Detailed Analysis of Remedial Action Alternatives. In addition, because identification of ARARs is an 

iterative process to be conducted throughout the remedial response, the list of requirements and their 

WOODARD & CURRAN (95093.06) 
Interim Final Feasibility Study 

3-22 7/27/00 



Requirement 

Federal Regulatory Requirements 

CWA NPDES 
(40 CFR Parts 122, 125) 

Underground Injection Control 
Regulations (40 CFR Parts 
144,145,146, and 147) 

CW A - Regulations on Disposal 
Site Determinations Under the 
CWA (40 CFR 231) 

U.S. Army Corps of Engineers 
Permit Program Regulations (33 
CRF 320-330) 

WOODARD & CURRAN 
Interim Final Feasihility Study 

TABLE 3-3 
POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

GROUNDWATER FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Consideration in the 
Requirement Synopsis Feasibility Study 

This requirement implements the NPDES program that Direct discharges to surface waters from CERCLA sites are 
specifies the applicable effluent standards, monitoring required to meet the substantive CW A NPDES requirements, 
requirements, and standards and special conditions for including discharge limitations, monitoring requirements, and 
direct discharge to surface water bodies. best management practices. 

These regulations provide regulatory compliance standards Extracted groundwater would be treated to meet discharge limits 
for treatment facilities that inject wastes underground. The prior to meet discharge limits prior to subsurface discharge 
use at wells to dispose of hazardous waste is prohibited. through the infiltration basin. 

These regulations apply to all existing, proposed, or The dredged or fill material should not be discharged unless it 
potential disposal sites for discharges of dredged or fill can be demonstrated that such a discharge will not have an 
material into U.S. waters, which include wetlands. unacceptable impact on Sandy Brook or the adjacent wetlands. 

These regulations prescribed the statutory authorities, and Dredging and filling of Sandy Brook or the adjacent wetlands 
general and special policies and procedures applicable to must be shown to cause minimal adverse impacts, if a less 
the review of applications for permits for controlling certain environmentally damaging alternative does not exist, and the 
activities in U.S. waters; this includes discharge of dredged project is in the overall public interest, the permit process must 
or fill material. be followed. 
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Requirement 

Federal Regulatory Requirements 

CWA - Penn its for Dredged and Fill 
Material (Section 404) 

Clean Air Act-National Primary and 
Secondary Ambient Air Quality 
Standards 

State Regulatory Requirements 

Maine Rules to Control the Subsurface 
Discharge of Pollutants by Well 
Injection (06-096 CMR, Chapter 543) 

MEDEP, Bureau of Water Quality 
Control, Policy Number 10 "The 
Discharge of Hazardous Substances to 
Groundwaters of the State" 

WOODARD & CURRAN 
Interim Final Feasibility Study 

TABLE 3-3 
POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

GROUNDW ATER FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Requirement Synopsis 

This regulation outlines requirements for discharges of dredged or fill 
material. Under this requirement, no activity that impacts the adjacent 
wetland shall be pennitted if a practicable alternative with less impact on the 
adjacent wetland is available. If there is no other practicable alternative, 
impacts must be mitigated. 

Primary ambient air quality standards define levels of air quality to protect 
human health. Secondary ambient air quality standards protect public 
welfare from known or anticipated adverse effects from pollutants. 

This regulation prohibits the injection of hazardous waste into or above 
water-bearing fonnations via a new Class IV well. The subsurface discharge 
into or through a Class IV well that would cause or alIow the movement of 
fluid into an underground source of drinking water that may result in a 
violation of any Maine Primary Drinking Water Standard, or which may 
otherwise adversely affect public health, is prohibited. 

The Board wilI deny applications for waste discharge licenses for the 
discharge to groundwaters of substances designated by the Board to be 
hazardous when such substances are present in concentrations exceeding 
groundwater levels which occur naturally in the area. Exemption may be 
granted if the groundwater is treated to reduce the concentrations of 
pollutants discharged to below the level considered safe for drinking water. 

Consideration in the 
Feasibility Study 

During the identification, screening, and 
evaluation of alternatives, the effects on the 
adjacent wetlands will be evaluated. 

The National Ambient Air Quality Standard 
for particulate matter less than 10 microns 
is 150 llg/m3 24-hour average concentation. 
This standard would apply to any invasive 
or construction activities with the potential 
of generating significant dust. 

Groundwater must be treated to a target 
clean-up level less than or equal to the 
Maine MEGs to be recharged to the aquifer. 

At least the minimum level of groundwater 
treatment would be required to provide 
adequate protection or if no other means of 
disposal is feasible. 
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Requirement 

State Regulatory Requirements 

Maine Hazardous Waste, Septage, 
and Solid Waste Management Act 
Title 38, Chapter \3 and 06-096 
CMR, Chapters 800-802, 850, 851, 
853-857) 

Classification of Maine Waters 38 
M.R.S.A. Section 464 - 470. 

Erosion and Sedimentation Control 
(38 M.R.S.A., Chapter 3 Subsec. 
420-C), Chapter 500, Storm water 
Management Rules 

Maine Ambient Air Quality 
Standards (MEDEP Regulations, 
Chapter 110) 

WOODARD & CURRAN 
Interim Final Feasibility Study 

TABLE 3-3 
POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

GROUNDW ATER FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Requirement Synopsis 

The rules provide a comprehensive program for handling, storage, and 
recordkeeping at hazardous waste facilities. They supplement the 
RCRA regulations. 

A hazardous waste miscellaneous unit must be closed in a manner that 
will ensure that no hazardous waste shall appear in ground or surface 
waters above MEGs or standards for aquatic toxicity (Chapter 854, 
Section 15, A(\)(a). 

This rule prohibits the new discharge to water bodies with a drainage 
area of less than 10 square miles. 

Erosion control measures must be in place before activities, such as 
filling, displacing, or exposing soil or other earthen materials occur. 
Prior MEDEP approval is needed if the disturbed area is in the direct 
watershed of a body of water most at risk. 

This regulation establishes ambient air quality standards that are 
maximum levels for a particulate matter permitted in the ambient air. 

Consideration in the 
Feasibility Study 

Because these requirements supplement RCRA 
hazardous waste regulations, they would also be 
considered. 

Implementation of remedial alternatives would 
result in eventual attainment of this ARAR. 

Because Sandy Brook has a drainage area less 
than 10 square miles, no discharge to this water 
body will be allowed. 

The appropriate controls will be implemented to 
address erosion, sedimentation, or storm water. 
Applicable plans will be coordinated with the 
MEDEP prior to implementation. 

During excavation and construction activities, the 
24-hour maximum particulate concentration must 
be maintained below ISO uglml and the annual 
geometric mean of the 24-hour concentrations 
should not exceed 60 uglml. Dust suppressants 
may be necessary. 
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Requirement 
State Regulatory Requirements 

Maine Water Pollution Control 
Law: Conditions of Licenses (38 
M.R.S.A., Chapter 3, Article 2, 
Section 414-A) 

Maine Water Pollution Control 
Law: Certain Deposits and 
Discharges Prohibited (38 
M.R.S.A., Chapter 3, Article 2, 
Section 420). 

NOTES: 

TABLE 3-3 
POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

GROUNDWATER FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Requirement Synopsis 

Regulates the discharge of any pollutants. Specifies that the discharge, 
either by itself or in combination with other discharges, will not lower 
the quality of any classified body of water below such classification. 
The discharge will be subject to effluent limitations that require 
application of the best practicable treatment. 

No person, firm, corporation, or other legal entity shall place, deposit, 
discharge, or spill mercury or toxic or hazardous substances, either 
directly or indirectly, into the inland ground or surface waters, tidal 
waters, on the ice, or on the banks thereof, so that the same may flow or 
be washed into such waters, or in such manner that the drainage 
therefrom may flow into such waters. 

I 
Consideration in the 

Feasibility Study 

The effluent water from any proposed on-site 
activities would receive the best practicable 
treatment before discharge. 

Best Management Practices will be used when 
handling wastes. 

ARAR 
CAA 
CERCLA 

Applicable or Relevant and Appropriate Requirement 
Clean Air Act 
Comprehensive Environmental Response, 
Compensation, and Liability Act 

OSHA = 
NPDES = 
POTW 
RCRA = 
uglmJ 
M.R.S.A.= 

Occupational Safety and Health Administration 
National Pollution Discharge Elimination System 
Publicly Owned Treatment Works 

CFR 
CWA 
DA 
DOT 
Ibs/day 
LDRs 
MCL 
MEDEP 
MEG 

Code of Federal Regulations 
Clean Water Act 
Department of the Army 
Department of Transportation (U.S.) 
pounds per day 
Land Disposal Restrictions 
Maximum Contaminant Level 
Maine Department of Environmental Protection 
Maine Exposure Guidelines 

WOODARD & CURRAN 
Interim Final Feasihility Study 

Resource Conservation and Recovery Act 
microgram per cubic meter 
Maine Revised Statues Annotated 
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relevance may change as more information is obtained, as the preferred alternative is chosen, and as the 

design and approach to remediation becomes more refined. A brief summary of primary action-specific 

ARARs that may apply to the remedial alternatives developed as part of the FS follows. 

Discharge to Surface Water. The regulations outlining criteria for the direct discharge of treated 

groundwater to surface waters are set forth under the federal CW A and the Maine Department of 

Environmental Protection Surface Water Toxies Control Program (Chapter 530.5 of the Wastewater 

Discharge Law, Title 38, Chapter 3, Sectipn 413). Discharge of treated groundwater from on-site 

treatment operations would b'e required to meet the substantive National Pollution Discharge Elimination 

System (NPDES) requirements under these rules, including discharge limitations, monitoring 

requirements, and best management practices. The discharge of treated groundwater to a Publicly 

Owned Treatment Works (POTW) is also regulated under the CWA. The treated water must also meet 

all discharge limitations/rules imposed by the specific POTW. 

Discharge to Groundwater. The Maine Department of Environmental Protection Rules to Control the 

Subsurface Discharges of Pollutants by Well Injection (Chapter 543 of the Wastewater Discharge Law, 

Title 38, Chapter 3, Section 413) provides procedures and protocols that pertain to discharges of treated 

groundwater to subsurface groundwater. Compliance with the substantive requirements of this rule 

would be required if remedial actions include reinjection of treated groundwater and/or in situ remedial 

actions that require injection of nutrients, chemicals, etc. (e.g., in situ bioremediation). 

Discharge to Air. Under the Clean Air Act, USEPA promulgated primary and secondary national 

ambient air quality standards for six pollutants (particulate matter, sulfur dioxide, carbon monoxide, 

ozone, nitrogen dioxide, and lead). Primary standards are set at levels to protect public health and 

secondary standards at levels to protect public welfare (i.e., wildlife, climate, recreation, transportation, 

and economic values). If remedial activities require invasive or construction activities with potential of 

generating significant dust, the standard for particulate matter promulgated under the Clean Air Act 

would apply and measures would be taken to ensure compliance. 

Remedial actions involving on-site treatment operations with air emissions (e.g., air strippers) must 

comply with the substantive requirements of Maine Title 38, Chapter 4 (Protection and Improvement of 

Air). These regulations include standards that outline permitting requirements and specific emission 

WOODARD & CURRAN (95093,06) 
Interim Final Feasibility Study 

3-27 7127/00 



standards that pertain to various air containment source categories and processes (Maine Ambient Air 

Quality Standards and Growth Offset Regulations, MEDEP Chapters 110 and 113). 

ManagementlTransportation of Hazardous Waste. If remedial actions require off-site transportation of 

hazardous waste, activities would be conducted in accordance with federal Department of Transportation 

regulations and Maine Hazardous Waste Management Rules (MEDEP Regulations, Chapters 853 and 

857). 

Site Worker Health and Safety. Per the NCP, federal Occupational Safety and Health Administration 

(OSHA) (29 CFR 1904, 1910, and 1926) standards are not ARARs because: (l) certain OSHA standards 

apply directly to all CERCLA response actions; and (2) USEPA views OSHA as an "employee" 

protection law rather than an "environmental" law (USEPA, 1990). Federal worker health and safety 

regulations would, however, need to be complied with by on-site workers during remedial construction 

activities. 

3.3 REMEDIAL OBJECTIVES 

The remedial objectives for groundwater at this site are based on the results of the RI and baseline risk 

assessments and form the basis for identifying technologies and developing and screening remedial 

alternatives. They are derived following a series of steps that direct the focus of remedial actions to 

specific media and contaminants of concern. These steps include developing remedial response 

objectives, preliminary remediation goals, remedial action objectives and general response actions, and 

are discussed in the following sections. 

3.3.1 Remedial Response Objectives 

Remedial response objectives are site-specific, qualitative, initial cleanup objectives established on the 

basis of the nature and distribution of contamination, the resource currently or potentially threatened, and 

the potential for human and environmental exposure. These response objectives are used to develop 

remedial action objectives and appropriate remedial alternatives. 
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The baseline Human Health Risk Assessment (Woodard & Curran, 1998) evaluated potential risks 

associated with exposure to site-related contaminants through incidental ingestion of soil and sediment; 

direct contact with soil, sediment, and surface water; and ingestion of groundwater. These routes of 

exposure were considered to represent realistic and likely exposures by both resident and trespasser 

populations. Remedial actions taken under the NTCRA (e.g., landfill cover system and sediment 

removal action) effectively eliminated direct contact exposure to surface soils and highly contaminated 

seep sediments. Currently, arsenic, iron, an~ manganese contaminant concentrations in stream sediments 

are below concentrations considered to present a human health risk. Although arsenic is present in 

surface water at concentrations in excess of the SWQC established to be protective of human health, 

there is no unacceptable risk for the realistic and likely exposures evaluated in the HHRA. The results of 

the risk assessment indicate the' need for remedial action at the site to address groundwater 

contamination, Although there is currently no exposure to site groundwater, potential future exposure to 

this medium poses an unacceptable risk to human health. Response objectives are being proposed to 

restore the aquifer to its beneficial use within a reasonable time frame. 

Neither ingestion of fish nor use of surface water for domestic purposes was considered to be a complete 

exposure pathway and neither pathway was evaluated in the baseline Human Health Risk Assessment. 

Ingestion of fish is not considered to be a viable exposure pathway because of the absence of sport fish 

and the low biomass of fish species in Sandy Brook (Department of Inland Fisheries, 1986). Currently 

no one is exposed to site contaminants via ingestion of surface water, and institutional controls mandated 

as part of the NTCRA will prevent future use of on-site surface water for potable or other domestic 

purposes. According to the Bureau of Land and Water Quality, as a tributary to the Saco River, Sandy 

Brook is classified as Class B under Maine Surface Water Quality Standards. Class B waters are, among 

other uses, suitable for drinking water supplies after treatment. Although there is no current or expected 

future exposure to site surface water as drinking water, a response objective is being proposed to reduce 

concentrations in the brook within a reasonable time frame (see Section 7,0) and enhance its potential 

use. Arsenic is currently below its chronic and acute SWQC derived to be protective of aquatic 

organisms. A site-specific performance criterion of 3 J.lg/L, based on the PQL, or background if 

upstream monitoring establishes a background concentration greater than 3 llg/L, is proposed for arsenic 

in surface water and is consistent with classification of Sandy Brook as a Class B stream. 
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The baseline Ecological Risk Assessment evaluated contaminant concentrations in surface water and 

sediment. A screening level evaluation of surface water concentrations to benchmark concentrations 

shows that most contaminants in surface water, notably arsenic, are either non-detect or below their 

respective benchmarks derived to be protective of aquatic organisms. Iron and manganese exceed their 

respective benchmarks. Because the absence of sport fish and the low biomass of fish species in Sandy 

Brook make it unlikely that humans would be able to catch enough fish to consume, the SWQC derived 

to be protective of ingestion of organisms was not considered to be a complete exposure pathway and 

therefore was not used in the screening evah.,ation. 

A macrobenthic survey and site-specific sediment toxicity testing were conducted to evaluate the 

potential impacts of sediment contamination on benthic organisms. Discharge of groundwater from Area 

4 has had a measurable impact on the benthic macro invertebrate community of Sandy Brook. Although 

post-remediation concentrations of site-related contaminants are lower than they were before remedial 

activities, they may still present risks of minor adverse effects among sensitive members of the benthic 

community. The potential for impacts from current levels of site related contaminants are limited to a 

small portion of the brook downstream of the remediated seep. Observed effects do not constitute a 

significant impact on the ecology of Sandy Brook and do not warrant additional remediation of Area 4 or 

the sediments of Sandy Brook. However, response objectives specific to ecological receptors will be to 

continue to monitor the quality of the surface water and sediments to confirm that contaminant 

concentrations do not significantly increase over time. 

Based on the information contained in the Phase IA RI, baseline risk assessments and EE/CA reports, 

and consideration of the Sandy Brook classification and ARARs, response objectives were developed for 

groundwater and surface water. The response objectives for potential future use of groundwater and 

surface water at the site are: 

• Prevent exposure to or reduce chemical concentration in groundwater to levels considered protective 

of human health. 

• Reduce chemical concentrations in surface water to levels consistent with potential use as drinking 

water. 

• Monitor the quality of surface water and sediments to confirm that contaminant concentrations do 

not significantly increase over time. 
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The remedial action objectives aimed at addressing these remedial response objectives are discussed in 

Subsection 3.2.4. 

3.3.2 Preliminary Remediation Goals 

This section presents the PRGs established for groundwater and surface water associated with Landfill 

Areas 3 and 4. These PRGs are combined \yith the remedial response objectives listed above to develop 

the chemical-specific remedial action objectives for the site and are used in the FS to direct the 

development and evaluation of remedial alternatives. 

Groundwater 

The PRGs for groundwater at this site were selected based on the results of the baseline human health 

risk assessment and set at the more stringent federal or state promulgated drinking water standard (i.e., 

MCLs and promulgated MEGs), or derived as a health-based criterion where no MCL is available. This 

approach is consistent with the NCP Section 300.430 which states that "remediation goals establish 

acceptable exposure levels that are protective of human health and the environment and shall be 

developed considering ARARs". This section of the NCP goes on to define acceptable exposure for 

noncarcinogens as an HI of 1.0 and carcinogenic risk between 10-4 to 10.6
• 

The results of the baseline risk assessment indicate that potential future exposure to groundwater 

presents an "unacceptable" risk to human health. Compounds are present in the groundwater at 

concentrations associated with noncarcinogenic risks greater than an HI of 1 and/or carcinogenic risks 

greater than 10-6. The baseline risk assessment is presented as Appendix F to the Phase IA RI and 

summarized in Section 6.0 of that report. 

A total of 69 compounds were detected at least once in the groundwater downgradient of Landfill Areas 

3 and 4 and are listed in Table 3-4. Of these, 52 were selected as compounds of potential concern (CPC) 

and quantitatively evaluated in the baseline risk assessment. Most of these CPC's were detected 

infrequently and at relatively low (e.g., estimated) concentrations. The results of the quantitative risk 

assessment indicate that only two inorganic metals are present at concentrations associated with elevated 

risk levels. These metals are arsenic and manganese. Exposure to arsenic accounts for 99.8 percent of 
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the baseline carcinogenic risk and exposure to arsenic and manganese account for 50.9 and 48.5 percent 

of the baseline noncarcinogenic risk, respectively, for a total of 99.4 percent of the total noncarcinogenic 

risk (see Table B-19 of the Baseline Human Health Risk Assessment - Appendix F to the Final Phase IA 

Rl report). 

Table 3-5 lists the maximum detected concentration, federal MCL and MEG for each compound detected 

in groundwater at Landfill Areas 3 and 4. Two organic compounds (benzene and trichloroethylene) and 

four inorganics (arsenic, lead, manganese a'1d thallium) are present in the groundwater at concentrations 

in excess of either their respective state or federal primary drinking water standards. 

Of the two organic compounds, benzene was detected in excess of its MCL at sampling locations MW-

95-4R and MW-95-4RD at concentrations ranging from 9 to 13 J.lg/L. This sampling location is 

immediately downgradient of Landfill Areas 3 and 4 and historically has been the most contaminated 

area in the groundwater plume with arsenic concentrations reported as high as 566 J.lg/L. Based on its 

continued presence at concentrations in excess of its MCL, benzene was retained as a contaminant of 

concern (COC) in the FS. Trichloroethylene (TCE) was detected in five out of 12 sampling rounds in 

MW-95-7S. The average TCE concentration from MW-95-7S for all 12 events is less than MCL. 

Therefore, TCE is not considered a COC in the FS. 

Arsenic was the only inorganic consistently detected in excess of its respective primary drinking water 

standard (i.e., MCL of 50 J.lg/L, proposed MEG of 10 J.lg/L). Elevated concentrations, as high as 805 

J.lg/L (MW-97-13S1 and MW-97-13S2) were reported in the groundwater downgradient of Landfill 

Areas 3 and 4. Although a federal primary drinking water standard does not exist for manganese, this 

compound was detected frequently and in excess of the MEG of 200 J.lg/L developed by the MEDHS. 

Manganese was detected as high as 13,200 J.lg/L in groundwater downgradient of the landfill (MW-93-

5). Both arsenic and manganese were retained as COCs in this FS. 

The other two inorganics, lead and thallium, were detected sporadically and infrequently above their 

respective standards. Lead was detected only twice and thallium only three times in excess of its 

standard. Because these groundwater samples were unfiltered, turbidity readings were reviewed. In 

general, elevated concentrations of these inorganic compounds coincided with the high turbidity 

readings, suggesting that the elevated concentrations are the result of suspended solids and not dissolved 

concentrations. Based on their limited distribution, low frequency, and association with turbidity, lead 

and thallium were excluded as COCs in the FS. 
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TABLE 3-4 
SUMMARY OF GROUNDWATER ANALYTICAL DATA 

FEASIBILITY STUDY REPORT 
SA CO MUNICIPAL LANDFILL 

SACO, MAINE 

GROUNDWATERDOWNGRADIENTOFLANDFILL'AREAS3'AND4, .,;>';,:/'t,'. 

VOCs, ug/J 
1,I-Dichloroethane 4112 0.2J-l Yes 
1,I-Dichloropropene 1112 11 No 
1,1,2,2-Tetrachloroethane 1112 11 No 
1,2,3-Trichlorobenzene 1112 0.8J-IJ Yes 
1,2,3-Trichloropropane 1112 11 No 
1,2,4-Trichlorobenzene 2112 0.6J-11 Yes 
1,2,4-Trimethylbenzene 2/12 2J-9 Yes 

1,2-Dibromo-3-chloropropane 1112 I No 
1,2-Dichlorobenzene 5112 0.8J-5 Yes 
1,2-Dichloroethane 4112 0.3J-1 Yes 
1,3-Dichlorobenzene 2/12 11-11 No 
1,3,5-Trimethylbenzene 2112 2J-5 Yes 
1,4-Dichlorobenzene 6112 0.7J-7 Yes 
2-Butanone 1.l2 15-17 No 
2-Chlorotoluene 1112 11 No 
2,2-Dich loropropane 4/12 0.2J-0.4J Yes 
4-Isopropytoluene 5112 0.8J-4J Yes 
Benzene 6/12 0.3J-13 Yes 
Bromobenzene 1112 11 No 
Chlorobenzene 6/12 0.4J-5 Yes 
Chloroethane 7/12 0.7J-93 Yes 
Chloromethane 1112 2J Yes 
cis-l,2-DCE 4112 0.6J-5 Yes 
Dichlorodifluoromethane 1112 11 Yes 

Ethylbenzene 7112 0.2J-34 Yes 
Hexachlorobutadiene 1112 11 No 

Isopropy Ibenzene 4112 0.3J-6 Yes 

Methylene Chloride 1111 1 Yes 
Naphthalene 3/12 0.8J-13 Yes 

Styrene I1II 11 No 

Tetrahydrofuran 7112 3J-170 Yes 

Toluene 5/12 0.5J-3 Yes 

trans-l ,2 -DC E 5/12 0.6J-11 Yes 

Trichloroethene 5/12 0.7J-7 Yes 

Trichlorofluoromethane 1112 11 No 

m-Xylene/p-Xylene 5112 0.5J-32 Yes 

n-Butylbenzene 3/12 0.8J-2 Yes 

n-Propylbenzene 2112 0.7J-2 Yes 

o-Xylene 2/12 2J-14 Yes 
sec-Butylbenzene 1112 IJ-l J No 
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TABLE 3-4 
SUMMARY OF GROUNDWATER ANALYTICAL DATA 

SVOCs, ugll 

2-Methynaphthalene 
2,4-Dimethylphenol 
4-Chloro-3-methylphenol 
Acenaphthy lene 
Benzo(g,h,I)pery lene 

Bis (2-ethylhexyl)phthalate 
Dibenzo(a,h)anthracene 

Diethylphthalate 

Metals, ug/l 
Aluminum 
Arsenic 
Barium 

Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 

Lead 
Magnesium 

Manganese 
Nickel 

Potassium 
Selenium 
Silver 

Sodium 

Thallium 
Vanadium 

Zinc 

NOTES: 

FEASIBILITY STUDY REPORT 

SACO MUNICIPAL LANDFILL 
SACO,MAINE 

lII2 51 

2112 11-51 
4/12 11-29 
1112 1J 
1/12 31 
3/12 11-451 
1112 21 

1112 11-101 

3112 165-5690 
9/13 2-566 
12112 4.5-463 
lII2 0.251 

12/12 105001-148000 

8112 I.3J-IO.4 
9112 1.21-74.6 
1112 1.21-1.41 
1117 1.51 

12/13 2271-48000 
8/12 1.8J-65.1 
12112 I 770J-61500 

Il113 25.91-13200 

7112 5.41-100 
12/12 222-41,600 

6112 3.81-6.91 

2/12 1.41-1.5 

12/12 4360-363000 

3/12 6.81-111 
6112 0.61-2.31 

2112 7.61-31.6 

Source: Baseline Human Health Risk Assessment 

EPC = Exposure Point Concentrations for CPCs 

CPC = Contaminant of Potential Concern 

NA = Not Analyzed 

ND = Not Detected 

J = Estimated Concentration 
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Yes 

Yes 
Yes 
No 
No 
No 

No 

No 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
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Parameter ':' " 

VOCs, ug/l 
I,I-Dichloroethane 
1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,3,5-Trimethylbenzene 
1,4-Dichlorobenzene 
2,2-Dichloropropane 
4-Isopropytoluene 
Benzene' :;::;:;)~:"" .,: .,:". 

Chlorobenzene 
Chloroethane 
Chloromethane 
cis-I,2-DCE 
Dichlorodifluoromethane 
Ethylbenzene 
Isopropylbenzene 
Methylene Chloride 
Naphthalene 
Tetrahydrofuran 
Toluene 
trans-I,2-DCE 
Trichloroethene 
m-Xylene/p-Xylene 
n-Butylbenzene 
n-Propylbenzene 
o-Xylene 

SVOCs, ug/l 
2-Methynaphthalene 
2,4-Dimethylphenol 
4-Chloro-3-methylphenol 
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TABLE 3-5 
COMPARISON OF GROUNDWATER CONCENTRATIONS 

TO DRINKING WATER STANDARDS 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

' "" 
.' 

.'. ":.<'"",., :,'}:,'rl',J>FC ,';:' DRINKING WATER STANDARDS 

,,!:;(~:'S ;:1;r';:,~~J:;'i:~~ !.~, 
;;~' "", " 

,." ',-"';' . 
''.. ., 

.:;";:. ' . <,> ... ..,. 

,,:,'::< ',:, , 
, 

: 
",'i 

·.fi .. Frequency or;u;;,~ ,[ ~ , 
" " 

"".;::,::Det~ction "~,;~~~',, '.' FedetalMCLS 
" . ,:: .. ' '. t ;;: 

:\CoDCen~l'3tion StateMEGs " : 

4/12 I NA 70 
1112 1 NA NA 

2112 1 70 70 
2112 9 NA 70 
5/12 5 600 63 
4/12 I 5 4 
2/12 5 NA NA 
6/12 7 75 21 
4/12 0.4 NA NA 
5112 4 NA NA 

: ;':' ::;x6/l2:'~: ,; ;: .. '. 13:':~<:" :' ' . ::>i";. 5,".: ; '.12 .' ," 
6/12 5 NA 47 
7/12 93 NA NA 
1112 2 NA 3 
4112 5 70 70 

1112 I 1400 NA 
7/12 34 700 700 
4/12 6 NA NA 
III I I NA 48 

3112 13 NA 14 

7112 170 NA 70 
5112 3 1,000 1,400 

5112 1 100 140 

5112 7 5 32 

5112 32 10,000 14,000 

3112 2 NA NA 
2/12 2 NA NA 

2112 14 10,000 14,000 

IIl2 5 NA NA 

2/12 5 NA NA 

4112 29 NA NA 

.';' "'.,' 
'=':;, ,- .' 

" 

Re~ain~i.s 
COc: 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

, Yes';' 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

No 
No 
No 
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TABLE 3-5 
COMPARISON OF GROUNDWATER CONCENTRATIONS 

TO DRINKING WATER STANDARDS 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

'~<, DRINKING WATER STANDARDS ' <' ",-

Metals, ugll 
Aluminum 3112 5,690 

Arsenic ;" ,<, " :' j 9/13 ",:, < .~: -:<. 566 
Barium 121J2 463 

Cadmium 1/12 025 

Calcium 12/12 148,000 

Chromium 8/12 10.4 

Cobalt 9/12 74.6 

Copper 1112 1.4 

Cyanide 1117 1.5 
Iron 12/13 48,000 

Lead 8/12 65.1 
Magnesium 12/12 61,500 

Manganese .":' '. ">.',', , ': 1 1113 i;,:; 13,200 
Nickel 7112 100 
Potassium 12/12 41,600 

Selenium 6112 6.9 
Silver 2/12 1.5 

Sodium 12112 363,000 
Thallium 3/12 11 
Vanadium 6112 2.3 
Zinc 2112 31.6 

NOTES: 

MCLs = Federal Maximum Contaminant Levels, February 1996 
MEGs = State of Maine Maximum Exposure Guidelines, September 1992 
NA = Not Available 
Bold = Maximum exceeded MCLs or MEGs 
Shaded = Retained as COC 
COC = Contaminant of Concern 

NA 1,430 No 

:50 ,10 (~ Yes 
2,000 2,000 No 

5 3.5 No 
NA NA No 
100 40 No 
NA NA No 
NA NA No 
200 140 No 

NA NA No 

15 20 No 

NA NA No 
; NA' ,,' , " :'~'500 " ,', ' .; Yes' 

100 140 No 

NA NA No 

50 35 No 

NA 35 No 

NA 20,000 No 
2 0.5 No 

NA NA No 

NA 2,000 No 

'State of Maine Maximum Exposure Guidelines, proposed January 2000, notes these values have not beem promulgated 
but have been included for comparison purposes only. 
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Based on results of the Baseline Human Health Risk Assessment and comparison to standards and/or 

TBCs, three compounds were retained as COCs: benzene, arsenic, and manganese. Of these three 

COCs, arsenic and manganese were detected most frequently and at elevated concentrations throughout 

the aquifer downgradient of Landfill Areas 3 and 4. The PRGs for arsenic and benzene are set at their 

federal MCLs of 50 Ilg/L and 5 Ilg/L, respectively, and the PRG for manganese is set at the MEG of 200 

Ilg/L. Table 3-6 provides preliminary remediation goals for groundwater. 

TABLE 3-6 
PRELIMINARY REMEDIATION GOALS FOR GROUNDWATER 

GROUNDWATER PRG BASIS 
Arsenic 50 Ilg/L MCL 
Manganese 200 Ilg/L MEG (I) 

Benzene 51lg/L MCL 

Note: (I) No MeL for Manganese, the 1992 Maine Maximum Exposure guideline (MEG) is used. 

Surface Water 

PRGs were not established for surface water at this site because there is not an unacceptable risk to 

human health and the environment. As described in Section 3.2.3, neither ingestion of fish nor ingestion 

of surface water was considered to be a complete exposure pathway and therefore neither pathway was 

evaluated in the baseline Human Health Risk Assessment. As a result, the Statewide Water Quality 

Criteria for the protection of human health from the consumption of organisms is not appropriate criteria 

for establishing remediation goals. Although there is no current or expected future exposure to the 

surface water as drinking water, the classification of Sandy Brook as a Class B stream means that it is 

suitable for drinking water supplies after treatment, among other uses. Because the source of surface 

water contamination is groundwater discharge to Sandy Brook, remedial action objectives are being set 

for groundwater at a concentration that will result in reductions in surface that will result in compliance 

with SWQC. This is appropriate because there is no ecological risk and only hypothetical future risk to 

human health from surface water contamination. This approach will ensure that the beneficial use of 

Sandy Brook is maintained or enhanced. 
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Results of sampling and analysis have identified concentrations of arsenic In surface water at 

concentrations above the federal MCL (50 J.lg/L) and the proposed state MEG (10 J.lg/L), and manganese 

above the state MEG (200 J.lg/L). Table 3-7 provides a summary of surface water data. Arsenic was 

detected in Sandy Brook in excess of its MCL of 50 J.lg/L at only two locations, 138 J.lg/L at SW-21 and 

108 J.lg/L at SW-13. Each of these concentrations were detected during one sampling event in 1996. 

Subsequent sampling at these locations has not detected arsenic in excess of the MCL and may indicate 

that the seep removal is already reducing concentrations of contaminants in Sandy Brook. A federal 

drinking water standard does not exist for lJ1anganese; however, detected concentrations of manganese 

exceed the TBC (MEG of 5·00 J.lg/L) developed by the MEDEP. Manganese concentrations in Sandy 

Brook surface water in excess of the MEG have been detected at the background location (SW-7) and 

four other locations (SW-21, SW-13, SW-37, and SW-34) as recently as 1999. 

Calculations in Section 2.5.2 indicate that mixing of groundwater discharging from the toe of the 

Landfill Area 4 slope with streamflow in Sandy Brook will result in lower chemical concentrations in 

surface water than in the discharging groundwater. This approach can be used to calculate the arsenic 

and manganese concentrations in groundwater at Landfill 4 Area that will result in surface water 

concentrations at or below the MEGs of 10 J.lg/L for arsenic and 200 J.lg/L for manganese. 

In the preceding section, the groundwater PRG is identified at 50 J.lg/L for arsenic and 200 J.lg/L for 

manganese. Calculations of groundwater and surface water mixing in Section 2.5.2 indicated that when 

groundwater arsenic concentrations in the plume core were reduced to 50 J.lg/L, arsenic concentrations in 

Sandy Brook at the harmonic mean annual flow would be reduced to the MEG of 10 J.lg/L. 

3.3.3 Residual Risk Evaluation 

The risks associated with future exposure to groundwater and surface water were estimated assuming 

remediation of groundwater to PRG concentrations (i.e., 50 J.lg/L arsenic, 200 J.lg/L manganese and 5 

J.lg/L benzene). Carcinogenic and noncarcinogenic residual risks were estimated for these COCs 

assuming the same future residential exposure scenario as presented in the baseline human health risk 

assessment. This scenario assumes the groundwater is used for potable purposes. The residual 

carcinogenic risk from this hypothetical exposure to arsenic and benzene is 8.8 x 10-4 with over 99 Table 

percent of the risk from exposure to arsenic. The residual noncarcinogenic risk from this hypothetical 
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TABLE 3-7 
SUMMARY OF SURFACE WATER ANALYTICAL DATA 

SACO MUNICIPAL LANDFILL 
SACO, MAINE 

PesticidesIPCBs (ug/L) 
Dieldrin 15 1/15 0.0011 
Endosulfan II 15 3/15 0.0014 

SVOCs (ug/L) 
1,4-Dichlorobenzene 15 2/15 1.0 
4-Chloro-3-methylphenol 15 3/15 1.0 
Bis(2-ethylhexyl)phthalate 15 5/15 1.0 

15 1/15 1.0 

1,1-Dichloroethene 8 118 1.0 
1,2,4-Trimethylbenzene 8 2/8 1.0 
1,2-Dichlorobenzene 8 118 1.0 
1,3-Dichlorobenzene 8 2/8 1.0 
1 A-Dichlorobenzene 8 2/8 1.0 
Benzene 8 2/8 1.0 

cis-l.2-Dichloroelhene 8 1/8 1.0 
Chlorobenzene 8 3/8 1.0 
Ethylbenzene 8 2/8 1.0 
m.p-Xylene 8 3/8 1.0 
Naphthalene 8 2/8 1.0 

8 2/8 10 

(ug/L) 
Aluminum 26 19/26 14.3 
Arsenic 25 12/25 1.8 
Barium 24 24/24 2.7 
Chromium 24 16/24 0.53 
Cobalt 24 4/24 0.51 
Copper 24 4/24 0.74 

Iron 24 21/24 20 
Lead 24 5/24 1.0 

Manganese 24 22/24 0.1 
Mercury 26 7/26 0.0035 
Nickel 24 12/24 0.72 

Note: NA - not applicable 
'Samples collected on Nov. 17, 1995, May 16, 1996, and Nov. 19. 1996, prior to sediment remediation. 
Sample results are presented in Appendi~ B. 

2 = Number of samples detected / Total number of samples 
VeL - upper confidence limit 
VOC - volatile organic compmU\d 
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0.0011 
0.0034 

3.0 

5.0 
2.0 

1.0 
1.0 
1.0 
1.0 
2.0 
2.0 
1.0 
3.0 

11.0 
16.0 

1.0 
50.0 

1,970 
18.6 
96.3 
12.1 

1.3 
1.4 

35,900 
34.5 

1,070 
0.13 
99.6 

0.0019 No 
0.056 No 

5.0 No 
2000 No 

560 No 
3.0 No 

200 No 
NA No 

No 
5.0 No 
5.0 No 
100 No 
200 No 

50 No 
30 No 
40 No 

2300 No 
No 

NA Yes 
190.0 Yes 

50,000 No 
II No 

5.0 No 
12.0 No 

1,000 Yes 
3.2 No 

100-1000 Yes 
No 

160 No 
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exposure to arsenic, benzene and manganese is the arsenic HI of 4.6 which represents over 80 percent of 

the noncancer risk. These calculations are presented in Table 3-8. 

These residual risk estimates exceed the USEPA target risk range of 10"" to I 0-6 for cancer risk and HI of 

1.0 for non-cancer risk as well as the MEDEP target risk level of 10.5 for cancer risk with the majority of 

both cancer risk and non-cancer risk attributable to arsenic. USEPA guidance provides two 

interpretations of the target risk range: (I) that "the upper boundary of the risk range is not a discrete line 

at 1 x 10.4• A specific risk estimate around 10"" may be considered acceptable" and (2) "That compliance 

with a chemical specific ARAR [e.g., MCLs] generally will be considered protective, even if it is outside 

the risk range" (OSWER Directive 9355.0.03). Therefore, because the residual risk estimates were 

calculated based on the PRGs set at the federal MCL for arsenic, it is considered acceptable for this site 

and therefore, protective of human health. 

Residual risks associated with future exposure to surface water as a drinking water supply will be 

acceptable when surface water concentrations meet appropriate drinking standards for arsenic and 

manganese. Arsenic and manganese groundwater concentrations that result in surface water 

concentrations at drinking water standards calculated as part of Section 3.3.2 are significantly higher than 

the arsenic MCL and manganese MEG. Although there is no current or foreseen future domestic use of 

groundwater or surface water at the site, the City of Saco agrees that the arsenic MCL and manganese 

MEG are appropriate groundwater PRGs. The site-specific surface water performance criterion for 

arsenic of 3 IlgIL (MEDEP, 2000) will be relevant criterion for surface water of Sandy Brook. 

3.3.4 Remedial Action Objectives 

Remedial action objectives are site-specific quantitative goals defining the extent of cleanup required to 

achieve response objectives developed during the FS process and are used as the framework for 

developing detailed remedial alternatives. The objectives are formulated to achieve the overall goal of 

protecting human health and the environment and specify: (1) the contaminant of concern; (2) exposure 

route(s) and receptor(s); and (3) an acceptable concentration or range of concentrations for each exposure 

route. 
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EXPOSURE PARAMETERS 

PARAMETER 

CONCENTRATION WATER 
INGESTION RATE 
INHALATION RATE 
BODY WEIGHT 
SURFACE AREA EXPOSED 
PERMEABIUTY CONSTANT 
VOLATIUZATION CONSTANT 
CONVERSION FACTOR 
CONVERSION FACTOR 
EXPOSURE FREQUENCY 
SHOWERING FREQUENCY 
EXPOSURE DURATION 
AVERAGING TIME 

CANCER 
NONCANCER 

Nole: 
For noncarcinogenic effects: AT 

CARCINOGENIC EFFECTS 

COMPOUND 

Benzene 
Arsenic 

NONCARCINOGENIC EFFECTS 

COMPOUND 

Benzene 
Arsenic 
Manganese 

Woodard & Curran (954093.01) 
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TABLE 3-8 
RESIDUAL RISK ESTIMATES FROM GROUNDWATER EXPOSURE TO THE PROPOSED PRGs. 

SYMBOL VALUE 

CW Maximum 
IR 2 
IH IS 

BW 70 
SA 19400 
PC chemical specific 
K O.S 

CF!dl> 0.001 
CHd2, 24 

EF 350 
EFMs, 2.9 

EO 30 

AT 70 
AT 30 

NA = Value nol applicable by this roule 
NO = Nol delennined 

WATER 
CONCENTRATION PC 

(mgll) (crnlhrl 

0.005 2. 1 OE-02 
O.OS NG 

WATER 
CONCENTRATION PC 

(mgll) (cmlhrl 

O.ooS NG 
0.05 NG 

O.S NG 

UNITS 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

EQUATIONS 

mgn CANCER RISK = INTAKE (mglkg-day) x CANCER SLOPE FACTOR (mg/kg-day)'u.l. 
lilers/day 
m3/day HAZARD QUOTIENT = INTAKE (mglkg-day) 1 REFERENCE DOSE (mg/kg-day) 

kg 
cm!u2, 
cmJhour INTAKE-lNGESTION = CW X IB X EE X ED 
I/msu3, BW x A T ~ 365 days/yr 
I/cm!u3, 

hours/day INTAKE·INHALATION = CW X K I III X EE X £;0 
days/year OF VOLATILES BW x AT x 365 dayslyr 
days/year 

years INTAKE·DERMAL· CW X SA X ~C II CEldl, X CEld2' X EEldl' X ED 
BW x AT x 365 days/yr 

years 
years 

NG= Negligible 

ORAL SLOPE INHALATION CANCER RISK CANCER RISK CANCER RISK TOTAL 
FACTOR SLOPE FACTOR" INGESTION INHALATION DERMAL CANCER 

(mg/kg-davliu.1> (mgJkg-dav!Au·l. RISK 

2.9E-02 O.OE+oo 1.7E-06 6.9E-OB 1.BE-06 
1.SE+00 NA B.BE-04 B.BE-04 

SUMMARY CANCER RISK 8.8E-04 O.OE+OO 6.9E-08 8.8E-04 

ORAL INHALATION 
REFERENCE REFERENCE HAZARD HAZARD HAZARD TOTAL 

DOSE DOSE" QUOTIENT QUOTIENT QUOTIENT HAZARD 
(mg/kg-dlvl (mgJkg-davl INGESTION INHALATION DERMAL QUOTIENT 

3.0E-03 NO 4.6E-02 4.6E-02 
3.0E-04 ND 4.6E+00 4.6E+00 
2.4E-02 NO 5.7E-Ol 5.7E-Ol 

SUMMARY HAZARD INDEX 5.2E+OO O.OE+OO O.OE+OO 4.6E+OO 

PERCENT 
OF TOTAL 

CANCER RISK 

0.20% 
99.80% 

PERCENT 
OF TOTAL 
HAZARD 

QUOTIENT 

1.00% 
100.00% 

12.50% 
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Based on this discussion the remedial action objectives for groundwater, surface water, and sediment 

associated with Landfill Areas 3 and 4 are to: 

• Prevent the ingestion of groundwater with constituents that exceed federal MCLs, promulgated state 

MEGs (1992), or in their absence, constituents with concentrations above levels that would represent 

a 10-4 to 10-6 excess cancer risk range or hazard quotient of 1; 

• Restore groundwater to levels that do not exceed federal MCLs, state MEGs, or in their absence, 

constituents with concentrations above levels that would represent a 10.4 to 10-6 excess cancer risk 

range or hazard quotient of 1 ; 

• Monitor the sediments of Sandy Brook to demonstrate that arseniC, iron, and manganese 

concentrations to not increase significantly over time; and 

• Restore surface water quality of Sandy Brook to the site-specific performance standard for arsenic of 

3 Ilg/L (Le., PQL), or background if upstream monitoring establishes a background concentration 

greater than 3 Ilg/L. 

Achieving these objectives will restore groundwater beneath the landfill to its beneficial use and reduce 

the potential for degradation of surface water downgradient from the landfill and will allow continued 

use of surface water in Sandy Brook in conformance with its Class B classification, specifically as a 

potential drinking water supply. 

3.3.5 General Response Actions 

General response actions describe general categories of remedial technologies that may be employed to 

address remedial action objectives, and lay the groundwork for identifying specific technologies in 

Section 4.0. The general response actions for groundwater at this site include one or a combination of 

the following: 

• no further action; 
• institutional controls; 
• containment; 
• collection; 
• treatment; and 
• disposal. 
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General response actions for surface water have not been established. Surface water remedial action 

objectives will be attained through the selected response action or actions for groundwater. 

No remedial activities would be implemented under the No Further Action alternative; however, per the 

NCP and RIIFS guidance, it is considered throughout the FS process as a baseline against which other 

alternatives can be compared. 
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4.0 IDENTIFICATION AND SCREENING OF 

APPLICABLE TECHNOLOGIES 

This section identifies and screens applicable technologies for remediation of groundwater associated 

with Landfill Areas 3 and 4 at the SML. As explained in Section 3.3, the surface water remedial action 

objective is to restore surface water quality to meet the site-specific performance standard for arsenic of 

3 Ilg/L, or background if upstream monitoring establishes a background concentration greater than 3 

Ilg/L. This remedial action objective will be attained through the selected response actions for 

groundwater. Source control measures have already been implemented at this site. Between 1997 and 

1998, as part of the NTCRA, a low permeability cover system was installed at Landfill Area 4 (see 

Figure 3-1) to minimize infiltration of precipitation through the landfill into groundwater. An Operations 

and Maintenance (O&M) plan was developed and is currently 'being implemented to ensure the 

continued integrity of the cover system. In 2000, institutional controls (Appendix G) will be 

implemented on selected properties adjacent to the Site as part ofthe NTCRA (see Figure 3-2). Based on 

the results of the pumping test and MODFLOWn modeling, Woodard& Curran determined that pumping 

groundwater at 1 to 2 gallons per minute in Groundwater Restriction Parcel No.2 should not affect the 

groundwater plume distribution. In addition, removal actions were previously conducted at two seep 

locations adjacent to Sandy Brook. The process of identifying and screening technologies suitable for 

groundwater remediation will address the remaining response objectives stated in the NTCRA (see 

Section 3) and ensure long-term protection to human health and the environment. This process was 

completed in accordance with USEPA guidance (USEPA, 1988, 1990, 1992, and 1993), and included 

identifying those technologies that both attain the remedial action objectives and fit the categories of 

general response actions as presented in Subsection 3.2. The result of this screening is a list of potential 

remedial technologies that can be combined to form a range of remedial alternatives. 

The demonstrated performance and applicability of each technology is established by considering site 

and waste characteristics. Site characteristics include site geology, hydrogeology, and terrain, 

availability of space and resources necessary to implement the technology. Waste characteristics include 

contaminated media, types and concentrations of waste constituents, and physical and chemical 

properties of the waste (e.g., oxidation/reduction state, solubility, and mobility). 

WOODARD & CURRAN (95093,06) 
Feasibility Study 

4-1 7127/00 



As discussed in Section 2.0, arsenic, benzene, and manganese were identified as CPCs in the baseline 

risk assessment and retained as COCs in this FS based on exceedence of MCLs or MEGs. Of these 

COCs, arsenic and manganese were detected most frequently at concentrations in excess of state and/or 

federal standards throughout the aquifer downgradient of Landfill Areas 3 and 4. Benzene was detected 

at only one location (MW-4R series) at concentrations in excess of its respective MCL. However, all 

three COCs were considered in identifying and screening technologies to contain, collect, treat in situ 

and ex situ, and discharge groundwater at this site. 

The technology screening process reduces the number of potentially applicable technologies by 

evaluating each technology as to: 

• its effectiveness in providing protection to human health and the' environment and to the reduction in 

toxicity, mobility, or volume of the waste; 

• its implementability, as a measure of both the technical and administrative feasibility of constructing, 

operating, maintaining a remedial technology; and 

• its cost, as compared among technologies. 

Technically feasible technologies passing this initial screening process are grouped into potential 

remedial alternatives in Section 5.0. 

Table 4-1 identifies general response actions and potential remedial technologies for Landfill Areas 3 

and 4 groundwater at the SML. Technology screening is presented in Table 4-2. Technologies judged 

not effective or implementable were eliminated from further consideration. 
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TABLE 4-1 
GENERAL RESPONSE ACTIONS AND IDENTIFICATION OF 

POTENTIAL TECHNOLOGIES FOR GROUNDWATER REMEDIATION 

GENERAL RESPONSE 
ACTIONrrECHNOLOGY 

No Further Action 
None 

Institutional Actions 
Institutional Controls 

Environmental Monitoring 

Containment 
Physical Barrier 

Hydraulic Containment 

Collection 
Trenches 

Extraction Wells 

Funnel Gate System 

WOODARD & CURRN (95093.06) 
Feasibility Study 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

DESCRIPTION OF TECHNOLOGY 

No action taken to further reduce risk. 

Implements zoning and/or other deed restrictions prohibiting the use 
of or access to groundwater or surface water as a drinking water 
source within and around the site. 

Evaluates the migration and distribution of groundwater, surface 
water and sediment contamination over time. 

Use of slurry wall/sheet piling to contain groundwater flow 
downgradient of Landfill Areas 3 and 4. 

Use of strategically located extraction wells to contain groundwater 
flow downgradient of Landfill Areas 3 and 4. 

Use of trenches, drains, and piping to passively collect (by gravity 
flow) contaminated groundwater. 

Installation of strategically located pumping wells to collect 
contaminated groundwater. 

Use of an innovative technology that includes subsurface cut-off 
walls with gaps that mayor may not contain in situ reactors. If 
reactors are in place, such as reactive porous media that remove 
contaminants, treatment is also provided. If reactors are not in place, 
the funnel gate is used to channel groundwater flow to specific 
extraction well locations. 
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TABLE 4-1 (cont.) 
GENERAL RESPONSE ACTIONS AND IDENTIFICATION OF 

POTENTIAL TECHNOLOGIES FOR GROUNDWATER REMEDIATION 

GENERAL RESPONSE 
ACTIONrrECHNOLOGY 

Ex Situ Treatment 
Oxidation 

FEASffiILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

DESCRIPTION OF TECHNOLOGY 

Use of chemicals to oxidize As (III) to As (V) prior to any 
groundwater treatment. As(V) is more effectively removed from 
groundwater by most treatment technologies than the more soluble 
As(III). 

Precipitation/CoagulationIFlocculation This combination of technologies removes dissolved metals from 

Filtration 

Ion Exchange 

Adsorption w/Activated Alumina 

Granular Activated Carbon 

In Situ Treatment 
Natural Attenuation 

Aeration/Oxidation 

Passive Treatment Walls 

WOODARD & CURRN (95093.06) 
Feasibility Study 

aqueous wastes by chemically converting the metals to an insoluble 
form. The process produces a metal sludge that may need to be 
managed. 

This technology removes solid particles from groundwater by 
passing through a porous medium (e.g., sand). 

This technology removes ions from aqueous wastes by exchange 
with cations or anions between the contaminants and the exchange 
medium. 

This technology utilizes adsorption whereby As (V) is exchanged 
for surface hydroxides on packed beds of activated alumina. 

This technology is a physical removal process in which organic and 
inorganic materials are removed from wastewater by sorption (i.e., 
the attraction and accumulation) onto granular activated carbon 
sites. With this technology, groundwater is pumped through 
canisters containing activated carbon, and dissolved contaminants 
will be adsorbed onto the carbon and removed from groundwater. 

Natural process where inorganic metal concentrations in 
groundwater are reduced by sorption or oxidation/reduction 
reactions. 

Injection of air, or chemicals to increase oxygen content of 
groundwater sufficient to oxidize the arsenic to immobile As (V). 

This technology involves installation of a permeable reaction wall 
across the flow path of a contaminant plume. Contaminants will 
either be degraded or retained in a precipitated/concentrated form 
by the reaction wall materials, as the groundwater passes through. 
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TABLE 4-1 (coot.) 
GENERAL RESPONSE ACTIONS AND IDENTIFICATION OF 

POTENTIAL TECHNOLOGIES FOR GROUNDWATER REMEDIATION 

GENERAL RESPONSE 
ACTIONrrECHNOLOGY 

In Situ Treatment (continued) 

Contructed Wetlands 

Phytoremediation 

Disposal 
Groundwater Discharge 

Saco WWTP 

Surface Water Discharge 

NOTES: 

As = Arsenic 
WWTP = waste water treatment plant 

WOODARD & CURRN (95093.06) 
Feasibility Study 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

DESCRIPTION OF TECHNOLOGY 

The use of constructed wetlands to enhance natural geochemical and 
biological processes inherent in a wetland ecosystem to accumulate 
and remove metals and other contaminants from influent waters. 

Use of plants to clean contamination in groundwater and surface 
water. 

Discharge of treated groundwater to on-site location for passive 
infiltration to the aquifer. 

Discharge pre-treated or untreated groundwater to the Saco WWTP 
for treatment and disposal. 

Discharge of treated groundwater to a surface water body. 
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GENERAL RESPONSE 
ACTIONrrECHNOLOGY 

No Further Action 

Institutional Actions 
Institutional Controls 

Environmental Monitoring 

Containment 
Physical Barrier 

Hydraulic Containment 

WOODARD & CURRAN (93194.06) 
Feasibility Study 

TABLE 4-2 
GROUNDWATER REMEDIAL TECHNOLOGY SCREENING 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

SCREENING STATUS 

RETAINED ELIMINATED POTENTIAL APPLICATIONS/COMMENTS 

X Required by the NCP as a baseline for comparison to other 
alternatives. 

X Institutional controls have been implemented as part of the 
NTCRA and limit the future land and groundwater use at this 
site. No additional land-use restrictions/controls are 
considered necessary to protect human health or the 
environment. 

X Groundwater monitoring wells currently exist on site that can 
be used in a groundwater monitoring program. Surface water 
and .sediment in Sandy Brook can also be monitored. 

X Due to the fractures in the bedrock at the SML, it would be 
difficult to achieve an effective seal for the slurry walVsheet 
piling. In addition, the radial flow of groundwater from the 
landfill would require the construction of a long physical 
barrier downgradient of the landfill to contain groundwater. 
Extraction wells would also be required within the barrier 
wall to remove the contained groundwater. 

X Extraction wells would effectively contain groundwater, 
thereby minimizing the volume of contaminated groundwater 
discharging to Sandy Brook. Extracted ground~ater may 
require treatment before discharge. 
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GENERAL RESPONSE 
ACTIONlfECHNOLOGY 

Collection 
Trenches 

Extraction Wells 

Funnel Gate System 

Ex Situ Treatment 
Oxidation 

WOODARD & CURRAN (93194.06) 
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TABLE 4-2 (cont.) 
GROUNDWATER REMEDIAL TECHNOLOGY SCREENING 

FEASIBILITY STUDY REPORT 
SA CO MUNICIPAL LANDFILL 

SACO,MAINE 

SCREENING STATUS 

RETAINED ELIMINATED 

X 

X 

X 

X 

POTENTIAL APPLICATIONS/COMMENTS 

A trench approximately 400 feet long and approximately 15 
feet deep would be required on each side of Sandy Brook to 
coJlect the contaminated groundwater. 

Extraction wells would effectively contain and remove 
contaminated groundwater from the overburden aquifer. 

A significant length of slurry wall/sheet pile would be 
required downgradient of the landfill to channel 
groundwater flow through a gate of porous media designed 
for metals treatment. However, the fractured bedrock 
would make it difficult to achieve an effective seal for the 
'slurry wall/sheet pile. 

As (V) is more effectively removed from groundwater than 
the more soluble As (III). The use of an oxidant, such as 
chlorine can create an environment conducive to the 
formation of As (V). Lab and pilot studies conducted at 
other sites indicate that chlorine and potassium 
permanganate are both effective in oxidizing As (III) to As 
(V), but aeration was not effective. 
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GENERAL RESPONSE 
ACTIONrrECHNOLOGY 

Ex Situ Treatment (cont.} 
Precipitation/CoagulationlFlocculation 

Filtration 

Ion Exchange 

Adsorption wi Activated Alumina 

Granular Activated Carbon (GAC) 

WOODARD & CURRAN (93194.06) 
Feasibility Study 

TABLE 4-2 (cont.) 
GROUNDWATER REMEDIAL TECHNOLOGY SCREENING 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO, MAINE 

SCREENING STATUS 

RETAINED ELIMINATED 

X 

X 

X 

X 

X 

POTENTIAL APPLICATIONS/COMMENTS 

Coprecipitation with iron and filtration is an effective 
method of removing As (III) in groundwater under 
reducing conditions. Coagulation with Fe or aluminum 
salts is also effective at removing As (V), but less effective 
at removing As (III). Arsenic and other materials are 
removed in a clarifier as a sludge, which would require off-
site disposal. 

Filtration could be used alone to remove As (V), or as a 
step prior to ion exchange or activated alumina treatment to 
remove precipitated iron from the groundwater. 

'The high concentrations of Fe and organics present in the 
landfill leachate may foul the resin. However, ion exchange 
could be used as a polishing step to reduce arsenic 
concentrations. 

High concentrations of Fe and organics present in the 
landfill leachate may foul the activated alumina. It could 
be used as a polishing step if treatment by precipitation 
does not achieve groundwater MCLs. 

GAC could be used as a polishing step to reduce dissolved 
contaminant concentrations. 
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GENERAL RESPONSE 
ACTIONffECHNOLOGY 

In Situ Treatment 
Natural Attenuation 

Chemical Oxidation 

Passive Treatment Walls 

Constructed Wetlands 

Phytoremediation 
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TABLE 4-2 (cont.) 
GROUNDWATER REMEDIAL TECHNOLOGY SCREENING 

FEASIBILITY STUDY REPORT 
SA CO MUNICIPAL LANDFILL 

SACO,MAINE 

SCREENING STATUS 

RETAINED ELIMINATED 

X 

X 

X 

X 

X 

POTENTIAL APPLICATIONS/COMMENTS 

USGS research shows highly reduced groundwater beneath 
the landfill containing high concentrations of DOC. The 
DOC is acting as a food source for naturally occurring 
bacteria and indirectly controlling the level of DO in the 
groundwater. The research suggests that over time as the 
DOC is depleted; the level of DO will increase. As the 
aquifer becomes more oxidized a hierarchy of chemical 
reactions will occur whereby the concentrations of 
dissolved Fe will decrease, then Mn and As. Over time, the 
DO level will increase sufficiently to keep the aquifer in an 
o~idized state and As in the insoluble As (V) fonn. 

Chemical oxidants would be added to decrease the DOC 
content of groundwater will allow the oxidation of 
dissolved As (III) to As (V) which would then precipitate 
out of solution. 

This technology has not been proven effective for the 
treatment of As. With the radial flow of groundwater from 
the landfill, a very long treatment wall would be required. 

This technology has not been proven effective for removal 
of As. 

This technology has not been proven effective full scale for 
removal of As. 
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GENERAL RESPONSE 
ACTIONffECHNOLOGY 

Disposal 
Groundwater Discharge 

Saco WWTP 

Surface Water Discharge 

NOTES: 
As 
DOC 
DO 
Fe 
MCL 
mi 
NCP 
NTCRA 
SML 
USGS 
WWTP 

Arsenic 
dissolved organic carbon 
dissolved oxygen 
Iron 
Maximum Contaminant Level 
miles 
National Contingency Plan 
Non-Time Critical Removal Action 
Saco Municipal Landfill 
United States Geological Survey 
waste water treatment plant 
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TABLE 4-2 (cont.) 
GROUNDWATER REMEDIAL TECHNOLOGY SCREENING 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO, MAINE 

SCREENING STATUS 

RETAINED ELIMINATED 

X 

X 

X 

POTENTIAL APPLICATIONS/COMMENTS 

Groundwater treated to MCLs can be allowed to passively 
recharge to the aquifer. 

Pre-treated or untreated groundwater can be discharged to 
WWTP. 

Because Sandy Brook has a drainage area less than 10 mi 2, 

treated groundwater cannot be discharged to Sandy Brook. 
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5.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES 

Technologies identified in Section 4.0 as being technically feasible to address the groundwater 

contamination associated with Landfill Areas 3 and 4 are grouped into a range of potential remedial 

alternatives that address the remedial action objectives identified in Section 3.0. The range of 

alternatives include no further action, containment, monitored natural attenuation, and in situ and ex situ 

treatment of contaminated groundwater. A total of five alternatives was developed, and each alternative 

has been assigned a number for identification purposes. The major technical components of the 

alternatives are summarized in Table 5-1, illustrated in a flow chart in Figure 5-1, and described below. 

SML-l: No Further Action. In accordance with the USEPA guidance (USEPA, 1988, 1990, 1992 and 

1993), the No Further Action alternative was developed for consideration throughout the FS process as a 

baseline for comparison to other alternatives. The alternative consists of no remedial activities 

additional to the institutional controls implemented on-site, and the RCRA Subtitle C cover system 

placed over the landfill as a source control measure as part of the NTCRA. This alternative represents 

the minimum proposed remedial action for groundwater. 

SML-2: Hydraulic Containment and Discharge With or Without Treatment. This alternative was 

developed to contain groundwater to minimize the volume of contaminated groundwater discharging to 

Sandy Brook. A pumping rate of approximately 60 gallons per minute (gpm) is the minimum rate 

necessary to achieve significant containment. Extracted groundwater would either be discharged to the 

Saco Waste Water Treatment Plant (WWTP) untreated or treated on-site and discharged to an on-site 

infiltration basin and allowed to passively infiltrate to the aquifer. 

Off-site discharge to the Saco WWTP would require construction of a piping system to the North Street 

sewer, and capacity evaluation and possible upgrades to the North Street sewer and pump stations. If 

treatment is necessary, extracted groundwater would be treated using precipitation, coagulation, and 

flocculation to reduce metals to concentrations that meet discharge requirements (e.g., MCLs). This 

treatment process would involve the construction of an on-site treatment plant that would require long

term operation and maintenance and construction of an infiltration basin for on-site discharge of treated 

groundwater. Sludges generated during groundwater treatment would require off-site disposal. 
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ALTERNATIVE 

SML-l: NO FURTHER 
ACTION 

SML-2: HYDRAULIC 
CONTAINMENT, AND 
DISCHARGE WITH OR 
WITHOUT TREATMENT 

TABLE 5-1 
COMPONENTS OF THE REMEDIAL ALTERNATIVES 

• 

• 
• 
• 
• 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

KEY COMPONENTS 

None 

Environmental monitoring 
Site preparation 
Installation of two groundwater extraction wells 
Discharge of extracted untreated groundwater to Saco WWTP 

• Treatment of groundwater on-site using precipitation/flocculation/coagulation 

• Discharge of treated groundwater to on-site infiltration basin 

• Off-site disposal of treatment sludges 

• Five-year site reviews 
SML-3: MONITORED • Environmental monitoring 
NATURAL ATTENUATION • Natural attenuation of dissolved metals' 

• Five-year site reviews 

SML-4: CHEMICAL • Environmental monitoring 
OXIDA TION & WITH • Site preparation 
HYDRAULIC • Installation of chemical oxidant injection wells 
CONTAINMENT • Installation of groundwater extraction system 

• Discharge of extracted untreated groundwater to Saco WWTP 

• Treatment of groundwater using precipitation/flocculation/coagulation 

• Discharge of treated groundwater to on-site infiltration basin 

• Off-site disposal of treatment sludges 

• Five-year site reviews 

SML-5: GROUNDWATER • Environmental monitoring 
EXTRACTION AND • Site preparation 
DISCHARGE, WITH OR • Installation of groundwater extraction 
WITHOUT TREATMENT • Discharge of extracted untreated groundwater to Saco WWTP 
AND DISCHARGE • Treatment of groundwater using precipitation/flocculation/coagulation 

• Discharge of treated groundwater to on-site infiltration basin 

• Off-site disposal of treatment sludges 
• Five-year site reviews 

NOTES: 

WWTP = waster water treatment plant 
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ALTERNATIVE 

SML-1: 
No Further Action 

SML-2: 
Hydraulic Containment 
and Discharge with or 
without Treatment 

SML-3: 
Monitored Natural 
Attenuation 

SML-4: 
Chemical Oxidation 
with Hydraulic 
Containment 

SML-5: 
Groundwater 
Extraction and 
Discharge with or 
without Treatment 

No Action 

No Further 
Action 

Institutional Actions Collection 

Institutional 
Controls Groundwater 

Environmental f- Extraction I-
Monitoring 

I 

Institutional 
Controls 

Environmental 
Monitoring 

Institutional 
Controls 

Environmental 
Monitoring Groundwater 

Extraction I-

I 

Institutional 
Controls Groundwater 

Environmental I- Extraction I-
Monitoring 

I 

Ex Situ Treatment 

Precipitation! 
Flocculation! 
Coagulation 

Precipitation! 
Flocculation! 
Coagulation 

Precipitation! 
Flocculation! 
Coagulation 

In Situ Treatment Disposal 

I Passive On-Site I 
Discharge I 

I SacoWWTP I I 

Natural 
Attenuation 

.\~ 

In Situ 
Oxidation 

' I Passive On-Site I 
I Discharge 

I SacoWWTP I . I 

I Passive On-Site I 
Discharge I 

I SacoWWTP I I 

Figure 5-1 
Development of Remedial Alternatives 

Feasibility Study Report 
Saco Monicipal Landfill 

Saco, Maine 
~~~~ _____________________________________________________________________________________________________________________________________________________________________________ WOODARD&CURRAN 
95093.06\fs\f1ow4 



An environmental monitoring plan would be developed to evaluate the continued effectiveness of this 

alternative. Five-year site reviews would be conducted to assess the continued protection of human 

health and the environment as a part of this alternative. Institutional controls have been implemented as 

part of the NTCRA to restrict future land and groundwater use at the site. No institutional controls 

beyond those implemented pursuant to the NTCRA are anticipated at this time. However, EPA will 

evaluate the need for further institutional controls as part of each five-year review. 

SML-3: Monitored Natural Attenuation. This alternative consists of natural attenuation of dissolved 

arsenic and manganese in groundwater through changes in groundwater chemistry (e.g., 

oxidation/reduction potential). Per the NCP (USEPA, 1990) and the Final OSWER Monitored Natural 

Attenuation Policy (USEPA, 1999b), under certain conditions, natural attenuation is considered an 

appropriate remedial alternative for the treatment of groundwater. 

The RCRA Subtitle C cover system installed on Landfill Areas 3 and 4 is minimizing the infiltration of 

precipitation through the landfill and, over time, will reduce leachate generation. As discussed in Section 

2.0, the groundwater beneath and downgradient of the landfill is highly reduced and contains elevated 

concentrations of DOC. 

The DOC, acting as a nutrient source for naturally occurring bacteria, indirectly controls the level of DO 

in the groundwater. USGS research suggests that over time the level of DO in the groundwater will 

increase and the aquifer will become more oxidized. With increased oxidation, a hierarchy of chemical 

reactions will occur whereby the concentrations of dissolved iron will decrease, followed by decreases in 

manganese and then arsenic. Over time, the level of DO will increase sufficiently to keep the aquifer in 

an oxidized state and arsenic in the insoluble As(V) form. 

An environmental monitoring plan would be developed to evaluate the continued effectiveness of the 

natural attenuation processes. Five-year site reviews would be conducted to ensure the continued 

protection of human health and the environment. Institutional controls have been implemented as part of 

the NTCRA to restrict future land and groundwater use at the site. No institutional controls beyond those 
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implemented pursuant to the NTCRA are anticipated at this time. However, EPA will evaluate the need 

for further institutional controls as part of each five-year review. 

SML-4: Chemical Oxidation with Hydraulic Containment. This treatment alternative was 

developed to reduce the time to meet remedial action objectives by injecting a chemical oxidant into the 

sand and gravel aquifer to reduce the concentration of DOC. Under this treatment alternative, the 

concentration of DOC in the groundwater would be decreased by adding chemical oxidants to the 

aquifer. The chemicals could be introduced to the aquifer through a series of injection wells. By 

changing the groundwater chemistry, the capacity of the groundwater to leach inorganics from soil and 

bedrock will be reduced. Hydraulic containment has been included in this alternative to manage the 

distribution of chemicals added to the contaminated plume. Groun'qwater extraction would be used to 

capture the chemical oxidant to prevent the chemical from reaching Sandy Brook and/or spreading to 

portions of the non-contaminated aquifer. Over time, the concentration of arsenic in the groundwater will 

decrease. Environmental monitoring and five-year site reviews would also be components of this 

alternative. Institutional controls have been implemented as part of the NTCRA to restrict future land 

and groundwater use at the site. No institutional controls beyond those implemented pursuant to the 

NTCRA are anticipated at this time. However, EPA may evaluate the need for further institutional 

controls as part of each five-year review. 

SML-5: Groundwater Extraction and Discharge With or Without Treatment. This alternative 

consists of groundwater extraction from the area downgradient of the capped landfill. This alternative 

was developed to reduce the time to meet remedial action objectives by pumping groundwater to "flush" 

the aquifer. It has been assumed that extracted groundwater would be replaced by more oxygenated 

groundwater facilitating the change in groundwater chemistry necessary to reduce the leaching of arsenic 

from soil and bedrock. Reductions in surface water concentration of arsenic and manganese would be 

accomplished by capturing the groundwater plume. 

Extracted groundwater would be either discharged directly to the Saco WWTP or treated on-site using 

precipitation, coagulation, and flocculation to reduce metals to concentrations that meet discharge 

requirements. Treatment would require the construction of an on-site plant, long-term operation and 

maintenance, and construction of an infiltration basin for on-site discharge. Sludges generated during the 
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groundwater treatment process would require off-site disposal. Discharge to the Saco WWTP would 

require construction of a piping system to the North Street sewer and possible upgrades to the North 

Street sewer and pump stations. 

Environmental monitoring and five-year site reviews would also be components of this alternative. 

Institutional controls have been implemented as part of the NTCRA to restrict future land and 

groundwater use at the site. No institutional controls beyond those implemented pursuant to the NTCRA 

are anticipated at this time. However, EPA may evaluate the need for further institutional controls as 

part of each five-year review. 
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6.0 INITIAL SCREENING OF REMEDIAL ALTERNATIVES 

In accordance with the NCP (USEPA, 1990 and 1993) and USEPA guidance (USEPA, 1988 and 1992), 

the remedial alternatives developed in Section 5.0 are screened against effectiveness, implementability, 

and cost based on the criteria presented in Table 6-1. The objective ofthis screening is to eliminate from 

further consideration alternatives that have undesirable results, while still preserving a range of options 

that will undergo a more thorough and extensive analysis in the Detailed Analysis of Remedial Action 

Alternatives in Section 7.0. 

A matrix was developed in this section highlighting the advantages and disadvantages of each alternative 

developed in Section 5.0 with respect to effectiveness, implementability, and cost. This matrix presents 

clear, concise information necessary to screen and either retai,n or eliminate potential remedial 

alternatives from further consideration. The initial screening of the groundwater remedial alternatives is 

presented in Section 6.1 and summarized in Section 6.2. 

6.1 INITIAL SCREENING 

Five remedial alternatives were developed in Section 5.0: 

• SML-l: No Further Action; 

• SML-2: Hydraulic Containment and Discharge With or Without Treatment; 

• SML-3: Monitored Natural Attenuation; 

• SML-4: Chemical Oxidation with Hydraulic Containment; 

• SML-5 Groundwater Extraction, With or Without Treatment and Discharge. 

These alternatives provide a combination of technologies that range from no further action to aggressive 

treatment of groundwater to meet the remedial action objectives established for groundwater at the SML. 

As explained in Section 3.3, surface water remedial action objectives will be attained through the 

selection response action or actions for groundwater. Tables 6-2 through 6-6 present the matrices that 

highlight the screening of each alternative for effectiveness, implementability, and cost. Each table 

includes a recommendation whether or not to retain the alternative for detailed analysis. 
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TABLE 6-1 
CRITERIA FOR INITIAL SCREENING OF ALTERNATIVES 

· 
· 
· 

· 

FEASffiILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

EFFECTIVENESS IMPLEMENTABILITY 

Compliance with ARARs · Technical Feasibility 

Reduction of Mobility, Toxicity, or · Demonstrated Performance 
Volume of Contaminants 

Protection of Human Health and the · A vailability of Equipment, Space, 
Environment and Services 

Adverse Short- and Long-term · Administrative Feasibility 
Effects Caused by Implementation 

ARAR = Applicable or Relevant and Appropriate Requirement 
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COST 

. Equipment/Construction 

. Operation and Maintenance 
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TABLE 6-2 
SCREENING OF REMEDIAL ALTERNATIVES 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

SML-l: NO FURTHER ACTION 

Synopsis: Source control measures (e.g., low permeability cover system) and institutional controls have been 
implemented at the site as part of the NTCRA. No additional remedial activities would be implemented under this 
alternative. 

EFFECTIVENESS IMPLEMENTABILITY COST 

Advantages Advantages Advantages 

• The contaminated • Most easily implemented • No capital costs would be 
groundwater is currently not because no remedial actions are required. 
being used as a drinking required. 
water supply; therefore, there • No O&M costs would be 
is no current threat to public required. 
health. Institutional control 
will be used to mitigate the 
potential for future exposure. 

• Source control measures and 
institutional controls have 
been implemented as a part 
of the NTCRA and restrict 
future land and groundwater 
use, thereby minimizing 
potential future risk to 
human health. 

Disadvantages Disadvantages Disadvantages 

• The site would not be • May require future remedial • Potential for increased costs if 
monitored for contaminant actions. remedial actions are required in 
migration. the future. 

• May require 50 to 100 years 
to achieve remedial action 
objectives. 

• No mechanism, either 
monitoring or five-year 
reviews, to track the progress 
of natural attenuation 
process; implies that current 
concentrations in 
environmental media are 
acceptable. 

Conclusion: The No Further Action Alternative is retained as a baseline for comparison to the remaining 
alternatives. 
NTCRA = Non-Time Critical Removal Action 
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• 

• 

• 

• 

• 

TABLE 6-3 
SCREENING OF REMEDIAL ALTERNATIVES 

SACO MUNICIPAL LANDFILL 
SACO,MAINE 

SML-2: HYDRAULIC CONTAINMENT AND DISCHARGE WITH OR WITHOUT TREATMENT 

Synopsis: This alternative includes extraction of groundwater from the area downgradient of Landfill Areas 3 and 4 to contain contaminated 
groundwater and minimize its discharge to Sandy Brook. Extracted groundwater would either be discharged to the Saco WWTP or treated on 
site and discharged to an on-site groundwater infiltration basin. Environmental monitoring would be included in this alternative. Source control 
measures and institutional controls have been implemented at this site as part of the NTCRA. 

EFFECTIVENESS IMPLEMENT ABILITY COST 

Advantages Advantages Advantages 

This alternative would manage migration of • Services and materials are readily available. • Potentially lower capital costs 
the plume and reduce the flux of contaminants compared to other extraction 
discharging to Sandy Brook. • Installation of extraction wells is technically alternative and in-situ oxidation 

feasible and easily implementable. alternative because a smaller 
The proposed groundwater extraction rate will volume of groundwater would be 
not adversely affect surface water flow in • Precipitation/flocculation/coagulation is a extracted/treated/discharged. 
Sandy Brook. proven technology for treatment of 

dissolved arsenic and manganese in 
Source control measures and institutional groundwater. 
controls have been implemented as a part of 
the NTCRA and restrict future land and 
groundwater use, thereby minimizing 
potential future risk to human health. 

Disadvantages Disadvantages Disadvantages 

Treatability studies would be required to • Long-term maintenance of extraction wells • Overall high cost for minimal risk 
determine the requirements for treatment of would be required to prevent fouling caused reduction. 
groundwater using precipitation, flocculation, by high concentrations of iron and other 
and coagulation. metals in groundwater. • Extensive long-term environmental 

monitoring and maintenance costs. 
A pumping rate of 60 gpm is sufficient to • If groundwater treatment is required, an on-
contain the plume, but is not considered site treatment plant must be constructed that • Capital cost for construction of 
sufficient to enhance flushing of oxygenated would require long-term O&M. pipeline to sewer and upgrade of 
groundwater through the aquifer, and will pumphouse or construction of on-
therefore, not reduce the time to meet • An infiltration study would be required to site treatment plant. 
remedial action objectives over natural determine the location and dimensions for 
attenuation. USGS research indicates that 50 an infiltration basin. • Long-term O&M costs for 
to 100 years would be required to meet these treatment system, maintenance of 
groundwater objectives. • Sludge generated during groundwater extraction wells and replacement of 

treatment would require off-site disposal. pumps. 

• If groundwater is discharged to the Saco 
WWTP, upgrades to the North Street sewer • Disposal cost for small quantities of 
and pump stations would be required. sludge. 

• Long-term environmental monitoring would 
be required. 

ConclUSIOn: ThIS alternatIve would manage mIgratIOn of the plume WIthout adversely affectmg surface water flow m Sandy Brook, but would 
not enhance the flushing of oxidized groundwater through the aquifer. Therefore, this alternative would not reduce the time to meet groundwater 
remedial action objectives over the No Further Action or Natural Attenuation alternatives. Containment of the groundwater plume would reduce 
concentrations in surface water downstream from the groundwater discharge area within a few years. Although management of migration of the 
plume is a goal of remediation, currently groundwater downgradient of Landfill Areas 3 and 4 discharging to Sandy Brook is not causing an 
adverse ecological effect or creating a human health risk. Therefore, a separate alternative providing only hydraulic containment is not necessary 
as containment is also a component of Alternative SML-5. This alternative is NOT retained for detailed analysis. 

MCL 
O&M 
USGS 
WWTP 

Maximum Contaminant Level 
Operations and Maintenance 
U.S. Geological Survey 
waste water treatment plant 
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TABLE 6-4 
SCREENING OF REMEDIAL ALTERNATIVES 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

SML-3: MONITORED NATURAL A TTENUA TION 

Synopsis: This alternative consists of natural attenuation of dissolved arsenic and manganese in groundwater. Environmental 
monitoring would be included in this alternative. Source control measures and institutional controls have been implemented as a part of 
theNTCRA. 

EFFECTIVENESS IMPLEMENT ABILITY COST 

Advantages Advantages Advantages 

• The contaminated groundwater is currently not • No active remedial actions are • Minimal capital and O&M 
being used as a drinking water supply, required costs. 
therefore, there is no current threat to public 
health. Institutional controls implemented as • Services and/or materials to 
part of the NTCRA will restrict the potential implement an environmeptal 
for future exposure to groundwater and surface monitoring program are readily 
water as a drinking water supply. available. 

• Over time, as the concentration of dissolved 
oxygen increases sufficiently to keep the • Additional remedial actions 
aquifer in an oxidized state, arsenic and would be easy to implement if 
manganese will be either chemically stabilized necessary 
through oxidation reactions to their less soluble 
and less mobile form (e.g., As(V», and/or 
sorbed to aquifer material rendering them 
immobile. 

• Environmental monitoring would be conducted 
to demonstrate effectiveness of natural 
attenuation processes. 

• Source control measures and institutional 
controls have been implemented as a part of the 
NTCRA and restrict future land and 
groundwater use, thereby minimizing potential 
exposure to contaminated groundwater. 

Disadvantages Disadvantages Disadvantages 

• USGS research indicates that 50 to 100 years • May require future remedial • Long-term environmental 
would be required to meet remedial action actions. monitoring costs. 
objectives. 

• Long-term environmental • Potential future costs if 
monitoring would be required. monitoring indicates natural 

attenuation processes are no 
longer effective. 

.. 
ConclUSion: Natural attenuatIOn Will chemically stabilize dissolved arsenic and manganese by OXidatIOn reactIOns and sorption 
as the concentration of dissolved oxygen in the aquifer increases naturally over time. The site currently poses no risks to human 
health or the environment and institutional controls implemented as part of the NTCRA will prevent future exposure. Therefore, 
this alternative is retained for detailed analysis. 

As 
USGS 

arsenic 
U.S. Geological Survey 
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TABLE 6-5 
SCREENING OF REMEDIAL ALTERNATIVES 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

SML-4: CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

Synopsis: This alternative consists of chemical oxidation to enhance natural attenuation of dissolved arsenic and manganese in 
the groundwater. Hydraulic containment of the polume in the area downgradient Landfill Areas 3 and 4 to enhance the 
movement of oxygenated groundwater through the aquifer. Extracted groundwater either would be discharged to the Saco 
WWTP or treated on-site using precipitation, coagulation, and flocculation and discharged to an on-site groundwater infiltration 
basin. Environmental monitoring would be included in this alternative. Source control measures and institutional controls have 
been implemented as a part of the NTCRA. 

EFFECTIVENESS 

Advantages 

• In situ aeration/oxidation may enhance natural 
attenuation processes by increasing the concentration 
of DO in the groundwater and reduce the time to 
achieve PRGs compared to natural processes. 

• This alternative would manage the migration of the 
plume. 

• Source control measures and institutional controls 
have been implemented as a part of the NTCRA and 
restrict future land and groundwater use, thereby 
minimizing potential future risk to human health. 

Disadvantages 

• Long-term effectiveness of in-situ aeration/oxidation 
is not demonstrated. 

• Injection of oxygen into the aquifer would eventually 
clog the aquifer with precipitated iron, manganese 
and arsenic, minimizing additional dispersion of 
oxygen in the aquifer. Therefore, many injection 
points would be required to oxidize the plume. 

• Continued active injection of air or oxidant would be 
required until DOC has been degraded. Therefore, 
time to achieve remedial action objectives is 
unknown. 

• Precipitated metals could be redissolved as they come 
into contact with reduced groundwater around the 
periphery of the zone of influence of air sparge or 
oxidation injection wells. 

• Precipitated iron, manganese, and arsenic could clog 
the aquifer and change the flow path of the plume. 

• Backwashing of air sparge or oxidation injection 
wells with an anti-fouling compound (i.e., acid) 
would lower the pH potentially causing precipitated 
metals to redissolve. 

• Treatability studies would be required to determine 
the requirements for treatment of groundwater using 
precipitation, flocculation, and coagulation. 
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• 

• 

• 

• 

• 

• 
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IMPLEMENT ABILITY COST 

Advantages Advantages 
Services and materials are readily • Lower capital costs for 
available. installation of injection 

wells in comparison to ex 
Installation of rc::medial systems is situ treatment alternatives. 
technically feasiQle. 

Precipitation, coagulation and 
flocculation is a proven technology 
for treatment of dissolved arsenic 
in groundwater to 50 ug/L. 

Disadvantages Disadvantages 
Would be very difficult to • High O&M costs to 
implement an injection system that provide a continued 
could effectively deliver oxygen to supply of air or chemicals 
ensure a completely mixed system. to oxygenate the 

groundwater, and to 
Quantity of oxygen required to maintain/replace injection 
change the groundwater chemistry systems that will 
to an oxidized state is unknown frequently foul due to 
and difficult to predict, because the precipitating iron. 
mass of dissolved organic carbon 
in the system is unknown. • Long-term monitoring and 

maintenance costs. 
Long-term maintenance of 
injection wells would be required • Additional monitoring 
to prevent fouling caused by high costs over other 
concentrations of iron and other alternatives would be 
metals in groundwater in contact required to monitor the 
with injected air/oxygen. oxygen content throughout 

the system to ensure 
Time frame to meet remedial effectiveness. 
action objectives with air/oxygen 
injection is unknown. • High capital costs to 

install extraction wells, 
Long-term maintenance of extensive piping system 
extraction wells would be required for extraction and 
to prevent fouling caused by high discharge, and 
concentrations of Fe and other construction of a 
metals in groundwater. groundwater treatment 

system or pumphouse 
upgrades. 
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TABLE 6-5 (continued) 
SCREENING OF REMEDIAL ALTERNATIVES 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

SML-4: CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

Synopsis: This alternative consists of chemical oxidation to enhance natural attenuation of dissolved arsenic and manganese in 
the groundwater. Hydraulic containment of the polume in the area downgradient Landfill Areas 3 and 4 to enhance the 
movement of oxygenated groundwater through the aquifer. Extracted groundwater either would be discharged to the Saco 
WWTP or treated on-site using precipitation, coagulation, and flocculation and discharged to an on-site groundwater infiltration 
basin. Environmental monitoring would be included in this alternative. Source control measures and institutional controls have 
been implemented as a part of the NTCRA. 

EFFECTIVENESS IMPLEMENTABILITY COST 

Disadvantages Disadvantages Disadvantages 

• If groundwater treatment is • Long-tenn O&M costs, to 
required, a large on-site treatment clean and/or replace 
plant must be constructed, that pumps that have fouled 
would require long-tenn O&M. due to high iron content. 

• Sludge generated during • Cost for disposal of sludge 
groundwater treatment would generated from 
require off-site disposal. groundwater treatment 

• An infiltration study would be 
required to detennine the on-site 
location and dimensions for an 
infiltration basin. 

• If groundwater is discharged to 
Saco WWTP, upgrades to the 
North Street sewer and pump 
stations would be required. 

• Long-tenn environmental 
monitoring would be required 

Conclusion: Chemical/oxidation with hydraulic containment is expected to have limited effectiveness due to the difficulty of 
delivering and maintaining oxygen in the aquifer, because of the significant potential for the injection points to clog with 
precipitate. In addition, the reducing conditions in the aquifer create the potential for stabilized contaminants to be redissolved. 
Although this alternative would incur high capital and O&M costs for hydraulic containment, discharge and potential treatment, 
it has the potential to reduce the time to achieve groundwater remedial action objectives. Therefore, this alternative is retained 
for detailed analysis. 

DO 
DOC 
PRG 

dissolved oxygen 
dissolved organic carbon 
Preliminary Remediation Goal 
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TABLE 6-6 
SCREENING OF REMEDIAL ALTERNATIVES 

FEASffiILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

SML-5: GROUNDWATER EXTRACTION, AND DISCHARGE WITH OR WITHOUT TREATMENT 

Synopsis: This alternative includes extraction of groundwater from the area downgradient Landfill Areas 3 and 4 to enhance the 
movement of oxygenated groundwater through the aquifer. Extracted groundwater either would be discharged to the Saco WWTP or 
treated on-site using precipitation, coagulation, and flocculation and discharged to an on-site groundwater infiltration basin. 
Environmental monitoring would be included in this alternative. Source control measures and institutional controls have been 
implemented at this site as a part of the NTCRA. 

EFFECTIVENESS IMPLEMENTABILITY COST 

Advantages Advantages Advantages 

• This alternative would manage the • Services and materials are readily available. • None 
migration of the plume and may • Installation of extraction wells is technically 
enhance the flushing of oxygenated feasible and easily implementable. 
groundwater through the aquifer. 

• Precipitation, coagulation and flocculation is a 

• This alternative may reduce the time to 
proven technology for treatment of diss?lved 

achieve PRGs compared to natural 
arsenic in groundwater to 50 ugIL. 

processes by enhancing the movement 
of oxygenated groundwater through the 
aquifer. 

• Source control measures and 
institutional controls have been 
implemented as a part of the NTCRA 
and restrict future land and groundwater 
use, thereby minimizing potential future 
risk to human health. 

Disadvantages Disadvantages Disadvantages 

• Treatability studies would be required to • Long-term maintenance of extraction wells would • Overall highest cost alternative for 
determine the requirements for be required to prevent fouling caused by high minimal risk reduction. 
treatment of groundwater using concentrations of Fe and other metals in 
precipitation, flocculation, and groundwater. • High capital costs to install 
coagulation. • If groundwater treatment is required, a large on- extraction wells, extensive piping 

site treatment plant must be constructed, that system for extraction and 

• Pumping tests would be required to would require long-term O&M. discharge, and construction of a 
determine the pumping rate necessary to groundwater treatment system or 

, enhance the "flushing" of oxygenated • Sludge generated during groundwater treatment pumphouse upgrades. 
groundwater through the aquifer. would require off-site disposal. 

Long-term monitoring costs. • 
• An infiltration study would be required to 

determine the on-site location and dimensions for • Long-term O&M costs, to clean 

• The pumping rate required to enhance an infiltration basin. and/or replace pumps that have 
the "flushing" of oxygenated 

If groundwater is discharged to Saco WWTP, 
fouled due to high iron content. 

groundwater through the aquifer may • 
upgrades to the North Street sewer and pump • Cost for disposal of sludge 

adversely impact the surface water flow generated from groundwater 
in Sandy Brook. stations would be required. 

treatment. 
• Long-term environmental monitoring would be 

required. 

ConclUSIon: Although thIS alternative would Incur hIgh capItal and O&M costs for groundwater extractIOn, dIscharge, and potentIal treatment, 
this alternative provides the only remedial action that has the potential to enhance the movement of oxygenated groundwater through the 
aquifer and therefore, potentially reduce the time to achieve groundwater remedial action objectives. This alternative is retained for detailed 
analysis. 

O&M = Operations and Maintenance 
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6.2 SUMMARY 

Based on the initial screening of alternatives, three remedial alternatives were retained for further 

evaluation in the detailed analysis of remedial action alternatives (Section 7.0). Figure 6-1 and Table 6-7 

summarize the alternatives retained for detailed analysis for groundwater associated with Landfill Areas 

3 and 4 at the SML. 
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ALTERNATIVE 

SML-1: 
No Further Action 

SML-2: 
Hydraulic Containment 
and Discharge with or 
without Treatment 

SML-3: 
Monitored Natural 
Attenuation 

SML-4: 
Chemical Oxidation 
with Hydraulic 
Containment 

SML-5: 
Groundwater 
Extraction and 
Discharge with or 
without Treatment 

No Action 

No Further 
Action 

Institutional Actions 

Institutional 
Controls 

Environmental 
Monitoring 

Institutional 
Controls 

Environmental 
Monitoring 

Institutional 
Controls 

Environmental 
Monitoring 

Institutional 
Controls 

Environmental 
Monitoring 

Collection 

Groundwater - Extraction 

I 

Groundwater 
Extraction 

I 

Groundwater ..... Extraction 

I 

Ex Situ Treatment 

Precipitation! 

- Flocculation! 
Coagulation 

Precipitation! 

r- Flocculation! 
Coagulation 

Precipitation! 

r- Flocculation! 
Coagulation 

In Situ Treabnent Disposal 

I Passive On-Site I I Discharge 

I SacoWWTP I . I 

Natural 
Attenuation 

In Situ 
Oxidation 

I Passive On-Site I 
I Discharge 

I SacoWWTP I I 

Passive On-Site I 
Discharge 

SacoWWTP I 
Figure 6-1 
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TABLE 6-7 
REMEDIAL ALTERNATIVES RETAINED FOR DETAILED ANALYSIS 

ALTERNATIVE NO. 

SML-J 

SML-2 

SML-3 

SML-4 

SML-5 

No Action 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

DESCRIPTION 

Hydraulic Containment and Discharge 

Monitored Natural Attenuation 

In Situ Oxidation with Hydraulic Containment 

Groundwater Extraction, Treatment and Discharge 
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7.0 DETAILED ANALYSIS OF ALTERNATIVES 

This section presents the detailed analysis of remedial action alternatives that were retained from the 

initial screening in Section 6.0. Section 7.1 discusses the approach to the detailed analysis, and Section 

7.2 presents the detailed analysis for alternatives retained for groundwater remediation. 

7.1 GENERAL APPROACH TO THE DETAILED ANALYSIS 

The detailed analysis is intended to provide decision-makers with sufficient information to select the 

appropriate remedial alternative for management of groundwater at the SML site that best meets the 

following CERCLA requirements: 

• Is protective of public health and the environment; 

• Restores the groundwater and the surface water of Sandy Brook to their beneficial use m a 

reasonable time frame; 

• Attains ARARs (or provides grounds for invoking a waiver); 

• Is cost-effective; 

• Is a permanent solution using alternative treatment technologies or resource recovery 

technologies to the maximum extent practicable; and 

• Provides preference for treatment that reduces toxicity, mobility, or volume as a principal 

element. 

The detailed analysis performed as part of this FS has been conducted in accordance with CERCLA 

Section 121, the NCP (USEPA, 1990), and USEPA RIIFS guidance (USEPA, 1988), and includes a 

detailed description of each remedial alternative emphasizing the application of various technologies as 

components of the alternative; and a detailed evaluation of each alternative against the nine evaluation 

criteria described in the NCP (USEPA, 1990). 

The detailed description of the technologies or processes for each alternative includes, where 

appropriate, preliminary site layouts, process flow diagrams, and a discussion of the limitations, 

assumptions, and uncertainties for each component. These descriptions are intended to provide the 

conceptual design of each alternative and are used for cost purposes only. Costs presented in this 

WOODARD & CURRAN (95093.06) 
Interim Final Feasibility Study 

7-\ 7/27/00 



analysis are based on existing data and knowledge of the site and will be reevaluated at the time of 

remedial design of the selected alternative(s). Per the RIIFS guidance (USEPA, 1988), the costs are 

intended to be within the target accuracy range of -30 to +50 percent of the actual cost. 

The remedial alternatives are evaluated according to seven of the nine criteria listed in Table 7-1. State 

and community acceptance (i.e., the eighth and ninth criteria) will be addressed when state and public 

comments on this FS report and the subsequent Proposed Plan have been received. Both the state and 

public had an opportunity to comment on the source control measures implemented at the SML under the 

NTCRA. 

7 .2 DETAILED ANALYSIS OF REMEDIAL AL TERNA TIVES 

Based on the initial screening, three remedial alternatives were re~ined for further evaluation in the 

detailed analysis of alternatives for remediation of groundwater associated with Landfill Areas 3 and 4 at 

the SML: 

• SML-l : No Further Action; 

• SML-3: Monitored Natural Attenuation; 

• SML-4: Chemical Oxidation with Hydraulic Containment; and 

• SML-5:Groundwater Extraction and Discharge with or without Treatment. 

The detailed analysis for each of these alternatives is presented in the following subsections. 
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TABLE 7-1 
CRITERIA FOR DETAILED ANALYSIS OF ALTERNATIVES 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

CRITERIA DESCRIPTION 

Overall protection of human health and the Describes how each alternative, as a whole, 
environment protects and maintains human health and the 

environment. 

Compliance with ARARs Describes how the alternative complies with 
ARARs or jf a waiver is required and how it is 
justified. 

Long-term effectiveness and permanence Evaluates the effectiveness of alternatives in 
protecting human health and the environment after 
response objectives have been met. 

Reduction of mobility, toxicity, or volume through Evaluates the anticipated performance of the 
treatment. specific treatment technologies. 

Short-term effectiveness Examines the effectiveness of alternatives in 
protecting human health and the environment 
during the construction and implementation period 
until the response objectives are met. 

Implementability Assesses the technical and administrative 
feasibility of alternatives and the availability of 
required resources. 

Cost Evaluates the capital and operation and 
maintenance costs of each alternative. 

State Acceptance* Evaluates the technical and administrative issues 
and concerns the state may have. 

Community Acceptance* Evaluates the issues and concerns the public may 
have. 

NOTES: 
*This criterion will be addressed once state and public comments on the feasibility study and proposed 
plan have been received. 

ARARs = Applicable and Relevant and Appropriate Requirements. 
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7.2.1 SML-l: No Further Action 

This subsection presents the detailed analysis for Alternative SML-l. 

7.2.1.1 Description 

In accordance with the NCP (USEPA, 1990) and RIIFS Guidance (USEPA, 1988), the No Further Action 

Alternative was developed as a baseline with which to compare other remedial alternatives. This 

alternative represents the minimal effort that would be taken at this site. A RCRA Subtitle C cover 

system has been placed over Landfill Areas 3 and 4 as a source control measure (Figure 3-1), and 

institutional controls, including restrictions on future land and groundwater use, have been implemented 

at the site as a part of the NTCRA (Figure 3-2). No additional remedial actions are included in this 

alternative. In addition, based on current Site conditions, the renic;:dial time frame for the No Further 

Action Alternative has been estimated and is described below. 

Institutional Controls. As part of the NTCRA, the City of Saco agreed to implement institutional 

controls, including deed restrictions and/or other controls to prohibit specific future use of the site. The 

terms of these controls are presented in the Grant of Environmental Restrictions and Right of Access 

(Environmental Restrictions), agreed to by the City of Saco, USEPA, and the MEDEP. The 

Environmental Restrictions were considered necessary to ensure the long-term protection of public 

health. 

Included in the Environmental Restrictions are the Restricted Uses and Activities for the site that include 

the following: 

• No use shall be made which disturbs the integrity of any layers of the cap, or any other structures for 

maintaining the effectiveness of the Removal Action, whether in place now or put in place in the 

future. 

• Groundwater shall not be used in any manner, including, but not limited to, use as a drinking water 

supply. No groundwater wells shall be installed within the Groundwater Restriction Parcel except 

for purposes of groundwater monitoring pursuant to a plan approved by the City of Saco and 

USEPA. 
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• There shall be no residential development, and no activity or use shall be conducted which adversely 

impacts the Removal Action, whether now or in the future, including, without limitation: (1) systems 

and areas to collect and/or contain groundwater, surface water runoff, or leachate; (2) systems or 

containment areas to excavate, dewater, store, treat, and/or dispose of soils and sediments; and (3) 

systems and studies to provide long-term environmental monitoring of groundwater, surface waters, 

and to ensure the long-term effectiveness of the Removal Action and its protectiveness of human 

health and the environment. 

The Environmental Restrictions were written to run with the property, and the City of Saco has agreed to 

incorporate the Grant into all deeds, easements, mortgages, leases, licenses or other instruments of 

transfer. These restrictions can only be modified by written approval from the Maine Commissioner of 

Environmental Protection and USEPA's Director, Site Restoration and Remediation Division. 

Remedial Time Frame. As part of the detailed analysis of alternatives, the time required to meet 

remedial action objectives (i.e., achieve PRGs) in groundwater throughout the entire aquifer was 

qualitatively evaluated. 

Redox reactions and sorption are the dominant mechanisms responsible for the chemical stabilization 

(i.e., reduction of mobility and toxicity) of arsenic and manganese. As described in Section 2.5 of this 

report, the time frame for stabilization of arsenic and manganese is uncertain and governed by the 

dissolved oxygen (~O) content of the groundwater beneath and downgradient of Landfill Areas 3 and 4. 

The concentration of DO is expected to increase over time with the concurrent reduction in leachate 

generation and continuing flow of oxygenated groundwater from upgradient recharge areas to areas 

beneath and downgradient of Landfill Areas 3 and 4. As the aquifer becomes more oxygenated, a 

hierarchy of chemical reactions will occur whereby the concentrations of dissolved iron, manganese, and 

then arsenic will decrease. Over time, the concentration of DO will increase sufficiently to keep the 

aquifer in an oxidized state and arsenic in the insoluble As (V) form. Laboratory core studies and 

modeling projections by the USGS indicate that arsenic concentrations will stabilize at or below its MCL 

of 50 J.1g/L after approximately 50 to 100 years. 
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Concentrations in surface water are dependent upon the concentrations in groundwater because surface 

water chemical concentrations are the result of mixing of groundwater and surface water. Any reduction 

in groundwater chemical concentrations will result in a reduction in surface water chemical 

concentrations. Because of the mixing of surface water and groundwater, surface water and arsenic 

concentrations will be less than 50 ~g/L and manganese concentrations will be less than 500 ~g/L before 

the same groundwater PRGs are met. Arsenic concentrations during the June 1999 sampling event were 

below the PRG. Some surface water manganese concentrations during the June 1999 sampling event 

exceeded 500 ~g/L; however, the concentration at the background location was the highest concentration 

recorded during the event. 

7.2.1.2 Alternative Evaluation 

Table 7-2 presents the detailed analysis for Alternative SML-I against the seven NCP evaluation criteria. 

7.2.1.3 Cost 

No cost is included for this alternative. 

7.2.2 SML-3: Monitored Natural Attenuation 

This subsection presents the detailed analysis for Alternative SML-3. 

7.2.2.1 Description 

Alternative SML-3 is based on natural attenuation of the contamination in the groundwater. Based on 

studies conducted by the USGS, natural attenuation over time will reduce concentrations of manganese 

and arsenic in groundwater downgradient of Landfill Areas 3 and 4 to their respective PRGs within 50 to 

100 years. Mixing of groundwater and surface water will reduce concentrations of arsenic and 

manganese in surface water downstream from the groundwater discharge. 
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TABLE 7-2 
DETAILED ANALYSIS: ALTERNATIVE SML-l 

NO FURTHER ACTION 

EVALUATION CRITERIA 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-l: NO FURTHER ACTION 

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

Human Health Protection 

Ecological Protection 

Chemical-Specific 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

The results ofthe baseline risk assessment indicate no current risk 
to human health and moderate impacts to the environment from 
groundwater or surface water. Potential future risks are associated 
with future domestic use of groundwater. However, this scenario 
is extremely unlikely as the area is currently supplied by public 
water and institutional control~ restricting future land and 
groundwater use have been implemented as a part of the NTCRA. 

No remedial actions would be conducted to reduce concentrations 
of arsenic, manganese and benzene in groundwater to PRGs. 
However, USGS research suggests that arsenic concentrations will 
stabilize at or below the PRG of 50 J.1g/L over a 50 to 100 year 
period via natural attenuation processes. Reduced arsenic 
concentrations in groundwater will result in reduced arsenic 
concentrations in surface water downgradient from Landfill 
Area 4. 

The results of the baseline ecological risk assessment indicate no 
significant risks to aquatic receptors in Sandy Brook. 

COMPLIANCE WITH ARARs 

Under baseline conditions, concentrations of benzene and arsenic 
in groundwater exceed chemical-specific ARARs (i.e., MCLs). 

At present, concentrations of arsenic in surface water exceed the 
chemical-specific ARAR (site-specific performance standard for 
arsenic is 3 Ilg/L). The expected decrease in arsenic concentration 
in groundwater will result in further reductions in arsenic 
concentrations in surface water. Concentrations of manganese 
exceed the chemical-specific ARAR. However, the highest 
concentration is at the background location. 
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TABLE 7-2 
DETAILED ANALYSIS: ALTERNATIVE SML-l 

NO FURTHER ACTION 

EVALUATION CRITERIA 

Location-Specific 

Action-Specific 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-l: NO FURTHER ACTION 

Location-specific ARARs would not apply because there are no 
remedial activities associated with this alternative (i.e., 
construction, excavation, etc.) that would cause an adverse impact 
to natural resources. 

Action-specific ARARs would not apply because there are no 
remedial activities associated with this alternative. 

LONG-TERM EFFECTIVENESS AND PERFORMANCE 

Magnitude of Residual Risk The residual risks associated with the remedial objectives are 
within the USEPA target range and are considered to be 
acceptable for this site. Institutional controls implemented as a 
part of the NTCRA restrict future use of groundwater while 
contaminant concentrations are reduced over time by natural 
attenuation processes, effectively eliminating this pathway as a 
source of contaminant exposure. 

Adequacy and Reliability of Placement of the cover system over Landfill Areas 3 and 4 is 
Controls providing source control by controlling the generation of DOC 

rich leachate from the landfill. Over time, the reduction of DOC 
together with more oxygen rich waters flushing the aquifer will 
change the redox potential, and iron, manganese and arsenic will 
be precipitated to their less soluble forms. Institutional controls 
implemented as a part of the NTCRA restrict future land 
groundwater use at the site. 

REDUCTION OF TOXICITY, MOBILITY, AND VOLUME THROUGH TREATMENT 

Treatment Process Used and 
Materials Treated 

Amount Destroyed or Treated 

WOODARD & CURRAN (95093.06) 
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No active treatment is proposed for this alternative. 

No active treatment is proposed for this alternative. 
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TABLE 7-2 
DETAILED ANALYSIS: ALTERNATIVE SML-l 

NO FURTHER ACTION 

EVALUATION CRITERIA 

Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 

Degree to Which Treatment is 
Irreversible 

Type and Quantity of Residuals 
Remaining After Treatment 

Protection of Community During 
Remedial Action 

Protection of Workers During 
Remedial Action 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-l: NO FURTHER ACTION 

None through active treatment. 

No applicable. 

Not applicable. 

SHORT-TERM EFFECTIVENESS 

Not applicable because no remedial actions are included in this 
alternative. 

Not applicable because no remedial actions are included in this 
alternative. 
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TABLE 7-2 
DETAILED ANALYSIS: ALTERNATIVE SML-l 

NO FURTHER ACTION 

EVALUATION CRITERIA 

Environmental Impacts 

Time Until Remedial Action 
Objectives Are Achieved 

Ability to Construct and Operate 
the Technology 

Reliability of the Technology 

Ease of Undertaking Additional 
Remedial Actions, If Necessary 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-l: NO FURTHER ACTION 

Not applicable because no remedial actions are included in this 
alternative. 

Based on USGS modeling results, natural attenuation processes 
are estimated to reduce concentrations of arsenic in groundwater 
to its PRG within 50 to 100 years. 

IMPLEMENT ABILITY 

Not applicable because no construction is necessary. 

Once the level of DO increases in the groundwater beneath and 
downgradient of Landfill Areas 3 and 4, it is expected to remain 
relatively constant over time. Natural attenuation is therefore 
reliable because the higher DO content in groundwater will 
chemically stabilize the dissolved metals via redox reactions and 
sorption. 

This alternative would not limit or interfere with the ability to 
implement or perform future remedial actions. 

Ability to Monitor Effectiveness of There will be no basis to monitor the effectiveness of the remedy. 
Remedy 

Ability to Obtain Approvals and 
Coordinate with Other Agencies 

Availability of Off-site Treatment, 
Storage, and Disposal Services and 
Capacity 

WOODARD & CURRAN (95093.06) 
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Institutional controls have been implemented under NTCRA. 

Not required under this alternative. 
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TABLE 7-2 
DETAILED ANALYSIS: ALTERNATIVE SML-l 

NO FURTHER ACTION 

EVALUATION CRITERIA 

Availability of Necessary 
Equipment and Specialists 

Availability of Technology 

Capital Cost 

Net Present Worth Cost 
(Five-year reviews for 30 yrs.) 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-l: NO FURTHER ACTION 

No equipment, materials, or services required. 

Not applicable. No remedial technologies would be used. 

COSTS 

$0 

$0 
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Alternative SML-3 is more comprehensive than SML-l in that it acknowledges that the concentrations of 

contaminants in the groundwater and surface water are above ARARs and that groundwater is not 

suitable for human consumption. Institutional controls have been implemented as a part of the NTCRA 

for the site. No additional institutional controls are anticipated at this time. Alternative SML-3 includes 

environmental monitoring and five-year site reviews, as described below. Figure 7-1 presents a 

schematic diagram of Alternative SML-3. 

Monitored Natural Attenuation. As discussed in Section 2.5, USGS research shows that over time the 

concentration of DO in groundwater beneath and downgradient of the landfill will change the 

geochemical conditions in the aquifer from a reduced to an oxidized state. In this more oxygenated 

environment, the dissolved arsenic (As(III» will precipitate as the more insoluble As(V) form, and/or co

precipitate with iron and manganese. Laboratory core studies and' !Jlodeling projections completed by 

the USGS indicate that arsenic concentrations will stabilize at or below its MCL of 50 flg/L after 

approximately 50 to 100 years. SWQCs for arsenic and manganese in Sandy brook are currently not 

being met within a limited area (see Appendix B-4). Reductions in concentrations in groundwater by 

natural attenuation will further reduce concentrations in Sandy Brook. 

Environmental monitoring of on-site groundwater and Sandy Brook surface water and sediment would 

be conducted as a part of this alternative. The primary objective of this monitoring is to ensure the 

remedy continues to be protective of human health and the environment. Long-term monitoring would 

also verify that natural attenuation processes are occurring and specifically that arsenic and manganese 

concentrations are decreasing to their respective PRGs in groundwater. 

The groundwater monitoring program would be developed to: 

• Detect changes in the environmental conditions (e.g., hydrogeologic, geochemical, microbial or other 

changes) that may reduce the ability of natural attenuation processes to meet the remedial action 

objective; 

• Verify management of migration (e.g., that the plume boundaries are not expanding); 
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ALTERNATIVE 

SMl-3: 
Monitored 
Natural 
Attenuation 

Institutional Actions 

Institutional 
Controls 

Environmental 
Monitoring 

In Situ Treatment 

Natural 
Attenuation 

Figure 7-1 
Schematic of Alternative SML-3: 

Monitored Natural Attenuation 
Feasibility Study Report 
Saco Municipal Landfill 

Saco, Maine 
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• Detect new releases of contaminants to the environment that could impact the effect of the natural 

attenuation processes; 

Environmental monitoring would consist of semi·annual sampling of groundwater monitoring wells, and 

surface water and sediment sampling in Sandy Brook. A re·assessment of the protectiveness of the 

remedy will be conducted every five years. Major re·evaluation each 10 years will be conducted 

involving statistical evaluation of data and trends to demonstrate decline in concentrations. Model 

results predict that within 60 years, arsenic concentrations in surface water exceeding the site· specific 

performance standard (3 Ilg/L) at the harmonic mean flow conditions will be limited to a small area 

directly adjacent to the remediated seep. Based upon the most recent research, the geochemical model 

and groundwater flow model will be re·evaluated. 

7.2.2.2 Alternative Evaluation 

Table 7·3 presents the detailed analysis of Alternative SML·3 against the seven NCP evaluation criteria. 

7.2.2.3 Cost 

A cost estimate was prepared for Alternative SML·3 to help select a remedial alternative. In general, 

cost estimates contain the following principal elements: 

• Capital costs; and 

• Operation and maintenance costs. 

Capital costs consist of direct and indirect costs that typically include those expenditures initially 

incurred to develop, construct, and implement the remedial alternative. Operation and maintenance 

(O&M) costs typically include post·construction costs necessary to ensure the continued effectiveness of 

the remedial action. The cost estimate for Alternative SML-3 includes long-term environmental 

monitoring and five-year site reviews. While it is recognized that SML-3 will require 50 to 100 years to 

meet PRGs, costs are estimated for 30 years only. This is to provide a consistent basis of comparing 

alternatives and is consistent with EPA requirements for conducting an FS (EPA, 1992). The total 

estimated present worth (i.e., 7 percent for 30 years) of Alternative SML·3 is $1,680,000. The present 
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TABLE 7-3 
DETAILED ANALYSIS: ALTERNATIVE SML-3 

MONITORED NATURAL ATTENUATION 

EVALUATION CRITERIA 

FEASffiILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-3: MONITORED NATURAL 

ATTENUATION 

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

Human Health Protection 

Ecological Protection 

Chemical-Specific 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

There are currently no risks to human health and moderate 
impacts to the environment. Potential future risks are associated 
with future domestic use of groundwater. However, this scenario 
is extremely unlikely, as the area is currently supplied by public 
water and institutional controls'restricting future land and 
groundwater use have been implemented as a part of the NTCRA. 

USGS research suggests that arsenic concentrations in 
groundwater will stabilize at or below 50 /!g/L over a 50 to 100 
year period via natural attenuation processes. Reduced arsenic 
concentrations in groundwater will result in reduced arsenic 
concentrations in surface water downgradient from Landfill 
Area 4. 

The results of the baseline ecological risk assessment indicate no 
significant risks to aquatic receptors in Sandy Brook 

COMPLIANCE WITH ARARs 

Concentrations of benzene and arsenic in groundwater currently 
exceed chemical-specific ARARs (i.e., MCLs). However, USGS 
modeling indicates that concentrations of arsenic and other metals 
in groundwater will decrease over a 50 to 100 year time frame. 

Concentrations of arsenic and manganese in surface water are 
lower than concentrations in groundwater. At present, however, 
concentrations of arsenic and manganese in surface water exceed 
the chemical-specific ARAR. The highest manganese 
concentration is at the background location. The modeled 
reduction of arsenic and manganese concentrations in 
groundwater will result in reductions in surface water. 
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TABLE 7-3 
DETAILED ANALYSIS: ALTERNATIVE SML-3 

MONITORED NATURAL ATTENUATION 

EVALUATION CRITERIA 

Location-Specific 

Action-Specific 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-3: MONITORED NATURAL 

ATTENUATION 

Location-specific ARARs would not apply because there are no 
active remedial activities associated with this alternative (i.e., 
construction, excavation, etc.) that would cause an adverse impact 
to natural resources. 

Action-specific ARARs would not apply, as the only actions 
associated with this alternative 'include sampling of groundwater 
monitoring wells and surface water/sediment locations in Sandy 
Brook. These activities would be conducted according to OSHA 
regulations. 

LONG-TERM EFFECTIVENESS AND PERFORMANCE 

Magnitude of Residual Risk 

Adequacy and Reliability of 
Controls 

The residual risks associated with the remedial objectives are 
within the USEPA target range and are considered to be 
acceptable for this site. Institutional controls implemented as a 
part of the NTCRA restrict future use of groundwater while 
contaminant concentrations are reduced over time by natural 
attenuation processes, effectively eliminating this pathway as a 
source of contaminant exposure. In addition, five-year site 
reviews will be conducted to ensure the continued protection of 
human health and the environment. 

Placement ofthe cover system over Landfill Areas 3 and 4 is 
providing source control by controlling the generation of DOC 
rich leachate from the landfill. Over time, the reduction of DOC 
together with more oxygen rich waters flushing the aquifer will 
change the redox potential, and iron, manganese and arsenic will 
be precipitated to their less soluble forms. Institutional controls 
implemented as a part of the NTCRA restrict future land and 
groundwater use at the site. 

REDUCTION OF TOXICITY, MOBILITY, AND VOLUME THROUGH TREATMENT 

Treatment Process Used and 
Materials Treated 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

No active treatment is proposed for this alternative. 
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TABLE 7-3 
DETAILED ANALYSIS: ALTERNATIVE SML-3 

MONITORED NATURAL ATTENUATION 

EVALUATION CRITERIA 

Amount Destroyed or Treated 

Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 

Degree to Which Treatment is 
Irreversible 

Type and Quantity of Residuals 
Remaining After Treatment 

Protection of Community During 
Remedial Action 

Protection of Workers During 
Remedial Action 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-3: MONITORED NATURAL 

ATTENUATION 

No active treatment is proposed for this alternative. 

None through active treatment. 

Not applicable. 

Not applicable. 

SHORT -TERM EFFECTIVENESS 

Not applicable because no active treatment is included in this 
alternative. 

Individuals accessing the Site for groundwater, surface water and 
sediment sampling activities would be required to be trained in 
health and safety procedures for work at hazardous waste sites. 
To minimize the possibility of exposure to contamination, a site-
specific health and safety plan would be followed and appropriate 
personal protective equipment would be used. 
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TABLE 7-3 
DETAILED ANALYSIS: ALTERNATIVE SML-3 

MONITORED NATURAL ATTENUATION 

EVALUATION CRITERIA 

Environmental Impacts 

Time Until Remedial Action 
Objectives Are Achieved 

Ability to Construct and Operate 
the Technology 

Reliability of the Technology 

Ease of Undertaking Additional 
Remedial Actions, If Necessary 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-3: MONITORED NATURAL 

ATTENUATION 

Not applicable because no remedial actions are included in this 
alternative. 

Based on USGS modeling results, natural attenuation processes 
are estimated to reduce concentrations of arsenic in groundwater 
to the PRG (MCL of 50 Ilg/L), within 50 to 100 years. 

At present, the arsenic concentrations in Sandy Brook exceed the 
chemical-specific ARARs within a limited area of Sandy Brook. 
Over time, the area of Sandy Brook exceeding PRGs is expected 
to decrease as arsenic and manganese concentrations in 
groundwater decrease. 

IMPLEMENTABILITY 

Not applicable because no construction is necessary. 

Once the level of DO increases in the groundwater beneath and 
downgradient of Landfill Areas 3 and 4, it is expected to remain 
relatively constant over time. Natural attenuation is therefore 
reliable because the higher DO content in groundwater will 
chemically stabilize the dissolved metals via redox reactions and 
sorption. 

This alternative would not limit or interfere with the ability to 
implement or perform future remedial actions. 

Ability to Monitor Effectiveness of The long-term environmental monitoring program would 
Remedy 

Ability to Obtain Approvals and 
Coordinate with Other Agencies 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

demonstrate the effectiveness of natural attenuation processes by 
verifying the increase in DO concentration in groundwater and the 
reduction in concentrations of arsenic and manganese in 
groundwater and surface water over time. 

Institutional controls have been implemented under NTCRA. A 
detailed long-term environmental monitoring plan and the five-
year site reviews would be subject to regulatory review. 
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TABLE 7-3 
DETAILED ANALYSIS: ALTERNATIVE SML-3 

MONITORED NATURAL ATTENUATION 

EVALUATION CRITERIA 

Availability of Off-site Treatment, 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-3: MONITORED NATURAL 

ATTENUATION 

Not required under this alternative. 
Storage, and Disposal Services and 
Capacity 

Availability of Necessary 
Equipment and Specialists 

Availability of Technology 

Capital Cost 

Net Present Worth Cost of 
Environmental Monitoring 

Net Present Worth Cost of Five-
Year Reviews 

Total Net Present Worth Cost 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

Equipment, materials, and services for groundwater, surface water 
and sediment sampling and off-site laboratory analyses are readily 
available. 

Not applicable. No remedial technologies would be used. 

COSTS 

$ 0 

$ 1,551,000 

$ 129,000 

$ 1,680,000 
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DIRECT COSTS 

TOTAL DIRECT COSTS 

INDIRECT COSTS 

TOTAL INDIRECT COSTS 

TABLE 7-4 
COST ESTIMATE: ALTERNATIVE SML-3 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

TOTAL CAPITAL COSTS (DIRECT AND INDIRECT) 

ENVIRONMENTAL MONITORING AND REVIEW COSTS 

Annual Monitoring Groundwater/Surface Water and Sediment 
(Includes 20% contingency) 

TOTAL PRESENT WORTH ANNUAL ENVIRONMENTAL 
MONITORING COSTS (7%, 30 YEARS) 

Five Year Site Reviews (includes 20% Contingency) 

TOTAL PRESENT WORTH OF FIVE YEAR SITE REVIEWS (7%, 30 YEARS) 

TOTAL PRESENT WORTH (30 YEARS) - ALTERNATIVE SML-3 

WOODARD CURRAN (95093.06) 
Feasibility Study 

$0 

$0 

so 

$125,000 

SI,551,000 

$60,000 

S129,000 

$1,680,000 
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worth of environmental monitoring costs was estimated at $1,551,000 and the present worth of five-year 

site reviews was estimated at $129,000. Table 7-4 summarizes the costs estimated for Alternative SML-

3. Cost back-up information for the components summarized in Table 7-4 is presented in Appendix D. 

To develop these costs, the following assumptions were made with respect to Alternative SML-3: 

• Natural attenuation processes in the groundwater beneath and downgradient of the landfill will result 

in a decrease in dissolved arsenic and manganese concentrations in groundwater to meet PRGs, and 

ultimately in Sandy Brook surface water; 

• Environmental monitoring (surface water, sediment and groundwater) will occur semi-annually for 

30 years; and 

• All data associated with the site will be presented, reviewed an'q evaluated every five years. Every 

10 years a more comprehensive review will be conducted for a period of 30 years. 

7.2.3 SML-4: Chemical Oxidation with Hydraulic Containment 

This subsection presents the detailed analysis for Alternative SML-4 

7.2.3.1 Description 

Alternative SML-4 includes in situ chemical oxidation and hydraulic containment of groundwater 

downgradient of Landfill Areas 3 and 4. Two discharge options are included in this alternative and 

treatment mayor may not be required. This alternative is proposed as a potential way to restore the 

aquifer to beneficial use more quickly than through natural attenuation (SML-3). Alternative SML-4 is 

designed to chemically oxidize the DOC and inorganics in the groundwater and create a closed system, 

using groundwater containment, to minimize impacts of the oxidizing chemicals on the unaffected 

aquifer and surface water of Sandy Brook. Injection of chemical oxidants will reduce the concentrations 

of DOC, which will change the redox potential of the groundwater and allow the groundwater to become 

more aerobic resulting in less iron, arsenic, and manganese leaching from the natural site soils and 

bedrock. Injection of chemical oxidants into groundwater will cause dissolved iron, arsenic, and 

manganese to precipitate, reducing dissolved concentrations of these natural elements. Hydraulic 

containment of groundwater is included in this alternative to prevent chemical oxidants (Fenton's 

WOODARD & CURRAN (95093.06) 
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reagents or potassium permanganate (KMn04» that are injected into the groundwater from becoming 

distributed in the aquifer and surface water. 

As stated in Alternative SML-I, institutional controls have been implemented as a part of the NTCRA 

for the Site (see Figure 3-2). 

Alternative SML-4 includes the following major components: 

1. Installation and Operation of Chemical Oxidation System 

2. Installation of Groundwater Extraction System 

3. Discharge of Groundwater 

4. Installation and Operation of Groundwater Treatment System 

5. Environmental Monitoring 

6. Five-Year Site Reviews 

Figure 7-2 presents a schematic diagram of Alternative SML-4. 

Installation of In Situ Chemical Oxidation System. 

The in situ chemical oxidation system was designed to oxidize the DOC, iron, manganese, and arsenic in 

groundwater downgradient of Landfill Areas 3 and 4. The oxidation of DOC will change the redox 

potential of the aquifer. Increasing the redox potential in groundwater should decrease the capacity of 

the groundwater to leach inorganics from the native soil and bedrock, and should cause iron, manganese, 

and arsenic to be precipitated as less soluble forms. Therefore, over time the concentration of dissolved 

manganese and arsenic in the groundwater should decrease. The chemical oxidants applied in this 

process are typically Fenton's Reagent or KMn04• 

Based on an estimated radius of influence of between 20 and 40 feet for these chemical oxidants in this 

sand and gravel aquifer, this alternative includes the installation of 17 chemical oxidant injection wells, 

as shown in Figure 7-3. These wells will be installed in the shallow overburden and bedrock aquifers, to 

depths of approximately 25 feet bgs. It is estimated that chemical oxidants would be injected into the 

wells on a semi-annual basis for five years. If this alternative were implemented, pilot scale field studies 
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would have to be completed prior to implementation of this alternative to determine the appropriate 

application rate of chemical oxidant. 
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Figure 7-2 
Schematic of Alternative SML-4: 

Chemical Oxidation with Hydraulic Containment 
Feasibility Study Report 
Saco Municipal Landfill 

Saco, Maine 
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Installation of Hydraulic Containment System. The hydraulic containment system was developed to 

achieve four objectives; (1) to minimize the impact the chemical oxidant will have on the larger aquifer 

and adjacent surface water of Sandy Brook, (2) to manage the migration of the existing iron, manganese 

and arsenic plume, (3) to minimize the impact of groundwater extraction on the surface water flow of 

Sandy Brook and (4) to enhance the movement of oxygenated water through the aquifer. Various 

extraction well locations, depths, and pumping rates were evaluated to determine the optimal 

configuration and parameters for the extraction system. Hydraulic containment is affected by extracting 

groundwater downgradient from chemical injection wells. 

As discussed in Section 2.0 and shown on Figure 2-2, the groundwater impacted by Landfill Areas 3 and 

4 flows beneath and down gradient of the landfill in three distinct layers: bedrock, till, and the sand and 

gravel overburden. The volume of water flowing through the bedrock and the glacial till is considerably 

less than the volume of water moving through the shallow sand and gravel aquifer (approximately 5% of 

total flow) due to the lower conductivity observed in the bedrock and till layers. The large volume of 

groundwater moving through the overburden suggested that pumping efforts be focused on this aquifer. 

In addition, pumping well simulations in bedrock indicated that pumping influence within the bedrock 

was limited and much of the water extracted from the rock is supplied by the overlying sand and gravel 

aquifer. Therefore, placement of groundwater extraction wells within the sand and gravel aquifer was 

evaluated to determine the conditions that best meet the three pumping objectives. 

The groundwater model indicates that a minimum of two extraction wells placed near the downgradient 

edges of the plume on the western and eastern sides of Sandy Brook are necessary to manage the 

migration of the majority of the plume. Other well configurations were evaluated; however, all required 

a greater combined pumping rate to capture the groundwater flow. The model was also used to evaluate 

the effects of various pumping rates at these wells on both the travel time of groundwater flow between 

the toe of the landfill and Sandy Brook and the groundwater discharge and subsequent surface water flow 

in the brook. These pumping rates and subsequent changes in travel time and surface water flow are 

shown in Table 7-5. 
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TABLE 7-5 
ALTERNATIVE SML-4 

MODELED GROUNDWATER EXTRACTION RA TES, TRAVEL TIMES, 
AND DISCHARGES TO SANDY BROOK 

PUMP RATE 
(gpm) 

0 

60 

200 

500 

Notes: 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

TRAVELTIME 
(years) 

2 

1.78 

1.56 

1.37 

GROUNDWATER 
DISCHARGE (I) 

ftl/day 

-19,889 

-17,419 

-4,899 

+21,675 

(I) Groundwater discharge through sand and gravel aquifer to Sandy Brook directly downgradient from landfill. 

values indicate groundwater discharge to brook 
+ values indicate brook discharge to groundwater 
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The results of the model show that as the pumping rate is increased from 0 gpm to 500 gpm the 

groundwater travel time between the landfill and Sandy Brook is decreased from 2 to 1.4 years. This 

decrease in travel time suggests enhanced groundwater flow through the aquifer. However, a pumpin'g 

rate of 500 gpm causes a significant impact to Sandy Brook to the point where surface water will be 

"pulled" by pumping into the subsurface (groundwater). Model results show that under pumping 

conditions of greater than 250 gpm, Sandy Brook becomes a losing stream. During drought periods, this 

high pumping rate may potentially eliminate surface water flow in the brook altogether. 

Based on our flow model, a pumping rate of 60 gpm should capture the majority of the plume; however, 

during low flow periods in the summer and fall, the flow could be reduced within Sandy Brook by up to 

40%. The model results presented in Table 7-5 show that at a pumping rate of 60 gpm the travel time of 

groundwater flow from the toe of the landfill to Sandy Brook is re'Quced only from 2 to approximately 

1.8 years. Nevertheless, the model illustrates that the rate of travel time reduction per pumping rate is 

greater for 60 gpm than for higher pumping rates. 

Based on the data presented in Table 7-5, a combined pumping rate of 60 gpm for two extraction wells 

placed in the sand and gravel aquifer was selected for this alternative because it meets three of the three 

objectives. This alternative will contain the majority of the existing iron, manganese and arsenic plume, 

and minimize the impact the chemical oxidant will have on the larger aquifer and adjacent surface water 

of Sandy Brook, while impacting the surface water flow of Sandy Brook, to a lesser degree than other 

pumping rates. The proposed extraction system for Alternative SML-4 consists of two wells, EW-l 

located on the western side of Sandy Brook pumped at 40 gpm to contain the majority of the plume and 

EW-2 located on the eastern side of Sandy Brook pumped at 20 gpm to contain the northern portion of 

the plume that travels beneath the brook and surfaces on the eastern side. The extraction wells would be 

eight-inch diameter stainless steel and screened in the sand and gravel aquifer. The western well would 

be installed to a depth of 46 feet bgs. with the well screen extending from 18 feet to 46 feet bgs. The 

eastern well would be installed to a depth of 76 feet bgs, with a well screen extending from 44 feet to 76 

feet bgs. The location of the extraction wells is shown on Figure 7-4. 
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In addition, eleven piezometers (Figure 7-4) would be installed in the vicinity of the extraction wells to 

evaluate hydraulic capture of the plume over time. The proposed one-inch diameter piezometers would 

be constructed of polyvinyl chloride (PVC). Three piezometers (screened 15 to 25 feet bgs) would b~ 

installed in the vicinity of the extraction well on the western side of Sandy Brook. Existing shallow 

monitoring wells in the vicinity of this extraction well would also be used to evaluate hydraulic capture 

of the plume. Because there are no existing monitoring wells in the vicinity of the extraction well on the 

eastern side of Sandy Brook, eight piezometers (one screened at 25-35 feet bgs, four screened at 35 to 45 

feet bgs, and three screened at 65 to 75 feet bgs) would be installed to evaluate hydraulic capture of the 

plume. Water levels would be measured in each piezometer on a semi-annual basis. 

Until a pilot scale field study is completed, the effectiveness of chemical oxidation to oxidize the DOC 

and precipitate dissolved iron, manganese and arsenic permanently at this site is unknown. It is 

anticipated that in situ chemical oxidation will reduce the concentrations of benzene, manganese, and 

arsenic to meet PRGs in a shorter time frame than the 50 to 100 years estimated for natural attenuation. 

A time frame to meet PRGs would be estimated based on the pilot scale field study but is assumed to be 

less than 30 years if proven to be effective. 

At present, in Sandy Brook the State SWQC of 10 Ilg/L for arsenic and manganese (500 ppb) are 

substantially being met except for a limited area directly downgradient of the groundwater plume (see 

Appendix B-4). For arsenic, pumping of the plume would reduce groundwater plume inflow into Sandy 

Brook and result in lower arsenic concentrations in Sandy Brook even prior to complete chemical 

oxidation of the plume. For manganese, the concentration at the background location on Sandy Brook 

exceeds the State SWQC. Therefore, reductions of manganese concentration would not be expected 

from reducing flow of the plume into Sandy Brook. 

Discharge of Groundwater. Two options exist for the discharge of extracted groundwater: (1) 

discharge untreated to the Saco WWTP; or (2) discharge on-site after treatment. Both discharge options 

are described below. The technical and administrative issues associated with each option would, 

however, require a detailed evaluation during the final design. 
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Discharge to Waste Water Treatment Plant (WWTP): The first option would involve discharging 

untreated groundwater to the Saco WWTP. A pump station would be constructed in the vicinity of the 

extraction wells, and extracted groundwater would be pumped to and through a 2Y2-inch PVC force main 

installed along Foss Road to an 8 to 10 inch gravity line installed along Route 112 to the pump station. 

Upgrades to the pump station may be required, and would be evaluated as a part of the final design. A 

conceptual layout of this discharge option is shown on Figure 7-5. 

Discharge On-Site: The second option would include the on-site treatment of groundwater to remove 

arsenic, manganese and benzene to their PRGs prior to on-site discharge ofthe treated groundwater. The 

potential impacts to the plume resulting from the discharge of treated groundwater to the existing 

storm water retention basin were evaluated using the groundwater model. Based on the model, the 

boundaries of the plume in the vicinity of the retention basin wou'ld expand with the placement of 60 

gpm pumping system such that the extraction wells would no longer capture the entire plume. Therefore, 

to allow on-site discharge, the location of the infiltration basin would be outside the plume boundary as 

shown on Figure 7-6. To contain the treated groundwater, the proposed infiltration basin would be 

constructed with an area of approximately 23,000 square feet and a depth of five feet. An infiltration 

study would be required during final design to determine the exact location based on the groundwater 

level and actual infiltration rate. 

Installation of Groundwater Treatment System. To meet ARARs for proposed groundwater 

infiltration, the proposed groundwater treatment system was designed to remove arsenic, manganese and 

benzene to their respective PRGs. The groundwater treatment system would consist of the following 

major unit processes: 

• oxidation of metals in groundwater; 

• precipitation and settling; 

• filtration; 

• ion exchange; 
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• granulated activated carbon; 

• treated water disposal; 

• sludge thickening; 

• sludge dewatering; and 

• sludge disposal. 

The treatment system would be housed in a treatment building located northeast of Landfill Area 3 and 4. 

A preliminary layout of the groundwater treatment building is shown on Figure 7-7, and a process flow 

diagram of the proposed treatment system is presented in Figure 7-8. Actual design of the treatment 

system would include bench andlor pilot studies to determine operating parameters. 

The assumed influent concentrations used to size the treatment sys~em were determined by estimating 

the average concentrations of contaminants and other groundwater parameters measured at monitoring 

wells MW-95-4SA, MW-95-4SB, MW-97-14S-1 and MW-97-14S-2. These wells are in the vicinity of 

the proposed extraction wells. Data from the March 1998 RI and most recent groundwater sampling 

rounds (June 1998, December 1998, and June 1999) were used to calculate influent concentrations to the 

treatment system. These influent concentrations are summarized in Table 7-6. 

The extraction system would consist of two groundwater extraction wells and associated piping. Each 

well would have its own submersible pump controlled by a variable frequency drive linked to a flow 

meter to maintain constant flow during operation of the treatment system. 

Groundwater from the two extraction wells would be conveyed through separate 2-inch pipes to the 

treatment building, where both pipes would empty into a single, well-mixed tank, to which KMn04 and 

caustic (NaOH) would be added. The purpose of permanganate is to convert reduced iron, manganese, 

and arsenic into their less soluble oxidized forms so that they can be removed in subsequent settling and 

ion exchange phases of treatment. The function of caustic addition is to adjust the pH to a value of 

approximately 8.0 to optimize metals precipitation. 
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TABLE 7-6 
ALTERNATIVE SML-4 

ESTIMATED INFLUENT CONTAMINANT CONCENTRATIONS 
AND PRELIMINARY REMEDIATION GOALS 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ESTIMATED INFLUENT 
PARAMETER UNITS CONCENTRATION 

Arsenic J.lg/L 140 

Manganese J.lg/L 7700 

Iron mg/L 45 

Benzene J.lg/L 3 11 ) 

pH standard unit 6.7 

Alkalinity ppm as CaC03 400 

NOTES: 

PRG 

50 

500 

NA 

5 

NA 

NA 

(l) Although the average benzene concentation was calculated as 3 J.lg/L, benzene is a contaminant of concern 
because a concentration of 13 J.lg/L was detected at MW-95-4R. 

NA = Not Applicable 
PRG = Preliminary Remediation Goal 
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After the groundwater has been mixed with permanganate and caustic, it flows by gravity to a well

mixed oxidation tank, where the permanganate is allowed to react for approximately 25 minutes, in order 

to fully oxidize the metals in solution. From the oxidation tank, groundwater flows to an inclined plate 

separator, where an estimated 70 to 90 percent of the precipitated iron and manganese will be removed 

by settling, and some of the arsenic is expected to be removed as well, as a co-precipitate. Sludge from 

the separator would be pumped to a sludge holding tank as necessary. 

Water from the inclined plate separator flows to a transfer tank, where the system shifts from gravity to 

pressure operation. Two pumps linked to level sensors in the transfer tank would pump groundwater 

continuously to two manganese greensand filters arranged in parallel. Manganese greensand filters are 

special sand filters that are extremely efficient at removing iron and manganese, and may remove a 

substantial amount of arsenic as well. The effluent from the greensand filters is expected to contain less 

than 0.3 mgIL of iron and manganese, well below the 0.84 mg/L. PRG for manganese. Greensand 

filtration is commonly used in the water treatment industry to reduce iron and manganese concentrations 

below the secondary drinking water standards of 0.3 mgIL iron, and 0.05 mgIL manganese. 

Greensand is a natural zeolite that requires potassium permanganate to function effectively, and would 

be continuously "recharged" by the addition of permanganate at the head end of the treatment system. 

Two filters would be provided in parallel. Under normal operating conditions, flow would alternate from 

one filter to the other to accommodate periodic filter backwashing. Since there will not be a potable 

water supply to the plant, the filters will be backwashed with final effluent pumped from the clear well. 

Backwash waters would discharge to a backwash holding tank, where settled solids would be discharged 

to the sludge holding tank, and supernatant liquids would be returned to the head of the treatment plant. 

The purpose of the backwash holding tank is to minimize the volume of wet sludge that needs to be 

processed. 

Discharge from the greensand filters would flow under pressure to a small, well-mixed tank where 

hydrochloric acid would be added to the groundwater to adjust the pH back down to a value of 6.0. Next, 

groundwater flows through a pair of ion exchange columns containing activated alumina. The activated 

alumina media ion is very selective for arsenic, but is only effective in a narrow pH range around 6.0. 

Discharge from the activated alumina is expected to contain less than 10 )lgIL of arsenic. The columns 

would operate in series, and would be piped and valved such that either column could be first in series, 

and either vessel could be isolated for regeneration, as necessary. Discharge from both columns would 
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be monitored monthly for arsenic, and the lead column in series would be isolated and regenerated by 

treatment with hydrochloric acid and sodium hydroxide when breakthrough occurred. The freshly 

regenerated column would then be returned to service as the second column in series. Regenerate liquids 

containing precipitated arsenic would be discharged to the backwash holding tank, where settled solids 

would be pumped to the sludge storage tank, and supernatant liquids returned to the head of the plant. 

Finally, two granular activated carbon (GAC) vessels would be placed downstream of the ion exchange 

columns. GAC would reduce the concentration of benzene in the groundwater to less than 5 )lgIL. Like 

the ion exchange columns, the GAC vessels would operate in series, and would be piped and valved such 

that either vessel could be first in series, and either vessel could be isolated for regeneration, as 

necessary. Discharge from both vessels would be monitored monthly for YOCs, and the lead column in 

series would be isolated, emptied, and refilled with virgin carbon when breakthrough occurred. The 

freshly regenerated column would then be returned to service as the ~econd column in series. Although 

preliminary calculations of benzene concentration in the extracted groundwater indicate that it would be 

less than 5 )lgIL initially, the GAC vessels are included in this alternative as a necessary contingency in 

the event the benzene concentrations were higher than anticipated. 

Discharge from the GAC vessels would flow to a clear well, which would provide a supply of clean 

process water for filter backwashing and similar operations. From the clear well, groundwater would 

flow by gravity through a 3-inch discharge pipe to a newly constructed infiltration basin located outside 

of the plume boundary. 

Solids produced during the inorganics treatment would be concentrated and dewatered in a plate and 

frame filter press prior to disposal. Based on the existing concentrations of arsenic in groundwater, the 

resulting sludge may be hazardous, and would be disposed off-site at a licensed hazardous waste facility. 

Performance of the groundwater treatment system would be monitored periodically. It was assumed that 

effluent samples would be collected on a monthly basis to determine that applicable discharge criteria are 

being achieved. In addition, groundwater samples from each extraction well would be collected 

quarterly to evaluate mass removal rates for arsenic, manganese, benzene, and DOC, as well as changes 

in water quality parameters. 
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Environmental Monitoring. The long-tenn environmental monitoring program proposed for 

Alternative SML-4 would similar to Alternative SML-3. Additional monitoring would be required for 

O&M for the groundwater treatment system and groundwater monitoring to detennine the distribution 

and effectiveness of the chemical oxidant added to the plume. The objective of environmental 

monitoring would be to ensure protection of human health and the environment by monitoring changes in 

chemical concentrations in groundwater, surface water, and sediment over time and to detennine the 

effectiveness of this alternative to reduce the concentrations of arsenic, manganese, and benzene to their 

respective PRGs in groundwater. 

Environmental monitoring as well as five and ten-year site reviews will be conducted according to 

guidelines covered in Subsection 7.2.2.1. 

7.2.3.2 Alternative Evaluation 

Table 7-7 presents the detailed analysis of Alternative SML-4 against the seven NCP evaluation criteria. 

7.2.3.3 Cost 

A cost estimate was prepared for Alternative SML-4 to help in selection of a remedial alternative. In 

general, cost estimates contain the following principal elements: 

• capital costs; and 

• operation and maintenance costs. 

Capital costs consist of direct and indirect costs that typically include those expenditures initially 

incurred to develop, construct, and implement the remedial alternative. Operation and maintenance 

(O&M) costs typically include post-construction costs necessary to ensure the continued effectiveness of 

the remedial action. The cost estimate for Alternative SML-4 includes long-tenn environmental 

monitoring and five-year site reviews. While it is recognized that SML-4 will require 50 to 100 years to 

meet PRGs, costs are estimated for 30 years only. This is to provide a consistent basis of comparing 

alternatives and is consistent with EPA requirements for conducting an FS (EPA, 1992). 
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TABLE 7-7 
DETAILED ANALYSIS: ALTERNATIVE SML-4 

CHEMICAL OXIDATION WITH GROUNDWATER CONTAINMENT 

Ev ALVA TION CRITERIA 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-4: CHEMICAL OXIDATION WITH GROUNDWATER 

CONTAINMENT 

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

Human Health Protection 

Ecological Protection 

Chemical-Specific 

WOODARD & CURRAN (95093.06) 
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The results of the baseline risk assessment indicate no potential risks to human health, 
with the exception of potential future risks if groundwater were to be used for 
drinking water purposes. This scenario is, however, extremely unlikely as the area is 
currently supplied by public water and institutional controls restricting land and 
groundwater use have been implemented as a part of the NTCRA. 

USGS research suggests that arsenic concentrations in groundwater will reach 
background over a 50 to 100 year period via natural attenuation processes. Reduced 
arsenic concentrations in groundwater will result in reduced arsenic concentrations in 
surface water downgradient from Landfill Areas 3 and 4. Because in situ chemical 
oxidation will increase the concentration of DO in the groundwater, this alternative 
may shorten the time to induce chemical changes over natural conditions. 

The results of the baseline risk assessment indicate moderate risks to the environment. 
This alternative would provide an increased level of protection over the no action 
alternative because it would capture the plume and prevent potentially contaminated 
groundwater from entering Sandy Brook. This advantage could be offset by a 
decrease in surface water flow (through groundwater extraction) having a potentially 
significant negative impact on ecological habitat. 

COMPLIANCE WITH ARARS 
Under baseline conditions, concentrations of arsenic and benzene in groundwater 
exceed chemical-specific ARARs (i.e., MCLs and MEGs). Changes in groundwater 
geochemistry are necessary for arsenic concentrations to decrease; USGS research 
suggests that these changes would occur over a 50 to 100 year time frame. 
Concentrations of arsenic and manganese in surface water are lower than 
concentrations in groundwater. At present, concentrations of arsenic in surface water 
exceed the chemical-specific ARAR (i.e. SWQC) within a control area of Sandy 
Brook. Concentrations of manganese exceed the chemical-specific ARAR in Sandy 
Brook at present; however, the highest manganese concentration is at the background 
location. It is unknown whether the addition of oxidants to groundwater would 
reduce the concentrations of arsenic and manganese more quickly than natural 
processes. Containment of the plume would reduce groundwater plume inflow into 
Sandy Brook and would result in lower arsenic concentrations in Sandy Brook. 

Required approvals would be obtained prior to on-site discharge of treated 
groundwater or off-site discharge of untreated groundwater. 

07/27/2000 



TABLE 7-7 
DETAILED ANALYSIS: ALTERNATIVE SML-4 

CHEMICAL OXIDATION WITH GROUNDWATER CONTAINMENT 

Ev ALUA TION CRITERIA 

Location-Specific 

Action-Specific 

Magnitude of Residual Risk 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-4: GROUNDWATER EXTRACTION AND DISCHARGE WITH 

OR WITHOUT TREATMENT 

Location-specific ARARs identified for Alternative SML-4 are presented in Appendix E. 
This alternative would be designed to comply with pertinent location-specific ARARs. 

Action-specific ARARs identified for Alternative SML-4 are presented in Appendix E. 
This alternative would be designed to comply with pertinent action-specific ARARs. 

LONG-TERM EFFECTIVENESS AND PERFORMANCE 

Semi-annual injection of chemical oxidants iilto groundwater is expected to oxidize the 
DOC and precipitate iron, manganese, and arsenic reducing the dissolved concentrations of 
these natural elements. Groundwater extraction will then be used to hydraulically contain 
the majority of the plume, minimizing the impact of the chemical oxidants on the aquifer 
and the surface water of Sandy Brook. Therefore, this alternative may reduce the magnitude 
of residual risk. 

As stated previously, the residual risks associated with the remedial objectives are within the 
USEPA target range and are considered to be acceptable for this site. Institutional controls, 
implemented as a part of the NTCRA restrict future land and groundwater use at the site. 
Therefore, future potential exposure to contaminants in groundwater would be prevented, 
effectively eliminating this exposure pathway. In addition, five-year site reviews will be 
conducted to ensure the continued protection of human health and the environment. 

Adequacy and Reliability of Controls In situ chemical oxidation has the potential to reduce the concentrations of DOC, and 
dissolved iron, manganese and arsenic in the groundwater. The adequacy and reliability of 
chemical oxidation to permanently reduce the concentrations of these metals is unknown. 
In addition, clogging of the aquifer with metal precipitates could minimize additional 
dispersion of oxidant in the aquifer, and could cause the groundwater flow paths to change. 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

The proposed hydraulic containment system would manage the migration of remaining 
dissolved iron, manganese and arsenic into Sandy Brook, and would minimize the potential 
impact of chemical oxidants on the brook. 

A long-term monitoring program would, however, be implemented to monitor groundwater 
concentrations throughout the plume to evaluate the effectiveness of this alternative. 

With the exception of pumps, which may need to be replaced frequently, the estimated 
service life of the treatment system components will exceed the injection and extraction 
periods anticipated for this project. 
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TABLE 7-7 
DETAILED ANALYSIS: ALTERNATIVE SML-4 

CHEMICAL OXIDATION WITH GROUNDWATER CONTAINMENT 

Ev ALUA TION CRITERIA 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-4: GROUNDWATER EXTRACTION AND DISCHARGE 
WITH OR WITHOUT TREATMENT 

Placement of the cover system over Landfill Areas 3 and 4 is providing source control 
by controlling the generation of DOC-rich leachate from the landfill. Institutional 
controls implemented as a part of the NTCRA will adequately control the future land 
and groundwater use at the site. 

REDUCTION OF TOXICITY, MOBILITY, AND VOLUME THROUGH TREATMENT 

Treatment Process Used and Materials 
Treated 

Amount Destroyed or Treated 

Degree of Expected Reductions of 
Toxicity, Mobility, or Volume Through 
Treatment 

WOODARD & CURRAN (95093.06) 
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Fenton's reagents or KMn04 would be injected into the groundwater to oxidize the 
DOC, which would increase the redox potential of the groundwater and decrease the 
concentrations of dissolved iron, arsenic, and manganese in groundwater. 

Extracted groundwater containing concentrations of arsenic, manganese, and benzene 
exceeding PRGs would be discharged to the Saco WWTP for treatment, or would be 
treated on site via precipitation, filtration, ion exchange and activated carbon to meet 
PRGs. Groundwater treated on site would then be discharged to a newly constructed 
infiltration basin. 

Based on average dissolved influent concentrations estimated to design the 
groundwater treatment system, approximately 3.5 lbs/month of arsenic, 1135 
lbs/month of iron and 697 lbs/month of manganese would be removed. 

The proposed in situ chemical oxidation treatment system would change the redox 
potential of the groundwater, thereby decreasing the reductive dissolution of arsenic, 
iron and manganese from overburden and bedrock, causing these metals to precipitate 
to their less soluble forms. 

The groundwater containment system would manage the migration of the plume, and 
would minimize the loading of metals and chemical oxidant to the surface water and 
sediment in Sandy Brook. The groundwater treatment system would increase the 
volume of contaminants through the generation of sludge. 
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TABLE 7-7 
DET AILED ANALYSIS: ALTERNATIVE SML-4 

CHEMICAL OXIDATION WITH GROUNDWATER CONTAINMENT 

Ev ALUA TION CRITERIA 

Degree to Which Treatment is 
Irreversible 

Type and Quantity of Residuals 
Remaining After Treatment 

Protection of Community During 
Remedial Action 

Protection of Workers During 
Remedial Action 
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FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-4: GROUNDWATER EXTRACTION AND DISCHARGE WITH 

OR WITHOUT TREATMENT 

It is uncertain if the reduction in mobility of iron, arsenic, and manganese through 
precipitation would be permanent, or if groundwater geochemistry could cause precipitated 
metals to be re-dissolved. In addition, if precipitated metals clogged the injection wells, 
backwashing with an anti-fouling compound could re-dissolve metals. 

Approximately four tons of sludge (including precipitated arsenic, iron, manganese and 
other inorganics) would be generated per month from the groundwater treatment process. 
Based on the elevated concentrations of arsenic and manganese in the groundwater, the 
resulting sludge may be hazardous, requiring stabilization and disposal at a hazardous waste 
facility. 

Additional treatment residuals (e.g., activated carbon) that may be generated that would 
require off-site disposal at a permitted facility. 

SHORT-TERM EFFECTIVENESS 

Installation of chemical oxidation injection wells, and operation of the on-site chemical 
oxidation system and on-site groundwater treatment facility and infiltration basin would not 
have significant short-term impacts on the local community. The treatment facility and 
infiltration basin would be constructed on site, with the nearest local resident located 
approximately 0.4 miles from the proposed treatment system location. Residents are not 
expected to be exposed to any site-related hazards. 

Implementation of the off-site discharge option would impact the local community with the 
installation of new pipes along Foss Road and Route 112, and pump station upgrades. 
Residents are not expected to be exposed to any site related contaminants during 
construction of implementation of this alternative. 

Workers would be required to be trained in health and safety procedures for work at 
hazardous waste sites. Appropriate site-specific health and safety plan(s) would also be 
followed and appropriate personal protective equipment would be used to minimize risks to 
workers during well installation, construction activities, sampling, and treatment plant 
operation. Hazards associated with chemicals and heavy equipment during construction 
would be mitigated through safe work practices. 
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TABLE 7-7 
DETAILED ANALYSIS: ALTERNATIVE SML-4 

CHEMICAL OXIDATION WITH GROUNDWATER CONTAINMENT 

EVALUATION CRITERIA 

Environmental Impacts 

Time Until Remedial Action 
Objectives Are Achieved 

Ability to Construct and Operate 
the Technology 

WOODARD & CURRAN (95093.06) 
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FEASffiILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-4: GROUNDWATER EXTRACTION AND DISCHARGE WITH OR 

WITHOUT TREATMENT 

Implementation of this alternative may include installation of wells and piping, subsurface 
injection of chemical oxidants, excavation of an infiltration basin and construction of a 
treatment facility. These activities have the potential to impact the environment, and all 
remedial activities would be conducted in accordance with pertinent ARARs. 

Subsurface injection of chemical oxidants could have a major impact on biota at the site. 
Hydraulic containment of the majority of the plume and oxidant should minimize impacts to 
the aquifer outside the treatment area and to the ·surface water of Sandy Brook. 

The proposed groundwater extraction rate of 60 gpm is not expected to significantly reduce the 
surface water flow within the brook. This pumping rate has a lesser impact on the brook than 
higher pumping rates, while still containing the majority of the plume. 

Until a pilot scale field study is conducted, it is not known to what degree in situ chemical 
oxidation may reduce the remediation time frame. 

At present, arsenic concentrations in Sandy Brook are above the PRG. Background 
concentrations are below the PRG of manganese in surface water are above the PRG. For 
arsenic, pumping of the plume will reduce groundwater plume inflow into Sandy Brook and 
result in lower concentrations in Sandy Brook within 10 to 20 years. Reduced concentrations 
of arsenic and manganese in groundwater will further reduce concentrations in surface water; 
however, manganese concentrations may never reach the PRG. 

IMPLEMENT ABILITY 

The installation of wells, underground piping, and an infiltration basin involves common 
construction techniques and would be easy to implement. Several vendors are available to 
design, install, and operate the treatment system. Prior to implementation, treatability tests to 
determine optimum operating parameters and to evaluate the effectiveness of the system at 
reducing contaminant concentrations to meet applicable discharge criteria would be performed. 

The estimated time to design and construct the extraction, treatment, and on-site discharge 
system is estimated to be approximately ten months. The time to design and construct the off
site piping and upgrade pump stations would also be approximately ten months. 
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TABLE 7-7 
DETAILED ANALYSIS: ALTERNATIVE SML-4 

CHEMICAL OXIDATION WIm GROUNDWATER CONTAINMENT 

Ev ALUA TION CRITERIA 

Reliability of Technology 

Ease of Undertaking Additional Remedial 
Actions, If Necessary 

Ability to Monitor Effectiveness of 
Remedy 

Ability to Obtain Approvals and 
Coordinate with Other Agencies 

WOODARD & CURRAN (95093.06) 
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FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-4: GROUNDWATER EXTRACTION AND DISCHARGE 

WITH OR WITHOUT TREATMENT 

The high dissolved iron, arsenic, and manganese concentrations in groundwater 
downgradient of Landfill Areas 3 and 4 would cause clogging of the chemical 
oxidation injection wells with metal precipitates. Both injection and groundwater 
extraction wells would require annual cleaning with an anti-fouling compound (e.g., 
hydrochloric acid, sulfamanic acid, or hydroxyacetic acid). Based on experience at 
similar sites, it is assumed that pumps would have to be cleaned every 6 to 10 weeks 
and would potentially need to be replaced every 3 years. 

Discharge of treated groundwater to an on-site infiltration basin or to the Saco WWTP 
are considered reliable means of disposal. 

The technologies proposed for groundwater treatment (oxidation, precipitation, 
settling, filtration, ion exchange and GAC) are proven technologies for treatment of 
the contaminants of concern. 

This alternative would not limit or interfere with the ability to implement or perfonn 
future remediation actions. 

The long-tenn environmental monitoring program would be easily implemented and 
would monitor the effectiveness of this alternative and contaminant migration 
throughout the plume. 

Treatment system effluent would be monitored on a routine basis to evaluate the 
effectiveness of the treatment system and ensure that discharge criteria are achieved. 
Monitoring/analysis of samples collected from the treatment system would be easily 
implemented using an off-site laboratory. 

Administratively, groundwater extraction and/or treatment and discharge would be 
easy to implement. 

Substantive requirements of penn its to DOT, local utilities and the City of would be 
met. 

A detailed long-tenn groundwater monitoring program and the five year site review 
would be subject to regulatory review and approval. 
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TABLE 7-7 
DETAILED ANALYSIS: ALTERNATIVE SML-4 

CHEMICAL OXIDATION WITH GROUNDWATER CONTAINMENT 

Ev ALUA TION CRITERIA 

A vailability of Off-site Treatment, 
Storage, and Disposal Services and 
Capacity. 

Availability of Necessary Equipment and 
Specialists 

A vailability of Technology 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNA TIVE SML-4: GROUNDWATER EXTRACTION AND DISCHARGE 
WITH OR WITHOUT TREATMENT 

Pump stations may not have sufficient capacity to receive an additional 60 to 70 gpm 
of groundwater from the site. Upgrades to these pump station would be required for 
this option to be viable. 

Implementation of this alternative would require off-site disposal of waste solids 
generated from the treatment system that may be potentially hazardous. Both non-
hazardous and hazardous waste services and off-site disposal facilities are currently 
available. 

Equipment, materials, and services for construction of the chemical oxidation 
treatment system and the groundwater extraction, treatment, and discharge systems 
would be readily available. 

Several qualified vendors would be available to design, construct, and operate the 
chemical oxidation treatment system and the groundwater extraction and treatment 
system. 

COSTS 

GROUNDWATER EXTRACTION WITH OFF-SITE DISCHARGE To SACO WWTP 

Capital Cost 

Net Present Worth Cost of Operations and 
Maintenance of In-Situ Chemical 
Oxidation Treatment 

Net Present Worth Cost of Operations and 
Maintenance of Extraction and Discharge 
System 

Net present Worth of Environmental 
Monitoring 

Net Present Worth Cost of Five-Year Site 
Reviews 

Total Net Present Cost Worth 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

$ 1,355,000 

$ 2,190,000 

$ 509,000 

$ 1,551,000 

$ 129,000 

$ 5,734,000 
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TABLE 7-7 
DETAILED ANALYSIS: ALTERNATIVE SML-4 

GROUNDWATER EXTRACTION AND DISCHARGE WITH OR WITHOUT TREATMENT 

Ev ALUA TION CRITERIA 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-4: GROUNDWATER EXTRACTION AND DISCHARGE 
WITH OR WITHOUT TREATMENT 

GROUNDWA TER EXTRACTION WITH ON-SITE TREATMENT AND DISCHARGE 

Capital Cost 

Net Present Worth Cost of Operations and 
Maintenance of In-Situ Chemical 
Oxidation Treatment 

Net Present Worth Cost of Operations and 
Maintenance of Extraction, Treatment and 
Discharge System 

Net Present Worth Cost of Environmental 
Monitoring 

Net Present Worth Cost of Five-Year Site 
Reviews 

Total Net Present Cost Worth 

WOODARD & CURRAN (95093.06) 
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$ 2,312,000 

$ 2,190,000 

$3,177,000 

$ 1,551,000 

$ 129,000 

$ 9,359,000 
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Two cost estimates were prepared for Alternative SML-4. The first estimate presented in Table 7-8 was 

prepared assuming that groundwater would be extracted and discharged untreated to the Saco WWTP. 

The second estimate presented in Table 7-9 was prepared assuming that groundwater would be extracted, 

treated, and discharged on-site. 

Off-Site Discharge: The estimated total present worth (i.e., 7 percent for 30 years) of Alternative SML-

4 with off-site discharge is $5,734,000. The estimated capital costs (i.e., construction, engineering, and 

administrative) are $1,355,000. The present worth of operations and maintenance costs for in situ 

chemical oxidation was estimated at $2,190,000 and the present worth costs for operations and 

maintenance for the extraction and discharge system was estimated to be $509,000. The present worth of 

environmental monitoring was estimated at $1,551,000 and the present worth of five-year site reviews 

was estimated at $129,000. Table 7-8 summarizes the costs estimated for Alternative SML-4 with off

site discharge at the Saco WWTP. Cost backup information for the 'components summarized in Table 7-

8 is presented in Appendix D. 

To develop these costs, the following assumptions were made: 

• Environmental monitoring (surface water, sediment, and groundwater sampling and analysis) will 

occur for 30 years; 

• A chemical oxidation system consisting of 17 injection wells will be installed downgradient of 

Landfill Areas 3 and 4. 

• Chemical oxidants will be injected semi-annually for five years. 

• Extraction and discharge systems will operate continuously for 30 years at a 60 gpm extraction rate; 

• An extraction system consisting of two extraction wells and associated piping will be installed for 

the collection of groundwater associated with Landfill Areas 3 and 4; 

• Groundwater will be pumped to an on-site pump station, and transported via a newly constructed 2~

inch force main to the North Street sewer, and then to an 8 to 10-inch gravity line transporting 

groundwater to the pump station on Route 112. 

• Site data will be reviewed every five years for a period of 30 years. 
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TABLE 7-8 
COST ESTIMATE: ALTERNATIVE SML-4A 

(DISCHARGE TO SACO WWTP) 

DIRECT COSTS 

Pilot Scale Field Study 
Installation of 17 Injection wells 

Groundwater Extraction System 
Discharge to Saco WWTP (1) 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Installation of Groundwater ExtractionlDischarge System 

SUBTOTAL 

20% Contingency on Direct Costs 

TOTAL DIRECT COSTS 

INDIRECT COSTS 
Health and Safety @ 5% 
Legal, Administrative and Permitting @ 5% 
Engineering Design @ 10% 
Services during Construction @10 % 

TOTAL INDIRECT COSTS 

TOTAL CAPITAL COSTS (DIRECT AND INDIRECT) 

ANNUAL OPERATION AND MAINTENANCE COSTS 
In Situ Chemical Oxidation injection 
Injection Well Maintenance 

SUBTOTAL 
Engineering @ 10% 
20 % Contingency on O&M Costs 

TOTAL O&M COSTS 

TOTAL PRESENT WORTH ANNUAL O&M COSTS (7%,5 YEARS) 

$75,000 
$85,000 

$92,000 
$453,000 
$164,000 

$869,000 

$174,000 

$1,043,000 

$52,000 
$52,000 

$104,000 
$104,000 

$312,000 

$1,355,000 

$391,000 
$20,000 

$411,000 
$41,000 
$82,000 

$534,000 

$2,190,000 



TABLE 7-8 
COST ESTIMATE: ALTERNATIVE SML-4A 

(DISCHARGE TO SACO WWTP) 

Monitoring 2 Extraction Wells (Quarterly) 
Maintenance (Annual) 

SUBTOTAL 
Engineering @ 10% 
20 % Contingency on O&M Costs 

TOTAL O&M COSTS 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

TOTAL PRESENT WORTH ANNUAL O&M COSTS (7%, 30 YEARS) 

Monitoring Groundwater/Surface Water and Sediment (annually) 

TOTAL PRESENT WORTH ANNUAL ENVIRONMENTAL 
MONITORING COSTS (7%,30 YEARS) 

Five Year Site Reviews (includes 20% Contingency) 

TOTAL PRESENT WORTH OF FIVE YEAR SITE REVIEWS (7%,30 YEARS) 

TOTAL PRESENT WORTH (30 YEARS) - ALTERNATIVE SML-4A 
(I) Costs for upgrades to pump station on Route 112 not included. 

$5,000 
$27,000 

$32,000 
$3,000 
$6,000 

$41,000 

$509,000 

$125,000 

$1,551,000 

$60,000 

$129,000 

$5,734,000 



TABLE 7-9 
COST ESTIMATE: ALTERNATIVE SML-4B 

(TREATMENT/ON-SITE DISCHARGE) 

DIRECT COSTS 

Pilot Scale Field Study 
Installation of 17 Inj ection wells 

Groundwater Extraction System 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Treatability Study for Groundwater Treatment System 
Groundwater Treatment System 
Treated Groundwater Discharge System 
Installation of Groundwater ExtractionffreatmentlDischarge System 

SUBTOTAL 

20% Contingency on Direct Costs 

TOTAL DIRECT COSTS 

INDIRECT COSTS 
Health and Safety @ 5% 
Legal, Administrative and Permitting @ 5% 
Engineering Design @ 10% 
Services during Construction @10 % 

TOTAL INDIRECT COSTS 

TOTAL CAPITAL COSTS (DIRECT AND INDIRECT) 

ANNUAL OPERATION AND MAINTENANCE COSTS 
In Situ Chemical Oxidation injection 
Injection Well Maintenance 

SUBTOTAL 
Engineering @ 10% 
20 % Contingency on O&M Costs 

TOTAL O&M COSTS 

TOTAL PRESENT WORTH ANNUAL O&M COSTS (7%, 5 YEARS) 

$75,000 
$85,000 

$92,000 
$100,000 
$443,000 

$11,000 
$676,000 

$1,482,000 

$296,000 

$1,778,000 

$89,000 
$89,000 

$178,000 
$178,000 

$534,000 

$2,312,000 

$391,000 
$20,000 

$411,000 
$41,000 
$82,000 

$534,000 

$2,190,000 



TABLE 7-9 
COST ESTIMATE: ALTERNATIVE SML-4B 

(TREATMENT/ON-SITE DISCHARGE) 

FEASffiILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Treatment System (Labor, Power, Chemicals, Maintenance, etc ... ) 
Monitoring 2 Extraction Wells (Quarterly) 
Treatment System Monitoring (Monthly) 
Tretment Sludge Disposal 

SUBTOTAL 
Engineering @ 10% 
20 % Contingency on O&M Costs 

TOTAL O&M COSTS 

TOTAL PRESENT WORTH ANNUAL O&M COSTS (7%,30 YEARS) 

Monitoring Groundwater/Surface Water and Sediment (annually) 
(includes 20% Contingency) 

TOTAL PRESENT WORTH ANNUAL ENVIRONMENTAL 
MONITORING COSTS (7%,30 YEARS) 

Five Year Site Reviews (includes 20% Contingency) 

TOTAL PRESENT WORTH OF FIVE YEAR SITE REVIEWS (7%,30 YEARS) 

TOTAL PRESENT WORTH (30 YEARS) - ALTERNATIVE SML-4B 

$166,000 
$5,000 

$12,000 
$14,000 

$197,000 
$20,000 
$39,000 

$256,000 

$3,177,000 

$125,000 

SI,551,000 

$60,000 

$129,000 

$9,359,000 



On-Site Treatment and Discharge: The estimated total present worth (i.e., 7 percent for 30 years) of 

Alternative SML-4 with on-site treatment and discharge is $9,359,000. The estimated capital costs (i.e., 

construction, engineering, and administrative) are $2,312,000. The present worth of operations an'd 

maintenance costs for in situ chemical oxidation was estimated at $2,190,000 and the present worth costs 

for operations and maintenance for the extraction, treatment and discharge system was estimated to be 

$3,177,000. The present worth of environmental monitoring was estimated at $1,551,000 and the present 

worth of five-year site reviews was estimated at $129,000. Table 7-9 summarizes the costs estimated for 

Alternative SML-4 with on-site treatment and discharge. Cost backup information for the components 

summarized in Table 7-9 is presented in Appendix D. 

This second cost estimate includes many of the same assumptions as the first estimate, except that 

instead of discharging groundwater off-site, it would be treated on:'~ite via precipitation, filtration, ion 

exchange and activated carbon, and then discharged on-site to a newly excavated infiltration basin. An 

additional assumption is that treated effluent will be monitored monthly for arsenic, iron, manganese, 

and DOC. 

7.2.4 SML-5: Groundwater Extraction and Discharge with or without Treatment 

This subsection presents the detailed analysis for Alternative SML-5. 

7.2.4.1 Description 

Alternative SML-5 includes extraction and discharge of groundwater downgradient of Landfill Areas 3 

and 4. Several discharge options are included in this alternative and treatment mayor may not be 

required. This alternative is proposed as a way to potentially restore the aquifer to beneficial use more 

quickly than natural attenuation. Alternative SML-5 is designed to enhance the movement of oxygenated 

groundwater through the aquifer. It is hypothesized that the extracted groundwater would be replaced by 

oxygen-rich recharge. As discussed in Section 2.5, USGS research shows that concentrations of 

dissolved arsenic in groundwater will be reduced as the DO concentration increases. Concentrations of 

arsenic and manganese in Sandy Brook will also be reduced as concentrations in groundwater decrease. 

As stated in Alternative SML-l, institutional controls have been implemented as a part of the NTCRA 

for the Site. 
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Alternative SML-5 includes the following major components: 

1. Installation of Groundwater Extraction System 

2. Discharge of Groundwater 

3. Installation and Operation of Groundwater Treatment System 

4. Environmental Monitoring 

5. Five-Year Site Reviews 

Figure 7-9 presents a schematic diagram of Alternative SML-5. 

Installation of Groundwater Extraction System. The groundwater extraction system was developed to 

achieve three objectives; (1) to manage the migration of the plurri~ (2) to enhance the movement of 

oxygenated water through the aquifer and (3) to minimize the impact of groundwater extraction on the 

surface water flow in Sandy Brook. Various extraction well locations, depths, and pumping rates were 

evaluated to determine the optimal configuration and parameters for the extraction system. 

As discussed in Section 2.0 and shown on Figure 2-2, the groundwater impacted by Landfill Areas 3 and 

4 flows beneath and downgradient of the landfill in three distinct layers: bedrock, till, and the sand and 

gravel overburden. The volume of water flowing through the bedrock and the glacial till is considerably 

less (approximately 5% of total flow) than the volume of water moving through the sand and gravel 

aquifer due to the lower conductivity reported in the bedrock and till layers. The large volume of 

groundwater moving through the overburden suggested that pumping efforts be focused on this aquifer. 

In addition, pumping well simulations in bedrock indicated that pumping influence within the bedrock 

was limited and much of the water extracted from the rock is supplied by the overlying sand and gravel 

aquifer. Therefore, placement of groundwater extraction wells within the sand and gravel aquifer was 

evaluated to determine the conditions that best meet the three pumping objectives. 
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The groundwater model indicates that a minimum of two extraction wells placed near the downgradient 

edges of the plume on the western and eastern sides of Sandy Brook are necessary to manage the 

migration of the majority of the plume. Other well configurations were evaluated; however, all required 

a greater combined pumping rate to capture the groundwater flow. The model was also used to evaluate 

the effects of various pumping rates at these wells on both the travel time of groundwater flow between 

the toe of the landfill and Sandy Brook and the groundwater discharge and subsequent surface water flow 

in the brook. These pumping rates and subsequent changes in travel time and surface water flow are 

shown in Table 7-10. 

The results of the model show that as the pumping rate is increased from 0 gpm to 500 gpm the 

groundwater travel time between the landfill and Sandy Brook is decreased from 2 to 1.4 years. This 

decrease in travel time suggests enhanced groundwater flow through the aquifer. However, a pumping 

rate of 500 gpm causes a significant impact to Sandy Brook. Modt?1 results show that under pumping 

conditions of greater than 250 gpm, Sandy Brook becomes a losing stream. During drought periods, this 

high pumping rate may potentially eliminate all surface water flow in the brook. The data presented in 

Table 7-10 show that a pumping rate of 60 gpm captures the majority of the plume without causing a 

significant decrease in groundwater discharge to the brook. A pumping rate of 60 gpm with two 

extraction wells appears to be the appropriate balance between capturing the plume and retaining 

sufficient recharge to the brook. Under this scenario, the southern fringe of the plume is not captured 

and allowed to discharge to the brook maintaining surface water flow. At a pumping rate of 60 gpm the 

travel time of groundwater flow from the toe of the landfill to Sandy Brook is reduced only from 2 to 

approximately 1.8 years. Nevertheless, the rate of travel time reduction per pumping rate is greater for 

60 gpm than for higher pumping rates. 

The effect of groundwater extraction on enhancing the movement of oxygen-rich water through the 

aquifer and subsequent time to achieve response objectives is difficult to quantitatively evaluate. Clean 

recharge to this aquifer appears limited to the amount of precipitation falling over the footprint of the 

plume and actually infiltrating to the overburden aquifer, because the only source of "clean" upgradient 

groundwater comes from the limited recharge area above the bedrock high that is not covered by the 

landfill cap. The average annual infiltration at this site (outside the capped landfill areas) is estimated to 

be 17 inches per year. Assuming a surface area of approximately 17.6 acres (I3-acre landfill and 4.6 

acres in the gravel pit) 
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TABLE 7-10 
ALTERNATIVE SML-5 

MODELED GROUNDWATER EXTRACTION RATES, TRAVEL TIMES, 
AND DISCHARGES TO SANDY BROOK 

PUMP RATE 
(gpm) 

0 

60 

200 

500 

Notes: 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

TRAVELTIME 
(years) 

2 

1.78 

1.56 

1.37 

GROUNDWATER 
DISCHARGE (I) 

ff/day 

-19,889 

-17,419 

-4,899 

+21,675 

(1) Groundwater discharge through sand and gravel aquifer to Sandy Brook directly down gradient from landfill. 

values indicate groundwater discharge to brook 
+ values indicate brook discharge to groundwater 
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on average 16 gallons/minute of clean oxygenated water would recharge this plume. This recharge is 

approximately one-quarter of the volume of water being pumped, suggesting that most of the water 

extracted is from the overburden and not clean recharge being pulled through the aquifer. 

Enhancing or pulling clean groundwater from the sides of the plume would require multiple wells at high 

pumping rates. The groundwater flow paths for this portion of the aquifer (see Appendix B-1) would 

have to be redirected through pumping to pull clean groundwater from un impacted areas outside the 

plume boundaries through the aquifer. Groundwater modeling results indicate that the pumping rate 

necessary to move a large enough volume of water through the plume would be quite high and would 

adversely affect groundwater discharge to Sandy Brook. Although it is likely that pumping contaminated 

water from the plume may enhance groundwater flow, given the small change in travel time that can be 

achieved through pumping and the amount of recharge available to this system, pumping the plume is 

not expected to significantly shorten the time to restoration over nanir:al conditions. 

Based on the data presented in Table 7-10, a combined pumping rate of 60 gpm for two extraction wells 

placed in the sand and gravel aquifer was selected for this alternative because it meets two of the 

pumping objectives; it will contain the plume and it will not significantly impact groundwater discharge 

to Sandy Brook. The proposed extraction system for Alternative SML-5 consists of two wells, EW-l 

located on the western side of Sandy Brook pumped at 40 gpm to contain the majority of the plume and 

EW-2 located on the eastern side of Sandy Brook pumped at 20 gpm to contain the northern portion of 

the plume that travels beneath the brook and surfaces on the eastern side. The extraction wells would be 

eight-inch diameter stainless-steel and screened in the sand and gravel aquifer. The western well would 

be installed to a depth of 46 feet bgs. with the well screen extending from 18 feet to 46 feet bgs. The 

eastern well would be installed to a depth of 76 feet bgs, with a well screen extending from 44 feet to 76 

feet bgs. The location of the extraction wells is shown on Figure 7-10. 

In addition, eleven piezometers would be installed in the vicinity of the extraction wells to evaluate 

hydraulic capture of the plume over time (Figure 7-10). The proposed one-inch diameter piezometers 

would be constructed of polyvinyl chloride (PVC). Three piezometers (screened 15 to 25 feet bgs) 

would be installed in the vicinity of the extraction well on the western side of Sandy Brook. Existing 

shallow monitoring wells in the vicinity of this extraction well would also be used to evaluate hydraulic 

capture of the plume. Because there are no existing monitoring wells in the vicinity of the extraction 

well on the 
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eastern side of Sandy Brook, eight piezometers (one screened at 25-35 feet bgs, four screened at 35 to 45 

feet bgs, and three screened at 65 to 75 feet bgs) would be installed to evaluate hydraulic capture of the 

plume. Water levels would be measured in each piezometer on a semi-annual basis. 

At pumping rates that do not significantly decrease groundwater discharges to Sandy Brook, most of the 

extracted groundwater is not clean recharge. Because of this, the pumping system is not expected to 

increase the concentration of DO in the groundwater beneath and downgradient of Landfill Areas 3 and 4 

significantly faster than natural attenuation processes. As a result, the time frame estimated to meet 

PRGs for arsenic, manganese, and benzene for this alternative is approximately the same as the time 

frame estimated for Alternative SML-3, Monitored Natural Attenuation, of approximately 50 to 100 

years. 

Although Alternative SML-5 would contain the plume, it is not exp~cted to have significant impact on 

attainment of surface water standards (e.g. SWQC of 10 ug/L for arsenic). At present, in Sandy Brook 

the surface water criteria for arsenic and manganese are substantially being met for a majority of Sandy 

Brook except for an area directly downgradient of the plume (see Appendix B-4). For arsenic, pumping 

of the plume would reduce groundwater plume inflow into Sandy Brook and result in somewhat lower 

arsenic concentrations in Sandy Brook without complete capture of the plume. For manganese, the 

concentration at the background location on Sandy Brook exceeds the State SWQC of 500. Therefore, 

reductions of manganese concentration would not be expected from reducing flow of the plume into 

Sandy Brook. 

Discharge of Groundwater. Two options exist for the discharge of extracted groundwater: (1) 

discharge untreated to the Saco WWTP; or (2) discharge on-site after treatment. Both discharge options 

are described below. The technical and administrative issues associated with each option would, 

however, require a detailed evaluation during the final design. 

Untreated Groundwater: The first option would involve discharging untreated groundwater to the Saco 

WWTP. A pump station would be constructed in the vicinity of the extraction wells, and extracted 

groundwater would be pumped to and through a 2 Y:z inch PVC force main installed along Foss Road to 

an 8 to 10 inch gravity line installed along Route 112 to the pump station. Upgrades to the pump station 

may be required, and would be evaluated as a part of the final design. A conceptual layout of this 

discharge option is shown on Figure 7-11. 
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Treated Groundwater: The second option would include the on-site treatment of groundwater to remove 

arsenic, manganese and benzene to their PRGs prior to on-site discharge of the treated groundwater. The 

potential impacts to the plume resulting from the discharge of treated groundwater to the existing 

storm water retention basin was evaluated using the groundwater model. Based on the model, the 

boundaries of the plume in the vicinity of the retention basin would expand with the placement of 60 

gpm pumping system such that the extraction wells would no longer capture the plume. Therefore, to 

allow on-site discharge, the location of the infiltration basin would be outside the plume boundary as 

shown on Figure 7-12. To contain the treated groundwater, the proposed infiltration basin would be 

constructed with an area of approximately 23,000 square feet and a depth of five feet. An infiltration 

study would be required during final design to determine the exact location based on the groundwater 

level and actual infiltration rate. 

Installation of Groundwater Treatment System. To meet ARARs for proposed groundwater 

infiltration, the proposed groundwater treatment system was designed to remove arsenic, manganese and 

benzene to their respective PRGs. The groundwater treatment system would consist of the following 

major unit processes: 

• oxidation of metals in groundwater; 

• precipitation and settling; 

• filtration; 

• ion exchange; 

• granulated activated carbon; 

• treated water disposal; 

• sludge thickening; 

• sludge dewatering; and 

• sludge disposal. 

The treatment system would be housed in a treatment building located northeast of Landfill Area 3 and 4. 

A conceptual site layout of the proposed extraction, treatment and discharge system is shown on Figure 

7-12. A preliminary layout of the groundwater treatment building is shown on Figure 7-13, and a 

process flow diagram of the proposed treatment system is presented in Figure 7-14. Actual design of the 

treatment system would include bench and/or pilot studies to determine operating parameters. 
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The assumed influent concentrations used to size the treatment system were determined by estimating 

the average concentrations of contaminants and other groundwater parameters measured at monitoring 

wells MW-95-4SA, MW-95-4SB, MW-97-14S-1 and MW-97-14S-2. These wells are in the vicinity of 

the proposed extraction wells. Data from the March 1998 RI and most recent groundwater sampling 

rounds (June 1998, December 1998, and June 1999) were used to calculate influent concentrations to the 

treatment system. These influent concentrations are summarized in Table 7-11. 

The extraction system would consist of two groundwater extraction wells and associated piping. Each 

well would have its own submersible pump controlled by a variable frequency drive linked to a flow 

meter to maintain constant flow during operation ofthe treatment system. 

Groundwater from the two extraction wells would be conveyed through separate 2-inch pipes to the 

treatment building, where both pipes would empty into a single, w~lI-mixed tank, to which potassium 

permanganate (KMn04) and caustic (NaOH) would be added. The purpose of permanganate is to 

convert reduced iron, manganese, and arsenic into their less soluble oxidized forms so that they can be 

removed in subsequent settling and ion exchange phases of treatment. The function of caustic addition is 

to adjust the pH to a value of approximately 8.0 to optimize metals precipitation. 

After the groundwater has been mixed with permanganate and caustic, it flows by gravity to a well

mixed oxidation tank, where the permanganate is allowed to react for approximately 25 minutes, in order 

to fully oxidize the metals in solution. From the oxidation tank, groundwater flows to an inclined plate 

separator, where an estimated 70 to 90 percent of the precipitated iron and manganese will be removed 

by settling, and some of the arsenic is expected to be removed as well, as a co-precipitate. Sludge from 

the separator would be pumped to a sludge holding tank as necessary. 

The inclined plate separator flows to a transfer tank, where the system shifts from gravity to pressure 

operation. Two pumps linked to level sensors in the transfer tank would pump groundwater continuously 

to two manganese greensand filters arranged in parallel. Manganese greensand filters are special sand 

filters that are extremely efficient at removing iron and manganese, and may remove a substantial 

amount of arsenic as well. The effluent from the greensand filters is expected to contain less than 0.3 

mg/L of iron 
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TABLE 7-11 
ALTERNATIVE SML-5 

ESTIMATED INFLUENT CONTAMINANT CONCENTRATIONS 
AND PRELIMINARY REMEDIATION GOALS 

FEASffiILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ESTIMATED INFLUENT 
PARAMETER UNITS CONCENTRATION 

Arsenic Ilg/L 140 

Manganese Ilg/L 7700 

Iron mg/L 45 

Benzene Ilg/L 3(1) 

pH standard unit 6.7 

Alkalinity ppm as CaC03 400 

NOTES: 

PRG 

50 

840 

NA 

5 

NA 

NA 

(1) Although the average benzene concentation was calculated as 3 Ilg/L, benzene is a contaminant of concern 
because a concentration of 13 Ilg/L was detected at MW-95-4R. 

NA = Not Applicable 
PRG = Preliminary Remediation Goal 



and manganese, well below the 0.84 mgIL PRG for manganese. Greensand filtration is commonly used 

in the water treatment industry to reduce iron and manganese concentrations below the secondary 

drinking water standards of 0.3 mgIL iron, and 0.05 mgIL manganese. 

Greensand is a natural zeolite that requires potassium permanganate to function effectively, and would 

be continuously "recharged" by the addition ofpermanganate at the head end of the treatment system. 

Two filters would be provided in parallel. Under normal operating conditions, flow would alternate from 

one filter to the other to accommodate periodic filter backwashing. Since there will not be a potable 

water supply to the plant, the filters will be backwashed with final effluent pumped from the c1earwell. 

Backwash waters would discharge to a backwash holding tank, where settled solids would be discharged 

to the sludge holding tank, and supernatant liquids would be returned to the head of the treatment plant. 

The purpose of the backwash holding tank is to minimize the volu~e of wet sludge that needs to be 

processed. 

Discharge from the greensand filters would flow under pressure to a small, well-mixed tank where 

hydrochloric acid would be added to the groundwater to adjust the pH back down to a value of 6.0. Next, 

groundwater flows through a pair of ion exchange columns containing activated alumina. Activated 

alumina media is very selective for arsenic, but is only effective in a narrow pH range around 6.0. 

Discharge from the activated alumina is expected to contain less than 10 /lgIL of arsenic, based on case 

studies reported in the literature. The columns would operate in series, and would be piped and valved 

such that either column could be first in series, and either vessel could be isolated for regeneration, as 

necessary. Discharge from both columns would be periodically monitored monthly for arsenic, and the 

lead column in series would be isolated and regenerated by treatment with hydrochloric acid and sodium 

hydroxide when breakthrough occurred. The freshly regenerated column would then be returned to 

service as the second column in series. Regenerate liquids containing precipitated arsenic would be 

discharged to the backwash holding tank, where settled solids would be pumped to the sludge storage 

tank, and supernatant liquids returned to the head of the plant. 

Finally, two granular activated carbon (GAC) vessels would be placed downstream of the ion exchange 

columns. GAC would reduce the concentration of benzene in the groundwater to less than 5 /lgIL. Like 

the ion exchange columns, the GAC vessels would operate in series, and would be piped and valved such 

that either vessel could be first in series, and either vessel could be isolated for regeneration, as 
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necessary. Discharge from both vessels would be monitored monthly for VOCs, and the lead column in 

series would be isolated, emptied, and refilled with virgin carbon when breakthrough occurred. The 

freshly regenerated column would then be returned to service as the second column in series. Although 

preliminary calculations of benzene concentration in the extracted groundwater indicate that it would be 

less than 5 Ilg/L initially, the GAC vessels are included in this alternative as a necessary contingency in 

the event the benzene concentrations were higher than anticipated. 

Discharge from the GAC vessels would flow to a clearwell, which would provide a supply of clean 

process water for filter backwashing and similar operations. From the c1earwell, groundwater would 

flow by gravity through a 3-inch discharge pipe to a newly constructed infiltration basin located outside 

of the plume boundary. 

Solids produced during the inorganics treatment would be concent~ated and dewatered in a plate and 

frame filter press prior to disposal. Based on the existing concentrations of arsenic in groundwater, the 

resulting sludge may be hazardous, and would be disposed off-site at a licensed hazardous waste facility. 

Performance of the groundwater extraction, treatment and discharge system would be monitored 

periodically. It was assumed that effluent samples would be collected on a monthly basis to determine 

that applicable discharge criteria are being achieved. In addition, groundwater samples from each 

extraction well would be collected quarterly to evaluate mass removal rates for arsenic, manganese, 

benzene, and DOC, as well as changes in water quality parameters. 

Environmental Monitoring. The long-term environmental monitoring program proposed for 

Alternative SML-5 would be the same as for Alternative SML-3. The objective of environmental 

monitoring would be to ensure protection of human health and the environment by monitoring changes in 

chemical concentrations in groundwater, surface water, and sediment over time and to determine the 

effectiveness of this alternative to reduce the concentrations of arsenic, manganese, and benzene to their 

respective PRGs within the aquifer. 

Environmental monitoring as well as five and ten-year site reviews will be conducted according to 

guidelines discussed in Section 7.2.2.1. 

7.2.4.2 Alternative Evaluation 
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Table 7-12 presents the detailed analysis of Alternative SML-5 against the seven NCP evaluation 

criteria. 

A cost estimate was prepared for Alternative SML-5 to help in selection of a remedial alternative. In 

general, cost estimates contain the following principal elements: 

• capital costs; and 

• operation and maintenance costs. 

Capital costs consist of direct and indirect costs that typically include those expenditures initially 

incurred to develop, construct, and implement the remedial alternative. However, because the No 

Further Action Alternative consists of no active remedial activitie~, no capital costs (either direct or 

indirect) would be incurred. 

Operation and maintenance (O&M) costs typically include post-construction costs necessary to ensure 

the continued effectiveness of the remedial action. The only costs included in Alternative SML-I are 

those costs required to conduct five-year site reviews over a period of 30 years. Because ongoing 

environmental monitoring is not included in this alternative, one round of groundwater and surface 

water/sediment sampling will be conducted immediately prior to each review, and the cost to conduct 

this round of environmental sampling and analysis is included in the five-year review costs. The cost 

estimate for Alternative SML-3 includes long-term environmental monitoring and five-year site reviews. 

7.2.4.3 Cost 

Two cost estimates were prepared for Alternative SML-5. The first estimate (Table 7-13) was prepared 

assuming that groundwater would be extracted and discharged untreated to the Saco WWTP. The second 

estimate (Table 7-14) was prepared assuming that groundwater would be extracted, treated, and 

discharged on-site. 
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TABLE 7-12 
DETAILED ANALYSIS: ALTERNATIVE SML-5 

GROUNDWATER EXTRACTION AND DISCHARGE WITH OR WITHOUT TREATMENT 

Ev ALUA TION CRITERIA 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

, 
ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND DISCHARGE 

WITH OR WITHOUT TREATMENT 

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

Human Health Protection 

Ecological Protection 

Chemical-Specific 

WOODARD & CURRAN (95093.06) 
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The results of the baseline risk assessment indicate no potential risks to human health, 
with the exception of potential future risks if groundwater were to be used for 
drinking water purposes. This scenario is, however, extremely unlikely as the area is 
currently supplied by public water arid institutional controls restricting land and 
groundwater use have been implemented as a part of the NTCRA. 

USGS research suggests that arsenic concentrations in groundwater will stabilize at or 
below 50 Ilg/L over a 50 to 100 year period via natural attenuation processes. 
Reduced arsenic concentrations in groundwater will result in reduced arsenic 
concentrations in surface water downgradient from Landfill Areas 3 and 4. 
Groundwater extraction is not expected to significantly shorten the time to induce 
chemical changes over natural conditions. 

Although the results of the baseline risk assessment indicate no current risks to the 
environment, this alternative would provide an increased level of protection over 
other alternatives, because it would capture the plume and prevent contaminated 
groundwater from entering Sandy Brook. 

COMPLIANCE WITH ARARS 

Under baseline conditions, concentrations of arsenic and benzene in groundwater 
exceed chemical-specific ARARs (i.e., MCLs). Changes in groundwater 
geochemistry are necessary for arsenic concentrations to decrease; USGS research 
suggests that these changes would occur over a 50 to 100 year time frame. 
Concentrations of arsenic and manganese in surface water are lower than 
concentrations in groundwater. At present, concentrations of arsenic in surface water 
are below the chemical-specific ARAR. Concentrations of manganese exceed the 
chemical-specific ARAR in Sandy Brook at present; however, the highest manganese 
concentration is at the background location. The time frame of the modeled reduction 
of arsenic and manganese concentrations in groundwater would not be reduced by 
groundwater extraction. Pumping of the plume would reduce groundwater plume 
inflow into Sandy Brook and result in lower arsenic concentrations in Sandy Brook 
even prior to complete capture of the plume. 

Required approvals would be obtained prior to on-site discharge of treated 
groundwater or off-site discharge of untreated groundwater. 

07/27/2000 



TABLE 7-12 
DETAILED ANALYSIS: ALTERNATIVE SML-5 

GROUNDWATER EXTRACTION AND DISCHARGE WITH OR WITHOUT TREATMENT 

Ev ALUA TION CRITERIA 

Location-Specific 

Action-Specific 

Magnitude of Residual Risk 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND DISCHARGE WITH 

OR WITHOUT TREATMENT 

Location-specific ARARs identified for Alternative SML-5 are presented in Appendix E. 
This alternative would be designed to comply with pertinent location-specific ARARs. 

Action-specific ARARs identified for Alternative SML-5 are presented in Appendix E. 
This alternative would be designed to comply with pertinent action-specific ARARs. 

LONG-TERM EFFECTIVENESS AND PERFORMANCE 

An extraction rate of 60 gpm is proposed for Alternative SML-5 to manage the migration of 
the plume without reducing groundwater discharge to, and adversely impacting surface 
water flow in Sandy Brook. Due to the geology and hydrogeology of the site, groundwater 
extraction at this rate would not enhance the movement of groundwater through the aquifer, 
and therefore would not increase the concentration of DO in the aquifer. 

Because, Alternative SML-5 would not increase the concentration of DO in the aquifer 
anymore quickly than would occur naturally, this alternative is not expected to reduce 
concentrations of contaminants in groundwater beneath or downgradient of the landfill, and 
is therefore, not expected to reduce the magnitude of residual risk. 

As stated previously, the residual risks associated with the remedial objectives are within the 
USEPA target range and are considered to be acceptable for this site. Institutional controls, 
implemented as a part of the NTCRA restrict future land and groundwater use at the site. 
Therefore, future potential exposure to contaminants in groundwater would be prevented, 
effectively eliminating this exposure pathway. In addition, five-year site reviews will be 
conducted to ensure the continued protection of human health and the environment. 

Adequacy and Reliability of Controls The proposed groundwater extraction system would adequately manage the migration ofthe 
plume and minimize the volume of contaminated groundwater entering Sandy Brook. 
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Groundwater extraction and discharge is not expected to adequately or reliably reduce 
concentrations of arsenic, manganese and benzene in groundwater beneath or down gradient 
of the landfill. A long-term monitoring program would, however, be implemented to 
monitor groundwater concentrations throughout the plume to evaluate the effectiveness of 
this alternative. 

With the exception of pumps, which may need to be replaced frequently, the estimated 
service life of the treatment system components is expected to be at least 30 years. 
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TABLE 7-12 
DETAILED ANALYSIS: ALTERNATIVE SML-5 

GROUNDWATER EXTRACTION AND DISCHARGE WITH OR WITHOUT TREATMENT 

EVALUATION CRITERIA 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND DISCHARGE 

WITH OR WITHOUT TREATMENT 

Placement of the cover system over Landfill Areas 3 and 4 is providing source control 
by controlling the generation of DOC-rich leachate from the landfill. Over time, the 
reduction of DOC together with more oxygen rich waters flushing the aquifer will 
change the redox potential, such that dissolved iron, manganese and arsenic will be 
precipitated to their less soluble forms. Institutional controls implemented as a part of 
the NTCRA will adequately control the future land and groundwater use at the site. 

REDUCTION OF TOXICITY, MOBILITY, AND VOLUME THROUGH TREATMENT 

Treatment Process Used and Materials 
Treated 

Amount Destroyed or Treated 

Degree of Expected Reductions of 
Toxicity, Mobility, or Volume Through 
Treatment 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

Extracted groundwater containing concentrations of arsenic, manganese, and benzene 
exceeding PRGs would be discharged to the Saco WWTP for treatment, or would be 
treated on site via precipitation, filtration, ion exchange and activated carbon to meet 
PRGs. Groundwater treated on site would then be discharged to a newly constructed 
infiltration basin. 

Based on average dissolved influent concentrations estimated to design the 
groundwater treatment system, approximately 3.5 Ibs/month of arsenic, 1135 
Ibslmonth of iron and 697 Ibs/month of manganese would be removed. 

The proposed groundwater treatment system would reduce the mobility of dissolved 
arsenic and manganese and would increase the volume of contaminants through the 
generation of sludge. 

The groundwater extraction system would manage the migration ofthe plume, and 
would minimize the loading of arsenic to the surface water and sediment in Sandy 
Brook. 

The mobility of arsenic in the groundwater beneath and downgradient of the landfill 
would be reduced by natural attenuation processes. It is expected that DO 
concentrations will increase over time in the aquifer as DOC concentrations decrease 
and as oxygen-rich groundwater continues to flow beneath the landfill. The oxidizing 
conditions will decrease the reductive dissolution of arsenic from overburden and 
bedrock, and will cause dissolved As(III) to precipitate to As(V), reducing its 
mobility. 
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TABLE 7-12 
DETAILED ANALYSIS: ALTERNATIVE SML-5 

GROUNDWATER EXTRACTION AND DISCHARGE WITH OR WITHOUT TREATMENT 

Ev ALUA TION CRITERIA 

Degree to Which Treatment is 
Irreversible 

Type and Quantity of Residuals 
Remaining After Treatment 

Protection of Community During 
Remedial Action 

Protection of Workers During 
Remedial Action 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

AL TERNA TIVE SML-5: GROUNDWATER EXTRACTION AND DISCHARGE WITH 

OR WITHOUT TREATMENT 

Groundwater extraction with off-site discharge or on-site treatment, would permanently 
remove dissolved arsenic and manganese from the plume, but it would not prevent the 
dissolution of arsenic that will continue to occur as long as the aquifer is in a reduced state. 

However, regardless of the extraction and ot treatment systems installed, natural attenuation 
processes will occur over time creating a more oxidized aquifer that will stabilize the 
contaminants. 

Approximately four tons of sludge (including precipitated arsenic, iron, manganese and 
other inorganics) would be generated per month from the groundwater treatment process. 
Based on the elevated concentrations of arsenic and manganese in the groundwater, the 
resulting sludge may be hazardous, requiring stabilization and disposal at a hazardous waste 
facility. 

Additional treatment residuals (e.g., activated carbon) that may be generated that would 
require off-site disposal at a permitted facility. 

SHORT-TERM EFFECTIVENESS 

Implementation of the off-site discharge option would impact the local community with the 
installation of new pipes along Foss Road and Route 112, and pump station upgrades. 
Residents are not expected to be exposed to any site related contaminants during 
construction of implementation of this alternative. 

Construction and operation of an on-site groundwater treatment facility and infiltration 
basin would not have significant short-term impacts on the local community. The treatment 
facility and infiltration basin would be constructed on site, with the nearest local resident 
located approximately 0.4 miles from the proposed treatment system location. Residents are 
not expected to be exposed to any site-related hazards. 

Workers would be required to be trained in health and safety procedures for work at 
hazardous waste sites. Appropriate site-specific health and safety plan(s) would also be 
followed and appropriate personal protective equipment would be used to minimize risks to 
workers during well installation, construction activities, sampling, and treatment plant 
operation. Hazards associated with heavy equipment during construction would be 
mitigated through safe work practices. 
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TABLE 7-12 
DETAILED ANALYSIS: ALTERNATIVE SML-S 

GROUNDWATER EXTRACTION AND DISCHARGE WITH OR WITHOUT TREATMENT 

EVALUATION CRITERIA 

Environmental Impacts 

Time Until Remedial Action 
Objectives Are Achieved 

Ability to Construct and Operate 
the Technology 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

AL TERNA TIVE SML-S: GROUNDWATER EXTRACTION AND DISCHARGE WITH OR 

WITHOUT TREATMENT 

Implementation of this alternative may include installation of wells and piping, excavation of 
an infiltration basin and construction ofa treatment facility. These activities have the potential 
to impact the environment, and all remedial activities would be conducted in accordance with 
pertinent ARARs. 

The proposed groundwater extraction rate of 60 gpm is not expected to reduce significantly the 
groundwater recharge to Sandy Brook, and therefore, would not impact surface water flow. 

Based on USGS modeling results, natural attenuation processes are estimated to reduce 
concentrations of arsenic in groundwater to the PRG within 50 to 100 years. Groundwater 
modeling shows that extracting groundwater at a rate of 60 gpm will not enhance the 
movement of groundwater through the plume, and would therefore, not increase the 
concentration of DO in the aquifer anymore quickly than natural attenuation processes. 
Therefore, this alternative would not increase the rate at which the concentrations of arsenic 
and manganese in groundwater are reduced. The estimated time to achieve PRGs is the same 
as the time frame estimated for natural attenuation, approximately 50 to 100 years. 

At present, arsenic concentrations in Sandy Brook is below PRG. Background concentrations 
are below the PRG of manganese in surface water are above the PRG. For arsenic, pumping of 
the plume will reduce groundwater plume inflow into Sandy Brook and result in lower 
concentrations in Sand Brook within 10 to 20 years. Reduced concentrations of arsenic and 
manganese in groundwater will further reduce concentrations in surface water; however, 
manganese concentrations may never reach the PRG. 

IMPLEMENTABILITY 

The installation of wells, underground piping, and an infiltration basin involves common 
construction techniques and would be easy to implement. Several vendors are available to 
design, install, and operate the treatment system. Prior to implementation, treatability tests to 
detennine optimum operating parameters and to evaluate the effectiveness of the system at 
reducing contaminant concentrations to meet applicable discharge criteria would be perfonned. 

The estimated time to design and construct the extraction, treatment, and on-site discharge 
system is estimated to be approximately ten months. The time to design and construct the off
site piping and upgrade pump stations would also be approximately ten months. 
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TABLE 7-12 
DETAILED ANALYSIS: ALTERNATIVE SML-S 

GROUNDWATER EXTRACTION AND DISCHARGE WITH OR WITHOUT TREATMENT 

Ev ALUA TION CRITERIA 

Reliability of Technology 

Ease of Undertaking Additional Remedial 
Actions, If Necessary 

Ability to Monitor Effectiveness of 
Remedy 

Ability to Obtain Approvals and 
Coordinate with Other Agencies 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-S: GROUNDWATER EXTRACTION AND DISCHARGE 

WITH OR WITHOUT TREATMENT 

Extraction wells are a reliable means of collecting groundwater; however, high 
concentrations of iron and other metals in the groundwater downgradient of Landfill 
Areas 3 and 4 would cause fouling of extraction wells. Well screens would require 
annual cleaning with an anti-fouling compound (i.e., hydrochloric acid, sulfamanic 
acid or hydroxyacetic acid). Based on experience at a similar site, it is assumed that 
pumps would have to be cleaned every 6 to 10 weeks and would potentially need to be 
replaced every 3 years. 

Discharge of treated groundwater to an on-site infiltration basin or to the Saco WWTP 
are considered reliable means of disposal. 

The technologies proposed for groundwater treatment (oxidation, precipitation, 
settling, filtration, ion exchange and GAC) are proven technologies for treatment of 
the contaminants of concern. 

This alternative would not limit or interfere with the ability to implement or perform 
future remediation actions. 

Treatment system effluent would be monitored on a routine basis to evaluate the 
effectiveness of the treatment system and ensure that discharge criteria are achieved. 
Monitoring/analysis of samples collected from the treatment system would be easily 
implemented using an off-site laboratory. 

The long-term environmental monitoring program would be easily implemented and 
would monitor the effectiveness of this alternative and contaminant migration 
throughout the plume. 

Administratively, groundwater extraction and/or treatment and discharge would be 
easy to implement. 

Substantive requirements of permits to DOT, local utilities and the City of would be 
met. 

A detailed long-term groundwater monitoring program and the five year site review 
would be subject to regulatory review and approval. 
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TABLE 7-12 
DETAILED ANALYSIS: ALTERNATIVE SML-S 

GROUNDWATER EXTRACTION AND DISCHARGE WITH OR WITHOUT TREATMENT 

EVALUATION CRITERIA 

A vailability of Off-site Treatment, 
Storage, and Disposal Services and 
Capacity. 

Availability of Necessary Equipment and 
Specialists 

A vailability of Technology 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

ALTERNATIVE SML-S: GROUNDWATER EXTRACTION AND DISCHARGE 
WITH OR WITHOUT TREATMENT 

Pump stations may not have sufficient capacity to receive an additional 60 to 70 gpm 
of groundwater from the site. Upgrades to these pump station would be required for 
this option to be viable. 

Implementation of this alternative would require off-site disposal of waste solids 
generated from the treatment system and may be potentially hazardous. Both non-
hazardous and hazardous waste services and off-site disposal facilities are currently 
available. 

Equipment, materials, and services for construction of the extraction, treatment, and 
discharge systems would be readily available. 

Several qualified vendors would be available to design, construct, and operate the 
groundwater extraction and treatment system 

COSTS 

GROUNDWA TER EXTRACTION WITH OFF -SITE DISCHARGE To SACO WWTP 

Capital Cost 

Net Present Worth Cost of Operations and 
Maintenance (includes Environmental 
Monitoring) 

Net Present Worth Cost of Five-Year Site 
Reviews 

Total Net Present Cost Worth 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

$ 1,107,000 

$ 1,154,000 

$ 129,000 

$ 2,390,000 
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TABLE 7-12 
DETAILED ANALYSIS: ALTERNATIVE SML-5 

GROUNDWATER EXTRACTION AND DISCHARGE WITH OR WITHOUT TREATMENT 

Ev ALUA TION CRITERIA 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

AL TERNA TIVE SML-5: GROUNDWATER EXTRACTION AND DISCHARGE 
WITH OR WITHOUT TREATMENT 

GROUNDWATER EXTRACTION WITH ON-SITE TREATMENT AND DISCHARGE 

Capital Cost 

Net Present Worth Cost of Operations and 
Maintenance (includes Environmental 
Monitoring) 

Net Present Worth Cost of Five-Year Site 
Reviews 

Total Net Present Cost Worth 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

$ 2,062,000 

$ 3,822,000 

$ 129,000 

$ 6,013,000 
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TABLE 7-13 
COST ESTIMATE: ALTERNATIVE SML-SA 

(DISCHARGE TO SACO WWTP) 

DIRECT COSTS 

Groundwater Extraction System 
Discharge to Saco WWTP (1) 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Installation of Groundwater Extraction! Discharge System 

SUBTOTAL 

20% Contingency on Direct Costs 

TOTAL DIRECT COSTS 

INDIRECT COSTS 
Health and Safety @ 5% 
Legal, Administrative and Permitting @ 5% 
Engineering Design @ 10% 
Services during Construction @ 1 0 % 

TOTAL INDIRECT COSTS 

TOTAL CAPITAL COSTS (DIRECT AND INDIRECT) 

ANNUAL OPERATION AND MAINTENANCE COSTS 
Monitoring 2 Extraction Wells (Quarterly) 
Monitoring Groundwater/Surface Water and Sediment (Annually) (2) 
Maintenance (Annual) 

SUBTOTAL 
Engineering @ 10% 
20% Contingency on Annual O&M 

TOTAL O&M COSTS 

TOTAL PRESENT WORTH ANNUAL O&M COSTS (7%, 30 YEARS) 

Monitoring Groundwater/Surface Water and Sediment (annually) 
(includes 20% Contingency) 

TOTAL PRESENT WORTH ANNUAL ENVIRONMENTAL 
MONITORING COSTS (7%,30 YEARS) 

Five Year Site Reviews (includes 20% Contingency) 

TOTAL PRESENT WORTH OF FIVE YEAR SITE REVIEWS (7%, 30 YEARS) 

TOTAL PRESENT WORTH (30 YEARS) - ALTERNATIVE SML-SA 

(1) Costs for upgrades to pump station on Route 112 not included. 

WOODARD CURRAN (95093.06) 
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$92,000 
$453,000 
$164,000 

$709,000 

$142,000 

$851,000 

$43,000 
$43,000 
$85,000 
$85,000 

$256,000 

$1,107,000 

$5,000 
$40,000 
$27,000 

$72,000 
$7,000 

$14,000 

$93,000 

$509,000 

$125,000 

$1,5S1,000 

$60,000 

$129,000 

$3,296,000 
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TABLE 7-14 
COST ESTIMATE: ALTERNATIVE SML-5B 

(TREATMENT/ON-SITE DISCHARGE) 

DIRECT COSTS 

Groundwater Extraction System 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SA CO, MAINE 

Treatability Study for Groundwater Treatment System 
Groundwater Treatment System 
Treated Groundwater Discharge System 
Installation of Groundwater Extraction !Treatment! Discharge Systems 

SUBTOTAL 

20% Contingency on Direct Costs 

TOTAL DIRECT COSTS 

INDIRECT COSTS 
Health and Safety @ 5% 
Legal, Administrative and Pennitting @ 5% 
Engineering Design @ 10% 
Services during Construction @ 1 0 % 

TOTAL INDIRECT COSTS 

TOTAL CAPITAL COSTS (DIRECT AND INDIRECT) 

ANNUAL OPERATION AND MAINTENANCE COSTS 
Treatment System (Labor, Power, Chemicals, Maintenance, etc ... ) 
Monitoring 2 Extraction Wells (Quarterly) 
Treatment System Monitoring (Monthly) 
Treatment Sludge Disposal 

SUBTOTAL 
Engineering @ 10% 
20% Contingency on Annual O&M 

TOTAL O&M COSTS 

TOTAL PRESENT WORTH ANNUAL O&M COSTS (7%,30 YEARS) 

Monitoring Groundwater/Surface Water and Sediment (annually) 
(includes 20% Contingency) 

TOTAL PRESENT WORTH ANNUAL ENVIRONMENTAL 
MONITORING COSTS (7%, 30 YEARS) 

Five Year Site Reviews (includes 20% Contingency) 

TOTAL PRESENT WORTH OF FIVE YEAR SITE REVIEWS (7%, 30 YEARS) 

TOTAL PRESENT WORTH (30 YEARS) - ALTERNATIVE SML-5B 

WOODARD CURRAN (95093.06) 
Feasibility Study 

$92,000 
$)00,000 
$443,000 

$11,000 
$676,000 

$1,322,000 

$264,000 

$1,586,000 

$79,000 
$79,000 

$159,000 
$159,000 

$476,000 

$2,062,000 

$166,000 
$5,000 

$12,000 
$14,000 

$197,000 
$20,000 
$39,000 

$256,000 

$3,177,000 

$125,000 

$1,551,000 

$60,000 

$129,000 

$6,919,000 
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Off-Site Discharge: The estimated total present worth (i.e., 7 percent for 30 years) of Alternative SML-

5 with off-site discharge is $3,296,000. The estimated capital costs (i.e., construction, engineering, and 

administrative) are $1,107,000. The present worth of operation and maintenance costs was estimated at 

$509,000. The present worth of environmental monitoring was estimated at $1,551,000, and the present 

worth of five-year site reviews was estimated at $129,000. Table 7-14 summarizes the costs estimated 

for Alternative SML-5 with off-site discharge at the Saco WWTP. Cost backup information for the 

components summarized in Table 7-14 is presented in Appendix D. 

To develop these costs, the following assumptions were made: 

• Environmental monitoring (surface water, sediment, and groundwater sampling and analysis) will 

occur annually for 30 years; 

• Extraction and discharge systems will operate continuously for 30 years at a 60 gpm extraction rate; 

• An extraction system consisting of two extraction wells and associated piping will be installed for 

the collection of groundwater associated with Landfill Areas 3 and 4; 

• Eleven piezometers will be installed and water levels measured semi-annually to evaluate hydraulic 

capture of the Plume; 

• Groundwater will be pumped to an on-site pump station, and transported via a newly constructed 

2Y:z-inch force main to the North Street sewer, and then to an 8 to to-inch gravity line transporting 

groundwater to the pump station on Route 112. 

• Site data will be reviewed every five years for a period of 30 years. 

On-Site Treatment and Discharge: The estimated total present worth (i.e., 7 percent for 30 years) of 

Alternative SML-5 with on-site treatment and discharge is $ 6,919,000. The estimated capital costs (i.e., 

construction, engineering, and administrative) are $ 2,062,000. The present worth of operation and 

maintenance costs was estimated at $ 3,177,000. The present worth of environmental monitoring was 

estimated at $1,551,000, and the present worth of five-year site reviews was estimated at $ 129,000. 

Table 7-14 summarizes the costs estimated for Alternative SML-5 with on-site treatment and discharge. 

Cost backup information for the components summarized in Table 7-14 is presented in Appendix D. 

This second cost estimate includes many of the same assumptions as the first estimate, except that 

instead of discharging groundwater off-site, it would be treated on-site via precipitation, filtration, ion 

WOODARD & CURRAN (95093.06) 
Interim Final Feasibility Study 

7-82 07/27/2000 



exchange and activated carbon, and then discharged on-site to a newly excavated infiltration basin. An 

additional assumption is that treated effluent will be monitored monthly for arsenic, iron, manganese, 

and DOC. 
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8.0 COMPARATIVE ANALYSIS OF ALTERNATIVES 

The comparative analysis presented in this section compares the remedial action alternatives evaluated in 

Section 7.0 relative to the evaluation criteria used during the detailed analysis of alternatives. The 

purpose of the comparative analysis is to identify the advantages and disadvantages of the alternatives 

relative to one another and to aid in the selection of a remedial alternative for groundwater associated 

with Landfill Areas 3 and 4 at the SML. Subsection 8.1 presents the approach of the comparative 

analysis based on the NCP, and Subsection 8.2 presents the comparison of the alternatives. 

8.1 ApPROACH To THE COMPARATIVE ANALYSIS 

Specific CERCLA requirements are considered when comparing alternatives for selection of a preferred 

site remedy. To the extent practicable, the selected alternative should: 

• be protective of human health and the environment; 

• comply with ARARs (or provide grounds for invoking a waiver); 

• use permanent solutions and alternative treatment technologies to the maximum extent 

practicable; 

• satisfy the preference for treatment that reduces toxicity, mobility, or volume as a principal 

element; if this preference is not satisfied, the ROD must explain why; and 

• be cost-effective. 

Per the approach outlined in the NCP for performing the comparative analysis of site alternatives, the 

remedy selected for the Site must reflect the scope and purpose of the actions being undertaken and how 

these actions relate to other remedial actions and the long-term response at the Site. The identification of 

the preferred alternative and the final remedy selection are based on an evaluation of the major trade-offs 

among the alternatives in terms of the nine evaluation criteria. USEPA has categorized the evaluation 

criteria into three groups: threshold, balancing, and modifying. A discussion of each criteria group is 

provided below. 
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8.1.1 Threshold Criteria 

Because the selected remedy must be protective of human health and the environment and comply with 

ARARs, USEPA has designated (I) overall protection of human health and the environment, and (2) 

compliance with ARARs, as the two threshold criteria. An alternative must meet both criteria to be 

eligible for selection as the Site remedy. 

8.1.2 Primary Balancing Criteria 

The five primary balancing criteria are: 

• long-term effectiveness and permanence; 

• reduction of toxicity, mobility, or volume through treatment; 

• short-term effectiveness; 

• implementability; and 

• cost. 

This balancing provides a preliminary assessment of the maximum extent to which permanent solutions 

and treatment can be used practicably in a cost-effective manner. 

The alternative that is protective of human health and the environment, is ARAR-compliant, and affords 

the best combination of attributes is identified as the preferred alternative. The balancing criteria 

emphasize long-term effectiveness and reduction of toxicity, mobility, or volume through treatment. 

8.1.3 Modifying Criteria 

State and community acceptance are factored into a final balancing that determines the remedy and the 

extent of permanent solutions and treatment practicable for the Site. As stated in Subsection 7.1, State 

and community acceptance will be addressed when State and public comments on this FS report and the 

subsequent Proposed Plan have been received. Both the State and public had an opportunity to comment 

on the source control measures implemented at the SML under the NTCRA. 
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8.2 COMPARATIVE ANALYSIS OF ALTERNATIVES 

Table 8-1 presents the comparative analysis for the three remedial alternatives evaluated in Subsection 

7.2 for groundwater associated with Landfill Areas 3 and 4 at the SML. The comparative analysis 

highlights the results of the detailed analysis. 

8.2.1 Comparison of Threshold Criteria 

The alternatives were first compared relative to the two threshold criteria, overall protection of human 

health and the environment, and compliance with ARARs. 

Results of the baseline risk assessment indicate that there is currently no risk to human health and no 

significant risk to the environment from contaminants in groundwater associated with Landfill Areas 3 

and 4. Source control measures and institutional controls (restricting future land and groundwater use) 

have been implemented as part of the NTCRA at the site and effectively minimize future potential risks 

to human health and the environment. No additional institutional controls are anticipated at this time. 

The need for additional institutional controls to protect public health or the environment would be 

evaluated during 5-year reviews. As SM-l does not include 5-year reviews, this alternative would be 

less protective than SML-3, SML-4, and SML-5, which include 5-year reviews. SML-l also does not 

identify the groundwater as being unacceptable for consumption and does not include cleanup levels as a 

benchmark for the evaluation of the success of the cleanup. SML-3, SML-4, and SML-5 are based upon 

the unacceptable future risk resulting from consumption of groundwater and include cleanup levels to 

measure success. However, because Alternatives SML-4 and SML-5 would provide containment of a 

majority of the plume, this may reduce the contaminant loading to Sandy Brook more quickly than 

Alternatives SML-I or SML-3, providing some level of risk reduction to aquatic receptors in Sandy 

Brook, although there is at present no significant risk. 
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TABLE 8-1 
COMPARATIVE ANALYSIS OF ALTERNATIVES 

THRESHOLD CRITERIA 

ALTERNATIVE 
OVERALL PROTECfION 

OF HUMAN HEALTH 
AND THE 

ENVIRONMENT 

Alternative SML-I Site conditions currently pose 
No Further Action no risks to human health and 

moderate risks to the 
environment. Source control 
measures and institutional 
controls (restricting future 
groundwater use) 
implemented as a part of the 
NTCRA effectively minimize 
future risks to human health 
and the environment. 

WOODARD & CURRAN (95093.06) 
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COMPLIANCE 
WITHARARs 

Would, over time, 
achieve chemical-
specific ARARs. 
Location- and 
action-specific 
ARARs would not 
apply because no 
active remedial 
activities would be 
conducted. 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

BALANCING CRITERIA 

REDUCfION OF 
TOXICITY, 

LONG-TERM MOBILITY, OR 
EFFECfIVENESS AND VOLUME THROUGH SHORT-TERM 

PERMANENCE TREATMENT EFFECfIVENESS 

Over time, natural None through active No remedial actions 
attenuation would provide treatment. would be implemented 
effective and permanent under this alternative; 
reduction of concentrations therefore, there would be 
of dissolved arsenic and no adverse effects on the 
manganese. local community or 

environment. 
Source control measures and 
institutional controls Between approximately 
(restricting future 50 to 100 years to 
groundwater use) achieve remedial action 
implemented as a part of the objectives for 
NTCRA would minimize groundwater. 
future risks to human health 
and the environment. 

IMPLEMENT ABILITY COST 

No remedial activities Least costly 
would require of the 
implementation under this alternatives. 
alternative. 

NPW= SO 
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TABLE 8-1 
COMPARATIVE ANALYSIS OF ALTERNATIVES 

THRESHOLD CRITERIA 

ALTERNATIVE 
OVERAll PROTECTION 

OF HllMAN HEALTH 
AND THE 

ENVIRONMENT 

Alternative SML·3 Site conditions pose no 
Monitored Natural current risk to human health 
Attenuation and moderate impacts to the 

environment. Over time, 
natural attenuation processes 
would reduce concentrations 
of dissolved arsenic and 
manganese in groundwater 
downgradient of Landfill 
Area 3 and 4. 

Source control measures and 
institutional controls 
(restricting future 
groundwater use) 
implemented as a part of the 
NTCRA effectively minimize 
future risks to human health 
and the environment. 

Environmental monitoring 
would ensure continued 
protection of human health 
and the environment. 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

COMPLIANCE 
WITHARARs 

Would. over time, 
achieve chemical· 
specific ARARs. 
Location- and 
action-specific 
ARARs would not 
apply because no 
active remedial 
activities would be 
conducted. 

The only actions 
associated with this 
alternative include 
annual 
environmental 
sampling. 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

BALANCING CRITERIA 

REDllCTION OF 
TOXICITY. 

LONG·TERM MOBILITY, OR 
EFFECTIVENESS AND VOlllME THROllGH SHORT·TERM 

PERMANENCE TREATMENT EFFECTIVENESS 

Over time, natural None through active Impacts to community 
attenuation would provide treatment. and site worker health 
effective and permanent and safety during 
reduction of concentrations environmental 
of dissolved arsenic and monitoring would be 
manganese to PRGs. unlikely. No adverse 

impacts to the 
Source control measures and environment would be 
institutional controls expected. 
(restricting future 
groundwater use) Between approximately 
implemented as a part of the 50 to 100 years to 
NTCRA would minimize achieve remedial action 
future risks to human health objectives for 
and the environment. groundwater. 

Reductions in surface 
water concentrations will 
result as groundwater 
remedial action 
objectives are 
approached. 

IMPLEMENTABllITY COST 

Environmental monitoring Relatively 
would be easily low cost 
implementable. treatment 

alternative. 

NPW= 
SI.7M 
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TABLE 8-1 
COMPARATIVE ANALYSIS OF ALTERNATIVES 

THRESHOLD CRITERIA 

AL TERNA TIVE 
OVERALL PROTECTION 

OF HUMAN HEALTH 
AND THE 

ENVIRONMENT 

Alternative SML-4 Chemical oxidants would be 
Chemical Oxidation added to the groundwater to 
with Hydraulic reduce the leaching capacity. 
Containment Extraction and treating 

groundwater would be 
required to manage the 
potential migration of added 
chemicals. 

I f proven effective could 
reduce time frame to meet 
groundwater PRG but would 
not reduce the time frame to 
meet surface water criteria. 
Chemical treatment of the 
plume would minimize the 
volume of contaminated 
groundwater discharging into 
Sandy Brook, and therefore 
providing added protection to 
ecological receptors .. 

Environmental monitoring 
would ensure continued 
protection of human health 
and the environment. 
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COMPLIANCE 
WITHARARs 

Would be designed 
to comply with 
location and action-
specific ARARs. 

Would, over time, 
achieve chemical-
specific ARARs in 
groundwater. At 
present, 
concentrations of 
arsenic in surface 
water are above the 
chemical-specific 
ARAR. Background 
concentrations of 
manganese in 
surface water exceed 
the ARAR. 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 
BALANCING CRITERIA 

REDUCTION OF 
TOXICITY, 

LONG-TERM MOBILITY, OR 
EFFECTIVENESS AND VOLUME THROUGH SHORT-TERM 

PERMANENCE TREATMENT EFFECTIVENESS 

Chemical oxidation would Chemical oxidation Chemical oxidation would 
reduce leaching potential in would reduce the reduce leaching potential 
the aquifer could provide to dissolved arsenic, iron, in the aquifer could 
be effective by permanently manganese in provide to be effective by 
reducing of contaminant groundwater. permanently reducing of 
concentrations over time. contaminant 

But, groundwater concentrations over time 
Treatability studies would be extraction would be It is expected that 
required to evaluate the needed to control the groundwater PRG would 
effectiveness of chemical potential migration for be meet within 30 years. 
oxidants. oxidizing chemicals to 

Sandy Brook. Treatability studies would 
Source control measures and be required to evaluate the 
institutional controls effectiveness of chemical 
(restricting future oxidants. 
groundwater use) 
implemented as a part of the Groundwater extraction 
NTCRA would minimize would not significantly 
future risks to human health impact surface water flow 
and the environment. in Sandy Brook. 

IMPLEMENT ABILITY COST 

Well-developed Most costly 
technologies. Would of the 
require standard alternatives. 
construction techniques. 
Wells would require NPW= 
significant and frequent SS.7M (off-
maintenance of extraction site discharge 
wells due to fouling from to Saco 
the high concentrations of WWTP)to 
dissolved iron and other S9.4M (on-
metals present in the site treatment 
plume. and 

discharge) 
Implementation time 
estimated to be 
approximately 10 months. 
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TABLE 8-1 
COMPARATIVE ANALYSIS OF ALTERNATIVES 

THRESHOLD CRITERIA 

ALTERNATIVE 
OVERALL PROTECTION 

OF HUMAN HEALTH 
AND THE COMPLIANCE 

ENVIRONMENT WITIIARARs 

Alternative SML-4 
(continued) 
Chemical Oxidation 
with Hydraulic 
Containment 

Notes: 
ARARs = Applicable or Relevant and Appropriate Requirement 
NPW = Net Present Worth 
NTCRA = Non-Time Critical Removal Action 
OSHA = Occupational Safety and Health Administration 
PRGs = preliminary remediation goals 
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FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO, MAINE 
BALANCING CRITERIA 

REDUCTION OF 
TOXICITY, 

LONG-TERM MOBILITY, OR 
EFFECTIVENESS AND VOLUME THROUGH SHORT-TERM 

PERMANENCE TREATMENT EFFECTIVENESS 

Between approximately 50 
to 100 years to achieve 
remedial action objectives 
in groundwater. 

Surface water remedial 
action objectives are 
substantially met at 
present. Further reductions 
in surface water 
concentrations will result 
as groundwater remedial 
action objectives are 
approached. 

Containment of plume by 
extraction system will 
accelerate reduction of 
surface water 
concentrations. 

IMPLEMENTABILITY COST 
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TABLE 8-1 
COMPARATIVE ANALYSIS OF ALTERNATIVES 

THRESHOLD CRITERIA 

ALTERNATIVE 
OVERALL PROTECTION 

OF HUMAN HEALTH 
AND THE 

ENVIRONMENT 

Alternative SML-S Extracting and treating 
Groundwater groundwater from the area 
Extraction and downgradient of Landfill 
Discharge with or Areas 3 and 4, would not 
without Treatment reduce the time frame 

required to meet remedial 
action objectives, and would 
therefore not provide an 
increased level of protection 
over other alternatives. 

Groundwater extraction 
would manage the migration 
of the plume, minimizing the 
volume of contaminated 
groundwater discharging into 
Sandy Brook, and therefore 
providing added protection to 
ecological receptors. But, the 
proposed extraction rate 
would not impact the surface 
water flow in Sandy Brook. 

Environmental monitoring 
would ensure continued 
protection of human health 
and the environment. 

WOODARD & CURRAN (95093.06) 
Feasibility Study 

COMPLIANCE 
WITHARARs 

Would be designed 
to comply with 
location and action-
specific ARARs. 

Would, over time, 
achieve chemical-
specific ARARs in 
groundwater. At 
present, 
concentrations of 
arsenic in surface 
water are below the 
chemical-specific 
ARAR. Background 
concentrations of 
manganese in 
surface water exceed 
the ARAR. 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO, MAINE 
BALANCING CRITERIA 

REDUCTION OF 
TOXICITY, 

LONG-TERM MOBILITY, OR 
EFFECTIVENESS AND VOLUME THROUGH SHORT-TERM 

PERMANENCE TREATMENT EFFECTIVENESS 

Groundwater extraction Groundwater treatment Construction of discharge 
would not enhance the would remove dissolved piping to the Saco WWTP, 
movement of oxygenated arsenic, iron, manganese would impact the local 
water through the aquifer, and other inorganics in community. Residents are 
and therefore, would not have groundwater in the not expected to be exposed 
any advantageous effect on vicinity of the extraction to any site-related 
the natural attenuation wells, generating contaminants during 
processes that would provide approximately 4 construction or 
effective and permanent tons/month of potentially implementation. 
reduction of contaminant hazardous sludge. Construction and operation 
concentrations over time. of an on-site treatment 

But, because system is not expected to 
Source control measures and groundwater extraction impact local residents. 
institutional controls would not enhance the Impacts to site worker 
(restricting future movement of oxygenated health and safety during 
groundwater use) water through the aquifer implementation would be 
implemented as a part of the beneath and unlikely, and would be 
NTCRA would minimize downgradient of Landfill minimized by the 
future risks to human health Areas 3 and 4, it would implementation of health 
and the environment. not reduce the 'mobility and safety training and 

of dissolved arsenic and safe work practices. 
manganese in the plume 
any faster than natural Groundwater extraction 
attenuation processes. would not significantly 

impact surface water flow 
in Sandy Brook. 

IMPLEMENTABILITY COST 

Well-developed Most costly 
technologies. Would of the 
require standard alternatives. 
construction techniques. 
Would require significant NPW= 
and frequent maintenance $3.3M (off-
of extraction wells due to site discharge 
fouling from the high to Saco 
concentrations of WWTP) to 
dissolved iron and other 6.9M (on-site 
metals present in the treatment and 
plume. discharge) 

Implementation time 
estimated to be 
approximately 10 months. 
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TABLE 8-1 
COMPARATIVE ANALYSIS OF ALTERNATIVES 

THRESHOLD CRITERIA 

ALTERNATIVE 
OVERALL PROTECTION 

OF HUMAN HEALTH 
AND THE COMPLIANCE 

ENVIRONMENT WITH ARARs 

Alternative SML-5 
(continued) 

Groundwater 
Extraction and 

Discharge with or 
without Treatment 

Notes: 
ARARs = Applicable or Relevant and Appropriate Requirement 
NPW = Net Present Worth 
NTCRA = Non-Time Critical Removal Action 
OSHA = Occupational Safety and Health Administration 
PRGs = preliminary remediation goals 
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FEASIBILITY STUDY REPORT 
SA CO MUNICIPAL LANDFILL 

SACO,MAINE 
BALANCING CRITERIA 

REDlJCTION OF 
TOXICITY, 

LONG-TERM MOBILITY, OR 
EFFECTIVENESS AND VOLUME THROUGH SHORT-TERM 

PERMANENCE TREATMENT EFFECTIVENESS 

Between approximately 50 
to 100 years to achieve 
remedial action objectives 
in groundwater. 

Surface water remedial 
action objectives are 
substantially met at 
present. Further reductions 
in surface water 
concentrations will result 
as groundwater remedial 
action objectives are 
approached. 

Containment of plume by 
extraction system will 
accelerate reduction of 
surface water 
concentrations. 

IMPLEMENTABILITY COST 
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Currently, arsenic and benzene exceed chemical-specific ARARS (i.e., MCLs) in groundwater. Arsenic 

and manganese exceed the State surface water criteria (i.e., SWQC). However, manganese, a natural 

element in New England surface water, was reported at its highest concentration in the background 

surface water samples. Concentrations of arsenic, manganese, and benzene in groundwater are expected 

to be reduced to their respective PRGs within the same time frame for SML-I, SML-3, and SML-S. If 

proven effective, SML-4 (chemical oxidation with hydraulic containment) may reach PRGs In 

groundwater faster than the other alternatives. 

Groundwater modeling indicates that pumping groundwater at 60 gpm with ex situ treatment 

(Alternative SML-S) would not significantly enhance the movement of groundwater through the aquifer. 

Therefore, the concentrations of DO in the aquifer will not increase more quickly than natural attenuation 

processes would allow. Thus, Alternative SML-S would not reduce contaminant concentrations in 

groundwater to their respective PRGs more quickly than Alternatives SML-I, SML-3, or SML-4. It is 

anticipated that pumping (SML-4 and SML-S) would reduce arsenic in Sandy Brook to the SWQC of 10 

ugIL in 10 to 20 years. At a pumping rate of 60 gal/min, the entire plume is not captured. It is likely that 

the time required to meet the PQL for arsenic (3 uglL) will not be significantly reduced over SML-3. 

Reduction of arsenic concentrations in Sandy Brook to the PQL is expected in SO to 100 years when 

groundwater PRGs are attained at the toe of Landfill Area through SML-3, Monitored Natural 

Attenuation. 

Neither location-specific nor action-specific ARARs apply to Alternative SML-I or SML-3, because no 

active remedial activities would be conducted. Alternatives SML-4 and SML-S would be designed to 

meet both location-specific and action-specific ARARs. 

8.2.2 Comparison of Primary Balancing Criteria 

As discussed previously, the primary balancing criteria emphasize long-term effectiveness and 

permanence, and reduction in toxicity, mobility, or volume through treatment. 

As stated above, remedial action objectives would be met over time due to the natural attenuation 

processes that are expected to occur in the groundwater beneath and downgradient of Landfill Areas 3 

and 4. Alternatives SML-4 and SML-S, in regards to surface water quality, would not improve the long

term effectiveness over that provided by SML-3, because extraction of groundwater would not capture 
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the entire plume, thereby allowing some arsenic contaminated groundwater to continue to enter Sandy 

Brook. Alternatives SML-4 and SML-5 would, therefore, not significantly reduce the time to achieve 

State SWQCs over Alternatives SML-I or SML-3. SML-3, SML-4, and SML-5 include monitoring and 

five-year reviews and would be more effective than SML-I because they provide a mechanism for 

evaluating future protectiveness of the alternative. 

The mobility of dissolved iron, manganese, and arsenic is expected to be reduced over time by natural 

attenuation processes as these contaminants are precipitated out of solution. Neither natural attenuation 

processes nor groundwater extraction and treatment will reduce the toxicity of contaminants in 

groundwater. The volume of contaminants would be increased with the on-site treatment option for 

Alternatives SML-4 and SML-5. It is estimated that approximately four tons per month of potentially 

hazardous sludge would be generated, requiring off-site disposal. 

In conclusion, although Alternatives SML-4 and SML-5 provide groundwater extraction and discharge 

with or without treatment, those alternatives would not provide risk reduction, improved long-term 

effectiveness, or significantly reduce the time required to meet both groundwater remedial action 

objectives and surface water criteria over Alternative SML-I or Alternative SML-3. Furthermore, costs 

to implement Alternative SML-4 would be $5.7M to $9.4M and costs to implement Alternative SML-5 

would be $3.3M to $6.9M compared to $0 for Alternative SML-I or $1.7M for Alternative SML-3. 

Alternatives SML-4 and SML-5 would manage the migration of a majority of the plume, improving 

surface water quality into Sandy Brook and therefore provide added protection to ecological receptors, 

although at present there is no significant risk. Implementation of Alternatives SML-4 or SML-5 would 

increase the volume of contaminants by generating four tons per month of potentially hazardous sludge 

requiring off-site disposal. These alternatives would not in all likelihood meet arsenic background levels 

(or PQLs) in surface water significantly faster than Alternative SML-3. Therefore, it is recommended 

that Alternative SML-3 be proposed as the preferred remedy for this Site. 
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ACRONYMS 



AET 
ARAR 
As 
AWQC 

CERCLA 
COC 
CPC 
CWA 

DO 
DOC 

EE/CA 
ER-l 

FS 

GAC 
gpm 

HI 
KMn04 

LOEL 

MCL 
MCLG 
mg/kg 
MEDEP 
MEDHS 
MEG 

NaOH 

NCP 
NEPA 
NOAA 
NPDES 
NTCRA 

OSHA 
O&M 

LIST OF ACRONYMS 

Apparent Effects Threshold 
Applicable or Relevant and Appropriate Requirement 
Arsenic 
ambient water quality criterion 

Comprehensive Environmental Response, Compensation, and Liability Act 
contaminant of concern 
compound of potential concern 
Clean Water Act 

dissolved oxygen 
dissolved organic compound 

Engineering Evaluation/Cost Analysis 
Effective Range-Low 

Feasibility Study 

granular activated carbon 
gallons per minute 

Hazard Index 
potassium permanganate 

Lowest Observed Effect Level 

maximum contaminant level. 
Maximum Contaminant Level Goal 
milligrams per kilogram 
Maine Department of Environmental Protection 
Maine Department of Human Services 
Maine maximum exposure guidelines 

sodium hydroxide (caustic) 

National Contingency Plan 
National Environmental Protection Act 
National Oceanic and Atmospheric Administration 
National Pollution Discharge Elimination System 
Non-Time Critical Removal Action 

Occupational Safety and Health Administration 
Operations and Maintenance 
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POTW 
PRG 
PVC 

RBC 
RCRA 
RI 

SARA 
SDWA 
SML 
SWQC 
SVOC 

TBC 

J.lglL 
J.lglg 
USEPA 
USGS 

VOC 

W&C 
WQS 
WQC 
WWTP 

LIST OF ACRONYMS (continued) 

Publicly Owned Treatment Works 
preliminary remediation goal 
polyvinyl chloride 

risk based concentration 
Resource Conservation and Recovery Act 
Remedial Investigation 

Superfund Amendments and Reauthorization Act 
Safe Drinking Water Act 
Saco Municipal Landfill 
statewide water quality criteria 
semivolatile organic compound 

to be considered 

micrograms per liter 
micrograms per gram 
United States Environmental Protection Agency 
United States Geological Survey 

volatile organic compound 

Woodard & Curran Inc. 
water quality standard 
water quality criteria 
Waste Water Treatment Plant 
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Table 1. lithologic logs and coring record for wells, test borings, and surface sampling, August -
September 1997,Saeo landfill, Saeo, Maine [ft, feet] 

Well, boring, Depth below 
or sample Description land surface 
number (ft) 

MW97-13S1 

Waterloo core collected in aluminum tube. Recovered 3 fL 15-20 . 

Watet:loo cOre collected in aluminum tube. Recovered 3.5 fL 20-25 

" Waterloo core ~ttempted but DO recovery in ~ sediments. 25-30 

Waterloo core attempted but no recovery in ~ sediments. 30-35 

MW97-13S2 

Waterloo core attempted but no recovery in W sediments. 25-30 

Waterloo core collected in aluminum tube. Recovered 3 fL 30-35 

Refusal 48 

MW97-13R 

No description. See MW97-13S1 and MW97-13S2 .. 0-48 

Bedrock (probably hornfels), very hard to drill, numerous fractures 48-83 
from 53 to 63 feel Iron staining observed in fractures at 75 fl Rock 
core collected. 

MW97-14S1 

Split-spoon sample. Recovered 0.8 ft of ~ granule and pebble, 5-7 
bluish gray. 

Split-spoon "sample. Recovered 1.2 ft of Sand. blue-gray. 8-10 
- ---

Waterloo core collected in aluminum tube. Recovered 1.6 fl 10-15 

Waterloo core attempted but no recovery 15-17.5 

Refusal 17.5 

MW97-14S2 

Waterloo core collected in aluminum tube. Recovered 1.6 fL 13-17 

Bouom of well 10 

MW97-16S 

Gravel, granule an~ pebble. ~ layers, fine- to medium. O-S 

Waterloo core collected in aluminum tube. Many pebbles. Recovered 5-10 
1.4 ft of core. 



Table 1. Lithologic logs and coring record for wens, test borings. and surface sampling, August -
September 1997.Saeo landfill. Saeo, Maine [ft. feet] . 

WeU, boring. 
or sample 
number 

MW97-17R 

MW97-18S 

MW97-19S 

TB97-1 

Description 
Depth below 
land surface 

(ft) 

Split-spoon s.-unple. Recovered 0.8 (t of ~ granule and pebble. 10-12 
reddish; SBru! fine to coarse, silty. light brown. 

Split-spoon sample. Recovered 0.25 ft of ~ and s.m similar to 13-15 
10-12 fL 

Waterloo core coUected in rube. Recovered 1.7 fL 15-20 

Sillit-spoon sample. Recovered 1.35 ft of~. fine to medium. mod- 20-22 
erate brown, mioor gravel. 

Split-spoon sample. Recovered 1 ft of ~ granule and pebble; 23-25 
s.alli1. fine to coarse, moderate brown. 

0aL 0-2 

Split-spoon sample. Recovered 1.4 ft. of Sand. medium, gravelly and 5-7 
clay I.enses. 

Split-spoon sample. Recovered 2 It of Sand. medium, tan. 10-12 

Split-spoon sample. Recovered 1 ft of Sand. medium, tan and rock 15-16 
fragments at bottom .. 

Bedrock (probably hornfels), numerous fractures, iron staining in 17-49 
fractures. Rock core collected. 

No samples. Mainly sand and gravel. 

ReC",sal 

No samples. Mainly sand and gravel. 

Refusal 

(Unable to complete bedrock well- planned MW97-15R at this loca
tion) 

0-18 

18 

0-26.5 

26.5 

Split-spoon sample, Recovered 0.4 ft of Gravel, granule and pebble, 5-7 
silly. some iron staining 

Split-spoon sample. Recovered 1.2 ft of Sand, fine to coarse. eocoon- 8-10 
lered boulder at depth of 9.5 It. 

Split-spoon sample. Recovered 1.8 Ct of Sand, medium 10 coarse. 10-12 

Waterloo core collected in aluminmn tube. Recovered 2.5 fL 12-17 

,.,.... , _ _ _ _ .'" 0"'\ 



Table 1. Lithologic logs and coring record for wells, test borings, and surface sampling, August -
September 1997,Saeo Landfill, Saco, Maine [ft, feet] 

Well. boring, Depth below 
or sample Description land surface 
number (ft) 

Split-spoon sample. Recovered 2 ft of Sarul, medium to coarse. IS-17 

Split-spoon sample. Recovered 0.6 ft of Smld. medium to coarse, 18-20 
blue-gray, some globs of sand, lightly cemented and red. 

Split-spoon sample. Recovered 1.7 ft of ~ granule and bebble; 20-22 
Sand. light brown to light gray. 

Split-spoon sample. Recovered 2 ft of Sarul. medium, blue-gray. 23-25 
Gravel. pebbles. 

Waterloo core collected in alumintun tube. Recovered 2.2 fl 25-29.5 

Bedrock (bedrock at 32 ft on second try near chis location). 295 

TB97-2 

Split-spoon sample. Recovered 2 ft of Sand, fine, silty, tan. 0-2 

Split-spoon sample. Recovered 13 ft of SaruL fine, silty, tan. 4-6 

Split-spoon sample. Recovered 2 ft of SmlQ. fine, silty, tan. 9-11 

Split-spoon sample. Recovered 15 ft of Sand that heaved into auger "12-14 
and Qny. silty, light gray. 

SS-1 Weathere~ gravel from quarry surface sample 

SS-2 Sand from qu.1Il}' surface sample 

SS-3 Weatllered hornfels bedrock outcrop surface sample 

SS-4 Weathered hornfels bedrock outcrop surface sample 

SS-5 Red gIaci.ll till surface sample 

SS-6 Saco pluton rock surface sample 

SS-7 Saco pluton outcrop at road cut surface sample 

()(-r"N-r~. 1998 
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HYDROGEOLOGICAL INVESTIGATION REPORT 

1.0 INTRODUCTION 
1.1 Background 
12 Purpose 

2.0 SITE CHARACTERIZA nON 
2.1 Site Location and Description 
2.2 Hydrogeology 

2.2.1 Stratigraphy 
2.2.2 Groundwater Flow 
22.3 Groundwater Interaction with Surface Water 

3.0 DESCRIPTION OF PUMPING TESTS 
3.1 Installation of Pumping Well 
3.2 Antcedent Trends 
3.3 Pumping Test 
3.4 Groundwater/Surface Water Monitoring 

4.0 EV ALUA nON OF AQUIFER CHARACTERISTICS 
4.1 Water Level Corrections 
42 Evaluation of Draw down Data 
43 Aquifer Parameters 
4.4 Aquifer Bouit<Jaries 
4.5 Groundwater 
4.6 Groundwater Quality 
4.7 Groundwater/Surface Water Interactions 

5.0 GROUNDWATER MODEL 
5.1 Conceptual Model of Flow System 

5.1.1 Groundwater Flow 
5.1.2 Goundwater Flow 
5.1.3 Aquifer Characteristics 

5.2 Numerical Model Selection 
5.3 Model Design and Development 

5.3.1 Model Grid and Layer Construction 
5.3.2 Boundary Conditions 
5.3.3 Model Parameters 
5.3.4 Recharge 
5.3.5 River Nodes 
5.3.6 Storage Coefficients 

5.4 Model Calibration and Verification 
5.5 Analysis of System 

6.0 SUMMARY 

WOODARD &: CURRAN (95093.06) 
Interim Final Feasibility Study 

Appendix-BI 11102J99 



1.0 INTRODUCTION 

The groundwater modeling effort at Saco Municipal Landfill (SML) was undertaken to evaluat~ 

remedial alternatives for the Feasibility Study (FS). The main objectives of the modeling effort 

were to: 

• evaluate remedial alternatives, 

• understand the distribution of arsenic within the flow system and its impact on 

Sandy BrO()k and, 

• determine flushing rate and travel times of groundwater through different parts of 

the flow system. 

To meet these objectives: 

• a pumping test was completed, 

• hydrogeologic parameters were determined, 

• a numerical groundwater flow model was constructed based on the conceptual 

hydrogeologic model, 

• the model was calibrated and verified, and 

• analysis of the flow system was completed. 

1.1 BACKGROUND 

The Remedial Investigation (RI) completed in March of 1998 identified an arsenic groundwater 

plume traveling with groundwater and discharging to Sandy Brook. This plume was considered 

to be the last significant remaining potential risk for the site (W &C, 1998). To evaluate the 

potential risk and cleanup times of remedial measures, a groundwater model was developed. A 

pumping test was completed to understand the hydraulic properties of the aquifer and supply 

data for the modeling effort. An eight inch pumping well was installed in the gravel pit area and 

a pumping test completed in December of 1997. The pumping test data were analyzed and used 

as a basis for hydraulic parameters used in the groundwater model of the site. The site as a 

whole was modeled to determine flow paths and travel times for contaminants discharging to 

Sandy Brook. 
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Data from the RI completed by W&C, a USGS study completed in 1995, and the supplemental 

remedial ~nvestigation were integrated to develop a more complete understanding of the site. 

These data were further utilized to develop a conceptual model of groundwater flow at the site_ 

A numerical groundwater flow model was constructed based on the conceptual model and 

verified by transient simulation. 

1.2 PURPOSE 

The purpose of this report is to present the analysis of the pumping test data, discuss the 

construction of the groundwater model, and present the findings of the groundwater modeling 
. . 

effort undertaken in support of the FS. This report presents the results of modeling the SML 

hydrogeology. 
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2.0 SITE CHARACTERIZATION 

2.1 SITE LOCATION AND DESCRIPTION 

The Saco Municipal Landfill site is located on Foss Road in the northern part of Saco, Maine 

(see Figure 2-1). The site lies in the coastal lowlands of southern Maine. Topography at the 

SML site is low and gently undulating. The topographical character of the site is due to recent 

long periods of glacial ~eposition and erosion. The landfill is located at an elevation of 120 to 

l30 feet with topography sloping down to the east in the direction of Sandy Brook, a small 

perennial tributary to the Saco River. Big Ledge Brook, another small stream located in the 

study area, joins Sandy Brook to the south of the Landfill. 

22 HYDROGEOLOGY 

The geology and hydrogeology of the Saco Landfil1 site have been studied and evaluated over 

the past 20 years. A comprehensive study conducted by the USGS was completed in 1995. 

Numerous other studies conducted by W &C as part of the Remedial Investigation have been 

completed since 1995. All the investigations conducted since 1995 support the work completed 

by the USGS in 1995 and further the conceptual understanding. Key geologic, hydrogeologic, 

and hydrologic factors reported by the USGS in 1995 and deemed influential in controlling 

contaminant distribution, fate, and transport at the site are presented below. 

Geology at the SML site consists of unconsolidated glacial deposits overlying bedrock. 

Generally, the unconsolidated deposits are saturated and each unit is an integral part of the 

overall hydrogeologic system at the site (W&C, 1997). A summary of the stratigraphy, bedrock 

conditions, groundwater flow, and groundwater interaction with surface water is given in the 

following. sections. 

22.1 Stratigrapby 

The stratigraphy of the SML site consists of four unconsolidated overburden deposits overlying 

bedrock. A stylized cross section presenting the stratigraphy of the site is shown in Figure 2-2. 
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The unconsolidated overburden deposits include, from bottom to top, a glacial till, a coarse

grained glaciofluvial (sand and gravel) deposits, a thick fine-grained glaciomarine silt and clay, 

and a fine-grained sand unit (see Figure 2-2). The upper two units are facies within the 

Presumpscot Formation. 

Glacial Till: The glacial till observed at the site is comprised of a brown to olive unsorted 

mixture of clay, silt, gravel, cobbles and frequent boulders. This unit is discontinuous and ranges 

in thickness from less than a foot to over ten feet. The till in general occurs below the water 

table. The abundance of fine-grained matrix prevents this unit from being considered a 

productive aquifer. 

. , 
Coarse-Grained GI~ciofluvial Deposits: The coarse-grajne~ glaciofluvial deposits consist of 

well-sorted sand, gravel, and cobbles with minor amounts of silt. The coarse-grained 

glaciofluvial deposits are divided into two facies an upper fine-grained facies corresponding to 

distal fan deposits, and a lower, coarse-grained facies corresponding to proximal fan deposits 

(USGS, 1995). Occasional silt lenses are associated with the upper [me-grained deposit and 

cause groundwater seeps where the silt lenses become exposed at the ground surface. 

Fine-Grained Glaciomarine: There are two facies of the fine-grained unit present at the site. 

The lower facies consists of silty clay and the upper facies consists of reworked fine sand. The 

lower silty clay is characterized as massive- to thinly-laminated silty clay with minor amounts of 

fine sand. The thickness of this unit ranges from approximately 35 to 145 feet. The hydraulic 

conductivity of this unit is between 1 x 10's and 1 x 10-3 (USGS, 1995). The upper fine sand unit 

is not considered an aquifer due to its thin saturated thickness. 

Bedrock: The bedrock at the site is classified by Hussey (USGS, 1995) as a metasedimentary 

hornfels of the Cape Elizabeth Formation. The majority of the bedrock fractures are present in 

the upper 20 feet of bedrock and produce the largest quantities of groundwater under both static 

and pumping conditions (W&C, 1998). The flow between fractures is upward toward the 

overburden, indicating an upward movement of groundwater in the bedrock (W &C, 1998). 
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2.2.3 Groundwater Flow 

Groundwater flow at the site is controlled by three primary factors: (1) the sloping irregular 

surface of the bedrock, (2) the presence of the thick sequence of clay east of Sandy Brook anq its 

absence west of the brook, and (3) the degree of fracturing in shallow versus deep bedrock of the 

Cape Elizabeth metasediments. In areas where the depth to bedrock is shallow, the bedrock 

exerts control on the flow of groundwater in the overlying unconsolidated water-bearing soils. 

Fracture distribution in the bedrock is important to the flow of groundwater in the bedrock. Flow 

is contained in the upper portions of the bedrock; the lack of fractures at depth effectively 

restricts groundwater flow. The clay deposit is important because its thickness east of Sandy 

Brook provides a barrier to the vertical flow of groundwater and contaminant migration to 

deeper water-bearing units. 

A groundwater contour map presented in the 1995 USGS report is included as Figure 2-3. In 

general, groundwater flows radially away from the topographic high located in the vicinity of 

Landfill Areas 3 and 4: The groundwater north of Landfill Areas 3 and 4 flows toward a small 

intermittent stream that flows east and joins Sandy Brook. The groundwater parallels this stream 

and then turns south to follow Sandy Brook as it flows toward its confluence with Big Ledge 

Brook. Groundwater flowing off the south side of the landfill flows beneath the gravel pit area 

and parallels flow of Sandy Brook. Groundwater ultimately discharges to the brook. 

The thick deposits of sand and gravel within the sand pit exhibit flat gradients that change li~le 

during the seasons. These thick deposits of sand and gravel with large storage of groundwater 

maintain the level of groundwater within the lower aquifer at an elevation of between 83 and 85 

ft above MSL. The water table at higher elevations within and immediately surrounding Areas 3 

and 4 is subject to much more rapidly changing heads, due primarily to the thinness of the 

deposits, the nature of the deposits (lower conductivity), and the low storage capacity of the 

deposits at higher elevations. These deposits at higher elevations are subject to seasonal changes 

in heads to a greater degree than the lower sand and gravel deposits. 
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Groundwater flow east of Sandy Brook is divided into two regimes, upper and lower, due 

primarily to the presence of the silt and clay of the Presumpscot formation The upper regime 

exhibits radial flow away from Landfill Area 1 (W&C, 1998) in the upper sandy member of the 

Presumpscot Fonnation East of Sandy Brook the lower aquifer is confined by the presence of 

overlying silts and clays of the Presumpscot Formation The lower aquifer exhibits flow from 

north-northeast to south-southwest (W &C, 1998), 

2.l.4 Groundwater Interaction with Surface Water 

The surface water bodies in the study area consist of two perennial streams and one intermittent 

stream. The two perennial streams are Big Ledge Brook and Sandy Brook (see Figure 2-4). Big 

Ledge Brook flows eastward along the southern side of the study area. Sandy Brook flows 

southwards through the middle of the study area between Landfill Areas 1 and 2 and Landfill 

Areas 3 and 4. Sandy Brook and Big Ledge Brook join south of the landfill areas and continue 

to flow south, joining Deep Brook with ultimate drainage to the Saco River. 

A study conducted by the USGS (1995) indicates that Sandy Brook is a gaining stream over its 

length within the landfiU study area. Big Ledge Brook is also a gaining stream within the 

confines of the study area. The intermittent stream located north of the landfi1J was not included 

in the USGS report (1995) and appears to be a losing stream at higher elevations, based on 

groundwater levels in adjacent well MW-IS being lower than the stream surface, but becomes a 

gaining stream at lower elevation as it flows toward Sandy Brook. The majority of the 

groundwater gained by Sandy Brook occurs from the course-grained deposits located in the 

lower portion ofthe study area in the vicinity of the gravel pit. 

Three stream gauging stations are located along Sandy Brook (labeled as surface water stations 

on Figure 2-4). Station I is located upstream from LalldfiJl Areas 3 and 4; gauging station 2 is 

located east of Land till Area 3 where Sandy Brook flows under the road; and gauging station 3 is 

located south of Landfill Areas J and 4 upstream from the confluence of Sandy Brook and Big 

Ledge Brook. Calculations based on stream gauging performed by the USGS (I995) indicates 

that Sandy Brook gains approx.imately 5,184 W / day from groundwater 
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between stations 1 and 2, and gains approximately 21,600 ft'/day from groundwater between 

stations 2 and 3. 

The difference in stream discharge between the northern and southern portions of Sandy Brook is 

due primarily to the difference in the deposits underlying the stream. North of Station 2 the 

stream is underlain primarily by clay deposits of the Presumpscot Formation. The clay impedes 

the upward flow of groundwater restricting groundwater discharge to the brook. The fine

grained deposits of the Presumpscot Formation. intermittently cross the stream south of Station 

2. This leaves windows of course grained deposits through which groundwater can more easily 

discharge, accounting for the disparity in groundwater discharges north and south of Station 2. 
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3.0 DESCRIPTION OF PUMPING TEST 

A pumping test of the lower aquifer (sand and gravel deposits) was conducted from December 

16, 1997 through December 19,1997. An 8-inch pumping well was installed in the gravel pit 

area (see Figure 3-1) between December 8, 1997 and December 12, 1997. Observation wells for 

the pumping test included wells installed by W&C during the Remedial Investigation (RI) and 

wells installed by the USGS during various phases of their studies. 

3.1 INSTALLATION OF PUMPING WELL 

An eight inch well was installed in the sand and gravel deposits of the lower aquifer beginning 

on December 8, 1997 with completion on December 12, 1997. The eight-inch pumping well was 

installed using standard drive and wash techniques by RE. Chapman Co. of Oakdale, 

Massachusetts. The total well depth was 50 feet. Based on the driller's log, the stratigraphy at 

the location of the pumping well consisted of stratified gray silts and clay from 0 to 35 feet and 

very coarse brown sand and very coarse gravel from 35 to 50 feet. A 0.120 slotted screen was 

placed from 44 to 50 feet below the ground surface. The well was developed by pumping at 322 

gallons per minute (gpm) for 12 hours. 

Prior to operation of the pumping well, approximately 700 feet of hose was laid out from the 

pumping well to the borrow area located east of the landfill see (Figure 3-1). The water pumped 

from the pumping well was piped to the borrow area for infiltration outside the influence of the 

pumping test. An orifice and pitot tube were installed on the piping discharge to monitor the 

flow rate from the extraction well. 

Observation wells consisted of groundwater monitoring wells previously installed by W &C and 

other wells installed by the USGS. The observation wells monitored during the course of the 

pumping test are shown on Figure 3-1. The observation well identification, unit screened, and 

screened interval for each well is presented in Table 1. 
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Table 1: Observation We" Summary for Pumping Test 
. Saco MunicipafLandfi" 

Saco, Maine 

MW-93-5. 90.17 27-29 sf/gd 
MW-95-2S 87.11 5-15 sf/gd 
MW-95-4R91.93 31.5-36.5 br 
MW-95-4RD 93.26 43.6-48.6 br 
MW-95-4SA 85.2 24-29 sf/gd 
MW-95-4SB 84.97 5-10 sf/gd 
MW-95-5R' 122.95 152.5-157.5 bf 
MW-95-6R 85.73 111-116 bf 
MW-95-6S 87.69 4-14 sf/gd 
MW-95-7R 89.3 58-63 'br 
MW-95-7S 86.78 4-14 sf/gd 
MW-95-8R 122.17 15-20 br 
MW-95-85 93 7-17 sf/gd 
MW97-13R 106.4 53-83 br 
MW97-13S-t 106.4 30-35 sf/gd 
MW97-13S-2 106.2 43-48 sf/gd 
MW97-14S-1 87.2 12.5-17.5 sf/gd 
MW97 -14S-2 87.3 5-10' sf/gd 
MW97 -16S 86.1 20-25 sf/gd 
MW97-18S 87.1 13-18 sf/gd 
MW97 -195 89.3 21.5-26.5 . sf/gd 
PZ-2D 118 95-100 sf/gd 
PZ-3D 114.89 90-95 sf/gd 
Pumping We" 89.54 44-50 sf/gd 
ft msl = feet relative to mean sea level 
ft bgs = feet below ground surface 

Stratigraphic Units: 
sf = sand facies of glaciomarine distal fan deposits 
gd = gravel and diamict facies of glaciomarine proximal fan deposits 
br=bedrock 



3.2 ANTECEDENT TRENDS 

Historical water level measurement data have been collected in wells at the SML site. The water 

levels were collected prior to sampling rounds in the wells to be sampled and in other wells at 

various times. Historical measurements in three wells utilized as observation wells during the 

pumping test were evaluated to detennine the antecedent trends. The wells were MW-93-5, 

MW-95-7S, and PZ-2D. Wells MW-93-5 and MW-95-7S are located in the gravel pit area west 

of Sandy Brook and south of Landfill Areas 3 and 4. Piezometer PZ-2D is located east of Sandy 

Brook. 

Figure 3-2 shows ~istorical measurements' of groundwater elevation in three wells utilized as 

observation wells for the pumping test. The graphs in. Figure 3-2 exhibit the same basic 

characteristics. The curves are relatively flat with minor perturbations until a significant 

recharge event took place in early 1998. This recharge event took place well after the pumping 

test was completed. 

3.3 PUMPING TEST 

The pumping test of the 8-inch well was initiated to test the aquifer characteristics for the 

feasibility study. The drawdown measurements for the pumping test and the various observation 

wells were analyzed for transmissivity and storage values for use in the groundwater modeling 

effort for the feasibility study. 

The pumping test was initiated on December 16, 1997 at 12:47 p.m. Static water levels in the 

observation wells were gathered on the morning of December 16 prior to initiation of the 

pumping test. The discharge system had been filled prior to starting the test to provide for 

uniform early discharge. The pumping test was run at a constant discharge rate of209 gpm. The 

pumping test was terminated on December 19, 1997 at 9:00 a.m. 

WOODARD Ik. CURRAN (95093.06) 
Interim Final Feasibility Study 

Appendix-SI - Page IS 11101199 



MvV-93-5 

- 87.5 
III) 

E 86.5 

E. 85.5 I c 84.5 0 -;: • . ..... III 83.5 > 
CD 

82.5 iii 
10128195 2/5/96 5/15196 8123196 1211/96 3111197 6119197 9127/97 115198 4/15198 

Date of Measurement 

MvV-95-7S 

~ 87.5 
III) 

E 86.5 

I E. 85.5 
c 84.5 I 0 -;: 

83.5 • ~ III 
> 
CD 82.5 iii 

10128195 215/96 5/15196 8123196 1211/96 3111197 6119197 9127/97 115198 4/15198 

Date of Measurement 

PZ-2D 

~ 87.5 
III) 

E 86.5 

E. 85.5 
c 

84.5 / .2 
'1ii 83.5 • .'V > 
CD 

82.5 iii 
10128195 215196 5/15196 8123196 1211196 3111197 6119197 9127197 1/5198 4/15198 

Date of Measurement 

Figure 3-2: Groundwater elevation measurements at three selected wells. 



Water level measurements were made according to the following time schedule: 

0-2 minutes 
5-10 minutes 
10-15 minutes 

30 minutes-2 hours 
2 hours - 4 hours 

4 hours - 20 hours 
20 hours - end of test 

Frequency of Measurement 

every 30 seconds 
every minute 

every 5 minutes 
every 112 hour 

hourly 
every 4 hours 
every 6 hours 

The pumping test ran for approximately 2 days and 20 hours (4092 minutes). Stabilization of 

drawdown was not achieved during the pumping test. The pumping test had to be terminated 

because the retention pond containing the extracted groundwater reached capacity prior to 

stabilization of drawdown. The pumping test"ran for sufficient time to generate adequate data to 

determine aquifer transmissivity. 

3.5 GROUNDWATER/SURFACE WATER MONITORING 

Groundwater was monitored for total arsenic during the pumping test. Samples were collected at 

the well head and sent to Katahdin Analytical Labs for total arsenic analysis. A total of six 

samples were collected and analyzed during the course of the pumping test. 

The first sample was collected approximately one hour into the pumping test. A second sample 

was collected on December 16, 1997 approximately 8 hours after initiation of the pumping test. 

Two samples were collected on December 17, 1997, and one sample was collected per dayon 

the 18m and 19m of December. 

The analysis of the groundwater was below the practical quantitation level of the laboratory for 

each of the samples collected. Significant levels of arsenic were not detected in the groundwater 

extracted during the pumping test. Full laboratory results are presented in Appendix C-2. 

Surface water was not analyzed during the course of the pumping test. 
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4.0 EVALUATION OF AQUIFER CHARACTERISTICS 

This section presents an evaluation of the data collected during the pumping test. The evaluation 

includes discussion of water level corrections, evaluation of drawdown and recovery data, 

aquifer parameters, aquifer boundaries, groundwater flow, groundwater. quality, . and 

groundwater/surface water interactions. The objective of the pumping test was to obtain the data 

necessary to determine the aquifer properties for the modeling effort undertaken in support of 

remedial alternatives in the feasibility study. 

4.1 WATERLEVELCORRECI10NS 

Ambient water levels were not measured dUring the course of the pumping test. No recharge 

events took place during the course of the pumping test. An ambient correction was not applied 

to the data from this pumping test. The average daily barometric pressure as measured at the 

Portland International Jetport varied between 29.7 and 29.9 inches of mercury over the period of 

the pumping test. Assuming a barometric efficiency of 50% the resulting fluctuation in 

measured heads would amount to 0.00113 feet Therefore, corrections to the pumping test 

drawdown data for changes in barometric changes were not necessary. 

4.2 EVALUATION OF DRA WDOWN DATA 

The time drawdown data were entered into an aquifer analysis computer program, Aquiferwin32 

version 1.0. This aquifer analysis program produces log-log and semi-log plots. The plotted data 

curves are then matched visuaUy to type curves, or straight )ine matching techniques are used 

from which the program computes the aquifer parameters. 

Data curves were plotted and analyzed using two or more analytical methods in Aquiferwin32
• The 

boring logs from the pumping well and observation wells were used in conjunction with the 

curve or straight line matches to determine aquifer characteristics. Numerous methods are 

available to determine aquifer parameters (transmissivity and storativity) from pumping well 

tests. The selection of appropriate analytical pumping test solutions rests on satisfaction of 

assumptions upon which the solution is based. Common assumptions for aquifer test analyses 

are as follows: 
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• ; The aquifer is homogeneous, isotropic, and of unifonn thickness over the area 

influenced by the test. 

• The aquifer is pumped at a constant discharge rate 

• The pumping well penetrates the entire thickness of the aquifer and receives water 

by horizontal flow. 

• Prior to pumping, the potentiometric surface of the confined aquifer and the water 

table in the unconfined aquifer are nearly horizontal over the area influenced by 

pumping. 

• The aquifer is either confined, leaky, or unconfined and seemirJgly infinite in areal 

extent. The flow in the aquitard is vertical. 

• The water removed from storage in the aquifer and the water supplied by leakage 

from the aquitard is discharged instantaneously with decline in head. 

Plotting the elapsed ti~e (t) versus the corrected drawdown (y) on semi-log graphs and on log

log graphs pennits the recognition of aquifer types and boundaries. Unconfined aquifers can be 

distinguished from confined aquifers by the depression in the time-drawdown curve caused by 

delayed gravity drainage of the water in the unconfined aquifer. Specific boundary conditions 

may effect the time-drawdown data. Specific boundary conditions are partial penetration of the 

well, well bore storage, recharge boundaries, or impenneable boundaries. The effect of pumping 

from a partially penetrating well is vertical flow components in the vicinity of the well 

accompanied by additional head losses. Well bore storage affects the early time-drawdown data 

during which time storage in the well is being discharged. Recharge boundaries are discerned by 

a downward inflection in the drawdown curve. In contrast, impenneable boundaries cause a 

steepening of the drawdown with time. 

4.3 AQUIFER PARAMETERS 

Aquifer parameters were detennined from the time-drawdown data generated during the 

pumping test. The time-drawdown graphs are presented in Appendix C-2. The methods used to 
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determine the values for transmissivity were generally the Cooper-Jacob method or the Neuman 

method. 

Transmissivity values were determined for each observation well where drawdown was observed 

during the pumping test. Transmissivity values were observed in a range from 9,000 frIday to 

31,000 frIday. Transmissivity values are presented in Table 2. 

Hydraulic conductivities. were computed from the transmissivity values by dividing by the 

normalized aquifer thickness. The normalized aquifer thickness was computed by averaging the 

values for the aquifer thickness at the observation well and the aquifer thickness at the pumping 

well. The average hydraulic conductivity for the lower course grained sand and gravel aquifer is 

310 ft/day. The hydraulic conductivity 'values are presented in Table 2 along with the 

corresponding transm issivities. 

4.4 AQUIFER BOUNDARIES 

For the duration of this pumping test, there are no discernible boundaries encountered by the 

drawdown cone induced, by the pumping well. The basal boundary is the bedrock and till 

underlying the site. The sand and gravel deposits are unconfined west of Sandy Brook. East of 

Sandy Brook the sand and gravel aquifer is confined on the top by the fine silts and clays of the 

Presumpscot Formation Boundaries were not readily discernible from the time drawdown 

graphs. 

4.5 GROUNDWATER FLOW 

The stresses induced by the pumping well cause a significant interruption of the natural 

groundwater flow field. In general, the normal flow field toward the south is maintained along 

the river. In the immediate vicinity of the pumping well, however, there is a gradient reversal 

and groundwater appears to flow toward the pumping well. Also, during the pumping test deep 

groundwater wells on the east side of the stream experienced significant drawdown indicating 

that groundwater east of the stream responded to the prolonged pumping at the extraction well. 
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WeUID GS MP 
Elevation Elevation 

MW-95-6R 85.73 89.49 

MW-95-SR 122.95 125.95 

MW-93-3 87.1 89.89 

PZ-2D 118 121.72 

MW-9S·7R 89.3 91.22 

PZ-3D 114.89 117.07 

Pumping Well 89.54 89.54 

MW-9S-4RD 93.26 95.26 

MW97·13R 106.4 106.4 

MW-95-4R 91.93 93.93 

MW-95-4SA 85.2 66.24 

MW-93-S 90.17 92.89 

MW97·13S·2 106.2 106.2 

MW97·16S 86.1 88.9 

MW97·19S 89.3 92.5 

MW97·18S 87.1 89.1 

MW97·14S-1 87.2 89.8 

TABLE 1 
HYDRAULIC CONDUCTIVITY AND CALCULATED TRANSMISSIVITY VALUES 

Depth to Bedrock 
Static Elevation 
GW 

6.08 -23.27 

42.49 -14.5 

6.49 -11.90 

38.59 -20 

7.3 35.8 

33.98 22.97 

8.84 30 

11.72 68.18 

25.01 58.4 

10.42 68.44 

4.66 65 

9.09 41.17 

23.95 58.2 

5.39 26 

8.2 62.8 

5.69 69.1 

6.27 69.7 

SA CO MUNICIPAL LANDFILL 
SACO, MAINE 

Well Overburden Aquifer 
Screen Thickness Thickness 

Elevation 

-25.27 109.00 102.92 

-24 137.45 94.96 

19.10 99.00 92.51 

26.71 138.00 99.41 

31.3 53.50 46.20 

32.97 91.92 57.94 

45.54 59.54 50.70 

49.68 25.08 13.36 

53.4 48.00 22.99 

60.44 23.49 ·13.07 

61.2 20.20 15.34 

63.17 49.00 39.91 

~ 

63.2 48.00 24.05 

66.1 60.10 54.71 

67.8 26.50 18.30 

74.1 18.00 12.31 

74.7 17.50 11.23 

Normalized 
Aquifer 

Thickness 

76.81 

72.83 

71.61 

75.06 

48.45 

54.32 

NA 

32.03 

36.85 

31.89 

33.02 

45.31 

37.38 

52.71 

34.50 

31.51 

30.97 

Calculated Hydraulic 
Transmissivity Conductivity 

(sq. ft./day) (cm/sec) 

23487 0.1079 

13347 0.0647 

21844 . 0.1076 

30577 0.1437 

9819 0.0715 

16889 0.1097 

12707 0.1400 

29201 0.2796 

11483 0.1270 

14139 0.1511 

9168 0.0714 

9449 0.0892 

9894 0.0662 

11378 0.1163 

10219 0.1144 

13177 0.1501 



WelllD GS MP 
Elevation Elevation 

MW97·13S·1 106.4 108.4 

MW·95-4SB 84.97 88.16 

MW·95·2S 87.11 90.04 

MW97·14S·2 87.3 89.9 

MW·95·7S 86.78 89.16 

MW·95-6S 87.69 90.52 

MW·95-8S 93 94.84 
MW·95-8R 122.17 124.14 

TABLE 1 
HYDRAULIC CONDUCTIVITY AND CALCULATED TRANSMISSIVITY VALUES 

Depth to Bedrock 
Static Elevation 

GW 

24.65 58 

4.83 65 

6.77 63 

6.27 70 

5.9 40 

7.19 ·23 

11.97 25 
15.07 112.17 

SACO MUNICIPAL LANDFILL 
SACO,MAINE 

Well Overburden Aquifer 
Screen Thickness Thickness 

Elevation 

76.4 48.40 23.75 

79.97 .19.97 15:14 

82.1 24.11 17.34 

82.3 17.30 11.03 

82.78 46.78 40.88 

83.69 110.69 103.50 

87.84 68.00 56.03 
107.17 10.00 10.00 

Normalized 
Aquifer 

Thickness 

37.23 

32.92 

34.02 

30.87 

45.79 

77.10 

53.37 
30.35 

Calculated Hydraulic 
Transmissivity . Conductivity 

(sq. ft./day) (cm/sec) 

11413 0.1082 

11204 0.1201 

10125 0.1050 

10845 0.1240 

9493 0.0731 

20325 0.0930 

25668 0.1697 



The drawdown induced in wells east of the stream is likely due to the depth of completion of the 

pumping wells and observation wells east of the stream coupled with the stratigraphy of the site. 

The pumping well was completed in the course-grained sand and gravel deposits of the lower 

aquifer. The observation wells completed on the east side of Sandy Brook were also completed 

in the lower course-grained sand and gravel aquifer. As mentioned portions of the broo~ are 

underlain by the silt and clay deposits of the Presumpscot Formation In addition, some finer

grained distal fan deposits are superimposed on the proximal fan deposits corresponding to the 

lower aquifer. The combination of these stratigraphic conditions and the depth of completion of 

the pumping and observation wells allow pumping on the west side of the stream to induce 

drawdown in observation wells on the east side of the stream. 

4.6 GROUNDWATER QUALITY 

Groundwater was tested for total arsenic content during the pumping test. The test results were 

less than the practical quantitation level of the laboratory (0.008 mg/l). Testing indicates that 

arsenic was not present in quantities above the PQL in the water discharged during the pumping 

test. 

4.7 GROUNDWATER/SURFACE WATER INTERACTIONS 

The interaction between groundwater and surface water has been characterized by the USGS 

(1995). Stream gauging of Sandy Brook indicates that the brook is a gaining stream as it flows 

through the landfill study area. Based on the stream gauging conducted by the USGS (1995), the 

majority of the baseflow received by the stream occurs in the lower portion of the stream in the 

vicinity of the gravel pit south of the landfill. 

Three gauging stations were used to compute the average amount of groundwater discharging to 

the stream between gauging stations (see Figure 2-4). Measurements were made at these 

gauging stations between July 1993 and January 1994 The average amount of groundwater 

discharging to the stream between Station 1 and Station 2 is 5,184 ~/day. The average amount 

of groundwater discharging to the stream between Station 2 and Station 3 is 21,600 ff/day. 

These averages were computed by averaging the stream gauging values for the driest months of 
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the measuring period (July-August) and computing the differences between the averages for each 

station. The driest months were chosen because changes in stream flow between stations would 

more accurately reflect the groundwater/surface water interaction rather than the effect of 

precipitation, overland flow, or interflow to the stream. Therefore, the groundwater discharging 

to the stream would be due primarily to infiltration recharging the water table and flo~ing 

through the groundwater system to ultimately discharge within Sandy Brook. 

The fact that there is more baseflow to the lower reach of the stream than to the upper reach 

within the study area is due primarily to the type of deposits underlying the stream in the two 

respective areas. In the upper portion of the stream above the Station 2, the stream is underlain 

by the fine-grained deposits of the Presumpscot Formation In the lower portion of the stream 

below Station 2, the stream is underlain by the coarser sand and gravel deposits of the lower 

aquifer. 

The upper portion of the stream is almost entirely underlain by fine-grained Presumpscot 

deposits until approximately Station 2. The bottom deposits of the stream change just 

downstream from the· culvert underlying the access road to a gravel bottom. An associated drop 

in stream elevation occurs in this same location. The drop in stream elevation coupled with the 

sudden change in bottom type creates a preferential window for groundwater discharge to the 

stream. This window extends to the vicinity of the seep area located downgradient from the 

landfill. The bottom material of the stream then changes again to a more silty, fine-grained 

sediment type. Several changes in bottom type similar to those mentioned above occur along the 

lower reach of Sandy Brook below Station 2. These "windows" provide opportunities for gr~ater 

discharge to Sandy Brook by groundwater. 

The mixing of groundwater from the toe of LandfilJ Areas 3 and 4 with streamflow in Sandy 

Brook results in lower chemical concentrations in the surface water than in the discharging 

groundwater. The concentration of a contaminant in surface water will be a function of the 

concentration of the contaminant in the influent groundwater, the quantity of influent 

groundwater, the influent concentration of the contaminant in the surface water, and the surface 

water discharge at the point of groundwater discharge. Calculations using stream discharges 

measured by the USGS indicate that groundwater discharge from the plume represents about 

five percent of total streamflow at high flow conditions and about 39 percent of total streamflow 
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at low flow conditions (see Appendix B-3). Consequently, at high flow, concentrations of 

inorganic chemicals in surface water downstream of the plume discharge should be about five 

percent of the concentrations in the discharging groundwater, assuming that influent surface 

water has a unit concentration. 

Calculations were made to evaluate the effect of various influent groundwater and surface water 

concentrations (Appendix B-3). These calculations show that with unit arsenic and manganese 

concentrations in influent surface water, when groundwater concentrations are reduced to a 

maximum of SO Jlg/L for arsenic (average plume concentration 14.6 Jlg/L) and 2,875 Jlg/L for 

manganese (average plume concentration 196 Jlg/L), concentrations in surface water at the 

groundwater discharge area are 'expected to be below the PQL of 8 Jlg/L for arsenic and to be 76 

Jlg/L or less for manganese_ Using background concentrations for arsenic and manganese as 

influent surface water concentrations, surface water concentrations downstream of the 

groundwater discharge area are calculated to be at the PQL of 8 Jlg/L for arsenic and to be 1545 

J.1g/L or less for manganese. 
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5.0 GROUNDWATER MODEL 

The objective of the groundwater model is to evaluate remedial alternatives for the feasibility 

study, to understand the distribution of arsenic within the flow system and its impact on Sandy 

Brook, and to detennine the flushing rate and travel times of groundwater through different parts 

of the flow system. The groundwater model development included the following: 

• Development of a conceptual model of the aquifer conditions including simplifying 

assumptions necessary to construct the model, 

• Selection of a numerical model. 

• Model design and development including: grid, flow parameters, initial conditions, 

boundary conditions, and hydrologic stresses. 

• Calibration, verification, and sensitivity analysis of the model by approximating field 

measured heads and stream discharge. 

• Analysis of flow system. 

5.1 CONCEPTUAL MODEL OF FLOW SYSTEM 

The conceptual model of the flow system is generally characterized based on the geology, 

groundwater flow, aquifer parameters (hydraulic conductivity, storage, thickness, etc.), the 

interaction of groundwater with surface water, and the boundaries of the flow domain. 

5.1.1 Geology 

The geology, stratigraphy, and depositional environment at the Saco Municipal Landfill is based 

on work completed by the USGS (1995) and W&C (1998). Stratified glacial deposits consisting 

of glacial till, coarse-grained glaciomarine deposits, and fine-grained glaciomarine deposits are 

positioned over bedrock at the SML site. The geology is typical of glaciomarine depositional 

environments. Glaciomarine sediments were deposited along glacial margins where glaciers 

were in contact with marine waters. 
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The upper portion of the sediments is generally the fine-grained silts and clays of the 

Presumpscot Formation The fine-grained silts and clays are present east of Sandy Brook and are 

generally absent west of Sandy Brook. The Presumpscot Formation is the upper most sequence 

of sediments modeJed at the SML. The upper fine sand facies of the Presumpscot Formation was 

not modeled because the layer is thin, isolated from the lower aquifer by the less-permeable silt 

and clay facies, and does not produce useable quantities of water. The Presumpscot Formation 

underlies Sandy Brook above USGS stream gauging Station 2. Below this station, the 

Presumpscot Formation is intermittently present. The Presumpscot Formation has been eroded 

in some locations exposing windows to the lower coarser-grained sand and gravel of the 

underlying layer.· 

The course-grained glaciofluvial sediments are referred to as the "lower aquifer" because they 

are stratigraphically below the fine-grained sediments of the Presumpscot Formation The term 

"lower aquifer" is still used for the course-grained unit over the entire study area despite the 

general absence of the Presumpscot Formation west of Sandy Brook. These deposits are the 

most significant water bearing zone at SML. These deposits are interpreted to have an upper and 

lower member corresponding to distal and proximal fan deposits respectively. The upper 

member of this unit consists of finer sands and little gravel while the lower member consists of 

coarse sands and gravel. Locally present within the sand and gravel aquifer are clay lenses. 

Seeps are present where the clay lenses become exposed at the surface. 

Beneath the "lower aquifer", a till layer mantles the ~edrock surface. The glacial tiJI deposits 

consist of an unsorted mixture of clay, silt, gravel, cobbles, and frequent boulders. The 

abundance of fine-grained matrix material within this unit prevents the till from transmitting 

water in useable quantities. 

Bedrock underlies the unconsolidated deposits at the site. The bedrock geology of the Saco 

Landfill region has been mapped by Hussey (USGS, 1995). The primary bedrock type is 

described as a metasedimentary hornfels belonging to the Cape Elizabeth Formation (USGS, 

1995). The majority of fractures within the bedrock occur in the upper 20 feet of the rock and 

produce the greatest quantities of water (W &C, 1998). Additionally, flow measured in bedrock 
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boreholes was upward indicating upward movement of groundwater in the bedrock (W &C, 

1998). 

A site plan showing the locations of cross-sections A-A' and B-B' is given in Figure 5-1. Cross

section A-A' shows the stratigraphy from Area 4 across Sandy Brook and into Areas 1 and 2. 

Cross-section B-B' depicts the stratigraphy from Area 4 east across Sandy Brook to just south of 

the borrow area 

The cross-section A-A'( Figure 5-2) shows the thick silt and clay deposits as a wedge of 

sediment that is thin beneath Sandy Brook and thickens to the northeast. This facies is absent 

west of the brook. The silts and clays are underlain by the coarse-grained glaciomarine deposits 
I 

of the lower aquifer. Glacial till underlies the lower aquifer; it pinches out to the west atop the 

bedrock high upon which the Area 4 is situated and thickens-to the east. 

Cross-section B-B'(Figure 5-3) depicts the stratigraphy from Area 4 across Sandy Brook to south 

of the borrow area. The stratigraphy is the same as that depicted in cross-section A-A'. The 

glacial till underlying the lower aquifer is present as a thin mantIe overlying the bedrock. The 

glacial til1 is interpreted to be loca)]y absent beneath the ]andfill. The coarse-grained deposits of 

the lower aquifer are interpreted to pinch out locally beneath the Area 4, thicken to the east after 

passing beneath Sandy Brook and then thin again beneath the silt and clay deposits to the east. 

The silt and clay is present as a wedge beneath Sandy Brook that thickens to the east. 

The base of the lower aquifer is defined by the contoured top of till and bedrock. The top of till 

and bedrock are based on dril1ing results (W&C, 1998, and USGS, 1995) and seismic refraction 

experiments completed by the USGS (1995). The top of the lower aquifer east of Sandy Brook 

is defined by the base of the silts and clays of the Presumpscot Fonnation based on drilling 

results by the USGS (1995) and W&C (1998). West of Sandy Brook the top of the lower aquifer 

is either the ground surface or the interpreted base of the landfill. 

5.1.2 Groundwater Flow 

The non-stressed regional potentiometric surface map presented as Figure 2-3 is representative 

of the long-tenn average.. The potentiometric contours, all relative to sea-level, 

WOODARD &. CURRAN (95093.06) 
Interim Final Feasibility Study 

Appendix-B I - Page 26 1lI01J99 



• ) 7-----;~-r...,.,...~ 

Loc t' F' 

~~~~~~;-________________ ~ _________________________ H __ Yd~r~o~g~e~~O~lo~a~~'l~o~n of Geolo ,lgure 5-1 
98 10025.dw9/9509J/19' gl cSal In vestig a f C Profil es 

aco Mu ' , IOn Report 
mClpal Landfill 

Saco M ' . alne 

.~.~q.mAN • ,i~,.ra· ( ~a 



Southwest 

A 
Ar<!'a 4 
L.andfW 

180 

0: 

160 
,..... 

I ,..... 
O'l 

140 I 
!: 
::::;; 

120 

.......... 
Vl 100 
E 

...... 
"- 80 '-" 

c 
""it. and d.2!l4 0 

...... 60 1""4<!'''''' 0 
> 
~ 
w 

40 

20 

0 

-20 
Vertical Exaggeration 6.25x 
I 

0 

D Fill ~ 

D "'''' Morine sand facies ~--,,,,'-

~ f"m Silt-cloy facies 

J 10 ~o ~I ",f"/ Cjd Coarse-grained glacio-. . 
marine deposits 

[2] "* Glacial till 

9810027.dwg/95093/lgt 

Sandy I'l. 
BrooK. 

o 

Bedrock 

Water table (January 1996) 

Monitoring well or piezometer 

Foss 
Road 

I 

Northeast 

A' 

160 

PZ4S MW-95-10S 
140 

120 

100 

80 

60 

40 

20 

o 

-20 

I 
2400 FT 

Figure 5-2 
Geologic Cross Section A-A' 

Hydrogeological Investigation Report 
Saco Municipal Landfill 

Saco, Maine 



,,-.... 
(J) 

E 
...... 
"+--
'---' 

c 
0 

...... 
0 
> 
Q) 

W 

West 
B 

180 

160 

140 

120 

100 

80 

60 

40 

20 

0 

-20 

-40 

-60 

-80 
Vertical 

I 
0 

J 

Exoggeration 6.2Sx 

Fill 

Morine sand facies 

Silt -ciay facies 

Sa.ndy 
Brook 

East 
B' 

180 

n:: 
0() 

160 I 
0() 

'" I 
~ 140 
~ 

120 

100 

80 

60 

40 

20 

0 

-20 

-40 

-60 

I -80 
1800 FT 

Coarse-grained glaciomarine deposits 

Glacial till 

Bedrock 

Water table (January 1996) 

Monitoring well or piezometer 

Figure 5-3 
Geologic Cross Section B-B' 

Hydrogeological Investigation Report 
Saco Municipal Landfill 

Saco, Maine 

'----------------------------------------------------------------------------------------------~ ~~,.~.~ 
9810028owg/95093/lql 



represent static water level elevations in wells and at points where topographic contours cross 

swamps and streams. 

The configuration of the potentiometric surface indicates that Sandy Brook is a gaining stream, a 

conclusion that is supported by stream discharge measurements by the USGS (1995). The 

primary source of recharge to the aquifer is the portion of recharge that reaches the water table of 

the aquifer, i.e., the portion not removed by evapotranspiration, specific retention, or surface 

water runoff. A secondary source of recharge after large storm events is the sedimentation basin 

located at the toe of the landfill, into which runoff from rain events is directed. 

The direction of groundwater flow, perpendicular to inferred groundwater contours, is from areas 
. I 

of recharge to areas of discharge. In general, the groundwater contours indicate flow is radia]]y 

away from Area 4 and then is diverted toward Sandy Brook. West of Sandy Brook the contours 

trend east and then south following the general direction of the stream. East of Sandy Brook 

flow is southwest towards the brook and then south following the direction of the stream. 

5.1.3 Aquifer Characteristics 

Aquifer characteristics are based upon analysis of pumping test data. The pumping test data 

were analyzed using a variety of curve-matching techniques. Similar results were provided by 

many of the techniques including the Cooper-Jacob straight line fitting technique and the 

Neuman curve matching technique. For the most part, the Cooper-Jacob method appeared ·to 

give the best estimate of the average aquifer properties. The average value for transmissivity and 

hydraulic conductivity are 14,390 sq. ftiday and 310 ftiday respectively. 

5.2 NUMERICAL MODEL SELECTION 

MODFLOW was selected for aquifer simulation. Documentation of MODFLOW is described 

by McDonald and Harbaugh (1988). 

The code, or computer program, solves a set of algebraic equations generated by approximating 

the partial differential equations (governing equation, boundary conditions, and initial 
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conditions) that fonn the mathematical model. The finite difference technique transfonns the 

mathematical model into a matrix equation that can be solved efficiently by a computer. The 

strongly implicit procedure (SIP) was selected to solve the matrix equation in MODFLOW. 

Finite difference methods compute the potentiometric head at the center of each grid block 

(node). The location of each node is identified in MODFLOW with ij,k notation, where i 

represents the column, j the row, and k, the layer. The equation for the head at node iJ,k 

includes the head at the node itself as well as the heads at the six surrounding nodes. 

The modeling approach was to develop the model to be a reasonable representation of the major 

physical and hydraulic features of the flow system based on existing hydrogeologic data from 

reports and field meaSurements.' 

5.3 MODEL DESIGN AND DEVELOPMENT 

The conceptual model was developed and incorporated into a numerical model of groundwater 

flow at the site. The development of the numerical model included the design of the following: 

the model grid and iayer construction, boundary conditions, model parameter assignment, 

recharge, river nodes, and storage coefficients. 

5.3.1 Model Grid and Layer Construction 

The grid in the model is defined by a set of 105 rows in the y direction (following the Cartesian 

coordinate system), 108 columns in the x direction, and 4 layers in the z direction. Figure 5-4 

shows the model grid and boundaries superimposed on a map of the site. The area between 

adjacent rows and columns is defined as a cell. Each cell has uniform dimensions of 25 feet 

between rows and 25 feet between columns. The uniform spacing of 25 feet was adequate to 

represent the changes in each of the layers while maintaining model stability. Nodes where 

potentiometric head is to be calculated, are centered in each cell (the block centered formulation 

of the finite difference equation was used in MODFLOW). The grid was rotated 45 degrees east 

of 
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Groundwater Model Grid and Boundary Conditions 
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north and aligned to the extent possible with Sandy Brook. The grid was extended to aquifer 

boundaries to the east and west. The northern portion of the grid was placed such that it 

encompaSsed all of Areas 3 and 4 and the southern half of Areas 1 and 2. The southern boundary 

of the grid was placed just below the confluence of Sandy Brook and Big Ledge Brook. 

Four layers were necessary to simulate the hydrostratigraphic units present in the study area. 

The upper layer (Layer 1). the fme silts and clays of the Presumpscot Formation. is present east 

of Sandy Brook and acts as a confining layer where present. The next layer (Layer 2) is 

representative of the glaciomarine proximal fan deposits making up the major aquifer in the 

study area. The third layer included in the model was the basal till draping the bedrock surface. 

The top 20 feet of bedrock was modeled as the fourth layer. 

Layers were designed based on boring data from the site. Elevations of the respective 

hydrostratigraphic layers from the boreholes were submitted to a geostatistical analysis using 

kriging to produce a surface for each layer. The surfaces for each layer were imported into the 

model domain and thicknesses were verified against borehole data. 

5.3.2 Boundary Conditions 

The boundary conditions for the model were based on landfill conditions prior to capping. No

flow boundaries, river boundaries, and constant head boundaries were included in this model. A 

discussion of the individual boundaries is presented below. 

The no-flow boundaries selected for the site are shown on Figure 5-4. No-flow boundaries 

correspond to areas parallel to flow lines. Constant head boundaries were utilized in this model 

to represent areas where groundwater either enters or is released from the model. Constant head 

boundaries were placed in active nodes in the northeast comer of the grid to represent 

groundwater flow under a regional gradient from the northeast and to allow water to enter the 

model. A second constant head boundary was placed in active nodes along the southern model 

boundary to remove water from the model. The boundary conditions were selected based on 

groundwater flow conditions prior to capping the landfill. 
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The river boundaries simulate the action of rivers or streams and their interactions with the 

groundwater flow system. 

Figure 5-4 shows the types, numbers, and locations of boundary conditions made use of in the 

SML groundwater model. Constant head boundaries are shown in the northeastern. and southern 

portion of the model. Groundwater is allowed to flow into the model in the northeast and is 

released from the model in the south. Sandy Brook, Big Ledge Brook and a small intermittent 

stream north of Areas 3 and 4 have been modeled as river boundary conditions. The no-flow 

boundary conditions are located on the eastern, western, and northwestern borders of the 

modeled area (see Figure 5-4). These boundaries are no-flow boundaries because groundwater 

flow appears to be parallel to these boundaries such that there is no flow of water into or out of 

the model in relation to these boundaries. 

5.3.3 Model Parameters 

Hy~rau1ic conductivities were assigned as five major zones. Horizontal hydraulic conductivity 

(KJ and vertical hydraulic conductivity (K.) were assigned with differing values to represent 

formation anisotropy. The hydraulic conductivity in the model was equal in both the x and y 

directions. 

Zone 1 (high K) was assigned a K value of 300 ftlday determined from the pumping test. The 

assigned hydraulic conductivity was conservative given the range of hydraulic conductivities 

from 183 to 481 ftiday. Zone 1 corresponds to portions of the lower sand and gravel deposits 

(i.e. proximal fan deposits). 

Zone 2 (Jow K) was assigned a K value of 0.283 ftlday was assigned to the till deposits. Zone 2 

corresponds to the till deposits. The value of 0.283 ftlday for the tm falls at the upper limit of 

the range of values for hydraulic conductivity of till (Freeze and Cherry, 1979). 

Zone 3 (Jow K) corresponds to the upper 20 feet of bedrock. Zone 3 was assigned a K value of 

0.4 ftlday, within the measured range of2.83 xlO·3 to 2.83 ftiday. The 0.4 ft./day value assigned 

is slightly higher than that calculated by the USGS. The sensitivity analysis showed that the 

model is not that sensitive to the value of hydraulic conductivity assigned to the bedrock. 
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Zone 4 (intermediate K) was assigned a value of 36 ftlday for ~ and 20 ftlday for J(... These 

values for 'Zone 4 were assigned to represent a finer grained member of the lower aquifer. The 

finer grained member of the coarse-grained glaciomarine sediments is present around the 

periphery of the landfill. The finer grained sediments correspond to the sand facies of 

glaciomarine distal fan deposits (USGS, 1995). 

Zone 5 (low K) was assigned a value of 1.5 ftiday for ~ and 20 ftiday for K.. The values for 

Zone 5 were assigned to represent trash materials within the landfill. Hydraulic conductivities 

within trash materials are expected to be highly variable depending upon nature of materials, 

degree of compaction, and percentage of interconnected void spaces. 

5.3.4 Recharge 

The MODFLOW recharge package was used to simulate aerial recharge from precipitation to all 

active nodes in the highest active layer. Estimates of annual recharge to aquifers for this region 

are approximately 18 to 20 in.lyr. (USGS, 1995). An annual recharge rate of 18 in.lyr. was used 

in this model. 

5.3.5 River Nodes 

Sandy Brook, Big Ledge Brook, and the small intennittent stream were modeled using the 

MODFLOW river package. The river package requires the input of the stage, vertical hydraulic 

conductivity of the river bed, and the elevation of the river bed for each cell of the model 

occupied by the river. The stage elevation was assigned based on a survey of Sandy Brook tied 

to known elevations at the site. During the course of this survey, bottom type was also noted for 

later incorporation into the model. 

The base of Sandy Brook was assumed to be 4 feet below the stage which accounted for 

variability in stage and stream bed thickness. Sandy Brook was assigned a width of 25 feet, a 

vertical hydraulic conductivity ranging from 2.83 to 30 ftlday, and a bed thickness of 3 feet The 

range in conductivities assigned to the stream was based on visual observations of the stream 
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bottom (refer to Section 4.7) and using published values for earth materials (Freeze and Cherry, 

1979). 

The base of Big Ledge Brook was assumed to be 4feet below the stage which accounted for 

variability in stage and stream bed thickness. Big Ledge Brook was assigned a width of 25. feet, 

a vertical hydraulic conductivity of 3 ftlday, and a bed thickness of 3 feet 

The base of the small, intermittent stream was assumed to be 1 feet below the stage which 

accounted for variability in stage and stream bed thickness. This small stream was assigned a 

width of 10 feet, a vertical hydraulic conductivity of 1 ftlday, and a bed thickness of 1 feet 

5.3.6 Storage Coefficients 

The transient portion of the model required the assignment of storativity or specific yield to the 

layers within the model. These values were assigned based on pumping test analyses and 

published values for these parameters (Freeze and Cherry, 1979). Sands and clays were assigned 

a value of 0.03 for storativity, 0.15 for specific yield, and 0.30 for porosity. Till was assigned a 

value of 0.0 1 for storativity, 0.01 for specific yield, and 0.25 for porosity. Bedrock was assigned 

values of 0.001, 0.001, and 0.001 respectively for storativity, specific yield, and porosity. 

5.4 MODEL CALmRATION AND VERIFICATION 

The steady-state groundwater flow model was considered calibrated based on the following 

criteria: 

• the potentiometric surface simulated by the steady state model approximated the 

non-stressed potentiometric surface map as determined by the computation of 

calibration statistics that indicated that all modeled head values were sufficiently 

close to measured head values and , 

• the flow of groundwater leaving the model via the river was reasonable based on 

stream discharge records. 
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Calibration targets were imported into Groundwater Vistas (a graphical user interface for 

MODFLOW) for computation of calibration statistics based on field-measured potentiometric 

heads. The calibration targets consisted of head measurements in 21 wells widely-spaced 

throughout the model domain. Water levels in selected wells at Saco Landfill fluctuated as much 

as 6.15 feet based on historical head measurements. 

GroundwaterVistas was used to compute the calibration statistics for the model. The calibration 

statistics consisted of the residual, which is the difference between the target head and the model 

head; the residual mean; residual standard deviation; residual sum of squares; the absolute 

residual mean; the minimum ·and maximum residual; the observed range in head; and the 

residual standard deviation divided by the range. In a good calibration, the residual mean should 

be close to zero indicating that the model is not overly biased in either the positive or negative 

direction. The residual standard deviation provides an indication of the spread of the residuals 

and should be as low as possible. For a good calibration, the residual standard deviation should 

vary much less than the total change in head across the model, perhaps 10 to 15 percent. The 

absolute residual mean (ARM) is calculated by averaging the absolute value of the residuals, 

with the objective in calibration to minimize this value. Groundwater Vistas also posts residuals 

on the head contour map for evaluation of the spatial bias in the residuals. A calibration was 

considered acceptable when the calibration statistics indicated that: 

• Spatial bias was minimized; 

• Absolute residual mean was minimized; 

• Residual standard deviation was within the standard deviation of 5.80 feet of the 

calibration target heads; 

• Residual mean was close to zero; and, 

• Residual standard deviation divided by the range was less than 15 percent of the total 

head change across the model. 

To calibrate the model, four stress periods equal to 3 months each in 1993 were set up with 50 % 

of the actual precipitation allowed to recharge the flow system. Calibration of the model was 
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done by adjusting the input parameters (recharge, hydraulic conductivity), one at a time, within 

reasonable ranges based on site-specific and textbook values. The steady-state groundwater flow 

model was considered calibrated when the potentiometric surface simulated by MODFLOW was 

a reasonable, close approximation of the non-stressed regional potentiometric surface; when the 

calibration statistics indicated a good calibration; and when the volume of water leaving ·the 

model through Sandy Brook compared favorably to stream discharge measurements at the three 

gauging stations on Sandy Brook. The period chosen for calibration was the three-month period 

ending in the end of August. This was chosen because precipitation data suggested that all flow 

in Sandy Brook was base flow derived from groundwater flow discharging to Sandy Brook. 

The model was verified by transient simulation. The transient simulation consisted of two stress 
. I 

periods. The first stre~s period wasfor 10,000 days with the p~mping well inactive. The second 

stress period was 3 days of pumping the pumping well at 209 gpm. The stress periods selected 

simulate the conditions before and during the pumping test conducted at Saco Landfill. The 

model was considered verified when predicted hydraulic head values at selected well locations 

simulated the non-stressed and stressed hydraulic head values as observed in the field. The 

. statistics are presented in Table 3. 

5.5 ANALYSIS OF SYSTEM 

After model calibration and verification, the groundwater model was developed as a transient 

model with four different stress periods. The first stress period was 10,000 days long and was 

utilized to simulate steady state conditions prior to capping the landfill. The average recharge 

used for this simulation was 18 inches/year (USGS, 1995). The second stress period was 365 

days long and was used to simulate one year of capped landfill conditions. The recharge that fell 

on the landfill area was removed and redirected downgradient of the landfill to the gravel pit area 

to simulate the capped conditions. The third stress period was also 365 days long and simulated 

the groundwater conditions after 2 years of the cap being in place. The recharge conditions were 

the same as the second stress period. The final stress period was 2,920 days long and simulated 

the groundwater conditions 10 years after the completion of the cap. 

Each stress period that was modeled produced a contour map of groundwater conditions at the 

end of the stress period. The contour maps were compared to determine the effect of the cap on 
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Table 3: Observed VS. Modeled Heads for SML Model 

Name Time Layer Observed Computed Residual 
MW-93-3 10000 2 83.4 83.16 0.24 
MW-93-3 10003 2 82.96 82.81 0.15 
MW-93-5 10000 2 83.8 83.65 0.15 
MW-93-5 10003 2 82.98 83.09 -0.11 
MW-95-4R 10000 4 83.51 83.92 -0.41 
MW-95-4R 10003 4 82.85 83.68 -0.83 
MW-95-4RD 10000 4 83.54 83.88 -0.34 
MW-95-4RD 10003 4 82.81 83.65 -0.84 
MW-95-4SA 10000 2 83.38 83.80 -0.42 
MW-95-4SA 10003 2 82.68 83.32 -0.64 
MW-95-4SB 10000 2 83.33 83.n -0.44 
MW-95-4SB 10003 .2 82.66 83.28 -0.62 
MW-95-5R 10000 4 83.46 83.97 ·-0.51 
MW-95-5R 10003 4 82.97 83.88 -0.91 
MW-95-6R 10000 4 83.41 83.37 0.04 
MW-95-6R 10003 4 82.97 83.29 -Q.32 
MW-95-6S 10000 2 83.33 83.15 0.18 
MW-95-6S 10003 2 82.9 82.82 0.08 
MW-95-7R 10000 4 83.92 85.04 -1.12 
MW-95-7R 10003 4 83.41 84.95 -1.54 
MW-95-7S 10000 2 83.26 83.39 -0.13 
MW-95-7S 10003 2 81.53 82.56 -1.03 
MW-95-8R 10000 4 110.66 112.55 -1.89 
MW-95-8R 10003 4 109.08 112.50 -3.42 
MW-95-8S 10000 2 82.87 85.46 -2.59 
MW-95-8S 10003 2 82.6 85.32 -2.72 
PZ-20 10000 2 83.13 85.68 -2.55 
PZ-2D 10003 2 82.8 85.55 -2.75 
PZ-30 10000 2 83.09 84.66 -1.57 
PZ-3D 10003 2 82.87 84.48 -1.61 
MW-97-13S-1 10000 3 83.75 85.26 -1.51 
MW-97-13S-1 10003 3 83.03 85.06 -2.03 
MW-97-14S-1 10000 2 83.53 83.75 -0.22 
MW-97-14S-1 10003 2 82.75 83.18 -0.43 
MW-97-14S-'2 10000 2 83.63 83.n -0.14 
MW-97-14S-2 10003 2 82.79 83.20 -0.41 
MW-97-16S 10000 2 83.51 83.36 0.15 
MW-97-16S 10003 2 81.02 82.58 -1.56 
MW-97-18S 10000 2 83.41 83.50 -0.09 
MW-97-18S 10003 2 82.35 82.76 -0.41 
MW-97-19S 10000 2 84.3 84.27 0.03 
MW-97-19S 10003 2 82.84 83.94 -1.10 

Residua) Mean -0.86 
Standard Deviation 5.80 
Res. Std. Dev. 0.94 
Sum of Squares 68.05 
Abs. Res. Mean 0.91 
Min. Residual -3.42 
Max. Residual 0.24 
Head Range 29.64 
Head RangelStd 0.03 
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groundwater levels beneath and adjacent to the landfill. In addition to the groundwater contour 

maps, particle tracking was performed to determine the migration pathways for contaminants 

from beneath the landfill and travel times associated with those particles. 

The groundwater conditions prior to capping of the landfill indicate that groundwater is at a 

maximum elevation beneath the landfill of 127 feet ( Figure 5-5). The potentiometric contours 

show a fairly rapid change beneath the landfill after the cap has been installed. Figure 5-6 

demonstrates the modeled groundwater conditions at the site following one year of the cap being 

in place. The groundwater level beneath the landfiU has fallen to approximately 122 feet 

Although a rapid change in head is observed under the landfill, the head in the deeper sand and 
I 

gravel deposit remain relatively unchangeci. This is reasonable because the upland areas 

adjacent to and under the landfill have very little water· in . storage. Head fluctuations are 

relatively dramatic season to season. However, within the sand and gravel deposit huge 

quantities of water are in storage, buffering any change in head (the head within the sand and 

gravel remains relatively unchanged at approximately 83 feet above MSL). In addition, the 

water table is relatively flat creating a shallow, even gradient in this area. 

The groundwater conditions two years after installation of the cap again shows declining 

groundwater levels beneath the landfill (Figure 5-7). The groundwater level is approximately 

118 feet after two years of capped conditions. Once again the groundwater elevation in the 

gravel pit area is approximately 83 feet above MSL, indicating that the cap has little effect on 

groundwater conditions downgradient of the landfill. 

Figure 5-8 shows the model results following ten years of capped conditions at the landfiU. The 

groundwater level has dropped to approximately 117 feet beneath the landfill. The groundwater 

elevation in the sand pit remains at approximately 83 feet. 

The response of water table elevations at various locations within the aquifer at SML is shown in 

Figure 5-9. The greatest response to capping the landfilJ is, as expected, seen beneath the landfill 

itself. The greatest decrease in groundwater elevation takes place during the first two years. 

There are no wells present within the landfill to confinn these modeling results. The response of 

the water table at the toe of the landfill shows only minor perturbations in water level, but 
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Response of Water Table in Landfill to Cap 
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Figure 5-9: Response of water table at various locations within aquifer to capping of landfill. 



eventually reaches equilibrium. The response of the water table in the gravel pit to the capped 

landfill condition is negligible. 

The flux of groundwater through the toe of the landfill is shown on Figure 5-10. The graph 

depicts the groundwater discharge for various time periods related to landfill capping. ·The 

groundwater discharge was approximately 950 cu. feet/day prior to capping. The groundwater 

discharge through the toe of the landfill decreases to approximately 590 cu. feet/day after the 

landfill is capped for 1 year. After 2 years the groundwater through the toe has only decreased to 

approximately 510 cu. 

feet/day. The flux through the toe after ten years is approximately 500 cu. ft./day. The greatest 
. I 

decrease in groundwater flux takes place within the first year, and after two years the 

groundwater under the landfill is almost entirely within the ·bedrock, discharging to the sand and 

gravel only at the toe of the landfill and immediately downgradient. 

Particle tracking was performed to determine the pathways for contaminant migration. The 

particle tracking resultS presented in Figures 5-11 through 5-13 indicate two significant facts. 

First, the majority of groundwater flow from the landfill is being discharged to a relatively small 

window within Sandy Brook. Second, particles leaving the landfill on the most direct path 

toward the stream reach the stream within two years. Figure 5-11 shows particle traces after one 

year of capping the landfill. Figure 5-12 shows the particle tracks after two years discharging to 

Sandy Brook. Particle traces after 10 years are shown in Figure 5-13. Several particles 

originating at the northern edge of the landfill can be seen flowing radially away toward the 

north, then being swept east beneath Sandy Brook. These particles are not discharged to the 

brook within the modeled ten-year period. 

Modeling results indicate that stream discharge is not greatly effected by capping of the landfill. 

Figure 5-14 is a graph of discharge to the stream in the window that is effected by the landfill for 

four scenarios: pre-cap, one year post-cap, two year post-cap, and ten year post-cap. The overall 

discharge does not change significantly. The values vary from 16,100 to approximately 15,600 

cu. ft./day. The overall fluctuation of 500 cu ft/day that amounts to approximately 2.6 gpm. 
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Groundwater Flux Through Toe of Landfill 
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Figure 5·10: Groundwater· nux through toe of landfill. 
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Groundwater Discharging to Stream Window 
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Figure 5·14: Groundwater discharging to stream window. 



6.0 SUMMARY 

The hydrogeological investigation and modeling efforts at the SML site were completed to 

further the understanding of site conditions. The pumping test and subsequent groundwater 

modeling efforts have confirmed the site conceptual model. The construction of the groundwater 

model has led to a better understanding of the site conditions relevant to the water balance within 

the flow system, the movement of groundwater within the flow system, and the impacts of 

various remedial activities. 

The folJowing findings were made as a result of the hydrogeological investigation: 

• modeled groundwater elevation changes beneath the landfill subsequent to capping 

exhibited the greatest degree of change in the first two years (approximately 10 feet), 

• groundwater elevations down gradient from the capped area are not significantly 

effected by the cap, 

• groundwater flowing from the landfill is discharged to a relatively small window in 

Sandy Brook downgradient from the landfill, 

• approximately one pore volume flush between the toe of the landfill and Sandy 

Brook will occur within 2 years, and 

• radial flow from the landfill causes groundwater in the northern portion of the 

landfill to flow under Sandy Brook then flow southwest again eventually discharging 

within the same window in Sandy Brook. 

The overall understanding of the flow system indicates that groundwater flow is controlled by 

the bedrock and surface topography of the site. Groundwater flow is directed radially away from 

a bedrock high located just to the west of the Landfill Area 4. The groundwater flowing from the 

northern boundary of the landfill gradually turns to the east and then turns again to the south

southwest, paralleling the flow of Sandy Brook. The groundwater at the toe of the landfill flows 

more or less directly southeast toward Sandy Brook where the groundwater is discharged to the 

brook. 

WOODARD &: CURRAN (95093.06) 
Interim Final Feasibility Study 
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December 29, 1997 

Mr. Eric Carlson 
Woodard & Curran 
41 Hutchins Dr. 
Portland, ME 04102 

RE: Katahdin Lab Number: 
Project ID; 
Project Manager: 
Sample Receipt Date: 

Dear Mr. Carlson: 

WN3494 
Saco Landfill 
Ms. Andrea Colby 
December 16, 1997 

Please find enclosed the following information: 

* Report of Analysis 

* Confirmation 

* Chain of Custody 

Should you have any questions or comments concerning this Report of Analysis, please do not hesitate to 
contact the project manager listed above. This cover letter is an integral part of the ROA. 

We appreciate your continued use of our laboratory and look forward to working with you in the 
future. The following signature indicates technical review and acceptance of the data. 

Sincerely, 

KATAHDIN ANALYTICAL SERVICES 

~a(~o.. (JO\l..({). 
Au orized Signature 

340 Counry Road No. 5 
P.O. 80. 720. Westbrook. ME 04098 
, .. I. ,.,"'-) Q-.. L".!n" ~.., .... ("'"\~' ~S-4()~C) 

000000\ 
210 West Road No. S. Poramowb. NH 03801 
Tel; (603) 431-5m Fu: (603) 4*"3356 



CLIENI': ERIC CARI..SCN 
l'tx:ldard & ClJrran 
41 Hutchins Dr. 
POrtland, ME 04102 

S1>MPLE DESCRIPI'ICN 

\'5-1 

Arsenic, Total 

Lab Nurtber : WN-3494-:1 
Report Date: 12/29/97 
PO No. 12.16.97 
Project SAO:> UNDFILL 

REPCRT OF ANMoYl'ICAL RESOLTS Page 1 of 2 

SlMPLED BY S1!MPLED DATE RECEIVED 

Aqueous 12/16/97 12/16/97 

REStJLT UNITS DF ANAL'YZED BY 

<0.008 rrg/L 1.0 0.008 6010/200.7 12/16/97 EM 1 

* POL (Practical OJ,antitation level) represents laboratory reporting limits and may not reflect sanple
specific reporting limits. Semple-specific limits are indicated by results anIlOtated with '<' values. 

(1) Semple Preparatioo on. 12/16/97 by PLC using 3010 

12/29/97 

LJO/ejnajc (dw) 

NLl6ICW2 

J .. O l-...ul1(\" I{u .. w ~u. t; 
I'.ll. 11.,,' -111. \\'."b", .. I.. :1.11-: O~O<)8 
'l~l t~()-) X--.t·1"0() i-'J'; «~lJ-) 4OJ;':;·40.!'J 

0000002.. 
210 \'( ..... Ro...I:>;.. 5. r"n,""""h.!'H .J.\liOl 
1<1: (603) 431-5i77 F.x: «(,(l.~) 436-.1.;;6 



CLIENT: ERIC CARLSCN 
~ & ClJrran 
41 Hutchins Dr. 
Portlan:i, ME 04102 

SN-IPLE DESCRIPI'ICN 

WS-2 

Arsenic, Total 

REPCRT OF ANALYTICAL RESUL'IS 

Lab NuITber : 
Report Date: 
ro No. 
Project 

ruMPLED BY 

RESULT UNITS DF 

WN-3494-2 
12/29/97 
12.16.97 
.S1\CO LANDFllL 

Page 2 of 2 

SlMPLED DATE RECEIVED 

12/16/97 12/16/97 

ANAL'lZED BY 

<0.008 ng/L 1.0 0.008 6010/200.7 12/16/97 EM 1 

* POL (Practical Q.,lantitation Level) represents lal:oratory reporting limits and tray n::>t reflect sarrple
specific reporting limits. Sartple-specific limits are in:iicated by results anmtated with '<I values. 

(1) Sarcple Preparatioo on ")2/16/97 by PLC using 3010 

12/29/97 

LJO/ejnajc (dw) 
NL16ICW2 

.'-in CuUnt\" Ru..aJ ~d. '\ 
1'.(.1. 11,.,·":" ~O. \\·<_1/', .. ,,1.. :'olE O~u9S 
Td: (~O-) ,,-.•. :, ... 00 1".1', f .?II-l --:;.~I).?" 

0000003 
! I 0 ~·.">r Ru.>J 1'0. ~. l'urtsl"uulh. !':t\IJ.t,;(Jl 
li.~: (G03) 431-577; bx: «(,OJ) 436·3.;;6 



KATAHDIN ANALYTICAL SERVICES, INCORPORATED 
New England-HE Laboratory (207) 874-2400 

CONFIRMATION Page 1 

ORDER NO WN-3494 

REPORT TO: ERIC CARLSON 
Woodard & Curran 
41 Hutchins Dr. 
Portland, ME 04102 

INVOICE: Tanya Talbot 
Woodard & Curran 
41 Hutchins Dr. 
Portland, ME 04102 

Project Manager: Andrea J. Colby 
ORDER DATE: 12/16/97 

PHONE: 207/774-2112 
FAX: 20~/774-6635 

DUE: 17 DEC 

. . 

PHONE: 207/774-2112 
PO: 12.16.97 

PROJECT: SACO LANDFILL 

SAMPLED BY: CLIENT DELIVERED BY: KATAHDIN DISPOSE: AFTER 15 JAN 

ITEM LOG NUMBER SAMPLE DESCRIPTION 
1 WN3494-1 WS-1 

WN3494-2 WS-2 

DETERMINATION 
Arsenic, Total 

ORDER NOTE: QC-I 
SACO LANDFILL 
RUSH 

INVOICE: With Report 

AJC/KAS 
12-17Please contact KATAHDIN ANALYTICAL 

SAMPLED DATE/TIME RECEIVED MATRIX 
16 DEC 1305 16 DEC AQ 
16 DEC 1500 

METHOD OTY PRICE AMOUNT 
2.0.0.7/6010 2 40.00 80.00 

TOTAL ORDER AMOUNT $80.00 
This is NOT an Invoic 

0000004 
SERVICES promptly if you have any que~ 



i 

Katahdin 
.\" \ t '\ 1 1<. \ I ... t K. \ I l i .... 

Client 

Address 

340 Counry RCXId No. S 
P.O. Box 720 
Westlwook. ME 04098 
Tel: (207) 874-2400 
Fax: (lO7) 77s-.G29 

City 

.CHAIN of CUSTODY 
PLEASE PRINT IN PEN Page 

Phone' Fax. 
( ) ( ) 

State Zip Code 

Purchase Order # Proj. Name I No. ~ I 
.2L LAND H '-b 

Katahdin Quote • 

Bill (If dIfferent than above) Address 

Sampler (Print I Sign) 6'<lt (1\1ZLSo~ 
LAB USE ONLY J WORK ORDER t: ~.,L.I 

. -
KATAHDIN PROJECT MANAGER 

REMARKS: : i 
. 

: 

SHIPPING INFO: o FED EX o UPS OCUENT 

A1RBILlNO: : 

TEMP"C o TEMP BlANK o INTACT o NOT INTACT ~i * Sample Description Date/lime Matrix No. of 
; coll'd Cnw. J : . . j : 

l.>S-/ I rlja,!' / 1 c£' ~ \ ~ 

V5-] rzliJc. / "37''' l'Q. _\ ~ 

I 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

COMMENTS 

Relinquished By: (Signature) Date I lime ~nature) Relinquished By: (Signature) Date I Tune Received By: (Signa 

rzj.." ~Q ----
Relinquished By: (Signature) Dale I Time Received By: (Signature) Relinquished By: (Signature) Date I Time Received By: (Signa 

"" ... no , .... ~...... .... ""'~ =.3:111 O<:XJO<XJ5 



KATAHDIN ANALYTICAL SERVICES, INC. 
SAMPLE RECEIPT CONDITION REPORT 
Tel. (207) 874·2400 
Fax (207) 775-4029 

CLlENT:, __ W~_1-_(~ _____ _ 

PROJECT:,_._~~~~:;;;.....:~=='!"O'-1-...;.'_LL_=_ ___ _ 

YES 

1. CUSTODY SEALS PRESENT 1 INTACT? o 
2.CHAIN OF CUSTODY PRESENT IN THIS COOLER? til 
3. CHAIN OF CUSTODY SIGNED BY CLIENT? 

4. CHAIN OF CUSTODY MATCHES SAMPLES? 

5. TEMPERATURE BLANKS PRESENT? 

6. SAMPLES RECEIVED AT "-C +1· 2? f;;;.. 

o 
~ 
ISff 
o 

NO EXCEPTIONS 

~ 0 
_"70 
U 0 
o 0 
o 0 
~ 0 

o 0 IS( 
ICE liCE PACKS PRESENT Y or ~ 

7. VOLATILES FREE OF HEADSPACE? 

8. TRIP BLANK PRESENT IN THIS COOLER 

9. PROPER SAMPLE CONTAINERS AND VOLUME? 

o IS4 0 
~ 0 0 

10. SAMPLES WITHIN HOLD TIME UPON RECEIPT? c:n 0 0 
11. SAMPLES PROPERLY PRESERVED!t)? ~ 0 0 

LAB (WORK ORDER) #.:..tu __ fl_9-_2_t..lo.,t_~ ~"'-_____ _ 

f I PAGE:, ______ ~ ________ ~OF __ ~ ______________ _ 

COOLER:,_--I.. ____ -!OF_~l ______ _ 

COC# __ -=~ _____________________________ __ 
SDG# -
DATE I TIME RECEIVED:'_--LJ,/r",",/(~/..,.,.If~=t_......L.G....:;!c;.;,J&...r ...... __ _ 
DELIVERED BY:~Ln-tt""li21:DrJ.L.-_' ________ _ 
RECEIVED BY:,_-l.~~ ___________ _ 
L1MS ENTRY BY:,.-.LJ'5..L-__ .,.-________ _ 

L1MS REVIEW BY I PM:,--J/+.~1"-c...::....--------
COMMENTS RESOLUTION 

TEMP BLANK TEMP ('~):I.--.,;;r.J.·I __ _ 
'. 

COOLER TEMP ('C ):1 NA 
(RECORD COOLER TEMP ONLY IF TEMP BLANK IS NOT PRESENT) 

12. CORRECTIVE ACTION REPORT FILED? O. ~ N/A 

13. ~~'CAL PROGRAMS (CIRCLE ONE)(ooMME~LP HAZWRAP NFESC ACOE AFCEE OTHER (STATE OF ORIGIN): 

~ '-;;/ 
L~N NOTES(I): 

§ h
Glf 

~ ~ ~ t ... , 

':-:(1:'""' -41il4.~~~. ~"'I-s-IIP-a-ce-(a-n-d .-d-d,-uon-a-'-ah-eo-ts-I-' n-oce-as-ary-)-'O-d-oc-u-me-n-t a-am-p-Ie-S-th-at-a-re-re-ce-IY-e-d b-ro-k-en-o-r C:-Q-m-pr-om-Is-e-d,-C-.O-.C-d-Is-cr-ep-a-ncl-e-,,-ra-dl-aU-o-n c:h-eC:-ks-, -re-sld-U-a'-c:h-'o-r'-ne-c:h-e-C-k,-re-SU-II-' o-r-PH--' 

~wu;k If required. If .amplell required pH IId)ustmont, record volume and typo of pro~elVlltlYQ IIddod. 



December 29, 1997 

Mr. Eric Carlson 
Woodard & Curran 
41 Hutchins Dr. 
Portland,~ 04102 

RE: Katahdin Lab Number: WN3S04 
Project ID: Saco Landfill 
Project Manager: Ms. Andrea Colby 
Sample Receipt Date: De~ember 17, 1997 

Dear Mr. Carlson: 

Please find enclosed the following information: 

* Report of Analysis 

* Confirmation 

* Chain of Custody 

Should you have any questions or comments concerning this Report of Analysis, please do not hesitate to 
contact the project manager listed above. This cover letter is an integral pan of the ROA. 

We appreciate your continued use of our laboratory and look forward to working with you in the 
future. The following signature indicates technical review and acceptance of the data. 

Sincerely, 

KATAHDIN ANALYTICAL SERVICES 

~a.(l4. (,QU& 
Au onzed SIgnature 

14O Counry Road No. S 
P.O. Box 720. Westbrook. ME 04098 

12 J 29 \41 
Date 

000000\ 
210 Wcsr Rood No. s. Pommouth. NH 03801 
Td: (603) 431·sm Fu: (G03) 436-3356 



CLIm1': ERIC CAAlSCN 
lb:x3ard & Olrran 
41 Hutchins Dr. 
Portland, ME 04102 

~ DESCRIPI'ICN 

\'S-3 

Arsenic, Total 

Lab NUmber : WN-3504-1 
Report Date: 12/29/97 
ro No. 12.17.97 
Proj ect : SMX> LANDFILL 

REPCRT OF ANALYTICAL RESOL'IS Page 1 of 1 

SAMPLED BY SJlMPLED DATE RECEIVED 

. Aqueous 12/17/97 12/17/97 

RESULT UNI'IS DF AN1\L'YZED BY 

<0.008 trg/L 1.0 0.008 6010/200.7.12/18/97 EM 1 

* POL (Practical Q.,1antitation level) represents lalx>ratory reporting limits and may not reflect sartple
specific reporting limits. SaItple-specific limits are indicated by results annotated with '<' values. 

(1) Sarrple Preparation on .12/17/97 by DPD using 3010 

12/29/97 

LJO/ejnajc (dw) 
NLl7ICW2 

.~ill c.","''· R .... J :-.:0 •• ~ 
I'.ll. H,';7~O. \\·«,10, .... 1.. ~1r. 040')8 
1~1: (~O-I "'--4-~~lIn FJ\" !~fI-) "'~1- .. Hl~') 

OOOOOOL 
110 \\i. .. < R....J Nu. 5.I'orul1lou,h.:'\H OjSOI 
1<1: lGOJ) 431·5i77 1':1." (G03) 43c".U'i6 



KATAHDIN ANALYTICAL SERVICES, INCORPORATED 
New England-ME Laboratory (207) 874-2400 

CONFIRMATION Page J 

ORDER NO WN-3504: 

REPORT TO: ERIC CARLSON 
Woodard & Curran 
41 Hutchins Dr. 
Portland, ME 04102 

INVOICE: Tanya Talbot 
Woodard & Curran 
41 Hutchins Dr. 
Portland, ME 04102 

Project Manager: Andrea J. Colb) 
ORDER DATE~ 12/17/91 

PHONE: 207/774-211~ 
FAX: 207/774-663~ 

DUE: 18 DEC 
" . 

PHONE: 207/774-211~ 
PO: 12.17. 9~ 

PROJECT: SACO LANDFILL 

SAMPLED BY: WARREN DELIVERED BY: KATAHDIN DISPOSE: AFTER 16 JM 

ITEM LOG NUMBER SAMPLE DESCRIPTION 
1 WN3504-1 WS-3 

DETERMINATION 
Arsenic, Total 

ORDER NOTE: QC-I 
RUSH 
SACO LANDFILL 

SAMPLED DATE/TIME RECEIVED MATRD 
17 DEC P840 17 DEC 

"METHOD QTY PRICE AMOUNT 
2" O' 0 . 7 / 6010 1 40.00 40.00 

INVOICE: With Report TOTAL ORDER AMOUNT $40.00 
This is NOT an Invoic 

AJC/KAS 0000003 
, .,-, 701 o::.c::,." ,..,...,.,t-::.rt- "k"lI.'T'lI.J.rnTN Zl.NZl.T.Y'T'TrZl.T. ~RRVTrR~ nrnmnt'l v if von h.::.vp rlnv nues 



Katahdin 
\:'-i\l\TIL\l '-IlR\I{E:.:o, 

J.IO County Road No. S 
P.O. Box 720 
Weslbroo1c, ME 001098 
Tel: (207) 874-2400 
Fu: (lO7) 775-40%9 

Client : 

WOOc\,<?sU) A. L\, >a, Pt-N 
Address 41 

Purchase Order' 

Bill (if different than above) 

Sampler (Print I Sign) 

LAB USE ONLY 

REMARKS: 

SHIPPING INFO: o FED EX o UPS 

AIRBlLlNO: 

TEMP"C o TEMP BLANK o INTACT 

Contact 

e~\<.... 

Proj. Name I No. 

Address 

o CUENT 

o NOT INTACT 

* Sample Description Dale/Time Matrix No. of 
coll'd Cntrs. 

v-.tS - 12 .. -17/ {, 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

COMMENTS 

Rje~i.:~::;~Signature~ 

Relinquished By: (Signature) Date I Time Received By: (Signature) 

CHAIN of CUSTODY 

PLEASE PRINT IN PEN Page..\.-- of _ 

Fax # 

( ) ~ 
Phone ,. 

s..A9...LS.c.N( ) 
State Zip Code 

Katahdin Quote # 

Relinquished By: (Signature) Date I Time Received By: (Sign~ 

Relinquished By: (Signature) Date I Time Received By: (Sign. 



KATAHDIN ANALYTICAL SERVICES, INC. 
SAMPLE RECEIPT CONDITION REPORT 
Tel. (207) 874-2400 
Fax (207) 775-4029 

CLIENT: L...J-1- ( 

4 .. 

PROJECT: ~~ L.tl~ 

1. CUSTODY SEALS PRESENT I INTACT? 

2.CHAIN OF CUSTODY PRESENT IN THIS COOLER? 

3. CHAIN OF CUSTODY SIGNED BV CLIENT? 

4. CHAIN OF CUSTODY MATCHES SAMPLES? 

5. TEMPERATURE BLANKS PRESENT? 

6. SAMPLES RECEIVED AT 4·C +1· 216 
ICE liCE PACKS PRESENT V or ~ 

7. VOLATILES FREE OF HEADS PACE? 

8. TRIP BLANK PRESENT IN THIS COOLER 

9. PROPER SAMPLE CONTAINERS AND VOLUME? 

10. SAMPLES WITHIN HOLD TIME UPON RECEIPT? 

YES NO EXCEPTIONS 

D ~ 0 
0 [) 0 
[XI 0 0 
[J 0 0 
D 13 0 
0 ~ 0 

D D ;[) 
o C&J 0 
I!I 0 0 
~ 0 0 

11. SAMPLES PROPERLY PRESERVED"'? IKl 0 0 
12. CORRECTIVE ACTION REPORT FILEQ? _ 0_ ~ N/A 

LAB (WORK ORDER) #_tV_IV_"""'?.;...-:>SD:;....-_"t....\../ ______ _ 

PAGE:, ______ -....;OF _________ _ 

COOLER:_-'--____ ..:OF ( 

COC# ____ - __________________________ ___ 

SDG# 
DATE~/T~I~M~E~R~EC~E~IV~E~D-:--~~~/~I:r~--q~/~3~-------

DELIVERED BY: KA7?Wl?l~ I 
RECEIVED BY:_..I.D...:;.-______________ _ 

LlMS ENTRY BY:,--'-?""" ___ ~------------
LlMS REVIEW BY I PM:--I-Ir2+"-.:.'-_________ _ 

COMMENTS RESOLUTION 

TEMP BLANK TEMP (·C~ .. ___ _ 

'. 
COOLER TEMP (·C ).. NA 
(RECORD COOLER TEMP ONL V IF TEMP BLANK IS NOT PRESENT) 

13. ~~'CAL PROGRAMS (CIRCLE ON~MEQJCLP HAZWRAP NFESC ACOE AFCEE OTHER (STATE OF ORIGIN): 

) Ird 
l 

) r~.-J 
)~~~----------------------------------------------------------------------------------~ I ('I Vio'thls epace (and addlUOflal sheets If necessary) to document samples that are received broken or compromised, C·O·C discrepancies, radlaUon checks, residual chlorine check, results of pH 

~\~lk If required. If samplea required pH ad/uslmont, record volume ,nd Iypo of presorYlltlVQ &ldded, 



January 5, 1998 

Mr. Eric Carlson 
Woodard & Curran 
41 Hutchins Drive 
Portland. ME 04102 

RE: Katahdin Lab Number: 
Project ID: 
Project Manager: 
Sample Receipt Date: 

Dear Mr. Carlson: 

WN3534 
Saco Landflll 
Ms. Andrea Colby 
December 18.1997 

Please find enclosed the following information: 

* Repon of Analysis 

* Confirmation 

* Chain of Custody 

Should you have any questions or comments concerning this Repon of Analysis. please do not hesitate to 
contact the project manager listed above. 1bis cover letter is an integral pan of the ROA. 

We appreciate your continued use of our laboratory and look forward to working with you in the 
future. The following signature indicates technical review and acceptance of the data. 

Sincerely. 

KATAHDIN ANALYTICAL SERvIcES 

~~J.Jl~ 

340 Co..,,,y Road No. 5 
P.O. Box 720. Westbrook, ME 04098 ._1. ,.,,, .. , c-~ .... en" r~_. ",,-, -<:~jl"'l'H'I 

Date 

~\ 
210 W ... Road No. 5. Ponsmoudl. NH 03801 
Tel: (603) 431·5m Fax: (603) 436-3356 



CLIENI': ERIC CARI.SCN 
N:x:rlard & 0Jrran 
41 Hutchins Dr. 
Portlarrl, ME 04102 

SAMPLE DESCRIPI'ICN 

WS-4 

Arsenic, Total 

Lab NUrrber : WN-3534-1 
Report Date: 01/05/98· 
m No. 12.18.97 
Project SACO U!NDFILL 

REPCRT OF AW\LYTICAL RESUL'IS Page 1 of 1 

S1!MPLED BY SJlMPLED DATE RECEIVED 

E.CARISCN 12/17/97 12/18/97 

RESOLT tINI'IS DF *POL MSIHCD ANAL'YZED BY 

<0.008 rrg/L 1.0 0.008 6010/200.7 12/23/97 EM 1 

* POL (Practical QJantitation Level) represents laboratory reporting limits and nay rot reflect sanple
specific reporting limits. Sartple-specific limits are in:licated by results anootatErl with I < I values. 

(1) Semple Preparaticn on 12/18/97 by DPD using 3010 

01/05/98 

LJO/ejnajc (dw) 
NL18ICWl 

,'-ttl (:'ttUI[\ RIl.IJ :\11. " 

I'.ll. u",·:"'.!n. \\"..: .. tltruul. ~1E n .. u·)s 
I~I: (~IJ-II'C--4-:!~()1I r.l\: f,!II-) --;'''!I~\) 

110 \X",r Ro..J SOL ~. I'""",,,,urh. SH ".1.0;0 1 
1<1: «(,OJ) •. \1.;-""""" I':>x: «(,0.\) "JC,..~.;SG 



KATAHDIN ANALYTICAL SERVICES, INCORPORATED 
New E~gland-ME Laboratory (207) 874-2400 

CONFIRMATION Paqe J 

ORDER NO WN-3534. 

REPORT TO: ERIC CARLSON 
Woodard & CUrran 
41 Hutchins Dr. 
Portland, ME 04102 

INVOICE: Tanya Talbot 
Woodard & Curran 
41 Hutchins Dr. 
~ortland/ME D4102 

Project Manager: Andrea J. Colb~ 
ORDER DAT~: 12/18/9~ 

PHONE: 207/774-211; 
FAX: 207 /774-663~ 

DUE: 19 DE( 

PHONE: 207/774-211; 
PO: 12.18.9" 

PROJECT: SACO LANDFILL 

SAMPLED BY: E.CARLSON DELIVERED BY: CLIENT DISPOSE: AFTER 17 IN 

ITEM LOG NUMBER SAMPLE DESCRIPTION 
1 WN3534-1 WS-4 

DETERMINATION 
Arsenic, Total 

ORDER NOTE: QC-I 
SACO LANDFILL 
RUSH 
Prices inClude RUSH surcharges 

SAMPLED DATE/TIME RECEIVED MATRr 
17 DEC 1630 

I 
18 DEC M 

. METHOD QTY PRICE AMOUNT 
200.7/6010 1 40.00 40.00 

INVOICE: With Report TOTAL ORDER AMOUNT $40.00 
This is NOT an Invoic 

AJC/KAS ~~ 
'?-'Rp'p-~~e contact KATAHDIN ANALYTICAL SERVICES oromotlv if vou have any ques 



CHAIN of CUSTODY 
PLEASE PRINT IN PEN Page __ of_ 

Phone , Fax # 

( ) ( 

ddress State ZipCode . 

urchase Order # Proj. Name / No. Katahdin Quote" 

ill [rt different than above) Address 

ampler (Print! Sign) Er'-\c CA~l ~~\-\ I Copies To: . 0 0 ° 

~AB USE ONLY J WORK ORDER t: CA.l"!.S,3 t . 
.~ -

KATAHDIN PROJECT MANAGER 

tEMARKS: ~ : : : : 

;HIPPING INFO: o FED EX o UPS o CUENT 

,IRBILLNO: 

°EMP"C o TEMP BlANK o INTACT o NOT INTACT 
: 

\i'i 
Sample Description Date/Time Matrix No. of ~ I 

coU'd Cntrs. : 1 
LVS-L{- Il~\1Jdi~::;o M I ,/ 

/ 
, 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

OMMENTS 

Relinquished By: (Signature) Date / Time Received By: (Signature) Relinquished By: (Signature) Date / Time Received By: (Signature) 

(2.r \L t.£J...-l t;o~ ~({w ~~£~ ----
Relinquished By: (Signature) Date / Time Relinquished By: (Signature) Date I Time Received By: (Signature) 

m:x:coY 
, . oJSO~RCE INC. "Ir (207) 782 33" 
• p,.t • CHN--OF.csTO'f 

ORIGINAL 



January 5, 1998 

Mr. Eric Carlson 
Woodard & Curran 
41 Hutchins Drive 
Portland,~ 04102 

RE: Katahdin Lab Number: WN3524 
Project ID: Saco Landfill 
Project Manager: Ms. Andrea Colby 
Sample Receipt Date: December 18, 1997 

Dear Mr. Carlson: 

Please find enclosed the following information: 

* Report of Analysis 

* Confirmation 

* Chain of Custody 

Should you have any questions or comments concerning this Report of Analysis, please do not hesitate to 
contact the project manager listed above. This cover letter is an integral part of the ROA. 

We appreciate your continued use of our laboratory and look forward to working with you in the 
future. The following signature indicates technical review and acceptance of the data. 

Sincerely, 

KATAHDIN ANALYTICAL SERVICES 

JJ.tl:e'1Ct.11 J- ?trwleJ:uL 
Authorized Signa 

340 Counry Road No. S 
P.o. Sal 720. Wcsrbrook. ME 04D~8 
Tel: (207) 874·2400 Fax: (207) nS-4029 

Date 

210Wcst Road No. ~ NH 03801 
Tel: (603) 431·Sm he (603) 436-3356 



Katahdin 
ANALYTICAL SERVICES 

a.IENI': ERIC CARISCN 
N:x:x:lard & OJrran 
41 llltdlins Dr. 
PortlaOO, ME 04102 

SAMPLE DESCRIPI'ICN 

ws-s 

Arsenic, Total 

Lab NUmber : WN-3524-1 
Report· Date: 01/05/98 
PO No. 12.18.97 
Project : SACO IMIDFn..L 

REPCRT OF ANALYTICAL RESOLTS Page 1 of 1 

S1MPLED BY SJlMPLED DATE RECEIVED 

W.WARREN 12/18/97 12/18/97 

REStlLT UNITS DF ANAL'YZED BY 

<0.008 tr9/L 1.0 0.008 6010/200.7 12/23/97 EM 1 

* FQL (Practical CUantitation Level) represents laboratory rep::n:ting limits and nay not reflect sarrple
specific reporting limits. Sarrple-specific limits are iniicated by results annotated with '<' values. 

(1) sanple Preparation on 12/18/97 by·DPD using 3010 

01/05/98 

LJO/ejnajc(dw) 
NL18ICWl 

.Un <. \,unt\ Rtl~ ~u. S 
1'.0. II .. ; -.!II. \x·<"',, .... l. ~IE U4U9~ 
T .. :I: (1U-) ~-"-~-4I)tJ r,,,,: ~~IJ-I ~7~-t11:!\) 

110 \"\' .. ~ RuJ&J ~o. ~. r""",-nluulh. ~~~ .:.,~(;t 
., .. ,: (<<HI 431·5777 f ... ", «(.03) ;."".'~i(, 



KATAHDIN ANALYTICAL SERVICES, INCORPORATED 
New England-HE Laboratory (207) 874-2400 

CONFIRMATION Page 1 

ORDER NO WN-3524 

REPORT TO: ERIC CARLSON 
Woodard & Curran 
41 Hutchins Dr. 
Portland, ME 04102 

INVOICE: Tanya Talbot 
Woodard & Curran 
41 Hutchins Dr. 
Portland, ME 04102 

Project Manager: Andrea J. Colby 
ORDER DATE: 12/18/97 

PHONE: 207/774-2112 
FAX: 207/774-6635 

DUE: 19 DEC 

PHONE: 207/774-2112 
PO: 12.18.97 

PROJECT: SACO LANDFILL 

SAMPLED BY: W.WARREN DELIVERED BY: KATAHDIN DISPOSE: AFTER 17 JAN 

ITEM LOG NUMBER SAMPLE DESCRIPTION 
1 WN3524-1 WS-5 

DETERMINATION 
Arsenic, Total 

ORDER NOTE: QC-I 
SACO LANDFILL 
RUSH 
Prices include RUSH surcharges 

INVOICE: With Report 

AJC/KAS 

SAMPLED DATE/TIME RECEIVED MATRIX 
18 DEC 0840 18 DEC AQ 

. METHOD OTY PRICE AMOUNT 
200.7/6010 1 40.00 40.00 

TOTAL ORDER AMOUNT $40.00 
This is NOT~~e 

12-18Please contact KATAHDIN ANALYTICAL SERVICES promptly if you have any questj 



i 

-

Katahdin 
340 County Road No. S 
P.O. Box 720 
WesdIrook, ME 04098 
Tel: (207) 874-l4OO 

CHAIN of CUSTODY 

CIa"' F:-_"""'~ 
\:'\. \ I , I 1 ( \ I ... I I, \ t t ~ " 

PLEASE PRINT IN PEN Page of 

I Contact . Phone' 

. 'AU.c.... c.."'-lSo..:b ) 
Fax' 
( 

Zip Code 

Purchase Order #I Proj. Name / No. Katahdin Quote' 

Bill Crt different than above) 'Address 
~ 

Sampl., (Print I ";go) "'" "'" A. ..... __ "\ I 
LAB USE ONLY I WORK ORDER J: W f\.~ Y I. - • 

KATAHDIN PROJECT MANAGER ~ 
. bY' laY-ON iN ;ONIOYONIOY-ONOY' INIOYONIOY INIOV( 

REMARKS: 

I" V 
I : 1 : 

: 
: 

SHIPPING INFO: o FED EX o UPS OCUENT J~ 
AlRBIL1.NO: ~~ TEMP"C o TEMP BlANK o INTACT o NOTINTACT 

* Sample Description Date/Tune Matrix No. of J1~ . j I colrd Cntrs. : : : : 

~s..-~ \'2.J~ /~!tU A~ \ 
~. 

/ 
. 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

COMMENTS 

Rer.nquished By: (Signature) Date / Time Received By: (Signature) Relinquished By: (Signature) Date / Time Received By: (SignaturE 

~r I,*u...~ ----
Relinquished By: (Signature) Date' Time Received By: (Signature) Relinquished By: (Signature) Date / Time Received By: (Signature 

~c.f 
: N;. "Ir 1207) 7112·3311 



KATAHDIN ANALYTICAL SERVICES, INC. 
SAMPLE RECEIPT CONDITION REPORT 
Tel. (207) 874-2400 
Fax (207) 775-4029 

.' 

CLIENT: W·£. 

PROJECT: ~ ~ w..~ 

1. CUSTODY SEALS PRESENT I INTACT? . 

. 2.CHAIN OF CUSTODY PRESENT IN THIS COOLER? 

3. CHAIN OF CUSTODY SIGNED BY CLIENT? 

4. CHAIN OF CUSTODY MATCHES SAMPLES? 

5. TEMPERATURE BLANKS PRESENT? 

6. SAMPLES RECEIVED AT 4-C +1· 2? f'.\. 
ICE liCE PACKS PRESENT Y or IN? 

,\..-

7. VOLATILES FREE OF HEADSPACE? 

8. TRIP BLANK PRESENT IN THIS COOLER 

9. PROPER SAMPLE CONTAINERS AND VOLUME? 

10. SAMPLES WITHIN HOLD TIME UPON RECEIPT? 

YES 

o 
o 

~ 
o 
o 

EXCEPTIONS 

o 
o 
o 
o 
o 
o 

o 0 ~ 
o ~ 0 

o 0 i 0 0 

11. SAMPLES PROPERLY PRESERVED(1)? 0 0 
12. ~.R~ECTIVE ACTION REPORT FILED? _0 -q. N/A 

13. ~~YTICAL PROGRAMS (CIRCLE ONE) ~MER~lP HAZWRAP NFESC 

LAB (WORK ORDER) tI·_ ...... C,6.1.L:.)(l __ '3.S __ C=-....y,l-· __ 

PAGE: ( OF_~I ________ __ 

( COOLER:_~ ___ ---=OF _________ _ 

COCtI 
SDG#~-;>~------------------

DATE I TIME RECEJ ED:;:. -'+-~"-:::'-~:-'-____ ~~~:"-
DELIVERED BY:~","",,",'-I'-.'-'-" __ ~~ _____ _ 
RECEIVED BY:,_.~~~,....-________ _ 
LlMS ENTRY BY: ( ~ 
LlMS ~EVIEW BY'-'-P-M"'::,~:A5:~;.;::L.-=::;-:...-_-_-_-_-_-_-_-_-:"-:"-_-_-_-___ -

COMMENTS RESOLUTION 

TEMP BLANK TEMP ("C)= ---
'. 

COOLER TEMP (·C )= NA 
(RECORD COOLER TEMP ONLY IF TEMP BLANK IS NOT PRESENT) 

ACOE AFCEE OTHER (STATE OF ORIGIN): 

(I) UllaJltls spaca (and addlllortal sheels If necessary) 10 document samples Ihal are received broken or compromised, C·O·C discrepancies, radlaUon checks, residual chlorine check, resull! of pH 
ehec;k If required. If samplea required pH adJulllment, record volume pnd type of preservallve pdded, 



January S, 1998 

Mr. Eric Carlson 
Woodard & Curran 
41 Hutchins Drive 
Portland,~ 04102 

RE: Katahdin Lab Number: WN3542 
Project ID: Saco LandfIll 
Project Manager: Ms. Andrea Colby 
Sample Receipt Date: December 19, 1997 

Dear Mr. Carlson: 

Please find enclosed the following information: 

* Report of Analysis 

* Confrrmation 

* Chain of Custody 

Should you have any questions or comments concerning this Report of Analysis, please do not hesitate to 
contact the project manager listed above. This cover letter is an integral part of the ROA. 

We appreciate your continued use of our laboratory and look forward to working with you in the 
future. The following signarure indicates technical review and acceptance of the data. 

Sincerely, 

KATAHDIN ANALYTICAL SERVICES 

A~J· JiadJ,OA. 

}40 County Rc..:I No. 5 
P.O. B01 720. Westbrook. ME 04098 
Tel: (207) 874·2400 F:u: (207) nS·4029 

Date 

210 West R...d No. 5. Porumouth. NH 03801 
Td: (603) 431-5m Fax: (G03) 436-3356 



CLIEm': ERIC CARLSCN 
l-bodard &: Cl1rran 
41 Hutchins Dr. 
Portland, ME: 04102 

SAMPLE OESCRIPI'ICN 

WS-6 

Arsenic, Total 

Lab Nurrber : WN-3S42-1 
Report Date: 01/0S/98' 
KI No. : 12.19.97 

REPCRT OF ANALYTICAL RESOLTS Page 1 of 1 

S1MI?LED BY SAMPLED DATE RECEIVED 

12/19/97 12/19/97 

RESOLT UNI'IS OF . *PQL MSIKD 

<0.008 rrg/L 1.0 0.008 6010/200.7 12/23/97 EM 1 

* mr. (Practical Quantitation level) represents laborat0l:Y reporting limits and nay rot reflect 'sarrple
speCific reporting limits. Sarrple-specific limits are in:iicated by results annotated with '<' values. 

(1) Semple Preparation on 12/19/97 by OPD using 3010 

01/0S/98 

LJO/ejnajc (dw) 
NL19I<:.W2 

. tiu l ~"'"f"\' RU.lJ :'\:0. ~ 
1'.\ \, II",' -11l, \"~,rl"".,I.., ~IE ll"Il'}~ 
'Id: I~II-' s-.... .!-tou 1".1\: I.!O-J "~"~.fIJ!'J 

~IO\\~~r RwJ :-.:.., ~,I'"rt"'~'\lth, ~II Cl.l1;OI 
'leI: «(01),\) ~J 1_57 ;:- 1:;1." «(.0,11 ~J(,.,\,;;(. 



KATAHDIN ANALYTICAL SERVICES, INCORPORATED 
New England-ME Laboratory (207) 874-2400 

CONFIRMATION Page 1 

ORDER NO WN-3542 

REPORT TO: ERIC CARLSON 
Woodard & Curran 
41 Hutchins Dr. 
Portland, ME 04102 

INVOICE: Tanya Talbot 
Woodard & Curran 
41 Hutchins Dr. 
Portland, ME 04102 

Project Manager: Andrea J. Colby 
ORDER DATE:. 12/19/97 

PHONE: 207/774-2112 
FAX: 207/774-6635 

DUE: 22 DEC 

PHONE: 207/774-2112 
PO : 12. 19 . 97 

SAMPLED BY: WARREN DELIVERED BY: KATAHDIN DISPOSE: AFTER 18 JAN 

ITEM LOG NUMBER SAMPLE DESCRIPTION 
1 WN3542-1 WS-6 

DETERMINATION 
Arsenic, Total 

ORDER NOTE: QC-I 
SACO LANDFILL 

INVOICE: With Report 

AJC/PRS 
12-19Please contact KATAHDIN ANALYTICAL 

SAMPLED DATE/TIME RECEIVED MATRIX 
19 DEC 0840 19 DEC AQ , 

METHOD QTY PRICE AMOUNT 
200'.7/6010 1 40.00 40.00 

TOTAL ORDER AMOUNT $40.00 
This is NOT an Invoice 
~ 

SERVICES promptly if you have any auesti 



Katahdin 
\ '" \ L) r It \ 1 '-1 i{\ It I ... 

I 

Client 

340 County Road Noo S 
p.o. Box 720 
WesdIrook. ME 04098 
Td: (107) 874-%400 
Fa: (lO7) 775-4029 

'N~~ ~ ~\UU\.~ 

Purchase Order It 

Bill crr different than above) 

CHAIN of CUSTODY 
PLEASE PRINT IN PEN Page of 

I Contact - Phone II 

£,tt.,c., t.An.\ SOt! ) 
Fax' 
( ) 

S?(i~A~ State M.&: Zip Code 

Proj. Name I No. Katahdin Quote # 

Address 

Sampler (Print I Sign) 'W W~tt.rl C'~ /~- I Copies To: 

LABUSEONLYIWORKOROEA~~ -"_, 
KATAHDIN PROJECT MANAGER U ~ OYOt> INlo'loN"J't''JN;OVON:O'ioNbvONlovONloy iNIOVtJI 

REMARKS: 

~~ 

J~ SHIPPING INFO: o FED EX o UPS o CUENT 

A1RBlLLNO: tt-
TEMP-C o TEMP BlANK o INTACT o NOTINTACT p~ 
* Sample Description 

....,<;. - ~ 

OMMENTS 

Relinquished By: (Signature) 

~C-vJo 
Relinquished By: (Signature) 

'SOURCE INC. 2r (207) 782-3311 0' • C>W-OI'.csT1l'r 

Date/Time Matrix No. of 
coH'd Cntrs. j 

=-
l1.. .. l'\ I C"6' 'A<.. .., 

~ \ ~ 
I 
I 
I-
I 
I 
I 
I 
I 
I 
I 
/ 
I 
I 
I 
I 

Date~me ~y: (Si~ature) Relinquished By: (Signature) 

--\"\ S4-o , IZ 11 crlD 
Date I Time Received By: (Signature) Relinquished By: (Signature) 

: 

, 
: 

: 

• 

Date I Time Received By: (Signature) 

----
Date I Tune Received By: (Signature) 

a:xxx:n~ 



KATAHDIN ANALYTICAL SERVICES, INC. 
SAMPLE RECEIPT CONDITION REPORT 
Tel. (207) 874·2400 
Fax (207) 775-4029 

" 

CLlENT:, __ W __ +...;:L=-______ _ 

PROJECT: ~ 4~ 

1. CUSTODY SEALS PRESENT /INTACT? 

2.CHAIN OF CUSTODY PRESENT IN THIS COOLER? 

3, CHAIN OF CUSTODY SIGNED BY CLIENT? 

4. CHAIN OF CUSTODY MATCHES SAMPLES? 

5. TEMPERATURE BLANKS PRESENT? 

6. SAMPLES RECEIVED AT 4-C +/. 2~ 
ICE liCE PACKS PRESENT Y or~ 

7. VOLATILES FREE OF HEADS PACE? 

8. TRIP BLANK PRESENT IN THIS COOLER 

9. PROPER SAMPLE CONTAINERS AND VOLUME? 

YES 

o 
o 
ca 
III 
o 
o 
o 
o 
e9 

10. SAMPLES WITHIN HOLD TIME UPON RECEIPT? () 

11. SAMPLES PROPERLY PRESERVED(t)? tEl 
12. CORRECTIVE ACTION REPORT FILED? 0 c;-., 

, , 

NO 

~ 
~ 
0 
0 
Ell 
[]) 

0 
W 
0 
0 
0 
rs 

LAB (WORK ORDER)# ___ ·?_?y __ Z ____ _ 
PAGE: r OF I , 
COOLER: ( OF ) 

COC# -
SDG# --
DATE I TIME RECEIVED:' __ (l.::z*I..:..('",-_o=...;~;.;..1 u=-__ _ 
DELIVERED BY: K" A-r;4/..fn,,,",, • 

RECEIVED BY: J:2. 
lIMS ENTRY B'~y:-=--=-~J3~~,--r--_ -~ -~ -_ -_ -_ -_ -_ -_ -_-_ -_-_ -_ -_ -_ -_ -_ -_ -_-_ 

LlMS REVIEW BY I PM:_fr:;1j~I...lC _________ _ 

EXCEPTIONS COMMENTS RESOLUTION 

0 
0 
0 
0 
0 TEMP BLANK TEMP (OC):I ___ _ 

0 COOLER TEMP ('C ):1 NA 
(RECORD COOLER TEMP ONLY IF TEMP BLANK IS NOT PRESENT) 

~ 

0 
0 
0 
0 
N/A 

13. ANA ICAL PROGRAMS (CIRCLE ON CLP HAZWRAP NFESC ACOE AFCEE OTHER (STATE OF ORIGIN): 

"II ' 
4se Is space (and addlUOIlalaheels Ir necessary) 10 documenlsamples Ihal are received broken or compromised, C·O·C discrepancies, radlallon checks, residual chlorine check, results or pH 
cbQ.QlS If required. If IlImplClII required pH adjuslment, rocord volume and type or proservallve pddQd. 
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APPENDIX B-3 

SURF ACE WATER MIXING CALCULATIONS 



Appendix 8-3 

Saco Municipal Landfill Hydrogeological Investigation 

Stream and Groundwater Discharges from Model Results and Stream Guaglng 

High Q, Ave Harmonic Mean 
LowQ, Post 

Drought 
Flow Contributions GWflow Q (cu. ft. 

Condition (cu. 
(cu. ft.lday) Iday) 

ft./day) 
Stream flow in at station 2 250,560 30,240 11,232 
GW contribution to stream N. of plume 1,776 1,599 1,599 . 
GW into stream W. side (arsenic cont.) 14,319 12,562 12,562 
GW into stream E. side ("clean") 6,165 7,218 7,218 
Total flow in stream at downstream plume edge 272,820 51,619 32,611 

Concentration of Arsenic and Manganese Discharge to Stream and 
Corresponding Calculated Concentrations of Arsenic and Manganese In Stream 

Concentration Concentration In 
In Stream Stream (ug/L) 

Concentration (ug/L) High Harmonic Mean 
In GW (ug/L) ** Flow Flow 

Present Arsenic Concentration 214 11.2 52.1 
Concentration of Arsenic after 30-50 pore volumes· 14.6 0.8 3.6 
Present Manganese Concentration 2,875 151 700 
Concentration of Manganese after 30-50 pore volumes· 196 10.3 47.7 

* Pore volumes based on USGS arsenic modeling. Each pore volume represents two years based on W&C groundwater flow modeling. 

** Calculated weighted average concentration in plume. Concentration after 30 - 50 pore volumes assumes arsenic concentration 

of 50 ug/L at core of plume. 

Page 1 

Concentration 
In Stream 
(ug/L) Low 

Flow 

82.4 
5.6 

1107.5 
75.5 



Appendix B-3 

Saco Municipal Landfill Hydrogeological Investigation 

Calculations assuming various surface water Influent concentrations 

Influent groundwater arsenic concentration 

Assuming 1 ppb As in influent stream (background) 
Assuming 3 ppb As in influent stream (background) 
Assuming 10 ppb As in influent stream 
Assuming 15 ppb As in influent stream 

Influent groundwater manganese concentration 
Assuming 100 ppb Mn in influent stream 
Assuming 1620 ppb Mn in influent stream 

Influent groundwater arsenic concentration 
Assuming 1 ppb As in influent stream (background) 
Assuming 3 ppb As in influent stream (background) 
Assuming 10 ppb As in influent stream 
Assuming 15 ppb As in influent stream 

Influent groundwater manganese concentration 
Assuming 100 ppb Mn in influent stream 
Assuming 1620 ppb Mn in influent stream 

Influent groundwater arsenic concentration 
Assuming 1 ppb As in influent stream (background) 
Assuming 3 ppb As in influent stream (background) 
Assuming 10 ppb As in influent stream 
Assuming 15 ppb As in influent stream 

Influent groundwater manganese concentration 
Assuming 100 ppb Mn in influent stream 
Assuming 1620 ppb Mn in influent stream 

214 

2,875 

128 

500 

14.6 

196 

Page 2 

12.2 
14.1 
20.7 
25.4 

246 
1686 

7.7 
9.6 

16.2 

121 
1561. 

1.7 
3.6 

10.2 
15.0 

105 
1545 

83.0 
84.3 
88.6 
91.7 

1169 
2103 

49.9 
51.2 

58.5 

254 
1189 

6.2 
7.5 

11.8 
14.8 

137 
1071 



Appendix B-3 

Saco Municipal Landfill Hydrogeological Investigation 

Calculation: 

Where: Qgw = groundwater discharge 
Cgw = concentration in groundwater 
Qsw = surface water discharge downstream 
Csw = concentration in influent surface water 

(Qgw x Cgw) + (Qsw - Qgw) x Csw 
Qsw Qsw 

Back calculations of concentrations in groundwater assuming ARARs met in surface water 

Method: divide surface water ARAR by percentage of flow represented by groundwater 

Groundwater fraction of surface 
water flow 

Surface water concentration (ppb) Low-flow High-flow 

50 0.052 
0.385 

500 0.052 
0.385 

Page 3 

Groundwater 
Concentration 

962 
130 

9615 
1299 
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SACO MUNICIPAL LANDFILL FINAL FEASIBILITY STUDY 

APPENDIX B-4 
Model for Reduction of Arsenic Concentrations in Groundwater and Surface Water 

This appendix describes the analytical model used to predict arsenic concentrations in groundwater 
downgradient from the Saco Municipal Landfill and resulting surface water concentrations in Sandy 
Brook. The monitored natural attenuation process is described in Alternative SML-3. 

Approach 

The following steps were used to predict the timeframe for contaminant reduction: 

1. Estimate the timeframe for initiation of contaminant concentration reduction in the aquifer, 
2. Estimate the rate of reduction of concentration in the plume, 
3. Estimate the average concentration of arsenic in the plume and estimate its variation over time, 
4. Estimate an appropriate flow characteristic to evaluate contaminant concentrations in Sandy 

Brook, 
5. Estimate the relationship between flow and contaminant concentration in Sandy Brook at the 

point of groundwater discharge, 
6. Estimate the variation in concentration with distance downstream from the discharge location, 
7. Predict the variation in concentration in Sandy Brook over time. 

Each of these steps is described in more detail below. 

Step 1 - Timeframe for Initiation of Contaminant Reduction 

Studies by the U.S. Geological Survey (USGS) indicate that large quantities of dissolved organic carbon 
(DOC) may be adsorbed to the grains of aquifer materials downgradient of the landfill between Area 4 
and Sandy Brook. This DOC may provide a long-term source of nutrients for the microbial population in 
the aquifer, allowing that population to consume oxygen and maintain the reducing conditions responsible 
for the reductive dissolution. As a result, even after the landfill is capped DOC beneath the landfill would 
prevent arsenic concentrations in groundwater from decreasing for some indeterminate time, potentially 
decades. Reactive solute modeling conducted by the USGS indicated that arsenic concentrations 
downgradient from the landfill could be substantially higher than present concentrations in the short-term 
(0 to 10 years), before beginning a long-term reduction (Stollenwerk and Colman, 1999). 

On the basis of the USGS estimates of the DOC reservoir and the potential for short-term increases in 
contaminant concentrations, Woodard & Curran assumed that reductions in groundwater contaminant 
concentrations would not start before five to 10 years from the present. Eight (8) years was selected as 
the time that reductions would start, and further assumed that concentrations would show neither an 
increasing nor decreasing trend during the first eight years. 



Step 2 - Rate of Concentration Reduction in the Plume 

The USGS collected cores from the contaminated portion of the aquifer and leached them with 
uncontaminated groundwater in column experiments to estimate the time required for natural attenuation 
of the aquifer. Woodard & Curran developed an equation relating the concentration in the core effluent to 
the number of pore volumes that had been flushed through the core. To predict the arsenic concentrations 
with time in those cores locations, Woodard & Curran used the relationship of two years travel time per 
aquifer volume previously developed as part of the groundwater modeling (see Section 2.1). The 
predicted core leaching effluent concentrations are shown in Figure B-4-1. 

Step 3 - Average Concentration of Arsenic in the Plume and its Variation over Time 

Woodard & Curran compared the core leaching data from the first pore volume to measured arsenic 
concentrations in groundwater at the same locations the cores were collected and determined that the 
leaching data are representative of conditions at present. We used these data with measured arsenic 
concentrations to develop a plot of groundwater arsenic concentration 'across the plume (perpendicular to 
flow) for present conditions (0 -8 years), represented as the top curve on Figure B-4-2. Using the 
relationship between arsenic concentrations and time shown in Figure B-4-1 and the plume cross section 
shown as the top curve on Figure B-4-2, Woodard & Curran estimated the distribution of arsenic in the 
plume over time (Table B-4-1 and Figure B-4-2). We then estimated an average plume concentration for 
each of the specified times. The variation in average plume concentration with time is represented on 
Figure B-4-3. 

Step 4 - Flow Characteristic to Evaluate Contaminant Concentrations in Sandy Brook 

As directed by USEPA and MEDEP, arsenic concentrations in Sandy Brook were evaluated at annual 
harmonic mean flow. The harmonic mean ofn numbers is n divided by the sum of the reciprocals of the 
variables, or 

Harmonic Mean = n 
L(f/x) 

This statistic is always less than the geometric mean, which is in tum always less than the arithmetic 
mean. 

One year of continuous streamflow data was collected at two locations on Sandy Brook from July 17, 
1993 through July 16, 1994. The harmonic mean calculated for the location upstream from the landfill 
(USGS Station 01067853) is 0.35 cubic feet per second (cfs). 

In order to determine whether the record obtained from Sandy Brook is representative of seasonality of 
small watersheds in Maine, the Sandy Brook data were compared to an average calculated from 10 years 
of data from Collyer Brook near Grey, Maine. The Collyer Brook drainage area is approximately 10 
times larger than the Sandy Brook drainage area; however, it is of a generally similar size. No other 
drainage area of similar size was available in Cumberland or York counties. Comparison of the 
discharges from Sandy Brook and Collyer Brook shows that they have a similar seasonality (Figure B-4-



4). Therefore, it appears reasonable to assume that the one-year of record from Sandy Brook is 
representative of stream flow in small drainage basins in southern Maine and does not represent unusual 
flow conditions. . 

Woodard & Curran then used the record from Sandy Brook to estimate the ratio between annual harmonic 
mean flow and measured flows in June (ratio of 1.0) and measured flows in November (ratio of 0.55), as 
well as estimated low flow (month of August, ratio of 2.7) and high flow (month of March, ratio of 0.19). 
These ratios were subsequently used in calculations of surface water concentrations. 

Step 5 - Relationship Between Flow and Contaminant Concentration in Sandy Brook at the Point of 
Groundwater Discharge 

Woodard & Curran calculated the harmonic mean flow in Sandy Brook to be 0.35 cfs. The measured 
flows at the gauging station in Sandy Brook ranged from a low of 0.] cfs, recorded in July and August, to 
a high of 45 cfs, recorded in March. The harmonic mean is 270 percent of the measured daily low flow, 
and less than one percent of the measured daily high flow. The harmonic mean is, therefore, a 
conservative estimate of average flow conditions. Woodard & Curran' measured arsenic concentrations in 
Sandy Brook in June and November of ] 999. The harmonic mean flow rate for the month of June was 
the same as the annual harmonic mean, so the June arsenic concentration in surface water is assumed to 
be representative of the concentration at harmonic mean flow. 

Step 6 - Variation in Concentration with Distance Downstream from the Groundwater Discharge 
Location 

The ratios calculated for measured arsenic concentration at the groundwater discharge (SW-13) to 
downstream locations in June] 999 (also representative of harmonic mean) were used to estimate 
downstream concentrations in future years based on the estimated concentration in groundwater 
discharging to Sandy Brook. 

Step 7 - Variation in Concentration in Sandy Brook over Time 

Concentrations in Sandy Brook over time were estimated using the estimated concentration at the point of 
groundwater discharge, the ratio between the point of discharge and downstream locations, and the ratios 
between harmonic mean and high and low flows. These calculations are presented in Table B-4-2. The 
areas of Sandy Brook estimated to be above 10 flg/L of arsenic and 3 flg/L or arsenic are shown on Figure 
B-4-5 for harmonic mean flow at current conditions and in the future. 

Uncertainty Assessment 

The uncertainty assessment associated with this model is based on the uncertainties associated with each 
component of the model. The key uncertainties associated with these components are highlighted below. 



USGS Column Studies - The limitations of the USGS studies include: (1) columns are flushed at a faster 
rate than groundwater moves through the aquifer, (2) column studies were conducted ex situ and may not 
accurately reflect in situ conditions, (3) the soil cores used in the ex situ column studies were collected 
from the center (e.g., most highly contaminated area) of the plume and clearly over estimate DOC 
concentrations across the vast majority of the plume. 

Groundwater and Surface Water Data - The limitations associated with the existing groundwater and 
surface water data set include: (1) groundwater data is limited to approximately eight sampling rounds (4 
years)~ the inherent variability of the natural groundwater system and the impact this may have on 
geochemical reactions is not well understood at this time, and (2) surface water data for the entire brook is 
limited to the past 4 years, during which time there was both a IOO-year storm event and a lOO-drought 
event. These events may have biased results. For example, the June 1999 surface water data, collected 
during lOO-year drought conditions, is a very conservative estimate of the worst-case arsenic 
concentrations within Sandy Brook. 

The long-term interaction between the groundwater flux and the surface water arsenic concentrations is 
represented by four years of data. Long-term predictions are depende'nt on how representative current 
conditions are of the future. The model used conservative assumptions regarding the size and average 
concentration of the plume, thereby overestimating the net flux to the stream. The result should be a 
conservative estimate of surface water arsenic concentrations. 

Groundwater Flux and Surface Water Flow - Groundwater flux to Sandy Brook is based on the W&C 
MODFLOW model developed during the RIfFS to evaluate pumping strategies. While we believe this 
model provides a consistent view of groundwater flow in the vicinity of Area 4 and Sandy Brook, it is not 
a unique solution. Actual flow paths and flow rates may vary. 

Surface Water Flow in Sandy Brook is based on a one-year study completed by the USGS in 1994. For 
the purpose of this model, that record was compared to a different drainage basin within Cumberland 
County that has a much longer period of record to verify that the seasonality of the Sandy Brook record 
was representative of the longer record. 
Conclusion - Based on the conservative nature of many of the assumptions used in developing the 
groundwater flux and surface water transport model (see discussion above), we believe the arsenic 
concentrations predicted for Sandy Brook are conservative and are within the inherent limitations 
imposed by the existing data set. Because the arsenic concentrations in Sandy Brook are most sensitive to 
the volume of flow within the brook, actual arsenic concentrations measured at any given time may vary 
depending on actual flow volume (see peak flow compared to low flows). Based on the USGS flow 
information, the harmonic mean of 0.35 cfs (i.e., approximately 1% of high flow conditions) is an 
appropriate estimate for predicting the average exposure point concentrations for arsenic in surface water. 
It is expected that this model will continue to be updated and evaluated during each 5-year site review 
conducted by EPA. Until these future evaluations can be completed, this model is provided as a 
reasonable estimate of arsenic concentrations in Sandy Brook surface water over time (see Table B-4-2 
and Figure B-4-5). 



Figure 8-4-1 
Arsenic Concentrations in Water Flushed From Cores 

800.00 ,------------------------------------------------------------------------------. 

e 

700.00 

600.00 

-.J -t:n 
:= 
- 500.00 ---e-----
c 
o 

:;:: 
I! -c 
CD 
Co> 
C 
o 
o 
.~ 
c 
CD 

f 
c( 

400.00 

300.00 

200.00 

100.00 

---\ 

e • e .. 

o 

• Column 4 Modeled Effluent As Concentrations = 632.34xT(E-0.6596) 

e Column 2 Modeled Effluent As Concentrations = 761.25xT(E-0.6192) 

50 100 150 

Time (Years) 

--- - -- --~~---__l 

200 250 



-..J -OJ 
:s -c 
0 

:;::l 

l! -c 
Q) 
u 
c 
0 

(,,) 

.~ 
c 
Q) 

l!! 
< 

Figure 8-4-2 
Arsenic Concentrations in Groundwater Plume 
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Figure B-4-3 
Variation in Average Arsenic Concentration in Plume with Time 
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Table 8-4·1 

Saco Municipal Landfill 
Expected Arsenic Concentrations In Groundwater Plume Downgradlent from Landfill 4 

Distance .. 
From Edge of Arsenic Concentration at Specified Distance After Indicated Number of Years 

Plume 0-8 years 9 year 10 year 15 year 20 year 30 year 50 year 100y_ear 150 year 200 year 
0 0.001 0 0 0 0 0 0 0 0 0 

90 0.001 0 0 0 0 0 0 0 0 0 
225 25 16 12 6 5 3 2 1 1 1 
450 100 63 48 25 18 13 8 5 4 3 
540 500 342 242 127 92 63 42 25 19 16 
585 800 521 405 221 . 163 115 78 48 37 31 
675 800 521 405 221 163 115 78 48 37 31 
720 360 228 174 91 66 46 30 18 14 11 
810 100 63 48 25 18 13 8 5 4 3 
900 10 6 5 3 2 1 1 1 0 0 
990 0.001 0 0 0 0 0 0 0 0 0 

Average 245 160 122 65 48 33 22 14 11 9 
Concentration 
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Discharge - Sandy Brook and Collyer Brook 
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SandyBrookAsMod1 

Table B-4-2 
Estimated Arsenic Concentrations in Sandy Brook Over Time 

Arsenic at Surface Water Stations (ug/J) at Harmonic Mean Flow 
Surface Water Sampling Location 

Years 
After Cap SW-13 SW-34 SW-31 SW-15 SW-69 SW-103 

0-8 35.0 22.0 14.0 12.9 11.8 
9 25.7 16.1 10.3 9.5 8.7 

10 17.4 10.9 7.0 6.4 5.9 
15 9.3 5.8 3.7 3.4 3.1 
20 6.9 4.3 2.8 2.5 2.3 
30 4.8 3.0 1.9 1.8 1.6 
40 3.8 2.4 1.5 1.4 1.3 
50 3.2 2.0 1.3 1.2 1.1 

100 2.0 1.3 0.8 0.7 0.7 
150 1.5 0.9 0.6 0.6 0.5 
200 1.2 0.8 0.5 0.4 0.4 

Arsenic concentrations calculated as: 

CAS al harmonic mean = 

Where: 
CAs at harmonic mean = concentration of arsen ic in Sandy Brook 

= ratio of discharge of arsenic-contminated groundwater into 

Sandy Brook to total flow in Sandy Brook at downstream 
end of plume (see Appendix B-3) 

Cas(GW) = average concentration of arsenic in groundwater plume 
discharging into Sandy Brook (see Table B-4-1) 

= ratio of measured concentration in Sandy Brook to 

estimated concentration at sampling point 

= ratio of concentration at sampling paint to concentration 

in Sandy Brook at discharge paint 

8.0 
5.9 
4.0 
2.1 
1.6 
1.1 
0.9 
0.7 
0.5 
0.3 
0.3 
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APPENDIXC 

USGS WHOLE-ROCK ANALYSES 



The USGS has requested that this draft data not be copied or cited. 



DRAFJ'. DO NOT COPY. DO NOT CITE. 
, 

TABLE 4. Constituent concentrations in aquifer and bedrock materials, Saco landml, ME, August -Octo-
ber,1997 

Sample location, and depth *** whole roCk *** ***leachable *** whole rock leachable 
below surface or As Fe Mn As Fe Mn As:Fe As:Fe 
below bedrock surface J.lg/g J.lg/g J.lg/g J.lglg J.lg/g Jl.g/g % % 

UNCONSOLIDATED MATERIAL-EAST SIDE OF SANDY BROOK 

T897-2 hill cut 3.0 7,800 359 0.2 694 132 0.0385 0.0288 
T897-20' 3.4 7.300 347 0.0466 
TB97-20-2' 4.3 9.300 418 0.4 1,670 78 0.0462 0.0239 
TlJ97-24-6' . 3.~ 10,000 329 0.3 1,740 46 0.0340 0.0172 
T897-29-11' 3.4 6,600 262 0.3 1,060 42 0.0515 0.0284 . 
TB97-2 12-14' 6.8 35,500 703 0.2 6,190 258 0.0192 0.0032 

UNCONSOLIDATED MATERIAL--WEST SIDE OF SANDY BROOK 

TB97-15-7' 28.1 36,600 582 2.0 -4,010 173 0.0768 0.0498 
TB97-1 8-10' 20.4 27,900 580 3.0 4,060 200 0.0731 0.0739 
TB97-110-12' 13.6 14,000 383 2.4 3,350 120 0.0971 0.0716 
TB97-115-17' 9.4 11,400 399 1.4 2,150 47 0.0825 0.0652 
TB97-118-20' 6.8 8,400 325 1.5 1,840 55 0.0810 0.0813 
TB97-120-22' 11.9 14,600 360 2.3 3,520 89 0.0815 0.0653 
TB97-1 23-25' 11.9 14,800 413 3.5 3,060 60 0.0804 0.1144 
MW97-15B 10' 14.5 16,500 346 2.2 2,680 86 0.0879 0.0822 
MW97-16S 10-12' 32.3 36,400 777 2.5 5,100 354 0.0887 0.0490 
MW97-16S 13-13.25' 36.6 35,100 764 2.5 3,590 293 0.1043 0.0696 
MW97-16S 20-21.3' 30.6 33,000 668 1.4 4,700 . 432 0.0927 0.0298 
MW97-16S 23-24' 22.1 32,900 812 1.2 5,200 487 0.0672 0.0231 
MW97-17R 5-6.4' 17.0 11,700 338 2.4 3.300 186 0.1453 0.0726 
MW97-17R 10-12' 15.3 8,200 314 4.2 1,930 51 0.1866 0.2172 
MW97-17R 15-16' 17.9 14,500 518 5.5 2,130 219 0.1234 0.2579 
55-1 Ckavelquarryrock 51.0 33,200 1120 0.7 8,790 992 0.1536 0.0080 
SS-2 Gravel quany sand 13.6 10,600 400 2.4 830 50 0.1283 0.2896 
5S-5 Glacial till 17.9 30,300 524 _ ~l 2,660 79 0.0591 0.0789 

BEDROCK-WEST SIDE OF SANDY BROOK 

MW97-13R 1.5' 16.2 31,50<;> 621 0.0514 
MW97-13R 29' 28.9 35,600 369 0.0812 
MW97-13R29' 21.2 35,800 394 0.0760 
MW97-17R2' 10.2 29,000 422 1.8 1,900 1248 0.0352 0.0946 
MW97-17R8' 8.5 28.600 573 4.1 670 61 0.0297 0.6088 
MW97-17R 28' 14.5 39,600 577 0.0366 
MW96-9RO' 27.2 42,000 465 13.2 1,320 169 0.0648 1.0021 
MW96-9R 145' 122. 48,800 1160 15.5 710 588 0.2500 2.1907 
SS-3 Bedrock outcrop surface 16.2 41,600 672 3.0 4,670 423 0.0389 0.0642 
SS-4 Bedrock outcrop surface 46.8 50,900 343 0.2 4550 120 0.0919 0.0044 
SS-6 Saco pluton rock 12.8 45,100 846 0.0284 
5S-7 5aco pluton outcrop surface 13.6 64,100 1000 2.5 1,330 61 0.0212 0.1881 

at road cut 
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APPENDIXD 

COST BACK-UP INFORMATION 



DIRECT COSTS 

TOTAL DIRECT COSTS 

INDIRECT COSTS 

TOTAL INDIRECT COSTS 

TABLE 7-4 
COST ESTIMATE: ALTERNATIVE SML-3 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

TOTAL CAPITAL COSTS (DIRECT AND INDIRECT) 

ENVIRONMENTAL MONITORING AND REVIEW COSTS 

Annual Monitoring Groundwater/Surface Water and Sediment 
(Includes 20% contingency) 

TOTAL PRESENT WORTH ANNUAL ENVIRONMENTAL 
MONITORING COSTS (7%, 30 YEARS) 

Five Year Site Reviews (includes 20% Contingency) 

TOTAL PRESENT WORTH OF FIVE YEAR SITE REVIEWS (7%, 30 YEARS) 

TOTAL PRESENT WORTH (30 YEARS) - ALTERNATIVE SML-3 

WOODARD CURRAN (95093.06) 
Feasibility Study 

$0 

$0 

so 

$125,000 

SI,551,OOO 

$60,000 

SI29,OOO 

$1,680,000 

3110/00 



Back up 

--------------~-----------------~~--------- ----------- -1---- --- --------- ---- -------

--- --------------- --------- --- ----- - ----- ------------------ --------------------~- - ---~--- ;------- ---~ -.--

FIVE YEAR SITE REVI~_~SJ!Si>,OOO + a 20 % conting~~~I__<$I~,~OO) ~ __ ~~Q,.9i>_~very five_____________ ____ ___ _ __________ _ 
___ .--lears at ~interest rate of 7% is an annual cost of$10~3~~~ 30 yea~~HA/~'fa~~~~sed wa~~~739) ______ $10,4~~ __ ~ 

7% 
------ ------------------------
________________ _ _________ .________________ _ __________ 30 y_e_a __ rs __ 1 

TOTAL PRESENT WORTH FIVE YEAR SITE REVIEWS (PIA factor used was 12.4090) $129,000 
--- ---- -------- ----------.- -- -- ----------- ------------ --1------------ --------

--------------------------------- --- ----
. __________________________________________ c-_ - _____ _ 

$125,000 
-- --.------------- --- ----------_.-- - ----- .. _ ... -.-. 

7% 
---.------~---.----.-----~--------------.-----~--.-------------_.---------_._-----_._-. ".-. --------- -----_._------_ .. _-------. __ ........ . 

30 --"-------------_._----------_.----_ .. _- --._------_._------ .• --- - --_ .. _--- .. --.. --- ._--_ .. ----- .. --------"---_. __ ._-- .. _-
PRESENT WORTH ANNUAL ENV. MONITORING AND MAINTENANCE (7% FOR 30 YEARS) $1,551,000 

Page 1 
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DIRECT COSTS 

Pilot Scale Field Study 
Installation of 17 Injection wells 

Groundwater Extraction System 
Discharge to Saco WWfP (1) 

TABLE 7-8 
COSTES~TE: ALTERNA1TVES~A 

(DISCHARGE TO SACO WWTP) 

FEASmD..ITY STUDY REPORT 
SACO MUNICIPAL LANDFD..L 

SACO, MAINE 

Installation of Groundwater ExtractionIDischarge System 

SUBTOTAL 

20% Contingency on Direct Costs 

TOTAL DIRECT COSTS 

INDIRECT COSTS 
Health and Safety @ 5% 
Legal, Administrative and Permitting @ 5% 
Engineering Design @ 10% 
Services during Construction @10 % 

TOTAL INDIRECT COSTS 

TOTAL CAPITAL COSTS (DIRECT AND INDIRECT) 

ANNUAL OPERATION AND MAINTENANCE COSTS 
In Situ Chemical Oxidation injection 
Injection Well Maintenance 

SUBTOTAL 
Engineering @ 10% 
20 % Contingency on O&M Costs 

TOTAL O&M COSTS 

TOTAL PRESENT WORTH ANNUAL O&M COSTS (7%, 5 YEARS) 

$75,000 
$85,000 

$92,000 
$453,000 
$164,000 

$869,000 

$174,000 

$1,043,000 

$52,000 
$52,000 

$104,000 
$104,000 

$312,000 

$1,355,000 

$391,000 
$20,000 

$411,000 
$41,000 
$82,000 

$534,000 

52,190,000 



TABLE 7-8 
COST ESTIMATE: ALTERNATIVE SML-4A 

(DISCHARGE TO SACO WWTP) 

Monitoring 2 Extraction Wells (Quarterly) 
Maintenance (Annual) 

SUBTOTAL 
Engineering @ 10% 
20 % Contingency on O&M Costs 

TOTAL O&M COSTS 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

TOTAL PRESENT WORTH ANNUAL O&M COSTS (7%,30 YEARS) 

Monitoring Groundwater/Smface Water and Sediment (annually) 

TOTAL PRESENT WORTH ANNUAL ENVIRONMENTAL 
MONITORING COSTS (7%, 30 YEARS) 

Five Year Site Reviews (includes 20% Contingency) 

TOTAL PRESENT WORTH OF FIVE YEAR SITE REVIEWS (7%,30 YEARS) 

TOTAL PRESENT WORTH (30 YEARS) - ALTERNATIVE SML-4A 
(1) Costs for upgrades to pwnp station on Route 112 not included. 

$5,000 
$27,000 

$32,000 
. $3,000 

$6,000 

$41,000 

S509,000 

$125,000 

S1,551,000 

$60,000 

S129,000 

$5,734,000 



ALTERNATIVE SML-4A (O&M cost back-up) 
SAMPLING AND ANALYSIS (extraction system) 
(assumes quarterly monitoring of 2 extraction well- VOCs, metals) 

DESCRIPTION COST 

Monitoring 2 Extraction Wells (Quarterly) $5,000 yr 
Maintenance (5% of equipment subtotal) $27,000 yr 

Subtotal annual costs $32,000 

EngineerinK @ 10% $3,000 
20% Contingency on Annual O&M $6,000 

$41,000 
7% 
30 I years 

PRESENT WORTH ANNUAL MONITORING AND MAINTENANCE (7% FOR 30 YEARS) $509,000 
(P/ A factor used was 12.4090) 

Monitoring Groundwater/Surface Water and Sediment (Annually) $125,000 Iyr 
7% 
30 

PRESENT WORTH ANNUAL ENV. MONITORING AND MAINTENANCE (7% FOR 30 YEARS) $1,551,000 

FIVE YEAR SITE REVIEWS ($50,000 + a 20 % contingenc~ ($10,000) = $60,000 every five 
years at an interest rate of 7% is an annual cost of $10,434 for 30 years) (AfF factor used was 0.1739) $10,434 

7% 
30 I years 

TOT AL PRESENT WORTH FIVE YEAR SITE REVIEWS (P/ A factor used was 12.4090) $129,000 
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TABLE 7-9 
COST ESTIMATE: ALTERNATIVE SML-4B 

(TREATMENT/ON-SITE DISCHARGE) 

DIRECT COSTS 

Pilot Scale Field Study 
Installation of 17 Injection wells 

Groundwater Extraction System 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Treatability Study for Groundwater Treatment System 
Groundwater Treatment System 
Treated Groundwater Discharge System 
Installation of Groundwater E~1raction!TreatmentlDischarge System 

SUBTOTAL 

20% Contingency on Direct Costs 

TOTAL DIRECT COSTS 

INDIRECT COSTS 
Health and Safety @ 5% 
Legal, Administrative and Pennitting @ 5% 
Engineering Design @ 10% 
Services during Construction @10 % 

TOTAL INDIRECT COSTS 

TOTAL CAPITAL COSTS (DIRECT AND INDIRECT) 

ANNUAL OPERATION AND MAINTENANCE COSTS 
In Situ Chemical Oxidation injection 
Injection Well Maintenance 

SUBTOTAL 
Engineering @ 10% 
20 % Contingency on O&M Costs 

TOTAL O&M COSTS 

TOTAL PRESENT WORTH ANNUAL O&M COSTS (7%,5 YEARS) 

$75,000 
$85,000 

$92,000 
$100,000 
$443,000 

$11,000 
$676,000 

$1,482,000 

$296,000 

$1,778,000 

$89,000 
$89,000 

$178,000 
$178,000 

$534,000 

$2,312,000 

$391,000 
$20,000 

$411,000 
$41,000 
$82,000 

$534,000 

S2,190,000 



TABLE 7-9 
COST ESTIMATE: ALTERNATIVE SML-4B 

(TREATMENT/ON-SITE DISCHARGE) 

FEASmILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Treatment System (Labor, Power, Chemicals, Maintenance, etc ... ) 
Monitoring 2 Extraction Wells (Quarterly) 
Treatment System Monitoring (Monthly) 
Tretment Sludge Disposal 

SUBTOTAL 
Engineering @ 10% 
20 % Contingency on O&M Costs 

TOTAL O&M COSTS 

TOTAL PRESENT WORTH ANNUAL O&M COSTS (7%,30 YEARS) 

Monitoring Groundwater/Surface Water and Sediment (annually) 
(includes 20% Contingency) 

TOTAL PRESENT WORTH ANNUAL ENVIRONMENTAL 
MONITORING COSTS (7%, 30 YEARS) 

FIVe Year Site Reviews (includes 20% Contingency) 

TOTAL PRESENT WORTH OF FIVE YEAR SITE REVIEWS (7%,30 YEARS) 

TOTAL PRESENT WORTH (30 YEARS) - ALTERNATIVE SML-4B 

$166,000 
$5,000 

$12,000 
$14,000 

$197,000 
$20,000 
$39,000 

$256,000 

$3,177,000 

$125,000 

$1,551,000 

$60,000 

$129,000 

$9,359,000 



ALTERNATIVE SML-4B -IN SITU CHEMICAL OXIDATION (PRELIMINARY DIRECT COST BACKUP) 
INSTALLATION OF CHEMICAL INJECTION WELLS (17) 
(Assumed 17 wells, depth = 45 feet, 13 days to install) 

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL 

Drilling Estimate (Sterns Drilling 7116/96) 
Equipment Mobilizationl Demobilization 1 EA 500 $ 500 
Advance 4.25-inch augers in overburden soils wI 5-foot soil samples 765 LF 16 $ 12,240 
Pure bentonite grout, 30% solids by weight 765 LF 7 $ 5,355 
Install 2-lnch SCH 40 No. 7 slot CPVC screen 170 LF 20 $ 3,400 
Sand pack, Morie No.OO 240 LF 20 $ 4,800 
Install 2-inch SCH 40 CPVC riser 720 LF 13 $ 9,360 
Well development 40 HR 110 $ 4,400 
Steam cleaning 15 EA 300 $ 4,500 
Build Decontamination Pad 1 EA 400 $ 400 
Containerization and stage of soils 55-gallon DOT drums 40 DRUMS 50 $ 2,000 
Containerization and stage of water 55-gallon DOT drums 15 DRUMS 50 $ 750 
Tractor loader move drums and tools to decon area 13 DAY 100 $ 1,300 
Per Diem for each drilling crew 13 DAY 150 $ 1,950 
4-inch protective casing with keyed alike locks 17 EA 120 $ 2,040 
Analysis of soil cuttings and well development water 2 SAMPLE 500 $ 1,000 
Transportation of soil and water drums 53 DRUMS 83 $ 4,399 
Disposal of soil cuttings 40 DRUMS 75 $ 3,000 
Disposal of well development water 15 DRUMS 350 $ 5,250 

SUBTOTAL $ 66,644 

Woodard & Curran Oversight 
Labor (assumes 1 person x 32 days x 12 hours) 156 HR 75 $ 11,700 
Hotel NIGHT 60 $ -
Meals 13 DAY 7 $ 91 
Flight EA 1000 $ -
Car 2 WEEK 200 $ 400 
Equipment (assumes PID, draegger, cell phone, water level meter and $ 3,000 

miscellaneous expendables) 
Analysis (TOC only for soil, 2 per boring) 38 SAMPLE 77 $ 2,926 
Shipping 2 COOLER 75 $ 150 

SUBTOTAL $ 18,267 

TOTAL $ 85,000 



ALTERNATIVE SML-4B -Insitu Chemical Oxidation (PRELIMINARY O&M cost back-up) 
CHEMICAL INJECTION 
(assumes 17 injection wells, dosed twice per year) 

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL 

Chemical Injection 
addition activities per well (Includes labor, chemical, equip, etc.) 34 well 10000 $340,000.00 
travel costs 2 event 500 $1,000.00 
oversight labor/reporting costs 1 year 50000 $50,000.00 
TOTAL ANNUAL CHEMICAL INJECTION $391,000.00 
INJECTION WELL MAINTENANCE $20,000.00 

SUBTOTAL $411,000.00 
10 % Engineering $41,000.00 
20% Contingency $82,000.00 

$534,000.00 

7% 
5 

PRESENT WORTH FOR ANNUAL OPERATIONS AND MAINTENANCE (7% FOR 5 YEARS) $2,190,000.00 

FIVE YEAR SITE REVIEWS ($50,000 + a 20 % contingency (10,000) = 60,000 every five 
years at an interest rate of 7% is an annual cost of 10,434 for 30 years) $10,434.00 

7% 
30 

TOTAL PRESENT WORTH FIVE YEAR SITE REVIEWS $129,000.00 



Saco Municipal Landfill Feasibility Study 
Saco, Maine 

Alternative SML-S (60-70 gpm Pump and Treat) 

Capital Costs 

1 EQUIPMENT COSTS 
Item Quantity Unit Unit Cost Total Cost 

(a) Extraction System 
E~ction Wells with Development (Level D) 2 ea $15,000 $30,000 

Pumps with VFDs and Controls 2 ea S3,300 S6,600 

Flow meters (2" magmeters) 2 ea S2,300 $4,600 

Piezometers (Level D) 11 ea S3,000 S33,000 

Piping (HOPE) 

2 inch 1,160 LF $8 $9,280 

Subtotal $83,480 

Contractor's Profit (@ 10% of equipment cost) $8,350 

Extraction System Subtotal $91,830 

(b) Treatment System 

Flow meter (2" magmeter) ea $2,300 $2,300 

Mix tank (400 gaL) 1 ea $770 $770 

Mixer (1 HP) 1 ea $1,500 $1,500 

KMn04 storage tank (3800 gal. wi sec. cont.) ea $10,120 $10,120 

Mixer (3 HP) ea $2,300 $2,300 

Chemical feed pump (120 gpd) ea $850 $850 

NaOH storage tank (1800 gal. wi sec. cont.) ea S6,160 $6,160 

Chemical feed pump (70 gpd) ea $790 $790 

Spare portable mixer (1.5 HP) ea $1,800 SI,800 

Oxidation tank (2000 gal.) ea $2,800 $2,800 

Mixer (2 HP) ea $2,200 $2,200 

Lamella separator (240 sq. ft.) 1 ea $45,000 $45,000 

Transfer tank (400 gaL) 1 ea $770 $770 

Transfer and backwash pumps (2 HP) 3 ea $3,000 $9,000 

Greensand Filters (3 ft. diam.) 2 ea $8,000 $16,000 

HCI storage tank (2500 gal. wi sec. cont.) 1 ea $9,900 $9,900 

Chemical feed pump (80 gpd) ea $790 $790 

Activated alumina colums (5 ft. diam., 120 cu. ft.) 2 ea $26,800 $53,600 

GAC vessels (4' daim., 1800 lb. GAC) 2 ea $10,296 $20,592 

Backwash holding tank (7,500 gal) ea $7,600 $7,600 

Clearwell (2,000 gal.) ea $2,800 $2,800 

Sludge holding tank (5500 gal.) ea S6,300 S6,300 

Air Diaphragm Pumps - Press feed and sludge trans. 2 ea Sl,OOO $2,000 
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Saco Municipal Landfill Feasibility Study 

Saco~Maine 

Alternative SML-5 (60-70 gpm Pump and Treat) 

Capital Costs . 

Air Compressor (3 HP) 1 ea 
Polymer mixing tank (50 gal.) 1 ea 
Mixer (0.5 HP) 1 ea 
Chemical feed pump - polymer (120 gpd) 1 ea 
Static mixers - in-line, 3" 2 ea 
Sludge press (4 cu. ft) 1 ea 
Fork lift (for sludge bin and chemical handling) 1 ea 
Building Costs (65'L x 45'W x 16'H) 2925 SF 

Subtotal 

Contractor's Profit (@ 10% of equipment cost) 

Treatment System Subtotal 

(c) Surface Water Discharge System 
3" HOPE Pipe 1070 LF 
Infiltration Basin (150' x 150' x 5') 4167 CY 
Fence 600 LF 
Swing Gate 1 Ea 

Subtotal 

Sales Tax (@ 6% of equipment cost) 

Contractor's Profit (@ 10% of equipment cost) 

Discbarge System Subtotal 

EQUIPMENT SUBTOTAL 

2 INSTALLATION COSTS 
Instrumentation (15% of Equipment Subtotal) 

Electrical (15% of Equipment Subtotal) 

Process Piping (30% of Equipment Subtotal) 

HV AC System (7% of Equipment Subtotal) 

Labor (30% of Equipment Subtqtal) 

Field Indirect (90% of Labor Cost) 

INSTALLATION SUBTOTAL 

TOTAL CAPITAL COSTS 
Note: Capital Costs are rounded to the nearest thousand 
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SI,700 SI,700 

S330 $330 

SI,300 SI,300 

S850 $850 

. $600 $1,200 

S24,000 S24,000 

S23,000 S23,000 

S50 S146,250 

S402,272 

$40,230 

$442,502 

S9 S9,630 

S10 S41,667 

SIS $9,000 

$400 $400 

$9,630 

S580 

S960 
$11,170 

$545,502 

$81,825 

$81,825 

$163,651 
$38,185 

$163,651 

$147,286 

$676,422 

$1,222,000 



(1 full-time operator) 
Electricity 
Other utilities (oil, phone) 
Chemicals 
Maintenance @ 5% of capital 
Sludge disposal 
Monitoring 
Office/SupplieslMisc.disposable items 

TOTAL COST 

$73,000 
$9,000 
$5,000 

$47,000 
$27,300 
$13,700 
$17,080 

$5,000 

$197,000 



Saco Landfill Groundwater Pump & Treat System 

ALTERNATIVE ~ML-5 (60-70 GPM) 

POWER ESTIMATE 

2 Extraction pumps 
2 Continuous mixers 
4 Chemical Feed Pumps 
1 Transfer Pump 
1 Air Compressor 
HV AClLights 
Miscellaneous 

ELECTmCPOWERSUM~RY 

2.80 
3.00 

1.00 
2.00 
3.00 
3.00 
2.00 

TOTAL 16.80 

UNIT POWER COST 

TOTAL ANNUAL POWER COST 

2.09 
224 
0.75 
1.49 
224 
2.24 
1.49 

12.53 

$0.100 I 

$9,000 I 

24 50 
24 54 

24 18 
24 36 

6 13 
18 40 
24 36 

KWH/: <KWH! 
: DAY . YEAR 

247 90,182 



Saco Landfill Groundwater Pump & Treat System 
ALTERNATIVE SML-S (60-70 GPM) 
Chemical Costs 

QUANTIlY/ UNIT ANNUAL 
CHEMICAL YEAR UNITS COST COST 

Sodium Hydroxide (25%) 30,130 Gal. $0.40 $12,100 
Hydrochloric Acid (30%) 34,488 Gal. $0.60 $20,693 
Potassium Pennanganate, pure solid 6,117 Lbs. $1.60 $9,800 
Polymer 22 Lbs. $2.50 $100 
GAC 1,104 Lbs. $3.00 $3,300 

Subtotal $42,693 
Freight (10%) $4,269 

SUBTOTAL CHEMICALS $46,962 

Sludge Costs 

ITEM 
Wet Tonslyr 55 
Unit Hauling and Tipping cost ($IWT) $250 
Sludge Disposal Cost ($/yr) S13,695 
Assuming Sludge is disposed of as hazardous waste. 



Saco Landflll Groundwater Pump & Treat System 
ALTERNATIVE SML-5 (60-70 GPM) 
Monitoring Costs 

1. Extraction Wells (Monitored Quarterly) 
No. of Samples = 2 

Trip Blanks = 1 
Duplicates = 1 
MSIMSD= 0 

Eq. Blanks = 0 
Total = 4 

Cost for VOC Analysis = 
Cost for Metals Analysis = 

Monitoring Frequency = 

Cost Subtotal = 

$147 (for VOC Method 8260) 
$181 (for TAL Metals Method SW-846) 

4 times per year 

$5,200 per year 

2. Treatment System Sampling (Monthly) 
No. of Samples = 3 

QAlQC= 0 
Total = 

Cost for VOC Analysis = 
Cost for Metals Analysis = 

Monitoring Frequency = 

Cost Subtotal = 

Total Cost = 

3 

$150 (for VOC Method 8260) 
$180 (for TAL Metals Method SW-846) 

12 times per year 

$11,880 per year 

$17,080 per year 



Saco Landfill Groundwater Pump & Treat System 
Conceptual Design 

Influent Criteria: . 

Flow I'::r~r;38:7~gpm 0.101 MGD 

Mn:;{~~i;·;~;tJi:t mgIL 

~: :;~.~%i~'i~:: 
pH ;;:;>}jj:~~7 units 

Alkalinity >'.;::;:A~·;~1> mgIL as CaC03 
Benzene ... ::"~;;?i ugIL 

Effluent Criteria: 
Mn O.~4 mgIL 

As 0.05 mgIL 
Benzene 5 ugIL 

Assumptions 
All metals in reduced state 

Linear t~tration curve between pH 4.5 and 1 0~5 

Unit Processes: 
Wells, pumps, and piping 

KMn04 and NaOH rapid mix addition 

Oxidation tank wI mixer 

Lamella inclined plate separator 
Transfer tank and pumps 

Manganese greensand filters 

HCI addition 

Activated alumina ion exchange 

Granular activated carbon vessels 

Backwash tank 

Sludge thickening tank 

Polymer mixing tank 

Sludge press 

Discharge piping 

Wells, pumps, and piping 
Desired flow velocity in piping 

East well flow 

East well line diameter 

4 ftlsec 

23 gpm 

2 inches 

Source: 

Modflow modelling by JRH wI 15% safety factor 

Average of wells 95-4SA,B and 97-14S-1 and 2· 

Average of wells 95-4SA,B and 97-14S-1 and 2 
Average of wells 95-4SA,B and 97-14S-1 and 2 
Average of wells 95-4SA,B 

Average of wells 95-4SA,B and 97-14S-1 and 2 
Average of wells 95-4SA,B 

Source: 

EPA 

EPA 

EPA 

Function: 

Deliver groundwater to treatment 

Oxidize Fe, Mn, As, pH adjust to 8.0 

Oxidize Fe, Mn, As, pH adjust to 8.0 

Remove majority of Fe, some Mn and As 

Shift from gravity to pressure operation 

Remove Fe, Mn to less than 0.5 ppm 

Adjust pH to 6.0 

Remove As to less than 30 ppb 

RemoveVOCs 

Collect and settle backwash water to minimize volume 

Mix sludge with polymer for enhanced dewatering 

Prepare polymer for mixing with sludge 

Press sludge for disposal 

Convey clean water to discharge point 
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Sa co Landfill Groundwater Pump & Treat System· 
Conceptual Design 

Line length 

Depth to screen midpoint 

Additional head required 

Total head required 

Pump size required 

West well flow 

West well line diameter 

Line length 

Depth to screen midpoint 

Additional head required 

Total head required 

Pump size required 

.. >580' feet 
." .... -:. 

.:,: >'60 feet 

. ." -~:" -: 

: .. " SO~feet 

110 feet 

1.1 hp 

47 gpm 

2 inches 

580 feet 

32 feet 

50 feet 

82 feet 

1.7 hp 

KMnO" and NaOH and caustic addition 

Mix tank residence time 

Mix tank volume 

Tank diameter 

Tank height 

Actual tank volume wI freeboard 

Dose KMnO" required 

KMn04 solution strength 

KMn04 addition rate 

Desired storage time 

KMn04 storage volume reqd. 

KMn04 Tank diameter 

KMn04 tank height 

Actual tank volume wI freeboard 

Desired pH 

Alk. per pH unit (as CaC03) 

Alkalinity lost in oxidation 

Total alkalinity required 

NaOH solution strength 

NaOH addition rate 

Desired storage time 

NaOH storage volume reqd. 

NaOH tank diameter 

NaOH tank height 

Actual tank volume wI freeboard 

5 min. 

350 gaIJons 

3 feet 

7.6 feet 

400 gaIJons 

57 mgIL 

50,000 mglL 

0.08 gpm 

30 days 

3500 gaIJons 

7 feet 

13.1 feet 

3790 gallons 

8.0 units 

177 mgIL 

1.5 meq 

6.1 meq 

7.5 N 
0.06 gpm 

30 days 

2500 gallons 

7 feet 

9.7 feet 

2790 gallons 

44' to 76' bgs 

25 feet elevation difference + 10 psi excess 

18' to 46' bgs 

Notes: 

Reasonable time for stable pH control 

Includes 1 ft. freeboard 

Dose 0.94 Ibllb Fe, 1.92 Ib/lb Mn, 2 Ib/lb As 

116 gpd 17 Ib Mnlday 

Includes 1 ft. freeboard 

3.5 meq 

1.49 Ib as CaC031lb Fe, 1.21 lb/lb Mn, 2 Ibllb As 

25% (w/w) NaOH approx. = 7.5N 

83 gpd 

Includes 1 ft. freeboard 
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Saco Landfill Groundwater Pump & Treat System 
Conceptual Design 

Oxidation tank 
Oxidation tank residence time 

Oxidation tank volume 

Tank diameter 

Tank height 

Actual tank volume wI freeboard 

Lamella inclined plate separator 

Surface loading rate 

Required surface area 

Unit size 

Number of units 

Approx. height 

Approx. length 

Approx. width 

Transfer tank and pumps 

Transfer tank residence time 

Transfer tank volume 

Tank diameter 

Tank height 

Actual tank volume wI freeboard 

Pump capacity 

Pump flow 

Pump horsepower 

Manganese greensand filters 

Surface loading rate 

Required surface area 

Required diameter 

Unit size provided 

Diameter provided 

Number of units 

Activated alumina ion exchange 

Desired pH for act. alumina 

He) required to offset NaOH 

--"." \-"2S"min. 

1800 gallons 
6 feet 

9.5 feet 

2010 gallons 

0.4 gpm/ft2 

175 ft2 

240 ft2 

1 unit 

13 feet 

11 feet 

6 feet 

5 min. 

350 gallons 

3 feet 

7.6 feet 

400 gallons 

70 ft head 

70 gpm 

2.1 HP 

3 gpm/ft2 

23 ft2 

2.7 ft 

28 ft2 

3.0 ft 
2 units 

6.0 units 

6.1 meq 

Notes: 

Reaction time of 5 to 30 minutes suggested in A WW A 

Includes' -" 1 ft. freeboard 

0.4 to 0.6 gpm/sq. ft recommended by Parkson 

Unit sizes of 240, 480, 740, and 1150 sq. ft available 

Dimensions from Parkson 

Notes: 

Reasonable time for stable pump control 

Includes 1 ft. freeboard 

30 psi 

Notes: 

3 to 5 gpm per sq. ft. recommended in A WWA 

Plan to alternate units, can also run in series or parallel 
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Sa co Landfill Groundwater Pump & Treat System 

HCI required to achieve setpoint 

Total acidity required 

HCI solution strength 

HCI addition rate 

Desired storage time 

HCl storage volume reqd. 

HCl tank diameter 

HCl tank height 

Actual tank volume wI freeboard 

Act. alum. surface loading rate 

Required surface area 
Required diameter 

Unit size provided 

Diameter provided 

EBCT required 

Volume to satisfy EBCT 

Bed volumes to breakthrough 

Desired time to breakthrough 

Bed vol. reqd. for breakthrough 

Controlling bed volume 

Number of units 

Granular Activated Carbon 
Carbon vessels required 

Flow rate 

Min. vessel diameter 

Mass of carbon in vessel 

Mass of carbon used per day 

Life of vessel 

Clearwell and backwash settling tanks 
Filter backwash rate 

Backwash cycles per day 

Backwash duration 

Settling tank hold time 

SettJing tank volume required 

SettJing tank diameter 

SettJing tank height 

Actual tank volume wI freeboard 

Conceptual Design 
2.5.meq 
8.6 meq 
-9N 

0.07 gpm 

.. -3.0 days 
2900 gallons 

7 feet 

11.1 feet 

3190 gallons 

1 gpmlft2 

70 ft2 

4.7 ft 

79 fe 

5.0 ft 
5.0 min. 
47 cu. ft. 

10000 volumes 

90 days 

121 cu. ft. 
121 cu. ft. 

2 units 

2 units 

70.0 gpm 

48 inches 

1700 lbs. 

3 Ibs. 

1.5 years 

175 gpm 

2 cycles 

10 minutes 

2 days 

7000 gallons 

9 feet 

15.7 feet 

7480 gallons 

20 deg. Be = 30% soln. = 9.2 N 

94 gpd 

Includes : 1 ft. freeboard 

1 to 5 gpm per sq. ft. recommended in A WW A 

From AWWA p. 615 

Regenerate once per quarter. Complicated task. 

Plan to alternate units, can also run in series or parallel 

Notes: 

Plan to run in series 

Based on use rate of 0.03 Ib/lOOO gal. from Calgon 

Notes: 

Assume 250% of forward flow rate 

Includes 1 ft. freeboard 
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Saco Landfill Groundwater Pump & Treat System 
Conceptua' Design 

ClearweU volume required 

ClearweU tank diameter 

Clearwelt tank height 

Actual tank volume wI freeboard 

Sludge storage/thickening tank 
Mass of Fe removed 

Mass of Mn removed 

Mass of As removed 

Misc. other metals removed 

Total metals removed 

Conc. of As in dry sludge 

Hazardous waste? 

Settled sludge concentration 

Sludge specific gravity 

Settled sludge volume 

Sludge holding between presses 

Necessary tank volume 

Tank diameter 

Tank height 

Actual tank volume wI freeboard 

Polymer day tank 
Necessary tank volume 

Tank diameter 

, Tank height 

Actual tank volume wI freeboard 

Polymer dose 

Polymer use 

Sludge press 
Pressed sludge concentration 

Sludge specific gravity 

Pressed sludge volume 

Pressed sludge mass 

1750 gallons 

6 feet 

9.3 feet 

1960 gallons 

38lb/day 

72 Ib/day 

23 lb/day 

37 Ib/~ay 

0.1 Ib/day 

0.2 I bId ay . 

11 Ib/day 

120 Ib/day 

980 mglkg 

Yes 
20000 mgIL 

1.01 

714 gal/day 

. Includes 

Notes: 

as Fe 

as Fe(OH)) 

as Mn, includes Mn added with KMn04 

as Mn02 

as As 

as As(OH)2 

assumes 10% of Fe, Mn total 

Hazardous waste threshhold is 100 mglkg. 

2% 

7 days maximum 

5100 gallons 

8 feet 

14.5 feet 

5480 gallons 

30 gallons 

2 feet 

2.3 feet 

50 gallons 

10 mg/L 

22 Ib/year 

400000 mg/L 
1.40 

26 gal/day 

300lb/day 

Includes 1 ft. freeboard 

Notes: 

Polymer diluted in day tank, dosed in-line wI static mixer 

Includes 1 ft. freeboard 

3 ft3/day 

4.5 ton/month 
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Required press volume 

Length 

Width 

Height 

Initial press fill time 

AOD pump flow rate 

Compressed air flow rate 

HP required 

Discharge piping 
Flow rate 

Desired flow velocity in piping 

East well line diameter 

Line length 

Saco Landfill Groundwater Pump & Treat System 
Conceptual.Design 

4 fe Assumes more than one press cycle per day as reqd. 
. ·'6.2 ft Based on 1WI catalog cuts 

/3 ft Based on JWI catalog cuts 

'4J ft Based on JWI catalog cuts 
'-5 min. 

6 gpm 

12 scfm 

3 hp 

70 gpm 

4 ftlsec 

3 inches 

1070 feet 

Based on JWI recommendation 

at peak 100 psi discharge 

(incorporates 2x correction for high viscosity) 

Assumes 4. cfmlhp 
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TABLE 7-13 
COST ESTIMATE: ALTERNATIVE SML-5A 

(DISCHARGE TO SACO WWTP) 

DIRECT COSTS 

Groundwater Extraction System 
Discharge to Saco WWfP (I) 

FEASIBILJ1Y STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Installation of Groundwater Extraction! Discharge System 

SUBTOTAL 

200A, Contingency on Direct Costs 

TOTAL DIRECT COSTS 

INDIRECT COSTS 
Health and Safety @ 5% 
Legal, Administrative and Pennitting @ 5% 
Engineering Design @ 10% 

Services during Construction @ 1 ° % 

TOTAL INDIRECT COSTS 

TOTAL CAPITAL COSTS (DIRECT AND INDIRECI) 

ANNUAL OPERATION AND MAINTENANCE COSTS 
Monitoring 2 Extraction Wells (Quarterly) 
Monitoring Groundwater/Surface Water and Sediment (Annually) (2) 
Maintenance (Annual) 

SUBTOTAL 
Engineering @ lOOA, 
20% Contingency on Annual O&M 

TOTAL O&M COSTS 

TOTAL PRESENT WORTH ANNUAL O&M COSTS (70/0, 30 YEARS) 

Monitoring GroundwaterlSurface Water and Sediment (annually) 
(includes 20% Contingency) 

TOTAL PRESENT WORTH ANNUAL ENVIRONMENTAL 
MONITORING COSTS (7%,30 YEARS) 

Five Year Site Reviews (includes 200A, Contingency) 

TOTAL PRESENT WORTH OF FIVE YEAR SITE REVIEWS (7010, 30 YEARS) 

TOTAL PRESENT WORTH (30 YEARS) - ALTERNATIVE SJ\1L..SA 

(I) Costs for upgrades to pump station on Route 112 not included. 

WOODARD CURRAN (95093.06) 
Feasibility Study 

592,000 
$453,000 
$164,000 

$709,000 

$142,000 

$851,000 

$43,000 
$43,000 
$85,000 
$85,000 

$256,000 

51,107,000 

55,000 
$40,000 
$27,000 

572,000 
$7,000 

$]4,000 

593,000 

5509,000 

5125,000 

51,551,000 

$60,000 

5119,000 

$3,296,000 

3110/00 



Sheet4 

AL TERNA TlVE SML·5A (O&M cost back.up) 
SAMPLING AND ANALYSIS (extraction system) 
(assumes quarterly monitoring of2 extraction well· VOCs, metals) 

----
DESCRIPTION COST 

Monitoring 2 Extraction Wells (Quarterly) $5,000 yr 
Maintenance (5% of equipment subtotal) $27,000 yr 

._-_ ... - ------------_. 
Subtotal annual costs $32,000 

----- - -------------
-

Eng!!,et!ring_@ 10% $3,000 -_._-------_._--_._----------... ------ -
20% Contingency on Annual O&M $6,000 

$41,000 
. -. .-----_ .... _.-- . ---- .--.. -- .... _.-. _._-----_._------ --- -_ . 

7% ._-------_._--_._----- ,-----

30 years 

~~~~~T ~<?~TH ~~U~~ Mq~~~9}~.!~_(j~t:l.J:? M_~!~!Et-lAN~E (7ro~.9R}0~~~~~) $509,000 
.-- . ---- .--_._ .... _--_ .. - ---- -- .-._. -~.- ----.----- ------

(P/ A factor used was 12.4090) 

------------------
Monitorin~ Groundwater/Surface Water and Sediment (Annually) $125,000 'jr 

7% 
--

30 
PRESENT WORTH ANNUAL ENV. MONITORING A~D M~}l'-I_T~N_~N~~J7%.£9R ~QY_J§A~~~_-____ $1,551.000 --- -----.-~---- .-------. 

-

FIVE YEAR SITE REVIEWS ($50,000 + a 20 % conting~~t($"!'Q!OOO) = $~O,O.!>_~~~~rt five ____ . ---_. 
____ y~~~~ _at_~~ .. !!,!e_~~s.~~te ~f __ ~~oi~.a!l a_n_n~~!c~~~o~ $1~,434 for 30_year_sL (A~~_ f~~!o!.~~~~ ~.~_~~17~2)_ . ___ . __ $10,434 _ .. -." ---_.".,.- .-----_ ... _- - ----------

7% ._-----------,-------- -
30 ye_~'"! ___ . . _---- _._-_ . . ---_.--- -- --.-- --.---- ---- -_. --_._- -~-- _.- ... '-'- - .. ..... _ .. .. - - .. '-'-" .-- - ------- ... - .-._- _._- ... ----_. __ .. -.... 

TOTAL PRESENT WORTH FIVE YEAR SITE REVIEWS (PI A factor used was 12.4090) $129,000 
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TABLE 7-14 
COST ESTIMATE: ALTERNA TlVE SM~5B 

(TREA TMENT/ON-SITE DISCHARGE) 

DIRECT COSTS 

Groundwater Extraction System 

FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Treatability Study for Groundwater Treatment System 
Groundwater Treatment System 
Treated Groundwater Discharge System 
Installation of Groundwater Extraction !Treatment! Discharge Systems 

SUBTOTAL 

20% Contingency on Direct Costs 

TOTAL DIRECT COSTS 

INDIRECI' COSTS 
Health and Safety @ 5% 
Legal, Administrative and Pennitting@ 5% 
Engineering Design @ 10% 
Services during Construction @10 % 

TOTAL INDIRECT COSTS 

TOTAL CAPITAL COSTS (DIRECT AND INDIRECT) 

ANNUAL OPERATION AND MAINTENANCE COSTS 
Treatment System (Labor, Power, Chemicals, Maintenance, etc ... ) 
Monitoring 2 Extraction Wells (Quarterly) 
Treatment System Monitoring (Monthly) 
Treatment Sludge Disposal 

SUBTOTAL 
Engineering @ 100/0 
20% Contingency on Annual O&M 

TOTAL O&M COSTS 

TOTAL PRESENT WORTH ANNUAL O&M COSTS (70/.,30 YEARS) 

Monitoring Groundwater/Surface Water and Sediment (annually) 
(includes 200/0 Contingency) 

TOTAL PRESENT WORTH ANNUAL ENVIRONMENTAL 
MONITORING COSTS (7%, 30 YEARS) 

Five Year Site Reviews (includes 20% Contingency) 

TOTAL PRESENT WORTH OF FIVE YEAR SITE REVIEWS (7%,30 YEARS) 

TOTAL PRESENT WORTH (30 YEARS) - ALTERNATIVE SML-5B 

WOODARD CURRAN (95093.06) 
Feasibility Study 

$92,000 
$100,000 
$443,000 

$11,000 
$676,000 

SI,322,OOO 

S264,000 

SI,586,000 

S79,000 
$79,000 

S159,000 
$159,000 

$476,000 

52,062,000 

SI66,ooo 
S5,000 

S12,000 
$14,000 

S197,000 
$20,000 
S39,000 

S256,000 

$3,177,000 

S125,000 

SI,551,000 

$60,000 

S129,000 

56,919,000 

3110/00 



Sheet4 

ALTERNATIVE SML-5B (O&M cost back-up) 
SAMPLING AND ANALYSIS (extraction and treatment systems) 
(assumes quarterly monitoring of2 extraction well- VOCs, metals) ________________ --II--r-______ i ____ � 

(assumes monthly monitoring oftreatment system - VOCs, metals) 

DESCRIPTION COST ----------------------- --.--- --_._----_.-------------------- -- -----_._--.-----

Treat~ent_~~~~JLab~ .. !!.ow~!_~he~~~~ls, Maint~nan~~,.etc ... >.___ ____ .. _ .. _ _. ___ .. __ ... _ .... __________ . ______ __ .. ___ ._!~_~.Q~.~ ______ . ___ _ 
Monitoring 2 Extraction Wells (Quarterly) ______ . __ . $5,000 
Treatment System Monitoring (Monthly) $12,000 
=---~-:----=--:---,......-"''-'-----!!.-'--------------------- ----------+--1---------'----/----
Treatment Sludge Disposal $14,000 '-----------------------_·_---·--_·_---------------11-------.:....-11-------
1---------------------------_··_-----------------1--,_·----------1-----1 

--------------------------·------·-·------------1--1---..."..-:-=-=--=-= ---
Subtotal annual costs - $197,000 

--------------·--·-----------------------j-II--------'-- -\-----1 

Engineering~@~I_O_% __ ~~~---------.-----------------------_ _I--I------$~2-0~,O-0~-0~-----1 
20% Contingency on Annual O&M $39,000 _____ 1 

$256,000 
1-------------------------_·-·_-------_·_---_·_·_------\--I--·-~--'-==_::_I_----1 

7% 
30 years 

--------~-+--~~~~~I 
$3,177,000 

, f-------
PRESENT WORTH ANNUAL MONITORING AND MA~!'!!~N~~S~_E~£.2R 30 YEA~St ______ _ 
(PI A factor used was 12.4090) 

------------.-----.--------.--.-----------------1--- ---.-----------

-----------------------------------------+--1--------_·_----
Monitoring Groun_dwaterlSurface Water and Sediment (AnnuaIlX) _____ . _____________________________ I----$-!-~~~~~ _ _ __ 

7% 
--. ------- -------... ---- -.----- -·-··-----·--0---0- --0-----.-- ------- ----- -- ------30' ---------

PRESENT WORTH ANNUAL ENV. MONITORING AND MAINTENANCE (7% FOR 30 YEARS) $1,551,000 
______________________ . __ . __ ._._---:--:--_:-~~~--------o---------I--1 _________ ---

FIVE YEAR SITE REVIEWS ($50,000 + a 20 % contin~ency ($10,000) = $60,000 every five 
years at an interest rate of 7% is an annual cost of$10,434 for 30 years) (NF factor used was 0.1739) $10,434 

'-----------~----/~I----~~I-----I 

7% 
I------------------------------------------~-+-----~~----30 years 

-------1-~----$~1~2~9~,O~00:r-----TOTAL PRESENT WORTH FIVE YEAR SITE REVIEWS (PIA factor used was 12.4090) 
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APPENDIXE 

CHEMICAL-SPECIFIC, LOCATION-SPECIFIC, 
AND 

ACTION-SPECIFIC ARARs BY ALTERNATIVE 



Page I 

Requirement Status 

Federal Regulatory Requirements 

SDWA-MCLs (40 CFR Relevant and 
141.11-141.16) Appropriate 

SDWA-MCLGs (40 CFR Relevant and 
141.50-141.51) Appropriate 

WOODARD & CURRAN (95093.06) 

TABLE E-IA 
ALTERNATIVE SML-l: NO-ACTION 

CHEMICAL-SPECIFIC ARARs and TBCs 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water 

MCLs were used as cleanup levels for several 
common organic and inorganic contaminants. 
These levels regulate the concentration of 
contaminants in public drinking water supplies and 
are considered relevant and appropriate because the 
aquifer beneath the site could be a potential future 
drinking water source. 

Non-zero MCLGs are health-based criteria. As 
promulgated under SARA, MCLGs are to be 
considered for drinking water sources. Non-zero 
MCLGs are available for several organic and 
inorganic contaminants. 

. , 

Actions to be Taken to ,Attain Requirement· 

SML-I does not comply with ARARs. 

SML-I does not comply with ARARs 

3/10/00 



Page 2 

Requirement Status 

Federal Regulatory Requirements 

USEPA RIDs To be considered 

USEPA Carcinogen To be considered 
Assessment Group CSFs 

State Regulatory Requirements 

Department of Human Relevant and 
Services (10-144 CMR Appropriate 
Chapters 231-233) 

WOODARD & CURRAN (95093.06) 
-_.- - -,. . 

TABLE E-IA 
ALTERNATIVE SML-l: NO-ACTION 

CHEMICAL-SPECIFIC ARARs and TBCs 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water {continued} 

Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants. 

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contam inants. 

Maine's Primary Drinking Water Standards are 
equivalent to federal MCLs. When state levels are 
more stringent than federal levels, the state levels 
will be used. 

Actions to be Taken to Attain Requirement 

USEPA RIDs were used in the HHRA to 
characterize risks due to noncarcinogens in various 
media. 

USEPA CFS were used in the HHRA to compute 
the individual incremental cancer risk resulting from 
exposure to carcinogenic compounds. 

SML-l does not comply with ARARs 

3/10/00 



Page 3 

Requirement Status 

State Regulatory Requirements 

Maine Regulations Relating to Applicable 
Surface Water Toxic Control 
Program (38 M.R.S.A. Section 
420, Chapter 530.5) 

Maine Standards for Hazardous Relevant and 
Waste Facilities, Misc. Units Appropriate 
(06-096 CMR Chapter 854, 
Section 8) 

NOTES: 

TABLE E-IA 
ALTERNATIVE SML-l: NO-ACTION 

CHEMICAL-SPECIFIC ARARs and TBCs 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water {continued} 

This rule limits the concentrations of certain 
materials allowed in Maine waters to prevent the 
occurrence of pollutants in toxic amounts as 
required by state and federal law. Except if 
naturally occurring, ambient levels of toxic 
pollutants shall not exceed the Clean Water Act 
AWQC. 
A hazardous waste landfill unit must be closed in a 
manner that provides protection to groundwater or 
surface water from hazardous waste above 
Maximum Exposure Guidelines (MEGs). 

ARAR=Applicable or Relevant and Appropriate Requirements 
A WQC=Ambient Water Quality Criteria MCL = Maximum Contaminant Level 

MCLG = Maximum Contaminant Level Goal 

Actions to be Taken to Attain Requirement . 

SML-l does not comply with all State water 
quality criteria. 

SML-l does not comply with ARARs 

CMR=Code of Maine Regulations MEDEP = Maine Department of Environmental Protection 
MEG = Maximum Exposure Guideline 

RID = Reference dose mglkg - milligrams per kilograms 
SDWA= Safe Drinking Water Act 

CSF=Cancer Slope Factor M.R.S.A. = Maine Revised Statutes Annotated TBC=To be considered 
HHRA = Human Health Risk Assessment USEPA=U.S. Environmental Protection Agency 

WOODARD & CURRAN (95093.06) 3/10/00 
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TABLE E-2A 
ALTERNATIVE SML-3: MONITORED NATURAL ATTENUATION 

CHEMICAL-SPECIFIC ARARs AND TBCs 

Requirement Status 

Federal Regulatory Requirements 

SDWA-MCLs (40 CFR Relevant and 
141.11-141.16) Appropriate 

SDWA-MCLGs (40 CFR Relevant and 
141.50-141.51 ) Appropriate 

WOODARD & CURRAN (95093.06) 
....... n • '-''1'' r' _.,_ ~I:~. ro •.. I. 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water 

MCLs were used as cleanup levels for several 
common organic and inorganic contaminants. 
These levels regulate the concentration of 
contaminants in public drinking water supplies and 
are considered relevant and appropriate because the 
aquifer beneath the site could be a potential future 
drinking water source. 

Non-zero MCLGs are health-based criteria. As 
promulgated under SARA, MCLGs are to be 
considered for drinking water sources. Non-zero . 
MCLGs are available for several organic and 
inorganic contaminants. 

Actions to be Taken to Attain Requirements 

SML-3 would not comply in the short term. In the 
long term, once aquifer quality is restored through 
natural attenuation, SML-3 would comply. 

SML-3 would not comply in the short term. In the 
long term, once aquifer quality is restored through 
natural attenuation, SML-3 would comply. 

3/10/00 
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TABLE E-2A 
ALTERNATIVE SML-3: MONITORED NATURAL ATTENUATION 

CHEMICAL-SPECIFIC ARARs AND THCs 

Requirement Status 

Federal Regulatory Requirements 

USEPA RIDs To be considered 

USEPA Carcinogen To be considered 
Assessment Group CSFs 

State Regulatory Requirements 

Department of Human Relevant and 
Services (10-144 CMR Appropriate 
Chapters 231-233) 

Department of Human Relevant and 
Serv ices (l 0-144 CM R Appropriate 
Chapters 231-233) 

WOODARD & CURRAN (95093.06) 

GROUNDWATER FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water (continued) 

Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants. 

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contaminants. 

Maine's Primary Drinking Water Standards are 
equivalent to federal MCLs. When state levels are 
more stringent than federal levels, the state levels 
will be used. 

Maine's Primary Drinking Water Standards are 
equivalent to federal MCLs. When state levels are 
more stringent than federal levels, the state levels 
will be used. 

Actions to be Taken to Attain Requirements 

USEPA RIDs were used in the HHRA to 
characterize risks due to noncarcinogens in various 
media. 

USEPA CFS were used in the HHRA to compute 
the individual incremental cancer risk resulting from 
exposure to carcinogenic compounds. 

SML-3 would not comply in the short term. In the 
long term, once aquifer quality is restored through 
natural attenuation, SML-3 would comply. 

SML-I does not comply with ARARs 

3110/00 
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TABLE E-2A 
ALTERNATIVE SML-3: MONITORED NATURAL ATTENUATION 

CHEMICAL-SPECIFIC ARARs AND TBCs 

Requirement 

State Regulatory Requirements 

Maine Regulations Relating to 
Surface Water Toxic Control 
Program (38 M.R.S.A. Section 
420, Chapter 530.5) 

RCRA Subtitle C - Releases 
from Solid Waste Management 
Units (40 CFR, Subpart F-
264.95 and 264.96(a) and (c) 
(Incorporated by reference into 
MEDEP Regulations, Chapter 
800) 

NOTES: 

Status 

Applicable 

Relevant and 
Appropriate 

GROUNDWATER FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water {continued} 

This rule limits the concentrations of certain 
materials allowed in Maine waters to prevent the 
occurrence of pollutants in toxic amounts as 
required by state and federal law. Except if 
naturally occurring, ambient levels oftoxic 
pollutants shall not exceed the Clean Water Act 
AWQC. 
These regulations identify specific monitoring 
requirements applicable to hazardous waste 
facilities. 

ARAR=Applicable or Relevant and Appropriate Requirement 
A WQC=Ambient Water Quality Criteria MCL = Maximum Contaminant Level 
CAG = Carcinogen Assessment Group MCLG = Maximum Contaminant Level Goal 

Actions to be Taken to Attain Requirements 

SML-3 may not comply with all A WQC criteria at 
all locations along Sandy Brook in the short-tenn. 
In the long-tenn, once aquifer quality is restored 
through natural attenuation, SML-3 would comply. 

The long-tenn monitoring program conducted in 
association with this action will meet the 
substantive requirements of this ARAR. 

mglkg = milligrams per kilograms 
NAAQS = National Ambient Air Quality Standards 
NCP = National Contingency Plan 

CMR=Code of Maine Regulations MEDEP = Maine Department of Environmental Protection RID = Reference dose mglkg - milligrams per kilograms 
SDWA= Safe Drinking Water Act CPC=contaminants of potential concern MEG = Maximum Exposure Guideline 

CSF=Cancer Slope Factor M.R.S.A. = Maine Revised Statutes Annotated TBC=To be considered 
HHRA = Human Health Risk Assessment USEPA=U.S. Environmental Prot~ction Agency 

WOODARD & CURRAN (95093.06) 3/10/00 
nn A IT r.,.~dhili'" ~'''nv 



Page 7 

TABLE E-3A 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

CHEMICAL-SPECIFIC ARARs and TBCs 

Requirement Status 

Federal Regulatory Requirements 

SDWA-MCLs (40 CFR Relevant and 
141.11-141.16) Appropriate 

SDWA-MCLGs (40 CFR Relevant and 
141.50-141.51) Appropriate 

WOODARD & CURRAN (95093.06) 
no A fiT" r. .• ·.(":h;t;t" ~tlt,.." 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water 

MCLs have been promulgated for several common 
organic and inorganic contaminants. These levels 
regulate the concentration of contaminants in public 
drinking water supplies, but may also be considered 
relevant and appropriate for groundwater aquifers 
used for drinking water. 

MCLGs are health-based criteria. As promulgated 
under SARA, MCLGs are to be considered for 
drinking water sources. MCLGs are available for 
several organic and inorganic contaminants. 

Action to be Taken to Attain Requirements 

SML-5 would not comply in the short tenn. In the 
long tenn, once aquifer quality is restored through 
groundwater extraction and treatment, SML-5 would 
comply. 

SML-5 would not comply in the short tenn. In the 
long tenn, once aquifer quality is restored through 
groundwater extraction and treatment, SML-5 would 
comply. 

3/10/00 
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TABLE E-3A 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

CHEMICAL-SPECIFIC ARARs and TBCs 

Requirement Status 

Federal Regulatory Requirements 

USEPA RIDs To be 
considered 

USEPA Carcinogen To be 
Assessment Group CSFs considered 

State Regulatory Requirements 
Maine Standards for Hazardous Relevant and 
Waste Facilities, Misc. Units Appropriate 
(06-096 CMR Chapter 854, 
Section 8) 

Department of Human Services Relevant and 
(10-144 CMR Chapters 231- Appropriate 
233) 

WOODARD & CURRAN (95093.06) 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water (continued) 

Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contam inants. I 

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
con tam inants. 

A hazardous waste landfill unit must be closed In a 
manner that provides protection to groundwater or 
surface water from hazardous waste above 
Maximum Exposure Guidelines (MEGs). 

Maine's Primary Drinking Water Standards are 
equivalent to federal MCLs. When state levels are 
more stringent than federal levels, the state levels 
will be used. 

Action to be Taken to Attain Requirements 

USEPA RIDs were used in the HHRA to 
characterize risks due to noncarcinogens in various 
media. 

USEPA CFS were used in the HHRA to compute 
the individual incremental cancer risk resulting 
from exposure to carcinogenic compounds. 

SML-I does not comply with ARARs 

SML-I does not comply with ARARs 

3110/00 
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TABLE E-3A 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

CHEMICAL-SPECIFIC ARARs and TBCs 

Requirement Status 

State Regulatory Requirements 

Maine Regulations Relating to Applicable 
Surface Water Toxic Control 
Program (38 M.R.S.A. Section 
420, Chapter 530.5) 

NOTES: 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water {continued} 

This rule limits the concentrations of certain 
materials allowed in Maine waters to prevent the 
occurrence of pollutants in toxic amounts as 
required by state and federal law. Except if 
naturally occurring, ambient levels oftoxic 
pollutants shall not exceed the Clean Water Act 
A WQC. Where A WQC do not exist, the Board of 
Environmental Protection shall adopt site-specific 
numerical criteria. 

ARAR=Applicable or Relevant and Appropriate Reqmts 
A WQC=Ambient Water Quality Criteria MCL = Maximum Contaminant Level 
CAGCarcinogen Assessment Group MCLG = Maximum Contaminant Level Goal 

Action to be Taken to Attain Requirements 

SML-5 may not comply with all A WQC criteria at 
all locations along Sandy Brook in the short-term. 
In the long-term, once aquifer quality is restored 
through natural attenuation, SML-5 would comply. 

mglkg = milligrams per kilograms 
NAAQS = National Ambient Air Quality Standards 
NCP = National Contingency Plan 

CMR=Code of Maine Regulations MEDEP = Maine Department of Environmental Protection RID = Reference dose mglkg - milligrams per kilograms 
SDW A= Safe Drinking Water Act CPC=contaminants of potential concern MEG = Maximum Exposure Guideline 

CSF=Cancer Slope Factor M.R.S.A. = Maine Revised Statutes Annotated TBC=To be considered 
HHRA = Human Health Risk Assessment USEPA=U.S. Environmental Protection Agency 

WOODARD & CURRAN (95093.06) 3110/00 
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TABLE E-3B 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

LOCATION-SPECIFIC ARARs AND TBCs 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Requirement Status Summary or Requirement Actions to be Taken to Attain Requirements 

Wetlands/Flood~lains 

Federal Regulatory Requirements .. , , 

National Environmental Policy Act Applicable The Wetlands Executive Order requires federal agencies Measures will be taken under SML-S to avoid 
Wetland Executive Order to minimize the destruction, loss, or degradation of disturbing the onsite wetlands. However, wetlands 
(EO I 1990), 40 CFR 6.302(a) and wetlands, and preserve and enhance natural and may be unavoidably affected. This requirement 
40 CFR Part 6, Appendix A beneficial values of wetlands. will nonetheless be attained because there is no 

practicable alternative with less adverse impact and 
all practicable measures will be taken to minimize 
and mitigate adverse impacts. 

National Environmental Policy Act Applicable The Floodplains Executive Order requires federal. Measures will be taken under SML-S to avoid 
Floodplains Executive Order agencies to reduce the risk of flood loss, to minimize the construction activities within the flood plan. 
(EO I 1988), 40 CFR Part 6, impact of floods, and to restore and preserve the natural However, flood plan disturbance may be 
Appendix A and beneficial values of Floodplains. unavoidably affected. This requirement will 

nonetheless be attained because there is no 
practicable alternative with less adverse impact and 
all practicable measures will be taken to minimize 
and mitigate adverse impacts. 

Clean Water Act Section 404 Applicable Section 404 of the CW A regulates the discharge of Measures will be taken under SML-S to avoid 
Requirements for discharge of dredged fill material into U.S. waters, including excavation or dredging of Sandy Brook. However, 
dredged and fill materials (33 USC wetlands. The purpose of Section 404 is to ensure that these activities may be unavoidably affected. This 
1344,40 CFR 230) proposed discharges are evaluated with respect to requirement will nonetheless be attained because 

impact on the aquatic ecosystem. The guidelines there is no practicable alternative with less adverse 
prohibit the discharge of dredge or fill material is a impact and all practicable measures will be taken to 
practicable alternative with less impact to the aquatic minimize and mitigate adverse impacts. 
system. Discharge is also prohibited unless steps are 

WOODARD & CURRAN (95093.06) 3/10/00 
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TABLE E-3B 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

LOCATION-SPECIFIC ARARs AND TBCs 

Requirement Status 
Federal Regulatory Requirements 

Fish and Wildlife Coordination Act Applicable 
(16 U.S.C. 661); 40 CFR 6.302 

RCRA Location Standards (40 CFR Relevant and 
264.18) Appropriate 

State Regulatory Requirements 

Maine Wetlands Protection Rule Applicable 
(06-096 CMR Chapter 310, 
Section I) 

WOODARD & CURRAN (95093.06) 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary or Requirement . 

This act requires that any federal agency 
proposing to modify a body of water must consult 
with the U.S. Fish and Wildlife Service, National 
Marine Fisheries Service, and other related State 
agencies. 

A facility located in 100-year Floodplain must be 
designed, constructed, operated, and maintained 
to prevent washout of any hazardous wastes by a 
100-year flood. 

This act outlines requirements and performance 
standards for certain activities adjacent to any 
freshwater wetland greater than 10 acres or with 
an associated stream, pond, or brook. The 
activities must not unreasonably interfere with 
certain natural features, such as natural flow or 
quality of any waters, nor harm significant 
aquatic habitat, freshwater fisheries, or other 
aquatic life. 

Actions to be Taken to Attain Requirements 

Wetland disturbance under SML -5 will be 
avoided; however, ifrequired, wetlands may be 
disturbed with the concurrence of the U.S. Fish 
and Wildlife Service and appropriate State 
agencies. 

The landfill cap was designed to meet RCRA 
requirements, including to prevent washout of 
hazardous substances during a 100-year flood. 

Storm water and erosion controls will be 
incorporated into any remedial design to 
minimize the impacts of construction on the 
natural resources of Sandy Brook. 

3/10/00 
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TABLE E-3B 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

LOCATION-SPECIFIC ARARs AND TBCs 

Requirement Status 
State Regulatory Requirements 

Maine Natural Resource Protection Applicable 
Act, Penn it by Rule Standards (06-
096 CMR, Chapter 305) 

Maine Natural Resources Applicable 
Protection Act (38 M.R.S.A.; 
Section 480-A through S) 

Maine Standards for Classification Applicable 
of Major River Basins and Minor 
Drainages (38 M.R.S.A., Chapter 3, 
Sections 465,467, and 468) 

WOODARD & CURRAN (95093.06) 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

This rule outlines prescribed standards for specific 
activities that may take place in or adjacent to wetlands 
and water bodies. The standards are designed to ensure 
that disturbed soil material is stablized to prevent 
erosion and filtration of water. 

A penn it application must be submitted and approved 
by the Maine Bureau of Land Quality Control and 
Section 480-D perfonnance standards met when 
conducting activities adjacent to any freshwater wetland 
greater than 10 acres or with an associated stream, 
brook, or pond. 

Sandy Brook is classified as a Class B water under the 
state water quality standards. Class B waters are defined 
as suitable for drinking water (after treatment), fishing, 
recreation in and on the water, and as a habitat for fish 
and other aquatic life. 

Actions to be Taken to Attain Requirements 

Stonnwater and erosion controls will be 
incorporated into any remedial design to 
minimize the impacts of construction on the 
natural resources of Sandy Brook. 

Measures will be taken under SML-5 to avoid 
excavation or dredging of Sandy Brook; 
however, these activities may be unavoidable. 
This requirement will nonetheless be attained 
because there is no practicable alternative with 
less adverse impact and all practicable measures 
will be taken to minimize and mitigate adverse 
impacts as required by this standard. 

Measures will be taken under SML-5 to avoid 
excavation or dredging of Sandy Brook; 
however, these activities may be unavoidable. 
This requirement will nonetheless be attained 
because there is no practicable alternative with 
less adverse impact and all practicable measures 
will be taken to minimize and mitigate adverse 
impacts as required by this standard. 

3110/00 
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TABLE E-3B 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

LOCATION-SPECIFIC ARARs AND TBCs 

Requirement Status 

Federal Regulatory Requirements 
Endangered Species Act (16 USC Relevant and 
1531 et seq.; 40 CFR 6.302(h) Appropriate 

State Regulatory Requirements 

Maine Site Location and Relevant and 
Development Law and Regulations Appropriate 
(38 M.R.S.A. Sections 481 through 
490; MEDEP Regs. Chapters 371-
377) 

Maine Standards for Classification Applicable 
of Groundwater (38 M.R.S.A., 
Sections 465-C and 470) 

WOODARD & CURRAN (95093.06) 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Other Natural Resources 

This statute requires that federal agencies avoid 
activities that jeopardize threatened or 
endangered species or adversely modify habitats 
essential to their survival. Mitigation measures 
should be considered if a listed species or habitat 
may be jeopardized. 

This act and regulations govern new 
development, including those that handle. 
hazardous wastes and oil. Activities cannot 
adversely affect existing uses, scenic character, or 
natural resources in the municipality or 
neighboring municipality. 

This law requires the classification of the state's 
groundwater to protect, conserve, and maintain 
groundwater resources in the interest of the 
health, safety, and general welfare of the people 
of the state. 

Actions to be Taken to Attain Requirements 

No endangered or threatened species have been 
documented in the site area. 

Measures will be taken under SML-5 to avoid 
excavation or dredging of Sandy Brook. 
However, these activities may be unavoidably 
affected. This requirement will nonetheless be 
attained because there is no practicable 
alternative with less adverse impact and all 
practicable measures will be taken to minimize 
and mitigate adverse impacts as required by this 
standard. 

SML-5 would not comply in the short tenn. In 
the long tenn, once aquifer quality is restored 
through natural attenuation, SML-5 would 
comply. 

3/10/00 
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TABLE E-3B 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

LOCATION-SPECIFIC ARARs AND TBCs 

Requirement Status 
State Regulatory Requirements 

Maine Endangered Species Act and Applicable 
Regulations (12 MRSA Section 
7751-7756;09-137 CMR 008) 

Town Shoreland Zoning To be considered 
Ordinances and State Minimum 
Guidelines 

Maine Critical Areas Program and To be considered 
Maine Natural Heritage Program 

WOODARD & CURRAN (95093.06) 

FEASIBILITY STUDY 
SA CO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

The State of Maine has authority to research, list, 
and protect any species deemed endangered or 
threatened as listed in the state regulations. The 
Maine Department of Inland Fisheries and 
Wildlife has also developed the following 
administrative categories for species not 
considered endangered or threatened but 
considered important for research and further 
evaluation: Maine Watch List, Special Concern 
List, and Indeterminate Category. The 
Department determines appropriate use(s) of 
various habitats on a case-by-case- basis. The 
Maine lists may differ from the federal lists of 
endangered species. 

These minimum guidelines and town ordinances 
apply to activities proposed within 200 feet of a 
high-water mark of a stream or other body of 
water. 

These state programs issue policies and 
regulations governing special habitats or 
communities. 

Actions to be Taken to Attain Requirements 

No endangered or threatened species have been 
identified in the site area. 

These guidelines will be considered in the siting 
of treatment facilities during the development 
and evaluation of remedial alternatives. 

Where such special areas exist, these state 
programs will become involved in the project 
and/or permit review process. 

3/10/00 
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TABLE E-3B 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

LOCATION-SPECIFIC ARARs AND TBCs 

Requirement Status 
State Regulatory Requirements 

Maine Critical Areas Act (5 To be considered 
M.R.S.A. 3310 through 3316) 

Notes: 

FEASIBILITY STUDY 
. SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

This nonregulatory legislation allows Maine 
agencies such as the Critical Areas Program and 
the Natural Heritage Areas Program to identify, 
research, and protect critical areas and 
endangered or threatened plants. 

ARAR = Applicable or Relevant and Appropriate Requirement 
CFR = Code of Federal Regulations 
CMR = Code of Maine Regulations 
CWA = Clean Water Act 
MEDEP = Maine Department of Environmental Protection 
M.R.S.A. = Maine Revised Statues Annotated 
RCRA = Resource Conservation and Recovery Act 
TBC = To be considered 
USC = U.S. Code 
mglkg = milligram per kilogram 

WOODARD & CURRAN (95093.06) 
OR /I. IT r('n~ihi'ifv Slurlv 

Actions to be Taken to Attain Requirements 

Where such special areas exist, these state 
programs will become involved in the project 
and/or permit review process. 

3110/00 
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TABLE E-3C 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

Requirement Status 
Federal Regulatory Requirements 

CWA NPDES Relevant and 
(40 CFR Parts 122, 125) Appropriate 

Clean Air Act - National Relevant and 
Primary and Secondary Appropriate 
Ambient Air Quality 
Standards 

RCRA Subtitle C - Relevant and 
Releases from Solid Appropriate 
Waste Management 
Units (40 CFR, Subpart 
F - 264.95 and 
264.96(a) and (c) 
(Incorporated by 
reference into MEDEP 
Regulations, Chapter 
800) 

Underground Injection Relevant and 
Control Regulations (40 Appropriate 
CFR Parts 144,145,146, 
and 147) 

WOODARD & CURRAN (95093.06) 

GROUNDWATER FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Requirement Synopsis Actions to be Taken to Attain Requirements 

This requirement implements the NPDES Measures will be taken under SML-5 to meet the direct 
program that specifies the applicable emuent discharge to surface water requirements as required by 
standards, monitoring requirements, and CWA NPDES including limitations, monitoring 
standards and special conditions for direct requirements, and best management practices. 
discharge to surface water bodies. 

Primary ambient air quality standards define Measures will be taken under SML-5 to meet the National 
levels of air qual ity to protect human health. Ambient Air Quality Standards for invasive or 
Secondary ambient air quality standards protect construction activities with the potential of generating 
public welfare from known or anticipated significant dust. 
adverse effects from pollutants. 
These regulations identify specific monitoring "I:he long-term monitoring program conducted in 
requirements applicable to hazardous waste association with this action will meet the substantive 
facilities. requirements of this ARAR. 

These regulations provide regulatory Measures will be taken under SML-5 to meet the direct 
compliance standards for treatment facilities discharge to the subsurface as required by Underground 
that inject wastes underground. The use of Injection Control Regulations. 
wells to dispose of hazardous waste is 
prohibited. 

3/10100 
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TABLE E-3C 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

Requirement Status 
Federal Regulatory Requirements 

CW A - Regulations on Relevant and 
Disposal Site Appropriate 
Detenninations Under 
the CWA (40 CFR 231) 

U.S. Anny Corps of Relevant and 
Engineers Permit Appropriate 
Program Regulations 
(33 CRF 320-330) 

CWA - Penn its for Relevant and 
Dredged and Fill Appropriate 
Material (Section 404) 

WOODARD & CURRAN (95093.06) 
DRAFT FC:lsihilitv Stll<iV 

GROUNDWATER FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Requlreinent Synopsis Actions to be Taken to Attain Requirements 
-

These regulations apply to all existing, Measures will be taken under SML-5 to avoid impact to 
proposed, or potential disposal sites for Sandy Brook or onsite wetlands by onsite disposal of 
discharges of dredged or fill material into U.S. dredged or fill material. 
waters, which include wetlands. 

These regulations prescribed the statutory Measures will be taken under SML-5 to avoid disturbing 
authorities, and general and special policies and the onsite wetlands. However, wetlands may be 
procedures applicable to the review of unavoidably affected. This requirement will nonetheless 
applications for penn its for controlling certain be attained because there is no practicable alternative with 
activities in U.S. waters; this includes discharge less adverse impact and all practicable measures will be 
of dredged or fill material. taken to minimize and mitigate adverse impacts. 

This regulation outlines requirements for Measures will be taken under SML-5 to avoid disturbing 
discharges of dredged or fill material. Under the onsite wetlands. However, wetlands may be 
this requirement, no activity that impacts the unavoidably affected. This requirement will nonetheless 
adjacent wetland shall be pennitted if a be attained because there is no practicable alternative with 
practicable alternative with less impact on the less adverse impact and all practicable measures will be 
adjacent wetland is available. Ifthere is no taken to minimize and mitigate adverse impacts. 
other practicable alternative, impacts must be 
mitigated. 

3/10/00 
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TABLE E-3C 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

Requirement Status 
Federal Regulatory Requirements 

Maine Rules to Control Relevant and 
the Subsurface Appropriate 
Discharge of Pollutants 
by Well Injection (06-
096 CMR, Chapter 543) 

MEDEP, Bureau of Relevant and 
Water Quality Control, Appropriate 
Policy Number 10 "The 
Discharge of Hazardous 
Substances to 
Groundwaters of the 
State" 

Classification of Maine 
Waters 38 M.R.S.A. lelevant and ppropna e 
Section 464 - 470. 

WOODARD & CURRAN (95093.06) 
DRAFT Feasibility Study 

GROUNDWATER FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Requirement Synopsis Actions to be Taken to Attain Requirements 
-

This regulation prohibits the injection of Measures will be taken under SML-5 to meet the direct 
hazardous waste into or above water-bearing discharge to the subsurface as required by the Maine 
formations via a new Class IV well. The Rules to Control the Subsurface Discharge of Pollutants 
subsurface discharge into or through a Class IV by Well Injection. 
well that would cause or allow the movement of 
fluid into an underground source of drinking 
water that may result in a violation of any 
Maine Primary Drinking Water Standard, or 
which may otherwise adversely affect public 
health, is prohibited. 

The Board will deny applications for waste At least the minimum level of groundwater treatment 
discharge licenses for the discharge to would be required to provide adequate protection or ifno 
groundwaters of substances designated by the other means of disposal is feasible. 
Board to be hazardous when such substances are 
present in concentrations exceeding 
groundwater levels which occur naturally in the 
area. Exemption may be granted if the 
groundwater is treated to reduce the 
concentrations of pollutants discharged to below 
the level considered safe for drinking water. 

This rule prohibits the new discharge to water Because Sandy Brook has a drainage area less than 10 
bodies with a drainage area of less than 10 square miles, no discharge to this water body will be 
square miles. allowed. 

3110/00 
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TABLE E-3C 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

Requirement Status 
Federal Regulatory Requirements 

Erosion and Applicable 
Sedimentation Control 
(38 M.R.S.A., Chapter 3 
Subsec. 420-C), Chapter 
500, Storm water 
Management Rules 

Maine Ambient Air Relevant and 
Quality Standards Appropriate 
(MEDEP Regulations, 
Chapter 110) 

Maine Water Pollution lelevantmd 
Control Law: Conditions ppropna e 

of Licenses (38 
M.R.S.A., Chapter 3, 
Article 2, Section 414-A) 

WOODARD & CURRAN (95093.06) 
DRAFT Feasibility Study 

GROUNDWATER FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO, MAINE 

Requirement Synopsis Actions to be Taken to Attain Requirements 

Erosion control measures must be in place Measures will be taken under SML-5 to control erosion, 
before activities, such as tilling, displacing, or sedimentation, or storm water. Applicable plans will be 
exposing soil or other earthen materials occur. coordinated with the MEDEP prior to implementation. 
Prior MEDEP approval is needed if the 
disturbed area is in the direct watershed of a 
body of water most at risk. 

This regulation establishes ambient air quality Measures will be taken under SML-5 to meet the Maine 
standards that are maximum levels for a Ambient Air Quality Standards for invasive or 
particulate matter permitted in the ambient air. construction activities with the potential of generating 

significant dust. 

Regulates the discharge of any pollutants. 
Measures will be taken under SML-S to meet the direct Specifies that the discharge, either by itself or in 
discharge to surface water requirements as required by the 

combination with other discharges, will not 
Maine Water Pollution Control Law including limitations, lower the quality of any classified body of water 
monitoring requirements and best management practices. below such classification. The discharge will be 

subject to effluent limitations that require 
application of the best practicable treatment. 

3/10/00 
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TABLE E-3C 
ALTERNATIVE SML-4: IN-SITU CHEMICAL OXIDATION WITH HYDRAULIC CONTAINMENT 

POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

GROUNDWATER FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Requirement Status . Requirement Synopsis" Actions to be Taken to Attain Requirements 
Federal Regulatory Requirements ' . 

Maine Water Pollution Relevant and No person, firm, corporation, or other legal Measures will be taken under SML-5 to prevent discharge 
Control Law: Certain Appropriate entity shall place, deposit, discharge, or spill of toxic or hazardous substances into groundwater or 
Deposits and Discharges mercury or toxic or hazardous substances, either surface water. 
Prohibited (38 directly or indirectly, into the inland ground or 
M.R.S.A., Chapter 3, surface waters, tidal waters, on the ice, or on the 
Article 2, Section 420). banks thereof, so that the same may flow or be 

NOTES: 
ARAR 
CAA 
CERCLA 

CFR 
CWA 
DA 
DOT 
Ibs/day 
LDRs 
MCL 
MEDEP 
MEG 

washed into such waters, or in such manner that 
the drainage there from may flow into such 
waters. 

Applicable or Relevant and Appropriate Requirement 
Clean Air Act 
Comprehensive Environmental Response, 
Compensation, and Liability Act 
Code of Federal Regulations 
Clean Water Act 
Department of the Army 
Department of Transportation (U.S.) 
pounds per day 
Land Disposal Restrictions 
Maximum Contaminant Level 
Maine Department of Environmental Protection 
Maine Exposure Guidelines 

OSHA = 
NPDES =" 
POTW 
RCRA = 
uglml 
M.R.S.A.= 

WOODARD & CURRAN (95093.06) 
ORAFT Fcasihilitv Study 

Occupational Safety and Health Administration 
National Pollution Discharge Elimination System 
Publicly Owned Treatment Works 
Resource Conservation and Recovery Act 
microgram per cubic meter 
Maine Revised Statues Annotated 

3/10/00 
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TABLE E-4A 
ALTERNATIVE SML-S: GROUNDWATER EXTRACTION AND TREATMENT 

, CHEMICAL-SPECIFIC ARARs and TBCs 

Requirement Status 

Federal Regulatory Requirements 

SDWA-MCLs (40 CFR Relevant and 
141.11-141.16) Appropriate 

SDWA-MCLGs (40 CFR Relevant and 
141.S0-141.S I) Appropriate 

WOODARD & CURRAN (95093.06) 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water 

MCLs have been promulgated for several common 
organic and inorganic contaminants. These levels 
regulate the concentration of contaminants in public 
drinking water supplies, but may also be considered 
relevant and appropriate for groundwater aquifers 
used for drinking water. 

MCLGs are health-based criteria. As promulgated 
under SARA, MCLGs are to be considered for 
drinking water sources. MCLGs are available for. 
several organic and inorganic contaminants. 

Action to be Taken to Attain Requirements 

SML-S would not comply in the short term. In the 
long term, once aquifer quality is restored through 
groundwater extraction and treatment, SML-S would 
comply. 

SML-S would not comply in the short term. In the 
long term, once aquifer quality is restored through 
groundwater extraction and treatment, SML-S would 
comply. 

3/10/00 
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TABLE E-4A 
ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND TREATMENT 

CHEMICAL-SPECIFIC ARARs and TBCs 

Requirement Status 

Federal Regulatory Requirements 

USEPA RIDs 

USEPA Carcinogen 
Assessment Group CSFs 

State Regulatory Requirements 
Maine Standards for Hazardous 
Waste Facilities, Misc. Units 
(06-096 CMR Chapter 854, 
Section 8) 

Department of Human Services 
(10-144 CMR Chapters 231-
233) 

WOODARD &. CURRAN (95093.06) 
DRAFT Feasibility Study 

To be 
considered 

To be 
considered 

Relevant and 
Appropriate 

Relevant and 
Appropriate 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water (continued) 

Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants. 

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
con tam inants. 

A hazardous waste landfill unit must be closed in a 
manner that provides protection to groundwater or 
surface water from hazardous waste above 
Maximum Exposure Guidelines (MEGs). 

Maine's Primary Drinking Water Standards are 
equivalent to federal MCLs. When state levels are 
more stringent than federal levels, the state levels 
will be used. 

Action to be Taken to Attain Requirements 

USEPA RIDs were used in the HHRA to 
characterize risks due to noncarcinogens in various 
media. 

USEPA CFS were used in the HHRA to compute 
the individual incremental cancer risk resulting 
from exposure to carcinogenic compounds. 

., 

SML-I does not comply with ARARs 

SML-I does not comply with ARARs 
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TABLE E-4A 
ALTERNATIVE SML-S: GROUNDWATER EXTRACTION AND TREATMENT 

CHEMICAL-SPECIFIC ARARs and TBCs 

Requirement Status 

State Regulatory Requirements 

Maine Regulations Relating to Applicable 
Surface Water Toxic Control 
Program (38 M.R.S.A. Section 
420, Chapter 530.5) 

NOTES: 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Groundwater/Surface Water {continued} 

This rule limits the concentrations of certain 
materials allowed in Maine waters to prevent the 
occurrence of pollutants in toxic amounts as 
required by state and federal law. Except if 
naturally occurring, ambient levels of toxic 
pollutants shall not exceed the Clean Water Act 
A WQC. Where A WQC do not exist, the Board of 
Environmental Protection shall adopt site-specific 
numerical criteria. 

ARAR=Applicable or Relevant and Appropriate Reqmts 
A WQC=Ambient Water Quality Criteria MCL = Maximum Contaminant Level 
CAGCarcinogen Assessment Group MCLG = Maximum Contaminant Level Goal 

Action to be Taken to Attain Requirements 

SML-5 may not comply with all A WQC criteria at 
all locations along Sandy Brook in the short-tenn. 
In the long-tenn, once aquifer quality is restored 
through natural attenuation, SML-5 would comply. 

mglkg = milligrams per kilograms 
NAAQS = National Ambient Air Quality Standards 
NCP = National Contingency Plan 

CMR=Code of Maine Regulations MEDEP = Maine Department of Environmental Protection RID = Reference dose mglkg - milligrams per kilograms 
SDWA= Safe Drinking Water Act CPC=contaminants of potential concern MEG = Maximum Exposure Guideline 

CSF=Cancer Slope Factor M.R.S.A. = Maine Revised Statutes Annotated TBC=To be considered 
HHRA = Human Health Risk Assessment USEPA=U.S. Environmental Protection Agency 

WOODARD & CURRAN (95093.06) 3/10/00 
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TABLE E-4B 
ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND TREATMENT 

LOCATION-SPECIFIC ARARs and TBCs 

Requirement 

Federal Regulatory Requirements 

National Environmental Policy Act 
Wetland Executive Order 
(EO I 1990), 40 CFR 6.302(a) and 
40 CFR Part 6, Appendix A 

National Environmental Policy Act 
Floodplains Executive Order 
(EO 11988), 40 CFR Part 6, 
Appendix A 

Clean Water Act Section 404 
Requirements for discharge of 
dredged and fill materials (33 USC 
1344,40 CFR 230) 

WOODARD & CURRAN (95093.06) 
DRAFT Feasibility Study 

status 

Applicable 

Applicable 

Applicable 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Wetlands/Flood~lains 

The Wetlands Executive Order requires federal agencies 
to minimize the destruction, loss, or degradation of 
wetlands, and preserve and enhance natural and 
beneficial values of wetlands. 

The Floodplains Executive Order requires federal 
agencies to reduce the risk of flood loss, to minimize the 
impact of floods, and to restore and preserve the natural 
and beneficial values of Floodplains. 

Section 404 of the CWA regulates the discharge of 
dredged fill material into U.S. waters, including 
wetlands. The purpose of Section 404 is to ensure that 
proposed discharges are evaluated with respect to 
impact on the aquatic ecosystem. The guidelines 
prohibit the discharge of dredge or fill material is a 
practicable alternative with less impact to the aquatic 
system. Discharge is also prohibited unless steps are 

Actions to be Taken to Attain Requirements 

Measures will be taken under SML-S to avoid 
disturbing the onsite wetlands. However, wetlands 
may be unavoidably affected. This requirement 
will nonetheless be attained because there is no 
practicable alternative with less adverse impact and 
all practicable measures will be taken to minimize 
and mitigate adverse impacts. 

Measures will be taken under SML-S to avoid 
construction activities within the flood plan. 
However, flood plan disturbance may be 
unavoidably affected. This requirement will 
nonetheless be attained because there is no 
practicable alternative with less adverse impact and 
all practicable measures will be taken to minimize 
and mitigate adverse impacts. 

Measures will be taken under SML-5 to avoid 
excavation or dredging of Sandy Brook. However, 
these activities may be unavoidably affected. This 
requirement will nonetheless be attained because 
there is no practicable alternative with less adverse 
impact and all practicable measureS' will be taken to 
minimize and mitigate adverse impacts. 

3/10/00 
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TABLE E-4B 
ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND TREATMENT 

LOCATION-SPECIFIC ARARs and TBCs 

Requirement 
Federal Regulatory Requirements 

Fish and Wildlife Coordination Act 
(16 U.S.C. 661); 40 CFR 6.302 

RCRA Location Standards (40 CFR 
264.18) 

State Regulatory Requirements 

Maine Wetlands Protection Rule 
(06-096 CMR Chapter 310, 
Section I) 

WOODARD & CURRAN (95093.06) 
DRAFT Feasibility Study 

Status 

Applicable 

Relevant and 
Appropriate 

Applicable 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

This act requires that any federal agency 
proposing to modify a body of water must consult 
with the U.S. Fish and Wildlife Service, National 
Marine Fisheries Service, and other related State 
agencies. 

A facility located in 100-year Floodplain must be 
designed, constructed, operated, and maintained 
to prevent washout of any hazardous wastes by a 
100-year flood. 

This act outlines requirements and performance 
standards for certain activities adjacent to any 
freshwater wetland greater than 10 acres or with 
an associated stream, pond, or brook. The 
activities must not unreasonably interfere with 
certain natural features, such as natural flow or 
quality of any waters, nor harm significant 
aquatic habitat, freshwater fisheries, or other 
aquatic life. 

Actions to be Taken to Attain Requirements 

Wetland disturbance under SML -5 will be 
avoided; however, if required, wetlands may be 
disturbed with the concurrence of the U.S. Fish 
and Wildlife Service and appropriate State 
agencies. 

The landfill cap was designed to meet RCRA 
requirements, including to prevent washout of 
hazardous substances during a 100-year flood. 

Stormwater and erosion controls will be 
incorporated into any remedial design to 
minimize the impacts of construction on the 
natural resources of Sandy Brook. 

3/10/00 
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TABLE E-4B 
ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND TREATMENT 

LOCATION-SPECIFIC ARARs and TBCs 

Requirement 
State Regulatory Requirements 

Maine Natural Resource Protection 
Act, Permit by Rule Standards (06· 
096 CMR, Chapter 305) 

Maine Natural Resources 
Protection Act (38 M.R.S.A.; 
Section 480·A through S) 

Maine Standards for Classification 
of Major River Basins and Minor 
Drainages (38 M.R.S.A., Chapter 3, 
Sections 465, 467, and 468) 

WOODARD & CURRAN (95093.06) 
DRAFT Feasihilitv StudY 

Status 

Applicable 

Applicable 

Applicable 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

This rule outlines prescribed standards for specific 
activities that may take place in or adjacent to wetlands 
and water bodies. The standards are designed to ensure 
that disturbed soil material is stablized to prevent 
erosion and filtration of water. 

A permit application must be submitted and approved 
by the Maine Bureau of Land Quality Control and 
Section 480·0 performance standards met when 
conducting activities adjacent to any freshwater wetland 
greater than 10 acres or with an associated stream, 
brook, or pond. 

Sandy Brook is classified as a Class B water under the 
state water quality standards. Class B waters are defined 
as suitable for drinking water (after treatment), fishing, 
recreation in and on the water, and as a habitat for fish 
and other aquatic life. 

Actions to be Taken to Attain Requirements 

Storm water and erosion controls will be 
incorporated into any remedial design to 
minimize the impacts of construction on the 
natural resources of Sandy Brook. 

Measures will be taken under SML·5 to avoid 
excavation or dredging of Sandy Brook; 
however, these activities may be unavoidable. 
This requirement will nonetheless be attained 
because there is no practicable alternative with 
less adverse impact and all practicable measures 
will be taken to minimize and mitigate adverse 
impacts as required by this standard. 

Measures will be taken under SML·5 to avoid 
excavation or dredging of Sandy Brook; 
however, these activities may be unavoidable. 
This requirement will nonetheless be attained 
because there is no practicable alternative with 
less adverse impact and all practicable measures 
will be taken to minimize and mitigate adverse 
impacts as required by this standard. 

3/10/00 
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TABLE E-4B 
ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND TREATMENT 

LOCATION-SPECIFIC ARARs and TBCs 

Requirement 

Federal Regulatory Requirements 
Endangered Species Act (16 USC 
1531 et seq.; 40 CFR 6.302(h) 

State Regulatory Requirements 

Maine Site Location and 
Development Law and Regulations 
(38 M.R.S.A. Sections 481 through 
490; MEDEP Regs. Chapters 371-
377) 

Maine Standards for Classification 
of Groundwater (38 M.R.S.A., 
Sections 465-C and 470) 

WOODARD & CURRAN (95093.06) 
nn i\ IT r. .. ,,~ihHitv ~tnrlv 

Status 

Relevant and 
Appropriate 

Relevant and 
Appropriate 

Applicable 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

Other Natural Resources 

This statute requires that federal agencies avoid 
activities that jeopardize threatened or 
endangered species or adversely modify habitats 
essential to their survival. Mitigation measures 
should be considered if a listed species or habitat 
may be jeopardized. 

-

This act and regulations govern new 
development, including those that handle 
hazardous wastes and oil. Activities cannot 
adversely affect existing uses, scenic character, or 
natural resources in the municipality or 
neighboring municipality. 

This law requires the classification of the state's 
groundwater to protect, conserve, and maintain 
groundwater resources in the interest of the 
health, safety, and general welfare of the people 
of the state. 

Actions to be Taken to Attain Requirements 

No endangered or threatened species have been 
documented in the site area. 

Measures will be taken under SML-5 to avoid 
excavation or dredging of Sandy Brook. 
However, these activities may be unavoidably 
affected. This requirement will nonetheless be 
attained because there is no practicable 
alternative with less adverse impact and all 
practicable measures will be taken to minimize 
and mitigate adverse impacts as required by this 
standard. 

SML-5 would not comply in the short tenn. In 
the long tenn, once aquifer quality is restored 
through natural attenuation, SML-5 would 
comply. 

3/10/00 . 
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TABLE E-4B 
ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND TREATMENT 

LOCATION-SPECIFIC ARARs and TBCs 

Requirement Status 
State Regulatory Requirements 

Maine Endangered Species Act and Applicable 
Regulations (12 MRSA Section 
7751-7756;09-137 CMR 008) 

Town Shoreland Zoning To be considered 
Ordinances and State Minimum 
Guidelines 

Maine Critical Areas Program and To be considered 
Maine Natural Heritage Program 

WOODARD & CURRAN (95093.06) 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary or Requirement 

The State of Maine has authority to research, list, 
and protect any species deemed endangered or 
threatened as listed in the state regulations. The 
Maine Department of Inland Fisheries and 
Wildlife has also developed the following 
administrative categories for species not 
considered endangered or threatened but 
considered important for research and further 
evaluation: Maine Watch List, Special Concern 
List, and lndetenninate Category. The 
Department determines appropriate use(s) of 
various habitats on a case-by-case- basis~ The 
Maine lists may differ from the federal lists of 
endangered species. 

These minimum guidelines and town ordinances 
apply to activities proposed within 200 feet of a 
high-water mark ofa stream or other body of 
water. 

These state programs issue policies and 
regulations governing special habitats or 
communities. 

Actions to be Taken to Attain Requirements 

No endangered or threatened species have been 
identified in the site area. 

These guidelines will be considered in the siting 
of treatment facilities during the development 
and evaluation of remedial alternatives. 

Where such special areas exist, these state 
programs will become involved in the project 
and/or penn it review process. 

3/10/00 
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TABLE E-4B 
ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND TREATMENT 

LOCATION-SPECIFIC ARARs and TBCs 

Requirement Status 
State Regulatory Requirements 

Maine Critical Areas Act (5 To be considered 
M.R.S.A. 3310 through 3316) 

Notes: 

FEASIBILITY STUDY 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Summary of Requirement 

This nonregulatory legislation allows Maine 
agencies such as the Critical Areas Program and 
the Natural Heritage Areas Program to identify, 
research, and protect critical areas and 
endangered or threatened plants. 

ARAR = Applicable or Relevant and Appropriate Requirement 
CFR = Code of Federal Regulations 
CMR = Code of Maine Regulations 
CWA = Clean Water Act 
MEDEP = Maine Department of Environmental Protection 
M.R.S.A. = Maine Revised Statues Annotated 
RCRA = Resource Conservation and Recovery Act 
TBC = To be considered 
USC = U.S. Code 
mglkg = milligram per kilogram 

WOODARD & CURRAN (95093.06) 
DRAFT Feasibility Study 

Actions ~o be Taken to Attain Requirements 

Where such special areas exist, these state 
programs will become involved in the project 
and/or penn it review process. 

3110/00 
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TABLE E-4C 
ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND TREATMENT 

POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

Requirement Status 
Federal Regulatory Requirements 

CWA NPDES Relevant and 
(40 CFR Parts 122, 125) Appropriate 

Clean Air Act - National Relevant and 
Primary and Secondary Appropriate 
Ambient Air Quality 
Standards 

RCRA Subtitle C - Relevant and 
Releases from Solid Appropriate 
Waste Management 
Units (40 CFR, Subpart 
F - 264.95 and 
264.96(a) and (c) 
(Incorporated by 
reference into MEDEP 
Regulations, Chapter 
800) 

Underground Injection Relevant and 
Control Regulations (40 Appropriate 
CFR Parts 144,145,146, 
and 147) 

WOODARD & CURRAN (95093.06) 
DRAFT Feasibility Study 

GROUNDWATER FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Requirement Synopsis Actions to be Taken to Attain Requirements 
-

This requirement implements the NPDES Measures will be taken under SML-5 to meet the direct 
program that specifies the applicable effluent discharge to surface water requirements as required by 
standards, monitoring requirements, and CWA NPDES including limitations, monitoring 
standards and special conditions for direct requirements, and best management practices. 
discharge to surface water bodies. 

Primary ambient air quality standards define Measures will be taken under SML-5 to meet the National 
levels of air quality to protect human health. Ambient Air Quality Standards for invasive or 
Secondary ambient air quality standards protect construction activities with the potential of generating 
public welfare from known or anticipated significant dust. 
adverse effects from pollutants. 
These regulations identify specific monitoring The long-term monitoring program conducted in 
requirements applicable to hazardous waste a.ssociation with this action will meet the substantive 
facilities. requirements of this ARAR. 

These regulations provide regulatory Measures will be taken under SML-5 to meet the direct 
compliance standards for treatment facilities discharge to the subsurface as required by Underground 
that inject wastes underground. The use of Injection Control Regulations. 
wells to dispose of hazardous waste is I 

prohibited. 

3/10/00 
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TABLE E-4C 
ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND TREATMENT 

POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

Requirement Status 
Federal Regulatory Requirements 

CWA _ Regulations on Relevant and 
Disposal Site Appropriate 
Detenninations Under 
the CW A (40 CFR 231) 

U.S. Anny Corps of Relevant and 
Engineers Pennit Appropriate 
Program Regulations 
(33 CRF 320-330) 

CWA - Penn its for Relevant and 
Dredged and Fill Appropriate 
Material (Section 404) 

WOODARD & CURRAN (95093.06) 
DRAFT Feasibility Study 

GROUNDWATER FEASIBILITY STUDY REPORT 
SA CO MUNICIPAL LANDFILL 

SACO,MAINE 

Requirement Synopsis Actions to be Taken to Attain Requirements 
. 

These regulations apply to all existing, Measures will be taken under SML-5 to avoid impact to 
proposed, or potential disposal sites for Sandy Brook or onsite wetlands by onsite disposal of 
discharges of dredged or fill material into U.S. dredged or fill material. 
waters, which include wetlands. 

These regulations prescribed the statutory Measures will be taken under SML-5 to avoid disturbing 
authorities, and general and special policies and the onsite wetlands. However, wetlands may be 
procedures applicable to the review of unavoidably affected. This requirement will nonetheless 
applications for penn its for controlling certain be attained because there is no practicable alternative with 
activities in U.S. waters; this includes discharge less adverse impact and all practicable measures will be 
of dredged or fill material. taken to minimize and mitigate adverse impacts. 

This regulation outlines requirements for Measures will be taken under SML-5 to avoid disturbing 
discharges of dredged or fill material. Under the onsite wetlands. However, wetlands may be 
this requirement, no activity that impacts the unavoidably affected. This requirement will nonetheless 
adjacent wetland shall be pennitted if a be attained because there is no practicable alternative with 
practicable alternative with less impact on the less adverse impact and all practicable measures will be 
adjacent wetland is available. Ifthere is no taken to minimize and mitigate adverse impacts. 
other practicable alternative, impacts must be 
mitigated. 

3110/00 



Page 32 

Requirement 

TABLE E-4C 
ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND TREATMENT 

POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

Status 

GROUNDWATER FEASIBILITY STUDY REPORT 
SA CO MUNICIPAL LANDFILL 

SACO,MAINE 

Requirement Synopsis Actions to be Taken to Attain Requirements 
Federal Regulatory Requirements -

Maine Rules to Control Relevant and This regulation prohibits the injection of Measures will be taken under SML-5 to meet the direct 
the Subsurface Appropriate hazardous waste into or above water-bearing discharge to the subsurface as required by the Maine 
Discharge of Pollutants formations via a new Class IV well. The Rules to Control the Subsurface Discharge of Pollutants 
by Well Injection (06- subsurface discharge into or through a Class IV by Well Injection. 
096 CMR, Chapter 543) well that would cause or allow the movement of 

fluid into an underground source of drinking 
water that may result in a violation of any 
Maine Primary Drinking Water Standard, or 
which may otherwise adversely affect public 
health, is prohibited. 

MEDEP, Bureau of Relevant and The Board will deny applications for waste At least the minimum level of groundwater treatment 

, 

Water Quality Control, Appropriate discharge licenses for the discharge to would be required to provide adequate protection or ifno 
Policy Number \0 "The 
Discharge of Hazardous 
Substances to 
Groundwaters of the 
State" 

Classification of Maine 
Relevant and Waters 38 M.R.S.A. 
Appropriate 

Section 464 - 470. 

WOODARD & CURRAN (95093.06) 
DRAfT Feasibility Study 

groundwaters of substances designated by the other means of disposal is feasible. 
Board to be hazardous when such substances are 
present in concentrations exceeding 
groundwater levels which occur naturally in the 
area. Exemption may be granted if the 
groundwater is treated to reduce the 
concentrations of pollutants discharged to below 
the level considered safe for drinking water. 

This rule prohibits the new discharge to water Because Sandy Brook has a drainage area less than 10 
bodies with a drainage area of less than 10 square miles, no discharge to this water body will be 
square miles. allowed. 

3/10/00 
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TABLE E-4C 
ALTERNATIVE SML-S: GROUNDWATER EXTRACTION AND TREATMENT 

POTENTIAL ACTION-SPECIFIC ARARs, AND TBCs 

Requirement Status 
Federal Regulatory Requirements 

Erosion and Applicable 
Sedimentation Control 
(38 M.R.S.A., Chapter 3 
Subsec. 420-C), Chapter 
500, Stonnwater 
Management Rules 

Maine Ambient Air Relevant and 
Quality Standards Appropriate 
(MEDEP Regulations, 
Chapter 110) 

Maine Water Pollution lelevant and 
Control Law: Conditions ppropna e 

of Licenses (38 
M.R.S.A., Chapter 3, 
Article 2, Section 414-A) 

WOODARD & CURRAN (95093.06) 
DRAFT Fcasihilitv Stlldv 

GROUNDWATER FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

" 

Requirement Synopsis Actions to beTaken to Attain Requirements, 

Erosion control measures must be in place Measures will be taken under SML-5 to control erosion, 
before activities, such as filling, displacing, or sedimentation, or stonnwater. Applicable plans will be 
exposing soil or other earthen materials occur. coordinated with the MEDEP prior to implementation. 
Prior MEDEP approval is needed if the 
disturbed area is in the direct watershed of a 
body of water most at risk. 

This regulation establishes ambient air quality Measures will be taken under SML-5 to meet the Maine 
standards that are maximum levels for a Ambient Air Quality Standards for invasive or 
particulate matter pennitted in the ambient air. construction activities with the potential of generating 

significant dust. 

Regulates the discharge of any pollutants. 
Measures will be taken under SML-5 to meet the direct Specifies that the discharge, either by itself or in 
discharge to surface water requirements as required by the combination with other discharges, will not Maine Water Pollution Control Law including limitations, lower the quality of any classified body of water monitoring requirements and best management practices. below such classification. The discharge will be 

subject to effluent limitations that require 
application of the best practicable treatment. 

3/10/00 
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TABLE E-4C 
ALTERNATIVE SML-5: GROUNDWATER EXTRACTION AND TREATMENT 

POTENTIAL ACTION·SPECIFIC ARARs, AND TBCs 

GROUNDWATER FEASIBILITY STUDY REPORT 
SACO MUNICIPAL LANDFILL 

SACO,MAINE 

Requirement Status Requirement Synopsis Actions to be Taken to Attain Requirements 
Federal Regulatory Requirements 

Maine Water Pollution Relevant and No person, finn, corporation, or other legal Measures will be taken under SML-5 to prevent discharge 
Control Law: Certain Appropriate entity shall place, deposit, discharge, or spill oftoxic or hazardous substances into groundwater or 
Deposits and Discharges mercury or toxic or hazardous substances, either surface water. 
Prohibited (38 directly or indirectly, into the inland ground or 
M.R.S.A., Chapter 3, surface waters, tidal waters, on the ice, or on the 
Article 2, Section 420). banks thereof, so that the same may flow or be 

washed into such waters, or in such manner that 
the drainage there from may flow into such 
waters. 

NOTES: 
ARAR 
CAA 
CERCLA 

Applicable or Relevant and Appropriate Requirement OSHA Occupational Safety and Health Administration 

CFR 
CWA 
DA 
DOT 
Ibslday 
LDRs 
MCL 
MEDEP 
MEG 

= Clean Air Act 
Comprehensive Environmental Response, 
Compensation, and Liability Act 
Code of Federal Regulations 
Clean Water Act 
Department of the Anny 
Department of Transportation (U.S.) 

= pounds per day 
Land Disposal Restrictions 

= Maximum Contaminant Level 
Maine Department of Environmental Protection 

= Maine Exposure Guidelines 

WOODARD & CURRAN (95093.06) 

NPDES = National Pollution Discharge Elimination System 
POTW = Publicly Owned Treatment Works 
RCRA = Resource Conservation and Recovery Act 
ug/m l microgram per cubic meter 
M.R.S.A.= Maine Revised Statues Annotated 

3110/00 



APPENDIX F-I 

POST -RI GROUNDWATER SAMPLING RESULTS 



PERIOD: From 12101/1998thru 11119/1999- Selected 

SAMPLE TYPE: watet 

Vinyl chloride (ugIL) 

.:.:::";.\:::.:.::::;::::;:-:: ... :. 

Chloroethane . (ugIL) 

1 ,1-Dichloroethene (ugIL) 

cis-1,2-Dichloroethene (ugIL) 

Oibromomethane (ugIL) 

Oibromochloromethane (ugIL) 

···f~6J~e.·· .. ··· 

J= Estimated B= Detected in laboratory method blank(s) 
<= Not detected at indicated reporting limit 

Volatile Organic Compounds 

Groundwater Samples 
Saco Municipal Landfill 

Sacco Maine 

<2 

7 

<1 

<1 

<1 

1J 

<1 

<1 

<1 

<2 

7 

..:1 

<1 

<1 

3 

<1 

<1 

<1 

<1 

--=Not analyzed 

Page: 1 off 

<2 <2 

8 8 

<1 <1 

":. 
I 

I 

<1 <1 

<1 <1 

<1 <1 

<1 <1 

"<1""""""" 



PERIOD: From 12101/1998thru 1111911999- Selected 

SAMPLE TYPE: W;rtef 

4-Chlorotoluene (ugIL) 

tert-Butylbenzene (ugIL) 

1,2,3-Trichlorobenzene (ugIL) 

J= Estimated B= Detected in laboratory method blank(s) 
<= Not detected at indicated reporting limit 

Volatile Organic Compounds 
Groundwater Samples 

Saeo Municipal Landfill 

Saeo, Maine 

<1 

<1 

6 

. <1 

<1 

<1 

<1 

8 

<1 

-=Not analyzed 

Page: 20f6 

<1 <1 

<1 <1 

8 7 

.. 1J • 

<1 



PERIOD: From 12101/1998 Uvu 1111911999 - Selected 

SAMPLE TYPE: water 

J= Estimated B= Detected in laboratory method blank(s) 
<= Not detected at indicated reporting limit 

Volatile Organic Compounds 

Groundwater Samples 

Saco Municipal Landfill 

Saco, Maine 

-=Not analyzed 

Page: 3016 



PERIOD: From 12101/1998 thru 11119/1999 - Selected 

SAMPLE TYPE: Watef 

1,1,2,2-Tetrachloroethane (ugIL) 

1 ,2-Dichlorobenzene 

1 ,2-Dibrom~3-chloropropane 

(ugIL) 
.. 

.;'". .. 

(ugIL) .•. 
... . . 

1,2,3-Trichlorobenzene (ugIL) 

J= Estimated B= Detected in laboratory method blank(s) 
<= Not detected at indicated reporting limit 

. . 

Volatile Organic Compounds 

Groundwater Sainptes 

Saco Municipal Landfill 

Saco, Maine 

<1 

<1 

<1 

: : .. 

:<1 .. 

<1 

<1 

<1 

<1 

<1 

<1 

-=Not analyzed 

Page: 40fE 

<1 <1 

<1 <1 

<1 <1 

.<1 

<1 <1 



PERIOD: From 12101/1998 thru 1111911999 - Selected 

SAMPLE TYPE: Wat~ 

J= Estimated B= Detected in laboratory method blank(s) 
<= Not detected at indicated reporting limit 

Volable Organic Compounds 

Groundwater Samples 
Saco Municipal Landfill 

Saco. Maine 

-=Not analyZed 

Page: 50f6 



PERIOD: From 1210111998 thnI1111911999 - Selected 

SAMPLE TYPE: Wa" 

1,1,1,2-Tetrachloroethane 

m/p-Xy\enes 

4-lsopropyltoluene 

1,2-Dichlorobenzene 

1,2.3-Trichlorobenzene 

(ugIL) 

"(ugIL) 

(uglL) 

(ugIL) 

(ugIL) 

.. (uglL) . 

(ugIL) 

J= Estimated B= Detected in laboratory method blank(s) 
<= Not detected at Indicated reporting limit 

Volatile Organic Compounds 

Groundwater Samples 
Saco Municipal Landfill 

Saco, Maine 

<1 

11 

1J 

5 

12 

.<1' 

<1 

<1 

16 

1J 

5 

14 

<1 

<1 

--=Not analyzed 

Page: 60r6 

<1 <1 

14 18 

6 6 

14 24 

<1 

<1 <1 



PERIOD: From 0610811999 thru 11119/1999· Selected 
SAMPLE TYPE: Water 

CONSTITUENT 

Arsenic. 

Iron 

Manganese· 

J= Estimated 
<:: Not detected at Indicated reporting limit 

(mgll) 

.. '. ·······«m~I1)./X ... 

Inorganic Analytes (Total) 
Groundwater Samples 
Saco Municipal landfill 

Saco, Maine 

..:.: .......... , .... · .• ·4.25··.··./····.·· 

Page: 1 of 11 

. ···=Not analyzed 



PERIOD: From 06108/1999 thru 11/19/1999 - Selected 
SAMPLE TYPE: Water 

Iron 

Manganese 

J= Est/mated 
<= Not detected at IndIcated reportIng IImll 

Inorganic Analytes (Total) 
Groundwater Samples 
Saco Municipal Land"" 

Saco, Maine 

··-=Not analyzed 

Page: 2 of 11 



PERIOD: From 06/0811999 thru 11/19/1999 - Selected 
SAMPLE TYPE: Water 

Iron 

Manganese. 

J. Estimated 
<= Not detected at Indicated reporting limit 

Inorganic Analytes (Total) 
Groundwater Samples 
Saco Municipal Landfill 

Saco, Maine 

-=Not analyzed 

Page: 3 of 11 



PERIOD: From 06/0811999 thru 11/1911999 - Selected 
SAMPLE TYPE: 

Iron 

Manganese 

J= Estimated 
<= Not detected at Indicated reporting limit 

Inorganic Analytes (Total) 

Groundwater Samples 

Saco Municipal Landfill 
Saco, Maine 

--"Not analyzed 

Page: 4 of 11 



PERIOD: From 06/0811999 thru 11119/1999 - Selected 
SAMPLE TYPE: Water 

Iron 

Manganese· 

J= Estimated 
<= Not detected at Indicated reporting limit 

Inorganic Analytes (Total) 
Groundwater Samples 

Saco Municipal Landfill 
Saco, Maine 

---=Not analyzed 

Page: 5 of 11 



PERIOD: From 06/08/1999 thru 11/19/1999 - Selected 
SAMPLE TYPE: Water 

ArsenIc 

Iron 

Manganese 

J= Estimated 
<= Not detected at Indicated reporting limit 

InorganIc Analytes (Total) 
Groundwater Samples 
Saco MunIcIpal Landfill 

Saco, MaIne 

-·-=Not analyzed 

Page: 6 of 11 



PERIOD: From 0610811999 thru 11119/1999 - Selected 
SAMPLE TYPE: 

Arsenic 

Iron 

. Manganese 

J= Estimated 
<= Not detected at IndIcated reportIng limit 

Inorganic Ana/ytes (Total) 
Groundwater Samples 
Saco MunIcIpal Landfill 

Saco, MaIne 

~--=Not analyzed 

'------------------------------------- -----------

Page: 7 of 11 



PERIOD: From 06/08/1999 thru 11119/1999 - Selected 
SAMPLE TYPE: Water 

Iron 

Manganese 

J= Estimated 
<= Not detected at Indicated reporting limit 

(mgll) 

••••.•.•••• (tt1g~j> ..... 

Inorganic Analytes (Total) 
Groundwater Samples 

Saco Municipal Landfill 
Saco, Maine 

.-=Not analyzed 

Page: 8 of 11 

, 



PERIOD: From 06/08/1999 thru 11/1911999 - Selected 
SAMPLE TYPE: Water 

Iron (mgll) 

Manganese 

J= Esllmated 
<: Not detected allndlcaled reporting limit 

78.2 

Inorganic Analytes (Total) 

Groundwater Samples 

Saco Municipal LandOIl 
Saco, Maine 

40.2 35.9 

Page: 9 of 11 

21.5 18.8 23.0 

.-··"'Not analyzed 

.----.. --------------------------------------------------------------------------------~ 



PERIOD: From 0610811999 Ihru 11119/1999 - Selecled 
SAMPLE TYPE: 

Iron 

Manganese 

J= Estimated 
<= Not detected al Indlcaled reporting IImll 

Inorganic Analytes (Tolal) 

Groundwater Samples 

Saco Municipal Landfill 
Saco, Maine 

--=Not analyzed 

Page: 10 ot 11 



PERIOD: From 06/0811999 thru 11/19/1999 - Selected 
SAMPLE TYPE: Water 

Iron 

Manganese· . 

J= Estimated 
<= Not detected at Indicated reporting limit 

Inorganic Analytes (Total) 
Groundwater Samples 
Saco Municipal Landfill 

Saco, Maine 

--=Not analyzed 

Page: 11 of11 



PERIOD: From 06/08/1999 thru 11119/1999 - Selected 
SAMPLE TYPE: 

<- Not detected at Indicated reporting limit 

Inorganic Analytes (Dissolved) 
Groundwater Samples 
Saco Municipal Landrlll 

Saco, Maine 

-=Not analyzed 

Page: 1 of 1 



~ - ---- -----; 
~ " :",.r. r\ll ~~t'", qil~ ~"'LJ 

", .~£.() iY)tj.13; u=~ , 
... ' .. Jjf~_.-~ 

APPENDIX F-2 

POST-RI SURFACE WATER SAMPLING RESULTS 



PERIOD: From 06/0811999 thru 11119/1999 • Selected 
SAMPLE TYPE: Water 

Iron 
............ '. ", 

Manganese .. 

J= Estimated 
<= Not detected at Indicated reporting limit 

Inorganic Analytes (Total) 
Surface Water Samples 
Saco Municipal Landfill 

Saco, Maine 

Page: 1 ore 

--=Not analyzed 



PERIOD: From 06/08/19991hru 11119/1999 - Selected 
SAMPLE TYPE: 

Iron 

Ma~gane~e. 

J= Estimated 
<= Not detected at Indicated reporting limit 

Inorganic Analytes (Tolal) 

Surface Water Samples 

Saco MunIcIpal landfill 
Saco, Maine 

Page: 20'6 

··.=Not analyzed 



PERIOD: From 0610811999 thru 1111911999 - Selected 
SAMPLE TYPE: Water 

Iron 

Manganese ..... 

J= Estimated 
<= Not detected allndlcaled reporting limit 

(mg/L) 
.(~g!i.)..\ ..... 

1.35 

0.816 

Inorganic Analytes (Total) 
Surface Water Samples 
Saco Municipal Landfill 

Saco, Maine 

0.827 

0.4:i;· 
2.45 

Page: 3 016 

1.76 4.99 1.89 

--=Not analyzed 



PERIOD: From 06/0811999 thru 11/19/1999 - Selected 
SAMPLE TYPE: 

J= Estimated 
<= Not detected at Indicated reporting limit 

Inorganic Analytes (Total) 
Surface Water Samples 
Saco Municipal Landnll 

Saco, Maine 

Page: 40f6 

--=Not analyzed 



PERIOD: From 06108/1999 thru 11119/1999 - Selected 
SAMPLE TYPE: 

Iron 

Manganese 

J= Estimated 
<= Not detected at Indicated reporting limit 

Inorganic Analytes (Total) 
Surface Water Samples 

Saco Municipal Landfill 

Saco, Maine 

1.05 
»>():712> .......... ·······({i78>. 

Page: 5 of6 

-=Notanalyzed 



PERIOD: From 06/0811999 thru 11119/1999 - Selected 
SAMPLE TYPE: Water 

Iron 

Manganese 

J= Estimated 
<= Not detected at Indicated reporting limit 

Inorganic Analytes (Total) 
Surface Water Samples 

Saco Municipal Landfill 
Saco, Maine 

Page: 60r6 

-=Not analyzed 



APPENDIX F-3 

POST -RI SEDIMENT SAMPLING RESULTS 



Inorganic Analytes 
Sediment Samples 

Saco Municipal Landflll 
Saco, Maine 

Page: 1 0(8 

PERIOO: From 06/0811999 thru 11119/1999 - Selected 
SAMPLE TYPE: Soli 

.iii!';"<~i~~~'ld~;i~f~/'<)c ,<!~~j~lip)' .. '.~i~})~f,":!~trt i'!~~1j~'ii;i:;,]j 1,:;illl~I;D~:' ~i!!~~i0;i~#;;S:·ii:@; 
. . ....................... '. ......... .. ...... .' ..... .... . ........ ..... ..... .... ............. . ........ ' .. ....... " ............................. , ..... ......... .:$P~t~(RYm ............................................................ ' ....................... . bs.1·.· .••• · ••.••.•.•. :~ ..• ·.• .• 2· .•.••. ·, •..• · ..• · .••. -5 ... 1 •.•.•.•.••. 

1 
••....• 0 .••.•.•.... : ..•. 

3 
...••••..• · .• ·, ....• •.·.· ..••.•. · ..... 1 •• <.: ...•• · .....••. · ..• ° .. · .. :999.· .• : •. ' ... :·.·: •. :· •...• ·.':: .• °.' ....•. · .....•.•........•..•....•........ " ... : ... : ••. : •..•...•... : •. • ..... :1.: .. : •. ·.: ... ::.: .. ::.·.: .•.• : •...••......•••....••.•..••....••. :: .••...•. : ..•.••.••.••.• : ..••.••• {}': 

.... ' •... . ....... . '.' .. >. . .....•.•.• :::.: •... :. '.' ......•.• ·.·.OA1E...:· .•• :.. . .• • ,1/1911999<' .' :.:.: ..•.. : .. : 11/19/1999 ···.66i16i.1999< .. :: ...•.•.. : .•.•........•...... : .•.....•... : ......•.•.. : .. : .•..........•. : .•. : ..... : .......•..............•....••.....• · ...... ·· .... : •..... · ......... 0 .• 0 ... · ..... ·,frI ... :· .. ·
2 
..... ·.·.· .. 
5
· .. 1.· •. · .... · .. · .•• o ............... · .. · ....... ': .. · ...... · ...... 1 •...• · ...• · •... , ....•. 999 ....•..•.•. ·., .... ·.: .. · ........ · ..... · ....... · .............................•............•.....•.... :.: .......... : .....•....•.... : .• : •.......••.. : ..•..•...•..• : •..• : ....•..• : •....•...............• : .....• : .. : .. : ..• : ... : .. : ... 0 ... 1 ..... 

12 •.... 1 ... 51 .....• ~ ....• :.· .•. : •. 1 •... : •..... :' .•.. , •..• ·.:·.999: •.. :· ..•...•.•. : ..•.•..•••..•... : .•••..•. : •.••.•.. : •...•.....•.•..........•....•.....•.•••...•.•.••......•...•..••......•..•....... : ••.•..•.. , ......... ,: .. : •..•... : .. ::... ., fY. . .•....••.•••.•..•.•...•...•...•.•.•.•.. : •...•.•.•• : .•. : ....•...•.•..• :: .. . 
. . . .'. ...... . •..... ... ..........•. ,.. . ..... : ........ •.. . ....... : ... . ......" ····.··:···.······.·····.·····.:··:.·········O·.:··~5· .........•..•.•....... : ••. : ................... : ... : ....... : ..... : ...•...•. : ......... : .. : ..•.. :.: .. :.' .. :: •.. : .. : ... : .•..... : .•.•. , ... ····:·.::.Q··.·,:.·: ... · .. ··5···:·.···:·.· .• ·.······.::· .••... : .•.•.. : •.. : ••...•.••.•.•..•••.•.•. : ............ : • 

..... .. ·········<//i .• :.· ..••. } .•..•..• ·.•· .• · .• · .•• ' .••.•..• ·.•· .• · .•• ·RrJeE .• ···sP.luHL.·· •. r· •. (.ft ... TY .. J .• · .•.. ·· .• ·p •. ··.·E·.·.· .••. · .•• ·.· . ···:O:2!f<·,::;·,.····· ..•.••.... : ........ ;::..... '" ". .. .. .. '·1 .. . ..•.•••......•......• : . 
>:·(oUp"e~f~.;:/; ...••.. 

CONSTlTlJENT 

Iron 

Manganese 

. .•. ········{n1iiJl<g» 
(mg/Kg) 

.-·=Not analyzed 



Inorganic Analytes 
Sediment Samples 

Saco Municipal Landllll 
Saeo, Maine 

Page: 20r8 

PERIOO: From 06/0811999 thru 11/19/1999· Selected 
SAMPLE TYPE: Soli 

CONSTITUENT 

ArsenIc·. 

Iron 

Manganese 

. " . '" '.. .... ,',', .. ' .... .; ....... : ...• '" ',', .....•.. , ••.... :," ....•. -.:;:: •. :"':-:::;"::(: .,;:.:-.. ,: ,,' ......•. ; ..• '" ..... : ..... ; .. :::-::::.:.-::::.;::: .. :;.... • •... ">;", ',::> .. :'::::;:::' .... ;. ...... "-:':::::',': : ...... :-.................. :-.. .,:;::,,!.::,:,::::,-: .. 
" .... .' ....... -.: .. :;." .. :-:': ..... :,: :': :::. .,'. :', ".::' -.: ':: :.:.:'::' .:: : .. ::-;..-:-:..... ;,- '::' ..... :'/" .:::.:,:.;":' .. ", :.::. . :.: .... :.: :".;':::';:.: :.: .. " ,', .... ,' ...... ,' ' .... ' ": >:' :: :':::.;X.;':·:,:: ":: :'::-':':':':':';: ,,:': .;".:"': .... : :':".;:;';-:'.::-:-::' :':':::':';::::.; .. t .•.. ~ ..•.. ~ ..•.... :.: ...•.. : ... ; ...•. : '.; :.:;.;.:;;;':.';;'.;:; ... :" .: .. :'; ;':' .... .. ','" . 

;. ;;: " . ;. . '. :: ... ;;;.;.; ";;' ;S· .... . .... ;.;; .... ;.; ......... ; . '5'" . ; ... ; .... ' ......... ';.'. '.;.';:5'0' .; ,·;S··· •. ··.·.;.>.···;.·.i .•. · .. ;·.;... ;';';;; ;,,;;- . S"'O'" . " ; ... ;.;;' .... .... ;.'; "'S" n~t';;' ;';;:';;.;; ". ···;····S·· 0" ';;,;;;,";;; ';.; '.;. .... . .. ; ... ;: .• ;.;.;: .. ;;;;.; .. ;·.·.·.·;·;.·;··.· .. ·;·s· .. · .. ;·.· •. 0· .. · .... · .. ; •. ;.;·'2.·;; .. ;;·;;1·.·.·.:.·.·;·.·.·.·;·.;·.·.·;·;:;· ••. ·.;'.;:.;'.;'; .• : •••. ;; ••. ; .•. ;; ••. ;; ..•• ; .• ; .• ; •. ;.;;.; .••. <;; :>;i' 
. ". ··<.i.· •. ·;:· .• ·.·;S·IATMEp. L·;·E·;·;.';O;: ••• ·.::;.·.:.·.; •. ;·.· ..• · ... ··.·.·· ..•.. i SO-1 ..;y. .... ......... ··«.· •. · •. · •.•.. ;s;··;··o·:;·.· .•. :,1.;··.·.;··: .•.• ;; •.. ; .... ;.; •••..••. i.·.·.;·.· .• ~·OI:'.1Z1;··.· •. • •. i.·:.; •.•. ·. i.i · ..... ··;.·.··· .. ·.· .. ·.·.··.:.··.·.···.·.;.····S;iii0.· .. 3·.1;.;;.·.·; .•.. ··.· .• ·.·.(·.·· •. ;.··;.;.·· ... · ••.• ··.' '" SO"15 .. "SO~15; '4.« 9" ;. u-·.$O~1;· . 

(mg/Kg) 

(rn~tkg)"" 
10400 

... ·163;·.······ 

7340. 9170 

. 221 
10300. 14700 30900. 

···=Not analyzed 



Inorganic Analyles 
Sediment Samples 

Saco Municipal Landfill 
Saco, Maine 

Page: 3 of8 

PERIOD: From 06/08J19991hru 11/19/1999· Selected 
SAMPLE TYPE: Soli 

Iron 

Manganese 

·.···.· .•. ·· .•.•••.•••••.•••••• i ••• > •.••. <· ... · .•...•. ·\ ... ··.·\)}~it~< •. · •••••••••••••••.•••. : .••••.•..•..•.•..••.•. · .••...••• S~DD·.· .• • .• 3~44 •••••••.••..•.••.•.••.•••••••••••• > .••••••.. / ............................. < .. SSH DO ••• ·."3
3
4.
4 
••••• , •• ", •••.•.•••. : ..••.••.•..•••••••• · ••••• ·•· ••• • ••• · •• ••·••· ••• ··~r5~~t.· ••• · ••••..•...•••..••••.•.• , •.• : •••••.•.•.•. ~~~~1 •••• •••·• ••• •• •• •••• •• ·:.·.i •••••...... : .. ~p~~;i:i::: ••• : •• :: : .•.. ·.: .•. · .•.•• $~.D9.s .••. ·5:23 .•• · ... i .•. ;.·.;.· .• · ...•.•.. ~.·.:.·.: .• ·.· .•.••. : •.•.. :·:··:;:i\ • 

. ...•. .•••...•• ::: ..•.. : ..•••.••. : •••..• ;:: .••• · .. ··':::/·S· ·A··.··M·······p··.··.··t:;·· .. e····· •. ··,·O···. < ...........•• SO~31:·:·:.··:· '.::: ..... ···.:.:.··:··.·.···.·.·· •. ·S·D····.~31· .. :.::.: •.•• :: ••• :...... ··SO~.:.t12 ••• :............. ',,: ......... . 
~ /;:;:/):,:;: . 

.•..•........ °061 .. ·2··510 .•.. · ... j.1.: ..... 9 .... ~~ ...\101.·2i5t9 .... j!~~9 ••••....••• : .·: •.••• :·.·:·:·.: ••• ·.·:.·.·006 •. ·2/S10 .•.• ·.11 .. ~~ .•••••.• : .••.. : ••••. : •...•..••.....•..•......•.. : ..•. : •.. · .•. · ...•. ·· ..•• 01.1 .• 2 •.. ~5i9: ... ·: .. 1 ..... · .. 1 ... ·.~ ... 9 ..•.•.•.•. 9 .•.•.•. 9................... .....0E!!@!~·i·.-11H~I.1~ ....... : .. ::':": .: ..... . 

(mg/Kg) 
.. ......./(0,9/1<9) 

..•...•.•.•. '''tlN!~~<· ... /·p~I~~N·· 

···=Not analyzed 

.. · ••• ·:: .. :··.·0·.· ... 5· ...... ·.»·:·:.···· : ..• : •.......... : .... :.: •..•.••.•.•.•. :.: .•. : ... : .:.:.·.··O· .. ··,··2H S· ..... : ..• : ... : .. : ..•. :: •• "' ••.• .' ............ . 
i:. . ::::.~:~ .•. : .•. ~ .. : ... :.~: ".": 



PERIOD: From 06/0811999 thru 11/19/1999 - Selected 
SAMPLE TYPE: 5011 

Arsenic 

Iron 

Manganese 

>DATE<>.· .•.• ·· .••... 
.•..•.. DEPJH(ft).... • 
····RESULTrYPE .. 

(lTIg/Kg) . 

(mg/Kg) 

······(mgiKg) 
7020 

···255 

Inorganic Analytes 
Sediment Samples 

Saco Municipal Landfill 
Saco, Maine 

6380. 
···338.·· ... 

21600 

.1500·
i 

5760. 

··· .••. 255~ ... 

--=Not analyzed 
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Inorganic Analytes 
Sediment Samples 

Saco Municipal Landfill 
Saco, Maine 
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SAMPLE TYPE: Soli 
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PERIOD: From 06108/1999 thru 11119/1999· Selected 
SAMPLE TYPE: Soli 

Inorganic Analytes 
Sediment Samples 

Saco Municipal Landfill 
Saco, Maine 
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Inorganic Analytes 
Sediment Samples 

Saco Municipal Landfill 
Saco, Maine 
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PERIOO: From 06/08/1999 thru 11119/1999· Selected 
SAMPLE TYPE: Soli 

CONSTITUENT 

. ·Arsenic 

Iron 

Manganese 
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PERIOD: From 06/08/1999 thru 1111911999 - Selected 
SAMPLE TYPE: Soil 

Iron 

Manganese 

(mg/Kg) 

...•.• (mg/Kg) 

6040 

··271.···· 

Inorganic Analytes 
Sediment Samples 

Saco Municipal Landfill 
Saco, Maine 

7950. 

·.··.·.··.··.·.202.··· 
5080. 

.270.<· 
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--=Not analyzed 
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DESCRIPTION OF INSTITUTIONAL CONTROLS 
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TERRALEX 

ATTORNEYS AT LAW 

ONE CITY CENTER, P.O. Box 9546, PORTLAND, MAINE 04112-9546 
TELEPHONE: (207) 791-3000 - TELEFAX (207) 791-3111 
INTERNET: WWW.PRETI.COM - E-MAIL: ADMIN@PRETI.COM 

BY COURIER 

Timothy S. Murphy, Esq. 
Prescott, LeMoine, Jamieson & Nelson 
37 Beach Street 
P. O. Box 1190 
Saco, ME 04072 

July 6,2000 

Re: City of Sa co - Grant of Environmental Restrictions 

Dear Mr. Murphy: 

Enclosed is one (l) execution original ofthe Grant of Environmental 
Restrictions and Right of Access to be recorded by you at the request of Rich 
Roedner. It is my understanding that Rich has already spoken to you regarding 
this matter. 

The covered parcels are contained on page one of the Grant. All are 
owned by the City of Saco. Should you have any further questions, please do not 
hesitate to call me at 791-3241. My e-mail address.shouldyouneedit.is 
snewmanrlVpreti.com. 

After you have recorded the Grant, please forward me a copy of the 
recorded document with time and date stamp or other evidence of recording, for 
my records. 

cc: Richard Roedner (with enclosure) 

sgn H:\Saco LandtillWurphy07062000.doc 

4S MEMORIAL CIRCLE - P.O. BOX lOS. 
AUGUSTA, MAINE 00ll-105. 

TELEPHONE: (207) 6ll-Sl00 - TELErAX: (207) 623-1914 

Very truly yours, 

~G~ 
Sharon G. Newman 

THIRTY rRO~T STREET, P.O. BOX 66S 
BATH, MAINE 0.4530-0665 

TELEPHONE: (207) 44305576 - TELErAX: (207) 443-6665 



GRANT OF ENVIRONMENTAL RESTRICTIONS AND RIGHT OF ACCESS 

TIllS AGREEMENT is made this;</:)I day of JvN C 2000 by THE CITY OF SACO, a 
Maine municipal corporation, in the County of York and the State of Maine (hereinafter referred 
to as "Grantor") and the Maine Department of Environmental Protection (hereinafter referred to 
as the "Grantee"); 

WITNESSETH THAT: 

WHEREAS, Grantor is the legal title holder in fee simple of certain real property parcels 
situated in Saco, County of York, State of Maine, more particularly depicted in Exhibit A and 
described as follows: 

The parcels of land consist of approximately one hundred twenty (120) acres, more or 
less, on a portion of which the former City of Saco Land.fill (the "Landfill") is located, 
adjacent to Foss Road in Saco, Maine. These parcels are.identified on Tax Map 97, lot 6 
("Lot 6"), and Tax Map 97, Lot 2 ("Lot 2") and are depicted on Attachment A hereto. 
Lots 2 and 6 are hereinafter referred to collectively as the "Property." The capped areas 
on Lot 6 shall be referred to herein as the "Land Use Restriction Parcel." A portion of 
Lot 6 and a portion of Lot 2 shall be referred to as "Groundwater Restriction Parcel No. 
1." The remainder of Lot 2 and the remainder of Lot 6 shall be referred to as 
"Groundwater Restriction Parcel No.2." Groundwater Restriction Parcel No.1 and 
Groundwater Restriction Parcel No.2 shall be collectively referred to as the 
"Groundwater Restriction Parcels." 

Lots 2 and 6 are described in the deeds to the City as follows: 

a. Lot 2: The City acquired Lot 2 through an automatic tax lien foreclosure against 
Claude P. Dubois and Claire M. Dubois in May, 1993. Title was conveyed to 
Claude P. Dubois and Claire M. Dubois in a quitclaim deed, with covenant, from 
Donald R. Abbott and Irene Y. Abbott, dated May 11, 1985, and recorded in the 
York County Registry of Deeds at Book 3510, Page 182. 

b. Lot 6: The City acquired Lot 6 from Clayton P. King, Sr. and Pearl D. King, in a 
warranty deed dated May 18, 1963 and recorded in the York County Registry of 
Deeds at Book 1521, Page 77; from Carol and Lawrence Patterson in a warranty 
deed dated February 24, 1998, and recorded in the York County Registry of 
Deeds at Book 8686, Page 324; and from Catherine R. Cousens and Maynard J. 
Cousens, in a warranty deed, dated March 9, 2000 and recorded in the York 
County Registry of Deeds at Book 9929, Page 168. 

WHEREAS, the Land Use Restrictions Parcel and the Groundwater Restriction Parcels 
include the Saco Municipal Landfill Superfund Site (the "Site"). The Site consists of a solid 



waste landfill and the surrounding areas impacted or potentially impacted by the release of 
hazardous substances, pollutants or contaminants from the Landfill. The Site is the subject of a 
response action by the United States Environmental Protection Agency ("EP A"), a duly 
constituted agency organized under the laws of the United States of America, pursuant to the 
Comprehensive Environmental Response, Compensation and Liability Act (ltCERCLA"), as 
amended, 42 U. S.C. § 9601 et seq. and the National Contingency Plan ("NCP"), 40 C.F.R. 
300.400 et seq. and the Maine Department of Environmental Protection, a duly constituted 
agency organized under the laws of the State of Maine. 

WHEREAS, pursuant to Section 105 ofCERCLA, 42 U.S.C. § 9605, EPA placed the 
Site on the National Priorities List, set forth at 40 C.F.R. Part 300, on February 21, 1990 (55 Fed. 
Reg. 6154). 

WHEREAS, in an Action Memorandum dated September 23, 1996, the EPA Regional 
Administrator selected a non-time critical removal action (the "NTCRA" or "Removal Action") 
for the Site. 

WHEREAS, under the terms of an Administrative Order by Consent for Removal Action, 
U.S. EPA Region I CERCLA Docket No. CERCLA-I-97-1009 (the "Removal Action AOC"), 
the Grantor and the other PRPs have agreed to fund and/or perform the Removal Action 
identified in the Action Memorandum in order to protect the public health and welfare and the 
environment from the actual or threatened release of hazardous wastes or hazardous substances at 
or from the Site. Under the terms of the Removal Action AOC, Grantor, and the other PRPs have 
agreed to fund, design, construct and/or perform, among other obligations, the following: 

a. the design and construction of a multi-layer, low hydraulic conductivity, cap over Areas 3 
and 4 of the landfill and maintenance of the existing cap on Areas 1 and 2 of the landfill; 

b. the excavation of contaminated soils and sediments having an arsenic concentration 
above 19 mg/kg from a groundwater seep at the Site; 

c. long-term monitoring of the groundwater, surface water, and sediments; 

d. Post-Removal Site Control; 

e. implementation of institutional controls, including deed restrictions and/or other controls 
to prohibit the future use of the Site in any manner that would compromise the integrity 
of the cap and its related systems. 
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A copy of the Removal Action AOC is available from: 

Office of Environmental Stewardship 
United States Environmental Protection Agency 
1 Congress Street, Suite 1100 
Boston, MA 02114-2003 
Attention: Diane Boudrot (SES) 

or 
United States Environmental Protection Agency 
Waste Management Division Records Center 
JFK Federal Building 
Boston, MA 02203 

WHEREAS, the United States has determined that certain easements, rights, obligations, 
covenants and restrictions, as more particularly set forth below, are necessary at certain portions 
of the Site to conduct and maintain the integrity and effectiveness of the Removal Action; and 

WHEREAS, the Grantor agrees to grant the aforesaid e~ements, rights, obligations, 
covenants, and restrictions, as more particularly set forth below, to the Grantee pursuant to the 
Removal Action AOC; 

NOW, THEREFORE, in consideration of the agreements reached in the Removal Action 
AOC, Grantor covenants with the Grantee and its assigns, including the EPA, that it has the right 
to convey the easements, rights, obligations, covenants, and restrictions (hereinafter, collectively 
referred to as the "Environmental Restrictions) set forth herein; Grantor covenants with the 
Grantee and its assigns, including the EPA, that Grantor, its executors, administrators, heirs, 
successors and assigns will warrant and defend the same to the said Grantee and assigns forever 
against the lawful claims and demands of all persons; and Grantor grants the Environmental 
Restrictions to Grantee and its assigns, including the EPA, the terms and conditions of which are 
as follows: 

1 . Right of Access. 

a. In establishing the within Environmental Restrictions, Grantor hereby grants to 
the Grantee and its assigns, including EPA, a perpetual right of access (i) in, on, 
upon, through, over and under the Land Use Restriction Parcel described above 
and (ii) to pass and repass over the Site, on the Land Use Restriction Parcel 
described above, for the following purposes: 

1. Monitoring the Removal Action, including Operation and Maintenance of 
the Removal Action and any future response action; 
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11. Verifying any data or infonnation submitted to the United States and the 
State; 

111. Conducting investigations relating to the contamination at or near the Site; 

IV. Obtaining samples; 

v. Monitoring the groundwater, surface water or air; 

vi. Assessing the need for, planning, or implementing additional response 
actions at or near the Site; 

vii Inspecting and copying records, operating logs, contracts, or other 
documents maintained or generated by PRPs or their agents, consistent 
with Section XVIII of the Removal Action AOC; 

Vlll. Assessing PRPs' compliance with the Removal Action AOe; and 

IX. Conducting other investigations and response actions consistent with 
CERCLA, the NCP, andlor other applicable State or Federal 
environmental regulations, including, but not limited to, the performance 
of the Removal Action by the State andlor EPA pursuant to the Removal 
ActionAOC. 

b. With respect to the Groundwater Restriction Parcels described above, Grantor 
hereby grants to the Grantee and its assigns, including EPA, a right of access (i) 
in, on, upon, through, over and under the Groundwater Restriction Parcels, and 
(ii) to pass and repass over the Groundwater Restriction Parcels for the following 
purposes: 

i. Monitoring the Removal Action, including Operation and Maintenance of 
the Removal Action and any future response action; 

11. Verifying any data or infonnation submitted to the United States and the 
State; 

lll. Conducting investigations relating to contamination at or near the Site; 

IV. Obtaining samples; 
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v. Monitoring the groundwater, surface water or air; 

VI. Assessing the need for, planning, or implementing additional response 
actions at or near the Site; 

Vll. Inspecting and copying records, operating logs, contracts, or other 
documents maintained or generated by PRPs or their agents, consistent 
with Section XVIII of the Removal Action AOC; 

Vlll. Assessing PRPs' compliance with the Removal Action AOC; and 

lX. Conducting other investigations and response actions consistent with 
CERCLA, the NCP, and/or other applicable State or Federal 
environmental regulations, including, but not limited to, the performance 
of the Removal Action by the State and/or EPA pursuant to the Removal 
Action AOC. 

Grantee's right of access under this Subparagraph, l.b. shall expire 100 years from 
EPA approval of the Completion of Removal Action Report under paragraph VII 
of the Removal Action AOC, or sooner, provided that Grantor has petitioned the 
Grantee for amendment, modification, or release of this Grant, and such petition is 
approved by the Grantee, pursuant to Paragraph 13 below. Grantee may require 
Grantor to substantiate that such amendment, modification, or release is 
appropriate. 

2. Designation of Restricted Areas. The Environmental Restrictions shall apply, as set forth 
below in Paragraph 3, to: 

a. the "Land Use Restriction Parcel," e.g., that section of the land herein restricted 
which constitutes the capped areas on Lot 6, as identified in Exhibit A, attached 
hereto; and 

b. "Groundwater Restriction Parcel No.1," e.g., that section of the land, as identified 
in Exhibit A, comprised of approximately 86 acres of Lot 6 and approximately 48 
acres of Lot 2, and separated from Groundwater Restriction Parcel No.2 by a line 
defined in Exhibit B, attached hereto. 

c. "Groundwater Restriction Parcel No.2," e.g., that section of the land, as identified 
in Exhibit A, comprised of those sections of Lot 2 (23 acres) and Lot 6 (5 acres) 
not included in Groundwater Restriction Parcel No.1, totaling approximately 28 
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acres, and separated from Groundwater Restriction Parcel No. 1 by a line defined 
in Exhibit B, attached hereto. 

3. Restricted Uses and Activities. Grantor shall neither perform, nor suffer, allow or cause 
any other person to perform, any of the following activities or uses in, on upon, through, 
over or under those portions of the above-listed lots. 

a. The Land Use Restriction Parcel. Except pursuant to a plan approved by the 
Grantee (and by EPA pursuant to the Removal Action AOe), and in accordance 
with the procedures set forth in subsection 3.d. below, no use shall be made which 
disturbs the integrity of any of the layers of the cap, or any other structures for 
maintaining the effectiveness of the Removal Action, whether in place now or put 
in place in the future. Nor shall any use be made which disturbs or interferes with 
the function of any necessary system for monitoring these structures. This 
restriction shall apply, without limitation, to all aspects of the cap and related 
structures identified in Exhibit A. 

b. Groundwater Restriction Parcel No.1. Except pursuant to a plan approved by the 
Grantee (and by EPA pursuant to the Removal Action AOe), and in accordance 
with the procedures set forth in subsection 3.d. below, groundwater and surface 
water within Groundwater Restriction Parcel No. 1 shall not be used in any 
manner, including, but not limited to, use as a drinking water supply. No 
groundwater wells shall be installed within the Groundwater Restriction Parcel 
except for purposes of groundwater monitoring pursuant to a plan approved by the 
Grantee and EPA. The restrictions set forth in this Subparagraph 3.b. may be 
modified pursuant to Paragraph 13 below. 

c. Groundwater Restriction Parcel No.2. Except pursuant to a plan approved by the 
Grantee (and by EPA pursuant to the Removal Action AOe), and in accordance 
with the procedures set forth in subsection 3.d. below, groundwater within 
Groundwater Restriction Parcel No.2 shall be used at a rate no greater than 1 to 2 
gallons per minute. No groundwater wells shall be installed within the 
Groundwater Restriction Parcel No.2 except for purposes of groundwater 
monitoring pursuant to a plan approved by the Grantee and EPA or as provided in 
the preceding sentence. The restrictions set forth in this Subparagraph 3.c. may be 
modified pursuant to Paragraph 13 below. 

d. The Land Use Restriction Parcel and the Groundwater Restriction Parcels. Except 
pursuant to a plan approved by the Grantee (and by EPA pursuant to the Removal 
Action AOe), and in accordance with the procedures set forth in subsection 3.e. 
below, there shall be no residential development, and no activity or use shall be 
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conducted which adversely impacts the Removal Action, or any aspect thereof, 
whether now or in the future, including, without limitation: (1) systems and areas 
to collect and/or contain groundwater, surface water runoff, or leachate; (2) 
systems or containment areas to excavate, dewater, store, treat, and/or dispose of 
soils and sediments; and (3) systems and studies to provide long-term 
environmental monitoring of on-site groundwater, surface waters, and to ensure 
the long-tenn effectiveness of the Removal Action and its protectiveness of 
human health and the environment. The restrictions set forth in this Subparagraph 
3.d. may be modified pursuant to Paragraph 13 below. 

e. The restrictions in 3.a. through 3.d. above shall not apply if and only if, for the 
specific activity planned, Grantor first obtains from the Grantee (and by EPA 
pursuant to the Removal Action AOC) a written approval to a demonstration by 
Grantor, that the proposed disturbance: (a) will not increase the potential hazard to 
public health, safety, or welfare or the environment; or (b) is necessary to reduce a 
threat to public health, safety or welfare or the environment. The Maine 
Commissioner of Environmental Protection and EPA's Director, Site Restoration 
and Remediation Division, shall sign such written approval. This approval shall 
be recorded by Grantor in the York County Registry of Deeds within twenty-one 
(21) days of receipt. A certified copy of the same shall be filed with MEDEP and 
EPA within twenty-one (21) days of the date of its recordation. 

4. Reserved Rights of Grantor. Grantor hereby reserves unto itself, its successors, and 
assigns, all rights and privileges in and to the use of the Land Use Restriction Parcel and 
the Groundwater Restriction Parcels which are not incompatible with the restrictions, 
rights and easements granted herein. Any and all non-residential activities, including, 
without limitation, recreational fields, accessory buildings, and parking areas, not 
otherwise prohibited by applicable law or this Grant may be conducted upon the Land 
Use Restriction Parcel and the Groundwater Restriction Parcels without the consent of or 
notification to Grantee or EPA. 

5. Applicability. The Environmental Restrictions established herein shall not apply to any 
and all activities or uses in, on, upon, through, over or under those portions of the Land 
Use Restriction Parcel and the Groundwater Restriction Parcels situated within the Site, 
or any portion thereof, duly authorized or approved by the Grantee pursuant to the Maine 
Uncontrolled Hazardous Substance Site law, 38 M.R.S.A.§ 1361 et seq. and the Removal 
Action AOC, and EPA pursuant to CERCLA and the Removal Action AOe, including, 
without limitation, all response actions authorized or approved by the State and/or EPA 
for the Site. 
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6. Emergency Excavation. In the event it becomes necessary to excavate a portion of the 
Land Use Restriction Parcel or the Groundwater Restriction Parcels as part of a response 
to emergency conditions, the activity and use restriction provisions of Paragraph 3 above, 
which would otherwise restrict such excavation, shall be suspended with respect to such 
excavation for the duration of such response, provided that Grantor: 

a. orally notifies the MEDEP's Site Manager and EPA's Project Coordinator or, in 
his or her absence, EPA's Alternate Project Coordinator, or in the event of both of 
EP A's designated representatives are unavailable, the Director of the Office of 
Site Remediation and Restoration, EPA Region I, of such emergency as soon as 
possible but no more than twenty-four (24) hours after having learned thereof, and 
follows up with a written notice to MEDEP and EPA; and 

b. limits the actual disturbance involved in such excavation to the minimwn 
reasonably necessary to adequately respond to the emergency. 

This provision shall not waive liability for releases of hazardous substances, nor shall this 
provision excuse compliance \\-lth CERCLA or any other applicable federal or state laws 
and regulations. 

7. Severability. If any court or other tribunal determines that any provision of this Grant is 
invalid or unenforceable, such provision shall be deemed to have been modified 
automatically to conform to the requirements for validity and enforceability as 
detennined by such court or tribunal. In the event the provision invalidated is of such a 
nature that it cannot be so modified, the provision shall be deemed deleted from this 
Grant as though it had never been included herein. In either case, the remaining 
provisions of this Grant shall remain in full force and effect; provided, however, that the 
Grantee retains its right to modify this Grant pursuant to Paragraph 13 below. 

8. Enforcement. Grantor expressly acknowledges that a violation of the terms of this Grant 
could result in the following: 

a. Upon a detennination by a court of competent jurisdiction, in the issuance of 
criminal and civil penalties, andlor equitable remedies, including, but not limited 
to, injunctive relief; such injunctive relief could include, without limitation, the 
issuance of an order to modify or remove any improvements constructed upon 
those portions of the Property, situated within the Site in violation of the tenns of 
the within Environmental Restrictions; 

b. In the assessment of penalties and enforcement action by the Grantee or EPA to 
enforce the tenns of the within Environmental Restrictions pursuant to CERCLA 

-8-



and the NCP, separate from, or in addition to, any penalties applicable by virtue of 
non-compliance with the Removal Action AOC; and 

c. In the assessment by Grantee of all costs and expenses incurred by the State or 
EPA, in the event of either 6.a. or 6.b. above, including, without limitation, 
attorneys' fees. 

: Any action taken by the Grantee, or EPA pursuant to this Section shall be in addition to, 
but not in lieu of, such rights as EPA and/or the State possess to enforce the terms and 
conditions of the Administrative Order and the Removal Action AOC, which 
enforcement rights the State and EPA fully reserve. 

9. Provisions to Run With the Land. These Environmental Restrictions set forth rights, 
liabilities, agreements and obligations upon and subject to which the Property, or any 
portion thereof, shall be improved, held, used, occupied, leased, sold, hypothecated, 
encumbered, or conveyed. The rights, liabilities, agreements and obligations herein set 
forth shall run with the Property, as applicable thereto, and any portion thereof, and shall 
inure to the benefit of the Grantee and EPA, and their successors and be binding upon 
Grantor and all parties claiming by, through or under Grantor. The rights hereby granted 
to the Grantee, and their successors and assigns, include the right of Grantee and EPA, as 
its agent, to enforce these Environmental Restrictions. Grantor hereby covenants for 
itself and its executors, administrators, heirs, successors and assigns, to stand seized and 
hold title to the Property, or any portion thereof, subject to these Environmental 
Restrictions, provided, however, that a violation of these Environmental Restrictions shall 
not result in a forfeiture or reversion of Grantor's title to the Property. 

10. Grantor Concurrence. Grantor and all parties claiming by, through or under Grantor 
covenant and agree with the provisions herein set forth and agree for and among 
themselves and any party claiming by, through or under them, and their respective agents, 
contractors, sub-contractors and employees, that the Environmental Restrictions herein 
established shall be adhered to and not violated and that their respective interests in the 
Property shall be subject to the provisions herein set forth. 

11. Incorporation into Deeds. Mortgages. Leases and Instruments of Transfer. Grantor 
hereby agrees to incorporate this Grant, in full or by reference, into all deeds, easements, 
mortgages, leases, licenses, occupancy agreements or any other instrument of transfer by 
which an interest in and/or a right to use the Property, or any portion thereof, is conveyed. 
Any transfer of the Property, or any portion thereof, shall take place only if the Grantee 
agrees, as a part of the agreement to purchase or otherwise obtain an interest in the 
Property, that it will comply with the obligations of the Grantor to provide access and/or 
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Institutional Controls, as set forth in the Removal Action AOC and this Grant, with 
respect to such Property. 

12. Recordation. Grantor shall record this Grant with the York County Registry of Deeds 
within ten (10) days of having received the Grantee's written approval of this Grant. The 
Grantor, within thirty (30) days of the date of recordation, shall mail a certified Registry 
copy of this Grant to EPA Project Manager and Maine DEP Project Manager. 

Grantor shall record any amendment to or release of this Grant, made pursu~t to Paragraph 13 
below, with the York County Registry of Deeds within thirty (30) days of having received from 
the Grantee said amendment or release, as agreed to and accepted by, or granted by, the Grantee 
and mailed to Grantor by certified mail, return receipt requested. Grantor shall file with the 
Maine DEP's Project Manager and EPA's Project Manager a certified Registry copy of any such 
amendment or release as recorded within thirty (30) days of its date of recordation. 

This Grant shall become effective upon its recordation with the York County Registry of Deeds. 

13. Amendment. Modification and Release. This Grant may be amended, modified, or 
released only by the Grantee, after a reasonable opportunity for review and comment by 
EPA, in accordance with CERCLA and the NCP, to the extent applicable. Grantor may 
submit to EPA and the MEDEP Site Manager a proposal for modifying or withdrawing 
the Environmental Restrictions or a portion thereof. Said proposal shall demonstrate that 
the Environmental Restrictions contained herein may be modified or withdrawn in whole 
or in part consistent with the public interest and the public purposes of protecting human 
health and the environment. The Grantee shall issue a written decision with an 
explanation of the reasons for the approval, modification, or denial of such petition. 

Grantor shall pay any and all recording fees, land transfer taxes and other such transactional 
costs associated with any such amendment, modification, or release. 

14. No Dedication Intended. Nothing herein set forth shall be construed to be a gift or 
dedication of the Land Use Restriction Parcel or the Groundwater Restriction Parcels to 
the Grantee, or to the general public for any purpose whatsoever. 

15. Rights Reserved. It is expressly agreed that acceptance of this Grant by the Grantee shall 
not operate to bar, diminish, or in any way affect any legal or equitable right of the State 
and/or EPA to issue any future order or take response action with respect to the Site or in 
any way affect any other claim, action, suit, cause of action, or demand which the State 
and/or EPA may otherwise possess with respect thereto. 
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16. Filing with Grantee. All copies of instruments and documents to be filed with the 
MEDEP's and EPA's Project Managers, as required hereunder, shall be delivered to the 
MEDEP and EPA by any of the following methods: (i) hand delivery; (ii) delivery by 
overnight mail; or (iii) delivery by certified mail, return receipt requested. 

17. Governing Law. It is expressly agreed that the law of the State of Maine is the law 
governing this Grant and any disputes regarding its contents and interpretation. 

18. Dispute Resolution. The dispute resolution procedures of this Paragraph shall be the 
exclusive mechanism to resolve disputes between the Grantor and Grantee or EPA 
regarding petitions for amendment, modification and release under Paragraph 13 of this 
Grant. 

a. Informal Negotiations - Any dispute under this Subparagraph shall in the first 
instance be the subject of informal negotiations between the parties to the dispute. 
The period for informal negotiations shall not exceed 30 days from the time the 
dispute arises, unless it is modified by written agreement of the parties. The 
dispute shall be considered to have arisen three (3) days from the date of mailing 
by certified, registered, or express mail by one party to the other parties of a 
written Notice of Dispute. 

b. Formal Dispute Resolution - In the event that the parties cannot resolve a dispute 
by informal negotiations under Subparagraph a, above, then the position advanced 
by the Grantee, after a reasonable opportunity for review and comment by EPA, 
shall be considered binding unless, within twenty-one (21) days after the 
conclusion of the informal negotiation period, Grantor invokes the formal dispute 
resolution procedures by serving on the Grantee, with a copy to EPA, a written 
Statement of Position on the matter in dispute, including, but not limited to, any 
factual data, analysis or opinion supporting that position and any supporting 
documentation relied upon by the Grantor. Within twenty-one (21) days after 
receipt of Grantor's Statement of Position, the Grantee, after a reasonable 
opportunity for review and comment by EPA, will serve on Grantor its Statement 
of Position, including, but not limited to, any factual date, analysis, or 
opinion supporting that position and supporting documentation relied upon by the 
Grantee. Formal dispute resolution shall provide for review on the administrative 
record under applicable principles of administrative law. An administrative 
record of the dispute shall be maintained by the State and shall contain all 
Statements of Position, including supporting documentation, submitted pursuant 
to this Subparagraph. Where appropriate, the State may allow submission of 
supplemental Statements of Position by themselves or the Grantor. The MEDEP 
Sites Management Section will issue, after a reasonable opportunity for review 
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and conunent by EPA's Director of the Office of Site Remediation and 
Restoration, New England Region, a fmal administrative decision resolving the 
dispute based on the administrative record. This decision shall be binding upon 
the Grantor, subject only to the right to seek judicial review pursuant to 
Subparagraph I8.c. below. 

c. Judicial Appeal - Any decision rendered pursuant to Subparagraph I8.b. above 
and any administrative decision made by the Grantee pursuant to Subparagraph 
8.b. shall be reviewable by a Court of competent jurisdiction, provided that a 
notice of judicial appeal is served by the Grantor on the Grantee, with a copy to 
the Environmental Protection Agency, and within 10 days of receipt of the final 
administrative decision of the Grantee. The notice of judicial appeal shall include 
a description of the matter in dispute, the efforts made by the parties to resolve it, 
and the relief requested. The Grantee may file within 30 days a response to 
Grantor's notice of judicial appeal. In proceedings on any dispute governed by this 
Subparagraph, Grantor shall have the burden of demonstrating that the decision of 
the MEDEP Director of Sites Management Section is arbitrary and capricious or 
otherwise not in accordance with law. Judicial review of the decision by the 
Grantee shall be on the administrative record compiled pursuant to Subparagraph 
IS.b. above and shall be governed by the Maine Administrative Procedure Act, 5 
MRSA Section SOO I et seq. 

IN WITNESS WHEREOF, City OF SACO as record title-holder of the above described 
lands and premises, hereby submits this GRANT OF ENVIRONMENTAL RESTRICTIONS 
AND RIGHT OF ACCESS, which said Grant shall be recorded in the York County Registry of 
Deeds. 

Dated thisdll
5T 

day of JiJ tJ t ,2000. 

Witness: 

~ I ,/L )(L f0nrJL 
City of Sa co 

BY:~ 
Name 
Its Duly Authorized Agent 
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State of 
Maine 

County of York 

On this cJ..l
1t 

day of --.J l) tv' C , 2000 personally appeared BIc..dfif(D JltJlttlffUi{ signer 
and sealer of the foregoing written conveyance, and acknowledged the same to be ~ own free 
act and deed and the free act and deed of the City of Saco. 

1'\ 

Before me, hLlf L J J11, .JI.--
Notary Public ./ 
My Commission Expires: {f JJ~ /l2_ 

r I 

The Grantee accepts the conveyance of the Environmental Restrictions and Right of 
Access contained herein. 

By: 

Martha Kirkpatrick, 
Department of Envir 

State of maine, 
Maine 1 

County of f,tY)f)ei:ec... 

On thiso1O day of .JU~ , 2000 personally appeared" ~dt signer 
and sealer of the foregoing written acceptance, and acknowledged the same to be _ own free 
act and deed and the free act and deed of the Maine Department of Environmental Protet:tion. 

Before me, !fjmn£?jp ;J 

Notary Pu~lic. . ill. _; J. Ly/J/) !Xl:JS 
My CommIsslOn ExpIres~9' 
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EXHIBIT B 

Dow & Coulombe, Inc. 
SINCE 1864 

LAND SURVEYORS 
LAND USE AND PLANNING CONSULTANTS 

13 PARK STREET 
SACO, MAINE 04072 

(207) 284-4521 
FAX (207) 284-4522 

EMAIL dowcoula.cybertourS.com 

May 24,2000 

PROPOSED DESCRIPTION OF THE DIVIDING LINE OF THE GROUNDWATER 
RESTRICTION AREA FOR THE CITY OF SACO 

(written without survey from the plans and deeds referenced herein) 

Beginning at an old barbed wire fence marking the northwesterly line of land 
described in a deed from Saco & Biddeford Savings Institution to Laurel Hill Cemetery 
Association dated April 24, 1950 and recorded in York County Registry of Deeds in 
Book 1142, Page 475. 

Said point of beginning is located as follows: 

Beginning at a 16 inch hemlock tree with old wire imbedded at the comer of old 
barbed wire fences near the southwesterly side of Sandy Brook; said tree and old fences 
marking the northwesterly side of the third parcel ofland described in a deed from Leon 
E. Fenderson to Leon E. Fenderson et als dated February 26, 1973 and recorded in said 
Registry in Book 1983, Page 176; said tree also marking the easterly comer of the first 
parcel of land described in a deed from Leslie D. Patterson to Leslie D. Patterson et als 
dated March 11, 1977 and recorded in said Registry in Book 2172, Page 147; 

Thence, North 52°-44' East, by said Fenderson land and said old fence 219.70 
feet to an iron pipe found driven into the ground at another old fence corner; 

Thence by said Laurel Hill Cemetery Association land and said old fence by the 
following six (6) lines; 

North 27°-52'West, a distance of 50.6 feet to an iron pipe found driven into the 
ground at still another old fence comer; (said line is described as North 2r-30'West,-
50.7 feet in said association deed); 

Thence, North 55°-43'-45" East, a distance of 138.52 feet to a 32 inch pine tree 
with old fence imbedded; 

Thence, North 51 °-32' -45" East, a distance of 147.75 feet; 
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Dow & Coulombe, Inc. 
LAND SURVEYORS * LAND PLANNERS 
City of Sa co 
May 24,2000 
Page 2 

Thence, North 45°-50' -30" East, a distance of 186.67 feet; 

Thence, North 60°-19'-00" East, a distance of211.89 feet; 

Thence, North 53°-40'-45" East, a distance of95.47 feet to the point of beginning 
of the dividing line (the course of the last five lines is given as North 53°-35' East, in said 
association of deed). 

Thence, from said point of beginning, North 20°-12'-30" West, across land 
described in a deed from Maggie May Limited Liability Company to the City of Sa co, 
dated January 31, 2000 and recorded in said Registry in Book 9882, Page 267, a distance 
of 1394.83 feet to a tall iron pipe found driven into the ground at the southwesterly end of 
still another old barbed wire fence; 

Thence, by land described in a deed from Catherine R. and Maynard J.Cousens to 
the City of Sa co, dated March 9,2000 and recorded in said Registry in Book 9929, Page 
168, by the following seven (7) lines; 

North 37°-38'-00" West, a distance of207.68 feet to a 20" oak tree with old 
barbed wire fence imbedded; 

Thence by land described in a deed from Clayton P. Sr. and Pearl D. King to the 
City of Saco dated May 18, 1963 and recorded in said Registry in Book 1521, Page 77, 
and by another old barbed wire fence, by the following six (6) lines; 

North 52°-54'-40" East, a distance of264.89 feet; 

Thence, North 51 °-57'-30" East, a distance of 130.45 feet; 

Thence, North 54°-27'-35" East, a distance of 165.76 feet; 

Thence, North 52°-36'-30" East, a distance of78.01 feet; 

Thence, North 52°-06'-10" East, a distance of206.70 feet; 

Thence, North 50°-56' -40" East, a distance of 122.71 feet to the easterly comer of 
land described in the deed from Clayton P. Sr. and Pearl D. King to the City of Sa co, 
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May 24,2000 
Page 3 

dated May 18, 1963 and recorded at said Registry in Book 1521, Page 77, as shown on a 
"Plan of Property In Saco Maine Made For Saco Solid Waste Disposal Site", dated 1982, 
made by H.1. & E.C. Jordan. 

There were steel spring bars found driven into the ground at the northeasterly 
ends of the last five above described lines; 

The above bearings refer to the 1976 magnetic meridian. 

Reference is made to the following named plans on file at Saco Municipal 
Offices; 

1- "Plan of Property in Saco, Maine Made for Saco Solid Waste Disposal Site", 
by H.1. & E.C. Jordan, dated 1982. 

2- "Plan Showing a Standard Boundary Survey Made for Claude P. DuBois", by n. n ., 
Dow & Coulombe, Inc., dated February 25,1985. j ~j,~ 
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