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WOBURN ENVIRONMENTAL STUDIES
PHASE 1 INVESTIGATION

Introduction

Legislative Prospective

In December 1980, Congress passed the Comprehensiwe Envirommental
Response, Compensation and Liability Act (CERCLA), commonly called
“Superfund™. CERCLA was passed to assure the prompt and cost effective
response to inactive hazardous waste digposal sites and releases or
threatened release of hazardous substances. The Act required the United |

States Environmental Protection Agency (BPA) to take the following major
actions. el : R

g Prefare an Inventory of Eazardous Waste Sites;

2) Prepare and Publish a National List of at least "400"
Top Priority Fnown or Threatened Releases of
Hazardous Subetances;

3} Revise the National Contingency Plan published under the
-Authority of Section 311 of the Clean Water Act to include
procedures and criteria for investigatiéns and developing
cost effective remedial action for hazardous waste releases
listed on the Natlonal Priority List.

The Act elso established a tax én oil and feedstock chemicals.
The tax. revenues would be used to establish a $1.6 billion dollar Fund
to be used by EPA for investigations, studies and remedial actionms.

Repulatory Prospective

EPA assembled an inventory of hgzardous waste sites that might re-
gquire CERCLA attention. In December 1981, from this Inventory, EPA
published an Interim List of 115" Top Priority Sites. The Woburn
Industri-Plex 12R site was on the list. In 1982, EPA proposed the revi-
sions to the National Continpgency Plan. The revisions specified procedures
for setting priorities, investigating, evaluating and selecting remedial
actions to cost effectively and expeditiously achieve the objectives of
CERCLA, i.e., clean up of hazardous subhstances releases.

EPA implemented a program to nepotiate with potentially responsible
parties to pay for and clean up hazardous waste sites. This negotiatred
settlement approach would reserve the Superfund monies for truly abandoned
waste sites, would provide the scarce management and technical expertise
needed to clean up the Top Priority Waste Sites as expeditiously gS pos-—
seible, and would avoid unnecessary legal costs.



EPA Action

On May 25, 1982 the Stauffer Chemical Company, a former site owner
and responsible party voluntarily signed a Consent Order with EPA and the
Massachugsetts Department of Envirommental Quality and Engineering. Imn-
corporatéd into the Consent Order was an Investigative Plan preparsd by
Stauffer to undertake an investigation of the Woburn Industri-Plex 128
Site listed on the Interim “}15" Top Pricrity List of Wazardous Waste
Sites. The objective of the investigation was to collect the information
needed to locate waste deposits, assess the environmental Impactes of waste

deposits, apportion responsibilities, and evaluate and recommend remedial
actions. ) '

The site investigation consists of two Phases. Phase 1 detaiied

specific data collection requirements. It was designed to screen the site

to cost effectively locate waste deposits and gather information on

. groundwater, surface water and odors needed to assess impacts. The

details of the Phase II investigation were not specified. The objectives
of Phase II was to collect any additional site information in addition to.
the Phase I data neaded to apportion costs and evaluate remedial
alternatives. )

The Phase 1 Report ie comprised of three volumes. Volume 1: %n-
virommental Assessment is the Report narrative that describes the work
done and the findings and conclusions. Volume 2 is the appendices of data
collected in Phase I and prepared into tables. Volume 3 is the appendices
of maps, plot plans and figures showing sampling locations, waste deposit
locations, surface water locations and structures. Each volume has an in-
dex to facilitate 1its use.

Phase 1 Report Composition

Volume 1: Envirommental Assessment consisrts of the sections

" listed below:

I. Site Background/History:

This section traces the industrial use of the site to guide
the Phase I sampling and analvsis. ‘

I1. Scope/Purpose:

This section describes the artea studied in the Phase 1
investigation, sets forth the sampling and analysis work and
discusses the envirommental obiectives.



11I. Work Accomplished: IR

Tﬁis section compares the work dome in the Phase I study to the
requirements specified in the Investigative Plamn.

*

CLIw 'Health/Safety

coomEo  This section describes the Safety and Wealth PIan prepared to
- A assure protection of workers and the public during field work
T . ~ ‘activities. It includes findings and conclusions from the
. ' -evaluation of procedures used and monitoring conducted in
_Phase I. '

- if : V. Anaiytical Testing:

The_method of collection and analytical test used are described for
each type of gample collected. This section also discusses the
evaluetions of screening methods and provides the reason for
selection of the methods chosen. The section also discusses the ’
Quality Assurance procedures and evaluations included in the

study. ; :

Vi. "Bore Hele Alr:

This section discusses the sampling and analysis of
o ‘ . wolatile and hazardous chemicals in air that might be
Gf_, ' ' generated deep inside the waste deposits. 1t alsc relates
‘ the findings to odor emissions and worker health.

ViI. Subsurface Investigation:

This section describes the sampling and analysis dome to
locate waste deposits and assess the groundwater quality.
The section also discusses the findings and conclusions
that can be made based upon Phase 1 results.

VIII. Surface Water:

- This section describes the sampling and analysis done to
evaluate impacts of waste deposits on surface waters and
the surface water sediments in the vicinity of the site.
It also addresses the impact of divrect discharges of
liquid streams emanating from waste deposirs on the
surface water.

«



WOBURN ENVIRONMENTAL STUDIES
PHASE 1 INVESTIGATION

EXECUTIVE SUMMARY

Site Backgrohnd/ﬂistory'

" ‘I'he Woburn Industri-Plex 128 site was used for ‘manufacturing various
products from 1853 to present. The records of insurance companies,
newspaper and journal accounts, and aerial photographs were researched to
determine the naberials handled at this site and the waste disposal
practices. PR . .

The following three periods are most appropriate to describe the ac-

‘tivities on_the 244 acres investigated in Phase I:

1853-1933 - Woburn Chemical Works, Merrimac Chemical
Company, Monsanto Chemical Company

1934-1969 - Wew England Chemicel Company, Consolidaﬁed
Chemjical Company, Stauffer Chemical Company

196%-pregent = Mark Phillip Trust and a few other parties.

1853-1933
During this period the Woburn site was used for manufacturing
chemicals for local textile mills, leather and paper industries and ar-

senic insecticides, acetic acid and dry colors.

A major product produced at the site was sulfuric acid. The acid

_was then used to manufacture hydrochloric acid and tin chlorides. The

sulfuric acid process used both sulfur and pyrite ore as feedstock.
Pyrites contain a significant number of heavy metals.

Based on aerial photographs and maps, most wastes from these-
operations were disposed onsite by filling in swampy, low lving areas.
Also, these maps and photographs show a settling lagoon area in the
vicinity of the present arsenic pit.

The major substances used in these processes were lead, arsenic,
sulfur, pyrite ore containing heavy metals, and drv colors probably
contained lead, mercury, chromium, etc.

1934-1969

In 1934 the property was sold to the New England Chemical Company.
New England Chemical constructed an animal glue manufacturing plant on the
property which was subsequently purchased by Consolidated Chemical Com-.
pany, and then by Stauvffer Chemical Company.



" The glue nmanufacturing process took raw animal hides and waste chrome
tanned hides from the area industries and extrected the glue by cooking
these materials and concentrating the extract by evaporation and drying.
To speed the extraction process, sodium hydroxide sulfuric scid end mag-

‘ nesium carbonate were used., ,

Hide reaidves from the extraction uere buried in pita,un.thg.ptnpe:—

" ty. Wastewater from the washing and disinfection process steps were sent

to a settling lagoon to remove suspended solids and separate the grease
for sale. The water was then sent to the municipal sever system.

The major substances used in these processes were chrome tanned

"hides, raw animal hides. 11me, caustic, sulfuric acid .and magnesiuu

carbonate.

1969-Present

In 1969, Stauffer sold the major portion of the property to Mark _
Phillip Trust ‘and a small fraction to others. Mark Phillip Trust began to
develop the site for industrial uses. Excavation activities during this
development period created noxious oders by exposing decaying hide
material. 1In addition, these activites relocated and commingled many waste
deposits into piles near swampy areas on the property.

In 1977, the neighbor complaints about odor and site development ac-
tivities resulted in DEQE obtaining a restraining order to stop site
development. Development activity continuved until 1979 when EPA obtained
2 Court Order to stop further development activities, 1Tn 1981, the site
was listed on the Superfund Interim List of "115" Top Priority Hazardous
Waste Sites. '

On May 25, 1982, EPA and DE(QE signed a Consent Order with Stauffer

Chemical Company requiring Stauffer to undertake a site investigation
and recommend remedjial action.

Scope /Purpose/Description of Work

"The Consent Order agreed to by Stauffer Chemical Company, EPA, and
DEJE specified a two phase site investigation for the purpose of assessing
environmental conditions at the site, selecting remedial action and ap-
portioning responsibiliry.

The site boundaries specified for investigation are shown on the map
below. .



Fig. 1 244 Acre Woburn Site

Clear Area Formerly ‘Owned B
Stauffer Chemical Company

This is & 244 acre plece of property in an industrial area of
North Woburn called the Industri-Plex 128 property. -The site has
streams and ponds, operating facilities, abandoned facilities, waste
deposite buried and in piles, roads, railroad tracks, end utility
rights of way. About 150 acrees are fenced.

PurBose

The purpose of the Phase 1 investigation is to expeditiously and
cost effectively locate hazardous waste deposits and assess their im-
pact on surface waters, groundwaters and air. The Phase II in-
, vestigation would gather additional information needed to apportion
responsibility and evaluste and recommend remedial actions.

-

Description of Phase 1 Work

The Investigative Plan specified that Stauffer assemble, collect,
evaluate and report the following information and data:

+ Review and Evaluate Prior Site Investigations and Available
Site Information _

. Newspaper and journal accounts, aerial photographs and insurance
mape, from 1853 were reviewed to identify possible hazardous substances
manufactured at the stie. Also, prior studies to which Stauffer had ac~
cess were reviewed and evalusted in Phase I, ’ ‘
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{ié " . Prepare & Boundary Site Sufvey

A site survey and topographic map were prepared. Also, & con-
solidated map showing locations of known or suspected waste disposal areas
" was prepared based upon site history and aerial photographs.

ffé-- - Pregare a Safety and Health Plan -

- A Cgrtified Industrial Hyglenist visited and surveyed the site and
‘revieved the substantial amount of information available on the site. He
prepared a Safety and Health -Plan to assure the protection of workers and
the public during field work activities. The plan includes the following:

. worker health and safety training, protective equipment requirements wor-
_ker exposure and area monitoring, and medical examinntions.

ae l . Analytical Testing B : _ oo

Samples of groundwater and surface water were analyzed for the EPA
priority pollutants, plus up to 20 other organic chemicals. Methods
were evaluated and developed for screening metals and organics in seoil.

We established and staffed a laboratory near the site at 10A Henshaw
Street to prepare soll, water and alr samples for. analysis at ERT
Laboratories and installed a Perkin-FElmer Head Space Gas Chromatograph to
conduct the organic chemical screening of soil samples.

(S: ' ‘ EPA priority pollutant analyses were performed on all surface water,
- groundwater, leachate and stream sediment samples. -

For each batch of 10 samples, 4 quality assurance samples were prepared
and analyzed. The analysis of the quality assurance results required
resampling and analysis of soll samples for mercury and wvolatile organics
in bore hole air samples. The evaluation of the quality assurance results
showed that the data was acceptable for the objectives of the Phase 1
study.

Samples of air deep inside bore holes were analvzed for total
reduced sulfur compounds, arsine and wvolatile organic chemicals,

+ Provide a Computerized Data File Svstem

A computer progrem was developed to collect, store, retrieve, and
correlate the 15000+ pieces of information collected In Phase I.

.
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« Provide Sample Chain of Custody'and Quality Assurance

A chain of custody procedure wag estahlished that successfully
tracked over 2000 samples. A Quality Assurance testing program that
required preparation of four Q.A. samples for every 10 gite samples was
1mp1emented to assure data reliability. :

. Perform a Soil Resistivity Survey

Rnux Associaten, a hydrogenlogic cousulting firm, conducted a
resistivity survey on 200 foot grid spacing to help locate waste
deposits versus the Consent Order's 400 foor grid spacing requirement and
took continuous readings in areas between the grid.

. Testrfits and Secil Béringr : - B

To locate waste depoéits and contaminated aress, 100 test pits and

_so0ll borings were originally planned. Field findings during the course

of the study dictated additional work was needed in this area. Therefore,
under the supervision of Roux Assoclates, 175 test pits and soil borings .
were dug and 46] soll seamples were collected, of which 151 were selected
for organic chemical screening and 199 for heavy metal analyses.

» Surface Vater Sagples

Stream flow measguring devices were installed at three (3} locations.
Samples of surface water at 9 locations were collected and analyzed during
low flow conditions, as required in the Investigative Plan. The 9 high
flow surface water samples specified in the Investigative Plan could not
be collected because of insufficlent rain during Phase I. Samples of
surface water during high stream flow conditions will be collected inm
April 1983 during the spring rainy season.

+ Stream Sediment Samples

The 14 gamples of soil sediments in streams and ponds were
collected and analyzed per the Investigative Plan.

. Samples of Leachate

Only one of the three (3) proposed semples of water seeping from
waste disposal areas was collected and analyzed. Again, the rainfall
vas not sufficient during Phase 1 to produce visible seepage and additional
samples will be collected in April 1983 If any are found. ‘

« Groundwater Monitoring Wells

We collected and analyzed water samples from the 13 groundwater
monitoring wells. in stalled in Phase I. This is two more than originally
planned in the Investigative Plan. We also installed R plezometers in order
to map the groundwater flow direction.



LT e -Install a Heteorolggicnl Tuwer' -

" . Bore Hole Alr Samples

Per the Investigative Plan, Steauffer installed 10 bore holes in the
waste deposit areas and collected air samples from deep inside the bore

" holes for analysis of total reduced sulfur (TRE) compounds, {i.e., hy-

drogen gulfide, methyl mercaptan), arsine and volatile organic chemicals
{VWC). A total of 98 gsamples were collected versus the 90 specified in
the Order. .Thirty samples were analyzed for TRS compounds, 30 for arsine
and 3B fur WiC's. However, only 6 VWOC analyses were valid. Cross con-

tamination and high concentration of reduced sulfur compounds invalidated
the other WC samples. -

Stauffer iustalled a wind speed sensor and recorder on a 30 foor.
tower in a location agreed te by EFA.

. Industrialrﬁygiene Monitoring and Micreblological Evaluation

These ections were not specified in the Investigative Plan. Stauffer
collected a large number of industrial hygiene measurements for dust,
lead, arsenic, chromium, H7S5, etc. to assure the protection of workers
and public health during Phese I field work activities. .  Stauffer also
retained a consultant Microbiologist (Dr. Stephen Edberg of Yale Univer-
sity} to evaluate the potential for pathogen exposures.

The following summarizes the findings and conclusions based upon the
Phase 1 investigation results. -

Findings/Conclusions

Saferty and Health

The purpose of the safety and health plan was to assure that worker
health and safety would be protected during Phase I. The safety and
health plan was prepared by Stauffer's certified Industrial Hygienist and
was followed during Phase 1 activities. Protective clothing and equipment
was used during trenching and drilling. Monitoring was done. Procedures
were "followed and were effective in protecting worker health and safety.

Airborne Contaminants: Based upon industrial hypiene worker ex-—
posuTe monitoring of airborne contaminants onsite during the Phase 1
study, no exposures to arsenic, lead or chromium were found sbove OSHA

safe limits. Total dust measurements averaged well below OSHA's permis-

slble exposure level.

Biological Agents: Based on the site inspection, process review,
sampling and analysis of waste deposits made by Dr. Stephen Edberg (Yale
School of Medicine), no hazard exigts from anthrax or other disease
causing microbes.
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Analytical Testing . : -

The purpose of the analytical testing in Phase I was to use as
much as possible rapid, cost effective screening technigues to analyze
soil and assure the quality of the results is adequate for the
objective of Phase I. "

X-Ray Fluorescence (XRF): We evaluated X-ray fluorescence as an
analytical screening method for determining metals in soil at Woburn. We
found XRF to be unsuitable because of varfation in the Woburn soil and the
metals in it. Therefore, we used the more precise and traditional atomic

‘absorption method to analyze the soil.

Organic Chemical.Screening; Ve evaluated the following analytical

' screening techniques for scil: Loss on Drying, Loss on Ignition, Sclvent
_Extraction/Residue on Evaporation to Dryness, 0il and Grease, Capillary

G.C. Analysig of Solvent Extract and Head Space Gas Chromatography. “Head
Space” Gas Chromatography was selected as the method suitable for rapidly

"screening soil for volatile organic chemicals. The other methods lacked

sengitivity. -

Bore Hole Adr

The purpose of analyzing air in bore holes installed in the waste
deposits was to identify possible odor causing compoundes and hazardous
air contaminants.

Total Reduced Sulfur: The sampling and analysis of air 6-20 feet
deep inside two 6" diameter borings showed high levels of hydrogen sulfide
{up to 47,000 parts per million (ppm)) and methyl mercaptan (up to 470 parts
per million {(ppm)) in the east waste pile. At no time during Phase I did
we detect hydrogen sulfide above ground level in the worker breathing
zone. We concluded that nmo health hazard existed during the Phase T in-

vestigation from HpS exposure.

Hydrogen sulfide and methyl mercaptan gases are produced during
degradation of natural substances such as hides, animal remains, etc. The
odor produced by household septic systems is hydrogen sulfide (R»S).
Hydrogen sulfide and methyl mercaptan odors are recognizable at 5 ppb
{parts per billion) and 2 ppb, respectively. Since no H3S or other
total reduced sulfur compounds were found in the other 8 bore holes sam-
ples, we concluded that one of the probable sources of the Woburn
odor is the degradation of east waste pile marterial to H3S.

Arsine: No arsine was detected in 23 of 27 air samples collected
from the 10 bore holegs 6-20) feet below surface. Arceine was detected in &
bore hole zir samples collected from the east and west waste piles at
levels from 0.3-0.5 ppb, barely above the detection limit of. 0.3 ppb. The
OSHA safe limit is 50 ppb. Therefore, -based on this data, no potential
for health hazard from arsine exists at the Weburn site. 1In addition, at
these very low concentrations, {.e. tenths of a part per billion, the
analysis could have reprecented a microscoplc particle of natural soil with
naturally occuring arsenic levels, rather than arsine vapors.
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Volatile 0rganics* We had sampling and analysis difficulties due
to high sulfur compound interference and cross contamination and were able
to collect and analyze only 6 valid bore hole air samples from 2 of the 10
bore hole locations.

The 2 bore holes where 6 valid samples were collected were selected

- {n areas which we thought were the most likely sources of volatile organic

chemicals based -upon preliminary Phase I data. In these six valid sam-
ples, no priority pollutant volatile organic chemicals were detected and

95X of the volltilg organics found were sulfur or compounde comtetwing
sulfur.

Based on this limited data, no large quantities of volatile organic

chemical deposits have been identified to date.

Subsurfoce B 1f;;'. 7 ' ’ -

The purpose of this investigation was to locate hazardous wacste
deposits and assess the impact of waste deposits on the groundwater.

.Locate Waste Depoeits: To locate the waste deposits, a total of
175 test pits (dug by backhoe) and soil boringe (drilled by auger rig):
were installed and 46! samples of waste and contaminated soll were col-
lected. Based upon the observation of Roux Associates, 199 soil/waste

samples were selected for heavy metals analysis and 151 were screened for
organic chemicals.

Io addition, Roux Associates performed & resistivity survey of the.
entire site to provide a screen for unnatural deposits. This survey sup-

ported and added confidence to our test pit and boring findings.

'Of-ther2&& acres that required investigative test pits, soil borings
and resistivity work, we found the following:

« 32 acres east of Commerce Way contained no waste deposits
. 120 acres is shallow bedrock ond buildings
+ 92 acres have some contamination

Of the 92 acres with some contamination we found the following:

. Lead and arsenic were the most- widespread contaminants
and 22 acres had lead and/or arsenic levels above 1000 ppm

. Chromium was found on about 5 acres above 1000 ppm and
such findings were generally detected in the area where hide
residues were found and near the chromium lagoon '

. Barium, copper, and zinc vere widespread throughout the -
Eite in levels greater er than 100 ppm
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Mercury was found in a few samples above 100 ppm. - Such findings
were always associated with high levels of lead

Hide residues were found on about 8 acres

Analytical ‘screening of soil for organic chemicals identified a
few areas that might contain volatile organic chemicals. However,
the screening techn1que did not identify or quantify chemicals
and more data is needed to assess these f\nd1ngs.

finding that might be helpful in the Phase 11 1nvestigat1on is that

waste materials and contam1nated soil can be d15t1ngu1shed vusual]y from

- natural soil.

Groundwater: Fifteen (15) groundwater monitoring we115 and 8.
piezometric wells were installed upgradient, lateral to and downgrad1ent

-0f the

was to
impact

site of the groundwater flow direction. The purpose of these wells
determine the groundwater flow direction and rate to assess the
of waste deposits on.the groundwater quality.

The groundwater flows from north to south in both the bedrock
and deeper portions of sands immediately above the bedrock.

No potable supply wells are downgradient of the site in the
area north of Mishawum Road (about 1/2 mile from the site),

Organic priority pollutants were found in higher concentrations
in wells upgradient of the site than in downgradient wells.

Arsenic was found in one downgradient Qe11 at 420 ppb
which is above the drinking water standard of 50 ppb.

Arsenic was found at 200 ppb in a well lateral to the
site groundwater flow.

Lead was found in two wells, one lateral to the site groundwater
flow at 74 ppb and one onsite at 120 ppb, which are above
the drinking water standard of 50 ppb.

Cadmium was found in one well onsite at 28 ppb which is above
the drinking water standard of 10 ppb..

Only three organic priority pollutants were detected in
downgradient wells and none at levels greater than
100 ppb-the drinking water standard for trihalomethanes.

" One downgradient well showed 1.8 ppm of benzene acetic acid.
This compound is not on EPA's priority pollutant Tist.
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Surface Water

Stauffer collected and analyzed 9 low flow surface water samples, 14
soil sediment samples from bottom of ponds and streams and 1 leachate sam-
ple. We were unable to collect the 9 high flow surface water samples and
2" of three leachate samples because of insufficient rainfall during Phase
I. The purpose of collecting these samples was.to evaluate 1mpacts of
waste ‘deposits on surface waters, either through seepage, erosion of
wastes and sedimentation and/ar direct d1scharges of water seepage
emanat1ng from waste deposits.

“We found the following based upon the Tow flow sampling:

. " No heavy metals were found above drinking water standards
in samples of surface water on the 'site and downstream of the
waste deposits.

. Lead was found at 100 ppb (drinking water standard is 50.ppb).
upstream of the site.

. A common plasticizer used in many plastic products, Bis(2- .
ethylhexyl)phthalate was found in 21l surface water samples.

. Surface water samples collected in locations upstream and
downstream of the site show no noticeable increase in organic
chemical concentration.

. While sediment samples collected downstream of waste deposits
showed elevated levels of arsenic (up to 808 ppm), Lead (up
to 1374 ppm), Copper {up to 3366 ppm) and Zinc {up to 1386
ppm), the surface water analyses show that these metals
are not dissolving in and migrating with surface water at low
flow conditions.

. The waste deposits do not appear to be contributing chromium
contamination to sediments.

. Only one elevated level of an organic priority polliutant
in sediments (Benzene at 320 ppm) was found. The sample
- was collected near the west waste pile.

Generally, there were few organic chemicals found in sediments

and their concentrations were in the low parts per million
concentrations. In any event, the low flow surface water anaiyses
showed that organics are not dissolving in and migrating with the
water, : :

. During dry weather conditions, diréct liquid discharges (leachate)
from waste deposits are not a significant source of contamination
to surface waters: because only one small leachate stream was
cbserved.

We have made substantia] progress toward evaluating the impacts of
the waste deposits at the Superfund listed site called "Woburn-
Industri-Plex 128". However, we need more information to apportion
responsibility and evaluate and select remedial action{s). A proposa)
is being prepared for the Phase I1 investigation that will be designed
to collect the additional information needed.



I. BACKGROUND/HISTORY OF SITE

The 244 acre Woburn site, commonly referréd to as the Mark Phillips
Trust or Industriplex 128, was designated a hazardous site by the EPA,
based on water and scoil analysis by the Environmental Protection Agency
(EPA) and the Massachusetts Department of Envirommental Quality

and Engineering (DEQE) EPA/DEQE. The site boundary and former
Stauffer property is shown on Figure A.1l. From 1934 to 1969, Stauffer
Chemical Company {or companies Stauffer acquired) had owned and
operated a hide glue manufacturing plant on portions of 184 acres

of the 244 acre site. Stauffer started negotiations with EPA/DECE

in late 1981 about participating in a study and remedial action at

the 244 acre site. A Consent Order between Stauffer and EPA/DEQE was
signed on May 25, 1982. Stauffer would undertake a two phase
investigative study and recommend appropriate remedial action for the

244 acre site shown on Fig. A.l.

When Stauffer shutdown their plant, it sold the bulk of its property

to the Mark Phillips Trust. The Trust began extensive excavation,
leveling and moving of soil on the property during the 1970's. This
caused very objectionable odors due to exposing hide residue waste that
was buried on the site. Hide waste and excavated soil was used to f£i11
wetlands on the site, principally on both sides of a pond at the northern
border. Complaints due to noxious odors and filling of wetlands was a
cause of the EPA/DEQE investigation. Subsequent investigation discovered
hazardous waste deposits which lead to the hazardous waste site

designation.
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A review of available information was undgrtaken to identify type, source

and-gxtent ;f hazérdous wastes which ;oulé be present._ This wag based on
a history of the site by Metcalf & Eddy and an internal search of all
f?;j: _ Stanffer fécords; EPA/DEQE files were also reviewed for information on

- | sité-acti##t}eé; Especially helpful were Sanborn Fire Insurance Maps
dated 1885; i9pﬂ, 1910, 1918 and 1§26. Aerial photographs for 1938,
1963, 1979 ﬁn&rléﬂﬂ were éxamined for dead or distressed vggetation.

indicating possible waste deposits.

Fig. 1 244 Acre Woburn Site

Clear Area Formerly Owned By
Stauffer Chemical Company
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The history of the site will be broken down into the following three

periods: :
1) 1853 = 1933 ~ Woburn Chemical Worke, Merrimac Chemical
Company, Monsanto Chemical Company
2) 1934 - 1969 - New England Chemical Company, Consolidated

Chemical Couwpany, Stauffer Chemical Company

3) 1969 - present - Mark Phillips Trust and a few other parties

I.1 1853 - 1933 - Woburn Chemical Works, Merrimae Chemical Company

Monsanto Chemical Company

A, Histczz

On February 17, 1853, Robert Eaton purchased three tracts of land
totalling approximately 100 acres in the North Woburn area. An

(
additional five acres were purchased by Eaton on February 26, Of
the 105 acres purchased by Eaton, a substantial portion is included

in the 244 acre site (Fig. A.l) as defined by the Consent Order.

Eaton founded the Woburn Chemical Works and erected a plant to
manufacture chemicals for the local textile, leather and paper
industries. According to & local newspaper (Woburn Journal,

August 27, 1853), the plant was in operation the summer of 1R53.
The firm went bankrupt in 1R57 but was reorpanized with new capital

in 1B58.
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The Merrimac Manufacturing Company dﬁned and operated a string of

textiie mills in New England. In 1858, they started to manufacture
their own sulfuric acid and other treatment chemicals. In addition

to subplying their ovn chemical requirements, Merrimac sold chemicals

" to oﬁher textile mills, tammers and papermakers.

In 1863, Merrimac operations producing sulfuric acid and treatment
chemicals merged with the Woburn Chemical Works into the Merrimac Chem-

ical Company (American Chemical Industry: A History, Vol. I, p., 186).

During the period of 1838 - 1890, the main product of the Merrimac
Chemical Company was sulfuric acid and related chemicals. At this
time, sulfuric acid was the key to chemical production, being the
intermediate for many chemicals required by the textile, paper and
leather industries. A brief summary of the chemicals produced using

sulfuric acid is given in the process section of this report.

In 1899, Merrimac purchased the William H. Swift Company (Eastern
Boston), a producer of arsenic insecticides, acetic acid and dry
colors. The Sanborn Fire Insurance Map of 1904 shows that these
chemicals were being produced at the 244 acre Woburn site.

Between then and 1915, Merrimac became the leading U.S. producer of
arsenic insecticides and in 1917 merged with its main competitor,
the Cochrane Chemical Company, a producer of sulfuric acid and

related chemicals (Haynes, “Chemical Picneers”, pp. 69-73).
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Merrimac expanded rapidlj from }890-£o 1918, often leading the
industry in the introduction of new-products. In 1890, Merrimac
introduced aluminum chloride use on a large scale in the textile
mills of Lawrence and Lowell. The first American plant to
manufacﬁure hydrate by the Béyer Process (using bauxite} was built
at the 244 acre Woburn site and its operations increased

slgnificantly during this period.

Merrimac organized the New England Manufacturing Company in 1915.
This company was established adjacent to the Merrimac plant in North
Woburn and Merrimac supplied it with acid by a pipeline. New England
Manufacturing produced organic chemicals, including phenocl, benzene,
pilcric acid and toluene. During World War I, industry practice was
to produce phenol from benzene by sulfonation and alkyl fusing
(benzene was reacted with H7S04 and S03, washed and then

reacted with NaOR at 320-350°C). The overall yield was only

60-75%. In the commercial process, picric acid is to sulfonate phenol
to the 2,4, disulfonic acid with sulfuric acid and then nitrate with
nitric acid to the 2,4,6 trinitro phenol. The process is simple and
the yield of 70% 1s obtainable {Footnote 1). Light oils recovered
from coal tar distillation were shipped to the North Weburn site for
refining. Numerous hydrocarbons could be recovered from the crude
coal tar, but principal constituents are benzene, toluene, xylene,
and naphthalene (Footnote 1). Typical coal tar purification (thought
characteristic of this period) involves treatment with concentrated
sulfuric acid to polymerize olefins, washing with 10X aqueous

sodium hydroxide and then distillation. Contrary to availahle

literature, trinitrotoluene (TNT) was not produced by New England
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Manufacturing in significant quantities at Woburn during World
War 1. A TNT plant was built-af ihis site but it blew up prior
to ‘full operation. New England Manufacturing thereafter sold the

pure toluenes (Haynes, Vol. II, p. 131ln).

For an extended period, paint grinding or manufacturing was done
on the 244 acre Woburn site. EPA files mention paint grinding
occurring in 1899 and the 1918 and 1926 Sanborn Fire Insﬁrance Maps
show paint manufacturing taking place in Building 29 at Woburn. It
is not known what pigments were ground. However, paint pigments
could have contained heavy metals such as found onsite. The
literature (Footnotes 2 & 3) lists the following heavy metal
compounds in various paint formulations: mercury, cadmium, chromium,
copper, selenium, nickel, zinc{ lead, barium, antimonv and arsenic.
As added support, that paint manufacturing occurred at the 244 acre
site, it is recorded that Merrimac in 1924 acquired the Anderson
Chemical Company of Wallington, W.J., a producer of solvents,
nitro-cellulose and laquer sclutions. Since Merrim:c transferred
the Anderson Chemical Compaéy operations to Everett, MA, it is
possible that some paint operations were performed on the 244 acre
i
Woburn -site.
On November 15, 1929, the Monsanto Chemical Works of St. Louis
purchased and merged with the Merrimac Chemical Company. Merrimac
was allowed to retain 1its identity as the Merrimac Mvision of
Monsanto. By 1931 all Merrimac operations were consolidated at
the Everett, MA site, From 1931 to 1934, no operations were
conducted on the site. In 1934, 1B4 acres of the 244 acre site were

s0ld to New England Chemical Industries (Haynes, VI, pp. 214-18),
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B. Chemical Lists

Lists of chemicals known to be present at the 244 acre Woburn site
were prepared from avallable lit;rature (Tables A.1 and Tables
A.2.1 through A.2.7). These chemicals were used as raw materials,
intermediates or manufactured as producte. The lists are by no
means complete. Merrimac was known to have manufactured over

50 acids, technical and intermediate chemicals.

The most accurate sources of information currently available are

the Sanborn Fire Insurance Maps (Fig. A.2) developed to record safety
precauvtions and hazards. These maps show all bulldings as they
existed and identified their main function. Information was also
obtained from reports and books available at the Woburn Public

Library and local college libraries.

The chemical lists were prepared chronologically. The name of
the new chemical (as it appears on the map) at that time, the common
name, and formula are listed (Table A.l and Tables A.2.1 through A.2.7).

The industrial use of each chemical is also included.

A newspaper article published in 1898 confirms the Sanborn Insurance

accounts of the Merrimac Chenical operations as follows:

Three buildings are dedicated to the manufacture of sulfurie
acid (40-50 tons/day). Approximately half is socld with the
balance used to make muriatic acid, nitric acid, alum,
sulphate of alumina (15 tons/day) and Glauber salts (16

tons/day). (1)
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C. :Chemical Processes

The initial products of the Woburn Chemical Works and Merrimac
Chgmic&1 Company were sulfuric acid and related chemicals. The
p]hnf established by Eatoﬁ was of the lead chamber type. The
ﬁjpita] H2504 process ﬁas to ignite sulfur and niter (potassium/
sbdium nitrate) and condénse the fumes (sulfur triﬁxide) in water
within the chamber to form sulfuric acid. The acid was reacted
with common salt to yield muriatic acid and salt cake. The muriatic
or hydrochloric acid was used to make tin chlorides. Sulfuric acid
heated with potassium/sodium nitrate formed nitric acid. Salt cake
(NA2S04) was reacted to yield hydrated forms, GTguber Satts

{Na2504.10H20) and sulphate of sodas (NA2504.10H20).

After the Civil War, pyrite ore (as a sulfur source) was substituted
for sﬁ]fur in sulfuric acid manufacture by the lead chamber method.
The transition at the Woburn site was slower. The Sanborn map of
1888 indicates that sulfur was burned in the manufacture of sulfuric
acid. After 1904, pyrite was the major source of sulfur. Sanborn
maps of 1918 and 1926 indicate that both pyrites and sulfur were

used during World War I.

After the pyrite ore was burned to produce H2504, the pyrite
slag was apparently treated to recover copper. A copper leaching
plant is shown on 1918 and 1926 Sanborn maps. Pyrite ore contains

substantial amount of metal sulfides, principally arsenic, copper,
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lead and zinc¢, with lesser quaﬁtitiék of antimony, cadmium, nickel,

silver, selenium, thallium, etc. (Footnotes 4 & 5). TFrowm 1891-1910,

Spanish ore accounted for 68X of the U,S. consumption of pyrite (Footnotes

4 & 5). A typlical analysis of imported Spanish ore is as follows

(Footnote 5):

Coppper (1.75%-2,00%)
Lead {0.94%Y
Bismuth {0.14%)
Arsenic -~ (0.452)
Sulfur (47.47%)
Phosphorus {0.007%)
Iron (40,4120
Alumina {(1.692})
Zine (1.317%)
Manganese (0.041%)
Nickel & Cobalt {0.122%)
Lime (0.324%)
Magnesia (0.115%)
S8ilicieous Residue (3.59)
Silver {0.0047%)
Gold (0.407%)

A 1893 analysis of 7 U.S. pyrite ore sources had low arsenic
{trace - 0.02%), 0.6-5.2% copper, 0.8-5.5% zinc and 0.01-0.1%

cadmium. No other heavy metals were znalyzed {(Footnate 4).

Glover and Gay-Lussac acid towers were introduced to the lead
chamber acid plants at the turn of the century to accomodate

the demand for higher strength acids.

Alum was initlally manufactured from alunite. The mineral was
ground, calecined, moistened and aged. The potash alum was leached
out and crystallized. 1In 1896, Merrimac built a plant to produce
Iron-free alum. Aluminum hydrate was manufactured from bauxite
using the Bayer process. The hydrate was then reacted with sulfurie

acld to form the sulfate.
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~D. Waste Disposal

The 1588 Sanborn Fire Insurance Maps ghows two streams and ponds or
svanps runniné through the site. However, by 1926 large areas of
pond; or swamps have been filled in. This is supported by the ‘
Octobef 1981 JANPET Study, reporting up to 10 féet of artificial
fill,ove# most of the 26 acres (now owned by JANPET) on the

244 acte site. The 1926 map shows an approximate 100' x 300' sludge

pond, i.e., present aresenic pilt location {see Appendix I, Pig. A.2).

A 1938 aerial photograph (Fig. A.4) was examined for identification

of dead/distressed vegetation indicating possible waste disposal areas.
The 1938 photo was compared with a 1963 aerial photo (Fig. A.5) to
locate areas that still had dead/distressed vegetatiﬁn. Numercus 1963
locations still had dead/distressed vegetation as inm 1938, {Fig. A.3)
which appeared unrelated to traffic or plant use. These locations could
be considered probable sources of waste deposits. Other 1963 locations
had dead/distressed vegetation in the same areas as in 1938, but

could have resulted from 1963 traffic or use. Those locations

could also be considered probable waste deposits. (See Appendix I,

Figures A.3 and A.4.)

1934-1969 NEW ENGLAND CHEMICAL COMPANY, CONSOLIDATED CHEMICAL

COMPANY, STAUFFER CHEMICAL COMPANY

A. Histogz

New England Chemical Company purchased approximately 370 acres,
formerly owned by Merrimac in North Woburn on January 1, 1934 (2}

of which 184 acres is included in the 244 acre site as defined
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b& tﬁe'Consent Order (5}25/82}; The remaining'las acres are located
to the south of the site. New England Chemical began construction
of 3n ;niméi hide glue manufacturing plant on the site in 1§34, and
stfa'rtjed‘up the plant in March, 1953 (3). New England Company was
purthaéed by Consolidated Chemical Company in 1936. ~Conso)idated
was phrﬁhased by Stauffer Chemical Company in the-late 1950's.
Stéuffér then sold ﬁarious portion$ of the origiﬁaT-370 acres,
bégiﬁning in thé 1960's and continufng into 1970's. However, the
bulk of the property including 147 acres of the 244 acre site as
defined in the Conselt Order was sold to the Mark:Ph111ips TruSt
on December 31, 1968. The remaining approximate'BS acre; owned
ﬁy Stauffer of the 244 acre site (Fig. A.1) was sold to others
(property owners shown on Fig. A.l-Appendix I). Stauffer continued
plant operdtion until mid 1369, when it completed equipment removal

and vacated the site,

B. Chemical Lists

On October 1966 monthly inventory lists 31 chemicals used at the
Woburn Plant. -{Appendix I{a), Table A.3.) This is believed to

broadly represent the chemicals used at the site from 1934-1969.

. Chemical Process

Glue is made by extracting collagen from animal tissue or bones with
hot water. Stauffer only made glue from animal hides but Consolidated
might have also made bone glue. Stauffer's raw materials were

principally the following:
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1. Raw, salted or limed hides or hide pieces from cattle,
hogs, sheep, goats, rabbits, deer, etc.

2. Fleshings {fatty skin tiésue) removed from raw hides
before tanning. l

i:3., Chrome tanned leather wastes consisting of chrome trims,

shavings and chrome splits.

Thé ]QGB‘consumption of (raw materials) Items 1, 2 and 3 above, was
approxim;tely 115 million.pounds of which chrome tanned leather
accounted for approximately 25X. The 1966 and 1967 consumption of
chromed tanned leather waste and the other raw materiels was

approximately the same.

Glue was made in four basic steps:

- Prepare raw materials {glue stock) for cooking;

Cook glue stock 3 times and cellect cooking water;
- Concentrate 3-5% glue in cooking water to 30-40% glue

in triple effect evaporator;

Dry the 30-40% glue on a continuous belt dryer to

approximately 90% glue, grind and bag.

The four basic processes were essentizlly the same for all types of
glue stock with the exception of the first step, preparing the glue
stock for cooking. The first process step varied for each type of
raw material. Fleshings were washed, pH adjusted and then cooked.
Hide trims were washed, mixed with lime and then sent to the vats
to soak Iin a lime solution for 50-60 days, which caused the protein

content to swell and be more easily extracted. They were then
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brought back, washed to Temove most of the lime, pH adjusted to 6-7
and cooked. .The chrome tanned trimsbor ghavings were treated in
various ways to remove the chromium Sefore cooking. Methods used to

prepare chrome tanned leather for coocking in the late 1%60's are

as follows:

1., The chromium stock was washed, mixed with limé and then sent
to vats to soak in a lime solution for 50-60 days. The material
was then transferred back to wash mille where the lime was
washed out. The concentrated sulfuric acld was added to detan
the chromium which was next washed from the glue stock. The

pH was adjusted and the chrome stock was cooked.

2. A shortened detanning process used sodium hydroxide. The chrome
trims were treated with sodium hydroxide, then allowed to set
for various periods, 24 hours up to several days. It was then
washed to remove sodium hydroxide. It was next treated with
sulfuric acid and pH adjusted, similaf to the longer chrome

detanning process.

3. Sometimes the chrome shavings were treated in an accelerated
process consisting of washing, milling with magnesite,

(magnesium carbonate), pH adjusted and then sent to cooking.

The hide waste found buried on the Woburn site was the left over
material {commonly called tankage) after the raw material was cooked
three times. Based upon reviews of production records, this was
estimated in a Januvary 6, 1967 report to consist of 50-60,000

pounds of tankage/day at arbund 25% solids and the remainder

water. The quantity varied according to the raw materials and the

fact that some materials cooked down much more than others., It



1~14

was estimated that about.302 would be from fleshings, 25X from

hide trims and about 45% would be from chrome stock.

" The ﬁankage from fleshings was treatéd with concentrated sulfuric
aci&; steam sparged (inject live steam) and allowed to settle to
remo;e.the grease for sazle. The degreased fleshing, hide trim and
ch;u;g:tankage wag then put into trucks and heuled to_burial pits
on site. Some pits were up tﬁ 18 to 20 feet deep and dug large
enough to receive one to three weeks of waste from the plant. All

trash from the plant was placeéd in here.

Another'large source of materials for disposal in these pits was
wood shavings from the cooking operation. When cooking the glue
stock, a 6 inch layer of wood shavings was placed underneath planks
at the bottom to act as a filter. Every time the kettles were
cleaned, the wood shavings were thrown away along with the cooked
glue stock (raw materials). Chloride of lime was thrown on the hide

waste daily in the pits to minimize odor emissions (4),

D. Waste Plsposal

All wastewater was given primary treatment and then discharged to
the Metropolitan District Commission sewer. The primary

treatment system consisted of the following:

1. A small gettling bacin estimated at 75' to 100' on each side;
2. A series of grease collection basins; and

3. Large settling lagoons.
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The small settling basin was cleaned .about every other week with a
clam shell crane. Sludge, consistiné of primarily lime, hair and
larger pieces of hide, was placed into two small pits on the east and
west side of the basin to dewater. There was a five inch pipe on the

bottom of each pit to drain the water back to the settling basin.

The grease from the top of the grease collection basins was cleaned
weekly by skimming with a crane bucket and dumped in adjacent
concrete basins to concentrate. It w#s then hauled in a dump truck
back to the plant for recovery and sale as non-edible grease; The
wagstewater from the grease collection basins discharged tc one of

two large sludge lagoons used for settling. About 1938, one large
sludge lagoon about 300' x 400' was constructed. However, 1t w;s too
large to easily clean and the sludge could never dewater. Therefore,
after approximately 10 years of operation, the lagoon was spilt,
divided lengthwise into two (2) sections and fingers were bullt out
from each side so that a crane could easily clean the lagoons.
Supposedly, when the lagoons were first split, one section was used
for a year. It was then taken out of service and the other section
was put into service by diverting the water through valves. The
out-of-service section of the lagoon was allowed to dewater for
several months and then the sludge cleaned cut and hauled to the
disposal pits or spread on the ground east of the main plant buildings,
creating a white flat area. When pits for disposal were dug in the
area east of the main building, this sludge was placed in those pits.
To the best of Stauffer personnel's knowledge, no sludge was piled for

dewatering west or south of the present Mayflower Truckimg Company.
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.During:the last several years that égauffer operated the plant, the

east iagoon was out of service and had trees and vegetation growing

in {t. The west lagoon was being used but -was not cleaned

T'frequéﬁtly enough to be effective., Sludge had built up and water

" was éhdrt circuiting through it. The material in the west lagoon

was'hlsofvery pdorous. Benthic deposits would produce gas

bubbles aﬁd odors. N -

All.solid waste was buried on site in pits & few of which are
estimated to be up to 1B to 20 feet deep. These pits were covered
with s01l when filled. The pits were constructed by excavation
or vhere terrain permitted, by piling dirt up to make a diked pit.

The priﬁcipal solids were as follows:

« Tragsh - broken pallets, empty bags, hroken planks from

wash mills and cooking kettle bottoms, paper, etc.

. Dewatered solids from the pits on the east and west sgide

of the small concrete settling basin. This material was

cleaned from the dewatering pits about every two weeks and
hauled to the disposal pits. It was primarily lime, hair

and larger pieces of hide.

« Dewatered sglids from wastewater settling lagoons. About

once a year an alternate lagoon was taken out of service
and drained. After dewatering, the sludge was hauled

from the_%qgoons to the burial pits. (However, as noted
above for the last few years of Stauffer operations only

one lagoon was in service.)
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Tankage and wood shavings left after cooking hides for glue.

After the hides had been cooked three times there was a
residue at the bottom of each cooking kettle. The depth

of this depending on raw material varied from six Incheé up
to 1 to 1-1/2 feet. It was removed with a clam shell crane
and placed into a large tankage vat. The planks at the
bottom of the cooking kettle were then taken up and the four
to six Inch layer of wood shavings taken out and alspo placed
in the tankapge vat. The tankage was then loaded into dump
trucks and hauled to the burial pits for disposzal.
Customarily, chloride of lime was thrown on top of the

sludge to minimize odors.

The cresent shaped pile of marterial northeast of the
lagoons, in the 1938 photos, was not glue manufacturing
waste. The material, was on the site when New England
Chemical bought the site, and was reportedly bauxite.

It was sold and hauled away in railroad cars in the late
1930's. It was also thought some material north of the
plant, near present pile of red iron deposits, was alseo

spld at this time.
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The ares where Stauffer buried waste on the site ﬁsee-bketéh

 below) was bound roughly as follows:

f;' Oﬁ:the north by an east-vest foad rﬁnning just porth
" of the old warehouse. -
f— Oﬁ Eﬁe east by the Aberjona River (aﬁpfoximaterlo;atioﬁ -
of present Cum;erce Way). S
- Qn the west by the eastern edée of the JANPET aroperty aﬁd._
at the southern end by the old lagoons.

- ‘On the south by the edge of the site as defined by the’

Consent Order.

Datk Area - Approximate Location Of
Stauffer Waste Burial

‘Crossed Hatched - Property Not Owned By Stauffer
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1.3 1969 - Present Mark Phillips Trust (M-P Trust)

A. HRistory

The M-P Trust purchased approximately 300 acres of the 370 acres
owned in Woburn by Stauffer, including 147 acres of the 244 acre site
on December 31, 1968. The balance of Stauffer's 370 acre property
was sold to others, including about 35 acres of the 244 acre site
under investigation. M-P Trust also phrchasad an gdditional 39 acres
of the 244 acre site from other parties about this time. Thé M-P
Trust combined the 188 acres of the 244 acre site under investigation

that they owned with several hundred acres to the south of the site.

M~P Trust began development of the larger site (Industriplex-128)
for commercial use in the 1970's. This involved filling, excavating,
etc. to facilitate sale of various parcels of property. When old
hide burial areas were uncovered, this created noxious odors and

neighbor complaints,

There were continued complaints about odors and site development.
Concerned local citizens attempted through local, state and federal
officials to force the M-P Trust to control odors, dust, etc. or
stop development completely. DEQE and the Town of Redding obtained
a restraining order in 1977, However, activity continued until EPA

obtained a Court Order stopping development in 1979,
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The Hff Trust had a consulting ehginéer, Melvin W. First, make =
study of potential site hazards. On 27 Noﬁember 1972, he reported
that.‘huried chromium and arsenic waste was present. FHowever, he

_ adviged this was not a hazard if dust due to earth moving was kept
low.f ﬁe‘said that unpleasant odors were caused by opening old burial
pité on site. A principal constituent of the odor was hydrogen
sulfide. He reported that the odor could best be controlled by

minimizing waste exposure at the old burial pits and the relocated

waste sites.

These relocated waste deposits, so called east and west waste plles,
covered several acres adjacent to or in the north pond. Other site
development operations uncovered and mixed waste deposits from past

(: manufacturing operations.

The excavated waste was deposited in & pile (east waste pile) under
Boston Edison's Right-of-Way (R/W) #14 high voltage support, which
decreased the normal distance of 80 feet from conductor to ground level

to approximately 15 feet.(6)

While owned by M-F Trust, the site was allegedly used by third
parties for dumping varlous sludges and liquids. According to local

newspaper articles, varlous wastes were obsetrved being dumped at the

site.
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PHASE 1 STUDY: Scope and Purpose

. A - Background

On ﬁ;y‘ZS; 1982 a Consent 0rde£ between Stnuffer Chemical
Company, the U.S. tnvxrqnmenfal Protection Agency (EPA),

and the Ha;sachusetis Department of Envirommental Quality and-
Epgineering (PEQGE) was signed after moﬁths of negotia;ioné. Tﬁe

Consent Order required Stauffer Chemical Company to undertake &

site investigation of the Woburn Industri-Plex 128 site listed

on EPA;s interim list of the "il5" top priority_sites establighed'
undef the authority of the Coﬁprehensive‘Environmental Response,
Compensation and Liability Act of 1980, cumm;nly called “Superfund”,
Stauffer would pay for and manage the investigation under the close
scrutiny of both the EPA and the DECE. Oncé the investigative study
was completed, and prior to implementation of remedial action,

8 plan will be prepared for apportioning financiazl Ttesponsibilities.

The Consent Order called for a two phase investigation of the

Woburn site. Phase 1 tasks were specifically delineated in the

Consent ‘Order while only the objectives for Phase I were described.

The overall purpose of the Woburn site investigation 1s to develop

information needed to evaluate envirommental i{mpacts of waste

" deposits and develop a cost effective remedial action.
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B. Purpose of Phase I Study: -

The purpbse of the Phase I study was to expeditiously locate
hazardous waste deposite &nd assess their impact Sn surface waters,

groundwaters and alr.

C. Scoge'

The area of investigation was approximately defined 1in the Consent
Order. A better definition of the site boundaries was needed to help
locate_waste depoéits. Therefore a more precise boundary survey

of the 244 acre site under investigation was prepared and is

shown on Appendix I, Figure A.1l. The site is locat;d at the noréh

end of the Industri-Plex 128 property. The site is bounded

roughly as follows:

7

- east hy Rt. 93

- nort% by the Sheehey property and Moss & Gilberston, et al
property |

- west by the western boundaries of the Boston Edison Right‘of
Way, New England FPigments and Resin and the Phyllis
0'Neill property

= south on a line running parallel to the railrecad spur.

The properties as owned on November 1, 1981, included in the site

investigation are as follows:
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.é Mark Phillip Trust Parcel comsisting of the following
: : » . ,
properties: Janpet, Woodcraft Supply, Anthony Femmini,
Ganglani, Ronald F. Liss, Hiry E. Fitzgerald, John J.

Mulkerin, Boyd Corp., Woburn Industrial Association

.5 - Other Properties West of the R.R. Tracks:

- Paul K. O'Nefll - De Rosa Realty

John Corta

Boqtép Edison Right of Way

- Stafford — ¥New England Resin and Pigment

~ Pepco Company

The Phase 1 study was detailed in Appendix B of the Consent

Order. .

The scope of the work can be summarized as follows:

by

Review, Assemble and Prepare a Report on Available Site

Investigation Information; A substantial amount of 4infor-

mation was avallable on the site, including previous
subsurface investigations, accounts of industrial activities
in local journals, libraries, aerial photographs, etc. This
review was needed to avoid duplication of work, aid in
locating waste deposits, selecting appropriate chemical
analyses by identifying 1likely composition of waste, and

assuring an expeditious and cost effective study.
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Preparation of a Site Safery and Realth Flan: The health

and safetj pian'included specifications for protective equipment,

.worker exposure monitoring; worker training and medical examina-

tions. The plan was needed to assure the protection of worker
gnd,pﬁblic healtﬁ and safety during the Wobu;n field investiga-
tion. As an added benefit, scme 1uformation-dgveloped by
industrial hygiene (I.H.) monitoring would be upeful in

assessing impacts on alr.

Prepare an Accurate Site Survey and Topographic Map: The topo-

graphic map of the 244 acre site would show 2 f&pt contours of
ground surface elevations, known contamination areas idéntified
from site history and observations and suspected contamination
from areas on aerial photographs indicating distrecsed or dead
vegetation. The topographic map was needed to ald in the
assessment of groundwater flow and the selection of surface

water sediment samples.

Surface Water:

The surface water on the site consists of the following:

~ The Aberijona River and its three tributaries;
- The Railroad Drainage Ditch fed by two to three smaller

ditches; and



-: Phillip's pond next to Kt. 93 and two to three others

eagt of Commerce Way.

-

io assess the impact of waste deposite on these surface

waters, the following analysee were needed:

a. Surface Water:

Surface water investigation included collecting samples at
higﬂ and low flow conditions as the water entered the site,
on the site and as it left the site, fnstalling flow

measuring devices and measuring flow, and analyzing the -

"water samples for heavy metals and organic chenicals.

b. Sediments:

Investigation of sediments in surface water included
collecting 14 samples of soil at the bottom of surface
waters and analyzing the gamples for heavy metale and
organic chemicals. The pur#ose was to assess the affects
of erosion, runoff and leaching on surface waters and the
sedimentation/precipitation of contaminated soil or eroded -

wastes in the surface waters.
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c. Leachate:

Water that was observed emanating from waste deposits

‘during the investigation was samples and anhlyzed for

heavy metals and organic chemicals to assess pffects of
point source discharges of possible concentrated pnilutan:

streams -tD the surface waters.

Subsurface Investipation

The subsurface investigation was conducted to determine the
location of waste deposits and to assess their impact on the-

groundwaters. The investigation included the following:

a. Resistivity Survey:

A registivity survey was conducted to help locate and define
buried wastes. Resistivity 1s a geo-physical technique which
can be uvsed to identify waste deposits by measuring differences

in the electrical conductance of unnatural and natural deposits.

b. GCroundwater Monitoring Wells:

Groundwater ﬁonitoring wells were installed to define the
quality, flow direction and flow rate of groundwater entering
the site, on the site, and leaving the site. Fifteen (15)
monitoring wells were drilled and water samples collected

and analyzed for heavy metals and corganic chemicals.
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P4ezometric wells were installed and water level measurement

were made to determine groundwater flow direction and prepsre a

“water level map.

'e. Soil/Waste Deposita:

To locate waste'dspésits, s0il borings/holes were made by auger .

rig 4rilling or by backhoe. Soll samples were collected with a

splét spoon in bore holes or by a hand held'auger'rig, The

locations for the auger tig drilling and/or backhoe digging were
based upon aerial photographe, a2 geologist's expert observations,

the resistivity survey and site history. The portions of

the soil samples that were analyzed vere selecfed based

upon a geolopist's observation of unnatural deposits.
Some samples were collected of naturally locking deposits to
verify geologist's observations. The samples were analyzed

for heavy metals and analytically screened for volatile organic

chemicals.
d. Bore Holes:

Bore holes were drilled at 10 locations and the air inside
these holes was analyzed for veolatile organic chemicals (VWOC),
total reduced sulfur compounds, and areine. The purpose of

these analyses was to identify odor producing compounds

-and hazardous volatile orgénic chemicals.
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Hicrobiblqgical Evaluation® :

Samples of waste material selected by an expert microbiclogist

were collected snd analyzed for anthrax and other possible
pathogenic microbes to address the exttune1y~fqnote possibility

of health hazard dve to pathogens.

Analytical Testing:

a) Soil: Evﬁluations were made of several cost effecti#e

and rapid analytical screening methods for identifying heavy
metals and organic chemicals in eoil. Inteﬁse evaluation

was made of X-r#y fluorescence (XRF)} for metels, aﬁd a

method was developed for screening soil for wvolatile organics.
These methods were needed to effectively and rapidly

investigate 244 acres for possible waste deposits.

b) Water: EPA methods for collection and analysis of water

samples were used, where suitable.

c) Bore Hole Air: Industrial Hygiene sampling and analysis

procedures were used to collect and analyze samples of air

dowvn inside bore holes.
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d) Quality Assurance: For eacﬁ batch of 10 samples collected

and analyzed. Four (&)'quality agsurance samples were prepared

and analyzed to assure reliable results.

e)f Chain of Custody: Documentation procedures were established
along with appropriate forms to permit accurate tracing of

each sample from collection to final analysis.’

f) .Computer Program: A computer program was developed to

cost effectively manage and evasluate the huge volume of

- data generated and help assure procedures were followed.

B) Organization/Staffing/Facilities:

The Phase 1 study was completed over a five month period.

The project organization is shown in Appendix IV,

2) Consultants:

Consultants were emploved to provide the followinpg special

services:

_HAydrogeolopv/geology, solil sampiing,

proundwater monitoring - Roux Associates

Evaluation of microblological possible

from buried wastes - ) Stephen Edberg, M.D.
. Yale University
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‘Analytical analyses of metals in

soll water samples, bore hole air
samples, leachate samples,

stream sediment samples -

Ti{tle Search of Property -
Measurement of flow rate in surface
water at high flow conditione

Stauffer Staff:

the following tasks:

Environmental
" Research and
Technology (ERT)
"Laboratories
Concord, MA

. Rackemann,
Sawyer and
Brewster

"= Metcalf and Eddy

"About 12 Stauffer Chemical Company specialists performed

« Extensive preliminary and on-going Industrial

Hyglene and Safety monitoring;

- 'Surveying all locations sampled or investigated;

- Computer system tc catalog and retrieve all sanmple

data, analytical results, locatioms, etc.;

- Preparation of analytical methods and quality

assurance procedure in compliance with EPA

standards and regulations at the Stauffer operated

Woburn laboratory facility;

-~ Sanple preparation, field quality asurance;

= Organic chenical screening of soil samples; and

- Stream flow measurements at low flow conditions.



c) Facilities:

Stauffer rented facilities for offices ad jacent to the site
to provide administrative support. The existing onsite EPA
trailer was uséd-for equipment storage and office space for
.onéjte field workers. At 10A Henshaw Street; Woburn, Ma.,

" iaborntory wa; outfitted with hoods; bencheﬁ, analytical . )
equipment, laboratory suppli;s; etc. and wes staffed to prepare
;samples for possible subsequent analysis, secﬁrely store retained
samples for future analysis, and perform so0ll organic screening

analysis.

Enviromuental Control facilities Iincluded the following:

« Construction of s cement pad with a collection sump
near the Woburn site to contain any washwater from
wandatory onsite equipment cleaning and boot washing
prior to leaving the site. The washwater was discharged
to as settling tank and then to the municipal sewer, as

approved by the local authorities.

.« Existing EPA shower traller was used for field workers'
showers. The shower water was discharged to the

municipal sewer, as approved by the local authorities.
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. A, Background

OBJECTIVES/ASSIGNMENTS VS. ACCOMPLISRAMENTS:

.

The Consent Order (Appendix B} stated the following

objectives for the Phase 1 Study:
+« Locate hazardous waste deposits on Woburn site;

« Assess the impacts of the waste deposits on surface

_ waters, groundwater, and air; -

» -Expedite the investigation by using onsite mnalytical

screening techniques.

The Phase T investigation met or exceeded these objectives.

The waste depqsits were roughly located on 92 acres (of the

244 acre site) located west of‘Commerce Way. The waste

deposits were initially characterized chemically and visually.
Extensiversampling and analysis soil and waste deposits, ground-
water, surface waters, and surface water sediments was completed
and evaluated. Based upon these analyses, the Phase 1 report
provided initial assessments of the impacts on surface waters,

groundwaters and air.
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The inalyticnl testing nefhodé were selected to provide the
most-rapid results that would be scientificelly supportable
an&gprovide the dats needed to locate waste deposits and
as@éas the impacts on the enviromment. For exgmple, a method

for screening soils for volatile organic compounds (VOC's)

was develoﬁed, correlated and used.

Over 15,000 pleces of analytical information were obtained
which covered all the specified envirormental media and over
95% of the 244 acre site. This extensive investigation was

accomplished in less then 6 months.

A few specific assigmments which were not completed in Phase 1

but will be addressed in Phase_II are as follows:

« Collection/analysis of (9) high flow surface water
samples could not be done becsuse weather conditions
did not produce high flow in streams at the time of the

field investigation;

. Collection/analvsis of three {3) leachate samples
was not possible hecause of insufficient rainfall.

Only one sample was collected;
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+ Six (6) air samples, three from each of the (2@

holee were successfully oﬁtained and analyzed

volatile organic chemicals. While more fhan 3c

pamples collected from the 10 bore holes as rec———

Consent Order, sampling and analysis nethodolos

problems invalidated mosﬁ sample results;

« Soil sampling in the west waste pile-nnd in the——=

lagoon area was limited due to inabllity to ger

equipment into areas.

Detailed Comparison of Consent Order Assignments t

Work Actually Done:

The following discusses each task specified in the

Order and Investigative Plan and then compares the

accomplished during the Phase I investigation:

Prior Site Investigations and Avallable Informatiorn —

The Investigative Plan required as a first step, a

and evaluation of available information. Prior in——

gations, site history, investipgation of newspaper z7—- = —

insurance records, and local libraries were researc

the earliest Adate that the site was used for indust

manufacturing. A list of chemicals manufactured or

ongite was prepared.
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2} Review Prior Investigative Data

Data avallable from all aqceésible sources on soll, surface

water, groundwater, leachate, sediment and air was obtained

 'und reviewed. There are approximately (60) prior sample results

. which are considered reliable and are included in Appendix 11,

3

Analytical Data.

Prépare a Boundary Site Survey

The Investigative Plan submitted by Stauffer required upgrading,

the Camp, Dresser and McKee (co) Survey and Topographic map

- map prepared for EPA in February 1982. 1In additionm, it required

a revised map that was to show all known areas of contamination
from site history, and observation of dead or distressed

vegetation shown on existing aerial photographs of the site.

The CDﬁ map was reviewed and upgraded. A survey was made
to provide field bench marks for sampling locations and
water level measurements. A consolidated map was prepared
showing location of known waste deposits from site history
and suspected waste deposits from aerial photographs of

1938, 1963, 1970 and 1979,
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4) Safety & Realth Sur%qy and Plan

The Investigative Plan (IP) required s survey of the site by

- & health and safety specialist, as well as preparation of a

safety and health plan to sssure protection of worker and public

health and safety during the field work.

A review of available data was made to determine what

potential hazards could be present. A certifikd;Industrial
H}gienist heéded A team that madé a complete 3 day survey of
the site to {dentify potential hazards. The team evaluated

potential hazards using portable equipment which included:

=+« Photolonization instrument

++ Combustible gas meter

++ Portable aeroscl monitor

«« Detection tube air measurements of arsine, and

aromatic hydrocarbons

In addition, personal samplers were used to collect total dust
samples and selected particulate samples collected were

analvzed for arsenic, lead and chromium.

A certified Industrial Hyglenist prepared a safety and
health plan, based on his own 3 day inspection and
measurements, prior findings and records, and in accordance

with stringent Federal recommendations and standards. It



‘provided for site éecurify and. access, controls to prevent

-

off-site contamination, personnel hygiene requirements,

'lf _ - ;,. f_;ppropriute medical pre-placement physicals, worker
‘ ;:traiping and emergency planning. 1In Qddition; personal
; protective equipment, respirator and Industrial Hygiene
Qf‘ . . ' woﬁitoring requirements were established based oﬁ the types

of work activities and tﬁeir loéations.

5) Analytical Testing

The‘I.P.rspecified analytical techniques for water, etream
sediments and bore hole air and required evaluation for

screening techniques for metals and organics in soil.

.;(‘ : - ' It was believed that X-Ray fluorescence would be a cost efféc?ive
) wethod to rapidly snalyze soil for heavy metals. Two X-Ray
fluorescence equipment manufacturers were contacted, and the
most promising was visited in Texas to discuss soil analysis
and inspect equipment. Sevﬁral contract laboratories were

also visited to inspect X-Ray fluorescence facilities.



111-7

Stauffer prepared and analyzed "typical” Woburn soil with
atomic'absorption (AA), for use as test samples for two

equipment manufacturers and contract laboratories. However,

" X=Ray fluorescence proved unsuitable because. of Woburn soil

variations. Therefore, it was not possible to develop a
raplid screening method for heavy metals, and use of the slower

but more accurate atomic absorption method was necessary.

vyrious analytical methods uere.investigated t; ﬁrovide a
801l orgenic screening method. These included loss on
drying, loss on ignition, extraction and head space gas
chromatography analysis. The only method tﬁat'proved.
suitable was head space analysis. Head spaée analysis
required extensive method development, {.e., samples had

to bé ground at liquid nitfdgen temperature, special
calibration, etc. Stauffer provided and installed a
Perkins- Elmer Model F-45 head space analyzer with sutomated
feed and computer printout, and the required support
equipment such as a grinder and freezers were installed

at 104 Henshaw Street Laboratory. All other analytical
methods followed tequirements of the standard EPA precedure

for priority pollutant analyses.
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€) Provide Computerized Data File for Storage and Retrieval

-

ihe 1.¥%.: specified the development of_a compufef system to
_ help assure procedures were followed, and provide for rapid,
"cost effective management and evaluation of the large volume

' (gréqter than 15,000 pieces) of informationm.

. Thé éomputer iysteﬁ was developed specifically fér the Woburn
project. It organized,-stored;_retrieved and éorrelafed‘
th? large volume of data from Phase 1; More thaﬁ 1350+

‘separate analysis on field samples and Q.A. samples were comple;ed
which generated over 15,000 results. It was possible to sccount
for all of the 1350+ separate analyses and'theit results. The
#ery few sample analyses missing were traced io specific causes,

e.g., broken sample vial in contract laboratory, high sulfur-

compound interference, etc.

7) Provide Sample Chain of Custody Records

It was necessary to track over 2000 samples. There were

less than (5) samples which could not be tracked through

each preparation and transfer step. These were scil samples
73631809 and 73631828 and bore hole air arsine samples from
bore hole AS-1, AS-3 and AS-4. Apparently the two soil sample
vialg were empty when the analyst opened them. The three (3)
air samples were app;rently not analyzed pr the analvst di4 not

record the results.
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(uality Assurance

The Investigative Plan required an extensive (uality Assurance

" Program to assess the data reliability. Four (4) Q.A.

samples were prepared and analyzed for every_b#tch of 10 or

less samples collected.

Perform Soil Resistivity Survey

The 1.P. requireﬁ that Stauffer determine if resistivity'
could be used to locate buried wastes and determine the
ext;nt of groundwater contaminated., TIf suitabig, Stauffer
would make a resistivity survey of the site on 400 foot

grid spacing with closer grid spacing in areas of concern.

The tesistivity survey was performea with the following equip-
ment: A Geonics, Limited Model EM-31 to wmeasure 0-20 fopot
depths and a Model EM-34 for depths up to G0 foot. The

survey used a 200 foor grid spacing. 1In addition, to assure
total area coverage, continous resistivity readings were made

in areas between grid points.

Test Pits and Scil Borings

The I.P. specified that 100 test pits and borings should be

dug and scoll samples selected for analysis.

A total of one hundred and seventy five (175) test
pite and borings were dug. Four hundred and gixty-
one (461) s0il samples were collected from these test pits

and borings. Based upon the consultant peologist's
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‘observations of netural and unnatural deposits, 199 of

.

the 461 }nnples were selected for heavy metal analyses

{:;nd 151 were melected for'orgnnic chemical screening. A
itubstnntill mmber of these gamples were analyzed for
. both heavy metal and organics. Daplicate samples of all

- 461 samples ccllected were retained for possible further

heavy metal anslysis. Addition#lly, epproximately 140 sofl

quélity assurance (Q.A.) samples were also prepafed and andly;ed.

Surface Water

The I.P. specified that (9) low flow water and (9) higﬁ flow
water sanples be collected and analyzed for standard water
parameters and priority pollutants., TIn addition, installation
of three fiow measuring de&ices in selected streams was

regquired.

The (9) low flow surface water samples were collected

and prepared along wifh (&)'additional Q. A. samples and
analyzed for standard water parameters, priority pollutants,
and up to 20 other organics. Weirs were installed at
appropriate locations in the-stream to measure flow rates.
As mentioned previously, high flow surface water samples

were not collected due to lack of rain. The high flow

~ samples will be collected in March-April 1983 and the results

included in the Phase II Study.
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Stream Sediments ' ' T

The I.P. specified that (14) sediment sampler would be
collected and analyzed fot priority pbllutants. All the

Tequired (14) sediment samples,along with (8) Q.A. samples

~were collected and analyzed for priority pollutants and up

to 20 other organic chemicals.

Leachate

The I.P. specified that (3) leachate samples be collected

and analyzed for priority pollutants. However, due to
insufficient rain, only one leachate sample coﬁld be collected.
Additional leachate samples will be collect;d in March~4pril
1983 and included in the Phase II Study. One (1) leachate

and (1) background natural-spring éample slong with (4) Q.A.
sampleé were collected, prepared and analyzed for priority

pollutants and up to 20 other organics.

Groundwater Monitor Wells

The 1.P. specified that {13) groundwater monitor wells ‘be
driiled, sampled and analyzed for prieritv pollutants.
Conversion of s0il boring holes that encountered
groundwvater to peizometers was required to provide

water level measurement. In addition; selected so0il

samples from the aquifer were to be tested for permeasiliéy.

grain size distribution and ion exchange capacity.
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Fifteen (15) wells were drilled and water samples collected.
S:mples were analyzed for prioéity pollutents and up to

20 other organics. 1n ;ddition. (B) so0il bore holes where

fgroundwater wag encountered were converted to peizometers
- to weasure water levels. Water levels were measured and

. & water table map prepared. Because of homogeniety of the

aqﬁifer sands and abgence of clay particles/bed;, the
econsultant hydrogeologist ﬂetetmiﬁed that testing thé
aquifer goils for permeability, grain sizerdisttibution

and ion exchange capability was not needed. The homogeniety

of the aquifer sands allowed data in published literature to

- be used to determine permeabilities.

Bore Hole Ailr

The I.P. specified that ten (10) bore ﬁoles be installed

and air samples collected and analyzed from inside the

bore holes as follows: 30 arsine, 30 total reduced sulfur
{TRS} and 30 volatilé orgaﬁic chemical compounds (VOC) samples.
Ten (107 bore holes were installed and (30} arsine, (30) TRS,
(38) VOC plus an estimated 30 Q.A. samples were prepared and
analvzed. The results of 32 of the 38 VOC air samples were
invalidated becauvse of sample CTOSS contamination. HHowever, we
modified the sample collection method to avoid cross
contamination. We went back to the field after field work had
ceased and resampled two existing bore holes. A totai of (6)

air samples were collected; (3) from each bore hole by the

modified method and analyzed for WOC's.
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Install a Heteorolog;cai Tower to Measure and Record Wind

Speed and Direction

- The I.P. specified that aoueteorological Tower be installed

to measure wind direction and velocity.

A Veather Messure Model W-203-HP13L wind tpeed gensor with

0.6 mph threshold vanes, a WIS 102-RF/540 wind translater
and EPR 200A Dial chanuel polyrecorder was purﬁﬁ;sed. Tt
ﬁﬁs mounted bn a 30 foot tower and placed to avoid wind

turbulance and interference. The recorder and indicator

were permanently mounted in the EPA trailer at Commerce Way.

Other Accomplishments Not Specified in Consent Order:

1) Industrial Hygiene

¥o specific Industrial Hygiene monitoring requirements

wvere required in thé Consent Order. WHowever, Stauvffer
collected and anslyzed (16) filter samples for particulatés
which resulted in (%) arsenic, (9) lead, (16) chromium ‘total)
and (12) total dust results. Additionally, 142 total dﬁsﬂ
measurements were made with a direct reading aerosol monitor
during field work. Screening measurements were made for
vapor and gases using detector tubes, a photoionization meter

and combustible gas meter.
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Microbiological Evaluation "‘.

The I.P. did not ‘specify any analysis of the potential for

the wastes depoéited at the‘ﬂoburn,site to contain microbial

: pichogeus; However, bécause of community concern in thie

' regard, Stauffer hired a consultant on pathogenic microbes.

Re visited the gite and reviewed the site safety and ﬁealth'

plan and the available process-information. Four (4)

-gamples of wacte were collected and analyzed for anthrax

and other microbes, per the instructions of the consultant.
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SAFETY AND EEALTR PROGRAM

.A.I

Backgrouna:

The senior Stauffer.eerﬁified Industrial Hygienist assigned |
to the project had visited.the site prior to beginning fleld
work. .He reviewed records periaining to site history,
revie;ed findiﬁgs from other waste site studies, :evieved‘
past results from site envircnmeptil studies/snmpling; Thé
information avajlable was substantial (Appendix V) and

sufficient to prepare a draft Safety and Realth Plan. The

Phase I field investigation began with a site safety and

‘health survey to gather data needed to finalize a site

Safety and Health Plan (SHP). This 1nvéstigation was
accomplished by the safety gnd health specialist who was
assigned to monitor site field work thrbughOut Phase 1 on
a daily basis. This safety and health specialist in
consultation with Stauffer Corporate Industrial Hygiene
Safety personnel, surveyed the site and collected sanples
for airborne particulates (total dust, lead, arsenic and
chromium}, gas and vapors (photoionization detector),
aroﬁatic hydrocarbons, carbon disulfide, hydrogen sulfide,

areine and combustible gas.



Iv-2

Safety and Health Plan:

- >

Based ou_;he'inftial survey and the detailed review of the

.available information, tﬁe'safety and health plan was
ifipalized (Appendix V). It provided for site security and
;ccess. controls to prevent offsite contnmin;tion, personnel
:hjgiine-requirements, approprizte medicsl #ré-placement

physicals, worker training and emergency planning. Personal

prpfective eqpipmeht, respirator, and industrial hygiene
monitoring requirements were established based on the types
of work sctivities and their locations. Based upon the
accumulated knowledge of site conditions, workef exposures
were expected to be below the permissible expoéure limits

(PEL's) establighed by the Federal Occupational Safety and

Health Admnistration (OSHA); In any event, activities that

might create exposure were carefully controlled and super-

vised by a health/safet& specialist.

1) Airborne Particulates: The SHP provided for the

determination of worker exposures to lead, arsenic,
chromium and total dust. Past ambient air sampling
Tesults around the inactive site and previous soil
analyses indicated no significant potential for
exposure unless operations in contaminated areas

became very dusty.
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Appendix 111, Tnble.B.iléummarizes 36 results for

Lead (Pb), Arsenic (As); and Chromium (Cr) from personal

. breathing zone filter samples collected during,v&rious

" £ield tasks. All results except two were below detectable

levels. One Arsenic result was O.IIﬂgfm'-" (at the
detection limit) which is sbout 100 times less than the_ .
OSAA permissible Time Weighted Average of 10 ag/m>.

lead was not detected 1n'any sample with the highest

14mit of detection being 17 gg/m3 compared to the

OSAA-PEL of 50 mg/m3. One Chromium (total) sample

was at &_ug/mJ and in all others, Chromium was not

detected with detection limits £ 6.3 mg/m3.  Thus,

Chromium exposuree were much less than the most

conservative of the OSHA permissible exposure limits

for Chromium compounds (100 mg/m?).

Appendix II, Table B.2 summarizes the 142 total dust measure-
ments accomplished &uring all aspects of the Phase 1 field
investigation with a GCA Corporation, RAM-]1 aeroscl

monitor. These measurements were made throughout .

Phase T in order to verify that operations were being
properly controlled to keep dust generation-to a

minimum. The average for all total dust measurements

for all tasks was low and less than 1 mg/m¥.  (On
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"8[3182 a high 80 mg/m3, ‘total dust leve;'was

1nitia11y seen in the immediate area of a worker
starting to drill in the nortﬁeast area of the site
with sandy soil considered to be c}ean.'The site

safety and health specialist jmmediately required

‘application of water to reduce dust geperation and

follow—up total dust measurement verifigd;adequate
control (0:3& mg/m3).) These tofal‘dust results
represent peak total duét levels in the breathing
zone of workers onsite, since measurements were taken
during tasks most likely to generaterdugt. Actual
full shift time weighted average exposﬁres of workers
and dust levels away from the immediaste vicinity of
these gctivities woula be significantly lower. Thus,
ﬁonitoring'data for lead, arsenic, chromium and toral
dust demonstraté that, as expected, worker exposures
were well below levels recommended for the protection

of health during a working lifetime.

Biolopical Agents: A review of hide tanning and

glue manufacture process was made to address gquestions
concerning the potential for exposure to pathogenic
organisms during work on the waste plles. All indica-

tions were that the potential for a health hazard was

'remote. -
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Dr. Stephen C. Edﬁerg,rhirector, Clinicel Microbioclogy

Laboratory, Yale-New Haven Hospital ind Assoclate

Professor of Laboratory Medicine, Yale University

School of Medicine was retazined as a micrubiologicﬁl
consultant to visit the site with Stauffer's Director
of Occupational Medicine, to review the tanning and
glue manufacture processes, review the Safety_and
Health Plan and recommend any 1nves;igationslcontrols

considered necessary for health protection.

As tecommended by the consultant, bagteriologicalr

soil samples were collected from bo&h new (relocated)
and old waste piles at & inch and 6 foot depths. These
samples were sent to Madison Bacteriological

Laboratories, Inc. for anthrax énalysesrand the

Clinical Microbiological Laboratory, Yale-New Haven

Hoepital for {solation of both pathogenic and common
s0il microbes. All - anthrax results were negative and
none of the microbes, funpgi, yeasts and molds were
considered by the consultant to represent a hazard

for workers on site at levels observed (Appendix V3.

Generasl Area Survey for Gas and Vapors: During the

initial site safety and health survey, screening
measurements were made with a photoionization meter

{HNU Systems, Inc.) to determine the potential for

_'_gasfvapor exposures. All reading; were non-detectable
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.. (£6 ppm) based on an i];7 ev. lanp and calibration

against .-isobutylene. Drasger detector tube measurements

were made at ground level wheré maximum gas/vepor concen=-

. trations were likely (see Appendix V for limitatiow of

Drager tube). Results for aromatic hydrocarbone, carbon

disulfide, hydrogen sulfide were all non-dectectable

(Tabie B.3) and below health limits. tompustible gae
could not be detected using a survey 1n;t}ument calibrated
again;t methane, except briefly, when gas noted to be
bubbling through surface water near the waste plles was
confined in a dreinage tile. The peak instrumept re;ding

was well above the lower explosive 1imit (20% of LEL).

The review of background information and the initial
site visit Indicated that gas and vapor concentrations
in the breathing zone of workers should be minimal
when compared te occupational health limits. The
potential for.nuisance odors asspociated with low
levels of volatile sulfur compounds and the evolution

of methane gas from the waste piles was recognized.

Personal Samples, Volatile Organic Compounds: Three

breathing zone (BZ) air samples for organics were
taken during Phase 1 work in the vicinity of the bore

holes to provide additional exposure {nformatioh.

These results and the organic vapor samples collected

from within ten bore holes have been invalidated
because of cross contamination as indicated by

excessively high blank results. ﬁowever, no
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. detectable levels of vﬁpor and gases were measured

in the breathing zone_df workers using the photo-
ionization instrument. Only wher the photoionizﬁpion
detector was held next to the surface of freshly
extracted bore hole so0l] gamples or in the top of

a bore hole was a response noted (2 to 9 ﬁpm
referenced to the_isobutflene standard prgvided by
the instrument manufacturer). One reading made
directly in the top of bore hole B-10 was 56 ppm.

As indicated by BZ measurements, it is important to
emphasize that these surface readings do not reﬁresent
worker exposures or general ambient air levels. Both
BZ meagurements and ambient alr measurements were

non—-detectable.

On 1/24/83, two air samples were collected inside bore

holes AS-1 and AS-6 and analyzed for volatile organic
compounds. These results are presented in Table RB.6.2,
An ambient air sample was also collected 30 ft. down-
wind from AS-] and analyzed for volatile organic
compounds. These resplts are presented in Table B.4.
Detector tube measurements for H3S made during the
collection of the above samples are included in

Table B.3, and add;tional information on the range and

limitations of detector tubes used are presented in

,Appendix.v. The hydrogen sulfide measuremenfs document

that worker breathing zone levels were non-detectable

(£0.5 ppm) and well below health limits even when
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. directly above'ln qpenrbore hole which contained

:> 2000 ppm HAS. Table B.4 shows that ambient air
concentrations of all substances detected in the bore
hole AS-1 were non—dectectable and below established

occupaéioual health limits. This is consistent with

the HyS data reported above. TFor the mercaptans

and éulfides, odor would be detected at levels

1000 times less than occuptional healtﬁ 1imits.

The above data documené that airborne concentrations
of vapors/gases during Phase I investigation
activities were well below applicable oécupational
health limite and that Phase 1 activities posed no

potential hazards to worker or public health.

Comparison of Worker Protection During Project to

Health/Safety Plan

Site work followed the guidelines set by the Health and

Safety Flan (Appendix V). A safety and health specialist

was assigned and with the site project enpineer, impleménted '

the plan. A comparison of key safety and health requirements

of the plan and site actions follows:

1)

Security and Access: A log of visitors was maintained

daily. The site was secured when not in use and &
seéurity firm was hired to maintain surveillance over
the majin eite entrance, trailers and equlipment during

off-hours.
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Personal Protective Eqdipmeht: Protectiye equipment wae
provided and utifize§ as fequired.. diean work clothing
was provided to'yorker; daiiy. The wearing of resﬁirators
was rtequired during initial boring, trenching, and
drilling on the_wasté pileﬁ and initially in the arsenic
ca;tion area. Although disposable odor/particulate .
respirators had been authorizeﬁ in the plan, a befter
model air purifying respirator with orgﬁnic vapor/acid
gas cartridges and high efficiency filters was used;
The safety and health specialist requirgd the wearing

of respirators in the-immediate Qicinity of bore holes

on the waste plles to alleviate nuisance odors.

There was use of respirators during operations such as
excavation in contaminated areas or when significant
contamination was found. This use of respirators was

in accordance with the written Plan.

Exposure Monitoring: Exposure monitoring was

accomplished as indicated by the Plan and described
-earlier. Fence line ambient air samples for dust were
not collected since the low ambient air levels found in
the immediate work area indicated adeguate control of
duet emissions. 'Combugtible gas measurements were not
required because trenching work on the waste piles Qas

kept_to a minimum and such trenches were not entered.
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Medica) Program: Arrengeménts were made with a leocal

physician for medical support. Personnéi expected to

Vvork'30 or more days within the fenced aréa raceived a

preplacement medical examination. Employees required

to wear respirators were nedically certified.

Dust Control & Release of Contractor Equipment Offgite:

As described earlier, once when indicated hy-total dust

meASuUrements; water was added to a well drilling operation

te control dust emissions. The effectiveness of the

‘procedure was documented by follow-up monitoring. All

equipment leaving the site was washed down ﬁnd stean
cleaned on a cement pad with the water collected and
discharged to 2 settling pond and then to the municipal

sewer,

Health and Safety Facllities/Equipment: Health and

Safety equipment as cutlined in the Saféty and Health
Plan (Appendix V) was maintained onsite and was adequate.
Health facilities established onsite included showers,
boot wash and laundry areas. A first aid kit was
maintained and the site safetry and health specialist

was first aid certified by the American Red Cross.

Health and Safety Training: All workers entering the

Bite were trained on site rules, hazardous materials
onsite, the location of suspected hazardous materials,
respirator requirements and health effects at expected

exposure levels (Appendix V). workgrs involved in
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extensive excavation work thowered prior to leaving the
site. All workers changed clothing prio} to leaving the

site.

Other Topics: One minér injury occurred - a worker
re;eived a cut on the wrisi during driliing. ¥He did not
1mmediate1§ report the injury as required by the Plan;
Corrective action was taken anﬂ workers were ggaiﬁ |

“brief on the requirement to report prumftly all injuries, -’

however minor.

D. Findings/Conclusions:

1

2)

1)

No potential for significant exposu;e was assoclated with
Phase I activities. Industrial hypiene exposure
monitoring results were generally nén-detectable and
always well below occupational health limits established
to protect workers, who may he exposed dally, for a

working lifetime.

Phase 1 site survey data support that noc special

"protective eguipment (e.g., respirators, special clothing)

is required for health protection on onsite personnel who
gre not directly involved with specific investigative

activities such as trenching, boring, etc.

In order to preclude the possibility of shoe contamination
or the tracking of contamination offgite, all personnel

are required to wear, while onsite, impervious foot
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protection, eithér disposaﬁié'shoe covers which may
Se discarded prior to leaving the site or boots which

are cleaned prior to leaving the site.

Bialogical analysis of-nppropriate site samples and
sﬁbséquent data evaluation by an expert consultant

documented that site materials do not present a

‘microbiological hazard.

The strategy employed in the Phase I - Safety and

-Health Plan provided sound and comprehensive health

protection to all eite personnel, particularly those
fnvolved directly with investigative tasks-such as
trenching, well drilling, sampling, etc., and a

gimilar approach should be employed for all future

activity,
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V. ANALYTICAL TESTING

1-

Evaluation of Performance of Laboratories

Prior to the beginnipg of the field sampling progfam

at-the Woburn site, Stauffér evaluated several commercial
labor;fories as potential contractors to perform the

analyéical work. The selection_procedure involved a

site visit to review laboratory operating pr#ctices and
submission of quality assurance samples to determine laboraﬁcry

proficiency. Extra consideration was given to laboratories

in close proximity to the Woburn site in order to allow for

_closer interaction of Stauffer and contractor personnel.

Based on results of the site visit and performance on guality
assurance samples, Enviromnmental Research and Technology (ERT)

was found to be acceptable to perform Phase I analyses.

Screening analyses to characterize the extent of contamination
on the Woburn site were performed in the field, at the Stauffer
site laboratory and at ERT. & listing of the analvses performed
on each sample type is included in Table C.1, Appendix I11.
With the exception of pH, specific.conductance, Aissolved
oxygen and temperature which were measured in the field, and
s50ll organics screening which was performed at the site lab,

all aﬁalyses were performed at ERT.
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The,qﬁality sssurance (QA) program instituted for the Phase 1

;:qgudy 1s-ouéliﬁed in St;uf}er'é onbﬁyn Sampling and Analysis
Hannal" Chepters S and 6, Attachment I, Appendix ITI. -Data
jc;i;écted from inﬁl}sé; ﬁéiforﬁed by Stauffe;'ﬁersonnel in

-.tﬁéifieid or the siie laboratory was judged according to the

standards of the quality assurance program requirements. The

laboratory supervisor freguently reviewad test. results and

evaluated dets qhality accordingly.

A separate QA program was instituted by Stauffer to monitor
the quality of the data from ERT, since the major portion of
the analyses was performed by them. This program was in

addition to ERT's internal QA program.

Quality assurance procedures started during field sampling
operati;ns. Samples were collected by or under the
observation of a sanpling chemist. Pertinent data was
recorded in & field notebook and each sample was given a
field identification mmber. Samples were returned to the
siteliaboratory, logged in, given a lahoratory identificationr
number and ﬁossession was transferred from the sampling
chemist for processing. Following preparation, the samples
were transferred to the sample custodian for shipment to
ERT for analysis. Each transfer of the sample was
documented on a Chain of Custody sheet, initiated ﬁy the

sampling chemist.
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A computer lbg of all samples collected from the site was
ngintainéd{ The sampling chemist prepared a Sample Data

Entry Form for each gsample collected. Those saﬁpieg selected

*

-for analysis were included on an Analysis Batch Transmittal’

- b4

" Data Entry Form. Data from these forms were then entered inm

a computer to produce the log of sample information which

included identification, description and snalyses to be

‘performed. As analyses were completed by ERT, a cros;-chﬁck

of outstanding analyses was performed by comparing results

to the master computer log.

"Evaluation of ERT's performance in anﬁlyzing samples was

monitored by adding quality assurance samples to each batch
of éamples submitted. Stauffer's Sample Custodian prepared
four blind QA samples for each batch of 10 samples submirted

for analyslis. These included:

. Sample Elank ~ a sample of similar matrix to others

in the batch with low, known levels of analvtes.

. Sample Duplicate ~ 2 sample chosen from the batch of

10 samples to be analyzed in duplicate.

. Blank Spike - the sample blank’ overspiked with a known

amount of a specific analyte(s).

'« Sample Spike - 2 sanmple from the batch overspiked with

a known amount of a specifié analyte(s).
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Siuce all potential contaminants on the site were not known,
only selected aralytes in each analysis category were chosen
}is Q4 spikes. Up to four separate nnaiytes were added to

each of the four QA sawples in each batch. Known site

. contaminpénts, i.e., arsenic, lead and chromfum were added

more frequently as QA spikes than other compounds.

The validity.of the data from sample analyses phrformed at
'ERT were judged according to the laboratory's performance‘on
thg_QA sanples in each batch. An evaluation pystem was
developed, whereby a batch of samples in a pargiCular
an#lysis category was given 8 score based on the recovery

of the individual analytes Iin the QA samples.

‘Since the purpose of Phase I was to screen areas of potential
cdntamiﬂétion, the criteria to judge the quality of analytical
data was not based on strict accuracy and precision limits

for each analyte. Instead, the performance of ERT to perform

an analysis type, 1.e., metals analysis, organic priority
pollutants, etc., for 2ll Investigative Plan analytes was judred
by tﬁeir performance on four selected analvtes ardded in the

four QA sanples in each batch. For the purpose of Phase 1,

it was assumed that the performance of all Investigative Flan
analytes was represented by the four QA samples in each

batch of samples.
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Results.of ERT's snalysis ;f th; blind QA samples in each
batch were evaluated automatically with the aid of S:Quffer's
computer program to determine the percent recovery of the
added analytes. An empirical score for the entire batch of
ten sanmples was then calculated from the recovery of the
four QA samples according to the guidelines outlined in

the following table (see next page).

As an example, for a2 particular batch, up to 16 analytes
éould be presenﬁ in the four QA samples. 5Scores for each

anélyte in the batch were obtained from the guidelines in

“the table. The average analyte QA écore was then calculated

and converted to a percentage based on ; maximum possible score
of 3.0. This represents the QA score for the entire batch of
samples and all analytes. Since the scbring system tends to
aversge the performance of the lahoratory for an entire batch
on a few selected samples, its primary value is to point ocut
gross errore in the laboratory. 1t does not provide specific

QA information on selected analytes.

The scoring data for an analysis is summarized in a Ratch Audit
Report, which is included in Attachment IT1, 4ppendix TIT(a).
The Bateh Audit Report summarizes all essential information

conceéning sample and quality assurance analyses. For each

" batch of 10 gamples and 4 QA samples, the following information

is included in the report:



ALY

Woburn Envit. sental Studies Project

Proficiency Scoring Systcm for Quality Assurance Data

l. If the analytical result is within
one order of magnitude of the lower
limit of detection for the analyte

2. If the analytical result is greater
than one order of magnitude of the
lover limit of detection

SCore

3
2

% neCDVEry*

> 50 to 150 1 .-

10 to 50; >.150 to- 200

<105 . 200
0

> 75 to 128 |
> 50 to 75; > 125 to 150
5 to 50: > 150 to 200

<5; > 200

*% Recovery of the analyte is based on total amount present in the sample

Result Amount

tn =

Original Amount + Spike Amount

x 100
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Ship Date — Date samples were égnt to the contract laboratory

for analysis.
Result Date = Date results received from laboratory.

Category 1D - Analylis to be performed, 1i.e., M2 15 metals

analysis, Group 2.

Reference No. = The unique i{dentification mumber given. to

each sample in the site.
Sample Type - Regular sample or QA sample.
Analyte ID - Specific analyte determined.

Quantitation Results - For field samples, amount of analyte

in sample, analyte spike amount, laboratory result amount,
recovery of the added analyte, and proficiency score as

calculated from the guidelines.

In addition to the QA scoring system, individual data were

Teviewed to resolve discrepancies in results.

Three problems in the Phase I analysis program were
discovered as a result of the QA program that required.
additionzl analytical work. These concerned the results
of mercury in goll analyses, lead in surface waters and

volatile organic compounds in bore hole air samples.
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ERT's initial results for mercury analyses in soils

' fndicated levels up torhf\Sf in some samples. Mercury
‘was not an expected contaminant at the site and QA results

:';'fqr mercury analyse_s were poor. BRased on Ehese results,:

:sélgcted retain 0611 samples were reanalyzed for all

Consent Decree metals at Stauffer's Eastern Research

'Cen;er (ERC) using EPA-approved procedurés. Mercury

results reported by ERT were found to be two orders of
magnitude higher-than results obtained by ERT, A review
of_ERT's data indicated that a computational error had

bee; made in the mercury anslyses. Results of bther.metal
anélyses were found to be in good mgreewent, Aétﬁchment I11,

Appendix I1I(z}.

"A review of ERT's results for lead in surface water samples

indicatéd that six sites had identical concentrations of
100 ppb. ©ERT was contacted to confirm these results. A
review of their records indicated that five of the samples
were below the lower limit of detection for lead and only

one had 100 ppb.

Resultes of énalyses of volatile organic compounds

(VOC'e) in bore hole alr samples were judged to be

invalid, due to a severe contaminationlprﬁblem. Triplicate
air samples had been collected on Tenax adsorbant tubes
from each bore hole. Field blanks and samples weré returned
in a common container to ERT for analysis. Results of
analyses indicated that gross contamination of the field

blank samples had occurred. Since ERT retains of the Tenax
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:1€§§ : were not contaminated, it was c;ncluded that either the

i?ﬁ s;mples and blanks had been exposed to an unknown source of

Ei contamination or that’cr;sslcontnmination of samples and. blanks
;,; o bad occurred duriug.ganple shipment to ERT. Based on fﬁese

g findings, it was recommend;d that these analyses be

E? ST inviliénted.

Foliowing completion of the Phase I program, Stauf%er~'
pergonnel reviewed ERT’s laboratory records for cdmpleténess;
Duriug the auvdit, nothing was found that would significantly
alter the'results of Phase 1 analyses. Records were found to.
be in order so that tracking of samples from receipt to-

-final report could be made.

Discussion of Methods and Procedures

During the planning stages for the investigation of the
Woburn site, several analytical methods were considered for
screening to identify contaminated and clean areas. The
collection of the methods that were proposed both by EPA and
Stauffer for the investigation have_been previously submitted
to the USEPA and the Massachusetts TEQE for review ("Woburﬂ

Environmental Studies Sampling &nd Analysis Manual™).

Stauffer'e evaluation of the proposed screening methods prior
_to the start of the field sampling indicated some problems in
accuracy and precision for selecfed methods. As a resulr,

( ‘ ‘ alternate procedﬁfes were proposed by S;auffer that would

(' . . provide more reliable data for the Phase I site investigation.
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aY Evalustion of Methods for Séreening Metals in Soil

.

;ﬁétals an;lyses were of prime concern in the fhale 1
1in§=;iigation- Xjraynfluorescegce-(xxF) ves ﬁrjgtnnlly-r
:jp;oﬁosed.in Stavffer's "Woburn Environmentil'étudies Sampling
';nd Analysis Manual® (thual); in order tp-pfovide a tapid

‘screening teéhnique to locate suspected waste deposits., XRF

is often used to analyze samples to determine mefﬁls content.
However, as 'a screening technique, its accuracy can be
affected by the matrix and the sample particle size

distribution.

Prior to the initiation of the Phase 1 study, the XRF
technique was evaluated on two commercially available
portable XRF instruments. In addition, results of these
analyses were compared to those obtained at Stauffer's
Eastern Research Center on a research-grade XRF instrument
and also by atomic absorption spectrophotometry (AA).

As part of the evaluation, a precision and accuracy study
was conducted to validate the AA reference method by

analyzing NBS reference materials.

Representative samples were obtained from the Woburn site
and analyzed to determine arsenic, lead and chromium by

the following procedures:

1) AAS reference method
2) Research-prade XRF instrument

3} Portable wave length dispefsive XRF -{nstrument

4) Portable energy dispersive XRF instrument
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from the study, it was found that results with acceptable
accuracy and precision ﬁeré obtained only.by the AA and
research-grade XRF ipstrunents. Koth portable XRF units
produced inaccurate rﬁsultﬁ due to variations in the
samplé matrices. The portablé XRF instruments also were
found.:o have insufficieqt sensitivity to determime lqye;
levels of metalg. Results of the.comparisun study afe_

summarized in Table C.II, Appendix III.

As a'result of the study, it was recommended that the

proposed XRF screening procedure be replaced with the more

‘accurate AA method for metals analysis.  Sample preparation

and AR anzlysis techniques are described in ERT Analytical
Method for-the Determination of Selected Metals in Soil,

Attachment 1V, Appendix I1I{a).

This change in the analytical procedure provided improved
sengitivity and accuracy for the metals analyses in the Phase
I screening program. The method detection limits for the AA
are attached in Table C.III, Appendix III. Accuracy of the
ERT.AA procedures was verified by comparison of results from
the analysis of a selected set of retains by Stauffér.

Stauffer used official EPA AA methods for all analyses.

A comparison of the results is given in Attachment III,

Appendix ITI(a}.
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b. fvaluation of Methods for Séreeniq& Ogganich'in Soil

~,A£qthgr wmajor area of investigation at the Woburn site was
ﬁtbﬁ location of areas of potentisl organic contaminatiom ir
-soils. Organic screening, as originally proposed in the

‘Manual, iocluded five separate tests:

1) Loss on Drying at 1050C -

2) Loss on Igniéion at 550°C

3)‘ 0f1 and Grease

4) Solvent Extraction/Residue on Evaporation to Dryness

5) Capillary GC Analysis of Solvent Extract from & (above)

These tests were designed to be semi-quantitative in terms of
defining the amounts of organics present in the samples. No
means of compound identification was proposed for Phase I

iovestigatien.

Before initiating Phase I studies, these methods were
evaluated at Stauffer's Eastern Research Center as potential

semi-quantitative screening procedures.
Several problems were discovered in the evaluation:

« The difference between loss on drying a£ 105°C and
loss on fgnition at 550°C was initially intended to be
8 representation of the organic content of soilisamples.
This method was found to be insensitive to changes In
the ppm range. Volatile organics lost below 1059C

would not be measured by the technique.
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-« The ﬁPA oil and grease ﬁrocehure and solvent extraction/

residue on evaporation procedures were both found to be

" insensitive to ppm levels of organics in soil.

« The solvent extraétion-capillary'cc method wag not
conEidered further for Phase I as a screening ;ool,
dué to the éxces;ive lgngth of time reﬁuired for
sample preparation and analysis, and the poasibilify
for loss of volatile organics during the extraction

procedure.

Since the original methods lacked suitable sensitivity,

‘an alternative technique was sought for screening areas of

organic contamination. A head space gas chromatographic
technique was developed by Stauffer a2s a replacement for

the procedures originally proposed.

The method was designed to allow rapid screening of up to

ten samples per day in duplicate with ppm sensitivity snd
minimal sample preparation., The Stauffer method was adapted
from EPA procedures published in "Test Methods for Evaluating
Solid Wastes”, SW~B46, Methods 5020, ROlD, BROI5 and BO20.

The EPA and Stauffer methods are included In Attachment V,

Appendix 1II.

In principle, knownAweights of 5611 samples were placed in
sealed vials, eqqilibrafed at 11000 {5 a Perkin-Elmer

F=45 Auiumated Head Space Analyzer. Thelhead space gas

above the sample was analyzed bj gas chromatography with s
flame ifonization detector to measure the organics volatilized

from the soil..
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The relative smount of organics.in the goil samples was

:; . 7‘} _ néas#red'by totalling the area of.all‘peaks'tﬁdt eluted
PR .; iin the chromatogram. A seni—qu;ntitative determination

. ' :bf‘tﬁé organics was calculated by dividing the total area
Vfcounts in the chromatogram by tﬁe sanple wéigﬁt, i.e.,

area counts/granm.

In ;rder to add more meaning to fhe enpirical area
counts/gram values f;r the soil samples; representative
compounds from the EPA methods were run using the Stauffer
prééedure to determine response factors. The compounds
included benzene, 4dichloromethane, methyl ethyi.ketone,

1,2-dichloroethane, toluene, methyl iscbutyl ketone,

(".
U

chlorobenzene and dichlorobenzene. These compounds were
also chosen to represent a range of bolling points up to
180°cC. .FrOm these experiments it was demonstrated that
ppm levels of organics could be detected. Also, a range
of compound types that could be potential erganic
contaminants in Woburnm soils were shown to be detectable
by this procedure. No means of compound identification

was possiblé using this procedure, which was consistent

with the Phase I screening goai.

¢. Comparison of Methods Proposed to Methods Actually Used

A review of changes wmade in the procedures proposed

[ ' " in each section of the “Woburn Environmental Studies

Sampling and Analysis Manual™ follows:
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1) Section 1.00 Intreduction

No changes from originai plan were needed.

1{) Section 2.00 Safety

No changes from original plan were needed.

111) Section 3.0 Sampling Principles

The procedures used were the same as described in the Manual.

iv) Section 4.00 Documentation of Samplings - Recordkeeping

The procedures used were the same as described in the Manual.

v) Section 5.00 Quality Assurance Protocol

The procedures used were the same as described in fhe Manual.

vi) Section 7.00 Data Correlation and Evaluation

The computer software package described in the ﬁanual was
developeq as described. Some modifications to the original
programs were required for data evaluation. The procedures
employed are described in greater detail in Section V,

Part 1 of this report.

vii) Section R.N0 Surface Water

Sampling and analysis procedures used for surface water
samples were the same as originally proposed in the Manual,
with the exception of metal analyses. Atomic absorption

spectrophotometry {(AA) was used for all metals determination
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géince the proposed ﬁ?thod, 1nduétively coupled plasma - atomic

_emiésiou spectrometry (ICAP), wag_ not available at ERT.
fSpecific-AA'nethods for each metal are included in ERT's
' "Analyrical Method for Determination of Selected Metals

in So0ils", incliuded in Attactment IV, Appendix II1(a).

Section 9.00 Monitoring Well

Saﬁpling and analysis procedures‘used for monitoring
well samples were tﬁ§ game as originally proposed in
the Manual, with the exception.of metal analyses.
Atﬁﬁi: absorption gpectrophotometry was used for all
metals determinations as described in Section ﬁ;OU,

Surface Water,

Section 10,00 Surface Stream Sediments

Sampling and gnalysis procedures used for Surface Stream
Sediments were the same as originally proposed in the Manual,
with the exception of metals analyses. Atomic absorption
spectrophotometry was used for all metals determinations.
Samples were prepared and analyzed as described in the ERT
Analytical Method for the Determination of Selected Metals

in Soil, Attachment IV, Appendix I11I(a).

Section }1.00 Test Pit/Soil Borings

Several changes were made in the procedures for the analysis
of test pit/scil boring samples from those proposea in the
Manual. Organics were determined using the Stauffer head space

techinque, Attachment V, Appendix III{a). All metals were
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Qeterniﬁed using atomic absbrption spectrophotometTy ae
described- in the ERT Analytical Method for the Determination

of Selected Metals in Soil, Attachment IV, Appendix III(a).

Section 12.00 Leachafe

Sampling and gualysis procedures used for Leachate were

the same as qr{ginnily propnsgd in the Manual, wi£h the
exception of metals analy;es. Aéomic absorption ;pectfo-
photometry was used for all determinations. Sampies were
analyzed at ERT using the methods referenced in Attachment IV,

Appendix III1(ad.

"Section 13.00 Standard Water Quality Parameters

The pfocedures used for sampling and analysis were the same

as proposeﬁ in the Manual.

Section 14,00 Ambient Air

Procedﬁres were described in the Manual for monitoring
volatile organic compounds (VOC's), arsine, totzl reduced
sulfur compounds (TRS) and total dust. All pfocedures were
used as described, except for VWC's, due to problems

encountered in the analysis.

VWC's were determined in bore hole alr samples by collection
on a polymeric adsorbent, Tenax~GC, followed by thermal

desorption into a GC/MS. Results of analyses were judged to

‘be invalid, due to gross contamination problems indicated by

the quality assurance sample blanks. This prohleﬁ.was
discussed previously in Section V, Part 1, Evaluation of

Performance of Lahoratories.
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A;iimited resampling of bérp hélg air contaminants was
céndﬁcfed using a modified analytical procedure,' Composite
air samples were collected from bore holes AS-1, AS-6 and
;éoﬁu?iud ffon AS-Y in friplicaté in aléminizeﬁwnylar air bags.

Gas simples were analyzed directly, without preconcentration

_ioﬁ'T§hax; by GC/mS. 2

e R T -

:A1u§inized-myiar nirmﬁag§”were éi;;;n as the Qiternativ;'
analytical techinque -for several reasons. The iezhnique ;s
'sp;tified by the EPA in the Natioﬁal Emigsion Standards for
Hazardous Air Peollutants, 40 C.F.R. Part 61, Method 106,
"Determination of Vinly Chloride from Stationary Sources”.
The technique has suitable sensitivity, {.e., 1 ppm for
volatile organic compounds. Multiple analyses of each sample
were possible, since only a small portion of the integrated
alir bag sample is actually used in each GC/MS analysis.
References to the suitability of the air bag method are also
outlined in "Controlleﬁ Test Atmospheres Principles and

Techniques”, G.0., Nelson, Ann Arbor Science, 1971, pp. 76-81.

Field blank air bag samples were found to contain methyléne
chleride, toiuene. acetone, ethyl acetate andrbenzene at
approximately the same levels és found in the actual field
samples. 1In no case did any contaminant exceed 10 ppm.

As is normal analytical practice, resulis of field sample

analyses are corrected for blank contributions of analytes.

" The levels of contaminants found in the field blanks represent

normally expected levels of background contamination.
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Findings and Conclusions

.

The main goal of the-Woburn Phise 1 study was to 1oca;e'afeas
of contamination on the mite. To meet this goal, analytical
methods were sought that woulq produce semi-quantitative
datg rapidly, so that the aress requiring further study in
Pﬁase I1 could be defined. During fhe procéss of'tﬁq‘-
investigation, modifications to the original proposals

weré required in order tc meet the goals. Important

findings included:

a) Ugse of a portable X-rey fluorescence instrument to

locate areas of metal contamination.in Woburn soil
sanples was not feasible. Inadequate sensitivity and
resolution, as well as matrix problems, resulted

in inaccurate results.

b) Atomic absorption spectrophotometry was found to be
an accurate technique té deternmine metals 4in solls.
The procedures used in the study allowed determination
_of 14 metals on a single sample; Sensitivity of the
AA procedure was demonstrated to be in the ppm range

for all metals.

c) Accurate or sensigive measurement of organics in soil uéing
drying or extraction téchniqhes followed by a measurement
in Eanple weight loss was not possihle. Substitution of a
modified EPA head space procedure ailoﬁed analysis of up

to ten sgamples per day in duplicate.
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Head space method develoymenf experiments proved that the
Stauffef'procedure was pensitire to ppm levels of organics

in soll.

Quantitation of the amounts of organics in g0l by the

 head space procedure was nct accurate since the method

£)

E)

does not identify the compounds detected. -R&lative :

responses for eigh: test compounds chosen by EPA heed
Epace method; indicated a variation of approximately a
factor of 10, Aepending on the compound type. Semi-
quantitative results for the eight compounds chosen by
EPA were obtained by determining an averagé fesponsé

using the Stauffer methodology.

Collecting air samples in aluminized Tedlar bags

"minimized the potential for cross-contamination.

Organics in air at the sub 1 ppm level were thereby

accurately measured by direct analysis by GC/MS.

Evaluation of analytical results from Stauffer's contract
laboratory, ERT, was possible using a computer scoriﬁg
system. .Assignment of 2 Quality Assurance score for
each batch of ten site samples was made hased on the
performance on four pre-selected analytes in the four

Q.A. samples prepared for each batch of ten.
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Measurement of data qualit;;for each potentiasl analyte in
every sample was not attemﬁted in Phase },,due to the
scope of the investigation. Repreéentative QA was
provided ;orobtkin general performance trends and

locate problems.
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VI. BORE HOLE AIR

A. " Background -

The Investigative Plan speéifigd that 10 bore holes were to be
ins}nllgdt Five bore hole locations were specifically identified

as foilawp: two in each major waste pile and, ome in the minor

. -

waste pile. The five femainiﬁg locations were left for Selecgion
during Phase I field work. (Appendix II(a), Pigure B.2). The

Investigétive Plan required that three arsine, three total reduced

- sulfur (TRS) and three volatile organic chemicals (VOC) air samples

from each bore hole (or a total of 90 air samples) be collected.
The proposed collection procedures and anmalytical methods were

described in the "Red Book”™ — Woburn Environmental Sampling and

Aﬁalysis Manual.

B. Purpose

The purpose of collecting air samples from inside the 10 bore

holes was to identify possible odorous compounds and determine if
arsine or volatile organic chemicals were present. Sampling procedureé
(sampling as far down in the holes as possible and/or after capping)
that intended to maximize the concentrations of chemicals in

the bore hole air samples were emploved. ‘The results, therefore,

do not in any way represent worker or public exposure levels.



C. Description of the Work

O;ce the locationg of the bore_holes were appr;véd'by EPA/DECE,
bore holes were installed under the close superviéion of the
hyd;ogeologic cﬁnsultant. All bore holeg were dfilled 6% in
diameter by an auger rig, except fo; 2 (AS-7 & AS-B). Because
of tﬁrrgin and stability problems the auger rig could not gain

access to the west waste pile. Therefore the two bore holes

in the west waste pile were drilled with a hand auger.

The 8 bore holes drilled with the auger rig ranged from 14 to

39 feet in depth., The depth of the holes varied because:

a) the water table wag reached, b) undisturbed soil was

reached, or c) the auger rig hit refusal (bedrock). Two

of the selected bore holes were installed as part of the ‘
soii sampling program (B-31 & B;#2) and served dual functions.

The holes installed on the west waste pile using the hand

auger were 2-4 inches in diameter and about 6 feet deep.

D. Sampling/Analysis

Except for six (6) arsine samples, all bore hole air samples were
collected after the holes were covered and allowed to equilibrate fér

one week in in attempt to assure the maximum concentration of any
volatiles or odor producing substances. The six (6) arsine samples

taken from AS-7 and AS-8, the shallow (6 féet deep) bore holes on the west
waste plle, were collected one day after capping. We believe that the

potential for dilution and/or escape of bore hole air from a shallow

well (6') is greater, even with the hole covered than holes 20-30'

below surface. We therefore collected the samples immediatelv.
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Aisinef Alr sanmpling was aécomﬁlished by adscorption of

_arsine gas onto charcozl. The charcoal 1 in a glasé tube

:;ontnining first a high purify glass wool section. The.

-

:;chnfcnal tube was lovered into the hole via standard tubing.

.;Air:ag a known flow rate and for a measured time period was

sucked through the charcoal tube and then PVC tubing

. by & battery operated pump connected at the end of the

sampling train. After sampling, the charcoal tubes were
sealed and sent to the analytical laboratory (ERT). The
arsine was extracted and analyzed via atomic adsorption

epectroscopy. This procedure was repeated three times at

- each bore hole location with each sample drawnm from the same

depth. No results were obteined for three of the thirty
samples because of laboratory problems. However,'since
triplicate samples were collected, others were available and

no significant data loss resulted.

Total Reduced Sulfur (TRS):. Samples of air from within

the bore holes were drawn directly through a purged teflon

tube and into a special tedlar sampling bag which was contained
in a sealed container connected to a battery operated pumﬁ. The
sample was collected by evac;ating air around the tedlar bag.
Thus, the tedlar bag was filled with bore hole air that did not
first flow through p'sampling pump. The bags were taken promptly
to ERT Laboratorles vhgre-the air was analyzed via a gas chroma-
tographic separation and flame photometric detection (see “"Red

Book™) immediately upon receipt.
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As vas done with the argine samples, three {(3) air samples
from each bore hole were colleéted and analﬁ;ed for Total

Reduced Sulfur compounds. -In an attempt to maximize TRS

lconcenfrations each bore hole sample was collected from
the deepest depth possible. This techmique should minimize

the diffusion of ambient air into the hole and the dilution of

the ssmple.

A total of 30 air samples were collected and aﬁal&zed for
hydrogen sulfide, methyl mercaptan, diméthyl sulfide and

dimethyl disulfide.

3. Wolatile Organics {VOC): Air sampling was accoﬁplished

by the adsorption of WC's on Tenax. Samples of azir were

drawvn up from each bore hole directly through the Tenax

P N

‘collection tube at a known fiéw rate.and for a measured
sampliné time via a battery powered pump connected at
the end of the sampling train. The collection tube was

- ) - then sealed to minimize any losses and sent to ERT for

analyses. ERT thermally desorbed the wvolatile organics

from the Tenax filled tube and analyzed the WC's via

gag chromatography and mass spectroscopy.

However, the Tenax sample collection was not sultseble
because of high reduced sulfur compound s interferance
and gross contamination problemﬁ ambng gite samples
and quality assurance f{ield blanks. This inualid;ted

( any qualitative and quantitarive results.
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H; fe;eQalunted our sampliég and analysis techniques and
_lﬁle;teé the collection of WC samples in bags sim11af to
:thc TRS sample collg;tion tecﬁniques. Since time was of the
:éqsgh?e in cémpleting Pﬁasg I, we selected two bore holes
jf?oq the most representative areas and resampled these
'_ﬁsiﬁg.the no&iiiéd sam;i: ?ollentinn method. The‘bn?e
‘Ihﬁi;;rsampled veré AS-]1 and AS-6. 751nce'AS-6 ﬁnﬂ;parFiblly
collapsed and AS~] filled with groundwater, the samples

could not be collected at the depth of previous samples.

The samples were analyzed for the volatile organic chemicals
listed as priority pollutants and the 20 additiomnal organic
chemicals that produced the highest readings in the

analytical instrument.

Appendix II(b), Table C.4, lists the date of sample collection,
bore hole location, bore hole depth, and depth of sample

point for each bere hole.

E. Findings/Conclusicns

*The following discussion pertains to the analytical results shown on

Appendix II(b), Tables C.f.]1 and C.6.2 for bore hole air samples:



Y, Arsine:’

As shown on Appendix II(b) Table C.6.1, of 27 samples for
_ 2;{ 1 . - which analyticel results were available, the findings and

- B cbnclnsions are as follows:

" Findings:.

1) Four (4) samples showed results Just st or above the

detection level of 0.3 parts per billion (ppb).

11) The areine was found near the chromium lagoon at levels
of 0.3 ppb in bore hole AS-6 and at 0.3 and 0.4 ppb in

bore hole AS-5.

111) 1In bore hole AS~E located in the west waste pile,

0.5 ppb arsine was detected.

iv) Arsine results in 23 2f the 27 saﬁples analyzed were non-

detectable.

Conclusions:

1) These extremely low levels of arsine were fount 6-20 feet
below the surface. The Federal Occupational Safety
and Health Standgrd for protection of workers for
eight hours of exposure to arsine.is 50 ppb. These
findinge do not indicate that the waste deposite are

producing hazards from arsine vapors.



11}f At the extremely minute arsine levels (.3 ppb) the analysis
cannot. distinguish between arsine or a microceopic
': - particle of_natural_soii cbniaining naturally occuring levels

:; - of arsenic.

2. Total Reduced Sulfur (TRS):

'ﬁThi:ty bore hole:ci;;;ampies were analyzed for tke following
Total Reduced Sulfur Compounds: WHydrogen Sulfide,(ﬂzé),
ﬂetﬁyl Mercaptan (CHA3SA), Dimethyl Sulfide (CHy)3S,
and Dimethyl Disulfide (CH3S5CH3). The results

are showvn on Table C.6.1 = Appendix II(b}.

Findings:

i) No total Reduced Sulfur compounds were detected at the

detection limit of 1 ppm down incide 8 bore holes.

11) High levels of HsS were found down inside 2 bore holes
{AS-1 and B-31) both located in the east waste pile. These
levels were as high as 47,N00 parts per million (ppm).

The lowest level found in these bore holes was 9,400 ppm.

111) No Dimethyl Disulfide was-detected in any bore hole air
sanmples at or above the 1 ppm detection limit. This
intludes the two bore holes in the east waste pile where

other TRS compounds were detected.
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. iv) Methyl mercaptan was found ig levels of 20-470 ppm in
tyd east waste pile bore hole air samples.
) Dinethﬁl Sulfide was found at levels ranging from 2 to -
20 ppm in the east waste pile bore hole air samples.
Conclusions:’
1) Since A8 has an odor recognition threshold of 5 ppbh

i1)

111)

and methyl mercaptan has odor at 2 parte per billion (ppb),
the levels found in the east waste pile bore holes indicate

that this waste pile is one probable source of odor.

The DSHA Standard for protection of workers from

H2S 1g 20 ppm (ceiling). Industrial Hygiene

monitoring (see Section IV) results for‘st above

the ground surface and iﬁ fhe brégthing zone were all
non—éetectable {less than 0.5 ppm for the 1/24/83 samples)
and document that the high HoS levels (up te 47,000 ppm)d

found in the bore holes during Phase 1 field work did not

present a hazard to worker or public health.

Methyl mercaptan was found at levels 100 times less

than HpS in bore holes and methyl mercaptan's OSHA safe
exposure level 1s 10 ppm (ceiling), half the R3S OSHA PEL.
Therefore, based on the HpS I.H. and bore hole monftoring
results in Phage I, we would expect to find above ground

levels of methyl mercaptan about 100th of the HsS level.
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Since H3S was not detécted at a .5 ppo detection limit
above ground, the nethjl,nercaptan would be well below

the OSHA PEL. An. I.W. ssmple collected in January 1983

*  ghowed no detectable wethyl mercaptan which supports this

" econclusion.

" Volatile Organic Chemicals:

s T A

The

resulés ;f the an;lf;is of the 30 bore hoié.a;r -imples
collected in August and September using the Tenax tubes were
invalidated due to high levels of contamination of field blank
quhiity ﬁssurance samples which show no or low level of
contamination. The contamination is believed -to be due to
improper seals on the sample tubes. 1In addition, high sulfur
content in some bore holes caused interference in the analysis.
The sample; will thereforelnot be discussed, since the

findings were not qualitatively or quantitatively reliable,

l.e. tﬁe results could have produced false positive
identifications. We promptly modified our methods and were able
to collect samples from 2 bore holes in January. The results of
the two bore hole air samples collected in January using the
aluminized mylar bag collection techniques will be discusgéd

and are shown on Table C.6.2; in Appendix 1I(b). Sample V:
Analytical Testing describes the sample collection methed in
great;r detail. The.results are in the parts per million. The
lower limit of detectiqn 1s 0.1 ppm for non—sulfur compounds

and 0.5 ppm for sulfur containing compounds.



AS-1 and AS-6 represent bore hole air samples
collected from deep below the surface. TI.H. is an
Iﬁdustrial Aygiene air sample collected 30 feet down wind

from the open bore hole AS-1.

Findings:

1)} Wo volatile organics were found in hore hole AS—6 located

adjacent to the chromium lagoon.

1i) No wvolatile organics were det;ctable at 0.] ppm detection
liﬁit in the industrial hygiene samples colle¢ted by
same bore hole alr sampling technique. These samples were
collected at a point located 30' downwind of the bore hole

sampled in the east waste pile (AS-1).

111) No priority pollutant volatile orgénics were detected in

any bore holes samples collected on 1/24/83.

iv) The bore hole gir sanmple collected in the east waste
pile (AS-1) showed a total of 64-103 ppm of volatile

organic chemical compounds.

v) Ninety five percent (952) of the total wvolatile organic
pollutant concentration in AS-] was attributabie to

reduced gulfur compounds or sulfur containing compounds.



vi)

vii)

viii)

'r_and 1.3 ppm, respectively.

© VI-11

Butanone and methyl furan were the only non-sulfur

containing compounds found in AS-1 at less than 1 PP

+

Field Blank Quality Assurance pamples showed contamination

with benzene, methylene chloride, toluene, acetone and ethyl

acetate in about the same ppm concentrations as levels of -

these compounds found in bore hole air saﬁples (see Table C.6.2).

"TUsing bags to collect bore hole air samples for we

- analysis is a rapid and effective tool for identifying

possible volatile emissions because interference problems are
reduced, multiple analysis can be performed on a eingle sample,
détection limits are sub ! ppm for most VWC's which is
sufficiént for bore hole air, and cross contamination is

nwininized.

Conclusions:

1)

11)

In the limited eampling to date, the volatile organic

chemicals found were reduced sulfur compounds that might

.produce odors at minute concentrations.

The limited results from the bore hole air samples have
identified no significant volarile organic chemical
deposits on the site but more data is needed to verify

these preliminary and meapger resulrs.
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INTRODUCTION

-fhe Phase I subsurface investigation at the Woburn Site included
a preliminary definition of the nature and extent of waste
deposits and contaminated socil and a preliminary evaluation of
ground-water conditiqns. The work was carried out by, or

uhder the supervision of geologist? from Roux Associates with
chemists, engineers and ; safety officer from Stauffer Chemical

" Company.

The waste deposit and soil investigation was carried out with
electrical conductivity surveying equipment, a backhece and an
auger drilling ané core sampling rig. Many scil and waste
samples were collected, described and‘chemically analyzed as

part of this pértion of the investigation.

. The ground-water conditions at and around the Site were evaluated
by installing fifteen observation wells, measuring water levels

and collecting and analyzing water samples.

The location of the Site is shown on Figure 1. The porticns of
the Site that were included in the subéurface investigation are
shown on Figure 2. Shaded areas on Figure 2 are either developed
or very shallow bedrock and were investigated where possible as

part of Phase I.
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The various methods of the Phase I subsurface investigation at’
the Woburn Site are described below. The results of these in-
vestigations, and the findings and conclusions drawn from the

results are given in subsequent sections.

METHODS OF INVESTIGATION

Conductivity Survey'

A preliminary screening cof the Site was undertaken using a
geophysical method known as induction conductivity. Induction
conductivity makes use of é device called a "non-earth-contacting
terrain conductivity meter", which utilizes the principle that the
electrical properties of various natural earth materials and

artificial fill (or waste) can be significantly different.

"It was expected that the individual types of waste material at

the Woburn Site would each have their own recognizeable and dis-
tinct conductivity range, and that this would permit the delineation
of these materialﬁ. At the ﬁery least, the waste materials were
expected to have a substantially different conductivity from
natural socils and rock at the S5ite. Thus, the conductivity survey
was intended to provide the initial screening of the Site and

help guide the boring and test pit programs to follow.
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A;sedond purpoéé of the conductivity survey was to give a very
thorough coverage of the Site to imsure that all buried waste
deposit; were located. This blanket covérage is not practical

with pits and borings alone.

The conductivity equipment used in Woburn was manufactured by'
Geonics, Lpd. of Mississauga, Ontario. Two types of terrain
conductivity meters were used: the one-man EM-31 and the twé-
man EM-34-3 (hereafter referred to as the EM~34). Both_the‘EM-Sl
and the EM-34 work in a similar fashion. A time-varying electro-
magnetic field is produced by a battery-powered transmitter which
(. in tgrn acté to_generate electrical eddy currents in any sgb-
o -surface conductors present. These eddy currents then serve as
the source of a secondary electromagnetic field, generally
90 degrees out of phase with the transmitter-generator (primary)
field. Since the secondafy field is cut of phase with the
primary field, it can be detecéed at the receiver. &t the low
frequencies used by the EM-31 and EM-34, the strength of the
secondary. field is directly proportibnal to terrain conductivity,

which allows the eguipment to display direct readings of apparent

conductivity.

The EM-31 was used for this project because its continuous~reading
capabilities allowed for a rapid identification and delineation of
high-conductance areas. The EM-34 was used to verify results

from the EM-3]1 and determine conductivities at greater depths than
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the EM;BI is capable of. fhe depth from whiéh conductivity data
can be gathered'is related tb éhe geometry cf the receiver and
transmifter coils. Since the EM-31 has a fixed intercoil
spacing, the conductivity data it collects corresponds to
conditions.within six to seven meters (20 to 23 feet) of the
surface. The EM-34 however, due to the flexible cable attaching
the transmitter and receiver coils, allows for chénges to be
made in its intercoil éeometry. The EM-34 can be used Qith a
‘10 meter, 20 meter, or 40 meter (30, 60 or 120 feet) intercoil
spacing. When both coils are held coplanar and vertical {called
the horizontal dipole moade), an effective depth of penetration
of 7.5 meters (22 feet) for the ten meter intercoil spacing is
'(- : obtained. Depth of penetrations of fifteen meters (45 feet) are
obtained in thg 20 meter interceil spacing, and up to 30 meters
(30 feet) penetration are obtained when the coils are 40 meters
epart. The coil geometry can also be changed so that both coils
"are lying horizontal (known as the vertical dipole mode) which
effectively doubles the depth of penetration possible for each

intercoil spacing.

The EM-31 and EM-34, like any electromagnetic eguipment, are
subject to interference. Scources of interference can be

numerous in developed areas, and may not.be easily avo;deq.
Interference may be caused by buildings, buried pipelines, metal
fences, railroad tracks, po;er lines and other large metal objects.

Their adverse effect on data quality can only be avoided by keeping

ROUX ASSOCIATES INC
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the equiément an appropriatg distance away ffomAfhe #ource of
iﬁ;gife;&nce.‘ The apprqpriate‘diétance.must be determined by _
the operator through past experience,.or'through on-site inter-
ferencegtésting in an area of knoyn terrain conductivity. |
#_secohd limitatioh that must be copsidered befofé iqterpretaéion
¢f results can be made is imposed by the local geocleogy. For
example,_since clay is a relatively good eleﬁtrical conductof, it
'can.mask ;he evidence of artificial (contamination-relétgd) £i1l1
at a particular location. The degree of understanding of tﬁe local
geclogy is, therefore, related to the deg;ee of-confidence of in-

terpretation of conductivity data.

The conductivity survey at the Woburn siﬁe was conducted on a
200-foot grid spacing. A tighter grid spacing was used in some
areas. The orientation of the grid lines was chosen to coincide
with the survey grid used on the two-foot contour-interval Woburn
Site base map. The conductivity measuring points were then plotted
on this map as the survey was being conducted. Altogether, over
640 conductivity measurements were made at approximately 460
locations, The conductivity measuring peoint locations are shown -

‘on Figure 3..

One of the stations was arbitrarily chosen as a startihg point and.
‘located in the field with the aid of the map, a compass, and a

tape measure. From this point, the other stations were located

ROUX ASSOCLATES NC
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ﬂ:i‘ough the use of a compass, optical tape measure, and the two-

foot contour-interval map.

The grid network was designed to cover the entire Site, as well

as portions beyond the Site, where possible, to allow for a con-

ductivity c¢ontrast to be cobserved. Certain areas could not be

included in the grid due to the presence of extensive sources of

interference.

The conductivity at each grid site was first measured by the EM-31.
These results indicated the need for a closer data spacing in
several portions of the Site. A series of continuous-reading
traverses were then conducted through these areas. This was dong

to better define the more complex zones, and to identify any

deposits that may have been missed previously.

The EM-34 was used primarily in the western portion of the Site,

as well as in land adjacent to the Woburn Landfill (west of the
Site) and the area south cof the Site near the chromium lagoons.

Due to the high water table and relatively shallow bedrock through-
out much of the Site, the ten-meter intercoil spacing was used for
both horizontal and vertical dipole readings with the EM-34. The
horizontal dipole data (with a 7.5 meter [22 ft.] de?th of
penetration) was used to verify déta-collected with the EM-31. The
vertical dipoie data (with-a 15-meter [45 ft.] depth of penetration)

was used to evaluate the possibility of deeper sources of contam-

ROUX ASSOCLATES INC
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ination, as well as to aid in the delineatioq of buried construction

materials.

Soil Bofihg Program

Fifty—é?ven soil borings were drilled on the Woburn Site between
July 27 and iugust 19, iBB2 by Parratt-wWolff, Inc. of East Syracuse,
 New York, under the supervision oftgéologists'from Rdﬁx Aésociates,
In addition, eight borings were completed for therair sampiing
program (ASl1-AS8). Boring leogs are included in Appendix IV. The

locations of the borings are shown on Figure 4.

The sites for the borings were located by the geclogists based on
}nformation obtained from the conductivity survey, historical
aerial photographs and an inspection of the surface. Borings were'
drilled primarily in areas where digging test pits with a backhoe
was not practical, such as_in developed areas where the surface
could not be significantly disturbed and in areas where it was
desirable to sample deeper than eight feet below the surface (the

depth limitation of the backhoe).

A truck-mounted hellow stem auge& rig was used to take continuous
cores until refusal was met or until natural deposits were encoun-
tered. Wheré several borings were placed close together, one
boring was advanced to réfusal and_fhe others were terminated

approximately ten feet into natural deposits.
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Split—spoon'core samplers were used to colle&ﬁ continuous samples.
The split—spoon'samplers were Ariven two feet at a time into un-
disturbéd sediments by a standard 140-1b. weight. The geologist
opened the spoon on a plaétic sheeﬁ, logged'thé core in detail,
and then rgmoved the sample from the split-spoon using vinyl
gloves and pla#tic spoons. The sample was-plaCed in & pre~cleaned,
wide-mouth guart jar qnder the supervision of a 'chemist. Cross~-
contamination was minimized by using 10 different split-#poon

samplers and thoroughly steam-cleaning each between samples.

after the 0-2 foot interval sample was collected, the hole was
advanced to two feet with power driven six-inch diameter hollow
stem auger flytes. The 2-4 foot interval was then sampled by
split-spoon. Cross-contamination within a2 hole is minimized as
samples are collected ahead of the auger flytes. The auger flytes
were steam-cleaned before moving from one area of the site to

" another to further avoid cross-contamination. In addition, to
prevent @ilution of any contaminants that might be present, water
was not used in the hole during drilling. After sampliﬁg was com-
pleted, the open hole was back-filled with the cuttings obtained
from the boring. The site was marked with a metal stake and flagging.

The location of each boring was surveyed and plotted on a site map.

At certain boring sites, it was determined that a piezometer might

be useful to measure water levels in the shallow sand and gravel

deposits. The piezometers consist of a 4.5-foot length of two-inch

- ROUX ASSOCIATES INC
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diameter:PVC slotted pipe with blank PVC riser pipe extending
aﬁoVe }qnd surface. The.fofmétion was allowed to collapse arcund
:hé.scréen'zéne and the remaining annular space was back-filled
with maieria} initially rémoved from the hole.

A téta; of eight piezometers were ;nstalled. 'Thé~elev;tion of a-
design#ted. measuring poiﬁt at the to;p of the PVC c_:as::.ng was de-
termined with respect to mean sea level. Water levels were
measured with an electric probe and steel tape to 1p.oi feet.

The locations ¢©f the piezometers are shown on Figure 5.

Air sampling holes, (ASl through AS6) wefe drilled in the same
manner as the borings. Continuous cores were ccllected and'logged
by the geclogist but no sediment samples‘were retained. After ‘
completion, each hole was left open and covered at land surface
with a plastic sheet. A stake was driven into the ground near

each boring to mark its locaticn. BAir sampling holes (AS-7 and
AS5-B) were drilled by using a hand auger since the drilling rig
could not get to these locations. 1In addition, borings B-31 and

B-32 were used as air monitoring peoints. 2ll air monitoring points

are shown on Figure 2.

Test Pit Program

A backhoe was used at the Woburn Site to dig 123 test pits. All

pits were dug between August 26 and September 9, 1982 by Warren

ROUX ASSOCIATES INC
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CUmmingslof Woburn, Mass;chusetts, under,the'sﬁpérvigion of geo-

log¥st§}from_Roux Associates. A$ with the soil borings, test pi@

locatiéps ﬁére selected by examination of historical aerial

pﬁotogrgéhs,_the conductivity data, surface deposité, and the
_ sbi} bbrings. The locations of the test pits are shown on

Figure 4.

Each test'ﬁit was dug to the limit of the backhoe (about 8 féet
below land surface) , to refusal (bedrock) or when collapse occcur-
red due to intersection with the water table. Test pits allowed
the geologist to view the shallow stratigraphy.and could be dug
at a faster rate than the soil borings. BHowever, this method was
limited to a maximum depth of about 8 feet below land surfaﬁe

and to areas where the surface could be disturbed.

Each individual test pit was excavated in steps allowing the
geclogist to accurately describe the deposits and obtain represen-
tative samples by hand. When the pits were more than five feet
deep, samgles were collected without the need for the geologist

t0o enter the trench by using a steel trowel attached to the end

of 2 long rod. The area of the wall of the trench where the sample
was to be taken was scraped to remove any sediments that had been

in contact with the backhoe. ‘The depth to each sampling iocation
was measured. Each sample collected by the geologist was immediate-

ly delivered to the chemist at the site for labeling and

{.
A

preservation.

ROUX ASSOCLATES INC
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After the sampling from each test pit was comﬁléted, it was back-
filled with thelmaterial that had been removed from it. All
sampling implements were either disposed of or cleaned ﬁhoroughly
in distilled water. The backhoe i£self was'stéam—cleaned between .

sampling areas and at the end of each workirng day.
The location of each test pit was plotted on a map and a stake
was left ét the location in the field. The location of each

individual pit was surveyed and located on the site base map.

Observation‘Well Installation

All cobservation wells were installeé between August 10 and

September 22, 1982 by Domestic Wells, Inc. of Bolton, Massachusetts.

"

Well drilling and installation were supervised by a geologist
from RouXx Associates. A truck-mounted combination air/mud rotary
rig was used at all sites. Two types of wells were installed;

’ sand/gravel wells and rock wells. The rock wells are simply an
open hole cased off from the overburden, whereas the sand/gravel
weélls are constructed with a PVC screen (slotted pipe) énd casing.
The PVC casing is.protected at the surface by an outer steel casing
with a locking cover. The locatiéns of the observation wells are
shown on Figures 4 and 5. Well construction data are given in

Table 1.

; In areas where the saturated thickness of the sand and gravel

i deposits was greater than ten feet, a sand/gravel well was installed.

- ROUX ASSOCIATES INC



Table 1 - Well Construction Data

Well Number Well Type

1)
2)

OoWw-1 Rock
ow-1a Sand
ow-2 ' Rock
OW-13 Rock
Ow-4 Rock
OW-5 Sand
oW-6 Sand
ow-1 Sand
OW-8 Rock
OowW-9 Rock
ow-19 Sand
ow-11 Sand
OW=-12 Sand
" OwW-13 Sand
ow-14. Sand
Piezometer
B-1 Sand
B-4 Sand
B-6 Sand
B-12 Sand
B-27 Sand
B-41 Sand
AS-5 Sand
. TP-6 Sand

Feet below land surface, length of open hole in rock wells
Feet with respect to mean sea level

Screen Zone 1)

Elevation of
Measuring Point 2)

24-108
5-25
16-100
25-83
25-44
9-49
6-16
6-~36
9-100
28-123
2.5-32.5
2-42
12-52
‘8.5-33.5
5-50

5-9.5
9-13.5
7.5-12
7-11.5
20.5-25
7.5~12
9-13.5

80.32
19.72

128.02

74.76
71.54
68.08
62.67
57.88
68.85
68.88
64.63
71.22
63.74
64.99
65.54

74.80
74.15
77.02
75.00
64.73
66.77
68.23
67.79

72,71

72.59
106.67
66.06
62.73
58.84
53.52
50.67

51.87,

57.87
58.70

66.76

55.71
58.90
57.30

63.64
67.13
68.94

69.81 .

56.01

59.66

57.01

62.27

Elevation of Water Tahle >2}
9/22/82

10/27/82 - 1/12/83
72.68 - 72.64
* 72,55 - . 72.78
116.18 116.83
66.56 66.99
63.85 64.80
. 58.88 59.10
53,73 54.02
50.84 51.18
51,86 . 51.93
58.27 58.38
59.92 59,03
66.72 67.07
55.75 56.24
59.01 59.20,
57.38 57.59
64.20 64.50
67.35 67.71
69.44 .70.12
70.00 70.43
56.37 56.70
60.14 60.18
58,05 58,45
62.69 62.90
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Whére rock wﬁs close to or at the Surface, a bediock well was
drilled. In two piacés, both rock and sand/gravel wells were
détermined to be necessary. A cluster well system, OW-1 (rock)
and OW-1A (band/gravel) was installed at siteilJ North of the
chrome lagoons, OW-8 (rock) and OW-14 (sand/gravel) are located
in the same area about 200 feet apart. The réqk and sand/gravel
wells were installed in two different manners described in the

following sections.

Rock Wells

Six rock wells were installed at the Woburn Site: For these wells, a
thirteen=-inch roller bit was used tp drill through the unconsolidated
materials and five feet into solid bedrock. Six-inch diameter

steel césing was set in the hole allowing for a one~foot stick-up
above land surface. The steel casing was used to seal off any

ground water in the unconsolidated deposits and to prevent collapse.
.This assures that representative ground-water samples from the
bedrock can be cobtained. The annular space around the casing was
pressure-grouted with a cement/bentonite slurry to land surface.

The inside of the steel casing was then flushed out with clean

water to remove any drilling fluids and sediment.

After the steel c¢asing had set in the hole, a six-inch diameter
pneumatic hammer was used to drill to the desired depth in the rock.

Drilling continued until water-bearing fractures were encountered
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or to at least eighty feet into rock if no suth fractures were
’ foqqé.- A geologist logged the rock fragments coming from the

hole aS:the‘drilling progressed. Well logs are given in Appendix IV.

I

‘No casgsg‘was set in the. hole since the rock is dense enough to
allow the hole to stay open indefinitely. After-the yell_was-
finished, a metal plate with a hasp was welded to the top of the
steel casiﬁg allowing the well to be locked, All six rock wells
were purged immediately after installation by a submeréiple pump.
Each well was pumped until ten times the volume of water sténding
in the open hole was removed (OW-3 and 0W74) or-until it went

dry (OW-l1, OW-2, OW-8 and OW=9).

A designated measuring point on top of each well casing was
leveled in with respect to mean sea level. Water levels in all
wells were measured on three occasions to +0.01 feet by an

electric prcbe and measuring tabe.

Sand/Gravel Wells

Nine (9) sand/gravel wells were installed for this investigation.
These wells are screened in the saturated, unconsolidated deposits
and to five feet into solid bedrock. All borings in sand/gravel
were drilled by the mud rotary method using Revert and/or benton-
ite and water from the municipal supply system as drilling fluid

additives.
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In construéting these wells, an eight-inch roller bit was used

to dri}l throuéh the unconsolidated section aﬁd five fee£ inte
'sclid bedrock. After the hole was drilied, the geologist selected.
tge approp;iate length of four-inch diameter ?vc slotted pipe '
(screeni to be used. The entire'saturated thickness of the'sand
and gravel aguifer was screened. Threaded, four-inch, blank PVC
casing was used in the unsaturated sections, ailawing for a
one-—foot-stickup above land surface.

The screen zone was packed with clean silica sand of a suitable
grade for the slot sizeé {.010-inch openings). A seai of
bentonite pellets was placed immediately above the sand pack and
the remaining annular space was pressure-grouted to about three
feet below land surface with a cement-bentonite mixture. A cement
seal was poured in the remaining few feet to land surface and a
protective steel standpipe with a2 lock was uéed to protect each

well.

The sand/gravel wells were developed in two steps. Thé firét step
consisted of surging and pumping the well with air. This process
removes fluids introduced during drilling and much of the fine
sediment from the formation around the scréen, thus allowing a
free flow of water from the aguifer into the well. The second
step of the development process consisted of pumping with a sub-

mersible pump to remove at least ten times the volume of water
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ccntained in the casing and sand pack. This step insures that all
ae;etedeate; and/or water introduced during drilling has been

vt removed. :

5£ — o Ground;ﬁeter.Sampling .
| Ground-water samples were collected from the OW series of welis

on September 27 and September 29, 1982. Immediately prior to
sampling, each well was purged by pumping it dry or by removing
from five to ten casing volumes of water. The submersible pump
used for purging was thoroughly rinsed and steam-cleaned between
wells, - | |

(& Samples were collected by Roux Associatee personnel with a etain- ‘

less steel bailer. Prior to sampling each well, the bailer was.

thoroughly washed with tap water and rinsed three times in

distilled water. In addition, the first three bailer volumes

removed from the well were discarded. All sampling gloves, bailer

cord, etc. were changed between wells.



VII <. 16

.

HYDROGEOLOGY

Geologic deposits in the study area can be diéided into_groups
or units based on sediment character, origiﬁ and permeability.

differeﬁces. From oldest (deepest) to youngest (shallowest) ,

fhey are:
Unit-D - Mafic bedrock
Unit € - Poorly sorted to unscrted mixture of clay,
silt, sand and gravel |
Unit B - Fine to ﬁedium sands with finer and coarser
' (, layers and peat
(; , Unit 2 - Miscellaneous artificial £fill deposits

From north to south, four geclogic cross sections have been com-
piled, each crossing the Site in an east—weét direction {Figures
6-9}. The locations of these sections are shown on Figure 4. The
cldest deposit in the study area, the bedrock {(Unit D) will be
discussed first, followed in succession by the younger,runconf

solidated depogits of Units C, B and A.

Unit D
Woburn is located on the Eastern Avalonian Platform cof the Northern

Appalachian Mountain System. The area has been suﬁject to several

-~
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mpuntain‘buildihg or defo?matignal_events that 6dcurfed more
‘ thgq.znnjm;ll;on years ago. Whaf is observed today in the bedroék
are reﬁnantg‘oi these.tectnnic;evenﬁs- The.area.o£~inyest;gatlnn
is located between the North Boundary and Blood Bluff fault zones -
'whlch dlv1de the greater Boston area into a series of northeast .
trendlng blocks. These blocks are in turn dissected by north-
south trending faults, one of which has controlled the location
of the Abefjona River Valley. The deformation asscciated wiéh

faulting caused a suture and a weakening of the bedrock, paving

the way for preferential weathering along this plane of weakness.

The bedrock at the Site is the Salem Gabbro-Dicrite (Baresh, et al
; 1977) which has been radiometrically dated as late Middle Ordo-
vician (approximately 450 million years old). At the northern
portions of the site, bedrock is exposed as knobgs and ridges
throughout (Figures 6 and 7). Towards the south where the
Aberjona River Valley is more p}oncunced, bedrock occurs as knobs

rising rapidly from the valley tc the east and west (Figure 9).

Where fresh, the dominant rock type is & gray gabbro that consists
of mafic minerals (pyroxene and/or hornblende) and ?lagioclase
'feldspar, with minor bictite and pyrite cubes. This rock is

massive in appearance and has a fine to medium grained texture.

In outcrop, the bedrock weathers chalky with a green or gray

([ tinge. The rock is dissected by numerous fractures, many of

ROUX ASSOCIATES INC
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which are filled with white or pink gquartz, iayers of green
rock are common and show phyllitié partings. This compositional
banding as well as a pronounced foliation, give the rock a

gneissic texture.

The green bands or layers are much softer and are highly fractured.
They consist of epidote, chlorite, muscovite ana:plagioclase. The
contact between the massive gray rock and the green layers is very

irregular and often fractured.

The permeability of bedrock is dependent upon the occurrence of
joints and faults and the extent of weathering. The extent of
weathering of the bedrock in this area is minimal because the !
rock is very dense and tends to resist weathering and because geo-
logically recent glaciatiop has abraded the surface and removed

the loose rock that may have been present. Permeability,

" therefore, is dependent upon fractures that have been develcped

in response to volume changes, or to externally applied forces
such as those that produce faulting. 1In general, these joiht

and fault openingé decrease markedly with depth.

Overall, the bedrock appears to be massive at topographic highs
{oW-2) and fractured/jointed in lower areas (OW-9). The gray
massive phase of the bedrock, where dominant, is unfractured.
Thin (less than one foot) éuartz veins appear to fill any

fractures.
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At OW-1 and OW-B, the gray rock alternated with zones of softer,
green rock. However, no major water bearing fractures wére .
encounté:ed'at thoserlocatioﬁs._ At OW—i, a very soft zone {non-

water béaring) was encountered between 96 and 106 feet below land:

_ sﬁrgace. 'This is believed to be a gouge or finely abraded material

that occurs along the wall of a fault. Wells OW-1, OW-2 and

OW-8 went dry during pumping and recovered at less than 0.1 gpm

(gallons per minute).

2t OW-8 the rock was very fractured at the top andéd became massive
with depth. Though fractures were abundant, they were filled

with guartz and yielded less than one gpm to the well.

At OW-3, the massive gray rock was present the length of the
hole. However, at approximately 83 feet below land surface, a
thin fracture partially filled with rosy guartz, yielded three

gpm.

The. rock quarrying operation has facilitated the development of
fractures in the area where OW-4 is located. Fractures filled
with guartz have been reopened by the blasting operations. OW-4

yielded greater than 15 gpm during development.

In summary, the bedrock of Unit D,'even though fractured at many

locatiens, generally'has a very low permeability. Many fractures

ROUX ASSOCIATES INC
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are filled‘with quar#z and.the open, water—Béaring fractures,

gucﬁ as found at OW-3 and OW-4; mﬁy ﬁe localized and not connected
to other fractures in the area. Thus, the bedrock cannot be
considered a significant aguifer far industrialland/or municipal
water supply in this area.

Unit C

Unit C was formed during the last glacial period (12,000 years
age) when glaciers in the Aberjona River Valley stopped advancing.
Initially, the glacial ice mass had widened the existing bedréck
valley by plucking blocks of rock and abrading the wvalley walls.
As the glaciler advanced over the land surface, it picked up

sediment. However, when the rate of advance egualed the rate .

.r'?_\

of retreat, the sediment it had picked up was deposited in
conveyor belt-like fashion. Thus, Unit C consists of unsorted

sediments showing & high variability in grain sizes.

Unit C can be designated a till which mantles the irregular
surface of the bedrock. Till is exposed at the surfacerwﬁere
bedrock is close to the surface (Figure 9). The till was fouhd
to be twelve feet thick as a maximun. It is thin at the sides of
the valley (OW-13 and OW-14), and is absent near the center of

the valley (OW-12) where it was probably-sgoured away by currents.

The till can be divided into three distinct types in the study

antad

area. Immediately overlying the bedrock is a gray-cclored non-

ROUX ASSOCILATES INC
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sorted mlxture of partlcles ranglng ‘in cize from clay t¢ boulders.
Exam;natlon of the coarser particles indicates that this till was
de:;vedjlpcally as rock fragments of the bedrock are found ex—

clusively. Above this layer is an assemblage of mafic bedrock

' and quartz cobbles and boulders in a greenish-gray clayey matrix.

The rock fragments are exclusively of Unit D and are partially

weathered. This layer is generally thin (less than 4 feet in

thickness)land_may represent a weathered part of the till beiow
it.- Overlying these deposits in a fewriso;ated areas is a

brown, medium toc coarse sand with boulders and cobbles of
lithologies exotic to the immediate area (such as granite, schist

and gneiss).

Regardless of type, Unit C has a very low permeability due to the
variable sizes, poor sorting and tight packing of the individual
grains. In the core sampies, the till is observed to be moist -
or dry, even though overlying sands (Unit B) are saturated. In

a number of test pits, a small amount (0.1l gpm) of water was
observed perched above clayey parts of the till, demonstrating
that the till layer inhibits the downward movement of water to

the bedrock.

Unit B
Overlying Unit C are younger deposits of glacic~fluvial origin

called outwash. These were formed by meltwaters from the
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retreating Qlacier.which sorted sediments preﬁiously carried and
deposited by thé ice. Therefore, these deposits contain sediments
i '_ having more uniform grain sizes and are more permeable than till

- - deposits.

The contact between the till and outwash is easy to see because of
color and sedimentological differences. Moreovérﬁ the outwash
deposité below the water table are saturated, while the underlying

till appears dry and is much denser.

Unit B is either very thin or absent where bedrock is close to
the surface, but reaches a maximum observed thickness of 42 feet
near the center of valley (OW-12}. This unit consists of a
series of graded sand beds that vary in thickness from four to

twelve feet. From the top to the base, each graded bed consists of:

~ Medium to coarse sand with granules and pebbles
50% guartz, 30% rock fragments (schist, gneiss,
granite, mafic rock, etc.) and 20% feldspar,
muscovite ahd dark minerals.

- Fine to medium sand; well-sﬁrted: quartzose;
10 to 20% feldspar, muscovite, dark minerals and
rock fragments.

- Silty fine sand; quartzose: 10 to 15% muscovite:

( finely laminated; disseminated organic material.
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Based on the uniform s:zes, deqree of sortlng and loose packing of
the 1n61v1dual grains, Uﬂit B has a hlgh permeab:lity * The sand/
grgvel observation wells .are screened in this unit and have high_
yields.? fhe_piezometefs-aré'screéned in thinner deposits of

_Unit B whlch occur toward the fringe of the Aberjcna River Valley.
Where the sands and gravels of Unit B are thick, they can serve as

a water supply aguifer.

!

At OW—B,_twelverfeet of sandy deposits were found to o§e;11e 36 feet
of a gray clayey silt resting on bedrock. During the time ﬁelt—
waters were active in the valley transporting and depositing sands
of Unit B, a body of standing water existed in the area of OW-6.

-~ Finer clay and silt-sized particles settled ocut of susPensidn.
Coarser sand particles and gravel are foﬁnd in places embedded

in the clayey silt. Due to the fine grain sizes and cohesiveness,

this deposit is of very low permeability.

Overlying the outwash deposits in part of the Site are peat deposits.
Peat consists of partially decomposed organic matter such as |
mosses, tfees and other flora that flourish in marshes and wetlands.
Peat deposits have been covered by man-made fills on the Site.
‘Marshy areas still exist within the Site suggesting that these
conditions have persisted at various locations for the paét 10,000
years. |

The peat deposits have been considered part of Unit B, even though

ROUX ASSOCIATES INC
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they are yéunger.- In places, Peat can be seeﬁ'interlayered with
sand as the coﬂtaét bétween the tﬁo deposits is gradational.
Peat wa.s encountered in many borings and test pits. At OW-5,
'1i.5 feet Bi brown peﬁt was presegt beneath a thin veneer of
£ill and a#ove the sands of Unit B. Peat deposits generally
h;ve a high pérosity, but a low permeability because water is

tied up by molecular attraction.

Unit A

Unit A consists of a heterogeneous assemblage of artificial fills
and is present throughout the site and industrial complex to the
south. The waste deposits on the Site, which are part of this

unit, are discussed in later sections cof this report.

On the portion of the Site east of Commerce Way, Unit A is a

coarse regolith that mantles the natural deposits of Units B,

C and D. This regolith consists of gravel and coarse sand anc is
éssentially reworked and redistributed till. Piles of this material,
which was used for road beds in the area, are found thfoughout this

part of the Site.

Within the industrial complex south of theISite, the thickness of
£i11 deposits averages from approximately two to four feet and are
sandy. Even though it is poorly sorted in places, its loose con-
sistency readily allows percolation of water to Unit B and to the

water table.

ROUX ASSOCIATES INC
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SOIL AND WASTE INVESTIGATION

" An impoftant part of the Phase I investigation was the charactexr-.

ization: fof' waste types on the Site and determination, af the volumes.

‘and dlstrlbutlons of the various wastes identified. To accomplish

'th;s, the follow;ng tasks were undertaken: an eqrth conductivity-

survey, test pit and test boring programs, and a séil-kample analysis
program. These ﬁasks are described in detail in the methods of
investigatiSn section of this report. The waste typeé épd dis-
tributions at the Site, based on the interpretation of the results

of these tasks, are described below.

Conductivity Survqy Results

The purposes of the conductivity survey were to help locate optimum,
sites for pits and borings, and to help insure that the entire site
had been surveyed and no waste deposits were missed. A descfiption
of the conductivity eguipment and its operation is included in the

methods ¢f investigation section.

To provide the control necessary to make the initial interpretation
of the conductivity data, measurements were made in areas where sub-
surface conditions could be determined from the surface. These
control measurements were made on the large hide residue piles,
bedrock outcrops, the Arsenic Pit, piles of construction debris,
wetlands and in the area east of Commerce Way where no waste

materials were visible. There were, however, no boring or test
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pit logs or analytical results from soil samples for the initial

conductivity interpretation.

' The conductivity survey was based on a 200~foat gzid system

(Figure 3). A reading from at least one and freguently both

instruments was made at all of the accessible'grid points. 1In
addition, continuous readings were made with the EM-31 along

traverse lines through'éritical areas. Some EM~3]1 readings be-

-tween grid points are shown on Figure 1ll. In many cases, however,

the operator simply noted the changes in readings as he walked
without recording them. In this way, it was determined that no

waste deposits were missed by the survey.

For the purpcses of defining areas containing waste materials
and contaminated soil, the EM-31 and EM-34 (H) (Horizontal dipole

mode} data proved to be the most useful. EM=34 (V) (vertical

_dipole mode} data reflects deeper conditions and was not used to

locate waste deposits.

Based on the control points established, the experience of the
operator at other sites, and a comparison of conductivity

results between the two instruments, the initial conductivity

results between the two instruments, the initial conductivity

interpretation was made. This interpretation divided the site
into six classifications based on conductivity: 1) bedrock and

clean, nonconductive soil, 2) contaminated ground water, 3}
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solid wasfe, 4) hide residue, ' 5) ‘construction debris containing

metal objects and 6) areas where there was 1nterference and con-

shown on Pigure 10.

.

This prel;minary interpretat;on was used to help guide the Phase I

bor;ng and test pit d;gglng program. ~Borings and test pits were
located in all of the different areas defined by the conductivity
survey. Also, an attempt was made +to evaluate the accuracy of the
conductivity area limits by locating pits and borings oﬁ poth sides

of various boundaries.

After completion of the Phase I soil sampling and analysis program,
the conductivity data were reinterpreted. The reinterpretation
indicated that it is not possible to distinguish as many categories
of site conditjons and waste tyﬁes as are shown on Figure 10. It
was found that the EM-31 and EM-34 (H) data could be combined
and divided into three ranges that represented site conditions
guite accurately. These catagories are, in mmho/m:

less than 10 - uncontaminated {(background)

Setween 10 and 50 - contaminated soil or ground water,

or thin waste deposit

greater than 50 - waste deposit

The areas defined by these three conductivity ranges are illustrated

ROUX ASSOCLATES INC
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on FPigure 1;.' The effectiveness of the conductivity eguipment
'%5:~a "~ in identifying wgsté deposits is evident when the figures showing
s6il and waste sample analytical results (next section) are

compared to Figure 1l. IR

%5[?2" fiéure 11 sﬁdws that a large portion (32 acrés} of the site

' (east of Commerce Way) contains natural sediment; and rock with
no waste materials. The one exception is a small ;rea directly
north of the site trailer which was initially thought to be buried
waéte, but has subseqguently been determined to be shallow cqntam-'
inated ground water from the hide residue burial area to the west.
This hide residue burial area is guite clearly defined by the

- conductivity, as are the twe hide residue and waste material stock-

C“_ piles in the northern portion of the Site.

The portion of the Site that has been developed and is not a

" part of the investigation could not be surveyed with the conductivity
eguipment because of interference. 1In addition, portions of the

Site that contain metallic construction debris, steel fences,
railroad tracks, etc. could not be surveyed with the conductivity

equipment. These areas are shown on Figure 2.

The conductivity survey has provided a useful tool in guiding the
boring and test pit program and has substantiated the location of
waste materials as defined by analyses of soil samples. The con-

ductivity survey has also helped to demonstrate areas containing

L ’r-—\

wastes have not been overlcoked.

ROUX ASSOCLATES INC
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5011 and Waste Analytlcal Results

‘Both the selectlon of approprlate remedial measures and the

apport;onment of their costs as provided for in the consent order,
i;;iLr' “'require that the extent and,types of wastes and contamirated soil
v at the Szte be defined. To acCOmpllsh this, samples of the waste

materxals and ‘s0il were collected and analyzed. . ' ’ .

For the Phase I soil and waste sampling survey, 462 samples from
53 boreholes and 115 test pits were collected. Of these 204
were-analyZea for selected metals. The metals analyzed for were
antimonyf arsenic, barium, berylium, cadmium, chromium, copper,

lead, mercury, nickel, thallium, silver, selenium, and zinc.

e

{Arsenic is grouped with the metals because of its similar

(- environmental properties, but ié technically a semi-conductor and
not a metal). In addition, the following analyses of sediments

were obtained,.zl from Janpet, 7 from EPA/DEQE, 7 from earlier Stauf-
fer work and 15 from Boston Edison. The results of all of the analy-

ses are given in Appendix II of this report.

In tﬁe test borings, continuous cores were taken thrgugh the fill

and into natural deposits. All éplit-spoon samples cocllected were
retained. The geclogists selected the samples that would be analyé-
ed based on célor, odor and texture, since these physical character-
istics separated the fill deposits from underlying, natural geoclogic
dePosits. The geclogists seiected at least one scil sample for anaiy-

sis from each of the variations in color and texture, so that every £ill

P



N

VII - 30

sample having a different color and texture would be analyzed.

" In addition, saﬁbles collected in natural depoéits beneath the

£ill deposits were retained and some were selected for analysis.

‘The geologists had greater visibility of subsurface f£ill deposits

in the test pits. Samples were selected to represent all differ-

ent deposits encountered in a test pit. In additibn, samples of

natural materials were collected below the fills or where they

were exposed at the surface.

The results of the soil and waste analyses for heavy metals show
that while all of the metals analyzed for except berylium, are
present at 100 ppm in at least one location, six (arsenic, barium,’
chromium, copper, lead and zinc) are by far the predominant species,

Mercury, found at a relatively few locations, may be of concern,

The distributions of the various metals identified in the seoil and
wastes over the area of investigation are shown on Figures 12
through 24 and give an unbiased, general view of the distribution

of each metal to the extent that the Phase I data has defined it.

Arsenic and lead, because of their concentrations and widespread dis-
tribution on the Site, have been further defined on Figure 25.

This figure illustrates the distribution of arsenic and/or lead
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in two ranges, 100~ 1000 ppm and greater than 1000 ppm. The shaded

- areas representing these ranges were constructed by tlghtly con—'
F tourlng the points of known concentration and thus represent |
‘ approximate minimum areas where these metals are present at the
;;,;ijik'.:eporteﬁ cnncgntrat;ongn:T
The total area cof the Site is approximately 250 acres. Half of
this area consists of shallow bedrock and buildings. Of the
femaining ;25 acres, 32 acres east of Commerce Way do nnt con-
tain waste materials and require no further soil sampling. Com-
bining the arsenic and lead data and elimtnatiné overlapping
areas, there are 22 acres containing arsenic and/or lead at
concentrations greater than 1000 ppm and an additional 13 antes

greater than 100 ppm (Figure 25}.

Figure 26 shows the distribution of chromium at the Site in
the same manner that Figure 25 showed lead and arsenic. Five
acres contain chromium concentrations greater than 1000 ppm and

another 5 acres greater than 100 ppm.

The distribution of the other widely distributed speéies of metals’
found at the Site, (barium, copper and zinc), can be seen on
Figures‘ls, 17 and 19. A contour map ¢f zinc and copper céncentra—
tions is shown on Figure 27. This figure shows that all of the
area that contains these metals also contain arsenic, lead and

i" . chromium. Mercury, on the other hand, is not widely distributed,

ROUX ASSOCLATES INC
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but is found in several areas not containing the more common metals

. (Figure 18).

kot

fh;ﬂﬁhickneéées of waste materials and soil containing arsenic,

~lead and chromium is less certain than the areal extent, although

"théy'generally range from 1 to 5 feet below grade. Table 2 shows

a comparison of concentrations of chromium, lead and arsenic at

various depths in all pits and borings where samples were collect

ed and analyzed at more than one depﬁh. This table shows that

while concentrations decrease with depth in many cases, there are
also a significant number where the reverse is trué. This second
case reflects the areas where clean f£fill was placed over waste
materials. In all of the borings and many of the test pits, however,
natural sediments were identified‘ﬁnder ﬁhe waste materials. Scoil
samples were collected and analyzed from these natural sediments

at several locations and were found to contain background concen-

trations of metals.

In a@dition to the metals, hide residues, because of odor problems,

are a waste product of concern at the Woburn Site. Hide residues

are readily identified in the field because of their color and odor
and chemical analyses are not necessary for defining extent. The
Phase I investigation has defined areas containing hide residues which

are eight acres in extent. These are shown on Figure 28. The
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Table 2 - Comparison'of chromium, lead and arsenic in borings and test

pits where twoc or more samples taken at different depths were analyzed

Location

B-9
Bfajf

B-12
B-12
B-13
B-13

B-14
B-14

B-15
B-15

B-21
B-21

SOIL ANALYSIS (in ppm)

Chromium ‘Lead Arsenic Depth (ft.)
637 . 86 118 1 -
6 - 12 3
7. ¢ _s803 1026 1
7 ' 11 - 9
409 525 194 - .25 -
161 - 503 281 5
112 1837 235 1
16 212 289 3
20 2143 296 5
‘19 2062 237 6.4
11 12 1215 5.5
1 13 210 9.5
4956 196 BS 7
216 8 5 8.9
42 12 5 14.65
1753 445 237 1
36 207 95 3
- 131 12 5
6 866 11 1
16 3800 15 7
4090 555 64 5
51 45 71 21
830 126 9 3.5
1170 149 8 9. 85
688 156 6 5
1619 385 6 7
12 70 11 3
17 26 7 5,75
23 108 - 1
22 15 3 6.35
42 2857 1122 1
36 1152 133 2.35



Page 2 of Table 2

SOIL ANALYSIS (in ppm)

: Location . Chromium Lead ‘Arsenic Depth (ft.)
= B-36 .10 " 4660 1262 1
= B-36 ) - 5849 : 1321 3
3 B=36 : 5 343 1944 5
£ _B=36 . o 14 . 123 858 7
5 B-37 - - 540 1500 3
) - B-37 . 48 1944 204 9
e T AL S S T
=TT glge T T 1 1010 19 1
B-40 7 5 - 3
B-40 7 6 -. 5
B-41 - 25 465 101 1
B-41 28 570 250 3
B-42 , 131 1616 93 1
B-42 - 5243 814 3
B-43 63 g4 20 1
B-43 13 7476 1845 3
B-43 v 52 190 5
- B-44 18 51 14 1
&  Be44 . : 11 .ol 6 7
B-49 .6 4950 881 .3
B-49 27 606 21 .5
B-50 15 ' 190 19 1
B-50 21 10 - 2.65
B-52 6 5 9 5
B-52 7 5 10 11
B-54 110 140 ) 1
B-54 . 33 ) 5 3 11
" B-55 12 8200 6 B0 1
B-55 22 871 782 5
B-55 , 19 27 73 11
T-2 51 4694 2755 1.5
T2 22 7071 8081 5.5
T4 - 26699 1748 .5
T4 .29 417 204 4.5
{ T-9 28 165 23 3.5
: T-9 22 25 7 4.5



Page 3 of Table 2 - .

SOIL ANALYSIS (in ppm)

Location ' Chromium ~“Lead Arsenic Depth [ft.)
T-10 45444 . 227 . 1o Unknown
T-10 - . 15481 " 396 8 10
T-12°° = . 248 ' 30 . 7 L7
=12 s . .-, - 3 o 1o 45
16 Sooiili12121 - 253 - 2 -
T-16 . . %4 I - . = 50 ~ Unknown
IR 35T AR 15 - 1881 o783 . 3 (2-) T .
T-17 S - " 10400 1100 3.5 (3-4)
T-17 - 104 1832 - 238 Unknown
T-29 : 49 2353 53 3
"T-29 | 29 98 5882 4
T-31 - S U110 320 175 2.5
T-31 12 5100 2050 4
T-45 o 16000 2600 8 5.2
T-45 5 5579 . 928 g
T-63 37 888 1633 1
T-63 - 22222 5556 2.55
T_73 '7 - ) 3 .7 ]
T-73 - - 3 1
T-85 .15 1576 675 2
T-85 - 158 594 5.5
T-89 l9g -1980 941 2.7
T-89 g2 7475 1414 7.2
T-95 303 1313 727 .85
T-95 13 149 12 1.75
T-95 - _ 949 424 101 4.1
T-107 - 1500 290 1.8
T-107 - 567 639 2.8
T-110 . 28 810 500 1
T-110 18 ' 1lo 5 Unknown (0.7-1.8
T-112 347 412 48 2.4
T-112 2200 - 480 75 3.5
T-113 . 4343 8788 14141 1.5
T-113 | 7 160 17000 4.5
T-114 | 7 55 12 1

T-114 21 4200 2400 1.5
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thicknesses of these deposits range from a few féet to about 8
feet below land surface and, in the waste piles, up to 40 feet

above grade. . -

The southern hide residve area shown on Figure 2B is where the
hide residues were originally buried during the.giue plant's
operation. This area contains primarily hide reéiﬁues and
pssociated-chromium; The northern waste pile area is a stock-
pile of wastes that was deposited by the Site developers during
constructicn. This waste plle is composed of a eomingled vériety
of materials, including hide residues, arsenic, and leaa. There
are also two areas that are suspected of containing hide residues
that were not investigated during Phase I and are shown on
Figure 27. Both of these sites contain stockpiled wastes and

may contain a variety of substances in addition to hide residues.

ﬁn attempt was made in the Phase I survey to correlate various
physical-characteristics of samples with their chemical
coﬁposition.- Details of dominant and subordinant sediment,
texture, color and odor were recorded for each sample and coded

into the computer printout. The results are shown in Appendix II.

The coding system failed to establish a visual method of dis-

tinguishing between the various metals at the Site. However, some
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_generalizat;ons based on color and texture can be made. ~Initially,
a fHIl deposit.with a rad colar'was thought to be indicative of
hlgh Iead concentrat;ans. This has held true, though arsenxc.

barlum, copper and z;nc were almost as abundant in red-colored

fill deposits. In add;tion, trace metals at the Site includ;ng
'antlmony, cadmlum, nickel, silver and thallium are found at greater

than 100 ppm levels in red-cclored deposits.

The éray of Ghité colored deposits associated with what has been
referred to as the Arsenic Pit, not only reflected high arsenic
concentrations, but in most cases contained even higher concen-
t;ations of lead, zinc, copper and barium. A black color, when
associated with hide residues, ﬁas thoeught to reflect higher
chromium concentrations. However, as previously mentioned, the
reworked hide residue pile at the northern end df the Site con-
tains other metals as well (arsenic, barium, lead, copper and

zinec).

Defiﬁing specific wastes based on the dominant and subordiﬁate
textures of the sediment grains, ﬁas also not a total success.
When a fill containing artificial components, such as demclition
debris, was aﬁalyzed, arsenic, lead, copper, barium and zinc were
usually abundant. However, théese mefals, as wéll as chromium,
were found in abundance in déposits ranging in texture from coarse

( : to clay. ‘ -

ROUX ASSOCIATES INC
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A f£fill depoéit of certain cclors (red, gray, white and orange)

and comprised of artificial components, such as construction

_ debris, contained high concentrations of bariuh{ copper; lead

ané zinc, as opposed to chromiuvm, Chromium'deﬁosits generally
'occu¥ inaepgndently of ﬁhe bther metals, thohgh the other dominant
metals, arsenic, lead, copper, zinc, have been admixed where
chromium deposits were disturbed and redeposited.;

It is concluded that the only way to accurately characterize a
waste material at the Woburn Site is through chemical analyées ot
the fill deposits. However, it was determined by the geologists
in the field who examined the samples, that waste materials could
be distinguished from natural sediments by visual inspection.

This proves to be usefu; since the chemical analyses indicate that
most of the waste material contains at least one of the metals of

concern. Table 3 shows, for the samples collected, the geologist's

characterization as natural or artificial texture, odor and color

in comparison to the total concentrations of lead, arsenic and

chromium where analyzed.

The samples characterized as haviné natural physical characteristics
invariably contain approximate background concentrations of metals.
Ninety percent of samples that have been classified as artificial
fill or waste materials contain greater than 100 pém of at least

one metal and usually greater than 100 ppm of several metals. Thus,

- ROUX ASSOCIATES INC
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“fﬁble 3 - Characterization of Natural or Artificial Depositrs Compared
, ‘to the Totael Loncentrations Of Lead, arsenic and chromium
. (where enalyzed) '

Bofing ' -85221e E' Texture ' -Color ~ Odor Total Lead, Arsenic

o -l . i _ & Chromium Concen. (ppr
B-1 . 2 1. 1
2. 1 1 1 -
i S =3 - S 1. 1 -
T 4 17 1 1 39 -
S. 1 1. 1 -
B-2 1l 1l 1 1 -
2. 1l 1 1 -
3 1 1 1 -
& 1 1 1 17
B-3 1 1 1 1 -
2 1 1l 1l
3 1 1 1 18
4 1 1 1 -
‘ B-4 l 1 1 1
= 2 1 1 1 -
é? 3 1 1 1 -
S 4 1 1 1 13
5 1 1 1 -
6 1 1 1 -
7 1 1 1
B-5 1 1 1 1 -
2 1 1l 1
3 1 1 1 -
B-6 1 2 2 1 5602
2 2 2 1 -
3 1 1 1 -
& 1 l 1 -
B-7 1 2 1 1 -
2 2 2 1 332
3 1 1 1 -
'A 1 1 1 -
B-8 1 2 2. 2 14
2 1l 1 1 -
3 1 1l 1
4 1 1 1 -
{ - B-9 1 1 1 2 841
( 2 1 1 L 28
3 1 1 1- -
4 1 1 1 -

l= Natural 2= Artificial or. Unnatural
- Nn Analveis Performe
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for organic compounds. Figure 29 shows the areas where sediment
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whiie.the;type of waste cannot be determined visuélly, the physical

'inspebtion can distinguish between contaminated and natural deposits.

In addition‘tq analysis for metals, most soil samples were screened
samples collected registered organic content of greater than one
hundred and greater than one thousand counts per gram. An gréa
encompassiné New Boston Street and the adjacent indus trialized

sector shows the highest levels of counts per gram.

GROUND-WATER LEVELS AND FLOW

Ground-water levels in all wells and piezometers were measufed on ‘
September 22, 1982, October 27, 1982 and january 12, 1983 (Table 1l).
The data were used to plot water table elevation contours so that

the flow direction could be determined. The resulting representative
water table, which is based on data collected from the OW-series wells
on January 12, 1983, is shown on Figqure 30. This water table map is

similar to earlier maps based on data collected in September and

October.

Ground water flows downgradient and approximately perpendicular to
the water table elevation contours. Figure 30 shows that ground
water enters the Site from the north. Ground water west of the
Aberjona River_Valley'will flow towards the southeast, whereas

ground water east of the valley will flow towards the southwest.

ROUX ASSOCIATES INC
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The highest water levels (72.6 and 72.7) were me§§ured at OW-1
and OW-1A located at the northern edge of the Site. The lowest
level (51.2) was measured at OW;7, the moét southerly well. These
values indicate an éverall gradient - of 0.005‘ft/£t. However, the
siépe of t£§ watei table is steepest under the.site (0.008 ft/fH)
and flattens out below the industrial complex tq.ooz £t/£¢) .
Based on the direction of ground-water flow, OW-9, OW-12,. OW-13 and
OW=14 are located immediately downgradient of the Site. Ground-
water samples collected from these wells will reflect the guality
of ground water leaving the Site. OW-1l, OW-1la, OW-10 and Qw~11
are upgradient wells tapping ground water that is entering the
Site from the northwest and west., OW-2, OW-3 and OW-4 are upgradignt
to the north and east. The remaining wélls, OW-5, OW-6, OW-7 and OW-8,

are located lateral to the Site with respect to ground-water flow.

-Examination of the water table map (Figure 30) indicates that

ground water entering the Site from the northeast (east of Commerce
Wady) will flow under the eastern portion of the Site and into the
aberjona River Valley or thickest part of the aquifer north of

Mishawum Road.

Ground water entering the Site from the north will turn towards

the southwest and into the Aberjona River Valley just to the south
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of the Site. Ground water entering the site from the northwest
will flow under-the western half of the Site and into the valley
north o% Mishawum Road. The ground-water flow’;ate thrduéhout the
area of inwestigatinh.is,estimated;tn be approximately one foot

per day.

Water levels from both_the rock and sand/gravel wells were used to

compile the water table map becausg'they correlate well with each

other. Water levels obtained from the piezometers are generally
higher than nearby upgradient observation wells. Since most of
the piezometers are screened in the sands of Unit B whére the unit
forms a thin veneer over till and bedrock, they are essentially
measuring local recharge. Water levels from the piezometers

indicate a portion of this shallow ground water discharges into

small tributaries of the Aberjona and other surface water bodies on

the Site.

Water levels measured in OW-2 are anomalously higher than levels
in nearby OW-1 and OW-3. The water level measured on Januar&llz,
1983 is 44.1%9 feef higher than OW-1. This is probably due to the
well intercepting an isclated and confined water-bearing fracture
near the bottom of the heole. In this case, water entering the
well will be under artesian pressure and will not reflect the

regicnal water table.
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Water 1e§els have increased in all wells from iafe September to
lmig;January,_with the excepticn‘of OW-1 which showed a decrease
of 0.05:feet. The water levels in the sand/gravel well§ TOSE
betwee# d.is.and.D.SB feet;while:the-rock wells were more
igriable, ?qnging from ~0.07 feet (OW-1) to +2.07 feet (OW-4). )
Water'leﬁéls in the piezometers showed a greater inc;ease thaﬁ

the sand and gravel wells (between §.52 and ©.44 feet). These

‘levels reflect recharge to the ground-water aguifer from

precipitation during this period.

GROUND~-WATER QUALITY

All ground-water samples were analyzed for the EPA listed priority

pellutants and 22 highest organic peaks on GC/MS scan. Concen-
trations of metals in ground water will be discussed first, follow-
ed by the organic compounds detected. Ground-water guality results

are given in Appendix 4.

Of the fifteen monitoring wells, six contained metals exceeding

drinking water standards. They may be summarized as follows:
* Arsenic was found at 200 and 420 ppb in ground-water

samples collected at OW-5 and OW-9 respectively. The

drinking water standard {(USEPA, July 1976) is seﬁ at

ROUX ASSOCLATES INC
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50 ppb. Arsenic was not detected in aﬁy other well samples.

* Lead was found at 120 and 74 ppb at OW-7 and OW-14
respectively. The drinking water standard for lead

is 50 ppb.

* Cadmium was detected at 28 and 1l ppb at OW-10 and
OW-12 respectively. The drinking water standard for

cadmium is 10 ppb.

* Chromium was detected at 54 ppb in ground water from
OW-12. The drinking water standard for hexavalent
chromium is 50 ppb. The type of chromium found

in Well OW-12 is not known.

As previously discussed, OW-9, OW-12, OW-13 and OW-14 are the

wells located immediately downgradient of the Site. Arsenic at
levels greater than four times the drinking water standard was
found at OW-9. Lead was detected above the drinking water
standard at OW-1l4. Ground water from QW-12 contained cadmium
and chromium just above drinking water standards. oOwW-13 a&id

not contain any arsenic, lead, chromium or cadmium.

A review of data collected from monitoring wells on Janpet property,
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(Gpldbergf Zoino "and Assoc@ates,'Inc. Report L;25 ﬁlsorindicates
thejp?esepce of arsenic and lead in the ground water. Ground waté;
£rdm‘£cu;iwells screened in sand and gravel deposits contain

&rsgnic ér&ater than drinking water standards. Two of these wells
coﬁta§n lead;in concentrations above potable standards. These data
correlate withrdata obtained from OW-9 and OW-14 which_are_immeéiate—
ly 6owngfad§ent of Janpet property.ruthromium was net found above _

drinking waﬁer standards in ground water under Janpet property.

Based on the analytical results from the downgradient wells, it
appears that waste deposits on the Site are contributing arsenic
and lead to the ground water. The one chromium concentration

-(( found is just above the drinxing water stapdard right at the édge

of the Site.

One upgradient well, OW-10, contains cadmium at 28 ppb. The remaining
upgradient wells contain no deteétable lead, arsenic or chromium,

nor do metals exceed drinking water standards in any of these wells.
0f the wellg lateral to the S$ite, ground-water samples from OW-5

and OW-7 contained arsenic and lead respectively. Wells OW-6 and

OW-8 did not contain detectable concentrations of these metals.

The monitoring wells were also analyzed for EPA's list of priority

pollutants and other organic compounds. All of the wells downgradient

ROUX ASSOCIATES INC
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cf the Site,-with the exception of 0W714, ccnﬁained at least one
crganic compound-at levels greater than 100 ppb; Ground water
from ow-é showed two priority pollutants less than 17 ppb ﬁnd
carbon disulphide at 108 ppb. Grouﬂd water frcﬁ OW~12 contained
five organiclcompounds greater than 100 ppb, but only one organic
pridrity pollutant at 15 ppb. OW;IBVShowed-no priority pollutants
and sulphur at 233 ppb. .From this information, it;appears that
areas on the Site are contributing pfganic compounds othei than
the priority pollutants to the ground water. It should be noted
that no volatile organic compounds were detected from ground-water

samples collected on Janpet property.

Ground water from well OW-1l, upgradient of the Site, contained
four organic compounds and two priority pollutants, each at a
concentration less than 66 ppb. Two organic compounds (carbon
~disulphide and trichloropropane) were detected each at 90 ppb

in the sample collected from OW-6. OW-6 is located in the south-~
eastern portion of the developed area and is lateral to the Site

with respect to ground-water flow.

Downgradient monitoring wells had lower organic priority pollutant
concentrations than upgradient wells. Ground-water samples from
upgradient and lateral wells (OW-2, OW-3, OW-5 and OW-1ll) contained

52, 110, 69 and 86 ppb organic priority pollutants respectively.
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Dowﬁgradieht wells (Oﬁ-Q and OW-12) contained 37 and 15 ppb organic

priority;pollutahts. There was .an increase in non-priority pol-

'lutants in OW-12 which is downgradient of a waste pile and the

Chrome Lagooms. -

In summéry, the Phase I ground-water-data show . sevéra;‘metals and

organic compounds in both up  and downgradient wells and in wells

- lateral to the Site. No significant plume of contaminants emanating

from the Site was identified.
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FINDINGS AND CONCLUSIONS

1.

The Woburn Site is underlain by bedrock of_low perﬁeability.
Unconsolidated deposits overiying bedrdcﬁAare low-permeability.
glabial till, permeable outwﬁsh sands; peat and miscellﬁneous
£fill deposits (including chemical wastes and hide residues.
Subséantial prégress has been. made towards areal definition of
the waste deposits. These deposits were found to range from
cne to eight feet deep. In several areas, Qastes have-been

piled on the ground up to forty feet above grade.

Waste deposits at the Site include animal hide residue,
construction debris, and chemical waste containing the follow-
ing metals: arsenic¢, barium, chromium, copper, lead and

zinc with lesser amounts of mercury and cadmium,

The stockpile of hide residues and other wastes in the north-
ern portion of the Site contains all of the metals identified

in other places.

Soil samples collected from pits and borings were analyzed for
fourteen metals. The results can be summarized as follows:
(a) Lead is the most widespread metal found at the Site and

arsenic is the second most widespread. Lead and arsenic
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( : - (e)

f ing 100 ppm of lead and/or arsenic.

are freguently found together in‘wéstes at the Site.
There are approximately twenty-two acres of the Site
where greater than 1,000 ppm of lead and/or arsenic

#re found and an additional thirteen acres cantain-

Chromium is found on approximately five acres of the
Site at levels greater than 1,000 ppm and on an
additional five acres at greater than 100 ppp.
Chromium is generally found in the same areas ng the

hide residues and in the Chrome Lagoon area.

Barium, copper and zinc are found across the Site at
concentrations of 100 ppm in the same areas as

arsenic and lead are found,

(d) Mercury is generally found to be associated with high
levels of lead.

{e) Nc other metals were found in significant amounts
(greater than 100 ppm) occurring independently of
lead, arsenic, chromium, barium, zine, copper and mercury.

6. Hide residues are found on approximately eight acres of the
Site. In some of this area, hide residues are mixed with
((2 other wastes.

ROUX ASSOCIATES INC
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A preliminary screening for organics in the soil samples
identified several areas around the Site, particularly in
the western portion (Figure 29), that contain greater
than 1000 counts per gram, Specific organic compounds

present were not identified by this screening technigue.

The area to the east of Commerce Way and an extension of

Commerce Way does not contain waste materials.

Waste materials and contaminated soil can be distinguished
from natural sediments in the field by their physical char-

acteristics (texture, color, odor).

Waste types often can be recognized by observation of
physical characteristics, however, positive determinaticn

of waste type must be made by chemical analysis.

The conductivity survey of the Site was useful in locating
the best areas for subsurface exploration with pits and bor-
ings. The conductivity results were also helpful in insuring
that waste deposits did not remain undetected in the sub-

surface.

Interpretation of the conductivity data shows a very good

correlation with chemical analytical results. Conductivity
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results did not prove to be helpful in mapping the bedrock

surface with depth and dnly partially successful in defining

; areaé'af_contaminated ground water.

JUS— . e - e

Ground ﬁater in the bedrock and deeper portions of the

outwash sands flows from north to south into the more per-

meable sands of the buried Aberjona Valley south of the Site.

A portion of the shallow ground water at the Site discharges
into the Aberjona River, its tributaries and surface water
bodies, whereas some flows intoc the deeper-portion of the

buried valley.

The ground-water flow rate in the more permeable sediment
(Unit B} of the Aberjona Valley is estimated at approximate-

ly cne foot per day.

There are no potable supply wells in the Aberjona Valley
downgradient of the Site within the area of investigaticn

north of Mishawum Road.

Ground-water samples collected from upgradient wells (north
of the Site) had higher organic priority pellutant concen-
trations than downgradient wells. The samples from up-

gradient well OW-10 also contained cadmium (28 ppb) at a

concentration greater than the drinking water standard (10 ppb).

ROUX ASSOCIATES INC
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In ground-water samples collected from the four wells

downgradient of the Site:

(a)

(b)

(c)

(&)

OW-9 contained arsenic at 420 ppb (drinking water
standard 50 ppb), two organic priority pollutants
less than 17 ppb and another organic .compound, {(carbon

disulphide) at 108 ppb.

OW~12 contained cadmium (11 ppb) and chromium (54 ppb)
just above drinking water standards (10 aﬁd 50 ppb,
respectively). One organic priority pollutant was
found at 15 ppb and six other compounds were present,

ranging from 22 to 1850 ppb.

OW-13 contained three organic compounds, but no

priority pollutants.

OW-14 contained no organic compounds, but lead (74 ppb)
was found exceeding the drinking water standard of

50 ppb.

Arsenic was found at 200 ppb in a sample from well OW-5
which is lateral to the Site with respect to regional ground-

water flow, but may be influenced by shallow ground-water

flow or surface-water flow.
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20. 'rLead;waq found at 120 ppb in a sample from well OW-7 which

. is L&feral to the Site.

Respectfully Submitted

ROUX ASSOCIATES
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James DeMartinis
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President
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VIII. SURFACE WATER INVESTIGATION

The Eurface water etreams that needed gtudy are roughly defined

\
L

1 -

A, Beckground

' . The 244 acres defined by the Investigative Plan as the Woburn

haz;rdqué,uaste site contain a mmber of surface waters that

migﬁt:hg affected by waste deposits on the site.

as follows and are ghown on Figure B.3, Appendix II(a).

"« The Aberjona River and three éf its tributaries:

o fhe Rﬁilroad Drainage Ditch fed by two to three smallér
ditches; and

« Phillips' pond next to Rt. 93 and twe to three others
east of Commerce Way.

These surface waters, stormwaters, tunoff ditches and natural

streams lead to the Aberjona River.

Since some of the waste deposits on the Woburn site are uncovered
and exposed to the elements, contamination of surface waters by

by rainwater runoff, erosion, and direct discharges of contaminated

-water leaching from piles or waste deposits is possible. Therefore,

the Investigative Plan specified-a substantial part of the investipgation
to determine the effects of onsite hazardous waste deposits upon the

surface wiarers entering, onsite and leaving the site.
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To echieve this objective, the Investigative Plan specified that

the following be done:

. 1) collect at separute.ldca;ions nine (9) surface water gamples

2)

3)

at two stream flow conditions — high and low flow. To
measure the flow, weirs would be 1nst;11?d in the
appropriate atream locations. The saﬁpiea would be
analyzed for fourteem (14) heavy metals,-;mmonia

(NH3), Total Suspended Solids (TSS), Cyanide (CN)

and Total Dissclved Solids (TDS), pH, specific

" conductivity, Dissolved Oxygen (DO), and organic

chemical priority pollutants;

Collect samples of at least three (3) ligquid discharges
(leachate) emanating from waste deposits. The samples
would be analyzed for 14 heavy metals and organic

priority pollutants;

Collect nine (9) stream sediment samplee and (5)
pond sediment samples at low flow conditions. The
fourteen (14) sediment samples would be analvzed for heawry

metals and organic prierity pollutants.

Purpose: The purpose of the surface water investigation

was to collect and analyze samples of surface waters,

gtream sediments and direct diécharges to surfaces to

evaluate the impacts of onesite waste desposits, 1f any,

~ on the surface waters.
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B. Description of Work/Purpose: -

.

The sampling and analysis to evaluste the surface waters is

i - .divided into three distinct categories as follows:

.;1)_ Surface Water

R

jTﬁe nine (9) low flow surface water samples were collected
‘at locations shown oﬂ Figuré E.3, Appendix IIéa), ind are
1designnted by S§1—19. The s;mple numbers were selected
from a pre-numbered list of possible sampling locations
Qs shown in the Investigative Plan. Therefore, the samples

are not numbered consecutively.

The nine (9) high flow surface water samples were not
collected during the first phase of the investigation
because the weather conditions did £ot produce
sufficiently high flow stream conditions to enable
collection of meaningful data, These will be addressed

in Phase II.

Since streams on and near the Woburn property are small
" and narrow, the method of sample collection was to

place & bortle in the st;eam. The bottles were then

sealed, sent to the 10A Fenshaw Street laboratory

f;r preparation of quality assurance samples and then

to ERT LaboratoriesAfdr analyvsis of the priority

pollutants, plus the up to 20 other organic pollutants
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; ' t_ha: might be found. In ‘addition, the following

CQE' - - : p;rametgrs were ﬁnaly;eﬂ:fTotal Dissoivéd'Solids (TDS),
Total Suspended Solids (TSS); pR, Cyanide (CN), Specific
Conductivity, Dissolved Dxﬁgen {D0O) and ‘Ammonia '

(HH3}-

In addition, surface water flow neasu;iﬁg devices were
installéd at three (3) locations as shown on Figure B.3,
Appendix_ll(i). An A-Flume was installed at locagion
SW15, and the two other locations SW4& and SWI15, "V

" notch welre were installed. The desipgn deteils of these
devices are as described in the Investigative Plan.
The manufacturer's curve ratics were used to calibrate these

devices. The surface water flow measurements were recorded at

' Q ) the time of the sampling.

Also, as specified_in the Consent Order, we reviewed
prior studies and found previcus surface water samples
collected and analyzed by EPA, TEQE, and the Metropolitan
District Commission (MDC) from 1979 to 1981 suftable for .
discussion. We placed these results in Table B.8.3
and Tabie B.B.4 and ;ortelated them with Phase 1 Study
findings. The analyses included heavy metals and some
organic chemicals. However, some of the surface water
results from prier studies-might be on the high side for
dissolved heavy metals, since in one instance it was found
that water samples ﬁere not filtered prior to analysis.

,k, This would cause naturally occuring metals in soil particles

suspended in water to be analyzed as dissolved metals.



fPuEBoée: The purpose of ;ampiing and anlyzing the

_ gurface waters was to determine if hazardous substances

. s defined by the.Consent Order were being added to fhe‘

gufface-wnter as_it passéd throqgh the gite. The low flaw
#anpies were ﬁaken to determine the effec:rof groundwater .
séeé;ge to th? streams gnd/or ?elease of contaminants

from sediment to the surface watérs, at probable mmiimum-
concentrations. The high flow semples were specified to

' determine the effects of erosion, runoff and possible

high water table leaching.

2} Strean Sediments:

Fourteen (l14) stream/pond sediment samples were collected af.
low flow conditions to avoid turbulenée and thereby gain

a representative sample of the soil on the bottom of the
surface waters at the Woburn site. The samples were taken
at the locations shoﬁn ot Figure B.3, Appendix II(a). Nine
{9) locations were at the bottom of streams and five (5)
were at the bottom of ponds. The locations were chosen
bécause they are downstream of (%) surface drainage areas

that might contribute heavy metals or organice by leaching

or tuncff.

Again, the numbers do not appear consecutively, because
the sample locations were selected from 2 list of possible
samp}i%g locations identified in Appendix B of the Consent

Order. The selection was base& on the proximity to exposed

waste deposits.



VIII-6 -

The sediment sanmples were collected by driving a onme to one and

one half (1-1'1/2") inch diameter pipe three to six inches into

the pond or stream hoﬁtoﬁ. The top éf the pipe was gealed to

create a partial vacuum. The.pipe was removed and the soil
held in the bottom of the pipe was discharéed to a glass
sampling jar. The samples were taken to tﬁe 10A HRenghaw
Street Laboratory and prepared,-along with qqality assurance
sanples far_priérity pollu:aﬁt‘;nalyses and up to 20 other

organic chemicals at ERT’s Laboratory.

Purpose: The purpose of sampling and analyziﬁg the
sediments at the bottom of the ponds and streams wasr

to develop information needed to evaluate the effects of
exposed waste deposits, ercsion of contaminated soil and
the passible concentration of surface water contaminants in

bottom sediments by precipitation and adsorption.
3) Leachate:

The Investigative Plan required collection of three samples of
liquid emgnating from known or potential waste deposits. Since
rainfall was not abundant during the Phase I Study, only

cne liquid stream was identified ir a known waste deposit

area. Another liquid sfream was identified in an area near

Rt. 93, which is remote from any known waste deposits and

was classified as a groundwater spring.

Samples of these two liquid streams were collected and sent

to the 10A Henshaw Street Laboratory for preparation, along
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with quality assurance samples for analysis of the priority

ﬁollutants, plus ﬁp'to 20 other organic chemicals at

.+ . i "_ERT'S Laboratory.

VAT L ; tﬁe iample locations are shown on Figure B.3 (Appendix. 11{a))
) and are degignated. as 1-1 and L-2. L-2 was notrconsidergd
a ieachate, but as a surface expression of ghallow

groundwater, L-] was considered a satisfactory sample of

leachate.

Purpose: The purpose of collecting and ;nalyzing sampleé
of liquid emanating from known waste deposits was to deyelop
data needed to evaluate the impact of ditect éischarges to
surface waters of water with elevated levels of contami-

(E' nants and to determine the‘leachabitity of the waste

deposits on site.

C. Findings/Conclusions:

The results of the analysis of the surface waters, stream/
pond sediments and leachate sampleé are shown on Tables B.7,
B.B, and B.9 in Appendix II. The Tables list the priﬁrity
pollutants by coded numbers (AE, BE or W). The heavy metals
and organic chemicals that are not priority pollutants and
other parameters are listed by qhme. The names for organic
priority pollutant codeé are listed on Table C.5 (Appendix II1}.

Where a blank is shown for an analysis, nothing was detected
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at the detection limits. Only the organic chenmicals

{including prioricy pollutantsi that were detected above the

analytical detection limits are shown. If an organic priority

_ pollutant or other orgahic'chemical is.not listed, it was not

detected. The detection limit for each chemical is shown on

Table B.5, Appendix II.

The finﬁings and conclusions based upon the results shown on

Tables B.7, B.B and B.9 will be discussed sepﬁr;tely for each

type of gsample, e.g. surface wgtér, sediments and leachate.

1)

Surface Water:

Table B.B.1 lists the results for each of the nine (9
low flow sample locations for the following parameters:
14 metals (ug/l-ppd), ammonia (mg/l-ppm), cyanide
{mg/1-ppm), organic pollutants (mg/l-ppb), total
suspended solids (mg/l-ppm) and total dissolved

solids (mg/l-ppm).

Table B.8.2 1istes the results of {(9) low flow surface

water samples for the following parameters: pH,

temperature (°C), Tortal Dissolved Oxygen (mg/l-ppm)

and specific conductivity (ugmho/emd. 1n addition, the
three flow rate measurements in gallons per day (gpd)

are shown at location SW1, SW4 and SWI5,

The units of concentration for each parameter are shown

in parentheses.
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The sampling locations coﬁsidered upstream of the Woburn
sit'e are SW1 and SWB. The sampling locatione considered
onsite are SWh, SW7, SW12, and SW1S. The site downstresn
sampling 1o_cacim ate SWS5, SW16, and SW19. SWI is

'1n the railfo#drdrainagﬁiditch upstre#ﬁ of SW4 ané SWs5.
sW8 48 uﬁstte;m of the tributary system to {he Aber jona
River and samples Sﬁ12, SﬂiS and SW16. Sﬁ& is a:sepérate
onsite tributary. SW19 is ;he downstream lécation of the

entire Industri-Plex drainage system.

Tables B.B.3 and B.B.4 lists the results of surface water

sampling and analysis done by EPA, DE(E, MIC and others, prior

to Phase I investigation for the fOIIOWihg heavy metals in

units of parts per billion: Beryllium (Be), Chromium (Cr),

Copper (Cud, Lead (Pb), Nickel (Ni), Silver {Ag), Thallium
(T1), Zinc (Zn), Barium (Ba), Antimony (Sb), Arsenic (As),
Mercury (Hg) and Selenium (Se) and priority pollutant

organics.

Findings:

The following findings are based upon Phase 1 investigation

work only:

1) Only three héavy metals, Beryllium, Nickel and
Zinc, were detgcfed at onsite or downstream
ganmpling locations, RBeryllium findings are gquestion-
able since it 15 just above the detection limit of

5 ppb;
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ii1)

iv)

v)

vi)

(SWB). This is above the drinking water standard

VIII-10

All heavy metal concentrations were below drinking

water gtandards at ongite and downstream locations;

Lead was found at 100 ppb at the upstream locaticn

_of 50 ppb;

Bia(Z-ethylhexyl)phthnlnte also called. di-octyl
phthalafc (DOP, BE13) was found in every surface
water semple and rangeﬁ from 160 to 354 parts per
billion (ppb). DOP is & common pollutant tﬁat is
usually associated with fabricated plasfics. It is

not unique to the Industri-Plex site.

The total concentration of brganic priority peollutants
at the sampling location upstream in the Railroad
Ditch (SW]1 = 475 ppb) 4s higher than the downstream

sample (SW5 = 368 ppb);

The total concentration of organic prierity pollutgnts

at sampling location SWR is 145 ppb which is loﬁer than
theAcorrespondiﬁg downstream location {SW16) total concen-
tration of 269 ppb. However, SWB has a total organic
priority pollutant concentration ﬁigher than SW19, the
location downstreaw of the entire site, which had a toral

organic prioriry pollutant concentration bf 130 ppd;
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-The total of the organic chemical concentrations

upstrean in SWl is 1198 ppb which is higher than
the corresponding downstream locatiom {SWS) )

tntal-organi; chemicals concentration of 412 pph;

The tbtalvof the concentrations of orgnﬁic chemicals
at upstream location SWB is 202 prb which 1s lower
than the cérresponding location downstréam lgcatioh
(SW1é) concentration of 568 ppb, but higher than SW19,
the location downstream of the entife site, which

showed totzal organic chemical conéentrations of 130 ppd;

Only one organic chemical; Bis(2-ethylhexyl)phthalate
dbuld be detected in the Aberjona River Hownstream
of the entire Industri-FPlex complex at SWI9 at

a concentration of 130 ppb;

Only the following. six (6) priority pollutants
were detected at onsite or downstream sampling
locations: RBis(2-ethylhexyl)phthalate; 1,1,1-
trichloroethane; di-N-octyl butyl phthalate; di-

N-butyl phthalate; Trichloroethylene and phenol.

Standard water parameters such as pH, conductivity,
suspended solids, temperature and dissolved so0lids

showed no unusual readings/levels for any sample;
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xi11)  An increase in :mmonia;concentratiqn‘uas detected

o o qowﬂstream of the north pond (e.g. SW-7 and SW-12);

xi{i1) No Chromium or Arsenic was detected in any surface

— - water samples; and

. ;}, xiv) - No Cyanide wap detected in any surface water samples

collected.

-

The following findings are based upon the sémple results in Tlees
B.8.3 and B.8.4 obtained prior to the investigation: (As a reminder,
these results must be viewed as possibly high because the

sanples may not have been filtered, and analysis- could

represent some suspended soil/sediment particles.)

xv) Chromium was detected at a few locations in range of

" 540 ppb, but 2ll findings were below 50 ppdb {(the

drinking water standard);

¥vi) 2inc was detected in most of the samples in range of 30

to B50 ppb, but below the drinking water standard of 5 ppm;

xvii) Only one ocut of 22 samples where As was detected was above
the drinking water standard of 50 ppb. The sample was

located onsite and 200 ppb As was detected;

xviii) One sample downstream of the site showed lead .at 160 ppb

which ts above the drinking water standard of 50 ppb;
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.xix) Mercury was found at a concentration of 3 ppdb minutely
above the drinking uatér standard of 2 ppb onsite in

_;he railroad ditch 4n the Hall's brook area;

xx) Organic chemical concentrations were higher in uﬁstrean

sampling'lntdtinnsxthnn.duwnst:ean..

" b. Conclusions:-

Based on the results of the Phase I low flow surface water

analysis and the surface water anaiyses done by athers

pfior to.Phase I from 1979 = 1981, we believe sufficieﬁt

data is available to make the following conclusions:

1)} There is no significant contributien of heavy metals to
surface water by the onsite waste deposits
11) There is no significant contribution of organic chemicals

by onsite waste deposits
2} Sediments:

Contamination of stream and pond sediments can resuvlt froo

erosion of contaminated soil or waste deposits by stormwater

and subsequent settling in surface water, or it can occur-

from contaminated liquid le;ching directly to the surface

waters and precipitating. For instance, soluble heavy metals such
as A;senic and Lead ﬁre reported in literature to precipitate

in surface waters.
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The results of the lk-sediment-samplea taken at the locations‘

shown on Figure B.3, Appendix II(s) and are listed on Table 9.

The results are presented in parts per million {ppm) units

of concentration and are reported for the fﬂIIowing heavy

metals: Beryllium (Be), Cadmium (Cd), Chromium (Cr),
Copper (Cu), Lead (Pb), Nickel (Ri), Silver iAg),‘Thalliun
(11}, Zinc (Zn)i Barium (Ba\,rra‘:h:_timony (sb), ﬁ;réenic (As),
Mercury (Hg) and Selenium (Se) and organic pollutants.

The Lower Limit of Detection (LLD) for each metal is

is showvn on the Table directly below each metal.

A blank space indicates that the metal was not detected

at its LLD and only the organic chemicals detected at

or above thelr respective detection limits are listed.

If an organic chemical was not listed, it was not found.
Organic priority pollutants are listed by code number AE,
BE or VW and can be referenced to names on Table B.5,

Appendix II.

Sediment sample locations were selected based upon the.
potential for leaching and runoff from waste deposit
drainage areas shown on Map V{z). Sample number SDI

(the ditch west of the Railroad tracks) énd sanple

number SDB (the dam overflow next to DEGE's Woburn office)
are upstrean of the drainage waste deposits on tﬁe

Woburn gite. Table 3;10 (Appendix II) associates the
drainage areas with the sediment samp1e§ collected in

each area.
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a. Findings:

The following findings are based upon data shown- on Table 9—

ﬁedimeut.Amalynes in Appendix IL.

.ol

-11). Sediment ssmple SDA is located upstream of onsite waste

———

_:&éﬁosits and no lévels ﬂf heavy metals above 10C ppm

j}f}" - T ) éwr _fﬁ;fe found;,

‘11)? Sediment gsamples collected at locatione upstream of
any onsite waste deposits showed Chromium at higher

levels (470 ppm) than samples collected at downstream

locations.

1i1) Highest level of Chromium found in onsite sediment was

- . . 160 ppm in the Drainage Area C-East Waste Pile.

iv) Drainage Area B-~Chromium Lagoon Area showed less than
100 ppm Chromium but had 548 - ROB ppm Arsenic (As)
396 - 636 ppm Lead (Pb), 223 - 284 ppm Copper, and

212 - 606 ppm Zinc.

v) Drainage Area B-Chromium Lagoon had the highest level

of Mercury (Hg) found in any sediment samples — 96 ppm.

vi} Drainage Area E-Arsenic Pit sediment samples showed the
highest level of Lead (Pb) - 1374 ppm. It also had

Copper at 879 ppm and Zinc at 566 ppm.

vii) Drainage Area D-West Waste Pile had the highest level
% : : of Copper (Cu) and Zinc (Zn), 3366 ppm and 1386 ppm,

respectively. Lead at 656 ppm was also found in this

area.
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-Drainage Area G-Phillips' Pond and the Aberjona River,

downigtrean of the site had no levels of heavy metals

above 75 ppmn in the sediments.

Drainage Area I-0Offsite south of the Ralilroad ditch

~ had no outstanding levels of heavy netnis.

Drainage Araa'J-Offsite in Aberjona River heir

Mishawun Road had the only sedimenf sample other

than the drainage area near the Chromium Lagoon

that showed Mercury above 50 ppm, (i.e., Hg at

77 ppm). YNo other metals were found above 55 ppm.'

Drainage Area D-West Waste Pile had the only elevated

level of an organic pricrity pollutant - Benzene at 320 ppm.

Sediment sample 5D which is upsfream of the gite west

of the rallrocad track.

. contains all of the priority pollutants found in
sediment samples collected downstream of the western

sector of the site.

. thas a total of organic chemical concentrations
of 234 ppm which is higher than any sample down~

stream of 1it.
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Sediment samples collected  from the Aberjona River onsite

and offsite (i.e. Drainage areas F, G and J) had a total

'organic chemical concentration of no greater than 78 ppm.

Only tﬁo-organic.chemicals other than Benzene were above

1100 ppm - Sample SD9c-Dreinage Area E/Arsenic Pit had

140 ppm Methyl Ethyl Ketone and Sample SD5c-Drainage

* Ares A/Ralls Brook had 230 ppm Oxybis Ethanol. -

b. Conclusions:

Based on findings listed above and the previous surface water

resulte, conclusions are as follows:

1

i1)

111)

iv)

The West Waste Pile drainage area indicates possible
contribution from the waste deposits of Copper, Zinc,

Lead and Benzene to the surface water sediments.

Waste Deposit areas near the Chromium Lagoon indicate
possible Lead, Zinc, Arsenic and Mercury, but no

unusual amounts of Chromium.

Chromium does not sppear to be significantly sffecting

the surface water sediments.

Since no elevated levels of heavy metals or organic
chemicals were found in the surface water samples, the
contamination found in the sediments is not dissolving in

and moving with the surface water at low flow condition.
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3} Leachsate : -

The.Invegtigative ?lan ;pecified that 1éatha£e would be
collected at the three waste pilest Leachate would

also be collected where there was seepage. from

concentTated ﬁeavy metal soﬁrces, such .as rﬁe arsenic .
pit. However, there was insufficient rain during the

ltudy to cause many observable liquid streams seeping

from uasfe\deppsits. - -

There was only one leachate sanple, L-1 on the north
‘side of the east waste pile. A sample of groundwater
East of Commerce Way was collected entering the site

next to Interstate I-93,

‘(gf : In October 1981, the Massachusetts Department of Environmental
Quality and Engineering collected leachate samples prior to
this investigation. We received these analytical results

late and did not have time to evaluate.

The results of these Phase T analyses of leachate are
ghown on Table B.7 and the following discusses the findings and

conclusions of these results.
a. Findings:

With one explainable exception, the groundwater seepage sample next
to 1-93 showed no concentrations of heavy metals above drinking water
standarde. -The exception was th;t Lead was found at 62 ppb slightlv
above the drinking water standard of 50 ppb. However, this is noﬁ
. unexepcted due to leaded gasoline emissions from motor vehicle

traffic on the adjacent I-93,
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‘ _ 1) The gfoundwater samples showed -three priority pollutant

otganics, bis(2-ethylhexyl)phthalate (BE-13), methylene

chloride (VOC 22), and trichloro fluoromethane (VO 30)

for i total concentratfon of 97 ppb. This seems partiﬁlly

A;if'nﬁt wholly attributable to background water contamination

~-1n the site area since the upstream site surface water

snﬁples, SW-1 and SW-8 had priority pollutant concentrations

- about 2-5 times higher. The major organic comstituent

bis{2~-athylhexyl)phthalate was 54 ppb.

Phage I study sample of Leachate L~] contained the following

a) 860 ppb of the priority pollutant phencl, b) 1425 ppb total

concentration of other organics, i.e., methyl phenol,
benzoic acid and benzene propanoic acid; c) antimony

at 200 ppb and; d) arsenic at 300 ppb. -

Conclusions:

Leaching during dry weather conditions does not appear
to be a problem since few liquid streams were observed
and surface water analyses did not show significant

levels of contaminants.
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INTRODUCTION

Thé'Ph;se I subsurface investigation at the Woburn Site included"
a preliminary definition of the natu;e and extent of waste
deposits and contaminated soil and a preliminary evaluation of
groﬁnd-water'conditions; The work was carried out by, or

under the supervision of geclogists from Roux Associates with
chemists, engineers and & safety officer from Stauffer Chemical

Company .

The waste deposit and soil investigation was carried out with
electrical conéucﬁivity surveying eguipment, a backhoe and an
auger drilling and core sampling rig. Many scil and waste
samples were collected, described and chemically analyzed as

part of this portion of the investigatiocn.

The grouﬁd-water conditions at .and around the Site were evaluated
by installing fifteen cbservation wells, measuring water levels

and collecting and analyzing water samples.

The location cof the Site is shb&n on Figure 1. The portions of
the Site that were includeﬁ in the subsurface investigation are
shown on Figﬁre 2. Shaded areas on Figure 2 are either developed
or very shallow bedrock and were investigated where possible as

part of Phase I.

ROUX ASSOCIATES INC
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The various methods of the Phase I subsurface investigation at
the_Hoburn Site are described below. The results of these in-

vestigations, and the findings and conclusions drawn from the
results are given in subsegquent sections.

METHODE QOF INVESTIGATION

Conductivity Survey

A preliminary screening of the Site was undertaken using a
gecphysical method known as induction conductivity. Induction
conductivity makes use of é device called a "non~earth-contacting
terrain conductiﬁity meter”, which utilizes the principle that the

electrical properties of varjous natural earth materials and

artificial £ill (or waste) can be significantly different.

It was expected that the indiviéual tvpes of waste material at

the Woburn Site woulé each have their own recognizeable and dis-_
tinct conductivity range, and that this would permit the delineation
of these materials. At the very least, the waste materials were
expected tc have 5 substantially different conductivity from
ﬁatural soils and rock at the Site. Thus, the conductivity survey
was intended to provide the initial screening of the Site énd

help guide the boring and test pit programs to follow.



.

A second purpose of the conductivity survey was to give a very
thorough coverage of the Site to insure that all buried waste
deposits were located. This blanket coverage is not practical

with pits and borings alone.

The conductivity eguipment used in Woburn was manufactured by
Geonics, Ltd. of Mississauga, Ontario. Two typés‘of terrain
conductivity meters were used: the one-man EM-31 and the two-
mar. EM~34-3 (hereafter referred to as the EM—§4}. Both the EM-31
and the EM-34 work in a similar fashion. A time-varying eiectro-
magnetic field is produced by a battery-powered transmitter which
in turn acts to generate electrical eddy currents in any sub-
surface conductors present. These eddy currents then serve as
the source of e secondary electromagnetic fieléd, generally

90 degrees out of phase with the transmitter-generator (primary)

" field. Since the secondary field is out of pgase with the
-primary field, it can be detected at the receiver. At the low
freguencies used by the EM-3]1 and EM-34, the strength of the
sécondary field is directly proportional to terrain conductivity,
which allows the equipment to display direct readings of apparent

conductivity.

The EM-31 was used for this project because its continuous-reading
capabilities allowed for a rapid identification and delineation of
high-conductance areas. The EM~34 was used to verify results

from the EM-31 and determine conductivities at greater depths than



T

the EM-31 is capable of. The depth from which conductivity data
. b

can be,gathered is related to the gecmetry of the receiver and
transmitter coils. Since the EM-31 has a fixed intercoil
spacing, the conductivity data it collects corresponds to
conditions.within six to seven meters (20 to 23 feet) of_the
surface. The EM-34 however, due to the flexible qable attaching‘
the transmitter and receiver coils, allows for changés to be
made in its intercoil geometry. The EM-34 can be used with a

10 meter, 20 meter, or 40 meter (3¢, 60 or 120 feet) intercoil
spacing. When beoth coils are held coplanar and vertical (called
the horizontal dipole moade), an effective depth of penetration
cf 7.5 meters {22 feet) for the ten meter intercoil spacing is
cbtazined. Depth of penetrations of fifteen metexs (45 feet)'are
cbtained in the 20 meter intercoil spacihg, and up to 30 metersl
(90 feet) penetration are obtained when the coils are 40 meters
apart. The coil geometry can also be changed so that both coils
are lying horizontal (known as the vertical dipole mode) which
effectively doubles the depth of penetraticn possible for each

intercoil spacing.

The EM-31 and EM-34, like any electromagnetic eguipment, are
subject to interference. ‘Sources of interference can be

numercus in developed areas, and may not be easily avoided.
Interference may be caused by buildings, buried pipelines, metzl
fences, railroad tracks, power lines and other large metal objects.

Their adverse effec¢t on data quality can only be avoided by keepingl

RAOUX ASSOCIATES INC
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the eguipment an appropriate distance away from the source of
interference. The appropriate distance must be determined by
the operator through past experience; or through on-site inter-

ference testing in an area of known terrain conductivity.

2 second limitation that must be considered before interpretation
of results can be made is imposed by the local geblogy. For
example, since clay is a relatively good electrical conductor, it
can mask the evidence of artificial (contamination-related) £ill

at a particular location. The degree of understanding of the local
geclogy is, therefore, related to the degree of confidénce of in-

terpretation of conductivity data.

The conductivity survey at the Woburn Site was conducted on a
200-foct grid spacing. A tighter grid spacing was used in some
areas. The orientation of the grid lines was chosen to coincide

" with the survey grid used on the two-foot contour-interval Woburn
Site base map. The conductivity measuring points were then plotted
oni this map as the survey was being conducted. Alt0gether, over
640 conductivity ﬁeasurements were made at approximately 460
locations. The conductivity measuring point locations are shown

on Figure 3.

One of the stations was arbitrarily chosen as a starting point and
located in the field with the aid of the map, a compass, and a

tape measure. From this point, the other stations were located

ROUX ASSOCIATES INC
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through the use of a compass, optical tape measure, and the two-

foot contour-interval map. -

The grid network was designed to cover the entire Site, as well
as portions beyond the Site, where possibkle, to allow for a con-
ductivity contrast to bé observed. Certain areaslcould'not be
included in the grid due to the presence cf extensive sources of

interference.

The conductivity at each gricd site was first measured by the EM-31.
These results indicated the need for a closer data spacing in

several portions of the Site. A series 6f continuous-reading

traverses were then conducted through these areas. This was done

to better define the more complex zones, and to identify any ’

deposits that may have been missed previously.

The EM-34 was used primarily in the western portion of the Site,

as well as in land adjacent to the Woburn Landfill (west of the
Site) and the area scouth of the Site near the chromium lagoons.

Due to the high water table and relatively shallow bedrock through-
cut much of the Site, the ten-meter intercoil spacing was used for
both horizontal and vertical dipole readings with the EM-34, Thé
horizontal dipole data (with a 7.5 meter [22 ft.] depth of
penetration) was used to verify datz collected with the EM~-31. The
vertical dipole data (with a l5-meter [45 £t.] depth of penetratién)

was used to evaluate the possibility of deeper sources of contam-

ROUX ASSOCIATES INC
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ination, as well as to aid in the delineation of buried construction

materizals.

Soil Boring Program

Fifty-seven soil borings were drilled on the Woburn Site between
July 27 and RAugust 19, 1982 by Parratt-Wolff, Inc. of East Syracuse,
New York, under the supervision of geologists f;o@ Roux Associates.
In addition, eight borinés were completed for the air sampling
program (AS1-ASB). Boring leogs are included in Appendix IV. The

locations of the borings are shown on Figure 4.

The sites for the'borings were Jlocated by the gecleogists based on
information obtained from the conductivity survey, historical )
aerial photographs and an inspection of the surface. Borings were
drilled primarily in areas where digging test pits with a backhoe

was not practical, such as in developed areas. where the surface

_ could not be significantly disturbed and in areas where it was

desirable tc sample deeper than eight feet below the surface (the

depth limitation of the backhoe).

2 truck-mounted hollow stem auger rig was used to take continuous
cores until refusal was met.or until nétural deposits were encoun-
tered. Where several borings were placed close together, one
boring was advanced to refusal and the others were terminated

approximately ten feet intoc natural deposits.

ROUX ASSOCIATES INC
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Split-spoon core samplers were used to collect contingpus samples.
The split-spoon samplers were driven two feet at a time into un-
disturbed sediments by a standard 140-1b. weight. The geologist
opened the spoon on a plasﬁic sheet, logged the core in detail,

and then removed the sample from the split-spoon using vinyl
gloves and plastic spoons. The sample was placedfin_a pre-clezaned,
wide~mouth guart jar under the supervision of a chemist. Cross-
contamination was minimized by using 10 different split-spooﬁ

samplers and thoroughly steam-cleaning each between samples,

After the 0-2 foot interval sample was co;lected, the hole was
advanced to two feet with power driven six-~inch diameter hollow
stem auger flytes. The 2-4 foot interval was then sampled Ef
split-spoon. Cross-contamination within é hele is minimized as
samples are collected ahead of the auger flytes. The auger flytes
were steam-cleaned before moving from one area of the site to
another to further avoié cross-contamination. 1In addition, to
prevent dilution of any contaminants that might be present, wafer
was not used in the hole during érilling., After sampling was com-
pleted, the open hole was back-filled with the cuttings obtained
from the boring. The site was marked with a metal stake ang flagging.

The location of each boring was surveyecd and plotted on & site map.

At certain boring sites, it was determined that a piezometer might.
be useful to measure water levels in the shallow sand and gravel

deposits. The piezOmeters consist of a 4.5-foot length of two-inch

ROUX ASSOCIATES INC
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diameter PVC slotted pipe with blank PVC riser pipe extending
above land surface. The formation was allowed to collapse arcund
the screen zone and the remaining annular space was back-filled

with material initially removed from the hcole.

A total of eight piezometers were installed. The elevation of a
designated measuring point at the top of the PVC casing was de-
termined with respect to mean sea level. Water levels ﬁere
measured with an electric probe and steel tape to +0.01 feet.

The locations of the piezometers are shown on Figure 5,

4ir sampling holes, (AS1l through ASE) were drilled in the same
manner as the borings. Continuous cores were collected and logged
by the geclogist but no sediment samples were retained. After
completion, each hole was left open and covered at land surface
with a p;astic sheet. A stake was driven into the ground near

" each boring to mark its location. Air sampling ﬁoles (AS-7 and
AS-8) were drilled by using a hand auger since the drilling rig
coulé not get to these locations. In addition, borings-B-Bi and
B-32 were used as.air monitoring peoints. All air monitoring points

are shown on Figure 2.

Test Pit Program

L backhoe was used at the Woburn Site to dig 123 test pits. All

pits were dug between August 26 and September 9, 1982 by Warren

ROUX ASSOCIATES INC
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Cummings of Woburn, Massachusetts, under the supervision of geo-
logists from Roﬁx Associates. As with the soil borings, test pit
locatiéns were selected by examination of historical aerial
photographs, the conductivity data, surface deposits, and the
soil borings. The locations of the.test pits are shown on

Figure 4.

Each test pit was dug to the limit of the backhoe (abou£ g feet
below land surface), to refusal (bedrock) or when collapse cccur~
red due to intersection with the water table.i Test pits allowed
the geoclogist to view the shallow stratigraphy and coﬁld be dug
at a faster rate than the soil borings. However, this method was
limited to a maximum depth of about & -feet below land surface

and to areas where the surface could be disturbed.

cach individual test pit was excavated in stéps allowing the

‘ geologist to accurately describe the deposits and obtain represen-
tative samples by hand. When the pits were more than five feet
déep, samples were collected without the need for the geologist

to enter tﬁe trench by using a steel trowel attached to the end

of a long rod. fhe area of the wall of the trench where the sample
was to be taken was scraped to remove any sediments that had been

in contact with the backhoe. The depth to each sampling location
was measurec. Each sample_collected by the geoloéist was immediate-
ly delivered to the chemist at the site for labeling and

preservation.

ROUX ASSOCIATES INC
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After the sampling from each test pit was completed, it was back-

filled with the material that had been removed from it. All
sampling implements were either dispoéeﬁ of or cleaned thoroughly
in distilled water. The backhoe itself was steam-cleaned between

sampling areas and at the end of each working day.
The location of each test pit was plotted on a map and a stake
was left at the location in the field. The location of each

individual pit was surveyed and located on the site base map.

Observation Well Installation

All cbservation wells were installed between August 10 and
September 22, 1982 by Domestic Wells, Inc. of Bolton, Massachusetts.
Well drilling and installation were supefvised by a geologist

from Roux Associates. A truck-mounted combination air/mud rotary
rig was used at all sites. Two types of wells were installed;
sand/gravel wells and rock wells. The rock wells are simply an
open hole cased off from the overburden, whereas the sand/gravel
wells are constructed with a PVC screen (slotted pipe) and casing.
The PVC casing is protected at the surface by an outer steel casing
with a locking cover. The locations of the observation wells are
shown on Figures 4 and 5, Well constrﬁctipn data are given in

Table 1.

In areas where the saturated thickness of the sand and gravel

deposits was greater than ten feet, a sand/gravel well was installed.

ROUX ASSOCIATES INC



Table 1 - Well Construction Data

Elevation of Elevation of Water Table 2)
Well Number Well Type Screen Zone 1) Measuring Point 2) 9/22/82 10/27/82 1/12/81
ow-1 Rock 24-108 80.32 72.71 72.68 72.64
OW- 1A Sand 5-25 79.72 72.59 72,55 72.78
OW-2 Rock 16-100 *128.02 106.67 116.18 116.83
OW-13 Rock 25-83 . 74.76 66.06 66.56 66.99
OwW-4 . Rock - 25-44 71.54 : 62.73 63.85 64.80
OW=-5 Sand 9-49 68.08R 58.814 58.88 59.10
OW-6 Sand 6-16 62.67 53.52 53.73 54.02
ow-7 Sand 6-36 57.88 50.67 50.84 51.18
OWw-8 ' Rock 9-100 68.85 51.87 51.86 51.93
OW-9 tock . 28-123 60.88 57.87 58.27 58.38
OowW-10 "~ Sand 2.5-32.5 64.63 58.70 58.92 59.03
OoWw-11 Sand 2-42 71.22 66.76 66.72 67.07
Oow-12 Sand - 12-52 63.74 55.71 55.75 56.24
oW-113 S5and 8.5-33.5 64.99 58,90 59.01 59.20
- owW-14 - Sand 5-50 65.54 57.30 57.38 57.69
Piezometer
B~1 Sand 5-9.5 74.80 63.64 64.20 64.50
B-4 Sand 9-13.5 74.15 67.13 67.35 67.71
B-6 Sand 7.5-12 . 77.02 , 6B.94 _69344 70.12
B-12 Sand 7-11.5 - 75.00 ' 69.81 . 70.00 70.43
B-27 Sand 20.5-25 64.73 i 56.01 56.37 56.70
B~-41] S5and 7.5~-12 66.77 59.66 60.14 60.18
AS-5 Sand 9-13.5 68.23 57.01 58.05 58.45
TP-6 Sand 1.5-6 67.79 62,27 62,69 62.90
1) Feet below land surface, length of open hole in rock wells

2) Feet with respect to mean sea level
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Where rock was close to or at the éurface, a bedrock well was
‘drilled. In two places, both rock and sand/gravel wells were
determined to be necessary. A cluster well system, OW-1 (rock)
and OW-1A (sand/gravel) was installed at site 1. North of the
chrome lagoons, OW-9 (rock) and OW-1l4 (sand/gravel) are located
in the same area about 200 feet apart. The rock and sand/gravel ~

wells were installed in two different manners described in the

following sections.

Rock Wells -

Six rock wells were installed at the Woburn Site. For ihese wells, a
thirteen-inch roller bit was used to érill through the unconsoclidated
materials and five feet into sclid bedrock. Six-inch diameter

steel casing was set in the holé allowing for a one-foot stick-up °
above land surface. The steel casing was used to seal off any

ground water in the unconseolidated dep05its'and to prevent collapse.
This assures that representative grouné-water samples from the
bedrock can be obtained. The annular space around the ctasing was
pressure-grouted with a cement/bentonite slurry to land surface.

The inside of the steel casing was then flushed out with éiean

water to remove any dérilling fluids and sediment.
After the steel casing had set in the hele, a six-inch diameter

pneumatic hammer was used to drill to the desired depth in the rock.

Drilling continued until water-bearing fractures were encountered
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or to at leﬁst eighty feet into roeck if no such fractures were
found. A geologist logged the rock fragments coming from the

hole as the drilling progressed. Well logs are given in Appendix 1V,

No casing was set in the hole since the rock is dense encugh to
allow the hole to stay open indefinitely. aAfter the well was

finished, a2 metal plate with a hasp was welded to the top of the

steel casing allowing the well to be locked. All six rock wells

were purged immediately after installation by a submersible pump.
Each well was pumpeé until ten times the volume of water standing -
in the open hole was removed (OW-3 and OW-4) or until it went

éry (OW~1, OW-2, OW-8 and OW-9),

2 designated measuring point on top of each well casing was
leveled in with respect to mean sea level. Water levels in all

wells were measured on three occasions to +0.01 feet by an

" electric probe and measuring tape.

Sand/Gravel Wells

Nine (9) sand/gravel wells were installed for this investigation.
These wells are screened in the sétuxated, unconsclidated deposits
and to five feet into‘solid bedrock. All borings in sand/gravel
were drilled by the mud rotary method using Revert and/or benton-
ite and water from the mun;cipal supply system as drilling fluid

additives.
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In constructing these wells, an eight-inch roller bis was used

to ﬁrill through the unconscolidated sgction and five feet into
solid bedrock. After the hole was drilled, the geclogist selected
the appropriate length ¢f four-inch diameter PVC slotted pipe
{screen) to -be used. The entire saturated thickness of the sandg
and gravel aguifer was screened. Threaded, four-inch, blank PVC
casing was used in the unsaturated sections, allowing for a

one=-foot stickup above land surface.

The screen zone was ﬁacked with clean silica sand of a suitable
grade for the slot sizes {.010-inch openings). A seal of
bentonite pellets was placed immediately above the sand pack and
the femaining annular space was pressure-grouted fo about three
feet below land surface with a cement—bentonité mixture. A cement
seal was poured in the remaining few feet to land snrface and a
protective steel standpipe with a2 lock was used to protect each

well.

The sand/gravel wells were developed in two steps. The first step
consisted of surging and pumping the well with air. This process
removes fluids introduced during dril;ing and muchrof the fine
sediment from the formation around the screen, thus allowing a
free flow of water from the aquifer inteo the well. The second
step of the development process consisted of pumping with a sub-

mersible pump to remove at least ten times the volume of water
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contained in the casing and sand pack. This step insures that all
aerated water and/or water introduced during drilling has been

removed.

Ground-Water Sampling

Ground-water samples were collected from the OW series of wells

on September 27 and September 28, 1982, Immedihtely prior to

sampling; each well was purged by pumping it dry or by rgmoving

from five to ten casing volumes of water. The submersible pump
used for purging was thoroughly rinsed and steam~cleaned between

wells.

Samples were collected by Roux Associates personnel with a stain-
less steel bailer. Prior to sampling each well, the bailer was
thoroughly washed with tap water and rinsed three times in

distilled water. 1In addition, the first three bailer volumes

" removed from the well were discarded. All saméling gloves, bailer

cord, etec. were changed between wells.
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. HY DROGEOLOGY
Geclogic deposits in the study area can be divided into groups
or units based on sediment character, origin and permeability

differences. From cldest (deepest) to youngest (shallowest),

they are:
Unit D - Mafic bedrock
Unit C - Poorly sorted to unsorted mixture of clay,
| silt, sand and gravel
Unit B - Fine to medium sands with.finer and coarser
layers and peat
Unit & - Miscellaneous artificial £ill deposits

From north to south, four geoldgic cross secticns have been com-
piled, each crossing the Site in an east-west direction (Figures
6-%). The locations of these sections are shown on Figure 4. The
ldest deposit in the study area, the bedrock (Unit D} will be
discussed first, fcllowed in succession by the younger, uncon-

solidated deposits of Units €, B and A.
Unit D

Woburn is located on the Eastern Avalonian Platform of the Northern

Appalachian Mountain System. The area has been subject to several.
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.mountain ‘building or deformational events that occu:rgd more

thaq'ZQO million years ago. What is observed today in the bedrock
are remnants of these tectonic events; The area of investigation
is located between the Norﬁh Boundary and Blood Bluff fault zones
which divide the greater Boston area into a series of northeast
trending blocks. These blocks are in turn dissected by north;
south trending faults, one of which has controlled the location
of the Aberjona River Valley. The deformation associated with

faulting caused a suture and a weakening of the bedrock, paving

the way for preferential weathering along this plane of weakness.

The bedrock at the Site is the Salem Gabbro-Diorite (Barosh, et al
1577) which has been radiometrically dated as late Middle Orﬁo-
vician {approximately 450 million years old). At the northern
portions of the site, bedrock is expecsed as kncbs and ridges
throughout (Figures € and 7). Towards the south where the
Aberjona River Valley is more pionounced, bedrock occurs as knocbs

rising rapidly from the valley to the east and west (Figure 9).

Where fresh, the dominant rock type is a gray gabbro that consists
of mafic minerals (pyroxene énd/or hornblende} and plagioclase
feldspar, with minor biotite and pyrite cubes. This rock is

massive in appearance and has a fine to medium grained texture.

In outcrop, the bedrock weathers chalky with a green or gray

tinge. The rock is dissected by numerous fractures, many of
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which are filled with white or pink guartz. Layers of green
rock are common and show phyllitic partings. This compositional
banding as well as a proncunced foliation, give the rock a

gneissic texture.

" The green bands or layers are much softer and are highly fractured.
They consist of epidote, chlorite, muscovite and plagioclase., The
contact between the massive gray rock and the green layers is very

irregular and often fractured.

The permeability of bedrock is dependent upon the occurrence of
joints and faults and the extent of weathering. The extent of
weathering of the bedrock in this area is minimal because the '
rock is very dense and tends to resist weathering and because geo-
logically recent glaciation has abraded the surface and removed
the loose rock that may have been present. Permeability,
therefore, is dependent upon fractures that have been develcped
in response to volume changes, or to externally applied forces
such as those that produce faulting. In general, these joint

and fault openings decrease markedliyv with depth.

Overall, the bedrock appears to be massive at topographic highs
(0W-2) and fractured/jointed in lower areas (OW-9). The gray
rassive phase of the bedrock, where dominant, is unfractured.
Thin (less than one foot) éuartz veins appear to fill any

fractures.
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At OW-1 and OW-8, the gray rock alternated with zonea'of softer,

greén rock. BHowever, no major water bearing fractures were
encountered at those locations. At OW-l, a very soft zone (non-
water bearing} was encountered between 96 and 106 feet below land
surface. This is believed to be a gouge or finely abraded material
that occurs along the wall of a fault. Wells OW-1, OW-2 and |

OW-8 went dry during pumping and recovered at less than 0.1 gpm

(gallons pér minute) .

At OW-5 the rock was very fractured at the top and became massive
with depth. Though fractures were abundant, they were filled

with guartz and yielded less than cne gpm to the well.

At OW-3, the massive gray rock was present the length of the
hole. However, at approximately B3 feet below land surface, 2
thin fracture partially filled with rosy gquartz, yielded three

Spm.

The. rock quarrving operation has facilitated the developmernt of
fractures in the area where OW-4 is located. Fractures filled
with guartz have been reopenéd by the blasting operations. Ow-4

vielded greater than 15 gpm during development.

In summary, the bedrock of Unit D, even thouch fractured at many

locatiecns, generally has a very low permeability. Many fractures
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are filled with guartz and the open, water-bearing fractures,

such as found at OW-3 and OW-4, may be localized and not connected
to othér fractures in the area. Thus, the bedrock cannot be
considered a significant aguifer for industrial and/or municipal

water supply in this area.

Unit C _

Unit C was formed during the last glacial peried (12,000 years
age) when giaciers in the Aberjona River Valley stopped advancing.
Initially, the glacial ice mass had widened tﬁe existing bédrocﬁ
vailey by plucking blocks c¢f rock and ebrading the vailey walls.
As the glacier advanced over the land surface, it picked up
sediment. However, when the rate of advance egualed the rate ’
of retreat, the sediment it had picked up was deposited in
conveyor belt-iike fashion. Thus, Unit C consists of unsorted

sediments showing a high variability in grain sizes.

Unit C can be designated a2 till which mantles the irregular
surface of the bedrock. Till is exposed at the surface where
bedrock is close to the surface (Figure 9). The till wes found
to be twelve feet thick as 2 maximum. It is thin at the sides of
the valley (OW~13 and OW-14), and is absent near the center of

the valley (OW-12) where it was probably scoured away by currents.

The till can be divided into three distinct types in the study

area. Immediately overlying the bedrock is a gray-colored non-
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_sorted mixture of particles ranging in size from clag‘to boulders.
Examination of the coarser particles indicates that this till wé;
derived locally as rock fragments of the bedrock are found ex-
clusively; Above this layér is an assemblage of mafic bedrock
and‘quartz.cobbles and boulders in a2 greenish-gray clayey matrix.
The rock fragments are exclusively of Unit D and are partiallf
wegathered. This layer is generally thin (less than 4 feet in
thickness) and may represent a weathered part of the till beiow
it. Overlying these deposits in a few isolated areas is a

brown, medium tc coarse sand with boulders and cobbles of
lithologies exotic to the immediate area (such as granite, schist

anc gneiss).

Regardless of type, Unit C has a very low permeability due to the
variable sizes, poor sorting and tight packing of the imndividual
grains. In the core samples, the till is observed to be moist

or dry, even though overlyving sands (Unit B) are saturated. In

a number of test pits, a small amount (0.1 gpm) of water was
observed perched above clayey parts of the till, demonstrating
that the till layer inhibits the downward movement of water to

the bedrock.
Unit B

Overlving Unit C are vounger deposits of glacie-fluvial origin

called ocutwash. These were formed by meltwaters from the
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retreating glacier which sorted sediments previously carried and
deposited by the ice. Therefore, these deposits contain sediments

having more uniform grain sizes and are more permeable than till

deposits.

The contact between the till and outwash is easy to see because of
color and sedimenteclogical differences. Moreover, the outwash
deposits below the water table are saturated, while the underlying

till appears dry and is much denser.

Unit B is either very thin or absent where bedrock is close to

the surface, but reaches a maximum observed thickness of 42 feet
near the center of valley (OW-12). This unit consists of a ’
series of graded sand beds that vary in thickness from four to

twelve feet. From the top to the base, each graded bed consists of:

-~ Medium to coarse sané with granules ané pebbles
50% quartz, 30% rock fragments (schist, gneiss,
granite, mafic rock, etc.) and 20% feldspar,
muscovite and dark minerals.

- Fine to medium sand; well-sorted; gquartzose;

10 to 20% feldspar, muscovite, dark minerals and
rock fragments..

- BSilty £fine sand; gquartzose; 10 to 15% muscovite;

finely laminated; disseminated organic material.
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Based on the uniform sizes, degree of sorting and.}oose packing of
the individual grains, Unit B has a high permeability. The sand/
éravel observation wells are screened in this unit and have high
yields. The piezometers are screened in thinner deposits of

Unit B which cccur toward the fringe cf the Aberjona River Valley.
ﬁhere the sands and gravels of Unit B are thick, they can serve as

a water supply aguifer.

At OW-€, twelve feet of sandy deposits were found to overlie 36 feet
of a gray clayey silt resting on bedrock. During the time melt- -
waters were active in the valley transporting and depositing sands
of Unit B, a body of standing water existed in the area of OW-6.

~ Finer clay andé silt-sized particles settled ount of suSpeﬁsion.
Coarser sand particles and gravel are found in places embedded

in the clayey silt. Due to the fine grain sizes and cohesiveness,

this deposit is of very low permeability.

Overlying the outwash deposits in part of the Site are peat deposits.
Peat consists of partially decomposed organic matter such as

mosses; trees and other flora that flourish in marshes ané wetlands.
Fezt deposits have been covered by man-made fills on the Site. -
Marshy areas still exist within the Site suggesting that these
conéitions have persisted at various locations for the‘past 10,000

vears.

The peat deposits have been consideredé part of Unit B, even though
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they are yéunger. In places, peat can be seen interlayered with
sand as the contact between the two deposits igs gradational.
Peat was encountered in many borings- and test pits. At OW-5,
11.5 feet of brown peat was present beneath a thin veneer of
fill and above the sands of Unit B. Peat deposits generally
have a high porosity, but a low permeability because water is

tied up by molecular attraction.

Onit A

Unit A consists of a heterogeneous assemblage of artificial fills
ané is present throughout the site and industrial complex to the
south. The waste deposits on‘the Site, which are part of this

unit, are discussed in later secticns of this report.

On the portion of the Site east of Commerce Way, Unit A is =2

coarse regolith that mantles the natural deposits of Units B,

C arnd D. This regolith consists of gravel and coarse sand and is
essentially reworked and redistributed till. Piles of this material,
which was used for road beds in the area, arerfound throughou; this

part of the Site.

Within the industrial complex south of the Site, the thickness of
£ill deposits averageé from approximately two to four feet anc are
sandy. Even thouch it is poerly sorted in places; its loose ceon-
sistency readily allows percolation of water to Unit B and toc the

water table,
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SO0IL AND WASTE INVESTIGATION

-
An_important,part of the Phase I invgstigation was the character-
ization of waste types on the Site and determination of the volumes
and distributions of the farious wastes identified. To accomplish
this, the following tasks were undertaken: an earth conductivity
survey, test pit and test boring programs, and a soil sample &analysis
program. These tasks are described in detail in the methods of
investigation section of this report. The waste types and dis-
tributions at the Site, based on the interprétation of the results

of these tasks, are described below.

Concductivity Survey Results

The purposes of the conductivity survey were to help locate optimum
sites for pits and borings, and to help insure that the entire site
had been surveyed and no waste deposits were missed. A description

of the conductivity eguipment and its operation is included in the

methods of investigation section.

To provide the control necessary to make the initiel interpretation
of the conductivity data, measurements were made in areas where sub-
surface conditions could be determined from the surface. These
control measurements were made on the large hide residue piles,
bedrock outcrops, the Arsenic Pit, piles of construction debris,
wetlands and in the area east of Commerce Way where no waste

materials were visible. There were, however, no boring or test
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pit logs or analytical results from scil samples for the initial

conductivity interpretation.

The conductivity survey was based on a 200-foot grid system
{(Figure 3). A reading from at least one and f?equently both
instruments was made at all of the accessible grid points. In
addition, continuous readings were made with the EM-31 along
traverse lines through'éritical areas. Some EM-3]1 readings be-
tween grid points are shown on Figure ll. In many cases, however,
the operator simply noted the changes in readings as he walked
without recording them. 1In this way, it was determined that no

waste deposits were missed by the survey.

For the purposes of defining areas containing waste materials
and contaminated soil, the EM-31 and EM-34 (H) (Horizontal dipole
mode)} data proved tc be the most useful. EM-34 (V) (vertical
.dipole mode) data reflects deeper conditions and was not used to

locate waste deposits.

Based on fhé control points established, the experience of the
operator at other sites, and a comparison of conductivity
results between the two insﬁruments, tﬁe initial conductivity
results between the two instruments, the initial conductivity
interpretation was made. This interpretation divided the site
into six classifications based on conductivity: 1) bedrock and

clean, nonconductive soil, 2) contaminated ground water, 3)
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solid waste, 4) hide residue, 5) construction debris containing
metal objects, and 6) areas where there was iﬁterfereape and con-
ductivi;y would not work. The results of this interpretation are

shown on Figure 10.

This preliminary interpretation was used to help guide the Phase I
boring and test pit digging program. Borings and test pits wefe
located in all of the different areas defined by the conductivity
survey. Also, an attempt was made to evaluate the accuracy of the
conductivity area limits by locating pits and ‘borings on both sides

of various boundaries.

After completion of the Phase I soil sampling and analysis program,
the conductivity data were reinterpreted. The reihterpretaﬁion )
indicated that it is not possible to distinguish as many categories
of site conditions and waste types as are shown on Figure 10. It
was found that the EM-31 and EM~34 (H} data could be combined
and divided into three ranges that represented site conditions
guite accurately. These catagories are, in mmho/m:

less than 10 - uncontaninated (background)

between 10 and 50 - contaminated soil or ground water,

or thin waste deposit

greater than 50 ~ waste deposit

The areas defined by these three conductivity ranges are illustrated
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on Figure ll. The effectiveness of the conductivity eguipment
in identifying waste deposits is evident when the figures showing
soil and waste sample analytical results (next section) are

compared to Figure 1ll.

Figure 1l shows that a large portion (32 acres)_of the site

(east of Commerce Way) contains natural sediments and rxock with

no waste materials. The one exception is a small area directly
north of the site trailer which was initially thought to be buried
waste, but has subseguently been determined to be shalliow contam-
inateé ground water from the hide residue burial area to the west.
This hide residue burial area is guite clearly defined by the
conductivity, as are the two hide residuve and waste material stockf

piles in the northerm portion of the Site.

The portion of the Site that has been developed and is not a

part of the investigation could not be surveyed with the conductivity
eguipment because of interference. 1In addition, portions cof the

Site that contain metallic construction debris, steel fences,
railroad tfaéks, etc. could not be surveyed with the conductivity

egculpment. These areas are shown on Figure 2.

The conductivity survey has provided a useful toocl in guiding the
boring ané test pit program and has substantiated the location of
waste materials as defined by analyses of soil samples. The con-
ductivity survey has also_helped to demonstrate areas containing

wastes have not been overlooked.
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Soil and Waste Analvtical Results

.Both-the selection of appropriate remecdial measures ahd the

appdrtionment'of their costs as provided for in the ccnsent.order,
regquire that the extent and types of wastes and contaminated soil
at the Site Be defined. To accomplish this, samples of the waste

materials and scil were collected and analyzed.

For the Phase I soil and waste sampling survey, 462 samples from

53 borehcoles and 115 test pits were collected. Of these 204

were analyzed for selected metals. The metals analyzed for were
antimony, arsenic, barium, berylium, cadmium, chromium, copper,

lead, mercury, nickel, thallium, silver, selenium, and zinc.
(Arsenic is grouped with the metals because of its similar
environmental properties, but is technically & semi-conductor and -
not a metal). In addition, the following analyses of sediments’

were obtained, 21 from Janpet, 7 from EPA/DEQE, 7 from earlier Stauf-
fer work and 15 from Boston Ediscon. :he results of all of the analy-

ses are given in Appendix 1I of this report.

Inlthe test borings, continuous cores were taken thrsugh'the £i11

and intec natural deposits. All'5plit*spoon samples collected were
retained. The geologists selected the samples that would ke anal}z-
ed based onAcolor, odor and texture, since these physical character-
istics separated the f£ill deposits-from underlying, natural geclogic
deposits. The geoleogists selected at least one soil sample for aﬁaly-

sis from each of the variations in color and texture, sc that every fi
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sample having a different color and texture would be analyzed.
-In addition, samples ccllected in natural deposits beneath the

f£ill deposits were retained and some were selected for analysis.

The geologists had greater visibility of subsurface £ill deposits
in the test pits. Samples were selected to represent all differ-
ent deposits encountered in a test pit. In addition, samples of
natural materials were collected below the fills or where they

were eXposed at the surface.

Tﬁe results of the scil and waste analyses for heavy metals show
that while all of the metals analyzed for except berylium, are
present at 100 ppm in at least one location, six (arsenic, barium,®
chromium, copper, lead and zinc) are by far the predominant species.

Mercury, found at a relatively few locations, may be of concern,

The distributions of the various metals jdentified in the soil and
wastes over the area of investigation are shown on Figurés 12
through 24 and givé an unbiased, general view of the distribution

of each metal to the extent that the Phase I data has defined it.
rsenic and lead, because of their concentrations and widespread dis-

tribution on the Site, have been further defined on Figure 25.

This figure illustrates the distribution of arsenic and/or lead

ROUX ASSOCILATES INC



VII 31

in two ranges, 100-1000 ppm and greater than 1000 ppm. The shaded
. -

areas representing these ranges were constructed by tightly con-

touring the points of known concentration and thus represent

approximate minimum areas where these metals are present at the

reported concentrations.

The total area of the Site is approximately 250 acres. BHalf of
this area consists of shallow bedrock and buildings. O©f the
remaining 125 acres, 32 acres east of Commerce Way do not con-
tain waste ﬁaterials and reguire no further soil sampling. Com-
bining the arsenic and lead data and eliminating overlapping
areas, there are 22 acres containing arsenic and/or lead at
concentratipns greater than 1000 ppm and an additicnal 13 acres

greater than 100 ppm (Figure 25).

Figure 26 shows the distribution of chromium at the Site in
the same manner that Figure 25 showed lead and arsenic. Five
acres contain chromium concentrations greater than 1000 ppm and

another 5 acres greater than 100 ppm. -

The distribution of the other widely distributed species of metals:
found at the Site, {(barium, copper and zinc), can be seen on
Figures 15, 17 and 19. A contour map of zinc and copper concentra-
ticns 1s shown on Figure 27. This figure shows that all of the
area that contains these metals also contain arsenic, lead and

chromium. Mercury, 'on the other hand, is not widely distributed,
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but is found in several areas not containing the more common metals

(Figure 18).

The thicknesses of waste materials angd éoil containing arsenic,
lead and chreomium is less certain than the are;l extent, although
they generally range from 1 to 8 feet below grade. Table 2 shows
a comparison of concentrations of chromium, lead and arsenic at
various depths in all pité and borings where samples were collect-
ed and analyzed at more than one depth. This t§ble shows that
while concentrations decrease with depth in many-cases, there are
also a significant number where the reverse is true. This second
case reflects the areas where clean fill was placed over waste
materials. In all of the borings and many of the test pits, howeve;,
natural sediments were identified under the waste materials. Soil
samples were collected and analyzed from these natural sediments
at several locations and were found to contain background concen~-

trations of metals.

In aﬁdition to the metals, hide residues, because of odor problems,
are a waste prbduct of concern at the Woburn Site. Hide residues

are readily identified in the field because of their coler anéd odorx
and chemical analyses are hot necessary fbr defining extent. The
Phase I investigation has defined areas containing hide residues which

are eight acres in extent. These are shown on Figure 28. The
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Table 2 - Comparison of chromium, lead and arsenic in borings and test
pits where two or more samples taken at different depths were analvzed

SOIL ANALYSIS {in ppm)

Location Chromium Lead arsenic = Depth (ft.)
B-9 " 637 86 : 118 1
B-9 16 - 12 3
B-12 , 7 8803 1026 1
B-12 7 11 - 9
B-13 409 525 194 " .25
B-13 161 503 281 5
B-14 112 1837 235 1
B~14 16 212 289 3
B~15 20 2143 296 5
B-15 18 2062 37 6.4
B-21 11 13 1215 5.5
B-21 31 13 ' 210 9.5
B-22 4956 196 | 88 7
B-22 216 8 5 8.9
B-22 42 12 5 14.65
B-23 1753 445 237 1 -
B-23 36 207 95 3
B-23 - 131 12 5
B-24 6 866 11 1
B-24 16 3800 15 7
B-27 4090 555 ' 64 5
B-27 51 45 71 21
B-31 830 126 9 3.5
B-31 | 1170 149 8 9. 85
B-32 688 156 5 5
B-32 ' 1619 . 385 & 7
B-33 12 70 . 11 3
B-33 . 17 | 26 7 5.75
B-34 23 108 - 1
B-34 22 15 3 6.35
E-35 42 2857 1122 1
B-35 . 3% 1152 133 2.35
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Fage 2 of Table 2

SOIL ANALYSIS {(in ppm)

Location ‘ Chromium Lead LTsenic Depth {(£ft.)
B-36 ip 4660 1262 1
B-36 - 5849 1321 3
B-36 - 5 343 1944 5
B-36 14 123 . 858 7
B-37 30 ' 540 1500 3
B-37 48 1944 204 9
B-40 10 1010 19 1
B-40 7 5 - 3
B-40 7 6 - 5
B-d41 25 465 101 1
B-41 28 570 250 3
B-42 131 1616 " 93 1
B-42 - 5243 B14 3
B-43 63 94 20 1
B-43 13 7476 1845 3
B~43 | 7 52 190 5
B-44 18 51 14 1
B-44 11 10 6 7
B-49 ) 6 4950 881 .3
B-49 27 606 21 .5
B-50 15 ‘ 190 _ i9 1
B-50 21 10 - 2.65
B-52 6 5 9 5
B-52 7 5 10 11
B-54 110 140 9 1
B-54 , 33 ) 5 3 11
B-55 12 B200 6 80 1
B-55 22 871 782 5
B-55 19 : 27 73 11
T-2 51 : 4694 ‘ 2755 1.5
T-2 22 7071 8081 5.5
T-4 - 26699 1748 .5
T4 29 417 204 4.5
T-9 28 165 23 2.5
T-% 22 : 25 7 4.5
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Page 3 of Table 2 T

SOIL ANALYSIS {in ppm)

Location Chromium Lead Arsenic Depth (It7)
T-10 44444 _ 227 10 ~ Unknown
T-10 - 15481 396 g 10

T-12 T 248 0 - 7 2

T-12 15 30 10 4.5
T-16 S 12121 253 - 1

T-16 o4 - 50 Unknown
T-17 15 1881 743 3 (2-4)
.17 - 10400 1100 3.5 (3-4)
T-17 104 1832 ' 238 Unknown
T-29 49 2353 93 3

T-29 29 98 5882 4

T-31 - 110 320 175 2.5
Cme3] : 12 5100 2050 4

T-45 16000 2600 8 5.2
T-45 5 5979 _ 928 g -
T-£3 37 CEE 1633 1

T-63 - 22222 5556 2.55
=73 7 - 3 .7
T-73 - - 3 1

T-85 75 1576 . 675 2

T-85 - 158 59 4 5.5
T-89 198 1980 _ 941 2.7
T-89 g2 7475 1414 7.2
T-95 303 1313 727 .85
T-95 13 149 12 1.75
T-85 . _ $49 424 101 4.1
T-107 - 1500 - 290 1.8
T-107 : - 567 639 2.8
T~110 , 28 810 500 1

T—110 18 ' 110 5 Unknown (0.7-1.
T-112 347 412 48 2.4
T-112 2300 48D 75 3.5
T-113 4343 g788 14141 1.5
T-113 v 160 17000 4.5
T-114 7 55 12 1

T-114 21 4200 - 2400 1.5
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thicknesses of these deposits range from a few feet to about 8

feet below land surface and, in the waste piles, up to 40 feet

above grade.

The southern hide residue area shown ﬁn Figure 28 is where the
hide residues were originally buried during the glue plant's
operation. This area contains primarily hide reéiﬁues and
;ssociated-chromium. The northern waste pile area is a stock-
pile of wastes that was deposited by the Site developers during
construction. This waste pile is composed of a comingled vériety
of materials, including hide residues, arsenic, and lead. There
are alsoc two areas that are suspected of containing hide resicdues
that were not investigated during Phase I and are shown on

Figure 27. Both_of these sites contain stockpiled wastes and

may contain a variety of substances in addition. te hide residues.

hn attempt was made in the Phase I survey to correlate various
physical-characteristics cf samples with their chemical
composition. . Details of dominant and subordinant sediment,
texture, color and odeor were recorded for each sample and coded

into the computer printout. The results are shown in Appendix II.

The coding system failed to establish a visual method of dis-

tinguishing between the various metals at the Site. However, some
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generalizations based or color and texture can be made . Initially,
a £ilil éeposit with a red color was thought to be indicative of
high lead concentrations. This has held true, though arsenic,
bparium, copper and zinc were almost as abundant in red-colored
fill‘deposits; In addition, trace metals at the Site including
antimony, cadmium, nickel, silver and thallium are found at greater

than 100 ppm levels in red-colored deposits.

The gray or white colored deposits associated with what has been
referred to as the Arsenic Pit, not only reflected high arsenic
concentrations, but in most cases contained even higher concen-
trations of lead, zinc, copper and barium. A black color, when
aésociated with hide residues, was thought to reflect higher
chromium concentrations. However, as previcusly mentioned, the
reworked hide residue pile at the northern end of the Site con-
tains other metals as well (arsenic, ba;ium, lead, copper and

zing).

Defining specific wastes based on the dominant and subordinate
textures oﬁ the sediment grains, Qas also not a totil success.
When a £ill containing artificial components, such as demeclition
debris, was aﬁalyzed, arsenic, lead, copper, barium and zinc were
usually abundant. However, these metals, as well as chromium,
were fouﬁd in abundance in deposits ranging in texture from coarse

to clay.
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A fill depoéit of certain colors (red, gray, white and orange)

and comprised of artificial components, such as construction
debris, contained high concentrations of barium, copper, lead

and zinc, as opposed to chfomium. Chromium deposits generally
occur independently of the other metals, though the other dominant
metals, arsenie, lead, copper, zinec, have been admixed where

chromium deposits were disturbed and redeposited.’

It is concluded that the only way to accurately characterize a
waste material at the Woburn Site is through chemical analyées of
the fill deposits.. However, it was determined by the éeologists
in the field who examined the samples, that waste materiels could
be distinguished from natural sediments by wvisual inspecticon.
This proves to,be useful since the chemical analyses indicate that
most of the waste material contains at least one of the metals of
concern. Table 3 shows, for the samples collected, the geclogist's
‘characterization as natural or artificiai texture, odor and coler
in comparison to the total concentrations of lead, arsenic and

chromium where analyzed,

The samples charaéterized as having natural physical characteristics
invariably contain approximate backgroﬁnd concentrations of metals.
Ninety percent of sampies that have been classified as artificial
fill or waste materials contain greater than 100 pﬁm of at least

one metal and usually greater than 100 ppm of several metals. Thus,
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Table 3 -

-

Characterization of Natural or Artificial Deposits Compared

to the Jotal Concentrations of lead, arsenic and chromium
(where analyzed)

Sarple Texture Color Odor Total Lead, Arsenic

- & Chromium Concen. (pp:

B-1 1 2 1 1 -

2 1 1 1 -

3 1 1 1 -

4 1 1 1 39

5 1 1 1 -
B-2 1 1 1 1 -

2 1 1 1 -

3 1 1 1 -

4 1 1 1 17
3-3 1. 1 1 1 -

2 1 1 1 -

3 1 1 1 18

4 1 1 1 -
B-4 1 1 1 1

2 1 1 1 -

3 1 1 1 -

4 1 1 1 13 ’

5 1 1 1 -

6 1 1 1 -

7 1 1 1
8-5 1 1 1 1

2 1 1 1 -

3 1 1 1
B-6 1 2 2 1 5602

2 2 2 1 - -

3 1 1 1 -

4 1 1 1 -
B-7 1 2 1 1 -

2 2 2 1 332

3 1 1 1 -

4 1 1 1 -
B-8 1 2 2 2 14

2 1 1 1 -

3 1 1 1 -

4 1 1 1 -
B-¢ 1 1 1 2 841

2 "1 1 L 28

3 1 1 1- -

4 1 1 1 -

l= Natural

2= Artificial or Unnaturszl

- No Analvsis Performed
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1 2
1 1
1 1
1 1
2 1
2 1
2 1
2 1
2 1
2 2
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2 1
2 2
2 1
2 1
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Texture ’ Color. Odor Total Lead, Arsenic

Reoring Sample : _
& Chromium Concen. (ppmx

TP-92 1 1 1 1 -
TP-93 1 1 2 1 0
TP-04 1 2 ) 1 - 3139
TP-95 1 2 2 1 2343

2 2 2 1 174.

3 2 2 1 1474
TP-96 1 1 2 1 6
TP-97 1 1 1 1 -
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TP-99 1 2 1 1 -
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2 2 1 18
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‘ 2 2 2 1 27272
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while the type of waste cannot be determined visually, the physical

inspe&tion can distinguish between contaminated and natural depoéits.

In addition to analysis for metﬁls, most soil samples were screened
for organic compounds. Figure 29 shows the areas where sediment )
samples ¢ollected registered corganic content of greater than oﬁe
hundred and grezter than o¢one thousand counts per gram. An area

encompassing New Boston Street and the adjacent indus trialized

sector shows the highest levels of counts per gram.

GROUND-WATER LEVELS AND FLOW

Grouné-water levels in all wells and piezometers were measufed on
September 22, 1982, October 27, 1982 and ianuary 12, 1983 (Table 1).
The data were used to plet water table elevation conteours so that

the flow direction could be determined. The resulting representative
water table, which is based on data collected from the OW-series wells
on Januvary 12, 1983, is shown on Pigure 30. This water table map is

similar to earlier maps based on data collecteé in September and

Dctober.

Ground water flows downgradient and approximately perpendicular to
the water table elevation contours. ,Figure 30 shows that gfound
water enters the Site from the ncrth. Ground water west of the
Aperjona River Valley will flow towards the southeast, whereas

ground water east of the valley will flow towards the southwest.
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The highest water levels (72.6 and 72.7) were measured at OW-1
and OW-1A located at the northern edge of the Site. The lowest
ievel (51.2) was measured at OW-7, the most southerly ;ell. These
values indicate an éverall gradient of 0.005 ft/ft. However, the,
slope of the water table is steepest under the Site (0.008 ft/f¢)

and flattens out below the industrial complex (0.002 ft/ft}).

Based on the direction bf ground-water flow, OW-%, OW-12, OW-13 and
OWw-14 are located immediately downgradient of the Site. Ground-

water samples collected from these wells will reflect the guality

of ground water leaving the Site. OW-1l, OW-1A, OW=10 and OwW-11

are upgradient wells tapring ground water that is entering the

Site from the northwest and west. OW-2, OW-3 and OW-4 are upgracient
to the nerth and east. The remaining wells, OW-5, OW-&, OW-7 and OW-8,

are located lateral to the Site with respect to ground-water flow.

.Examination cf the water table map (Figure Bd) indicates that
sround water entering the Site from the northeast (east cf Commerce
Way) will flow under the eastern portion of the Site and into. the
Aberjona River Valley or thickest part of the aguifer north of-

Mishawum Road.

Ground water entering the Site from the nerth will turn towards

the southwest and into the Aberjona River Valley just to the south

ROUWUX ASSOCLATES INC
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of the Site. Ground water entering the site from the northwest

'will flow under the western half of the Site and into™the valley

north of Mishawum Road. The ground-water flow rate throughout the
area of investigation is estimated to be approximately one foot

per day.

Water levels from both the rock and sand/gravel wells were used to
compile the water table map because they correlate well with each
other. Water levels obtained from the piezometers are generally
higher than nearby upgradient observation welis.- Since most of

the piezometers are screened in the sands of Unit B whére the unit
forms a thin veneer over till and bedrock, they are essentially
measuring local recharge. Water levels from the piezometers
indicate a portion of this shallow ground water discharges into
small tributaries cf the Aberjona and other surface water bodies on

the Site.

Water levels measured in OW-2 are anomélously higher than levels
in nezrby OW-1 and OW-32. The water level measured on Jénuary_lz,
1983 is 44.19 feeﬁ higher than OW-1. This is probably due to the
well intercepting an isolated and confined water-bearing fracture
near the Bottom cf the hole. In this case, water entering the
well will be under artesian pressure and will not reflect the

regional water table.
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Water levels have increased in all wells from late September to
mid;January,_with the exception of OW-1 which showed a decreaseA
of 0.07 feet. The water levels in the sand/gravel wells rose
between 0.15 and 0.53 feet while the rock wells were more
variable, ranging from -0.07 feet (OW-1) to +2.07 feet (OW=-4).
wWater levels in the piezometers showed a greater increase thaﬁ
the sand and gravel wells (between 0.52 and o0.44 feet). These
levels reflect recharge to the ground-water aguifer frpm .

precipitation during this period.
GROUND-WATER QUALITY

All ground-water samples were analyzed for the EPA listed pfiority.
pollutants and 22 highest organic peaks on GC/MS scan. Concen-.

trations of metals in ground water will be discussed first, follow-
ed by the organic compounds detected. Ground-water gquality results

are given in Appendix 4.

Of the fifteen monitoring wells, six contained metals exceeding

drinking‘water standards. They may be summarized as follows:
* Arsenic was found at 200 and 420 prpb in ground-water

samples collected at OW-5 and OW-9 respectively. The

drinking water standaré (USEPA, July 1976) is set at
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50 ppb. Arsenic was not detected in any othex well samples.

* Lead was found at 120 ané 74 ppb a2t OW-7 and Ow-14
respectively. The drinking water standard for lead

is 50 ppb.

* Cadmium was detected at 28 and 11 ppb at OW-10 and
OW-12 respectively. The drinking water standard for

cadmium is 10 ppb.

* Chromium was detected at 54 ppb in ground water from
OW-12. The drinking water standard for hexavalent
chromiuom is 50 ppb. The type of chromium found

in Well OW-12 is not known.

" As previcusly discussed, OW-9, OW-12, OW-13 and OW-14 are the

wells located immediately downgradient_of the Site. Arsenic at
levels greater than four times the drinking water standérd was
founé at OW-9. Léad was detected above the drinking water
standard at OW-14. Ground water from OW-12 contained cadmium
and chromium just above drinking water standards. OW-13 did

not contain any arsenic, lead, chromium or cadmium.

A review of data collected from monitoring wells on Janpet propecty,
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(Goldberg, ZOino‘;nd Assoc;ates, Inc. Report L-2) also indicates

the p%esence of arsenic and lead in the ground water. Ground waté;
from four wells screened in sand and gravel deposits contein

arsenic greater than drinking water standards. Two of these wells
contain lead in concentrations above potable standards. These data
correlate with data obtained from OW-9 and OW-14 which are immeﬁiate-
ly cowngradient cof Janpet property. Chromium was not found above

érinking water standards in ground water under Janpet propertyl

Based on the anzlytical results frem the downg;adient wells, it
eppears that waste deposits on the Site are contributing arsenic
and lead to the ground water. The one chromium concentration
found is just above the drinking water standard right at the edge

cf the Site.

One upcgradient well, OW-10, contains cadmium at 2B ppb. The remaining
upgradient wells contain no detectable lead, arsenic or chromium,

nor do metals exceed drinking water standards in any ©f these wells.
0f the wells lateral to the Site, ground-water samples from OW-5

and OW-7 contained arsenic and lead respectively. Wells OW-6 and

OW-8 did not contain detectable concentrations of these metals.

The monitoring wells were also analyzed for EPA's list of priority

pollutants ané other organic cempounds. All of the wells downgradient
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of the Site,.with the exception of Ow~l4, contained at least one
organic compound at levels greater than 100 ppb. Groulld water
from OW-9 showed two priority pollutants less than 17 ppb and
carbon disulphide at 108 ppb. Ground water from OW-12 contained
five organic compounds greater than 100 ppb, but only one organic
priority pollutant at 15 ppb. OW-13 showed no priority pollutants
and sulphur at 233 ppb. From this information, it:appears that
areas on the Site are contributing organic compounds other than
the priority pollutants to the ground water. It should be noted
that no volatile organic compounds were detected from ground-water

samples collected on Janpet property.

Ground water from well OW-11, upgradient of the Site, contained
four crganic compounds and two priority pollutants, each at a

concentration less than 66 ppb. Two organic compounds {carbon

-disulphide and trichloropropane) were detected each at 90 ppb

in the sample collected from OW-6. OW-6 is located in the south-
eastern portion of the developed area and is lateral to the Site

with respect to ground-water flow.

Downgradient monitoring wells had lower corganic prierity pollutant

concentrations than upgradient wells. Ground-water samples from

upgradient and lateral wells (OW-2, OW-3, OW-5 and OW-1l) contained

52, 110, 69 and 86 ppb organic priority pollutants fespectively.
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Downgradient wells (OW-9 and OW-12) contained 27 and 15 ppb organic
priority,pollutants. There was an increase in non-pricrity pol- |
lutants in OW-12 which is downgradient of a waste pile and the

Chrcocme Lagoons.

In summary, the Phase I ground-water data show several metals and

crganic compeounds in both up and downgradient wells and in wells

- lateral to the Site. No significant plume of contaminants emanating

from the Site was identified.
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FINDINGS AND CONCLUSIONS

-

The Woburn Site is underlain by bedrock of low permeability.
Unconsolidated deposits overlying'bedrdck‘are low permeability
glacial till, permeable outwash sands, peat and miscellaneous

£ill deposits (including chemical wastes and hide residueéj

Substantial progress has been made towards areal definition of
the waste deposits. These deposits were found to range from
one to eight feet deep. 1In several areas, wastes have been

riled on the ground up to forty feet above grade.

Waste deposits at the Site include animal hide residue,
construction debris, and chemical waste containing the follow-
ing metals: arsenic, barium, chromium, copper, lead and

Zinc with lesser amounts of mercury and cadmium.

The stockpile of hide residues and other wastes in the north-
ern portion of the Site contains all of the metals identified

in other places.

Soil samples collected from pits and borings were analyzed for
fourteen metals. The results can be summarized as follows:
(a) Lead is the most widespread metal found at the Site and

arsenic is the second most widespread. Lead and arsenic
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are frequently found together in wastes at the Site.
- There are approximately twenty-two acres of the Sité
where greater than 1,000 ppm of lead and/or arsenic
are found and an additional thirteen acres contain-

ing 100 ppm -of lead and/or arsenic.

(b} Chromium ié found on approximately five acres of the
Site at levels greater than 1,000 ppm and on an
additional five acres at greater than 100 ppm.
Chromium is generally found in tﬁe same areas as the

hide residues and in the Chrome Lagoon area.

(e} Barium, copper anc zinc are found across the Site at
concentrations of 100 ppm in the same areas as

arsenic and lead are found.

(d) Mercury is generally found to be associated with high

levels of lead.

(e} No other metals were found in significant amounts
{greater than 100 ppm) occurring independently of

lead, arsenic, chromium, barium, zinc, copper and mercury.

6. Hlide resigdues z2re found on approximately eight acres of the
Site. In some of this area, hide residues are mixedé with

Oother wastes.
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A preliminary screening for organics in the socilasamples
identified several areas around the Site, particularly in
the western portion (F;gure 29), that contain greater
than 1000 counts per gram. Specific organic compounds

present were not identified by this screening technigue.

The area to the east of Commerce Way and an extension of

Commerce Way does not contain waste materials.

Waste materials and contaminated soil can be distinguished
from natural sediments in the field by their physical char-

acteristics (texture, color, odor).

Waste types often can be recognized by observation of
physical characteristics, however, positive determination

of waste type must be made by chemical analysis.

The conductivity survey of the Site was useful in locating

the best areas for subsurface exploration with pits and bor-
ings. The conductivity results were also helpful in insuring
that waste deposits did not remain undetected in the sub-

surface.

Interpretation of the conductivity data shows a very good

correlation with chemical analytical results. Conductivity
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results did not prove to be helpful in mapping the bedrock
surface with depth and only partially successful in defining

areas of contaminated ground water.

Ground water in the bedrock and deeper portions of the
outwash sands flows from north to south into the more per-

meable sands of the buried Aberjona Valley south of-the Site.

A portion of the shallow ground water at the Site discharges
into the Aberjona River, its tributaries and surface water
bodieg, whereas some flows inte the deeper portion of the

buried valley.

The ground-~water flow rate in the more permeable sediment
{Unit B) of the Aberjona Valley is estimated at approximate-

ly one foot per day.

There are no potable supply wells in the Aberjona Valley
downgradient of the Site within the area of investigation

north of Mishawum Road.

Ground-water samples collected from upgradient wells (north
of the Site) had higher organic priority pollutant concen-
trations than downgradient wells. The samples from up-
gradient well OW-10 also contained cadmium (28 ppb) at a
concentration greater than the drinking water standard (1C ppb).
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In ground-water samples collected from the four wells

downgradient of the Site:

(a) OW-9 contained arsenic at 420 ppb (drinking water
standard 50 ppb}, two organic priority pollutants
less than 17 ppb and ancther organic compound, {(carbon

disulphide) at 108 ppb.

{b}] OW-12 contained cadmium (11 ppb) and chromium (54 ppb)
just above drinking water standards.(lo and 50 ppb,
respectively). One organic pricority pollutant was
found at 15 ppb and six other compounds were present,

ranging from 22 to 1850 ppb.

{c) OW-13 contained three organic compounds, but no

priority pollutants.

(d) OW-1l4 contained no organic compounds, but lead (74 ppb)
was found exceeding the drinking water standard of

50 ppb.

Arsenic was found at 200 ppb in a sample from well OW-5
which is lateral to the Site with respect to regional ground-
water flow, but may be influenced by shallow ground-water

flow or surface-water flow.
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20. Lead was found at 120 ppb in a sample from well OW-7 which

is lateral to the Site.

Respectfully Submitted
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