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Over the past year, the Savannah and Mobile Districts have 
been investigating a site in Macon, Bibb .County, Georgia, under 
the purview of the Defense Environmental Restoration Program 
(OERP). This site was formerly a u.s. Navy Ordnance Facility, 
but is nnw being used as an industrial park. 

As part of this investigation, five monitoring wells were 
installed at three suspected source areas: a landfill, an 
explosive demolition area, and a suspected burled cyanide 
contaminated tank. Soil samples were also collected from the 
explosive demolition area and a ponded area which contained 
several unlabeled drums. Analysis of the data collected during 
the investigation revealed that groundwater and soil 
contamination was encountered at concentrations that may require 
regulatory review. The results of the investigation are provided 
in the enclosed report titled "Engineering Report - Confirmation 
study of the Former Macon Naval Ordnance Plant, Macon, Bibb 
county, Georgia." 

I request that you review the report and provide any 
·comments you may have to Mr. Robin Blackman, Environmental 
Resources Branch, u.s. Army Engin~er District, Mobile, Post 
Office Box 2288, Mobile, Alabama 36628-0001. 
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l . 0 EXECUTIVE SUHJUJlY 

C-FHNOP.2/ENGREP.l 
09/27/90 

A confirmation study at the former Macon Naval Ordnance Plant (HNOP) was 
performed by Environmental Science & Engineering, Inc. (ESE) for the 
U.S. Army Corps of Engineers (USACE), Mobile District under contract 
number DACAOl-88-D-0027. This investigation included a records review 
of available information related to the facility. 

USACE installed five monitor wells at three suspected source areas: a 
landfill, an explosive demolition and testing area, and a suspected 
buried cyanide contaminated tank. During the USACE investigation, the 
tank was excavated and found to be a box, not an underground storage 
tank (UST). USACE also identified an area where a pond containing 
reddish-orange water was found, as well as approximately 500 unlabeled 
drums. This area is west and southwest of the landfill and is off the 
former MNOP property. 

ESE completed two field efforts at HNOP. During the first effort 
(November 28 and 29, 1989), groundwater samples were collected from five 
monitor wells. Five composite soil samples were also collected. Three 
of the soil samples were from the explosive demolition area, and one 
each from the pond sediments and the drum area. The second field effort 
(July 25 and 26, 1990) involved the collection of soil and sediment 
samples. Confirmatory soil samples were collected from the explosive 
demolition area, and a soil sample from a representative background area 
was collected. A sample of sediments from the small creek flowing 
through an onsite drainage easement was collected. Also, a new area was 
investigated with shallow soil samples during the second field effort. 
This area was a drainage from a former oil recovery operation. 

The most significant groundwater contamination found is the result of 
erichloroethene (TCE). TCE was identified with concentrations of 
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7,000 micrograms per liter (~g/L) and 3,800 #g/L in wells KY-2 and KW-3, 
respectively. MW-2 is located at the northeast corner of the landfill 
adjacent to the suspected buried cyanide tank. MW-3 is located on the 
east side of the explosive demolition.area. ·Low concentrations of the 
explosive compounds 1,3-dinitrobenzene (1,3-DNB) and 2,4-dinitrotoluene 
(2,4-DNT) were detected in the groundwater froa KW-3 at the explosive 
demolition area with concentrations slightly above suggested criteria 
levels. The background well, MW-1, showed the presence of low 
concentrations of pentaerythritol tetranitrate (PETN). This explosive 
is a component of primers and fuses, devices that were manufactured at 
the former MNOP. The only metals concentrations in the groundwater 
exceeding criteria were iron and manganese. Higher metals 
concentrations were generally found in the wells that showed the 
presence of other contaminants. Cyanide was detected in the groundwater 
from MW-2 and MW·3. The concentration of 0.133 milligrams per liter 
(mg/L) in MW-2 and O.OOS mg/L in MW-3 exceeds ·the state of Georgia's 
suggested criteria for cyanide of 0.0035 mg/L. 

Soil samples showing evidence of contamination were those collected from 
the pond and drum area and from below the former oil recovery operation. 
The contaaination in the pond and drum area appears to be associated 
with polycyclic aroaatic hydrocarbons (PAHs) and other heavy or long 
chain hydrocarbons. Below the former oil recovery operation, elevated 
levels of petroleua hydrocarbons were detected, as well as PETN. The 
presence of PETN in this area's soil may suggest a source of PETN 
obserVed in the groundwater. Higher levels of the metal barium in the 
pond and drum area may be aJaociated with a different type of product 
than that below the former oil recovery operation, also suggesting a 
different source for the product. 

1-2 



2.0 GENElAL INFORHATIOS 

2.1 INIRODUCT!ON 
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ESE is contracted by the USACE Mobile District, under Contract 
No. DACAOl-88-D-0027, to conduct a confirmation study at the former 
MNOP, Macon, Georgia. Figura 2-1 indicates the ground location of the study area at the former plant site. 

2.2 OIJ!CTMS 
The objectives of the investigative activities described in this report were designed to evaluate whether or not specific chemical cont.aminants are detectable in groundwater, soils, and sediments at the selected 
sampling locatio~. This confirm.tion study was completed to assess 
whether contaminants have resulted fro• U.S. Department of Defense (DOD) activities on the site. The investigative activities include: 

1. Review of readily available records pertaining to site 
activities during the period of DOD ownership; 

2. Sampling and analysis of groundwater monitor wells installed by 
USACE Savannah District; 

3. Collection and analysis of soil and sediment samples; and 
4. Completion of Hazardous Ranking Systea Evaluation. 

2.3 SIT! LOQ'UOB. P!SCl\IUI0\9. AND PHISIOGMM 
2.3.1 SIT! LOCATIOH AND D!SCaiP1IOR 
The foraer MNOP is located on the south side of Macon, Georgia, north of Rocky Creek and east of U.S. Highway 129 (Bus) on Guy Paine Road 
(Figura 2·1). The plant encompassed a total of 433.25 acres. 

The major portion of former MNOP is currently known as the Macon-Bibb County Allied Industrial Park. It is located in an industrialized area of the City of Macon. The southern border of the proparey is in the 
floodplain of Rocky Creek. The northeast corner of the aite has been 
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Ftgure 2·1 
LOCATION OF STUDY AREA OF FORMER MACON NAVAL ORDNANCE PLANT 
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obtained by the city and is being used as a recreation area, containing two ball fields and a swimming pool (built by the Navy). The western side of the property is bordered by a railroad track, which separates the site froa Armstrong Cork Company's plant site. The brick buildings in the northern part of the site are being uaed as office buildings, 
maintenance shops, or are leased or proposed for lease for industrial purposes. The original explosive storage buildings (bunkers) have been removed, except for one on the northeast side of the property. Access to the entire site through the main gate is unrestricted. The property is partially fenced. 

The Navy constructed and operated tha facility between 1941 and 1965. The installation had numerou. buildings, several miles of roads, and a sewage treatment plant. During DOD occupancy, wastes were disposed of in a 12· to 15-acre landfill area, located on the southwest corner of the property (see Figures 2·1 and 2-2). The southwest corner also 
contains a l·acre fenced area that was utilized for explosive testing and burning of flammable waste materials. In addition, recorda indicate a buried cyanide contaainated tank is located adjacent to the north side of the landfill. 

The property wu declared surplus in 1965 and was sold to Maxson 
Electronics Corporation (Maxson) (New York) on December 1, 1965. Maxson subsequently sold tha property to Allied Chemical Corporation (Allied). Allied then sold the property to the present owners, the City of Macon and Bibb County Industrial Authority. Currently, the property is used 
as an !~trial park. According to the present owner, Maxson and 
Allied used essentially all of the facilities constructed by the Navy 
for beneficial purposes. 
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There are four major physiographic provinces in Georgia: the Valley and 

Ridge, the Blue Ridge, the Piedmont, and the Coastal Plain Provinces 

(Sondregger ~ Al .. 1978). The Valley and Ridge Province and the Blue 

Ridge are outside the study area. The Piedmont Province and the Coastal 

Plain Province comprise the majority of the land area in Georgia, 

particularly in the Macon vicinity. The two provinces are separated by 

the physiographic feature known as the fall line. The fall line 

represents the contact between the Paleozoic/Precambrian Foraations of 

the Piedmont, froa the Cretaceous and younger sediments of the Coastal 

Plain Province. The fall line passe• through Bibb County, approximately 

10 miles north of the study area. The site is located in the southern 

portion of Bibb County, which is within the Southern Coastal Plain Major 

Land Resource Area (Vooda, 1979). The area is characterized by broad, 

gently sloping ridges and relatively wide floodplains along numerous 

small drainage paths. 

2.4 SIT! PHYSICAL CHAIACTEIISTICS 

2.4.1 SIT! HYDROLOGY 

Drainage froa the site is generally to the east, southeast, and south 

through a saall drainage easement as shown in Figure 2-2. This drainage 

ease .. nt empties into Rocky Creek, directly south of the site (see 

Figure 2-3), whieh is a tributary of the Oc.ulgee River. The confluence 

of Rocky Creek and the Ocmulgee River is approximately 4 alles to the 

southe .. t of the site. The Ocaulgee River is the major drainage in 

southeastern Bibb County, and it drains to the south froa Bibb County. 

The average rainfall for Bibb County is approxiaately 4S inches per 

year. 

2.4.2 SIT! GEOLOGY AND BYDIOGEOLOGY 

The study area liea within a 20- to SO·mile wide zone of Cretaceous 

sanda and gravels that trend northeast-southwest (Sondregger ~-. 

2-S 
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Figure 2·3 
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1978). , These Cretaceous sands occupy the s 

County, forming a ' southward·thickening wedg 

known as the Tuscaloosa Formation. The Tus 

light-colored sand, sandy clay, and 1entict 

not well bedded and individual beds have nc 

exten.ive (LeGrand, 1962). The base of th 

south-southeast at approximately 30 feet ( 

the Tuscaloosa Formation with the underlyi 

crystalline rocks is approximately 500 fet 

in the southern part of Bibb County. In 

Cretaceous deposits form the principle gr 

adequate water supplies to present users 

The groundwater quality froa the aquifer 

s-ignificantly better than the water qual 

site. Specific parameters describin& th 

aquifer in the area include the pH withi. 

specific conduct&Jlce of 0 to SO aicrolllhc _;, 

hardness of 0 to 100 mg/L (expressed as 

0 to 100 11gfL (Sondregger J.L&l., 1978) 

The aquifer being investigated as part 

shallow, surficial aquifer within the 

to the water table in the vicinity of 

froa 5 to 22 ft·bls. Shallower depths 

adjacent to the drainage easeaent. 11 

relation.hips with deeper-producing zc 

Foraation were not deterained as part 

2.5 RICOBDS IEYI!I AND EVALQATIOB 

A records review has been performed ' 

MNOP, archived at the Government Ser 
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Atlanta, Georgia. These records were kept at the National Archives in 
East Point, Georgia. The information can be obtained for. review by 
contacting Ms. Rhonda ~est at GSA, Real Estate Division in Atlanta, 
Georgia [(404) 331-5133}. Records pertainin& to the former MNOP should 
be requested, Accession Number 68Al717, boxes 14,13,16, N•GA-533. The 
information reviewed had previously been reviewed by USACE. No new· 
information was discovered by ESE at GSA. In an effort to locate 
additional information, inquiries were made to the South Division Naval 
Facilities Engineering Command in Charleston, South Carolina, concerning 
records for MNOP. This agency indicated all records were at GSA. The 
information that was reviewed pertained to tha exchange of property and 
inventories of facilities at the plant. 

Other sources of historical information include interviews with former 
employees of HNOP. Three gentleman who were former employees of MNOP 
and are faailiar with activities that occurred at the site were 
available for questioning. Hr. Ralph Ennis ia presently the director of 
the Allied Industrial Park; he was a former employee of MNOP, Maxson, 
and Allied. Mr. Robert Hamlin ia also presently an Allied Industrial 
Park employee and was also an employee of MNOP, Maxson, and Allied. 
These two men were contacted by ESE and provided useful information for 
this review. Maps of th• facility located at Kr. Ennis' office were 
reviewed but were found to relate only to the location of utilities at 
the site. Neither of these gentlemen were aware of the existence of the 
druaa discovered by.USACE. 

One other area that was discovered during conversations with Mr. Hamlin 
was a foraer oil recovery operation. This operation vas conducted at a 
buildins on the top of a small hill or slope on the northwest side of 
the site. Discharge from the operation was to a concrete sump, which 
then drained to the base of the slope onto a broad, flat·lying area. 
This area was investigated during the second field effort at which time 
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Mr. Haalin indicated contaminated soil had been removed from this area 

in the past. The quantity of soil removed, or where it was disposed of, 

cannot be determined. 

Mr. John Garland, a foraer employee of the Navy and participant in the 

design of the facility, is another source of information. Although ESE 

personnel have not spoken with Mr. Garland, USACE has contacted him for 

information concerning former MNOP. 

2.5.1 OWN!BSHIP AND PaiOR USE 

The site was acquired by the Navy in three land transactions. occurring 

in 1941~ 1948, and 1960. The Navy facility consisted of 432.44 acres 

owned in fee by DOD and 0.81 acres over which a perpetual easement was 

obtained. After purchase of the property, the Navy constructed over 200 

buildings, a sewage treatment plant, roads, explosive demolition and 

testing areas, a dumping ground, and a swimming area. MNOP was 

constructed and operated as an ordnance manufacturing plant from 1941 to 

1965. Utility easements that have been granted during DOD ownership 

include sewerllne, roadway, and railroad tracka. 

The pla~t and 432.44 acres of land were sold to Maxson on December 1, 

1965. In ewo letters dated Octobe~ 14 and November 17, 1965, addressed 

to the Chief of the Real Property Division of GSA, Maxson auWHd all 

responsibility for the plant and associated lands and any contamination 

which aay reault. Maxson continued to manufacture ordnance at the 

facility under contract to the Navy. Maxson sold the property to Allied 

in Ausuat 1973. Allied aanufactured seat belt components. Allied in 

turn sold the property to the City of Macon and Bibb County Industrial 

Authority during January 1981. The property is presently being used as 

an industrial park. Operations concerned with the manufacture of 

ordnance have ceased at the site. 

2-9 
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Information concerning inventories of the plant and facilities was 
available in the records. A facilities map obtained from the records is 
included in Appendix A. An index of structures attached to this map is 
also included in Appendix A. The structures inventoried include 
buildings where ordnance was manufactured. Function. that could 
potentially produce byproduct contaminants such as oils, solvents, and 
explosives include manufacturing, electrical workings, oil recovery, 
metal plating, drum storage, explosive loading, and powder pouring. The 
finished pro~ucts were stored in magazines or bunkers, which have since 
been disassembled. 

Another general inventory report, which describes· the magnitude of 
machinery at MNOP during DOD operations, was discovered during the 
records review. This report appears to have been prepared prior to the 
sale to Maxson. Two pages from this report, included in Appendix A, 
describe in general detail the types of machinery and the manufacturing 
and industrial operations that were performed at the plant. Among other 
operations, this report mentions degreasing, which could be a potential 
sourc& of solvents. 

Other structures or facilities, which could be potential sources of 
contamination, were discovered during the records review. These include 
the Sewage Treatment Plant. This plant may be of concern as it accepted 
wastes from a metal plating operation. Treat~d wastewaters were 
discharged directly to a swampy area behind the plant. This area is in 
tha floodplain of Rocky Creek. 

Five USTs were described in the recorda: 
1. 4,000·ga1lon (gal) Mineral Spirits Tank (Structure 157), 
2 .. 12,000-gal Cutting Oil Tank (Structure 158), 
3. 250-gal Kerosene Tank (Structure 183), 

2-lO 
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4. 560-gal Diesel Fuel Tank (Structure 184), and 

5. 2,000-gal Gasoline Tank and Pump (Structure 185). 

Aboveground fuel oil tanka were noted at Buildings 202, 115, and 189, 

ranging from 55·gal to 2,000-gal capacity. Oil storage tanks were also 

present at each of the Heating Plant Facilities, Buildings 4 and 104. 

Two tanka with 15,000-gal capacity each were present at each facility. 

Unfortunately, soma of these structures were not referenced on any of 

the maps found. 

Another potencial source of contamination apparent from the records 

review is the dumping ground, or landfill, and the adjacent explosive 

demolition area. These two areas have been the focus of the present 

investigation .. These areas are located at the southwest corner of the 

site. The landfill was used mainly for the disposal of used parts and 

construction debris. Currently, the area is covered with small trees 

and grasses but is still used for the surface disposal of construction 

and miscellaneous debris. 

The explosive demolition area is a fenced area at the eastern side of 

the landfill. This area was used for the tasting and demolition of 

explosives manufactured at HNOP, primarily detonators, flares and 

primers, and the burnin& of flammable materials. This area is presently 

covered with small trees and grasses and several bare ground areas with 

piles of concrete and other debris. Previous employees of the HNOP have 

'indicated that some explosives were tested south of the intersection of 

Vinson and Perimeter Roads. 

Records indicated a buried cyanide contaminated tank to be present on 

the northern side of the landfill. The existence and magnitude of 

contamination associated with this tank was also included in this 

investigation. Cyanide was most likely used in a metal plating 
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operation, which is reported to have taken place in Building 7·B. Building 7-S is in a atata of disrepair and ia slated for demolition. The reviewed recorda also mentioned metal plating operationa in Buildings 5·A and 5-B. 

Additional structures, which may also pose ao .. eont .. ination potential, were discovered during the recor~ review. These structures were disclosed in an inventory list attached to a ~Report of Excess Real Property." Several significant pages from this inventory are included in Appendix A. This inventory indicated several solvent storage buildings were present, includin& Buildings 99, 190, 192, and 193. All of these building are reported to have concrete floors, which may have prevented uncontrolled releases to the environm.nt in_ the case of an accidental spill. Also, an incinerator is mentioned in the report as being located at Building 115, and an explosives disposal furnace is located at Building 189. Both of these structures uy be associated with explosive compounds. 

The existence of a deep well, Structure 156, waa discovered during the records review. This well is located in front of Building 6, west of the t~el vent in a pump house. The recorda indicate the well'is 265 ft deep with 8·incb steel cuing. The well wu used to supply nonpotable industrial water to plating operations in Buildings 5-A and 5-B. The well and pumping apparatu. are still in place but not operational. Although tbe well itself may not be cauaing cont .. ination, it could potentially pr~vide for a direct avenue for contaainants to enter the aquifer. 

2-12 
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The site investigation at HNOP consisted of an initial site visit by 
USACE and the ESE project team, monitor well installation by USACE, a 
first field effort involving sampling of the monitor wells and 
collection of composite soil samples by ESE, a second field effort 
involving collection of additional composite soil and sediment samples 
by ESE, and an investigation of the buried cyanide contaminated tank by 
USACE. A summary of these activities is provided in the following 
sections. 

3.2 SITE VISIT 

The site visit was performed on August 14, 1989. The ESE project team 
in attendance included Ms. Jane Bral, ESE Project Manager, Dr. John 
Bonds, Corporate Safety Officer, and Mr. Paul Locascio, Field Team 
Leader. The project teaa met with Mr. Robbin Blackman, USACE Project 
Manager; Mr. Ralph Ennis, Director of the Allied Industrial Park; and 
the City of Macon Police Captain, who provided information concerning 
locations for emergency procedures. 

The project teaa visited the landfill and de110lition areas. The only 
evidence of munition. on the landfill surface were recently discharged 
.38 and .22 caliber shell cases, most likely fro• unauthorized target 
practice. Mr. Blackaan pointed out potential areas for soil borings and 
11onito1: wells. The location of the buried cyanide contaainated tank was 
observed. so .. concern regarding access to the UST·was expressed by the 
ESE p1:oject teaa. The project team observed the dTainage creek north 
and northeast of the landfill. Old ammunition storage boxes, which are 
buried near the creek and are protruding froa the ground, were observed. 
The floodplain area of the creek was coated with a light covering of 
corky material, which Mr. Blackman indicated may have resulted from 
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discharge from the Armstrong Cork facility to the·west of the site. When leaving the landfill area, the location where the drainage ditch flows under the railroad north of the landfill was observed. 

The project team then returned to Mr. Ennis' office and aade copies of some useful records information Mr. Blackman had obtained. Other maps and aerial photographa of the site in Mr. Ennis' office were exaained. Additional records search efforts were. reca..ended with Mr. Ennis to determine if any more useful information could be found. 

3.3 USACI SIT! INV!STIGAtiOR 
The USACE site investigation took place during September 12 through 21, 1989. Five monitor wells were installed by USACE at selected locations to address the possibility of contamination in suspected areas. Due to safety concerns and difficulties with the location and condition of the buried cyanide tank, USACE excavated the tank during the site investigation effort. The object thought to have been a tank was discovered to be a large steel box, not an underground storage tank as expected. The box was found to have a corrugated steel roof or lid, .and was filled with a sandy soil of different texcure and consistency than the native soils. Apparently, the box, or tapk as it was called, was cleaned prior to disposal. A soil saaple from the tank was collected by USACE. The tank was filled and covered with the existing excavated materials follovins inspection. 

Inspections of the site during the USAC! site investigation also revealed the presence of approximately 500 unlabeled druas to the west and southveat of the landfill. This area and a low•lying area with a pond containing reddiah·orange water are considered to be additional, potential areaa of co~ern. Following the USACE site investigation, the cyanide tank sampling waa deleted from ESE's.original scope of work, and 
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the collection of composite soil samples from the drum area and pond were added. 

3.4 KQNIIO& YELL INSTAII+tiQN 
USACE installed and developed five monitor wells surrounding the 
landfill and explosive demolition area. The locations of these monitor wells are shown in Figura 3-1. MW·l w .. lnatalled aa an upgradient 
well, HV-2 was placed dovngradient of the s~pected source of cyanide, MW-3 downgradiant of the explosive demolition area, and MW-4 and MW·S 
downgradiant of the landfill. 

The material encountered by the USACE drilling team during monitor well installation was generally sand with clay and silt. Soils were 
classified by the USACE site geologist according to the Unified Soil Classification System (USCS). The borings were made by hollow stem 
auger with the collection of split spoon samples avery 5 ft. The depth of the borings ranged from 34.2 ft in MW·l to 20.5 ft in MW-4. The 
wells ware completed by installing 10 ft of 2-inch polyvinyl chloride (PVC) screen, with a slot size of 0.010 inches, and solid 2-inch PVC 
riser to the surface. Each well has a 2.5 ft length of stick-up. A filter sand pack was placed in the annular space adjacent to and 
slightly above the screen. A bentonite seal was placed above the filter sand, and grout w .. added to fill the annular apace to the surface. 
Drilling logs from the monitor walls are provided in Appendix B. Sieve analyses of samplea collected from the screened interval of each wall 
are alao provided in Appendix B. 

Air quality waa aonitored during the monitor wall installation by tha 
site geologist. All borings, with the exception of HW-2, were begun 
with the crew using Level D protective equipment. Level B protection was used from the outset for MW-2 due to the potential for cyanide 
contamination at this location. MW-3, HW-4, and MW-5 installation began 
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with Level D protection, but had to be completed with Level C protection 
when "action levels• described in the USACE's Site Safety Plan were 
exceeded. Organic vapor analyzer (OVA) readings of 400 parts per 
million (ppm) were recorded in HW-3, and values of 1,000 ppm in MW·4 and 
MW-5. Specific air monitoring readings for all borings are described in 

Hazardous Toxic Waste Logs contained in Appendix B. 

Water levels were measured by the USACE site geologist during drilling 
and following wall completion. Water levels encountered during drilling 
ranged from depths of 6 ft in MW·4 to 21 ft in MW·l. Water levels 
following wall completion ranged from 1.8 ft in MW·S to 16.5 ft in MW·l. 
With the exception of MW·S, all of the water levels following 
development were higher that those encountered during drilling. These 
water level characteristics suggest that clays and sandy clays overlying 
the silty sands may be creating localized confined conditions within the 
shallow aquifer. These observations also indicate increasing heads with 
depth, which is not unexpected as the site is located in a low-lying 
area. Low-lying areas generally represent groundwater discharge areas 
in which the groundwater flows towards rivers, streams, and/or marshes. 
Additional wells, screened at different intervals from the existing 
wells, may be necessary to fully characterize vertical gradients at the 

site. 

Follovina monitor wall completion, wells ware developed by the site 
geologist using a hand puap. Following development, a recovery test was 
conducted on each wall. The recovery data was analyzed by USACE to 
determine the hydraulic conductivity of the shallow aquifer. Hydraulic 

conductivities ranged from 1.83 x 10·7 meters per second (m/sec) in MW·l 
to 6. 89 x 10·7 m/sec in MW-4 [0. 39 gallons per day per square foot 
(gal/day/f~) to 1.46 gal/day/fel, respectively). These values are in 
che lower range of hydraulic conductivity values for ailey sands (Freeze 
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and Cherry, 1979). The results of the recovery tests and analysis 
performed by USACE are provided in Appendix B. 

USACE also prepared a water-level contour map from the static water 
level data. This map is provided in Appendix B. The hydraulic gradient calculated based on this map is 0.010. Groundwater flow is from the northwest to southeast with localized control by surface drainage 
features. 

3 . S SAKl'LIN<i PR.QGIWIS AND LOCATIONS 
3 . S • 1 SAMPLIHG PROGI.AMS 
All samples (groundwater, soil, and sediment) were collected by ESE in a manner co~istent with U.S. Environmental Protection Agency (EPA) 
guidelines and USACE's Sample Handling Protocol for Low, Medium, and High Concentration S4mples of Hazardou. Wasta. Samples were analyzed by .,. 
both ESE and U.S. Army Missouri River Division Laboratory in Omaha, Nebraska. The number of samples for each location, control samples, and analytical parameters are sumaarized in Tables 3-1 and 3-2. 

During the first field effort, groundwater samples were collected from five monitor wells installed by the USACE Mobile Dhtrict during 
September 1989. All soil samples for chemical analysis were collected by ESE from the burning ground/demolition area as well as from an area west and southwest of the landfill, where a pond and unlabeled druma 
have bean located. Soil samples were collected fro• shallow borings 
(with depths between the surface and 3 ft-bls). 

During the second field effort, five additional soil samples and one sediment sample were collected. Three of these samples were collected from the explosive demolition area to confirm the results fro• the first field effort. A background soil locaeion was sampled, as well as an area downgradient of a former oil recovery operation. A sedimene sample 
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was also collected from a. small stream flowing through the drainage 
easement where the stream first enters the former HNOP property. This 
additional effort was requested based on the results of the initial 
effort and as other areas of concern were located. 

As described in Tables 3·1 and 3-2, soil samples were analyzed for 
explosive compounds, nitrate/nitrite, volatile and semi-volatile 
organics, petroleum hydrocarbons, and metals. The second set of soil 
samples froa the explosive demolition area were analyzed for volatile 
organics only. Groundwater samples from all five monitor wells were 
analyzed for the same coarpounds, including cyanide. 

3.5.2 SAMPLING LOCATIONS 
The areas investigated during the first field effort are located in the 
southwest corner of the former MNOP property and include the landfill, 
the explosive demolition area, and the previously suspected location of 
a buried cyanide tank (see Figure 3·1). During the· field effort of 
September 1989, USACE identified a pond containing reddish-orange water 
and approximately 500 deteriorated, unlabeled drums adjacent to the 
western and southwestern boundary of the landfill. This area is located 
to the west and southwest of MW-5. Based on topographic observations, 
it does not appear the access to this area was from the former DOD 
property. 

Fisure 3·1 indicates the approximate location of the five groundwater 
monitoring wells surrounding the landfill. One groundwater sample was 
collected froa each of these wells for a total of five groundwater 
samples. Monitor well locations MW-3, HV·4, and MW·5 were selected 
downsradient of the landfill and explosive/demolition area. Monitor 
well MV·2 was selected to investigate possible groundwater contamination 
associated with the suspected UST. BackgrouRd groundwater data was 
provided by HV·l. 

3-9 



C·FMNOP.2/ENGREP.l8 
09/27/90 

The activities perforaad during the first field effort i~cluded the collection of three soil samples within the explosive/demolition area. These samples, SO·l, S0-2, and S0-3, were collected as co~osite samples froai three different locations within the .area as shown in Figure 3-1. 
Because the existence of the pond and drums was discovered during the well inat.allation effort, collection of sasples froa this location was not included in the original scope of work. USACE requested the collection of ~o additional soil samples froa these location.. These samples were collected aa composite saaples: one of pond sediments (S0-5), and one of soil adjacent to the drum. (S0-4). The locations of the sampling points, which created each composite sample, are shown in Figure 3·1. 

During the second field effort, samples were again collected from the explosive demolition area. These samples were labeled SO-l, S0-2, and SO·l ea shown in Figure 3·1. The background soil location, selected by USACE and ESE, is in a grass covered upland area on the north aide of the southern paved access road at HNOP. The background soil sampling location is shown in Figure 3·2. The location of the former oil re<:overy opera.tion is also shown on Figure 3~2. · This operation was located at the top of a slope. Discharge from the operation was at the base of the slope onto a flat drainage area. The sample, designated as SO· 2, waa collected within the drainage area, downgradient of the operation. The location of the atreaa sediment saaple, SO-l, is also shown in Figure 3·2. This location was chosen to investigate contaainants that aay have entered the former MNOP property from upstreaa. 

A total of 16 samples were collected for this confirmation study. These samples include 5 groundwater samples and ll soil samplea, 2 of which 
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were sediment samples, as discussed previo~ly. Control samples were 
also collected as described in Tables 3·1 and 3-2. Control samples 
included the collection of duplicate samples, equipment blanks, and 
travel blanks. 

Duplicate samples were collected from all aedia sampled. Duplicate 
sample requirements associated with the groundwater saaples include the 
collection of two duplicate groundwater saaples froa one monitor well. 
The well u.ed to obtain the duplicate groundwater samples was MW-3. 
Three duplicate soil samples were collected from three of the soil 
sample locations. Soil sample S0-3 was chosen for the duplicate during 
the first field effort. Two duplicate samples from the second field 
effort were collected, the first at the explosive demolition area sample 
location S0-3 and the second below the former oil recovery operation. 
The sample from below the oil recovery operation was originally intended 
to be a second sediment sample; th~. the designation in data tables of 
SD·2. A· decision was made in the field by USACE to forgo the second 
sediment sample and instead investigate the soil below the recovery 
operation. One of each of the duplicate saaples was sent to the USACE 
Quality Aasurance (QA) laboratory. The other was analyzed at the ESE 
laboratDry in Gainesyille, .'I'h~ sauap1es collectec:Lfor the USACE QA 
laboratory analysis was collected in containers supplied by Missouri 
River Division Laboratory (KRDL). 

Quality control/quality assurance (QC/QA) required sampling blanb 
include the collection of equipment blanks. One equipment blank was 
collected fro• a preeleaned Teflon• bailer, used to obtain the 
groundwater samples. A soil sa.mpling equipment blank vaa not collected. 

Travel blanks were also analyzed. The travel blanka, for VOA only, were 
prepared by the ESE laboratory. One travel blank was placed in one 
cooler with each sample shipment to the ESE or USACE laboratories. Data 
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associated with the QA requirements for sample analysis are provided in 
Appendix E. The MRDL QA/QC Final Report is included in Appendix F. 

3 . 6 SAMPLING PRQC£DOUS 

3.6.1 HORITOl WILL SAMPLING PaOC!DUlES 
Each of the five groundwater monitoring wells were sampled once. Prior 
to groundwater sample collection, water levels in all monitor wells were 
measured relative to the top of the well casing. Measurement consisted 
of a precleaned, steel tape lowered into the well, with water level 
measured froa the top of the casing. Water levels were recorded again 
after sampling. 

A plastic ground cloth was placed beneath all sampling equipment during 
well purging and sampling to prevent contamination by surficial soils. 
MW-1 and HW·2 were purged using Teflon• bailers due to very slow 
recovery rates. KW-3 and MW·4 were purged with a peristaltic pump, and 
MW-5 was purged with a centrifugal pump with drop pipe. The discharge 
water during purging was continuously monitored for pH, temperature, and 
specific conductivity. Pumping continued until at least five times the 
submerged volwae of the casing was removed. The pH, temperature, and 
conductivity had for the aost part stabilized in each well (i.e., until 
three successive measurements are within S percent of one another) at 
the completion of purging. Purge water froa monitor wells was 
discharged to the ground surface at the well locations. 

After satisfactory pumping of the well, the sampling teaa changed to new 
rubber gloves for sample collection. Each well was sampled with a 
Teflon- bailer, which was not used to sample any other well onsite. 
Bailers were precleaned and wrapped in alwainua foil for transportation 
to the site. Bailers were rinsed with deionized water prior to use in 
the firat wall. Nylon cord from a new spool was attached to the bailer, 
and the cord was kept from touching the ground during the sampling 
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period. Bailers were rinsed with one volume of well water before 
sampling. Groundwater samples ware collected in a manner which 
minimized aeration to prevent loss of volatile compounds. The 
appropriate sample containers were filled without trapping air bubbles and then tightly capped. 

Samples were preserved and packed in ice for shipment to the laboratory. Field duplicate and field blank samples were included in the laboratory sample shipment. Field logs were maintained, including sample chain-of­custody recorda and onsite measureaents of water quality (pH, speclfic conductance, and temperature) for each monitor well. Field instruments were calibrated and checked at the start, middle, and end of each field day Wling fresh calibration standards. This information is included in the daily field logs froa November 29, 1989 in Appendix C. 

The plastic ground cloth, sampling gloves, bailer cord, and other 
disposables were bagged and properly disposed of in accordance with the site safety plan. Final decontamination rinses with isopropanol were 
performed over a 5-gal bucket, !n which they were collected and allowed to evaporate. 

3. 6 . 2 USULTS or W.ATD- L!VIL M!ASUI.!K!HTS BY !SI 
Water-level measurements fro• each sonitor well were measured by ESE prior to sample collection. Depth-to-water measure .. nts were converted to elevations (ft-aal), based on top of casing (TOC) elevations provided by USACE. The results of these calculations are shown in Table 3·3. 
Water-level data were plotted on tha site aap (see Figure 3-3). The 
groundwater flow direction at the site, based on these measurements, is to the southeas~. con~rolled by the creek flowing in the drainage 
easeaent. The gradient shown on this map is 0.011, which is siailar to the gradient of 0.010 measured by USACE. 
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Table 3-3. Water-Level Elevations Measured by ESE* 

Reference Point HW·l MY-2 HW-3 MY·4 HW·S 

roc 308.87 286.06 283.04 281.12 280.69 

~ater Level (TOC) (11/28/89) 18.54 5.73 4.53 3.47 2.71 

~ater-Level Elevation 290.33 280.33 278.St 277.65 277.98 

Note: TOC - top of casing. 

*All elevations in feet above mean sea level (ft-msl). 

Source: ESE, 1990. 
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During the first field effort, three soil samples were collected from 
the explosive/demolition area, one from the pond sediments, and one from 
the soil surroUnding the drums. The samples .fro11 the 
explosive/demolition area were collected as composites of the soil from 
0 to 3 ft of depth at each location as shown in Figure 3-1. The sample 
of the pond sediments was obtained by compositinc material fro• three 
soil borings approximately 1 ft deep around the edges of the pond. The 
soil sample from the drum area was obtained by compositing material from 
four boreholes of 0 to 3 ft depth adjacent to the drums. The location 
for each of these boreholes was chosen by the USACE site representative. 
The soil boring was completed by hand-augering to the appropriate depth 

-with a bucket auger. The soil brought to the surface was retained in a 
stainless-steel bowl. Upon completion of the boring, the soil in the 
bowl was gently compoaited u.ing a stainless-steel spoon. Due to the 
natura of the sampling method, soma compositing of the soil was 
necessary to ensure a hoaogeneou. and replicable sample. The 
compositing activity was kept to a minimum to avoid the loss of 
volatiles from the soil. The samples were collected by filling the 
sampling containers with the coaposited soil. 

During the second field effort, three soil samples ware collected froa 
the explosive demolition area, one from the background location, one 
from below the former oil recovery operation, and one stream sediment 
sample. The samples collected during the second field effort from the 
explosive deaolition area were not compOsited. Results of analyses of 
soil samples from this area collected during the first field effort were 
suspected due to eoapositing. 

To collect samples in the explosive demolition area, each borehole was 
advanced to 3 ft deep with a bucket auger. Each sample bottle was 
filled with a portion of the material from each lift of the auger as it 
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was brought to the surface. The sample bottles were capped between 
fillings. 

The background sample was collected fro• one borehole approXimately 3 ft 
deep. The soil fro• the length of the borehole was collected in a 
stainless steel pan, and the saaple bottles were filled froa the 
collected material in the pan. 

The soil sample fro• below the oil recovery operation was collected as 
composites from two boreholes, each approximately 1 ft deep. The 
boreholes were both located in the flat drainage area below the foraer 
recovery area. The boreholes were approximately 30 ft apart in areas 
void of vegetation with obvious surface staining. 

The stream sediment sample was collected in a siailar manner. The 
sample was collected as a composite froa 2 boreholes augered into the 
sediments to approximately l ft deep. The boreholes were only 1 ft 
apart. Sample packaging and shipping for all soil and sediment samples 
was the same as for groundwater samples. Soil sampling documentation is 
provided in Appendix C. 

3 • 7 JL\ZAIU)QQS llARUN9 SXSTQ EVAIJlATION 
A Hazardous Ranking Syatea Evaluation was also completed as part of this 
investigation. The information required to complete the evaluation is 
based on the findings and results of the present investigation. The 
completed fora is provided in Appendix D. 
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4.0 ANALYTICAL RESULTS 

4 .1 ImQDUCTIQlf 

The following sections include information obtained from samplir 
analyses of the monitor wells and soil at the former MNOP. Anal 
results of the groundwater samples analyzed by ESE are presentee 
compared to applicable water-quality criteria where appropriate. 
Presently, no quality criteria exist for comparison of soil anal 
data. Soil samples have bean compared to the background soil sa 

4. 2 GBOJlNPYATU 

Groundwater samples obtained from the five monitor walls were an 
for volatile and semivolatile organic compounds, explosive compo 
nitrate/nitrite, petroleum hydrocarbons, metals, and cyanide. T 
of the analyses and methods of analysis are presented in Tabla 3 
results of the analyses are summarized in Table 4-l, which shows 
those compounds that were present above detection limits. Compl 
results of the analytical results are provided in Appendix E. 

4.2.1 ORGANIC COMPOUNDS 
The organic co11pound detected vith the highest concentration was 
All the aonitor wells exceed the drinking water criteria with th 
exception of the background wall HV-1. This volatile organic wa 
detected in MW-2 vith a concentration of 7,000 f..'g/L and in HV-3 
concentration of 3,800 ~g/L. Lower concentrations (110 f..'g/L anc 
f..'g/L) were detected in MW-4 and MW·5, respectively. The drinkir. 
criterion associated with TCE is 5 f,.lg/L. 

TCE is commonly used as a degreasing compound for metal parts an 
machinery. Other applications of TCE include usa in paints, 
drycleaning, dye, textiles,. solvents, refrigerants and heat exch 
liquids, fumigants and aerospace operations (EPA, 1985). There 
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Table 4-l. &..xy of Resul.ta of~ &.ple Analyses (Cmti.rued, Pa&e 2 of 2) 

~12 Identiti~tiQD CaJpx.n1 !11-1 !11-2 !11-3 tll-4 !11-5 !11-l-llP til-Ell tll-'IB 9>-'IB 

Trichloroe.tb!rle (pg/L) -- 7,00> 3,800 110 19 3,900 . - -- --
Vinyl <hlorlde (J.Ig,IL) -- -- ·- 170 -- -- -- -- ·-
Bis(2-~lhexy1) 

lbthalate (JJ&/L) 1.6 1.7 6.4 2.4 1.2 3.0 1.2 ~ ~ 

Note: Gil -Georgia state staUrd deacrlbed In m\ (1988). 
Gil &tcaa - .......,....ded Georgia ac:..danl--lliXBlforoeable (l'er&onal. Qau-dcad.on, Fred ~). 

C-FHNOP.2/ENGREP-H.2 
01/12/90 

Water 
Q.ality 

Criterim Re§alatfon 

5 tQ.. 

2 tQ.. 

10,00> ~ 

10. - -ua. c:ontMinln: t.Md a;pecif:lad In the National Pr-.ry ~ Water Jleetl•doos, 40 <B. 141.11 (July 1, 1986) alii the Natimll. Seccnlary ~Water ~dens, 40 QR 143.3 (July 1, 1986). JII&IL - llillf.gn.s per liter. 
~ - mt requf.xed. 
PE1N - pentaeiythrlto1 tetrritrate. 

Boserblatt - criteria Jlli8P5ted by &aierblatt (1961) for the peral..ssible caanttatim l.ewl for the oontaainaot in ~ water. 
1-'f/L - llicrognas per liter. 
\Q; - aaggested alent water ~ity criteria for the protectioo of tuaan health fna the toxic properties or carcil1ogen1c effect:& of the COIII(Xllnl; criteria associated with carrer risk lewls (<RUI) of 1 x 10-o are reported \lobere available; these criterla are SUIII81i..zed In the docuaent Q.alit:y Criteria for Water 1986, m>A, Hay 1, 1986, ~. OC; criteria ware prev101.L$1y ..-nn::ed In 45 FR 79318 (tbYeaber 28, 1984), 49 FR 5831 (February 15, 1984), ani 50 fR 30784 (July 29, 1984). 

- rot detected at paethxl detectioo l!Jaf.t. 

So.u·n·: E~iE, J'i90. 

. : 



Table 4-l. Swalary of Re&ults of G:tludolater Saap1e Analyses 

Samol£ l~tlti~tigu 
CaJpcu¥1 Kl-1 Kl-2 lll-3 lll-4 lll-S tii-3-DP 

Cyanide (Uf/L) -· 0.133 o.oos -. -- . -

Nitrogen Nlzitll.s 5.45 0.151 0.~ -- -- 0.073 

(llf/L as N) 

Arsenic, Total (JJ&/1..) -- 0.0032 0.0029 -- -- --
$:-

Barb..a, Tot.al (lll&I'L) 0.0507 0.120 0.0556 0.0!118 0.109 0.0569 . 
I 

N 

CllraailD, Total (JJ&/1..) 0.0140 0.0259 0.0181 0.0091 -- 0.0118 

l.Iul, Total (llfVL) 4.42 19.0 5.91 19.2 17.3 6.0!1 

Ha1p1ese, Total (JJ&/1..) 0.428 0.590 0.0910 0.248 0.530 0.100 

Se1enhll, Total (lllfll.) . - -- O.OO:ll -- -- --

Sodit.u, Total (lllfll..) 20.6 26.7 13.6 8.U 9.30 14.3 

l'ElN (J.Igll..) 68.8 -- -- -- -. 33.3 

1, 3-Dinit:rroenz.ene OJt!{L) -- -- 1.18 .. -. 1.23 

2 ,4-Dinit:rotoluere {J.If/L) -- . - 1.83 -- . - 1.68 

. .' 

lll-EB Ki-m oo-m 

·- ~ ltll 

0.021 tll1 ltll 

. - till ~ 

0.0015 till ~ 

·- tll1 ~ 

0.0124 ~ lftl 

-- ~ ~ 

-. Nl:l ltll 

0.169 ltll tlQ 

-- till ~ 

-- ~ IHl 

.. ~ t-Rl 

C·FHNOP.2/ENGREP·H.1 
01/12/90 

\later 

~ity 
Criterion Regulation 

0.0035 G\ 

10 10. 

0.05 tQ. 

1.0 tQ. 

0.05 lf:L 

0.3 It].. 

0.05 lf:L 

0.01 lf:L 

20 GA R.acaa 

tc 

tc 

l.l Roseri>l.att 
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review indicated degreasing was part of the operations at the former 
MNOP. Wastes from this operation is expected in the landfill that 
serviced the facility. Based on the monitor well data, the strongest source of TCE appeared on the southeast side of the landfill. 

Another organic compound of significance, vinyl chlori~. vaa detected in MW·4 vith a concentration of 170 ~g{L. The criterion for vinyl 
chloride is 2 ~g/L. This c011pound is used in organic synthesis, PVC plastic, and adhesives (EPA, 1985). It is suspected that this compound is a result of the landfill wastes, and not the PVC well casing, as it was not detected in any other well except HW-4. 

The plasticizer bis(2-ethylhexyl)phthalate was detected in all samples including the equipment blank. The concentrations were low, ran&ing from 1.2 ~g/L to 6.4 ~g/L. The criterion for bis(2·ethylhexyl)pbthalate is 10,000 ~giL. This plasticizer is a common contaminant when plastics are ~ed for vall construction and sampling, which is the case at former MNOP. The presence of this compound is of little significance. 

4.2.2 !IPLOSIV! COMPOUNDS 
Explosive C:o..po~ were detected only in MV-3 adjacent to the explosive deaolition area. The co~ounda 2,4-DNT and 1,3-DNB were detected with concentrations of 1.83 ~g/L and 1.18 ~g{L. respectively. The source of these compounds is aost likely residual explosive compounds. within the soils of the explosive deaolition area. A recoamende.d permissible 
concentration in drinking water for 2,4-DNT of 1.1 ~g/L waa proposed by Rosenblatt (1981) for an Army munitions site in northern Illinois. The concentration of 2,4-DNT in.MW-3 exceeds this criterion. No criteria are available for 1,3-pNB. 

The only other explosive compound detected in the samples was PETN. 
This compound waa analyzed becauae it waa reported as being a component 
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of fuses and primers (Department of the Aray, 1969). These parts were 
manufaccured at the for11er KNOP. PETN was detected at MW-t, the 
background well, with a concentration of 68.8 ~&fL. PETN was also 
detected in the duplicate sample obtained from ~-3 (33.3 ~&(L), but was 
not detected in the sample from ~-3. These concentrations are near the 
detection limit of the analysis method of 20 ~g(L. There are no 
criteria associated with PETN. The results tend to indicate that trace 
amounts of PETN are present at the background location and possibly at 
the explosive demolition area. This type of explosive is expected at 
the explosive demolition area, but it is unexpected in the area thought 
to be upgradient. This result precludes the use of MW·l as a reliable 
background location and may indicate another source area of explosives 
disposal near the upgradient well location. As the concentrations that 
were detected in the samples are near the detection limits, another 
round of sample collection and analysis is reco ... nded prior to 
formulation of any conclusions regarding additional source areas. 

4.2.3 HinoGD 

The highest level of nitrogen was also detected in MW-1 at 5.45 mg/L. 
Although this concentration does not exceed the criteria of 10 mg/L, it 
is higher than other concentrations, which ranged from below the 
detection llait of 0.010 mg/L to 0.151 mg/L. Although high levels of 
nitrogen are associated with explosive compounds, other sources of 
nitrogen include fertilizers, sewage, and animal wastes (Sonderegger ~ 
Jl., 1978). Higher nitrogen levels at the background location also 
casts doubt on the reliability of the samplin& location for providing 
backsround water quality and provide a second indication that there may 
be an a44itional source area of explosive• dispoaal near the upgradient 
location. 

4-S 
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Petroleum hydrocarbons ware not detected in any of the groundwater 
samples. 

4.2.5 METALS 

4.2.5.1 Arsenic: 

Arsenic was detected in MW-2 and MW-3 at concentrations of 0.0032 mg/L 
and 0.0029 mg/L, respectively. These concentrations are below the 
criteria of 0.05 mg/L. As arsenic was only detected in these two wells, 
which were shown to be contaminated with other compounds discussed 
previously, low levels of arsenic may be associated with contamination 
from the landfill and explosive demolition area. Arsenic compounds are 
used in insecticides, fungicidaa, rodenticides, herbicides, fireworks, 
paints, wood preservatives, bronze and other alloys, glass, enamels, 
ceramics, linoleum, semiconductors, and photoconductors (Walton, 1985). 

4.2.5.2 Bariua 
Barium was detected in all the walls and in the equipment blank. Wells 
containing the highest concentrations of barium include MW-2 and MW-5 
with concentrations of 0.120 mg/L and 0.109 mg/L, respectively. MW-3 
and MW·4 had barium concentrations of 0.0556 mg/L and 0. 0418 mg/L, 
respectively, and MW·l had a similar concentration of 0.0507 mg/L .. The 
equipment blank sample had a mueh lower a concentration of 0.0015 mg/L. 
All samples were below the criteria level for barium, which is 1 mg/L. 
Barium has uses in .. tal alloys and in lubricants (Walton, 1985) and is 
a coaaon component in groundwater with concentrations of 0.001 to 0.1 
mg/L (Fenn Ak £1., 1980). Although barium is not necessarily an 
indi~ator of contamination, the higher concentrations found in HW·2 and 
MW-5 may suggest influence from contamination. As the background sample 
from MW·l is suspected due to the presence of explosive compounds and 
nitrogen, a judgement concerning the presence of contamination at all 
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locations based on the low concentration5 of barium that were observed 
is not possible. 

4.2.5.3 Cbrowiua 
Chromium was detected in MV-1, MW-2, MW-3, and MW-4 with concentrations 
ranging from 0.0091 mg/L in MW-4 to 0.0259 m&(L in MW-2. No chromium 
was detected in MW-5. The detection limit for the method of analysis is 
0.0071 mg/L. The concentrations detected are all below the criteria of 
0.05 mg/L. Chromium is used in steel and .. tal alloys, dying and 
tanning, paints, inks, varnishes, gl~es, fireworks, batteries, and rust 
inhibitors (Walton, 1985) and is also a component in soil and typically 
occurs in groundwater with concentrations ranging from 0.001 mg/L to 
0.1 mg/L (Fenn ~ 4l., 1980). Although chromium may be associated with 
contamination, the low levels of chromium detected at concentrations 
slightly over the detection limit are not considered to be indicative of 
contADtination. 

4.2.5.4 Stltntua 
Selenium was dettcted in only one well, MW-3, with a concentration of 
0.0023 mgjL. This concentration vas slightly higher than the detection 
limit .. of .0.0018-mg/L and below the cdteria level of O.Olmg/L; The 
principal uses of selenium are in electric and electronic components 
(Walton, 1985). Because selenium vas only detected in one monitor well, 
which has shown other contaminants, it may represent contamination from 
the suspected so~ces. 

4.2.5.5 Sodlya 

Sodium vas dettcted in all the monitor vella and equipment blank. 
Concentrations ranged from 28.7 mg/L in MW-2 to 8.12 mg/L in MW-4. The 
equipment blank concentration, 0.169 mgjL, vas lower than the monitor 
well concentrations. The State of Georgia recommended level for sodium 
in drinking water is 20 mg/L, although this is not an enforceable 
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standard (Lehman, 1990). Sodium typically occurs in groundwater with 

concentrations of 1 to 1,000 mg/L, (Fenn ~ Al., 1980). At the observed 

oncentrations, sodium does not appear to be related to the 

contamination. 

4.2.5.6 Ixsm 
Iron was also detected in all the monitor well a.-plea and the equipment 

blank. Iron is another constituent which would not necessarily be 

indicative of contaaination as it is often present in groundwater at 

concentrations of 0.01 mg/L to 10 mg/L (Fenn ~ Jl., 1980), but may 

suggest contamination if concentrations are well over background. 

Sources of iron may be decomposition of metal parts within the landfill, 

but iron is also a component of the soil. The-highest concentrations 

were detected in KW-2 (19.0 mg/L). KW·4 (19.2 mg/L), and MV-5 (17.3 

mg/L) Similar concentrations were detected in MW·l (4.42 mg/L and KW-3 

( 5. 91 mg/L). All of these concentrations exceed the drinking water 

criterion for iron of 0.3 mg/L, which is baaed primarily on aesthetics 

(Saywer and McCarty, 1978). The concentration in the equipment blank 

was 0.0124 mg/L, much lower than the other concentrations and below the 

criteria level. As the background concentration of iron in the aquifer 

is not certain due to the unreliability of the sample from MW·l, it is 

uncertain if the wells actually show contamination. Potentially, the 

higher concentrations observed at MW-2, MW-4, and MW·S are indicative of 

contaaination. 

4.2.5.7 M4naanese 

Manganese was detected in all the walla sampled. Concentrations in the 

other monitor wells ranged from 0.097 mg/L in MW-3 to 0.59 mg/L in KW-2. 

The criterion associated with manganese is 0.05 mg/L, generally based on 

aesthetics (Sawyer and McCarty, 1978). This criterion is exceeded in 

all of the monitor wells. Although manganese is often a component of 

metal alloys (EPA, 1988), it also a component of the soil and is 
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cypically found in groundwater with concentrations ranging from 0.001 
mg/L to O.l'mg/L (Fenn ~ Al .• 1980). Due to ita occurrence in all the 
wells at generally similar concentrations, this metal is not considered 
indicative of site contaainants. 

4.2.s.a CJanidl 
Cyanide was detected in two wells, MW-2 and HV·3. The highest 
concentration of 0.133 mg/L was detected in MW·2, adjacent to the 
location of the buried cyanide contaminated tank. Cyanide was also 
detected in HW-3 with a concentration of 0.005 mg(L, which is slightly 
over the detection limit of 0.003 mgJL. A recommended upper value 
criteria for cyanide in all classes of Georgia waters is 0.0035 mg/L 
(EPA, 1988). The concentration of cyanide in HW·2 exceeds this 
criteria. 

Cyanide sources include various electroplating baths and fumigants 
(Walton, 1985). Plating operations occurred at the former MNOP, during 
which the buried tank supposedly became contaminated. The condition of 
the tank when excavated by USACE indicated that the tank waa cleaned 
prior to disposal. The analyses results indicate so .. residual 
conta.aa!R&tion, which has since dhsolved in the groundwater, may have· 
been present in the tank. The presence of trace levels of cyanide in 
MW-3 is expected as this well is located dovngradient of the known 
suspected source of cyanide and also could represent other minor sources 
within the landfill or explosive deaolition area. 

4.3 mn4 
Five C08posite soil samples from the first field effort and three 
composite soil sa.ples from the second field effort vera analyzed for 
volatile and semivolatile organic compound., explosive compounds, 
nitrate/nitrate, petroleum hydrocarbons, and metals. Three soil samples 
collected from the explosive demolition area during the second field 
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effort were analyzed for volatile organics only. The scope of the 

analyses and methods of analysis are presented in tables 3-1 and 3-2. 

The results of soil analyses are summarized in tables 4·2 and 4-3, 

showing only those compounds that were present above detection limits. 

Complete results of the analytical results for soils are provided in 

Appendix E. 

4.3.1 ORGANIC COMPOUNDS 

The majority of organic compounds was detected in the soil sample SO·S 

from the first saaplin& event. This sample was collected as a composite 

from the edges of a pond located west of the site, off the former MNOP 

property boundary. All the compounds detected are semivolatile organics 

of a class of compounds known as polycyclic aromatic hydrocarbons 

(PAHs). These compounds are long chain hydrocarbons and are moat often 

found associated with tar and heavy hydrocarbon fuels, such as diesel or 

kerosene. 

Only one other organic compound was detected in soil sample S0-4, which 

was obtained during the first field effort from an area containing drums 

southwest of the landfill. The PAH compound benzo{G,H,I)perylene waa 

detected in the composite soil sample S0-4. This area is also off the 

former HNOP property. The source of this compound is suspected to be 

material contained· in the drwu. The drwu are not labeled but may 

potentially contain diesel fuel or kerosene. 

The second round of soil samples collected from the explosive demolition 

area were specifically obtained to confirm the absence of volatile 

compounds in this area. There was concern by USACE that compoaitin& of 

soil saaplea froa this area collected during the first field effort had 

resulted in the loss of volatiles. Extra care was taken during the 

second effort not to composite these samples, as described in 

Section 3.6.3. The results of this second set of analyses 
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Table 4-2. SWIDiary of Results of Soil Sample Analyses·-Firat Field Effor.t 

Sample Id!ntificas;ion Compound* SO·l S0-2 S0·3 S0-4 S0-5 S0·3·DP 

Moisture (\ wet wt.) 9.3 14.2 11.6 44.3 52.6 13.4 

Arsenic 0.650 1. 55 0.574 0.781 4.83 0.502 
Barium 6.92 11.4 8. 7l 196 70.5 7.26 
Chromium 7.02 8.87 5.82 22.1 29.6 3.99 
Lead 5.00 41.8 39.3 

Anthracene 0. 32 

Benzo(a)Anthracene 1.4 

Benzo(b)Fluoranthene 0.92 

Benzo(k)Fluoranthene 0. 67 

Benzo(a)Pyrene 0.69 

Benzo(g,h,i)Perylene 1.9 0.72 

Chrysene 0.95 

F1uoranthene 2.1 

Indeno(1,2,3·cd)Pyrene 0.75 

Phenanthrene 1.0 

Pyrene 1.8 

Nitrogen, N02+NO:s, 4.3 196 0. 71 .Sediment (JS&/ g. dry) 

Hydrocarbons , Petro· 1,020 207 leum (JSg/g·dry) 

Note: JSg/g·dry - micrograms per gram, dry weight. 
-· - not selected at method detection iimit. 

* Units are in milligrams per kilogram, dry weight (mgfkg·dry) unless otherwise noted. 

Source: ESE, 1990. 
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Table 4·3. Sumary of Results of Soil Sample Ana1yses··Second Field Effort 

Sa.mplt I dend ficacion 
SD·1 SD·2 SD·DUh2 Compound* 

BKGSOIL 

Moisture (\wet wt.) 

Arsenic 

Bariwa 

Cadmium 

Chromium 

Lead 

PETN 

Nitrogen, 
N02 and N03 
(~gig--dry) 

Hydrocarbons, 
Petroleum 
("'g/g-dry) 

18.0 9.4 

0. 318 1.87 

11.2 30.4 

0.564 0.657 

4.40 12.9 

5.76 22.6 

4.92 

4.18 

12600 

Note: ~g/g·dry - microgram. per gram, dry weight. 

13.1 

1.84 

27.0 

0. 766 

13.6 

26.9 

6.10 

12200 

·· - not selected at method detection limit. 

* Units are in milligram. per kilogram, dry weight (mg/kg·dry) unless otherwise noted. 

Source: ESE, 1990. 
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(samples SO-l, S0-2, and S0-3) confirmed the absence of volatile organic 
compouncb. No volatile compounds were detected in the laboratory 
analyses. Readings of organic vapors monitored during samplelcollection 
in this area with an organic vapor meter (OVM), ranged from 
approximately 20 ppm to 230 ppm. These readings are attribut•d to decay 
of natural organic material in the shallow, marshy soil in this area. 

4.3.2 EXPLOSIVI COMPOUNDS 
During the first round of a&llple analyses, no explosive compounds were 
detected in any of the soil saaples. The second round of analyses 
reveals the presence of only one of the explosive compounds, PETN, in 
the soil sample collected from below the oil recovery operation, SD-2. 
PETN was also detected in the duplicate sample from this location. PETN 
was detected in the groundwater in MW-1, the upgradient monitor well, 
and also in the duplicate sample from MW-3. As discussed in 
Section 4.2.2, PETN may be expected as it is used as a component of 
primers and fuses, which were manufactured at the former HNOP. These 
results suggest residual aaounts of P!TN may be present in the soil. 
Depending on the concentration, PETN may be the source of the 
concentrations observed in the groundwater. 

4. 3 . 3 NITIAT!/RITI.ITE 
Nitrogen was detected in soil sample SO-l and in the duplicate sample of 
so-3, both collected during the first field effort from the explosive 
demolition area with concentrations of 4.3 ~g/g and 0.71 ~g/g, 
respectively. The concentration in the duplicate sample is very close 
to tha detection iimit for the method. The presence of nitrates in this 
area would not be unexpected as nitrate• are often asaociated with the 
explosive compounds which also contain nitrogen. The highest 
concentration of nitrogen (196 ~g/g) was found in soil sample'S0-4 from 
the dl'UII area. I As this area is not suspected of containing explosive 
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waseea nor were any detected, this result may be associated with 

decomposing organic material present in the soil around the drums. 

During the second sample analyses, the .sediment sample SD-1 was found to 

have a nitrate concentration of 4.18 ~g/g, similar to SO-l from the 

explosive demolition area. The background concentration of nitrate in 

soil is 1.78 ~g/g. The observed concentrations of nitrate in the 

explosive demolition area and the stream sediments are relatively low 

with comparison to the background value. Although nitrate may indicate 

the presence of explosive compounda, no other explosive compounds were 

detected. These values are most likely the result of decaying organic 

matter. 

4.3.4 PETaOL!OH HYDaOCAIBOHS 

Petroleum hydrocarbons were detected in soil sample S0-4, collected 

adjacent to the drum.t and S0-5, consisting of pond sediments. The 

concentration of petroleum hydrocarbons was 1,020 ~g/g in S0-4 and 

207 ~g/g in S0-5. The analysis of petroleum hydrocarbons detects a wide 

range of compounds which includes the PAH compounds, as well as other 

straight chain and cyclic hydrocarbons. The petroleum hydrocarb~ns 

detected in SO·S may include the PA.H compounds detected iil the organic 

analysis and also others that were not target compounds of the analysis. 

The results froa S0-4 indicate this is the case as the specific 

compounda which produced the petroleum hydrocarbon concentrations were 

not detected as any of the target compound& of the organic analysis 

[with the exception of benzo(G,H,l)perylene]. !ased on these results 

from the pond and drum area, the contamination in these areas appears to 

be related to ,soae type of hydrocarbon fuels or possibly lubricating 

oils. These types of materials were used at the former HNOP. 

Petroleum hydroearbons were detected in the soil below the former oil 

recovery operation. The concentrations were higher than observed in the 
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other areas, with concentrations of 12,600 ~g/g in the sample and 12,200 ~gjg in the duplicate. During sample collection, the soil was noted to be discolored and had a hydrocarbon odor. Organic vapor readings with the OVM were recorded as 4 ppm in the loose soil and up to 40 ppm in the shallow borehole from which the sample waa obtained. Discussions with a former MNOP employee, Mr. Haalin, revealed soil had been reaoved from this area in the past. Soil remaining moat likely contains residual petroleum hydrocarbons from the former operation. 

4 • 3 • 5 METALS 

The metal analysis of the background soil sample provides a basis for comparison with the other samples. Soils often contain detectable concentrations of metals; therefore, the presence of any specific metal does not necessarily represent contamination. Based on this comparison, three sa.ples detected concentrations of certain metals exceeding the background concentratians. These samples include S0-4 from the drum area, S0-5 froa the pond sediments, and SD-2 from below the oil recovery operation. These three saaples were each found to contain other contaaination, and elevated levels of certain metala is not unexpected. 

Elevated levels of lead were found in each- of the three samples so-4, S0-5, and SD-2. Tha contamination in each of these samples was primarily attributed to aome type of hydrocarbon product, a component of which aay be lead. The lead concentrations ranged froa 2.6 mgfkg in SD·2 to 41.8 mg/kg in S0-4, generally 4 to 8 times greater than the background concentration of 5.32 mg/kg. 

The other metal that exceeded background concentrations was barium. Bariua concentrations axceeded backsround concentrations in samples S0-4 and so·-s by an order of magnitude. Barium only slightly exceeded background concentration• in sample SD-2 and is not considered significant. The presence of elevated concentrations of barium may be 
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~nts in the pond and drwa area. The 

!!& appears to be unique to the specific 

.·oducing the other contamination. This 
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and perhaps a different source. 
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The conclusion. of this confirmation study are the following: 1. Records Review--No new information was obtained by ESE that USACE did not already know. The·available inforaation can be obtained by contacting GSA and is kept at the National Archives. This information relates to exchange of property and inventories of facilities at the foraer KNOP. 

Some of the structures at former MNOP, which could be potential sources of contamination, were involved in operations related to the manufacture of munitions. These operation. involved the usa of coapounda such as oils, solvents, and explosives. Structures that may be associated with contamination include a sewage treatment plant; plating operations; USTs; aboveground fuel tanks; the landfill; the explosive demolition areas; a buried cyanide·cont .. inated tank; solvent storage buildings; and an abandoned, deep industrial water supply well. 

2. USACE Site Inve•tigation··Th• investigation performed by USACE identified additional areas that may be of concern with regard to contamination at the site. These offaita areas include a pond containing reddish-orange water and an area containing approximately 500 unlabeled druas. 

Monitor wells installed during the USACE investigation identified a shallow aquifer co~osed of silty sand. Observations made during well in3tallation indicate the aquifer may exhibit localized confined conditions. Volatile organic vapora were detected during the installation of three of the monitor wells. Hydraulic testing of the aquifer by means of recovery tests provided values of hydraulic conductivity of the 
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aquifer in the lower range of silty sand formation. A water­
level contour map prepared by USACE indicated flow generally to 
the southeast across the investigated area. This flow 
direction was confirmed by measurements obtained by the ESE 
project team. 

3. Sampling and Analysis by ESE··Samples were collected during two 
different field efforts. The first effort involved the 
saapling of both groundwater monitor wells and soil. The 
second effort focused on soil sampling. The results of the 
sampling and analysis, which included 5 monitor wells and 16 
soil samples total, revealed the presence of contamination at 
the site. The most significant groundwater contamination at 
the site is due to the organic compound TCE. Detected 
concentrations exceed drinking water standards in all the 
downgradient monitor wells. Concentrations significantly over 
the standard (by 760 to 1,400 times) were detected in MW·2 and 
MW-3 on the northeast portion of the landfill and ne~r the 
explosive demolition area. Explosive contamination was 
detected in the groundwater froa KW-3, adjacent to the 
explosive demolition area. The explosive compound PETN was 
detected in the upgradient well MW·l. This result, in 
combination with a relatively high concentration of nitrogen in 
comparison with other values on the site, suggests an 
additional source of explosive disposal near MW·l. PETN wes 
also detected in the duplicate sample from MW·l in the 
explosive demolition area. This result is expected. Iron and 
manganese were the only metals to exceed criteria. Due to an 
unreliable background sample particularly for the comparison of 
low·level metal concentrations in the aquifer, no definitive 
statements can be made regarding metals contamination. Some of 
the metals detected suggest contamination as the higher 
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concentratio~ occur in wells in which other contaminants were 
found. Cyanide was detected in two wells, HW-2 directly 
adjacent to the buried cyanide contaminated tank and ~-3, 
which is in a downgradient direction froa the tank. The 
detected concentrations exceed the state criteria but are close 
to the detection liait for the analysis aethod. Petroleua 
hydrocarbons were not detected in any of the groundwater 
samples. 

Evidence of soil contamination was found in soil samples S0-4, 
S0-5, and SD-2. Samples S0-4 and S0-5 ware collected during 
the first field effort froa an area west and southwest of the 
former HNOP property where a pond and druas were located by 
USACE. Sample SD-2 was collected during the second field 
effort froa an area below a fo~r oil recovery operation. The 
contaaination in all three areas appears to be related to heavy 
hydrocarbon fuels or other hydrocarbon coapounda, such as oils. These types of fuels and oils were present at the former HNOP 
as evidenced by the report of kerosene, diesel fuel, and 
heating oil tanks in the records. They were used for heating 
and operation of vario1J.S ~~&chinery, and varioua oils were also 
used as cutting oils and lubricants. The presence of higher 
concentratio~ of bariua in the aaaples froa the pond and drua 
area, S0-4 and S0-5, may indicate a cype of product different 
froa that associated with the former oil recovery operation and 
perhaps a different source of the product. PETN was detected 
in the soil below the oil recovery operation and may suggest a 
source for the presence of PETN in the groundwater. 

The resaapling effort in the explosive demolition area was 
performed without composlting of the saaples. This effort 
confirmed the results of the initial effort where the soil was 
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composite4. No volatile organic compounds were detected from 
soil in this area during both efforts. 

Groundwater and soil contamination has been encountered at 

concentrations that may require regulatory review for this 

location. The contamination found onsite is reasonably 

suspected to have resulted from activities that took place 

during the period of Deparcment of Defense (DOD) control. 
Investigated areas adjacent to the site but outside the aite 

boundary showed evidence of soil contamination. These areas, 
including a pond and abandoned drum., were investigated prior 

to verification that their location was not on former MNOP 

property. The initial assessment of the pond and drum area 

contamination is that it is not the result of DOD activities. 
The former HNOP site, and the adjacent site, should be referred 

to the appropriate office or agency for determination of a 
future course of action. 
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