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SECTION 1 INTRODUCTION AND SUMMARY 1 

This report describes the activities performed to complete the Load Line # 11 (LL-11) Interim 2 
Removal Action (IRA) at the Ravenna Army Ammunition Plant (RVAAP), Ravenna, Ohio.  3 
MKM Engineers, Inc. (MKM) performed this IRA, under Contract Number DAAA09-98-G-0001 4 
and Delivery Order Number 0026, with the US Army Joint Munitions Command (JMC).   5 

1.1 Site History 6 

Past Department of Defense (DoD) activities at the Ravenna Army Ammunition Plant 7 
(RVAAP) date back to 1940 and include storage, handling, and packing of military ammunition 8 
and explosives.  The site is located in northeastern Ohio in Portage and Trumbull Counties. 9 
RVAAP lies 23 miles east-northeast of Akron, Ohio and 30 miles west-northwest of 10 
Youngstown, Ohio (Figure 1-1).  The installation includes 21,419 acres in a tract approximately 11 
3.5 miles wide by 11 miles long.  The RVAAP is a government-owned, contractor-operated 12 
(GOCO) military industrial installation.  13 

 14 
The facility is jointly operated by the JMC and the Ohio Army National Guard Bureau, and 15 

the current contractor on-site is Toltest, Inc. The land use surrounding the installation is primarily 16 
farmland, woodland, and low density housing.  The industrial operations at RVAAP consisted of 17 
12 munitions assembly facilities referred to as “load lines” (Figure 1-2).  In addition, RVAAP 18 
also had several areas used for burning, demolition and testing of munitions and buildings/areas 19 
designated for clean up and decontamination activities for the production equipment.  In May 20 
1999, the National Guard Bureau assumed operational control of 16,164 acres of RVAAP and 21 
licensed Ohio Army National Guard to use the acreage for training and other activities.  The JMC 22 
controls environmental areas of concern (AOCs) and bulk explosives storage areas.  A detailed 23 
history of process operations and waste processes for each AOC at RVAAP is presented in the 24 
Preliminary Assessment for the Ravenna Army Ammunition Plant, Ravenna, Ohio (USACE 25 
1996b). 26 

1.2 Load Line-11 Background 27 

Load Line-11 (LL-11) is located in the south central area of the facility on Fuze and Booster 28 
Spur Road (Figure 1-2). LL-11 was used primarily for the production of artillery primer and 29 
fuzes.  Industrial operations at LL-11 took place during the 1941 to 1945, 1951 to 1957 and 1969 30 
to 1971 time frames.  According to the Installation Assessment of Ravenna Army Ammunition 31 
Plant, Report No. 132 dated November 1978, from 1941 to 1945 load lines 5 through 11 32 
combined, produced 19,257,297 miscellaneous fuzes, 44,297,485 miscellaneous boosters, 33 
50,660,725 miscellaneous primers, 79,580,576 detonators and 226,387,306 percussion elements.  34 
From 1951 to 1957, LL-11 alone produced 9,927,118 MK2A4 percussion primers, some 35 
24,482,465 MK2A4 primers and 1,504,935 repack primers. No definitive information is available 36 
for LL-11 regarding production during the 1969 to 1971 time frame.    37 
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A total of nineteen (19) Artillery Primer (AP) Buildings were used at the load line to carry out the 1 
specific industrial operations.  A brief description of each building is provided below:  2 

 3 
• Building AP-18 was designated as a bunkered storage area for percussion elements. Inside 4 

the building there are no drains or troughs.  Exterior drainage follows the contour of the land 5 
in the immediate proximity of the building.  6 

• Building AP-9 was used as a percussion element storage and staging area for operations 7 
conducted from 1969 through 1971.  Prior to product manufactured in the later 60’s to early 8 
70’s, AP-9 was used for palletization and shipping of the finished products.  The building 9 
contains no drains, troughs, or sumps.  Exterior drainage follows the contour of the land in 10 
the immediate proximity of the building. 11 

• Building AP-7 and AP-4 have been used throughout operation of Load Line 11 as a Black 12 
Powder staging (Rest House) area for primer charging conducted in building AP-8.  The 13 
interior walls are covered with lead base paint and the floors are covered with a non-14 
conductive rubber material for the prevention of electrostatic charge.  There are no drains, 15 
troughs or sumps associated with the building.  Exterior drainage follows the contour of the 16 
land in the immediate proximity of the building. 17 

• Building AP-1 was used as a black powder service area.   18 
• Buildings AP-5 and AP-6 were used exclusively as a Black Powder processing area.  19 

Building AP-5 contained forced air blowers for the drying ovens in AP-6.  Building AP-6 has 20 
troughs and drains that lead to exterior sumps.  Two sets of sumps are associated with these 21 
buildings.  One set is located outside the SW wall of AP-6 and one set is located between the 22 
AP-5 and AP-6.  Schematics indicate the sumps are connected with lead piping, which in turn 23 
connect with the sewer mains of the facility. 24 

• Building AP-20 was the Quality Assurance Primer Sensitivity Testing facility.  Standard 25 
Operating Procedures permitted a maximum of only 3 pounds of finished product in the 26 
building at any one time.  There are no troughs or drains in this building.  Exterior drainage 27 
follows the contour of the land in the immediate proximity of the building.  28 

• Building AP-11 was the major assembly building for the MK2A4 product during the 1969 to 29 
1971 time frame.  Bay A of AP-11 was used for the insertion of the Percussion Element via 30 
Pennsylvania Heading Machines in to the main primer head.  Bay B was used for the 31 
charging of the primer assemblies with the Black Powder.  Bay C was used to apply lacquer 32 
sealing materials and pack out the finish product.  The difference in the manufacturing 33 
process used during the periods 1941 to 1945, 1951 to 1957, and 1969 to 1971 is the black 34 
powder charging operations were shifted from Building AP-8 to AP-11 in later years.  There 35 
are no troughs or drains along the walls of AP-11.  There are several utility sinks with drains 36 
and piping that most likely connect to the sewer mains.  Exterior drainage follows the contour 37 
of the land in the immediate proximity of the building. 38 

• Building AP-10 was used for percussion element service in association with the production 39 
conducted in AP-11.   40 
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• Building AP-8 was used as a primer loading and administrative building.  Two sets of sumps 1 
(east side and west side) are associated with this building.  The schematics indicate that the 2 
sumps are lead lined and are connected to the sewer mains of the facility.  There are several 3 
drains located in the building. 4 

• Building AP-17 was used as a solvent storage facility.  The building contains no sumps, 5 
troughs, or drains.   6 

• Building AP-2 was used as a motor house to support the black powder screening operation in 7 
AP-3. 8 

• AP-3 was used as a black powder screening facility.  The floor of AP-3 is covered with a lead 9 
liner.  There is a trough and associated drain on the south wall of the building connects to a 10 
sump located outside of the building.  The facility drawing indicates that the trough and sump 11 
are connected with lead piping.  The sump is connected to the facility sewer main.   12 

• Support type buildings at Load Line 11 included AP-13 and AP-14 which functioned as 13 
locker rooms (Change Houses), AP-15 which was used for Inert Storage, AP-16 the shipping 14 
building and AP-19 the dining building. 15 

1.3 Summary of IRA Activities 16 

The objective of the IRA effort at LL-11 was to remove the primary pathways of migration 17 
for contamination that originated from the load line.  This included removal of sedimentation 18 
sumps from production buildings and limited excavation of the open ditch systems that drains the 19 
site. The data from this IRA will be folded into the November – December Remedial 20 
Investigation (RI) evaluation of risk for the site followed by recommendations for additional 21 
remedial efforts, as necessary. 22 

 23 
The approved LL-11 IRA Work Plan, Sampling and Analysis Plan Addendum and Site-24 

Specific Safety and Health Plan dated January 2, 2001 were prepared for implementation of all 25 
IRA activities.  The IRA sampling activities at LL-11 began in June 2000 and concluded in June 26 
2001.  The removal operations began during January 2001 and concluded after the June 2001 27 
“Hot Spot” removal.   28 

 29 
The groundwater from the sewer system was removed from each sump prior to excavation. 30 

Based on analytical results and following OEPA Approval, the water was applied to the site 31 
ground surface for infiltration (see section 3.2 for further details).  Once the water was removed, 32 
selected sewer manholes were plugged using a cement/bentonite mixture to stop the infiltration of 33 
groundwater back into the sumps targeted for removal.  The sump excavations were immediately 34 
backfilled following collection of confirmation samples due the unstable soil conditions. 35 

 36 
Six locations within the site drainage ways were excavated based upon laboratory analytical 37 

results.  A 20-foot section of ditch was excavated on either side of the original sample point (40-38 
foot total) with the exception of SD018 and SD019.  At these locations a total of 200 linear feet 39 
was excavated.  Confirmation and delineation samples were taken prior to backfilling.  40 
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SECTION 2 BACKGROUND 1 

2.1 Regulatory Authorities 2 

The approach to addressing environmental conditions at RVAAP is regulatory-based 3 
following the frameworks established by the primary regulatory drivers; Comprehensive 4 
Environmental Response, Compensation, and Liability Act (CERCLA), Resource Conservation 5 
and Recovery Act (RCRA), Toxic Substances Control Act (TSCA), etc.  CERCLA activities, 6 
including IRAs are funded under the JMC Installation Restoration Program (IRP). 7 

2.2 RVAAP Team Coordination 8 

All major activities of this IRA were coordinated with the major parties involved including: 9 
 10 

• Ravenna Army Ammunition Plant (RVAAP) 11 
• Joint Munitions Command (JMC) 12 
• U.S. Army Corps of Engineers (USACE) 13 
• Ohio Environmental Protection Agency (OHIO EPA) 14 
• Portage County Health Department (PCHD) 15 
• Ohio Army National Guard (OHARNG) 16 
• MKM Engineers, Inc. (MKM) 17 

2.3 Previous Investigations 18 

The U.S. Army Center for Health Promotion and Preventive Medicine (CHPPM) conducted a 19 
Relative Risk Site Evaluation for Newly Added Sites at the RVAAP in 1998 (Hazardous and 20 
Medical Waste Study No. 37-EF-5360-99, 19-23 October 1998).  From the 13 sites that were 21 
evaluated, five were classified as high-priority areas of concern and the others were classified as 22 
medium.  The five high-priority areas of concern listed in this report are:  23 
 24 

• RVAAP 44 (LL-11),  25 
• RVAAP 46 (Building F-15, F-16), 26 
• RVAAP 47 (Building T-5301),  27 
• RVAAP 49 (Central Burns Pits), and  28 
• RVAAP 51 (Dump along Paris-Windham Road). 29 

 30 
The remaining eight areas that were ranked medium priority were: 31 

 32 
• RVAAP 39 (LL-5) 33 
• RVAAP 40 (LL-7) 34 
• RVAAP 41 (LL-8) 35 
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• RVAAP 42 (LL-9) 1 
• RVAAP 43 (LL-10) 2 
• RVAAP 45 (Wet Storage Area) 3 
• RVAAP 48 (Anchor Test Area) 4 
• RVAAP 50 (Atlas Scrap Yard) 5 

 6 
The October 1998 CHPPM report identified surface soil and sediments to be potential media 7 

for contaminant migration at LL-11 due to the lack of any physical barriers/fence around the site 8 
and proximity to Sand Creek.    Samples were collected and analyzed for metals and explosives.  9 
The report indicated hunters and excessors to be potential receptors of the soil contamination.  As 10 
a result, the Relative Risk Site Evaluation for this AOC was scored High.  11 

 12 
As a follow-on to the 1998 CHPPM report, MKM was tasked by the JMC to perform a 13 

Remedial Investigation (RI) at LL-11 to further evaluate the shallow and deep soils, groundwater, 14 
surface water and sediment media associated with this AOC.  The RI was conducted during 15 
November and December 2000.  The data from this RI was used to direct the IRA 16 
excavation/removal operations and will be folded into an evaluation of risk for the site followed 17 
by recommendations for remedial efforts, as necessary.  18 
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SECTION 3 IRA ACTIVITIES 1 

The LL-11 IRA activities were initiated following the November - December 2000 RI as an 2 
early response action to mitigate the movement of contaminants off site.  The IRA consisted of 3 
removing the sumps from the LL-11 production buildings (AP-3, AP-5, AP-6 and AP-8) and 4 
limited excavation at seven (7) affected areas identified during the 2000 RI.  Six (6) of the 5 
affected areas were located within the site’s drainage ditches.  The seventh area, approximately 6 
30’ x 30’ x 8’ was located in an open field just north of AP-17.  The objective of the removal 7 
action at these identified areas was to eliminate source contamination within prime migratory 8 
pathways at the AOC, and consequently remove the potential for future migration of 9 
contaminants off-site.  Specific details of the LL-11 IRA activities are described in the 10 
subsections that follow.   A cross-reference table that lists the samples and corresponding lab 11 
project number is found in the appendix with the laboratory data summary sheets. 12 

3.1 Explosive Field Screening 13 

During IRA field operations, a UXO Technician monitored the work zone and screened 14 
excavated soils with a magnetometer for potential UXO items.  All UXO screening operations 15 
were performed in accordance with the LL-11 IRA Ordnance Avoidance Plan (Appendix A).  No 16 
ordnance related items were encountered during the LL-11 IRA field operations. 17 

3.2 Sewer/Sump Water Removal 18 

Approximately 15,000 gallons of water were removed in total, from the sedimentation sumps 19 
at process buildings AP-3, AP-5, AP-6 and AP-8 to facilitate their removal (Figure 3.0).  During 20 
the initial IRA pumping operations at AP-3, it was determined that the infiltration rate of 21 
groundwater into the sewer-system was significant enough to impede the removal operations.  As 22 
a result, the sewer manholes immediately downgradient of each sump were filled with bentonite 23 
cement to prevent water (from the downstream sewer system) from infiltrating back into the 24 
sumps during the excavation and removal operations. Once the water was removed, the sumps 25 
effluent sewer line was cut and then plugged with mechanical packers and cement grout, which 26 
prepared the sumps for removal. 27 

 28 
All sump/sewer water was handled in accordance with the approved LL-11 Technical Scope 29 

Change dated January 9, 2001.  A copy of this letter to OEPA is provided in Appendix B.  Based 30 
upon the laboratory analysis of the sump/sewer water, contaminant concentrations (lead) were 31 
low enough to allow for ground application of the water.  Table 3-1 provides a summary of the 32 
sump/sewer water analytical results.  The water was pumped from the sumps through a filter 33 
directly into a holding tank before being discharged in an area just west of AP-3 and AP-4.  The 34 
water was released from the tank at a very low rate, by using a spreader to control the rate of 35 
discharge across the vegetated area to ensure proper distribution and infiltration into site soils.  36 
Additionally, straw bales were installed at the discharge point to further reduce flow velocity and 37 
enhance sheet flow down gradient.   38 
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Table 3-1
RAVENNA ARMY AMMUNITION PLANT

SUMP AND SEWER WATER RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD 
NO.

Soil 
Background 

Criteria (0-1 ft) 
mg/kg

Region 9 PRG 
Data 

(Residential 
Soil) mg/kg

LL11SW-001-
0001-SW (AP-

3 sump)

LL11SW-002-
0001-SW (AP-

5 sump)

LL11SW-003-
0001-SW (AP-

6 sump)

LL11SW-004-
0001-SW (AP-

8 sump)

LL11SW-005-
0001-SW (AP-
8 west sump)

LL11SW-005-
0001-TB (AP-8 

west sump) 

LL11SW-006-
0001-SW (AP-

3 manhole)

LL11SW-007-
0001-SW (AP-

5 & AP-6 
manhole)

LL11SW-008-
0001-SW (AP-
8 SW manhole)

LL11SW-008-
0001-FD (AP-8 

SW manhole)

Sample Date 28-Jun-00 28-Jun-00 28-Jun-00 29-Jun-00 9-Oct-00 9-Oct-00 28-Jun-00 29-Jun-00 29-Jun-00 29-Jun-00

Explosives 8330 ug/L
HMX 0.00 3100.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
RDX 0.00 4.4 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
1,3,5-Trinitrotoluene 0.00 -- BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
1,3-Dinitrobenzene 0.00 24.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Nitrobenzene 0.00 20.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
2,4,6-Trinitrtoluene 0.00 16.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Tetryl 0.00 610.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
2,4-Dinitrotoluene 0.00 120.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
2,6-Dinitrotoluene 0.00 61.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
2-Nitrotoluene 0.00 370.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
4-Nitrtoluene 0.00 370.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
3-Nitrotoluene 0.00 370.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL

TAL Metals 6010B ug/L
Silver 0.00 390.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Aluminum 17700.00 76000.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Arsenic 15.40 0.39 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Barium 88.40 5400.0 30.0 20.6 34.2 30.8 50.5 NT 43.1 25.0 32.3 31.5
Beryllium 0.88 150.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Calcium 15800.00 -- 56100 42200 86600 56200 49900 NT 85400 53400 85900 86700
Cadmium 0.00 37.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Cobolt 10.40 4700.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Chromium 17.40 210.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Copper 17.70 2900.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Iron 23100.00 23000.0 BRL BRL BRL 2070 BRL NT 81.6 BRL BRL BRL
Mercury 0.04 23.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Potassium 927.00 -- 2190 1410 1640 4450 10200 NT 1140 1130 1420 1430
Magnesium 3030.00 -- 15000 7900 21000 3220 5750 NT 20700 9520 12400 12500
Manganese 1450.00 1800.0 838 8.3 424 66.9 68.1 NT 3170 BRL 222 230
Sodium 123.00 -- 7430 3820 14400 1640 2790 NT 8550 3040 3960 3900
Nickel 21.10 1600 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Lead, Soluable -- -- 21.6 58.8 BRL BRL 376 NT BRL BRL BRL BRL
Antimony 0.96 31.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Selenium 1.40 390.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Thallium 0.00 5.2 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Vanadium 31.10 550.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL
Zinc 61.80 23000.0 BRL 19.6 10.8 12.3 27.9 NT 10.4 BRL 15.0 12.1

Metals 6010B ug/L
Lead, Total 26.10 400.0 45.1 59.8 17.8 666 686 NT BRL BRL BRL NT

Cyanide ug/L
Cyanide, Total 0.00 11.0 BRL BRL BRL BRL BRL NT BRL BRL BRL BRL

Propellants 8330 ug/L
Nitroglycerin 0.00 35.0 NT NT NT NT NT NT NT NT NT NT
Nitroguanidine 0.00 6100.0 NT NT NT NT NT NT NT NT NT NT
Nitrocellulose 0.00 -- NT NT NT NT NT NT NT NT NT NT

 



Table 3-1
RAVENNA ARMY AMMUNITION PLANT

SUMP AND SEWER WATER RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD 
NO.

Soil 
Background 

Criteria (0-1 ft) 
mg/kg

Region 9 PRG 
Data 

(Residential 
Soil) mg/kg

LL11SW-001-
0001-SW (AP-

3 sump)

LL11SW-002-
0001-SW (AP-

5 sump)

LL11SW-003-
0001-SW (AP-

6 sump)

LL11SW-004-
0001-SW (AP-

8 sump)

LL11SW-005-
0001-SW (AP-
8 west sump)

LL11SW-005-
0001-TB (AP-8 

west sump) 

LL11SW-006-
0001-SW (AP-

3 manhole)

LL11SW-007-
0001-SW (AP-

5 & AP-6 
manhole)

LL11SW-008-
0001-SW (AP-
8 SW manhole)

LL11SW-008-
0001-FD (AP-8 

SW manhole)

Sample Date 28-Jun-00 28-Jun-00 28-Jun-00 29-Jun-00 9-Oct-00 9-Oct-00 28-Jun-00 29-Jun-00 29-Jun-00 29-Jun-00

VOCs TCL 8260B ug/L
Acetone 0.00 1600 NT NT NT NT BRL BRL NT NT NT NT
Carbon Disulfide 0.00 360.00 NT NT NT NT BRL BRL NT NT NT NT
Methylene Chloride 0.00 8.90 NT NT NT NT BRL 0.5 NT NT NT NT

SVOCs TCL 8270 C ug/L
Diethylphthalate 0.00 29000.00 NT NT NT NT BRL NT NT NT NT NT
bis(2-Ethylhexyl)phthalate 0.00 4.80 NT NT NT NT BRL NT NT NT NT NT

Pesticides 8081A ug/L
alpha-BHC 0.00 0.09 NT NT NT NT NT NT NT NT NT NT
beta-BHC 0.00 0.32 NT NT NT NT NT NT NT NT NT NT
delta-BHC 0.00 0.32 NT NT NT NT NT NT NT NT NT NT
gamma-BHC (Lindane) 0.00 0.44 NT NT NT NT NT NT NT NT NT NT
Heptachlor 0.00 0.11 NT NT NT NT NT NT NT NT NT NT
Aldrin 0.00 0.029 NT NT NT NT NT NT NT NT NT NT
Heptachlor epoxide 0.00 0.053 NT NT NT NT NT NT NT NT NT NT
Endosulfan I 0.00 3700 NT NT NT NT NT NT NT NT NT NT
Dieldrin 0.00 0.03 NT NT NT NT NT NT NT NT NT NT
4,4-DDE 0.00 1.7 NT NT NT NT NT NT NT NT NT NT
Endosulfan II 0.00 -- NT NT NT NT NT NT NT NT NT NT
4,4-DDD 0.00 2.4 NT NT NT NT NT NT NT NT NT NT
Endrin 0.00 18 NT NT NT NT NT NT NT NT NT NT
Endosulfan sulfate 0.00 -- NT NT NT NT NT NT NT NT NT NT
4,4-DDT 0.00 1.7 NT NT NT NT NT NT NT NT NT NT
Methoxychlor 0.00 310 NT NT NT NT NT NT NT NT NT NT
Endrin ketone 0.00 -- NT NT NT NT NT NT NT NT NT NT
Endrin aldehyde 0.00 -- NT NT NT NT NT NT NT NT NT NT
alpha-Chlodane 0.00 -- NT NT NT NT NT NT NT NT NT NT
gamma-Chlordane 0.00 -- NT NT NT NT NT NT NT NT NT NT
Toxaphene 0.00 0.44 NT NT NT NT NT NT NT NT NT NT

PCB TCL 8082 ug/L
Aroclor-1016 0.00 3.9 NT NT NT NT NT NT NT NT NT NT
Aroclor-1221 0.00 0.22 NT NT NT NT NT NT NT NT NT NT
Aroclor-1232 0.00 0.22 NT NT NT NT NT NT NT NT NT NT
Aroclor-1242 0.00 0.22 NT NT NT NT NT NT NT NT NT NT
Aroclor-1248 0.00 0.22 NT NT NT NT NT NT NT NT NT NT
Aroclor-1254 0.00 0.22 NT NT NT NT NT NT NT NT NT NT
Aroclor-1260 0.00 0.22 NT NT NT NT NT NT NT NT NT NT

Inorganics mg/L
Nitrate, as N 0.00 -- BRL BRL BRL 0.22 0.43 NT BRL BRL BRL BRL
Sulfide 0.00 -- BRL BRL BRL 1.4 BRL NT BRL BRL BRL BRL
Sulfate 0.00 -- 20.2 15.7 34.9 8.9 41.9 NT 14.4 11.8 19.8 18
** = Only detected compounds listed PRGs = Preliminary Remediation Goals
-- = Data not available mg/kg = milligrams per kilogram (parts per million - ppm)
BRL = Below Reporting Limit ug/L = micrograms per Liter (parts per billion - ppb)
ND = Not detected = concentration greater than background 
NT = Not Tested BOLD = concentration greater than Region 9 PRG data

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL (B) = Batch QC is greater than the RL

(J) = Result is an estimated value below the RL
Soil Samples Reported in mg/kg (A) = Concentration exceeds the instrument calibration range or below the RL
Water Samples Reported in ug/L

ORGANIC FLAGS/QUALIFIERS

 



Table 3-1
RAVENNA ARMY AMMUNITION PLANT

SUMP AND SEWER WATER RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD 
NO.

Soil 
Background 

Criteria (0-1 ft) 
mg/kg

Region 9 PRG 
Data 

(Residential 
Soil) mg/kg

Sample Date

Explosives 8330 ug/L
HMX 0.00 3100.0
RDX 0.00 4.4
1,3,5-Trinitrotoluene 0.00 --
1,3-Dinitrobenzene 0.00 24.0
Nitrobenzene 0.00 20.0
2,4,6-Trinitrtoluene 0.00 16.0
Tetryl 0.00 610.0
2,4-Dinitrotoluene 0.00 120.0
2,6-Dinitrotoluene 0.00 61.0
2-Nitrotoluene 0.00 370.0
4-Nitrtoluene 0.00 370.0
3-Nitrotoluene 0.00 370.0

TAL Metals 6010B ug/L
Silver 0.00 390.0
Aluminum 17700.00 76000.0
Arsenic 15.40 0.39
Barium 88.40 5400.0
Beryllium 0.88 150.0
Calcium 15800.00 --
Cadmium 0.00 37.0
Cobolt 10.40 4700.0
Chromium 17.40 210.0
Copper 17.70 2900.0
Iron 23100.00 23000.0
Mercury 0.04 23.0
Potassium 927.00 --
Magnesium 3030.00 --
Manganese 1450.00 1800.0
Sodium 123.00 --
Nickel 21.10 1600
Lead, Soluable -- --
Antimony 0.96 31.0
Selenium 1.40 390.0
Thallium 0.00 5.2
Vanadium 31.10 550.0
Zinc 61.80 23000.0

Metals 6010B ug/L
Lead, Total 26.10 400.0

Cyanide ug/L
Cyanide, Total 0.00 11.0

Propellants 8330 ug/L
Nitroglycerin 0.00 35.0
Nitroguanidine 0.00 6100.0
Nitrocellulose 0.00 --

LL11SW-009-
0001-SW (AP-

14 manhole)

LL11SW-010-
0001-SW (AP-

8 manhole)

LL11SW-011-
0001-SW (AP-
8 SE manhole)

LL11SW-011-
0001-ER (AP-8 

SE manhole)

LL11SW-011-
0001-FB (AP-8 

SE manhole)

LL11SW-011-
0001-FD (AP-8 

SE manhole)

LL11SW-011-
0001-TB (AP-8 

SE manhole)

29-Jun-00 29-Jun-00 28-Jun-00 28-Jun-00 28-Jun-00 28-Jun-00 29-Jun-00

BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT

BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
24.1 26.1 41.6 BRL BRL 42.9 NT
BRL BRL BRL BRL BRL BRL NT

61100 53700 65900 BRL 346 67400 NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL 177 BRL NT
BRL BRL BRL BRL BRL BRL NT
1770 1740 4610 BRL BRL 4660 NT
8980 6340 10200 BRL 100 10400 NT
7.6 114 19.8 BRL 9.0 20.3 NT

3670 7720 3160 BRL 143000 3160 NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
15.8 15.5 12.2 BRL 29.5 BRL NT

BRL BRL BRL NT NT NT NT

BRL BRL BRL BRL BRL BRL NT

NT NT ND ND ND ND NT
NT NT ND ND ND ND NT
NT NT ND ND ND ND NT

 



Table 3-1
RAVENNA ARMY AMMUNITION PLANT

SUMP AND SEWER WATER RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD 
NO.

Soil 
Background 

Criteria (0-1 ft) 
mg/kg

Region 9 PRG 
Data 

(Residential 
Soil) mg/kg

Sample Date

VOCs TCL 8260B ug/L
Acetone 0.00 1600
Carbon Disulfide 0.00 360.00
Methylene Chloride 0.00 8.90

SVOCs TCL 8270 C ug/L
Diethylphthalate 0.00 29000.00
bis(2-Ethylhexyl)phthalate 0.00 4.80

Pesticides 8081A ug/L
alpha-BHC 0.00 0.09
beta-BHC 0.00 0.32
delta-BHC 0.00 0.32
gamma-BHC (Lindane) 0.00 0.44
Heptachlor 0.00 0.11
Aldrin 0.00 0.029
Heptachlor epoxide 0.00 0.053
Endosulfan I 0.00 3700
Dieldrin 0.00 0.03
4,4-DDE 0.00 1.7
Endosulfan II 0.00 --
4,4-DDD 0.00 2.4
Endrin 0.00 18
Endosulfan sulfate 0.00 --
4,4-DDT 0.00 1.7
Methoxychlor 0.00 310
Endrin ketone 0.00 --
Endrin aldehyde 0.00 --
alpha-Chlodane 0.00 --
gamma-Chlordane 0.00 --
Toxaphene 0.00 0.44

PCB TCL 8082 ug/L
Aroclor-1016 0.00 3.9
Aroclor-1221 0.00 0.22
Aroclor-1232 0.00 0.22
Aroclor-1242 0.00 0.22
Aroclor-1248 0.00 0.22
Aroclor-1254 0.00 0.22
Aroclor-1260 0.00 0.22

Inorganics mg/L
Nitrate, as N 0.00 --
Sulfide 0.00 --
Sulfate 0.00 --
** = Only detected compounds listed
-- = Data not available
BRL = Below Reporting Limit
ND = Not detected 
NT = Not Tested

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL

Soil Samples Reported in mg/kg
Water Samples Reported in ug/L

LL11SW-009-
0001-SW (AP-

14 manhole)

LL11SW-010-
0001-SW (AP-

8 manhole)

LL11SW-011-
0001-SW (AP-
8 SE manhole)

LL11SW-011-
0001-ER (AP-8 

SE manhole)

LL11SW-011-
0001-FB (AP-8 

SE manhole)

LL11SW-011-
0001-FD (AP-8 

SE manhole)

LL11SW-011-
0001-TB (AP-8 

SE manhole)

29-Jun-00 29-Jun-00 28-Jun-00 28-Jun-00 28-Jun-00 28-Jun-00 29-Jun-00

NT NT 2 BRL BRL BRL BRL
NT NT BRL BRL BRL BRL BRL
NT NT BRL BRL BRL BRL 1

NT NT BRL 8 (J) BRL BRL NT
NT NT 8 (J) BRL BRL 14 NT

NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT 0.020 (J) BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT

NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT
NT NT BRL BRL BRL BRL NT

0.16 0.24 BRL BRL BRL BRL NT
BRL BRL 1.5 BRL BRL 1.2 NT
19.4 22.4 17.2 BRL 58.1 19.9 NT

PRGs = Preliminary Remediation Goals
mg/kg = milligrams per kilogram (parts per million - ppm)
ug/L = micrograms per Liter (parts per billion - ppb)

= concentration greater than background 
BOLD = concentration greater than Region 9 PRG data

(B) = Batch QC is greater than the RL
(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS
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3.3 Sump Excavation 1 

This task involved the excavation, removal and disposal of the 5 sedimentation sumps located 2 
at LL-11.  The sumps were located adjacent to buildings AP-3, AP-5, AP-6 and AP-8 as shown in 3 
Figure 3.0.  During the initial sump removal operations, a fibrous liner material was found 4 
attached to the lead lining in each of the sumps.  Bulk samples of the material were collected and 5 
submitted for asbestos analysis. Analytical results indicated the fibrous material was comprised of 6 
60% chrysotile asbestos.  As a result, the sump excavation and removal operations were 7 
performed in accordance with Federal (40 CFR Part 61, Subpart M) and State (OAC 3745-20) 8 
asbestos emission control regulations.  A copy of the OEPA asbestos removal notification form is 9 
provided in Appendix C.  A copy of the bulk sample results for the fibrous material is provided in 10 
Appendix D. 11 

 12 
The sump excavation operations began on January 22, 2001 and were completed on February 13 

27, 2001.  Following removal, the sumps were placed on a plastic sheeting adjacent to the 14 
excavation.  The lead liner was then separated from the concrete (sump) and transported to the 15 
decontamination pad for removal of the Asbestos Containing Material (ACM) and final 16 
decontamination.  The concrete sumps were broken into manageable pieces and immediately 17 
encapsulated (spray encapsulant) prior to being loaded into rolloffs for transport to the off-site 18 
disposal facility.  Throughout the sump removal operations, the sumps and associated liner were 19 
adequately wetted to prevent dust emissions.  20 

 21 
As the fibrous material (ACM) was removed from the lead liner, it was placed directly into 6-22 

ml plastic bags by the asbestos abatement workers.  The lead liner was then decontaminated using 23 
a pressure washer to remove the sump sediments and residual asbestos contamination.  The 24 
decontamination pad was constructed of 2 layers of 6-ml liner material and bermed with straw 25 
bales to contain overspray/rinseate.  All rinseate was pumped into four (4) 55-gallon DOT 26 
approved drums for storage and subsequent disposal.  Once deconned, the lead liners were 27 
inspected, sampled and certified as “asbestos free” by the Asbestos Hazard Abatement Specialist 28 
for recycling.  Copies of the wipe sample results from the lead liner are provided in Appendix E.   29 

 30 
The decontaminated lead liner from each of the sumps was loaded into a dump truck and 31 

transported to Akron Recycling in Akron, Ohio for recycling.  The concrete and fibrous materials 32 
were transported to the Minerva Enterprises Landfill in Minerva, Ohio for disposal as special 33 
waste (ACM).  Copies of the manifests and weight tickets for the ACM materials are provided in 34 
Appendix F. 35 

3.4 Sewer Excavation 36 

Due to both the shallow depth to saturation and large water bearing capacity of the course 37 
sands encountered during the RI soil boring operations, the sewer lines downstream from the 38 
sumps (up to the first manhole) were not excavated as originally scoped in the LL-11 IRA Work 39 
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Plan.  Removal of the sewer would have constituted excavation below the ground water table, 1 
which is not permissible by the OEPA.  In addition, excavations into these shallow, saturated 2 
lithologies would have generated large quantities of groundwater that would have also caused 3 
unstable and unsafe conditions for site workers.  As a result, the sewer line and nearest manhole 4 
associated with the sumps were plugged, as described in section 3.2, and left in place.  5 
Additionally, due the very small amount of sediment that was found to exist in each manhole as 6 
well as the relatively low concentrations of contaminants associated with this material, it was not 7 
necessary to remove sediments prior to the grouting operations.  These field modifications were 8 
performed in accordance with the approved LL-11 Technical Scope Change dated January 9, 9 
2001 (Appendix B). Table 3-2 provides a summary of the sump/sewer sediment sample results.  10 
Copies of the RI sump/sewer sediment and water analytical reports are provided in Appendix G. 11 

3.5 Ditch Excavation  12 

The November-December 2000 RI sampling data identified six (6) locations within the site 13 
drainage ditches that exhibited elevated concentrations of site contaminants (metals, VOCs, 14 
SVOCs and/or pesticides/PCBs).  The excavations were located in the ditch lines southeast of 15 
AP-3 at RI sample point SD027, east of AP-4 at RI sample point SD026, just north of AP-14 at 16 
RI sample point SD032, on the south end of the facility just east of the entrance road at RI sample 17 
point SD013 and north of AP-19 at RI sample points SD018 and SD019 (Figures 3-1A and 3-1B).  18 
Table 3-3 provides a summary of all the RI ditch sediment sample results.  Copies of the RI ditch 19 
sediment analytical reports are provided in Appendix G. 20 

 21 
Prior to performing the ditch excavation operations, pre-excavation field screening samples 22 

were collected to help define the lateral extent of each excavation.  Field screening samples were 23 
taken at intervals of twenty and forty-feet on either side of the identified sediment sample 24 
locations.  Field screening was performed for metals using X-Ray Defraction (XRF) technology 25 
and nitrates using the HACH N Trak® soil test kit.  Since explosive compounds were not 26 
detected in any of the RI soil, groundwater or surface water sampling media, pre-excavation field 27 
screening for explosives (by Modified Jenkins) was not required during the ditch excavation 28 
operations. 29 

 30 
Based on the RI sample results and pre-excavation field screening results, a 20-foot section of 31 

each drainage ditch was excavated on either side of sediment samples SD013, SD026, SD027, 32 
SD033, SD018, and SD019 to a depth of 2-feet as shown in Figure 3-2.  A total of 230 cubic 33 
yards (CY) of contaminated soil was removed during the ditch excavation operations using a 34 
track-mounted excavator.  All the excavated soil was staged on the pavement north of AP-11 on 35 
plastic and covered for run-off control purposes prior to disposal.  Following the excavation 36 
operations, confirmation samples were collected to verify removal of the contaminated soils.  The 37 
ditch excavation operations began at LL-11 on March 20, 2001 and were completed on March 21, 38 
2001.39 



Table 3-2
RAVENNA ARMY AMMUNITION PLANT

SUMP/SEWER SEDIMENT RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Sediment 

Background 
Criteria mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

LL11SD-002-0001-
SD (sump at AP-5)

LL11SD-003-0001-
SD (sump at AP-6)

LL11SD-003-
0001-ER (AP-6 

sump)

LL11SD-005-0001-
SD (sump NW of 

AP-8)

LL11SD-007-0001-
SD (manhole near 

AP-5, AP-6)

LL11SD-008-
0001-SD 

(manhole SW of 
AP-8)

LL11SD-009-
0001-SD 

(manhole at AP-
14)

LL11SD-010-
0001-SD 

(manhole at AP-
8)

LL1SD-011-0001-
SD (manhole SE 

of AP-8)

Sample Date 2-Aug-00 2-Aug-00 2-Aug-00 9-Oct-00 31-Jul-00 1-Aug-00 1-Aug-00 31-Jul-00 1-Aug-00

Explosives 8330 ug/kg
HMX 0.00 3100.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL
RDX 0.00 4.4 BRL BRL BRL BRL BRL BRL BRL BRL BRL
1,3,5-Trinitrotoluene 0.00 -- BRL BRL 0.24 ug/L BRL BRL BRL BRL BRL BRL
1,3-Dinitrobenzene 0.00 6.10 BRL BRL BRL BRL BRL BRL BRL BRL BRL
Nitrobenzene 0.00 20.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL
2,4,6-Trinitrtoluene 0.00 16.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL
Tetryl 0.00 610.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL
2,4-Dinitrotoluene 0.00 120.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL
2,6-Dinitrotoluene 0.00 61.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL
2-Nitrotoluene 0.00 370.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL
4-Nitrtoluene 0.00 370.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL
3-Nitrotoluene 0.00 370.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL

TAL Metals 6010B mg/kg
Silver 0.00 390.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL
Aluminum 13900.00 76000.0 9040 9080 BRL 18900 16500 3950 5180 10100 7900
Arsenic 19.50 22.0 83.2 30.4 BRL 19.4 69.5 21.0 9.9 41.8 34.1
Barium 123.00 5400.0 131 130 BRL 384 240 101 29.0 238 131
Beryllium 0.38 150.0 0.66 0.69 BRL 2.6 0.96 0.31 0.35 0.78 0.62
Calcium 5510.00 -- 3510 3590 BRL 85500 5140 3190 1150 6080 5960
Cadmium 0.00 37.0 1.8 0.54 BRL 20.2 1.3 0.20 0.09 0.30 0.45
Cobolt 9.10 4700.0 7.4 10.7 BRL 23.6 18.0 7.5 4.4 12.5 12.8
Chromium 18.10 210.0 24.8 13.2 BRL 81.8 30.5 5.3 7.6 13.5 11.2
Copper 27.60 2900.0 602 38.4 BRL 1100 330 8.7 10.1 30.9 19.4
Iron 28200.00 23000.0 20500 21400 BRL 43300 82600 10900 11200 32200 28400
Mercury 0.06 23.0 0.28 BRL BRL BRL 0.44 BRL 0.12 0.15 BRL
Potassium 1950.00 -- 1110 1030 BRL 1690 2360 498 611.0 1470 907
Magnesium 2760.00 -- 2270 2190 BRL 19000 3560 1120 1220 2400 1900
Manganese 1950.00 1800.0 2470 9940 BRL 1060 4040 9230 173.0 16700 19900
Sodium 112.00 -- 151 181 BRL 774 1560 BRL BRL 1050 BRL
Nickel 17.70 1600.00 16.0 16.5 BRL 58.8 29.2 10.5 8.2 21.7 18.2
Lead 27.40 400.0 16100 3910 BRL 37000 1770 23.6 35.7 693 64.8
Antimony 0.00 31.0 BRL 0.87 BRL 16.8 BRL 0.18 0.36 BRL BRL
Selenium 1.70 390.0 BRL BRL BRL 5.1 BRL BRL 6.0 BRL BRL
Thallium 0.89 5.2 BRL BRL BRL BRL BRL 0.14 0.11 0.18 0.20
Vanadium 26.10 550.0 16.6 17.5 BRL 13.8 55.7 7.3 9.8 21.5 14.7
Zinc 532.00 23000.0 295 111 BRL 2580 286 59.7 43.9 142 117

Cyanide mg/kg
Cyanide, Total 0.00 0.00 BRL BRL BRL BRL BRL BRL BRL BRL BRL

SVOCs TCL 8270 C ug/kg
1,4-Dichlorobenzene 0.00 3.40 NT NT NT 980 (J) NT NT NT NT NT
2,4-Dimethylphenol 0.00 1200.00 NT NT NT 2000 NT NT NT NT NT
Acenaphthene 0.00 3700.00 NT NT NT 1900 (J) NT NT NT NT NT
Fluorene 0.00 2600.00 NT NT NT 1900 NT NT NT NT NT
Phenanthrene 0.00 -- NT NT NT 17000 NT NT NT NT NT
Anthracene 0.00 22000.00 NT NT NT 4300 NT NT NT NT NT
Di-n-butylphthalate 0.00 6100.00 NT NT NT 900 (J) NT NT NT NT NT
Fluoranthene 0.00 2300.00 NT NT NT 21000 NT NT NT NT NT
Pyrene 0.00 2300.00 NT NT NT 22000 NT NT NT NT NT
Benzo(a)anthracene 0.00 0.62 NT NT NT 18000 NT NT NT NT NT
Crysene 0.00 62.00 NT NT NT 17000 NT NT NT NT NT
bis(2-Ethylhexyl)phthalate 0.00 35.00 NT NT NT 5300 NT NT NT NT NT
Benzo(k)fluoranthene 0.00 6.20 NT NT NT 17000 NT NT NT NT NT
Benzo(b)fluoranthene 0.00 0.62 NT NT NT 13000 NT NT NT NT NT
Benzo(a)pyrene 0.00 0.062 NT NT NT 16000 NT NT NT NT NT
Indeno(1,2,3-cd)pyrene 0.00 0.62 NT NT NT 7900 NT NT NT NT NT
Dibenzo(a,h)anthracene 0.00 0.062 NT NT NT 3800 NT NT NT NT NT
Benzo(g,h,I)pyrlene 0.00 -- NT NT NT 8000 NT NT NT NT NT
Carbazole 0.00 24.00 NT NT NT 1800 (J) NT NT NT NT NT
Dibenzofuran 0.00 290.00 NT NT NT 800 (J) NT NT NT NT NT

Inorganics mg/kg
Nitrate, as N 0.00 -- BRL BRL BRL BRL BRL BRL BRL BRL BRL
Sulfide 0.00 -- 2890 1170 BRL 1540 BRL 50.4 609 161 86.2
Sulfate 0.00 -- 720 BRL BRL 192 BRL BRL 334 BRL 174
** = Only detected compounds listed PRGs = Preliminary Remediation Goals
-- = Data not available mg/kg = milligrams per kilogram (parts per million - ppm)
BRL = Below Reporting Limit ug/L = micrograms per Liter (parts per billion - ppb)
ND = Not detected = concentration greater than background 
NT = Not Tested BOLD = concentration greater than Region 9 PRG data

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL (B) = Batch QC is greater than the RL

(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS

 



Table 3-3
RAVENNA ARMY AMMUNITION PLANT

DITCH SEDIMENT RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Sediment 

Background 
Criteria mg/kg

Surface Soil 
Background 

Criteria (0-1 ft) 
mg/kg

Region 9 PRG Data 
(Residential Soil) 

mg/kg

LL11SD-013-
0001-SD (Soil) 

LL11SD-013-
0001-FD (Soil)

LL11SD-013-
0001-ER

LL11SD-014-
0001-SD (Soil)

LL11SD-015-
0001-SD (Soil)

LL11SD-016-
0001-SD (Soil)

LL11SD-017-
0001-SD 

(Sediment)

LL11SD-017-
0001-FD 

(Sediment)

LL11SD-017-
0001-ER 

LL11SD-017-
0001-TB

Sample Date 15-Nov-00 15-Nov-00 15-Nov-00 14-Nov-00 14-Nov-00 14-Nov-00 15-Nov-00 15-Nov-00 15-Nov-00 15-Nov-00

Explosives 8330 ug/kg
HMX 0.00 0.00 3100.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
RDX 0.00 0.00 4.4 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
1,3,5-Trinitrotoluene 0.00 0.00 -- BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
1,3-Dinitrobenzene 0.00 0.00 6.10 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
Nitrobenzene 0.00 0.00 20.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
2,4,6-Trinitrtoluene 0.00 0.00 16.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
Tetryl 0.00 0.00 610.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
2,4-Dinitrotoluene 0.00 0.00 120.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
2,6-Dinitrotoluene 0.00 0.00 61.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
2-Nitrotoluene 0.00 0.00 370.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
4-Nitrtoluene 0.00 0.00 370.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
3-Nitrotoluene 0.00 0.00 370.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT

TAL Metals 6010B mg/kg
Silver 0.00 0.00 390.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
Aluminum 13900.00 17700.00 76000.0 14800 14400 BRL 12500 8640 11800 10700 10300 BRL NT
Arsenic 19.50 15.40 0.39 30.0 26.2 BRL 12.7 9.7 14.1 21.1 11.9 BRL NT
Barium 123.00 88.40 5400.0 70.5 71.6 BRL 98.1 48.5 74.5 90.6 89.3 BRL NT
Beryllium 0.38 0.88 150.0 0.93 0.81 BRL 0.68 0.52 0.71 0.69 0.61 BRL NT
Calcium 5510.00 15800.00 -- 2410 2390 134 ug/L 1940 1790 18100 2730 2630 BRL NT
Cadmium 0.00 0.00 37.0 BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
Cobalt, Total 9.10 10.40 4700.0 14.3 12.5 BRL 13.9 8.1 11.8 9.5 9.5 BRL NT
Chromium 18.10 17.40 210.0 21.7 19.6 BRL 14.6 12.3 17.2 15.5 14.0 BRL NT
Copper 27.60 17.70 2900.0 24.5 22.0 BRL 11.3 15.0 19.6 15.9 15.3 BRL NT
Iron 28200.00 23100.00 23000.0 30500 27100 BRL 19500 18600 23900 23300 20700 BRL NT
Mercury 0.06 0.04 23.0 0.07 BRL BRL 0.05 BRL BRL BRL BRL BRL NT
Potassium 1950.00 927.00 -- 1100 1200 BRL 1120 971 1870 1110 1020 BRL NT
Magnesium 2760.00 3030.00 -- 1900 1900 BRL 2220 2050 6390 2160 2110 BRL NT
Manganese 1950.00 1450.00 1800.0 910 753 BRL 1930 302 356 2020 1980 BRL NT
Sodium 112.00 123.00 -- BRL BRL BRL 807 553 736 BRL BRL BRL NT
Nickel 17.70 21.10 1600.00 24.4 21.5 BRL 14.7 15.3 24.7 14.0 13.4 BRL NT
Lead 27.40 26.10 400.0 34.8 22.5 BRL 16.2 18.3 20.3 39.8 26.8 BRL NT
Antimony 0.00 0.96 31.0 0.42 0.46 BRL BRL BRL 0.77 BRL 0.42 BRL NT
Selenium 1.70 1.40 390.0 0.93 0.63 BRL 0.59 0.69 BRL BRL 1.9 BRL NT
Thallium 0.89 0.00 5.2 BRL 0.27 BRL BRL BRL BRL BRL BRL BRL NT
Vanadium 26.10 31.10 550.0 20.4 21.1 BRL 24.4 16.9 21.4 22.2 19.9 BRL NT
Zinc 532.00 61.80 23000.0 263 235 BRL 53.0 73.3 63.4 64.3 63.4 BRL NT

SVOCs TCL 8270 C ug/kg
Phenanthrene 0.00 150.00 -- NT NT NT NT NT NT BRL BRL BRL NT
Fluoranthene 0.00 290.00 2300.0 NT NT NT NT NT NT BRL BRL BRL NT
Pyrene 0.00 230.00 2300.0 NT NT NT NT NT NT BRL BRL BRL NT
Benzo(a)anthracene 0.00 110.00 0.62 NT NT NT NT NT NT BRL BRL BRL NT
Chrysene 0.00 120.00 62.0 NT NT NT NT NT NT BRL BRL BRL NT
bis(2-Ethylhexyl)phthalate 0.00 47.00 35 NT NT NT NT NT NT BRL BRL BRL NT
Benzo(b)fluoranthene 0.00 140.00 0.62 NT NT NT NT NT NT BRL BRL BRL NT
Benzo(k)flouranthene 0.00 54.00 6.2 NT NT NT NT NT NT BRL BRL BRL NT
Benzo(a)pyrene 0.00 100.00 0.062 NT NT NT NT NT NT BRL BRL BRL NT
Indeno(1,2,3-cd)pyrene 0.00 54.00 0.62 NT NT NT NT NT NT BRL BRL BRL NT
Benzo(g,h,i)perylene 0.00 51.00 -- NT NT NT NT NT NT BRL BRL BRL NT

Propellants 8330 mg/kg
Nitroglycerin 0.00 0.00 35.0 NT NT NT NT NT NT ND ND ND NT
Nitroguanidine 0.00 0.00 6100.0 NT NT NT NT NT NT ND ND ND NT
Nitrocellulose 0.00 0.00 -- NT NT NT NT NT NT 1.8 (B) ND ND NT



Table 3-3
RAVENNA ARMY AMMUNITION PLANT

DITCH SEDIMENT RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Sediment 

Background 
Criteria mg/kg

Surface Soil 
Background 

Criteria (0-1 ft) 
mg/kg

Region 9 PRG Data 
(Residential Soil) 

mg/kg

LL11SD-013-
0001-SD (Soil) 

LL11SD-013-
0001-FD (Soil)

LL11SD-013-
0001-ER

LL11SD-014-
0001-SD (Soil)

LL11SD-015-
0001-SD (Soil)

LL11SD-016-
0001-SD (Soil)

LL11SD-017-
0001-SD 

(Sediment)

LL11SD-017-
0001-FD 

(Sediment)

LL11SD-017-
0001-ER 

LL11SD-017-
0001-TB

Sample Date 15-Nov-00 15-Nov-00 15-Nov-00 14-Nov-00 14-Nov-00 14-Nov-00 15-Nov-00 15-Nov-00 15-Nov-00 15-Nov-00

Cyanide mg/kg
Cyanide, Total 0.00 0.00 11.0 BRL BRL 13.0 ug/L BRL BRL 0.35 BRL BRL BRL NT

VOCs TCL 8260B ug/kg
Acetone 0.00 0.00 1600.0 NT NT NT NT NT NT 30 28 BRL BRL
Toluene 0.00 0.00 520.0 NT NT NT NT NT NT BRL BRL BRL BRL

Pesticides 8081A ug/kg
alpha-BHC 0.00 0.00 0.09 NT BRL BRL NT NT NT BRL BRL BRL NT
beta-BHC 0.00 0.00 0.32 NT BRL BRL NT NT NT BRL BRL BRL NT
delta-BHC 0.00 0.00 -- NT BRL BRL NT NT NT BRL BRL BRL NT
gamma-BHC (Lindane) 0.00 0.00 0.44 NT BRL BRL NT NT NT BRL BRL BRL NT
Heptachlor 0.00 0.00 0.11 NT BRL BRL NT NT NT BRL BRL 0.064 ug/L NT
Aldrin 0.00 0.00 0.029 NT BRL BRL NT NT NT BRL BRL BRL NT
Heptachlor epoxide 0.00 0.00 0.053 NT BRL BRL NT NT NT BRL BRL BRL NT
Endosulfan I 0.00 0.00 370.0 NT BRL BRL NT NT NT BRL BRL BRL NT
Dieldrin 0.00 0.00 0.03 NT BRL BRL NT NT NT BRL BRL BRL NT
4,4-DDE 0.00 0.00 1.7 NT BRL BRL NT NT NT BRL BRL BRL NT
Endosulfan II 0.00 0.00 -- NT BRL BRL NT NT NT BRL BRL BRL NT
4,4-DDD 0.00 0.00 2.4 NT BRL BRL NT NT NT BRL BRL BRL NT
Endrin 0.00 0.00 18.0 NT BRL BRL NT NT NT BRL BRL BRL NT
Endosulfan sulfate 0.00 0.00 -- NT BRL BRL NT NT NT BRL BRL BRL NT
4,4-DDT 0.00 0.00 1.7 NT BRL BRL NT NT NT BRL BRL BRL NT
Methoxychlor 0.00 0.00 310.0 NT BRL BRL NT NT NT BRL BRL BRL NT
Endrin ketone 0.00 0.00 -- NT BRL BRL NT NT NT BRL BRL BRL NT
Endrin aldehyde 0.00 0.00 -- NT BRL BRL NT NT NT BRL BRL BRL NT
alpha-Chlordane 0.00 0.00 -- NT BRL BRL NT NT NT BRL BRL BRL NT
gamma-Chlordane 0.00 0.00 1.6 NT BRL BRL NT NT NT BRL BRL BRL NT
Toxaphene 0.00 0.00 0.44 NT BRL BRL NT NT NT BRL BRL BRL NT

PCB TCL 8082 ug/kg
Aroclor-1016 0.00 0.00 3.90 NT BRL BRL NT NT NT BRL BRL BRL NT
Aroclor-1221 0.00 0.00 0.22 NT BRL BRL NT NT NT BRL BRL BRL NT
Aroclor-1232 0.00 0.00 0.22 NT BRL BRL NT NT NT BRL BRL BRL NT
Aroclor-1242 0.00 0.00 0.22 NT BRL BRL NT NT NT BRL BRL BRL NT
Aroclor-1248 0.00 0.00 0.22 NT BRL BRL NT NT NT BRL BRL BRL NT
Aroclor-1254 0.00 0.00 0.22 NT BRL BRL NT NT NT 56 37 BRL NT
Aroclor-1260 0.00 0.00 0.22 NT BRL BRL NT NT NT BRL BRL BRL NT

Inorganics mg/kg
Nitrate, as N 0.00 0.00 -- BRL BRL BRL 3.0 BRL 0.69 BRL BRL BRL NT
Sulfide 0.00 0.00 -- 82.1 82.5 BRL 79.7 58 68.2 210 137 BRL NT
Sulfate 0.00 0.00 -- BRL BRL BRL BRL BRL BRL 252 76.4 BRL NT

Grain Size
Maximum Particle Size 0.00 0.00 -- NT NT NT NT NT NT 9.5 mm 9.5 mm NT NT

TOC mg/kg
TOC 0.00 24000.00 -- NT NT NT NT NT NT 21400 27300 NT NT
** = Only detected compounds listed PRGs = Preliminary Remediation Goals
-- = Data not available mg/kg = milligrams per kilogram (parts per million - ppm)
BRL = Below Reporting Limit ug/L = micrograms per Liter (parts per billion - ppb)
ND = Not detected = concentration greater than background 
NT = Not Tested BOLD = concentration greater than Region 9 PRG data

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL (B) = Batch QC is greater than the RL

(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS



Table 3-3
RAVENNA ARMY AMMUNITION PLANT

DITCH SEDIMENT RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Sediment 

Background 
Criteria mg/kg

Surface Soil 
Background 

Criteria (0-1 ft) 
mg/kg

Region 9 PRG Data 
(Residential Soil) 

mg/kg

Sample Date

Explosives 8330 ug/kg
HMX 0.00 0.00 3100.0
RDX 0.00 0.00 4.4
1,3,5-Trinitrotoluene 0.00 0.00 --
1,3-Dinitrobenzene 0.00 0.00 6.10
Nitrobenzene 0.00 0.00 20.0
2,4,6-Trinitrtoluene 0.00 0.00 16.0
Tetryl 0.00 0.00 610.0
2,4-Dinitrotoluene 0.00 0.00 120.0
2,6-Dinitrotoluene 0.00 0.00 61.0
2-Nitrotoluene 0.00 0.00 370.0
4-Nitrtoluene 0.00 0.00 370.0
3-Nitrotoluene 0.00 0.00 370.0

TAL Metals 6010B mg/kg
Silver 0.00 0.00 390.0
Aluminum 13900.00 17700.00 76000.0
Arsenic 19.50 15.40 0.39
Barium 123.00 88.40 5400.0
Beryllium 0.38 0.88 150.0
Calcium 5510.00 15800.00 --
Cadmium 0.00 0.00 37.0
Cobalt, Total 9.10 10.40 4700.0
Chromium 18.10 17.40 210.0
Copper 27.60 17.70 2900.0
Iron 28200.00 23100.00 23000.0
Mercury 0.06 0.04 23.0
Potassium 1950.00 927.00 --
Magnesium 2760.00 3030.00 --
Manganese 1950.00 1450.00 1800.0
Sodium 112.00 123.00 --
Nickel 17.70 21.10 1600.00
Lead 27.40 26.10 400.0
Antimony 0.00 0.96 31.0
Selenium 1.70 1.40 390.0
Thallium 0.89 0.00 5.2
Vanadium 26.10 31.10 550.0
Zinc 532.00 61.80 23000.0

SVOCs TCL 8270 C ug/kg
Phenanthrene 0.00 150.00 --
Fluoranthene 0.00 290.00 2300.0
Pyrene 0.00 230.00 2300.0
Benzo(a)anthracene 0.00 110.00 0.62
Chrysene 0.00 120.00 62.0
bis(2-Ethylhexyl)phthalate 0.00 47.00 35
Benzo(b)fluoranthene 0.00 140.00 0.62
Benzo(k)flouranthene 0.00 54.00 6.2
Benzo(a)pyrene 0.00 100.00 0.062
Indeno(1,2,3-cd)pyrene 0.00 54.00 0.62
Benzo(g,h,i)perylene 0.00 51.00 --

Propellants 8330 mg/kg
Nitroglycerin 0.00 0.00 35.0
Nitroguanidine 0.00 0.00 6100.0
Nitrocellulose 0.00 0.00 --

LL11SD-018-
0001-SD 

(Sediment) 

LL11SD-019-
0001-SD 

(Sediment)

LL11SD-020-
0001-FD (Soil)

LL11SD-021-
0001-SD 

(Sediment)

LL11SD-022-
0001-SD (Soil) 

LL11SD-023-
0001-SD (Soil) 

LL11SD-024-
0001-SD 

(Sediment)

LL11SD-025-
0001-SD (Soil) 

LL11SD-026-
0001-SD 

(Sediment)

LL11SD-027-0001-
SD (Sediment) 

15-Nov-00 15-Nov-00 15-Nov-00 16-Nov-00 15-Nov-00 15-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 15-Nov-00

BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL BRL BRL BRL NT

BRL BRL BRL BRL BRL BRL BRL BRL BRL BRL
7700 12700 6170 4300 10100 13300 15400 13700 11700 13500
39.4 23.7 11.4 12.8 12.5 12.7 19.5 21.0 13.4 13.9
389 84.7 37.7 48.0 46.7 51.8 111 67.6 59.4 88.1
BRL 0.72 0.41 BRL 0.53 0.46 1.0 0.68 0.49 0.80
5120 2230 1780 2960 1240 830 2520 1290 1810 3730
BRL 0.23 BRL BRL BRL BRL BRL 0.20 BRL 0.92
13.9 9.4 6.2 5.3 5.6 3.8 14.1 33.8 6.3 11.8
14.8 17.2 10.5 7.1 15.3 17.0 21.0 17.5 15.1 20.7
16.7 16.2 18.2 13.4 14.3 13.2 21.4 12.1 13.4 26.9

48300 25300 17400 12100 21100 25800 27800 25400 20200 27500
BRL 0.06 0.08 BRL BRL BRL BRL 0.05 BRL BRL
854 1170 934 521 1040 831 2010 1320 1130 1820

1920 2470 1740 1340 2190 2220 3630 2510 2400 3660
8280 565 266 1760 210 63.9 530 1160 285 389
BRL BRL BRL 396 BRL BRL 1060 721 702 BRL
13.8 17.5 13.3 11.1 14.1 11.5 27.7 15.1 14.6 25.1
119 240 27.2 19.3 10.8 13.0 19.7 33.8 29.2 63.3
BRL BRL BRL BRL BRL 0.30 0.90 0.60 0.63 BRL
6.5 1.5 0.64 BRL 0.68 1.1 0.66 1.0 0.68 BRL

BRL BRL BRL BRL 0.23 0.21 BRL 0.21 BRL BRL
18.6 24.0 12.2 8.9 19.9 29.1 30.8 28.0 21.8 25.6
454 184 68.1 47.2 55.8 36.6 79.5 71.2 90.6 137

NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT

NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT



Table 3-3
RAVENNA ARMY AMMUNITION PLANT

DITCH SEDIMENT RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Sediment 

Background 
Criteria mg/kg

Surface Soil 
Background 

Criteria (0-1 ft) 
mg/kg

Region 9 PRG Data 
(Residential Soil) 

mg/kg

Sample Date

Cyanide mg/kg
Cyanide, Total 0.00 0.00 11.0

VOCs TCL 8260B ug/kg
Acetone 0.00 0.00 1600.0
Toluene 0.00 0.00 520.0

Pesticides 8081A ug/kg
alpha-BHC 0.00 0.00 0.09
beta-BHC 0.00 0.00 0.32
delta-BHC 0.00 0.00 --
gamma-BHC (Lindane) 0.00 0.00 0.44
Heptachlor 0.00 0.00 0.11
Aldrin 0.00 0.00 0.029
Heptachlor epoxide 0.00 0.00 0.053
Endosulfan I 0.00 0.00 370.0
Dieldrin 0.00 0.00 0.03
4,4-DDE 0.00 0.00 1.7
Endosulfan II 0.00 0.00 --
4,4-DDD 0.00 0.00 2.4
Endrin 0.00 0.00 18.0
Endosulfan sulfate 0.00 0.00 --
4,4-DDT 0.00 0.00 1.7
Methoxychlor 0.00 0.00 310.0
Endrin ketone 0.00 0.00 --
Endrin aldehyde 0.00 0.00 --
alpha-Chlordane 0.00 0.00 --
gamma-Chlordane 0.00 0.00 1.6
Toxaphene 0.00 0.00 0.44

PCB TCL 8082 ug/kg
Aroclor-1016 0.00 0.00 3.90
Aroclor-1221 0.00 0.00 0.22
Aroclor-1232 0.00 0.00 0.22
Aroclor-1242 0.00 0.00 0.22
Aroclor-1248 0.00 0.00 0.22
Aroclor-1254 0.00 0.00 0.22
Aroclor-1260 0.00 0.00 0.22

Inorganics mg/kg
Nitrate, as N 0.00 0.00 --
Sulfide 0.00 0.00 --
Sulfate 0.00 0.00 --

Grain Size
Maximum Particle Size 0.00 0.00 --

TOC mg/kg
TOC 0.00 24000.00 --
** = Only detected compounds listed
-- = Data not available
BRL = Below Reporting Limit
ND = Not detected 
NT = Not Tested

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL

LL11SD-018-
0001-SD 

(Sediment) 

LL11SD-019-
0001-SD 

(Sediment)

LL11SD-020-
0001-FD (Soil)

LL11SD-021-
0001-SD 

(Sediment)

LL11SD-022-
0001-SD (Soil) 

LL11SD-023-
0001-SD (Soil) 

LL11SD-024-
0001-SD 

(Sediment)

LL11SD-025-
0001-SD (Soil) 

LL11SD-026-
0001-SD 

(Sediment)

LL11SD-027-0001-
SD (Sediment) 

15-Nov-00 15-Nov-00 15-Nov-00 16-Nov-00 15-Nov-00 15-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 15-Nov-00

2.2 BRL BRL BRL BRL BRL BRL BRL BRL BRL

BRL NT NT NT NT NT NT NT NT 50
BRL NT NT NT NT NT NT NT NT BRL

NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT
NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT
NT NT NT NT NT NT NT NT BRL NT

BRL BRL BRL BRL 1.3 BRL BRL BRL BRL BRL
276 90.3 48.0 540 51.5 76.0 43.4 45.3 BRL 247
593 BRL BRL 248 BRL BRL BRL BRL BRL BRL

9.5 mm NT NT Coarse Sand NT NT 19 mm NT NT Medium Sand

46000 NT NT 17600 NT NT 5390 NT NT 19000
PRGs = Preliminary Remediation Goals
mg/kg = milligrams per kilogram (parts per million - ppm)
ug/L = micrograms per Liter (parts per billion - ppb)

= concentration greater than background 
BOLD = concentration greater than Region 9 PRG data

(B) = Batch QC is greater than the RL
(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS



Table 3-3
RAVENNA ARMY AMMUNITION PLANT

DITCH SEDIMENT RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Sediment 

Background 
Criteria mg/kg

Surface Soil 
Background 

Criteria (0-1 ft) 
mg/kg

Region 9 PRG Data 
(Residential Soil) 

mg/kg

Sample Date

Explosives 8330 ug/kg
HMX 0.00 0.00 3100.0
RDX 0.00 0.00 4.4
1,3,5-Trinitrotoluene 0.00 0.00 --
1,3-Dinitrobenzene 0.00 0.00 6.10
Nitrobenzene 0.00 0.00 20.0
2,4,6-Trinitrtoluene 0.00 0.00 16.0
Tetryl 0.00 0.00 610.0
2,4-Dinitrotoluene 0.00 0.00 120.0
2,6-Dinitrotoluene 0.00 0.00 61.0
2-Nitrotoluene 0.00 0.00 370.0
4-Nitrtoluene 0.00 0.00 370.0
3-Nitrotoluene 0.00 0.00 370.0

TAL Metals 6010B mg/kg
Silver 0.00 0.00 390.0
Aluminum 13900.00 17700.00 76000.0
Arsenic 19.50 15.40 0.39
Barium 123.00 88.40 5400.0
Beryllium 0.38 0.88 150.0
Calcium 5510.00 15800.00 --
Cadmium 0.00 0.00 37.0
Cobalt, Total 9.10 10.40 4700.0
Chromium 18.10 17.40 210.0
Copper 27.60 17.70 2900.0
Iron 28200.00 23100.00 23000.0
Mercury 0.06 0.04 23.0
Potassium 1950.00 927.00 --
Magnesium 2760.00 3030.00 --
Manganese 1950.00 1450.00 1800.0
Sodium 112.00 123.00 --
Nickel 17.70 21.10 1600.00
Lead 27.40 26.10 400.0
Antimony 0.00 0.96 31.0
Selenium 1.70 1.40 390.0
Thallium 0.89 0.00 5.2
Vanadium 26.10 31.10 550.0
Zinc 532.00 61.80 23000.0

SVOCs TCL 8270 C ug/kg
Phenanthrene 0.00 150.00 --
Fluoranthene 0.00 290.00 2300.0
Pyrene 0.00 230.00 2300.0
Benzo(a)anthracene 0.00 110.00 0.62
Chrysene 0.00 120.00 62.0
bis(2-Ethylhexyl)phthalate 0.00 47.00 35
Benzo(b)fluoranthene 0.00 140.00 0.62
Benzo(k)flouranthene 0.00 54.00 6.2
Benzo(a)pyrene 0.00 100.00 0.062
Indeno(1,2,3-cd)pyrene 0.00 54.00 0.62
Benzo(g,h,i)perylene 0.00 51.00 --

Propellants 8330 mg/kg
Nitroglycerin 0.00 0.00 35.0
Nitroguanidine 0.00 0.00 6100.0
Nitrocellulose 0.00 0.00 --

LL11SD-028-0001-
SD (Sediment)

LL11SD-029-
0001-SD (Soil) 

LL11SD-029-
0001-FD (Soil)

LL11SD-029-
0001-ER

LL11SD-029-
0001-TB

LL11SD-030-0001-
SD (Sediment)

LL11SD-031-
0001-SD (Soil) 

LL11SD-032-
0001-SD (Soil)

LL11SD-033-
0001-SD (Soil) 

15-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 15-Nov-00 16-Nov-00

BRL BRL BRL BRL NT BRL BRL BRL BRL
BRL BRL BRL BRL NT BRL BRL BRL BRL
BRL BRL BRL BRL NT BRL BRL BRL BRL
BRL BRL BRL BRL NT BRL BRL BRL BRL
BRL BRL BRL BRL NT BRL BRL BRL BRL
BRL BRL BRL BRL NT BRL BRL BRL BRL
BRL BRL BRL BRL NT BRL BRL BRL BRL
BRL BRL BRL BRL NT BRL BRL BRL BRL
BRL BRL BRL BRL NT BRL BRL BRL BRL
BRL BRL BRL BRL NT BRL BRL BRL BRL
BRL BRL BRL BRL NT BRL BRL BRL BRL
BRL BRL BRL BRL NT BRL BRL BRL BRL

BRL BRL BRL BRL NT BRL BRL BRL BRL
11400 11000 15400 BRL NT 21400 15500 12800 14600

9.0 18.2 9.3 BRL NT 11.9 21.1 17.2 15.4
80.4 61.0 86.3 BRL NT 159 66.9 64.2 92.2
BRL 0.64 0.84 BRL NT BRL 0.69 0.69 1.1
3460 5670 3510 BRL NT 6490 2030 20900 3990
0.60 BRL BRL BRL NT BRL BRL 0.20 0.26
5.4 9.4 11.1 BRL NT 11.5 9.6 11.5 8.4

15.0 16.4 20.9 BRL NT 26.2 19.9 18.3 17.2
20.4 17.7 20.9 BRL NT 32.7 18.0 20.9 13.7

17800 22200 26900 64.3 ug/L NT 24900 25400 24100 25100
BRL BRL BRL BRL NT BRL BRL BRL BRL
1520 1580 2530 BRL NT 2240 1830 2520 1810
2210 3510 4440 BRL NT 4260 3300 5960 3270
129 285 367 BRL NT 311 294 394 1020
BRL 746 864 BRL NT 1450 796 832 852
14.7 22.0 27.5 BRL NT 31.1 20.0 29.2 18.1
48.7 15.6 14.0 BRL NT 47.6 20.7 13.6 23.3
BRL 0.43 BRL BRL NT BRL 0.50 BRL 0.49
1.2 0.62 BRL BRL NT BRL 0.55 BRL 0.51

BRL 0.16 BRL BRL NT BRL 0.21 0.26 BRL
19.1 20.1 26.4 BRL NT 35.6 30.7 21.6 27.8
465 60.5 62.3 BRL NT 202 60.8 90.5 93.1

NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT

NT ND ND ND NT NT NT ND NT
NT ND ND ND NT NT NT ND NT
NT 0.91 (B) 0.97 (B) ND NT NT NT 1.1 (B) NT



Table 3-3
RAVENNA ARMY AMMUNITION PLANT

DITCH SEDIMENT RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Sediment 

Background 
Criteria mg/kg

Surface Soil 
Background 

Criteria (0-1 ft) 
mg/kg

Region 9 PRG Data 
(Residential Soil) 

mg/kg

Sample Date

Cyanide mg/kg
Cyanide, Total 0.00 0.00 11.0

VOCs TCL 8260B ug/kg
Acetone 0.00 0.00 1600.0
Toluene 0.00 0.00 520.0

Pesticides 8081A ug/kg
alpha-BHC 0.00 0.00 0.09
beta-BHC 0.00 0.00 0.32
delta-BHC 0.00 0.00 --
gamma-BHC (Lindane) 0.00 0.00 0.44
Heptachlor 0.00 0.00 0.11
Aldrin 0.00 0.00 0.029
Heptachlor epoxide 0.00 0.00 0.053
Endosulfan I 0.00 0.00 370.0
Dieldrin 0.00 0.00 0.03
4,4-DDE 0.00 0.00 1.7
Endosulfan II 0.00 0.00 --
4,4-DDD 0.00 0.00 2.4
Endrin 0.00 0.00 18.0
Endosulfan sulfate 0.00 0.00 --
4,4-DDT 0.00 0.00 1.7
Methoxychlor 0.00 0.00 310.0
Endrin ketone 0.00 0.00 --
Endrin aldehyde 0.00 0.00 --
alpha-Chlordane 0.00 0.00 --
gamma-Chlordane 0.00 0.00 1.6
Toxaphene 0.00 0.00 0.44

PCB TCL 8082 ug/kg
Aroclor-1016 0.00 0.00 3.90
Aroclor-1221 0.00 0.00 0.22
Aroclor-1232 0.00 0.00 0.22
Aroclor-1242 0.00 0.00 0.22
Aroclor-1248 0.00 0.00 0.22
Aroclor-1254 0.00 0.00 0.22
Aroclor-1260 0.00 0.00 0.22

Inorganics mg/kg
Nitrate, as N 0.00 0.00 --
Sulfide 0.00 0.00 --
Sulfate 0.00 0.00 --

Grain Size
Maximum Particle Size 0.00 0.00 --

TOC mg/kg
TOC 0.00 24000.00 --
** = Only detected compounds listed
-- = Data not available
BRL = Below Reporting Limit
ND = Not detected 
NT = Not Tested

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL

LL11SD-028-0001-
SD (Sediment)

LL11SD-029-
0001-SD (Soil) 

LL11SD-029-
0001-FD (Soil)

LL11SD-029-
0001-ER

LL11SD-029-
0001-TB

LL11SD-030-0001-
SD (Sediment)

LL11SD-031-
0001-SD (Soil) 

LL11SD-032-
0001-SD (Soil)

LL11SD-033-
0001-SD (Soil) 

15-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 15-Nov-00 16-Nov-00

BRL BRL BRL BRL NT BRL BRL BRL 4.2

31 BRL BRL BRL BRL NT NT BRL NT
19 BRL BRL BRL BRL NT NT BRL NT

NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT 0.98 NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT

NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT
NT BRL BRL BRL NT NT NT BRL NT

BRL BRL BRL BRL NT BRL 0.92 BRL 3.8
975 BRL 37.4 BRL NT 431 42.8 BRL 113
BRL BRL BRL BRL NT 4220 BRL BRL BRL

Coarse Sand NT NT NT NT Medium Sand NT NT NT

34400 NT NT NT NT 57200 NT NT NT
PRGs = Preliminary Remediation Goals
mg/kg = milligrams per kilogram (parts per million - ppm)
ug/L = micrograms per Liter (parts per billion - ppb)

= concentration greater than background 
BOLD = concentration greater than Region 9 PRG data

(B) = Batch QC is greater than the RL
(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS
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3.6 Hot Spot Excavation 1 

During the LL-11 November-December 2000 RI, an area of petroleum contaminated soil 2 
(Hot Spot) approximately 30 feet long by 30 feet wide and 8 feet deep was identified just north of 3 
AP-17 (Figure 3-3).  The hot spot was encountered during soil boring operations at SB005a for 4 
installation of MW005.  As a result of the contamination, MW005 was relocated approximately 5 
50 feet northeast of the original location.   6 

 7 
In order to determine the lateral and vertical extent of the contamination, additional soil 8 

borings were completed across the area on a grid with 50-foot centers using Geoprobe® direct 9 
push technology.  Soil samples were collected from the borings at varying depth intervals (2-4 ft., 10 
4-6 ft., 6-8 ft. or 8-10 ft.) and sent to the laboratory for Explosives, TAL Metals, Cyanide, VOCs, 11 
and SVOCs analysis.  The depth interval sent to the laboratory was selected based upon volatile 12 
headspace readings, visual and olfactory observations.  Additionally, 10% of these samples were 13 
analyzed for Propellants, Pest/PCB, Nitrate, Sulfide and Sulfate analysis.   14 

 15 
Based on the Geoprobe® sampling results, the lateral extent of the hot spot was delineated to 16 

approximately a square shaped area between soil borings SB032, SB033, SB034 and SB035 as 17 
shown in Figure 3-3.  The vertical extent of the contamination started at 4-feet below ground 18 
surface (bgs) and extended to a maximum depth of 8-feet bgs.  All of the delineation sampling 19 
operations were performed in accordance with the approved Final Sampling and Analysis Plan 20 
Addendum for the Interim Removal Actions at LL-11 (AOC 44), dated January 2, 2001.  A 21 
summary of the hot spot delineation samples is provided in Table 3-4.   22 

 23 
Excavation operations began March 22, 2001 and were completed the same day.  A total of 24 

130 CY of petroleum contaminated soil was excavated using a track-mounted excavator.  The 25 
excavated soil was stockpiled on the pavement north of AP-11 for subsequent waste 26 
characterization sampling and disposal.  All excavated soils were placed on plastic and covered to 27 
control run-off.  Since laboratory and field screening analysis indicated that the volatile 28 
compound contamination did not begin until 4 feet bgs, the top 4 feet of the excavation was 29 
staged separately for reuse at LL-11.  Following the excavation operations, confirmation samples 30 
were collected to verify effective removal of the petroleum-contaminated soils.  All excavation 31 
activities were conducted in compliance with the Ohio Administrative Code 3745-27-13 (OAC 32 
Rule 13). 33 

3.7 Test Trench Excavations 34 

An area of high magnetometer readings was encountered, N-NW of the hot spot, while 35 
clearing the excavation area for the hot spot, by the UXO technicians.  During the excavation of 36 
the hot spot, it was determined that the area needed to be assessed for unexploded ordnance.  It 37 
was determined that the area(s) needed subsurface examination by the UXO technicians.   38 
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TABLE 3-4
RAVENNA ARMY AMMUNITION PLANT

SOIL BORING RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

LL11SB-024-
0001-SO

LL11SB-025-
0001-SO

LL11SB-026-
0001-SO

LL11SB-027-
0001-SO

LL11SB-027-
0001-FD

LL11SB-028-
0001-SO

LL11SB-029-
0001-SO

Sample Date 16-Nov-00 17-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00

Explosives 8330 ug/kg
HMX 0.00 3100.0 NT NT NT NT NT NT NT
RDX 0.00 4.4 NT NT NT NT NT NT NT
1,3,5-Trinitrotoluene 0.00 -- NT NT NT NT NT NT NT
1,3-Dinitrobenzene 0.00 6.10 NT NT NT NT NT NT NT
Nitrobenzene 0.00 20.0 NT NT NT NT NT NT NT
2,4,6-Trinitrtoluene 0.00 16.0 NT NT NT NT NT NT NT
Tetryl 0.00 610.0 NT NT NT NT NT NT NT
2,4-Dinitrotoluene 0.00 120.0 NT NT NT NT NT NT NT
2,6-Dinitrotoluene 0.00 61.0 NT NT NT NT NT NT NT
2-Nitrotoluene 0.00 370.0 NT NT NT NT NT NT NT
4-Nitrtoluene 0.00 370.0 NT NT NT NT NT NT NT
3-Nitrotoluene 0.00 370.0 NT NT NT NT NT NT NT

TAL Metals 6010B mg/kg
Aluminum 19500.00 76000.0 NT NT NT NT NT NT NT
Antimony 0.96 31.0 NT NT NT NT NT NT NT
Arsenic 19.80 0.39 NT NT NT NT NT NT NT
Barium 124.00 5400.0 NT NT NT NT NT NT NT
Beryllium 0.88 150.0 NT NT NT NT NT NT NT
Cadmium 0.00 37.0 NT NT NT NT NT NT NT
Calcium 35500.00 -- NT NT NT NT NT NT NT
Chromium 27.20 210.0 NT NT NT NT NT NT NT
Cobolt 23.20 4700.0 NT NT NT NT NT NT NT
Copper 32.30 2900.0 NT NT NT NT NT NT NT
Iron 35200.00 23000.0 NT NT NT NT NT NT NT
Lead 19.10 400.0 NT NT NT NT NT NT NT
Magnesium 8790.00 -- NT NT NT NT NT NT NT
Manganese 3030.00 1800.0 NT NT NT NT NT NT NT
Mercury 0.04 23.0 NT NT NT NT NT NT NT
Nickel 60.70 1600.0 NT NT NT NT NT NT NT
Potassium 3350.00 -- NT NT NT NT NT NT NT
Selenium 1.50 390.0 NT NT NT NT NT NT NT
Silver 0.00 390.0 NT NT NT NT NT NT NT
Sodium 145.00 -- NT NT NT NT NT NT NT
Thallium 0.91 5.2 NT NT NT NT NT NT NT
Vanadium 37.60 550.0 NT NT NT NT NT NT NT
Zinc 93.30 23000.0 NT NT NT NT NT NT NT

Cyanide mg/kg
Cyanide, Total 0.00 11.0 NT NT NT NT NT NT NT

Propellants 8330 mg/kg
Nitroglycerin 0.00 35.00 NT NT NT NT NT NT NT
Nitroguanidine 0.00 6100.00 NT NT NT NT NT NT NT
Nitrocellulose 0.00 -- NT NT NT NT NT NT NT

VOCs TCL 8260B ug/kg
Acetone 0.00 1600.00 BRL BRL BRL BRL BRL BRL BRL
Methylene Chloride 0.00 8.9 BRL BRL BRL BRL BRL BRL BRL
2-Butanone 0.00 7300.00 BRL BRL BRL BRL BRL BRL BRL
Chloroform 0.00 0.24 BRL BRL BRL BRL BRL BRL BRL
Carbon Tetrachloride 0.00 0.24 BRL BRL 1 (J) BRL BRL BRL BRL
Trichloroethene 0.00 2.8 BRL BRL BRL BRL BRL BRL BRL
Toluene 0.00 520.00 BRL BRL BRL BRL 2 (J) BRL BRL
Xylene 0.00 210.00 BRL BRL BRL BRL BRL BRL BRL



TABLE 3-4
RAVENNA ARMY AMMUNITION PLANT

SOIL BORING RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

LL11SB-024-
0001-SO

LL11SB-025-
0001-SO

LL11SB-026-
0001-SO

LL11SB-027-
0001-SO

LL11SB-027-
0001-FD

LL11SB-028-
0001-SO

LL11SB-029-
0001-SO

Sample Date 16-Nov-00 17-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00 16-Nov-00

SVOCs TCL 8270 C ug/kg
Naphthalene 0.00 56.00 BRL BRL BRL BRL BRL BRL BRL
2-Methylnaphthylene 0.00 -- BRL BRL BRL BRL BRL BRL BRL
Dibenzofuran 0.00 290.00 BRL BRL BRL BRL BRL BRL BRL
Fluorene 0.00 2600.00 BRL BRL BRL BRL BRL BRL BRL
Phenanthrene 0.00 -- BRL BRL BRL BRL BRL BRL BRL
Fluoranthene 0.00 2300.00 BRL BRL BRL BRL BRL BRL BRL
Pyrene 0.00 2300.00 BRL BRL BRL BRL BRL BRL BRL
Benzo(a)anthracene 0.00 0.62 BRL BRL BRL BRL BRL BRL BRL
Crysene 0.00 62.00 BRL BRL BRL BRL BRL BRL BRL
bis(2-Ethylhexyl)phthalate 0.00 35.00 BRL BRL BRL BRL BRL BRL BRL
Benzo(b)fluoranthene 0.00 0.62 BRL BRL BRL BRL BRL BRL BRL
Benzo(k)flouranthene 0.00 6.20 BRL BRL BRL BRL BRL BRL BRL
Benzo(a)pyrene 0.00 0.062 BRL BRL BRL BRL BRL BRL BRL
Indeno(1,2,3- cd )pyrene 0.00 0.62 BRL BRL BRL BRL BRL BRL BRL
Benzo(g,h,i)perylene 0.00 -- BRL BRL BRL BRL BRL BRL BRL
Diethylpthalate 0.00 49000.00 BRL BRL BRL BRL BRL BRL BRL

Pesticides 8081A ug/kg
alpha-BHC 0.00 0.09 NT NT NT NT NT NT NT
beta-BHC 0.00 0.32 NT NT NT NT NT NT NT
delta-BHC 0.00 -- NT NT NT NT NT NT NT
gamma-BHC (Lindane) 0.00 0.44 NT NT NT NT NT NT NT
Heptachlor 0.00 0.11 NT NT NT NT NT NT NT
Aldrin 0.00 0.029 NT NT NT NT NT NT NT
Heptachlor epoxide 0.00 0.053 NT NT NT NT NT NT NT
Endosulfan I 0.00 370.0 NT NT NT NT NT NT NT
Dieldrin 0.00 0.03 NT NT NT NT NT NT NT
4,4-DDE 0.00 1.7 NT NT NT NT NT NT NT
Endosulfan II 0.00 -- NT NT NT NT NT NT NT
4,4-DDD 0.00 2.4 NT NT NT NT NT NT NT
Endrin 0.00 18.0 NT NT NT NT NT NT NT
Endosulfan sulfate 0.00 -- NT NT NT NT NT NT NT
4,4-DDT 0.00 1.7 NT NT NT NT NT NT NT
Methoxychlor 0.00 310.0 NT NT NT NT NT NT NT
Endrin ketone 0.00 -- NT NT NT NT NT NT NT
Endrin aldehyde 0.00 -- NT NT NT NT NT NT NT
alpha-Chlodane 0.00 -- NT NT NT NT NT NT NT
gamma-Chlordane 0.00 1.6 NT NT NT NT NT NT NT
Toxaphene 0.00 0.44 NT NT NT NT NT NT NT

PCB TCL 8082 ug/kg
Aroclor-1016 0.00 3.90 NT NT NT NT NT NT NT
Aroclor-1221 0.00 0.22 NT NT NT NT NT NT NT
Aroclor-1232 0.00 0.22 NT NT NT NT NT NT NT
Aroclor-1242 0.00 0.22 NT NT NT NT NT NT NT
Aroclor-1248 0.00 0.22 NT NT NT NT NT NT NT
Aroclor-1254 0.00 0.22 NT NT NT NT NT NT NT
Aroclor-1260 0.00 0.22 NT NT NT NT NT NT NT

DRO mg/kg 0.00 20000 NT NT NT NT NT NT NT
GRO ug/kg 0.00 10000 NT NT NT NT NT NT NT

Inorganics mg/kg
Nitrate, as N 0.00 -- NT NT NT NT NT NT NT
Sulfide 0.00 -- NT NT NT NT NT NT NT
Sulfate 0.00 -- NT NT NT NT NT NT NT
** = Only detected compounds listed PRGs = Preliminary Remediation Goals
-- = Data not available mg/kg = milligrams per kilogram (parts per million - ppm)
BRL = Below Reporting Limit ug/L = micrograms per Liter (parts per billion - ppb)
ND = Not detected = concentration greater than background 
NT = Not Tested BOLD = concentration greater than Region 9 PRG data
*** = OH Code 1301-7-9-13

INORGANIC FLAGS (B) = Batch QC is greater than the RL
(B) = result is < CRDL/RL, but > IDL/MDL (J) = Result is an estimated value below the RL

(A) = Concentration exceeds the instrument calibration range or below the RL
(M) = Manually Integrated Compound

BUSTR Soil 
Saturation Limit for 

TPH***
TPH 

ORGANIC FLAGS/QUALIFIERS



TABLE 3-4
RAVENNA ARMY AMMUNITION PLANT

SOIL BORING RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

Sample Date

Explosives 8330 ug/kg
HMX 0.00 3100.0
RDX 0.00 4.4
1,3,5-Trinitrotoluene 0.00 --
1,3-Dinitrobenzene 0.00 6.10
Nitrobenzene 0.00 20.0
2,4,6-Trinitrtoluene 0.00 16.0
Tetryl 0.00 610.0
2,4-Dinitrotoluene 0.00 120.0
2,6-Dinitrotoluene 0.00 61.0
2-Nitrotoluene 0.00 370.0
4-Nitrtoluene 0.00 370.0
3-Nitrotoluene 0.00 370.0

TAL Metals 6010B mg/kg
Aluminum 19500.00 76000.0
Antimony 0.96 31.0
Arsenic 19.80 0.39
Barium 124.00 5400.0
Beryllium 0.88 150.0
Cadmium 0.00 37.0
Calcium 35500.00 --
Chromium 27.20 210.0
Cobolt 23.20 4700.0
Copper 32.30 2900.0
Iron 35200.00 23000.0
Lead 19.10 400.0
Magnesium 8790.00 --
Manganese 3030.00 1800.0
Mercury 0.04 23.0
Nickel 60.70 1600.0
Potassium 3350.00 --
Selenium 1.50 390.0
Silver 0.00 390.0
Sodium 145.00 --
Thallium 0.91 5.2
Vanadium 37.60 550.0
Zinc 93.30 23000.0

Cyanide mg/kg
Cyanide, Total 0.00 11.0

Propellants 8330 mg/kg
Nitroglycerin 0.00 35.00
Nitroguanidine 0.00 6100.00
Nitrocellulose 0.00 --

VOCs TCL 8260B ug/kg
Acetone 0.00 1600.00
Methylene Chloride 0.00 8.9
2-Butanone 0.00 7300.00
Chloroform 0.00 0.24
Carbon Tetrachloride 0.00 0.24
Trichloroethene 0.00 2.8
Toluene 0.00 520.00
Xylene 0.00 210.00

LL11SB-030-
0001-SO

LL11SB-031-
0001-SO

LL11SB-032-
0001-SO

LL11SB-032-
0001-SO (RE)

LL11SB-033-
0001-SO

LL11SB-034-
0001-SO

LL11SB-035-
0001-S0

17-Nov-00 17-Nov-00 17-Nov-00 17-Nov-00 17-Nov-00 17-Nov-00 17-Nov-00

NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL

NT 13000 8540 NT NT NT 7490
NT BRL 0.41 NT NT NT 0.35
NT 13.9 17.9 NT NT NT 11.5
NT 58.1 32.3 NT NT NT 28.9
NT 0.56 0.55 NT NT NT 0.43
NT BRL BRL NT NT NT BRL
NT 174 365 NT NT NT 186
NT 14.5 12.1 NT NT NT 8.5
NT 7.1 7.3 NT NT NT 6.0
NT 14.9 20.4 NT NT NT 18.2
NT 18900 22600 NT NT NT 15600
NT 6.1 6.7 NT NT NT 5.3
NT 2200 1990 NT NT NT 1360
NT 238 253 NT NT NT 265
NT BRL BRL NT NT NT BRL
NT 14.7 15.7 NT NT NT 11.4
NT 1130 921 NT NT NT 941
NT 0.51 0.73 NT NT NT 0.61
NT BRL BRL NT NT NT BRL
NT 883 744 NT NT NT 562
NT BRL BRL NT NT NT 0.14
NT 18.5 14.1 NT NT NT 13.0
NT 45.1 53.0 NT NT NT 50.8

NT BRL BRL NT NT NT BRL

NT ND ND NT NT NT ND
NT ND ND NT NT NT ND
NT 1.5(B) 0.86(B) NT NT NT 0.87(B)

BRL 160 BRL 9 BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL 150 BRL BRL BRL BRL BRL



TABLE 3-4
RAVENNA ARMY AMMUNITION PLANT

SOIL BORING RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

Sample Date

SVOCs TCL 8270 C ug/kg
Naphthalene 0.00 56.00
2-Methylnaphthylene 0.00 --
Dibenzofuran 0.00 290.00
Fluorene 0.00 2600.00
Phenanthrene 0.00 --
Fluoranthene 0.00 2300.00
Pyrene 0.00 2300.00
Benzo(a)anthracene 0.00 0.62
Crysene 0.00 62.00
bis(2-Ethylhexyl)phthalate 0.00 35.00
Benzo(b)fluoranthene 0.00 0.62
Benzo(k)flouranthene 0.00 6.20
Benzo(a)pyrene 0.00 0.062
Indeno(1,2,3- cd )pyrene 0.00 0.62
Benzo(g,h,i)perylene 0.00 --
Diethylpthalate 0.00 49000.00

Pesticides 8081A ug/kg
alpha-BHC 0.00 0.09
beta-BHC 0.00 0.32
delta-BHC 0.00 --
gamma-BHC (Lindane) 0.00 0.44
Heptachlor 0.00 0.11
Aldrin 0.00 0.029
Heptachlor epoxide 0.00 0.053
Endosulfan I 0.00 370.0
Dieldrin 0.00 0.03
4,4-DDE 0.00 1.7
Endosulfan II 0.00 --
4,4-DDD 0.00 2.4
Endrin 0.00 18.0
Endosulfan sulfate 0.00 --
4,4-DDT 0.00 1.7
Methoxychlor 0.00 310.0
Endrin ketone 0.00 --
Endrin aldehyde 0.00 --
alpha-Chlodane 0.00 --
gamma-Chlordane 0.00 1.6
Toxaphene 0.00 0.44

PCB TCL 8082 ug/kg
Aroclor-1016 0.00 3.90
Aroclor-1221 0.00 0.22
Aroclor-1232 0.00 0.22
Aroclor-1242 0.00 0.22
Aroclor-1248 0.00 0.22
Aroclor-1254 0.00 0.22
Aroclor-1260 0.00 0.22

DRO mg/kg 0.00 20000
GRO ug/kg 0.00 10000

Inorganics mg/kg
Nitrate, as N 0.00 --
Sulfide 0.00 --
Sulfate 0.00 --
** = Only detected compounds listed
-- = Data not available
BRL = Below Reporting Limit
ND = Not detected 
NT = Not Tested
*** = OH Code 1301-7-9-13

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL

BUSTR Soil 
Saturation Limit for 

TPH***
TPH 

LL11SB-030-
0001-SO

LL11SB-031-
0001-SO

LL11SB-032-
0001-SO

LL11SB-032-
0001-SO (RE)

LL11SB-033-
0001-SO

LL11SB-034-
0001-SO

LL11SB-035-
0001-S0

17-Nov-00 17-Nov-00 17-Nov-00 17-Nov-00 17-Nov-00 17-Nov-00 17-Nov-00

BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL
BRL BRL BRL NT BRL BRL BRL

NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL

NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL
NT BRL BRL NT NT NT BRL

NT NT NT NT NT NT NT
NT NT NT NT NT NT NT

NT BRL BRL NT NT NT BRL
NT BRL 38.5 NT NT NT BRL
NT BRL BRL NT NT NT BRL

PRGs = Preliminary Remediation Goals
mg/kg = milligrams per kilogram (parts per million - ppm)
ug/L = micrograms per Liter (parts per billion - ppb)

= concentration greater than background 
BOLD = concentration greater than Region 9 PRG data

(B) = Batch QC is greater than the RL
(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL
(M) = Manually Integrated Compound

ORGANIC FLAGS/QUALIFIERS



TABLE 3-4
RAVENNA ARMY AMMUNITION PLANT

SOIL BORING RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

Sample Date

Explosives 8330 ug/kg
HMX 0.00 3100.0
RDX 0.00 4.4
1,3,5-Trinitrotoluene 0.00 --
1,3-Dinitrobenzene 0.00 6.10
Nitrobenzene 0.00 20.0
2,4,6-Trinitrtoluene 0.00 16.0
Tetryl 0.00 610.0
2,4-Dinitrotoluene 0.00 120.0
2,6-Dinitrotoluene 0.00 61.0
2-Nitrotoluene 0.00 370.0
4-Nitrtoluene 0.00 370.0
3-Nitrotoluene 0.00 370.0

TAL Metals 6010B mg/kg
Aluminum 19500.00 76000.0
Antimony 0.96 31.0
Arsenic 19.80 0.39
Barium 124.00 5400.0
Beryllium 0.88 150.0
Cadmium 0.00 37.0
Calcium 35500.00 --
Chromium 27.20 210.0
Cobolt 23.20 4700.0
Copper 32.30 2900.0
Iron 35200.00 23000.0
Lead 19.10 400.0
Magnesium 8790.00 --
Manganese 3030.00 1800.0
Mercury 0.04 23.0
Nickel 60.70 1600.0
Potassium 3350.00 --
Selenium 1.50 390.0
Silver 0.00 390.0
Sodium 145.00 --
Thallium 0.91 5.2
Vanadium 37.60 550.0
Zinc 93.30 23000.0

Cyanide mg/kg
Cyanide, Total 0.00 11.0

Propellants 8330 mg/kg
Nitroglycerin 0.00 35.00
Nitroguanidine 0.00 6100.00
Nitrocellulose 0.00 --

VOCs TCL 8260B ug/kg
Acetone 0.00 1600.00
Methylene Chloride 0.00 8.9
2-Butanone 0.00 7300.00
Chloroform 0.00 0.24
Carbon Tetrachloride 0.00 0.24
Trichloroethene 0.00 2.8
Toluene 0.00 520.00
Xylene 0.00 210.00

LL11SB-035-
0001-FD

LL11SB-035-
0001-ER

LL11SB-036-
0001-S0

LL11SB-036-
0001-ER

LL11SB-031a-
0001-SO

LL11SB-037-
0001-SO

LL11SB-038-
0001-SO

17-Nov-00 17-Nov-00 17-Nov-00 17-Nov-00 13-Mar-01 13-Mar-01 13-Mar-01

BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL

7410 BRL NT NT 77500 6990 7170
0.40 BRL NT NT BRL BRL BRL
13.5 BRL NT NT 10.9 15.4 9.8
30.5 BRL NT NT 25.5 27.0 25.3
0.49 BRL NT NT 0.37 BRL BRL
BRL BRL NT NT BRL BRL BRL
173 BRL NT NT 88.6 297 192
9.5 13.4 ug/L NT NT 10.4 9.4 9.1
7.2 BRL NT NT 7.4 5.3 5.8

22.2 BRL NT NT 22.8 16.4 19.5
20100 125 ug/L NT NT 20600 16200 17800

7.0 BRL NT NT 9.0 8.8 11.5
1680 BRL NT NT 1840 1350 1480
248 BRL NT NT 213 250 245
BRL BRL NT NT BRL BRL BRL
14.0 BRL NT NT 15.8 10.9 11.6
888 BRL NT NT 965 695 707
0.64 BRL NT NT BRL BRL 0.54
BRL BRL NT NT BRL BRL BRL
724 BRL NT NT 212 552 631
0.16 BRL NT NT BRL BRL BRL
12.9 BRL NT NT 13.1 13.5 13.3
59.2 BRL NT NT 59.3 47.4 47.7

BRL BRL NT NT NT BRL BRL

ND ND NT NT NT ND ND
ND ND NT NT NT ND ND

1.1(B) ND NT NT NT 2.0 (J) 1.8 (B)

BRL BRL 12 BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL 0.7ug/L BRL 0.6ug/L BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL 0.4 (J) BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL 0.3 ug/L(J) BRL BRL BRL BRL BRL



TABLE 3-4
RAVENNA ARMY AMMUNITION PLANT

SOIL BORING RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

Sample Date

SVOCs TCL 8270 C ug/kg
Naphthalene 0.00 56.00
2-Methylnaphthylene 0.00 --
Dibenzofuran 0.00 290.00
Fluorene 0.00 2600.00
Phenanthrene 0.00 --
Fluoranthene 0.00 2300.00
Pyrene 0.00 2300.00
Benzo(a)anthracene 0.00 0.62
Crysene 0.00 62.00
bis(2-Ethylhexyl)phthalate 0.00 35.00
Benzo(b)fluoranthene 0.00 0.62
Benzo(k)flouranthene 0.00 6.20
Benzo(a)pyrene 0.00 0.062
Indeno(1,2,3- cd )pyrene 0.00 0.62
Benzo(g,h,i)perylene 0.00 --
Diethylpthalate 0.00 49000.00

Pesticides 8081A ug/kg
alpha-BHC 0.00 0.09
beta-BHC 0.00 0.32
delta-BHC 0.00 --
gamma-BHC (Lindane) 0.00 0.44
Heptachlor 0.00 0.11
Aldrin 0.00 0.029
Heptachlor epoxide 0.00 0.053
Endosulfan I 0.00 370.0
Dieldrin 0.00 0.03
4,4-DDE 0.00 1.7
Endosulfan II 0.00 --
4,4-DDD 0.00 2.4
Endrin 0.00 18.0
Endosulfan sulfate 0.00 --
4,4-DDT 0.00 1.7
Methoxychlor 0.00 310.0
Endrin ketone 0.00 --
Endrin aldehyde 0.00 --
alpha-Chlodane 0.00 --
gamma-Chlordane 0.00 1.6
Toxaphene 0.00 0.44

PCB TCL 8082 ug/kg
Aroclor-1016 0.00 3.90
Aroclor-1221 0.00 0.22
Aroclor-1232 0.00 0.22
Aroclor-1242 0.00 0.22
Aroclor-1248 0.00 0.22
Aroclor-1254 0.00 0.22
Aroclor-1260 0.00 0.22

DRO mg/kg 0.00 20000
GRO ug/kg 0.00 10000

Inorganics mg/kg
Nitrate, as N 0.00 --
Sulfide 0.00 --
Sulfate 0.00 --
** = Only detected compounds listed
-- = Data not available
BRL = Below Reporting Limit
ND = Not detected 
NT = Not Tested
*** = OH Code 1301-7-9-13

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL

BUSTR Soil 
Saturation Limit for 

TPH***
TPH 

LL11SB-035-
0001-FD

LL11SB-035-
0001-ER

LL11SB-036-
0001-S0

LL11SB-036-
0001-ER

LL11SB-031a-
0001-SO

LL11SB-037-
0001-SO

LL11SB-038-
0001-SO

17-Nov-00 17-Nov-00 17-Nov-00 17-Nov-00 13-Mar-01 13-Mar-01 13-Mar-01

BRL BRL 1800 BRL 1100 BRL BRL
BRL BRL 4600 BRL 2500 BRL BRL
BRL BRL 520 BRL 390 (J) BRL BRL
BRL BRL 420 BRL 420 (M) BRL BRL
BRL BRL 1100 BRL 950 BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL 270 BRL 260 (J) BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL

BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL 0.44 ug/L (J) NT NT NT BRL BRL

BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL

NT NT NT NT 2900 BRL BRL
NT NT NT NT 630 BRL BRL

BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT BRL BRL
BRL BRL NT NT NT 36.3 40.3 (B)

PRGs = Preliminary Remediation Goals
mg/kg = milligrams per kilogram (parts per million - ppm)
ug/L = micrograms per Liter (parts per billion - ppb)

= concentration greater than background 
BOLD = concentration greater than Region 9 PRG data

(B) = Batch QC is greater than the RL
(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL
(M) = Manually Integrated Compound

ORGANIC FLAGS/QUALIFIERS



TABLE 3-4
RAVENNA ARMY AMMUNITION PLANT

SOIL BORING RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

Sample Date

Explosives 8330 ug/kg
HMX 0.00 3100.0
RDX 0.00 4.4
1,3,5-Trinitrotoluene 0.00 --
1,3-Dinitrobenzene 0.00 6.10
Nitrobenzene 0.00 20.0
2,4,6-Trinitrtoluene 0.00 16.0
Tetryl 0.00 610.0
2,4-Dinitrotoluene 0.00 120.0
2,6-Dinitrotoluene 0.00 61.0
2-Nitrotoluene 0.00 370.0
4-Nitrtoluene 0.00 370.0
3-Nitrotoluene 0.00 370.0

TAL Metals 6010B mg/kg
Aluminum 19500.00 76000.0
Antimony 0.96 31.0
Arsenic 19.80 0.39
Barium 124.00 5400.0
Beryllium 0.88 150.0
Cadmium 0.00 37.0
Calcium 35500.00 --
Chromium 27.20 210.0
Cobolt 23.20 4700.0
Copper 32.30 2900.0
Iron 35200.00 23000.0
Lead 19.10 400.0
Magnesium 8790.00 --
Manganese 3030.00 1800.0
Mercury 0.04 23.0
Nickel 60.70 1600.0
Potassium 3350.00 --
Selenium 1.50 390.0
Silver 0.00 390.0
Sodium 145.00 --
Thallium 0.91 5.2
Vanadium 37.60 550.0
Zinc 93.30 23000.0

Cyanide mg/kg
Cyanide, Total 0.00 11.0

Propellants 8330 mg/kg
Nitroglycerin 0.00 35.00
Nitroguanidine 0.00 6100.00
Nitrocellulose 0.00 --

VOCs TCL 8260B ug/kg
Acetone 0.00 1600.00
Methylene Chloride 0.00 8.9
2-Butanone 0.00 7300.00
Chloroform 0.00 0.24
Carbon Tetrachloride 0.00 0.24
Trichloroethene 0.00 2.8
Toluene 0.00 520.00
Xylene 0.00 210.00

LL11SB-038-
0001-TB

LL11SB-038-
0001-ER

LL11SB-039-
0001-SO

LL11SB-040-
0001-SO

LL11SB-041-
0001-SO

LL11SB-042-
0001-SO

LL11SB-043-
0001-SO

13-Mar-01 13-Mar-01 13-Mar-01 13-Mar-01 13-Mar-01 13-Mar-01 13-Mar-01

NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL

NT BRL 7460 8690 6020 11900 8910
NT BRL BRL BRL BRL BRL BRL
NT BRL 22.3 23.4 11.2 20.6 22.4
NT BRL 28.8 34.7 23.5 69.2 42.3
NT BRL 0.44 0.48 BRL 0.74 0.49
NT BRL BRL BRL BRL BRL BRL
NT BRL 206 247 844 7850 1260
NT BRL 11.6 13.4 9.8 16.0 13.4
NT BRL 8.0 8.6 6.3 7.9 8.0
NT BRL 21.2 21.9 21.1 16.3 23.6
NT 60.2 ug/L 22100 24700 20600 21300 25000
NT BRL 11.3 10.9 9.1 11.8 12.7
NT BRL 2160 2500 1810 4630 2550
NT BRL 277 323 145 578 231
NT BRL BRL BRL BRL BRL BRL
NT BRL 18.6 21.5 16.0 22.1 19.5
NT BRL 1110 1340 679 1480 802
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL 873 970 712 923 909
NT BRL BRL BRL BRL 0.19 BRL
NT BRL 13.2 14.8 11.8 18.1 15.1
NT BRL 57.5 63.9 53.3 55.3 61.6

NT BRL BRL BRL BRL BRL BRL

NT ND ND ND ND ND ND
NT ND ND ND ND ND ND
NT ND 2.0 (B) 1.8 (B) 1.9 (B) 1.6 (B) 2.0 (B)

BRL 2 ug/L (M) BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL



TABLE 3-4
RAVENNA ARMY AMMUNITION PLANT

SOIL BORING RESULTS
LOAD LINE 11 RI

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

Sample Date

SVOCs TCL 8270 C ug/kg
Naphthalene 0.00 56.00
2-Methylnaphthylene 0.00 --
Dibenzofuran 0.00 290.00
Fluorene 0.00 2600.00
Phenanthrene 0.00 --
Fluoranthene 0.00 2300.00
Pyrene 0.00 2300.00
Benzo(a)anthracene 0.00 0.62
Crysene 0.00 62.00
bis(2-Ethylhexyl)phthalate 0.00 35.00
Benzo(b)fluoranthene 0.00 0.62
Benzo(k)flouranthene 0.00 6.20
Benzo(a)pyrene 0.00 0.062
Indeno(1,2,3- cd )pyrene 0.00 0.62
Benzo(g,h,i)perylene 0.00 --
Diethylpthalate 0.00 49000.00

Pesticides 8081A ug/kg
alpha-BHC 0.00 0.09
beta-BHC 0.00 0.32
delta-BHC 0.00 --
gamma-BHC (Lindane) 0.00 0.44
Heptachlor 0.00 0.11
Aldrin 0.00 0.029
Heptachlor epoxide 0.00 0.053
Endosulfan I 0.00 370.0
Dieldrin 0.00 0.03
4,4-DDE 0.00 1.7
Endosulfan II 0.00 --
4,4-DDD 0.00 2.4
Endrin 0.00 18.0
Endosulfan sulfate 0.00 --
4,4-DDT 0.00 1.7
Methoxychlor 0.00 310.0
Endrin ketone 0.00 --
Endrin aldehyde 0.00 --
alpha-Chlodane 0.00 --
gamma-Chlordane 0.00 1.6
Toxaphene 0.00 0.44

PCB TCL 8082 ug/kg
Aroclor-1016 0.00 3.90
Aroclor-1221 0.00 0.22
Aroclor-1232 0.00 0.22
Aroclor-1242 0.00 0.22
Aroclor-1248 0.00 0.22
Aroclor-1254 0.00 0.22
Aroclor-1260 0.00 0.22

DRO mg/kg 0.00 20000
GRO ug/kg 0.00 10000

Inorganics mg/kg
Nitrate, as N 0.00 --
Sulfide 0.00 --
Sulfate 0.00 --
** = Only detected compounds listed
-- = Data not available
BRL = Below Reporting Limit
ND = Not detected 
NT = Not Tested
*** = OH Code 1301-7-9-13

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL

BUSTR Soil 
Saturation Limit for 

TPH***
TPH 

LL11SB-038-
0001-TB

LL11SB-038-
0001-ER

LL11SB-039-
0001-SO

LL11SB-040-
0001-SO

LL11SB-041-
0001-SO

LL11SB-042-
0001-SO

LL11SB-043-
0001-SO

13-Mar-01 13-Mar-01 13-Mar-01 13-Mar-01 13-Mar-01 13-Mar-01 13-Mar-01

NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL

NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL

NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL
NT BRL BRL BRL BRL BRL BRL

NT 0.094 ug/L BRL BRL NT NT NT
NT BRL BRL BRL NT NT NT

NT BRL 0.41 (B) 0.54 (B) 0.15 (B) 0.14 (B) 0.15 (B)
NT BRL BRL BRL BRL BRL BRL
NT BRL 27.3 (B) 22.7 (B) 23.0 (B) 44.2 (B) 22.8 (B)

PRGs = Preliminary Remediation Goals
mg/kg = milligrams per kilogram (parts per million - ppm)
ug/L = micrograms per Liter (parts per billion - ppb)

= concentration greater than background 
BOLD = concentration greater than Region 9 PRG data

(B) = Batch QC is greater than the RL
(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL
(M) = Manually Integrated Compound

ORGANIC FLAGS/QUALIFIERS
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Upon excavation, cable, scrap metal, bolts, and magnetite containing rock was found.  After 1 
excavation, and determining no unexploded ordnance was present, the test trenches were 2 
backfilled and leveled to the original ground surface elevation.  3 

3.8 Waste Management Disposition 4 

During the IRA implementation, various waste streams were generated at LL-11, which 5 
required characterization and disposal.  Representative composite samples from each waste 6 
stream including the sump/sewer water, sedimentation sumps and liners, decontamination water 7 
and excavated soils were collected and analyzed per requirements of the disposal facility.  The 8 
wastes generated during the LL-11 IRA were managed and disposed of in accordance with all 9 
applicable federal, state and local rules, laws and regulations.  The following provides a summary 10 
of the LL-11 IRA waste management disposition operations:   11 

• Based on analytical results, a total of 15,000 gallons of non-contaminated sump/sewer 12 
water was removed and applied to a heavily vegetated area just west of AP-3.  All 13 
sump/sewer water was handled in accordance with the OEPA approved LL-11 Technical 14 
Scope Change dated January 9, 2001 (Appendix B) (Section 3.3). 15 

• 230 CY of non-hazardous soil was excavated from the LL-11 drainage ditches.  Based on 16 
composite sample results of the stockpile, the non-hazardous soils were stockpiled onsite 17 
and stabilized in accordance with the OEPA letter dated 07 June 01 regarding disposition 18 
of LL-11 IRA non-hazardous investigative-derived wastes (IDW), and have been 19 
subsequently picked up for disposal.  A copy of this letter is provided in Appendix B. A 20 
summary of the composite sample (WD4-0001) results for the ditch soil stockpile is 21 
provided in Table 3-5. 22 

• One yard of asbestos contaminated material including the concrete sumps and fibrous 23 
liner material was disposed of at the Minerva Enterprises Landfill in Minerva, Ohio. A 24 
summary of the bulk sample results for the fibrous material is provided in Table 3-5. 25 

• A total of 130 CY of petroleum contaminated soil was excavated from the LL-11 hot 26 
spot.  All of the petroleum contaminated soils were disposed of as non-hazardous solid 27 
waste at the County Wide RDF landfill in East Sparta, Ohio. A summary of the 28 
composite sample (WD3-0001) results for the hot spot soil stockpile is provided in Table 29 
3-5. 30 

• 130 CY of soil was excavated from the top 4 feet of the hot spot.  The non-contaminated 31 
soil was used as backfill within the hotspot excavation.  Application of this soil was 32 
performed in accordance with the OEPA letter dated 07 June 01 (Appendix B). A 33 
summary of the composite sample (WC2-001) results for the 0 to 4 feet (hot spot) soil 34 
stockpile is provided in Table 3-5. 35 

• 220 gallons of rinseate were generated during decontamination of the sump liners.  This 36 
water was transported to Chemical Solvents in Cleveland, Ohio for disposal as non-37 
hazardous wastewater. A summary of the composite sample (WD1-0001) results for the 38 
decontamination rinseate is provided in Table 3-5. 39 



TABLE 3-5
RAVENNA ARMY AMMUNITION PLANT 

WASTE CHARACTERIZATION - DECON WATER/STOCKPILES  
LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD 
NO.

Decon Pad Water 
(WD1-0001-DL)

Hot Spot 0'-4' 
LL11 (WC2-

0001-SO)

Hot Spot 4'-8' 
LL11 (WD3-

0001-SO)

Ditch Sediments 
LL11 (WD4-

0001-SO)

LL11ACM-001-
001

RAAP-100BS 
(Wipe Test)

RAAP-101BS 
(Wipe Test)

RAAP-102BS 
(Wipe Test)

Sample Date 21-Mar-01 22-Mar-01 23-Mar-01 23-Mar-01 26-Jan-01 3-Jul-01 3-Jul-01 3-Jul-01

Explosives 8330 ug/kg
HMX BRL BRL BRL BRL NT NT NT NT
RDX BRL BRL BRL BRL NT NT NT NT
1,3,5-Trinitrotoluene BRL BRL BRL BRL NT NT NT NT
1,3-Dinitrobenzene BRL BRL BRL BRL NT NT NT NT
Nitrobenzene BRL BRL BRL BRL NT NT NT NT
2,4,6-Trinitrtoluene BRL BRL BRL BRL NT NT NT NT
Tetryl BRL BRL BRL BRL NT NT NT NT
2,4-Dinitrotoluene BRL BRL BRL BRL NT NT NT NT
2,6-Dinitrotoluene BRL BRL BRL BRL NT NT NT NT
2-Nitrotoluene BRL BRL BRL BRL NT NT NT NT
4-Nitrtoluene BRL BRL BRL BRL NT NT NT NT
3-Nitrotoluene BRL BRL BRL BRL NT NT NT NT

TAL Metals 6010B mg/kg
Aluminum 1970 ug/L 11000 9550 12800 NT NT NT NT
Antimony BRL 0.39 BRL 0.64 NT NT NT NT
Arsenic BRL 13.2 12.3 28.8 NT NT NT NT
Barium 105 ug/L 49.6 42.3 73.3 NT NT NT NT
Beryllium BRL 0.45 0.49 0.78 NT NT NT NT
Cadmium BRL BRL BRL BRL NT NT NT NT
Calcium 36700 ug/L 901 383 5450 NT NT NT NT
Chromium 4.8 ug/L 12.6 12.2 16.5 NT NT NT NT
Cobalt BRL 6.8 7.0 16.4 NT NT NT NT
Copper 49.9 ug/L 13.8 17.7 17.0 NT NT NT NT
Iron 11100 ug/L 18500 20700 30000 NT NT NT NT
Lead 1890 ug/L 19.8 9.1 18.1 NT NT NT NT
Magnesium 9060 ug/L 2050 2080 3670 NT NT NT NT
Manganese 277 ug/L 369 258 1540 NT NT NT NT
Mercury 0.38 ug/L BRL BRL BRL NT NT NT NT
Nickel 6.2 ug/L 13.2 15.5 20.5 NT NT NT NT
Potassium 43100 ug/L 874 1010 1740 NT NT NT NT
Selenium 10.1 ug/L BRL 0.72 BRL NT NT NT NT
Silver BRL BRL BRL BRL NT NT NT NT
Sodium 35800 ug/L 22.3 694 859 NT NT NT NT
Thallium BRL BRL BRL BRL NT NT NT NT
Vanadium 5.6 ug/L 20.2 14.7 23.8 NT NT NT NT
Zinc 122 ug/L 45.6 53.0 67.5 NT NT NT NT

Cyanide mg/kg
Cyanide, Total BRL BRL BRL BRL NT NT NT NT

Propellants 8330 mg/kg
Nitroglycerin ND ND ND ND NT NT NT NT
Nitroguanidine ND ND ND ND NT NT NT NT
Nitrocellulose BRL BRL BRL BRL NT NT NT NT

VOCs TCL 8260B ug/kg
Acetone 10 ug/L 6 BRL 6 NT NT NT NT
2-Butanone BRL 6 30 6 NT NT NT NT
Benzene 0.7 ug/L BRL BRL BRL NT NT NT NT
Toluene 1 ug/L BRL BRL BRL NT NT NT NT
2-Hexanone BRL 6 BRL 6 NT NT NT NT
Xylene 2 ug/L BRL 58 BRL NT NT NT NT



TABLE 3-5
RAVENNA ARMY AMMUNITION PLANT 

WASTE CHARACTERIZATION - DECON WATER/STOCKPILES  
LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD 
NO.

Decon Pad Water 
(WD1-0001-DL)

Hot Spot 0'-4' 
LL11 (WC2-

0001-SO)

Hot Spot 4'-8' 
LL11 (WD3-

0001-SO)

Ditch Sediments 
LL11 (WD4-

0001-SO)

LL11ACM-001-
001

RAAP-100BS 
(Wipe Test)

RAAP-101BS 
(Wipe Test)

RAAP-102BS 
(Wipe Test)

Sample Date 21-Mar-01 22-Mar-01 23-Mar-01 23-Mar-01 26-Jan-01 3-Jul-01 3-Jul-01 3-Jul-01

SVOCs TCL 8270 C ug/kg
2-Methylnaphthalene BRL BRL 420 BRL NT NT NT NT

Pesticides 8081A mg/kg
alpha-BHC BRL BRL BRL BRL NT NT NT NT
beta-BHC BRL BRL BRL BRL NT NT NT NT
delta-BHC BRL BRL BRL BRL NT NT NT NT
gamma-BHC (Lindane) BRL BRL BRL BRL NT NT NT NT
Heptachlor BRL BRL BRL BRL NT NT NT NT
Aldrin 0.056 ug/L BRL BRL BRL NT NT NT NT
Heptachlor epoxide BRL BRL BRL BRL NT NT NT NT
Endosulfan I BRL BRL BRL BRL NT NT NT NT
Dieldrin BRL BRL BRL BRL NT NT NT NT
4,4-DDE BRL BRL BRL BRL NT NT NT NT
Endosulfan II BRL BRL BRL BRL NT NT NT NT
4,4-DDD BRL BRL BRL BRL NT NT NT NT
Endrin BRL BRL BRL BRL NT NT NT NT
Endosulfan sulfate BRL BRL BRL BRL NT NT NT NT
4,4-DDT BRL BRL BRL BRL NT NT NT NT
Methoxychlor BRL BRL BRL BRL NT NT NT NT
Endrin ketone BRL BRL BRL BRL NT NT NT NT
Endrin aldehyde BRL BRL BRL BRL NT NT NT NT
alpha-Chlodane BRL BRL BRL BRL NT NT NT NT
gamma-Chlordane BRL BRL BRL BRL NT NT NT NT
Toxaphene BRL BRL BRL BRL NT NT NT NT

PCB TCL 8082 mg/kg
Aroclor-1016 BRL BRL BRL BRL NT NT NT NT
Aroclor-1221 BRL BRL BRL BRL NT NT NT NT
Aroclor-1232 BRL BRL BRL BRL NT NT NT NT
Aroclor-1242 BRL BRL BRL BRL NT NT NT NT
Aroclor-1248 BRL BRL BRL BRL NT NT NT NT
Aroclor-1254 BRL BRL BRL BRL NT NT NT NT
Aroclor-1260 BRL BRL BRL BRL NT NT NT NT

Asbestos Content
% Chrysotile Asbestos NT NT NT NT 60% (Friable) < 1.00% < 1.00% < 1.00%

DRO mg/kg NT 140 250 NT NT NT NT NT
GRO ug/kg NT 56 (J) (A) 81000 NT NT NT NT NT

Inorganics mg/kg
Nitrate, as N BRL BRL BRL 1.5 NT NT NT NT
Sulfide BRL BRL BRL BRL NT NT NT NT
Sulfate 72.2 mg/L BRL BRL BRL NT NT NT NT
** = Only detected compounds listed mg/kg = milligrams per kilogram (parts per million - ppm)
-- = Data not available ug/L = micrograms per Liter (parts per billion - ppb)
BRL = Below Reporting Limit
ND = Not detected (M) = Manually integrated compound
NT = Not Tested (J) = Result is an estimated value below the RL
*** = OH Code 1301-7-9-13 (A) = Concentration exceeds the instrument calibration range or below the RL

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL

TPH *** BUSTR Soil Saturation 
Limit (PPM)

ORGANIC FLAGS/QUALIFIERS
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Copies of all the manifests and weight tickets for the LL-11 IRA petroleum contaminated 1 
soil, ACM and non-hazardous wastewater are provided in Appendix F. Copies of the laboratory 2 
results for all the LL-11 IRA waste characterization samples are provided in Appendix H. 3 

3.9 Site Restoration 4 

Following completion of the confirmation sampling operations, each of the seven excavated 5 
areas were immediately backfilled, between 05 Jul 01 and 07 Jul 01 in accordance with project 6 
specifications, using approved backfill material from Patrick Excavating, Ravenna, OH.  The LL-7 
11 sump excavations were backfilled to original ground elevation with 190 CY of approved off-8 
site soil from Patrick Excavating in Ravenna, Ohio.  The ditch excavations were backfilled with a 9 
total of 230 CY of approved backfill soil from Patrick Excavation to complete these sites.  The 10 
hot spot was backfilled with 130 CY of approved off-site borrow material followed by 130 CY of 11 
the clean soil from the 0 to 4-foot depth interval that had been set aside during the hot spot 12 
excavation.   13 

 14 
All backfill material was placed in 12-inch lifts and compacted with the track excavator to 15 

match previously existing site conditions. The approved off-site borrow soil was obtained from 16 
Patrick Excavating with access to material with a virgin source.  This material was analyzed prior 17 
to use for VOCs, SVOCs, Explosives, Propellants, TAL Metals, Pesticides/PCBs, and Cyanide to 18 
satisfy the OEPAs requirement for analytical data on any source of backfill used at RVAAP.  A 19 
copy of the analytical results for the backfill material is provided in Appendix G.  20 
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SECTION 4 SOIL ASSESSMENT 1 

Confirmatory sampling was performed in accordance with the approved Final Sampling and 2 
Analysis Plan Addendum for the Interim Removal Actions at LL-11 (AOC 44), dated January 2, 3 
2001.  Confirmation samples were collected from each completed excavation to evaluate the 4 
effectiveness of the IRA; the analytical results are provided in Appendix H.  All non-nutritional 5 
metals that exceed the RVAAP background values are described in the following sections.  6 
Exceedences for the nutritional elements such as calcium, magnesium, and sodium are not 7 
included in the narratives below, but are shown on the result tables within this section.   8 

4.1 Sump Excavation Confirmation Sampling 9 

Upon removal of the sumps, one confirmation sample was collected from the bottom of each 10 
excavation (5 total not including QA/QC) as illustrated in Figure 4-1.  Based on the November-11 
December 2001 RI sump soil sampling data, the sump excavation confirmation samples were 12 
analyzed for Explosives, TAL Metals, Cyanide, Sulfide, Sulfate and Nitrate.  In addition, 10% of 13 
the samples were also analyzed for VOCs, SVOCs, Propellants, and Pest/PCB.  Explosives and 14 
Cyanide were not detected in any of the five sump excavations.  The sump excavation 15 
confirmation samples were collected from January 24, 2001 to February 22, 2001, at depths 16 
ranging from four to six feet BGS.  The following paragraphs provide a summary of the sump 17 
excavation samples that exceed RVAAP background values. Copies of the sump 18 
excavation/confirmation sample results are provided in Appendix H. 19 
 20 

Cadmium was reported above the RVAAP background value of 0.00 ppm at three of the 21 
sump excavations.  The cadmium concentrations included 0.47 ppm at AP-3 (CS-001-0001-SO), 22 
0.19 at AP-5 (CS-003-0001-SO), and AP-6 at 0.26 (CS-002-0001-FD).  23 
 24 

Three of the five sump excavations reported lead concentrations above RVAAP background 25 
(19.10 ppm).  The lead concentrations were as follows: 31.7 ppm at AP-3 (CS-001-0001-SO), 26 
61.4 ppm (CS-002-0001-SO) and 39.0 ppm (CS-002-0001-FD) at AP-6, and 28.1 ppm at AP-5 27 
(CS-003-0001-SO). 28 

 29 
Nitrate was detected at CS-002-0001-FD in the AP-6 excavation (5.8 ppm), at CS-003-0001-30 

SO in the AP-5 excavation (4.5 ppm), and at CS-005-0001-SO in the AP-8 east sump excavation 31 
(15 ppm).  Sulfide was detected in the AP-6 sump excavation (CS-002-0001-SO) at 48.4 ppm and 32 
(CS-002-0001-FD) at 43.9 ppm.  Sulfate was detected at CS004 (21.0 B ppm) and CS005 (19.9 B 33 
ppm).  Nitrocellulose was detected at CS004 (1.7 B ppm) and CS005 (1.7 B ppm). 34 

 35 
The 10% QA/QC samples were collected at the AP-6 and AP-8 east and west sump 36 

excavations.  No detections were reported in either of the AP-8 sump excavations.  However, 37 
analytical results showed detectable concentration of PCBs - Aroclor 1254 (23 ppm) in the AP-6 38 
excavation confirmation sample CS-002-0001-SO and 160 ppm in the field duplicate sample CS-39 
002-0001-FD.   40 
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 It should also be noted, that VOCs (Acetone 19 ppb) were detected in the AP-6 duplicate 1 
sample, but not in the original sample, CS-002-0001-SO.  A summary of all the LL-11 IRA sump 2 
excavation confirmatory samples results is provided in Table 4-1.  Copies of the sump excavation 3 
confirmation sample-results are provided in Appendix H. 4 

4.2 Drainage Ditch Confirmation Sampling 5 

Once the drainage ditch excavation operations were completed, confirmatory soil samples 6 
were collected from the bottom and at both ends of each excavation to evaluate the success of the 7 
removal of the identified contaminants.  Based on the RI ditch soil and sediment sampling data, 8 
the drainage ditches excavated southeast of AP-3 and east of AP-4, were analyzed for VOCs and 9 
TAL Metals.  The section of ditch excavated just north of AP-14 was analyzed for VOCs, 10 
SVOCs, and pesticides.  The three sections of ditch line excavated east of the entrance road, west 11 
of AP-8 and on the north end of the facility between AP-17 and AP-19 were all analyzed for TAL 12 
Metals. The drainage ditch excavation confirmation samples were collected on March 20, 21, 22 13 
and 23, 2001.  Details on all the drainage ditch confirmation sample results are provided in the 14 
subsections that follow. 15 

4.2.1 Drainage Ditch Southeast of AP-3 16 

Five (5) confirmation samples were collected at the ditch excavation southeast of AP-3 17 
(Figure 4-2 A and 4-2 B).  Three soil samples were collected on the bottom of the excavation (~2 18 
feet bgs) and two sediment samples (surface) were collected at the ends of the excavation to 19 
verify removal of metals and VOC contamination.  One of the soil samples was located 20 feet 20 
north and one was located 20 feet south of the RI sediment sample SD027.  The third soil sample 21 
was co-located at the RI sample point.  The confirmation sediment samples were collected just 22 
outside of each end of the excavation, within the undisturbed ditch.  One of the sediment samples 23 
was located 20 feet north of the RI sample point SD027 and the other was located 20 feet south of 24 
SD027.  The confirmation samples at this ditch excavation were collected on March 23, 2001. 25 

 26 
The analytical results showed metal concentrations above RVAAP background values at four 27 

sample locations and one VOC detection at one location.  Aluminum, beryllium, cadmium, 28 
chromium, cobalt, lead, mercury, nickel, and potassium were detected above RVAAP background 29 
at confirmation sample (sediment) CS-006-0001-SD (on the north end of the excavation).  The 30 
concentrations are 14500 ppm, 0.72 ppm, 0.71 ppm, 20.4 ppm, 9.7 ppm, 102 ppm, 0.074 ppm, 31 
23.7 ppm and 1950 ppm respectively.  The RVAAP background values for these metals of 32 
concern are as follows: 13900 ppm, 0.38ppm, 0.00 ppm, 18.1 ppm, 9.10 ppm, 27.40 ppm, 0.06 33 
ppm, 17.70 ppm, and 1950 ppm respectively. 34 

 35 
Lead was detected above RVAAP background at confirmatory sample soil CS-009-0001-SO.  36 

Lead was detected at 20.2 ppm.  The RVAAP background value for lead in soil at this depth is 37 
19.10 ppm. 38 



Table 4-1
LOAD LINE 11 - RAVENNA ARMY AMMUNITION PLANT

SUMP CONFIRMATION SAMPLE RESULTS 
LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

LL11CS-001-
0001-SO (Soil)

LL11CS-002-
0001-SO (Soil)

LL11CS-002-
0001-ER 

LL11CS-002-
0001-FD (Soil)

LL11CS-003-
0001-SO (Soil)

LL11CS-004-
0001-SO (Soil)

LL11CS-004-
0001-TB (Soil)

LL11CS-005-
0001-SO (Soil)

Sample Date 24-Jan-01 26-Jan-01 26-Jan-01 26-Jan-01 26-Jan-01 21-Feb-01 21-Feb-01 22-Feb-01

Explosives 8330 ug/kg
HMX 0.00 3100.00 BRL BRL BRL BRL BRL BRL NT BRL
RDX 0.00 4.40 BRL BRL BRL BRL BRL BRL NT BRL
1,3,5-Trinitrotoluene 0.00 -- BRL BRL BRL BRL BRL BRL NT BRL
1,3-Dinitrobenzene 0.00 6.10 BRL BRL BRL BRL BRL BRL NT BRL
Nitrobenzene 0.00 20.00 BRL BRL BRL BRL BRL BRL NT BRL
2,4,6-Trinitrtoluene 0.00 16.00 BRL BRL BRL BRL BRL BRL NT BRL
Tetryl 0.00 610.00 BRL BRL BRL BRL BRL BRL NT BRL
2,4-Dinitrotoluene 0.00 120.00 BRL BRL BRL BRL BRL BRL NT BRL
2,6-Dinitrotoluene 0.00 61.00 BRL BRL BRL BRL BRL BRL NT BRL
2-Nitrotoluene 0.00 370.00 BRL BRL BRL BRL BRL BRL NT BRL
4-Nitrtoluene 0.00 370.00 BRL BRL BRL BRL BRL BRL NT BRL
3-Nitrotoluene 0.00 370.00 BRL BRL BRL BRL BRL BRL NT BRL

TAL Metals 6010B mg/kg
Aluminum 19500.00 76000.00 7750 15000 BRL 12800 12400 7450 NT 12500
Antimony 0.96 31.00 0.41 0.91 BRL 0.24 BRL 0.28 NT 0.35
Arsenic 19.80 0.39 8.4 6.3 BRL 11.2 13.8 17.5 NT 17.4
Barium 124.00 5400.00 40.4 74.6 BRL 73.1 65.8 27.7 NT 81.9
Beryllium 0.88 150.00 0.38 0.60 BRL 0.57 0.49 0.45 NT 0.70
Cadmium 0.00 37.00 0.47 BRL BRL 0.26 0.19 BRL NT BRL
Calcium 35500.00 -- 24000 10300 BRL 11000 7610 1190 NT 1770
Chromium 27.20 210.00 9.8 17.6 BRL 16.2 13.9 11.3 NT 16.8
Cobalt 23.20 4700.00 5.6 9.2 BRL 10.1 8.0 7.9 NT 7.6
Copper 32.30 2900.00 18.5 18.2 BRL 20.0 17.2 19.7 NT 17.6
Iron 35200.00 23000.00 17000 23100 BRL 23000 21600 21300 NT 20800
Lead 19.10 400.00 31.7 61.4 BRL 39.0 28.1 11.1 NT 12.7
Magnesium 8790.00 -- 7270 4160 BRL 4040 3160 2490 NT 2930
Manganese 3030.00 1800.00 422 336 BRL 353 369 222 NT 313
Mercury 0.04 23.00 BRL BRL BRL BRL BRL BRL NT BRL
Nickel 60.70 1600.00 14.2 21.4 BRL 21.0 20.0 19.4 NT 22.5
Potassium 3350.00 -- 1370 2330 BRL 1850 1580 1470 NT 1800
Selenium 1.50 390.00 BRL 0.44 BRL BRL BRL 0.48 NT BRL
Silver 0.00 390.00 BRL BRL BRL BRL BRL BRL NT BRL
Sodium 145.00 -- 90.7 117 BRL 115 83.7 BRL NT 108
Thallium 0.91 5.20 BRL BRL BRL 0.17 BRL BRL NT BRL
Vanadium 37.60 550.00 15.3 25.9 BRL 23.2 22.9 13.4 NT 20.4
Zinc 93.30 23000.00 78.9 63.5 BRL 85.9 66.7 79.2 NT 59.0

Cyanide mg/kg
Cyanide, Total 0.00 11.00 BRL BRL BRL BRL BRL BRL NT BRL

Propellants 8330 mg/kg
Nitroglycerin 0.00 35.00 NT NT NT NT NT ND NT ND
Nitroguanidine 0.00 6100.00 NT NT NT NT NT ND NT ND
Nitrocellulose 0.00 -- NT NT NT NT NT 1.7 (B) NT 1.7 (B)



Table 4-1
LOAD LINE 11 - RAVENNA ARMY AMMUNITION PLANT

SUMP CONFIRMATION SAMPLE RESULTS 
LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

LL11CS-001-
0001-SO (Soil)

LL11CS-002-
0001-SO (Soil)

LL11CS-002-
0001-ER 

LL11CS-002-
0001-FD (Soil)

LL11CS-003-
0001-SO (Soil)

LL11CS-004-
0001-SO (Soil)

LL11CS-004-
0001-TB (Soil)

LL11CS-005-
0001-SO (Soil)

Sample Date 24-Jan-01 26-Jan-01 26-Jan-01 26-Jan-01 26-Jan-01 21-Feb-01 21-Feb-01 22-Feb-01

VOCs TCL 8260B ug/kg
Acetone 0.00 1600.00 NT BRL NT 19 NT BRL BRL BRL
Ethylbenzene 0.00 230.00 NT BRL NT BRL NT BRL BRL BRL
Xylene 0.00 210.00 NT BRL NT BRL NT BRL BRL BRL

SVOCs TCL 8270 C ug/kg
Fluoranthene 0.00 2300.00 NT BRL NT BRL NT BRL NT BRL
Pyrene 0.00 2300.00 NT BRL NT BRL NT BRL NT BRL

Pesticides 8081A mg/kg
alpha-BHC 0.00 0.09 NT BRL NT BRL NT BRL NT BRL
beta-BHC 0.00 0.32 NT BRL NT BRL NT BRL NT BRL
delta-BHC 0.00 -- NT BRL NT BRL NT BRL NT BRL
gamma-BHC (Lindane) 0.00 0.44 NT BRL NT BRL NT BRL NT BRL
Heptachlor 0.00 0.11 NT BRL NT BRL NT BRL NT BRL
Aldrin 0.00 0.029 NT BRL NT BRL NT BRL NT BRL
Heptachlor epoxide 0.00 0.053 NT BRL NT BRL NT BRL NT BRL
Endosulfan I 0.00 370.00 NT BRL NT BRL NT BRL NT BRL
Dieldrin 0.00 0.03 NT BRL NT BRL NT BRL NT BRL
4,4-DDE 0.00 -- NT BRL NT BRL NT BRL NT BRL
Endosulfan II 0.00 1200.00 NT BRL NT BRL NT BRL NT BRL
4,4-DDD 0.00 -- NT BRL NT BRL NT BRL NT BRL
Endrin 0.00 18.00 NT BRL NT BRL NT BRL NT BRL
Endosulfan sulfate 0.00 -- NT BRL NT BRL NT BRL NT BRL
4,4-DDT 0.00 -- NT BRL NT BRL NT BRL NT BRL
Methoxychlor 0.00 310.00 NT BRL NT BRL NT BRL NT BRL
Endrin ketone 0.00 -- NT BRL NT BRL NT BRL NT BRL
Endrin aldehyde 0.00 -- NT BRL NT BRL NT BRL NT BRL
alpha-Chlodane 0.00 -- NT BRL NT BRL NT BRL NT BRL
gamma-Chlordane 0.00 -- NT BRL NT BRL NT BRL NT BRL
Toxaphene 0.00 0.44 NT BRL NT BRL NT BRL NT BRL

PCB TCL 8082 mg/kg
Aroclor-1016 0.00 3.90 NT BRL NT BRL NT BRL NT BRL
Aroclor-1221 0.00 0.22 NT BRL NT BRL NT BRL NT BRL
Aroclor-1232 0.00 0.22 NT BRL NT BRL NT BRL NT BRL
Aroclor-1242 0.00 0.22 NT BRL NT BRL NT BRL NT BRL
Aroclor-1248 0.00 0.22 NT BRL NT BRL NT BRL NT BRL
Aroclor-1254 0.00 0.22 NT 23 NT 160 NT BRL NT BRL
Aroclor-1260 0.00 0.22 NT BRL NT BRL NT BRL NT BRL

Inorganics mg/kg
Nitrate, as N 0.00 -- BRL BRL BRL 5.8 4.5 BRL NT 15
Sulfide 0.00 -- BRL 48.4 BRL 43.9 BRL BRL NT BRL
Sulfate 0.00 -- BRL BRL BRL BRL BRL 21.0 (B) NT 19.9 (B)
** = Only detected compounds listed PRGs = Preliminary Remediation Goals
-- = Data not available mg/kg = milligrams per kilogram (parts per million - ppm)
BRL = Below Reporting Limit ug/L = micrograms per Liter (parts per billion - ppb)
ND = Not detected = concentration greater than background 
NT = Not Tested BOLD = concentration greater than Region 9 PRG data

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL (B) = Batch QC is greater than the RL

(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS
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 Beryllium was detected at 0.49 ppm, cadmium was detected at 0.33 ppm, cobalt was reported 1 
at 10.6 ppm, lead was reported at 31.2 ppm and nickel was reported at 20.9 ppm (CS010).  The 2 
RVAAP background values for these metals in sediment include 0.38 ppm for beryllium, 0.00 3 
ppm for cadmium, 9.10 ppm for cobalt, 27.40 ppm for lead and 17.70 ppm for nickel. 4 

 5 
In addition to metals, one VOC (acetone) was also detected at sediment confirmation sample 6 

location CS-006-0001-SD at 8.0 ppb.  A summary of all the AP-3 drainage ditch confirmatory 7 
samples results is provided in Table 4-2.  Copies of the ditch excavation confirmation-sample 8 
results are provided in Appendix H. 9 

4.2.2 Drainage Ditch East of AP-4 10 

A total of five (5) confirmation samples were collected at the ditch excavation east of AP-4 11 
(Figure 4-2 A and 4-2 B).  Three samples were collected on the floor of the excavation (~2 feet 12 
BGS) and two sediment samples (surface) were collected at either end of the excavation to verify 13 
removal of metals and VOC contamination.  One of the soil samples was located 20 feet north 14 
and one was located south of the RI sediment sample SD028.  The third soil sample was co-15 
located at the RI sample point.  The confirmation sediment samples were collected just outside 16 
each end of the excavation, within the undisturbed ditch.  One of the sediment samples was 17 
located 20 feet north of the RI sample point (SD028) and the other was located 20 feet south of 18 
this point.  All the confirmation-sampling operations at the drainage ditch east of AP-4 were 19 
conducted on March 23, 2001. 20 
 21 

Both sediment samples and each of the three confirmatory soil samples reported metals in 22 
excess of the RVAAP background values.  The sediment sample on the north end of the 23 
excavation (CS-011-0001-SD) showed eight metals (aluminum, antimony, arsenic, beryllium, 24 
chromium, iron, nickel, and vanadium) above RVAAP background values.  The field duplicate, 25 
CS-011-0001-FD, showed six metals of concern (aluminum, antimony, beryllium, chromium, 26 
nickel, and vanadium) above RVAAP background values.  The sediment sample CS015 on the 27 
south end of the excavation reported seven metals of concern (aluminum, antimony, beryllium, 28 
chromium, iron, nickel and vanadium) above RVAAP background values.  Confirmatory soil 29 
sample CS012 showed two metals of concern (barium and beryllium) above RVAAP background 30 
values.  Confirmatory soil sample CS013 showed three metals of concern (aluminum, barium, 31 
and beryllium) above RVAAP background values.  Confirmatory soil sample CS014 showed four 32 
metals of concern (cadmium, lead, mercury, and zinc) above the RVAAP background values.  A 33 
summary of the analytical results for the drainage ditch excavation east of AP-4 is provided in the 34 
paragraphs that follow. 35 

 36 
 At the sediment confirmation sample CS-011-0001-SD (south end of the excavation), the 37 
analytical results showed an aluminum concentration of 23600 ppm, an antimony concentration 38 
of 0.50 ppm, an arsenic concentration of 22.6 ppm, a beryllium concentration of 0.84 ppm, a 39 
chromium concentration of 28.6 ppm, an iron concentration of 38300 ppm, a nickel concentration 40 
of 22.6 ppm, a potassium concentration of 2910 ppm, and a vanadium concentration of 38.8 ppm.   41 



Table 4-2
RAVENNA ARMY AMMUNITION PLANT

CONFIRMATION SAMPLE RESULTS 
DITCH EXCAVATION SOUTH EAST OF AP-3

LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Sediment 
Background Criteria 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

LL11CS-006-
0001-SD 

(Sediment)

LL11CS-006-
0001-TB

LL11CS-007-
0001-SO (Soil)

LL11CS-008-
0001-SO (Soil)

LL11CS-009-
0001-SO (Soil)

LL11CS-010-
0001-SD 

(Sediment)

Sample Date 21-Mar-01 21-Mar-01 21-Mar-01 21-Mar-01 21-Mar-01 21-Mar-01

TAL Metals 6010B mg/kg
Aluminum 19500.00 13900.00 76000.00 14500 NT 6910 13600 11700 9340
Antimony 0.96 0.00 31.00 BRL NT BRL BRL BRL BRL
Arsenic 19.80 19.50 0.39 9.3 NT 12.5 13.7 16.6 15.0
Barium 124.00 123.00 5400.00 81.8 NT 32.1 62.4 55.2 52.0
Beryllium 0.88 0.38 150.00 0.72 NT BRL 0.58 0.54 0.49
Cadmium 0.00 0.00 37.00 0.71 NT BRL BRL BRL 0.33
Calcium 35500.00 5510.00 -- 2860 NT 1080 1870 13800 1790
Chromium 27.20 18.10 210.00 20.4 NT 11.0 16.7 17.5 13.9
Cobalt 23.20 9.10 4700.00 9.7 NT 5.6 9.4 8.6 10.6
Copper 32.30 27.60 2900.00 21.9 NT 15.1 17.4 22.7 16.1
Iron 35200.00 28200.00 23000.00 23000 NT 18300 22500 25400 21300
Lead 19.10 27.40 400.00 102 NT 11.5 16.0 20.2 31.2
Magnesium 8790.00 2760.00 -- 3600 NT 1890 3300 5730 2740
Manganese 3030.00 1950.00 1800.00 283 NT 294 300 249 356
Mercury 0.04 0.06 23.00 0.074 NT BRL BRL BRL BRL
Nickel 60.70 17.70 1600.00 23.7 NT 13.7 20.6 23.8 20.9
Potassium 3350.00 1950.00 -- 1950 NT 977 1800 1820 1480
Selenium 1.50 1.70 390.00 BRL NT BRL BRL BRL BRL
Silver 0.00 0.00 390.00 BRL NT BRL BRL BRL BRL
Sodium 145.00 112.00 -- 232 NT 121 207 198 172
Thallium 0.91 0.89 5.20 BRL NT BRL BRL 0.19 BRL
Vanadium 37.60 26.10 550.00 25.8 NT 11.2 22.8 19.0 16.8
Zinc 93.30 532.00 23000.00 137 NT 40.1 51.9 57.3 71.3

VOCs TCL 8260B ug/kg
Acetone 0.00 0.00 1600.00 8.0 BRL BRL BRL BRL BRL
Ethylbenzene 0.00 0.00 230.00 BRL BRL BRL BRL BRL BRL
Xylene 0.00 0.00 210.00 BRL BRL BRL BRL BRL BRL

** = Only detected compounds listed PRGs = Preliminary Remediation Goals
-- = Data not available mg/kg = milligrams per kilogram (parts per million - ppm)
BRL = Below Reporting Limit ug/L = micrograms per Liter (parts per billion - ppb)
ND = Not detected = concentration greater than background 
NT = Not Tested BOLD = concentration greater than Region 9 PRG data

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL (B) = Batch QC is greater than the RL

(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS
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 Analytical results for the sediment confirmation sample CS011FD reported concentrations of 1 
aluminum at 18300 ppm, antimony at 1.1 ppm, beryllium at 0.68 ppm, chromium at 23.2 ppm, 2 
nickel at 20.5 ppm, a potassium concentration of 2150 ppm, and vanadium at 30.3 ppm.  3 
Analytical results for the sediment confirmation sample on the north end of the excavation 4 
(CS015) reported concentrations of aluminum at 17700 ppm, antimony at 0.41 ppm, beryllium at 5 
0.82 ppm, chromium at 20.5 ppm, iron at 30000 ppm, nickel at 19.8 ppm and vanadium at 26.1 6 
ppm.  The RVAAP background values for aluminum, antimony, arsenic, beryllium, chromium, 7 
iron, nickel, potassium and vanadium in sediment is 13900 ppm, 0.00 ppm, 19.50 ppm, 0.38 ppm, 8 
18.10 ppm, 28200 ppm, 17.70 ppm, 1980 ppm and 26.10 ppm respectively. 9 

 10 
At confirmatory soil sample CS012, the analytical results reported barium at 127 ppm and 11 

beryllium at 1.20 ppm.  The analytical results for the confirmatory soil sample at CS13 showed 12 
aluminum was detected at 24500 ppm, barium at 167 ppm and beryllium at 1.3 ppm.  13 
Confirmatory soil sample CS014 reported a cadmium concentration of 0.37 ppm, a lead 14 
concentration of 26.4 ppm, a mercury concentration of 0.054 ppm, and a zinc concentration of 15 
201 ppm.  The corresponding RVAAP background values for all these metals in soil (>1 ft) 16 
include 19500 ppm for aluminum, 124 ppm for barium, 0.88 ppm for beryllium, 0.00 ppm for 17 
cadmium, 19.10 ppm for lead, 0.04 ppm for mercury, and 93.3 ppm for zinc.   18 

 19 
Analytical results detected four VOC concentrations above RVAAP background values, in 20 

the equipment rinseate sample CS-011-0001-ER, for acetone (2 ug/L), ethylbenzene (0.6 ug/L), 21 
xylene (0.6 ug/L), and benzene (0.4 ug/L (J)).  These chemicals were not detected in the 22 
characterization sample. 23 

 24 
A summary of the confirmatory sample results for this drainage ditch excavation is provided 25 

in Table 4-3.  Copies of the ditch excavation confirmation-sample results are provided in 26 
Appendix H. 27 

4.2.3 Drainage Ditch North of AP-14 28 

A total of five (5) confirmation samples were collected at the ditch excavation north of AP-14 29 
to verify removal of the VOC, SVOC and pesticide contamination.  Three (3) soil samples were 30 
collected from the floor of the excavation (~2 feet BGS) and two (2) sediment samples (surface) 31 
were collected at either end (Figure 4-2 A and 4-2 B).  One of the soil samples was located 20 32 
feet east and one was located 20 feet west of the RI sediment sample SD032.  The third soil 33 
sample was co-located at the RI sample point.  The confirmation sediment samples were collected 34 
just outside each end of the excavation, within the undisturbed ditch.  One was located 20 feet 35 
east of the RI sediment sample SD032 and one was located 20 feet west of this sample point.  All 36 
the confirmation samples at this ditch location were collected on March 23, 2001. 37 



Table 4-3
RAVENNA ARMY AMMUNITION PLANT

CONFIRMATION SAMPLE RESULTS 
DITCH EXCAVATION EAST OF AP-4

LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Sediment 
Background Criteria 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

LL11CS-011-
0001-SD 

(Sediment)

LL11CS-011-
0001-FD 

(Sediment)

LL11CS-011-0001-
ER

LL11CS-012-
0001-SO (Soil)

LL11CS-013-
0001-SO (Soil)

LL11CS-014-
0001-SO (Soil)

LL11CS-015-
0001-SD 

(Sediment)

Sample Date 23-Mar-01 23-Mar-01 23-Mar-01 23-Mar-01 23-Mar-01 23-Mar-01 23-Mar-01

TAL Metals 6010B mg/kg
Aluminum 19500.00 13900.00 76000.00 23600 18300 283 mg/L 12100 24500 13800 17700
Antimony 0.96 0.00 31.00 0.50 1.1 BRL BRL BRL BRL 0.41
Arsenic 19.80 19.50 0.39 22.6 14.9 BRL 7.5 BRL 6.0 11.6
Barium 124.00 123.00 5400.00 70.6 62.5 BRL 127 167 71.0 86.3
Beryllium 0.88 0.38 150.00 0.84 0.69 BRL 1.2 1.3 0.80 0.82
Cadmium 0.00 0.00 37.00 BRL BRL BRL BRL BRL 0.37 BRL
Calcium 35500.00 5510.00 -- 1490 1740 115 mg/L 1030 2880 3200 2170
Chromium 27.20 18.10 210.00 28.4 23.2 6 mg/L 16.1 24.3 17.1 20.5
Cobalt 23.20 9.10 4700.00 7.4 7.4 BRL 12.5 3.3 11.7 7.9
Copper 32.30 27.60 2900.00 23.8 19.2 8.1 mg/L 22.8 25.2 21.6 26.3
Iron 35200.00 28200.00 23000.00 38300 25600 79.8 mg/L 26900 9560 20300 30000
Lead 19.10 27.40 400.00 17.0 26.1 BRL 9.0 12.3 26.4 14.7
Magnesium 8790.00 2760.00 -- 4450 3800 203 mg/L 3750 2380 2890 3080
Manganese 3030.00 1950.00 1800.00 147 211 13.5 mg/L 673 103 201 193
Mercury 0.04 0.06 23.00 BRL 0.049 BRL BRL BRL 0.054 BRL
Nickel 60.70 17.70 1600.00 22.6 20.5 BRL 36.0 12.2 24.7 19.8
Potassium 3350.00 1950.00 -- 2910 2150 BRL 2080 2600 1680 1980
Selenium 1.50 1.70 390.00 0.94 0.61 BRL BRL BRL 1.1 0.50
Silver 0.00 0.00 390.00 BRL BRL BRL BRL BRL BRL BRL
Sodium 145.00 112.00 -- 943 827 BRL 1010 951 831 938
Thallium 0.91 0.89 5.20 0.21 BRL BRL BRL BRL 0.22 0.23
Vanadium 37.60 26.10 550.00 38.8 30.3 BRL 20.8 30.2 22.7 26.1
Zinc 93.30 532.00 23000.00 63.8 75.5 BRL 62.9 77.8 201 65.3

VOCs TCL 8260B ug/kg
Acetone 0.00 0.00 1600.00 BRL BRL 2 ug/L BRL BRL BRL BRL
Ethylbenzene 0.00 0.00 230.00 BRL BRL 0.6 ug/L BRL BRL BRL BRL
Xylene 0.00 0.00 210.00 BRL BRL 0.6 ug/L BRL BRL BRL BRL
Benzene 0.00 0.00 0.65 BRL BRL 0.4 ug/L (J) BRL BRL BRL BRL

** = Only detected compounds listed PRGs = Preliminary Remediation Goals
-- = Data not available mg/kg = milligrams per kilogram (parts per million - ppm)
BRL = Below Reporting Limit ug/L = micrograms per Liter (parts per billion - ppb)
ND = Not detected = concentration greater than background 
NT = Not Tested BOLD = concentration greater than Region 9 PRG data

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL (B) = Batch QC is greater than the RL

(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS
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Analytical results showed three SVOC concentrations above RVAAP background values in 1 
confirmatory sediment sample CS-016-0001-SD, fluoranthene at 290(J) ppb, crysene at 170(J) 2 
ppb, and benzo (a) pyrene at 160(J) ppb.  Analytical results showed nine SVOCs above the 3 
laboratory reporting values at the sediment sample on the east of the excavation (CS-020-0001-4 
SD).  Fluoranthene was detected at 600 ppb, pyrene at 670 ppb, crysene at 340(J) ppb, benzo (a) 5 
pyrene at 340(J) ppb, benzo (g,h,i) perylene at 240(J) ppb, benzo (a) anthracene at 270(J) ppb, 6 
benzo (b) anthracene at 390(J) ppb, indo (1,2,3-cd) pyrene at 270(J) ppb and phenanthrene at 7 
260(J) ppb.  The corresponding RVAAP background values for all of these SVOC concentrations 8 
in sediment are 0.0 ppb for all analytes.  9 

 10 
Analytical results in confirmatory soil sample CS-019-0001-SO, show that nine SVOC 11 

concentrations were above RVAAP background values.  Fluoranthene was detected at 600 ppb, 12 
pyrene at 670 ppb, crysene at 340(J) ppb, benzo (a) pyrene at 340(J) ppb, benzo (g,h,i) perylene at 13 
240(J) ppb, benzo (a) anthracene at 270(J) ppb, benzo (b) anthracene at 390(J) ppb, indo (1,2,3-14 
cd), pyrene at 270(J) ppb and phenanthrene at 260(J) ppb.  The corresponding RVAAP 15 
background values for all of these SVOC concentrations in soil >1 foot, are 0.0 ppb for all 16 
analytes. 17 

 18 
Analytical results showed one VOC concentration, acetone (3 ug/L), was detected in CS-017-19 

0001-ER.  These chemicals were not detected in the characterization sample. 20 
 21 

Pesticides were not detected in any of the confirmation samples in this drainage ditch 22 
excavation.  A summary of the confirmatory sample results for the drainage ditch excavation 23 
north of AP-14 is provided in Table 4-4.  Copies of the ditch excavation confirmation-sample 24 
results are provided in Appendix H. 25 

4.2.4  Drainage Ditch East of LL-11 Entrance Road 26 

A total of five (5) confirmation samples were collected at the ditch excavation east of AP-4 27 
(Figure 4-2 A and 4-2 B).  Three (3) soil samples were collected from the bottom of the 28 
excavation (~2 feet BGS) and two (2) sediment samples (surface) were collected at either end of 29 
the excavation (5 total) to verify removal of the metals contamination.  One of the soil samples 30 
was located 20 feet north of the RI sediment sample SD013 and one sample was located 20 feet 31 
south of the RI sample SD013.  The third soil sample was co-located at the RI sample point.  The 32 
confirmation sediment samples were collected just outside each end of the excavation, within the 33 
undisturbed ditch.  The confirmation samples at this drainage ditch location were collected on 34 
March 21, 2001. 35 

 36 
Analytical results showed metals concentrations above the RVAAP background values at 37 

both sediment confirmatory sample locations.  At confirmation sediment sample CS021 on the 38 
north end of the excavation, beryllium was reported at 0.70 ppm, cadmium was reported at 0.44 39 
ppm, cobalt was reported at 9.9 ppm and mercury was reported at 0.07 ppm.   40 



Table 4-4
RAVENNA ARMY AMMUNITION PLANT

CONFIRMATION SAMPLE RESULTS 
DITCH EXCAVATION NORTH OF AP-14

LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Sediment 
Background Criteria 

mg/kg

Region 9 PRG 
Data (Residential 

Soil) mg/kg

LL11CS-016-
0001-SD 

(Sediment)

LL11CS-017-
0001-SO (Soil)

LL11CS-017-
0001-FD (Soil)

LL11CS-017-
0001-ER

LL11CS-017-
0001-TB

LL11CS-018-
0001-SO (Soil)

LL11CS-019-
0001-SO (Soil)

LL11CS-020-
0001-SD 

(Sediment)

Sample Date 23-Mar-01 23-Mar-01 23-Mar-01 23-Mar-01 23-Mar-01 23-Mar-01 23-Mar-01 23-Mar-01

VOCs TCL 8260B ug/kg
Acetone 0.00 0.00 1600.00 BRL BRL BRL 3 ug/L BRL BRL BRL BRL
Ethylbenzene 0.00 0.00 230.00 BRL BRL BRL BRL BRL BRL BRL BRL
Xylene 0.00 0.00 210.00 BRL BRL BRL BRL BRL BRL BRL BRL

SVOCs TCL 8270 C ug/kg
Fluoranthene 0.00 0.00 2300.00 290 (J) BRL BRL BRL NT BRL 330 (J) 600
Pyrene 0.00 0.00 2300.00 BRL BRL BRL BRL NT BRL 410 (J) 670
Crysene 0.00 0.00 62.00 170 (J) BRL BRL BRL NT BRL 210 (J) 340 (J)
Benzo(a)pyrene 0.00 0.00 0.062 160 (J) BRL BRL BRL NT BRL 200 (J) 340 (J)
Benzo(g,h,i)perylene 0.00 0.00 -- BRL BRL BRL BRL NT BRL BRL 240 (J)
Benzo(a)anthracene 0.00 0.00 0.62 BRL BRL BRL BRL NT BRL 170 (J) 270 (J)
Benzo(b)fluoranthene 0.00 0.00 0.62 BRL BRL BRL BRL NT BRL 220 (J) 390 (J)
Indeno(1,2,3- cd )pyrene 0.00 0.00 0.62 BRL BRL BRL BRL NT BRL BRL 270 (J)
Phenanthrene 0.00 0.00 -- BRL BRL BRL BRL NT BRL 170 (J) 260 (J)

Pesticides 8081A mg/kg
alpha-BHC 0.00 0.00 0.09 BRL BRL BRL BRL NT BRL BRL BRL
beta-BHC 0.00 0.00 0.32 BRL BRL BRL BRL NT BRL BRL BRL
delta-BHC 0.00 0.00 -- BRL BRL BRL BRL NT BRL BRL BRL
gamma-BHC (Lindane) 0.00 0.00 0.44 BRL BRL BRL BRL NT BRL BRL BRL
Heptachlor 0.00 0.00 0.11 BRL BRL BRL BRL NT BRL BRL BRL
Aldrin 0.00 0.00 0.029 BRL BRL BRL BRL NT BRL BRL BRL
Heptachlor epoxide 0.00 0.00 0.053 BRL BRL BRL BRL NT BRL BRL BRL
Endosulfan I 0.00 0.00 370.00 BRL BRL BRL BRL NT BRL BRL BRL
Dieldrin 0.00 0.00 0.03 BRL BRL BRL BRL NT BRL BRL BRL
4,4-DDE 0.00 0.00 -- BRL BRL BRL BRL NT BRL BRL BRL
Endosulfan II 0.00 0.00 -- BRL BRL BRL BRL NT BRL BRL BRL
4,4-DDD 0.00 0.00 -- BRL BRL BRL BRL NT BRL BRL BRL
Endrin 0.00 0.00 18.00 BRL BRL BRL BRL NT BRL BRL BRL
Endosulfan sulfate 0.00 0.00 -- BRL BRL BRL BRL NT BRL BRL BRL
4,4-DDT 0.00 0.00 -- BRL BRL BRL BRL NT BRL BRL BRL
Methoxychlor 0.00 0.00 310.00 BRL BRL BRL BRL NT BRL BRL BRL
Endrin ketone 0.00 0.00 -- BRL BRL BRL BRL NT BRL BRL BRL
Endrin aldehyde 0.00 0.00 -- BRL BRL BRL BRL NT BRL BRL BRL
alpha-Chlodane 0.00 0.00 -- BRL BRL BRL BRL NT BRL BRL BRL
gamma-Chlordane 0.00 0.00 -- BRL BRL BRL BRL NT BRL BRL BRL
Toxaphene 0.00 0.00 0.44 BRL BRL BRL BRL NT BRL BRL BRL
** = Only detected compounds listed PRGs = Preliminary Remediation Goals
-- = Data not available mg/kg = milligrams per kilogram (parts per million - ppm)
BRL = Below Reporting Limit ug/L = micrograms per Liter (parts per billion - ppb)
ND = Not detected = concentration greater than background 
NT = Not Tested BOLD = concentration greater than Region 9 PRG data

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL (B) = Batch QC is greater than the RL

(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS
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 Confirmatory sediment sample CS025 (south end of excavation) reported twelve metals 1 
above RVAAP background including: aluminum (23800 ppm), antimony (0.46 ppm), beryllium 2 
(1.1 ppm), cadmium (0.58 ppm), chromium (26.3 ppm), cobalt (16.6 ppm), copper (27.9 ppm), 3 
lead (42.4 ppm), mercury (0.08 ppm) nickel (33.2 ppm), potassium (2660 ppm) and vanadium 4 
(32.0 ppm).  The corresponding RVAAP background value for the confirmatory sediment 5 
samples include aluminum at 13900 ppm, antimony at 0.00 ppm, beryllium at 0.38 ppm, 6 
cadmium at 0.00 ppm, chromium at 18.10 ppm, cobalt at 9.10 ppm, copper at 27.60 ppm, lead at 7 
27.40 ppm, mercury at 0.06 ppm, nickel at 17.7 ppm, potassium at 1950 ppm and vanadium at 8 
26.1 ppm.   9 

 10 
One of the three soil confirmation samples, CS-023-0001-SO, at this ditch excavation 11 

reported metals above the RVAAP background values.  A beryllium concentration of 0.99 ppm 12 
and an iron concentration of 47600 ppm were reported.  The RVAAP background value for 13 
beryllium and iron is 0.88 ppm and 28200 ppm, respectively.  A summary of the drainage ditch 14 
confirmatory sample results for the excavation just east of the LL-11 entrance road is provided in 15 
Table 4-5.  Copies of the ditch excavation confirmation-sample results are provided in Appendix 16 
H. 17 

4.2.5 Drainage Ditch West of AP-8 18 

A total of five (5) confirmation samples were collected at the ditch excavation west of AP-8 19 
(Figure 4-2 A and 4-2 B).  Three (3) soil samples were collected from the bottom of the 20 
excavation (~2 feet BGS) and two (2) sediment samples (surface) were collected at either end to 21 
verify removal of the metals contamination (Figure 4-2 A and 4-2 B).  One of the soil samples 22 
was located 20 feet north and one was located 20 feet south of the RI sediment sample SD033.  23 
The third soil sample was co-located at the RI sample point.  The confirmation sediment samples 24 
were collected just outside each end of the excavation in the undisturbed ditch.  All the 25 
confirmation-sampling operations at the drainage ditch west of AP-8 were performed on March 26 
21, 2001. 27 

 28 
Antimony, beryllium and cadmium were detected above RVAAP background in the sediment 29 

on the north end of the excavation at confirmation sample location CS026.  The reported 30 
concentrations of metals that were above RVAAP background data are: antimony at 0.50 ppm, 31 
beryllium at 1.2 ppm and cadmium at 0.24 ppm.  Only one metal of concern (beryllium at 0.56 32 
ppm) was detected above RVAAP background at the confirmatory sediment sample on the south 33 
end of the excavation (CS030).  The RVAAP background values for antimony, beryllium, and 34 
cadmium in sediment are 0.00 ppm, 0.38 ppm and 0.00 ppm respectively.   35 

  36 
None of the soil confirmation samples on the bottom of the excavation reported metals 37 

concentrations in excess of RVAAP background values.  A summary of the drainage ditch 38 
confirmatory sample results for the ditch excavation west of AP-8 is provided in Table 4-6.  39 
Copies of the ditch excavation confirmation-sample results are provided in Appendix H.  40 



Table 4-5
RAVENNA ARMY AMMUNITION PLANT

CONFIRMATION SAMPLE RESULTS 
DITCH EXCAVATION EAST OF THE LL-11 ENTRANCE ROAD

LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD 
NO.

Soil Background 
Criteria (>1 ft) 

mg/kg

Sediment 
Background 

Criteria mg/kg

Region 9 PRG 
Data 

(Residential 
Soil) mg/kg

LL11CS-021-
0001-SD 

(Sediment)

LL11CS-022-
0001-SO (Soil)

LL11CS-023-
0001-SO (Soil)

LL11CS-024-
0001-SO (Soil)

LL11CS-025-
0001-SD 

(Sediment)

Sample Date 21-Mar-01 21-Mar-01 21-Mar-01 21-Mar-01 21-Mar-01

TAL Metals 6010B mg/kg
Aluminum 19500.00 13900.00 76000.00 13400 6260 15700 13200 23800
Antimony 0.96 0.00 31.00 BRL BRL BRL BRL 0.46
Arsenic 19.80 19.50 0.39 8.2 15.7 11.5 11.3 8.8
Barium 124.00 123.00 5400.00 68.5 35.9 82.8 58.8 94.7
Beryllium 0.88 0.38 150.00 0.70 BRL 0.99 0.47 1.1
Cadmium 0.00 0.00 37.00 0.44 BRL BRL BRL 0.58
Calcium 35500.00 5510.00 -- 3220 408 1020 745 3660
Chromium 27.20 18.10 210.00 15.7 8.8 21.9 16.0 26.3
Cobalt 23.20 9.10 4700.00 9.9 6.4 13.9 6.9 16.6
Copper 32.30 27.60 2900.00 14.6 19.4 26.0 16.1 27.9
Iron 35200.00 28200.00 23000.00 16400 18700 47600 20800 27000
Lead 19.10 27.40 400.00 26.8 17.3 10.8 7.8 42.4
Magnesium 8790.00 2760.00 -- 1830 1650 3780 2310 2940
Manganese 3030.00 1950.00 1800.00 410 592 1030 203 342
Mercury 0.04 0.06 23.00 0.070 BRL BRL BRL 0.080
Nickel 60.70 17.70 1600.00 17.0 13.9 27.9 15.7 33.2
Potassium 3350.00 1950.00 -- 1500 883 2700 1640 2660
Selenium 1.50 1.70 390.00 0.63 BRL BRL BRL 1.3
Silver 0.00 0.00 390.00 BRL BRL BRL BRL BRL
Sodium 145.00 112.00 -- 189 122 245 155 278
Thallium 0.91 0.89 5.20 BRL BRL BRL BRL BRL
Vanadium 37.60 26.10 550.00 22.0 10.2 26.5 20.5 32.0
Zinc 93.30 532.00 23000.00 219 54.8 67.5 51.8 465
** = Only detected compounds listed PRGs = Preliminary Remediation Goals
-- = Data not available mg/kg = milligrams per kilogram (parts per million - ppm)
BRL = Below Reporting Limit ug/L = micrograms per Liter (parts per billion - ppb)
ND = Not detected = concentration greater than background 
NT = Not Tested BOLD = concentration greater than Region 9 PRG data

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL (B) = Batch QC is greater than the RL

(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS



Table 4-6
RAVENNA ARMY AMMUNITION PLANT

CONFIRMATION SAMPLE RESULTS 
DITCH EXCAVATION WEST OF AP-8 

LOAD LINE 11 2001 IRA

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Sediment 
Background 

Criteria mg/kg

Region 9 PRG 
Data 

(Residential 
Soil) mg/kg

LL11CS-026-
0001-SD 

(Sediment)

LL11CS-027-
0001-SO (Soil)

LL11CS-028-
0001-SO (Soil)

LL11CS-029-
0001-SO (Soil)

LL11CS-030-
0001-SD 

(Sediment)

Sample Date 21-Mar-01 21-Mar-01 21-Mar-01 21-Mar-01 21-Mar-01

TAL Metals 6010B mg/kg
Aluminum 19500.00 13900.00 76000.00 12900 15800 14500 10500 13600
Antimony 0.96 0.00 31.00 0.50 0.34 0.51 0.26 BRL
Arsenic 19.80 19.50 0.39 11.6 11.9 15.1 15.0 10.9
Barium 124.00 123.00 5400.00 89.4 79.0 95.3 68.7 65.8
Beryllium 0.88 0.38 150.00 1.2 0.53 0.7 0.53 0.56
Cadmium 0.00 0.00 37.00 0.24 BRL BRL BRL BRL
Calcium 35500.00 5510.00 -- 12300 922 1440 2680 3610
Chromium 27.20 18.10 210.00 14.1 16.7 18.5 14.8 18.1
Cobalt 23.20 9.10 4700.00 6.8 8.0 12.1 9.5 5.6
Copper 32.30 27.60 2900.00 12.6 16.8 20.5 21.8 9.8
Iron 35200.00 28200.00 23000.00 18500 20400 31200 25100 25100
Lead 19.10 27.40 400.00 24.6 7.6 9.2 13.2 12.4
Magnesium 8790.00 2760.00 -- 5430 2670 2850 3770 3550
Manganese 3030.00 1950.00 1800.00 654 180 1140 508 260
Mercury 0.04 0.06 23.00 BRL BRL BRL BRL BRL
Nickel 60.70 17.70 1600.00 13.4 17.7 23.8 27.1 15.4
Potassium 3350.00 1950.00 -- 1430 1820 2260 1600 1620
Selenium 1.50 1.70 390.00 0.9 BRL BRL BRL 0.55
Silver 0.00 0.00 390.00 BRL BRL BRL BRL BRL
Sodium 145.00 112.00 -- 241 172 182 193 185
Thallium 0.91 0.89 5.20 BRL BRL BRL BRL BRL
Vanadium 37.60 26.10 550.00 18.1 21.7 24.9 16.9 25.2
Zinc 93.30 532.00 23000.00 65.8 57.4 62.3 59.5 55.2
** = Only detected compounds listed PRGs = Preliminary Remediation Goals
-- = Data not available mg/kg = milligrams per kilogram (parts per million - ppm)
BRL = Below Reporting Limit ug/L = micrograms per Liter (parts per billion - ppb)
ND = Not detected = concentration greater than background 
NT = Not Tested BOLD = concentration greater than Region 9 PRG data

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL (B) = Batch QC is greater than the RL

(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS
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4.2.6 Drainage Ditch North of AP-19 1 

A total of nine (9) confirmation samples were collected from the excavation at the drainage 2 
ditch north of AP-19 to verify removal of the metals contamination (Figure 4-2A and 4-2B).  3 
Seven (7) soil samples were collected from the bottom of the excavation (~2 feet BGS) and two 4 
(2) sediment samples (surface) were collected at either end of the excavation.  One of the soil 5 
samples was located 20 feet east of the RI sediment sample SD018 and one was located 20 feet 6 
west of SD018.  The third soil sample was co-located at SD018.  Four other soil samples were 7 
targeted around the RI sediment sample SD019.  One was located 20 feet north and one was 8 
located 20 feet south of SD019.  The third sample was co-located at this RI sample point.  Due to 9 
the size of the excavation, an additional sample was collected from the center of the excavation 10 
(40 feet north of SD018 and 40 feet south of SD019).  The confirmation sampling operations at 11 
this drainage ditch location were performed on March 20, 2001.  12 

 13 
Analytical results reported metals concentrations in excess of the RVAAP background values 14 

at both of the sediment confirmation sample locations and four of the seven soil confirmation 15 
samples on the bottom of the excavation.  At sediment sample CS031 a total of five were detected 16 
above the RVAAP background values including beryllium (0.61ppm), cadmium (0.47 ppm), lead 17 
(64.5 ppm), mercury (0.090 ppm) and selenium (2.0 ppm).  In the associated duplicate sample 18 
(CS031-FD), a total of nine metals of concern were detected at levels greater than RVAAP 19 
background including aluminum (21000 ppm), beryllium (0.71 ppm), cadmium (0.29 ppm), 20 
chromium (27.1 ppm), iron (33100 ppm), lead (55.0 ppm), nickel (22.3 ppm), potassium (2000 21 
ppm) and vanadium (43.9 ppm).  22 

 23 
The sediment confirmation sample on the north end of the excavation (CS039) reported four 24 

metals of concern in excess of the RVAAP background value.  Analytical results showed 25 
beryllium at 0.61 ppm, cadmium at 0.57 ppm, cobalt at 10.7 ppm, and lead at 41.3 ppm.  The 26 
corresponding RVAAP background values for the metals in sediment at both confirmation sample 27 
locations include 13900 ppm for aluminum, 0.38 ppm for beryllium, 0.00 ppm for cadmium, 28 
18.10 ppm for chromium, 9.10 ppm for cobalt, 28200 ppm for iron, 27.40 ppm for lead, 0.06 ppm 29 
for mercury, 17.70 ppm for nickel, 1950 for potassium, 1.70 ppm for selenium, and 26.10 ppm 30 
for vanadium.  31 

 32 
 Two metals (arsenic and lead) were detected above RVAAP background at confirmatory soil 33 
sample CS032.  Analytical results showed arsenic at 25.3 ppm and lead at 19.2 ppm.  Three 34 
metals of concern were also reported in excess of the RVAAP background values at confirmatory 35 
soil sample CS034.  Analytical results showed cadmium at 0.38 ppm, lead at 20.6 ppm and zinc 36 
at 147 ppm.  Confirmatory soil sample CS035 reported one metal of concern in excess of 37 
RVAAP background values (cadmium at 0.22 ppm).  At CS036, two metals of concern were 38 
reported in excess of RVAAP background values: a cadmium concentration of 0.31 ppm, and a 39 
cobalt concentration of 24.7 ppm. 40 
 41 
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No metals were detected above the RVAAP background values at CS033, CS037, and 1 
CS038.  The RVAAP background values for all the metals detected in confirmation soil samples 2 
from the bottom of the ditch excavation north of AP-19 are as follows: arsenic at 19.8 ppm, 3 
cadmium at 0.00 ppm, cobalt at 23.2 ppm, lead at 19.1 ppm, and zinc at 93.30 ppm.  A summary 4 
of the drainage ditch confirmatory sample results for the ditch excavation north of AP-19 is 5 
provided in Table 4-7.  Copies of the ditch excavation confirmation-sample results are provided 6 
in Appendix H. 7 

4.3 Hot Spot Confirmation Sampling 8 

Following removal of the petroleum contaminated soils (PCS), a total of six (6) confirmation 9 
samples (not including QC samples) were collected from the bottom of the hot spot excavation as 10 
shown in Figure 4-3A and 4-3B, approximately 8 feet BGS.  Each of the samples were analyzed 11 
for VOCs, SVOCs, Explosives, Propellants, TAL Metals, Pest/PCBs, Cyanide, Sulfide, Sulfate, 12 
Nitrate, TPH (DRO) and TPH (GRO) analysis.   13 

 14 
Analytical results reported that of the metals analyzed, arsenic and cyanide were detected 15 

above the RVAAP background value (19.8 ppm and 0.00 ppm respectively). Arsenic 16 
concentrations of 44.1 ppm and 36.4 ppm were detected at CS-045-0001-SO and CS-045-0001-17 
FD. Cyanide concentrations of 0.015(B) ppm and 0.018(B) ppm were detected at CS-040-0001-18 
SO and CS-040-0001-FD.   19 

 20 
In addition to metals, nitrocellulose, with a RVAAP background value of 0.00 ppm, was 21 

detected at confirmation sample locations CS-040-0001-SO (1.5(B) ppm), CS-040-0001-FD 22 
(0.4(B) ppm), CS-041-0001-SO (0.77(B) ppm), CS-042-0001-SO (0.8(B) ppm), CS-043-0001-23 
SO (0.83(B) ppm), CS-044-0001-SO (0.97(B) ppm), CS-045-0001-SO (0.89(B) ppm) and CS-24 
045-0001-FD (0.9(B) ppm). 25 

 26 
Two SVOCs were detected at confirmation sample location CS-043-0001-SO (fluoranthene 27 

at 160(J) ppb and benzo (a) pyrene at 120(J) ppb).  TPH (DRO) and TPH (GRO) were also 28 
detected at confirmation sample location CS-043-0001-SO (34 ppm and 0.054(J) ppm 29 
respectively) and TPH (GRO) was detected at CS-047-0001-SO (0.026(J)). 30 

 31 
Analytical results reported that inorganics were detected in the confirmation samples taken at 32 

the hot spot.  Nitrate was detected at the following locations: CS040 (0.88(J) ppm), CS040 FD 33 
(0.44 (J) ppm), CS041 (0.72(B) ppm), CS042 (0.48(B) ppm), CS043 (0.40(B) ppm), CS044 34 
(0.62(B) ppm), CS045 (0.55(B) ppm) and CS045 FD (0.47(B) ppm).  Sulfide was detected at 35 
CS045 ER with a concentration of 0.50 mg/L (B).  Sulfate was detected at the following 36 
locations: CS040 (23.1(B) ppm), CS040 FD (27.8 (B) ppm), CS041 (40(B) ppm), CS042 37 
(19.8(B) ppm), CS043 (18.1(B) ppm), CS044 (29.9(B) ppm), CS045 (35(B) ppm) and CS045 FD 38 
(27(B) ppm). 39 

 40 
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One VOC, (acetone), and one pesticide, (heptachlor), were detected above RVAAP 1 
background values in two equipment rinseate samples.  CS-040-0001-ER and CS-045-0001-ER 2 
had detections of 4 ug/L and 2 ug/L respectively for acetone and 0.058 mg/L and 0.061 mg/L 3 
respectively for heptachlor.   4 

 5 
A summary of all the LL-11 IRA hot spot confirmatory samples results is provided in Table 6 

4-8.  Copies of the hot spot excavation confirmation sample results are provided in Appendix H. 7 
 8 



Table 4-7
RAVENNA ARMY AMMUNITION PLANT

CONFIRMATION SAMPLE RESULTS 
DITCH EXCAVATION NORTH OF AP-19

LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD 
NO.

Soil Background 
Criteria (>1 ft) 

mg/kg

Sediment 
Background 

Criteria mg/kg

Region 9 PRG Data 
(Residential Soil) 

mg/kg

LL11CS-031-
0001-SD 

(Sediment)

LL11CS-031-
0001-FD 

(Sediment)

LL11CS-031-
0001-ER

LL11CS-032-
0001-SO (Soil)

LL11CS-033-
0001-SO (Soil)

LL11CS-034-
0001-SO (Soil)

LL11CS-035-
0001-SO (Soil)

LL11CS-036-
0001-SO (Soil)

LL11CS-037-
0001-SO (Soil)

LL11CS-038-
0001-SO (Soil)

LL11CS-039-
0001-SD 

(Sediment)

Sample Date 20-Mar-01 20-Mar-01 20-Mar-01 20-Mar-01 20-Mar-01 20-Mar-01 20-Mar-01 20-Mar-01 20-Mar-01 20-Mar-10 20-Mar-01

TAL Metals 6010B mg/kg
Aluminum 19500.00 13900.00 76000.00 10600 21000 BRL 9150 13900 13400 12200 9250 8960 6670 7960
Antimony 0.96 0.00 31.00 BRL BRL BRL 0.46 0.39 0.39 BRL BRL 0.53 BRL BRL
Arsenic 19.80 19.50 0.39 15.0 11.5 BRL 25.3 18.9 17.5 17.3 14.8 15.7 7.2 14.7
Barium 124.00 123.00 5400.00 85.2 87.5 BRL 72.0 52.8 87.8 41.6 83.2 33.7 27.1 61.1
Beryllium 0.88 0.38 150.00 0.61 0.71 BRL 0.51 0.50 0.73 0.69 0.58 0.47 BRL 0.61
Cadmium 0.00 0.00 37.00 0.47 0.29 BRL BRL BRL 0.38 0.22 0.31 BRL BRL 0.57
Calcium 35500.00 5510.00 -- 2390 1980 BRL 392 1240 1970 930 823 508 620 2160
Chromium 27.20 18.10 210.00 16.5 27.1 BRL 10.5 19.5 15.8 16.5 13.3 12.5 8.5 10.8
Cobalt 23.20 9.10 4700.00 8.2 8.7 BRL 12.6 5.5 10.0 8.9 24.7 6.7 3.4 10.7
Copper 32.30 27.60 2900.00 19.7 20.6 BRL 19.4 18.6 13.1 25.6 20.5 18.4 6.0 9.3
Iron 35200.00 28200.00 23000.00 19200 33100 BRL 22300 23100 25800 29800 24300 22400 14800 20600
Lead 19.10 27.40 400.00 64.5 55.0 BRL 19.2 14.6 20.6 9.6 12.2 14.2 9.4 41.3
Magnesium 8790.00 2760.00 -- 2140 3880 BRL 1920 2950 2380 2940 2730 2190 1800 1500
Manganese 3030.00 1950.00 1800.00 754 882 BRL 488 102 861 242 1930 218 165 443
Mercury 0.04 0.06 23.00 0.090 BRL BRL BRL BRL BRL BRL BRL BRL BRL BRL
Nickel 60.70 17.70 1600.00 15.2 22.3 BRL 15.7 17.2 17.1 21.4 33.5 16.9 10.6 12.0
Potassium 3350.00 1950.00 -- 856 2000 BRL 872 1330 1480 1470 1090 1020 688 675
Selenium 1.50 1.70 390.00 2.0 0.6 BRL 0.60 BRL 0.85 BRL BRL 0.63 0.78 0.86
Silver 0.00 0.00 390.00 BRL BRL BRL BRL BRL BRL BRL BRL BRL BRL BRL
Sodium 145.00 112.00 -- 817 1180 BRL 623 928 923 1050 807 724 608 655
Thallium 0.91 0.89 5.20 BRL BRL BRL BRL BRL BRL BRL BRL BRL BRL BRL
Vanadium 37.60 26.10 550.00 24.2 43.9 BRL 16.3 22.6 25.6 20.3 14.8 15.1 13.5 20.9
Zinc 93.30 532.00 23000.00 234 81.0 BRL 47.2 57.3 147 61.8 60.6 50.9 29.0 176
** = Only detected compounds listed PRGs = Preliminary Remediation Goals
-- = Data not available mg/kg = milligrams per kilogram (parts per million - ppm)
BRL = Below Reporting Limit ug/L = micrograms per Liter (parts per billion - ppb)
ND = Not detected = concentration greater than background 
NT = Not Tested BOLD = concentration greater than Region 9 PRG data

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL (B) = Batch QC is greater than the RL

(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS
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4.4 Data Validation 1 

The analytical methods employed during the implementation of the LL-11 IRA sampling are 2 
defined in the Revised 2001 Facility-Wide Sampling and Analysis Plan for the Ravenna Army 3 
Ammunition Plant, Ravenna Ohio (FW SAP).  Severn Trent Laboratories of University Park, IL 4 
performed all confirmatory sample analyses.  Sample results were validated according to the 5 
criteria established by the Revised 2001 Facility-Wide Quality Assurance Project Plan for the 6 
Ravenna Army Ammunition Plant, Ravenna, Ohio (FW QAPP).  In situations where additional 7 
information was required for data validation, the SW-846 methods were reviewed followed by 8 
consideration of the National Functional Guidelines for Laboratory Data Review (EPA, 1994).  9 
Included in the FW QAPP is a description of the quality control sample collection requirements 10 
and specific quality assurance objectives for the measurement data.  These QA objectives, 11 
typically called Data Quality Objectives (DQOs), are quantitative and qualitative statements that 12 
specify the quality of data used to support project decisions.  They are expressed in terms of 13 
precision, accuracy, representativeness, comparability, completeness and sensitivity. 14 

 15 
The criteria for evaluating DQOs are presented in the FW QAPP.  These criteria include 16 

review of quality control (QC) samples collected in the field, laboratory QC samples, and 17 
analytical method performance.  The field QC samples and analytical data reports were reviewed 18 
in accordance with validation guidance presented in the FW QAPP.  19 

 20 
Field duplicate samples and field equipment rinseates were collected at a frequency of 10 21 

percent for analysis to assess field sample precision and accuracy.  Additionally, the laboratory 22 
analyzed a method blank and a method blank spike for each analytical batch to detect reagent 23 
contamination and proper instrument performance.  Matrix spike and matrix spike duplicate 24 
samples, provided by the field sampling teams, were analyzed with each analytical batch to 25 
evaluate the impact of sample matrix on sample analyses.  26 

 27 
The primary objectives of data validation include review of sampling, analytical, and data 28 

reduction protocols for correctness; quantitative assessment of the measurement data validity; 29 
assessment of data completeness.  The project data validation procedures were designed to review 30 
all data and identify biases inherent to the data including assessment of laboratory performance, 31 
overall precision and accuracy, representativeness, and completeness. 32 

 33 
The analytical laboratory as specified by the RVAAP Revised 2001 FW SAP applied data 34 

validation flags.  The analytical data was then reviewed and validated by Purves Environmental, 35 
Inc.  If appropriate, the data validator revised the laboratory flagging after a thorough review of 36 
all quality control criteria.  An explanation of the data usability, laboratory performance and data 37 
qualifiers are provided in the data validation reports for LL-11 IRA prepared by Purves 38 
Environmental, Inc. The data validation reports and analytical reports are provided in Appendix 39 
G and H. 40 



Table 4-8
RAVENNA ARMY AMMUNITION PLANT

CONFIRMATION SAMPLE RESULTS 
HOT SPOT NORTH EAST OF AP-19

LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG Data 
(Residential Soil) mg/kg

LL11CS-040-
0001-SO (Soil)

LL11CS-040-
0001-FD (Soil)

LL11-CS-040-
0001-ER

LL11CS-041-
0001-SO (Soil)

LL11CS-042-
0001-SO (Soil)

LL11CS-043-
0001-SO (Soil)

LL11CS-044-
0001-SO (Soil)

LL11CS-045-
0001-SO (Soil)

Sample Date 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01

Explosives 8330 ug/kg
HMX 0.00 3100.00 BRL BRL BRL BRL BRL BRL BRL BRL
RDX 0.00 4.40 BRL BRL BRL BRL BRL BRL BRL BRL
1,3,5-Trinitrotoluene 0.00 -- BRL BRL BRL BRL BRL BRL BRL BRL
1,3-Dinitrobenzene 0.00 6.10 BRL BRL BRL BRL BRL BRL BRL BRL
Nitrobenzene 0.00 20.00 BRL BRL BRL BRL BRL BRL BRL BRL
2,4,6-Trinitrtoluene 0.00 16.00 BRL BRL BRL BRL BRL BRL BRL BRL
Tetryl 0.00 610.00 BRL BRL BRL BRL BRL BRL BRL BRL
2,4-Dinitrotoluene 0.00 120.00 BRL BRL BRL BRL BRL BRL BRL BRL
2,6-Dinitrotoluene 0.00 61.00 BRL BRL BRL BRL BRL BRL BRL BRL
2-Nitrotoluene 0.00 370.00 BRL BRL BRL BRL BRL BRL BRL BRL
4-Nitrtoluene 0.00 370.00 BRL BRL BRL BRL BRL BRL BRL BRL
3-Nitrotoluene 0.00 370.00 BRL BRL BRL BRL BRL BRL BRL BRL

TAL Metals 6010B mg/kg
Aluminum 19500.00 76000.00 12100 11400 BRL 8170 9500 9380 4900 7030
Antimony 0.96 31.00 BRL BRL BRL BRL BRL BRL BRL BRL
Arsenic 19.80 0.39 16.2 19.7 BRL 17.3 16.1 15.6 13.6 44.1
Barium 124.00 5400.00 32.2 30.9 BRL 26.7 33.3 30.6 28.2 82.3
Beryllium 0.88 150.00 0.42 0.41 BRL 0.34 0.38 0.38 BRL BRL
Cadmium 0.00 37.00 BRL BRL BRL BRL BRL BRL BRL BRL
Calcium 35500.00 -- 762 688 101 216 489 435 162 246
Chromium 27.20 210.00 12.6 12.1 BRL 9.3 12.0 11.5 5.9 10.1
Cobalt 23.20 4700.00 7.8 7.2 BRL 6.7 7.0 6.2 4.9 17.4
Copper 32.30 2900.00 22.4 20.5 BRL 18.4 18.0 17.7 14.4 18.5
Iron 35200.00 23000.00 22700 22400 BRL 17800 19900 18600 13700 27500
Lead 19.10 400.00 15.4 11.4 BRL 9.3 9.5 9.9 8.2 9.5
Magnesium 8790.00 -- 2120 2020 BRL 1580 2220 1930 1060 1970
Manganese 3030.00 1800.00 341 304 BRL 324 274 222 228 1630
Mercury 0.04 23.00 BRL BRL BRL BRL BRL BRL BRL BRL
Nickel 60.70 1600.00 15.0 14.2 BRL 12.2 15.8 13.5 10.6 25.1
Potassium 3350.00 -- 942 831 BRL 873 1010 1080 691 1060
Selenium 1.50 390.00 BRL BRL BRL BRL BRL BRL BRL BRL
Silver 0.00 390.00 BRL BRL BRL BRL BRL BRL BRL BRL
Sodium 145.00 -- BRL BRL BRL BRL BRL BRL BRL BRL
Thallium 0.91 5.20 BRL BRL BRL BRL BRL BRL BRL BRL
Vanadium 37.60 550.00 20.6 19.4 BRL 13.6 14.8 15.1 9.1 9.7
Zinc 93.30 23000.00 51.9 48.7 BRL 48.3 53.8 49.7 48.7 66.6

Cyanide mg/kg
Cyanide, Total 0.00 11.00 0.015 (B) 0.018 (B) BRL BRL BRL BRL BRL BRL

Propellants 8330 mg/kg
Nitroglycerin 0.00 35.00 ND ND ND ND ND ND ND ND
Nitroguanidine 0.00 6100.00 ND ND ND ND ND ND ND ND
Nitrocellulose 0.00 0.00 1.5 (B) 0.40 (B) ND 0.77 (B) 0.80 (B) 0.83 (B) 0.97 (B) 0.89 (B)

VOCs TCL 8260B ug/kg
Acetone 0.00 1600.00 BRL BRL 4 ug/L BRL BRL BRL BRL BRL
Ethylbenzene 0.00 230.00 BRL BRL BRL BRL BRL BRL BRL BRL
Xylene 0.00 210.00 BRL BRL BRL BRL BRL BRL BRL BRL



Table 4-8
RAVENNA ARMY AMMUNITION PLANT

CONFIRMATION SAMPLE RESULTS 
HOT SPOT NORTH EAST OF AP-19

LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG Data 
(Residential Soil) mg/kg

LL11CS-040-
0001-SO (Soil)

LL11CS-040-
0001-FD (Soil)

LL11-CS-040-
0001-ER

LL11CS-041-
0001-SO (Soil)

LL11CS-042-
0001-SO (Soil)

LL11CS-043-
0001-SO (Soil)

LL11CS-044-
0001-SO (Soil)

LL11CS-045-
0001-SO (Soil)

Sample Date 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01

SVOCs TCL 8270 C ug/kg
Fluoranthene 0.00 2300.00 BRL BRL BRL BRL BRL 160 (J) BRL BRL
Pyrene 0.00 2300.00 BRL BRL BRL BRL BRL BRL BRL BRL
Benzo(a)pyrene 0.00 0.062 BRL BRL BRL BRL BRL 120 (J) BRL BRL

Pesticides 8081A mg/kg
alpha-BHC 0.00 0.09 BRL BRL BRL BRL BRL BRL BRL BRL
beta-BHC 0.00 0.32 BRL BRL BRL BRL BRL BRL BRL BRL
delta-BHC 0.00 -- BRL BRL BRL BRL BRL BRL BRL BRL
gamma-BHC (Lindane) 0.00 0.44 BRL BRL BRL BRL BRL BRL BRL BRL
Heptachlor 0.00 0.11 BRL BRL 0.058 mg/L BRL BRL BRL BRL BRL
Aldrin 0.00 0.029 BRL BRL BRL BRL BRL BRL BRL BRL
Heptachlor epoxide 0.00 0.053 BRL BRL BRL BRL BRL BRL BRL BRL
Endosulfan I 0.00 370.00 BRL BRL BRL BRL BRL BRL BRL BRL
Dieldrin 0.00 0.03 BRL BRL BRL BRL BRL BRL BRL BRL
4,4-DDE 0.00 1.7 BRL BRL BRL BRL BRL BRL BRL BRL
Endosulfan II 0.00 -- BRL BRL BRL BRL BRL BRL BRL BRL
4,4-DDD 0.00 2.4 BRL BRL BRL BRL BRL BRL BRL BRL
Endrin 0.00 18.00 BRL BRL BRL BRL BRL BRL BRL BRL
Endosulfan sulfate 0.00 -- BRL BRL BRL BRL BRL BRL BRL BRL
4,4-DDT 0.00 1.7 BRL BRL BRL BRL BRL BRL BRL BRL
Methoxychlor 0.00 310.00 BRL BRL BRL BRL BRL BRL BRL BRL
Endrin ketone 0.00 -- BRL BRL BRL BRL BRL BRL BRL BRL
Endrin aldehyde 0.00 -- BRL BRL BRL BRL BRL BRL BRL BRL
alpha-Chlodane 0.00 -- BRL BRL BRL BRL BRL BRL BRL BRL
gamma-Chlordane 0.00 1.6 BRL BRL BRL BRL BRL BRL BRL BRL
Toxaphene 0.00 0.44 BRL BRL BRL BRL BRL BRL BRL BRL

PCB TCL 8082 mg/kg
Aroclor-1016 0.00 3.90 BRL BRL BRL BRL BRL BRL BRL BRL
Aroclor-1221 0.00 0.22 BRL BRL BRL BRL BRL BRL BRL BRL
Aroclor-1232 0.00 0.22 BRL BRL BRL BRL BRL BRL BRL BRL
Aroclor-1242 0.00 0.22 BRL BRL BRL BRL BRL BRL BRL BRL
Aroclor-1248 0.00 0.22 BRL BRL BRL BRL BRL BRL BRL BRL
Aroclor-1254 0.00 0.22 BRL BRL BRL BRL BRL BRL BRL BRL
Aroclor-1260 0.00 0.22 BRL BRL BRL BRL BRL BRL BRL BRL

DRO mg/kg 0.00 20000.00 BRL BRL BRL BRL BRL 34 BRL BRL
GRO ug/kg 0.00 10000.00 BRL BRL BRL BRL BRL 0.054 (J) BRL BRL

Inorganics mg/kg
Nitrate, as N 0.00 -- 0.88 (J) 0.44 (J) BRL 0.72 (B) 0.48 (B) 0.40 (B) 0.62 (B) 0.55 (B)
Sulfide 0.00 -- BRL BRL BRL BRL BRL BRL BRL BRL
Sulfate 0.00 -- 23.1 (B) 27.8 (B) BRL 40.0 (B) 19.8 (B) 18.1 (B) 29.9 (B) 35.0 (B)
** = Only detected compounds listed PRGs = Preliminary Remediation Goals
-- = Data not available mg/kg = milligrams per kilogram (parts per million - ppm)
BRL = Below Reporting Limit ug/L = micrograms per Liter (parts per billion - ppb)
ND = Not detected = concentration greater than background 
NT = Not Tested BOLD = concentration greater than Region 9 PRG data
*** = OH Code 1301-7-9-13

INORGANIC FLAGS (B) = Batch QC is greater than the RL
(B) = result is < CRDL/RL, but > IDL/MDL (J) = Result is an estimated value below the RL

(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS

TPH mg/kg BUSTR Soil Saturation 
Limit for TPH (PPM)***



Table 4-8
RAVENNA ARMY AMMUNITION PLANT

CONFIRMATION SAMPLE RESULTS 
HOT SPOT NORTH EAST OF AP-19

LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG Data 
(Residential Soil) mg/kg

Sample Date

Explosives 8330 ug/kg
HMX 0.00 3100.00
RDX 0.00 4.40
1,3,5-Trinitrotoluene 0.00 --
1,3-Dinitrobenzene 0.00 6.10
Nitrobenzene 0.00 20.00
2,4,6-Trinitrtoluene 0.00 16.00
Tetryl 0.00 610.00
2,4-Dinitrotoluene 0.00 120.00
2,6-Dinitrotoluene 0.00 61.00
2-Nitrotoluene 0.00 370.00
4-Nitrtoluene 0.00 370.00
3-Nitrotoluene 0.00 370.00

TAL Metals 6010B mg/kg
Aluminum 19500.00 76000.00
Antimony 0.96 31.00
Arsenic 19.80 0.39
Barium 124.00 5400.00
Beryllium 0.88 150.00
Cadmium 0.00 37.00
Calcium 35500.00 --
Chromium 27.20 210.00
Cobalt 23.20 4700.00
Copper 32.30 2900.00
Iron 35200.00 23000.00
Lead 19.10 400.00
Magnesium 8790.00 --
Manganese 3030.00 1800.00
Mercury 0.04 23.00
Nickel 60.70 1600.00
Potassium 3350.00 --
Selenium 1.50 390.00
Silver 0.00 390.00
Sodium 145.00 --
Thallium 0.91 5.20
Vanadium 37.60 550.00
Zinc 93.30 23000.00

Cyanide mg/kg
Cyanide, Total 0.00 11.00

Propellants 8330 mg/kg
Nitroglycerin 0.00 35.00
Nitroguanidine 0.00 6100.00
Nitrocellulose 0.00 0.00

VOCs TCL 8260B ug/kg
Acetone 0.00 1600.00
Ethylbenzene 0.00 230.00
Xylene 0.00 210.00

LL11CS-045-
0001-FD (Soil)

LL11CS-045-0001-
ER

LL11CS-046-
0001-SO (Soil)

LL11CS-047-
0001-SO (Soil)

LL11CS-048-
0001-SO (Soil)

LL11CS-049-
0001-SO (Soil)

LL11CS-050-
0001-SO (Soil)

22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01

BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL

7620 BRL 11500 9980 10500 12600 13200
BRL BRL BRL BRL BRL BRL 0.39
36.4 BRL 9.6 13.9 13.6 10.4 33.6
83.7 BRL 80.0 36.2 40.6 57.4 4190
0.39 BRL 0.61 0.37 0.35 0.44 3.2
BRL BRL BRL BRL BRL BRL BRL
271 BRL 1500 682 655 983 4730
10.9 BRL 12.3 10.6 11.4 14.7 14.1
14.7 BRL 8.1 6.8 7.5 8.4 5.5
20.2 BRL 9.2 11.4 10.8 9.6 62.3

27500 BRL 16800 17400 16200 18900 54800
17.9 BRL 17.7 10.0 8.2 17.3 160
1970 BRL 1840 1890 1970 2440 786
1420 BRL 1040 411 394 598 173
BRL BRL 0.047 BRL BRL BRL BRL
23.5 BRL 13.5 12.4 11.3 13.5 10.9
1190 BRL 896 834 1050 1050 1130
BRL BRL 0.56 BRL BRL 0.68 BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL 53.1 1530
BRL BRL 0.20 BRL BRL BRL 2.5
11.6 BRL 20.3 18.4 18.7 24.8 21.8
64.7 BRL 49.3 37.8 37.5 46.7 390

BRL BRL 0.10 (B) 0.0097 (B) 0.046 (B) 0.051 (B) 0.25 (B)

ND ND ND ND ND ND NT
ND ND ND ND ND ND NT

0.90 (B) ND 0.84 (B) 0.93 (B) 0.87 (B) 0.90 (B) NT

BRL 2 ug/L BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT
BRL BRL BRL BRL BRL BRL NT



Table 4-8
RAVENNA ARMY AMMUNITION PLANT

CONFIRMATION SAMPLE RESULTS 
HOT SPOT NORTH EAST OF AP-19

LOAD LINE 11 IRA

ANALYTE**, UNITS, METHOD NO.
Soil Background 
Criteria (>1 ft) 

mg/kg

Region 9 PRG Data 
(Residential Soil) mg/kg

Sample Date

SVOCs TCL 8270 C ug/kg
Fluoranthene 0.00 2300.00
Pyrene 0.00 2300.00
Benzo(a)pyrene 0.00 0.062

Pesticides 8081A mg/kg
alpha-BHC 0.00 0.09
beta-BHC 0.00 0.32
delta-BHC 0.00 --
gamma-BHC (Lindane) 0.00 0.44
Heptachlor 0.00 0.11
Aldrin 0.00 0.029
Heptachlor epoxide 0.00 0.053
Endosulfan I 0.00 370.00
Dieldrin 0.00 0.03
4,4-DDE 0.00 1.7
Endosulfan II 0.00 --
4,4-DDD 0.00 2.4
Endrin 0.00 18.00
Endosulfan sulfate 0.00 --
4,4-DDT 0.00 1.7
Methoxychlor 0.00 310.00
Endrin ketone 0.00 --
Endrin aldehyde 0.00 --
alpha-Chlodane 0.00 --
gamma-Chlordane 0.00 1.6
Toxaphene 0.00 0.44

PCB TCL 8082 mg/kg
Aroclor-1016 0.00 3.90
Aroclor-1221 0.00 0.22
Aroclor-1232 0.00 0.22
Aroclor-1242 0.00 0.22
Aroclor-1248 0.00 0.22
Aroclor-1254 0.00 0.22
Aroclor-1260 0.00 0.22

DRO mg/kg 0.00 20000.00
GRO ug/kg 0.00 10000.00

Inorganics mg/kg
Nitrate, as N 0.00 --
Sulfide 0.00 --
Sulfate 0.00 --
** = Only detected compounds listed
-- = Data not available
BRL = Below Reporting Limit
ND = Not detected 
NT = Not Tested
*** = OH Code 1301-7-9-13

INORGANIC FLAGS
(B) = result is < CRDL/RL, but > IDL/MDL

TPH mg/kg BUSTR Soil Saturation 
Limit for TPH (PPM)***

LL11CS-045-
0001-FD (Soil)

LL11CS-045-0001-
ER

LL11CS-046-
0001-SO (Soil)

LL11CS-047-
0001-SO (Soil)

LL11CS-048-
0001-SO (Soil)

LL11CS-049-
0001-SO (Soil)

LL11CS-050-
0001-SO (Soil)

22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01 22-Mar-01

BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL

BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL 0.061 mg/L BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL

BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL BRL BRL BRL BRL

BRL BRL BRL BRL BRL BRL BRL
BRL BRL BRL 0.026 (J) BRL BRL NT

0.47 (B) BRL 0.79 (B) 0.61 (B) 0.71 (B) 0.83 (B) 2.9
BRL 0.50 mg/L (B) 12.2 (B) BRL BRL BRL BRL

27.0 (B) BRL 13.6 (B) 19.5 (B) 44.9 (B) 25.7 (B) 29.7 (B)
PRGs = Preliminary Remediation Goals
mg/kg = milligrams per kilogram (parts per million - ppm)
ug/L = micrograms per Liter (parts per billion - ppb)

= concentration greater than background 
BOLD = concentration greater than Region 9 PRG data

(B) = Batch QC is greater than the RL
(J) = Result is an estimated value below the RL
(A) = Concentration exceeds the instrument calibration range or below the RL

ORGANIC FLAGS/QUALIFIERS
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4.4.1 Sump Excavation Confirmatory Samples 1 

In summary, there were no analytical difficulties encountered by the laboratory during the 2 
analysis of the LL-11 IRA sump excavation confirmatory samples.  All sample-holding times 3 
were met.  All calibration (Initial, Second Source, and Continuing Calibration) criteria met the 4 
QAPP requirements.  All laboratory and Preparation blanks met the QAPP criteria.  In addition, 5 
all Laboratory Control and Surrogate Spike QAPP requirements were achieved.  6 

4.4.2 Ditch Excavation Confirmatory Samples 7 

In summary, there were no analytical difficulties encountered by the laboratory during the 8 
analysis of the LL-11 IRA ditch excavation confirmatory samples.  All sample-holding times 9 
were met.  All calibration (Initial, Second Source, and Continuing Calibration) criteria met the 10 
QAPP requirements.  All laboratory and Preparation blanks met the QAPP criteria.  In addition, 11 
all Laboratory Control, Matrix and Surrogate Spike QAPP requirements were achieved. 12 

4.4.3 Hot Spot Excavation Confirmatory Samples 13 

In summary, there were no analytical difficulties encountered by the laboratory during the 14 
analysis of the LL-11 IRA hot spot confirmatory samples.  All sample-holding times were met.  15 
All calibration (Initial, Second Source, and Continuing Calibration) criteria met the QAPP 16 
requirements.  All laboratory and Preparation blanks met the QAPP criteria.  In addition, all 17 
Laboratory Control and Surrogate Spike QAPP requirements were achieved.  18 



Contract No. DAAA09-98-G-0001 
LL-11 Interim Removal Action 

Final Report 
March, 2004 

Page 5-1 
 

C:\RVAAP\LL-11 IRA .doc  

 

SECTION 5 SUMMARY 1 

The LL-11 IRA activities were initiated as an early response action to mitigate the movement 2 
of contaminants off site prior to implementation of final remedial actions, if required.  The 3 
objective of the IRA was to remove the primary migration pathways for contamination 4 
originating at the load line.  These pathways included sedimentation sumps associated with 5 
production buildings and negatively impacted areas (drainage ditches and hot spot) identified 6 
during the November – December 2000 RI.    7 

 8 
Between January 2001 and June 2001 a total of five (5) sedimentation sumps, one (1) 30’ x 9 

30’ x 8’ “Hot Spot” and six (6) sections of drainage ditches were removed to meet the IRA 10 
objective.  Confirmation samples were collected from each of the completed excavations to 11 
evaluate the success of the IRA.  This information will be folded into the November – December 12 
2000 RI data for inclusion in the LL-11 Human Health and Ecological Risk Assessment.  As a 13 
result, all findings and recommendations relative to subsequent remedial efforts will be provided 14 
in the LL-11 RI Report. 15 
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SECTION 6 PHOTOGRAPHIC DOCUMENTATION 1 

The following photographs provide illustrations of the LL-11 IRA activities.  Descriptions are 2 
provided below each photograph. 3 



Contract No. DAAA09-98-G-0001 
Load Line 11 – Interim Removal Action  

Draft – Final Report 
April 2002 

Page 6-2 

C:\RVAAP\LL-11 IRA .doc 

 

 
Cement/Bentonite Grouting of Manhole 

 
 
 
 
 
 

 
Finished Grouted Manhole 
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Sump AP-2 
 
 
 
 
 
 

Sump AP-2 
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AP-6 Backfilled 
 
 
 
 
 
 

AP-5 ready to be pulled 
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Covered debris pile @ AP-5&6 
 
 
 
 
 

Debris from AP-3, 5, & 6 sumps 
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Excavating NW Sump AP-8 
 
 
 
 
 
 

AP-8 NW Sump 
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NE Sump AP-8 
 
 
 
 
 
 

Asbestos Behind Lead Liner 
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Spraying Down Lead Liner 
 
 
 
 
 
 

Spraying Sump 
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Spiker Decon Pad 

 
 
 
 
 
 

Lead Pile at AP-8 
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Lined Roll-off 

 
 
 
 
 
 

 
Placing Sump Cement Debris 
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Ditch near AP-4 
 
 
 
 
 
 

Ditch Near Gate Entry 
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Long Ditch, Looking Away from AP-19 

 
 
 
 

 
Long Ditch, Looking at AP-19 
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Hot Spot Excavation 

 
 
 
 

 
Schondstadt Screening for Ordnance 
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Grey Sand in Hot Spot 
 
 
 
 
 

 
Grey Sand in Hot Spot 
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Grey Sand in Hot Spot 
 
 
 
 
 
 

Finished Excavation 
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