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SITE CHARACTERIZATION REPORT

PROPOSED LEASED PARCEL (7.9 ACRES)
FORMER GULFPORT FERTILIZER COMPANY
33%° STREET
GULFPORT, MISSISSIPPI

1.0 Executive Summary
The subject property is an approximate 33.06-acre parcel of land located on 33" Street

approximately 1 block west of its intersection with State Highway 49 in Gulfport,
Mississippi. The Gulfport Fertilizer Company, which closed for business in circa 1960, was
formerly located on the subject property. The fertilizer company reportedly manufactured
sulfuric acid and superphosphate fertilizer. Improvements to the land once consisted of
concrete buildings, surfaced roads and railroad spurs, but the improvements have been

largely destroyed.

A portion (approximately 7.9 acres) of this parcel along the eastern perimeter is to be
partitioned or subdivided for the purpose of leasing the property to a potential purchaser and
is the subject of this Site Characterization Report. The owner of the property through
foreclosure, Hancock Bank of Gulfport, Mississippi (The Bank), will retain surface
ownership. It is the intent of the Bank to address the minor contamination on the 7.9 acre
parcel so as to allow the Bank to lease the 7.9 acre parcel immediately. A work plan for
characterizing the remaining portion of the 33.06 acres will be submitted to the Mississippi
Department of Environmental quality (MDEQ) for review and approved in accordance with
a reasonable schedule to be determined at a later time. A site characterization report and
corrective action plan will be submitted to the MDEQ upon completion of the work proposed

in the approved work plan.

A subsurface investigation was conducted by Covington and Associates (Covington) for a
potential purchaser/lessee in May and June of 1998. The investigation focused on an area
approximately 720 feet (ft) by 720 ft, in the northern half of the 33.06-acre parcel.

Exploratory soil pits and two 4-inch diameter monitoring wells were installed during this

Butler Services
of Mississippi. Inc.
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investigation. The results of soil samples collected by Covington at the site indicated that
elevated levels of lead (ranging up to 11,000 milligrams per kilogram (mg/kg)) and arsenic
(ranging up to 1,310 mg/kg) contamination exists in the subsurface soils. Contamination at
low levels was shown to exist in the groundwater, as well. The Bank has been furnished a
copy of a map indicating sample locations and laboratory results only. The actual analytical
laboratory report(s), findings, and sampling protocols have not been received, but have been
requested, as of the date of this report. The sample results furnished have been reproduced

on Figures 3 and 5, herein for informational purposes.

On September 30 and October 1, 1998, Butler Services of Mississippi, Inc. (Butler)
performed soil and groundwater sampling using “Geoprobe’s” direct push probes and Screen
Point 15 groundwater sampler. The primary purpose of this subsurface investigation was to
characterize the 7.9 area parcel to be leased by The Bank. The results of the soil samples
collected within the 7.9 area parcel indicated lead and arsenic levels in subsurface soils
ranging from less than 0.1 mg/kg to 306 mg/kg and from less than 0.1 mg/kg to 10.2 mg/kg,
respectively with the exception of two distinct areas. One of the areas is located adjacent to
the former railroad spur, approximately 800 feet south of the northeast corner of the subject
property. The second area with subsurface soils that contained elevated levels of arsenic only
is located 400 feet south and 300 feet west of the northeast comer of the subject property.
Additional soil sampling was conducted in the isolated area adjacent to the former railroad
spur on October 21, 1998. The sample results from this additional sampling indicate that
lead contamination exceeding 400 mg/kg and arsenic contamination exceeding 15 mg/kg are
confined to an area approximately 10 ft by 10 ft. Lead and Arsenic levels in the groundwater
samples collected along the eastern property boundary and western perimeter of the 7.9 acre
parcel were all less than the laboratory detection limits of 0.005 milligrams per liter (mg/1)
with the exception of samples collected in an area near the former railroad spur. The samples
in this isolated area correlates with the elevated levels found in the soil in this same area.

Soil and groundwater sample results are shown on Figures 4 and 6.

2 Butler Services
of Mississippi, Inc.



2.0 Introduction

The subject property is an approximate 33.06-acre parcel of land located on 33" Street
approximately 1 block west of its intersection with State Highway 49 in Gulfport,
Mississippi. The Gulfport Fertilizer plant, which closed for business in circa 1960, was
formerly located on the subject property. The plant reportedly manufactured sulfuric acid
and superphosphate fertilizer. Improvements to the land once consisted of concrete

buildings, surfaced roads and railroad spurs, but the improvements have been largely

destroyed.

A portion (approximately 7.9 acres) of this parcel along the eastern perimeter is to be
partitioned or subdivided for the purpose of leasing the property to a potential
purchaser/lessee and is the subject of this Site Characterization Report (see Figure No. 2).
The owner of the property through foreclosure, Hancock Bank of Gulfport, Mississippi (The
Bank), will retain surface ownership. It is the intent of the Bank to address the minor
contamination on the 7.9 acre parcel so as to allow the Bank to lease the 7.9 acre parcel
immediately. A work plan for characterizing the remaining portion of the 33.06 acres will
be submitted to the Mississippi Department of Environmental quality (MDEQ) for review
and approved in accordance with a reasonable schedule to be determined at a later time. A
site characterization report and corrective action plan will be submitted to the MDEQ upon

completion of the work proposed in the approved work plan.
2.1 Property Background

The subject property is an approximate 33.06-acre parcel of land located on 33™ Street
approximately 1 block west of its intersection with State Highway 49 in Gulfport, Harrison
County, and Mississippi. The Immediate adjacent properties include vacant land and a low
to middle income residential subdivision on the North side; the Illinois Central Railroad and
yard on the East and Northeast side; commercial facilities including moving and storage and
freight transport companies, and a Coca Cola Bottling facility on the East side; vacant lands

on the west side and CAE Plastic Inc., and vacant lands on the South side.

3 Butler Services
of Mississippi, Inc.
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A 1929 Harrison Country Tax Assessors Map, the “Gulfport, North” Topographic
Quadrangle Map and the series of aerial photography examined by others, beginning in 1940
to 1990, confirms the adjacent lands past use and subsequent events to its present day status.
According to a 1940 aerial photograph, the facility that bounds the subject site on the South
side appears to have been the site of the first Gulfport Airport hangar facilities. The
immediate adjacent lands were vacant. Subsequent photography examined, beginning in the
year 1956, indicates light industrial use of the properties east of the railroad or approximately
200 to 300 feet east of the subject property. The plastic production facility on the south side
of the subject property is also visible in the 1956 photography.

It appears that the subject property was an active commercial site from approximately 1904
to sometime between about 1972 and 1978 (+/-68 years). The first recorded indication of
industrial use of the property found is a Warranty Deed dated July 6, 1903 from J.T. Jones
to the Gulfport Cotton Oil, Fertilizer & Manufacturing Co., and which covered file subject
(Deed Book 56@ Page 404). The instrument stated that “The grantee must complete the oil
mill plant by January 1, 1904.” On September 21, 1908, Gulfport Cotton Qil Fertilizer &
Manufacturing Co., conveyed the same to the Exporters Cotton Oil Company (Deed Book
88 @ Page 248). A site sketch and survey was included with this recorded instrument. The
site sketch shows six dummy rail lines from the Illinois Central Railroad, what appears to be
a sulfuric acid manufacturing configuration and a phosphate fertilizer production facility,

several oil tanks and other facilities used in connection with raw cotton bulk product

handling.

The exact period that the cotton oil and product facility operated from 1904 to 1920 was not
determined from the records. However, the existence of a “refinery shed” is noted in the
conveyance records. The conveyance records show that for a period of about two years
beginning in 1920, the cotton product facility was used as “The Continental Tire & Rubber
Co.”, manufacturers of automobile tires & tubes. A Sanborn Insurance Map dated 1921
further corroborates the land records with a sketch indicating the production configuration

at that time. The land records, a 1929 Sanborn map and aerial photography dated after 1922

4 Butler Services
of Mississippi, Inc.
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reviewed indicate the cessation of and the dismantling of the tire and rubber manufacturing

facility. The site was not used for this purpose again.

Both a 1940 aerial photograph and a 1950 Sanborn Fire Insurance Map indicate the presence
of a cotton ginning facility in the Southeast comer of the property. There was no evidence

of this facility in subsequent Sanborn and aerial photography examined.

As previously noted above, records indicate that at least the upper half of the subject tract
was being used in connection with the production of sulfuric acid and superphosphate. The
land records also show that The Gulfport Cotton Oil, Fertilizer & Manufacturing Co. used
this site from approximately 1904 until Exporters Cotton Oil Company look over the
operations in 1908. In 1914, the Exporters Cotton Oil lost the property through foreclosure.
It is believed that from 1914 to approximately 1920, Gulfport Fertilizer Company operated
the production facilities for Mell R. Wilkinson, The Lowery National Bank of Atlanta, or
both. A 1921 Sanborn Fire Insurance Map indicates that Gulfport Fertilizer Company was
operating the facility at that time. By the year 1925, Gulfport Fertilizer Co. was the sole
owner and operator of the facilities. The Gulfport Fertilizer Company continuously used the
site for sulfuric acid and superphosphalte production until sometime in the 1950’s. Sanborn
Fire Insurance maps from 1929 and 1950 indicate that the fertilizer manufacturing facilities
were in full operation. In 1960 the Gulfport Fertilizer Co. relinquished ownership of the
subject lands unto H & F Engineering Co., Inc., which lost the property through foreclosure
to Deposit Guaranty National Bank, within two years. On June 10, 1995 Mr. R. W Hyde,
111, son of R.W. Hyde, Jr., who was the owner of H&F Engineering Co., stated that his father
was in the sewerage and drainage business and that he was never in the fertilizer business.
There was no evidence that the site was used for any commercial purpose from
approximately 1960, when H & F Engineering Co. owned the property for about two years,
and during the period when Deposit Guaranty National Bank owned the property for about
two years. In the year 1966, the Deposit Guaranty National Bank sold the subject lands to
Ernest Yeager & Sons, Inc. Mr. Leroy Yeager, who was secretary treasurer of Emest Yeager

& Sons, Inc., in 1966, stated on June 9, 1995 that Ernest Yeager and Sons, Inc. acquired the

5 Butler Services
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property for investment purposes only and that they were never involved with any process
activity at the site. A Sanborn Map from 1967 indicates that the site was inactive at that
time. In 1972 Emest Yeager & Sons, Inc., granted a 15-year lease, which covered
approximately 4.00 acres to Best Concrete Products, Inc., for the purpose of manufacturing
concrete block and masonry. A 1975 aerial photograph of the site indicated that the site was
being used probably as a block and masonry business, however, the small objects in the
photograph were not recognizable. On or about the year 1982 the Hancock Bank secured the
property through foreclosure proceedings. Since the year 1982 the property has not been
occupied or operated for industrial or commercial purposes. Both the 1982 and 1990 aerial

photographs examined indicated that the site was vacant except for a few remaining

structures.

Other than the plant site described above, it appears that the remainder of the property was

previously used for residential and office purposes.

2.2 Previous Investigation

Covington and Associates Corporation (Covington) conducted a Preliminary Subsurface
Investigation of the subject property (33.06-acre parcel) in May and June 1998, on behalf of
apotential purchaser/lessee. Exploratory soil pits and two 4-inch diameter monitoring wells
were installed during this investigation. The results of soil samples collected by Covington
at the site indicated that elevated levels of lead (ranging up to 11,000 mg/kg) and arsenic
(ranging up to 1,310 mg/kg) contamination exists in the subsurface soils. Contamination at
low levels was shown to exist in the groundwater, as well. The samples were collected from
an area approximately 720” X 720 , in the northern half of the property. Areas excluded
from the northern section sampling included a parcel measuring approximately 908’ X 180’

along the northern perimeter, and a 720 X 180’ parcel along the eastern perimeter.

6 Butler Services
of Mississippi, Inc.
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3.0 Investigative Activities
On September 30, and October 1, and October 21, 1998, Butler Services of Mississippi, Inc.

(Butler) performed soil and groundwater sampling in connection with the 7.9 acre parcel to
be subdivided and leased by the bank. The project was overseen and performed by Butler’s
Senior Project Manager, William D. Bates, P.E. Singley Construction Company provided
equipment to advance the borings and collect groundwater samples. Micro-Methods, Ocean

Springs, Mississippi, conducted laboratory analytical work.

Soil samples were collected on a 100-foot grid north and south of the proposed radial
conveyor line to be installed on the 7.9-acre parcel. These samples were collected for the
purpose of determining if the subsurface soils have been impacted in this area. The soil

sampling locations are identified in Figure No. 4 and the results of the sample analysis listed

in Table 1.

Groundwater samples were collected in the borings along the eastern and western perimeter
of the 7.9-acre parcel. These samples were collected for the purpose of determining if
groundwater had been impacted beneath the property in this area. The groundwater sampling

locations are identified in Figure No. 6 and the sample results listed in Table 2.

3.1 Property Soil and Vadose Zone Characteristic

Fifty-six (56) soil borings were advanced to a depth of four (4) feet below ground surface
(bgs) and a total of 112 soil samples collected at the site on September 30 and October 1,
1998. Forty-six of the borings were located within the 7.9-acre parcel to be leased and are
listed in Table 1. Soil samples were collected at depths of two and four feet in each boring.
Groundwater was encountered at approximately four feet bgs. There were no unusual

conditions or complications encountered during the drilling operations.

A track-mounted direct-push Geoprobe 5400 unit supplied by Singley Construction
Company Inc. (SCC) of Columbia, Mississippi was used to advance the borings. The soil

borings were advanced using Geoprobe’s Macro-core soil sampler (a 48-inch log x 2-inch

7 Butler Services
of Mississippi, Inc.
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diameter soil sampler capable of recovering a sample that measures up to 1300 ml in volume
in the form of a 45-inch x 1.5-inch core). Soil samples were collected at two and four feet
bgs using new clear PVC sample collection liners (46-inch long x 1.75-inch diameter). After
samples had been collected from the soil cores, the remaining soil was returned to the

borehole. The boring was then sealed to the ground surface with Bentonite.

All soil samples were delivered in a chilled preserved condition, under chain-of —custody
documentation to Micro-Methods, Inc. in Ocean Springs, Mississippi for analysis. Micro-

Methods is an EPA contract, and Mississippi State certified environmental laboratory.

3.2  Property Groundwater/Acquifer Characteristics
Of the twenty-five groundwater samples collected, eighteen were from borings located along
the eastern property boundary and western perimeter of the 7.9-acre parcel. The remaining

samples were collected from borings along the western and southern property boundary of

the subject property.

Geoprobe's Screen Point 15 Groundwater sampler (which consists of a 1.5-inch OD x 52-
inch sheath with expendable point driven to required depth, then pulled back approximately
44 inches to expose a stainless steel 1-inch x 41-inch.004 slot size screen) was used to
collect groundwater samples. The groundwater was then pumped using a peristaltic pump
through new 3/8-inch x Y4-inch ID polyethylene tubing directed to the bottom of the screen.
Prior to collecting the samples, the groundwater was pumped until a clear flow of water was

achieved — generally no more than 1 to 2 quarts.

All groundwater samples were delivered in a chilled preserved condition, under chain-of
—custody documentation to Micro-Methods, Inc. in Ocean Springs, Mississippi for analysis.

Micro-Methods is an EPA contract, and Mississippi State certified environmental laboratory.

8 Butler Services
of Mississippi, Inc.
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4.0 Property Physical Characteristics

Topographically, the site is astride one of the many coastwise, east/west, parallel trending
buried beach ridges. Elevations at the site vary from slightly above, + 25 feet mean sea level

near the center of the site to at or just below + 25 feet mean sea level near the Northern limit

of the property.

4.1 Surface Water

The nearest major body of water is the Mississippi Sound located about 1.75 miles to the
south. Surface drainage off-site appears to be sufficient and is generally to the north into a
low wetlands area. There is some drainage to the southwest where additional wetlands are
suspected. Drainage from the northern wetlands is northwest via several drainage ditches
into Turkey Creek. The drainage Southward is via a collection ditch that eventually

discharges into the western extremities of Brickyard Bayou.

4.2 Regional and Property Geology

The general geology of the site is similar to that of the region, all part of the northern Gulf
Coast margin. The stratigraphic column consists primarily of a wedge of Mesozoic and
Cenozoic sediments derived from continental interior drainage. Sediment supply in most of

the area exceeded the subsidence rate, resulting in the seaward progradation of the Gulf

continental margin (Knox, 1994).

Geologically, the side is located within a series of East/West, coastwise trending beach
ridges. Specifically, the site is astride a buried beach ridge which comprise a part of the
Gulfport ridge complex, As a result, there is variation of soil types due to drainage and
modified hydrologic patterns. Soils at the site consist primarily of Harleston sandy loam,
which is well drained, exhibits moderate permeability, and slow runoff. Alongthe Northern
limits of the property, Plummer loamy sand is found. This is a soil, poorly drained with very
slow run off. Alongthe West property line, Atmore silty loams are identified which are also,

poorly drained and exhibit slow runoff.

9 Butler Services
of Mississippi, Inc.
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5.0 Nature and Extent of Contamination

Site specific background levels for Lead and Arsenic in the soil and groundwater have not
yet been established for the subject property. These background levels will be developed in
the work plan in accordance with Environmental Protection Agency (EPA) guidelines

(EPA/540/S-96/500 and EPA/530/SW-89/026).

5.1 Soils and Vadose Zone

The soil samples were submitted for analysis for lead (Pb) and arsenic (As) by EPA Method
SW 846, 6010A-ICP. The results of the laboratory analyses are included in Appendix B and
are listed in Table 1. Total lead in the soil samples ranged in concentrations from 0.2
milligrams per kilogram (mg/kg) to 306 mg/kg at a depth of two feet below ground surface
(bgs) and from <0.1 mg/kg to 22.8 mg/kg at four feet bgs with the exception of an isolated
area adjacent to the former railroad spur (Sample No. 31S51). The lead concentrations in the
subsurface soils in this isolated area located approximately 800 ft south of the northeast
comner of the subject property ranged from 539 mg/kg at two feet bgs to 1241 mg/kg at four
feet bgs.

Arsenic concentrations in the soils ranged from <0.1 mg/kg to 10.2 mg/kg at a depth of two
feet bgs and from <0.1 mg/kg to 6.7 mg/kg at a depth of four feet bgs with the exception of
two distinct areas within the 7.9-acre parcel. One of the areas coincides with the isolated
area adjacent to the former railroad spur (Sample No. 31S51) that contained elevated levels
of lead concentrations. Arsenic concentrations in the subsurface soils in this area were 57.6
mg/kg at two feet bgs and 74.5 at four feet bgs. The second area with elevated levels of
arsenic, encompasses an area approximately 150 feet by 300 feet and is located
approximately 400 feet south and 300 feet west of the northeast corner of the subject
property. In this second area arsenic concentrations range from 106 mg/kg at two feet bgs

to 23.4 mg/kg at four feet bgs.

Additional soil sampling was conducted in the isolated area located adjacent to the railroad

spur on October 21, 1998. The sample results from this additional sampling indicate that

10 Butler Services
of Mississippi, Inc.
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lead contamination exceeding 400 mg/kg and arsenic contamination exceeding 15 mg/kg in

this area are confined to an area approximately 10 ft by 10 ft to a depth of approximately four

feet bgs.

5.2 Groundwater

The groundwater samples collected on September 30 and October 1, 1998 were submitted
for analysis of lead (Pb) and arsenic (As) concentrations by EPA Method 200.7-ICP. The
results of the laboratory analyses are included in Appendix B and are listed in Table 2. It
should be noted that nitric acid, a preservative, was added to the Groundwater samples
collected on September 30, 1998 (sample identifications beginning with the number “307).
And it was determined after consultation with the laboratory that due to the amount of
sediment in the groundwater samples that the results would not be valid due to leaching.
Hence, the September 30™ borings locations were re-established on October 21, 1998 and
groundwater samples collected using the Geoprobe groundwater sampler. The October 21
results are shown on the figures and in the tables herein. The original sample results are

contained in the Appendix to this report.

Lead and Arsenic levels in the groundwater samples collected along the eastern property
boundary and western perimeter of the 7.9 acre parcel were all less than the laboratory
detection limits of 0.005 milligrams per liter (mg/1) with the exception of samples in an area

near the former railroad spur. The samples in this isolated area correlates with the elevated

levels found in the soil in this same area.

11 Butler Services
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6.0 Summary and Conclusions

The results of soil and groundwater samples indicate that lead contamination exceeding 400
mg/kg and arsenic contamination exceeding 15 mg/kg in the soils are confined to an isolated
area on the 7.9-acre parcel. This area is approximately 800 ft south of the northeast corner
of the subject property and adjacent to a former railroad spur (See Sample No. 31S51
location). The horizontal extent of the contamination in this area appears to be
approximately 10 ft by 10 f&. It is proposed that the soil and vadose zone in this isolated area
be excavated to a depth of 4 ft. The excavated materials will be disposed of in an approved

manner.

It is proposed that an area (approximately 7.9-acres) along the eastern perimeter the subject
property be partitioned or subdivided for the purpose of leasing the property to a potential
purchaser/lessee. The owner of the property through foreclosure, Hancock Bank of Gulfport,
Mississippi, will retain surface ownership. The Bank would like to proceed immediately to

lease the 7.9 acres based upon the site characterization work completed to date.

A work plan for characterizing the remaining portion of the 33.06 acres will be submitted to
the Mississippi Department of Environmental quality (MDEQ) for review and approved in
accordance with a reasonable schedule to be determined at a later time. Upon completion
of the work proposed in the approved work plan, a site characterization report and corrective

action plan will be submitted to the MDEQ.

12 Butler Services
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TABLE 1
LEASED PARCEL (7.9 Acres)
SOIL SAMPLING ANALYTICAL RESULTS
Sept. 30, Oct .1 & Oct. 21, 1998
FORMER GULFPORT FERTILIZER PLANT

33" STREET
GULFPORT, MISSISSIPPI
Page 1 of 2
Sample Depth 2ft Sample Depth 4ft
Sample Sample Location REMARKS
Number
Arsenic As Lead Pb Arsenic As Lead Pb
(mg/kg) (mg/g) (mg/kg) (mgfko)
30N31 300 ft North of Radial Conveyor Line 20 11.8 0.1 02 Adjacent to rail spur
30N32 300 ft North of Radial Conveyor Line 6.6 170 03 52
30N33 300 ft North of Radial Conveyor Line 06 27 05 51
30N34 300 ft North of Radial Conveyor Line 098 283 <01 39
3ON35 300 ft North of Radlal Conveyor Line 0.8 24 25 0.8
30N21 200 ft North of Radial Conveyor Line 0.6 32 13 48 Adjacent to rail spur
ON22 200 ft North of Radial Conveyor Line 06 15.0 36 6.0
30N23 200 ft North of Radial Conveyor Line 0.7 32 0.4 02
30N24 200 ft North of Radial Conveyor Line 08 08 25 28
30N25 200 ft North of Radial Conveyor Line 1.2 22 1.4 1.1
30N11 100 ft North of Radial Conveyor Line 0.1 02 27 6.5 Adjacent to raii spur
30N12 100 ft North of Radial Conveyor Line 11 8.4 08 59
30N13 100 ft North of Radial Conveyor Line 20 30 1.0 32
30N14 100 ft North of Radial Conveyor Line 13 38 1.0 25
30N15 100 ft North of Radial Conveyor Line 1.8 33 18 26
30RC1 Radial Conveyor Line 08 6.1 06 28 Adjacent to raii spur
30RC2 Radial Conveyor Line 08 49 06 6.4
30RC3 Radial Conveyor Line 34 30.7 09 56
30RC4 Radial Conveyor Line 341 72 3.7 158
30RCS Radial Conveyor Line X8 23 1.8 42
3181 100 ft South of Radial Conveyor Line 24 83 0.4 52 Adjacent to raii spur
31812 100 ft South of Radial Conveyor Line 02 70 26 83
31813 100 ft South of Radial Conveyor Line 102 49 28 41
31814 100 ft South of Radial Conveyor Line 108 49 8.7 18
31815 100 ft South of Radial Conveyor Line 427 170 24 36
31821 200 ft South of Radial Conveyor Line 38 128 23 6.7 Adjacent to rail spur
31822 200 ft South of Radial Conveyor Line <01 82 0.1 48
31823 200 ft South of Radial Conveyor Line 22 38 08 29

4
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TABLE 1
LEASED PARCEL (7.9 Acres)
SOIL. SAMPLING ANALYTICAL RESULTS
Sept. 30, Oct.1 & Oct. 21, 1958
FORMER GULFPORT FERTILIZER PLANT

33" STREET
GULFPORT, MISSISSIPPI
Page 2 of2
Sample Depth 2ft Sample Depth 4ft
Sample Sample Location REMARKS
Number
Arsenic As Lead Pb Arsenic As Lead Pb
(mg/q) (mg/q) (mghg) (mg/g)

31824 200 ft South of Radial Conveyor Line B7 308 48 08
31825 200 ft South of Radial Conveyor Line 212 213 13 29
31831 300 ft South of Radial Conveyor Line 1.9 30 02 30 Adjacent to rail spur
31832 300 ft South of Radial Conveyor Line 05 34 o8 48
31833 300 ft South of Radial Conveyor Line 86 55.1 14 1.8
31834 300 ft South of Radial Conveyor Line 08 18 05 35
NSHB 300 ft South of Radial Conveyor Line 19.0 53 1.7 12
31841 400 ft South of Radial Conveyor Line 19 35 04 06 Adjacent to rail spur
31842 400 ft South of Radial Conveyor Line 24 58 0.9 19
3184 400 ft South of Radial Conveyor Line <01 45 0.9 8.1
31851 $00 ft South of Radial Conveyor Line 578 705 745 1241 Adjacent to rail spur
21851 SO0 ft South of Radial Conveyor Line - - 12 215
31882 500 ft South of Radial Conveyor Line 0.7 32 02 24
31853 500 ft South of Radial Conveyor Line 1.4 05 0.4 0.4
31861 600 ft South of Radial Conveyor Line 104 538 0.4 40 Adjacent to rail spur
21881 600 ft South of Radial Conveyor Line - - 15 28
31862 600 ft South of Radial Conveyor Line 05 85 09 25
31863 600 ft South of Radial Conveyor Line 15 32 o8 04

See Appendix for actual laboratory analysis sheets.

Method References:

(1) Arsenic (As), SW 848, 6010A - ICP

(2) Lead (Pb), SW848, B010A - iICP

NA : Not Anaiyzed.

ND Not detected at a value greater than reporting limit.
< : less than

(mg/kg) : milligrams per kilogram (ppm)

ppm : parts per million

)
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TABLE 2
LEASED PARCEL (7.9 Acres)
GROUNDWATER SAMPLING ANALYTICAL RESULTS
Sept. 30, Oct 1 & Oct 21, 1968
FORMER GULFPORT FERTILIZER PLANT

33" STREET
GULFPORT, MISSISSIPP
Page 1 of 1
Sample Parameters
Sample Sample Location REMARKS
Number
Arsenic As Lead Pb
(ngM (ugh)

30N31 300 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample, Adjacent to rail spur
31N4 300 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sampie

J1IN21 200 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample, Adjacent to rail spur
JI1IN24 200 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample

31N12 100 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample

31N14 100 ft North of Radlal Conveyor Line <5 <5 Geoprobe Groundwater sample

31RC1 Radial Conveyor Line <5 <5 Geoprobe Groundwater sampie, Adjacent to rail spur
31RC4 Radial Conveyor Line <5 <5 Geoprobe Groundwater sample

3181 100 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample, Adjacent to rail spur
31814 100 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sampie

31821 200 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample, Adjacent to raii spur
31824 200 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample

31831 300 ft North of Radiai Conveyor Line <5 <SS Geoprobe Groundwater sampie, Adjacent to rail spur
31834 300 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample

31841 400 ft North of Radlal Conveyor Line S <5 Geoprobe Groundwater sample, Adjacent to rail spur
31851 500 ft North of Radial Conveyor Line 789 A Geoprobe Groundwater sample, Adjacent to rail spur
21851 500 ft North of Radial Conveyor Line 13 <5 Geoprobe Groundwater sample, 20 ft west of 31851
31581 800 ft North of Radial Conveyor Line <5 <SS Geoprobe Groundwater sampie, Adjacent to raii spur

See Appendix for actual laboratory analysis sheets.

Method References:
(1)Arsenic (As), EPA 200.74CP

NA
ND
<
(ngN)
ppb

7

(2) Lead (Pb), EPA 200.74CP

Not Analyzed.

Not detected at a value greater than reporting limit.
Less than

micrograms per liter (ppb).

Parts per biilion

Butler Services of
Mississippi, Inc.
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APPENDIX B

LABORATORY ANALYTICAL RESULTS
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MICRO-METHODS

LABORATORY, INC.

e e o e i B AR

ANALYTICAL SERVICE COMPANY

October 15, 1998

Butler Services
P. O. Box 1164
Pascagoula, MS 39567

Bad

ATTN: Louis Fortenberry
REPORT OF ANALYSES

The results of the analyses of the samples received date and description as shown, lab file
#176-BS-10-98, are as attached.

fuid

If we can be of further assistance, please contact the office.

i

Thomas J. Wil

L ¥

TJW/dd

encl.

6500 Sunplex Drive « Ocean Springs, MS 39564 (228) 875-6420 + FAX (228) 875-6423
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TO: Butler Services FROM: Micro-Methods, Inc.
} Lab File #176-BS-10-98

GULFPORT FERTILIZER COMPANY
9/30/98
SOIL SAMPLES

ARSENIC LEAD

SAMPLE DESCRIPTION MM mg/kg mg/kg
30RC1-2 67327 0.8 6.1
30RC1-4 67328 0.6 2.8
30RC2-2 67329 0.6 49
30RC2-4 67330 0.6 6.4
30RC3-2 67331 3.4 30.7
30RC3-4 67332 0.9 5.6
30RC4-2 67333 3.1 7.2
30RC4-4 67334 3.7 15.8
30RC5-2 67335 26.8 20.3
30RC5-4 67336 1.8 4.2
30N11-2 67337 0.1 0.2
30N11-4 67338 2.7 6.5
30N12-2 67339 1.1 8.4
30N12-4 67340 0.8 59
30N13-2 67341 2.0 3.0
30N13-4 67342 1.0 3.2
30N14-2 67343 1.3 3.8
30N14-4 67344 1.0 25

METHODOLOGY
} SW 846, 6010A - ICP
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TO: Butler Services FROM: Micro-Methods, Inc.
Lab File #176-BS-10-98

GULFPORT FERTILIZER COMPANY
9/30/98
SOIL SAMPLES

ARSENIC LEAD

SAMPLE DESCRIPTION MM# mg/kg ma/kg
30N15-2 67345 1.8 3.3
30N15-4 67346 1.5 26
30N21-2 67347 0.6 3.2
30N21-4 67348 1.3 4.8
30N22-2 67349 0.6 15.0
30N22-4 67350 3.6 6.0
30N23-2 67351 0.7 3.2
30N23-4 67352 04 0.2
30N24-2 67353 0.8 0.8
30N24-4 67354 2.5 22.8
30N25-2 67355 1.2 22
30N25-4 67356 1.4 1.1
30N31-2 67357 2.0 11.8
30N31-4 67358 0.1 0.2
30N32-2 67359 6.6 170
30N32-4 67360 0.3 5.2
30N33-2 67361 0.6 27
30N33-4 67362 0.5 5.1
30N34-2 67363 0.9 283

METHODOLOGY
SW 846, 6010A - ICP




TO: Butler Services FROM: Micro-Methods, Inc.
Lab File #176-BS-10-98
GULFPORT FERTILIZER COMPANY
9/30/98
SOIL SAMPLES

ARSENIC LEAD
SAMPLE DESCRIPTION MM mg/kg ma/kg
E 30N34-4 57364 <0.1 3.0
30N35-2 67365 0.6 24
¥
13 30N35-4 67366 25 0.6
!
=3
o
;|
METHODOLOGY

SW 846, 6010A - ICP




TO: Butler Services FROM: Micro-Methods, Inc.
Lab File #176-BS-10-98

GULFPORT FERTILIZER COMPANY

9/30/98
WATER SAMPLES

ARSENIC LEAD
SAMPLE DESCRIPTION MM# ua/l ug/l
30RCH1 67367 <5 14.5
30RC4 67368 <5 9.3
30N11 67369 <5 225
30N14 67370 <5 63.3
30N21 67371 <5 414
30N24 67372 <5 21.5
30N31 67373 <5 6.1
30N34 67374 <5 36.6

METHODOLOGY

) EPA 200.7-ICP
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MICRO-METHODS, INC.
6500 SUNPLEX DRIVE
OCEAN SPRINGS, MS 39564

QA/QC METALS
TO: Butler Services
LAB FILE # 176-BS-10-98
ARSENIC LEAD
Spiked  Calculated Spiked  Calculated
with 50 ug Conc. % with 50 g Conc. %

MM# conc. found spl+ 50 REC. conc. found spl+50 REC.
67330 40.9 54.1 75.6 66 92 71.7
67337 30.9 51 60 70 77.6 90.2
67344 422 58.2 72.5 72 65.4 110
67351 421 53 79.4 52 66 78.8

67358 38.5 51 75.5 76 90.3 84.2

67365 443 52.8 83.9 48 63.6 75.5
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MICRO- METHODS.

LABORATORY, INC.

ANALYTICAL SERVICE COMPANY

October 15, 1998

Butler Services
P. O. Box 1164
Pascagoula, MS 39567

ATTN: Louis Fortenberry
REPORT OF ANALYSES

The results of the analyses of the samples received date and description as shown, lab file
#177-BS-10-98, are as attached.

1

If we can be of further assistance, please contact the office.

[ o

TJW/dd

encl.

b s
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FROM: Micro-Methads, Inc.

TO:; Buller Services
Lab File #177-BS-10-98

GULFPORT FERTILIZER COMPANY

10/1/98
SOIL SAMPLES
ARSENIC LEAD
SAMPLE DESCRIPTION MM mg/kg ma/kg
; 315142 87532 24 8.3
¢ 31S11-4 67533 0.4 5.2
f} 318122 87534 0.2 7.0
315124 87535 26 8.3
3 318132 87536 10.2 4.9
o 315134 87537 2.6 4.1
‘3 31S14-2 875638 108 4.9
3 31514-4 67539 6.7 18
- 318152 67540 42.7 17.0
; 31515-4 67541 23.4 38
31821.2 67542 3.8 12.8
§ 31521-4 67543 23 6.7
" 31522-2 67544 <0.1 6.2
g 31522-4 87545 0.1 4.8
§ 31523-2 87548 22 36
" 11523-4 87547 0.8 29
3 11524-2 87548 3s.7 308
] 31524-4 67549 4.8 0.8
3 315252 87550 21.2 21.3
: METHODOQLOGY

o

SW 8486, 6010A - ICP



FROM: Micro-Meathods, Inc.

TO: Butler Services
Lah File #177-8S-10-98

GULFPORT FERTILIZER COMPANY

10/1/98
SOIL SAMPLES

ARSENIC LEAD
SAMPLE DESCRIPTION MM# ma/kg ma/kg

31525-4 67551 13 2.9

31831-2 67552 1.9 3.0

: 31531-4 67553 0.2 3.0
31832-2 67554 0.5 34

3 31532-4 67555 0.8 48
13 31533-2 67556 8.6 55,1
31833-4 87558 1.4 1.8

3 31534-2 67559 0.8 1.6
31S34-4 87560 0.5 a5

g 31535-2 67561 18.0 53
- 31535-4 67562 1.7 1.2
rg 31541-2 67563 1.9 35
315414 87564 0.4 0.8

3 31842-2 67585 2.4 58
_’ ? 31S42-4 875686 0.8 1.9
) 31543-2 87587 | <0.1 4.5
J 31543-4 87568 0.9 8.1

FENE K 1 _i v

METHODQLOGY
SW 848, 8010A - ICP

@



TO: Buller Services FROM: Micrao-Methods, Inc.
Lab File #177-BS-10-08

GULFPORT FERTILIZER COMPANY

10/1/98
SOIL SAMPLES

ARSENIC LEAD

SAMPLE DESCRIPTION MM# mg/kg mgikg
318512 67569 576 705

315514 87570 74.5 1241
3 31552-2 87571 0.7 3.2
31552-4 67572 02 24
3 315532 67573 14 0.5
\ 31553-4 67574 0.4 0.4
E 315612 87575 10.4 530
;3 31561-4 67576 0.4 4.0
31562-2 67577 0.5 8.5
; 31S62-2 DUPLICATE 67578 19 23
) 31562-4 67579 0.9 2.5
§ 31863-2 67580 15 12
| 315634 87581 0.8 0.4
j 31N36-2 67591 1.5 48
3 31N3e-4 87592 0.3 5.1
31N37-2 67593 4.5 12.9
31N38-4 67594 1.8 2.8

FYETrr g teng

HOD
3 SW 846, 6010A - ICP

;sh:-‘-.-' R 1
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FROM: Micro-Methods, Inc.
Lab File #177-BS-10-98

P

TO: Butler Services

GULFPORT FERTILIZER COMPANY

Sl it

L

10/1/98
SOIL SAMPLES

ARSENIC LEAD
SAMPLE DESCRIPTION h_llM# mg/kg mﬂg_
I1IN36-2 87595 1.8 7.3
31N26-2 87597 0.7 1.5
31N26-4 67598 <0.1 21
3IN27-2 87599 4.6 3.8
31N27-4 67600 0.9 80
31N28-2 87601 11 5.3
31N28-4 87802 0.2 0.1
31N29-2 67603 1.2 6.5
31N29-4 67604 20.2 16.5
31N19-2 67805 9.5 42.3
31N19-4 67608 66.5 14.0
31539-2 67607 71 6.2
315394 67608 1.4 1.7
31578-2 67609 1.8 43.9
31S76-4 67610 11 1.8
31N39 87611 <0.1 2.3
31N37-4 67649 0.1 2.1
31N38-2 67650 0.5 54

METHODOLOGY
SW 846, 6010A - ICP



FROM: Micro-Methods, Inc.

TO: Buller Services
Lab File #177-8S-10-88

GULFPORT FERTILIZER COMPANY

j 5

10/1/98

? WATER SAMPLES
ARSENIC LEAD

SAMPLE DESCRIPTION MM# pg/l ugll
’j 37811 67582 <5 <5

31814 67583 <5 <5
3 31821 67584 <5 <5

31524 67585 <5 <5
% 31831 67588 <5 <5
3 31534 87587 <5 <5
31541 67588 <5 <5
% 31851 87589 78.9 7.31
. 31861 67590 <5 <5
i 31N39-4 87596 <5 5.35
| 31839 87612 18.8 <5
E 31579 87613 <5 <5
3 315149 87614 <5 <5
’ 315146 87615 <5 <5
3 315143 67616 <5 <5
}
i

Az rier
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MICRO-METHODS, INC.
6500 SUNPLEX DRIVE
OCEAN SPRINGS, MS 39564
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QA/QC METALS
TO: Butler Services
LAB FILE # 177-BS-10-98
ARSENIC LEAD
Spiked Calculated Spiked Calculated
with 50 pug Conc. % with 50 pg Conc. %
MM# conc. found spl + 50 REC. conc. found spl+ 50 REC.
67538 572 590.5 96.9 85 90.6 93.8
67545 31.7 50.6 62.6 68 76.8 88.4
67552 46 63.4 72.5 68 70.6 96.3
67559 371 52.8 70.2 71 59.6 119
67566 35.1 55 63.8 56 62.2 90
67573 442 55.8 79.2 51 52.9 96.4
67580 25 54.8 456 44 65.2 67.5
67602 46.4 51 90.9 49 78.6 62.3
67609 39.7 60.4 65.7 451 339.7 132.7
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MICRO- METHODS

g LABORATORY INC.

Tt A7 et ——

ANALYTICAL SERVICE COMPANY

October 23, 1998

Butler Services
P. O. Box 1164
Pascagoula, MS 39567

ATTN: Louis Fortenberry
REPORT OF ANALYSES

The results of the analyses of the samples received date and description as shown, lab file
#288-BS-10-98, are as attached.

If we can be of further assistance, please contact the office.

Sincerely,

TJW/dd

encl.

rrAn o ienin Miun « Araan Sarinae MS 30564 (228) 875-6420 » FAX (228) 875-6423



FROM: Micro-Methods, Inc.

TO: Butler Services
Lab File #288-BS-10-98

3

GULFPORT FERTILIZER COMPANY

10/21/98

3 WATER SAMPLES
ARSENIC LEAD
ri SAMPLE DESCRIPTION MM# ug/ ug/l
i RC1 68217 <5 <5
j RC 4 68218 <5 <5
: N 12 68219 <5 <5
g N 14 68220 <5 <5

N 21 68221 <5 <5
@ N 24 68222 <5 <5
j N 31 68223 <5 <5
N 34 68224 <5 <5
—3 S 39 68225 16.7 8

s 51 68226 13 <5

METHODOLOGY
3 EPA 206.2-Furnace - Arsenic

EPA 239.2-Furnace - Lead

J - ENEa Y IS EN



TO: Butler Services

FROM: Micro-Methods, Inc.
Lab File #288-BS-10-98

GULFPORT FERTILIZER COMPANY

]

10/21/98
SOIL SAMPLES
ARSENIC LEAD
SAMPLE DESCRIPTION MM# mg/kg mg/kg
68227 1.2 27.5
68228 1.5 26

! 4

METHODOLOGY
SW 846, 7060A-Furnace - Arsenic
SW 846, 7421-Fumace - Lead
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COVINGTON AND ASSOCIATES
Environmental Engineers and Consultants

PRIVILEGED AND CONFIDENTIAL

THIS REPORT HAS BEEN PREPARED UNDER CONTRACT WITH MR. ANDY
ALFONSO OF HANCOCK BANK. ANY REUSE OR RELIANCE ON THIS
REPORT WITHOUT THE EXPRESSED WRITTEN CONSENT OF
COVINGTON AND ASSOCIATES CORPORATION IS PROHIBITED. USE OF
THIS REPORT, ITS INFORMATION AND ITS CONCLUSIONS BY ANYONE
OTHER THAN HANCOCK BANK IS WITHOUT LIABILITY TO COVINGTON
AND ASSOCIATES CORPORATION.

Project # 06-175

PHASE II ENVIRONMENTAL
SITE ASSESSMENT

CASE STUDY:
Former Gulfport Fertilizer Production Facility
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Covington & Associates Corporation

March 2, 1999

Mr. Andy J. Alfonso, Jr.
Hancock Bank

P.O. Box 4019

Gulfport, Mississippi 39502

Re: EXECUTIVE SUMMARY, Phase II Environmental Site Assessment
Former Gulfport Fertilizer Company
Gulfport, Mississippi
Project #6175

Dear Mr. Alfonso:

Commencing on May 11, 1998, Covington & Associétes Corporation (CAC)
performed a limited Phase ]I Environmental Site Assessment (ESA) of the referenced
facility. The Phase Il ESA was conducted to evaluate the subject property for potential
impacts to the soil and shallow groundwater that could have occurred as the result of

previous superphosphate fertilizer and sulfuric acid production.

Site investigation activities and results of laboratory analyses of soil and
groundwater samples indicated that elevated concentrations of arsenic and lead were
detected in the soil, and elevated concentrations of lead were detected in the groundwater.
@@
Corporate Office: P.O.Box 177 e 112 Davis Avenue ® Pass Christian, Mississippi 39571 ® Office: 228-452-4999 * FAX: 228-452-0117
Regional Office: Resource Consultants, Inc.* PO. Box 1848 ¢ Brentwood, Tennessee 37024-1848




Covington & Associates Corporation
Environmental Resource Consultants

ACY:AJA
March 2, 1999

Based on the elevated concentrations of arsenjc and lead in the soil samples and
the elevated concentrations of lead in the groundwater sample from MW-1. it is
recommended that a meeting be arranged with the MDEQ prior to conducting additional

testing in order to discuss site closure options and to minimize additional sampling costs.

The following REPORT represents the findings of the assessment in full. We

appreciate this opportunity to be of continued professional service to Hancock Bank.

Respectfully submitted.

COVINGTON AND ASSOCIATES CORPORATION

e Ly (o Cfoy

Rimmer Covington, /ESA Alane C. Young. P.G.
Principal Senior Consultant
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1.0 INTRODUCTION

On May 11, 1998 Covington and Associates Corporation (CAC) commenced a limited
Phase II Environmental Site Assessment (ESA) of the former Gulfport Fertilizer Production
Facility located in Gulfport, Mississippi. The Phase I ESA was conducted for Mr. Gary
Yelvington. a potential purchaser of the property. The investigation sought to determine if
contaminants had adversely impacted the soil and shallow groundwater on site due to previous
site activities when a super phosphate fertilizer production facility operated on the property over
an extended period (circa 1904 until circa 1960). Mr. Yelvington approved the Phase II ESA

scope of work, which consisted of the excavation of nine trenches and the advancement of three

Geoprobe borings.

Analytical results of the limited Phase I ESA indicated the presence of elevated
concentrations of arsenic and lead in the near surface soils and elevated concentrations of
chromium and lead in the groundwater. Therefore, by letter of May 29. 1998 to Mr. Andy
Alfonso, Jr., of Hancock Bank (property owner), CAC proposed additional testing to determine
the extent of the arsenic and lead contamination in the near surface soil and to install

groundwater monitoring wells for additional groundwater sample collection and analysis.

The locations of all soil borings, monitoring wells and trenches conducted during the May

and June, 1998 investigations are depicted on Figure 1, which is included in Appendix A.
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This report outlines the methods employed during the field investigations and presents

the results of the soil and groundwater laboratory analyses of the selected samples.

Three borings were advanced at the site on May 11 1998, by Great Lakes Geotechnical
Services, Inc., of New Orleans, Louisiana, for the purpose of groundwater sample collection.
Nine exploratory trenches were excavated on May 11, 1998 to collect soil samples, to visually

inspect for evidence of dumping, and for subsurface strata delineation.

Additional exploratory trenching was conducted in an area where underground petroleum
storage tank(s) were reported to have existed (immediately north of the “Brick Reméins” as
depicted on Figure 1). Exploratory trenching was also cqnducted in the southeastern portion of
the property, where a tire and rubber manufacturing facility and a cottonseed oil refinery had
previously been located (as described in CAC's Phase I Environmental Site Assessment dated
June 12. 1995). No evidence of subsurface contamination was observed in the additional areas of

exploratory trenching and therefore no soil samples were collected from those locations.

Soil and groundwater samples were shipped to the Resource Analytical Solutions (RAS)
Laboratory in Brentwood, Tennessee for chemical analysis. The soil samples were analyzed for
water soluble fluoride, distilled ammonia, and for the eight Resource Conservation and Recovery
Act (RCRA) metals, because the presence of these constituents could indicate the presence of

superphosphate fertilizer. In addition, two of the soil samples were randomly selected for
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analysis of Hazardous Substance List Volatiles (HSLV) and the Hazardous Substance List
Semivolatiles (HSLS). and two soil samples were randomly selected for analysis of pesticides
and polychlorinated biphenyls (PCBs). Groundwater samples were analyzed for sulfate,
nitrogen-ammonia. fluoride, pH and for the eight RCRA metals, since these parameters could be
indicative of superphosphate fertilizer production. In addition, one groundwater sample was
randomly selected for analysis of Hazardous Substance List Volatiles (HSLV) and the Hazardous
Substance List Semivolatiles (HSLS), and one groundwater sample was randomly selected for
analysis of polynuclear aromatic hydrocarbons (PAHs) and PCBs. Results of the soil and
groundwater laboratory analyses are summarized in Table 1 (page 15) and Table 2 (page 16),

respectively.

During the second phase of testing, two groundwater monitoring wells were installed by
Walker Hill Environmental, Inc. on June 2, 1998. Seventy-one soil samples were collected on
June 3. 1998, using a post-hole digger and a rubber-tired backhoe. The vlvells were developed on
June 2, 1998, and groundwater samples were collected from the monitoring wells on June 10,
1998. The soil and groundwater samples were shipped to the RAS Laboratory for chemical
analysis. The soil samples were analyzed for arsenic and lead, and the groundwater samples
were analyzed for chromium, lead and sulfate. Results of the soil and groundwater laboratory

analyses are summarized in Table 3 (page 17) and Table 4 (page 19), respectively.
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2.0 REVIEW OF SITE CHARACTERISTICS

2.1  Site Location & Setting

The subject property is located in the east half of .the northwest quarter of Section 33,
Township 7 South, Range 11 West, Harrison County (Gulfport), Mississippi. The subject
property encompasses 33.06 acres, more or less, but this investigation focused on the northern
portion of the property where superphosphate fertilizer and sulfuric acid were produced by

Gulfport Fertilizer Company from circa 1904 until circa 1960,

2.2.  Natural Features
2.2.1 Topographic Features

Physiographically. the site is astride one of the many coastwise. east/west. parallel
trending buried beach ridges. Elevations at the site vary from slightly above +25 feet mean sea

level near the center of the site to at or just below +25 feet mean sea level near the northern limit

of the property.

Surface drainage off-site is sufficient and is generally to the north into a low wetlands
area. There is some drainage to the southwest. Drainage from the northern wetlands is

northwest via several drainage ditches into Turkey Creek; the drainage southward is via a
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collection ditch and eventually into the western extremities of Brickyard Bayou.

2.2.2 Geologic Features

Geologically, the site is located with a series of east-west trending beach ridges.
Specifically, the site is astride a buried beach ridge that is part of the Gulfport ridge complex. As
a result, there is variation of soil types due to dra_inage and modified hydrologic patterns. Soils at
the site consist primarily of Harleston sandy loam which is well drained. exhibits moderate
permeability, and slow runoff. Along the northern limits of the property, Plummer loamy sand is
found. This is a hydric soil, poorly drained with very slow run-off. Along the west property
line, Atmore silty loams are identified which are also hydric, poorly drained and exhibit slow
runoff. In addition. there is a zone, located southwest of the previous location of the phosphate

rock processing building, which appears to be wetlands.

Subsurface soils encountered during trenching and boring operations conducted on May
11, June 2 and June 3. 1998 consisted of one to three feet of fill (which included bricks, brick
fragments, concrete, and coal), underlain by silty fine sand with varying amounts of clay. A

white well-sorted fine to medium sand was encountered at a depth of ten to twelve feet below

ground surface (BGS).
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3.0 FIELD INVESTIGATION ACTIVITIES

3.1 General

The purpose of this investigation was to determine if contaminants had adversely
impacted the soil and shallow groundwater on site due to previous site activities when a super
phosphate fertilizer production facility operated on the referenced property over an extended

period.

3.2  Ficld Investigation and Sampling Methodology

3.2.1 May 1998 Investigation

On May 11, 1998, three soil borings and nine exploratory trenches were conducted on

site. Boring and trenching locations are shown on Figure 1 (Appendix A)

The three borings (B-1 through B-3) were advanced at selected locations across the site to
collect groundwater samples for chemical analysis. The borings were drilled using a 1-1/2 inch
core barrel that was hydraulically pushed into the ground by use of a Terraprobe mobile coring
unit. The closed piston borings were terminated at 12.0 feet BGS. A registered professional

geologist determined soil boring depths based on subsurface conditions at each boring location.
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Groundwater samples were collected from each of the three borings by use of a
Terraprobe 2-foot stainless steel slotted screen sampler, lowered into the borings at the 10.0 to
12.0-foot interval, where formation permeability was sufﬁcient to provide an adequate volume of
groundwater for sample collection. The sampler was purged until the water cleared. After
recovery, groundwater samples were collected by use of a peristaltic pump and a small-diameter
bailer. The groundwater samples were transferred into properly labeled, laboratory-prepared

containers, placed on ice, and shipped to RAS Laboratories following strict chain of custody

(COC) protocol.

Nine exploratory trenches were excavated by use of a rubber-tired backhoe to collect soil
samples for chemical analysis, to visually inspect for evidence of dumping, and for subsurface
strata delineation. The depths of the trenches were determined based on the thickness of the fill
encountered. Fill thickness ranged from approximately 1.0 feet to 3.0 feet. The trenches were .
terminated at approximately 3.0 feet BGS. Groundwater was encountered at depths of

approximately 3.0 feet BGS in the exploratory trenches.

Soil samples were collected from the exploratory trenches by a registered professional
geologist. The soil samples were field-screened for the presence of total volatile organic
compounds (VOCs) using an HNU photoionization detector (Datalogger 101) calibrated to a
benzene reference, and headspace screening techniques. No concentrations of total VOCs were
detected in the soil samples. One soil sample from each of the nine exploratory trenches was

retained for chemical analysis. The soil samples were properly labeled, placed on ice, and
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shipped to RAS Laboratories following strict COC protocol.

Additional exploratory trenching was conducted in an area where underground petroleum
storage tanks (USTs) were reported to have existed. No USTs were discovered. however, a
remnant of what appeared to be a product line was discovered in the trench. There was no visual

evidence of hydrocarbon-stained soil and no unusual odors were detected.

In general, subsurface soils encountered at the site during subsurface boring and trenching
operations conducted on May 11, 1998 consisted of up to three feet of fill underlain by silty fine
sand with varying amounts of clay. Bricks, brick fragments, coal, and concrete were included in
the fill material. White, well-sorted fine to medium-grained sand was encountered at a depth of

10.0 to 12.0 feet BGS in the soil borings.

3.2.2 June 1998 Investigation

On June 2, 1998 two groundwater monitoring wells were installed at the subject site.
Walker Hill Environmental, Inc. of Columbia, Mississippi was subcontracted for drilling services
including soil borings and monitoring well installations. Each soil boring location was probed
with a posthole digger to a minimum depth of two feet BGS prior to drilling with the drilling unit
in order to ensure that no shallow subsurface utilities were encountered. The drilling
subcontractor used a B-57 hydraulically-driven, truck-mounted drilling unit with a 10 5/8 -inch

outside diameter (O.D.) by 8.75-inch inside diameter (I.D.) continuous flight hollow-stem auger
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system to perform the soil borings. All augers, drill stems, rods. tools and associated equipment

was steam-cleaned and wire-brushed before being brought on site. and steam cleaned on site

between boreholes.

Groundwater was encountered at depths of approximately 5.0 feet BGS during drilling
operations. Two groundwater monitoring wells were installed. constructed of 4-inch schedule 40
PVC with 0.010-inch factory slotted screen openings and threaded flush joints. PVC plugs were
threaded onto the bottom of each well screen to prevent the intrusion of filter material, and

threaded locking caps were placed on the well pipe openings at the surface.

Monitoring well MW-1 was installed at a depth of 11.5 feet BGS. with the screen set
from 11.5 feet to 1.5 foot BGS. The 3.3-inch annular space between the monitoring well and the
borehole wall was backfilled with clean 20/40 sand to a depth of 1 feet BGS. A 0.8-foot thick
seal of bentonite pellets was immediately placed above the filter pack in the monitoring well and
packed into place. The remainder of the annular space in the well was grouted to land surface

with a grout mixture composed of 95% portland cement and 5% bentonite by weight.

Monitoring well MW-2 was installed at depths of 12 feet BGS. with a 10-foot section of
screen from 12 feet to 2 feet BGS. The 3.3-inch annular space between the monitoring well and
the borehole walls was backfilled with a clean 20/40 sand to a depth of 1.0 feet BGS. A one-foot
thick seal of bentonite pellets was immediately placed above the filter pack in the monitoring

well and packed into place. The remainder of the annular space in the well was grouted to land
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surface with a grout mixture composed of 95% portland cement and 5% bentonite by weight.

Monitor well construction details are provided in Appendix B.

Walker Hill Environmental, Inc. developed the monitoring wells on June 3, 1998.

Development was achieved by use of a bladder pump until the discharged water was observed to

be clear.

On June 3. 1998, seventy-one shallow (1 feet to 3 feet below ground surface) soil samples
were collected by use of a post-hole digger and by use of a rubber tired backhoe. The soil

samples were properly labeled. placed on ice, and shipped to RAS Laboratories following strict

COC protocol.

3.2.3 Groundwater Sampling Methodology

The two monitoring wells were sampled on June 10. 1998. Prior to sampling,
groundwater levels were measured and recorded. Depth to groundwater ranged from 4.4 feet
BGS (MW-1) to 4.9 feet BGS (MW-2), so the groundwater intersected the screened interval of
all the monitoring wells. A peristaltic pump was used to purge each monitoring well by
removing a volume of water equal to five well volumes (MW-1) and a volume of water equal to

4.3 well volumes (MW-2). Well sampling field data sheets are enclosed in Appendix C.

After purging, groundwater samples were collected from monitoring wells MW-1 and
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MW-2 by use of a peristaltic pump on June 10, 1998. The samples were obtained directly from
the pump discharge into laboratory-prepared containers for analysis of chromium, lead and
sulfates. The containers were properly labeled, placed on ice, and shipped to RAS Laboratory
following strict COC protocol. Results of the chemical analyses are discussed in Section 6.0 and

are illustrated in Figure 1 of Appendix A. The laboratory reports are enclosed as Appendix C.
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4.0 QA/QC PROCEDURES

4.1 Field Sampling Procedures

The sampling equipment was decontaminated prior to the commencement of drilling
activities, between each sample. and before each boring. Prior to sample collection, all sampling
equipment was decontaminated by washing with laboratory grade detergent (liquinox) and tap
water, by rinsing several times with distilled water, by then rinsing with a solvent (iso-propanol),
and by then allowing the sampling equipment to air dry. During sample collection. sampling
personnel wore clean, disposable latex gloves to transfer the sample to the appropriate, pre-
labeled sample container. A new pair of gloves was used at each sampling point. Soil samples
were immediately placed into appropriate containers. The groundwater samples were
immediately placed into laboratory prepared containers. All samples collected were then
transferred to a cooler with ice to maintain 4°C (when required). The container labels contained
all of the necessary information regarding the sample, as prescribed in SW-846. Test Methods for
Evaluating Solid Waste, Physical/Chemical Test Methods. 3rd Edition (USEPA 1986).
Collection of a sample initiated the Chain of Custody process. The completed chain of custody
forms included information regarding the sample type. sampling location. date and time of
collection. type of container, preservative, and the name of the person who collected the sample.
The samples were immediately shipped to RAS Laboratory for chemical analysis. Chain of

Custody forms for all collected samples are included in Appendix C.
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4.2 Laboratory Procedures

Only approved EPA analytical procedures »\;ere employed for sample analysis.
Analytical methods and corresponding quality assurance objectives were achieved using

SW-846, Test Methods for Evaluating Solid Waste, Third Edition. Methods 9038 (Sulfate).

9040B (pH in groundwater); 350.3 (Nitrogen-Ammonia); 350.2 (Distilled Ammonia); 340.2
(Fluoride); 7471and 7470A (Mercury); 6010 (arsenic, barium, cadmium, chromium. lead,

selenium, and silver); 8081 (pesticides and PCBs); 8260 (HSLV): and 8270 (HSLS and PAH).

RAS Laboratory quality control checks include, but are not limited to the following:
calibration procedures and frequency; data evaluation and documentation: preventative
maintenance on instrumentation; procedures for assessing data precision. accuracy and

completeness; and data reduction, validation, and reporting.

A summarization of the analytical data is presented in Table 1, Table 2, Table 3 and

Table 4.
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5.0 ANALYTICAL RESULTS
Laboratory analytical results of the soil and groundwater samples are included in

Appendix C. A summarization of the analytical data is presented below in Table 1.Table 2,

Table 3 and Table 4.
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Table 1

Summary of Analytical Data

Soil Samples Collected May 11, 1998

Former Gulfport Fertilizer Production Facility
Gulfport, Mississippi

Project #06-175

Sample
1.D.

Sample Depth
and Date

Fluoride

Ammonia (mg/kg)

RCRA metals mg/kg
(detected analytes only)

COVINGTON AND ASSOCIATES
Environmental Engineers and Consultants

T-1

2°(5/11/98)

(mg/kg)
26

16

Arsenic: 1.2
Barium: 91
Chromium: 2
Lead: 20

HSLV/HSLS

Not Detected

2.5° (5/11/98)

Not Detected

Barium: §
Chromium: 3
Lead: |

1.6’ (5/11/98)

78

10

Arsenic: 1.5
Barium: 10
Chromium: 5
Lead: 2

3.5 (5/11/98)

Not
Detected

Not Detected

Arsenic: 20.9

Barium: 286

Chromium: 1
Lead: 207
Silver: 0.8

37 (5/11/98)

Not
Detected

Not Detected

Arsenic: 108
Barium: 20
Chromium: 2
Lead: 135
Silver: 0.6

Pesticid.es/ PCBs

Not Detected

T-6

1.5° (5/11/98)

Not
Detected

Arsenic: 17.9
Barium: 15

Chromium: 1
Lead: 172

HSLV/HSLS

Not Detected

1" (5/11/98)

44

Arsenic: 14.6
Barium: 111
Chromium: 22
Lead: 50

2.5° (5/11/98)

Barium: 3
Chromium: |
Lead: !

1" (5/11/98)

12

150

Arsenic: 87
Barium: 21
Cadmium: 0.8
Chromium: 6
Lead: 927
Silver: 11.7

Pesticides/PCBs

Not Detected

HSLVs - tiazardous Substance List Volaliles: HSLSs - Hazardous Substance List Semivolatilcs PCBs — Polychlorinated biphenyls

Bold lettering indicates concentrations exceeding MDEQ regulatory levels of 400 mg/kg (Lead) and 0.426 mg/kg (Arsenic)
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Table 2
Summary of Analytical Data

Groundwater Samples Collected May 11, 1998
Abandoned Gulfport Fertilizer Production Facility

Gulfport, Mississippi

Environmental Engineers and Consuliants

ND= Not Detected

HSLV - Hazardous Substance List Volatiles

HSLS - Hazardous Substance List Semivolatiles

PALT — Polynuclear Aromatic Hydrocarbons

Bold lettering indicates concentrations exceeding MDEQ regulatory levels of 0.015 mg/L (Lead) and 0.05 mg/L (Arsenic)

lalicized lettering indicates concentrations exceeding Secondary Drinking Water Standards ot 250 mg/L. Tor Sulfate. Sccondary drinking
water standards are unentorccable federal guidelines regarding the taste. odor. color and certain other non-acsthetic effects ol drinking water.
Federal law docs not require water systems to comply with them.

Former Guifport Fertilizer Co. Property, Gulfport MS Project 06-175
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Project #06-175
Sample Sulfate | Nitrogen- Fluoride pH RCRA metals
1.D. (mg/L) | Ammonia (mg/L) (S.U) (mg/L)
(mg/L)
B-1 37 0.17 0.12 6.1 Arsenic (0.026) PAHs Pesticides/
Barium (0.03) PCBs
Cadmium (0.0007)
Chromium (0.011) ND ND
Lead (0.004 mg/L)
B-2 398 2.06 0.96 3.6 Arsenic (0.029) HSLV HSLS
Barium (0.05) Benzene
Cadmium (0.0015) (0.002 mg/L) ND
Chromium (0.065) EthylBenzene
Lead (0.016 mg/L) (0.002 mg/L)
Selenium (0.007) Toluene
(0.007 mg/L)
Total Xylenes
{0.008 mg/L)
B-3 257 1.06 ND 1.8 Arsenic (0.031)
Barium (0.05)
Chromium (0.107)
Lead (0.031 mg/L)
Selenium (0.013)
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Table 3
Summary of Analytical Data
Soil Samples Collected June 3, 1998
Former Gulfport Fertilizer Production Facility

Gulfport, Mississippi
Project #06-175
Sample 1.D. Sample Depth Arsenic (mg/kg) Lead (mg/kg)
And Date
North End Background 2’ (6/3/98) 14.6 295
South End Background 2.57 (6/3/98) 1.3 8
Test Pit 4 2.5°-3.5'(6/3/98) 52.8 1680
T-450° N 1°- 27 (6/3/98) 240 2810
T-4 100° N 1°- 27 (6/3/98) 16 13
T-450" E 1’- 27 (6/3/98) 30.4 2580
T-4 100" E 1’- 2 (6/3/98) - 132 6260
T-450° S 1’-2° (6/3/98) 56.2 11000
T-4100° S 1°- 2" (6/3/98) 22.5 722
T-450° W 1’- 2" (6/3/98) 274 784
T-4 100" W 1’- 2’ (6/3/98) 28.4 3500
Test Pit 5 3’- 5" (6/3/98) 309 5170
T-550'N 1'- 27 (6/3/98) 1310 4070
T-5 100" N 1'- 2" (6/3/98) 19.9 389
T-550"E 1°- 27 (6/3/98) 18.6 74
T-5100" E 1°- 27 (6/3/98) 87.3 1150
T-550'S 1’- 27 (6/3/98) i 326 4980
T-5100° S 1°-2” (6/3/98) 58 546
T-550" W 1’- 27 (6/3/98) 21.3 3270
T-5100° W 1’-2° (6/3/98) 46.6 631
Test Pit 6 2’- 3" (6/3/98) 14.8 127
T-6 50° N 1’- 2" (6/3/98) 60.3 147
T-6 100’ N 1°- 27 (6/3/98) 147 665
T-6 50" E 1'- 2" (6/3/98) 5.6 48
T-6 100" E 1’- 2’ (6/3/98) 5.3 33
T-6 50" S 1°- 27 (6/3/98) 69.7 68
T-6 100’ S 1’- 27 (6/3/98) 18.1 89
T-6 50" W 1'- 2" (6/3/98) 206 613
T-6 100° W 1'- 27 (6/3/98) 83.7 62

Bold lettering indicates concentrations exceeding MDEQ regulatory levels of 400 mg/kg (Lead) and 0.426 mg/kg (Arsenic)
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Table 3 (continued)
Sample 1.D. Sample Depth Arsenic (mg/kg) Lead (mg/kg)
And Date
Test Pit 7 2’- 3’ (6/3/98) 49.5 1640
T-750°N 1’- 2" (6/3/98) 27.1 ' 185
T-7100° N 1’- 2’ (6/3/98) 63.3 2960
T-750°E 1°- 2’ (6/3/98) 14.1 66
T-7 100’ E 1’- 2’ (6/3/98) 198 1470
T-750° S 1’- 2’ (6/3/98) 6.6 38
T-7 100" S 1°- 2” (6/3/98) 10.6 69
T-750" W 1’-2° (6/3/98) 77.7 474
T-7 100" W 1’-2' (6/3/98) 32.5 371
Test Pit 9 2’ -3’ (6/3/98) 104 1890
T-950'N 1°- 2°(6/3/98) 154 101
T-9100°N 1'- 2°(6/3/98) 3.2 1
T-9 50°E 1°- 2°(6/3/98) 58.1 925
T-9 100'E 1°- 2°(6/3/98) 23.7 387
T-950° S 1’- 2°(6/3/98) 20.0 424
T-9100° S 1’- 2" (6/3/98) 15.5 105 .
T-950° W 1’- 2°(6/3/98) 10.8 130
T-9100° W 1'-2°(6/3/98) 172 2880
P-1 1’- 2" (6/3/98) 4.2 10
P-2 1’- 2" (6/3/98) 10.5 54
P-3 1’- 2° (6/3/98) 11.3 143
P-4 I’- 2’ (6/3/98) 11.6 59
P-5 1'- 2” (6/3/98) 6.2 49
P-6 1’- 27 (6/3/98) 1.4 6
P-7 1'- 2" (6/3/98) 2.7 8
P-8 1'- 2" (6/3/98) 7.7 7
P-9 1’- 2” (6/3/98) 10.3 5
P-10 I’- 2" (6/3/98) 1.8 7
P-11 1’- 27 (6/3/98) 26.4 10
P-12 1'- 2° (6/3/98) 24.6 296
P-13 1’- 2" (6/3/98) 2.3 59
P-14 I’- 2’ (6/3/98) 10.4 47
P-15 1'- 2" (6/3/98) 121 11
P-16 1’- 2’ (6/3/98) 3.8 15
P-17 1’- 2" (6/3/98) 1.6 7
P-18 I’- 2’ (6/3/98) 6.4 40
P-19 I°- 2" (6/3/98) 0.8 6
P-20 1°- 2 (6/3/98) 3.4 13
P-21 1’- 2" (6/3/98) 55.9 495
P-22 I’- 2’ (6/3/98) 2,9 27
P-23 1'- 2" (6/3/98) 84 37
P-24 1'- 2" (6/3/98) 84.0 714

Bold lettering indicates concentrations exceeding MDEQ regulatory levels of 400 mg/kg (l.cad) and 0.426 mg/kg (Arscnic)
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Table 4
Summary of Analytical Data
Groundwater Samples Collected June 10, 1998
Abandoned Gulfport Fertilizer Production F acility
Gulfport, Mississippi

Project #06-175
Sample I.D. FieldpH | Sulfate | Chromium (mg/L) Lead (mg/L)
MW-] 3.48 - 3.65 561 0.014 1.94
MW-2 5.42-5.46 600 ND 0.002
ND= Not Detected

Bold lettering indicates concentrations exceeding MDEQ regulatory levels of 0.015 mg/L (Lead) and 0.05 mg/L. (Arsenic)

lialicized lettering indicates concentrations exceeding Secondary Drinking Water Standards of 250 mg/L. for Suifate. Secondary
drinking water standards are unenforceable federal guidelines regarding the taste, odor. color and certain other non-aesthetic effects of
drinking water, Federal law does not require water systems to comply with them.
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COVINGTON AND ASSOCIATES
Environmental Engineers and Consultants

6.0 CONCLUSIONS AND RECOMMENDATIONS

This report constitutes the findings and conclusions of the Phase II environmental site
investigation completed on the former Gulfport Fertilizer Company property, Gulfport,
Mississippi. This Phase II ESA was commenced on May 11, 1998 by CAC to determine if
contaminants had adversely impacted the soil and shallow groundwater on site due to previous

superphospate and sulfuric acid production on the property.

Based on the elevated concentrations of arsenic and lead in the soil samples and the
elevated concentrations of lead in the groundwater sample from MW-1. a Phase III
Environmental Site Assessment (consisting of additional soil and groundwater sampling) will
likely be required to delineate the degree and extent of metals contamination on site. However, it
is recommended that a meeting be arranged with the MDEQ prior to conducting additional
testing in order to discuss site closure options and to minimize additional sampling costs. It is
also be recommended that a higher clean-up level for arsenic be proposed. based on the high
concentrations of arsenic which are believed to be naturally occurring on site, due to the

concentration of arsenic found in the background soil samples taken at the north and south end of

the property.
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COVINGTON AND ASSOCIATES
Environmental Engineers and Consultants

7.0 LIMITATION OF LIABILITY

Th first phase of this investigation was authorized by Mr. Gary Yelvington and the second phase of
the investigation was authorized by Mr. Andy Alfonso of Hancock Bank. This report has been prepared
solely for the use by Mr. Andy Alfonso (the Client) and may not be used by other parties for purposes of
satisfying the requirements of an environmental site assessment or other purposes without first obtaining
the expressed written consent of Covington And Associates Corporation and partner Resource
Consultants, Inc/Dames and Moore. (the Consultant). The Consultant shall bear no liability for any
unauthorized used of the information contained in this report. Regulatory action levels reviewed for this
report include current RCRA corrective action levels, Mississippi Department of Environmental Quality
regulatory action levels, Safe Drinking Water Act Standards and National Primary Drinking Water
Standards. In the event that new information not contained in this report is obtained relating to
environmental or hazardous waste issues at the site or nearby, such information shall be brought to the
consultant's attention promptly and we may, upon evaluation, modify the conclusions stated in this
report. The evaluations, analyses and recommendations contained in this report represent the consultant's
professional opinions and judgments based on the current, generally accepted engineering, geologic and
technical practices for the nature and scope of this site inspection authorized by the client. The
consultant has not conducted a geophysical survey to confirm or refute the potential presence of any
subsurface structures. This investigation is based on conditions observed on May 11, June 2 and June 3,
1998, and on the laboratory analytical results of soil and groundwater results collected on those dates, as
well as records review as described herein or the selections of any information deemed appropriate by
the consultant's representatives at the time of the site inspection whether stated in previous or subsequent
sections of this report or not. The findings of this investigation are based on existing conditions at the site
and surrounding areas at the time of our inspection. Work described in this report was limited in its scope
and coverage due to conditions imposed by the client. Limited visual observations and conclusions were
possible to only those areas reasonably accessible. Access was not available to conduct interviews with
the previous property owners/tenants and maintenance personnel. It was not always possible to obtain
specific information on the normal practices of property owners and/or their tenants with regard to solid
waste disposal, on-site use, generation, storage and/or disposal of chemicals or oil and hazardous
materials, and any privately obtained environmental monitoring data for the property, except where
provided to the consultant by the client. Additionally, the consultant has relied on information provided
by various officials and other parties as referenced herein. Although believed to be accurate. the
consultant has not attempted to independently verify the accuracy or completeness of information
provided by officials and other parties. which was received or reviewed during the course of completing
these services. The findings presented in the report were based solely upon the services described in
Covington & Associates Corporation's Phase II ESA scopes of work dated March 30. 1998 and May 29,
1998. and not on tasks or procedures beyond the scope of the described services. No other warranty,
expressed or implied, is made. The information contained in this investigation is not intended to be all-
inclusive or to identify all potential concerns associated with the site investigation. It should be noted
that any investigation cannot determine that a site is completely free of chemicals or toxic substances.
Therefore, this investigation cannot certify that the site is "absolutely clean." This investigation is made
to provide information to the client concerning conditions at the site. This report was prepared
exclusively for the use of the client.
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APPENDIX "A"

Figures
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APPENDIX "B"

Monitoring Well Construction Reports
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Well Construction Diagram
Former Guliport Fentilizer Company
Gulfport. Mississippi

Logged by:  ACY
Start Date: 6/2/98
Completion Date: 6/2/98

Rig Type: H.5.A. B-57
Boring Type: 10.6-inch hollow stem auger
Hammer Wt/Drop: N/A

Location: Former Gulfport Fertilizer Ca. Nite

Surface Elevation: N/A
Casing Elevation: N/A

Refusal Depth: N/A

WELL CONSTRUCTION

4" diameter PVC casing
1.9 feet AGS to 1.5 feet BGS

- Locking Cup

“Cement grout seal

4" Dinmeter Slotted PVC Screen (0.01-inch slots)
1.5 feet fo 11.5 feet BGS

Rottom of borehole ‘@ 11.5 feet BGS l

<«

Rentanite Peliet Seal
0.2 feet to 1 foot BGS

Sand Filter Pack (20/41)
1 foot BGS to 11.5 feet BGS

12" dinmeter horehole

Not To Scale

%\hmnm ol screen @ 11.5 Teet BGS

WELL CONSTRUCTION DIAGRAM
Former Gulfport Fertilizer Company

CAC PROJECT NO. 6175

Well MW-1

Sheet § of 1

Figure 1




Well Construction Diagram
Former Gulfport Fertilizer Company
Gulfport. Mississippi

Logged by: ACY Rig Type: H.S.A. B-5§7 Surface Elevation: NV/A
Start Date: 6/2/98 Boring Type: 10.6-inch hollow stem auger  Casing Eievation: N/A
Completion Date: 6/2/98 Hammer Wt/Drop: N/A Refusai Depth: N/A

Location: Former Gulfport Fertilizer (o, Site

WELL CONNTRUCTION

-Locking Cap

' Bentonite Pellet Seal

1.2 feet to 1 foot BGS

4" diameter PVC cusing
3 feet AGS to 2 feet BGS

1— Sond Filter Pack (20/40)

1 foot BGS to 12 feet BGS

4" Diumeter Slotted PVC Screen (0.01-inch slots)
2 feet to 12 feet BGS

‘_——-———12" diumeter borchnle

Bottom of screen o 12 feet BGS

Bottom of borehole at 12 feet BGS ; ./

Not To Scale

WELL CONSTRUCTION DIAGRAM
Former Gulfport Fertilizer Company

CAC PROJECT NO. 6175 Well MW-2

Sheet 1 of | Figure |
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APPENDIX "C"

Laboratory Report Sheets
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esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSADADS Biva BRENTWOOD. TN, 37027 « TEL {615) 373-5040 * l(BOO.I 2_72 2373

ANALYTICAL REPORT

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

pass Christian, MS 39571

Sample Description: Groundwater Grab
Client I0: B-1
Site/Plant :
Date Collected: 11-MAY-98 16:20
Date Received: 13-MAY-98 14:54
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7247-1

TFae (6151 370.1026 - PO Box 1848 BRENTWOOD TN, 37024-1848 ¢ EMERGENCY Pgr 1615, 726 772

28-MAY- 1998

Parameter Method Units ROL Result Analyzed Analyst
Sul fate 9038 mg/L 1. 37. 18-MAY-98 CSG
Nitrogen-Ammonia 350.3 mg/l 0.10 0.17 15-MAY-98 KLC
Fluoride 340.2 mg/l 0.10 0.12 14-MAY-98 KLC
pH 90408 pH 6.1 15-MAY-98 JPH
Mercury - Total 7470A mg/L 0.0002 ND 18-MAY-98 JPH
jrsenic - Total 6010 mg/l 0.005 0.026 18-MAY-98 CSG
darium - Total 6010 mg/l 0.01 0.03 18-MAY-98 CSG
Cadmium - Total 6010 mg/l 0.0005 0.0007 18-MAY-98 CSG
Chromium - Total 6010 mg/ L 0.002 0.011 18-MAY-98 CSG
Lead - Total 6010 mg/L 0.002 0.004 18-MAY-98 CSG
Selenium - Total 6010 mg/l 0.005 ND 18-MAY-98 CSG
Silver - Total 6010 mg/l 0.001 ND 18-MAY-98 CSG

Polyaromatic Hydrocarbons
Anthracene 8270 mg/l 0.001 ND 15-MAY-98 EDD
Acenaphthene 8270 mg/l 0.001 ND 15-MAY-98 EDD
Acenaphthylene 8270 mg/l 0.001 ND 15-MAY-98 EDD
Benzo(a)anthracene 8270 mg/1 0.001 ND 15-MAY-98 EOD
Benzo(a)pyrene 8270 mg/l 0.001 ND 15-MAY-98 EOD
8enzo(b) fluoranthene 8270 mg/ | 0.001 ND 15-MAY-98 EDD
Benzo(ghi)perylene 8270 mg/l 0.001 ND 15-MAY-98 EOD
Benzo(k) fluoranthene 8270 mg/ L 0.001 ND 15-MAY-98 EOD
Chrysene 8270 mg/t 0.001 ND 15-MAY-98 EDO
Dibenz(a,h)Anthracene 8270 mg/t 0.001 ND 15-MAY-98 EOD
Fluoranthene 8270 mg/l 0.001 ND 15-MAY-98 EDD
Fluorene 8270 mg/l 0.001 ND 15-MAY-98 EOD
Indeno(1,2,3-cd)pyrene 8270 mg/l 0.001 NO 15-MAY-98 EDD
Naphthalene 8270 mg/l 0.001 NO 15-MAY-98 EDD
Phenanthrene 8270 mg/t 0.001 ND 15-MAY-98 EOD
Pyrene 8270 mg/t 0.001 ND 15-MAY-98 EOD

Pesticides/PCBs
Aldrin 8081 mg/L 0.00005 ND 26-MAY-98 WGM
alpha-BHC 8081 mg/ L 0.00005 ND 26-MAY-98 WGM
beta-BHC 8081 mg/ 1 0.00005 ND 26-MAY-98 WGM
del ta-BHC 8081 mg/ | 0.00005 ND 26-MAY-98 WGM

ND-Not Detected i -
RDL-Reported Detection Limit y: 2 )
‘,2;5é2511€f2/' (f:bfL”éézj/‘c;

" Peter Ciarleglio, M.S., Q.A. Officer

347-1 (PESTICIDES) - This test was requested out of the extraction holding time.

-1-

RCI Laboratory Certihcation Numbers AlIHA H and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204, E-117. KY-90011 NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7127 CROSSROADS Biva  BRENTWOOD. TN. 17027 « TEL (615) 373-5040. « 1(800) 272-2579 + Fax (615) 370-1026 » P O Box 1848 BAENTWOOD TN 37024-1848 « EMERGENCY Fgr (e_|_s__)_7;5 ETIE

ir. Rimmer Covington

‘ovington & Associates

112 Davis Avenue

'‘ass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client 10:
Site/Plant :

Date Collected:
Date Received:

Groundwater Grab
B-1

11-MAY-98 16:20
13-MAY-98 14:54

28-MAY- 1998

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7247-1
arameter Method Units RDL Result Analyzed Analyst
gamma-BHC (L indane) 8081 mg/ |l 0.00005 ND 26-MAY-98 WGM
Chlordane 8081 mg/ 0.00005 ND 26-MAY-98 WGM
4,4'-DDD 8081 mg/t 0.0001 ND 26-MAY-98 WGM
4,4'-DDE 8081 mg/ L 0.0001 ND 26-MAY-98 WGM
4,4'-DDT 8081 mg/ L 0.0001 ND 26-MAY-98 WGM
Dieldrin 8081 mg/ 0.0001 ND 26-MAY-98 WGM
Endosulfan 1 8081 mg/t 0.00005 ND 26-MAY-98 WGM
Endosulfan 11 8081 mg/t 0.0001 ND 26-MAY-98 WGM
Endosul fan Sul fate 8081 ma/ L 0.0001 ND 26-MAY-98 WGM
Endrin 8081 mg/ L 0.0001 ND 26-MAY-98 WGM
tndrin Aldehyde 8081 mg/| 0.0001 ND 26-MAY-98 WGM
Heptachlor 8081 mg/l 0.00005 NO 26-MAY-98 WGM
Heptachlor Epoxide 8081 mg/t 0.00005 ND 26-MAY-98 WGM
Methoxychlor 8081 mg/l 0.0001 ND 26-MAY-98 WGM
Toxaphene 8081 mg/l 0.0005 ND 26-MAY-98 WGM
PCB 1016 8081 mg/ | 0.0005  NO 26-MAY-98 WGM
PCB 1221 8081 mg/l 0.0005° ND 26-MAY-98 WGM
PCB 1232 8081 mg/t 0.0005 NO 26-MAY-98 WGM
PCB 1242 8081 mg/t 0.0005 ND 26-MAY-98 WGM
PC8 1248 8081 mg/t 0.0005 NO 26-MAY-98 WGM
PCB 1254 8081 mg/t 0.0005 NO 26-MAY-98 WGM
PCB 1260 8081 mg/!l 0.0005 ND 26-MAY-98 WGM

Not Detected

-Reported Detection Limit

47-1 (PESTICIDES) - This test was requested out of the extraction holding time.

RCI Laboratory Certification Numbers. AlIHA IH and ELLAP-9227, AL-40400, CA-1897 FL-E87363, KS-E-204. E-117, KY-80011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967

-2-

AL e Clly,

Peter Ciarleglio, M.S., Q.A. Officer



esource Analytical Solutions™

b Environmental Laboratory Services

7121 CROSSROADS Blva BRENTWOOD. TN. 37027 « TEL (615) 373-5040 -

ANALYTICAL REPORT

r. Rimmer Covington
ovington & Associates
12 Davis Avenue

ass Christian, MS 39571

Sample Description: Groundwater Grab
Client ID: B-2
Site/Plant :
Date Collected: 11-MAY-98 16:20
Date Received: 13-MAY-98 14:54
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7247-12

11800) 272-2579 « Fax (615) 3701026 - F O_Bos 1848 BRENTWOOD. TN. 37024-1848 - EMERGENCY Pg' 1615) 726 7027

27-MAY- 1998

arameter Method Units ROL Result Analyzed Analyst
Sul fate 9038 mg/L 1. 398. 18-MAY-98 CSG
Nitrogen-Ammonia 350.3 mg/l 0.10 2.06 15-MAY-98 KLC
Fluoride 340.2 mg/1 0.10 0.96 14-MAY-98 KLC
pH 90408 pH 3.6 15-MAY-98 - JPH
Mercury - Total 7470A mg/l 0.0002 WD 18-MAY-98 JPh
Crsenic - Total 6010 mg/L 0,005 0,029 18-MAY-98 cs6
arium - Total 6010 mg/t 0.01 0.05 18-MAY-98 CSG
Cadmium - Total 6010 mg/l 0.0005 0.0015 18-MAY-98 CSG
Chromium - Total 6010 ma/t 0.002 0.065 18-MAY-98 CSG
Lead - Total 6010 mg/!l 0.002 0.016 18-MAY-98 CSG
Selenium - Total 6010 mg/ L 0.005 0.007 18-MAY-98 CSG
Silver - Total 6010 mg/t 0.001 ND 18-MAY-98 CSG
L Volatiles
Acetone 8260 mg/l 0.01 ND 19-MAY-98 KFS
Benzene 8260 mg/| 0.001 0.002 19-MAY-98 KFS
Bromodichloromethane 8260 mg/L 0.001 ND 19-MAY-98 KFS
3romoform 8260 mg/L 0.001 ND 19-MAY-98 KFS
zarbon Disul fide 8260 mg/ 0.001 ND 19-MAY-98 KFS
larbon Tetrachloride 8260 mg/l 0.001 ND 19-MAY-98 KFS
“hloraobenzene 8260 mg/l 0.001 NO 19-MAY-98 KFS
2-Chloroethylvinyl ether 8260 mg/ L 0.001 ND 19-MAY-98 KFS
thloroethane 8260 mg/l 0.001 NO 19-MAY-98 KFS
‘hloroform 8260 mg/l 0.001 ND 19-MAY-98 KFS
Vibromochloromethane 8260 mg/l 0.001 NO 19-MAY-98 KFS
,1-Dichloroethane 8260 mg/t 0.001 NO 19-MAY-98 KFS
,1-0ichloroethene 8260 mg/l 0.001 NO 19-MAY-98 KFS
,2- Dichloroethane 8260 mg/l 0.001 NO 19-MAY-98 KFS
,2-0ichloropropane 8260 mg/l 0.001 ND 19-MAY-98 KFS
is-1,2-Dichloroethene 8260 mg/ L 0.001 ND 19-MAY-98 KFS
rans-1,2-0ichloroethene 8260 mg/l 0.001 ND 19-MAY-98 KFS
is-1,3-Dichloropropene 8260 mg/t 0.001 ND 19-MAY-98 KFS
rans-1,3-0ichloropropene 8260 mg/t 0.001 NO 19-MAY-98 KFS
thylbenzene 8260 mg/l 0.001 0.002 19-MAY-98 KFS
-Hexanone 8260 mg/ L 0.001 ND 19-MAY-98 KFS
ethyl Bromide 8260 mg/l 0.001 ND 19-MAY-98 KFS

Not Detected
-Reported Detection Limit

-1-

RCI Laboratory Certification Numbers AIIHA IH and ELLAP-9227, AL-40400, CA-1897, FL-EB7363. KS-E-204; E-117. KY-90011. NC-274. TN-02007

Serving Environmentaily Concerned Clients Since 1967

Peter Ciarleglio, M.S., Q.A."Officer



esource Analytical Solutions™

9 Environmental Laboratory Services

—7l2| CROSSROADS Biva BRENTWOOD TN. 37027 « TEL (615} 373 5040 » 1(800) 272.2579 + Fax (615} 370-1026 « PC Bor 1848 BRENTWGCOD TN, 37024-1848 + EMERGENCY Pq’__(ﬁl_s_p__l_z-é_r_-dz‘

ANALYTICAL REPORT
27-HAY-1998

Ir. Rimmer Covington
‘ovington & Associates
12 Davis Avenue

ass Christian, MS 39571

Sample Oescription: Groundwater Grab
Client ID: -2
Site/Plant :

Oate Collected: 11-MAY-98 16:20
Date Received: 13-MAY-98 14:54

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS sample No.: [7247-12

rameter Method Units ROL Result Analyzed Analyst
Methyl Chloride 8260 mg/t 0.001 ND 19-MAY-98 KFS
Methylene Chloride 8260 mg/ L 0.001 ND 19-MAY-98 KFS
Methyl Ethyl Ketone 8260 mg/l 0.001 ND 19-MAY-98 KFS
Yethyl Isobutyl Ketone 8260 mg/L 0.001 ND 19-MAY-98 KFS
Styrene 8260 mg/l 0.001 ND 19-MAY-98 KFS
1,1,2,2-Tetrachloroethane 8260 mg/l 0.001 ND 19-MAY-98 KFS
fetrachloroethene 8260 mg/L 0.001 ND 19-MAY-98 KFS
Toluene 8260 mg/l 0.001 0.007 19-MAY-98 KFS
l,1,1-Trichloroethane 8260 mg/L 0.001 ND 19-MAY-98 KFS
+1,2-Trichloroethane 8260 mg/l 0.001 ND 19-MAY-98 KFS
richlorethene 8260 mg/t 0.001 ND 19-MAY-98 KFS
'inyl Acetate 8260 mg/l - 0.001 ND 19-MAY-98 KFS
‘inyl Chloride 8260 mg/t 0.001 ND 19-MAY-98 KFs
ylene (total) 8260 mg/t 0.001 0.008 19-MAY-98 KFS

Semi-Volatiles

nthracene 8270 mg/l 0.0010 Np 19-MAY-98 E0O
zenaphthene 8270 mg/t 0.0010 wp 19-MAY-98 EDD
senaphthylene 8270 mg/t 0.0010 D 19-MAY-98 E00
nzidine 8270 mg/l 0.0010 Np 19-MAY-98 EDO
nzo(a)anthracene 8270 mg/t 0.0010 NO 19-MAY-98 EOD
nzo(a)pyrene 8270 mg/l 0.0010 NO 19-MAY-98 EDO
nzo(b)fluoranthene 8270 mg/t 0.0010 NO 19-MAY-98 EOD
nzo(ghi)perylene 8270 mg/l 0.0010 ND 19-MAY-98 EDO
nzo(k)fluoranthene 8270 mg/t 0.0010 ND 19-MAY-98 E00
nzoic Acid 8270 mg/t 0.0010 NO 19-MAY-98 EDD
nzyl alcohol 8270 mg/l 0.0010 ND 19-MAY-98 EDD
5(2-chloroethoxy)methane 8270 mg/t 0.0010 ND 19-MAY-98 EDO
3(2-chloroethyl ether 8270 mg/L 0.0010 NO 19-MAY-98 EDD
i(2-chloroisopropyl )ether 8270 mg/t 0.0010 ND 19-MAY-98 EDO
i(2-ethylhexyl )phthalate 8270 mg/L 0.0010 ND 19-MAY-98 EDO
yl benzyl phthalate 8270 mg/t 0.0010 NO 19-HAY-98 EDO
romophenyl phenyl ether 8270 mg/1i 0.0010 ND 19-MAY-98 EDD
hloroaniline 8270 mg/t 0.0010 D 19-MAY-98 EDD
hloronaphthalene 8270 mg/l 0.0010 D 19-MAY-98 EDD
hlorophenyl phenyl ether 8270 mg/t 0.0010 NO 19-MAY-98 EOD
ysene 8270 mg/l 0.0010 ND 19-MAY-98 EDO
resol 8270 mg/t 0.0010 D 19-MAY-98 EDO
“esol 8270 mg/l 0.0010 ND 19-MAY-98 EDO
lorophenol 8270 mg/ 1 0.0010 ND 19-MAY-98 EDD
|loro-3-Methylphenol 8270 mg/ 0.0010 ND 19-MAY-98 EDD

Detected .
Ported Detection Limit /m W

Peter Ciarleglio, M.S., Q.A. Officer

RCI Laboratory Certification Numbers: AlIHA IH and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204, E-117. KY-90011 NC-274, TN-02007
Serving Environmentaily Canrarnant Cliarmse €iee . mme



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Bivd BRENTWOOD. TN, 17027 « TEL (615) 373.5040 »

Ir. Rimmer Covington
‘ovington & Associates
12 Davis Avenue

‘ass Christian, MS 39571

ANALYTICAL REPORT

Sample Oescription:
Client ID:
Site/Plant :

Date Collected:
Oate Received:

Groundwater Grab
8-2

11-MAY-98 16:20
13-MAY-98 14:54

118001 272-2579 - Fax (6151 370-1026 + PO Box 1848 BRENTWOOD_TN. 370241848 - EMERGENCY Pgr (615, 726 02

27-MAY-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7247-12

arameter Method Units RDL Result Analyzed Analyst
Dibenz(a,h)Anthracene 8270 mg/ 1 0.0010 NO 19-MAY-98 EOD
Dibenzofuran 8270 mg/ | 0.0010 ND 19-MAY-98 EOD
1,2-Dichlorobenzene 8270 mg/1{ 0.0010 D 19-MAY-98 EDD
1,3-Dichlorobenzene 8270 mg/1 0.0010 ND 19-MAY-98 EOD
1,4-Dichlorobenzene 8270 mg/l .0.0010 ND 19-MAY-98 EDO
2,4-Dichlorophenol 8270 mg/l 0.0010 ND 19-MAY-98 EDD
3,3-Dichlorobenzidine 8270 mg/ L 0.0010 WD 19-MAY-98 EDO
Diethyl phthalate 8270 mg/l 0.0010 D 19-MAY-98 EOO
Dimethyl phthalate 8270 mg/1l 0.0010 WD 19-MAY-98 EDO
Di-n-butyl phthalate 8270 mg/1l 0.0010 D 19-MAY-98 EOD
g,é-oimethylphenol 8270 mg/ 1 0.0010 ND 19-MAY-98 EDO

,4-0ini trophenol 8270 mg/ L 0.0010 ND 19-MAY-98 EDD
2,4-Dinitrotoluene 8270 mg/1 0.0010 ND 19-MAY-98 EDO
2,6-0initrotoluene 8270 mg/l 0.0010 ND 19-MAY-98 EDD
4,6-Dinitro-o-Cresol 8270 mg/l 0.0010 ND 19-MAY-98 EDD
Di-n-octyl phthalate 8270 mg/l 0.0010 ND 19-MAY-98 EDO
1,2-Diphenyl-Hydrazine 8270 mg/l 0.0010 WD 19-MAY-98 EDD
Fluoranthene 8270 mg/t 0.0010 ND 19-MAY-98 EOD
Fluorene 8270 mg/1 0.0010 ND 19-MAY-98 EDD
Hexachlorobenzene 8270 mg/ L 0.0010 NO 19-MAY-98 EDD
Hexachlorobutadiene 8270 mg/l 0.0010 ND 19-MAY-98 EDD
Hexachlorocyclopentadiene 8270 mg/l 0.0010 NO 19-MAY-98 EDD
Hexachloroethane 8270 ma/l 0.0010 ND 19-MAY-98 EDO
Indeno(1,2,3-cd)pyrene 8270 mg/l 0.0010 NO 19-MAY-98 EOD
Isophorone 8270 mg/ L 0.0010 ND 19-MAY-98 EDD
2-Methylnaphthalene 8270 mg/ L 0.0010 NO 19-MAY-98 EOD
Naphthalene 8270 mg/l 0.0010 D 19-MAY-98 EDD
2-Nitroaniline 8270 mg/l 0.0010 ND 19-MAY-98 EOD
3-Nitroaniline 8270 mg/1{ 0.0010 NO 19-MAY-98 EOD
4-Nitroaniline 8270 mg/ 1 0.0010 NO 19-MAY-98 EDO
2-Nitrophenol 8270 mg/ 0.0010 ND 19-MAY-98 EOD
4-Nitrophenol 8270 mg/ L 0.0010 NO 19-MAY-98 EDO
Nitrobenzene 8270 mg/t 0.0010 ND 19-MAY-98 EDD
N-Nitrosodimethylamine 8270 mg/l 0.0010 NO 19-MAY-98 EDO
N-Nitrosodipropylamine 8270 mg/t 0.0010 ND 19-MAY-98 EDD
N-Nitrosodiphenylamine 8270 mg/l 0.0010 ND 19-MAY-98 EOD
Pentachlorophenol 8270 mg/ 0.0010 ND 19-MAY-98 EDD
Phenanthrene 8270 mg/t 0.0010 NO 19-MAY-98 EDD
henol 8270 mg/ | 0.0010 ND 19-MAY-98 EDD
>yrene 8270 mg/l 0.0010 ND 19-MAY-98 EDD
1,2,4-Trichlorobenzene 8270 mg/ | 0.0010 ND 19-MAY-98 EDD

‘Not Detected
--Reported Detection Limit

RC! Laboratory Certihication Numbers AlIHA iH and ELLAP-9227, AL-40400, CA- 1897, FL-E87363, KS-E-204, E-117, KY-0011. NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967

Peter Eiarleglio, M.S., O.A%gfl:cer



esource Analytical Solutions™

Environmental Laboratory Services

7721 CROSSROADS Biva BRENTWOOD, TN 17027 » TEL (615) 373.5040

< V1800) 272 2579 « Fax (615) 370-1026 - PO Bor 1848 BRENTWOOD TN 37024 1848

. Rimmer Covington
vington & Associates

2 Davis Avenue

ss Christian, MS 39571

ANALYTICAL REPQRT

Sample Description:
Client I10:
Site/Plant :

Date Collected:
Date Received:

Groundwater Grab
B-2

11-MAY-98 16:20
13-MAY-98 14:54

27-MAY-1998

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7247-12
ameter Method Units RDL Result Analyzed Analyst
',4,5-Trichlorophenol 8270 mg/ | 0.0010 D 19-MAY-98 EOD
',4,6-Trichlorophenol 8270 mg/ 0.0010 ND 19-MAY-98 EDD
't Detected .
Ported Detection Limit /m W

‘ Peter Ciarleglio, M.S., Q.A. Officer

RCI Laboratary Certification Numbers AlHA IH and ELLAP-9227, AL-40400, CA-1897,

Serving Environmentally Concerned Clients Since 1967

FL-EB7363, KS-E-204. E-117 KY-90011, NC-274, TN-02007

* EMERGENCY Pgr (615 26 g2~



esource Analytical Solutions™

Environmental Laboratory Services

7121 CAOSSROADS Bivda BRENTWOOD. TN. 17027 - TEL (615) 373-5040 *

1(800) 272 2579 + Fax (815) 370-1026 « PO Box 1848 BRENTWOOD. TN. 37024.1848 » EMERGENCY Fgr (615/ 726 102°

Ir. Rimmer Covington
ovington & Associates

12 Davis Avenue

ass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:

Client 10:
Site/Plant :
Date Collected:
Date Received:

Groundwater Grab
8-3

11-MAY-98 17:50
13-MAY-98 14:54

27-MAY- 1998

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7247-2
arameter Method Units RDL Result Analyzed Analyst
Sul fate 9038 mg/l 1. 257. 18-MAY-98 CSG
Nitrogen-Ammonia 350.3 mg/ L 0.10 1.06 15-MAY-98 KLC
Fluoride 340.2 mg/l 0.10 ND 14-MAY-98 KLC
pH 90408 pH 1.8 15-MAY-98 JPH
Mercury - Total 7470A mg/l 0.0002 WD 18-MAY-98 JPH
Grsenic - Total 6010 mg/L 0.005 0.031 18-MAY-98 CSG

arium - Total 6010 mg/l 0.01 0.05 18-MAY-98 cSG

Cadmium - Total 6010 mg/! 0.0005 WD 18-MAY-98 CSG
Chromium - Total 6010 mg/! 0.002 0.107 18-MAY-98 CSG
Lead - Total 6010 mg/t 0.002 0.031° 18-MAY-98 CSG
Selenium - Total 6010 mg/t 0.005 0.013 18-MAY-98 cSG
Silver - Total 6010 mg/ L 0.001 ND 18-MAY-98 CSG

‘Not Detected

-~Reported Detection Limit

RCI Laboratory Certification Numbers. AlIHA IH and ELLAP-9227, AL-40400, CA-1897, FL-E87363, KS-E-204, E-117. KY-90011. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967

-1~

"{é'mleglio, M.S., Q.A. Officer



esource Analytical Solutions™

Environmental Laboratory Services

712' CROSSROADS Biva BRENTWOOD TN, 37027 « TEL (615) 173-5040_ < 1(800) 272-2579 ¢« Fax (615) 370-1026 » P O Bosx 1848 BRENTWOOD TN. 37024-1848 « EMERGENCY Pgr |5|_5.: 26 To2-

ANALYTICAL REPORY
27-MAY-1998

Rimmer Covington
ington & Associates
Davis Avenue

s Christian, MS 39571

Sample Oescription: Soil Grab
Client ID: T-172/
Site/Plant :

Date Collected: 11-MAY-98 11:30
Date Received: 13-MAY-98 14:54

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7247-3

ameter Method Units RDL Result Analyzed Analyst
luoride- Water Soluble 340.2 mg/kg 1. 26. 21-MAY-98 XD
monia, Distilled 350.2 mg/kg 10 16. 18-MAY-98 KLC
sreury - Total 7471A mg/kg 0.1 ND 18-MAY-98 JPH
‘senic - Total 6010 mg/kg 0.5 1.2 18-MAY-98 csG
wrium - Total 6010 mg/kg 1. 91. 18-MAY-98 CsG
idmium - Total 6010 mg/kg 0.3 ND 18-MAY-98 CSG
womium - Total 6010 mg/kg 1. 2. 18-MAY-98 CSG
rad - Total 6010 mg/kg 1. 20 18-MAY-98 CSG
rlenium - Total 6010 mg/kg 1. NO 18-MAY-98 CsG
lver - Total 6010 mg/kg 0.5 ND 18-MAY-98 CSG
Volatiles -
:etone 8260 mg/kg 0.25 ND 20-MAY-98 KFS
‘nzene 8260 mg/kg 0.025 ND 20-MAY-98 KFS
‘omoform 8260 mg/kg 0.025 ND 20-MAY-98 KFS
irbon Disulfide 8260 mg/kg 0.025 ND 20-MAY-98 KFS
irbon Tetrachloride 8260 mg/kg 0.025 ND 20-MAY-98 KFS
Lorabenzene 8260 mg/kg 0.025 ND 20-MAY-98 KFS
bromoch{oromethane 8260 mg/kg 0.025 NO 20-MAY-98 KFS
loroethane 8260 mg/kg 0.025 ND 20-MAY-98 KFS
Chloroethylvinyl ether 8260 mg/kg 0.025 ND 20-MAY-98 KFS
loroform 8260 mg/kg 0.025 NO 20-MAY-98 KFS
omodich loromethane 8260 ma/kg 0.025 ND 20-MAY-98 KFS
1-Dichloroethane 8260 mg/kg 0.025 NO 20-MAY-98 KFS
2- Dichloroethane 8260 mg/kg 0.025 NO 20-MAY-98 KFS
1-Dichloroethene 8260 mg/kg 0.025 NO 20-MAY-98 KFS
2-Dichloropropane 8260 mg/kg 0.025 ND 20-MAY-98 KFS
s-1,3-Dichloropropene 8260 mg/kg 0.025 ND 20-MAY-98 KFS
ans-1,3-Dichloropropene 8260 mg/kg 0.025 ND 20-MAY-98 KFS
hylbenzene 8260 mg/kg 0.025 NO 20-MAY-98 KFS
thyl Bromide 8260 mg/kg 0.025 ND 20-MAY-98 KFS
thyl Chloride 8260 mg/kg 0.025 ND 20-MAY-98 KFS
thyl Ethyl Ketone 8260 mg/kg 0.025 ND 20-MAY-98 KFS
thyl Isobutyl Ketone 8260 mg/kg 0.025 NO 20-MAY-98 KFS
Hexanone 8260 mg/kg 0.025 ND 20-MAY-98 KFS
thylene Chloride 8260 mg/kg 0.025 ND 20-MAY-98 KFS
yrene 8260 mg/kg 0.025 ND 20-MAY-98 KFS
1,2,2-Tetrachloroethane 8260 ma/kg 0.025 ND 20-MAY-98 KFS
ot Detected

leported Detection Limit

Peter Ciarleglio, M.S., Q.A. Officer

RC! Laboratory Certiication Numbers: AliHA 1H and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204, E-117. KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

é Environmental Laboratory Services

7121 CROSSRAOADS Biva BRENTWOOD. TN, 37027 « TEL (615) 173-5040. » 1{800) 272-2579 *» Fas (615} 370-1026 « PO Box 1348 BRENTWOOD TN. 37024-1848 » EMERGENCY Pgr .Ei,, rig caz

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

27-MAY- 1998

Sample Description: S$ail Grab
Client ID: T-172
Site/Plant :
Date Collected: 11-MAY-98 11:30
Date Received: 13-MAY-98 14:54

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7247-3

Parameter Method Units ROL Result Analyzed Analyst
Tetrachloroethene 8260 ‘mg/kg 0.025 ND 20-MAY-98 KFS
Toluene 8260 mg/kg 0.025 ND 20-MAY-98 KFS
cis-1,2-Dichloroethene 8260 mg/kg 0.025 ['[) 20-MAY-98 KFS
trans-1,2-Dichloroethene 8260 mg/kg 0.025 1) 20-MAY-98 KFS
1,1,1-Trichloroethane 8260 mg/kg 0.025 ND 20-MAY-98 KFs
1,1,2-Trichloroethane 8260 mg/kg 0.025 ND 20-MAY-98 KFS
Trichlorethene 8260 mg/kg 0.025 Np 20-MAY-98 . KFs
Vinyl Acetate 8260 mg/kg 0.025 WD 20-MAY-98 KFs
Vinyl Chloride 8260 mg/kg 0.025 ND 20-MAY-98 KFs
Xylene (total) 8260 mg/kg 0.025 ND 20-MAY-98 KFs
Semi-Volatiles
Anthracene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Acenaphthene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Acenaphthylene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Benzidine 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Benzo(a)anthracene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Benzo(a)pyrene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Benzo(b)fluoranthene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Benzo(ghi)perylene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Benzo(k)fluoranthene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Benzoic Acid 8270 mg/kg 0.10 ND 22-MAY-98 EDD .
Benzyl alcohol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Bis(2-chloroethoxy)methane 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Bis(2-chloroisopropyl)ether 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Bis(2-chloroethyl )ether 8270 mg/kg 0.10 ND 22-MAY-98 EDD
8is(2-ethylhexyl)phthalate 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Butyl benzyl phthalate 8270 mg/kg 0.10 ND 22-MAY-98 EDD
4-Bromophenyl phenyl ether 8270 mg/kg 0.10 ND 22-MAY-98 EDD
4-Chloroaniline 8270 mg/kg 0.10 ND 22-MAY-98 EDD
2-Chloronaphthalene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
4-Chlorophenyl phenyl ether 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Chrysene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
o-Cresol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
p-Cresol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
2-Chlorophenol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
4-Chloro-3-Methylphenol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Dibenz(a,h)Anthracene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Dibenzofuran 8270 mg/kg 0.10 ND 22-MAY-98 EDD
1,2-Dichlorobenzene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
1,3-Dichlorobenzene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
)-Not Detected
JL-Reported Detection Limit / g .
2 “ Peter Ciarleglio, M.S., Q.A, Officer

\

RCI Laboratory Certification Numbers: AIIHA IH and ELLAP-9227, AL-40400, CA-1897. FL-EB7363, KS-E-204, E-117. KY-80011, NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions

Environmental Laboratory Services

5O Bor 1848 BRENTWOOD. TN 37024 1848 » EMERGENCY Pgr 1615) 726 70

<177 CROSSAOADS Biva BRENTWOOD TN 17027 - TEL (615) 373-3040, » 1(800) 272-2579 « Fas« (615) 370 1026 ©

ANALYTICAL REPORT

27-MAY 1998
Rimmer Covington
ington & Associates
pavis Avenue
s Christian, MS 39571
sample Description: Soil Grab
Client ID: T-1/2'
Site/Plant :
Date Collected: 11-MAY-98 11:30
Date Received: 13-MAY-98 14:54

RAS Accaunt No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7247-3
ameter Method Units RDL Result Analyzed Analyst
,4-Dichlorobenzene 8270 mg/kg 0.10 8D 22-MAY-98 EDD
,4-Dichlorophenol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
,3-Dichlorobenzidine 8270 mg/kg 0.10 ND 22-MAY-98 EDD
jethyl phthalate 8270 mg/kg 0.10 ND 22-MAY-98 EDD
imethyl phthalate 8270 mg/kg 0.10 ND 22-MAY-98 EDD
i-n-butyl phthalate 8270 mg/kg 0.10 ND 22-MAY-98 EDD
',4-Dimethylphenol 8270 ma/kg 0.10 ND 22-MAY-98 EDD
',4-Dinitrophenol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
', 4-Dinitrotoluene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
',6-Dinitrotoluene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
.,6-Dinitro-o-Cresol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
ii-n-octyl phthalate 8270 mg/kg 0.10 ND 22-MAY-98 EDD
,2-Diphenyl-Hydrazine 8270 mg/kg 0.10 ND 22-MAY-98 EDD
luoranthene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
luorene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
lexachlorobenzene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
lexachlorobutadiene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
lexach lorocyc lopentadiene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
lexachloroethane 8270 mg/kg 0.10 ND 22-MAY-98 EDD
ndeno(1,2,3-cd)pyrene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
sophorone 8270 mg/kg 0.10 ND 22-MAY-98 EDD
!-Methylnaphthalene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
laphthalene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
-Nitroaniline 8270 mg/kg 0.10 ND 22-MAY-98 EDD
i-Nitroaniline 8270 mg/kg 0.10 ND 22-MAY-98 EDD
-Nitroaniline 8270 mg/kg 0.10 ND 22-MAY-98 EDD
-N i trophenol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
+-Nitrophenol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
litrobenzene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
i-Nitrosodipropylamine 8270 mg/kg 0.10 ND 22-MAY-98 EDD
I1-Nitrosodiphenylamine 8270 mg/kg 0.10 ND 22-MAY-98 EDD
‘entachlorophenol 8270 ma/kg 0.10 ND 22-MAY-98 EDD
‘henanthrene 8270 ma/kg 0.10 ND 22-MAY-98 EDD
*henol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
'yrene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
l.Z,Io-Tr!chlorobenzene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
;A,S-Tr}chlorophenol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
,6,6-Trichlorophenol 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Not Detected
-~Reported Detection Limit 22 é ;_‘ @ ‘2 ;
l 4 eter Ciarleglio, M.S., Q.AZ” Officer

RCI Laboratory Certificaion Numbers AlIHA IH and ELLAP-9227, AL-40400, CA-1897. FL-E87363. KS-E-204, E-117, KY-80011. NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Biva BRENTWOOD. TN 37027 - TSL (615) 373-5040. «

1(800) 272-2579 - Fax (615) 37C-1026 « PO Box 1848 BRENTWOOD TN. 37024 1848 « EMERGENCY Pgr 1615, 726 5+

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

27-MAY-1998

'“Not Detected
'L-Reported Detection Limit

)

-1-

g a

Sample Description: Soil Grab
Client ID: T-2/2.5
Site/Plant :
Date Collected: 11-MAY-98 11:35
Date Received: 13-MAY-98 14:54
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7247-4
Parameter Method Units RDL Result Analyzed Analyst
Fluoride- Water Soluble 340.2 mg/kg 1. 10 21-MAY-98 TKD
Ammonia, Distilled 350.2 mg/kg 10 ND 18-MAY-98 KLC
Mercury - Total 7471A mg/kg - 0.1 ND 18-MAY-98 JPH
Arsenic - Total 6010 mg/kg 0.5 ND 18-MAY-98 CsG
Barium - Total 6010 mg/kg 1. 5. 18-MAY-98 CSG
Cadmium - Total 6010 mg/kg 0.3 ND 18-MAY-98 CSG
~Chromium - Total 6010 mg/kg 1. 3. 18-MAY-98 CsG
@ead - Total 6010 mg/kg 1. 1. 18-MAY-98 CSG
elenium - Total 6010 ma/kg 1. ND 18-MAY-98 CsG
Silver - Total 6010 mg/kg 0.5 ND 18-MAY-98 CSG

Peter Ciarleglio,

4
M.S., Q.A.“fficer

RC! Laboratory Certification Numbers AlIHA IH and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204, E-117. KY-80011, NC-274. TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

)

Environmental Laboratory Services

7121 CROSSROADS Biva BRAENTWOOD. TN, 37027 « TEL (615] 373-5040 + 1(800) 272.2579 + Fas« {615+ 370.1026 « P O Bos 1848 BRENTWOOD TN, 370241848 - EMERGENCY Pqr "5_‘_1,, sy

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:

Client ID:

Site/Plant :

Date

Collected:

Date Received:

Soil Grab
T-3/1.6'

11-MAY-98 11:50
13-MAY-98 14:54

27-MAY-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7247-5
Parameter Method Units RDL Result Analyzed Analyst

Fluoride- Water Soluble 340.2 mg/kg 1. 78. 21-MAY-98 TKD
Ammonia, Distilled 350.2 mg/kg 10 10 18-MAY-98 KLC
Mercury - Total 7471A ma/kg 0.1 ND 18-MAY-98 JPH
Arsenic - Total 6010 mg/kg 0.5 1.5 18-MAY-98 CSG
Barium - Total 6010 mg/kg 1. 10 18-MAY-98 CSG
Cadmium - Total 6010 mg/kg 0.3 ND 18-MAY-98 CSG
hromium - Total 6010 mg/kg 1. S. 18-MAY-98 CSG
éead - Total 6010 mg/kg 1. 2. 18-MAY-98 CSG
elenium - Total 6010 mg/kg 1. ND 18-MAY-98 CSG
Silver - Total 6010 mg/kg 0.5 ND 18-MAY-98 CSG

ND-Not Detected
ROL-Reported Detection Limit

b

RCI Laboratory Certification Numbers AlIHA IH and ELLAP-9227, AL-40400, CA-1897, FL-EB87363, KS-E-204, E-117, KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967

-1-

~

eter Ciarleglio, M.S., Q.A. Officer



esource Analytical Solutions™

’ Environmental Laboratory Services

©127V CAOSSROADS Biva BRENTWOOD TN 17027 + TEL (615) 373-5040 -

Mr. Rimmer Covington
covington & Associates
112 Davis Avenue

pass Christian, MS 39571

Sample D
S

ANALYTICAL REPORT

escription:
Client ID:
ite/Plant :
Date Collected:

Soil Grab
T-4/2.5'

11-MAY-98 12:15

Y(B00) 272-2579 « Fac {615) 370-1026 - PO Box 1848 BRENTWOOD. TN, 37024 1848 « EMERGENCY Pgr (6151 77¢

27-MAY-1998

Date Received: 13-MAY-98 14:54
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7247-6
parameter Method uUnits RDL Result Analyzed Analyst
Fluoride- Water Soluble 340.2 mg/kg 1. ND 21-MAY-98 TKD
Ammonia, Distilled 350.2 mg/kg 10 ND 18-MAY-98 KLC
Mercury - Total 7471A mg/kg 0.1 ND 18-MAY-98 JPH
Arsenic - Total 6010 mg/kg 0.5 20.9 18-MAY-98 CSG
Barium - Total 6010 mg/kg 1. 286. 18-MAY-98 CSG
Cadmium - Total 6010 mg/kg 0.3 ND 18-MAY-98 CSG
Chromium - Total 6010 mg/kg 1. 1. 18-MAY-98 CSG
ead - Total 6010 mg/kg 1. 207. 18-MAY-98 CSG
Selenium - Total 6010 mg/kg 1. ND 18-MAY-98 CsG
Silver - Total 6010 mg/kg 0.5 0.8 18-MAY-98 CSG
ND-Not Detected
RDL-Reported Detection Limit 6 Cf * e 2
! ¢ Ppeter Ciarleglio, M.S., Q.A. Officer
-1.

RC! Laboratory Certification Numbers AIHA IH and ELLAP-9227, AL-40400, CA-1897, FL-E87363, KS-E-204; E-117, KY-90011, NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

g Environmental Laboratory Services

~121 CROSSROADRS Biva BRENTWOOD, TN, 37627 « TEL (615) 373 5040,

* 1(800) 272-2579 - Fax {615) 370 1026 « PO Bor 1848 BRENTWOOD TN 370741848 - EMERGENCY Pgr (s_u: 776 102

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:

Client ID:

Site/Plant :

Date

Collected:

Date Received:

soil Grab
T-5/37

11-MAY-98 13:00
13-MAY-98 14:54

27-MAY-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7247-7
>arameter Method Units RDL Result Analyzed Analyst

Fluoride- Water Soluble 340.2 mg/kg 1. ND 21-MAY-98 TXD
Ammonia, Distilled 350.2 mg/kg 10 ND 18-MAY-98 KLC
Mercury - Total 7471A mg/kg 0.1 ND 18-MAY-98 JPH
Arsenic - Total 6010 mg/kg 0.5 108. 18-MAY-98 CsG
Barium - Total 6010 mg/kg 1. 20 18-MAY-98 CSG
Cadmium - Total 6010 mg/kg 0.3 ND 18-MAY-98 CSG
hromium - Total 6010 mg/kg 1. l. 18-MAY-98 CsSG
iead - Total 6010 mg/kg 1. 135. 18-MAY-98 CSG
elenium - Total 6010 mg/kg 1. ND 18-MAY-98 CSG
Silver - Total 6010 mg/kg 0.5 0.6 18-MAY-98 CSG
esticides/PCBs

Aldrin 8081 mg/kg 0.0017 wND 22-MAY-98 WGM
alpha-BHC 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
beta-BHC - 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
gamma-BHC (Lindane) 8081 mg/kg 0.0017 wND 22-MAY-98 WGM
delta-BHC 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
Chlordane 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
4,4'-DDD 8081 mg/kg 0.0033 D 22-MAY-98 WGM
4,4'-DDE 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
4,4'-DDT 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
Dieldrin 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
Endosul fan 1 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
Endosul fan 11 8081 mg/kg 0.0033 wND 22-MAY-98 WGM
Endosul fan Sul fate 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
Endrin 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
Endrin Aldehyde 8081 mg/kg 0.0033 D 22-MAY-98 WGM
Heptachlor 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
Heptachlor Epoxide 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
Methoxychlor 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
Toxaphene 8081 mg/kg 0.020 ND 22-MAY-98 WGM
PCB 1016 8081 mg/kg 0.020 ND 22-MAY-98 WGM
3CB 1221 8081 mg/kg 0.020 ND 22-MAY-98 WGM
3CB 1232 8081 mg/kg 0.020 ND 22-MAY-98 WGM
3CB 1242 8081 mg/kg 0.020 ND 22-MAY-98 WGM
CB 1248 8081 mg/kg 0.020 ND 22-MAY-98 WGM
’CB 1254 8081 mg/kg 0.020 ND 22-MAY-98 WGM
CB 1260 8081 mg/kg 0.020 ND 22-MAY-98 WGM

Not Detected
-Reported Detection Limit

)

A

/ PEter Ciarleglio, M.S., Q.A. Officer

RCI Laboratory Certification Numbers AlIHA IH and ELLAP-9227. AL-40400, CA-1897, FL-EB7363, KS-E-204; E-117. KY-9001 1. NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Biva BRENTWOOD TN, 37027 « TEL {615) 173-5040 -

1(800) 272-2579 » Fax (615) 370 1026 < PO Bou 1848 BRENTWOOD TN 37024 1848 * EMEAGENCY Pgr {615, 726 10

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

sample Description:

Client ID:

site/Plant :

Date

Collected:

Date Received:

Soil Grab
T-6/1.5'

11-MAY-98 13:15
13-MAY-98 14:54

28-MAY-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7247-8
Parameter Method uni ts RDL Result Analyzed Analyst
Fluoride- Water Soluble 340.2 mg/kg 1. ND 21-MAY-98 TKD
Ammonia, Distilled 350.2 mg/kg 10 52. 18-MAY-98 KLC
Mercury - Total T4T1A mg/kg 0.1 ND 18-MAY-98 JPH
Arsenic - Total 6010 mg/kg 0.5 17.9 18-MAY-98 . CSG
Barium - Total 6010 mg/kg: 1. 15. 18-MAY-98 CSG
Cadmium - Total 6010 mg/kg 0.3 ND 18-MAY-98 CSG
hromium - Total 6010 mg/kg 1. 1. 18-MAY-98 CSG
éead - Total 6010 mg/kg 1. 172. 18-MAY-98 CSG
elenium - Total 6010 mg/kg 1. ND 18-MAY-98 CSG
Silver - Total 6010 mg/kg 0.5 ND 18-MAY-98 CSG
HSL Volatiles
Acetone 8260 mg/kg 0.25 ND 19-MAY-98 KFS
Benzene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Bromoform 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Carbon Disulfide 8260 ma/kg 0.025 ND 19-MAY-98 KFS
Carbon Tetrachloride 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Chlorobenzene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Dibromochloromethane 8260 ma/kg 0.025 ND 19-MAY-98 KFS
Chloroethane 8260 mg/kg 0.025 ND 19-MAY-98 KFS
2-Chloroethylvinyl ether 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Chloroform 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Bromodichloromethane 8260 mg/kg 0.025 ND 19-MAY-98 KFS
1,1-Dichloroethane 8260 mg/kg 0.025 ND 19-MAY-98 KFS
1,2- Dichloroethane 8260 mg/kg 0.025 ND 19-MAY-98 KFS
1,1-Dichloroethene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
1,2-Dichloropropane 8260 mg/kg 0.025 ND 19-MAY-98 KFS
cis-1,3-Dichloropropene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
trans-1,3-Dichloropropene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Ethylbenzene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Methyl Bromide 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Methyl Chloride 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Methyl Ethyl Ketone 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Methyl Isobutyl Ketone 8260 mg/kg 0.025 ND 19-MAY-98 KFS
2-Hexanone 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Methylene Chloride 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Styrene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
1,1,2,2-Tetrachloroethane 8260 mg/kg 0.025 ND 19-MAY-98 KFS

ND-Not Detected
ROL-Reported Detection Limit

)

RCI Laboratory Certification Numbers AItHA IH and ELLAP-9227. AL-40400, CA-1897, FL-EB7363, KS-E-204. E-117. KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967

ol Corled

Peter Ciarleglio, M.S., Q.A. Officer



esource Analytical Solutions™

9

Environmental Laboratory Services

7121 CROSSACADS Biva BRENTWOOD TN, 37027 «

TEL (615) 373.5040

« 1(800) 272-2579 » Fau

(615) 370.1026 « PO Box 1848 BRENTWOOD, TN, 37024-1848 - EMERGENCY Por

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description: Soil Grab
Client ID: T-6/1.5¢
Site/Plant :
Date Col lected: 11-MAY-98 13:15
Date Received: 13-MAY-98 14:54
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7247-8

1615, 726 *0;

2B-MAY-1998

Parameter Method Units ROL Result Analyzed Analyst
Tetrachloroethene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Toluene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
cis-1,2-Dichloroethene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
trans-1,2-Dichloroethene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
1,1,1-Trichloroethane 8260 mg/kg 0.025 ND 19-MAY-98 KFS
1,1,2-Trichloroethane 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Trichlorethene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Vinyl Acetate 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Vinyl Chloride 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Xylene (total) 8260 mg/kg 0.025 ND 19-MAY-98 KFs

Q. Semi-Volatiles
Anthracene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Acenaphthene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Acenaphthylene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Benzidine 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Benzo(a)anthracene 8270 mg/kg . 0.10 ND 27-MAY-98 EDD
Benzo(a)pyrene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Benzo(b) fluoranthene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Benzo(ghi)perylene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Benzo(k)fluoranthene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Benzoic Acid 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Benzyl alcohol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Bis(Z-chloroethoxy)methane 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Bis(z-chloroisopropyl)ether 8270 mg/kg 0.10 ND 27-MAY-98 EDD
8is(2-chloroethyl)ether 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Bis(2-ethylhexyl)phthalate 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Butyl benzyl phthalate 8270 mg/kg 0.10 ND 27-MAY-98 EDD
4-Bromopheny! phenyl ether 8270 mg/kg 0.10 ND 27-MAY-98 EDD
4-Chloroaniline 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2-Chloronaphthalene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
4-Chlorophenyl phenyl ether 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Chrysene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
o-Cresol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
p-Cresol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2-Chlorophenol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
6-Chloro-3-Methylphenol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Dibenz(a,h)Anthracene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Dibenzofuran 8270 mg/kg 0.10 ND 27-MAY-98 EDD
1,2-Dichlorobenzene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
1,3-Dichlorobenzene 8270 mg/kg 0.10 ND 27-MAY-98 EDD

)-Not Detected
)L-Reported Detection Limit

RCI Laboratory Certification Numbers' AlIHA IH and ELLAP-9227, AL-4

Serving Environmentally

0400. CA-1897, FL-EB7363, KS-E

Concerned Clients Since 1967

Petel eiarleglio, M.S., 0.;. Officer

-204; E-117, KY-90011, NC-274, TN-02007



esource Anaiytical Solutions™

Environmental Laboratory Services

7121 CROSSANADS Bive BRENTWOOD. TN 37027 = TEL (615) 373-5040. «

1(800) 272-2579 « Fas (615) 370 1026 » PO Box 1848 BRENTWOOD. TN. 370241848 - EMERGENCY Pgr (615 726 r02°

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:

Client ID

Site/Plant
Date Collected:
Date Received:

Soil Grab
T-6/1.5'

11-MAY-98 13:15
13-MAY-98 14:54

28-MAY-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7247-8
>arameter Method Units RDL Result Analyzed Analyst
1,4-Dichlorobenzene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2,4-Dichlorophenol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
3,3-Dichlorobenzidine 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Diethyl phthalate 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Dimethyl phthalate 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Di-n-butyl phthalate 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2,4-Dimethy(phenol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2,4-Dini trophenol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2,4-Dinitrotoluene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
-2,6-Dinitrotoluene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
i,b-oinitro-o-Cresol 8270 ma/kg 0.10 ND 27-MAY-98 EDD
Wi-n-octyl phthalate 8270 mg/kg 0.10 ND 27-MAY-98 EDD
1,2-Diphenyl -Hydrazine 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Fluoranthene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Fluorene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Hexachlorobenzene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Hexachlorobutadiene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Hexachlorocyc lopentadiene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Hexachloroethane 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Indeno(1,2,3-cd)pyrene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Isophorone 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2-Methylnaphthalene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Naphthalene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2-Nitroaniline 8270 mg/kg 0.10 ND 27-MAY-98 EDD
3-Nitroaniline 8270 mg/kg 0.10 ND 27-MAY-98 EDD
4-Nitroaniline 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2-Nitrophenol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
4-Nitrophenol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Nitrobenzene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
N-Nitrosodipropylamine 8270 mg/kg 0.10 ND 27-MAY-98 EDD
N-Nitrosodiphenylamine 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Pentach lorophenol 8270 mga/kg 0.10 ND 27-MAY-98 EDD
Phenanthrene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Phenol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Pyrene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
1,2,4-Trichlorobenzene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2,4,5-Trichlorophenol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2,4,6-Trichlorophenol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
D-Not Detected
OL-Reported Detection Limit
3 Peter Ciarleglio, M.S., Q.A. Officer

)

RCI Laboratory Certification Numbers AllHA IH and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204; E-117. KY-90011. NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSHOADS Biva BRENTWOOD TN. 37027  TEL (615} 373-5040. » 1(800) 272-257

g e Fas [615) 370-1026 + P O Box 1848 BRENTWOON TN 37024-1848 - EMERGENCY Pgr (615) 726 rar

ANALYTICAL REPORT

r. Rimmer Covington
ovington & Associates
12 Davis Avenue

ass Christian, MS 39571

sample Description: Soil Grab
Client ID: T-7/1/
Site/Plant :

Date Collected: 11-MAY-98 13:20
Date Received: 13-MAY-98 14:54

RAS Accoynt No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7247-9

27-MAY-1998

arameter Method units RDL Result Analyzed Analyst
Fluoride- Water Soluble 340.2 mg/kg 1. 44 . 21-MAY-98 TKD
Ammonia, Distilled 350.2 mg/kg 10 16. 18-MAY-98 KLC
Mercury - Total 7471A mg/kg 0.1 ND 18-MAY-98 JPH
Arsenic - Total 6010 mg/kg 0.5 14.6 18-MAY-98 CSG
Barium - Total 6010 mg/kg 1. 111. 18-MAY-98 CSG
Cadmium - Total 6010 mg/kg 0.3 ND 18-MAY-98 CSG
»Lhromium - Total 6010 mg/kg 1. 22. 18-MAY-98 CSG
ead - Total 6010 mg/kg 1. 50 18-MAY-98 CSG
“Selenium - Total 6010 mg/kg 1. ND 18-MAY-98 CSG
Silver - Total 6010 mg/kg 0.5 ND 18-MAY-98 CSG

D-Not Detected
DL-Reported Detection Limit

)

S (Zrle

Peter Ciarleglio, M.S., Q.A. Officer

RCI Laboratory Certiication Numbers AlIHA IH and ELLAP-9227, AL-40400, CA-1897, FL-E87363, KS-E-204, E-117. KY-80011, NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions”

Environmental Laboratory Services

7121 CAOSSAOADS Bivy BREN w000 TN 37027 + TEL 1615) 373-5040_

11800) 2722579 » Fa« {615) 370 1026 - PO Box 1848 BAENTWOOD. TN 37024 1648 + EMERGENCY Pyr 1675 776 *n

Mr. Rimmer Covington
tovington & Associates
112 Davis Avenue

pass Christian, MS 39571

Sample D

S
Date

ANALYTICAL REPORT

escription:
Client ID:
ite/Plant :
Collected:

Soil Grab
7-8/2.5’

11-MAY-98 13:35

27-MAY- 1998

Date Received: 13-MAY-98 14:54

RAS Accouynt No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7247-10

Parameter Method Units RDL Result Analyzed Analyst
Fluoride- Water Soluble 340.2 mg/kg 1. S. 21-MAY-98 TKD
Ammonia, Distilled 350.2 mg/kg 10 18. 18-MAY-98 KLC
Mercury - Total 7471A mg/kg 0.1 ND 18-MAY-98 JPH
Arsenic - Total 6010 mg/kg 0.5 ND 18-MAY-98 CSG
Barium - Total 6010 mg/kg 1. 3. 18-MAY-98 CSG
Cadmium - Total 6010 mg/kg 0.3 ND 18-MAY-98 CSG
Zhromium - Total 6010 mg/kg 1. 1. 18-MAY-98 CSG
@ead - Total 6010 mg/kg 1. 1. 18-MAY-98 CSG
elenium - Total 6010 mg/kg 1. ND 18-MAY-98 CSG
Silver - Total 6010 mg/kg 0.5 ND 18-MAY-98 CSG
Not Detected
L-Reported Detection Limit
‘ Peter Ciarleglio, M.S.,
-1-.

RCI Laboratory Certification Numbers AlIHA IH and ELLAP-9227 AL-40400, CA-1897
Serving Environmentally Concerned CI

ients Since 1967

. FL-EB7363. KS-E-204; E-117, KY-90011, NC-274, TN-02007




esource Analytical Solutions™

Environmental Laboratory Services

na CﬂOSéﬁOA_DS Biva BRENTWOOD, TN 37027 « TEL {615) 373-5040, = 1{800} 272.2579 « Fax {(615) 370-1026 - PO Box 1848 BAENTWOOD. TN, 37024-1848 » EMERGENCY Pgr (615, ?_;u_ Taxt

. Rimmer Covington
wington & Associates
12 Davis Avenue

1ss Christian, MS 39571

ANALYTICAL REPORT

Sample Description:

Client ID:

Site/Plant :

Date

Coilected:

Date Received:

gsoil Grab
T-9/71/

11-MAY-98 13:50
13-MAY-98 14:54

27-MAY-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7247-11

rameter Method Units R0L Result Analyzed Analyst
Fluoride- Water Soluble 340.2 mg/kg 1. 12. 21-MAY-98 TKD
Ammonia, Distilled 350.2 mg/kg 10 150 18-MAY-98 KLC
Mercury - Total 7471A mg/kg 0.1 ND 18-MAY-98 JPH
Arsenic - Total 6010 mg/kg 0.5 87.0 18-MAY-98 (%]
Barium - Total 6010 mg/kg 1. 21. 18-MAY-98 CSG
Cadmium - Total 6010 mg/kg 0.3 0.8 18-MAY-98 CSG
Chromium - Total 6010 mg/kg 1. 6. 18-MAY-98 CSG
jead - Total 6010 mg/kg 1. 927. 18-MAY-98 CSG
selenium - Total 6010 mg/kg 1. ND 18-MAY-98 CSG
Silver - Total 6010 mg/kg 0.5 11.7 18-MAY-98 CSG
sticides/PCBs

aldrin - 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
alpha-BHC 8081 mg/kg 0.0017 WD 22-MAY-98 WGM
seta-BHC 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
jamma-BHC (Lindane) 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
del ta-BHC 8081 mg/kg 0.0017 WD 22-MAY-98 WGM
“hlordane 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
+,47-DDD 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
+,4' -DDE 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
+,47-DDT 8081 ma/kg 0.0033 ND 22-MAY-98 WGM
dieldrin 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
:ndosul fan 1 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
‘ndosulfan 11 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
‘ndosul fan Sul fate 8081 mg/ kg 0.0033 ND 22-MAY-98 WGM
‘ndrin 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
‘ndrin Aldehyde 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
leptachlor 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
leptachlor Epoxide 8081 mg/kg 0.0017 ND 22-MAY-98 WGM
lethoxychlor 8081 mg/kg 0.0033 ND 22-MAY-98 WGM
oxaphene 8081 mg/kg 0.020 ND 22-MAY-98 WGM
'CB 1016 8081 mg/kg 0.020 ND 22-MAY-98 WGM
cB 1221 8081 mg/kg 0.020 ND 22-MAY-98 WGM
cB 1232 8081 mg/kg 0.020 ND 22-MAY-98 WGM
CB 1242 8081 ma/kg 0.020 ND 22-MAY-98 WGM
CB 1248 8081 mg/kg 0.020 ND 22-MAY-98 WGM
€8 1254 8081 mg/kg 0.020 ND 22-MAY-98 WGM
CB 1260 8081 mg/kg 0.020 ND 22-MAY-98 WGM

Not Detected

-Reported Detection Limit

RCI Laboratory Certitication Numbers: AIIHA 1K and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204, E-117. KY-90011, NC-274, TN-02007

Peter Ciarleglio, M.S., Q.A. Officer

Serving Environmentally Concerned Clients Since 1967
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esource Analytical Solutions™

Environmental Laboratory Services

('}

7121 CROSSROADS Biva . BRENTWOOD. TN, 37027 « TEL {615) 373 5040, * 1(800) 272-2579 * Fax (615) 370-1026 * PO Box 1848 BRENTWOOD. TN. 37024-1848 « EMERGENCY Pgr (615) 726 700

ANALYTICAL REPORT
11-JUN- 195

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

Sample Description: Soil Composite
Client 1ID: NORTH END BACKGROUND
Site/Plant : #6175

Date Collected: 03-JUN-98 16:30

Date Received: 05-JUN-98 15:01
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7439-1

Parameter Method Units RDL Resul t Analyzed Analyst
Arsenic - Total 7060 mg/kg 0.5 14.6 10-JUN-98 CSG
Lead - Total 7420 ma/kg 5. 295. 10-JUN-98 CSG

=

ND-Not Detected
ROL-Reported Detection Limit

(3

eter Ciarleglio, M.S., Q.A. ficer

RCI Laboratory Certitication Numbers  AlIMA I1H and ELLAP-9227. AL-40400, CA-1897, FL-E87363. KS-E-204: E-117, KY-80011. NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967




esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Blva BRENTWOOD. TN, 37027 » TEL (615) 373-5040, « 1({8001 272-2579 « Fax {615) 370-1026 + PO Bos 1848 BRAENTWOOD. TN. 17024-1848 - EMERGENCY Pgr (£15) 726 702-

ANALYTICAL REPORT

*. Rimmer Covington
wvington & Associates
12 Davis Avenue

1ss Christian, MS 39571

sample Description: Soil Composite '
Client ID: SOUTH END BACKGROUND
Site/Plant : #6175
Date Collected: 03-JUN-98 16:30
Date Received: 05-JUN-98 15:01
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7439-2

11-JUN- 1998

irameter Method Units RDL Resul t Analyzed Analyst
Arsenic - Total 7060 mg/kg 0.5 1.3 10-JUN-98 CSG
Lead - Total 7420 mg/kg 5. 8. 10-JUN-98 CSG

-Not Detected
L-Reported Detection Limit

)

Péter Ciarleglio, M.S., Q.A. Officer

RC! Laboratory Certification Numbers: AlIHA IH and ELLAP-9227. AL-40400, CA-1897, FL-EB7363, KS-E-204. E-117. KY-80011, NC-274. TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

o Environmental Laboratory Services

7121 CROSSADADS Biva BRENTWOOD TN 37037+ TEL (615) 373 5040 - 1(800) 272-2579 « Fax (615) 370 1036 - ¥ O Bas 1840 BRENTWOOD TN 37024 1848 « EMEAGENCY Por 1815) 726 70>
———=.2) 726 70

ANALYTICAL REPORT
15- JUN- 199¢
Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description: Soil Composite
Client ID: PIT 4/2.5-3.5/
Site/Plant : #6175
Date Collected: 03-JUN-98 12:10
Date Received:  11-JUN-98 15:43
RAS Account No.: 8164.00

RAS Project No.: 8164.00
RAS sample No.: L7480-1
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 52.8 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 1680 13-JUN-98 CSG

-

Vot Detected !
‘Reported Detection Limit % .

b ; Peter Ciarleglio, M.S., Q.AZOfficer

RCI Laboratory Certification Numbers: AlIHA I1H and ELLAP-9227, AL-40400. CA-1897, FL-EB7363. KS-E-204, E-117. KY-9001 1. NC-274 TN-02007
Serving Environmentally Concerned Clients Since 1967



[

esource Analytical Solutions™

Environmental Laboralory Services

7121 CROSSROADS Bive BRENTWOGD TN 37027 TEL (615) 373-5040 < 1(800) 272-2579 « Faz {635} 370.1026 -

PO Box 1848 BRENTWOOD TN 37024-1848 « EMERGENCY Pgr (815} 726 702

ANALYTICAL REPORT

15-JUN-1998
Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571
sample Description: Soil Composite
Client 1D: T-4 4/100E
Site/Plant : #6175
Date Collected: 03-JUN-98 12:20
Date Received: 11-JUN-98 15:43
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-2
parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 132. 13- JUN-98 CSG
Lead - Total 6010 mg/kg 1. 6260 13-JUN-98 CSG
HD-Not Detected 2
ROL-Reported Detection Limit .
2

b

-1-

Peter Ciarleglio, M.S., Q.7 Officer

RCI Laboratory Certification Numbers: AlIHA I1H and ELLAP-9227, AL-40400, CA-1897, FL-E87363, KS-E-204, E-117 KY-80011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

.1(800) 272-2579 « Fax (815) 370-1026 - P O Boa 1848 BRENTWOOD TN 17024-1848 + EMERGENCY Pg: (615) 726 /02

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORY

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 4/50N/1-2'
#6175
03-JUN-98 12:30
11-JUN-98 15:43

15-JuN-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-3
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 240 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 2810 13-JUN-98 CSG
ND-Not Detected
RDL-Reported Detection Limit
. /Petér Ciarleglio, M.S., Q.A. Officer
-1-

RCI Laboratory Certificaton Numbers. AlIHA IH and ELLAP-9227, AL-40400, CA-1897. FL-EB7363, KS-E-204; E-117. KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

4 Environmental Laboratory Services

438 ARENTWOOD TN 17324 1848 « EMERGENC ¥ 3

@Rt s 0 37027« TR, £15) 173 504G + 180G, 272 2579 + Fau [615) 370-1026 + P~ ks

12+ CROSSAOADS Biv2

ANALYTICAL REPORT
15- JUN -1998

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

pass Christian, MS 39571

sample Description: Soil Composite
Client ID: PIT 4/100N/1-2'
Site/Plant : #6175
Date Collected: 03-JUN-98 12:40
Date Received: 11-JUN-98 15:43
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-4

Parameter Method Units RDL Resul t Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 16. 13- JUN-98 CsG
Lead - Total 6010 mg/kg 1. 13. 13-JUN-98 CSG

e
ND-Not Detected # 17 od \ .- _
RDL-Reported Detection Limit /é’ C/ _6/‘ ’
/A/'é "~ /(l—:,

3 1 "~ Peter Ciarleglio, M.S., G.A.7Officer

RCI Labaratery Cerbfication Numbers AlIHA IH and ELLAP-9227 AL-40400, CA-1897. FL-ER7363 KS-E-204 E-117 KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

+. pimmer Covington
wington & Associates
12 pavis Avenue

;s Christian, MS 39571

7571 CROSSROADS ars ARENTA AOD TN 37927+ TEL (615 173 5040 +

ANALYTICAL REPORT

sample Description:
Client ID:
Site/Plant :

Date Coliected:
Date Received:

Soil Composite

PIT 4/50E/1-2'

#6175

03-JUN-98 12:50
11-JUN-98 15:43

- e —
18001 272 2579 » Fax (6151 370 1026 * P 1 Ha: Adx BRENTWCOD TN 3702« 334+

FEMEHGENTY ®3 el Tig 7y,

15- JUN-1998

RAS Account NoO.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-5
rameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 ma/kg 0.5 30.4 13- JUN-98 CSG
Lead - Total 6010 mg/kg 1. 2580 13-JUN-98 CSG
|
ND-Not Detected ’/;7 /// \
RDL-Reported Detection Limit . L0 i
P _/ p /—/d (' ’Le"'{‘)j (‘L' 2
’ ~Reter Ciarteglio, M.S., 0.AT Officer

R L aboratory Certihcation Numbers AlIHA

IH ang ELLAP-9227. AL-40400 CA-1897 FL-E

Serving Environmentally Concerned Clients Since 1967

87363, KS-E-204 E-117 KY-90011. NC 274 TN-02007

1998



esource Analytical Solutions™

7171 CROSSROADS Bic1 BAENTWOGSD Th 17027 « TEL 6151 171 5030 =

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

Environmental Laboratory Services

1 B0CI 272 2576 + Fau (615) 370 1026 + PG Bas 1338 BREN WO

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite

PIT 4/50s8/1-2'

#6175

03-JUN-98 13:00
11-JUN-98 15:43

T £,

15- JUN-1998

alyst

SG
CsG

Peter Ciarleglio, M.S., @.A. Officer

204 E-117 KY-90011 NC-274, TN-02007

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-6
Parameter Method Units RDL Result
Arsenic - Total 6010 mg/kg 0.5 56.2
Lead - Total 6010 mg/kg 1. 11000
ND-Not Detected
RDL-Reported Detection Limit
Ht . Laboratory Certification Nambers AlIHA IH and ELLAP-9227. AL-s.

Serving Environmentally Conce



esource Analytical Solutions™

ﬁ Environmental Laboratory Services

7127 CROSSROADS Biv: BRENTWODD & 1%7 « TEL wis, 377 5080 « 1{BOC) 72 FS79 » Fas (615) 3701026 « P00 Boe 1848 BAENTW .0 Tn 17523 ‘84A « EMERGENC Y ¥,

ANALYTICAL REPORT
15-JUN- 1998

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

Sample Description: Soil Composite
Client ID: PIT 4/100S/1-2'
Site/Plant : #6175
Date Collected: 03-JUN-98 13:10
Date Received: 11-JUN-98 15:43
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-7

Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 22.5 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 722. 13- JUN-98 CSG

KD-Not Detected -2 . S )
RDL-Reported Detection Limit a& (-/(4{,-6, /
- 2, ‘e

<

Peter Ciarleglio, M.S., &.A. Officer

+il.! Laboratory Certificaton Numbers AlIHA IH and ELLAP-9227 AL-40400 CA 189" FL-EB7363 KS-E-204 E-117 KY-90011 NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

)

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

Tt

’ "12) CROSSROADS Bive BRENTWAIT

Environmental Laboratory Services

TEL 6151 1715540 - 1(800) 272,357 -

Fa1(615) 3701026+ PO Bo« 1833 BREN WS 1,
- A11813) 3701026 « PO Bos 18 £

ANALYTICAL REPORT

Sample Description:
Client 1D:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 4/50W/1-2¢
#6175

03-JUN-98 13:20
11-JUN-98 15:43

37024 1548 - EMERGENCY b,

.

15-JUN-199¢

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Ssample No.: (7480-8
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 274. 13- JUN-98 CSG
Lead - Total 6010 mg/kg 1. 784, 13-JUN-98 CSG
:D-Not Detected P PN .
L-Reported Detection Limit .’%,.//&’_ Lﬁl”—&’f{"{
$ -Peter Ciarleglio, M.S., G.A- Officer
-1-

HCI Laboratory Certification Numbers AllHA |H and ELLAP-9227 AL-404
Serving Environmentaily ¢

00, CA-1897. FI £87363 KS.
oncerned Clients Since 197

E-204, E-117 KY.90011 NC-274 TN-02007



esource Analytical Solutions”

f

121 CROSSROADS 8ive BREMTW™ 7

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

Environmental Laboratory Services

Te 15 U615) 373 5040 -+ 1,300 272 2579 + Fax (615 370 1026 + PO Bos 1843 RAENT 4 °

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 4/100W/1-2°
#6175

03-JUN-98 13:30
11-JUR-98 15:43

« 1304 1RaB . (:‘_MEHGFA.'~ .

15-JUN-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-9
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 28.4 13- JUN-98 CSG
Lead - Total 6010 mg/kg 1. 3500 13- JUN-98 CSG

ND-Not Detected
RDL-Reported Detection Limit

RCI L aboratory Certiication Numbers AlIHA |H and ELLAP-3227 AL-40400, CA-1897 FL E87363. KS-E 204 E-117 KY-9001t 1. NC-274 TN-02007

T2 . e
- - = ] I/ P
el Cog 0 L

Peter Ciarleglio, M.S., Q.A. BFficer

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

121 CROSSROADS B +3 BAENTWOIL 'N 1727« "L §15. 173 5040 » 11800) 372 2575 = Fa: (613) 3701026 - PO By '343 ARENTWIOD "~ 17024 "848+ EMERAGENIY ¥y &

ANALYTICAL REPORT
15-JUN-1998

Mr. Rimmer Covington
covington & Associates
112 Davis Avenue

pass Christian, MS 39571

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 5/3-5/
#6175
03-JUN-98 13:40
11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-10
parameter Method units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 309. 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 5170 13-JUN-98 CSG

MD-Not Detected D . -
ROL-Reported Detection Limit P Cf, " ,
A2 & e a@@r)n 1.

Peter Ciarleglio, M.S., Q.A. Bfficer
i
J

K1 Labusatory Certiication Numbers AlIHA iH and ELLAP-9227, AL-40400. CA-1897 FL-EB7363. KS-E-204 E-117 KY-90011 NC-274 TN-02007
Serving Environmentally Concerned Chlients Since 1367



esource Analytical Solutions™

121 CROSSROADS Biva BRENTWOOD Th 3702°« TEL 1615 373 5040 « 1(800) 272 2579 » Fau 16151 170 1026 + P O_Bos 1848 BAEA"A I3

r. Rimmer Covington
ovington & Associates
12 Davis Avenue

ass Christian, MS 39571

Environmental Laboratory Services

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite

PIT 5/50N/1-2/

#6175

03-JUN-98 13:50
11-JUN-98 15:43

r

17024 1848 « EMERGENCY Pgi (614 *on -

15-JUN- 1998

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7480-11
arameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 1310 13- JUN-98 CSG
Lead - Total 6010 mg/kg 1. 4070 13- JUN-98 CSG
!
-Not Detected 7 A
L-Reported Detection Limit L i'~

/"" /é ;"{

<

" peter Ciarleglio, M.S., Q.A/Officer

AL Caboratory Certification Numpers AlIHA Ik and ELLAP-9227, AL-40400 CA-1897 FL E87363, KS E-204 E-117 KY-80011 NC-274 TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

‘12t LACSIAOADS Bisa BRENTWOOL "M 17027«

ANALYTICAL REPORT

YEL 5151 373.5070 + 1{R00) 272 7579 « Fas (5151 170 1026 + PO Bos 1848 BRENTWOIZI Tt

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 5/100N/1-2/
#6175

03-JUN-98 14:00
11-JUN-98 15:43

13324 1848 » EMERGEN™ + i,

15-JUN- 1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-12
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 19.9 13- JUN-98 CSG
Lead - Total 6010 mg/kg 1. 389. 13- JUN-98 CSG

ND-Not Detected
RDL-Reported Detection Limit

AC! Labowat ry Certihcation Numbers AIIHA 1M and ELLAP-9227. AL-40400, CA-1897, FL-EB7363 KS-E-204. E 117 KY-90011 NC-274 TN-02007

T2 g\

< - Ppeter Ciarteglic, M.S5., Q.A7 Officer

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

? Environmental Laboratory Services

121 CROSSAOADS Biva BRENTWOOD ' 170 s "¢
SSROADS Biva BRENTWOOO T 1

r. Rimmer Covington
ovington & Associates
12 Davis Avenue

ass Christian, MS 39571

beer 3 4NAC 1,803 272 2579+ Fax 16151 370 1026

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Col lected:
Date Received:

Soil Composite

PIT 5/50E/1-2'

#6175

03-JUN-98 14:10
11-JUN-98 15:43

. PO Bos 1848 BRENTWODOS "% 1°174 =48 « EMERGENT ¢ Bg &=

15- JUN-1998

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.:  L7480-13
arameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 18.6 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 74. 13-JUN-98 CSG
D-Not Detected - . e -
OL-Reported Detection Limit . r- L‘QVZ 2

T e - ;/A:
9 " peter Ciarleglio, M.S., @A. Officer
=5

RCI Laboratory Certificaton Numbers AHIHA iH and ELLAP-9227 AL-40400. CA-1897. FL-EB7363 KS-E-204 E-117, KY-90011 NC.274 TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions”

TN CROSSROADS Bilva BRENTWOOD TA V7102° « TE. 6% 41 aia

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

Environmental Laboratory Services

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 5/100E/1-2*
#6175

03-JUN-98 14:20
11-JUN-98 15:43

“ 1001 272 2579« Fas 1ivs 373 1036+ PO Bos 1845 BRENTWOOD TN 37074 1848 - FMERGE™ v o

15- JUN- 1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-14
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 87.3 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 1150 13- JUN- 98 CSG
g'Not Detected 7 R -
L-Reported Detection Limit ) S T ) -
; ’-)‘1 :(?;;:: (,/CAAv/‘é;é;yéfz
Peter Ciarleglio, M.S., Q/K. Officer
-1_

RCI L aboratry Certibcanon Number:.

Serving Environmentally Concerned Clients Since 1967

AlIHA I and ELI.AP-9227. AL-40400, CA-1897 FL-EB7363 KS E 204 E-117. KY-90011, NC-274 TN 02007



esource Analytical Solutions™

)

r. Rimmer Covington
ovington & Associates
12 Davis Avenue

ass Christian, MS 39571

Environmental Laboratory Services

V3036 - V(800 272 2579 + Far (615) 370 1026 + PO Bos 1848 BRENTWOOD "% 1° s

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 5/100s/1-2'
#6175

03-JUN-98 14:40
11-JUN-98 15:43

N1 e EMERGEN ¥ P

15-JUN- 1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-16
‘arameter Method units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 58.0 13- JUN-98 CSG
Lead - Total 6010 mg/kg 1. 546. 13-JUN-98 CSG
J-Not Detected P - |
9L-Reported Detection Limit . g 2 é , A,
T e e .
’ Peter Ciarteglio, M.S., Q.A. Officer
-1-

RCI Laboratory Certification Numbers AlIHA IH and ELLAP-9227. AL-40400, CA-1897. FL-EB7363 KS-£-204 E-117 KYAn011 NC-274 TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions”

p Environmental Laboratory Services

121 CAOSSAOADS Biva BAENTWOOD 1% 17047+ (. & 5 5ea 5040 - 1(800) 272 2579 + Fas (615) 3701026 < PO Bas 1848 BRENTWOGOU Th 11374 wsf - EMERGEN-« B0 7

ANALYTICAL REPORT
15-JUN-1998

. Rimmer Covington
wvington & Associates

2 Davis Avenue

ss Christian, MS 39571

Sample Description: Soil Composite
Client ID: PIT 5/50W/1-2¢
Site/Plant : #6175

Date Collected: 03-JUN-98 14:50
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7480-17

ameter Method Units RDL Result Analyzed Analyst
wrsenic - Total 6010 mg/kg 0.5 21.3 13-JUN-98 CSG
ead - Total 6010 mg/kg 1. 3270 13- JUN-98 CSG

Detected -7
. - - ‘4 r ’ y
‘ported Detection Limit L /z//
//_{’/a At

Peter Ciarleglio, M.S., Q.A.Officer

RCI Laboratory Certification Numbers' AlIHA IH and ELLAP-9227. AL-40400 CA-1897, FL-EB7363. KS-E-204. E-117 KY-30011 NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

! Environmental Laboratory Services

r. Rimmer Covington
ovington & Associates
12 Davis Avenue

ass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client 1D:
Site/Plant :

Date Col lected:
Date Received:

Soil Composite
PIT 5/100wW/1-2*
#6175

03-JUN-98 15:00
11-JUN-98 15:43

3T CABSSANADS Aies BRENTWOOD Th 1:02° + TEL 615,73 504y - 11800, 272 2579 « Fau (615 270.192n + PO B0« 1848 BRENTWOODD Thn 1'uls "A43 « s MEHGER

15- JUN-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-18
arameter Method Units RDL Resul t Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 46.6 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 631. 13-JUN-98 CSG
}-Not Detected 1//4(‘4;:fi7 <:-
IL-Reported Detection Limit ./<f:7 3 ,<fi' ol
el ool
" “Peter Ciarleglio, M.S., Q.AZ Officer
_1_.

R Laboratory Cerutication Numbers AlfHA IH and ELLAP-9227. AL-40400, CA-1897 FL-E87363 KS-E 204 E-117 KY-90011 NC-274, TN-Q2007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

3777 CROSSROADS Biva BRENTWODD FN 37027 + TEL (615 373 5040 + 11800) 272-2579 « Fax (615) 370 1026 - PO Bo: 1848 BRENTWOOD Tw 37024 1848 < EMERGENCY Pgr (615) 726 702

ANALYTICAL REPORT
15-JUN-1998

r. Rimmer Covington
avington & Associates
12 Davis Avenue

ass Christian, MS 39571

sample Description: Soil Composite
Client ID: PIT 6/2-3/
Site/Plant : #6175

Date Collected: 03-JUN-98 15:10

Date Received: 11-JUN-98 15:43
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-19

arameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 ma/kg 0.5 14.8 13- JUN-98 CSG
Lead - Total 6010 mg/kg 1. 127. 13- JUN-98 CSG

D-Not Detected
DL-Reported Detection Limit WSZ

9 ’ (Peéter Ciarleglio, M.S., Q.A.

RCI Laboratory Certitication Numbers AliHA IH and ELLAP-9227, AL-40400, CA-1897, FL-E87363. KS-E-204 E-117, KY-90011 NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

)

Environmental Laboratory Services

7121 CROSSROADS Bivd  BRENTWOOD, TN, 37027 » TEL (615) 373.5040 » 1(800) 272-2579 « Fax (615) 3701026 + PO Box 1848 BRENTWOOD_ TN 17024 1848 » EMERGENCY Pgr (615, 726 75 -

. Rimmer Covington
wington & Associates
2 Davis Avenue

ss Christian, MS 39571

ANALYTICAL REPORT

Sample Description: Soil Composite
Client ID: PIT 6/50N/1-2'
Site/Plant : #6175

Date Collected: 03-JUN-98 15:20
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7480-20

15-JUN-1998

rameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 60.3 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 147. 13-JUN-98 CSG
I
iot Detected =
‘Reported Detection Limit
’ ~ Weter Ciarleglio, M.S., Q.A. Dfficer

RCI Laboratory Certification Numbers: AlIHA IH and ELLAP-9227. AL-40400, CA-1897, FL-EB7363, KS-E-204, E-117 KY-90011. NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutlons

Environmental Laboratory Services

7121 CROSSROADS Blva BRENTWOOD TN, 37027 « TEL (6t5)

373 5040 - 1(800) 272-2579 « Fac (615) 370.1026 » PO _Box 1848 BRENTWOOD. TN 137024 1848 < EMERGENCY Pgr 1616, 728 *1

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

Sampie Description: Soil Composite
Client ID: PIT 6/100N/1-2'
Site/Plant : #6175
Date Collected: 03-JUN-98 15:30
Date Received: 11-JUN-98 15:43
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-21

15-JUN-1998

Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 ma/kg 0.5 147. 13-JuN-98 csG
Lead - Total 6010 mg/kg 1. 665. 13- JUN-98 CSG

ND-Not Detected
RDL-Reported Detection Limit

)

RCI Laboratory Certification Numbers AlIHA 1H and ELLAP-9227, AL-40400. CA-1897, FL-EB7363, KS-E-204. E-117 KY-90011, NC-274, TN-02007

Peter Ciarteglio, M.S., Q.A.“fficer

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Biva BRENTWOOD TN 37027 « TEL {615) 373-5040

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Col lected:
Date Received:

Soil Composite
PIT 6/50E/1-2'
#6175
03-JUN-98 15:40
11-JUN-98 15:43

< 1{800) 272-2579 + Fax (615) 370-1026 « PO Boa 1848 BRENTWOOD TN 17024-1848 « EMERGENCY Pg- (a13, 705 7.

15-JUN- 1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-22
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 5.6 13-JuN-98 CSG
Lead - Total 6010 mg/kg 1. 48. 13-JUN-98 CSG
ND-Not Detected < ~ .
| OL-Reported Detection Limit 5 /é(
I el v
‘Peter Ciarleglio, M.S., Q.A€ Officer
-‘-

N

i

RCI Laboratory Certification Numbers AlIHA {H and ELLAP-9227, AL-40400, CA-1897, FL-EB7363. KS-E-204, E-117, KY-90011, NC-274, TN-02007

Serving Environmentaily Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

N2 CROSSROADS Bivéd BRENTWOOD. TN, 37027 « TEL (615) 373.5040_ ~ 1{800} 272-2579 * Fax (615) 370.1026 + PO Box 1848 BRENTWOOD, TN 37024-1848 + EMERGENCY pgl_rﬁ 15 726 t3: ¢

ANALYTICAL REPORT

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

Sample Description:
Client 1D:
Site/Plant :

Date Collected:
Date Received:

15-JUN- 1998

Soil Composite
PI1T 6/100E/1-2'
#6175

03-JUN-98 15:50
11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-23
parameter ) Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 5.3 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 33. 13-JUN-98 CSG

ND-Not Detected
0L-Reported Detection Limit

_3 N

Cartet,,

ter Ciarleglio, M.S., O.Q/beficer

RCI Laboratory Certiication Numbers ANMA IH and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204; E-117 KY-90011, NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

¢

Environmental Laboratory Services

7721 CROSSROADS Blva BRENTWOOD TN. 37027 « TEL (815) 373-5040 -

V(800) 272.2579 + Fax (615] 370-1026 - PO Bos 1848 BRENTWOOD. TN 37024-1848 - EMERGENCY Pgr (615; 726 737

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite

PIT 6/508/1-2'

#6175

03-JUN-98 15:00
11-JUN-98 15:43

15-JUN- 1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-24
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 69.7 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 68. 13-JUN-98 CSG
ND-Not Detected N

RDL-Reported Detection Limit

)

Tpefer Ciarleglio, M.S., Q.A.Afficer

RCI Laboratory Certilication Numbers: AlIHA |H and ELLAP-9227, AL-40400, CA-1897, FL-EB7363. KS-E-204, E-117, KY-90011. NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Bivd . BRENTWOOD. TN 37027 + TEL (615) 373-5040, «

. Rimmer Covington
sington & Associates

? Davis Avenue

ss Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite

PIT 6/100S/1-2'
#6175

03-JUN-98 16:10
11-JUN-98 15:43

T1800) 272.2579 + Fax {615) 370-1026 - P O Box 1848 BRENTWOOD. TN. 17024-1848 « EMERGENCY Pgr (615) 726 702"

15- JUN- 1998

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.:  L7480-25
rameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 18.1 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 89. 13-JUN-98 CSG
1-Not Detected
IL-Reported Detection Limit

; Peter Ciarleglio, M.S., Q7A. Officer

RC! Laboratory Certiication Numbers: AlIHA tH and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204. E-117. KY-90011 NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Biva . BAENTWOOD TN 37027 « TEL (615) 373-5040, - 1(800) 272.2579 » Fax (615) 3701026 + P O Bos 1848 BRENTWOOD. TN 37024 1848 - EMERGENCY Pgi (615 746 71

ANALYTICAL REPORT
15-JUN-1998

. Rimmer Covington
vington & Associates
2 Davis Avenue

ss Christian, MS 39571

Sample Description: Soil Composite
Client ID: PIT 6/50W/1-2
Site/Plant : #6175
Date Collected: 03-JUN-98 16:20
Date Received: 11-JUN-98 15:43
RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sample No.: L7480-26
-ameter Method Units RDL Result Analyzed Analyst
irsenic - Total 6010 mg/kg 0.5 206. 13-JUN-98 CsG
.ead - Total 6010 mg/kg 1. 613. 13-JUN-98 CSG

ot Detected

Reported Detection Limit C/ ' .
//—6/& W%&)

Peter Ciarleglio, M.S., Q.A. Officer

RCI Laboratory Certification Numbers. AlIHA IH and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204. E-117, KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Bivd BRENTWOOD TN 137027 » TEL (615) 373-5040_+

V(8D0) 272-2579 » Fax (615) 370-1026 PO Bor 1848 BAENTWOOD. TN, 37024-1848 « EMERGENCY P-gr 1615, rag v

. Rimmer Covington
wington & Associates
2 Davis Avenue

ss Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 6/100W/1-2¢
#6175

03-JuN-98 16:30
11-JUN-98 15:43

15-JUN- 1998

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.:  L7480-27
~ameter Method Units RDL Resul t Analyzed Analyst
\rsenic - Total 6010 mg/kg 0.5 83.7 13-JUN-98 CSG
.ead - Total 6010 mg/kg 1. 62. 13-JUN-98 CSG

3t Detected
leported Detection Limit

o, b

<’

Peter Ciarleglio, M.S., Q.A. Officer

RCI Laboratory Certification Numbers: AllHA IH ang ELLAP-9227, AL-40400. CA-1897, FL-EB7363, KS-E-204. E-117, KY-80011. NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Blva BRENTWOOD. TN, 37027 + TEL (615) 173.5040. »

1(800) 272-2579 - Fax {615) 370-1026 « PO Bos 1848 BRENTWOOD TN 370241848 - EMERGENCY Pgr (615 726 -

*. Rimmer Covington
wvington & Associates
12 Davis Avenue

1ss Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 7/2-3¢
#6175

03-JUN-98 16:40
11-JUN-98 15:43

15-JUN-1998

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7480-28
rameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 49.5 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 1640 13-JUN-98 CSG
‘ot Detected ; !
Reported Detection Limit gJa,/ef:, 3

i Peter Ciarleglio, M.S., G.A” Officer

RCI Laboratory Certification Numbers: AllHA iH and ELLAP-9227, AL-40400, CA-1897. F

Serving Environmentally Concerned Clients Since 1967

L-EB7363, KS-E-204; E-117. KY-9001 1. NC-274, TN-02007



esource Analytical Solutions™

(" Environmental Laboratory Services

iu}u"cnosSROADs 8iva BRENTWOOD. TN 17027 » TEL (615) 373.5040. - 1(800) 272-2579 « Fau [615) 3701026 « PO Box 1848 BRENTWOOD TN 37024 1848

- EMERGENCY Pgr 1615, ra¢ +

ANALYTICAL REPORT

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

Sample Description: Soil Composite
Client ID: PpIT 7/50N/1-2¢
Site/Plant : #8175

Date Collected: 03-JuN-98 16:50
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7480-29

15-JUN- 1998

Parameter Method Units RDL Resul t Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 27.1 13- JUN-98 CSG
Lead - Total 6010 mg/kg 1. 185. 13-JUN-98 CSG

D-Not Detected
DL-Reported Detection Limit

)

RCI Laboratory Certiication Numbers AIIHA IH and ELLAP-9227. AL-40400, CA-1897, FL-EB7363, KS-E-204 E-117 KY-80011, NC-274, TN-02007
oncerned Clients Since 1967

Serving Environmentally

Al (e,

s
4

T Peter Ciarteglio, M.S.,

Q.A. Officer



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Bivd BRENTWOOD TN 37027 « TEL (615) 373-5040. -

1(800) 272-2579 » Fax (615) 370-1026 «

PO Box 1848 BRENTWOOD, TN 37024.1848 « EMERGENCY Pgr

1615) 726 79, -

*. Rimmer Covington
wington & Associates
|12 Davis Avenue

1ss Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client 1D:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 7/100N/1-2
#6175

03-JUN-98 17:00
11-JUN-98 15:43

15- JUN- 1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-30
rameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 63.3 13-JUN-98 CSG
.ead - Total 6010 mg/kg 1. 2960 13-JuN-98 CSG
3t Detected

teported Detection Limit

RCt Laboratory Certification Numbers AllHA iH and ELLAP-9227, AL-40400, CA-1
Serving Environmentally Concern,

-1-

“Peter Ciarleglio, M.S., Q¢

897, FL-EB7363, KS-E-204; E-117. KY-80011, NC-274. TN-02007
ed Clients Since 1967

. Officer



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Blvd BRENTWOOD TN. 37027 « TEL (615) 373-5040 <« 1{800) 272-2579 « Fax {615) 370-1026 -

PO Bos 1648 BRENTWOOD. TN. 17024-1848 + EMERGENCY Pgr (615; 726 7.

. Rimmer Covington
vington & Associates
2 Davis Avenue

ss Christian, MS 39571

ANALYTICAL REPORT

sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 7/50E/1-2'
#6175

03-JUN-98 17:05
11-JUN-98 15:43

15- JUN-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-31
rameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 14.1 13- JUN-98 CSG
Lead - Total 6010 mg/kg 1. 66. 13-JUN-98 CSG
1-Not Detected N -
iL-Reported Detection Limit @ a/% f .
. Peter Ciarleglio, M.S., Q.AAOfficer

)

RCI Laboratory Certification Numbers: AlIHA {H and ELLAP-9227, AL-40400, CA-1897, FL-E87363, KS-E-204; E-117, KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

121 CAOSSROADS Biva BRENTWOOD TN 37027 « TEL (615} 373-5040 « 1(800) 272-2579 » Fax (615) 370.1026 + P O Bos 1848 BRENTWOOD TN _37024-1848 + EMERGENCY Por (815 736 707 -

ANALYTICAL REPORT
15-JUN- 1998
Rimmer Covington
ington & Associates
Davis Avenue
3 Christian, MS 39571

Sample Description: Soil Composite
Client ID: PIT 7/100E/1-2’
Site/Plant : #6175
Date Collected: 03-JUN-98 17:10
Date Received: 11-JUN-98 15:43
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-32

ameter Method Units RDL Resul t Analyzed Analyst
rsenic - Total 6010 mg/kg 0.5 198. 13-JUN-98 CSG
ead - Total 6010 mg/kg 1. 1470 13-JUN-98 CSG

Vot Detected -

-Reported Detection Limit M &/%A\
” Peter Ciarleglio, M.S., Q.%. Officer

RCI Laboratory Certification Numbers: AlIHA IH and ELLAP-9227, AL-40400. CA-1897, FL-E87363, KS-E-204, E-117, KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Btva BRENTWOOD. TN. 37027 « TEL (815) 373-5040, + 1(800) 272-2579 « Faz (615] 370 1026 - PO Bos 1848 BRENTWOOD TN 37024-1848 + EMEAGENCY Pgr (615, 726 702

ANALYTICAL REPORT
15-JUN-1998

. Rimmer Covington
vington & Associates

2 Davis Avenue

ss Christian, MS 39571

Sample Description: Soil Composite
Client ID: PIT 7/50S/1-2'
Site/Plant : #6175
Date Collected: 03-JUN-98 17:15
Date Received: 11-JUN-98 15:43
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-33

~ameter Method Units RDL Result Analyzed Analyst
\rsenic - Total 6010 mg/kg 0.5 6.6 13-JUN-98 CSG
.ead - Total 6010 mg/kg 1. 38. 13- JUN-98 CSG

Yot Detected \ -
-Reported Detection Cimit M C £, g‘\

Peteér Ciarleglio, M.S., Q.A. Officer

-1-

RCI Laboratory Certification Numbers: AlIHA IH and ELLAP-9227. AL-40400, CA-1897, FL-E87363, KS-E-204. E-f 17, KY-90011. NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

1(800) 272-2579 - Fax (815) 370-1026 -

PO Bos 1848 BRENTWOOD. TN, 37024 1848 - EMERGENCY Pgr (615) 728 70
02°

121 CROSSRA

Rimmer Covington
ington & Associates
pavis Avenue

; Christian, MS 39571

0ADS Blva BRENTWOOD.TN. 37027 TEL (615) 373-5040 -

ANALYTICAL REPORT

sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite

PIT 7/1008/1-2'
#6175

03-JUN-98 17:20
11-JUN-98 15:43

15-JUN-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-34
ameter Method Units RDL Result Analyzed
rsenic - Total 6010 ma/kg 0.5 10.6 13-JUN-98
ead - Total 6010 mg/kg 1. 69. 13-JUN-98
)-Not Detected
)L-Reported Detection Limit «
" Peter Ciarleglio, M.5., OLA. Officer

RCI Laboratory Certifica

tion Numbers: AlIHA tH and ELLAP-9227. AL-40400. CA-1897. FL-EB7363, KS-E-204; E-117. KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

€ Environmental Laboratory Services

7121 CROSSROADS Bivd BRENTWOOD, TN 37027 » TEL (615) 373-5040_ +

1(800) 272-2579 - Fax {615) 370-1026 < PO Box 1848 BRENTWOOD. TN 37024 1848 « EMERGENCY Pgr (615) 726-7027

ir. Rimmer Covington
sovington & Associates
112 Davis Avenue

>ass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Ptant :

Date Collected:
Date Received:

15- JUN-1998

Soil Composite

PIT 7/50u/1-2'

#6175

03-JUN-98 17:25
11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-35
‘arameter Method Units RDL Resul t Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 .7 13- JUN-98 CSG
Lead - Total 6010 mg/kg 1. 474. 13-JUN-98 CSG

-Not Detected
L-Reported Detection Limit

/ )
‘/.16/&
Y “Peter Ciarleglio, M.S., Q¢A. Officer

RC1 Laboratory Certification Numbers: AlIHA IH and ELLAP-9227, AL-40400, CA-1897. FL-EB7363, KS-E-204; E-117, KY-90011. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Biva BRENTWOOD TN 37027 - TEL {615) 3735035

11800) 272:2579 « Fas (615) 370-1026 + P O Bos 1848 BRENTWOOD. TN 37023 1835 - EMERGENCY Pgr (615, 726 702+

r. Rimmer Covington
ovington & Associates
12 Davis Avenue

§ss Christian, MS 39571

ANALYTICAL REPORT
15-JUN-1998

Sample Description: Soil Composite
Client ID: PIT 7/100W/1-2¢
Site/Plant : #6175
Date Collected: 03-JUN-98 17:30
Date Received: 11-JUN-98 15:43
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-36

rameter Method Units RDL Resul t Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 32.5 13- JUN-98 CsG
Lead - Total 6010 mg/kg 1. 37. 13- JUN-98 CSG

ot Detected
Reported Detection Limit

BNV

" Peter Ciarleglio, M.S., Q.A, Officer

RC1 Laboratory Certification Numbers: AIlHA IH and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204, E-117. KY-90011, NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutlons™

{

Environmental Laboratory Services

7121 CROSSROADS Biva BRENTWOOD TN 37027 »

TEL (615) 373-5040 - 1(800) 272-2579 + Fau (615 370-1026 - PO Bos 1543 BAENTWOOD TN 37024.1848 - EMEAGENCT Pgr

r. Rimmer Covington
ovington & Associates
12 Davis Avenue

ass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client 1ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PI1T 972-3/
#6175
03-JUN-98 17:35
11-JUN-98 15:43

1615) 726 7027

15-JUN- 1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-37
irameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 104. 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 1890 13-JUN-98 CSG
ot Detected
Reported Detection Limit
eter Ciarleglio, M.S., Q.A. Officer
.1.

RCI Laboratory Certitication Numbers: AllHA IH and ELLAP-3227, AL-40400,
Serving Environmentally Concerned Clients Since 1967

CA-1897, FL-EB7363, KS-E-204, E-117

. KY-80011, NC-274, TN-02007




esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS 8ivd . BRENTWOOD TN 37027 « TEL {615) 373-5040. « 1(800) 272-2579 = Fax (615) 370-1028 « P.O Boa 1848 BRENTWOOD TN 37024-1848 - EMERGENCY Pgr

ANALYTICAL REPORT

1615) 726 702 -

15-JUN- 1998
r. Rimmer Covington
ovington & Associates
12 Davis Avenue
ass Christian, MS 39571
Sample Description: Soil Composite
Client ID: PIT 9/50N/1-27
Site/Plant : #6175
Date Collected: 03-JUN-98 17:40
Date Received: 11-JUN-98 15:43
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-38
irameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 15.4 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 101. 13-JUN-98 CSG
Not Detected < | .
-Reported Detection Limit
) ,‘41

“Peter Ciarleglio, M.S., Q.AZ Officer

RCI Laboratory Certification Numbers: AIIHA IH and ELLAP-9227, AL-40400, CA-1897, FL-EB7363. KS-E-204, E-117, KY-8001 1. NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

¢

Environmental Laboratory Services

7121 CAOSSROADS Blva BRENTWOOD TN 37027 » TEL (6151 373 5040, «

1(800) 272-2579 + Fax (615) 370-1026 » PO Bos 1848 BAENTWOOD TN 17024-1848 - EMERGENCY Pgr (615) 726 702-

ir. Rimmer Covington
lovington & Associates
112 Davis Avenue

’ass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Col lected:
Date Received:

15-JUN- 1998

Soil Composite
PIT 9/100N/1-2’
#6175

03-JUN-98 17:45
11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-39
‘arameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 3.2 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 11. 13-JUN-98 CSG
)-Not Detected < -
JL-Reported Detection Limit _/&é > -
/ Peter Ciarleglio, M.S., Q.A.70fficer
-‘-

)

RCI Laboratory Cerufication Numbers AlHA I and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204: E-117 KY-90011. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

,9 Environmental Laboratory Services

7121 CROSSROADS Blvd . BRENTWOOD TN 37027 « TEL (615) 173-5040, * 1(800) 272-2579 » Fax (615) 370:1026 « PO Box 1848 BRENTWOOD TN 17024 1848 « EMERGENCY Pgr (6\‘;;‘125 rar

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite

PIT 9/50E/1-2'

#6175

03-JUN-98 17:50
11-JUN-98 15:43

15-JUN- 1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-40
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 58.1 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 925. 13-JUN-98 CSG

ND-Not Detected
RDL-Reported Detection Limit

-1-

RC! Laboralory Certificattion Numbers AlIHA |H and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204; E-117. KY-90011. NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Biva BRENTWOOD TN 37027 « TEL [615) 173-5040

~7(800) 2722579 « Fax (615) 370.1026 » PO Box 1848 BRENTWOOD. TN 17024 1848 - EMERGENCY Pgr (615, “2r *

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 9/100E/1-2'
#6175

03-JUN-98 17:55
11-JUN-98 15:43

15- JUN- 1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-41
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 23.7 13-JUN-98 CSG
Lead - Total 6010 ma/kg 1. 387. 13-JUN-98 CSG
ND-Not Detected . .
RDL-Reported Detection Limit % M
f - 3 L
X <" Peter Ciarleglio, M.S., 0.A /Officer

RCI Laboratory Certification Numbers AlIHA tH and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204; E-117 KY-90011, NC-274. TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Bivd . BRENTWOOD TN, 37027 » TEL (615) 373-5040

+ 1(800) 272-2579 « Fax {615) 370-1026 « PO Box 1848 BRENTWOOD. TN 17024 1848 * EMERGENCY Pgr (615 726 702 -

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite

PIT 9/508/1-2/

#6175

03-JUN-98 18:00
11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-42
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 20.0 13- JUN-98 CSG
Lead - Total 6010 mg/kg 1. 424. 13-JUN-98 CSG

ND-Not Detected
ROL-Reported Detection Limit

-1-

' Peter Ciarleglio, M.S., Q.A.

RCi Laboratory Certiication Numbers AlIHA IH and ELLAP-9227, AL-40400, CA-1897, FL-E87363, KS-E-204, £-117, KY-80011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

1800 272.2579 + Fax (615] 370.1026 - P O Box 1848 BRENTWOOD TN 17024 1848 - EMERGENCY Pg: (6151 726 702°

712t CROSSROADS Biva BRENTWOOD. TN 37027 - TEL (6151 3735040 -

ANALYTICAL REPORT
15-JUN-1998

. Rimmer Covington
sington & Associates

) Davis Avenue

;s Christian, MS 39571

Sample Description: Soil Composite
Client 1D: PIT 9/1008/1-2/
Site/Plant : #6175
Date Collected: 03-JUN-98 18:05
Date Received: 11-JUN-98 15:43
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-43

-ameter Method Units RDL Result Analyzed Analyst
\rsenic - Total 6010 mg/kg 0.5 15.5 13-JUN-98 CSG
.ead - Total 6010 mg/kg 1. 105. 13-JUN-98 CSG

‘Not Detected / .
--Reported Detection Limit %& 5

““ Peter Ciarleglio, M.S., Q.K. Officer

RCI Laboratory Certiication Numbers AlIHA |H and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204, E-117 KY-90011. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

/{ﬂ Environmental Laboratory Services

7771 CROSSROADS Biva BRENTWOOD. TN, 37027 « TEL (615) 373 5040

T71900) 272.2579 « Fax (6151 3701026 - PO _Box 1848 BRENTWOOD TN 37024 1848 - EMERGENCY Py (815) 736 702°

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 9/50W/1-2'
#6175

03-JUN-98 18:10
11-JUN-98 15:43

15-JUN-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7480-44
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 10.8 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 130 13-JUN-98 CSG
ND-Not Detected 7
RDL-Reported Detection Limit %%’ i\ ;-,
i "~ peter Ciarleglio, M.S., a.AZ0fficer

A

RCI Laboratory Certification Numbers AHHA IH and ELLAP-9227, AL-40400, CA-1897, FL-E87363, KS-E-204, E-117. KY-80011 NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Biva BRENTWOOD TN. 37027 « TEL (615) 373-5040 -

1(800) 272-2579 » Fax (615) 370-1026 - PO Box 1848 BRENTWOOD. TN 37024 1848 - EMERGENCY Pgr (615 726 702"

*. Rimmer Covington
wington & Associates
|2 Davis Avenue

i1ss Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
PIT 9/7100W/1-2*
#6175

03-JUN-98 18:15
11-JUN-98 15:43

15-JuN-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7480-45
yrameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 172. 13-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 2880 13-JUN-98 CsG
!
-Not Detected
.-Reported Detection Limit \
. “Peter Ciarleglio, M.S., Q.A. icer

RCI Laboratory Certification Numbers: AIIHA iH and ELLAP-9227. AL-40400, CA-1897, FL-EB7363, KS-E-204, E-117. KY-90011 NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

,, Environmental Laboratory Services

D TN 37027 » TEL (615) 373 5040 -« 1(800) 272-2579 « Fax (615) 370-1026 = P O Box 1848 BRENTWOOD. TN 37024 1848 « EMERGENCY Pgr (615 226 79 °

7121 CAOSSAOADS Bivda BRENTWOO

ANALYTICAL REPORT

¥r. Rimmer Covington
covington & Associates
112 Davis Avenue

pass Christian, MS 39571

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

15-JUN-1998

Soil Composite
P-1/1-2!

#6175

03-JUN-98 08:00
05-JUN-98 14:39

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.:  L7438-1
parameter Method Units RDL Result Analyzed Analyst
ic - Total 6010 mg/kg 0.5 4.2 11-JUN-98 CSG
A rotal 6010 ma/kg .10 11- JUN-98 cse
ND-Not Detected .
RDL-Reported Detection Limit
| “ “peter Ciarleglio, M.S., @.A. Officer
- 1 -

RCI Laboratory Certification Numbers: AlIHA IH and ELLAP-9227, AL-40400, CA-1897. FL-EB7363. KS-E-204, E-117, KY-80011. NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

¥

7121 CROSSROADS Blva BRENTWOOD TN. 37027 » TEL (615] 373-5040. + 1(800) 272-2579 + Fax (§15) 370-1026 « P O Bas 1848 BRENTWOOD. TN 37024-1848 »

EMERGENCY Pgr (615) 725 7027

ANALYTICAL REPORT
. 15-JUN-1998
'gr. Rinmer Covington
‘ovington & Associates
112 Davis Avenue
pess Christian, MS 39571

Sample Description: Soil Composite

Client 1ID: P-2/1-2¢
Site/Plant : #6175

Date Collected: 03-JUN-98 08:10

Date Received: 05-JUN-98 14:39
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-2

rarameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 10.5 11-JuN-98 CSG
Lead - Total 6010 mg/kg 1. 54. 11-JUN-98 CSG

)-Not Detected

JL-Reported Detection Limit M C/‘j‘\/&-, :
[}

B 4 " Peter Ciarleglio, M.S., Q.ACOfficer

RC! Laboratory Certification Numbers: AlIHA [H and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204. E-117 KY-80011, NC-274 TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

|

Environmental Laboratory Services

7121 CROSSROADS Blva BRENTWOOD. TN. 37027 ¢ TEL {815) 373-5040 -

1(800) 272 2579 « Fas (615) 270.1026 - PO Bos 1848 BRENTWOOD TN 17024-1848 « EMERGENCY Por 1615 128 r0a-

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
P-3/1-2/

#6175

03-JUN-98 08:15
05-JUN-98 14:39

15-JUN-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample'No.: L7438-3
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 11.3 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 143. 11-JUN-98 CSG
ND-Not Detected o’
ROL-Reported Detection Limit M )
*g . - - Peter Ciarleglio, M.S., Q.A. Officer

RC! Laboratory Certification Numbers AHHA iH and ELLAP-9227, AL-40400. CA-1897, FL-EB7363, KS-E-204, E-117. KY-90011, NC-274, TN-02007
Serving Environmentaily Concerned Clients Since 1967



esource Analytical Solutions”

Environmentai Laboratory Services

7121 CROSSROADS 8iva BRENTWOOD TN 37027 « TEL (615) 373 5040 - -I(!00) 2722579 ¢

Fae (6151 370.1026 » PO Box 1848 BAENTWOOD. TN 37024-1843 « EMERGENCY Pgr 1615) 726 701"

ANALYTICAL REPORT

15- JUN- 1998
Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571
sample Description: Soil Composite
client ID: P-4/1-2/
Site/Plant : #6175
Date Collected: 03-JUN-98 08:20
Date Received: 05-JUN-98 14:39

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS Sample No.: L7438-4
Parameter Method Units RDL Result Analyzed Analyst

Arsenic - Total 6010 mg/kg 0.5 11.6 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 59. 11-JUN-98 CSG
ND-Not Detected I
RDL-Reported Detection Limit
~ Péter Ciarleglio, M.S., Q.A. Officer
-1- .

b

RCI Laboratory Certification Numbers: AlIHA I1H and ELLAP-9227. AL-40400. CA-1897. FL-EB7363. KS-E-204, E-117. KY-90011. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



H esource Analytical Solutlons™

v Environmental Laboratory Services

7121 CAOSSROADS Biva BRENTWOOD TN 37027+

TEL (615) 371-5040,

1(800) 272-2579 « Fax (615) 370-1026 « PO Box 1848 BRENTWOOD, TN 37024-1848 ¢«

EMERGENCY Pgi (615, 726 102"

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
P-5/1-2/

#6175
03-JUN-98 08:30
05-JUN-98 14:39

15-JUN- 199

€D

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-5
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 6.2 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 49. 11-JUN-98 CSG
ND-Not Detected
| ROL-Reported Detection Limit /& é ; Q,
Peter Ciarleglio, M.5., Q.A. O fice
-1-

&b

e S

Serving Environmentally Concerned Clients Since 1967

RC! Laboratory Certification Numbers AlHA IH and ELLAP-9227, AL-40400, CA-1897, FL-EB7363, KS-E-204, E-117 KY-90011. NC-274, TN-02007



| esource Analytical Solutions™

Environmental Laboratory Services

7721 CROSSROADS Bivda BRENTWOOD TN 37027 - TEL (615) 37

3-5040. = 1(800) 272:2579 * Fas (615) 370-1026 « PO Bosx 1848 BRENTWOOOD. TN 37024-1848 « EMERGENCY Pgr 615, 726 '3

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
P-6/1-2'

#6175

03-JUN-98 08:40
05-JUN-98 14:39

15-JUN-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-6
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 1.4 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 6. 11-JUN-98 CSG
ND-Not Detected =t
RDL-Reported Detection Limit Ci:etz4/éi? ¢::
oy Cec:
3 7 Peter Ciarteglio, M.S., Q.A. Officer

3

RC! Laboratory Certification Numbers: AlIHA IH and ELLAP-9227, AL-40400, CA-1897, FL-E87363, KS-E-204: E-117. KY-S0011, NC-274, TN-02007
Serving Environmentally Concerned Cllents Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

(

737 CROSSAOADS Biva BAENTWOOD. TN, 37027 » TEL (815) 373-5040. - 1(800) 372.2579 + Fax (815) 370.1026 » PO Bos 1848 BRENTWOOD. TN. 37024.1848 - EMERGENCY Pg¢ (815 726 702"

ANALYTICAL REPORT
15-JUN-1998

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

semple Description:  Seil Composite

client 1D: P-7/1-2¢
site/Plant : #6175

Date Collected: 03-JUN-98 08:50

Date Received: 05-JUN-98 14:39
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-7

Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 2.7 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 8. 11-JUN-98 CSG

b

ND-Not Detected =
RDL-Reported Detection Limit / < éZ .
f .&é 5/4

‘ﬂ@ . 7 Peter Ciarieglio, M.S., Q.A.°Officer

|
|

RC1 Laboratory Certification Numbers: AllHA IH and ELLAP-3227, AL-40400, CA-1897, FL-EB7363, KS-E-204; E-117_ KY-90011, NC-274 TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

1848 BRENTWOOD TN 37024-1848 « EMERGENCY Pgr (615 726 700

na C_ROSSROADS Biva BRENTWOOD. TN, 37027 + TEL {615) 173-5040. * 1(800) 272-2579 ¢ Fax (615) 370-1026 « PO Bo

ANALYTICAL REPORT
15-JUN-1998

ir. Rimmer Covington
;ovington & Associates
12 Davis Avenue

'ass Christian, MS 39571

sample Description:  Soil Composite

Client 10: P-8/1-2'
site/Plant : #6175

Date Collected: 03-JUN-98 12:15

Date Received: 05-JUN-98 14:39
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-8

‘arameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 7.7 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 7. 11-JUN-98 CSG

D-Not Detected “
DL-Reported Detection Limit Wé /d/
[

' Peter Ciarlegltio, M.S., Q.AT Officer
-1-

RC! Laboratory Certification Numbers' AlIHA IH and ELLAP-9227, AL-40400, CA-1897. FL-E87363, KS-E-204; E-117. KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions”

Environmental Laboratory Services

7124 CROSSRAOADS Blva BRENTWOOD TN 37027 » TEL (615) 373-5040 < 1(800} 272-2579 « Fax (615} 370 1026 « PO Box 1848 BRENTWOOD. TN 37024-1848 - EMERGENCY Pgr (615, 726 '3

ANALYTICAL REPORT
15-JUN-1998
Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description: Soil Composite

Client ID: P-9/1-2¢
Site/Plant : #6175

Date Collected: 03-JUN-98 09:00

Date Received: 05-JUN-98 14:39
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample Mo.: L7438-9

Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 10.3 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 5. 11-JUN-98 CSG

)L-Reported Detection Limit M Cc-ﬂfa /(‘
L 2
4

~ Peter Ciarleglio, M.S., Q.A. Officer

) 1

RC! Laboratory Certification Numbers: AllHA IH and ELLAP-9227, AL-40400. CA-1897, FL-EB7363, KS-E-204; E-117, KY-9001 1. NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSAOADS Biva BRENTWOOD TN. 37027 + TEL (615) 373-5040_+ 1(800) 272-2579 « Fax (615) 370.1026 » P O Bos 1848 BRENTWOOD. TN. 370241848 + EMERGENCY Pgr (s—u_si"r'é's 102°

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client 1D:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
P-10/1-2*

#6175

03-JUN-98 09:10
05-JUN-98 14:39

15-JUN- 1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-10
Parameter Method Units RDL Resul t Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 1.8 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 7. 11-JUN-98 CSG
\D-Not Detected i
L-Reported Detection Limit L/&& o
Peter Ciarleglio, M.S., Q.A. Officer
-q-

)

RC! Laboratory Certification Numbers: AlIHA IH and ELLAP-9227, AL-40400, CA-1897. FL-EB7363, KS-E-204, E-117. KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Biva BRENTWOOD. TN, 37027 « TEL (615) 373-5040 =

1{800) 272-2579 » Fax (615) 370-1026 « PO Bos 1848 BRENTWOOD. TN, 37024-1848 +« EMERGENCY Pgr (815} 726-7027

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

ANALYTICAL REPORT

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
P-11/71-2¢
#6175
03-JUN-98 09:20
05-JUN-98 14:39

15-JUN-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-11
parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 26.4 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 10 11-JUN-98 CSG
}-Not Detected —
)L-Reported Detection Limit : ' 22 /éz
i .e,é, <
£ Z
’ i “  Peter Ciarleglio, M.S., Q.A. Officer

RCI Laboratory Certification Numbers: AlIHA IH and ELLAP-9227. AL-40400, CA-1897. FL-EB7363, KS-E-204: E-117, KY-90011. NC-274_ TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions”

Environmental Laboratory Services

5721 CROSSROADS Biva BRENTWOOD TN 37027 - TEL (815) 3735040, + 1(800) 272-2579 * Faz (815) 370-1026 - PO Bos 1848 BRENTWOOD. TN 37024-1848 « EMERGENCY Pgr (615) 726702

ANALYTICAL REPORT
15- JUN-1998
Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

sample Description: Soil Composite
client ID: P-12/1-2'
site/Plant : #6175
pate Collected: 03-JUN-98 09:30
Date Received: 05-JUN-98 14:39
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-12

Parameter Method Units ROL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 24.6 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 296. 11-JUN-98 CSG

ND-Not Detected
RDL-Reported Detection Limit

)

Zter Ciarleglio, M.S., Q.A. Bfficer

RCI Laboratory Certificatron Numbers: AlIHA IH and ELLAP-9227. AL-40400, CA-1897, FL-EB7363, KS-E-204. E-117. KY-90011. NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmentai Laboratory Services

7121 CROSSAOADS Biva BRENTWOOD TN 37027 « TEL (815] 373.5040 11800) 272-2579 « Fax (615) 370-1026 + ng_s_?._._u'_-_s_s‘né_r_{fv_?é(?b TN 170241848 + EMERGENCY Pgr 675 176 o5

ANALYTICAL REPORT
15-JUN-1998
Mr. Rimmer Covington
covington & Associates
112 Davis Avenue
pass Christian, MS 39571

Sample Description: Soil Composite
Client ID: p-13/1-2¢
Site/Plant : #6175
Date Collected: 03-JUN-98 09:40
Date Received: 05-JUN-98 14:39
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-13

wer Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 2.3 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 59. 11-JUN-98 CSG

2 \

eter Ciarleglio, M.S., Q.A.%fficer

U-Not Detected
B-Reported Detection Limit

a

RCt Laboratory Certification Numbers: AllHA iH and ELLAP-9227, AL-40400, CA-1897, FL-EB87363. KS-E-204, E-117 KY.9001 1. NC-274, TN-02007
Serving Environmentally Concerned Clients Sinra 1057



esource Analytical Solutions™

)

Environmental Laboratory Services

7121 CROSSROADS Biva BRENTWOOD TN 17027 « TEL (615) 373-5040 -

11800) 272-2579 + Fax {615) 3701026 + PO Boz 1848 BRENTWOOD TN 370241848 - EMEAGENCY Pgr (615) 726 702

ANALYTICAL REPORT

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

Sample Description:
Client 1D:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
P-14/1-2!

#6175

03-JUN-98 09:50
05-JUN-98 14:39

15-JUN-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-14
Parameter Method Units RDL Resul t Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 10.4 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 47. 11-JUN-98 CSG

ND-Not Detected
RDL-Reported Detection Limit

A | s

RCI Laboratory Certihication Numbers: AlIHA IH and ELLAP-9227 AL-40400, CA-1897. FL-EB7363, KS-E-204. E-117, KY-90011, NC-274 TN-02007

r’

eter Ciarleglio, M.S., Q/A. Officer

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

712t CROSSROADS Biva BRENTWOOD. TN 17027 « TEL (615) 371 5040 + 1{800) 272-2579 * Faz (615) 370.1026 « PO Bos 1848 BRENTWOOD TN 370241648 « EMERGE NCY Pgr (615) 726 702°

ANALYTICAL REPORT
15-JUN-1998

ir. Rimmer Covington
lovington & Associates
112 Davis Avenue

’ass Christian, MS 39571

Sample Description: Soil Composite
Client ID: P-15/1-2
Site/Plant : #6175
Date Collected: 03-JUN-98 10:00
Date Received: 05-JUN-98 14:39
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-15

arameter Method Units ROL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 121. 11-JUN-98 CSG
Lead - Total 6010 mg/kg 1. 111. 11-JUN-98 CSG

-Not Detected
--Reported Detection Limit /% é

7 Peter Ciarleglio, M.S., Q.A.7Officer

RCI Laboratory Certification Numbers AlIHA IH and ELLAP-9227, AL-40400, CA-1897, FL-EB7363. KS-E-204. E-117. KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Biva BRENTWOOD TN 3027+ TEI (8787 373 5040 % 1{800) 272.2579 «

ANALYTICAL REPORT

Mr. Rimmer Covington
Covington & Associates
112 Davis Avenue

Pass Christian, MS 39571

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

Soil Composite
P-16/1-21

#6175

03-JUN-98 10:10
05-JUN-98 14:39

Fax(815) 1701026 - PO Box 1848 BRENTWOOD TN 37078 1848 - EMERGENCY Pyr (613, 726 7oa -
= TEENTY Por (615 726

15-JUN- 1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-16
Parameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 3.8 11-JuN-98 CSG
Lead - Total 6010 mg/kg 1. 15. 11-JuN-98 CsG

ot Detected
Reported Detection Limit




esource Analytical Solutions™

Environmental Laboratory Services

7T CROSSAGADS Biva BRENTWOOD TN, 37027 » TEL (6151 377.5040 + 11800) 2722578 » Fax (615) 170-1026 + 70 Bor 1848 BRENTWOOD TN 17024-1848 + EMERGENCY Fgr 615 726 7021

ANALYTICAL REPORT
15- JUN- 1998

. Rimmer Covington
vington & Associates

2 Davis Avenue

ss Christian, MS 39571

sample Description: Soil Composite
Client ID: P-17/1-2¢
Site/Plant : #6175
Date Collected: 03-JUN-98 10:20
Date Received: 05-JUN-98 14:39
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Semple No.:  L7438-17

rameter Method Units RDL Resul t Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 1.6 11-JUN-98 CSG
.ead - Total 6010 mg/kg 1. 7. 11-JUN-98 CSG

-Not Detected
L-Reported Detection Limit

er Ciarleglio, M.S., Q.A. Officer

RCI Laboratory Certification Numbers AllHA IH and ELLAP-9227, AL-40400. CA-1897, FL-E87363. KS-E-204, E-117, KY-90011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

712° CROSSROADS Blvd BRENTWOOD. TN 37027 « TEL (615) 371 5040 + 1{800) 272-2579 « Fax (615) 370-1026 * PO Box 1048 BRENTWOOD. TN 17024 1848 - EMERGENCY PQ"(E\S. 26 102"

ANALYTICAL REPORT
15-JUN-1998

. Rimmer Covington
tington & Associates

) Davis Avenue

;s Christian, MS 39571

Sample Description: Soil Composite
Client ID: P-18/1-2/
Site/Plant : #6175
Date Collected: 03-JUN-98 10:30
Date Received: 05-JUN-98 14:39
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-18

-ameter Method Units RDL Result Analyzed Analyst
rsenic - Total 6010 mg/kg 0.5 6.4 11-JUN-98 CSG
ead - Total 6010 mg/kg 1. 40 11-JUN-98 CSG

{ot Detected

‘Reported Detection Limit / 5/’

* Peter Ciarleglio, M.S.

.A. Officer
-f-

RC! Laboratory Certification Numbers: AllHA IH and ELLAP-9227, AL-40400, CA-1897, FL-E87363, KS-E-204; E-117. KY-30011, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Biva  BRENTWOOD, TN. 37027 » TEL (615) 373 5040 - 1(800) 272-2579 * Fax (615) 370-1026 « PO Bor 1848 BRENTWOOD, TN 37024 1848 + EMERGENCY Po: 1'6—'51_ '&’_0:‘

. Rimmer Covington
/ington & Associates

) Davis Avenue

;s Christian, MS 39571

ANALYTICAL REPORT

Sample Description:

Client ID:
Site/Plant
Date Collected:
Date Received:

Soil Composite
P-19/1-27

#6175

03-JUN-98 10:40
05-JUN-98 14:39

15-JUN- 1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-19
‘ameter Method Units RDL Result Analyzed Analyst
rsenic - Total 6010 mg/kg 0.5 0.8 11-JUN-98 CSG
ead - Total 6010 mg/kg 1. 6. 11-JUN-98 CSG
{ot Detected o\
‘Reported Detection Limit ’4’<§§:::7 .
Y o o C%%
“Peter Ciarleglio, M.S., Q.AZOfficer
=5

RCI Laboratory Certification Numbers: AIIHA IH and ELLAP-9227, AL-40400. CA-1897. FL-E87363, KS-E-204, E-117 KY-90011 NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

1 CROSSROADS Biva BRENTWOOD. TN 37027 « TEL (615) 373.5040. « 1(800) 272-2579 « Fax (615) 370-1026 + PO Bos 1848 BRENTWOOD TN 37024-1848 + EMERGENCY Pgr 16731 726 702+

ANALYTICAL REPORT

immer Covington
gton & Associates
avis Avenue
Christian, MS 39571

Sample Description:
Client ID:
Site/Plant :

Date Collected:
Date Received:

15-JUN-1998

Soil Composite
P-20/1-2

#6175

03-JUN-98 10:50
05-JUN-98 14:39

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-20
iter Method Units RDL Result Analyzed Analyst
:nic - Total 6010 mg/kg 0.5 3.4 11-JUN-98 CSG
{ - Total 6010 mg/kg 1. 13. 11-JUN-98 CsG
Detected

orted Detection Limit

b g g

~ Péter Ciarleglio, M.S., Q.A. Officer

RCI Laboratory Certification Numbers AIIHA IH and ELLAP-9227. AL-40400, CA-1897, FL-EB7363, KS-E-204, E-117, KY-80011, NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions™

Environmental Laboratory Services

712) CROSSROADS Biva BRENTWOOD. TN 37027 « TEL lﬁls.i k)

71 5040 - 1{800) 272-2579 « Fau (615

) 370-1026 + P O Box 1848 BRENTWOOD TN 37024 1843 - EMERGENCY Pgr (615) 726 702+

Rimmer Covington
ington & Associates
Davis Avenue

s Christian, MS 39571

ANALYTICAL RE

Sample Description:
Client 1D:
Site/Plant :

Date Collected:
Date Received:

PORT

Soil Composite
P-22/1-2¢

#6175

03-JUN-98 11:10
05-JUN-98 14:39

15-JUN-1998

RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-22
meter Method Units RDL Result Analyzed Analyst
senic - Total 6010 ma/kg 0.5 2.9 11-JUN-98 CSG
ad - Total 6010 mg/kg 1. 27. 11-JuN-98 CSG
Detected
orted Detection Limit
-.1~

RC! Laboratory Certfication Numbers' AllHA

'H and ELLAP-9227. AL-40400, C

A-1897, FL-E87363, KS-E-204. E-117 KY-90011, NC-274 TN-02007

Serving Envirnnmantati, frae-_ . .



esource Analytical Solutions™

Environmental Laboratory Services

7121 CROSSROADS Biva BRENTWOOD TN. 37027 » TEL 1615) 373 5040 + 1(800) 272-2579 + Faz (8615) 370.1026 + PO Bor 1848 BRENTWOOD. TN 37024.1848 & EMERGENCY pq. 1615} 736 702+

ANALYTICAL REPORT
15-JUN- 1998

. Rimmer Covington
vington & Associates

! Davis Avenue

is Christian, MS 39571

Sample Description: Soil Composite
Client ID: P-24/1-2¢
Site/Plant : #6175
Date Collected: 03-JuN-98 11:30
Date Received: 05-JuN-98 14:39
RAS Account No.: 8164.00
RAS Project No.: 8164.00
RAS Sample No.: L7438-24

meter Method Units ROL Result Analyzed Analyst
'senic - Total 6010 mg/kg 0.5 84.0 11-JUN-98 CSG
:ad - Total 6010 mg/kg 1. 7164, 11-JUN-98 CSG

Detected )
orted Detection Limit /% Q’_@ -5

Peter Ciarleglio, M.5.,70Q.A. Officer
..1.

RCI Laboratory Certification Numbers: AIIHA IH ang ELLAP-9227. AL-40400. CA-1897, FL-E87363, KS-E-204 E-1 17. KY-90011, NC-274  TN-02007
Serving Envlronmanrally Concerned Clients Since 1967
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esource Analytical Solutions™
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PRIVILEGED AND CONFIDENTIAL

THIS REPORT HAS BEEN PREPARED UNDER CONTRACT WITH
HANCOCK BANK. ANY REUSE OR RELIANCE ON THIS REPORT
WITHOUT THE EXPRESSED WRITTEN CONSENT OF COVINGTON AND
ASSOCIATES CORPORATION IS PROHIBITED. USE OF THIS REPORT,
TS INFORMATION AND ITS CONCLUSIONS BY ANYONE OTHER THAN
HANCOCK BANK, IS WITHOUT LIABILITY TO COVINGTON AND

ASSOCIATES CORPORATION.

PHASE I ENVIRONMENTAL
SITE ASSESSMENT

CASE STUDY:
Old Gulfport Fertilizer Co., Property
33.06 Acres in the East Half of Northwest Quarter
Section 33, T7S, R11 W, Harrison Co., Ms.

Prepared for

Mr. Andy J. Alfonso, Jr.
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COVINGTON AND ASSOCIATES CORPORATION
Delivery Address: 112 Davis Avenue
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Pass Christian, Mississippi 39571

(601) 452-4999

FAX: (601) 452-0117



COVINGTON & ASSOCIATES CORPORATION

ENVIRONMENTAL RESOURCE CONSULTANTS

June 12, 1995

Mr. Andy J. Aifonso, Jr.
HANCOCK BANK

P. O. Box 4019

Gulfport, Mississippi 39502

Re: EXECUTIVE SUMMARY

Phase | ESA @ the Old Gulfport
Fertilizer Co. Property located in the
E/2 NW/4 Section 33, T7S, R11 West
Harrison County, Mississippi

Dear Mr. Aifonso,

Commencing on May 5, 1995, Covington And Associates Corporation (CAA)
performed a Phase | Environmental Site Assessment to determine the presence, or the
potential presence of hazardous residuals and other environmental concerns at the
referenced property. Access approval and authority to proceed were granted via your

authorization.

This firm responsibly identifies environmental liabilities that pose the threat of
economic or regulatory hardship to our clients. Environmental concerns exceeding
reasonable business risk are closely evaluated by CAA before deducing
recommendations. The Findings & Conclusions section on page 18 of this report,

summarizes significant observations that should be reviewed.

P.O. Box 177 « 112 Davis Avenue * Pass Christian, Mississippi 39571-0177 » 601-452-4999 « Fax 601-452-0117



COVINGTON AND ASSOCIATES CORPORATION
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June 12, 1995

RC:AJA, Jr

Executive Summary Page Two

Specifically, the areas of concern are the presence of wetlands, radioactive materials,
underground storage tanks or a tank bed, asbestos containing materials, and surface
areas used in connection with the production of virgin sulfuric acid and
superphosphate. The development of a work plan to expand the site inspection is

recommended.

The following REPORT represents the findings of the assessment in full. We

appreciate this opportunity to be of professional service to you. Thanks for your

business.
Best regards,
COVINGTON AND ASSOCIATES CORPORATION
Rimmer Covington, CPL/ESA #3476
DISTRIBUTION:
Mr. Andy J. Alfonso, Jr. - Three Originals
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SECTION 1:
SCOPE OF SERVICES

This report constitutes the findings and conclusions of the Phase | Environmental Site
Assessment (ESA) completed for Hancock Bank's inquiry into the property known as the
Old Gulfport Fertilizer Co., site located in the E/2 NW/4 of Section 33, Township 7
South, Range 11 West, Harrison County (Gulfport), Mississippi 39501 and which is
more particularly described in section 2.1 of this report.

This preliminary environmental site assessment was commenced on May 5, 1995 by
Covington And Associates (CAA) to evaluate said property for the presence or the
potential presence of environmental concems. Included in this report are findings based
on information obtained from a variety of public and private sources addressing site
history, present and past operations, and potential off-site and on-site influences.

The following tasks were undertaken:

1. This report conforms with the ASTM E1527-93, Standard Practice for
Environmental Assessments: Phase | Environmental Site Assessment Process as
deemed appropriate by CAA.

2. The property description was proofed and compared to various maps and
instruments in the chain of title.

3. A characterization of the property was developed utilizing the skills and
experience of a CPL/ESA, a Professional Geologist; the U. S. Department of Agriculture,
Soil Conservation Service and Forest Service; the U. S. Geological Survey, Water -
Resources Investigations Report #87-4172 & #86-4364; the U. S. Geological Survey,
Generalized Potentiometric Surface of Shallow Aquifers in Southemn Mississippi, 1982
and #87-4257 and the U.S.G.S, "Gulfport, North" Topographic Quadrangle Map.

4, An historical profile of the property was developed by CAA personnel
utilizing, 1982 & 1990 black and white aerial photography provided by the Harrison
County Planning & Development Commission, 1966 & 1976 black and white aerial
photography, 1985 color infrared photography provided by the Gulf Regional Planning
commission and 1940 black and white aerial photography provided by Tobin Aerial
Surveys, San Antonio, Texas; the U.S.G.S, "Guifport,North" Topographic Quadrangie
Map; the 1929 Tax Assessors Plats; current ownership records and maps of the Harrison
County, Mississippi, Tax Assessors Office; instruments of record affecting the property
and the adjacent properties through a limited title examination from records located at

 the Harrison County, Chancery Clerks Offices in Gulfport, Mississippi.

5. Pertinent regulatory agency information was reviewed.

6. Off-site reconnaissance was conducted by CAA personnel on June 3, 1985
to determine what if any off premises activities may be occurring in close proximity to
the subject tract which could affect its environmental integrity.

Page - 1
Hancock Bank /OId Gulfport Fertilizer Co., Property,
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7. On-site reconnaissance was conducted by CAA personnel on June 3, 1995
to evaluate through visual observation, the current physical condition of the subject tract
and existing structures. Visual observations of the abutting properties were made from
the interior of the subject tract and accessible public ways.

8. As a quality control measure, this report was subjected to a peer review by
CAA's partners John Szabo, PE, Senior Consultant, Resource Consultants, Inc.,

Brentwood, Tennessee and E. Burton, Kemp, i, PG.

Much of the information included in this report was obtained from a variety of public
records, and personal interviews with public officials. Activities or issues which were
considered, to the degree of the selected information deemed appropriate by the CAA
representative at that time, included; site operations, fuels management, underground
storage tanks (UST's), above ground storage tanks, past and present chemical, solvent,
pesticide and herbicide use and storage practices, wastewater handling, transformers,
asbestos, and records of staining or spills. The scope of work for this site assessment
did not include borings, soil, surface water, or groundwater sampling, or chemical testing.

Page - 2
Hancock Bank /0OId Guifport Fertilizer Co., Property,
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SECTION 2:

SITE PROPERTY DESCRIPTION &
LOCATION MAP

2.1 Legal Description of Subject Site

The following description of the subject tract of land was proofed and compared to the
Advalorem Tax records at the offices of the Harrison County, Tax Assessor, various
plats, maps and instruments appearing in the chain of title, to - wit:

Harrison County, Mississippi
Section 33, Township 7 South, Range 11 West
City of Gulfport

That tract or parcel of land situated in the East half of the Northwest Quarter and more
particularly described as follows to-wit:

Beginning at the Southwest corner of the Southeast Quarter of the northwest Quarter of
said section 33, at which point there is a concrete monument; and running thence East
along the South line of said forty acre tract 919.90 feet, more or less to the right-of-way
of the lllinois Central Railroad Co., (formerly the Gulf and Ship Island Railroad), at
which point of intersection of the right-of-way of said railroad there is a fixed concrete
monument; thence North along said right-of-way of said railroad 1576.00 feet to a point,
at which point there is a fixed concrete monument; thence West 907.90 feet, more or
less, to a point on the West line of the Northeast Quarter of the northwest Quarter of
said section 33, at which point there is a fixed concrete monument; thence South along
the Wet line of the Northeast Quarter of the Northwest Quarter and the Southeast
Quarter of the Northwest Quarter of said section 33, a distance of 1576.00 feet to the
point of beginning and being the identical land conveyed by the Deposit Guaranty
National Bank to Emest Yeager & Sons, Inc.

Containing 33.06 acres, more or less.

Surface Owner: Hancock Bank
P. O. Box 4019
Gulfport, Mississippi

2.2 Site & Vicinity Characteristics (Natural Features)

2.2.1 Topographic Features

Topographically, the site is astride one of the many coastwise, east/west, paraliel
trending buried beach ridges. Elevations at the site vary from slightly above, +25 feet
mean sea level near the center of the site to at or just below +25 feet mean sea level
near the Northern limit of the property.

Surface drainage off-site is sufficient and is generally to the North into a low wetlands
area. There is some drainage to the Southwest where additional wetlands are suspected.
Drainage from the Northermn wetlands is Northwest via several drainage ditches into

Page - 3
Hancock Bank /0Id Gulfport Fertilizer Co., Property
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Turkey Creek; the drainage Southward is via a collection ditch and eventually into the
Western extremities of Brickyard Bayou.

Flooding in the area is not considered critical since the high elevation precludes flooding
during hurricane surges, and there are no streams which might spill over their banks.

The nearest major body of water is the Mississippi Sound, located about 1.75 miles to
the South.

2.2.2 Geologic Features

Geologically, the site is located withirn a series of East/West, coastwise trending beach
ridges. Specifically, the site is astride a buried beach ridge which comprise a part of the
Gulfport ridge complex. As a result, there is variation of soil types due to drainage and
modified hydrologic patterns. Soils at the site consist primarily of Harleston sandy loam
which is well drained, exhibits moderate permeability, and slow runoff. Along the
Northern limits of the property, Plummer loamy sand is found. This is a hydric soil,
poorly drained with very slow run off. Along the West property line, Atmore silty loams
are identified which are also hydric, poorly drained and exhibit slow runoff. In addition,
there is a zone, located Southwest of the previous location of the phosphate rock
processing building, that appears to be wetlands.

2.2.3 Hydrogeologic Features

There are several private and commercial wells within 1-2 miles of the site. In addition,
there are several municipal wells within several miles of the site.

2.2.4 Discussion

There are no observed or anticipated problems from a surface water, flooding, or
drainage standpoint associated with this site. However, there are two potential problem
areas which should be further investigated and identified. The first is the potential for the
presence of wetlands in area of planned development within the property. A wetland
delineation, identifying the extent of the wetlands along the Northem and Western
Property line, and identifying and delineating the suspect wetlands area Southwest of the
old phosphate processing building, is recommended. This information can be used for
land/property use planning, permitting and possible on-site mitigation.

2.3 Improvements On The Site

The property consists of mostly vacant land. Presently there is a red brick building on the
site that was constructed in or about 1904. The only other structure is possibly a row of
process "denning" rooms, or open ended fertilizer separation rooms or both. There are
several concrete slabs over the site where structures once stood. Potable water is
available by municipal water wells in the vicinity. A municipal sewerage system is
available. The site is serviced with electric power lines.

Page - 4
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2.4 Statement of Past Present Use

The subject property was an active site in commerce from approximately 1904 to
sometime between about 1972 and 1978 (+/-68 years). The first recorded indication of
industrial use of the property found by CAA is a Warranty Deed dated July 6, 1903 from
J. T. Jones to the Gulfport Cotton Oil, Fertilizer & Manufacturing Co., and which covered
the subject lands (Deed Book 56 @ Page 404). The instrument stated that "The grantee
must complete the oil mill plant by January 1, 1904." On September 21, 1808 the
Gulfport Cotton Oil Fertilizer & Manufacturing Co., conveyed the same to the Exporters
Cotton Oil Company (Deed Book 88 @ Page 248). A site sketch and survey was
included with this recorded instrument. The site sketch shows six dummy rail lines tied
into the lllinois Central Railroad, what appears to be a sulfuric acid manufacturing
configuration, what appears to be a phosphate fertilizer production facility, several oil
tanks and other facilities used in connection with raw cotton bulk (possibly a cotton gin-
see utilization break down on sketch) product handling. A copy of the sketch appears as

appendix "E".

As to the raw cotton bulk product facility on the East side of the property:

The exact period that the cotton oil and product facility operated from 1904 to 1920 was
not determined from the records. However, the existence of a "refinery shed" is noted in
a land conveyance and on the previously mentioned site sketch. CAA did not find aerial
photography of this site dated prior to April 13, 1940. The conveyance records show that
for a period of about two years beginning in 1920 the cotton product facility was used as
"The Continental Tire & Rubber Co., Manufacturers of Automobile Tires & Tubes". A
Sanborn Fire Insurance Map dated 1921 further corroborates the land records with a
sketch indicating the production configuration at that time. The land records, a 1929
Sanborn map and aerial photography dated after 1922 indicate the cessation of and the
dismantling of the tire and rubber manufacturing facility. The 1929 Sanbom Fire
Insurance Map appears as appendix "F". The site was not used for this purpose again.

As to the cotton gin facility in the Southeast corner of the property:

Both a 1940 aerial photograph and a 1950 Sanborn Fire Insurance map indicate the
presence of a cotton ginning facility in the Southeast corner of the property. Note that the
image of a cotton gin on the Sanborn map is faint and may be the remnant of an
erasure. No lease or conveyance instruments indicating this use of the site were
examined by CAA. Subsequent Sanborn maps and aerial photography examined do not
show the cotton ginning facility. The 1950 Sanbom Fire Insurance Map appears as
appendix "G". The 1940 aerial photograph appears as appendix "I". 1948 aerial
photography of this site is available for review. Because of budget and time constraints
CAA did not order a copy of the picture for this report.

As to the fertilizer production facilities:

As previously noted above, records indicate that at least the upper half of the subject
tract was being used in connection with the production of sulfuric acid and
superphosphate. The land records also show that this area was used for such first by
The Gulifport Cotton Oil, Fertilizer & Manufacturing Co., from approximately 1904 until
Exporters Cotton Oil Company took over the operations in 1908. That in 1914,
Exporters Cotton Oil Co., lost the property through foreclosure. It is believed that from
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1914 to approximately 1920, Gulfport Fertilizer Co., company operated the production
facilities for Mell R. Wilkinson, The Lowery National Bank of Atlanta, or both. A 1921
Sanborn Fire Insurance map indicates that Gulfport Fertilizer Company was operating
the facility at that time. By the year 1925, Gulfport Fertilizer Co., was the sole owner
and operator of the facilities. The site was continuously used for sulfuric acid and
superphosphate production by Gulfport Fertilizer Co., until sometime in the 1950's.
Sanborn Fire Insurance maps from 1929 and 1950 indicate that the fertilizer
manufacturing facilities were in full operation. In 1960 the Guifport Fertilizer Co.,
relinquished ownership of the subject lands unto H & F Engineering Co., Inc., which lost
the property through foreclosure to Deposit Guaranty National Bank within two years. On
June 10, 1995 Mr. R. W. Hyde, liI, son of R. W. Hyde, Jr., who was the owner of H& F
Engineering Co., stated to CAA that his father was in the sewerage and drainage
business and that he was never in the fertilizer business. CAA found no evidence that
the site was used for any commercial purpose from approximately 1960 when H & F
Engineering Co., owned the property for about two years, and during the period when
Deposit Guaranty National Bank owned the property for about four years. In the year
1966, the Deposit Guaranty National Bank sold the subject lands to Ernest Yeager &
Sons, Inc. Mr. Leroy Yeager, who was secretary treasurer of Emnest Yeager & Sons,
Inc., in 1966, stated to CAA on June 9, 1995 that Emest Yeager and Sons, Inc., acquired
the property for investment purposes only and that they were never involved with any
process activity at the site. A Sanborn map from 1967 indicates that the site was inactive
at that time. In 1972 Emnest Yeager & Sons, Inc., granted a 15 year lease which covered
approximately 4.00 acres to Best Concrete Products, Inc., for the purpose of
manufacturing concrete block and masonry. A 1976 aerial photograph of the site
indicated that the site was being used probably as the brick and masonry business,
however the small objects in the photograph were not recognizable by CAA personnel.
In_or about the year 1982 the Hancock Bank secured the property through foreclosure—~
proceedjg_gf. Since the year 1982 the property has not been occupied or operated for
industrial or commercial purposes. Both the 1982 and 1990 aerial photographs
examined by CAA indicated that the site was vacant except for a few remaining
structures. The 1967 Sanborn map appears as appendix "H".

As to the remainder of the property:

Any one of the mapping or photograph references herein indicate the presence of four
dwellings on the North end of the property, two garages, an office and four more
dwellings on the South end.

As previously described, the aerial photography examined dated 1940, 1966, 1976, 1982
and 1990 corroborate the activities at the property as described above by the
instruments of record, the Sanborn Fire Insurance Maps and the limited interviews. The
periods when the cotton ginning, tire and rubber manufacturing were in operation and the
peak of the superphosphate fertilizer production occurred more than forty years ago.
CAA attempted to contact past owners and operators beginning with J. A. Parker
(probably deceased) of Davison Guifport Fertilizer Co., in Baltimore, Maryland; R. Y.
Hyde, Jr., (deceased) of H & F Engineering Co., Inc., in Jackson, Mississippi; N.E.
Gaston, G. E. Covington, Monroe Lindsey and D. P. Grandberry (all deceased) of
Gulfport Fertilizer Co., in Guifport, Mississippi; Virgil E. Yeager (deceased) president and
Leroy Yeager, Secretary - Treasurer of Emest Yeager and Sons, Inc., of Gulfport,
Mississippi; and Shelton Baugh (unknown address or status) president of Best Concrete
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Products, Inc. in Gulfport, Mississippi. Leroy Yeager is living in Wiggins, Mississippi
(601/928-4937). R. W. Hyde, Il resides in Jackson, Mississippi (601/956-7958). A copy
of Gulfport Fertilizer Co., stationary appears in Deed Book 469 @ Page 315 and states
at the heading "Manufacturers & Distributors” - "Sulfuric Acid - Superphosphate -
Complete Fertilizers - Importers of Fertilizer Chemicals."

A listing of available aerial photography appears as appendix "D". Time and budget
constraints did not allow for the review of all of the available photography. However, we
do not feel that is necessary to review all of the photographs to determine prior use of

the site.

The statements as recited above are for the sole purpose of establishing a record of the
past and present use of said property from being raw and undeveloped land to the lands

present use.
241 On-site Cultural Resource Issues

On June 8, 1995, Mr. Joseph Giliberti, a staff archaeologist at the Mississippi
Department of Archives and History in Jackson, Mississippi compared the location of the
subject site to proprietary archaeological mapping and stated to CAA that this property is
not marked or known as a culturally significant site.

2.5 Adjacent Property Use

The immediately adjacent properties include vacant land and a low to middle income
residential subdivision on the North side, the lllinois Central Railroad and yard on the
East and Northeast side, and then several moving and storage and freight transport
companies, a Coca Cola Bottling facility and others on the East side, vacant lands on the
West side and CAE Plastic, Inc., and vacant lands on the South side.

A 1929 Harrison County Tax Assessors Map, the "Guifport, North" Topographic
Quadrangle Map and the series of aerial photography examined beginning in 1940 to
1990 confirms the Adjacent lands' past use and subsequent events to its present day
status. Please note that according to a 1940 aerial photograph, the facility that bounds
the subject site on the South side appears to have been the site of the first Gulfport
Airport hangar facilities. The same aerial photograph indicates that except as stated
above, all of the immediately adjacent lands were vacant at that time period.
Subsequent photography examined beginning in the year 1966, indicates the light
industrial use of the properties East of the railroad or approximately 200 to 300 feet East
of the subject site (i.e. Coca Cola Bottling, moving, storage and freight transportation
facilities) and the present plastics production facility on the South side.
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2.6 Site Plan (Blow up of areas of concern)
Oid Gulfport Fertilizer Company
City of Gulfport, County of Harrison, Mississippi

Not to Scale

ﬂﬂ WHERE VIRGIN SULFURIC ACID WAS PRODUCED

NO%TH
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2.7 Location Map

P

FOR LOCATION MAP

TURN THIS PAGE
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Hancock Bank /OId Gulfport Fertilizer Co., Property

3.2 Regulatofy Records Review

The following Eederal records were searched followed by the search radius from the
subject property:

CERCLIS 1/2 mile

The Comprehensive Environmental Response, Compensation and Llability Information System (CERCLIS) is a
compilation of records regarding those facilities which the EPA has identified as having actual or suspected
uncontrolled releases of hazardous substances, contaminants, or pollutants as reported by states, municipalities,

private companles, and private citizens.

" One plotable site. See Grid Map followed by Data Report Sheet. "

National Priority List/Superfund 1 mile

The NPL, or Federal Superfund List is composed of the nation's most hazardous sites which require remediation. A

site, to be included on the NPL, must either meet or surpass a predetermined hazard ranking systems score, or be

chosen as a state's top priority site, or meet all three of the following criteria:

1) The U.S. Department of Health and Human Services issued a health advisory recommending that people be
removed from the site to avoid exposure.

2) The EPA determines that the site represents a significant threat.

3) The EPA determines that remedial action is more cost effective than removal action.

|| No Occurrences "

RCRA - Large Quantity Generators 1/4 mile

No Occurrences

RCRA - Small Quantity Generators 1/4 mile

Two plotable sites. See Grid Map followed by Data Report Sheet. "

RCRA - Treatment, Storage or Disposal Facilities
1 mile

" No Occurrences

RCRA - Transporters 1/4 mile

The EPA’s Resource Conservation and Recovery Act (RCRA) Program identifies and tracks hazardous waste from

the point of generation to the point of disposal. The RCRA Facilities database is a compilation by the EPA of
_reporting facilities that generate, transport, treat, store or dispose of hazardous waste. -

No Occurrences "

ERNS 1/8 mile

Page - 11
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The Emergency Response Notification System (ERNS) is a national database used to collect information on
reported accidental releases of oil and hazardous substances. The database contains information from spill reports
made to federal authorities Including the EPA, the U.S. Coast Guard, the National Response Center and the

Department of Transportation.
|| No Occurrences

The following State records were searched followed by the search radius from the
subject:

SPL 1 mile

The State Priority List is a generic name for databases maintained by states that contain sites considered to be
actually or potentially contaminated and presenting a possible threat to human health and the environment. The sites
are generally listed by the state to wamn the public or as part of an investigation and clean up program managed by
the state.

"No Occurrences

LUST 1/2 mile

This is a database maintained by state or local agencies of known or suspected leaking underground storage tanks.

No Occurrences

UST 1/4 mile

This is a database maintained by state or local agencies of registered underground storage tanks.

" Eleven plotable sites. See Grid Map followed by Data Report Sheet.

SWLF 1/2 mile

This is a database maintained by state or local agencies of known Solid Waste Landfills, Incinerators, and transfer

_stations.
|| No Occurrences

OIL & GAS PRODUCTION AND EXPLORATION RECORDS
1 mile

This section identifies the location of well sites and production facilities associated with such well sites.

" No Occurrences

3.3 Physical Setting Sources

Soil Survey Studies obtained from the U. S. Department of Agriculture, Soil
Conservation Service and Forest Service; the U. S. Geological Survey, Water -
Resources Investigations Report #87-4172 & #86-4364; the U. S. Geological Survey,
Generalized Potentiometric Surface of Shallow Aquifers in Southern Mississippi, 1982
and #87-4257, the "Gulfport, North" topographic quadrangle map.

Page - 12
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3.4 Historical Aerial Photography & Mapping Review

The following were examined:

1982 & 1990 black and white aerial photography provided by the Harrison County
Planning & Development Commission, 1966 & 1976 black and white aerial photography,
1985 color infrared photography provided by the Gulf Regional Planning commission
and 1940 black and white aerial photography provided by Tobin Aerial Surveys, San
Antonio, Texas; the U.S.G.S, "Gulfport, North” Topographic Quadrangle Map which was
compiled from aerial photographs taken in 1950, and from topography by planetable
surveys in 1851, field checked in 1954 and photorevised in 1985. Sanbomn Fire
Insurance Maps from 1921, 1929, 1938, 1950, and 1967. The 1929 Harrison County Tax

Assessors Map.

Of all the aerial photographs examined, the 1940 frame is the clearest. This photograph
(appendix "I") was taken when the sulfuric acid and superphosphate production
operations were in full operation and when the cotton gin was present on the property.
All of the photographs indicate the apparent drainage pathways. Also, all of the
photographs examined indicated the presence of low lands (potential wetlands) and large
areas of dead or stressed vegetation both on-site and off-site.

All of the Sanborn Fire Insurance Maps clearly indicate the sulfuric acid production,
superphosphate production and warehouse storage facilities.

Because of the small appearance, many objects were impossible for CAA personnel to
identify on the aerial photographs. The statement of past and present use of the
property is consistent with the appearance of the property in the aerial photography
examined.

3.5 Other Historical Use Information Sources
The following were examined in whole or part:

Various instruments of record affecting the property and the adjacent properties through
a limited title examination from records located at the Harrison County, Chancery Clerks
Offices in Gulfport, Mississippi. The regulatory records review databases were provided
by Environmental Risk Information & Imaging Services on 5/5/95 in report #31204A and
which is made a part hereof as if copied in full.
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l SECTION 4:
AREA RECONNAISSANCE
I 4.1 Identification of Potential Off-Site Influences
[ The property immediately bounding the site on the South side is currently known as the
l CAE Plastics, Inc., custom injection molding facility. An operations history has not been
developed for this site by CAA. CAA did not find any regulatory record indicating that

underground storage tanks from the site several years ago. CAA found no record of the

[ the adjacent site is a risk. CAA was informed by Mr. Kirk Ladner that he removed two
l closure from the state EPA database provided by ERIIS. Currently there is no visible

E sign of leaking or adverse influence to the subject site on the surface.
I 4.2 On-Site Reconnaissance
I: 4.21 Grounds Survey

CAA subdivided the subject tract into a grid pattern and then attempted to physically
survey the subject tract on a grid by grid basis. This grid type of inspection or survey is a
standard procedural part of the CAA site assessment process. Most of the site is over
run with very dense brush, grass and debris. Additionally, in an attempt to possibly clear
the property years ago, long rows of debris were created which now have dense brush
growing through them. These conditions made it difficult or impossible to thoroughly
inspect certain areas of the site. CAA is satisfied that enough site specific information
has been examined to make generalized conclusions about the site for this report. The
area where a 100,000 galion water reservoir existed (see the 1940 aerial photo and
Sanborn maps) is covered with soil. The original pump house structure is in a bad state
of repair. The area immediately behind the pump house contains a steel structural
frame and several open concrete block chambers.

4.2.2 Asbestos Containing Materials

Small piles of asbestos containing transite debris are located on the South end of the
property and at a few other locations on-site. The tile flooring in the red brick pump
house is suspect for asbestos and should be tested prior to demolition or remodeling of

the building.

4.2.3 Underground & Above Ground Storage Tanks

CAA found an old riveted vessel on the North end of the site that was probably a part of
the fertilizer manufacturing process. It resembles an underground storage tank, but it is
not. In or about the year 1973, Mr. James Alexander installed two underground storage
tanks at the subject site for Shelton Baugh. The tanks were located just Northeast of
the red brick pump house. There is no record that the UST's were ever registered,
therefore there is no record that they were removed. According to Mr. Alexander the
tanks were connected to small pump island. CAA will attempt to locate the tanks on a
clearer aerial photograph and then physically in subsequent site investigations.

""" " .

v
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4.2.4 Storage of Hazardous Materials in Drums/Containers

CAA did not find evidence of such at the site.
4.2.5 Landfills on Site

CAA personnel did not visually observe any evidence indicating the presence of a landfill
on the property.

4.2.6 Surface Impoundments on Site

CAA personnel did not visually observe any evidence indicating the presence of surface
impoundments on the property except for the remnants of an old railroad scale on the

East side.
4.2.7 Air Emissions From the Site

CAA personnel did not observe any current condition or regulatory enforcement record
indicating that adverse air emissions are emanating from the site.

4.2.8 Waste Waters from the Site

CAA personnel did not observe any current condition or regulatory enforcement record
indicating that regulated waste waters are originating from the site.

4.2.9 Utility Company Facilities (Transformers)

No power transformers were observed on or immediately next to the site. It is possible
that some buried utility easements cross the property.

4.2.10 Evidence of Indiscriminate Dumping of Hazardous or
Construction Materials

There are a few isolated areas where demolition debris is scattered. Particularly there is
a large pile of used tire waste on the main drive to the site. Under Mississippi Code 17-
17-17 waste tires must be disposed of properly. There are several convenient vehicles
to accomplish this when the time comes.

4.2.11 Evidence of Soils, Groundwater or Surface Water Contamination

No monitoring/observation wells are located on the site. As documented throughout this
report, the subject site was utilized for the production of sulfuric acid and
superphosphate. Except for the surface areas where phosphogypsum was present, CAA
did not observe any visual indication of such contamination. However, the process
activities involved with these production activities occurred on the open ground for about
fifty years or longer. The surface areas in the vicinity of the old cotton oil refinery, cotton
gin, etc., did not display visual indications of contamination. However, demolition debris
is present at their past on-site locations. There is a high potential for contamination of
surface soil and nearsurface groundwater as a result of years of production of fertilizer

Page - 15
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and acid production on the barren ground. Existing vegetation shows no signs of stress,
but the vegetative cover is sparse in some areas, particularly where phosphates, sulfuric
acid, and other chemicals were handled. A full discussion of the potential contaminants
is not within the scope of this report. We have included as appendix "K", a copy of the
EPA Source Assessment:Phosphate Fertilizer Industry document produced in 1979.
This document contains a detailed discussion on superphosphate production and the
pollutants created during the processes. CAA will be recommending that a sampling
investigation work plan be developed for this site.

4.2.12 Reserved for Assessments Inclusive of NORM

In brief, sulfuric acid was produced at the site. Phosphorus rock was brought to the site
via railroad car, milled and then mixed (acidilized) with the acid to produce
superphosphate fertilizer.  Phosphorous contains Naturally Occurring Radioactive
Materials (NORM) in the form of Radium 226, Uranium, and Thorium (all are isotopes).
Three types of radiation are emitted from NORM. They are alpha (dust) particles, beta
(dust) particles, and Gamma Rays. On June 6, 1995, CAA personnel took a Radiation
Survey Instrument to the site to observe the instrument for indications of NORM.
Background concentrations of 6 mR/hr were recorded on both the North and South ends
of the property. Readings ranging from 15 mR/hr to 40 mR/hr were recorded.
Typically, readings of twice background are considered "hot spots" for sampling. When
sampled a certified laboratory will identify the type of isotope, whether is it producing
Radon gas and at what rate, and quantify the material in pCi/gm. NORM of 5 pCi/gm or
more is the action level. However, there are exemptions to this rule under 40 CFR
61.204. They are Phosphate and potash fertilizer; and Phosphogypsum for agricultural
uses. Phosphogypsum is allowed an action level of 10 pCi/gm. CAA will be
recommending a NORM survey of the site.

p T B

4.2.13 Hazardous Substance Identification/Inventory

N/A

4.2.14 Rubbish Disposal
N/A

4.2.15 Suspect Lead in Paint
Target structures for lead based paint hazards are those constructed from 1978 back.
The potential presence of lead based paint on the existing structures is high. Since the
structures are not going to be used as dwellings this is not an issue at this time.
However, prior to the commencement of demolition work, the contractor should be

notified so they may take appropriate worker safety precautions and inform the workers
of the risks of transporting lead to their home environments.

4.2.16 Radon Testing

o b B B B B B

;"\\ Under these circumstances, radon emanation would be determined during a NORM survey.

Page - 16
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SECTION 5:
FINDINGS & CONCLUSIONS

We have performed a Phase | Environmental Site Assessment in conformance with the
scope and limitations of ASTM Practice E 1527-93 for Mr. Andy J. Alfonso, Jr.,
representing Hancock Bank covering the property described in SECTION 2.1 of this
report. This assessment is subject to the exclusions and limitations noted in SECTIONS
1 & 6 of this report. Based on the scope of work undertaken, and the review of selected
records deemed appropriate by CAA representatives for the site at the time of this site
assessment in May and June, 1995, the following characteristics were found as follows:
1. Throughout its history since 1904, the property was used to produce refined
cotton oil and raw cotton bulk products, sulfuric acids, superphosphate, masonry

products, tires, and for fertilizer chemical storage for about seventy years.

2, CAA representatives did not find any state or federal record of a hazardous

substance release at the facility.

This assessment has revealed no evidence of recognized environmental risk conditions in

connection with the property, except for:

o Small piles of asbestos containing transite debris are located on the South end of the
property and at a few other locations on-site. The tile flooring in the red brick pump house is
suspect for asbestos and  should be tested prior to demolition or remodeling of the

building. Only EPA accredited and licensed persons may perform this task.

o Inor about the year 1973, Mr. James Alexander installed two underground storage tanks
at the subject site for Shelton Baugh. The tanks were located just Northeast of the red
brick pump house. There is no record that the UST's were ever registered, therefore

there is no record that they were removed. According to Mr. Alexander the tanks were

Page - 18
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connected to a small pump island. The presence or exact past location of the UST's
should be ascertained. The UST site should be closed in accordance with the laws. If

the UST's are no longer present, then the tank bed should be tested for BTEX and TPH-

Diesel range.

There are many used tires on the main drive to the site. Under Mississippi Code 17-17-
17 waste tires must be disposed of properly. There are several convenient vehicles to
accomplish the proper disposal of the tire waste. This should be done but is not a

priority. Incidentally, the site directly across 33rd street has several hundred tires within

view of the street.

As documented throughout this report the subject site was utilized for the production of
sulfuric acid and superphosphate. The processes involved with these production
activities occurred on the open ground for about fifty years or longer. There has been a
long passage of time since these processes occurred. The potential for contaminants to
not be present is unknown. Existing vegetation shows no signs of stress, but the
vegetative cover is sparse in some areas, particularly where phosphates, sulfuric acid,
and other chemicals were handled. A complete discussion for the identification of
potential groundwater pollutants is not within the scope of this report. The surface areas
in the vicinity of the old cotton oil refinery, cotton gin, etc.., did not display visual
indications of contamination. However, demolition debris is present at their past on-site
locations. We have included as apbendix "K", a copy of the EPA Source
Assessment:Phosphate Fertilizer Industry document produced in 1979. This document
contains a full discussion on superphosphate production and the pollutants created
during the processes. We have also included copies of two informative fax
transmissions from the Mississippi Department of Agriculture and Commerce as

appendix "J". A sampling investigation work plan should be developed for this site.
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Among other things, the expanded investigation will address whether or not specific
compounds associated with the sulfuric acid and superphosphate production leached into

the subsurface and remain on-site.

« In brief, sulfuric acid was produced at the site. Phosphorus rock was brought to the site
via railroad car, milled and then mixed (acidilized) with the acid to produce
superphosphate fertilizer.  Phosphorous contains Naturally Occurring Radioactive
Materials (NORM) in the form of Radium 226, Uranium, and Thorium (all are isotopes).
Three types of radiation are emitted from NORM. They are alpha (dust) particles, beta
(dust) particles, and Gamma Rays. On June 6, 1995, CAA personnel took a Radiation
Survey Instrument to the site to observe the instrument for indications of NORM.
Background concentrations of 6 mR/hr were recorded on both the North and South ends
of the property. Readings ranging from 15 mR/hr to 40 mR/hr were recorded.
Typically, readings of twice background are considered "hot spots" for sampling. When
sampled a certified laboratory will identify the type of isotope, whether is it producing
Radon gas and at what rate, and quantify the material in pCi/gm. NORM of 5 pCi/gm or
more is the action level. However, there are exemptions to this rule under 40 CFR
61.204. They are Phosphate and potash fertilizer; and Phosphogypsum for agricultural
uses. Phosohypsoum is allowed an action level of 10 pCi/gm. A NORM survey should
be performed to determine whether the NORM is exempt or whether other management

options should be employed.

e The area is covered with dense underbrush and weeds. There are several long rows of
debris that were created by earth moving machinery years ago. Grass and underbrush
have pushed their way up and through these rows making it impossible to examine their
contents. During the expanded inspection the rows should be spot checked for

examination. This is true especially where facilities once stood next the rows of debris.

Page - 20
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o Wetlands are present. A wetland delineation, identifying the extent of the wetlands along
the Northern and Western Property line, and identifying and delineating the suspect
wetlands area Southwest of and directly West of the old phosphate processing facilities, is
recommended.

Signed this 12th day of June, 1985.

-

Rimmer Covington, CPL/ESA #3476

Page - 21
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SECTION 6
EXCLUSIONS & LIMITATIONS

This report has been prepared solely for the use by Hancock Bank, (the Client) and
may not be used by other parties for purposes of satisfying the requirements of an
environmental site assessment or other purposes without first obtaining the
expressed written consent of Covington And Associates Corporation (CAA). CAA
shall bear no liability for any unauthorized used of the information contained in this
report. In the event that new information not contained in this report is obtained
relating to environmental or hazardous waste issues at the site or nearby, such
information shall be brought to CAA attention promptly and we may, upon
evaluation, modify the conclusions stated in this report. The evaluations, analyses
and recommendations contained in this report represent CAA professional
opinions and judgments based on the current, generally accepted engineering,
geologic and technical practices for the nature and scope of this site inspection
authorized by Hancock Bank. Covington & Associates has not conducted a
geophysical survey to confirm or refute the potential presence of any subsurface
structures. This site inspection is based on visual conditions observed in May and
June 1995, records review as described herein or the selections of any information
deemed appropriate by CAA representatives at the time of the site inspection
whether stated in previous or subsequent sections of this report or not. The
findings of this investigation are based on existing conditions at the site and
surrounding areas at the time of our inspection. Work described in this report was
limited in its scope and coverage due to conditions imposed by the Client. Limited
visual observations and conclusions were possible to only those areas reasonably
accessible. Access was not available to conduct interviews with the previous
property owners/tenants and maintenance personnel. It was not always possible to
obtain specific information on the normal practices of property owners and/or their
tenants with regard to solid waste disposal, on-site use, generation, storage and/or
disposal of chemicals or oil and hazardous materials, any privately obtained
environmental monitoring data for the property, except where provided to CAA by
Hancock Bank. Additionally, CAA., has relied on information provided by various
officials and other parties as referenced herein. Although believed to be accurate,
CAA has not attempted to independently verify the accuracy or completeness of
information provided by officials and other parties which was received or reviewed
during the course of completing these services. No other warranty, expressed or
implied, is made. The information contained in this investigation is not intended to
be all inclusive or to identify all potential concerns associated with the site
investigation. It should be noted that any investigation cannot determine that a site
is completely free of chemicals or toxic substances. Therefore, this investigation
cannot certify that the site is "absolutely clean." This investigation is made to
provide information to Hancock Bank, concerning conditions at the site. This
report was prepared exclusively for the use of Hancock Bank Any other use is
expressly prohibited without written consent from Covington & Associates.
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SECTION 7:

APPENDIX "A™

USDA

GENERAL SOIL MAP
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U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
FOREST SERVICE

MISSISSIPPI AGRICULTURAL AND FORESTRY EXPERIMENT STATION

GENERAL SOIL MAP
HARRISON COUNTY, MISSISSIPPI

Scalé 1:126,720
1 0 1 2 3 4 Miles
(T | | ! |

z

SOIL ASSOCIATIONS =+
SANDY SOILS ON UPLANDS

|I] Eustis-Latonia-Lakeland association: Somewhat excessively drained

and excessively drained soils that are sandy throughout and well-
drained soils that have a loamy subsoil

LOAMY AND SANDY SOILS ON BROAD FLATS AND FLOOD PLAINS
Smithton-Plummer association: Poorly drained soils that have a loamy
subsoil

Atmore-Harleston-Plummer association: Poorly drained and moderately
well drained soils that have a toamy subsoil

Poarch-Plummer-Ocilla association: Well-drained, somewhat poorly

drained, and poorly drained soils that have a loamy subsoil

Harleston-Smithton-Nugent association: Moderately well drained and
poorly drained soils that have a loamy subsoil and excessively drained

soils that are stratified with sandy and foamy material

LOAMY SOILS THAT HAVE A LOAMY SUBSOIL, ON UPLANDS

Poarch-Atmore-Harleston association: Well-drained soils on broad ridge-
tops, poorly drained soils on low wet flats, and moderately well drained
soils on low ridges

Ruston-Mc Laurin-Saucier association: Well drained and moderately well
drained soils on broad ridges and short side slopes

Saucier-Poarch-Atmore association: Well-drained to poorly drained soils
on broad ridges and narrow side slopes

DOMINANTLY ORGANIC SOILS FLOODED BY SALT WATER

Handsboro association: Very poorly drained organic soils

“Zv#7] Handsboro-St. Lucie association: Very poorly drained organic soils and
M y poorly (]

excessively drained sandy soils

¥ Unless otherwise stated, texture refers to the surface layer of the major soils

in each soil association.
. Compiled 1973
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APPENDIX "B"
USDI

WATER - RESOURCES INVESTIGATION REPORT
#87-4257
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COVINGTON AND ASSOCIATES
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APPENDIX "C"

>
.

This is a picture of the very dense underbrush and grass at the site.

This is a picture of one of the long rows of overgrown debris.
Notice the pipe protruding from the top.
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y b 151

The red pump house in the background was constructed in 1904. Burt Kemp is standing
on the outer edge of the 100,000 gallon reservoir that has been filled in.
Immediately in front of Burt Kemp is one of the NORM hot spots.
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This is a Ludlam Radiation Survey Instrument. Notice the indicator needle pegged right.

ﬁﬁmﬁﬁﬁ‘ﬁﬁﬁﬁ‘nﬂ:

Waste Tires on drive.
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This is gypsum like material located in close proximity to the red brick building.

_BETEEEETEEEE S

4]

Another row of debris. Notice the area in the middle. Vegetation is present, but not like
most other locations on-site. This is in the vicinity of the Sulfuric Acid plant.
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. O CONCENTRATED SUPERPHOSPHATE PLANTS

® NORMAL SUPERFHOSPHATE PLANTS
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Figure 1.—~Approximate lacatinna of supcrphosphate plunts in thc Unitod Statea.
Commercinl Fertilizer Yoar Book 99 (3-A): 132-192. Soptember 1959.)

of Fertllizer Plants.

ol sulfur are required per ton of superphosphate.
(nnnequenlly. most concentrated superphosphate
. 4nts are located advantageously to raw materials
sources, usuully mear a sourco of phosphate rock.
Df the 15 concentrated superphosphate plants in
the United States (fig. 1), 8 are located in the
Florida phosphate field. Most of tho remuining
plants are located cither in the western phosphate
lield or on waterways, to take advantagc of luw-cost
barge tranaportation. As shown in figure 2, the
reincipal market area for concentrated superphos-
i ate includes the Central, Midwestern, and miost
oi the Western States; most of this area is relatively
listant from the production pmn!s

Since size of murketing arca ianot a limiting factor,
Moat concentrated superphosphate plaaty are de-
signed for high production rate in order to obtain
|°‘~ operating cost.  Capacities of planta range from
ahout 100,000 tons annually to more than 500,000.
\’-mt plants have intograted fucilities for grinding

“sphate rock and for production of sulfuric and
P' usphoric acids. -

(Source: Geugraphical Diroctory

RAW MATERIALS COSTS

Phosphate Rock

In 1959, about 90 percent of the phoaphate rock
used in asuperphosphate productiou was mined in
Florida. Table 1 sbows the price schedule in effect
in the year ending June 30, 1962, as published by a
large producer of Florida land pebble. Phosphate
rack is priced on the basis of BPT, (hone phosphate
of lime) content. The higher grades command
bigher market prices, that is, a higher price per unit
of BPL (equivalent to 0.458 Ib. per unit P,0y). As
shown in table 1. the unit price increases from about
1% centa per unit for the lower grades to about 10%
cents for the higher grades.

The high grades of rock. 75 to 77 percent BPL,
aro '‘wed by most superphosphate manufacturers for
avidulation because they yield a high-grade product.
Conts of mixing, handling, and shipping u ton of
superphosphate are about the same regardless of
grade; therefore, an increase in grade reduces the
uverall coat per unit for production and distribution.

X
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apdinary dabprers o operate and maintain. Tlo-
diffiendty fas heen minimized in some plants by
weing mannal control: results seem o have been
stisfactory. although eoutinuous atteation by the
eperator is required.

Batch weighing into a pan mixer also requires less
attention to calibration awl less eare o avoid rock
flooding than does continuous weighing.  Moreover.
some grides of byproduct (3pent) sulluric acid ace
iliffieult to meter on a continueus baais.

Equipment Cost

The amall mixers—vone and high-speed types—
have an wlvantage in regard o cost. The units are
-clatively inexpensive. and. moreover. foundations
il supporting struetures can be of much lighter
vonsteuction.  Alsa, much less room is required.
\ high-sped mixer should c¢ost more than a cone
mixer since a stirrer aml motor must be provided.

In compacing batch aml continuous mixers, un
important consideration i3 the higher cost of the
continuous feeding equipment, which may cost twice
us much as a batch-weighing installation. Some
«eduction cun be obtained by using o manually
~ontrolled weigh belt, but the cost is still somewhat
higher than for hateli equipment.

Operation and Maintenance

Use of continuous mixers avoida the manual opera-
ton ordinarily associated with operation of a pan
mixer. [t is difficult to isolate mixer operating cost,
however, since the operation of mixer und den is
‘il together in moat plants.  Paddle mixers do not
saquire ¢onstant attention, but it is advisable to
have an operator near a cone miser. since accidental
stoppage woulidl cause the mixer to overflow. In
most of the plnnls checked in this syrvey, an o!mrﬂlnr
is assigned tw the mixing area, no matter whether
the uperation is batch or continuous.”

In power requirement, the cone mixer has a
ronsidecuble advantage since it reguires no power at
‘AL fustalled horsepower reported for typical in-
--allations of vther mivers, in the 23- to 40-ton-per-
hour range, are 15 for the pan miser, 20 for the
paddie type. aml 3 [or the high-speed mixer.

Muaintenunce cost probabl)’ is lower for the cone
mirer than for any other type. There are no
moving parts b wear, and replacmnent liners are
inexpensive.  Normal equipment replacement cost
fur tecding. weighing, and wixing is estimated at |

* 2 cents per ton of product.

FAX :6013546001 PAGE 3
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Effect on Properties of Superphosphatge

Considerable ilfeerpee in the characieristies of the
superphosphate produced can result from the ty pe
ol miver used. l..nfnrllmallul_\'. no quantitative data
on lllcsq differencges have been rcfpuncd, A few
large producers, who operate mixers of different
tvpes. have witempted 1o measurs: the differences.
but other variables in plunt aperation huve made the
results inconelusive in the instunces with which the
aythors ure fumiliac.

L is generally accepted that the paddle mixer.
hecause of the loug relention time and the con-
sequent oppurtunity for giases to escape, gives a
relatively dense unrl granular superphosphate. The
cone and high-speed mixers, at the other extreme of
retention time. tend to muke a very porous and
finely divided superphospliate that can be dusty il
very dry. The porosity is advantageoua in am-
moniation, but the fineness ir a handicap in direct
application.

DENNING

Muoat emphasis in the improvement of super.
phosphate plant design has been ceutecsd on the
denning step. "T'he den must receive a slurry. hold
it during setting up in such a way that the slurry
ran be removesl wvasily alter setting, and provide
meana for removing the obnoxious gases evolved
during the stay in the den. In mecting these re-
quirements, plant designers have uscd a wide variety
of container types und mechanical devices, Berause
of the emphasia on the den, processes generally have
been named ufter the type of den vsed.

In the early days of the industry, many plants
made auperphosphute without a den. The arid
and rock were mixed and the mixture discharged
onto an open pile, a procedure known aa the “open-
dump” methald,  Many of the smaller plunts made
superphosphate in this way in this country, especially
in the Southeast. and continued the pructice (or some
time after dens were generally adopted in other areas.
One of the main objections to operativn without u
den is the atmospheric pollution caused by fluorine
compounds escaping [rom the superphosphate during
the carly stages of euring.  Since muat of the fluorine
is evolved during the first half hour or so after mixing,
use of a closed den with a serubber system virtually
eliminutes this problem. It has also been reported
that the open-dump mcthod gave slow curing and
drying. because the heat of reactiva was dissipated
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rapidly. The significanee of this is not
clear, however, because of conflicting reports: in
Furope, for example, smne denning processes invalve
conditions conducive to seration and rapid cooling,
and it is elaimend that this uceelerates curing,

The first dens were atmple wood or brick chambers
fitted with a crude Arrangement for exhausting the
gasks to a stack. The capacity was usuxlly 30 to
50 tons, but a few deas were built that held 100 tons
or more. This 1ype of arrangement was an improve-
ment over the open-dump practice, but it had a
rawback—when the den was openad 3 or 4 hours
after filling, the workers had to get in the den to
dig out its ‘contents. Fnough - residual  gasea
remained to make this a very unpleasant tusk.

The next step in den developmenl was provision
for a mechanical device to cxcavale the super.
phosphate [rom the den chamber. This made it
unnecessury for the operator o enter the den, and,
in many jnstances, the den was so designed that
air could be pulled through it to minimize escape of
fluorinc-bearing gases into the building.  This type
of denning is still common today.

Development of mechanical dens, which began
around the turn of the century, resulted from the
need to reduce labor cost, improve cantrol of fluorine
gesea, and improve physical characteristics of the
product. Both batch and continuous types were
developed. The cantinuous types introduced a con.
veying step into the operation; that is, the acid-rock
inixture was introduced into the den at one point,
conveyed to another point during setting, aad there
cut out of the den. Muny variations in the con-
veying step have been used, including horizontal,
vertical, and circular movement.

The main design objectives in den construction are
proper retention timie, prevention of legkage (both
al the superphosphate and of the evolved gases).
low corrosian, and cxcavator operation such as to
give good product quality, Another faclor, impar-
tant in some types of dens, is provision (or expansion
of the superphosphate during curing.  Ginzburg (12)
has reported data on this. In his tests, expansion
began 25 minutes after mixing and continued for 35
minutes. linear cxpansion was 12 percent and
volumetrie cxpunsion 36 percent, with a resulting
pressure of 14 10 21 pounda per aquare inch.  The
friction coefficients for fresh su]utrplmr‘.plmut were
0.5 andl 0.7, respectively. for smooth steel and wond
surfaces.

catirely

SUPERPHOSPHATE: ITS HISTORY, CHEMISTRY, AND MANUFACTUHRE /
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Stationary Dens

Most \(lel‘hlry dens now in use tn this country
are box or #ilo chambers made of reinforced concreqs.
Sizes of these range widely, from 20 to over 300 tons,
In some plants, two or more box dens are arranged
so that a single mixer can serve all of them. Prac.
tice varies widely ay 1o retention time in the Jden.
In xome plants, excavation is started almost im-
mesdislely after the last miser batel is duvmped i
In others, excavation is rarried out during the suc-
ceeding ahift or even the nest day.

The nain differences in atationary den operation
are in excavation of the superphosphate, which
varies from digging out manually to using a con-
tinuous cutter. Hand excavation has practically
disappeared fromn the scene, In 218 normal auper-
phosphate plants covered in the survey on which this
book is bascd, only one was noted i which digging
out by hand is still practicml. Most of those tha
were designed originally for hand excavation have
been converted to allow the use of a mechanical
excavator.

In somc of the older dens the auperphosphate was
removed through slots in the bottom or side of the
den. During filling of the den the slots were covered
with planks. These planks had to be ramoved by
hand prior to or during the excavation, a disagree-.
ahble and time-consuming operation. Today, prac-
ticaully all box dens are fitted cither with a4 door in
the side ur with & removable cover, and the super.
phosphiate is removed through these openings.

Mechanical devices for excavating are of the batch
and coatinuous types; most of those used in this
country are batch machines, such as draglines and
cranes. 1'he crane plants are few in number and
are mainly old plants.  Because of the high cost of @
crane installation, these planta have been very large
ones; they are located mainly on the castern sca-
bourd wherc the larger plants have been built.  The
crane plants are reported to have given economical
operation in a day when production was at a high
level and cost of eonstruction was mugh lower than
it is now. Under conditions today, the cust woull
be prohibitive in many situations. One of the largest
crane plants in the country wus converted recently
to continuous operation (3).

Use of a crane has also been criticized on the
arounds that dropping the erane bucket into the fresh
superphosphate in the den wods to pack the mato-

U S AA P (=
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cinl and nake it umlenirably dense (30, No data
appear to be available on this puint.

The deagline has become the most popular exra.
vator in this country. [t ia relatively inexpensive
as comparcd with a crane und is cusily installed
in an old plant. Whereus & crane requires a re-
movable top to the den. the dragline requires only
a door in the side. The door is opened after the
mix has sctf up in the den and the superphosphate
is pulled out with the draglinc scruper, usually onto
a conveyor systemn that carries it Lo the euring pile.

A motorized shovel is used in a fow plants to
excavate from the dern  The increased exposure of
the operator to fumes is undesirable. An early
version of this type of eperation has been described
by Parrish and Ogilvie (27).

Several different types of continuous den exea-
vators have been devcloped. Ome of these, the
Wever (36). has heen used in a few plants in this
country. It consists of an arcangement of tonthed
chains mounted on_a carriage that rolls on a track
extending into the den. When the superphosphate
is ready for cutting, a slit in tho hottom of the den
is unvovered and a narrow dvor in the end opencd.
The excavator ie advanced on the tracks into the
den. where it first cuts a hole [ur entry of the machine
and then cuts sideward to the den walls. The cut
superphosphatc is dragged downward and dia-
charged through the elot in the floor. High mainte.
nance cost for this Ly ps of excavator has heen reported.

Packard (26) reported the Keller excavator to be
the first departure from hand excavation in England,
where the excavator was first usel about 1910;
it han been used in Australia also. "The device
consisted of a sct of scrapers niounted on a hoom.
When the superphosphate was ready for excavation,
a door the width of the den was apened and the boom
inserted over the surface ol tho superphospbate.
‘I'lie rerapers pulled the superphosphate out through
the door of tho don, and the boom was moved from
sile to side by movement of the excavator frame on
tranaverse tracks in front of the den. 'The boom
was lowered in the frame, u3 it cut downward through
the den.

The Wenk den, used mainly in France (27), in
another stationary den with a separate, continuous
excavator. The den in this design is a borizontal
cvlinder with a lengthwise slot in the bottom.
The eatter, a set of knives mounted on cross arms
‘o form a cutter wheel, is mounted on a carriage

that moves on tracks exteading under the den.

The cutter turns at 22 revolutions per minute and

moves inte the den at a vate of about [ inchea
per minute. A typical size for a Wenk (en i 9.8
feet in diameter by 19.6 feet in leagth; the capacity
is about 40 tons. Over 2 hours arc required for
excavating.

Schucht (31) hus descrihed other excavators
similar to the Wenk. The Pozzi differed only in
thar it was suspended from a truck. The Parent
rotated around an inclined shaft ruther than a
borizontal one.

Schucht has alsp described the Rema excavator
system. Tho den hus the ‘shape of un inverted
truncated cone and has a removalde inner cylinder
for introduction of the cutter after the superphos-
phate has set up. The cuttor, something like an
inverted umbrella, iy suspended from above. In
cutting. the bottom plate is removed and the cutter,
with cutting riba closed up againat the shaft. is
insortizl into tho den.  As the cuttor revolves, the
ribs open out 1o couform to the cone shape of the
den. .

The Hovermann den, a samewhat different ar-
rangement of stationary den and continuous cutter.
is used 1o a limited extent in Furope. The den is a
vertical concrete eylinder with vertical slots in the
sides. When the superphosphate is ready for
exeavating, a rotary cutter lowered into the den
cuts the auperphasphate unt pushes it out through

the openings.

Mechanical Dens: Batch Type

The atationary den-excavator type of plant has
several disadvantages. The cormpacting action of a
crane bucket has been mentioned.  Drag and scraper
cxcavators are superior to the crane in regard to
compacting effect, and some producers consider that
the excavators give a product that is quite satisfae-
tory. Others hold that batchwise cxeavation of any
sort ia undesirable, both because of the effect on
condition and alsv because continuous attention of
an operator is rerqquired. In any event, there Laa
been a trend to excavation methods that are contin-
wous and that involve a minimum ol compacting
action. The use of eutters that cut thin slices from
the face of the superphosphate block in the den has
come into general usc.  This type of operation allowa
better aeration and escape of gases, thus promoting
deying and poroaity of the product.
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opcrator looks to phoaphorua conversion to available
forms in a month-old curing pile, where the rate of
conversion is governed not so much by rock reactivity
ax by the eusc of acid diffusion to the residual
unattacked rock carried in the coarser grainy of
the rock used: the analytical chemist in the fertilizer
control laboratory thinks of solubility in his test
solvents as determined by procedures that are
designed to indicate "how much,” not "haw rapid™;
whereaa the physical chemist more properly envisions
reactivity as the fraction of substance dissolved in a
fairly short period of time under suitubl: agitation
with a large excess of sulfuric acid of the normal
acidulation streagth.

Confusion as to the meaning of rock reactivity can
be diapelled only by the development of a suitable
method for meusuring it. Reliable measurement
presupposcs some understanding of the interplay of
factors that govern it--chemical composition, me-
chanical composition, surface area, and porosity
among others. Different aspects of the problem
have been under study in the U.S. Depuartment of
Agriculture (16, 17, 18. 32, 34, 53) and elsewhere
(20, 26, 60, G1. ch. 5, 64) for some time. A recent
article (61, ch. 6) summarizes extant rcsulta that
bear on the possible establishment of a scale of
reactivity for phospliate rock. The roactivity ovder
of the test samples of aeveral varieties was found to
be generally independent of the method of measure-
‘nent. Ranked in the order of ascending reactivities
:he test phosphates arc macrocrystalline apatite.
lennessee brown rock, Florida land pebble, Tunis
tock, and ateamed bonemeal (see table 2, ch. 3).

SULFURIC ACID
Types of Acid

The two general types of sulfuric acid used in
superphoaphate manufacture are virgin, or new, acid
and spent acid.  Virgin acid is produced from ele-
mental sulfur, pyrites, and industrial gases. The
contribution of thesc primary source materials to
the total domestic production is shown in table 10.
Abroad. ucid is produced from gypanm. Plants,
proceases and practice for sulluric acid manufacture
are described by Duecker und West (21).

Spent acid ia derived as a waate product in sundry
industries that use large quantitics of sulfuric acid
in processing a great variety of products. In some
instances the spent acid is sufficiently clean and of a

Taoue 10.—Division of domestic sulfuric acid produc-
on umung prinmr_v raw materials *

Shara in total vroductivn of new
acld from— Share in wtal
Calendar yrer : 1= vocleimed ‘c‘i,d
Eleruents| Ywoelter froo eludge
aulfue Pyrices and H,S
sus
Farcens Parcent Perewre Percent
1895. .. ........ s 34 | S R
1905............ 1 79 D G S
1915. ... . .... .. 9 61 Y N
1925, .. ... ... a8 14 18 ...
1935... .. ..... 59 29 2 o,
1940, ...,....... 64 24 S
1945, ......... .- 69 12 10 Lcvwwm .
1950, ... ... 74 11 7 1
1955. ... .. ...y 72 10 8 4
1957.... .. ... K({ 11 10 s
1959......... Gyl 81 7.8 5.5 5.6
1961 ........... 84 6.4 4.0 5.1

tFrom callected figures (21, p. 6) for perind 1895-1957;
from Kostor (49) and Horner ($0) for 1959 and 1961,
respentively.

suitable strength for phosphate rack acidulation,
whereas, in other instances, it muat be conditioned
by suitable treatment for removal of gubstances that
are unmanageable in the supcrphoaphate process, or
toxic to crops. The superphosphate industry, which
is o heavy user of sulfuric acid. only slightly restricted
by acid-purity requiremeats and widely dispersed
geographically, provides convenient facilities for
consumption of this valuable waste product [rom
many placea.

Composition

Standard gradeys of sulfuric acid recognized by the
Manulacturing Chemists’ Association are given in
table 11. In addition t the standard grades. are
battery acids supplied in strengths ranging from
27.88 to 93.19 percent of H;S0,, the chemically purc
acid that conforms (o American Chemical Society
apecifications anil runs between 93,5 and 96.5 per-
cent of H;S0,. and the stabilized sulfur trioxide with
minimum of 99 percent of SO, (21, p. 397). Com-
mercial acids used in superpliosphate manufacture
ave mainly 60° and 66° Baumé strengths. For use as
a rock acidulant, the cammercial acids are diluted to
ahout 70 percent oc less (43, p. 175).

Formerly. appreciable amounts of trace elements
were expected in acid produced us a byproduct in
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Tasce L. -Standard grades of sulfuric acid !

et g m

Paumé wele (egree) ; Specific gravisy ? R0,

: Percens
8. e ‘ 1.5591 65.13
88..,..--- .. mmssmeeees 1. 6667 4. 36
60......... R I 1. 7059 71.67
60 0 e 1. 8351 93.19
! 1. 8437 98. 00
1.8391 0. 61

31.915-1.992 104.5-114. 6

! Adopted hy Manufacturing Chemiatg® Assaciatian (50).
1 Detegmined at 60° F. in comparison with water at 6()° F.
1 Qlewwns, 20, 30, 40, and 65 percent.

smelting metallic sulfides.  The ncager inlormation
available (table 12) seems 1o indicute that this ucid
in now cleaner in this respect thun it was in the early
1930,

Sulfuric acid, baving many industrial uses, appears
as spent acid in many different conditions. The
ten most important consumer industries aro listed in
table 13. Tho more plentiful varietics of speat acid
are alkylation sludge from petroleum refining and
acids from alcohol manufacture, nitrating processes,
and benzene production. Numerous other processes
use acid in relatively amall quantitiea. ‘l'he spent

Tisce 12.-—Copper and xinc contents of sulfuric
acid '

X Dnteof
Jocation of fartoey | produc. | H:5O Cu? A1

qource of aoid ‘
tion

Year | Percens | Pp.m. | Po.m.

Sulfue. . ...... Florida. ., .- .| 1957 93 10.03 1

Sulfideore. .. .| Utab.... ... .| 1957 93| .3 1
Do...... Muntena. . ... 1931 77 |19 ®)

Da....... Tonncasee. .. .| 1931 18 19

v

1 Resulta of Clark and Hill (19).
3 Content haserd an 100 percent HaS04.
3 Ceuce.

acid from these sources carry organic umpurities
that are peculiar to the particulur process. In most
cases sucveeaful procedures for troaling these acida
for re-use in the process have been developed, but all
too often the cost is prohibitive. Still. tho waste
must be disposed of. Hence. utilization in another
industry, where conditioning is net required, is
highly desirsble. The superphosphate, phosphoric
acid, and ammouium sulfate industries can utilize it
in many instances. Some acids used in, or proposed
for, superphosphate manulacture since 1940. which
have come to the author’s atteation. are deacribed in
table 14.

Tabur 13.—Distribution of domestic sulfuric acid consumption among industrial uses '

N Arid (hasie of 100 percent HyS1s) consume in ralendsr yesr
Coansumer industry i
1952 19572 19593 1961
Thousand | Parcens of | Thoasandd | Pervent of Thousond | Percens of | Thouaand | Percent af
shore gotts anal shore tona toral shory tona solal short fone toial
Phospbatic Jertiligren ¥ o v ee e +, 053 27.5 4,300 25.4 4, 985 25.6 5, 500 29.6
Cbhemicsla not in other alasaes, .. ... ..., ..... 1,245 8.5 1.300 7.6 1, 425 7.1 1. 600 B. &
Inorganic pigments. ..........--- vt 240 8.5 1,415 8.3 | 1.535 84| 1,628 8.7
Tromandsteel . ... .. ... ... .  eeliies H3K 5.6 1,000 5.9 1,lm 6.0 930 5.0
Amnionium sulfate, synthetic. ... ... ... 628 4.3 90 4.6 850 4.5 710 3.8
Ammonium sullete, eoke-oven....... . .,.. ... .. HHI 3.6 705 4.1 470 2.6 470 2.5
Qther potroleum producis, ... ............... EH 482 3.3 570 3.3 580 3.1 600 3.2
RBYOD. .ottt \ - i e 529 3.6 509 3.0 480 2.6 455 2.4
Alugtinumaulfate. . ... ..o e 361 2.5 465 2.1 483 2.6 480 2.6
Nonferrans metala. .., . ... ) T R e tes 218 1.6 675 1.0 00 4.3 140 4.0
Usenotelowified. . ... ... i as 4.371 30.0( 5,291 A1 5,082 32.6 | 5.490 29.6
Grooa total consumption. ..ol 14,644 100.0 | 17,016 o, n | 18, 402 100.0 | 18,600 100. 0

-,

' Figures for years through 1959 are given hy Konter (39): those for 1961, by Hucener (40).

3 Estimated (nantities for different uves.

3 Estimuted tonnages of acisl for years 1958 und 1960 arc 4,275 aud 5. 43t
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thus offsetting at least some of the advantage of the
lower cost ruck,

Phosphate roek is pulverized for use in wuper-
phosphate production.  Although varioun degrees of
finencss are used, 90 percent through 100 mesh
.ppeurs to be the most common. Charges for grind-.
ing at the mined to various degrees of fineness are
shown in the footnote in table 1.

%« ’ Sulfuric Acid

Whether fucilities for sulfuric acid manufacture
are included a3 an integral part of a superphospbate
plant depends primarily on whether acid can be
nurchased at a price competitive to the cost of manu-
{ucturing it and, to some extent, on the availability
of avid for purchase. Owing to the higher conts
associuted with low volume operation, the small
superphosphate plunts usually can purchase their
acid more economically than they ecan produce
it. In some cases an economical size of acid plant

ID: MS DEPT. OF AGRICULTURE
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may be achieved by producing acid for sale in
addition to that required for supcrphospbate ‘pro-
duction. Sulfuric acid is manufactured by all of the
larger praducers of concentrated superphosphate
and most of the larger producers of normal supecphos-
phate.

Sulfuric acid usually is produecd from crude sulfur.
The price of domestic, crudeaulfurin 1961 wus $21 per
net short ton f.o.b. curs at the mines or $22.32 per
taon f,0.b, vessels at gulf ports. Table 2 gives the
estimated cost of producing sulfuric acid in a contact
plant with a capacity of 600 tons per day (100 percent
basis). The estimated processing cost is $2.59 per
ton of acid. If a delivered cost for sulfur of 326 per
net ton is assumed the total production cost of acid
is $11.53 per ton (100 per cent basis).

Sulfuric acid also is produced from smelter gas.
This acid usually costs less than acid produced from
crude sulfur, because of tho byproduct cost status
of the sulfur in the smelter gas.

Tanre 2.—Estimated production cost of sulfuric acid in Fi lorida in 1961

Cast per
Iten Uplt eaquleeqyons, par tan af 100 parceat HSO4 Unit owel ton of 100
pecgont
H330¢
Sulfur. . . e, 0344 wn,....... e e §21.00 per tun. . ...y $7.22
Freight .. ... D3dton. ..., 500 perton,, ... ..., .. 1.72
Total. . ................ e esmmales Cerereesenenslfe T g 8.94
-‘merating Inbor. .. .......... R A 0.12 man-he. . ......... veraie. R 2 2.25 pecrman-he. .. ..., 0.27
Maintenance. . .. ............ cioveeovr.-| 6 percent of investment per yr. .. ... ... .. Ve eaiaes Ve ireenes .61
Power...................... e vo..| Bhw.hr.perton.. . ... e 0.0l per kw.she. .. ..., .08
Water. .o e (1.7 ) F 0.05 per M gal, ., ......, .50
Supplies. oo e .{ 15 porcont of maintengncoper yr. .. .. .. .. N T T .09
Analyses............... vieevinieor-ee..] 10 percentoflabor. . ... ... S She o R G < | o S e o - SRR e .03
Taxes. .......ovvnen e { percent of fnveatinent Por yr. .. . ... ievieienee i .10
Insurance. ... ......... e 1 percent of investment per yr. . ovv v v feerane i 0
Depreciution, , ... ..o0 L., S L T ey P .67
f)verhead. .. ........... e e 50 percent of labor. .. ... ..., e e nas R R AT ' .14
Total, ooy iiin o ey f e er e BB S e e $2.59
Grand wotal. ... .. &, .o, 5 cssbespen - nEone G v, weones wemsrssesegleee. s oo s 11.33
! Assumplinns;
(1) Contact acid plant;
2) 600 tona per day of 10U percent I,S0,:

(3) Operatc 330 days per ycar:

(4) Plant vont, $2,000.000:

(3) 95 percent sullur recayery.
* No eredit for byproduct stcom.

8
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Figure 14.-'T urbino-type mixer.

turbine. “The slurry discharges through a ot jn
the side of the vessel near (he bottom.  Air drawn
into the alurry by the wirbine is claimed 10 “enulsify™
the phospliate in the avid.

Nordengren (25) han described o wmixer (fig. 15)
that has some of the features of the turbipe 1ype.
It is actually a batel, mixer, hut the retention (jme
ianroshort (2105 suc.) that it approaches continuous
operation.  Weighed batches of roch and acid are
dumped in, aubjected 1o intensjve mixing by blades
on a vertical shaft, and theu released throngh an
automatic valve, 'The only diffcrence hetween this
tnd a continuous turbine mixer appenrs o he the
valving action, whicl) serves to give the mix a fow
reconds’ retention in the mixer,

'\‘ordengn:n har also deacribed a true continyoum
turbine mixer.  Several horizontal thin blades are
mounted on a vertical shaft volating at 1,000 revy.
lations per minute. 1) s claimed that the produc
alter curing is vYery porous and has a specific gravity
of only 0,5,

Only onc or two high-speed mixers ore known 10
be in usc in this country.  Good mixing haa been
reported with relatively low Power consumption,

Comparison und Status of Mixers

The "bately pan mixer has been the standard for
Dany years und the nujority of superphosplin e

Planty in this country sl use this Iype. No good

acimn J RUCK
’
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Figure 15 ~=~Nordengren mixer and den,

information s available as (0 e distribution L.
tween the varjous types- A rough estimate is gux

follows:

Mixor type; Numbper of planta
Pag (buteh), ... . e e e e 160
Padd]e (continuoue), . ..., .. e e .. 23
Cone (eontinuons)..,.,.., T 30

In otber countries the continuous type of mixer
uged widely, A recent vount shows ahout 90 Broad].
ficld units and 40 high-speced mixers abroad; the
Broudficlds wre scattered #round the waorld but the
bigb-speed units are voncentrated in Europe. No
information is avaituble on the number of hatel
mixers abroad, and only a few jnstuneces of cone
miixer installutions bave heen reported.

The prevalence of pan wmixers in this country is
due in great part 10 the fact that 1nost of the super-
phosphate plants are old; at the time they were
built, other 1ypes of mixers had not been developed
to the point of ready aceeptunce. Practically all 1he
paddle mixers have heen ingtalled in the paay 25
yeara and the cone mixers in the lasg 5 years. Thix
is not 10 say, however, that 4 rroducer going into
busincss today would not congider installation of

pun anixer.  The pug type las advantages us well us
disadvuntages in comparison with other mixers.
Some considerations that enter into the choice of
& mixer for a particalar Bituation ure as follows.

Buatch Versus Continuons Opecration

The bateh type of weighing associaled with pan
mixers has somne advantuge in that the cquipment
in simple to operate and nuintain, and better contral
of the rock : woid ratjo ean he obtsined with un.
skilled Tabor.  In contramt 10 the bateh hopper for
weighing roek, a continuous, aulomatie weigh heh
5 a fairly complicated piece of cquipment for
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| SECTION J. APPENDICES
Appendix 1
Some Fertilizer Materials Used in Blends
Typical % Nutrient Content
Primary Nutrients* N __ ByQs_ XK;,0 S ca Mg Ci
Ammonium nitrate 34 0 0 |
_>%~ Ammonium sulfate 21 0 0 24
Urea 46 0 )
Diammonium phésphate, (DAP) 18 46 0
Monoammonium phosphate (MAP)11-13 48-55 0
Nitric phosphate 20 20 0
9</ Normal superphosphates 0 20 0 10 18
Triple superphosphate, TSP 0 46 0 14
;%L Potash, nmuriate o} 0 60 48
Sulfate of potash 0 0 51 17 2
Sulfate of potash magnesia 0 0 22 22 11 2
)( Potassium nitrate 13 0 44 0.5

Magnesium oxide -- 44.5% Mg

Magnesium sulfate -- 16.0% Mg

X 1950 malrist

i

|

Gypsum (calcium sulfate) -- 22.5% Ca,

16.8% S

Secondary Nutrients (available as powder and granules)

*Hard granules or prills are needed which are size compatible.



?‘-- e ey — | i = = e - ——— v o - %A UM e Al Ve e — - ot e -

ﬂ// /)( 7/ «
il A

U.S. DEPARTMENT OF COMMERCE
National Techaicai informstion Service

PB-300 681

— S .

Source Assessment
Phosphate Fertilizer
Industry

S T S S

Monsanto Research Corp, Dayton, OH

s 1} v’-w—--—r«wv..-‘.-

e

Propoved fer
Industrial Environmental Research Lab, Research Triangle Park, NC

May 79

-
W SRS L




United States industrial Environmental Ressarch EPA-800/2-79-019¢
Environmental Protection

m."' s ° mv 1979
Agency Ressarch Tnangle Park NC 27711 '

Research and Deveiopment FB 300681 :
Source Assessment:
Phosphate Fertilizer
Industry




—

@

T oot

SR et e atd

e T ey

T e i -t o

s )

e s s s as G St i ki 2 5 He et e R L S e, T e

(Please reed Instrucions

TECHNICAL REPORT DATA

on the reverse before completing?

3. REPORT NO. 2.

EPA-600/2-79-019¢

4. TITLE AND SUBTITLE

Industry

SOURCE ASSESSMENT: Phosphate Fertilizer

[May” 'i§7!95i"

—
7. AUTHORLS)

C.M. Moscowitz, and R. B, Reznik

J.M.Nyers,G.D. Rawlings ,E A, Mullen,

PEAFORMING ORGANIZATION CODE
PERFORMING ORGANIZATION REPORT NO.

MRC-DA-895 5

- PERFORMING ORGANIZATION NAME AND AODRESS

Monsanto Research Corporation

10. PROUGRAM ELEMENT NG
1ABOI5: ROAP 21AXM-071 @
1. CONTRACT/GRANT No—

Box 8, Station B

Dayton, Ohio 45407 68-02-1874

12. SPONSORING AGENCY NAME AND ADDRESS 13. TYPE OF REPOR'T O PERIOQ COVERED
EPA, Office of Research and Development ‘:rgl:sf:gi%ofzzscgof7 79
Industrial Environmental Research Laboratory )

Research Triangle Park, NC 27711 EPA/600/13

15. SUPPLEMENTAAY NOTES IERL_RTP mo]ect Oﬁicer

- 18 Ronald A. Venezia MD-62, 919/541-

2547. There are other source assessment reports in this series and in EPA-600/2-

76-032, 77-107, and 78-004 series,
16 A8STRACT The report describes a stu

residues resulting from the manufacture

densers, steam ejectors, gypsum slurry

effluents from the production operations arige from wet scrubbers, barometric con- !

is normally segregated from other wastewater streams. Wastewaters are contami-

dy of air emissions » water effluents, and solid

of phosphate fertilizers. It includes the nro-

duction of wet process phosphoric acid, superphosphoric acid, normal superphos -
phate, triple superphosphate, and ammonium phosphate. Air emissions from pro-

&
Q,
o
£
'

» and acid sludge. Noncontact cooling water

&A XEY WORDS AND DOCUMENT ANALYSIS
. _ DESCRIPTOAS b.IDENTIFIERS/OPEN ENDED TERAMS lc. cosarmi| reid/Group
Pollution Dust Pollution Control 13B G
Asgessments Fluorides Stationary Sources 14B
Industrial Processes Ammonia Phosphate Fertilizers 13H
Fertilizers Sulfur Oxides Particulate 02A
Phosphate Deposits 08G
Phosphoric Acids 07B
13 OISTRIBUTION STATEMENT 19. SECURITY CLASS IThlJchoﬂ[ 21. NO. OF PAGES .
. 4 Unclassified 203
Unlimite 20. SECURITY CLASS /T3 22 PRICE =
i Unclassitied ™ 2707, /£77° ]

EPA Form 2220-% (973



-

RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, U.S. Environmental
Protection Agency. have been grouped into nine series. These nine broad cate-
gories were establishea to facilitate further development and application of en-
vironmental technology. Elimination of traditional grouping was consciously
planned to foster technology transfer and a maximum interface in related fieids.
The nine series are:

1. Environmental Health Effects Research

2. Environmental P stection Technology

3. Ecological Research

4. Environmental Monitoring

5. Socioeconomic Environmental Studies

6. Scientific and Technical Assessment Reports (STAR)

7. Interagency Energy-Environment Research and Development

8. "Sbeciae" Reports

9. Miscelianecus Reports

This report has been assigned to the ENVIRONMENTAL PROTECTION TECK-
NOLOGY series. This series describes research performed to develop and dem-

EPA REVIEW NOTICE

This report has been reviewed by the U.S. Environmental Protection Agency, and
approved for publication. Approval does not signify that the contents necessarily
reflect the views and policy of the Agency, nor does mention of trade names or
commercial products constitute endorsement or recommendation for use.

This document is available to the public through the National Technical Informa-
tion Service, Springfielg, Virginia 22161.



PEr e g m— -

o ose e . . et TRTRAR. R

EPA-600/2-79-018¢
May 1979

Source Assessment:
Phosphate Fertilizer Industry

by

J. M. Nyers, G. D. Rawlings, E. A. Mullen,
C. M. Moscowitz, and R. B. Reznik

Monsanto Ressarch Corporation
Box 8, Station B
Dayton, Ohio 45407

Contract No. 68-02-1874
Program Element No. 1AB015; ROAP 21AXM-071

EPA Project Officer: Ronald A. Venezia

Industrial Environmental Research Laboratory
Office of Energy, Minerals, and Industry
Research Triangie Park, NC 27711

Prepared for

U.S. ENVIRONMENTAL PROTECTION AGENCY
Ofiice of Resaarch and Development
Washington, DC 20460



RTINS e SN

1y

[4

L

PREFACE

The Industrial Environmental Research Laboratory (IERL) of the
U.S. Eavircnmental Protection Agency (EPA) has the responsibility
for insuring that Pollution control technology is available for
stationary sources to meet the requirements of the Clean Air Act,
the Federal water Pollution Control Act, and solid waste legisla-
tion. If control technology is unavailable, inadequate, or
uneconomical, then financial Support is provided for development
of needed control techniques for industrial ang extractive proc-
ess industries. Approaches considered include: process modifi-
cations, feedstock modifications, add-on control devices, and
complete process substitution. The Scale of the control technol -~
OgY programs ranges from bench~ to full-scale demonstration
plants.

The Chemical Processes Branch of the Industrial Processes
Division of IERL has the responsibility to develop control tech-
nology for a large number of operations (more than 500) in the
chemical industries. As in any technical program, the firgt
question to answer is, "where are the unsolved problems?" fThis
is a determination which should not be made on superficial infor-
mation; consequertly, each of the industries is being evaluated
in detail to decermine if there is, in EPA's judgement, suffi-

Phate fertilizer industry contains data necessary to make that
decision for the air, water, and 8olid waste discharges resulting
from the production of phosphoric acigd and Superphosphoric acid,
normal and triple Superphosphate fertilizer, and granular ammo-
nium phosphate fertilizer.

gate the environmental impact of various industries which repre-
sent sources of pollution in accordance with EpA's reponsibility
as outlined above. pr, Robert c. Binning serves as Program
Manager in this overall program entitled "Source Assessment,”
which includes investigation of Sources in each of four cate-
gories: corbustion, organic materials, inorganic materials, and
open sources. Dr. pale A. Denny of the Industrial Processes
Division atr Pesearch Triangle Park sServes as EPA Project officer.
in this study of the phosphate fertilizer industry. pr. R. A.
Venezia served as EPA Task Offjcer.
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ABSTRACT

This report describes a study of air emissions, water effluents,
and solid residues resulting from the manufacture of phosphate
fertilizers. It includes the production of wet process phosphor-
ic acid, superphosphoric acid, normal superphosphate, triple
superphosphate, and ammonium Phosphate. The potential environ-
nental impact of the industry is evaluated on a multimedia basis.

Air emissions from production of Phosphate fertilizers include
particulates, fluorides, ammonia, and sul fur oxides. The poten-

tial environmental effect of these emissions is evaluated by cal-
culating the source severity, defined as the ratio of the time-~
averaged maximum ground level concentration of a pollutant to a

hazard factor. For particulate and sulfur oxide emissions, the

hazard factor is the pPrimary ambient air quality standard; for

fluoride and ammonia emissions, it is a reduced threshold limit

value. Source severity values for emissions from the wet scrub-

ber system at an average phosphoric acid pProcess are 0.18 for °
fluorides and below 0.05 for particulates and sulfur oxides. For
superphosphoric acid, severity is 0.09 for fluoride and below
0.05 for particulates. For ammonium phosphate, Sseverities are
0.43 for particulate, 0.45 for fluoride, and 0.09 for ammonia. 3
For normal superphosphate, source severity ranges from 0.004 to

0.35 for particulate and from 0.18 to 7.2 for fluoride. For
run-of-the-pile triple Superphosphate, particulate source sever-

ity ranges from 0.009 to 0.04, and fluoride source severity is

0.77. For granular triple Superphosphate, particulate source

severity ranges from 0.004 to 0.06, fluoride Source severity

ranges from 0.12 to 0.36, and SOx source severity is 0.11.

Phosphate fertilizer Plants control air emissions by a combina-
ation of cyclones, baghouses, and wet Scrubbers. Material han-
dling operations are generally enclosed to reduce fugitive
particulate emissions, Only fluoride emissions from curing and
storage at normal Superphcsphate plants are typically uncontrolled.

Water effluents from the production operation arise from wet

scrubbers, barcmetric condensers, steam jet ejectors, gypsum

slurry, and acid sludge. Noncontact cooling water is normally
Segregated from other wastewater streams. Wastewaters are con-
taminated with phosphates, fluorides, sulfates, and gypsum.

Process water is discharged to large gypsum ponds for storage

ard recycle; it is normally not discharged to surface streams. '

iv



Stored in ponds, stacked in Piles, or stored in mining pits on
Bite.

This report was Submitted in pacrtial fulfillment of Contract
68-02-1874 by Monsanto Research Corporation under the Sponsorship
of the U.s. Environmental Protection Agency. The study covers
the period May 1976 to March 1979.
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Ny/c
NEDS

NOyx

N-P-K
R/A
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TP
P,0s

ABBREVIATIONS AND SYMBOLS

ambient air quality standard

ammonium polyphosphate

bone phosphate of lime or tricalcium phosphate
concentration of particular pollutant, g/m3
distance downwind from source, m

diammonium phosphate

2.72

emission factor for dryer/cooler

emission factor for product sizing and material
transfer

emission factor for reactor/ammoniator-granulator
composite emission factor

emission factor for total plant

hazard factor

granular normal superphosphate

granular triple superphosphate

emission height, m

monoammonium phosphate

number of emission factors for dryer/cooler
National Emissions Data System

nitrogen oxides

number of emission factors for product sizing and
material transfer

nitrogen-phosphorus-potassium fertilizer

number of emission factors for reactor/ammoniator-
granulator

normal superphosphate
number of emission factors for total plant

phosphorus pentoxide, used to express the phosphorus
content of fertilizer
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ABBREVIATIONS AND SYMBOLS (continued)

=< Parts per billion

~T mass emission rate, g/8

== amount of rock required to produce 1 metric ton of NSP
== run of pile

ROP-NSP -- run-of-pile normal Superphosphate
RGP-TSP -- run-of-pile triple Superphosphate

s
SOy
SPa

TLV
TSP

x < < ci
» g 54

WPPA

T= 8ource severity

== sulfur oxides

== 8Superphosphoric acid

== averaging time, min

== instantaneous averaging time, 3 min

== threshold 1limit valuye

== triple superphosphate

== Tennessee Valley Authority

== national average wind speed, 4.5 m/s
T wastewater effluent flow rate, m3/s

== Volumetric flow rate of receiving body above plant
discharge, mi/g

== downwind dispersion distance from a source of
emissions

== wet process pPhosphoric acid

== downwind distance from an emission source at which
x/F=0.1

== 0.2089 x0.9031
== 0.113 x0.911

== downwind qround level concentration at reference
coordinate with emisgion height of h

- time-averaged ground level concentration
== instantaneous maximum groungd level concentration
- time-avcraged maximum ground level concentration
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SECTION I
INTRODUCTION

phosphate fertilizer industry is considered to include the produc:--
tion of phosphoric acid by the wet process (reaction of phosphate
rock with sulfuric acid), the concentration of phosphoric acigd to
Superphosphoric acid, the production of normal and triple super-
phosphates, and the manufacture of granular ammoniunm phosphates.
Phosphoric and Superphosphoric acids serve asg intermediates in

the production of final fertilizer materials,

Historically, phosphate fertilizers have been one of the large
volume chemicals produced in the United States. Production ig
concentrated in the 8tate of Florida because of jits extensive
phosphate rock deposits. uyntil the early 1960's, Superphosphates
were the Primary Phosphate fertilizer material manufactured, but

Now ammonium phosphates Predominate because of their higher over-
all nutrient content,

locations. Emission pointe are identified, emission species are
Characterized, and average emission rateg are determined, all on
a multimedia basis. Present and emerging control technologies
are also considered in terms of their effectiveness, advantages/
disadvantages, and extent of application. The final section of

the report discusses the growth and nature of the phosphate
fertilizer industry.
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SECTION 2
SUMMARY

In 1975 the phosphate fertilizer industry in the United States
consumed 26.1 x 10° metric tons of phosphate rock to produce
approximately 4.89 x 10°% metric tons of Phosphate fertilizer.

Final product. included 0.44 x 106 metric tons of run-of-the-pile

normal Superphosphate, 0.90 x 10e. metric tons of granular triple
Superphosphate, 0.60 x 10¢ metric tons of ammonium pPhosphates,
all expressed in terms of their phosphorus pentoxide (P,0s) con-
tent. 1In addition, 6.29 x 10% metric tons of wet process phos-

phoric acid ang 0.506 x 10° metric tons of s
were manufactured as Phosphate fertilizer in

uperphosphoric acid
termediates.

Phosphate fertilizers are produced at 121 plants located in 28

sStates. The number of plants producing each

compound and the

average production rates are given in Table 1. Approximately
30% of the plants are complexes Producing more than one phosphate

material. These same Plants account for the

majority of produc-

tion volume. Florida, because of its large phosphate rock de-
posits, is the leader in number of Plants (i.e., 16) and tonnage

of materials manufactured.

TABLE 1. PRODUCTION STATISTICS FOR PHOSPHATE FERTILIZER PLANTS

Number orf Average plant production rate,

Product plants metric tons/yr (P20s basis)

Wet process Phosphoric

acid 36 175,000
Superphosphoric acid 9 56,200
Ammonium phosphate 48 75,000
Normal superphosphate 66 6,650
Granular triple

superphosphate 13 69,100
Run-of-the-pile triple

Superphosphate 10 59,700
Total industry 1212 NA

aSOme plants produce more than one product.
Not applicable.
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Phosphate fertilizer production begins with phosphate rock con-
taining 30% to 35% PaCs. This rock is crushed and mixed with
aqueocus sulfuric acid to produce phosphoric acid (28% to 32%

and fluorine compounds are produced. Precipitated gypsum is
filtered from the acid, sluiced with recycled pond water, and
Pumped to a gypsum pond. PFumes from the attack vessel are vented
to a packed-bed wet 8crubber for fluoride removal before they are
vented to the atmosphere. The low quality (28% to 32% P20s) acid
is concentrated to 54% P;0s5 by evaporation.

then returned to the pond.

The term nommal Superphosphat.e is usged to designate a fertilizer
material containing from 16% to 21% P20 made by reacting ground
phosphate rock and sulfuric ¢cid. Rock and acid are mixed in a
reaction vessel, held in an enclosed area (den) during the solidi-
fication process, and transferred to a storage pile for curing.
Cyclones and baghouses are used to control particulate emissions
from rock pProcessing operations; scrubbers are used to reduce
fluoride and Particulate emissions from the reactor and den.
However, no controls are normally employed on the curing building

because of the lower level of emissions and typically small
Plant size.

Triple Superphosphate designates a fertilizer material having a
P20s content of Over 40% made by reacting phosphate rock and
pPhosphoric acid. There are two Principal types of triple super-
phosphate: run-of-the-pile and granular, Run-of-the-pile mate-
rial is essentially a nonuniform Pulverized mass Produced in a

In the manufacture of ammonium phosphates, phosphoric acid and
ammonia are initially reacted in a Preneutralizer to an ammonia/
phosphoric acid mole ratio of approximately 1.4. The resulting
slurry passes to an ammoniator-granulator, where the injection
of additional ammonia causes further solidification. Ammonium

product shipment. Exhaust streams from the Preneutralizer ang
ammoniator-granulator pass through a Primary scrubber in which
phosphoric acid removes ammonia and pParticulate. Exhaust gases
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from the dryer, cooler, and screen go to cyclones for particu-
late removal. Materials collected in the primary scrubber and
cYclones are returned to the process. fThe exhaust is sent to
Secondary scrubbpers where recycled 9¥YPSum pond water is used as
4 Scrubbing liquid to control fluoride emissions. The scrubber L
effluent is returned to the gypsum pond.

A summary of air emissions for the six production Processes ig
2. For each emission point, the emission
Species and emission factors are reported. In addition to the
Process emissions at phosphate fertilizer Plants, fluorine in
the gypsum pond water is volatilized ang emitted to the atmos-

Source severity, affected Population, and state and naticnal
emission burdens. The inteat was to compare tie relative impasts
of a large number of 3ource types studied. 1n evalaating poten-
tial environmental effects, average parame*ers have Primarily
been employed (e.g., emission factors, stack heights, pPopulation
densities). A more detailed Plant-by-plant evaluation was beyond
the scope of the Project and conclusions are not drawn with re-

Source severity (S) for air emissions tompares the time-averaged *
maximum ground level concentration of an emitted pollutant, Xmax,
to an es‘imated hazard factor, F, and is defined as Xmax/F .

The hazard factor, F, is defined as the Primary ambient air
quality standard (AAQS) for Ccriteria pollutants (particulates and
sulfur dioxide). For fluoride and ammonia emissions, F ig
defined in terms of the reduced threshold 1limit value (TLV®)

F = TLV(8/24)(1/100), where the factor 8/24 corrects for 24-hr
éxposure and 1/100 is a safety factor. Calculated Source sever-
ity values are shown in Table 2.

Values for ;ﬁax Could not be determined for liydrogen fluoride

em ssions from gyYpsum ponds. Instead, plume dispersion equations
were used to determine the distances downwind from the pond at

which the*time-averaged pollutant concentration, ¥, divided by
F was below 1.0 and 0.05.
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area, which is then multiplied by an average pPopulation density
to determine the affected population. Due to uncertainties in-
herent in sampling and dispersion modeling methodolcgies, the
number of persons exposed to a x/F ratio greater than 0.65 is
also reported. Values for the affected population.are reported
in Table 2. :

all sources to find the emissions burden due to various segments
of the phosphate fertilizer industry. The percent contributions
to states' emissions burdens by wet process Phosphoric acid
pPlants ranged from 0.004% to 0.4% for particulates and from
0.0002% to 0.02% for sulfur dioxide. On a national basis, wet
Process phosphoric acid Plants contributed 0.01% of the nation's
particulate burden and less than 0.001% of the sulfur dioxide
burden. Particulate emissions from superphosphoric acid plants
contributed from less than 0.001% tc 0.005% of each state's
emissions burden. For normal and triple superphosphate produc-~
tion, it was found that in each state and on a national basis the
pParticulate and sulfur oxide (SOx) contribution to the respective
emissions burden was less than 0.001%. Ammonium phosphate partic-
ulate emissions represent approximately 0.02% of the total nation-
al particulate emissions burden from all sources. On a statewide
basis, ammonium phosphate production contributed 0.1% or more of
the total statewide particulate emissions burden in only Florida
(0.8%), fdaho (0.4%), and Louisiana (0.3%).

Environmental and economic concerns have prompted use of control
devices in most facets of the wet process phosphoric and super-
phosphoric acid industr » With the exception of volatile emis-
sions from the gypsum pond. Rock unloading, rock transfer, and
rock charging operations are located in partially enclosed struc-
tures with ventilation Systems venting to baghouses for rock
recovery. Vaporous and particulate emissions issuing from the
attack vessel, filtration system, and clarifier are all vented
to a common venturi throad packed-bed wet scrubber. Recycled
pond water is used in the scrubber to remove emissior. species
and is then sent back to the gypsum pond. A similar wet scrub-
bing system is used as superphosphoric acid plants to remove
fluoride and particulate emission species.

The types of air pollution control equipment used at superphos-
phate plants are varied; however, all pPlants have a basic emis-
sions control system consisting of cyclones, baghouses, and wet
Sciubbers. All plants use cyclones and/or baghouses to control
particulate emissions from the rock unloading and rock feeder
Systems. Wet scrubbers are used to control particulate and
fluoride emissions from the mixer den, curing building, reactor,
granulator, dryer, and cooler. These scrubbers also control SO,
emissions from the dryer at granular triple superphosphate pPlants
when fuel o0il is used. Only the fluoride emigsions from the
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curing and stérage building at normal superphosphate plants
are uncontrolled.

Stack emission from all ammonium phosphate plants have some type
of emission control. Cyclones are used for product recovery, and
wet scrubbers are used for ammcnia (NHa), fluoride, and product

recovery.

Based on industry production trends and forecasts, production of
wet process phosphoric acid and superphosphoric acid are expected
to increase at annual rates of 4% to 7% and 7% to 10%, respec-
tively. Normal superphosphate production is expected to decline
by 1% to 5% until about 1982 when industry production is expected
to stabilize. Triple superphosphates, both granular and run-of-
the-pile, are expected to maintain a moderate annual growth rate
of 23%. Ammonium phosphate production from 1975 to 1980 is pro-
jected to grow at an annual rate of 7.5%, resulting in approxi-
mately 44% more production in 1980 than in 1975. If the current
level of emission control is maintained, emissions from these
production processes will increase or decrease in a similar

fashion.

Sources of process wastewater from wet process phosphoric acid
production include wet scrubber liquor, gypsum slurry water, and
barometric condensers. Gypsum pond water normally supplies most
of the water requirements for operation of wet scrubbers and
barometric condensers and also for transferring the waste gypsum
to a disposal area although variations do exist. Acid sludge,
generated in acid clarification, contains substantial amounts of
phosphate and is normally disposed of by blending into dry ferti-
lizer. Cooling water may be recirculated gypsum pond water. If
supplied by a segregated nonprocess system instead, it may be re-
cycled or discharged. Steam condensate which is contaminated,
such as that from barometric condensers and vacuum ejectors, is
discharged to the gypsum pond. Uncontaminated steam condensate
is discharged to receiving waters without treatment. Wastewater
streams contain varying quantities of phosphoric acid (Hs3PO,),
fluorides, sulfates, and gypsum.

Wastewater streams at superphosphoric acid plants come from baro-
metric condensers, steam jet ejectors, and wet scrubbers. These
streams contain quantities of HaPO4 and fluorides. Wastewater
from superphosphoric acid plants is normally contained in a2 man-
ner similar to that used at wet process phosphoric acid plants.

The only source of wastewater at normal and triple superphosphate
fertilizer plants is tle scrubber liquors. Scrubber systems use
recycled water from the gypsum ponds or other holding reservoirs.
Nearly all triple superphosphate plants are located at fertilizer
complexes producing wet process phosphoric acid and, as a result,
use gypsum pond water in their scrubber systems. More than 60%
of normal superphosphate plants now practice fluorine recovery
and thereby eliminate or greatly reduce the need for a pond.

7
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Plants recovering fluosilicic acid consume the small amount of

silica-containing liquid waste geénerated as a filler in ferti-
lizer production.

Several years. 1In actual practice, discharge of

pbrocess water from the recycle pond System is held ta an absolute
minimum dque to treatment costs.

One plant was found to use river water on
for dCcrubbing air emissions and for cooling.
plant is discharged withoyt treatment.

Source severity for water effluent
of a particular pPollutant+ after discharge angd dilution in the

receiving body with an estimated allowable concentration denoted
as tne hazard factor,

the discharge

rate times the
hazard factor according to the following equation:

s=__Do% ()
] (VF + VD)F
where S = source Severity for a particular pPollutant
VD = wastewater effluent flow rate, m3/g
cD = Concentration of particular Pollutant, g/m3

x

Vo = volumetric flow rate of receiving body above
plant discharge, m3/s

!
I

hazard factor for particular pollutant, g/m3
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Severities for fluoride, phosphorus, and to a lesser degree
ammonia-nitrogen in discharged waters were found in a number of
cases to be above 1.0. This was due to the extremely low flow
rates of the receiving bodies and should represent a worst case
analysis for the small number of plants that do discharge.

Solid residues generated at phosphoric acid plants are gypsum
from the filtration of wet process phosphoric acid, wet process
phosphoric acid sludge, and solids suspended in the wet scrubber
liquor. These solid waste residues are, for the most part
stored in ponds, stacked in piles, or stored in mining pits on
site. A small percentage (approximately egual to 1%) is used

as a raw material for various products. Under normal conditions,
the solid residues cause no adverse environmental effects. At
normal and triple superphosphate plants, solid residues are in
the form of slurries from the wet scrubber and are therefore
included with wastewater treatment practices.




SECTION 3

SOURCE DESCRIPTION

A. OVERVIEW OF PHOSPHATE FERTILIZER INDUSTRY

Phosphorus is one of the major elements essential for normal
plant growth (1). Naturally occurring phosphorus in phosphate
rock in the form of tricalcium phosphate is almost completely
insoluble in water (solubility in cold water equals 20 g/m?

orf water) (2). To enhance plant growth, the phosphate fertilizer
industry converts insoluble phosphate rock into water-soluble
fertilizer products.

1. Phosphate Rock Consumption in the United States

e L e 1 R SRR A e TR R SRS 0 T S DAy

In 1975, 44,286,000 metric tons® of phosphate rock were mined in

| 16 states in the United States, as shown in Figure 1 (3). Phos-
oy phate rock mined in Florida accounted for approximately 78% of
- : the U.S. production and about 29% of the total world's supply in

1975. Over 92% of this output came from the vast sedimentary
land pekbble deposit in Polk and Hillsborough counties east of
Tampa, Florida. Approximately 5.7% of the phosphate rock was
mined in Tennessee and 3.6% in North Carolina. Deposits in
Tennessee are classified as brown, white, and blue rock; only
L the brown rock has been of commercial importance. Phosphate

1 rock mined in the western states of Idaho, Montana, Wyoming, and
) Utah accounts for about 14% of the total ore mined in the

United States (3).

C

4 metric ton equals 10® grams; conversion factors and metiic
system prefixes are presented at the end of this report.

: (1) Riegel's Handbook of Industrial Chemistry, Seventh Edition.
3 J. A. Kent, ed. Van Nostrand Reinhold Co., New York, New
- York, 1974. pp. 551-569.

(2) Handbook of Chemistry and Physics, 49th Edition, R. C. Weast,
ed. The Chemical Rubber Co., Cleveland, Ohio, 1968.
p. B-187.

(3) Stowasser, W. F. Phosphate-1977. Publication No. MCP-2,
U.S. Department of the Interior, Bureau of Mines, Washington,
D.C., May 1977. 18 pp.

&l o EE
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‘Pigure 1. Location of major phosphate rock
deposgsits in the United States (3).

Approximately 31,029,000 metric tons (70%) of the phosphate rock
mined in 1975 were used in the United States to produce numerous
phosphorus-containing materials (3). Figure 2 illustrates the
1975 consumption pattern for the various products obtained from
phosphate rock. Significant quantities (15.9%) of phosphate rock
were consumed in several nonagricultural markets such as the pro-
duction of detergent builders and water treatment chemicals and
the treatment of aluminum and ferrous metal surfaces, as well as
in foods, beverages, pet foods, dentifrices, and fire control
chemicals.

Agriculture-related industries producing phosphate fertilizers
and animal feeds used 26,096,000 metric tons (84.1% of total pro-
duction) of phosphate rock in 1975. Of this total, 22,754,000
metric tons (89.7%) were consumed for fertilizers, and 2,688,000
metric tons (10.3%) were used to produce animal feeds.

2. Types of Fertilizer Products

The schematic diagram of the phosphate fertilizer industry pre-
sented in Figure 3 (4) shows the conversion of insoluble phos-
phate ore into the soluble form necessary for plant consumption.
Phosphate-bearing rock is mixed with sulfuric acid (HaS0.) to
produce phosphoric acid, the building block for phosphate
fertilizers.

As Figure 3 illustrates, numerous additional processes are used
to produce phosphate fertilizer materials. These processes are
in operation because of farmer demand for a wide variety of
fertilizer mixtures.

(4) Fullam, H. T., and B. P. Faulkner. 1Inorganic Fertilizer and
Phosphate Mining Industries--Water Pollution and Control
(PB 206 154). Grant 12020 FPD, U.S. Environmental Protec-
tion Agency, Cincinnati, Ohio, September 1971. 225 pp.

11
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phate rock consumption pattern
for various phosphorus products (3).

PHOSPHATE ROCX

Hy50, —= 50,

NORMAL MIPE PHOSPHORIC
SUPERPHOS PHATE SUPERPHOS PHATE Acl0

wn oy

AMMONIATED AMMONIUM
SUPERPHOS PHATE PHOSPHATES

SOLID MIXED LYQUID MIxED
RRTILIZERS FERTILIZERS

[‘7 PHOSPHATE FERTILIZER PROOUCTS

Schematic diagram of phosphate fertilizer industry (4).

Figure 3.
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Product fertilizers differ in the amount and chemical form of the
three primary plant nutrients: nitrogen (N), phosphorgs (P), and
potassium (K). Normal and triple superphosphate contain only one
plant nutrient--phosphorus. Ammoniated superphosphate and ammo-
nium phosphates contain two nutrients--phosphorus and nitrogen,
while solid and liquid-mixed fertilizers contain all three nutri-
ents in varying N-P-K ratios.

For evaluative purposes, the phosphate fertilizer industry is
divided into three segments: phosphoric acid and superphosphoric
acid, normal and triple superphosphate, and granular ammonium
phosphate. Ammoniated superphosphates and solid and liquid-mixed
fertilizer segments of the industry were covered in a separate
Source Assessment Document on fertilizer mixing plants (5).

a. Phosphoric Acid and Superphosphoric Acid--

In 1975, 6,979,400 metric tons of phosphoric acid [reported as
equivalent (100%) phosphorus pentoxide (P30s)] were produced in
the United States (6). Of this total, the 36 plants shown in
Figure 4 (7) produced 90% or 6,291,400 metric tons from phosphate
rock using wet process technology (3, 6). This report does not
cover those plants which produce phosphoric acid from elemental
phosphorus (thermal process) because this high purity acid is no
longer used to produce phosphate fertilizers (8). The phosphate
fertilizer industry consumed 85% or 5,380,648 metric tons of

the wet process acid produced. The remainder (14%) of the wet
process acid was used for preparing phosphatic feed supplements
for livestock and poultry.

Phosphoric acid used in the fertilizer industry is made by the
reaction of aqueous (50% to 98%) sulfuric acid with crushed phos-
phate rock, hence the term "wet process.” The reaction occurs

in an attack vessel where, ir ddition to phosphoric acid,
insoluble calcium sulfate di .ydrate (gypsum) and fluorine com-
pounds are produced. Precipitated gypsum is filtered from the
acid, sluiced with recycled pond water, and pumped to a gypsum
pond. Fumes from the attack vessel are vented to a packed-bed
wet scrubber for fluoride removal before they are exhausted to

(5) Rawlings, G. D., and R. B. Reznik. Source Assessment:
Fertilizer Mixing Plants. EPA-600/2-76-032c, U.S. Environ-
mental Protection Agency, Research Triangle Park, North
Carolina, March 1976. 187 pp.

(6) Inorganic Chemicals 1976. M 28A(76)-14, U.S. Department of
Commerce, Washington, D.C., August 1977. 30 pp.

(7) Hargett, N. World Fertilizer Capacity-Computer Printout.
Tennessee Valley Authority, Muscle Shoals, Alabama, 1976.

(8) TVA Plans Early Closure of Furnaces; Cities Switch to Wet-
Process Phosphoric. Chemical Marketing Reporter, 209(3),
1976.

13
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— * PHOSPHORIC ACID PLANTS

& PHOSPHORIC AND SUPERPHOSPHORIC
ACID PLANTS ¢

Figure 4. Location of wet process and
superphosphoric acid plants (6).

the atmosphere. Low quality (28% to 30% P20s equivalent) phos-
phoric acid is then concentrated to 54% P;0s equivalent by evapo-
rating water from the solution.

Superphosphoric acid (P20s equivalent greater than or equal to
66%) is produced by further concentration of the 54% P.Os phos-
phoric acid. Superphosphoric acid concentration is accomplished
by either vacuum evaporation employing heat transfer surfaces or
submerged combustion/direct heating. 1In 1975, approximately
505,900 metric tons of superphosphoric acid were produced by
nine plants in six states in the United States, as shown in
Figure 4 (6, 7) (Appendix A).

b. Normal and Triple Superphosphate--

Normal superphosphate (NSP), prepared by reacting ground phos-
phate rock with sulfuric acid, contains 16% to 22% available
P20s. Approximately 0.44 x 10°® metric tons (P20s equivalent of
NSP fertilizer were produced in 1975 (9).

Triple superphosphate (TSP), containing 45% to 55% available
P20s, is made by reacting ground phosphate rock with phosphoric
acid. Two types of TSP are produced: run of th2 pile and granu-
las. In 1975 approximately 0.60 x 10® metric tons (P.0s equiva-
lent), of run-of-the-pile triple superphosphate (ROP-TSP and

(9) Inorganic Fertilizer Materials and Related Products,
M28B(75)-13, U.S. Department of Commerce, Washington, D.C.,
December 1976. 6 pp.
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0.90 x 10° metric tons of granular triple superphosphate (GTSP)
were produced in the United States (9).

Geographical locations of the 66 NSP plants in the United States
are spown in Figure 5 (7). NSP plants are located near consumers
because it is cheaper to ship phosphate rock (approximately equal
tc 33% P30s) to consumption areas than it is to ship NSP from the
ore deposits. A description of each NSP plant is given in
Appandix A.

The production of TSP, unlike that of NSP, occurs in plants
located near phosphate rock deposits (Figure 6) (10). Eleven of
the sixteen TSP plants are located in Florida, which accounts for
approximately 78% of the U.S. production of phosphate-bearing
rock. Among the 16 plants, 7 have facilities for producing both
run-of-the-pile and granular grades of products; of the remaining
9 plants, 6 produce only GTSP and 3 produce only ROP-TSP (see
Figure 6). Each of these plants is also described in Appendix A.

€. Amnonium Phosphate--

Ammonium phosphates are produced by reacting phosphoric acid with
anhydrous ammonia. Both solid and liquid ammonium phosphate
fertilizers are produced in the United States. 1In 1975, approxi-
mately 2.8 x 10°® metric tons (P30s equivalient) of ammonium phos-
phates were produced by 48 plants located in 17 states, as shown
in Piqure 7 (7, 10, 11).

3. Raw Materials

Raw materials used in the phosphate fertilizer industry consist
of phosphate rock, sulfuric acid, and anhydrous ammonia. Phos-
phate rock is a term broadly used to denote the group of minerals
commercially valuable for their phosphorus content. The princi-
pal (greater than 80%) mineral constituent of phosphate rock is
Ltiuorapatite, [Ca;(POas)a)aseCaFa (12). Also found in phosphate
rock are iron oxides, aluminum oxides, magnesium, carbonates,
carbon dioxide, calcium oxide, silicon oxides, and sulfates. A
chemical analysis of phosphate rock samples from mines across the

(10) Harre, E. A., M. N. Goodson, and J. D. Bridges. Fertilizer
Trends 1976. Bulletin Y-111, National Fertilizer Develop-
ment Center, Tennessee Valley Authority, Muscle Shoals,
Alabama, March 1977. 45 pp.

(11) Final Guideline Document: C(ontrol of Fluoride Emissions
from Existing Phosphate Fertilizer Plants. EPA-450/2-77-005
(PB 265 062), U.S. Environmental Protection Agency, Research
Triangle Park, North Carolina, March 1977. 277 pp.

(12) Atmospheric Emissions from Wet-Process Phosphoric Acid
Manufacture. AP-57 (PB 192 222), U.S. Department of Health,
Education, and Welfare, Raleigh, North Carolina, April 1970.
86 pon.
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Location of ammonium phosphate plants
in the United States (7, 10, 11).

Figure 7.

United States is shown in Table 3 (13). Trace amounts of arsenic,
lead, vanadium, and chromium which may be present in the rock are
not listed. Uranium is also present in phosphate rock, with con-
centrations in the range of 40 g to 165 g of uranium per metric

ton of rock. Table 4 (14) gives typical concentrations of radio-
active elements in Florida phosphate mine products and wastes and

phosphate fertilizer products and wastes.
Phosphorus content of the rock and/or products is commonly
expressed in one of four ways:
. BPL [bone phosphate of lime or tricalcium phosphate,
Ca;(PO..)Z] .
e Phosphorus pentoxide (P,05) .
- Elemental phosphorus (Py) .

» phosphoric acid (H3POy) -

Lowenheim, F. A. Phosphorus Compounds, Inorganic. In:
Encyclopedia of Industrial Chemical Analysis, volume 17,

F. D. Snell and L. S. Ettre, eds. John Wiley & Sons, inc.,
New York, New York, 1973. pp. 142-144.

T. Windham. Radioactivity Distribu-
tion in Phosphate products, By-Products, Effluents, and
Wastes. ORP/CSD-75-3, U.S. Environmental Protection Agency,

Wwashington, D.C., August 1975. 30 pp.

(13)

(L4) Guimond, F. J., and S.
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TABLE 3. REPRESENTATIVE ANALYSES OF COMMERCIAL
PHOSPHATE ROCKS (13)
(percent reported as material shown)

Reprinted from Encyclopedia of Industrial Chemical Analysis. Vol. 17, by
courtesy of Join Wiley & Sons, Inc.

s

U.S. locatioca and P304 Cal Al;03 Vey0, B840, 8O ? (41 CO, carbon #a,0 K o*
Plorida;s
Land pebble, high grade 35.5 48.0 0.04 0.9 0.7 ¢.0 0.0} 1.7 0.3 0.07 0.09 1.8
Bard rack, high gzade 35.) .5%0.2 0.03 1.2 9.9 6.3 0.1 3.8 0.008 2.8 0.3 0.4 0.3 2.0
Bard rock, waste poad 23.0 20.3 0.4 14.0 2.9 1%.8 0.01 2.1 0.003 1.4 0.3 9.1 0.4 7.0
Tennsssee: '
Brown rock, high grade 34.4 49.2 0.02 1.2 2.8 S.9 0.7 30 0.0 2.0 0.2 0.2 0.3 1.4

Mestorn states:

Phosphoric rock, high grade 32.2 46.0 0.2 1.0 0.8 7.5 1.
Phosphoric rock, low grade 19.0 23.3 1.4 s.9 6.0 27.4 1.

"
bt
o

B,

®after drying at 100°C for several hours. 'Data not available.

TABLE 4. RADIUM (226Ra), URANIUM, AND THORIUM CONCENTRATIONS
IN PHOSPHATE MINE PRODUCTS AND WASTES AND

PHOSPHATE FERTILIZER PRgDUCTS AND BYPRODUCTS (14)a
(pCi/qg)
Uranium Thorium

Material 226pa 234 235 238 227 228 230 232
Marketable rock 42 41 1.9 41 2.0 0.61 42.3 0.44
Slimes 45 42 2.6 44 2.3 1.2 48 1.4
Sand tailings 7.5 5.2 0.38 5.3 -C
Phosphoric acid 1.3
Gypsum 33 6.2 0.32 6.0 0.97 1.4 13 0.27
Normal superphosphate 25
Diammonium phosphate 5.6 G3 3.0 63 1.6 0.8 65 0.4
Triple superphosphate 21 58 2.8 58 1.2 0.9 48 1.3
Monoammonium phosphate 5. 55 2.9 55

0
Sodium fluorosilicate 0.28
Animal feed 5.5

aPlants using Florida phosphate rock. bPicocuries per gram; 1 picocurie

CBlanks indicate no data obtained. equals 0.037 becquerel.

Table 5 shows the factors required to convert from one set of
units to another. The common industry practice of reporting all
phosphorus-containing materials in terms of the equivalent phos-
phorus pentoxide (P;0s) content is used throughout the remainder
of this document. Table 6 illustrates acid concentrations
reported in various units.

Offsite preparation of phosphate rock involves beneficiation to

remove impurities, drying to remcve moisture, and grinding to
improve reactivity.

18
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TABLE 5. CONVERSION FACTORS FOR PHOSPHORUS CONTENT UNITS

To convert from To Multiply bv
% BPL $ P 0.1997

$ BPL $ P,0s 0.4576

% P,0s TP 0.4364

$ P,05 % BPL 2.1853

% P05 % H3PO, 1.381

$ H3PO, $ P 0.316

$ H3PO, 2 P705 0.724

$ P $ P,0s 2.2914

s P $ BPL 5.0073

TABLE 6. COMMON CONCENTRATIONS OF PURIFIED PHOSPHORIC ACID GRADES

{percent)
Material HLPOy P,0¢ P Polyphosphate
Filtered production 28 20 9 0
phosphoric acid 41 30 13 0
orthophosphoric acid 75 54 24 0
Superphosphoric acid 97 70 31 2.2
100 72 31 10

Sulfuric acid used in the wet process is either made in a captive
plant or piped from a nearby sulfuric acid manufacturer. Virgin
acid made from brimstone (native sulfur) or pyrites (sulfur bear-
ing ores) is normally used. The use of byproduct sulfuric acid
from other processes may introduce impurities that cause poor
quality gypsum crystal formation and odor problems (15).

4. Rock Preparation

Phosphate rock that has been mined and beneficiated is in general
too coarse to be used directly in acidulation. The major frac-
tion of the phosphate rock (more than 38%) ranges in size from
pebbles 25 mm in diameter down to 100-ym material (4). The rock
is therefore processed through equipment to mechanically reduce
it to the particle size needed for improved reactivity during
the acidulation process (smaller than 150 um).

Preliminary drying to remove moisture is necessary to prepare the
rock for grinding (Figure 8). Direct-fired rotary kilns 8 m to
30 m long and 2 m to 3 m in diameter are used to dry phosphate

(15) Phosphoric Acid, volume I, A. V. Slack, ed. Marcel Dekker,
Inc., New York, New York, 1968. 1159 pp.
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rock (16). These dryers use natural gas or fuel oil as fuel and
are fired countercurrently. In recent Years, the fluidized-bed
type of dryer has gained prominent importance because of its Zuel
savings and increased throughput.

: OIL OR NATURAL GAS

AIR :
PHOSPHATE EMISSIONS - EMISSIONS
DRYER |
ROCK AIR—=1  pocx EMISSIONS
: GRINDER "
STORAGE
sie
[—==GROUND ROCX
STORAGE

Figure 8. Preparation of phosphate rock for acidulation.

Size reduction is accomplished with ball, roll, or bowl mills.
Rock is fed into the mills and mechanically giound to a fineness
located between the particle size levels of 80% through a 150-um
and 95% through a 74-um screen. After the rock enters the mill
system, all flow through the sizing and reclamation circuits is
by pneumatic means. Air is constantly exhausted from the mill
System to prevent precipitation of moisture which is released
from the rock during grinding.

Future rock grinding operations may utilize a wet grinding cir-
cuit rather than the current dry grinding practice. This change
would eliminate the gas effluent streams associated with both

rock drying and grinding operations and result in lower capital
costs (17).

Phosphate rock arrives at the phosphate fertilizer plant in
either a ground or unground form. For economic reasons, the
trend has been toward more processing at the point where the rock
is mined, especially at smaller plants (18).

(1€) Heller, A. N., S. T. Cuffe, and D. R. Goodwin. Inorganic
Chemical Industry. 1In: Air Pollution, Volume III: Sources
of Air Pollution and Their Control, A. C. Stern, ed.
Academic Press, New York, New York, 1968. pp. 221-231.

(17) Martin, E. E. Development Document for Effluent Limitations
Guidelines and New Source Performance Standards for the
Basic Fertilizer Chemicals Segment of the Fertilizer Manufac-
turing Point Source Category. EPA-440/1-74-011-a (PB 238

652), U.S. Environmental Protection Agency, Washington, D.cC.,
March 1974. 170 pp.

(18) Caro, J. H. Characterization of Superphosphate. 1In: Super-'
phosphate: 1Its History, Chemistry, and Manufacture. U.s.

Department of Agriculture, Washington, D.C., December 1964.
pp. 272-284.
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Ground rock requires tight, fully enclosed material handling
equipment to reduce the loss of rock and prevent excessive air
emissions. General shipping practice includes the use of
enclosed, hopper-bottom railroad cars of the type developed for
hauling cement and other finely ground material. Little (less
than 5%) ground rock is carried by ship or barge because of
handling losses that would be incurred.

In a typical system, ground rock is unloaded from the hopper-
bottom cars into a receiving hopper located directly under the
track. A vibrator is used to keep the rock flowing freely. An
underground screw or beit conveyor carries the rock to storage
silos. A typical rock unloading facility is shown in Figure 9.
The unloading station, transfer conveyors, and storage silos are
enclosed and all ventilation points are equipped with dust
collectors.

EMISSIONS

o | 1
zmes qgaaaaaaaaaa[ BAGHOUSE

BAGHOUSE

1

ROCK STORAGE
SILo

RAILROAD CAR
ELEVATOR

—
eowaig | o

HOPPER 10 #EIGH
HOPPER
DO ODIDOD

Figure 9. Raw material unloading and storage.
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B. WET PROCESS PHOSPHORIC ACID PRODUCTION

1. Process Chemistry

In the wet process production of Phosphoric acid, sulfuric acid

and the tricalcium phosphate portion of the phosphate rock react
to form phosphoric acid and gypsum (17).

Caa(POQ)z + 3H250;, + 6H20 —_— 2H3P01. + 3(CaSOz,'2H20) (2)

This chemistry is straightforward; however, two factors influence
operating conditions at individual Plants: the composition of

the phosphate rock and the physical form of the byproduct calcium
sulfate.

a. Effects of Phosphate Rock Com sition--

Side reactions occur during ac1du§atzon, and the quantity of prod-
ucts found depends on the amounts and composition of other chemi-
cal constituents in the phosphate rock (see Table 3). ]
generally undesirable side reactions form Precipitates and

sludges which foul operating, handiing, transfer, and stcrage
equipment (19). Excessive amounts of impurities also increase
acid viscosity, which affects handling operations. Metals such
as iron, aluminum, and magnesium form water-insoluble phosphate
salts, which tie up useful phosphate and remain as suspended

solid impurities in product acids. Trace metals (arsenic, lead,
and heavy metals) also contaminate the acid. carbonates, fluo-
rine, and silica likewise are troublesome materials (19). Carbon-
ates react with sulfuric acid to produce carbon dioxide, which
contributes to foaming. The calcium fluoride constituent of the
fluorapatite ore reacts with sulfuric acid to produce hydrogen
fluoride according to the following reaction:

CaF, + H,S0O, — 2HF + Caso, (3)

In addition, calcium fluoride reacts with phos

phoric acid accord-
ing to the following reaction (17, 20):

CaF, + 2H3PO, — Ca(H,PO,), + 2HF (4)

The hydrogen fluoride can evolve as a

gas or react with silica in
the following manner (17, 20):

(19) pahlgren, S. E. Chemistry of Wet-Process Phosphoric Acid
Manufacture. 1In: Phosphoric Acid, Volume I, A. V. slack,

ed. Marcel Dekker, Inc., New York, New York, 1968.
pp. 91-154.

(20) Evaluation of Emissions and Control Techniques for Reducing
Fluoride Emissions from Gypsum Ponds in the Phosphoric Acid
Industry. Contract 68-02-1330, Task 3, U.S. Environrental

Protection Agency, Research Triangle Park, North Carolina,
November 1976. 218 PP.
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S$io, + 6HF — HzSiFs + 2H,0 (5)

puring acid concentration steps, fluosilicic acid (H;SiFg) in the
phosphoric acid solution can dissociate according to the follow-

1ng reaction (17, 20):

HzSiFG — SiF, + 2HF (6)

Fluosilicic acid can also combine with sodium or potassium to
yield fluosilicate salts, which form scalz and sludge in the proc-

essing equipment.

b. Physical Form of Calcium Sulfate--

The popular process for phosphoric acid production is based on
the quick formation of calcium sulfate dihydrate or gypsum

(CasO, *2H,0) . It is also possible to precipitate calcium sulfate
as the hemihydrate (CasO, +1/2H,0) or the anhydrite (CasOy). The
dihydrate processes offer basic advantages--less severe operating
conditions, lower rates of corrosion, better filterability, and
lower capital cost--which outweigh advantages in the hemihydrate
and anhydrite processes. An alternative dihydrate process which
does not involve direct formation of the dihydrate utilizes the
initial formation of calcium sulfate in the hemihydrate form

and its subsequent hydration to gypsum. Figure 10 (21) shows the .
precipitation of calcium sulfates in phosphoric acid.

HBAIHY DRATE (C250," L2HZ0!
PRECIPITATED: ANHYORITE
(Cas0g STABLE

D DIMYDRATE (L350, 3,00
PRECIPITATED; ANAYORITE
STARLE

TEMPERATURE, °C

DIMYDRATE PRECIPITATED
AND STARLE
. ] 2
[] A L
] 10 2 b @ 2 o

AC10 CONCENTRATION, parcent P2°5

Figure 10. Precipitation and stability of calcium
sulfates in phosphoric acid (21).

Reprinted from Chemistry and Technology of Fertilizers by
courtesy of John Wiley & Sons, Inc.

(21) slack, A. V. Chemistry and Technology of Fertilizers. John
Wiley & Sons, Inc., New York, New York, 1967. pp. 69-97.
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The entire reaction, then, between the major (more than 90%)
phosphate rock constituents and sulfuric acid is as follows (17):

Ca; g (PO,) gF2CaCoO3 + 11H,S0, + 11nH,0
— 6H3PO, + 11CasSOy°nH,0 + 2HF + H,0 + CO; (7)

where n may equal 0, 1/2, or 2 depending on the degree of hydra-
tion of the calcium sulfate. Table 7 shows weight percent values
of compounds found in filtered wet process phosphoric acid (WPPA)
(22). Table 8 gives an elemental analysis of commercial (concen-
trated) acid (21).

2. Process Description

Phosphoric acid can be produced by one of two methods: hydration
of phosphorus oxide derived from burning elemental phosphorus in
air (thermal process) or digestion of phosphate rock with a min-
eral acid such as sulfuric acid (wet process). The acid produced
by the thermal process is known as furnace grade acid and, by the
nature of the process, is higher purity acid. Furnace grade

acid, used for animal feeds, detergents, fire retardant chemicals,
and other industrial phosphorus products, is no longer used to
produce phosphate fertilizers (8).

The second, or wet process, method produces merchant grade phos-
phoric aciA. Merchant grade acid contains more impurities than
does furnace grade acid. Currently, all phosphate fertilizer
production in the United States uses WPPA.

WPPA production methods differ principally in the degree of
hydration of the calcium sulfate. The degree of hydration is a
function of the temperature and phosphorus pentoxide concentra-
tion of the acidulation slurry (see Figure 10). Calcium sulfate
can be precipitated in the dihydrate form (gypsum) , hemihydrate
form, or anhydrous form. Currently, all WPPA plants in the
United States use the dihydrate process. The hemihydrate and
anhydrite processes find limited use in Europe and Japan.

A schematic diagram of the basic dihydrate process for producing
orthophosphoric acid by the wet process method is shown in Fig-
ure 11. Production of the acid involves four unit operations:
raw material feed preparation, phosphate rock digestion, filtra-
tion, and concentration. The following sections contain detailed
process descriptions of each of these four operations.

(22) Lehr, J. R. Purification of Wet Process Acid. 1In: Phos-
phoric Acid, Volume I, A. V. Slack, ed. Marcel Dekker,
Inc., New York, New York, 1968. pp. 637-686.
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Figure 11. Wet process for production of phosphoric acid.

a. PRaw Material Feed Preparation--
Phosphate rock 1s delivered to the plant site by railroad hopper
cars. Unloading of these cars takes place in a three-sided shed

where the ore drops out of the bottom of the railroad car and is
conveyed to rock storage silos.

An exhaust system is installed in the unloading and transfer

areas to remove phosphate rock dust from the air. The exhaust
Stream is passed through a baghouse before it is discharged to

the atmosphere. From the silos, the rock is classified by screen-
ing (60% to 80% less than 74 um) or by air separation and is
passed on to the acidulator.

In addition to phosphate rock, sulfuric acid (93% to 98% H,350,)
is delivered to the plant site. This acid is piped to storage
tanks from adjacent sulfuric acid plants.

b. Phosphate Rock Digestion--

The key feature in a phosphoric acid plant is the acidulator, the
reaction vessel where phosphate rock is digested with sulfuric
acid to produce orthophosphoric acid (28% to 30% P,05) and gypsum.
Before the 1960's, the digestion section consisted of a series of
Separate reaction vessels. Today, all wet process acid plants

use a single tank design consisting of multiple compartments or
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stages (24). The types of acidulation systems currently in use
in the United States include the Prayon, Prayon/Davy Powergas,
porr-Oliver, Singmaster and Breyer, and Swenson.

o "

Each system design varies in terms of the number and location of
agitators and recirculation mechanisms and in the locations of
rock and sulfuric acid injection points. In the United States,
approximately 75% of all wet process acid trains use the Prayon
or a combined Prayon/Dorr-Oliver system. As Figure 12 illus-
trates, each of the systems uses different equipment, but thne
basic process and resulting product and byproducts remain the

&3 /| 3

Phosphate rock and sulfuric acid are added to recirculating
slurry in the acidulator. Approximately 3.35 metric tons cf 70%
BPL (32% P,05) phosphate rock and 2.75 metric tons of 93% to 98%
sulfuric acid are required to produce 1.0 metric ton of H;PO,
(100% P,05 basis) (24). Some processes use dilute sulfuric acid;
the range of concentrations is 503 to 98% sulfuric acid. The
higher concentrations of sulfuric acid are generally preferred
because they remove excess water that must be evaporated during

the concentration step.

==

Average retention time in the reactor system ranges from 5.5 hr
to 8 hr (21). In all systems, recirculation of slurry is
required in order to reduce the adverse effects on the proesess

. caused by fluctuations in rock analysis and incomplete mixing.
The recycled slurry also gives the control of supersaturation
necessary for good growth of gypsum crystals. In multicompart-
ment systems such as the Prayon single tank reactor, the recycle:

product ratios range from 10:1 to 20:1 (24).

] .

Acidulation of rock and dilution of sulfuric acid produce heat:
163 kJ to 469 kJ per mole of fluorapatite (19). The reaction
slurry must be cooled to prevecnt formation of other hydrated
crystal forms of calcium sulfate. Three methods of cooling are
used: blowing air into the slurry, £flowing air across the slurry,
and vacuum flash cooling. Another approach, used by Prayon, is
to apply sulfuric acid which is already diluted and cooled. When
the heat of reaction and heat of dilution of sulfuric acid are
removed by flash cooling (Figure 13), submerged slurry pumps 1lift
the slurry from the attack tank and introduce it into the bottom.
of a distributor in the flash cooler. A large slurry surface in
the top of the cooler flashes off water; the cooled slurry then
overflows the inner and nuter edges of the distributor and

returns to the attack tank.

Vapors from the flash cooler are condensed in a barometric con-
denser and sent to a hot well. Noncondensables are removed by

(24) Lutz, W. A., and C. J. Pratt. Principles of Design and
Operation. In: Phosphoric Acid, Volume I, A. V. Slack, ed.
Varcel Dekker, Inc., New York, New York, 1968. pp. 158-208.
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Figure 12a. Flow diagram for Prayon phosphoric acid plant.

Reprinted from Phosphoric Acid, Volume I, A. V. Slack,
editor, p. 254, by courtesy of Marcel Dekker, Inc.
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Figure 12b. Dorr-Oliver reaction system (vacuum cooled).

Reprinted from Phosphoric Acid, Volume I, A. V. Slack,
editor, p. 216, by courtesy of Marcel Dekker, Inc.

Figure 12. Digestion system designs (24).
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Reprintedlfrom Phosphoric Acid, volume 1, A. V. Slack,
editor, p. 274, by courtesy of Marcel Dekker, Inc.

oS }
eYP8UN FULTER
sYPSUM
TO EASTE
cooLEnr
N30y
PRODUCT
|
pHCIPHATE ? ?
mocx v
FATER
rFLED
Tanx
MO | REACTOR BO.1 OieTITER HO 2 DISESTER
NERWIYORATE ovPTR o T

Figure 12d. Flow diagram of Singmaster and Breyer
hemihydrate-dihydrate process.

Reprinted from Phosphoric Acid, Volume I, A. V. Slack,
editor, p. 364, by courtesy of Marcecl Dekker, Inc.
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Figure 13. Phosphate rock digester and cooling system.

steam ejection and also vented to the hot well. Fumes from the
hot well may be vented to the wet scrubber, while the water
slurry is discharged to the gypsum pond.

c. Filtration--

Slurry froa the final stage of the reactor system is continuously
withdrawn and pumped to a horizontal, rotary, tilting pan type of
vacuum filter to separate gypsum soiids from the liquid (32%
P20s) phosphoric acid. Two diagrams of this type of filtration
system are shown in Figures 14 (12) and 15 (15). Slurry is dis-
charged onto the filter, the undiluted mother liquor is collected,
and the remaining slurry is subsequently washed by three continu-
ous, countercurrent stages to remove phosphoric acid liquids.

The cake is dried by suction, the filter pan is inverted, and the
cake is washed from the filter with recycled gypsum pond water.
Gypsum slurry then flows to the holding pond for cooling and
solid settling. The filter cloth is washed, dried by suction,
and is then ready for the next cycle.

Acid from the first four stages of filtration is delivered to the
vacuum receivers and then to a multicompartment filtrate seal
tank. Undiluted mother liquor is pumped to a surge tank and then
to the concentration process. Water and acid from the second and .
third washes are recycled to the preceding wash stage. Weak acid
from the first wash is delivered to the attack vessel. Vapors
from the vacuum receivers are cooled and vented to the wet scrub-
ber system. Cooling water and condensed vapors are used to wash
the cloth filter in the final stage of the filtration process.
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Figure 14. Tilting pan filtration system (12).

Figure 15. Operating cycle of rotary horizontal

tilting pan filter (15).

Reprinted from Phosphoric Acid, Volume I, A. V. Slack,
p. 446, by courtesy of Marcel Dekker, Inc.
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d. Concentration---

Phosphoric acid (32% P30s) from the first filtration stage is con-
centrated to 54% Pi1Os by vacuum evaporation of water. The acid

is circuiated, first through a shell-and-tube heat exchanger, >
then through a series of three flash chambers at 10 kPa to 20 kPa
pressure (25, 26) separated by shell-and-tube exchangers, as

shown in Figure 16 (12). The flash chambers serve to provide
comparatively large liquid surface areas where water vapor can be
released with minimum phosphoric acid entrainment.

Minor acid impurities, such as compounds containing fluorine,
volatilize with the water vapor. The evolved vapors containing
fluorine compounds and phosphoric acid pass to a barometric con-
denser, from which the condensed vapors, process cooling water,
and condensed steam flow to a hot well. From the hot well, the
water is recycled back to the barometric condenser that is used
in connection with the acid flash cooler. Vapors from the hot
well are vented to the wet scrubber system.

A variety of minor acid impurities such as iron and aluminum phos-
phates, soluble gypsum, and fluosilicates form supersaturated

solutions in 54% P20s phosphoric acid and will precipitate during
storage. These precipitates, in turn, cause problems in tank car
unloading and customer processing. It is therefore necessary to

remove these precipitated impurities before the acid is sold. as
Previously illustrated in Tables 7 and 8, there is a large reduc-

tion in impurities between the filtered and product acids. .

The process used in the United States for removal of precipitated
solids from 54% P20s phosphoric acid involves only physical treat-
ment of the acid rather than the more complicated and expensive
solvent extraction processes utilized in Europe and Mexico (27).
Precipitated impurities are physically separated from the acid by
settling and/or centrifugation.

Sludge is either sent to the gsypsum pond, processed into a low
quality fertilizer, or recycled to the evaporator feed tank.
Recirculatijon of the sludge adds precipitated solids to the evapo-
rator feed, providing crystal surfaces in the acid. Because

salts coming out of solution during the evaporation process tend
to deposit on these crystals rather than on evaporator surfaces,

scaling is reduced. The clarified acid is then stored at ambient
temperatures.

(25) Cleanup Pays Off for Fertilizer Plant. Environmental
Science and Technology, 6(%):400-401, 1972.

(26) Banford, C. R. IMC's New Plant Shows Off Latest HaPO4 Know-
How. Chemical Engineering, 70(11) :100-102, 1963.

(27) Legal, C. C., and O. D. Myrick, Jr. History and Status of
Phosphoric Acid. 1In: Phozphoric Acid, Volume I., A. V.
Slack, ed. Marcel Dekker, Inc., New York, New York, 1968. s
pp. 1-89.
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3. Gypsum Ponds

Gypsum ponds are used not only as settling basins for calcium
sulfate dihydrate (CaSO4®2H20), but can be usad as cooling,
storage, and reconditioning ponds for all contaminated process
water streams in the plant or complex. Cooled and clarified
supernatant water from the pond can be recycled to supply over
80% of the water requirements for the plant {4).

A typical range of equilibrium compositions of gypsum pond water
is given in Table 9 (4, 20, 28). Impurities approach-equilibrium
concentration in individual ponds over a period of 3 yr to 5 yr
as the water is recycled. These concentrations are then main-
tained by either volatilization and/or precipitation.

TABLE 9. EQUILIBRIUM CONCENTRATION RANGES
OF GYPSUM POND WATER (4,20, 28)

{(g/m3)

Coataminant Concentration

P20s equivalent 6,00 to 12,000

Fluoride 3,000 to 10,000
Sulfate 2,000 to 4,000
Calcium 350 to 1,200
Ammonia 0 to 100
Nitrate 0 to 100
Silica ~1,600
Aluminum 100 to 500
Iron 70 to 300

pH 1.0 to 1.8

4. Industrv Characterization

Ail 36 WPPA plants ir the United States (7) use the same basic
processes described in previous sections. Specific equipment and
operating cornditions vary from plant to plant. General industry
practice has included use of closed water recycle systems and a
single scrubber unit for the collective emission sources, al-
though variations do exist. One plant, located on the Missis-
sippi. River and lacking available land arsz for a gypsum pond,
was designed for use of river water on 1 once through basis for
scrubbing air emissions, for operation of the barometric con-
denser, and for meeting cooling requirements.

(28) Huffstutler, K. K. Pollution Problems in Phosphoric Acid
Froduction. 1In: Phosphoric Acid, Volume I, A. V. Slack, ed.
Marcel Dekker, Inc., New York, New York, 1968. pp. 727-739.
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The 36 WPPA piants have production capacities which range from
6,480 to 751,300 metric tons of P,Os per year, with an average
plant capacity of 251,600 metiic tons of P.Os per year or 699
metric tons of P:0s per day (see Appendix A). Individual plant
capacities vary throughout tne range as shown in Table 10 and
illustrated in Figure 17. Average plant production was caicu-
lated by dividing the total annual wet process phosphoric acid
production for 1975 (6,290,000 metric tons of P20s per year) by
the total number of WPPA plants, i.e., 36. An average WPPA
plant was therefore deiined as producing 175,000 metric tons of
P20s per year or 486 metric tons of P,Os per day.

TABLE 10. ISTRIBUTION OF WPPA PLANTS BY PRODUCTION CAPACITY

Combined capacity

Individual plant for all plants in
capacity, Number category,
102 metric tons of 102 metric tons Percent of
P20s/yr plants P20s/yr total capacity
>700 1 751.3 8.3
600 to 700 3 2,023 22.3
500 to 600 2 1,187 13.1
400 to 500 3 1,358 15.0
300 to 4090 1 326.5 3.6
200 to 200 7 1,720 19.0
100 to 200 9 1,297 14.3
<100 10 3%94.2 4.4
Total 36 9,057 100

Approximately 4 to 5 metric tons of gypsum are formed for every
metric ton of P20« (29). The magnitude of this waste is an
indication of the size of gypsum ponds, which also serve as
holding ponds for the process water, necessary for plant opera-
tion. One reported rule of thumb for sizing is 0.00223 km2 per
daily metric ton of P,Os production (20). An average plant,
producing 486 metric tons P10s dailv, would require a gypsum pond
of 1.08 km2 (263 acres).

The locations of the 36 phosphoric acid plants are listed in

Table A-2 of Appendix A, which also gives information on the popu-
lation densities in counties where the plants are located. A dis-
tribution of plants by county population density is shown in

Table 11. The predominant population density range is 40 to 49
persons/km2; the median value for the 36 plants is 46.1 persons/

km2. This value is used for the population density around an
average plant.
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TABLE 11. DISTRIBUTION OF WPPA PLANTS
BY COUNTY POPULATION DENSITY

Population density, Number of Percent of

persons/km2 plants total plants
0 to 9 4 11.1
10 to 19 5 13.9
20 to 29 2 5.6
30 to 39 4 11.1
40 to 49 14 38.9
50 to 99 1 2.8
100 to 299 3 8.3
300 to 500 3 8.3

Total 36 100
36
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C. SUPERPHOSPHORIC ACID PRODUCTION

l. Process Chemistry

Superphosphoric acid is produced by dehydrating "wet process”
phosphoric acid. When phosphoric acid is heated to elevated
temperatures, molecular dehydration occurs and the molecules
combine to form polyphosphoric acid chains as shown in
Equation 8 (29).

A
X HaPOu  H_ . P O34+1 * (x = 1)H20 (8)
As an example, tripolyphesphoric acid is formed as follows (29):
A
3HaPO, = HsP3040 + 2H20 (9)

The resulting prcduct is a mixture of phosphoric acid (HaPO,) and
polyphosphoric acid chains of varying lengths; this mixture is
called superphosphoric acid. If temperature or retention time

is increased, a higher degree of dehydration is obtained. Prod-
uct composition is affected in that the amount of phosphoric

acid decreases while the average chain length of the polymeric
acids increases. Wet process superphosphoric acid is concen-
trated to 68.5% to 72% P.0s (27). At this degree of hydration,
the P20s in the acid is approximately 40% remaining as phosphoric
acid (H3PO.), 40% as pyrophosphoric acid (H4P20s), 5% as tripoly-
phosphoric acid, and 15% as longer chain acids (27) .

Wet process superphosphoric acid differs from pure superphos-
phoric acid produced from electric-furnace phosphorus primarily

in the chemistry associated with the impurities in the wet acid.
Major impurities in wet process superphosphoric acid are calcium,
iron, aluminum, magnesium, potassium, sodium, fluorine (hydrogen
fluoride [HF], fluosilicic acid [H2SiFe], silicon tetrafluoride
(SiF4]), and sulfate (29). Minor amounts of chromium, tin, manga-
nese, vanadium, uranium, and arsenic are also found. The compo-
sition of superphosphoric acid typically produced from Florida
phosphate rock is shown in Table 12 (15).

lron and aluminum impurities in wet process acid reach their low-
est solubility at about 54% P.0s, the normal feed concentration
to the superphosphoric acid process. 1In the product superphos-
phoric acid, pyrophosphoric acid acts to sequester trivalent iron
and aluminum impurities and hold them in solution.

(29) Muehlberg, P. E., J. T. Reding, and B. P. Shepherd. Draft
Report: The Phosphate Rock and Basic Fertilizer Materijals
Industry. Contract 68-02-1329, Task 8, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina,
May 1976. 205 pp.
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TABLE 12. COMPOSITION OF SUPERPHOSPHORIC ACID (15)
(percent)

Reprinted from Phosphoric Acid, Volume I, A. V. Slack,
editor, p. 1083, by courtesy of Marcel Dekker, Inc.

Typical

Constituent content Range
Total P20s 69.60 69 to 70
Ortno-pP20s. 42.50 42 to 45
Nonortho-P20s 27.10
Fe;O; 2.50
Al20; 2.05
Combined Fe;03 and Al.0; 4.55 4 to S
Fluorine 0.51
Cao 0.15
S0, 2.44

Conversion to polyphosphate, $% 29.0

NOTE.—Blanks indicate data not available.

2. Process Description

a. Submerged Combustion--

Two commercial processes are used for the production of super-
phosphoric acid from wet process acid: submerged combustion and
vacuum evaporation. Currently, in the United States only two
plants (Allied Chemical Corp. and Occidental Petroleum Corp.),
accounting for approximately 26% of the superphosphoric acid pro-
duction capacity, use submerged combustion.

The submerged combustion process was pioneered by the Tennessee
Valley Authority (TVA). Wet acid is dehydrated by bubbling hot
combustion gases through a pool of the acid. Combustion gases
are supplied by burning natural gas in a separate chamber. The
combustion gases are diluted with air to maintain a gas tempera-
ture of 925°C for introduction into the acid evaporator. After
passage through the acid, the hot combustion gases are sent to a
separator to recover entrained acid droplets and then sent to a
wet scrubber emissions control system.

Clarified acid containing 54% P,0s is continuously fed to the
evaporator from storage, and acid containing 72% P.0s is with-
drawn from the evaporator to product holding tanks. Acid cooling
is accomplished by circulating water through stainless steel cool-
ing tubes in the product tanks. Superphosphoric acid production
can be controlled by regulation of the natural gas and air flows
to the combustion chamber, by the feed rate of acid to the evapo-
rator, or by the amount of excess air used in the combustion
process.
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k. Vacuum Evaporation--

Most plants in the United States (approximately 74%) employ
vacuum evaporation utilizing heat transfer surfaces in the pro-
duction of superphosphoric acid (15, 21). Two popular types of
evaporators used are the falling film evaporator developed by
Stauffer Chemical Co. and the forced circulation evaporator
developed by Swenson Evaporator Co. 1In the seven plants which
use vacuum evaporation, approximately 60% of superphosphoric acid
production is by the Stauffer process. The remaining 40% uses
the Swenson design. ;

In the Stauffer process, clarified 54% P;0s phosphoric acid is
continuously fed to the evaporator recycle tank where it mixes
with superphosphoric acid from the evaporator. Some of the mix-
ture (approximately 1.2%) is drawn off as product acid, but most
(approximately 98.8%) is pumped to the top of the evaporator and
is distributed across the heat exchanger tube bundle. The fall-
ing acid, heated by high-pressure steam condensing on the outside
of the tubes, evaporates. The vapors and dehydrated acid then
enter the separator section where entrained acid mist is removed.
Product acid flows to the recycle tank, and the vapor is drawn
off, condensed in a barometric condenser, and delivered to a hot
well. Noncondensables are removed by a two-stage steam ejector
and are vented to the hot well. Superphosphoric acid flows to
the recycle tank where it is mixed with more 54% P20s phosphoric
acid and recycled or removed as product. The approximate recycle
to feed acid ratio is 80:1. The product stream is cooled and
stored before shipping. Both the hot well and cooling tank are
vented to wet scrubbing systems.

The Swenson process utilizes closed heat exchanger tubes filled
with heat exchanger fluid to provide the heat of reaction. Feed
acid (54% P30s) pumped into the evaporating system mixes with
recycled superphosphoric acid. As the acid leaves the exchanger
tube bundle and enters the flash chamber, evaporation begins.
Vapors are removed by a barometric condenser. Condensed materi-
als and noncondensed vapors are delivered to a hot well. Product
acid flows toward the bottom of the flash chamber where part
(approximately 0.6%) is removed to a cooling tank and the rest
(99.4%) is recycled. An approximate recycle to feed ratio is
150:1 (compared with 80:1 for the Stauffer process).

Cooling in both systems is accomplished by circulating water
through stainless steel tubes in the holding tank.

3. 1Industry Characterization

Nine plants in the United States produce wet process superphos-
phoric acid. These plarts have production capacities which range
from 12,960 to 295,000 metric tons of P20s per year, with an
average plant capacity of 115,900 metric tons of P,0s per year

or 320 metric tons of P,0s per day (see Appendix A). Plant
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capacity distributions for those plants producing superphosphoric
acid are given in Table 13 and Figure 18. Average plant pro-
duction was calculated by dividing the total annual wet process
superphosphoric and production for 1975 (506,000 metric tons of
P20s) by the total number of SPA pPlants. An average SPA plant
was therefore defined as producing 56,200 metric tons of P20s

per year or 156 metric tons per day. :

TABLE 13. DISTRIBUTION OF SPA PLANTS BY PRODUCTION CAPACITY

Combined capacity

Individual plant for all plants in
capacity, Number category,
103 metric tons of 103 metric tons Percent of
P20s/yr plants P20s/yr total capacit
>200 1 295 28.3
150 to 200 3 479 45.9
100 to 150 1 124 11.9
50 t0 100 1 65.2 6.3
<50 3 79.6
Total 9 1042.8 100
100
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Figure 18. Distribution of SPA plants by capacity.
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The population densities of the counties where the nine superphos-
phoric acid plants are located range from 2.9 to 285.9 persons/
km2, is used for the population density around an average plant
(Table 14). ;

TABLE 14. DISTRIBUTION OF SPA PLANTS BY
COUNTY POPULATION DENSITY

Population density, Number of Percent of

persons/kma plants total plants
9 to 9 2 22.2
10 to 19 2 22.2
20 to 39 0
40 to 49 3 33.3
236 1 11.1
386 1 11.1
Total 9 100

D. NORMAL SUPERPHOSPHATE PRODUCTION

1. Process Chemistry

Phosphate rock is composed of phosphate in the form of the min-
eral fluorapatite (([Cas(PO.)2]3seCaFa}. Phosphate in this form

is only slightly soluble in water, thus reducing its availability
for plant growth.

NSP, containing from 16% to 21% P,05, is prepared by reacting
ground phosphate rock with 65% to 75% sulfuric acid. The primary
objective of this acidulation process is to convert the fluorapa-
tite in phosphate rock to soluble monocalcium phosphate, a form
readily available to plants. While the overall chemistry is ‘com-
plex due to the composition of the rock, the major reaction
involving phosphate may be stated simply as (4):

lC‘,(PO;)z']'C.’z + 7TH,S0, + JHzo — 3[‘:."5 (PO..);-H;O] + 7_C.S°5 + 2HrP (10)

Pluorapatite Sulfuric Water Monocalcium Calcium Hydrogen
{phosphate rock) acid phosphate sulfate fluoride
monchydrate

2. Process Description

NSP is prepared by reacting ground phosphate rock with 65% to 75%
sulfuric acid. Rock and acid are mixed in a reaction vessel,

held in an enclosed area (den) while the reaction mixture solidi-
fies, and then transferred to a storage pile for curing. A gener-
alized flow diagram of the process for the production of NSP is
shown in Figure 19 (4).
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Mixing of the phosphate rock and sulfuric acid (acidulation)
takes place in either a pan or cone mixer. The pan mixer, used
in conjunction with a batch den and largely replaced by the cone
mixer, is fitted with slowly rotating plows. Larger units are
capable of handling ‘a 2-metric ton batch of material (16).

The cone mixer, developed by the TVA, has come into use in more
than 80% of the plants because of its relatively low capital
expense, low maintenance cost, simple operation, and lack of
moving parts (16). Sulfuric acid is fed into the cone tangen-
tially in order to provide the necessary mixing action. Fresh
superphosphate discharges from the cone mixer to a pugmill for
additional mixing of acid and rock before discharge to a den.
This type of mixer is suitable for use with either a batch or
continuous den.

Plants are described as batch or continuous, depending upon the

. type of den used. In a continuous den, solidification and con-

current evolution of reaction gas take place on a slow-moving
conveyor (den) enroute to the curing area. The low travel speed
allows about 1 hr for the solidification process to occur before
the material reaches the end of the belt. A cutting knife then
slices the solidified material from the belt. NSP as it comes
from the den is uncured and must be held in a curing building
for a period of between 2 wk and 6 wk to permit acidulation to
go to completion.

A batch den is a closed compartment except for a vent that
releases reaction gases. Batch dens commonly used in this coun-
try have capacities ranging from 35 to 275 metric tons (16).
After a setting period, ranging from 1.5 hr up to 10 hr, the
solidified NSP material must be removed from the den and trans-
ferred to storage. Dens operate either automatically, with a
cutting wheel that shaves the solidified mass from the den, or
manually, with a mechanical cutter, a drag line, or a crane.

Following curing, the product can be ground and bagged for sale,
or it can be granulated for sale as granulated superphosphate or
granular mixed fertilizer. Granular mixed fertilizers are
described in a separate report entitled "Source Agsessment:

Fertilizer Mixing Plants"™ and are therefore not included in the
present discussion (5).

In producing a granular normal superphosphate (GNSP) material,
the hardened ROP product is first fed to a pulverizer where it is
crushed, ground, and screened. Screened material is then sent

to a rotary drum granulator. Steam or water is added, if needed,
to aid in granulation. The mixture then passes through a rotary
dryer where it is dried to set its form and sufficient moisture
is removed to eliminate the chance of the pellets binding
together. The material then goes through a rotary cooler and on
to storage bins for sale as bagged or bulk product.
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In some cases, the ROP-NSP material is granulated before curing
in a similar operation.

| ypical
Plant. The ground rock unloading, transfer, and storage facili-

ties together with the process rock weighers and feeders comprise
an additional source of particulate emissions. These emissions
are controlled by baghouse collectors.

3. Industry Characterization

Only a small portion (less than 10%) of total NSP production ig

applied directly as ROP-NSP Oor GNSP product (30). GNSP accounts
for less than 5% of total NSP production, and emissions from this
plant type are therefore not considered. Most of the NSP mater-

nutrients: nitrogen, phosphorus, and potassiunm.

An average NSP plant is defined as one that produces 6,650 metric
tons of P;0s per year of run-of-the-pile grade fertilizer. The
average NSP plant is located in a county having a population
density of 426 persons/km2. (See Appendix A for a complete list
of plant capacities and locations.) Because individual plant pro-
duction statistics are not available,

tion rate was calculated by dividing the total annual NSP
production for 1975 (439,000 metric tons P20s
total number of NsSp plants; i.e., 66

E. TRIPLE SUPERPHOSPHATE PRCODUCTION
l. Process Chemistry

TSP, 45% to 49% P30s, contains between 2.5 and 3 times more P;0s
than normal superphosphate. This higher P;0s content product is
achieved through the use of phosphoric acid in Place of sulfuric
acid as shown in the following equation (31) :

{Ca3(POy) 5] 3°CaF; + 14H3PO, + 10H,0 — lo[CaH, (POy) 2 °H50) + 2HP (11)
Fluorapatite Phosphoric Water Monocalcium Hydro?en
{phosphate rock) acid phosphate fluoride
monohydrate

(30) Personal communication with Ed Harre, Tennessee Valley
Authority, Muscle Shoals, Alabama, 14 April 1977.

(31)  Background Information for Standards of Performance: Phos-
phate Fertilizer Industry, Vol. 1--Propo§ed Standards.
EPA-450/2-74-019a (PB 237 606), U.S. Environmental Protec-
tion Agency, Raleigh, North Carolina, October 1974. 140 pp.
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Higher grade TSP materials (with 54% to 55% P20s) have been manu-
factured by the TVA but only on an experimental basis (9, 32).

2. Process Description

Two principzl types of TSP are produced: ROF-TSP and GTSP.
Physical characteristics and processing conditions differ for the
two materials. ROP material is essentially a nonuniform pulver-
ized mass. In contrast, GTSP is a hard, uniform, pelletized
granule. The ROP process is used for approximately 40% of total
TSP production, and the granular process is used for the remain-
ing 60%. Some overlap occurs as a portion of the ROP product is
consumed in producing a GTSP product.

a. Run-of-Pile Triple Superphosphate--

The ROP-TSP production process as shown in Figure 20 is essen-
tially identical to the NSP process except that phosphoric acid
rather than sulfuric acid is used for acidulation (31). Mixing
of the ground rcck and phosphoric acid (50% to 54% P2Os content)
occurs in a cone mixer. The majority of plants (more than 90%)
in the United States use the TVA cone mixer. This mixer has na
moving parts, and mixing is accomplished by the swirling action
of rock and acid streams introduced simultaneously into the cone.
The resulting viscous slurry, on discharge from the mixer,
quickly (in 15 s to 30 s) becomes rlastic and begins to solidify.
Solidification, together with the concurrent evolution of reac-
tion gases, takes place on a slow-moving counveyor (den) enroute
to the curing area.

On its way to the curing building, the mix may pass through
several mixers or plungers that increase contact between the rock
and acid and help to release trapped gases. Solidified material
takes on a honeycomb appearance because of the copious evolution
of gas throughout the mass. At the point of discharge from the
den, the material passes through a rotary mechanical cutter that
breaks up the solid mass. Coarse ROP product is sent to a stor-
age pile where it is cured for a period of 3 wk to 5 wk. Final
ROP product is then mined from the "pile” in the curing shed,
and subsequently crushed, screened, &nd shipped in bulk (4, 16,
31).

This method of production gives a material that is nonuniform in
particle size with consequent inferior F-~ndling characteristics.
As a result, over 90% of all ROP-TSP is later granulated, either
by the process described in the next section, or at fertilizer
mixing plants that produce nitrogen-phosphorus-potassium (N-P-K)
fertilizers (5). The remaining ROP-TSP is used as direct appli-
cation fertilizer. Sources of air emissions and emission speci=s

(32) Gartrell, F. E., and J. C. Barber. Pollution Control Inter-

r;éationships. Chemical Engineering Progress, 62(10); 44-47,
1966.
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at a typical ROP-TSP production facility are similar to those
described for an NSP plant. Emissions of fluoride vapors and
particulates from the cone mixer, den, and curing building are
controlled by wet scrubbers using recirculated pond water.
Particulate emissions fron ground rock storage and transfer
facilities are controlled by baghouse collectors.

b. Granular Trinle Superphos hate--

Granulation is emponeé as a means of improving the storage and
handling properties of fertilizer materials. This process yields
larger, more uniform particles (mean particle diameters between

1l mm and 4 mm) either by agglomeration of RGP material or by
direct granulation of raw product slurry.

(1) GTSP from ROP~-TSP--A generalized flow diagram of the process
for the produccion of GTSP from cured ROP-TSP is shown in Fig-
ure 2.1 (4, 16, 31). Less than 10% of the GTSP consumed in the
United States is currently produced by this method.

RE
1OIL MATURAL CAS }

MK puissions

AR
BALSS 1008

GRAMAAR
PRODUCT

e 4

RECYQLE FinES
Figure 21. Production of GTSP from cured ROP-TSP (4, 16, 31).

In this process, cured ROP-TSP product is removed from storage
and sent to a pulverizer where it is ground and screened. The
screened material is then sent to a rotary drum granulator. The
addition of steam and water aids the granulation process. The
resultant wet granules are discharged to an air dryer where water
is evaporated to give a hard, dense, granular product. The dis-
charge from the dryer is screened, and acceptable product is sent
to storage. Oversized material is recycled to the pulverizer and
undersized to the granulator.

(2) Basic GTSP Process--Two methods for the direct production of
GTSP are currently available: 1) Dorr-Cliver slurry granulz=tion
process and 2) TVA one-step granulation process. Direct granula-
tion using the Dorr-Oliver process accuunts for over 90% of total
GTSP production, whereas the one-step process developed by the
TVA during the past 10 yr to 15 yr remai.s experimental (4, 17,
31). The Dorr-Oliver slurry granulation process is illustrated
in Figure 22 (16, 31). 1In this process, phosphat= rock, grnund
to a fineness located between specific particle size levels (B0%
thrcugh a 150-um screen and 95% through a 75-;m screen), is mixed
wit.. phosphoric acid in a reactor or mixing tanl:. The phospharic
acid used in this process is appreciably lower in concentration
(40% P,0.) than that used in ROP-TSP manufacture because the
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a mixing period of 1 hr to 2 hr (17, 20, 33). A thin slurry is
continuously reioved and distributed onto dried, recycled fines

. where it coats out on the granule surfaces and builds up the
granule size.

Pugmills and rotating drum granulators are used in the granula-
tion process. A pugmill is composed of a U-shaped trough carry-
ing twin contra.otating shafts upon which are mounted strong -
blades or paddles. Their action agitates, shears, and kneads the
solid~-liquid mix, and transports the material along the trough.

*ﬁﬁﬂﬁwg.%ﬁb basic rotary drum granulator consists of an open-~end, slight-
ly inclined rotary cylinder, with retaining rings at ea:h end and
a8 scraper or cutter mounted inside the drum shell. Drums vary in
diameter from 2 m to 3 m and in leagth from 3 m to 6 m. A roll-
ing bed of dry GTSP material is maintained in the unit while the
liquid slurry is introduced through horizontal, multioutlet
distributor pipes set lengthwise in the drum under the bed.

Slurry-wetted granules then discharge onto a rotary dryer where
excess water is evaporated and the chemical reaction is arceler-
ated to completion by the dryer heat. Dried granules are then
sized on vibrating screens. Oversized particles are crushed and
recirculated to the screen, while undersized (smaller than 1 mm)
particles are recycled to the granulator. Product-sized (1 mm to

. 4 mm) granules are cooled in a countercurrent rotary drum cooler.
The product is then sent to a storage pile for curing. After a
curing period ot 3 days to 5 days, granules are removed from

ﬁ] ) storage, screened, bagged and shipped (31).

‘i ' lower strength acid maintains the slurry in a fluid state during
L
=
L

In the TVA one-step granulation process, ground phosphate rock
and recycled fines are fed directlv into the acidulation drum
along with concentrated phosphoric acid and steam. Granulation
occurs in this revolving cylindrical reactor. The use of steam
accelerates the reaction and ensures an even distritution of
moisture in the mix. A more concentrated phosphoric acid (con-
taining 72.5% P,05) can be used, resulting in a higher grade
granular product containing about 531% available P,0s5 (32). After
; granulation occurs in the reaction cylinder, granules are screen-
- ed, cowuled, and sent to storage in a manner similar to that
descriped for the Dorr-Oliver process.

E

Emissions of fluorine compounds, SOx, and dust particles occur
during the production of GTSP by the Dorr-Oliver process (le,
31). sSilicon tetrafluoride and hydrogen fluoride are released by
the acidulation reaction and evolve from the reactor, granulator,

(33) Final Guideline Document: Control of Fluoride Emissions
From Existing Phosphate Fertilizer Plants. EPA-450/2-77-005
(PB 265 062), U.S. Environmental Protection Agency, Research
- Triangle Park, North Carolina, March 1977. 277 po.

R N .
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. dryer, and cooler. Evolution of fluorides continues at a lower
rate in the curing building as the reaction proceeds. SOx enter
the dryer exhaust stream as a result of the sulfur composition of
the fuel oil. Sources of particulate emissions include the
reactor, granulator, dryer, cooler, screens, mills, and transfer
convevors. Additional emissions of particulate result from the
unloading, storage, and transfer of ground phosphate rock.

At a typical plant, emissions from the reactor and granulator are
controlled by scrubbing the effluent gas with recycled pond
water. Emissions from the Aryer, cooler, screens, mills, product
transfer systems, and storage building are sent to a cyclone
separator for removal of a portion of the dust loading before
being sent to wet scrubbers (31). Baghouses are used to control
the fine rock particulate caused by the preliminary ground rock
handling activities.

3. Industry Characterization

For TSP production, two distinct plant types are considered:
ROP-TSP and GTSP.

a. Run-of-Pile Triple Superphosphate

An average ROP-TSP plant produces 59,700 metric tons of P;0s per
year and is located in a county having a population density of
86.1 persons/km2. Average plant production was obtained by divid-
ing the total amount of ROP-TSP produced in 1975 (597,110 metric
tons P30s per year) by the total number of ROP-TSP plants; i.e.,
10.

b. Granular Triple Superphosphate

An average GTSP plant is defined as one that produces 69,100
metric tons of P.0s per year by the Dorr-Oliver slurry granula-
tion process and is located in a county having a population
density of 73.8 persons/km2. The average plant production rate
was calculated by dividing the total amount of CTSP produced in
1975 (898,900 metric tons P20s per year) by the total number of
GTSP plants; i.e., 13.

F. AMMONIUM PHOSPHATE PRODUCTION

1. Source Definition

Ammonium phosphates are produced by reacting phosphoric acid with
anhydrous ammonia. Both solid and liquid ammonium phosphate
fertilizers are produced in the United States. Ammoniated super-
phosphates are also produced by adding NSP or TSP to the mixture.
In th;s study, only granulation of phosphoric acid with anhydrous
ammonia by ammoniation-granulation to produce granular fertil-
izers will be discussed. An environmental source assessment of
the production of liquid ammonium phosphates and ammoniated
superphosphates is separately reported in Reference 5.

50



i

E3 B3 /3

(-

"

Approximately 99% of ammonium phosphates are used as fertilizers,
with the remaining quantity consumed in fire retardants; as addi-
tives to livestock feed; in manufacture of yeast, vinegar, and
bread improvers; in fiux for soldering; and for sugar purifi-
cation (34, 35). As fertilizers, product nutrient analyses for
typical ammonium phosphates range from 11% to 21% nitrogen and
20% to 55% P,0¢ (1). Important ammonium phosphate fertilizer
grades in the United States are

Primarily monoammonium phosphates (MAP)

11-48-0 11-55-0
13-52-0 16-20-0

Primarily diammonium phosphates (DAP)
16-48-0 18-46-0
where N-P-K analysis represents
percentage of available nitrogen

percentage of available P,05

N
P
K percentage of soluble potassium oxide (K;0)

In 1975, 84% (on a P,05 basis) of the ammonium phosphates pro-
duced consisted of DAP grade (9). When used as fertilizers,
ammcaium pnesphates are either used directly or blended with
other fertilizers, either in liquid or solid form, to produce
mixed fertilizers. However, due to the nature of various report-
ing systems and the complexity of the fertilizer industry, it is
impossible to extract amounts of ammonium phosphates used for
each application (%).

Emissions from production of mixed fertilizers using granular
ammonium phosphates are addressed in "Source Assessment: Fertil-
izer Mixing Plants" (5). Consequently, this document will dis-~
cuss emissions from production of granular ammonium phosphates
and will encompass process operations from feeding of raw materi-
als to loading of product for shipment.

{34) bavid, M. L., J. M. Malk, and C. C. Jones. Economic Analy-
sis of Eff.uent Guidelines Fertilizer Industry. EPA-230/2-
74-010 (PB 241 315), U.S. Environmental Protection Agency,
Washington, D.C., January 1974.

(35) The Condensed Chemical Dictionary, Eighth Edition,
G. G. Hawley, ed. Van Nostrand Reinhold Company, New York,
New York, 1971. p. 54.
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2. Process Chemistry

The ternary solubility diagram (ammonia~phosphoric acid-water)
presented in Figure 23 (26) identifies four potential anhydrous .
salts of ammonia and phosphoric acid having NHj3:H3;PO, mole ratios
of 7:3, 2:1, 1:1, and 1:2. NH4H,PO, (MAP, mole ratic 1l:1) and
(NH,) HPO, (DAP, mole ratio 2:1) are salts of commercial fertil-
izer imporcance. These desired products are obtained by operat-
ing along the solubility boundary at required conditions; i.e.,
operation along the segment marked DAP yields DAP, while operat-
ion along .the segment marked MAP yields MAP. Lines from the
solubility curve to the right-hand border on Figure 23 represent
paths along which solution composition would change during
crystallization or solution (36).

»

"z°°° x r % WP,

H,PO' e

9

Figure 23. Solubility boundaries for the ammonia-
phosphoric acid-water system (36).

Reprinted from The Chemistry and Technology of Fertilizers
by courtcsy of the American Chemical Society.

Production of commercial ammonium phosphates is based on four
exothermic reactions. MAP is produced from 1 mole of phosphoric
acid and 1 mole of ammonia, yielding a product having 12.2%

(36) Chemistry and Technology of Fertilizers. V. Sauchelli, ed.
Reinhold Publishing Corp., New York, New York, 1960.
pp. 251-268.
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nitrogen (N) and 61.7% available phosphorus (P;0s); i.e., 12-62-0,
while releasing 105 kJ/mole (37, 38).

HaPO4 + NHy — NH H2PO, (12)

- DAP production combines 1 mole of phosphoric acid with 2 moles of
ammonia yielding a product having 21.2% nitrogen and 53.8% avail-

able phosphorus; i.e., 21-54-0, while releasing 159 kJ/mole
(37, 38).

HaPO4, + 2NH; — (NHQ);HPO:. (13)

MAP also reacts with ammonia to produce DAP and 54 kJ/mole
(37, 38).

NH4H2PO4 + NH3 — (NH,) 2HPO. (14)

To attain various desired product analyses, sulfuric acid is
added in appropriate quantities and reacts with ammonia to form
ammonium sulfate and to release 138 kJ/mole (17, 37, 38).

H2S04 + 2NH; — (NHy) 2S04, (15)

Properties of pure crystalline MAP and DAP are listed in Table 15
(36, 37, 39) and presented in Figure 24.

Analyses of raw materials for ammonium phosphate manufacture are
presented in Table 16. Ammonium phnsphates can be made from
either furnace process phosphoric acid or WPPA. Impurities in
WPPA prevent production of fertilizers having analyses equivalent
to pure MAP or DAP composition. For some products, e.g., 16-20-0,
diluents cich as sulfuric acid are added to phosphoric acid by
design tc reduce available phosphorus content of product to
desired l.evels. Commercial grades of ammonium phosphate range
from MAP grade 11-48-0 to DAP grade 18-46-~0. Intermediate grades

identified earlier are either mixtures of MAP and DAP or diluted
MAP or DAP.

(37) waggaman, W. H. Phosphoric Acid, Phosphates, and Phosphatic
Fertilizers, Second Edition. Reinhold Publishing Corp.,
New York, New York, 1952. pp. 308-344.

(38) Himmelblau, D. M. Basic Principles and Calculations in
Chemical Engineering, Second Edition. Prentice-Hall, Inc.,
Englewood Cliffs, New Jersey, 1967. PP. 449-454.

(33) Kirk-Othmer Encyclopedia of Chemical Technology, Second

Edicion, Vol. 9. John Wiley & Sons, Inc., New York, New
York, 1966. pp. 46-132.
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TABLE 15.

e . §

PROPERTIES OF PURE AMMONIUM PHOSPHATES (36, 37, 39)
Property MAP DAP
N, % 12.2 21.2
P,0s5, % available 61.7 53.8
Heat of formation, kJ/mole -1,450.8 -1,573.7
Specific gravity at 19°C 1.803 1.619
Solubility, g/100 g H,O:
At 20°C 37.4 69.0
At 40°C 56.7 81.0
At 75°C 108.8 108.7
Dissociation pressure, Pa: '
At 100°C Negligible 670
At 125°C . 4,000
a2
ar
b1 3
-1 4
e VISCOSITY
Bk
b 14
»
®
E-’
g o}
®p
2
nk
o
’
[ 14
’-
l.ll I.‘l L l:l lt’ I.LO l.ll L.l L.' 0
BP0, EDLL BATIO
Figure 24. Ammonium phosphate solubility and viscosity

as a function of NH3:HaPO, mole ratio (36).

Reprinted from The Chemistry and Technology of Fertilizers
by courtesy of the American Chemical Society.
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TABLE 16. COMPOSITION OF AMMONIUM PHOSPHATE ’
RAW MATERIALS {22, 37, 40, 41)

Composition, wt § Furnace process
Anhydrous WPPA (average) phosphoric acid,

Component ammonia Filtered Concentrated Ppm

NH3 99.9 b

P;04 28.7 53.3 54.32 wt %

Ca 0.30 0.06 0.0

Fe 0.45 0.78 2

Al 0.29 0.52 0.0

Mg 0.13 0.26

Cr 0.02 0.2

v 0.02

Na 0.05 0.45 0.01 wt 8

K 0.02 0.06 0.0

F l1.82 0.56 0.4

SO, 2.11 2.3 0.0

Sio, 0.79 0.1l6 0.0

C 0.24

Solids 3.7

Ccl. 2

Pb 0.2

Cu 0.1

As)|

aCommercial food-grade phosphoric acid.
Blanks indicate data not applicable.

3. Process Description

Two basic mixer designs are used by ammoniation-granulation
plants: pugmill ammoniator and rotary-drum ammoniator. Approxi-
mately 95% of ammoniation-granulation plants in the United States
use a rotary-drum mixer developed and patented by the Tva (5).
The primary product of this technology is 18-46-0, consisting
primarily of DAP. Ammonium phosphate products having a lower
NH3:H3PO, mole ratio are made using the Dorr-Oliver process or
variations of it. The degree of ammoniation utilized with this
technoloyy ranges from an NHj3:H3PO, mole ratio of 1.0 to 1.8, and
the primary product is 16-48-0, a product containing approxi-
mately one-third MAP and two-thirds DAP.

(40) slack, A. V. Fertilizer Developments and Trends. Noyes
Development Corp., Park Ridge, New Jersey, 1968. pPp. 77-274.

(41) Kirk-Othmer Encyclopedia of Chemical Technology, Second Edi-

tion, Vol. 15. John Wiley & Sons, Inc., New York, New York,
1968. p. 250.
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a. TVA Process-- -

A general process flow diagram of the TVA ammonium phosphate
process is presented in Figure 25. Phosphoric ‘acid is mixed in
an acid surge tank with 93% sulfuric acid (used for product
analysis control) along with recycle and acid from wet scrubbers.
Mixed acids have a P;05 content of 40% to 45% (42). This analy-
8is is attained by mixing unconcentrated filtered WPPA, 28.7%
P205, and concentrated WPPA, 53.3% P,0s (se2e Table 16) (11, 40).

Mixed acids are then partially neutralized with liquid or gaseous
anhydrous ammonia in an brick-lined acid reactor. 1In this agi-
tated atmospheric pressure tank, the mole ratio of NH;:H;PO,

is maintained at 1.3:1.0 to 1.5:1.0 (16, 32, 42-44). ali phos-
phoric acid and approximately 70% of ammonia are introduced in
this vessel (45). 1In this molar range, ammonium phosphates are
most soluble, allowing further concentration of solution while
maintaining adequate flow characteristics (Figure 24). Heat of
reaction is used in this vessel to maintain a temperature of
100°C to 120°C and to evaporate excess water (39, 43). A slurry
which is primarily MAP and contains 18% to 22% water is produced
and flows through steam-traced lines to the ammoniator-granulator
(43). To assure no leakage from the reactor, the vessel is
ventilated with outside air. 1In theory, the reactor could be
designed without ventilation or atmospheric discharge, but in
practice, ventilation rates of 57 to 71 m3/min (standard condi-
tions) are common. Ventilation rate is determined by reactor
mechanical design, not process requirements (45). Ammonia-rich
offgases from the reactor at 77°C to 82°C are wet scrubbed
before exhausting to the atmosphere (45). Primary scrubbers use
raw material-mixed acids as scrubbing liquor, and secondary
scrubbers use gypsum pond water as scrubbing liquor.

The basic rotary-drum ammoniator-granulator, Figure 26, consists
of an open-end, slightly inclined rotary cylinder with retaining
rings at each end and a Scraper or cutter mounted inside the drum

(42) shreve, R. N. Chemical Process Industries, Third Edition.
McGraw-Hill Book Company, New York, New York, 1967.
pp. 274-277.

(43) chopey, N. P. Diammonium Phosphate: New Plant Ushers in
Process Refinements. Chemical Engineering, 69(6) :148-150,
19€2. '

(44) vandegrift, A. E., L. J. Shannon, E. W. Lawless, P. G. Gor-
man, E. E. Sallee, and M. Reichel. Particulate Pollutant
System Study, Vol. 3--Handbook of Emission Properties. APTD-
0745 (pPB 203 522), U.S. Environmental Protection Agency,
Durham, North Carolina, 1971. pp. 313-335.

(45) Hardison, L. C. Air Pollution Control Technology and Costs
in Seven Selected Areas. EPA-450/3-73-010 (PB 231 757),

U.S. Environmental Protection Agency, Research Triangle .
Park, North Carolina, December 1973. pp. 11-192,
56
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Figure 26. TVA rotary ammoniator-granulator (5).
shell. Drums vary in diameter from 2z m to 3 m and in length from
3mto 6 m. Arolling bed of recycled solids is maintained in
the unit; slurry from 2 reactor is distributed above the bed
while the remaining :mmonia (approximately 30%) is sparged under-
neath to bring the final NH3:H3PO, mole ratio from 1.8:1.0 to
2.0:1.0 (5, 45). Granulation by agglomeration and by coating
particles with slurry takes place in the rotating drum and is
completed in the dryer. Recycla rates of 2.5 to 4.0 kg recycle/
kg product are typical for this type of unit (3%). As with the

reactor, the granulator Ltk “tically could be designed without
ventilation, but to preve: 1 leakage, approximately 8.5 x 10~%
m3 (standard conditions) g .etric ton P,05 air inleakage into

the granulator around inlet ad outlet connections is allowed
(45) .

Temperature of granular DAP in the rotary drum reaches 85°C to
105°C, wnile temperature of offgases reaches 38°C to 77°C (5, 43,
45). Ammonia-rich offgases pass through a wet scrubber before
exhausting to the atmosphere.

Moist DAP granules are transferred to a rotary oil- or gas-fired
cocurrent dryer which reduces product moisture content to below
2%, and then product is cooled to beluw 35°C. Cooling minimizes
caking and product disscciation during storage (see Table 15)
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(43, 46). Temperature of offgases from the dryer ranges from
82°C to 104°C, and temperature of offyases from the cuoler ranges
from 4°C to 27°C (S5, 45). Before exhausting to the atmosphere,
these offgases pass through cyclones and wet scrubbers.

Cooled granules pass to a double-deck screen in which oversize
and undersize particles are separated from product-sized parti-
cles (42, 47). Some plants screen the product before cooling
(42, 44). DAP product ranges in granule size from 1L mm to 4 mm,
with a typical product size distribution presented in Figure 27
(5, 48). The oversize are crushed, mixed with the undersize, and
recycled to the ammoniator-granulator. To reduce DAP dustiness,
some manufacturers coat product granules with 0.5% by weight of
10-wt lubricating oil using a rotat.ng dust suppressant system
similar to that shown in Figure 28 (46, 49). DAP is either
stored, bagged, or hulk loaded for shipment.

b. Dorr-Oliver Process-- '

A general process flow diagram of the Dorr-Oliver process is pre-
sented in Figure 29. Phosphoric acid (24% to 36% P,05) (37) or

a mixture with sulfuric acid is fed to a series of agitated reac-
tors in which acids react with liquid or gaseous anhydrous ammo-
nia feed. The iuik of the reaction takes place in the first
reactor, with aaditional vessels used for pH adjustment of result
ing slurry (37). Reactor offgases are scrubbed with raw phos-
phoric acid feed prior to exhausting to the atmosphere (17).

Thick sicrry from the final reactor flows to a pugmill (blunger)
where recycled fines .are added and product is granulated (39,
40). A blunger, Figure 30, is an inclined vessel with parallel
contrarotating shafts having blades to facilitate slurry mixing
and progress through the vessel. Recycle ratios range from 6 to
12 kg recycle/kg product (37, 39). These ratios are higher than
those for processes having further ammoniation during granulation
for two reacons: 1) less water is evaporated in the blunger

(46) Achorn, F. P., and H. L. Balay. Systems for Controlling
Dust in Fertilizer Plants. 1In: TVA Fertilizer Conference,
Tennessee Valley Authority Bulletin ¥-78, Muscle Shoals,
Alabama, August 1974. pp. 55-62.

(47) Phosphate Fertilizer Plants Final Guideline Document
Availability. Federal Register, 42(40):12022-12023, 1977.

(48) Hoffmeister, G. Quality Control in a Bulk Blending Plant.
In: TVA Fertilizer Bulk Blending Conference, Tennessee
Valley Authority Bulletin Y-62, Muscle Shoals, Alabama,
August 1973. pp. 59-70.

(49) Barber, J. C. Environmental Control in Bulk Blanding Plants.
1. Control of Air Emissions. In: TVA Fertilizer Bulk
Blending Conference, Tennessee Valley Authority Bulletin
Y-62, Muscle shoals, Alabama, August 1973. pp. 39-46.
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Figure 27. Cumulative screen analysis of DAP (43).

DAP GRANULES

MIXER
PRODUCT GRANULES

Ffigure 28. Product dust control system (49).
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Figure 30. Diagram of pugmill (biunger); top and end views (1).

Reprinted from Riegel's Handbock of Industrial Chemistry
by courtesy of Litton Educational Publishing, Inc.

during grarulation and 2) at a lower 'H::H3PO, mole ratio, grod-
uct slurry has higher solubility (see Figure 24) (39).

Slurry-coated granules are then dryed in a cocurrent rotary dryer.
Product is then sized, €.9., 2.4 nm to 1.7 mm granules, and over-
size are crushed, mixed with undersize, and recycled to the
blunger (36). Product is sent to bulk storage for bagging or

bulk shipment. Offgases are vented to the atmosphere through a
cyclone and wet scrubber (16).

4. Industry Characterization

Recent production history of the ammonium phosphate fertilizer
industry is presented in Figure 31. Reported production data are
for MAP and DAP materials and their processed combinations with
ammonium sulfate. Ammonium phosphates produced in combination
with potash salts to make complete mixtures are excluded. Also
excluded are nitrophosphates, calcium metaphosphates, sodium
phosphates, and wet-base goods (made by treating phosphate rock
ard some organic ritrogenous naterials with sulfuric acid) (9).

All pruduccion and capacity data in this report are presented as
metric tors of P,0g. The relationship between metric tons of
P;,05 and metric tons of gross fertilizer product is a function of
fertilizer nutrient analysis and is therefore variable from plant
to plant and within each plant as a function of time. A general

conversion factor for the entire industry in 1975 was (see Appen-
dix A) (50-81). :

Gross fertilizer (metric tons) = 2.49[P205 (metric tons)] (16)

(49) Inorganic Fertilizer Materials and Related Products.

M28B(75)-11, U.s. Lepartment of Commerce, Washington, D.c.,
January 1976. 6 PP.

(50) Inorganic Fertilizer Materials and Related Products.

M28B(75)-12, U.s. Department of Commerce, Washington, D.cC.,
February 1976. 6 pp.

(continued)
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Figure 31. Recent history of ammonium phosphate
capacity and production (7, 9-11, 34).

(53)

(54)

(35)

(56)

Inorganic Fertilizer Materials and Related Froducts.
M28B(76)-1, U.S. Department of Commerce, Washington, D.C.,
March 1976. 6 pp. -

Inorganic Fertilizer Materials and Related Products.
M28(76)-2, U.S. Department of Commerce, Washington, D.C.,
April 1976. 4 pp.

Inorganic Fertilizer Materials and Related Products.
M28(76)-3, U.S. Department of Commerce, Washington, D.C.,
May 1976. 6 pp.

Inorganic Fertilizer Materials and Related Products.
M28(76)-4, U.S. Department of Commerce. Washington, D.C.,
June 1976. 6 pp.

Inorganic Fertilizer Materials and Related Products.
M28(76)~5, U.S. Department of Commerce, YWashington, D.C.,
(continued)
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From 1965 to 1975, ammonium phosphate production grew from

0.983 x 10° metric tons P,05 to 2.767 x 10° metric tons P,0s

(an annual growth rate of approximately 11%), while capacity grew
from 1.512 x 105 metric tons P,05 to 4.926 x 10° metric tons

P;05 (an annual growth rate cf approximately 12%). Over that -
period, plant utilization rates varied from 47% to 83%, ending in
1975 at 56%. For the period 1970 to 1975, thé average annual
utilization rate was 73%.

In 1975, 35 companies in the United States operated 48 ammonium
phosphate plants in 17 states (see Appendix A). Distribution of
pPlants and capacity by state in Table 17 (7, 10, 11) indicates
that Florida is the largest ammonium phosphate-producing state
(25% of plants nationally having 43% of national capacity) .
Florida and Louisiana, with 35% of ammonium phosphate plants,
have 67% of national capacity. As shown in Table 18, 8 of the
35 companies have an annual capacity of over 200,000 metric tons
P,05; combined, they represent 64% cf total nati~nal capacity.

A cumulative distribution of ammonium phosphate plants and capac-
ity in 1975 is presented in Figure 32. The distribution shows
that many small plants collectively represent a small fraction of
capacity while a few large plants represent a large fraction of
capacity. From the graph, 50% of the plants each have annual
capacity of less than approximately 65,000 metric tons P,05,

but these plants represent only approximately 15% of total
national capacity. Conversely, 50% of national capacity is
representad by plants each having annual capacity of less than
approximately 180,000 metric tons P,05. Approximately 83% of
plants are below this size. Mean plant capacity in 1975 was
103,000 metric tons P,05.

(continued)
July 1976. 6 pp.

(57) Inorganic Fertilizer Materials and Related Products.
M28(76)-6, U.S. Department of Commerce, Washington, D.C.,
August 1976. 6 pp.

(58) Inorganic Fertilizer Materials and Related Products.
M28(76)-7, U.S. Department of Commerce, Washington, D.C.,
September 1976. 6 pp.

(59) Inorganic Fertilizer Materials and Related Products.
M28(76)-8, U.S. Department of Commerce, Washington, D.C.,
October 1976. 6 pp.

{60) Inorganic Fertilizer Materials and Related Products.
M28(76)-9, U.S. Department of Coimerce, Washington, D.C.,
November 1976. 6 pp.

{(61) Inorganic Fertilizer Materials and Related Products.

M28(76)-10, U.S. Department of Commerce, Washington, D.C.,
December 1976.
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TABLE 17. 1975 DISTRIBUTION OF AMMONIUM PHOSPHATE
CAPACITY BY STATE (7, 10, 11)

- Percent of Number
Capacity, national of
State 103 metric tons P,Oc capacity plants

Florida 2,101 43 12
Louisiana 1,173 24 5
Texas 293 6 4
Idaho 262 5 4
Iowa 228 5 2
Mississippi 139 3 1l
California 118 2 7
Illinois 114 2 1
North Carolina 92 2 1l
Alabama 86 2 2
Missouri 84 2 1l
Utah 65 1l 2
Minnesota 63 1l 1
Arkansas 45 1l 1l
Washington 27 <1 1l
Michigan 25 <1 2
Arizona 11l <1 1
Total 4,926 - 100 48

TABLE 18. COMPANIES HAVING AMMONIUM PHOSPHATE CAPACITY

v >200,000 METRIC TONS P,0s5 IN 1975 (7, 10, 11)
Percent of
Capacity, national
Company 103 metric tons P20s capacity
CF Industries, Inc. 827 17
Williams Companies,

Agrico Chemical Co., Subsidiary ) 729 15
Beker Industries 328 7
Occidental Petroleum Corp.,

Occidental Chemical Co., Subsidiary 300 6
Gardinier, Inc. 272 6
Farmlaud Industries, Inc. 248 5
IMC Chemicals Cecrp. 227 5
Olin Corp. 209 4
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Figure 32. Cumulative distribution of ammonium phosphate
plants and capacity in 1975 (7, 10, 1l1).

As previously mentioned, DAP production using TVA technology with
WPPA is representative of the ammonium phosphate industry. An
average DAP plant is similar to the one illustrated in Figure 25
and has average parameters. The average plant has a capacity of
103,000 metric tons/yr P,0s and an average annual utilization
factor of 73%, yielding an annual production rate of 75,000
metric tons P,0s (Appendix A).

Ammonium phosphate production facilities are located in counties
with population densities ranging from 1 person/km2 to 1686
persons/km2 (Appendix A).

The average plant is located in a county with a population
density of 82 persons/km2 based on a plant capacity weighted
average.
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SECTION 4

AIR EMISSIONS

A. WET PROCESS PHOSPHORIC ACID

Production of WpPPA geénerates a variety of gaseous and particulate
emission species. These emissions arise from five unit oper-
ations in the production process: rock unloading, rock storage
and conveying, acidulation, filtration, and evaporation. These
unit operations, however, release emissions to the atmosphere

in only three locations, as shown in Figure 33: rock unloading,
rock storage and conveying, and wet scrubber system. 1In this
study, phosphoric acid production was defined to begin with the

unloading of ground rock; however, most large plants in Florida
grind their rock on site.

PHOS PHATE ROCK

~=—a=ao DAISSIONS

UNMLOADING

m& e EMISSIONS

250, | REACTION  ---- §
[
! ponDwATER
1
:
CYPSUM SLURRY EMISSIONS
| rumanion Lo _ o scruse [ HISSION
T0 POND .i*
| }
! RETURN
j 10 POND
EVAPORATION |-
EMISSIOWS
1]
cYPSUmM ! CLARIFICATION
POND ANO STORAGE
PRODUCY

Figure 33. Schematic of emission points in WPPA manufacture.
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Another source of air emissions at phosphate fertilizer plants
is the gypsum pond. Wwater-soluble fluoride compounds are sepa-
rated from phosphate rock in the reactor, and a portion is
carried to the gypsum pond along with calcium sulfate from

the filtration operation. Volatile fluorine compounds evolve
from the pond at variable rates depeiiding on gypsum pond

characteristics.

1. Raw Materials Handling

Ground phosphate rock transported to the plant by railroad
hopper cars or hopper trucks is delivered to rock storage bins
and elevated feed bins by combination screw conveyors, bucket
elevators, belt conveyors, and pneumatic conveyors. Elevated
feed bins allow use of gravity flow to batch weigh hoppers. A
small fixed hopper and oversized screw conveyor convert the
batch weighings to a uniform feed to the reactor. To properly
control rock dust emissions, conveyors, feeders, hoppers, and
storage bins are enclosed and vented to dust abatement equipment,
typically a baghouse. The unloading shed is also enclosed and
equipped with a bag collector for rock recovery and particulate

emissions control.

Phosphate rock is ground to 60% to 80% less than 74 ym (minus
200 mesh) for WPPA manafacture. Because no reaction has taken
place, the particulate composition is that of the raw material,

phosphate rock (17, 22).

Limited data exist on emissions from baghouses associated with
rock handling at production facilities. However, some data con-
cerning these emissions, available in public files from the
Florida Department of Environmental Regulations, are tabulated in

Appendix B.

The controlled particulate emission factor for rock unloading is
0.15 g/kg P,05 > 250% based on averaging data in Appendix B.
Uncertainty associated with the emission factor is calculated
using the "Student t" test at a 95% confidence level.

For rock transfer and charging to the reactor, the controlled
emission factor ranges from 0.012 to 0.10 g/kg P,0s with an aver-
age value of 0.045 g/kg P,05 ¢+ 180% (see Appendix B for data).

The average value and standard deviation for the height of rock
unlozding emissions is 12 + 3 m. For rock transfer, the average
value is 21 + 6 m (Appendix B). These values do not necessarily

represent stack neights, but an elevated point in the plant where
particulates are exhausted. These values will hereafter be

referred to as stack heights.
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2. Wet Scrubber System

Three operations responsible for creating emission species are
discussed concurrently in this section: phosphate rock acidula-
tion, filtration and evaporation. To comply with strict
criteria governing emissions, particularly of fluoride compounds,
all phosphoric acid plants employ various types of wet scrubbers
as control devices. Plants for which emissions data were avail-
able have these three unit operations housed under one roof, with
one wet scrubber collecting emissions from the operations. For
this reason, one controlled emission factor for each emission
species is obtained for the multiunit process, based on an aver-
age vent height for the wet scrubber system of 29 m (Appendix B).
The sources and species of emissions are described below.

a. Fluoride--

Gaseous fluoride emissions consist of silicon tetrafluoride gene-
rated in the reaction and evaporation processes. Hydrogen fluor-
ide formed in the reactor is converted to SiF, according to the

reaction (45):
4HF + Si0, — 2H,0 + SiF, S

The reaction favors the formation of SIF, at temperature: lower
thar 100°C. ‘

Phosphate rock typically contains 3.0% to 4.0% (by weight) fluor-
ine which is variably distributed in the product acid, gypsum
slurry, and gaseous emissions (20). Table 19 shows two material
balances depicting final distributions of the fluorine from the
rock. To reduce air emissions, the plants utilize wet scrubbers.
Silicon tetrafluoride is removed through reaction with water to
form aqueous fluosilicic acid, and hydrogen fluoride is removed
from the jaseous stream in the form of aqueous hydrofluoric acid
and silicon tetrafluoride.

In 14 plants that represent approximately 50% of total phosphoric
acid production, fluorine is recovered in the form of fluosilicic
acid, fluorides, fluosilicates, or byproducts (7). The other 22
plants regard the fluorine materials as waste and pump the
fluorine-laden scrubhing water with the gypsum slurry to the
settling pond. Consequently, emission factors for total fluorine
from the scrubber's gaseous exhaust stream were divided into two
groups based on whether or not fluorine recovery was practiced
(Appendix B). Comparison of the two sets of data indicate that
the emission factors are not significantly different. For ex-
ample, two plants without fluorine recovery have emissions of
9.0033 and 0.0042 g/kg P,05, which compares with two plants with
recovery of fluorine which have emission factors of 0.0033 and
0.0055 g/kg P,05. One plant recovering fluorine has an emission
factor of 0.01l1 g/kg P,05 which compares with three plants not
recovering fluorine with =mission factors of 0.012 g/kg P,0, and
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TABLE 19. FLUORINE MATERIAL BALANCES FOR WPPA MANUFACTURE
Fluorine, 10% g/day
Gypsum Plant
slurry daily Fluorine
and production, emission
Material Phosphate Product process Air metric f-ctor,
balance rock acid H20 emission tons P20s g/Xg_P20s
Ag 48.3 36.5 11.8 0.004 368 0.011
B 127 16.3 110.7 0.009 907 0.010

aDat:a obtained from the public files at the Florida Department of Environ-
mental Regulations in Winter Haven, October 1976.

bData from Reference 62.

one with 0.011 g/kg P,05. One plant not recovering fluorine has
a reported emission factor of 0.035, which is high. However,
this is a very small plant with a capacity of only 6 metric tons
per hour P,05 and is no doubt an old plant with a less efficient
scrubber. Emission factors probably depend more on the type and
efficiency of scrubber used, scrubber operation, and the use of
fresh water tail gas scrubbers than on whether fluorine recovery
is practiced. Plants practicing fluorine recovery send less
volatile fluorine to their pond systems and might have lower
total fluorine emissions from their ponds.

An average emission factor for the wet scrubber system was calcu-
lated by averaging data from nine plants with 15 trains (Appen-
dix B) with emission factors from the two material balances shown
in Table 19. Controlled emission factors at individual plants
range from 0.0025 to 0.035 g/kg P,05. The average fluorine emis-
sion factor for the wet scrubber system, calculated by averaging
all industry data, is 0.01 g/kg P,0g5 + 40%.

b. Particulate--

Particulate emissions generated in the reactor consist of
unreacted phosphate rock, with lesser amounts of insoluble phos-
phate salts and calcium sulfate. This dust is physically en-
trained in reactor gases vented to the scrubber. Lack of data
precludes estimating the relative amounts of species in particu-
late emissions. Some particulate matter contains silica (SiQ;)
which is formed when silicon tetrafluoride reacts with water to

(€2) King, W. R., and J. K. Ferrell. Fluoride Emissions from
Phosphoric Acié@ Plant Gypsum Ponds. EPA-650/2-74-021, U.S.
Environmentcl Protection Agency, Research Triangle Park,
North Carolina, October 1974. 329 pp.
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form fluosilicic acid and silica. The fact that these emissions
are insoluble in water partially explains their existence in the
scrubbed vapor strearms.

Source test measurements for particulate emissions range from
0.0011 to 0.17 g/kg P,05 as shown in Appendix B. The average
emission factor is 0.054 g/kg P205 * 164% based on data from five
plants representing 16% of total U.S. production.

Cc. Sulfur Oxides--

The origin of SOx emissions in WPPA manufacture is not clear.

The emissions can result from dissolved sulfur dioxide in the
sulfuric acid or from reactions of the phosphate rock with sul-
furic acid (12). These gases are rarely measured at acid plants.

Data from a Public Health Service document (12) and from one
plant reporting SOx emissions (Appendix B) gave a range of emis-
sion factors of 0.0077 to 0.058 g/kg P,05 (see Appendix B). an
average of these figures gives an emission factor of 0.032 g/kg .
P205 + 240%.

d. Phosphates--~

Phosphate emissions consist of phosphate rock, various phosphates,
and phosphoric acid mist. During particulate analysis of stack
gases, all of these emission species are collected, with various
efficiencies, on the filter paper.

Emissions data were obtained from one WPPA plant. 1In this series
of three tests (Appendix B), the filter paper was removed and

the particulates and gases were passed through three water-filled
gas bubblers. The solution was then analyzed for total phospho-
rus content and reported as grams of P,05 per kilogram of P205
produced.

Comparison of these three source test measurements at one plant
with the range of total particulates emitted at the other plants
indicates that approximately 80% of the particulate matter con-
sists of water-scluble phosphorus compounds.

Because phosphate emissions are in particulate form, phosphate
emission factors were not separately calculated; they are
included with the particulate emission factor.

3. Gypsum Pond Emissions

Emissions of volatile fluorine, hydrogen fluoride, and silicon
tetrafluoride from gypsum ponds have been the subject of numerous
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studies (20, 62-65). An EPA report (20) presents a critical
review of the major studies reporting gypsum pond fluoride
emissions.

After close scrutiny of the data, emissions from gypsum ponds
were found to range from 11 to 1,100 kg F/(km3-day) [0.1 to

10 1b/(acre-day)] with an average value of 220 kg F/ (km2-day) .
This results in an emission factor of 0.025 to 2.5 g F/kg of
P,05 for an average plant producing 486 metric tcns of P,05 with
a typical gypsum pond of 1.11 km2. The average emission factor
is 0.50 g F/kg of P,05 (20).

At the end of August 1977, a field program was carried out near
Bartow, Florida, with the cooperation of EPA for measuring
fluoride emissions from a gypsum pond (66). Average fluoride
emission rates from the pond were estimated to be in the range
of 440 to 1,100 kg F/(km3-day) (4 tc 10 1lb/(acre-day)]. Data
collected by remote optical sensing indicate that fluoride emis-
sions from the gypsum pond consisted entirely of hydrogen fluor-
ide. The silicon tetrafluoride concentration was below the
detectable threshold of 0.5 ppb. Results from this study, how-
ever, are still preliminary and may be subject to change in the
final report.

4. Emission Summary

Emission factors and stack heights for WPPA manufacture are
summarized in Table 20 for €ach emission point. The correspond-
ing errors are based on the "Student t" test at 95% confidence
(67). Data used to generate this table are presented in
Appendix B.

(63) English, M. Fluorine Recovery from Phosphatic Fertilizer
Manufacture. Chemical Process Engineering, 48(12):43-47,
1967.

(64) Bowers, Q. D. Disposal as Waste Material--U.S. Practice.
in: Phosphoric Acid, Volume I, A. V. Slack, ed. Marcel
Dekker, Inc., New York, New York, 1968. pp. 505-510.

(65) Huggstutler, K. K., and W. E. Starnes. Sources and
Quantities of Fluorides Evolved with the Manufacture of
Fertilizer and Related Products. Journal of the Air Pollu-~
tion Control Association, 11(12):682-684, 1966.

(66) Preliminary Report: Remote Monitoring of Fluoride Emission
frem Gypsum Ponds. EPA-69/01-4145, Task 10, U.S. Environ-
mental Protection Agency, Washington, D.C., November 1977.
35 pp.

(67) Volk, W. Applied Statistics for Engineers, Second Edition.
McGraw-Hill Book Co., New York, New York, 1969. 110 pp.
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TABLE 29. AVERAGE STACK HEIGHTS AND CONTROLLED EMISSIiON
FACTORS FCR WET PROCESS PHOSPHORIC ACID AND
SUPERPHOSPHORIC ACID PLANTS

Stack o Emission factor, g/kq P30s
height, Total
Emission point 13 fluoride Particulate SOx
Wet process phosphoric acid:
Rock unloading 12 0 0.15 ¢ 250% 0
Rock tranafer and conveying 21 0 0.045 + 180% 0
Wet scrubber system: 29 0.010 = 408 0.054 2 ?4\ 0.032 ¢+ 200%
Gypsum pond 0.025 to 2.5 0 0
avg 0.50
Superphosphoric acid:
Wet scrubber 21 0.0073% 0.011 to 0.055 0

aOnly two data points.

B. SUPERPHOSPHORIC ACID

The mcst popular process (at about 75% of existing plants) for
dehydration of 54% P,0s phosphoric acid to produce greater than
66% P.0s superphosphoric acid involves the use of heat transfer
surfaces. Although some (approximately 25%) manufacturers use
submerged combustion, its large volume of effluent gases makes
this process unattractive due to the cost of extensive scrubbing
facilities. Expansion of this process is unlikely (31). Conse-
guently, only vacuum evaporation processes are evaluated in this
report.

Emission species from superphosphoric acid plants include fluo-
rine compornds and particulates. Fluorine is evolved in the
form of rogen fluoride. Particulates are limited to liquid
phosphor_. acid aerosols and mists produced by the condensation
process. The falling film evaporator (see Section 3) can gener-
ate aerosols which are submicrometer in size (45).

Two plants for which fluorine emissions data were available use
vacuum evaporation processes. The barometric condenser, hot
well, and product cooling tank are vented to a two-state wet
scrubber. Fluorine emission factors from these plants are 0.0036
and 0.011 g/kg P.0s, with an average value of 0.0073 g/kg P.0s
(Appendix B).

One plant reported particulate emissions ranging from 0.011 to
0.055 g/kg P20s.

The average stack height for the plant emissions is 21 m (Appen-

dix B). Emission factors and stack height for superphosphoric
acid manufacture are included in Table 29.
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" rials storage and handling operations. A list of emission

C. NORMAL SUPERPHOSPHATE

Emission points at NSP production facilities include the mixer,
den, and curing building. Emiesions are also generated by mate-

points at an average plant and corresponding emission species
follows:

e Ground rock unloading and feeder system--particulate.
e Mixer and den--fluoride compounds and particulate.
e Curing building--fluoride compounds and particulate.

Particulate emissions from materials storage and handling opera-
tions result from unloading hopper-bottom railroad cars and
transporting the ground phosphate rock to the superphosphate
plant by screw conveyors, belt conveyors, and bucket elevators.
Additional emissions issue from the product storage and curing
building as a result of fertilizer handling and shipping opera-
tions within the building. Typical composition analyses of
superphosphate fertilizers are given in Table 21 (13, 18, 20).
Concentrations of radioactive elements in phosphate fertilizer
products were reported in Table 4.

Fluorides enter the NSP production process in the phosphate rock

and are released as a result of the ac.dulation reaction. During
acidulation, the calcium fluoride contuent of the rock is attacked

by the acid (sulfuric or phosphoric), resulting in formation of
hydrofluoric acid. This in turn reacts with silica found in the .
rock to form silicon tetrafluoride which hydrolyzes to form

fluosilcic acid. The reaction sequence leading to the formation

of fluosilicic acid is given below:

Phosphate rock + acid —— HF (18) .
4HF + Sio, — SiF, + 2H,0 (19)
38iF, + 2H,0 —= ZﬂzsiFG + SiOz (20)

Some of the hydrogen fluoride and silicon tetrafluoride are vola-
tilized during the process leading to fluoride emissions. Fluo-
ride vapors that evolve as hydrogen fluoride and silicon tetra-
fluoride are released from the mixer, den, and curing building.
Fluorine is also present as a constituent of the rock and ferti-
lizer particulate matter. Between 1.5 kg and 9.0 kg of fluorides
per metric ton of NSP (Appendix C) are relased dvring the pro-
duction and curing operations. Emissions of fluoride and par-
ticulate from the mixer and d=n are cuntrolled by scrubbing with
water. Scrubber ligquor may be recirculated pond water or a weak
solution of fluosilicic acid. Nearly two-thirds of the NSP
plants presently practice fluorine recovery, thereby eliminating
or greatly reducing the need for a pond. No measurements are
available for fugitive fluoride emissions from those NSP plants
that make use of a pond system, but such emissions will be less
than fluoride emissions from those gypsum ponds discussed in the
section on WPPA manufacture.
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TABLE 21. TYPICAL CHEMICAL COMPOSITION OF FLORIDA
NORMAL SUPLCLRPHCSPHATE AND TRIPLE SUPER-
PHOSPHATE FERTILIZER (13, 18, 20)
a Expressed . RSP nt TSP _content?
___Comgonent as_____ Units Range Average Range Average
Aluminum Al20s pexcent 0.21 to 1.16 0.72 1.20 to 1.95 1.68
Argenic As rpm 4.1 to 30.6 12.5 10.5 to 14.3 12.2
Ash (acid-insoluble) Ash pescant 2.00 to 13.6 4.45 2.50 to 4.90 3.55
Boron B PR’ <3 to 30 11 29 to 11S 80
Calcium, total CaO psrcant 27.20 to Jl.l 29.52 16.60 to 21.57 19.65
Calcium, water soluble Ca0 perxcent 10.19 to 14.90 13.10 14.60 to 16.80
Carbon, organic [+ pezoent 0.21 to 0.27 0.24
Carbon dioxide (=7 percant 0 to 0.44 0.066 0 to 0.22 0.11
Chlorine cl percent _c 0.80 <0.1
Chromium cr pPrm 70 o 72 n 0 to 890 513
Cobalt Co rea 0 to 2.8 1.3 2.4 to 4.8 3.4
Copper Cu ppm 28 to 64 47 3 to 22 11
Pluorine 4 percent 1.41 to 2.18 1.74 2.00 to 3.49 2.47
7ree acid H3PO, percent 1.30 to 2.15 1.71 0.19 to 3.85 2.6
Free acid-free water ratio H3POy/H20 0.12 to 1.19 0.58 0.06 to 1.59 0.8
Iodine 1 )% o] 16 te 50 33
Iron- Pey0; percant 0.38 to 1.37 0.67 0.92 to 2.00 1.59
Lead Pb Pom 8 Lo 20 14 0 to 65 26
Lithuim L PPa -< 2
Magnesium, total ngo percent 0.04 to 0.12 0.07 0.05 to 1.00 0.38
Magnesium, water soluble ng0 parcent < 0.03
Manganese Mn ppa 65 to 95 77 110 to 300 214
Molybdenim Mo P < 1.6 3.7 to 16.8 8.0
Nitrogen N percant o 0.1 0.06 to 0.40 0.26
Phosphorus, total P20s percent 16 to 21 20 45 to 49 48
Potassium K20 percent 0.16 to 0.24 0.20 0 to 0.57 0.35
Selenium Se rea 0 to l.5 0.6 [ <0.8
Silicon 510, pexcent 4.00 to 4.54 4.35 0.60 to 7.37 4.42
Silver L") PP 15 to 20 18
Sodium Nay0 percent 0.05 to 0.13 0.11 0.13 tc 1.79 0.97
Sulfur, total S0y percent 26.58 to 30.55 28.99 2.12 to 4.95 3.01
Sulfuyr, water soluble S0, percant 6.37 to 13.49 10.67 1.65 to 5.77 2.98
Titanium T rra 54 to 270 162 0 to 599 300
vanadium *' pra 20 to 71 46 0 to 3,875 2,515
Water, reported as "moisture"” 120 percant 2.3 to 8.3 5.64 0.87 to 6.30 3.4
Water, free H20 percant 1.09 to 5.71 3.65 0.88 to 4.42 2.57
water of crystallization H,0 percant 2.44 to S5.14 3.55 1.29 to 6.26 3.47
zinc Zn P S0 to 200 134 0 to 320 102

aludlun, uranium and thorium are reported in Table 4.

bBlanks indicate component not analyzed.

cAvcrlqc- based on one to twoc measurements.
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Source test data frum fertilizer plants were collected from

published literature and sampling data on file as of October 1976

at the Florida Department of Environmental Regulation in Winter

haven. Raw data used to establish a2mission factors are given in

Appendix B. .

Emicsian factnrs for the emission species at NSF plants as a
function cf emission point are shown in Table 22. Emission
tactors for the mixer-den and the curing building were calculated
by averaging the appropriate values in Appendix B. Data were
available for only one set of four tests for controlled fluoride
emissions from the product curing building. Because most (more
than 85%) curing buildings remain uncontrolled, the fluoride
emission factors were normalized to uncontrolled emissions using
the fluoride control efficiency of 97% reported by Plant A. The
low veclumes of fertilizer materials handled by these storage
facilities and the decline in industry production levels for NSP
make control devices econcmically impractical.

TABLE 22. EMISSION FACTORS FOR AN AVERAGE NSP PLANT
BASED ON CONTROLLED EMISSION SOURCES

Emission factor, g/kg P;05

Emission source Particulates Fluoridesd

Rock unloading 0.28b -E

Rock feeding 0.055 + .180% - .
Mixer and den d 0.26 zb86% 0.10 + 120%

Curing building 3.6 1.9 + 120%

qFluoride released as a vapor.

bBased on two sets of data; therefore 95%

confidence limits could not be determined.

cNot emitted from this source.

Uncontrolled emission factors since curing
building emissions are no* controlled at an
average plant.

Particulate emissions due to the rock unloading, storage, and
transfer operations- and the fertilizer handling and shipping
activities cccurring in the product curing building were not
available for NSP plants. Emission factors for the rock unload-
ing and storage activities and for the ground rock weighers and
feeders are developed in Appendix B from emission facrors for
similar activities occurring at GTSP production facilities. 1In
order tc obtain an estimate of the particulate emissions arising
from fertilizer handling and shipping operations occurring in
the curing building, two measurements for controlled particulate
emissions from the combined shipping, screening, and milling of
ROP-TSP were used (Appendix B).
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Error limits shown in Table 22 and develicped in Appendix B were
established by applying a wgstudent t" test to the input data (66).
The "t" test is applied because the sample sizes are fewer than

30 in number and thus may not “e normally d.i--rxbuted. The
statistical data useu tO establish the error lim:ts 2 shown

in Appendix 3.

As an aid in determining the reliability of reported fluorine
emission measurements, mass balances are developed in Appendix C
for the production of NSP. Between 7.5 g F/kg P,0s5 and 45 g

F/kg P,0s5 (dependiny on the fluoride c.ncentration cf the NSP
product) are released durirg the production and curing operations.
Based on data from the Florida Department of Environmental Regu-
lation, a scrubber control efficiency of 99% for fluoxride removal
was used. Controlled fluoride emissions wculd then range from
0.07 g F/kg P,0,5 to G.45 g F/kg P,0s. This cumpares favorably
with our values of 0.1 g F/kg ?20s and 0.05 g F/kg P,05 developed
for controlled emissions from the mixer-den and curing tuilding,

respectively (Table 22).

D. TRIPLE SUPERPHOSPHATE

1. Run-of-the-Pile Triple Superphospha”e

The process for production of ROP-TSP is similar to that fcr
NSP. Emission points and emission species therefore clesely
resemble those from NSP production facilities; namely,

» Ground rock unloading and feeder system—-particulate.
. Mixer and den--fluorige compounds and particulate.
e Curing building--fluoride compounds and particulate.

e Gypsum pcnd--fluoride compounds.

TSP manufacture differs from that of NSP in that WPPA is used
for acidulation in place of sulfuric acid. As a result, fluo-
rides enter the TSP production process not only as a constituent
of the rock but also as an impurity in the phesphoric acid.

Emissions of fluorides are contrnlled by wet scrubbers that dis-
charge @& fluoride-containing wastewater stream to holding ponds.
Water in the ponds is recycled for use in the scrubbers. Gasa0us
fluoride is also emitted from the pornds used as reservoirs to
hold contaiminated scrubber water. The developrent of emission
factors for the jyspum ponds is covered under WPPA manufacture,

and will therefore nrot be considered here.

Emission factors for the emission species from ROP-TSP plants are
givan in Table 23. The raw data used to compile these factors
are presented in Appendix B.
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TABLE 23. EMISSION FACTORS FOR AN AVEFAGE ROP~-TSP PLANT
BASED ON CONTROLLED EMISSION SOURCES

Emission factor, g/kg P20s

Emission source Particulates Fluoridesd
Rock unloading ' 0.07b -g
Rock feeding 0.014 + 170% -

Cone mixer, den, curing building 0.16 + 50% 0.10 *+ 40%

drluoride released as a vapor.
bBased on two sets of data; therefore 95% confidence limits
could not be calculated.

cNot emitted from this source.

The fluoride emission factor in Table 23 was averaged from scurce
test data available for Plants A and B, Appendix B. Fluoride
emissions data from Plant C did not take into account emissions
from the curing building and were not included in the averaging
procedure. Emissions from the mixer, den, and curing building at
a typical plant are vented to a common stack; therefore, individ-
ual emission factors for each source were not developed.

In order to estimate particulate emissions for mixing~denning-
curing-shipping operations, source test data for mixing-denning
and screening-milling at Plant C (Appendix B) were utilized.
particulate emissions data from fertilizer screening and milling
operations were used in deriving the curing building emission
factor, because these activities represent the major source of
particulates from a curing building. Particulate emission
factors for the ground rock unloading and transfer operations
were developed from Appendix B using emission factors for
similar activities occurring at GTSP production facilities.

An estimated 8 g F/kg P,05 are released during the production and
curing of ROP-TSP. This value is based on a material balance
developed in Appendix C. A scrubber efficiency of 99% would
result in a controlled emission factor of 0.08 g F/kg P,0s.

This value can be compared to the average controlled emission
factor of 0.10 g F/kg P,0s5 based on actual source tests.

2. Granular Triple Superphosphate

Five plant operations release emissions at TSP plants using the
Dorr-Oliver direct granulation process. They are described in
detail in Section 3. The emission points and the emission
species associated with each are as follows:
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e Ground rock unloading and feeder system--particulate.
« Reactor and granulator--fluoride compounds and particulate.
e Dryer and cooler--SOy, fluoride compounds, and particulates.

¢ Screens and oversize mills--particulate.
» Storage and shipping-~fluoride compounds and particulate.

Fluorides enter the TSP process in the phosphate rock and the
WPPA and are volatilized and evolved during the acidulation
reaction. Evolution of fluoride vapors continues throughout the
manufacturing process and during storage as the reaction proceeds
to near completion. Emissions of fluorides are in the form of
the water-solible gases, silicon tetrafluoride, and hydrogen
fluoride. Fiuorine is also released as a constituent of the rock
and fertilizer particulate matter.

An estimated 7 g of fluoride vapors per metric ton of GTSP
(Appendix B) are released during production and curing. The con-
trol of fluoride emissions is accomplished by scrubbing the
exhaust gas streams with recycled pond water. Fluoride emissions
from gypsum ponds are considered in the section on the manufac-
ture of WPPA.

In addition to fluoride compounds and dust particles, the dryer
exhaust contains SOx. These emissions result from the combustion
of fuel oil containing sulfur. :

To calculate emission factors, source test data from GTSP plants
were collected from published literature and sampling data on
file at the Florida Department of Environmental Regulation in
Winter Haven. The raw data used to establish emission factors
are given in Appendix B.

Emission factors at GTSP plants as a function of emission point
are shown in Table 24. Emissions from the reactor, granulator,
dryer, cooler, screens, and mills at an average plant are vented
to a common sctack. As a result, individual emission factors were
not developed for separate segments of the production process.

There are no source test data for SOx emissions from the dryer.
Estimates of uucontrolled SOx emissions were calculated by
Plants A and E (Appendix B) on the basis of fuel oil consumption
and sulfur content. i

A check on the reliability of fluoride emission measurements can
be made by comparing the estimated fluoride release based on a
mass balance. On this basis (Appendix C), an estimated 15.2 g
F/kg P,0; are released during the production and curing of GTSP.
A scrubber efficiency of 99% would result in a controlled emis-
sion factor of 0.152 g F/kg P,05. This can be compared with the
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TABLE 24. EMISSION FACTORS FOR AN AVERAGE GTSP PLANT
BASED ON CONTROLLED EMISSION SOURCES

Emission factor, g/kg P.Os

Emission source Particulates Fluoridesd SOx
Rock unloading 0.09b -g -g
Rock feeding 0.017 : 180% - -
Reactor, granulator,
dryer, cooler, d
screens 0.05

+ 320% 0.12 + 30% 1.86
Curing building 0.10 + 240% 0.018

dFluoride released as a vapor.

bBased on two sets of data; therefore, 95% confidence
limits could not be calculated.

Not emitted from this source.
dWOrst case estimate based on fuel o0il sulfur content.

controlled emission of 0.156 g F/kg P30s developed by adding
average measured values of 0.099 g F/kg and 0.57 g F/kg from the
reactor-den and curing building, respectively.

E. AMMONIUM PHOSPHATES

Air emissions from production of ammonium phosphate fertilizers
by ammoniation-granulation of phosphoric acid and ammonia result
from six process operations. Emission sources and their related
emission species are:

Reactor--ammcnia, fluorides.
Ammeniator-¢ranulator--ammonia, fluorides, particulates.
Dryer--ammonia, fluorides, particulates, combustion gases.
Cooler--ammonia, fluorides, particulates.

Product sizing and material transfer--particulates. -
Gypsum pond--fluorides.

Ammonia emissions are volatilized from the reactor and ammoniator-
granulator due to incomplete chemical reactions and excess free
ammonia. Ammonia emitted from the dryer aal cooler is due to
dissocation of fertilizer product. Particulate emissions result
from entrainment of MAP and DAP dusts in ventilation air streams.
Particulate emission species may also include ammonium fluoride
and ammonium fluosilicates (45).

Fluoride emissions originate from the fluoride content of phos-

phoric acid. Air emissions are formed based on the following
set of equilibrium reactions:
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H,SiFg += 2 HF + SiF, (21)

4 HF + Si0, &2 H,0 + SiF, (22)

At operating temperatures associated with MAP and DAP pfoduction,
emissions of silicon tetrafluoride are favored over hydrogen

fluoride (45).

Dryer offgases contain natural gas or fuel oil combustion prod-
ucts. EPA found combustion product pollutants in such minor
concentrations that they were dismissed from consideration during
EPA's development of background information for air standards for
the phosphate fertilizer industry (31). Therefore, these emis-
sion species will not be considered further in this study.

Emissions from the first five emission points reach the atmos-
phere through a stack, while gypsum pond emissions are fugitive.
Although there are six emission sources, there may be fewer
emission points because some plants combine flue gases from
multiple sources for subsequent emission control.

Emission factors were developed for air emission species from
each emission point from data in published literature and from
sampling data on file at the Florida Department of Environmental
Regulation. Winter Haven, Florida. Raw data used to calculate
emission factors were compiled and are presented in Appendix B.
Emission factors are reported in the literature in units of grams
per kilogram of P,05 input, grams per kilogram of P,0s5 output,
and grams per kilogram of product. All P,05, except losses due
to emissions, is assumed to reach the product. Therefore, input
and output emission factors are equivalent. For those emission
factors expressed as grams per kilogram of product, a 46% P,0q
content was assumed. All emission factors developed for this
study are expressed in units of grams per kilogram of P,0s.

Emission factors presented in Table 25 were calculated by averag-
ing appropriate values from Appendix B. Due to the nature of
both emissions data and pollution control practices at plants,
emissions from the reactor and ammoniator-granulator were com-
bined and reported as from one emission point. Dryer and cooler
emissions were treated in the same manner. Table 25 also shows
95% confidence intervals associated with each emission factor as
calculated by the "Student t" method.

As Appendix B indicates, 53% of the raw data are from plants
which collectively report-all air emissions as "total plant”
emissions. Therefore, total plant emission factors were calcu-
lated from these data and are also shown in Table 25. Because
emission factors for individual emission species from the three
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process-related emission points are similar in magnitude to those
reported as total plant emissions, a total piant emission factor
for each emissions species was calculated from all data in
Appendix B according to the following equation:

_ (Baza * Bpsc * Bp)(Npsa * Mpsc * Np) * Eqp Npp
Total Na® Npc* Np + N

D/C P TP
TABLE 25. EMISSION FACTORS DEVELOPED FROM SOURCE
TEST DATA GIVEN IN APPENDIX B

B

(23)

Controlled emission factors

a Mean, 95% Confidence
Emission point g/kg P20s _interval, 8 of mean

Reactor/ammoniator-granulator:

Fluoride {as F) 0.023 +80

Particulate 0.76 $90

Ammonia - -b
Dryer/cooler:

Fluoride (as F) 0.015 $160

Particulate N.75 +60

Ammonia -b -b
Product sizing and material transfer:

Fluoride (as F) 0.001 —g

Particulate 0.03 . “b

Ammonia -b -
Reported as total plant emissions:

Fluoride (as F) 0.038d +30

Particulate 0.158 $120

Ammonia 0.068 +75

aFugitive emissions are iacluded in the text.

bNo information available; although ammonia is emitted from these unit
operations, it is reported as a total plant emission.

-
“Emission. factor represents only 1 sample.

dA fluoride emission guideline of 0.03 g/kg P05 input has been
promulgated by EPA (47).

eBased on limited Jata from only 2 plants.

where Eg/a- ED/ » Ep, and Epp are emission factors from raw data

for the reactor/ammoniator-granulator, dryer/cooler, product
sizing and material transfer, and total plant, respectively.
Nr/a+ Np/c, Hp, and Npp are the corresponding number of samples
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used to generate each emission factor. This calculation results
in the following total plant stack emission factors:

Particulates: 1.5 g/kg PaOs * 6932
fluoride (as F): 0.038 g/kg Pa0s = 3087
Ammonia: 0.068 g/kg P20s * 75%

Information on fluoride emissions from the gypsum pond 1s re-
ported in the section on WPPA manufacture. One-half of the 48
ammonium phosphate plants are located at fertilizer complexes
producing WPPA. No measurements are available for fugitive

fluoride emissions from ponds located at plants producing only
ammonium phosphates. However, pond systems at ammonium phosphate
plants not located at fertilizer complexes are proportionately
smaller and would have lower fluoride emissions than those at

complexes.
F. POTENTIAL ENVIRONMENTAL EFFECTS

The source assessment program employs certain criteria to help
evaluate the relative impacts of the source types studied. These
parameters are source severity, affected population, state and
national emission burdens, and growth factor. 1In evaluating
potential environmental effects, average parameters have been
employed (e.g., emission factors, stack heights, population
densities). A more detailed plant-by-plant evaluation was be-
yond the scope of the project and conclusions are not drawn with
regards to actual environmental impacts at specific plant sites.

1. Source Severity

Source severity compares the time-averaged maximum ground level
concentration of an emitted pollutant, X ..’ to an estimated
hazard factor, F (Eyuation 24).
X
_ “max
S = —F . (24)

The hazard factor, F, is defined as the primary ambient air
quality standards presently exist for particulates, sulfur oxides
(SOx), nitrogen oxidants (NOx), carbon monoxide (CO), hydrocar-
bons,C¢ and oxidants. For noncriteria emission species (fluoride
and ammonia), F is derived from the threshold limit value (TLV®)

dpstimated uncertainty hased on process-related emissions.
bEstimated uncertainty based on total plant emissions.

Crhe value of 160 ua/m3® used for the primary ambient air quality
standard for hydrccarbons in this report is a recommended guide-
line for meeting the primary ambient air quality standard for
photochemical oxidants.
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for the chemical substance (68) as TLV (8/24) (1/100). The factor
8/24 corrects for 24-hr exposure and 1/100 is a safety factor.

In the calculation of source severity a conservative safety fac-
tor is used due to the lack of definitive health effects data.

The time-averaged maximum downwind ground level concentration of
each emission species is given by (69):

t 0 . 17

(25)
2
where Xmax ~ neG:2 (26)
apd Xmax = short-term (i.e., g min) maximum ground level
concentration, g/m
t, = instantaneous averaging time, 3 min
t = averaging time, 1,440 min
Q = emission rate, g/§
T = 3.14
e = 2.72
t = average wind speed, m/s
h = stack height, m

For criteria pollutants, the averaging time, t, is the same as
that for the corresponding ambient air quality standard. For
noncriteria emission species, t is 1,440 min (24 hr). A wind
speed of 4.5 m/s is used for u.

The equation for xmax (Equation 26) is derived from the general
plume dispersion equation for an elevated source (69). For fugi-
tive emissions occurring at ground level (i.e., from materials
handling operations or from the gypsum pond}, a special form of
the Gaussian plume dispersion equation is developed, taking the
following form (69, 70):

(58) TLVs® Threshold Limit Values for Chemical Substances and
Physical Agents in the Workroom Environment with Intended
Changes for 1976. American Conference of Governmental
Industrial Hygienists, Cincinnati, Ohio, 1976. 94 pp.

(69) Turner, D. B. Workbook of Atmospheric Dispersion Estimates.
Public Health Service Publication No. 999-AP-26, U.S. De-
partment of Health, Education, and Welfare, Cincinnati,
Chio, 1969. 62 pp.

(70) Reznik, R. B. Source Assessment: Flat Glass Manufacturing
Plants. EPA-500/2-76-032b, U.S. Environmental Protection
Agency, Research Triangle Park, North Carolina, March 1976.
147 pg.
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X = o= (27)
vcyczu
where X = ground level downwind pollutant concentration, g/m3
o, = 0.2089 x0.9031
of = 0.113 x0.911
6'= emission rate, g/s
T = 3.14
X = average wind speed, m/s
x=

radial distance downwind from the source, m

Values of x are then calculated to determine at what distance
downwind from the source the severity falls below 0.05 and 1.0
for an average emission factor.

The 24-hr ambient air quality standards of 260 ug/m3 for particu-
lates and 365 ug/m3 for SOx were used as hazard factors to
calculate source severities. For fluoride emissions, a TLV of
2.0 mg/m? (based on hydrogen fluoride) was used to calculate F

for use in source severity calculations. The corresponding TLV
for ammonia is 18 mg/m3 (68).

The source severity calculation does not consider the distance at
which maximum ground level concentrations of an emitted pollutant
occurs. In some cases, depending on individual plant layouts,
the point of maximum severity may occur within plant boundaries.
As mentioned earlier this parameter is used as a basis for com-
paring a large number of emission Sources, and a detailed plant-
by-plant analysis was not conducted.

a. Phosphoric Acid and Superphosphoric Acid Plants--

Values for Tnax and S were calculated for each emission point at
an average plant. These values are presented in Table 26.
Source severities were also calculated for each plant based on
average emission factors and stack heights. Plant production
rates used in severity calculations were derived for phosphoric
acid and superphosphoric acid plants by multiplying plant
capacity data in Appendix A by utilization factors of 0.70 and
0.49, respectively, obtained by dividing 1975 annual productions
by available industry capacities. The resulting severity dis-
tributions are presented in Figures 34, 35, and 36 for particu-
late emissions from rock handling operations at WPPA plants, for
Particulate and fluoride emissions from the wet scrubber at WpPA
plants, and for fluoride emissions from superphosphoric acid
plants, respectively. Each severity distribution is plotted as
cumulative percent of the number of plants versus severity for
each emissions species from each emission point.

Source severity distributions were not calculated for SOx emisz-
sions from the wet scrubber at WPPA plants or for particulate

emissions from superphosphoric acid plants because of the smaller
amount of emissions data.
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TABLE 26.

VALUES FOR iﬁax AND SOURCE SEVERITIES FOR
EMISSIONS FROM AN AVERAGE WET PROCESS PHOS-
PHORIC ACID AND SUPERPHOSPHORIC ACID PLANT

Emission point

Xonnx’ vg/m* Source severity

Total Total
fluoride Particulate SOx  fluoride Particulate SOx

Wet process phosphoric acid:

Rock urloading o* 106 0 0? 0.41 0
Rock transfer and conveying 0 10.4 0 0 0.040 0
Wet scrubber system 1.2 6.5 3.9 0.18 0.025 0.011
Gypsum pond b 0 0 b 0 0
Superphosphoric acid:
Wet scrubber 0.55 2.5 0 0.09 0.01 0
%Zero indicates this species is not emitted from this snurce.
buot applicable.
100 va 100
%t w0k
w v
3 ' 20
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Figure 34%.

SOURCE SEVERITY

Source severity distribution of

particulate emissions from rock
handling operatinns at WPPA plants.
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Source severity distribution of

particulate and fluoride emissions
from the wet scrubber at WPPA plants.
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Figure 36. Sou.ce severity distribution of fluoride
emissions from superphosphoric acid plants.

Because no stack height is associated with fluoride emissions
from gypsum ponds, source severity had to be calculated differ-
ently. From Equations 25 and 27 and for 24-hr averaging times,
the value of ; divided by F yielded the graph shown in Figure 37.
Dashed lines give the change in %/F with distance from the center
of a typical gypsum pond for emissicn rates of 11 and 1,100 kg
F/(km2-day) [0.1 and 10 lb/(acre-day)]. The solid line is for

an average emnission factor of 220 kg F/(km2-day). Fluoride emis-
sions from the gypsum pond are treated as a point source located
at the center of the pond and represent a worst case analysis.
Note that the value of ¥/F falls below 1.0 at approximately

1329C m from the center of the pond for an average emission rate,
and it falls below 0.05 at approximately 6700 m. A severity
distribution fcr fluoride emissions from the cypsum pond at
individual WPPA plants is presented in Figure 38, based on an
average enission factor. Table 27 presents severity ranges for
2ach species and emission point and also shows the percentage

of plants having a source severity exceeding 0.05 and 1.0.

b. Normal Superhphosphate and Triple Superphosphate Plants--
Table 28 presents the values of Xmax 2nd S for each emission
point and for each emission species” from three average super-
phosphate plants. Values are based on the current level of
emission conktrol at these plants.

Average stack neights in Table 28 were developed from stack
heights for individual plants reported in Appendix B. A stack
height of 15 & was determined from plant data for emissions from
the baghcusaes controlling rock unloading and transfer operations.
Emissions from the NSP curing building at an average plant are
not controlled; they are exhausted from the building by ducts
along one side. The height of the curing building, 12 m, was
therefcre used as the stack height for this source.
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Distribution of distance *o stated severity for
fluoride emissions from the gypsum pond at WPPA
plants.
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TABLE 27. RANGE OF SOURCE SEVERITIES AND PERCENTAGE OF WET
PROCESS PHOSPHORIC ACID AND SUPERPHOSPHORIC ACID
PLANTS HAVING SEVERITIES GREATER THAN 0.05 OR 1.0

Source .aseverit S Percentage of plants
Emission poins Species  Wirimm —Maxfats 5o g pooi LBt

Wet process phospiworic acid:

Rcck unloading Particulate 0.011 1.26 86 14
Rock transfer and conveying Particulats °* 0.001 0.12 28 0
Wet scrubber system Particulate <0.001 0.078 19 0
Total fluoride 0.005 0.56 78. 0
SOx <0.001 0.01 - -2
Superphosphoric acid:
Wet scrubber Particulate <0.001  <0.001 -2 )
Total fluoride 0.01 0.32 65 0

"Dutribuuon was not calculated because of the small amount of enissions data 'available.

TABLE 28. MAXIMUM GROUND LEVEL CONCENTRATIONS AND
SOURCE SEVERITIES OF CONTROLLED EMISSION
SPECIES FROM AVERAGE SUPERPHOSPHATE PLANTS

Averag» - 3
stack Xmax H9/m 5
height, SOx as ¢ S0x & b
Emiswion source cateqory = Fluoride $0,8,b Particulate Pluoride S024» Particulate
NSP plants:
Rock unloading 15 -d 4.9 0.02
Rock feaders 15 1.0 0.004
Mixer and den e 18 1.2 3.0 0.18 0.01
Curing building 12 50 92 7.2 0.38
GTSP plants: .
Rock unloading 15 16 0.062
Rock feevers 18 3.0 0.012
Reactor, granulator,
screen, cooler, dryer 44 2.5 39 1.1 0.36 0.11 0.0042
Curing building 30 0.81 4.6 0.12 0.018
ROP-TSP plants:
Cone mixer, den,
storage building 26 5.3 8.1 0.77 0.031
Rock feeders 15 2.2 0.009
Rock unloading 15 11 0.042

For worst case analysia, based on uncontrolled smission factor.
Primary ambient sir quality 24-hr standard for particulates oquals 0.26 -q/-’y for SOy it equals 0.36% mg/md.

TLV equals 2.0 mg/md; P aquals 6.7 ug/wd. d!llnh indicate emissicn species not mmitted from the source category.
Uncontrolled smiesions.

N o

"
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To complement the source severity values based cn plants repre-
sentative of the industry, scurce severity distributions for the
whole industry were calculated for all Species emitted from each
emission point. Plant production rates used in severity calcu-
lations were derived by multiplying plant capacity data in
Appendix A by utilization factors of 0.66 and 0.65 for normal
superphosphate and triple superphosphate plants, respectively,
obtained by dividing 1975 productions by available industry
capacities. Where actual stack heights were unknown, the
average stack heights shown in Table 28 were used. A graphic

- representation of this result is shown in Figure 39, Presented

as the cumulative percent of plants with a Source severity less
than a specific value. Those emission points and associated
emission species not illustrated in Figure 39 hag Source severi-
ties for all plants less than 0.01. Table 29 presents severity
ranges for each species ang each emission point ang also shows

Because nc¢ source test data were available for SO, emissions
from the dryer at GTsp blants, an emission factor was developed
based on fuel analysis and consumption. vVvalues of ¥,
for SOx emissions are based on a worst case analysis assuming no
control, even though some control results when effluent gas
Streams are scrubbed by acidic pond water before discharge.

C. Ammonium Phosphate Plantg—-

Table 30 presents values for Xmax and source severity for stack
emissions from an average plant, Although some Plants have
multiple emission points, this evaluation sums a]} stack emission
factors and assumes a single emission Point having a stack height

Table 31 (71). Variation in stack heights between emission
points is well within one standard deviation of the mean.

In order to illustrate potential environmental impact of air
emissions from the entire industry, source severity distributions
were calculated and are presented in Figures 40 through 42,

Table 32 presents severity ranges for eacn species and each
emission point and also shows the Percentage of plants having a
Source severity exceading 0.05 and 1.0.

2. Total Emissions

Potential environmental effects of the emissions from phosphate
fertilizer plants can also be evaluated by determining the total

(71) National Emissions Data System Pcint Source Listing.
SCC 3-01-030-01, 3-01-030-02, 3-01-030-99, 1976. 190 Pp.
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RANGE OF SOURCE SEVERITIES AND PERCENTAGE OF PLANTS

TABLE 29.
HAVING SEVERITIES GREATER THAN 0.05 OR 1.0

fmission zoint Species uza S > 0.

N8P
Rock unloading Particulate 0 0
Rock feeding Particuiate 0 0
Mixer and dan Particulate 0.0036 0.13 3 0
Pluoride 0.054 1.93 100 2
Curing building Particulate 0.0046 0.057 2 0.
Pluorida 0.011 0.82 95 0

ROP-TSP:

Rock unlcading Particulate 0 0
Rock feeding Particulate 0 0
Cone mixer, den, Particulate 0.006% 0.093 30 0
cuxing building Pluoride 0.16 2.28 100 60

GTS?:
Rock unloading Particulate 0 0
Rock reeding Particulate 0 0
Reactor, granulator, dryer, Parsiculate 0 0
cooler, screens Pluoride 0.063 1.45 100 12
. SOx 0.013 0.41 76 0
Curing building Particulats 0.3038 9.035 0 [
Pluozide 0.027 0.25 8s 0

~_Source aeverit Percentage of plants
Minlsum  Maxlnm 652 5> 1.0

HOTE.—3Blanke indicate that the aource severity for all plants is less than 0.01.

e

TABLE 30. MAXIMUM GROUND LEVEL CONCENTRATION AND
SEVERITY FOR AN AVERAGE DAP PLANT
Stack emissiona froa total pi&nt
Species TLV, mg/m3 fmax. u3/m3 S
Fluorids (as P) 2.0 2 2.9 0.44
Particulate 0.26 110 0.43
Ancnorn ia 18 5.2 0.0%

'Primary ambient air quality standard.
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TABLE 31.

VARIATION IN EMISSION SOURCE STACK HEIGHTS

Mean stack Stancard

Source neizht, m deviation, m
Ammoniation-granulation 25; 9.4
Coolier/dryer 23 9.3
24 9.3

Combined all stack height data

aAverage of 49 stack heights.
hAvex-mge of S1 stack heights.
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Figure 40.
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Severity distribution for total
plant ammonia emissions.

94

(71)



¥ =

LJLEDDBDGDC]EDDCDDDC]CZ

RN TN MY B eoms ase v

e ':'?4{:5' -;'\,;.G?’.!(;)‘ ‘.’f"#‘J* B

-t

LR 3 R adaa a2 a La it o o r T e

[
Y

CURRAATIVI PLRCLIS OF ALANTY
]

Ak Al A

Akl

Figure 41.

no

Severity distribution for total
plant particulate emissions.
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Severity distribution for total
plant fluoride emissions.
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TABLE 32. SEVERITY DISTRIBUTION SUMMARY

S Percentage of plants

Emission point Svecies Minimum Maximum S > 0.05 S > 0.1

Total plant Fluoride (as F) 0.04 2.9 90 " 10
Particulate 0.04 2.9 20 10
Armonia 0.008 0.59 52 0

mass of each emission species emitted. A comparison with total
particulate and SOx emissions on a state-by-state and national
basis can be made. Table D-1 in Appendix D shows the state emis-
sion burdens for the five criteria pollutants as reported in the
National Emissions Data System (NEDS) (72). Table D-2 in Appen-
dix D is an updated version of the NEDS data as computed by
Monsanto Research Corporation under contract with EPA (73).

Table D-2 was used for computations shown in Tables 33 through
39, whizh are presented and discussed later in this report.

a. Phosphoric Acid and Super hosphoric Acid Plantg--

Total emissions from WPPA and superphosphoric acid manufacture
are shown in Table 33. These were calculated by multiplying each
emission factor at an emnission point (Table 20) by the 1975 total
annual production fcr the two chemicals: 6,291,000 metric tons
for WPPA and 506,000 metric tons for superphosphoric acid.

each state's total emissions burden. The resulting percentage of
state burden for the industries and the contribution to the
national burden are shown in Tables 34 and 35. The total mass of
fluoride on a state-by-state basis is also included in the tables
for completeness.

(72) 1972 National Emissions Report; Natioral Emissions Data
System (NEDS) of the Aercmetric and Emissicns Reporting
System (AEROS;. EPA-450/2-74-012, u.s. Fnvironmental
Frot=ction Agency, Research Triangle Park, North Carolina,
June 19374, 422 re.

(73) Eimutis, E. C., and R, P. Quill. State-by-State Listing of
Scurce Types that Excead the Third Decision Criterion,
Special Project Report. Contract 68-02-1374, u.s. Envircr.-
mental Protection Agency, Research Triangle pPark, Nerth
Carolina, July 7, 1975. cp. 1-3.
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TABLE 33. TOTAL ANNUAL MASS OF EMISSIONS F

PHOSPHORIC ACID AND

ROM WET-PROCESS

SUPERPHOSPHORIC ACID PLANTS

(metric tons per year)
Total

Emissicn point flucride Particulate 50,

Wet process phosphoric acid:
Rock unloading 0 912 0
Rock transport 0 281 0
Wet scrubber system 62 342 198
Gypsum pond 160 to 16,000 0 0

Superphosphoric acid:

3.7 5.7 to 28 0

TABLE 34. wppPA 1NDUSTRY CONT
AND NATIONAL ATMOS

RIBUTIONS TO STATE
PHERIC EMISSIONS

- Total 197% Mass3 of emissions,

Perzent of

i
(
J
[
i
[
g
§

state and
Number atate metzic tons/yr hational
of groduc'xon. Total N omimnions?
State plarts  10) matric tons fluoriae Particulate SOox Farticulats S0x__
Arkansas 1 35 1.2 eo g4 8.4 l.1 0.006 0.000%
Cali’ornia 5 140 4.9 o 353 35 4.5 0.004 9.C002
Florida 13 3,384 122 vo 8,400 85% 108 9.4 0.006
ldaho 3 159 12 o 340 L) 11.2 0.1% 0.02
[llinois 4 250 9 %0 660 66 8.3 0.006 0.0002
Iowa 1 155 5.4 to 390 40 5.0 0.62 0.001
Louisiana 4 1,060 17 to 2,700 260 34 0.07 0.01s
Miwsiss.ppi 1 142 4.8 o 348 35 4.5 0.02 0.002
Morth Tarol:na 1 470 17 to 1,140 118 13 0.02 0.0007
Texas 2 250 8.4 eo €25 63 8.0 0.01 0.0004
Utah a1 45 1.6 to 114 11.8 1.4 0.02 0.9008
United sStates 16 6,291 222 o 16,000 1,540 200 0.01 9.0003
! 'T:tal stats and cational emissi0na data used in this calculation are Fiven in Appendix C - obtained
¥ from xefecences 72 and 73, State emission Summary data were available only for criteria P llutants,

hot for fluoride.

Pond emismi04 faceor range ,0.02% p 2.8 §/%g P3lg}.,

f Triangls Park, dorep Carclina, June 197§, 422 pp.

4 b’rhc fangs of fluoride emissions w&s basad on wet sarubber enise}

U.8. Environmental Protectinn Agency,

on factor (0.010 9/kg P304) plus gypsum

Rasearch

(31} =imutis, B. C., and R. P. Quill. State-ty-State Listirg of Source TYPes that Exceed the Third
Deciston Criterionm, Special Praysct Report. Contract 68-02-1874, u.3. Environmentasl Protection
Aqency, Research Triangls rark, MNortn Cazulina, July 7, 1975, PP. 1-3.
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TABLE 35. SUPERPHOSPHORIC ACID INDUSTRY CONTRIBUTIONS
TO STATE AND NATIONAL ATMOSPHERIC EMISSIONS

Percent of

Total 1975 Mass of emissions, state and
Number state — metric tons/yr national

of gtoduction, Total a particulage
State nlants 10° metric tons fluoride Particulate emissions
Florida 3 220 1.6 12.1 0.005
Idaho 2 38 0.28 2.1 0.004
Louisiana 1 73 0.53 4.0 0.001
North Carolina 1 142 1.0 7.8 0.002
Tesas 1 13 0.10 0.70 <0.001
Ucah 1 _20 0.15 1.1 0.001
United States 9 506 3.7 28 <0.001

33ased on upper limit emission factor of 0.055 g/kg P,0s.

bTotal scate and na2tional emissions data used in this calculation- are given in
Appendix C as obtained from References 72 and 73. State emissions sumrary data
we 2 available only for criteria pollutants, not for fluoride.

b. Normal Superphosphate and Triple Superphosphate Plants--

The annual mass of emissions from all supervhosphate plants in
the United States is given in Table 36. A comparison with the
total particulate and SOx emissions in the United States in 1975
1s included.

The mass of emissions from superphosphate plants on a state-by-
state basis was also calculated, and resulting values were com~
2ared to each state’'s emissions burden. Tables 37, 38, and 39

show che results cf this analysis.

]

- Ammoniun. Phosphate Plants--

ass emissions for each tyge of pollutant were found by multiply-
Ny average emission factors developed previously in this report
7 1975 total production of 2.767 x 108 metric tons of P.O..
h
"

4
1

—

'

2se values are approximately 4,150 metric tons of particulate,
5 metrjc tons of fluoride, and 190 metric tons of ammonia.

[T o I o)

The mass of particulate emissicns from ammonium phosphate plants
on a state-by-state and national basis was compared to state and
national emissions of particulates from all sources. State-by-
state particulate emissions were estimated by apportioning
ratioral emissions according to the statewise pPlant capacity
distriburion ia Appendix A. Table 40 shows the results of this
comperiscn.

In 1975 an estimated 4,150 metric tons of particulates were

-“ced {rom ammcnium phosphate manufacture, while in 1972 nation-
lculate emission loading from all sources was 17,872,000
ns (72}). Thus. the ammonium phosphate industry

~r

O ogr
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TABLE 36. ANNUAL MASS OF EMISSIONS FROM SUPERPHOSPHATE
PLANTS IN THE UNITED STATES
(metric tons rer vear)

Mass of emissions

Emissica source category Fluoride SO, asg SOz Particulate
NSP plants:
Rock unloadsng g 120
Rock feeders 24
Mixer and den 4“4 110
Curing building 330 1,600
Total plant 874 1,854
GTSP plants:
Roc: unloading Bl
Rock feeders 15
Reactor, granulator, &creens, cooler, dryer 110 1,700 45
Curing Suilding 16 90
Total plant 126 1,700 231
ROP-TSP plants:
Cone amixer, den, storage 60 96
Rock feodera 8
Rock unloading — 42
Total plant 60 146
Total superphosphate industry 1,060 1,700 2,231

NOTE.—Blanks indicate specias not ewitted frcam this source category.

TABLE 37. CONTRIBUTION TO STATE PARTICULATE EMISSIONS
BURDENS DUE TO EMISSICNS FROM NSP PLANTS

State production, Particulate
- metric tons/yr emissions, Percent of state
Stats P20s metric tons’/yr particulate burden

Alabama 29,600 124 0.0C008%
Arkansas 3,480 15 0.0092009
Florida 44,700 188 0.920008
Georgia 66,800 280 0.0001
Illinois 58,700 246 0.00%07
Indiana 8,130 34 0.00002
Kentucky 10,400 44 0.00002
Maryland 6,390 27 0.00004
Michigan 6,970 29 0.00001
Mississippi 3,480 15 C.00001
Missouri 8,710 37 0.00001
Nebraska 6,970 29 0.00001
New York 6,390 27 0.00001
North Carxolina 43,000 180 0.000C8
Ohio 6,390 27 G.000009
Pennaylvania 10,500 44 0.00001
South Carolira 25,600 107 0.07009
Tennessee 16,800 71 0.00004
Texas 22,6C0 95 0.00001
Utah 1,740 7 0.000C3
Virginia 45,300 190 0.0001
Washington 6390 27 0.0uv001

17.5. total 439,040 1,843 0.0014
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TA3LE 33. CONTRIBUTION TO STATE PARTICULATE EMISSIONS
BURDENS DUE TO EMISSIONS FROM ROP-TSP PLANTS
State productiocn, Particulate
mecric tons/yr emissions, Percent of state
State P>0¢ metric tons/yr Particulate burden
Florida 477,200 116 0.00005
Idaho 17,730 4 7 0.000002
Missouri 26,240 6 0.000002
North Carolina 65,440 16 0.000007
tan 10,500 3 0.000001
U.S. total 597,11¢ 145 0.0001

TABLE 39, CONTRIBUTION -TO STATE PARTICULATE AND SOx EMISSIONS
BURDENS DUE TO EMISSIONS FROM GTSP PLANTS

State Mass of emissions, Percent of
Production, metric tons/yr state burden
State metric_ tons/yr Particulate SOy, Particulate SOy
Florida 706, 200 181 1,313 G. 00007 0.0007
Idaho 22,510 6 42 0.00002 0.0007
Mississippi 73,490 19 137 0.0G001 0.7005
North Carolina 83,290 21 155 0.00001 0.00007
Utah 13,410 3 25 0.000001 0.00009
J.5. total 898,900 230 1,672 0.00018 0.063
[ ]
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TABLE 40. ESTIMATED MASS OF PARTICULATE EMISSIONS
FROM AMMONIUM PHOSPHATE PLANTS

Particulate emissions,

Percent metric tons Contrxibution
of national From ammonium From all to total
State producticn phosphate plants sources (72) emissions, %

Alabama 2 72 1,178,642 <0.1
Arizona <1 9 72,684 <0.1
Arkansas 1 38 _ 137,817 <0.1
California 2 99 1,006,452 <0.1
Florida 43 1,770 226,460 0.8
Idaho 5° 221 55,499 0.4
Illinois 2 96 1,143,027 <0.1
Iowa 5 192 216,493 0.1
Louisiana 24 988 380,551 0.3
Michigan <1 21 705,921 <0.1
Minnescta 1 53 266,730 <0.1
Mississippi 3 117 168,355 <.1
Missoury 2 71 202,438 0.1
North Carolina 2 78 481,026 <0.1
Texas 6 247 549,408 <0.1
Utah 1 55 71,693 v.1
Washington <1 23 161,937 <0.1

U.S. total 100 4,150 17,872,000 <0.1

contributed approximately 0.02% of total national particulate
emissions. Similar information on a statewise basis is presented
in Table 40. In no state do ammonium phosphate particulate emis-

3. Affected Population

The number of persons living in the area around a plant who are
exposed to a contaminant concentration exceeding a given level
is deroted as the affected population. Plume dispersion equa-
tions are useda to determine the area where the average ground
level concentration, X+ exceeds a given value. 1In the source
assessment program two reference values are used, x/F = 1.0 and
x/F = 0.05. This area, so determined, is then multiplied by an
averace population density to determine the affected population.

Disperson equations predict that ¥ varies with the distance, X,
downwind from a source. Fcr 2levated sources, X is zero at the -
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source {(where X equals 0), increases to some maximum value, ¥ ¢

- ; max
as X increases and then falls back to zero as X approaches
infinity. Therefore, a plot of X versus X will have the appear-
ance illustrated in Figure 43.

DISTANCE FROM SOURCE

Figure 43. x/F as a function of distance
from an elevated source.

For fugitive emissions where the stack height is zero, the value

of X/F is a maximum at the source and decreases with distance
downwiand according to Figure 44,

.
"

Lo %o
DISTANCE FROM SOURCE

Figure 44. General distribution of ¥/F as a function
of distance for a ground level source.

The value for the population density around a representative
plant is detesrmined by averaging county population densities in
which actuial plants are located. However, because the population
natterns within a given county may vary significantly, the actual
population density in the immediate vicinity of individual plants
may be lcwer rnan this average. Conclusions, therefore, should
rot be drawn with regard to actual environmental impacts at
individual plant sites.

Due to uncerta:nties inherent in sampling and dispersion modelinc
methodoalogies, the number of persons around a representative
plant expcsed to a ,/F ratio greater than 0.05 is reported in
addition to ¥/F > 1.0. The mathematical derivation of the af-
rected population calculation is presented in Reference 69.

a. DPhosnhoric and Superphocsphoric Acid Plarts--

The ccunty poguliation density around average WPPA and superphos-
rhoric ac:d plants is 46.1 persons/km2. The affected population
vaiues for thcse emission species and sources where the ratic of

7 to F exc2eds 0.05 and 1.0 are given in Tabie 41. Affected popu-

lation wvalues for SOx were zero and are not shown in the table.
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TABLE 41. AFFECTED POPULATION VALUES FOR EMISSIONS FROM WET
PROCESS PHOSPHORIC ACID AND SUPERPIOSPHORIC ACID PLANTS

Affected population, persons

Fluoride Particulates
Bmission scurce X/F>0.05 Y¥/F>1.0 X/F>0.05 Y/F>1.0
Wet process phosphoric acid:
Rock unloading o 0 64 0
Rock transfzr and charging 0 (v} 2 o
Wat scrubber 159 (o] 0 0
Gypsum pond 5,532 o o] 0
Superphosphoric acid:
Wet scrubber 28 o] o] o

In calculating affected population values for fluoride emissions
from a typical gypsum pond, it was assumed that no one lived
within 2,000 m of the edge of the pond, or 2,600 m of the center
£ the pond. The value of ¥/F drops below 1.0 at 1,300 m from
the center of the pond, resulting in no affected population.
The value of ¥/F drops below 0.05 at 6,700 m from the center of
the pond, resulting in an affected population value of 5,532
persons.

b. Normal Superphosphate and Triple Superphosphate--~

Affected population values for emissions from average superphos-
phate plants are shown in Table 42 for those emission points with
at least one pollutant which has source severity greater than or
equal to 0.05. For those emissions with source severity less
than 0.05, there is no population affected by a ground level con-
centration for which ¥/F is greater than or equal to 0.05.

TABLE 42. AFFECTED POPULATION VALUES FROM SUPERPHOSPHATE PLANTS

Affected pupulation, persons

X/¥>9.05 X/P>1.0
Znission source Particulate Pluoride SOx Particulate Fluoride SOx

NSP:

Mixer ard dan ] 529 0 [}

Cuzing building 519 13,021 c 539
RAV-TSP:

Crne mixer, den, curing building 0 1,178 [¢] 0

Rock unicading - 5 0
STSP:

Rrac:or, graaulator, dryer, ccoler, scraens 0 1,358 307 0 0 [}

Creina Milding ] 161 1] ]

Rock unlcading 15 0

NGIE.—8lanks indicate nc eminsinn of the species for the pource.
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c. MAmmcnium Phosphate Plants--
Results cf affected population calculations for the average

source are presented in Table 43. The average population density
was 82 persons/km2.

TABLE 43. AFFECTED POPULATION VALUES FRCM’
AMMONIUM PHCSPHATE PLANTS

i
Affected population, persons

R Fluoride Particulate Amsonia
Eaission source T/F>0.05 3/P>1.0 {/F>0.05 }/F>1.0 x/P>0.05 x/r>1.0
Total plant stack emission 285 [} 288 [} 41 0

G. AIR POLLUTION CONTROL LHCHNOLOGY

1. Phosghoric Acid and Superphosphoric Acid

rnvirenmental and economic concerns have prompted use of control

devices in most facets of the WPPA and superphosphoric acid

industry, with the exception of volatile emissions from the

oypsum pond. The problem of pcllutant abatement in the industry

is generally approached by using add-on devices. Process modifi-

cations are not employed because of the delicate balance of

overating conditions required to produce filterable gypsum

’ crystals. Process technology has been developed to recover
fluoride and gypsum byproducts, offering a more economically .
attractive way for the WPPA industry to reduce wastes.

The following sections discuss various controls and byproduct
recovery processes currently in use to reduce air pollutant

levels.

i N I - G O O ==

a. Dust Control in RPaw Marerials Handling Operations--

Fnclosed operation and baghouses are typical methods of control
at 5round phosphate rock unloading stations. Satisfactory con-
trnl of dust emissions from unloading hopper-buttom railroad cars
or trucks is achieved by baghouses which realize high efficiency
1n collectior of this size particle (60% to 80% of the rock is
less than 74 .m (24). Eificiencies are reported to be greater

than 29% (74).

raed hoppers, storage bins, and conveyors are also enclosed to
reduce particulate emissions and moisture contamination of the
rock. When transport of ground rock from storage bin to feed
hopper 1s accomplished by pneumatic conveyors, a cyclone separa-
tor and baghouse are located at the destination for control of
biil« mater:1al and discharged dust.

O &0 O & ==

: '74) Soinf2ld, J. M. Air Poliution: Physical and Chemical
" F.rdairantals McCraw-Hill Book Co., iiew York, New York,
[] £ i373. 3523 cE. *
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Future rock grinding operations may vtilize a wet grinding
circuit rather than the current dry grinding practice. Wet
grinding, because it also means wet rock receipt and storage,
leads to a reduction in particulate emissions as well as energy
savings bv =liminating a rock drying step.

b. WPPA Wet Scrubber Systems--

Of the availabiz types of pcllution control, wet scrubbers have
been the exclusive choice for treatment of contaminated process
vapors generated in “he digester, filter, and evaporator. These
scrubbers combine the ability to absorb gaseous flucrides and
remove par-iculates by impaction on the liquid droplets. Prob-
iems in scrubber efficiency result from deposition of hydrated
silica within water nozzles or scrubber packing, which affects
liquid-vapor contact.

Crossflow packed scrubbers provided high absorption capabilities
and tend to operate free from plugging when preceded by a spray
secition (28). When gases enter the spray section, hot vapors are
cooied, high concentrations of fluorides and particulates are
reduced, and reaction takes place between the water and silicon

tetrafluoride in the gas.
3SiF, + 24,0 — 2H,;SiFg + SiO, (30)

The silica (Si10,;) precipitates in the form of a hydrated gel
{Si(OH)4] .

SiOZ + 2H,0 — Si(OH), (31)

wWhen fluoride and particulate loading is substantially reduced,
gas passes through the more efficient stage, a cross-flow packed
s-rubber, where the remaining hydrogen fluoride and particulates
are removed (28). The crossflow design, with scrubbing spray -
normal to the direction of the gas flow, washes precipitates off
the packing to prevent plugging. The collected deposits are near
the front of the packed bed, which is more heavily irrigated to
reduce solids buildup (75). Overall efficiencies for a spray-
crossflow packed scrubber have been reported to be greater than
99% (31). A diagram of this scrubber design is presented in

Figure 45.(31).

Although venturi scrubbers provide effective contact and gas
absorption, they have a major disadvantage in that a high pres-
sure drop (2.5 kPa to 12.4 kPa) and corresponding high energy
requirement are necessary to meet the given standards for emis-
sions (l15). ' A venturi may be used instead of a spray tower
upstream frcm the packed scrubber described in the previous para-
arapgh, or in conjunction with a cyclonic spray tower.

t75) Environmental Engineers' Handbook, Volume 2, Air Pollution,
B. G. Liptak, ed. Chilton Book Co., Radnor, Pennsyilivania.
1974. 1340 pp.
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Figure 45. Spray-crossflow packed scrubber (31).

Important factors observed in efficiencies of control devices are
compcsition and temperature of scrubbing water. Gypsum pond
water contains 3,000 ppm to 10,000 ppm fluorine. The partial
pressure of the hydrogen fluoride in the pond water makes effi-
cient recovery of fluorides in the contaminated gas stream
difficult {17, 64). The mass transfer process may even beacome
incperative at higher temperatures. To combat this effect, some
ir.Justries use fresh water in the last stage of the scrubber io
reduce gaseous fluorides to an acceptable level.

The temperature influence on scrubber outlet concentrations is
depicted in Figure 46 (76).

C. Superphospheric Acid Wet Scrubber--

As in WPPA plants, superphosphoric acid plants treat exhaust air
with wet scrubbers to remove particulates and gaseous fluorine
compounds. The tyge of wet scrubber used in this applicatiorn,
however, is different from the WPPA choice because of a lower gas

flow rate. A water-induced venturi scrubber, shown in Figure 47,
1s the typizal choice (31).

(76) Specht, R. C., and R. R. Calaceto. Gasecus Fluoride Emis-

sions from Stationary Sources. Chemical Engineering Prog-
ress, 63(5):7384, 1967.
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temperatures for a cyclonic spray tower (76).

Reprinted from Chemical Engineering Progress by courtesy
. of the American Insititute of Chemical Engineers.

g * Figure 47. Water-induced venturi scrubber (31).
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The gas stream to the scrubber is from a combination of sources:
barometric condenser, hot well vents, and product cooler tank.
The enclosed system is maintained at a slight negative pressure
to induce inward leakage at openings in access ways and equip-
ment, thus eliminating potential fugitive emissions. Scrubbers
installed to handle the exhaust streams are of nominal capacity,
about 4.2 m3/s, regardless of plant size (77). Because of the
low gas flow rate and availability of large amounts of gypsum
pond water, scrubbing requirements for superphosphoric acid
plants can be met with the venturi ejector without use of mech-
anically more complicated packed and conventional venturi
scrubbers (31).

The water-induced venturi dces not depend on gas flow for motive
power. The ejector venturi uses a large liquid spray under high
pressure to induce air flow through the throat section, where
intimate gas-liquid contact occurs. This unit is followed by a
gas-liquid separation chamber to prevent entrainment of the con-
taminated liquid droplets in the exhausted gas. Efficient
separation is achieved by a cyclonic section, which also removes
remaining particulates. An alternative is a packed or cyclonic-
packed scrubber in the separator vessel.

Scrabber efficiency is increased with higher liquid-to~gas ratios
and with increasing nozzle pressure. Plant data indicate that
thesa installaticns are 99% to 99.8% efficient (31).

2. Normal Superphosphate and Triple Superphosphate

Superphosphate production and storage facilities utilize a
variety of devices including wet scrubbers, cyclones, and bag-
houses to contcol erissicns of particulates, fluorides, and
ccmbustion gases (31, 32).

Particulate emissions from ground rock unloading, storage, and

trausfer systems are controlled by baghouse collectors. Cloth

filters have reported efficiencies of over 99.9% for particles

smaller than 75~um (Appendix B). Collected solids are recycled
to the process.

{(77) Frazier, A. W., E. F. Dillard, and J. R. Lehr. Chemical.
Behavior of Fluor:ine in the Production of Wet Process Phos-
phcric Acid. Presented at the American Chemical Society
Annui: Meeting, Chicago, Illinois, August 24-29, 1975.

16 pp.
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Emissions of silicon tetrafluoride, hydrogen fluoride, and parti-
culate from the production area and curing buildings are con-
trolled by scrubbing the offgases with recycled water. Wet
scrubbing combines the ability to remove particulate by impaction
on the surface of liquid droplets with the ability to absorb
gaseous fluoride compounds into the liquid phase. Exhausts from
the dryer, cooler, screens, mills, and curing building, where
heavier loadings of particulate may be present, are sent first to
a cyclone separator and then to a wet scrubber.

Gaseous silicon tetrafluoride in the presence cf moisture reacts
as follows:

38iF, + 24,0 — Sio, + 2H,SiF, . (32)

The silica is present as a gelatinous mass of polymeric silica
which has the tendency to plug scrubber packings. The use of
conventional packed countercurrent scrubbers and other contacting
devices with small gas passages for controlling silica is there-
fore limited. Scrubber types that can be used within this
restriction are 1) spray tower, 2) cyclonic scrubbers, 3) venturi
scrubbers, 4) impingement type scrubbers, 5) jet ejector
scrubbers, and 6) spray-crossflow packed scrubbers.

Spray towers are not capable of the high efficiencies (greater
than 95%, required for compliance with present regulations. They
fird use, however, as precontactors for fluorine removal at
relatively high concentration levels (greater than 3,000 ppm) .

Air pollutior control techniques vary from plant to plant depend-
ing cn particular plant designs. The effectiveness of abatement
systems for the removal of fluoride and particulate varies from
plant to plant depending on a number of factors. The effective-
ness of fluorine abatement is determined by 1) inlet fluorine
concentration, 2) outlet or saturated gas temperature, 3) com-
position and temperature of the scrubbing liquid, 4) scrubber
type and transfer units, and 5) effectiveness of entrainment
separation (16, 31). Control effectiveness is enhanced by
increasing the number of scrubbing stages in series and by using
fresh water scruk in the final stage. Reported efficiencies for
fluoride control range from less than 90% to over 99% depending
on inlet fluoride concentrations and the system employed. An
efficiency of 98% for particulate control is achievable (31).

3. Ammonium Phosphate

Emission control technology applied to DAP production serves
three purposes: recovery of ammonia, recovery of particulate
MAP and DAP, and prevention of pollutant emissions of ammonia,
fluorides, and particulates. Common practice in the industry is
to combine emission points fcr emission control: reactor and
ammonlator-granulator, dryer and cooler, and product sizing and
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material transfer. Reactor and ammoniator-granulator emissions
are vented directly to a wet scrubber system, while emissions
from remaining sources pass through cyclone collectors for prod-
uct recovery and recycle before passing to a wet scrubber system.

PR B ioa T

The chemistry for ammonia recovery is identical to the process
chemistry discussed earlier: Ammonia is scrubbed from offgases
with excess phosphoric acid where it reacts to form ammonium
phosphates which are retained in the scrubbing ligquor. Silicon
tetrafluoride, the pPrimary gaseous fluoride emission species, is

scrubbed from offgases according to reactions in Equations 33 and
34,

PRl R
[ 0N

At

“oag

2HF + Sin.(.-;)HzSiFS (33)
38iF, + 4H,0 =2 Si(oH), + 2H;SiFg (34)

All ammoniation-granulation plants have some form of pollution
control equipment, but a complete characterization of emission
control practices of the industry is not available (5). Combined
requirements for particulate collection and gas absorption for
ammonia recovery and fluoride emission control permit application
of a wide variety of scrubber types for DAP service. Devices
applied to DAP emission control include

Spray towers

Vencuri scrubbers N
Impingement scrubbers

Spray-crossflow packed bed scrubbers

Spray towers provide the interphase contacting necessary for gas
sbsorption by dispersing scrubbing liquid in the gas phase as a
fine spray. Several types of spray towers are in general use.
The simplest consists cf an empty tower egquipped with liquid
spray nozzles at the top and a gas inlet at the bottom. Scrub-
bing ligquor sprayed into the gas stream falls by gravity through
the upward flowing contaminated gas. A disadvantage of this

device is entrainment of scrubbing liquid aerosols into the exit
gas stream.

Cyclonic spray towers eliminate excessive droglet entrainment by
using centrifugal force to remove droplets. Figure 48 presents
schematic diagrams of one- and two-stage cyclonic spray tower
scrubbers. Gas enters the scrubber tangentially and scrubber
liguor 1s directed parallel to gas flow, providing crossflow
contacting of gas and liquid streams (11, 43).

“enturi scrubbers (Figure 49) are particularly well suited for

Streams with high solids or silicon tetrafluoride loadings

beczuse cf their high solids handling capacity and self-cleaning
characteristics. A venturi provides a high degree of gas-liquid .
mixing, but reiatively short contact time and cocurrent flow

.
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Figure 49, venturi scrubber (11).

111



o =

S T AT e el o s TR o Mg i il T R S VRGN e a4 TRPA A YOT 0 T S AT T AT Y el BT 9T ——

limit absorption capabilities. Scrubbing liquor is introduced at
high velocity through a nozzle upstream of the venturi throat,
and water velocity pulls flue gas through the venturi. Entrained
scrubbing liquor requires a mist eliminator. The cyclone in
Figure 49 is used to remove mists. 1In application to DAP emis-~
sions, venturi scrubbers are often used as the initial component
of a multiple scrubber system (11).

Although impingement scrubbers are primarily particulate collec-
tion devices, they also possess some absorption capability. The
Doyle scrubber pictured in Figure 50 is most commonly used by
the fertilizer industry.

GAS INLET DOWNCOMER LUCT GAS OUTLET
AIR LOCK RELEASE SPRAY
' ELIMINATOR
€ + ‘ ]
CONE ———1 | 7 |
T SCRUBBING
LIQuiD
OVERALOW 4
WEIR 80X —= = LiquiD inET

Figure 50. Doyle impingement scrubber (11).

tfluent gases are introduced into the scrubber as shown in

1gure 50. The lower section of the inlet duct is eguipped with
an axially located core that causes an increase in gas stream
velocity prior to its impingement on the scrubbing liquor sur-
face. Effluent gases contact the pool of scrubbing liquid at a
h:gh velocity and undergo a reversal in direction. Solids
impinge on the liquid surface ‘and are retained, while absorption
of gaseous fiuorides is promoted by interphase mixing generated
by impact. Solids handling capacity is high; however, absorption
capanility is very limited (l1l1).

E
=

he spray-creossflow packed bed scrubber shown earlier in

igure 45 consists of two secticns--a spray chamber and a packed
ed--separated by a series of irrigated baffles. Both spray and
acked sections are equispped with a gas inlet., Effluent streams
1th relatively nigh fluoride concanirations--particularly those
1ch in siliccn tetraflucride--are treated in the spray chamber

[a BRSNS SO W]
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before entering the packing. This preliminary scrubbing removes
silicon tetrafluoride, thereby minimizing bed plugging. It also
reduces packed stage loading and provides some solids handling
capacity. Gases low in silicon tetrafluoride can be introduced
directly to the packed section.

The spray section consists of a series of countercurrent spray
manifolds with each pair of spray manifolds followed by a system
of irrigated baffles. Irrigated baffles remove precipitated
silica and prevent formation of scale in the spray chamber.

Packed beds of both cocurrent and crossflow design have been
tried; crossilow design has proven to be more dependable. Cross-
flow design operates with the gas stream moving horizontally
through the bed while scrubbing liquid flows vertically through
the packing. Solids tend to deposit near the front of the bed
where they can be washed off by a cleaning spray. The back
portion of the bed is usually operated dry to provide mist
elimination. '

Sprayv-crossflow packed bed scrubbing is effective from a gas
absorption standpoint, but it is less effective for collecting
particulate; hence, it is used as a "tail gas" or secondary
scrubber following a particulate s>rubber. Packed scrubbers are
seidom used as primary scrubbers due to their tendency to plug
with gelatinous silicon or DAP (45).

Equipment commonly used for primary scrubbing includes venturis
and cyclonic spray towers, while cyclonic spray towers, impinge-
ment scrubbars, and spray-crossflow packed bed scrubbers are

used as seccndary scrubbers (11, 43, 45). Primary scrukbers
generaiily ase 20% to 30% P,05 phosphoric acid as scrubbing

liguor principally to recover ammonia (45). Secondary scrubbers
generally use gypsum pond water principally for fluoride control.

Throughout the industry, however, there are many combinations

and variations. Some plants use reactor-feed concentration
phosphoric acid (40% P,0s5) in both primary and secondary scrub-
bers, and some use phosphoric acid near the dilute end of the

20% to 30% P,0s range in only a single scrubber (31, 43). Exist-
ing plants are equipped with ammonia recovery scrubbers on the
reactor, ammoniator-granulator, and dryer, and particulate con-
trols on the dryer and cooler. Additional scrubbers for fluoride
removal are common but not typical. Only 15% to 20% of installa-
tions contacted in an EPA survey were equipped with
spray-crossflow packed bed scrubbers or their equivalent for
fluoride removal (11).

Emission control efficiencies for DAP plant control equipment
have been revorted as:
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Ammonia 943 to 99% (11, 45)
Particulates 75% to 95.8% (45, 71)
Fluorides 74% to 94% (11) ‘

Fluoride emissions and tae need for controlling them could be
eliminated from DAP production if fluorides were removed from
phosphoric acid raw material. As shown earlier in Table 16,
furnace phosphoric acid has very little (less than 1 ppm; fluo-
rine content, bu% essentially all armonium phospaates are
currently produced from WPEA. Furnace acid is not used primarily
because it costs 29% more per metric ton of P05 to produce than

WPPA (78).

‘Particulate collaction efficiency of dry cyclonas increases as

gas flow rate increases. However, irncreasing exhaust gas flow
rate also increases gas flow rate through the dryer. It has been
reported that additional dust is emitted from the discharge end
of the dryer when gas velocity exceeds 112 m/min (46). One way
to increase gas velocity in the cyclone, but not in the dryer, is
to install an open duct in the exhaust line between the cyclone
and dryer and cooler discharge as shown in Figure 51. Gas
velocity through the dryer and cooler can then be regulated by
means of the dampecr.

H. BYPROLUCT RECOVERY

Fluorine compounds volatilized during production of phosphate
fartilizer materials are being considered as a valuable resource
for production of fluosilicates, fluorides, and hydrofluoric acid
(63). Fluorine is recovered from gas effluent streams as a weak
solution of fluosilicic azid by the following reaction sequence:

Phosphate rock + acid — HF (35)
4HF + SiOz —_ Sil‘-g. + H,0 (36)
3siF, + 2H,0 — 2H,SiFg + SiO, (37)

Calcium fluoride contained in the rock reacts with acid to form
hyérogen fluoride. This hydrogen fluoride in turn reacts with
silica present in the rock to form silicon tetrafluoride. Sili-
con tetrafluoride vapor dissolves readily in an aqueous scrubbing
solution to form flucsilicic acid. Silica formed during absorp-
“ion of silicon tetrafluoride is removed by filtration and the
product is a solution of 17% to 25% fluosilicic acid (63).
Systems recover the acid at concentrations of 25% or less, a
constraint which results from a rapid increase in vapor pressure

(78) Environmental Considerations of Selected Energy Conserving
Manufacturing Process Options, Vol. 13, Phosphorus,/Phos-
ohoric Acid Industry Report. EPFA-600/7-76-034m (PB 264
279, U.S. Environmental Protection Agency, Cincinnati,
Ohio, December 1376. 96 pp.
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Figure 51. Cyclone gas velocity control (46).

at higher concentrations. The small amount of silica-containing
liquid waste generated is normally consumed as a filler in fertil-
izer production.

A number of plants in the phosphate fertilizer industry are
currently practicing recovery techniques. Approximately 60% of
NSP piants recover fluorine as a weak solution of fluosilicic
acid utilizing two-or three-stage wet scrubbing systems.

Between 10% and 20% of WPPA plants recover fluorine during
evaporation-concentration of the phosphoric acid. Two systems
available for fluosilicic acid recovery are inventions of the
Swenson Evaporatjon Co. and Swift & Co. (22, 27). The Swenson
system involves condensation of evaporator vapors and flash
evapcration to produce an approximately 15% solution. In the
Swift process, a weak solution of fluosilicic acid scrubs the
fluoride-containing vaoors from the evaporator and flows to a
recirculation tank. Fluosilicic acid (about 18% to 20%) is bled
from the tank, and water is added to the recycled solution to
maintain the required concentration of acid for scrubbing.
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An alternative method of fiuorine recovery is removal of fluo-
silicate salts prior to concentration of the approximately 30%
P05 acid. One procedure involves addition of sodium carbonate

to the filtered solution of weak acid and subsequent Precipita-
tion of sodium fluosilicate.

Process modifications to recover fluoride byproducts reduce emis-
sions from the WPPA scrubber and gypsum ponds by removing fluo-

ride from prccess streams. The emission factor developed for the
scrubber system at WPPA plants recovering fluoride byproducts was
one-half the factor for plants not practicing recovery techniques.
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SECTION 5

WATER EFFLUFENTS

Because of the integrated nature of +he phosphate fertilizer
industry, considering the wastewater handlin-; practices of the
industry as a whole is necessary. Wastewater arising from differ-
ent manufacturing operations are often combined for treatment at
one locaticn. The integrated character of the industry can be
seen in Table 44. Over 70% of the plants produce only one type

of phosphate fertilizex material, while 30% of all the plants
consist cf multiunit operations. However, more than 80% of phos-
pPhate fertilizer production occurs at multiunit plants.

TABLE 44. DESCRIPTION OF PHOSPHATE FERTILIZER COMPLEXES
IN THE UNITED STATES BY UNIT OPERATIONS

Unit operations Number of Percent

at plant site plants of total
WPPA 5 4.1
NSP 61 50.4
DAP 23 19.0
WPPA, SPA 3 2.5
WPPA, NSP 1 0.8
WPPA, T3P 2 1.7
WPPA, DAP 10 8.3
WPPA, T3P, DAP 6 5.0
WPPA, S?A, DAP 2 1.7
WPPA, NSP, TSP 1 0.8
NSP, TSP, DA? 1 0.8
WPPA, SPA, TSP, DAP 4 3.3
WPPA, NSF, TSP, DAP _2 1.7

Total 121 100

WPPA--wet process phosphoric acid.

SFA--superphosphoric acid.

NSP--normal superphosphate.

TSP-~triple superphosphate (includes both
.granular and run-of-pile).

DAP--diammonium phosphate (some plants
4iso make moncammonium phosphate).

The remainder of this section considers wasewater handling prac-
tices, gypsum pond characteristics, effects of lirme treatment,
and potential environmental effects of those plants that do dis-
charae wastewaters.

I o B = W A
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A. SOURCES OF WASTEWATER

Two basic wastewater source types exist in a phosphate fertilizer
Plant--point and nonpoint. Point Sources are those which origi-
nate as a definite wastewate: stream from a Particular process.
Nonpoint sources originate from random leaks or from large areas
within a plant. Point sources for eacihh of the five basic proc-
esses are discussed first, below, followed by a general discus~-
sion of nonpoint sources for the entire plant.

l. Point Sources

Point sources of wastewater generated at Phosphate fertilizer
pPlants can be divided into three general classes:

* Contact process water
e Nonconts - cooling water
® Steam conu nsate

Contact process wastewater refers to any water which, during
manufacturing or processing, comes into direct contact with or
results from production or use of any material, intermediate prod-
uct, finished product, byproduct, or waste product.

a. Phosphoric Acid--

Sources of contact Process wastewater from WPPA production
include wet scrubber liquor, gypsum slurry water, and barometric
condensers {Figure 52;. Recycled gypsum pond water is used in
the wet scrubber System to remcve particulates, fluorides, and
chosphates from the gas streams. This reservoir of contaminated
process water also Supplies the water requirements for transfer-
ring waste gypsum to a disposal area and for oreration of baro-
matric condensars. aAcid sludge underflow, generated in acid
clarificacion, contains substantia}l amounts of phosphate and is
normally disposed of by blending into a dry fertilizer (usually
TS?); it does not enter the pond system.

Once-through or recircolated foncentact coocling water is used to
control the exothermic reaction when concentrated sulfuric acid
is diluteqd. Coolingy water may be either recirculated gypsum pond
water or a separate 10nprocess stream that is recycled or dis-
charged, Significant quantitijes of steam are used in WPPA produc-
tion. 1In many plants, the steam is used cn a once-through basis.
Uncontaminatad Ste m condensate is discharged to the receiving
waters without treatment. Contaminated stean condensate, such

as thar from barometric condensers and vacuum ejectors, is dis-
charged to the gypsum pond.

Wastewater 3treams at phosphoric acig plants are contaminated to

varying degrees by quantities of Phosphoric acid, fluorides,
sulfates, and gypsum.
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Figure 52. WPPA production (17).
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b. Superphosphoric Acid--

Superphosphoiic acid plants are located at fertilizer complexes
producing WPPA. As a result, water usage requirements are
supplied for the most part by the existing water recycle system.
Process wastewater streams at superphosphoric acid plaats come
from the barometric condensers, steam jet ejectors, and wet scrub-
bers. These streams pick up quantities of phosphoric acid and
flucrides and are returned to the gypsum pond for reuse at the
phosphate fertilizer complex. Noncontaminated steam condensate
may be segregated into a separate nonprocess water system and
recycled or discharged.

c. Normal Superphosphate

The only process wastewater stream generated at NSP plants is the
wet scrubber liquor used to reduce the ievel of fluoride gases
and particulate matter evolved from the mixer, den, and conveyors
(Figure 53). Scrubber liquor is discharged to a water contain-
ment or pond system and reused. Nearly two-thirds cf the NSP
Plants presently practice fluorine recovery, thereby eliminating
or greatly reducing the need for a pond. 1In this system, fluo-
rine in the exhaust gas stream is recovered as a weak solution of
fluosilicic acid. NSP plants recoverying fluosilicic acid con-
sume the small amount of silica-containing liquid waste generated

as a filler in fertilizer production and report no discharge of
wastewater. 2

3
CLARIFIED OR '19_70 LOm
CONTAMINATED WATER metric lon PZOS

TO ATMOS PHERE
SLLAURIC AS(D s

) |
PHOSPHATE ROCK SCRUBBER '
o —————— —--—{‘

[47 DEN D)} STACK

-CONTAMINATED WATER

L_J 0.97101.0m’
etric ton £.0
PRODUCT 10 CURING metric ton £,0

Figure 53. NSP production (17).°

d. Triple Superphosrphate

The wet scrubber liquor is the only process wastewater stream
generated at TSP production units (Figures 54 and 55). Recycled
gypsum pond water is used in the scrubker system to reduce the

level of fluoride gases and particulate matter evolved during
fertilizer production and storage.

2. Ammonium Phosphate--

t ammenium phosphate plants, substantial quantities of ammonia
are volatilized from the acid neutralizer, ammoniator-granulator,
and dryer. Process ecoromics require that ammonia be recovered.
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Figure 55. GTSP production (17).

Weak (28% P,05) phosphoric acid is used as the scrubbing liquor
and is recycled back to the ammoniator-granulator (Figure 56).
Phosphoric acid scrub solution is consumed in the process and
therefore results in no effluent. However, the phosploric acid
scrub solution contains a small percentage of fluoride (1% to 3%),
and optimum scrubber operation for ammonia recovery results in
cstripping of some of the fluoride from the acid. Secondary wet
scrubber systems are occasionally used to further remove fluo-
rides, particulates, ammonia, and combustion products from the
neutralizer, granulator, dryer, cooler, and screening operations.
This secondary scrubkber system uses water as a scrubber liquor

and is therefore a wastewater source. Scrubber effluents are con-
tained in a water recycle system.
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2. YNonpoint Scurces

In plosphate fertilizer Plants, various nonpoint sources can con-
tribute to wastewater handling requirements.

a. Leaks and 3pills--
In any plant, a certain number of valve and
random spills can ke expected. These leaksg
lected as part of the housekeepi

pump leaks as well as
and spiils are col-

nNg procedure and, where possible,
reintroduced directly to the Process or contained in the contami-

nated water system. Spillage and leaks therefcre do not normally

represent a direc+ Coatamination of Plant erfluent streams that
flow directly to ratural drainage.

b. Runoﬁg-—
Rainfall runoff from

nants from the ground and buildings at the production facility,
Orainage from gypsum piles and mined-out areas at a phosphate
fertilizer complex also may be a significant contributor to the
Overal! water handling requirements cf a Plant. PRunoff ang drain--
age are collected and treated before discharge, if necessary, or
fent to the contaminated water System fcr containment. Non-

“Ontaminated waters ars kept segregated where pessible and
discharged without treatment.

C. Secpnae--
——

The potertial exists feor chemi~al and radiolcgical cen
of groundwaters a4s a result cf seerage fro
large process water cscoling pords.
and is lnsufficient to deters

tamination
M gyzsum stacks and
Existing data is inconclusive
tine the possikle extent of this
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contamination. The potential impacts due to seepage need to be
determined on a site specific basis. Seepage can be reduced or
prevented if it is a problem by lining ponds and underlaying
gypsum piles with an impervious material.

3. Gypsum Pond

4. Gypsum Pond Characteristics--—

The gypsum pond is an integral part of the wastewater treatment
scheme at a typical phosphate fertilizer complex. The ‘pond
Serves as a settling basin for gypsum (a byproduct of WPPA) and
othar waste solids, and it functions as a reservoir for recycling
process water and cooling water. The size of the gypsum pond at
a WPPA.plant is approximately 2.23 x 10-3 km2/metric ton P,05/
day (20). Gypsum ponds are located adjacent to the plant com-

Plex; they are, in many cases, abandoned phosphate rock mine
pits.

Ciarified gypsum pond water can be recycled for use in scrubbers
and baremetric condensers and for slurrying waste gypsum cake
from the WPPA filtration process. With each recycle, the level
cf dissnlved contaminants in the water increases. After 3 yr to
5 yr of recycle, impurities in pond waters approach equilibrium
concentrations (29) which are a function of PH, temperature, and
other chemical factours, and are maintained by volatilization and
precipitation of impurities. Typical equilibrium concentrations
are shown in Table 45 (17, 20). :

TABLE 45. TYPICAL EQUILIBRIUM COMPOSITION
OF GYPSUM POND WATER (17, 20)

2 Concentration, Radioactévity,
Contaminant g/m3 PCi/e
Phosphorus pentoxide 6,000 to 12,000
Fluoride 3,000 to 10,000
Sulfate 2,000 to 4,000
Calcium 350 to 1,200
Ammonia 0 to 100
Nitrate 0 to 100
Silica 1,600
Aluminum 120 to 500
Iron 70 to 300
320Rp 60 to 100

AThe typical pH range is 1.0 to 1.8.

bPicoeurxel per liter; 1 picocurie equals
0.037 becquerel.

‘At pH less than 2, it is estimated that 80% of the phosphate pres-

ent exists as phosphoric acid, the remaining 20% being the H;PO,-
anion (20). The major equilibrium of fluoride componds as depict-
ed in a mcdel developed by Environmental Science and Engineering,
inc., is shown in Figure 57 (20). Data collected by remote
sensing indicate that fluoride emissions from the gypsum pond
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Figure 57. Major gypsum pond equilibrium (20).

consisted entirely of hydrogen fluoride. The silicon tetra-
fluoride concentration was below the detectable threshold of

0.5 ppb (66). In addition to predominant compounds, fluosilicic
acid (H;SiFg) and hydrogen fluoride (HF), small amounts of fluoc-
ride will be present in the water as soluble and insoluble alumi-
num and iron complexes.

D. Seepage Cocntrol from Gypsum Piles--

Naturai soil from the surrounding area provides the base for
dikes surrounding gypsum ponds. Gypsuir is used to increase the
height of the dike. A drainage ditch surrounds the perimeter of
the area to control contaminated water seepage through earth and
gypsum.

Design of the ditch is dependent on area geology and impoundment
water level. Figures 58 and 59 show examples of dike (64) and
seepage ditch construction. Water effluent coilected i pumped
from a low collection point in the ditch back into the pond.

MINIUM 6 m

FREEBOARD,

MNIWM L5m

SLOPE NO GREATER
THAN 2.1

S IATER LEVEL 51 0PE NO GREATER THAN 2.1
CUTSIDE 1€ puic SR ™ INSI0E TOE
BERM | T = s BERM, 8 m MINIMG,

ORAINAGE :-LJ‘-'..'; n MINIFUM | JCORE OITON, \\\ BORROW PIT
ITCH MINIMM DEPTH I m

Figure 58. Recommended minimum cross section of dam (64).

keprintec from Phosphoric Acid, Volume I, A. V. Slack,
~ditor, p. 506, by courtesy of Marcel Dekker, Inc.
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Figure 59. Gypsum pond water seepag"e control (17).

C. Lime Treatment of Gypsum Pond Effluents--—
Double or tripie lime treatment of gypsum pond effluents is the
only wastewater control technology used by the phosphate fertil-

izer industry, and it is practiced at only those plants that

Still discharge effluents. a schematic diagram of a two-stage
lime treatment plant is shown in Fiqure 60.

e P
’]. LOW PRESSURE STEAM
!

HOT WATER

STACK h} TANK

[ ume 5&5!25321

komn MILK OF

CAR / SLAKER Lsum LIME

TORAGE

el pHC
+
L] »i &
s THICKENER J’ CALCIUM

PHOS PHATE
. TD GYPSUM POND POND

-+ - JpHiC

10 RIVER

R
PHC - pH CONTROLLER PROCESS UNITS
LC LEVEL CONTROULER

Figure 60. Two-stage lime treatment plant (17).

two stages of liming are required; the first treatment

O about pH 4.0 (20),
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A3 nH increases, availability of fluoride ions increases, as
illustrated in Figure 61 (20). Calcium fluoride (CaF,) precipi-
tates according to the following reaction (20):

catt + 2Fr7 — caF, (38)

0435

2.9

035

0.30

1.5

0.20

MOLAR CONCENTRATION

0.15

0.10

0.05

Figure 61. Species predominance diagram for 0.4 M
hvdrogen fiuoride solution (20).

Another reaction also occurs, resulting in deposition of silica
and calcium fluoride (20):

HzSiFG + 3Ca0 + H:O —_— 3CaF2 + ZHzO + Si02 (39)

The second stage of lime treatment raises pH to greater than 6.0,

with caicium phosphates precipitating via the following reactions
(2

2H;PO, + Ca0 + H-0 — Ca(H,PO4,); + 2H,0Q (40)

Ca(H,PC,), + Cal + H,0 -— 2CaHFO, + + 2H,0 (41)

hRiditional calcium fluoride will also precipitate.

t
D v

(a4}

esulzs of neutralizing a sample of gypsum pord water to a pH of
.1 a given in Tatzle 46 (23).

LA
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TABLE 46. REACTION OF GYPSUM POND WATER WITH LIME (28)

Chemical composition
Calciur carbonate addea of filtrate, g/mJ
Percent of;— pH of Phosphorua Calcium
xg/m3 ctheoretical® . filerats pentoxide oxide Sulfate Pluoride
=———=.>ulfate Pluoride
¢ 0 1.8 2,000 1,400 2,760 2,900
6.0 50 3.2 2,650 1,200 2,500 1,000
9.0 75 3.4 1,410 1,100 2,300 70
12.0 lo0 4.8 590 1,100 2,600 20
13.2 110 5.1 580 1,100 2,700 20
15.0 125 5.1 580 1,100 2,600 30
18.0 150 5.1 580 1,100 2,600 30

‘Calcium carbonate required to react with fluorine and phosphate.
Measured with Beckman glass electrode Pl meter, Model H-2.
cOriginal gypsum pond water.

Laboratory data for phosphorus and fluoride removal at pH values
over 5 are presented in Table 47 (17).

TABLE 47. LABORATORY DATA FOR PHOSPHORUS AND
FLUORIDE REMOVAL AT HIGHER pH (17)

Phoaghorua, g/m3 Fluorida, m3
Laboratory Plant EEEstatoty i

_pPH Plant
5.5 17
6.0 42 14
6.5 24 12.5
7.0 500 18 13 12.5
7.5 330 14 8.5 12.5
8.0 200 12 6.8 12.5
B.5 120 8 5.8 12.5
9.0 20 6 5.2 12.5
9.5 3 3 4.8 12.5

10.0 1.2 1.2 4.6 12.5

NOTE.—Blanks indicate data not available.

?25Ra is also precipitated b

Y lime treatment with increasing PH
as shown in Table 48.

TABLE 48. REMOVAL OF 226R, BY LIME TREATMENT (17)
‘lhRa'
pH pCi/t
2.0 91
1.5 65
4.0 7.6
8.0 to 8.5 0.04

"Couble lime" treatment does not red
at high pH (greater than 9 i
air can occur (17). To date there i

[ S E R PR T



o i

\

.38

economically removing ammonia nitrogen <rom aqueous solutions
having low concentraticns in the range of 20 to 60 g/m3. The
best control method is keeping the ammonia contaminant level low
by wreventing its entry into the main contaminated water system.
This is accomplished to a great extent by scrubbing emissions
from the ammonium phosphate production unit with a weak solution
of phosphoric acid that is subsequently consumed in the process.

The main disadvantage cf the liming operation for continual use
is the high cost involved. Because the buffering capacity of the
gypsum pond water is high at pH 1.0 to PH 3.0, large amounts of
lime are required to raise the PH initially to 3.0 relative to
the amount required to raise the PH from 3.0 to 6.0 (20). An
additional disadvantage is the deposition of calcium fluoride on
the lime particles, rendering them chemically inactive. The use
of high intensity agitators is required to prevent this from
happening.

An investigation was conducted specifically to evaluate the reduc-
tion in radionuclide levels in wastewaters by various lime treat-
ment processes (l4). In the initial treatment laboratory tests,
process pond water was obtained from a Florida wet process facil-
ity, and four bases {quick lime, limestone, hydrated lime, and
dolomite) were added to 4 £ of process water in different amounts
to increase the pH. After vigorous agitation, the solutions were
allowed to settle, and the resultant supernatant liquids were
filtered and analyzed for their soluble 226Ra concentrations.

The results as presented in Table 49 show that in all treatment
cases the soluble 2?®Ra concentration was reduced by more than
99.7%, even though the final PH ranged from 4.0 to 8.0. This
large reduction is attributed to the amount of readily available
sulface ions in the process water enabling large-scale coprecipi-
tation of calcium-radium sulfate.

TABLE 49. LABORATCRY PROCESS WATER TREATMENT STUDY (14)

Amount Disgolved

of base Resultant 226p,,

Treatment added, g pH pCi/t
Untreated process water 0 2.0 75.8°
Calcium oxide {quick lime) 70 7.9 0.15
Limestone rock i 500 4.6 0.11
Slaked lime /(hydrated lime) 50 8.0 0.07
Dolomite 500 4.0 0.16

%6.7 pca/a undissclved.

Subsequently, field studies were conducted at several WPPA facil-
ities to verify the effectiveness of 1lime treatment as observed
irn the laboratory (14). Results at four Plants are presented in
Table 50.
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TABLE >J). EFFECT OF LIME TREATMENT ON RADIOACTIVITY
REMOVAL FROM EFFLUENTS FROM A WPPA PLANT (14)

cal
1{i‘l'.n. Totsl uranium, E%‘ . Tctal thorium, 414&
Sampia g; Eigl U TV, TYyS

AR ~=Fia urvey 1

Cntreatnd process watsrs . 2.0 82.3 1,086 @ 1,045 2.5 70 4.5
Outfall fafter 3ouble iiming 3.1 4.54 1.09 \uD 0.52 0.44 0.57 0.04
Plant A=-Fis51d suzvéy Nuaber 2
Untrsazsd procesa water T1.%  55.8 411 24 394 3.4 101 3.2
Lized oaca 4.4 1.20 b b b b b _b
Prior to second liming 4.3 1.5 39.7 3.2 39.5 fio 3.s2 ®o
Outiall i{afssr second limingi 7.3 1.9 16. 5.38 1§.9 9.32 0.71 g.12

Plant B--Fiel¥ Sucvay Number [

Untreated process wazer 2 86,2 1,769 98.8 1,825 3.92 393 6.33
Aftar first_liming ¢.5 74.0 736 33.4 734 6.15 4.3 7.5
Prior to second liming 6 90.30 67.8 3.17 68.1 no 1.32 8D
Ouzfall (after double liming) 3y g.45 0.2¢8 ND 0.33 0.1 0.13 ND
Untreatod NONprocess watcer 5 1.29 0.28 N 0.39 ND N ND
Nonprocseas water after liming 5 2.6 0.96 | i} 0.7% 0.13 0.79 .07
Monprocsss water outfall - 0.9%9 0.3¢ ND 0.42 KD 1.32 ND
?lant C--Field Sucvey Runber J
Process water 1.9 55.2 676 35.1 6€1 0.86 8.6 4.1
CutZall (after single liwing) 6.6 2.53 c.286 ND 0.28 ¥D ND ND

aNone darected. buoe asasured.

‘These concentrations are high becaves of the large suspended solids load of 23.5 g/t. The
diasoivad concentrations 1n picocuries pec liter were 5.2 for 22%Ra, 12.8 for 2%y, 0.52 for 2%y,
and 12.9 for !y,

ield survey number 1 at Plant A was conducted very early in the
lny seascn prior to the initiation of large-scale effluent
eatment. Field survey number 2 was performed iate in the rainy
ason after almost continuous lime tceatment for over 2 mo. A
omoparison of process water from survey number 1 to survey number
shows a 32% decrease in 220Ra concentration during the second
urvey. This is probably due to the combination of dilution of
ne process water by the influx of surface rain runoff and the
moval of the radioactive material ky treatment and discharge of
roximately 10,000 cubic meters of water per day.
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S tor every plant show that treatment with lime is highly
rent (greater than 94%) in removing 226Ra from the dis-

ged process water, in gyood agreemernt with removal efficien-
observed in the laboratory experiments. Lime treatment also

ed to be extremely effective in removing uranium and 2307h

d process water, with removal efficienciecs of a* least

, respectively, in the four cases noted.
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although primarily designed for pH, phosphorus and
control, neot for remeval of radicnuclides in the efflu-
azrment with lime was cbserved to be highly effective in
"*“Ra, uranium, and thorium from the effluent discharge.
§ ar2 atcributed tc the following factors (14):
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* Process water contains a large concentration of sulfate
and phosphate ions to enable ready compound fermation.

* Neutralizacion by an agent such as lime not only allows
for the reduction of solubility of several comgounds but
provides an ample supply of calcium ions to enable the
large-scale formation of calcium sulfate.

* The ralative insolubility of radium sulfate makes it
readily coprecipitate with calcium sulfate.

* Uranium and thorium probably precipitate along with
calcium sulfate and other components through substitution
for calcium in formed compounds.

* Settling provides the opportunity for the precipitated
compounds to be removed from the effluent and not be
discharged as suspended solids.

B. PCTENTIAL ENVIRONMENTAL EFFECTS

1. wastewater Disposal and Treatment Practices

Infcrmation about the extent of wastewater disposal ana,/or con-
tainment practices utilized by the phosphate fertilizer industry
was obtained through industrial contacts. A summary of ihe waste-~
water handling practices is presented in Table 51. Contiacts with
over 70% of the plants in the industry revealed that neurly 75%
have no discharge of process wastewater. Of the 15 plznts that
reported a discharge, 12 rerorted a discharge of treated ncocess
water only when necessitated by excessive rainfall. Several of
these had not treated or discharged water for several years. 1In
actual practice, discharge of contaminated process water from the
recycle pond system is held to an absolute minimum due to the
treatment cost involved.

Wastewater discharge practices have been restricted due to
recently promulgated EPA regulations. Beginning July 1, 1977,
and effective when each plant's wastewater discharge permits are
subject to renewal, discharge of process wastewater pollutants to
navigable waters jis allowed only uvnder the following conditions
(79):

* Process wastewater impoundment facilities must be con-
structed to contain precipitation from the 10-yr, 24-hr
rainfall event as established by the U.S. National
Weather Service.

(79) 40 CFR 418, Fertilizer Manufacturing Point Source Category,
Subpart A--Phcsphate Subcategory. Federal Register, 41(98):
20582-20585, 197s.
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e Process wastewater must be treated and discharged when-
ever the water level due to catastrophic precipitation
events equals or exceeds the midpoint of the surge capacity.

o When such a discharge must occur, the pollutant concen-
trations must have 30-day average values of less than
35 g/m3 of total phosphorus and 25 g/m3® of fluoride.

2. Effluent Parameters

Wastewater from the xmanufacture of phosphate fertilizer materials
originates from many point and nonpoint sources. The quantity
and characteristics of a given plant effluent are dependent on
the types of processes present at a complex, plant-to-plant vari-
ations in process design and operation, equipment age, level of
maintenance, plant drainage and ccllection system, and wastewater
treatment methods. As a result, it is difficult to define aver-
age effluent parameters that are truly representative of the
industry as a whcle. The approach taken in this study is to pre-
sent available water discharge data for a representative number
of the phosphate fertiliz=r complexes that report a discharge.

Justification for this approach is as follows:

e Thirteen of the fourteen ammonium phosphate plants that
were found in the study to discharge wastewater are
located at fertilizer complexes producing phosphoric
acid. The one exception uses excess process water to
irrigate pasture land. No other information is available
ccncerning this plant. Another plant reporting a dis-
charge of treated wastewater and not located at a phos-
phoric acid complex was expected to discontinue ammonium
phosphate production in early 1977 and was not included
in the survey results.

* All superphosphoric acid plants are located at complexes
producing WPPA.

e Fifteen of the sixteen TSP plants are located at fertil-
izer complexes prcducing WPPA. The one exception was
experted to close duriny calendar year 1970 or early 1977.

e The two NSP plants that reported a discharge of process
water when necessitated by excessive rainfall are located
at complexes producing phosphoric acid.

Available wastewater discharge data on file as of October 1976 at
the Florida Department of Environmental Regulation in Winter
Haven were collected and are presented in Table 52. Nonprocess
water from a phosphate fertilizer plant may include any of the
following: noncontact cooling water from the phosphoric acid

132



‘8ININg uy Bujurely A1QROp 28, 0 TTRJuUTYL AAwey jo potasd buymp Atuo
puod 03] eBIRUISTP ITTN (161 2equedeg peistdens meisis buytpuwy 1e3vacisea buraisyxs o3 -:o:-u«:vﬂ-n *es1sis puod sr1ejus 1m3en TV

*pogaed 24-¢ snovaszd uy perpnbez 2e3ea puod 3o sbrwyoeyp uz_ “lIPjuTes swaxjus jo potssd uy Atuo 3e3ea puod jJo sf.awyoeiq
“TTRIUTED SATEEROLS JO POTaed Bupanp A{uo 1a3mm ssed01d jo sBrwyontp 96T 2090720 Jo St fos6t Uy peIIMIIC 39Ien 8883014 O IBIWYINTP I8V
‘pe3135v1d weieks puod mni} 3e39a sued0id jo sbamyseyp ozay

¢

L]

6
“teuvoriad Jueld AQ potiddns wiwp Jusnijje usdex oul.-

[
‘e,0061 »—3‘ ‘posn Acu weisds buripuwy Ieiemsisea naw, ‘em3shs puod 8183us 19IWAS BRA ::.— "AIQUIIVAR J0U UOTIPRINJUT BIWDTPUL .u:-n-
(e ed
aW/s 01 §L/9 eLT/C St STT/6°TT  O°'Ll/v® 69°0/59°0 "©or ..-u-=u-<v puy exyfwrIney q.seon_ 383024 €9t L]
[{ M}
/L oy sL/L 8°v/9%°t 95/5°sT 1°6/99°1 11°0/520°0 o8/ *ebIwysetp e1032q BTI208 O3 PEAOTTY ' .:-.uo-ngu: 106 4
/9°¢ /6" /01 (384 7{ N/ /tz0°0 tol/s's --uwhan.!
/6t /8°0C 00$°9/18L°¢ /otovooo  T°9/9°t (puod) sbwdeeg
test /0°8 /6728 seet (1173114 /et00°0 PTNV/9°S ‘PeNTL olqron o (puod) esedoig we 2
/172t /ey /9 /82°0 ~
({0 ) P
9L/v °3 §L/¥ T Le/0°1e 1et/sce s v/t " °0/81°0 st/ ‘Ayessessu 31 Ivexy swpy .3-358. (141 9 —
9/s 0 /Yy 1384 /9°9 /0°t /9t°0
(Y3 1}
sy o2 st/ 6 01/0°51 st/ot 95/0°S 16°0/9¢"0 T Kswsenseu 3; awary swyy sss302008 eLe »°
pnanem s1%g en/ve ss/st L9t/89 szz/s ot /ot §°01/5°¢ 5 bITSTP suyreIIneN P ot s
(L A3}
sL/et o su/t 08L/E° 9y  erv/L-st sL1/c'e 1€0°0/6810°0 0'6/rr z
(e s
9L’y °1 su/L T'Lt/ec0  otet/Lce 0 vi/ec e 19°0/62°0 L Ti/ee o \
tesed01duoy
’ (a'®) .
/9 03 L/t €'9/7r  Te/ecee 0°0fC/T°CY 0°Te/8'tE  O'A¥/T°0Z 12°0/19°0 138 4 74 X3 ‘PemT( otqrog  (puod) seedoxd 006" T v
a3%q [4F /5 =/5 /5 /5 w/.8 {abeenn) WsE1¥aIT periodwy shiwseip Xop/8at4 *po>
.I-ona ‘ueboritv  ‘snzoydeoyd ‘spIIoe ‘spriontd ‘ajvx 0TS obuwsz M Jo adAs Suol dfriem juwld
~eyucansy pepusdens ‘ad K1y oeder
uoyImpord
ubyrag

SINVTId ¥4ZITILY3d JILVHASOHd ¥OJ YIVA TO4VHIOSIA YIALYMIALSYM *ZG JTAVL




’

E]C}CZDCDG_C}CUQOQG

&)

=) E%:i:) R T B N e

TN A M sty e e

production unit, cooling tcwer blowdown from an associated syl-

furic acid plant, rainfall runoff, drainage from mined-out areas,
washdown waters, and spills.

3. Source Severity

For water effluents Source severity compares the concentration
of a particular polliutant aft

ter discharge and dilution in the
receiving body with an estimated allowable concentration denoted

as the hazard factor. The concepts of hazard factor and severity
are used as a basis for comparison of the relative impacts of a
iarge number of source types. The hazard factors used in this

evaluation may be changed as better health effects data becomes
available.

In determining the source severity of a plant,
tity is compared to the receiving body flow
factor according to Equation 42.

the discharge.quan-
rate times the hazarg

V. C
s = ___D°D

(42)
VR + VD F

where S = source severity for a particular pollutant

VD = wastewater effluent flow rate, m3/s

CD = concentration of particular pollutant, g/m3

VR = volumetric flow rate of receiving body above plant
discharge, m3/s

F =

hazard factor for particular pollutant, g/m3

Hazard factors for individual pollutants are given in Table 53
(80-82).

A value of 1.00 gs/n? was used for the ammonia
the wastewater effluent because at a pPH
100% nf the ammonia-nitrogen exists in t

-nitrogen present in
of 7 or lower, nearly
he ionized form.

(80) Quality Criteria for Water. EPA-440/9-76-023, u.s. Environ-
mental Protection Agency, Washington, D.C., 1976. pp. 16-21.

(81! Manual of Treatment Techniques for Meeting the Interim
Primary Drinking wWater Reguiatiors, EPA-600/8-77-005, U.s.

Environmental Protectiorn Agency, Cincinnati, Ohio, May 1977.
73 pp.

{82) Eimutis, E. C., J. L. Delaney, T. J. Hoogheem, S. R. Archer,
J. C. Ochsner, W. R. McCurley, T. W. Hughes, and R. p. Quill.
Scurce Assessment: Prioritization of Stationary wWater
Pollution Sources. EPA-600/2-77-107p, U.S. Environmental
Protection Agency, Washington, D.C., December 1377. 119 pp.
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TABLE 53. HAZARD FACTORS (80-82)

Hazard
Bffluent species factor
g/m3 _
Fluoride 0 19
Total suspended solids 25
Phosphate-phosphorus 0.10
Ammonia-nitrcgen (iorized form) 1.00
E!Z L
22 6Ra 5

Discharce data presented in Table 52 were used to calculate
source severicy values. Source severities for individual phos-
phate fertilizer complexes are presented in Table 54. Only one
set of eight measurements for 2?5Ra contamination in discharged
process waters was available. The low severity determined for
this case along with the information presented in Table 48 for
radium precipitation with increasing pH suggest that the severity
due to this contaminant will remain extremely low in effluent
streams treated with lime to remove fluorides and phosphates.
Source severities for fluoride, phosphorus, and to a lesser
degree ammonia-nitrogen are in a number of cases greater than
1.0. This is due to the low flow rate {1 m3/s to 6 m3/s) of

the receiving bodies (83). Bv comparison, the mean flow rate of
the Ohio River at Greenup, Kentucky, is 3,210 m23/s (84).

In addition to the effects from normai wastewater discharge,
there is a potential danger from dike failure around a gypsum
pond. Such failures have uccurred in the past and have resulted
ip large fish kills when untreated pond waters were discharged
directly intu surlace streams. Dikes are now constructed to pre-
vent this from happening; *hus, there is no way to evaluate the
chances of future dike failures.

{83! Water Resnurces Data for Florida, Water Year 1975.
Volume 3--wWast-Contral Florida Surface Water, Ground Water,
Quality of Water. USGS-WRD~FL-75-3 (PB 259 493), U.S.
NDepartment of Commerce, Tallahassee, Florida, July 1976.
1249 pco.

(84) Water Resources Da*a for Kentucky, Water Year 1975. USGS-

WDR-KY-75-1 (PB 271 853}, U.S. Department of Commerce,
Louisville, Kentucky, January 1976. 348 pp.
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SECTION 6

SOLID RESIDUE

A. SOURCES OF SOLID RESIDUE

Solid residue wastes are generated at phosphate fertilizer plants
in the form of sludges and other slurries. These suspensions are
sent to the gypsum pond or other settling ba
settle. The settled mass is either left in the pond, dredged

There are thvee sources of solid residue in the Phosphate fertil-
izer industry:

* Gypsum from the filtration of wet process phosph&ric acid.

* WPPA sludge. ';

* Wet scrubber liquor.

Gypsum (CaSO,°*2H-0), a byproduct in WPPA manufacture, is formed
by reaction of phosphatz rock with aqueous sulfuric acid:

Ca3(PO,): + 3H,SO. + 6H,0 &2 2H.PO, + 3(caso, *2H,0) (43)

Reactant slurry flows from the acidulator to the filtration unit,
where phospheric acid is drawn off by vacuum filtration, leaving
gypsum cake on the filter. Cake is washed with weak phosphoric
acid to recover its residual acid and then rinsed from the filter
screens with recycled pond water. Gypsum slurry flows to the
gypsum pond for solids settling. 1In areas where land stability
or availability prevents the use of ponds, gypsum cake from the
filters is transported by conveyor to gypsum piles.

The quantity of gypsum produced in a WPPA Plant ranges from
4.6 to 5.2 metric tons of gypsum/metric ton on§ produced (24,
64). As a rule of thumb, approximately 1,360 m3 of gypsum will

be accumulated yearly per metric ton of P205 produced per day
(24) .

A second source of solid residue is phosphoric acid from which
impurity-bearing minerals settle out in the clarifier to form
acid siudges. Phosphate rock salts which contribute to acid
siudge formation include fluorine, iron, aluminum, silicon,
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, Frecycled back to the gypsum pond for solids_settling.
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sodium, and potassium salts. Table 55 shows an analysis of
solids collected at various stages of WPPA acid production (22).
TABLE 55. ANALYSIS OF SOLIDS FROM W?PA (22)

Reprinted from Phosphoric Acid, Volume I, A. v. Slack,
editor, p. 6§94, by courtesy of Marcel Dekker, Inc.

Analysis, weight percent

Phosphorus Alu- Fluc-

Solids from Pentoxide Calcium Sulfate minum Iron rine

Silica

32% P20« acid {feed

to evaporatcrs) 1.» 14.8 38.9 0.3 0.2 19.9 10.3
54% Py0s acid from

evaporators 6.8 12.9 29.0 5.1 0.3 22.0 5.3
54% P20« ac:d from
. storaye 38.9 3.3 4.7 1.5 9.6 12.9 6.1

Fluosilicates, flucrides, silica, cryolite [(Na or K} 3AlFe],
sulfates, unreacted phosphate rock, and various other combina-

ti ns of impurities as complex salts have been identified in
acid sludge (22). :

Acid sludge is separated from acid in the cla
Separated solids can be either dried and used as a fertilizer or

sent to the gypsum pond. Effluent from the clarification process
ranges from 0.7 m3 to 3.2 m3/metric ton P,0s (17).

rification process.

The thi-d source of sclid residue wastes is wet scr
Wet scrubkers are used throughout the phosphate fertilizer
industry to remove particulates and fluorides from exhaust gas
Streams. Recycled gypsum pond water is used as Scrubbing
soluticn. After pPassing through the wet Scrubber, solution is

ubber liquor.

At ammonium phosphate plants, for example,

scrubber liquor going
to the gypsum pond contains about 10 g of sclid residue per kilo-

gram of P20s. This solid residue (20) is primarily silicon
hydroxide (Si[OH|.). The solids value is calculated on the basis
of a filtered-to-concen.rated phosphoric acid ratic of 1:1,
assuming that all the fluorine from the aci
aias stream as silicon tetrafluoride and that 85% of silicon
tetrafluoride is coliected in the scrubbi
will be deposited in the gypsum pond.

Although s..id residue values for wet scrubber Systems at other
Fhosphate fertilizer operations do not exist, they should be
similar to those for ammonium phosphate plants.
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8. POTENTIAL ENVIRONMENTAL EFFECTS

Approximately 99% of solid residue wastes generated at phosphate
‘fertilizer plants are stored in ponds, stacked in piles, or
stored in mining pits at the plant site. The remaining 1% is
sold as a raw material for various products.

Rainfall drainage from gypsum piles is collected in a ditch and
recycled to the gypsum pond. Therefore, under normal conditions
there will be no adverse environmental effect due to solid
residues. The only concern due to these wastes is the large
amount of land area required to store gypsum and the unsightly
appearance of 30-m piles of gypsum.

To date, there are no data with which to evaluate potential
effects on groundwater due to leaching from gypsum piles. Since
gypsum wastes contain mainly calcium sulfate and lesser quanti-
ties of phosphates and fluorides, any potential adverse effect
should be minimal.

There are ro data available to estimate air emissions from
gypsum piles due to wind erosion. However, this effect :s
minimal; layers of clay are applied to the surface of the gypsum
for added strength when the material is used for dikes. Also,
gypsum is listed as a nuisance dust with a corresponding inhala-
tion TLV of 10 mg/m?} of air (70).

C. CONTROL TECHNOLOGY

1. Disposal Practices

Waste gypsum produced in a WPPA plant ranges from 4.6 to 5.2 met-
ric tons gypsum per metric ton of P,05 produced (24, 64).
Approximately 1,360 m? of gypsum will be accumulated yearly ger
metric ton of P;0s produced per day so that at least 2,230 m

of land area per daily metric ton P,05 should be reserved for
gypsum disposal.

'In the United States and other locations, three disposal prac-

tices are currently used: 1) gypsum ponds and piles, 2) aban-
doned mine pits, and 3) sea disposal. In the United States, more
than 90% of the plants use gypsum ponds to collect slurry.
Initially, two or more areas are converted to lagoons by means

of low dikes provided with proper outfalls for potential effluent
discharge. As one area becomes filled, the gypsum stream is
diverted to the second area, and the first section is allowed to
dry out sufficiently to support mechanical equipment. The dike
is then increased in height using deposited gypsum as raw mater-
ial, and the procedure is repeated. Existing gypsum piles range
in height from 30 m to 36 m (17, 24).
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In westarn states where poor land stability or availability pre-
vents using gypsum ponds, gypsum cake from the vacuum filters is
transperted by conveyor to gvpsum piles.

The second disposal technique is practiced primarily in Florida.
Instead of constructing gypsum ponds, abandoned phosphate rock
surface mines are used as gypsum ponds and for other solid
residue dispcsal. The only potential environmental hazard from
this disposal technique is possible leaching of fluorides, phos-
shates, end 226 Ra into groundwater svstems. The potential for
such leaching to occur is presently unknown.

A third disposal technique, used by less than 2% of phosphate
fertilizer plants in the United Stataes but more widely used
throughout Europe, is practiced at plants located in coastal
areas. After removal from the vacuum filters, gypsum is slurried
with about a tenfcld guantity of seawater or cocling water. It
is thern pumped into the ocean, or, in a few cases, discharged
into major rivers (64).

Seawater is a better solvent for gypsum than freshwater. Solu-
biiity of gypsum in seawater is about 3,500 g/m? as compared to
about 2,300 g/m® in fresh water. The solids content of the
Jypsuam slurry is below 5%, low enough for quick dispersion and
dissolution in ocean water (64).

2. PRescurce Recovery

Several approaches have been taken in seeking commercial uses for
waste gypsum and its associated solid residues. In 1975, approx-
imately 30 x 10° metric tons of gypsum waste were generated by
the phosphate fertilizer industry (85). Of this total, about

30 x 132 metric tons were applied to calcium-deficient soil in
the scuthern states for peanut growing. Gypsum was also used for
improvement of alkali soils in California and for land reclama-
tion in coastal areas.

Because gypsum waste, often referred to as phosphogypsum (86),
contains varying quantitites cf phosphoric acid, it also serves
as a light fertilizer.

tS5) Personal communication with John Sweeney, U.S. Bureau of
Mines, Tallahassee, Florida, 26 September 1977.

{36! Murakami, K. By-prcduct Recovery, As Raw Material for
Plaster and Cement - Japanese Practice. 1In: Phosphoric
Acid, Volume I, A. V. Slack, ed. Marcel Dekker, Inc.,
New ¥York, New York, 1968. pp. 519-523.
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Waste gypsum has been used for wallboard. 1In the United States,
however, the dihydrate process for phosphoric acid production
produces a gypsum waste high in phosphoric acid which results in
poor quality wallboard. Also, there is some concern about
possible low-level radiation effects from wallboard made of
uranium- and radium-containing gypsum wastes. '

In Europe and Japan where the hemihydrate process is more com-
monly used, the resulting gypsum waste is purer, containing less
phosphoric acid and uranium. More of this gypsum waste is used
for wallboard. 1In England, where only the standard dihydrate
process is used, special purification methods make the byproduct
suitable for wallbocard. This purification step is more econom-
ically feasible in England than in the United States because
natural (and purer) gypsum is not as abundant in Ergland as it is
in the United States (27).

Another possible use for gypsum is in cement and other road top-
pings. However, the phosphoric acid and other phosphates retard
setting and lower the strength of the hardened body. Fluorine
compcunds reduce setting time and lower the concrete strength,
but these effects are small compared to the effects of phosphate
contamination (86). 1In Florida, there are further concerns over
public exposure to low-level radiation from road surfaces con-
taining gypsum wastes or from road base material containing
phosphate rock mining overburden.

Gypsum can be reacted with ammonia and carbon dioxide to form
ammonium sulfate and calcium carbonate. This is an old and well-
known practice applied to natural gypsum, but there has been
relatively little application to waste gypsum. Cnly a few plants
in India, Japan, and Europe use this technology (27).

Another potential resource recovery method is treating waste
gypsum with silica at high temperatures to produce sulfuric acid.
Furthermore, the additional product of calcium silicate could be
used for cement. Although the method is technically feasible,
the high water content of gypsum, the corrosive effect of fluo-
rides, and the adverse effect of P,0s content on cement quality
are all major drawbacks. Moreover, due to the price and avail-
ability of sulfur in the United States, this technology is not
yet economically feasible (27).

While several pctential resource recovery methods are technically
feasible, less than 1% of the gypsum waste in the United States
is utilized because its recovery is not economically feasible

and its disposal does not pose an environmental hazard. The
reraining guantity is stored in piles near the plants.
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SECTION 7

GROWTH AND NATURE OF THE INDUSTRY

A. PRESENT TECHNOLOGY

The recent trend in WPPA manufacture has been toward larger
capacity, enclosed producing units with closer control of cpera-
ting variables. Single, multicompartment tanks have replaced
the earlier multiple tank Systems and increased capacities from

day. Today a mcdern Plant can produce 450 to 1,100 mecric tons
P,0s daily (17). Improved engineering design and materials of
construction have decreased capital and operating costs per unit
capacity and have improved overall orarating efficiency in wppa

manufacture. Recent production rates for WPPA are shown in
Figure 62. !
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E 1,000 ’/'
§ ~~PROJECTED
2 5000 VA td
® J
£ ll
8 sonl ~
] -
> Ve
S 300} /
T |
£ b e
g° 7~
Lao F
0 4L L ' L 1 al ] A .2 1 A I A
10 162 %4 1% 19%8 1970 1972 1978 1o7s 1918 19m
PRODUCTION YEAR

Figure 62. WPPA“production trend (3).

JS? was, for Many years, the major agricultural source of phos-
phate nutrient. 1Inp 1947 NSP accounted for over 90% of the total

domastic supply. Since the mid 1950's, however, the pPopularity
of NSP has undergone a sharp decline, and only in the past few
Years has the rate cf decline started to moderate. Production
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