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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 33rd 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 ofEnvironmental 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 ofthe 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 (fi) 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
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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 ofarsenic only

is located 400 feet south and 300 feet west of the northeast corner 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 ofthe 7.9 acre

parcel were all less than the laboratory detection limits of 0.005 milligrams per liter (mg/i)

with the exception ofsamples 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
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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 GulThort,

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 ofthe property through foreclosure, Hancock Bank ofGulfport, 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
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A 1929 Harrison Country Tax Assessors Map, the “Gulfport, North” Topographic

Quadrangle Map and the series ofaerial 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 GuiThort Airport hangar facilities. The

immediate adjacent lands were vacant. Subsequent photography examined, beginning in the

year 1956, indicates light industrial use ofthe properties east ofthe 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 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 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 Sanbom 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
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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 corner 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, GuiThort 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 ofthe facilities. The Gulfort 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,

III, son ofR.W. Hyde, Jr., who was the owner ofH&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 ofErnest 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 Sanbom Map from 1967 indicates that the site was inactive at that

time. In 1972 Ernest 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

a potential 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
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3.0 Investigative Activities

On September 30, and October 1, and October21, 1998, Butler Services ofMississippi, 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
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diameter soil sampler capable ofrecovering 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

Ofthe 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 ¼-inch ID polyethylene tubing directed to the bottom of the screen.

Prior to collecting the samples, the groundwater was pumped until a clear flow ofwater 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
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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 orjust 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

Gulfort 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 ofthe property, Plummer loamy sand is found. This is a soil, poorly drained with very

slow run off. Along the West property line, Atmore silty loams are identified which are also,

poorly drained and exhibit slow runoff.

9 Butler Services
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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

(EPAJ54O/S-96/500 and EPAJ53O/SW-89/02 6).

5.1 Soils and Vadose Zone

The soil samples were submitted for analysis for lead (Pb) and arsenic (As) by EPA Method

SW 846, 601 OA-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

corner of the subject property ranged from 539 mg/lcg 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. 31 S5 1) 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
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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 “30”).

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 30th borings locations were re-established on October 21, 1998 and

groundwater samples collected using the Geoprobe groundwater sampler. The October 2l

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/l) 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
ofMississippi, inc.



6.0 Summary and Conclusions

The results ofsoil 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 ft. 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 ofthe property through foreclosure, Hancock Bank ofGulfort,

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

ofthe 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 GULFPOR FERTILIZER PLANT
33R0 STREE1

GULFPORT, MISSISSIPPI
Pagel of2

Sample Deh 2ft Sample Deh 4ft

Sample Sample Location REMARKS

Number

Arsenic As Lead Pb Arsenic As Lead Pb

(mg/kg) (mg/kg) (mg/kg) (mg/kg)

30N31

30N

30N33

30N34

30N35

.1
30N

30NZ3

30N24

j 30N11

SON1 2

30N13

30N1 4

30N15

3ORC1

30RC2

30RG3

30RC4

30RC5

31 Si 1

31S12

31S13

J 31S14

31S15

31S21

:1
31S23

300 ft North of Radial Conveyor Line

ft North of Radial Conveyor Line

300 ft North of Radial Conveyor line

300 ft North of Radial Conveyor Line

3(X) ft North of Radial Conveyor Line

Z)0 ft North of Radial Conveyor Line

2J0 ft North of Radial Conveyor Line

2)0 ft North of Radial Conveyor Line

___

ft North of Radial Conveyor line

2)0 ft North of Radial Conveyor Line

100 ft North of Radial Conveyor Line

100 ft North of Radial Conveyor line

100 ft North of Radial Conveyor Line

100 ft North of Radial Conveyor Line

100 ft North of Radial Conveyor Line

Radial Conveyor Line

Radial Conveyor Line

Radial Conveyor Line

Radial Conveyor Line

Radial Conveyor Line

100 ft South of Radial Conveyor Line

100 ft South of Radial Conveyor Line

100 ft South of Radial Conveyor Line

100 ft South of Radial Conveyor Line

100 ft South of Radial Conveyor Line

___

ft South of Radial Conveyor Line

___

ft South of Radial Conveyor Line

ft South of Radial Conveyor Line

2.0

6.6

0.6

0.9

0.6

0.6

0.6

0.7

0.8

1.2

0.1

1.1

2.0

1.3

1.8

0,8

0.6

3.4

3.1

28.8

2.4

0.2

10.2

106

427

3.8

<0.1

22

11.8

170

27

28.3

24

3.2

15.0

3.2

0.8

2.2

0.2

8.4

3.0

3.8

3,3

6.1

49

30.7

7.2

28.3

8.3

7.0

4.9

49

17.0

128

6.2

3.6

0.1

0.3

0.5

<0.1

25

1.3

36

0.4

2.5

1.4

27

0.8

1.0

1.0

1.5

0.6

0.6

0.9

37

1.8

0.4

26

26

6.7

28.4

23

0.1

0.8

0.2

5.2

5.1

39

0.6

48

6.0

0.2

228

1.1

6.5

5.9

3.2

25

26

28

6.4

5.6

15.8

4.2

5.2

8.3

4.1

1.8

3.6

6.7

4.8

29

Adjacent to rail spur

Adjacent to rail spur

Adjacent to rail spur

Adjacent to rail spur

Adjacent to rail spur

Adjacent to rail spur

Butler Se,vkes of
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TABLE I
LEASED PARCEL (7.9 Acres)

SOIL SAMPUNG ANALYTICAL RESULTS
Sept 30, OctI & Oct 21,1998

FORMER GULFPORT FERTILIZER PLANT
33 STREEr

GULFPORT, MISSiSSIPPI
Pace 2 of 2

Sample Depth 2ft Sample Depth 4ft
sample Sample Localion REMARKS
Number

Arsenic As Lead Pb Arsenic As Lead Pb
(mgfl) (mgikg) (mgil) (mgflg)

31524 2J0 ft South of Radial Conveyor Line 35.7 306 48 0.8

31S ZO ft South of Radial Conveyor Line 21.2 21.3 1.3 29

31831 300 ft South of Radial Conveyor Line 1.9 3.0 0.2 3.0 Adjacent to rail spur

31S52 300 ft South of Radial Conveyor Line 0.5 34 0.8 4.8

31S83 300 ft South of Radial Conveyor Line 8.6 55.1 1.4 1.8

31S34 3(0 ft South of Radial Conveyor Line 0.6 1.6 0.5 35

31S35 3(X) ft South of Radial Conveyor Line 19.0 5.3 1.7 1.2

31S41 4(X) ft South of Radial Conveyor Line 1.9 3.5 0.4 0.6 Adjacent to rail spur

31 S2 403 ft South of Radial Conveyor Line 24 5.8 0.9 1.9

31843 400 ft South of Radial Conveyor Line .1 4.5 0.9 8.1

31S51 5(0 ft South of Radial Conveyor Line 57.6 70.5 745 1241 Adjacent to rail spur

21S51 5(0 ft South of Radial Conveyor Line - - 1.2 27.5

31S52 X)ftSouthofRadialConveyorUne 0.7 3.2 0.2 24

31S55 500 ft South of Radial Conveyor line 1.4 0.5 0.4 0.4

31861 60) ft South of Radial Conveyor Line 10.4 539 0.4 4.0 Adjacent to rail spur

21861 6(0 ft South of Radial Conveyor Line - - 1.5 28

31S 500 ft South of Radial Conveyor line 0.5 6.5 0.9 25

31863 6(0 ft South of Radial Conveyor line 1.5 32 0.8 0.4

See Appendix for actual laboratory analysis sheats.

Mathod References:
(1) Arsenic (As), SW846, 6010A - ICP
(2) Lead (Pb), d’J846, &JIOA - ICP
NA : Nef Analyzed.

4 ND : Nct defected at a value greater than reporting IimL
less than

(mg)kg) : milligrams per kilogram (ppm)
ppm : parts per million

Butler Seivkec of
MbsbS,pp,, Inc.



TABLE 2
LEASED PARCEL (7.9 Acres)

GROUNDWATER SAMPUNG ANALY11CAL RESULTS
Seçi. 30, Oat. 1 & Oat. 21, 1998

FORMER GULFPORT FERTILIZER PLANT
33 STREET

GULFPORT, MISSISSIPPI

Pagel ofi

Sample Paramaters

Sample Sample Location REMARKS

Number

Arsenic As Lead Pb

(vgA)

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

31 N34 3(0 ft North of Radial Conveyor Line <5 c5 Geoprobe Groundwater sample

31 N21 2)0 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample, Adjacent to rail spur

31 N24 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample

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

31 Ni 4 100 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample

31 RCI Radial Conveyor Line <5 <5 Geoprobe Groundwater sample, Adjacent to rail spur

31 RC4 Radial Conveyor Line <5 <5 Geoprobe Groundwater sample

31 SI 1 1(X) ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample, Adjacent to rail spur

31 Si 4 100 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample

31S21 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample, Adjacent to rail spur

31824 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample

31S31 300 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample, Adjacent to rail spur

31834 300 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample

31841 400 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample, Adjacent to rail spur

31851 5(X) ft North of Radial Conveyor Line 78.9 7.31 Geoprobe Groundwater sample, Adjacent to rail spur

21851 500 ft North of Radial Conveyor Line 13 <5 Geoproba Groundwater sample, 20 ft went of 31851

31561 0 ft North of Radial Conveyor Line <5 <5 Geoprobe Groundwater sample, Adjacent to rail spur

See Appendix for adual laboratory analysis shents.

Mathod References:

.I
(1)Arsenic (As), EPA .7-ICP
(2) Lead (Pb), EPA 2J0.7-ICP
NA : Nat Analyzed.
ND : Nat datected at a value greater than reporting limit

Lessthan

J (j.gi1) : micrograms per Iter (ppb).
ppb : Parts per billion

j Buff., Se,yk.s of
Msppw,, Inc.
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I
1 ANALYTICAL SERVICE COMPANY

1 October15, 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

1 #176-BS-1O-98, are as attached.

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

I Sincerel

:3
I
A
I

‘I
I

I

I

ThomasJ.

TJW/dd

end.

6500 Sunplex Drive • Ocean Springs, MS 39564 (228) 875-6420. FAX (228) 875-6423



I
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
3ORC1-2 67327 0.8 6.1

3ORC1-4 67328 0.6 2.8

] 30RC2-2 67329 0.6 4.9

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
S

30N11-4 67338 2.7 6.5

30N12-2 67339 1.1 8.4

30N12-4 67340 0.8 5.9

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 2.5

I

METHODOLOGY
SW846,6010A-JCP

.1



I
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

30N15-2 67345 1.8 3.3

30N15-4 67346 1.5 2.6

30N21-2 67347 0.6 3.2

30N21-4

67348 1.3 4.8

30N22-2 67349 0.6 15.0

j 30N22-4 67350 3.6 6.0

30N23-2 67351 0.7 3.2

30N23-4 67352 0.4 0.2

30N24-2 67353 0.8 0.8

30N24-4 67354 2.5 22.8

30N25-2 67355 1.2 2.2

30N25-4 67356 1.4 1.1

30N31-2 67357 2.0 11.8

j 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 2.7

.3
30N33-4 67362 0.5 5.1

30N34-2 67363 0.9 28.3

METHODOLOGY
SW846,6010A-ICP

I



.1
TO: Butler Services FROM: Micro-Methods, Inc.

Lab File #176-BS-10-98

GULFPORT FERTILIZER COMPANY

9130198
SOIL SAMPLES

ARSENIC LEAD

SAMPLE DESCRIPTION MM# mg/kg mg/kg

30N34-4 67364 <0.1 3.9

30N35-2 67365 0.6 2.4

30N35-4 67366 2.5 0.6

I
I
.3
I
I
I
I
I

.4’

I
METHODOLOGY

,.‘ SW 846, 6010A - ICP

I



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# pg/I pg/I

3ORC1 67367 <5 14.5

30RC4 67368 <5 9.3

j 30N11 67369 <5 22.5

30N14 67370 <5 63.3

30N21 67371 <5 41.4

30N24 67372 <5 21.5

30N31 67373 <5 6.1

30N34 67374 <5 36.6

I
I
I
1’
1.

METHODOLOGY
EPA 200.7-ICP



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 pg Conc. % with 50 pg Conc. %

MM# conc. found spl + 50 REC. conc. found spi + 50 REC.

J 67330 40.9 54.1 75.6 66 92 71.7

67337 30.9 51 60 70 77.6 90.2

j 67344 42.2 58.2 72.5 72 65.4 110

1 67351 42.1 53 79.4 52 66 78.8

67358 38.5 51 75.5 76 90.3 84.2

67365 44.3 52.8 83.9 48 63.6 75.5
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Vw MICRO-METHODS
LABORATORY,INC.

ANALYTICAL SERVICE COMPANY

October 15, 1998

Butler Services
P. 0. Box 1164

j Pascagoula, MS 39567

ATTN: Louis Fortenberry

I REPORT OF ANALYSES

The results of the analyses of the samples received date and description as shown, lab file
#177-BS-1O-98, are as attached.

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

TJW/cid

end.
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I
‘.4

TO; 8uIter Seces FROM: Micro-Methods, Inc.
Lab File #1 77-85-1 0-98

OULFPORT FERTILIZER COMPANY
1011198

SOIL SAMPLES

ARSENIC LEAD

SAMPLE DESCRIPTION MM# mg/kg mg/kg

31S11-2 87532 2A 8.3

31311-4 67533 0.4 5.2

31312-2 87534 0.2 7.0

31312-4 67535 2.6 8.3

31S13-2 67536 10.2 4,9

31S13-4 67537 2.6 4.1

31S14-2 67538 108 4.9

31814-4 67539 6.7 1.8

31515-2 67540 42.7 17.0

31S15-4 67541 23.4 3.6

31521-2 67542 3.8 12.8

31321-4 67543 2.3 6.7

31522-2 67544 <0.1 6.2

31522-4 67545 0.1 4.8

31S23-2 67548 2.2 3.6

31S23-4 67547 0.8 2.9

31S24-2 87548 35.7 308

31S24-4 67549 4,8 0.8

31625-2 67550 21.2 21.3

METHODOLOGY
SW 846, 6010A - ICP



•1
‘1

TO: Butler Services FROM: Micro-Metlods, Inc.
Lh File S177-BS-1Q-98

GULFPORT FFRTIUZER COMPANY
10/1198

SOIL SAMPLES

ARSENIC LEAD

SAMPLE DESCRIPTION MM# mg/kg mg/kg

1S25-4 67551 1.3 2.9

31S31-2 67552 1.9 3.0

31S31-4 87553 0.2 3.0

31 532-2 67554 0.5 3.4

31332-4 67555 0.8 4.8

31S33-2 67556 8.8 55.1

31S33-4 67558 1.4 1.8

31334-2 87559 0.6 1,8

31334.4 67560 0.5 3.5

31S35-2 67561 19.0 5.3

31535-4 67562 1.7 1.2

31S41-2 67563 1.9 3.5

31S41-4 67564 0.4 0.8

31S42-2 67585 2.4 5.8

31S42-4 67586 0.9 1.9

31343-2 67567 <0.1 4.5

31543-4
67568 0.9 6.1

METHOQOLOGY
SW 646, 6010A - ICP

j



)
TO: Butler Services FROM: Micro.Methods, Inc.

Lab File #177.BS-10-98

GULFPORT FERTILIZER COMPANY
1011/98

SOIL SAMPLES

ARSENIC LEAD

SAMPLE DESCRIPTION MM# mg/kg mg/kg

31551-2 67589 57.6 70.5

31S51-4 87570 74.5 1241

31S52-2 67571 0.7 3.2

31S52-4 87572 02 2.4

31S53-2 67573 1.4 0.5

31S53.4 67574 0.4 0.4

31S61-2 67575 10.4 539

31S61-4 67576 0.4 4.0

31S82-2 67577 0.5 6.5

31862-2 DUPLICATE 67578 1.9 2.3

31S62-4 67579 0.9 2.5

31S83-2 87580 1.5 3.2

31S83-4 87581 0.8 0.4

31N36-2 67591 1.5 4 8

31N38-4 67592 0.3 5.1

31N37-2 67593 4.5 12.9

31N38-4 67594 1.8 2.8

METHODOLOGY
SW 846, GOlDA - 1CP



TO: Butler Services
FROM: Micro-Methods, Inc.

Lab File #177-BS-10-98

GULFPORT FERTILIZER COMPANY
I 011198

SOIL SAMPLES

ARSENIC LEAD

SAMPLE DESCRIPTION MM# mg/kg mq

31N39-2 67595 1.6 7.3

31N26-2 67597 0,7 1.5

31N26-4 67598 <0.1 2.1

31N27-2 67599 4.8 3.8

31N27-4 67600 0.9 8.0

31N28-2 87601 1.1 5.3

31N28-4 87602 0.2 0.1

31N29-2 67603 1.2 6.5

31N29-4 67604 20.2 16.5

31N19-2 67605 9.5 42.3

31N19-4 67606 66.5 14.0

31S39-2 67607 7.1 6.2

31S39-4 67608 1.4 1.7

31S79-2 67609 1.8 43.9

31S79-4 67610 1.1 1.6

31N39 67611 <0.1 2.3

31N37-4 67649 0.1 2.1

31N38-2 . 67650 0.5 5.4

METHOQ1&GY
SW 846, 8010A - ICP



I

TO: Butler SeMces FROM: Micro-Methods, Inc.
Lb Pile #177-86-10-98

GULFPORT FERTILIZER COMPANY
1011198

WATER SAMPLES

ARSENIC LEAO

SAMPLE DESCRIPTION MM# pgII pg/I

31611 67582 <5 <5

31314 67583 <5 <5

31S21 675a4 <5 <5

31624 67585 <5 <5

31331 67586 <6 <5

31S34 67567 <5 <5

31S41 67588 <5 <5

31S51 87589 78.9 7.31

31S61 67590 <5 <5

31N39-4 87596 <5 5.35

31639 67612 18.8 <5

31S79 67613 <5 <5

316149 67614 <5 <5

315146 67615 <5 <5

315143 67616 <5 <5

METHODOLOGY
PA 200.7-ICP



MICRO-METHODS, INC.
6500 SUNPLEX DRIVE

OCEAN SPRINGS, MS 39564

QAIQC METALS

TO: Butler Services

LAB FILE # 177-BS-10-98

ARSENIC LEAD
Spiked Calculated Spiked Calculated

with 50 .ig Conc. % with 50 .sg Conc. %
MM# conc. found spi + 50 REC. conc. found spi + 50 REC.

1 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

J 67559 37.1 52.8 70.2 71 59.6 119
67566 35.1 55 63.8 56 62.2 90

• 67573 44.2 55.8 79.2 51 52.9 96.4
67580 25 54.8 45.6 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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Butler Services
P.O. Box 1164
Pascagoula, MS 39567

ATTN: Louis Fortenberry

F

ANALYTICAL SERVICE COMPANY

October 23, 1998

REPORT OF ANALYSES

The results of the analyses of the samples received date and description as shown, lab file

#288-BS-1O-98, are as attached.

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

Sincerely,

end.

j

I
I

ii
• (Thr’on MS q564 (228 875-6420. FAX (228) 875-6423



I

CTh TO: Butler Services FROM: Micro-Methods, Inc.

Lab File #288-BS-10-98

L GULFPORT FERTILIZER COMPANY

10/21/98

I
WATER SAMPLES

ARSENIC LEAD

SAMPLE DESCRIPTION MM# pg/I pg/I

J Rd 68217 <5 <5

RC4 68218 <5 <5

N12 68219 <5 <5

j N14 68220 <5 <5

N21 68221 <5 <5

N24 68222 <5 <5

N31 68223 <5 <5

N 34 68224 <5 <5

j S39 68225 16.7 8

S 51 68226 13 <5

I

I
I
I
.1 METHODOLOGY

EPA 206.2-Furnace - Arsenic

EPA 239.2-Furnace - Lead

.1



‘% TO: Butler Services FROM: Micro-Methods, Inc.
Lab File #288-BS-1O-98

GULFPORT FERTILIZER COMPANY

10/21/98
SOIL SAMPLES

ARSENIC LEAD

SAMPLE DESCRIPTION MM# mg/kg mg/kg

S51 68227 1.2 27.5

S 61 68228 1.5 2.6

METHODOLOGY
Sw 846, 7060A-Furnace - Arsenic

SW 846, 7421-Furnace - Lead
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COVINGTON AND ASSOCIATES
Environmental Engineers and Consultarns

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

Gulfport, Mississippi

Prepared for
Mr. Andy Alfonso

Hancock Bank

March 2, 1999

Prepared by:
cO)’INGTON AND ASSOC’M TES CORPORATION

Delivery Address: 112 l)avis Avenue
Mailing Address: P.O. l3ox 177

Pass Christian, Mississippi 39571
(601) 452-4999

FAX: (601) 452-0117

Former (iiilfport Fertilizer Co. Property. Gult’porl. Mississippi Project #6175
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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 AssessmentFormer Gulfport Fertilizer Company
Gulfport, Mississippi
Project #6 175

Dear Mr. Alfonso:

Commencing on May 11. 1998, Covington & Associates Corporation (CAC)
perfomed a limited Phase II Environmental Site Assessment (ESA) of the referenced
facility. The Phase II 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: RO. Box 177• 112 Davis Avenue• Pass Christian, Mississippi 39571 • Office: 228-452-4999 FAX: 228-452-0117Regional Office: Resource Consultants, Inc. • P.O. Box 1 848 • Brentwood, Tennessee 37024-1 848



Covington & Associates Corporation
Environmental Resource Consultants
ACY:AJA
March 2, 1999

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-I. 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.

COVINCTON AND ASSOCIATES CORPORATION

62
Rimmer Covington, ESA Alane C. Young. P.G.Principal

Senior Consul/an!

Project No. 6175
Page
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COVINGTON AND ASSOCIATES
Environmental Engineers and Consultants

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 II 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 threeI
Geoprobe borings.

Analytical results of the limited Phase II 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.

Former Gulfport Fertilizer Co. Property, Gulfport MS Project 06-175 Page - 1



COVINCTON AND ASSOCIATES
Environmental Engineers and Consultants

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 Remains” as

depicted on Figure 1). Exploratory trenching was also conducted 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

Former Gulfport Fertilizer Co. Property, Gulfport MS Project 06-175 Page - 2



COVINCTON AND ASSOCIATES
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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 polychiorinated biphenyls (PCBs). Groundwater samples were analyzed for sulfate,

nitrogen-ammonia, fluoride, pH and for the eight RCR.A 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 I (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 wells 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 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 barns 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

Ii. 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 Field 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-I 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 1 0 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-I 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% hentonite 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-I) 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-I) 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-l 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 QAIQC 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 were 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); 747land 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 I .Table 2.

Table 3 and Table 4.
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Table I
Summary of Analytical Data

Soil Samples Collected May 11, 1998
Former Gulfport Fertilizer Production Facility

Gulfport, Mississippi
Project #06-175

Sample Sample Depth Fluoride Ammonia (mg/kg) RCRA metals mg/kg
l.D. and Date (mg/kg) (detected analytes only)

I ISLVs - I lazardous Substance List Volatiles: HSLSS - Hazardous Substance List Semivolatiles PCBs — Polychlorinated hiphenyls
Bold lettering indicates colicentrations exceeding MDEQ regulatory levels o1400 mgIkg (Lead) and 0.426 mg/kg (Arsenic)

COVINGTON AND ASSOCIATES
Environmental Engineers and Consuftants

T-I 2’ (5/1 1/98) 26 16 Arsenic: 1.2 HSLV/HSLS
. Barium: 91

Chromium: 2 Not Detected
Lead: 20

T-2 2.5’ (5/I 1/98) 10 Not Detected Barium: 5
Chromium: 3

Lead: I
T-3 1.6’ (5/I 1/98) 78 10 Arsenic: 1.5

Barium: 10
Chromium: 5

, Lead: 2
T-4 2.5’ (5/I 1/98) Not Not Detected Arsenic: 20.9

Detected Barium: 286
Chromium: I

Lead: 207
Silver: 0.8

T-5 3’ (5/1 1/98) Not Not Detected Arsenic: 108 Pesticides/PCBs
Detected Barium: 20

Chromium: 2 Not Detected
Lead: 135
Silver: 0.6

T-6 1.5’ (5/11/98) Not 52 Arsenic: 17.9 HSLV/HSLS
Detected Barium: 15

Chromium: I Not Detected
Lead: 172

T-7 l’(5/1l/98) 44 16 Arsenic: 14.6
Barium: I I

Chromium: 22
Lead: 50

T-8 2.5’(5/11/98) 5 18 Barium:3
Chromium: I

Lead: I
T-9 I’ (5/11/98) 12 150 Arsenic: 87 Pesticides/PCBs

Barium: 21
Cadmium: 0.8 Not Detected
Chromium: 6

Lead: 927
Silver: 11.7
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Table 2
Summary of Analytical Data

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

Gulfport, Mississippi
Project #06-175

NI)= Not Detected
HSLV - Hazardous Substance List Volatiles
HSLS - Hazardous Substance List Seniivolatiles
PAll — Polynuclear Aromatic Hydrocarbons

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

I!ti/ici:ed/eneriig indicates concentrations exceeding Secondary Drinking Water Standards of 250 mgl[. tr Sultifle. Secondan drinking

water standards are unenibrceable federal guidelines regarding the taste, odor, color and certain other non-aesthetic ciThets of drinking water.

Federal law does not require water systems to comply with them.

COVINCTON AND ASSOCIATES
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Sample Sulfate Nitrogen- Fluoride pH RCRA metals
l.D. (mg/L) Ammonia (mgJL) (S.U.) (mgIL)

(mg/L)
B-I 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 (0.00 15) (0.002 mg/L) ND
Chromium (0,065) EthylBenzene
Lead (0.0 16 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 (0.03 1 mgIL)
Selenium (0.0 13)
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North End Background
South End Background

Test Pit 4
T-4 50’ N

T-4 I00’N
T-4 50’ E

T-4 IOU’ E
T-4 50’ S

T-4 100’ S
T-4 50’ W

T-4 100’ W
Test Pit 5
T-5 50’ N

T-5 l00’N
T-5 50’ E

T-5 100’ E
T-5 50’ S

T-5 100’ S
T-5 50’ W

T-5 100’ W
Test Pit 6
T-6 50’ N

T-6 100’ N
T-6 50’ E

T-6 100’ E
T-6 50’ 5

T-6 100’ S
T-6 50’ W

T-6 100’ W

Sample Depth
And Date

2’ (6/3/98)
2.5’ (6/3/98)

2.5’-3.5’(6/3/98)
1’- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
I’- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
I’-2’ (6/3/98)
3’- 5’ (6/3/98)
I ‘- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
1’- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
I’- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
2’- 3’ (6/3/98)

I ‘- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
I’- 2’ (6/3/98)
I’- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
I ‘- 2’ (6/3/98)
I’- 2’ (6/3/98)

14.6
1.3

52.8
240
16

30.4
132

56.2
22.5
274
28.4
309
1310
19.9
18.6
87.3
326
58

21.3
46.6
14.8
60.3
147
5.6
5.3

69.7
18.1
206
83.7

295
8

1680
2810

13
2580
6260
11000
722
784

3500
5170
4070
389
74

1150
4980
546

3270
631
127
147
665
48
33
68
89

613
62

Bold leltering indicates concentrations exceeding MDEQ regulatory levels of 400 mg/kg (Lead) and 0.426 mg/kg (Arsenic)
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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

L Sample I.D. Arsenic (mg/kg) Lead (mg/kg)
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Table 4
Summary of Analytical Data

Groundwater Samples Collected June 10, 1998
Abandoned Guliport Fertilizer Production Facility

Gulfport, Mississippi
Project #06-175

Sample [.D. Field pH Sulfate Chromium (mg/L) Lead (mg/L)MW-i 3.48—3.65 561 0.014 1.94MW-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 mgIL (Arsenic)Ifahci;L’d lettering indicates concentrations exceeding Secondary Drinking Water Standards of 250 mg/L for Sulfate. Secondarydrinking water standards are unenforceable federal guidelines regarding the taste, odor, color and certain other non-aesthetic effects ofdrinking water. Federal law does not require water systems to comply with them.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

This report constitutes the findings and conclusions of the Phase II environmental site

investigation completed on the former Gulfort 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-I. 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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7.0 LIMITATION OF LIABILITY

Th first phase of this investigation was authorized by Mr. Gary Yelvington and the second phase ofthe investigation was authorized by Mr. Andy Alfonso of Hancock Bank. This report has been preparedsolely for the use by Mr. Andy Alfonso (the Client) and may not be used by other parties for purposes ofsatisfying the requirements of an environmental site assessment or other purposes without first obtainingthe expressed written consent of Covington And Associates Corporation and partner ResourceConsultants. Inc/Dames and Moore. (the Consultant). The Consultant shall bear no liability for anyunauthorized used of the information contained in this report. Regulatory action levels reviewed for thisreport include current RCRA corrective action levels, Mississippi Department of Environmental Qualityregulatory action levels, Safe Drinking Water Act Standards and National Primary Drinking WaterStandards. In the event that new information not contained in this report is obtained relating toenvironmental or hazardous waste issues at the site or nearby, such information shall be brought to theconsultant’s attention promptly and we may, upon evaluation, modify the conclusio,is stated in thisreport. The evaluations, analyses and recommendations contained in this report represent the consultant’sprofessional opinions and judgments based on the current, generally accepted engineering, geologic andtechnical practices for the nature and scope of this site inspection authorized by the client. Theconsultant has not conducted a geophysical survey to confirm or refute the potential presence of anysubsurface structures. This investigation is based on conditions observed on May 11. Juiie 2 and June 3,1998, and on the laboratory analytical results of soil and groundwater results collected on those dates, aswell as records review as described herein or the selections of any information deemed appropriate bythe consultant’s representatives at the time of the site inspection whether stated in previous or subsequentsections of this report or not. The findings of this investigation are based on existing conditions at the siteand surrounding areas at the time of our inspection. Work described in this report was limited in its scopeand coverage due to conditions imposed by the client. Limited visual observations and conclusions werepossible to only those areas reasonably accessible. Access was not available to conduct interviews withthe previous property owners/tenants and maintenance personnel. It was not always possible to obtainspecific information on the normal practices of property owners and/or their tenants with regard to solidwaste disposal. oil-site use, generation, storage and/or disposal of chemicals or oil and hazardousmaterials, and ally privately obtained environmental monitoring data for the property, except whereprovided to the consultant by the client. Additionally, the consultant has relied on information providedby various officials and other parties as referenced herein. Although believed to be accurate, theconsultant has not attempted to independently verify the accuracy or completeness of informationprovided by officials and other parties. which was received or reviewed during the course of completingthese services. The findings presented in the report were based solely upon the services described inCovington & Associates Corporation’s Phase Ii ESA scopes of work dated March 30. 1998 and May 29,1998. and not Oil 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 allinclusive or to identify all potential concerns associated with the site investigation. It should be notedthat any investigation cannot determine that a site is completely free of chemicals or toxic substances.Therefore, tins investigation cannot certify that the site is “absolutely clean.” This investigation is madeto provide information to tile client concerning conditions at tile site. Tills report was preparedexclusively 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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1.9 Feet ‘ICS Ia 1.5 reel

4” l)iameter Slotted PVC Screen (0.91-inch

i.s reel to u.s Feet BGS

(toreliole

WELL CONSTRUCTION DIAGRAM
Former Gulfport Fertilizer Compuny

CAC PROJECT NO. 6175 Well MW-I

Sheet I of 1 Figure I

—
i,ockin tap

lament 2roul se.tI

Ilenlonite Pellet Seal

((.2 Feet to I Fool IIGS

I loot B(S to 11.5 Feel fIGS

lloltoni of borehole a 11.5 Feet fIGS

Not TI) Scale

ol screen a 11.5 (ccl fIGS



Well Construction Drngram
Former (iultsort Fertilizer Company

Gulfporl. Mississippi

Logged by: A(’Y Rig Type: U.S.A. B-57 Surface Elevation: N/.

Start Date: 6/2198 Holing Type: 10.6.-inch hollow stein auger (05mg Elesation: N/s.

(onipletion Date: 6/2/98 Hammer Wt/Drop: N/A Refusal I)eptli: NI\

Location: Former Gulfport Fertilizer (o. She

WELL (ONSTRU(TION

diameter borehole

WELL CONSTRUCTION DIAGRAM
Frn-mer Gulfpoi’t Fertilizer Comp:in

CAC PROJECT NO. 6175 Well MW-2

Sheet I of I Figure I

4” diameter PVC casing

3 feet A(5 to 2 Feel B(S

-Locking(ap

lent grout seal

________________________

Benlonile iehlel Seat

0.2 Feet to I tool lW.S

1 foot BGS to 12 feet BGS

2 Feet to 12 feet 8GB

Bottom of borehole at 12 Feet BGS

Not To Scale

Bottom ol screen a 12 feet lit .S



COVINCTON AND ASSOCIATES
E,n’ironn,enta/ Engmeers and Consultants

APPENDIX “C”

Laboratory Report Sheets

Former Gulfport Fertilizer Co. Property, Gulfport MS Project 06-175 Page - 24



ce AnaliI
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Environmental Laboratory Services

21CPOSSROADS 813 8RENTWOOD TN 37021 TEL 675)373 5040 7)601 22 2510 F 675) 370 7026 P0 B 848 BRENTW000 iN 31024 7848 EMEACENC5 Pg 675 26 7

ANALYTICAL REPORT
28-MAY- 1998

Mr. Rirmner Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description: Groundwater Grab
Client ID: B-i

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-i

Parameter Method Units RDL Result Analyzed Analyst

________

Sulfate 9038 mg/I 1. 37. 18-MAY-98 CSG

Nitrogen-Armnonia 350.3 mg/I 0.10 0.17 15-MAY-98 KLC

FLuoride 340.2 mg/I 0.10 0.12 14-MAY-98 KLC

pH 9040B pH 6.1 15-MAY-98 JPH

Mercury - Total 7470A mg/I 0.0002 ND 18-MAY-98 JPH

rsenic - Total 6010 mg/I 0.005 0.026 18-MAY-98 CSG

iariijn - Total 6010 mg/I 0.01 0.03 18-MAY-98 CSG

Canitin - Total 6010 mg/I 0.0005 0.0007 18-MAY-98 CSG

Chromitin - Total 6010 mg/I 0.002 0.011 18-MAY-98 CSG

Lead - Total 6010 mg/I 0.002 0.004 18-MAY-98 CSG

Selenil.an - Total 6010 mg/I 0.005 MD 18-MAY-98 CSG

Silver - Total 6010 mg/I 0.001 ND 18-MAY-98 CSG

Polyaromat i c Hydrocarbons
Anthracene 8270 mg/I 0.001 ND 15-MAY-98 EDD

Acenaplthene 8270 mg/I 0.001 ND 15-MAY-98 EDD

Acenaphthytene 8270 mg/I 0.001 ND 15-MAY-98 EDO

Berizo(a)anthracene 8270 mg/I 0.001 ND 15-MAY-98 EDD

Benzo(a)pyrene 8270 mg/I 0.001 ND 15-MAY-98 EDD

Benzo(b)fluoranthene 8270 mg/I 0.001 ND 15-MAY-98 EDD

Benzo(ghi)perylene 8270 mg/I 0.001 ND 15-MAY-98 EDD

Benzo(k)fluoranthene 8270 mg/I 0.001 ND 15-MAY-98 EDO

Chryserie 8270 mg/I 0.001 ND 15-MAY-98 EDD

Dibenz(a,h)Anthracene 8270 mg/I 0.001 MD 15-MAY-98 EDD

Fluoranthene 8270 mg/I 0.001 ND 15-MAY-98 EDD

Fluorene 8270 mg/I 0.001 ND 15-MAY-98 EDO

Indeno(1,2,3-cd)pyrene 8270 mg/I 0.001 ND 15-MAY-98 EDD

Naphthalene 8270 mg/I 0.001 ND 15-MAY-98 EDD

Phenanthrene 8270 mg/I 0.001 ND 15-MAY-98 EDD

Pyrene 8270 mg/I 0.001 MD 15-MAY-98 EDO

Pest icjdes/PCBs
Atdrin 8081 mg/I 0.00005 ND 26-MAY-98 14GM

alpha-BHC 8081 mg/I 0.00005 ND 26-MAY-98 WGM

beta-BHC 8081 mg/I 0.00005 ND 26-MAY-98 14GM

de[ta-BHC 8081 mg/I 0.00005 ND 26-MAY-98 14GM

pt:dEtection Limit

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

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

RCI Laboratory Certtticat.on Numbers AIIHA IN and ELLAP-9227, AL-40400, CA-1897. FL-E87363 KS.E -204, E-I 17, KY-9001 I. NC-274, TN.02007

Se,v,ng Environmentally Concerned Clients Since l967
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Environmental Laboratory Services

7TCROSSAOADS8I BRENTW000 TN 37071 TEL (615) 373 5040 1(800) 277 2579 Fi (615) 370 1026 P0 60 1648 8AENTW000 TN 37024 1848 EMEAGENC PS 6 S 726 70

ANALYTICAL REPORT
28-MAY- 1998

ir. Rininer Covington
:ovington & Associates
12 Davis Avenue
ass Christian, MS 39571

Sanle Description: Groundwater Grab
Client ID: B-i

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 SaspLe No.: L7247-i

arameter Method Units RDL Result Analyzed Analyst

gama-BHC (Lindane) 8081 mg/I 0.00005 ND 26-MAY-98 WGM
Chlordane 8081 mg/I. 0.00005 ND 26-MAY-98 WGM
4,4’-DDD 8081 mg/I 0.0001 ND 26-MAY-98 WGM
4,4’ -DDE 8081 mg/I 0.0001 ND 26-MAY-98 UGN
4,4’-DDT 8081 mg/I 0.0001 ND 26-MAY-98 WGN
Dieldrin 8081 mg/I 0.0001 ND 26-MAY-98 WGM
Endosutfan I 8081 ,ng/L 0.00005 ND 26-MAY-98 WGN
Endosulfan II 8081 mg/I 0.0001 ND 26-MAY-98 WGN
Endosutfan SuLfate 8081 mg/I 0.0001 ND 26-MAY-98 WGM
Endrin 8081 mg/I 0.0001 ND 26-MAY-98 WGM
ndrin Aldehyde 8081 mg/I 0.0001 ND 26-MAY-98 WGM
Heptachtor 8081 mg/I 0.00005 ND 26-MAY-98 UGN
Heptachtor Epoxide 8081 mg/I 0.00005 ND 26-MAY-98 UGh
Methoxychlor 8081 mg/I 0.0001 ND 26-MAY-98 1.1GM
Toxaphene 8081 mg/I 0.0005 ND 26-MAY-98 UGH
PCB 1016 8081 mg/I 0.0005 ND 26-MAY-98 UGM
PCB 1221 8081 mg/I 0.0005 ND 26-MAY-98 UGH
PCB 1232 8081 mg/I 0.0005 ND 26-MAY-98 UGM
PCB 1242 8081 mg/I 0.0005 ND 26-MAY-98 UGH
PCB 1248 8081 mg/I 0.0005 ND 26-MAY-98 UGM
PCB 1254 8081 mg/I 0.0005 ND 26-MAY-98 UGH
PCB 1260 8081 mg/I 0.0005 ND 26-MAY-98 UGM

Not Detected
‘I

-Reported Detection Limit
,e:;.:.7i::

Peter CiartegLio, M.S., Officer47-i (PESTICIDES) - This test was requested out of the extraction holding time.
-2-

FICI Laboratory Certification Numbers: AIIHA IH and ELLAP-9227, AL-40400. CA-1897 FL-E87363, KS-E-204. El 17 KY9001 1. NC274, TN-02007
Serving Environmentally Concerned Clients Since 1967



[furceAnaIaISoIutIoNsTM_
Environmental Laboratory Services

7121 CROSSROADS Bi, BRENTW000 TN. 37027 TEl. 6)5) 373.5040 .u800) 272 2579.Fa (615) 3701026. P 0 Ba. 1846 BRENTW000 TN. 37024.l848.EUERGENCPc-5,s)idY

ANALYTICAL REPORT
27-MAY- 1998

r. Riraner Covington
ovington & Associates
12 Davis Avenue
ass Christian, MS 39571

SanIe 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 Na.: 8164.00

RAS Sançle No.: 1.7247-12

orameter Method Units RDL Result Analyzed Analyst

Sulfate 9038 mg/I 1. 398. 18-MAY-98 CSG

Nitrogen-Arrsnonia 350.3 mg/I 0.10 2.06 15-MAY-98 KLC

Fluoride 340.2 mg/I 0.10 0.96 14-MAY-98 KLC

9040B pH 3.6 15-MAY-98 JPH

Mercury - TotaL 7470A mg/I 0.0002 MD 18-MAY-98 JPII

rsenic - Total 6010 mg/I 0.005 0.029 18-MAY-98 CSG
daritin - Total 6010 mg/I 0.01 0.05 18-MAY-98 CSG
Ca&nitjn - Total 6010 mg/I 0.0005 0.0015 18-MAY-98 CSG
Chromii.zn - TotaL 6010 mg/I 0.002 0.065 18-MAY-98 CSG
Lead - Total 6010 mg/I 0.002 0.016 18-MAY-98 CSG
Selenitin - Total 6010 mg/I 0.005 0.007 18-MAY-98 CSG
SiLver - Total 6010 mg/I 0.001 MD 18-MAY-98 CSG

L Volatiles
Acetone 8260 mg/I 0.01 ND 19-MAY-98 ICFS
Benzene 8260 mg/I 0.001 0.002 19-MAY-98 KFS
Brornodichloromethane 8260 mg/I 0.001 ND 19-MAY-98 KFS
3romoform 8260 mg/I 0.001 MD 19-MAY-98 FS
arbon Disutfide 8260 mg/I 0.001 MD 19-MAY-98 FS
arbon Tetrachloride 8260 mg/I 0.001 MD 19-MAY-98 KFS
hlorobenzene 8260 mg/I 0.001 ND 19-MAY-98 KFS

-ChLoroethyIvinyI ether 8260 mg/I 0.001 ND 19-MAY-98 KFS
Thloroethane 8260 mg/I 0.001 ND 19-MAY-98 KFS
hLoroform 8260 mg/I 0.001 MD 19-MAY-98 KFS
)ibromochloromethane 8260 mg/I 0.001 ND 19-MAY-98 ICFS
,1-Dichtoroethane 8260 mg/I 0.001 ND 19-MAY-98 KFS
,1-Dichtoroethene 8260 mg/I 0.001 ND 19-MAY-98 KFS
,2- Dichloroethane 8260 mg/I 0.001 ND 19-MAY-98 KFS
,2-Dichtoropropane 8260 mg/I 0.001 ND 19-MAY-98 KFS
is-1,2-Dichloroethene 8260 mg/I 0.001 ND 19-MAY-98 KFS
rans-1,2-Dich(oroethene 8260 mg/I 0.001 ND 19-MAY-98 KFS
is-1,3-Dichloropropene 8260 mg/I 0.001 ND 19-MAY-98 KFS
rans-1,3-Dichloropropene 8260 mg/I 0.001 ND 19-MAY-98 KFS
thylbenzene 8260 mg/I 0.001 0.002 19-MAY-98 KFS
-Hexanone 8260 mg/t 0.001 ND 19-MAY-98 FS
ethyl Bromide 8260 mg/I 0.001 ND 19-MAY-98 KFS

hot Detected
-Reported Detection Limit

Peter CiarLeglio, M.S., O.A. Officer

RC) Laboralory Certiticalion Numbers A)IHA Hand ELLAP-9227, AL-40400, CA-1897. FL-E87363. KS-E-204; E-1 17. hY-9OO1 1. NC-274. TNO2OO7
serving Environmentally Concerned Clients Since 1967



esource Analylical Solutions I
Envwonmental Laboratory Services

?21 CROSSROADS 6Id BRENYW000, tN. 37027 TEL C6i5 373 0040 • I SO) 2122079.14.. (6151 370.1026 • DO 90.. 1946 8RENTWC.OO TN. 370241846 EUERGENCVPg.i6,72S,O2

ANALYTICAL REPORT

27-NAY- 1998
Ir. Rininer Covington
:ovington & Associates
12 Davis Avenue
ass Christian, MS 39571

Santple Description: Qroundwater Grab
Client ID: 8-2

Site/PLant
Date Collected: 11-MAY-98 16:20
Date Received: 13-MAY-98 14:54

RAS Account ido.: 8164.00
RAS Project No.: 8164.00

RAS SairqLe No.: 1.7247-12
irameter Method Units RDL Result Analyzed AnalystMethyl ChLoride 8260 mg/I 0.001 lID 19-MAY-98 KFS
Methylene Chloride 8260 mg/I 0.001 ND 19-MAY-98 KFS
Methyl EthyL Ketone 8260 mg/I 0001 ND 19-MAY-98 KFS
Methyl Isobutyt Ketone 8260 mg/I 0.001 ND 19-MAY-98 KFS
Styrene

8260 mg/I 0.001 III) 19-MAY-98 KFS
1,1,2,2-TetrachLoroethane 8260 mg/I 0.001 ND 19-MAY-98 KFS
retrachtoroethene 8260 mg/I 0.001 lID 19-MAY-98 KFS
roluene

8260 mg/I 0.001 0.007 19-MAY-98 KFS
1,1,1-Trichloroethane 8260 mg/I 0.001 ND 19-MAY-98 KFS
,1,2-Trichloroethane 8260 mg/I 0.001 ND 19-MAY-98 KES
richtorethene 8260 mg/I 0.001 ND 19-MAY-98 KFS
inyI Acetate 8260 mg/I 0.001 ND 19-MAY-98 KFS
inyl ChLoride 8260 mg/I 0.001 MD 19-MAY-98 KFS
ytene (totaL) 8260 mg/I 0.001 0.008 19-MAY-98 KFSSemi-Votatiles
nthracene 8270 mg/I 0.0010 ND 19-MAY-98 EDD
:enaphthene 8270 mg/I 0.0010 ND 19-MAY-98 EDD
:enaphthylene 8270 mg/I. 0.0010 MD 19-MAY-98 EDO
tnzidine 8270 mg/I 0.0010 ND 19-MAY-98 EDO
nzo(a)anthracene 8270 mg/I 0.0010 MD 19-MAY-98 EDO
nzo(a)pyrene 8270 mg/I 0.0010 ND 19-MAY-98 EDO
nzo(b)fLuoranthene 8270 mg/I 0.0010 ND 19-MAY-98 EDO
nzo(ghi)perylene 8270 mg/I 0.0010 NO 19-MAY-98 EDO
nzo(k)fluoranthene 8270 mg/I 0.0010 ND 19-MAY-98 EDO
nzoic Acid 8270 mg/I. 0.0010 ND 19-MAY-98 EDO
rizyl alcohol 8270 mg/I 0.0010 MD 19-MAY-98 EDO
s(2-chloroethoxy)methane 8270 mg/I 0.0010 ND 19-MAY-98 EDO
;(2-chloroethyL)ether 8270 mg/I 0.0010 MD 19-MAY-98 EDO
;(2-chloroisopropyL)ether 8270 mg/I 0.0010 MD 19-MAY-98 EDD
;(2-ethythexyl)phthaLate 8270 mg/I 0.0010 ND 19-MAY-98 EDO
yl benzyt phthalate 8270 mg/I 0.0010 MD 19-MAY-98 EDO
romophenyl phenyl. ether 8270 mg/I 0.0010 NO 19-MAY-98 EDO
hloroenjl.ine 8270 mg/I 0.0010 ND 19-MAY-98 EDO
hloronaphthatene 8270 mg/I 0.0010 MD 19-MAY-98 EOD
htorophenyL phenyl ether 8270 mg/I 0.0010 ND 19-MAY-98 EDO
ysene

8270 mg/I 0.0010 MD 19-MAY-98 EDO
resoL

8270 mg/I 0.0010 MD 19-MAY-98 EDD
esol

8270 mg/I 0.0010 ND 19-MAY-98 EDO
:Iorophenol 8270 mg/I 0.0010 ND 19-MAY-98 EDO
lIoro-3-Methylphenol 8270 mg/I 0.0010 ND 19-MAY-98 EDO
ported Detection Limit

Peter Ciarlegtio, M.S., Q.A. Officer-2-

Rd Laboratory Certibcalion Numbers AltiOA 01 and ELLAP-9227 AL-40400. CA-1897, FL-E87363, KS-E•204. El 17. l<Y-9001 I. NC-274. TN-02007Serving Environmentally Cnn,wnd rIi.,.,



Environmental Laboratory Services

72I CROSSROADS 8.8 BRENTW000 TN. 37527 • TEL (615) 373.5040 • 1)800) 2722579.744 (615) 370)026 • P0 Bo. 848 5RENTWOOD. TN. 37024-1548 • EMERGENCy P5 6S,?6 ‘0?

ANALYTICAL REPORT
27-MAY 1998

Ir. Rinmer Covington
:ovington & Associates
12 Davis Avenue
ass Christian, MS 39571

Sample Description: Groundwater Grab
CLient ID: 8-2

Site/P Lent
Date CoLLected: 11-MAY-98 16:20
Date Received: 13-MAY-98 14:54

RAS Account No.: 8164.00
RAS Project No.: 8164400

RAS Sample No.: L7247-12

arameter Method Units ROL Result Analyzed Analyst

Dibenz(a,h)Anthracene 8270 mg/I 0.0010 ND 19-MAY-98 EDD
Dibenzofuran 8270 mg/I 00010 ND 19-MAY-98 EDD
1,2-Dichlorobenzene 8270 mg/I 0.0010 MD 19-MAY-98 EDD
1,3-DichLorobenzene 8270 mg/I 00010 ND 19-MAY-98 EDD
1,4-Dichlorobenzene 8270 mg/I .0.0010 ND 19-MAY-98 EDD
2,4-DichlorophenoL 8270 mg/I 0.0010 ND 19-MAY-98 EDD
3,3-Dichlorobenzidine 8270 mg/I 0.0010 MD 19-MAY-98 EDD
Diethyl phthaLate 8270 mg/I 0.0010 MD 19-MAY-98 EDO
Dirnethyl phthalate 8270 mg/I 0.0010 MD 19-MAY-98 EDD
Di-n-butyl phthalate 8270 mg/I 0.0010 ND 19-MAY-98 EDD
:,4-DimethyLphenoL 8270 mg/I 0.0010 MD 19-MAY-98 EDD
2,4-Dinitrophenot 8270 mg/I 0.0010 MD 19-MAY-98 EDD
2,4-Dirtitrotoluene 8270 mg/I 0.0010 MD 19-MAY-98 EDO
2,6-Dinitrototuene 8270 mg/I 0.0010 MD 19-MAY-98 EDO
4,6-Dinitro-o-Cresol 8270 mg/I 0.0010 MD 19-MAY-98 EDD
Di-n-octyl phthalate -. 8270 mg/I 0.0010 ND 19-MAY-98 EDD
1,2-DiphenyL-Hydrazine 8270 mg/I 0.0010 lID 19-MAY-98 EDO
F(uoranthene 8270 mg/I 0.0010 ND 19-MAY-98 EDD
Fluorene 8270 mg/I 0.0010 ND 19-MAY-98 EDD
Hexachlorobenzene 8270 mg/I 0.0010 ND 19-MAY-98 EDO
Hexechlorobutadiene 8270 mg/I 0.0010 ND 19-MAY-98 EDO
Hexechlorocyclopentadiene 8270 mg/I 0.0010 ND 19-MAY-98 EDD
Hexachloroethane 8270 mg/I 0.0010 ND 19-MAY-98 EDO
Indeno(1,2,3-cd)pyrene 8270 mg/I 0.0010 ND 19-MAY-98 EOD
Isophorone 8270 mg/I 0.0010 ND 19-MAY-98 EDO
2-Methylnaphthalene 8270 mg/I 0.0010 NO 19-MAY-98 EDD
Naphthalene 8270 mg/I 0.0010 ND 19-MAY-98 EDO
2-Nitroaniljne 8270 mg/I 0.0010 ND 19-MAY-98 EDO
3-Nitroaniline 8270 mg/I 0.0010 ND 19-MAY-98 EDO
4-Nitroaniline 8270 mg/I 0.0010 ND 19-MAY-98 EDO
2-Nitrophenol 8270 mg/I 0.0010 ND 19-MAY-98 EDO
4-Nitrophenol 8270 mg/I 0.0010 ND 19-MAY-98 EDO
Nitrobenzene 8270 mg/I 0.0010 NO 19-MAY-98 EDO
N-NitrosodimethyLainirse 8270 mg/I 0.0010 NO 19-MAY-98 EDO
N-Nitrosodipropylamine 8270 mg/I 0.0010 ND 19-MAY-98 EDO
M-Nitrosodiphenylamine 8270 mg/I 0.0010 NO 19-MAY-98 EDO
7entachLorophenoL 8270 mg/I 0.0010 NO 19-MAY-98 EDO
henanthrerte 8270 mg/I 0.0010 ND 19-MAY-98 EDO
3henol 8270 mg/I 0.0010 NO 19-MAY-98 EDO
‘yrene 8270 mg/I 0.0010 MD 19-MAY-98 EDO
l,2,4-TrichLorobenzene 8270 mg/I 0.0010 ND 19-MAY-98 EDO

-Not Detected
.-Reported Detection Limit (47.

Peter iarLeglio, M.S., Q.A fficer

RCI Laboratory Certification Numbers AIIHA Hand ELLAP-9227, AL-40400, CA-1897, FL-E87363. KS-E-204. E-1 17. KY-9001 1. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967
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Environmental Laboratory Services

8O8RENTW000 TN 37027 TE 615) 373 5040 11800)27225797 615) 370 1026 P080 848 BAENTW000 TN 37024 1848 EMERGENCY Pg6 26 0

ANALYTICAL REPORT

27-MAY- 1998Rirrrner Coviflgtofl
vjrtgtofl & Associates
2 DaviS Avenue
ss Christian, MS 39571

SanIe Description: Groundwater Grab
CLient ID: 8-2

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 Sanpte No.: L7247-12

arneter Method Units RDL Result Analyzed Analyst
,4,5-TrichlorophenoL 8270 mg/I 0.0010 ND 19-MAY-98 EDD,4,6-TrichtoroplienoL 8270 mg/I 0.0010 ND 19-MAY-98 EDD

eported Detection Limit

_%4. c..44
Peter Ciarlegtio, M.S., Q.A. Officer

RCI Laboratory Certilicatlon Numbers AIIHA IH and ELLAP-9227. AL-40400, CA-1897, FLE87363, KS-E-204 E-1 17 KY-9001 1 NC-274. TN-02007Servlng Environmentally Concerned Clients Since 1967



[(sourceAnaIücaISoIutIons_
Environmental Laboratory Services

7121 CROSSROADS B) 6 BRFNTW000 TN 37027 TEL (615) 373 5040 1(600) 2722579 Pa (615) 370 1026 P0 B 1545 BRENTW000 TN 37024 1546 EMERGENCY Pg 5 7 6702

ANALYTICAL REPORT
27-MAY- 1998

Ir. Rinvner Covington
ovington & Associates
12 Davis Avenue
ass Christian, MS 39571

Sasple Description: Groundwater Grab
Client ID: 8-3

Site/Plant
Date CoLLected: 11-MAY-98 17:50
Date Received: 13-MAY-98 14:54

RAS Account ho.: 8164.00
RAS Project No: 8164.00

RAS Sanpte ho.: L7247-2

aranieter Method Units RDL Result Analyzed Analyst

Sulfate 9038 mg/I 1. 257. 18-MAY-98 CSG

Nitrogen-Anvnonia 350.3 mg/L 0.10 1.06 15-MAY-98 KLC

Fluoride 340.2 mg/I 0.10 ND 14-MAY-98 KLC

9040B pH 1.8 15-MAY-98 JPH

Mercury - Total 7470A mg/I 0.0002 ND 18-MAY-98 JPH

.rsenic - Total 6010 mg/I 0.005 0.031 18-MAY-98 CSG
dariun - Total 6010 mg/I 0.01 0.05 18-MAY-98 CSG
Caniun - Total 6010 mg/I 0.0005 ND 18-MAY-98 CSG
Chromiun - Total 6010 mg/I 0.002 0.107 18-MAY-98 CSG
Lead - Total 6010 mg/I 0.002 0.031 . 18-MAY-98 CSG
SeLenii.in - Total 6010 mg/I 0.005 0.013 18-MAY-98 CSG
Silver - TotaL 6010 mg/I 0.001 ND 18-MAY-98 CSG

Not Detected
--Reported Detection Limit

fØ:_1Lf:
_—P_—

eter Ciarleglio, M.S., QA. Officer

RCI Laboratory Cert,lcation Numbers: AIIHA (H and ELLAP-9227. AL-40400, CA-1897, FL-E87363. KS-E-204, E-1 17. KY-9001 1. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



Environmental Laboratory Services

‘12,CROSSROASEIvOERENTW000 TN. 37027. TEL (615) 3734040. • (600) 2722579 F4 (615) 3701026 • P0 804 (846 BRENTW000 TN 370241848 EMERGENCY

ANALYTICAL REPORT
27-MAY- 1998

Rinmer Covington
ington & Associates
Davis Avenue

s Christian, MS 39571

SanLe 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 Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sançte No.: L7247-3

smeter Method Units RDL Result Analyzed Analyst

luoride- Water Soluble 340.2 mg/kg 1. 26. 21-MAY-98 TKD

snonia, Distilled 350.2 mg/kg 10 16. 18-MAY-98 LC

1rcury - Total 7471A mg/kg 0.1 MD 18-MAY-98 JPH

senic - Total 6010 mg/kg 0.5 1.2 18-MAY-98 CSG
iriian - Total 6010 mg/kg 1. 9h 18-MAY-98 CSG
äniun - Total 6010 mg/kg 0.3 MD 18-MAY-98 CSG
tromiun - Total 6010 mg/kg 1. 2. 18-MAY-98 CSG
tad - Total 6010 mg/kg 1. 20 18-MAY-98 CSG
tleniun - Total 6010 mg/kg 1. MD 18-MAY-98 CSG
Iver - Total 6010 mg/kg 0.5 MD 18-MAY-98 CSG

Volatiles
:etone 8260 mg/kg 0.25 MD 20-MAY-98 KFS
nzene 8260 mg/kg 0.025 ND 20-MAY-98 KFS
omoform 8260 mg/kg 0.025 MD 20-MAY-98 KFS
irbon DisuLfide 8260 mg/kg 0.025 MD 20-MAY-98 KFS
ir-bon Tetrachloride 8260 mg/kg 0.025 MD 20-MAY-98 KFS
lorobenzene 8260 mg/kg 0.025 MD 20-MAY-98 I(FS
broniochloromethane 8260 mg/kg 0.025 MD 20-MAY-98 KFS
loroethane 8260 mg/kg 0.025 MD 20-MAY-98 KFS
Chloroethylvinyl ether 8260 mg/kg 0.025 MD 20-MAY-98 KFS
loroform 8260 mg/kg 0.025 ND 20-MAY-98 KFS
omodichloromethane 8260 mg/kg 0.025 ND 20-MAY-98 KFS
1-Dichloroethane 8260 mg/kg 0.025 ND 20-MAY-98 KFS
2- Dichloroethane 8260 mg/kg 0.025 ND 20-MAY-98 KFS
1-Dichloroethene 8260 mg/kg 0.025 MD 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 MD 20-MAY-98 KFS
thyl Bromide 8260 mg/kg 0.025 NO 20-MAY-98 KFS
thyl Chloride 8260 mg/kg 0.025 ND 20-MAY-98 ICFS
thyt Ethyl Ketone 8260 mg/kg 0.025 MD 20-MAY-98 KFS
thyl Isobutyl Ketone 8260 mg/kg 0.025 ND 20-MAY-98 KFS
Kexanone 8260 mg/kg 0.025 ND 20-MAY-98 KFS
thylene Chloride 8260 mg/kg 0.025 MD 20-MAY-98 KFS
yrerse 8260 mg/kg 0.025 ND 20-MAY-98 KFS
l,2,2-Tetrachloroetharie 8260 mg/kg 0.025 ND 20-MAY-98 KFS

eported Detection Limit

Peter Ciarteglio, M.S., Q. . Officer

RCI Laboratory Certification Numbers AIIHA (H and ELLAP-9227. AL-40400. CA-1897. FL-E87363. KS-E-204. El 17. KV-9001 1 NC-274. TN.02007

Serving Environmentally Concerned Clients Since 1967



umeAnaIücaIiutIonstM
Environmental Laboratory Services

7121 CP005POAOS BI0 BAENTW000. TN 37027 • TEL (615) 373.5040.. 1(800) 272-2579 •F. (6)5) 370-1026 • P0 Bo, 1848 BPENIW000 iN. 37024 1848 • EMERGENCY P0 76

ANALYTICAL REPORT

27-MAY- 1998Mr. Rimer Covington
Covington & Associates
112 Davis Avenue V

Pass Christian, MS 39571

Sanpte 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 Accotgit Mo.: 8164.00
RAS Project Mo.: 8164.00

RAS Saspte Mo.: 1.7247-3

Parameter Method Units RDL ResuLt AnaLyzed Analyst

Tetrachloroethene 8260 mg/kg 0.025 MD 20-MAY-98 KFS
Toluene 8260 mg/kg 0.025 MD 20-MAY-98 KFS
cis-1,2-Dichtoroethene 8260 mg/kg 0.025 MD 20-MAY-98 KFS
trans-1,2-Dichloroethene 8260 mg/kg 0.025 MD 20-MAY-98 KFS
1,1,1-Trichtoroethane 8260 mg/kg 0.025 lID 20-MAY-98 KFS
1,1,2-Trichloroethane 8260 mg/kg 0.025 MD 20-MAY-98 KFS
TrichLorethene 8260 mg/kg 0.025 MD 20-MAY-98 - KFS
Vinyl Acetate 8260 mg/kg 0.025 MD 20-MAY-98 KES
Vinyl Chloride 8260 mg/kg 0.025 MD 20-MAY-98 KFS
Xylene (total) 8260 mg/kg 0.025 ND 20-MAY-98 KFS

Semi-Votatites
Anthracene 8270 mg/kg 0.10 MD 22-MAY-98 EDO
Acenaphthene 8270 mg/kg 0.10 MD 22-MAY-98 EDO
AcenaphthyLene 8270 mg/kg 0.10 MD 22-MAY-98 EDO
Benzidine 8270 mg/kg 0.10 MD 22-MAY-98 EDO
Benzo(a)anthracene 8270 mg/kg 0.10 MD 22-MAY-98 EDO
Benzo(a)pyrene 8270 mg/kg 0.10 MD 22-MAY-98 EDD
Benzo(b)ftuoranthene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Benzo(ghi)perylene 8270 mg/kg 0.10 MD 22-MAY-98 EDO
Benzo(k)fluoranthene 8270 mg/kg 0.10 NO 22-MAY-98 EDO
Benzoic Acid 8270 mg/kg 0.10 ND 22-MAY-98 EDD
BenzyL alcohoL 8270 mg/kg 0.10 ND 22-MAY-98 EDO
Bis(2-chtoroethoxy)methane 8270 mg/kg 0.10 ND 22-MAY-98 EDO
Bis(2-chloroisopropyl)ether 8270 mg/kg 0.10 MD 22-MAY-98 EDO
Bis(2-chtoroethyl)ether 8270 mg/kg 0.10 ND 22-MAY-98 EDO
Bis(2-ethyLhexyl)phthalate 8270 mg/kg 0.10 ND 22-MAY-98 EDOButyt benzyL phthaLate 8270 mg/kg 0.10 MD 22-MAY-98 EDD4-Bromophenyl phenyl ether 8270 mg/kg 0.10 NO 22-MAY-98 EDD4-Chloroaniline 8270 mg/kg 0.10 MD 22-MAY-98 EDD
2-ChloronaphthaLene 8270 mg/kg 0.10 MD 22-MAY-98 EDO
4-ChlorophenyL phenyt ether 8270 mg/kg 0.10 ND 22-MAY-98 EDOChrysene 8270 mg/kg 0.10 ND 22-MAY-98 EDDo-Cresol 8270 mg/kg 0.10 MD 22-MAY-98 EDOp-Cresol 8270 mg/kg 0.10 ND 22-MAY-98 EDD2-Chlorophenol 8270 mg/kg 0.10 ND 22-MAY-98 EDO
4-Chloro-3-MethylphenoL 8270 mg/kg 0.10 MD 22-MAY-98 EDODibenz(a,h)Anthracene 8270 mg/kg 0.10 ND 22-MAY-98 EDODibenzofuran 8270 mg/kg 0.10 MD 22-MAY-98 EDO1,2-Dichtorobenzene 8270 mg/kg 0.10 ND 22-MAY-98 EDO1,3-Dichlorobenzene 8270 mg/kg 0.10 MD 22-MAY-98 EDO

)-Not Detected
)L-Reported Detection Limit

Peter Cierteglio, M.S., Q.A Officer
-2-

RCI Laboratory Certification Numbers: AIIHA (H and ELLAP-9227, AL-40400. CA-1897. FL-E87363, KS-E-204, E-1 17. KY-gOD) 1. NC-274, TN.02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions J
Environmental Laboratory Services

.,CF1OSSROADS BId 8AEN1W000 tN 17027- 70L (015) 373.5040. • 1(8001 272.2579.Fa. (6151 3701026• P0 8o 1048 BREN7W000. TN, 370241848 • EME)IGENCYPq(6lS,2S,.

ANALYTICAL REPORT
27-HAY 1998

Rilmuer Covington
ington & Associates
Davis Avenue

s Christian, MS 39571

SaITçsLe 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 Account No.: 8164.00
RAS Project Mo.: 8164.00

RAS Sasple No.: L7247-3

arneter Method Units RDL Result Analyzed Analyst

,4-Dichlorobenzene 8270 mg/kg 0.10 ND 22-MAY-98 EDO

‘,4-Dichloropheno[ 8270 mg/kg 0.10 MD 22-MAY-98 EDD

,3-Dichlorobenzidine 8270 mg/kg 0.10 MD 22-MAY-98 EDO

iethyl phthalate 8270 mg/kg 0.10 ND 22-MAY-98 EDD

imethyl phthalate 8270 mg/kg 0.10 MD 22-MAY-98 EDO

i-n-butyl phthalate 8270 mg/kg 0.10 ND 22-MAY-98 EDD

,4-Dimethylphenol 8270 mg/kg 0.10 MD 22-MAY-98 EDD

,4-Oinitrophenol 8270 mg/kg 0.10 MD 22-MAY-98 EDO

,4-Dinitrototuene 8270 mg/kg 0.10 ND 22-MAY-98 EDO

,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 EDO

‘i-n-octyt phtha(ate 8270 mg/kg 0.10 MD 22-MAY-98 EDO

,2-Diphenyt-Hydrazine 8270 mg/kg 0.10 MD 22-MAY-98 EDO

luoranthene 8270 mg/kg 0.10 MD 22-MAY-98 EDD

‘luorene 8270 mg/kg 0.10 MD 22-MAY-98 EDO

Iexachtorobenzene 8270 mg/kg 0.10 MD 22-MAY-98 EDO

lexachlorobutadiene 8270 mg/kg 0.10 MD 22-MAY-98 EDO

lexachtorocyctopentadiene 8270 mg/kg 0.10 MD 22-MAY-98 EDO

lexachtoroethane 8270 mg/kg 0.10 ND 22-MAY-98 EDO

ndeno(1,2,3-cd)pyrene 8270 mg/kg 0.10 ND 22-MAY-98 EDO

sophorone 8270 mg/kg 0.10 ND 22-MAY-98 EDD

-MethylnaplithaLene 8270 mg/kg 0.10 MD 22-MAY-98 EDO

Iaphthalene 8270 mg/kg 0.10 ND 22-MAY-98 EDD

-Nitroaniline 8270 mg/kg 0.10 ND 22-MAY-98 EDO

-Nitroaniline 8270 mg/kg 0.10 MD 22-MAY-98 EDO

-Nitroaniline 8270 mg/kg 0.10 MD 22-MAY-98 EDO

‘-Nitrophenot 8270 mg/kg 0.10 ND 22-MAY-98 EDO

-Nitrophenol 8270 mg/kg 0.10 ND 22-MAY-98 EDO

ltrobenzene 8270 mg/kg 0.10 ND 22-MAY-98 EDD

!trosodipropyLaInine 8270 mg/kg 0.10 ND 22-MAY-98 EDO

-Nltrosodiphenylamine 8270 mg/kg 0.10 ND 22-MAY-98 EDO
entachlorophenot 8270 mg/kg 0.10 ND 22-MAY-98 EDD
henanthrene 8270 mg/kg 0.10 ND 22-MAY-98 EDO
henol 8270 mg/kg 0.10 MD 22-MAY-98 EDO
yrene 8270 mg/kg 0.10 ND 22-MAY-98 EDD
Z,4-Trichlorobenzene 8270 mg/kg 0.10 ND 22-MAY-98 EDO

;4.5-TrichLorophenoL 8270 mg/kg 0.10 MD 22-MAY-98 EDO

•416-Trlchloropheno[ 8270 mg/kg 0.10 ND 22-MAY-98 EDO

Not Detected
.-Repore Detection Limit _i:;::::7__=

deter Ciarleglio, M.S.,
-3-

RCI Laboratory Certification Numbers AIIHA (H and ELLAP-9227,.AL-40400 CA-1897. FL-E87363. KS-E-204, E-l 17, KY-9001 1. NC-274. TN02007

Serving Environmentally Concerned Clients Since 1967



urceaIücaIilutionsTM
Environmental Laboratory Services

I,ICPOSSPOADS 8Id BRENTW000. TN. 31027• EL (615) 373-6040. 11800 2722579-F4. 613( 37C1026P0 Bo, 1048 BRENTW000 TN 370241848• EMERGENCY PQ’ 615, 7l6 ‘O.

ANALYTICAL REPORT

27-MAY- 1998Mr. RinTner CovingtOn
CoviflgtOfl & Associates
112 Davis Avenue
Pass Christian, MS 39571

SanLe Description: Soil Grab
Client ID: T-2/25’

Site/Pt ant
Date Collected: 11-MAY-98 11:35
Date Received: 13-MAY-98 14:54

RAS Account No.: 816.4.00
RAS Project No.: 8164.00

RAS Sante No.: L7247-4

parameter Method Units RDL Result AnaLyzed Analyst
Fluoride- Water SoLuble 340.2 mg/kg 1. 10 21-MAY-98 TD
Ananonia, DistiLled 350.2 mg/kg 10 ND 18-MAY-98 KLC
Mercury - Total 7471A mg/kg . 0.1 lID 18-MAY-98 JPH
Arsenic - TotaL 6010 mg/kg 0.5 MD 18-MAY-98 CSGBariun - Total 6010 mg/kg 1. 5. 18-MAY-98 CSGCa&nhin - TotaL 6010 mg/kg 0.3 MD 18-MAY-98 CSG,çhromilzn - Total 6010 mg/kg 1. 3. 18-MAY-98 CSGlead - Total 6010 mg/kg 1. 1. 18-MAY-98 CSGSetenit.in - TotaL 6010 mg/kg 1. MD 18-MAY-98 CSGSilver - Total 6010 mg/kg 0.5 MD 18-MAY-98 CSG

‘-Not Detected
‘LReported Detection Limit

Peter Ciartegtio, M.S., QA. fficer

Rd Laboratory CerWicalion Numbers AIII-IA IN and ELLAP.9227, AL-40400. CA-1897, FL-E87363, KS-E-2O4 El 17. KY-9001 1. NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



h.

lir. Rininer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

4D-Not Detected
DL-Reported Detection Limit

—1—
eter CiarlegLio, M.S., Q.A. Officer

esource Analytical Solutions I
Environmental Laboratory Services

721 CROSSROADS 81,a BRENTW000V TN. 37027 • TEL (615) 373.5040 • 1(800) 272-2579.F. 515 370-1026 • P0 80. 848 BRENYWOOD. TN. 37024-1846 EMERGENCY Pgr (S’ ,,

ANALYTICAL REPORT

27-MAY- 1998

SanLe Description: Soil Grab
Client ID: T-3/1.6’

Site/Plant
Date Collected: 11-MAY-98 11:50
Date Received: 13-MAY-98 14:54

RAS Account NO.: 816400
RAS Project No.: 8164.00

RAS SanLe No.: L7247-5

Parameter Method Units RDL Result Analyzed Analyst

Fluoride- Water Soluble 340.2 mg/kg 1. 78. 21-MAY-98 TKD

Anrnonia, Distilled 3502 mg/kg 10 10 18-MAY-98 KLC

Mercury - Total 7471A mg/kg 0.1 ND 18-MAY-98 JPH

Arsenic - Total 6010 mg/kg 0.5 1.5 18-MAY-98 CSGBariun - Total 6010 mg/kg 1. 10 18-MAY-98 CSGCaniijn - Total 6010 mg/kg 0.3 ND 18-MAY-98 CSGChromiun - Total 6010 mg/kg 1. 5. 18-MAY-98 CSGead - Total 6010 mg/kg 1. 2. 18-MAY-98 CSGlelenitin - Total 6010 mg/kg 1. ltD 18-MAY-98 CSGSilver - Total 6010 mg/kg 0.5 liD 18-MAY-98 CSG

RCI Laboratory Certification Numbers AIIHA IH and ELLAP-9227, AL-40400, CA.1897. FL-E87363, KS-E-204, E-l 17, KY-gOOf 1, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



ourceiicaIiütIoi1_
I Environmental Laboratory Services

?,:ROSDROAD.8I,0ARENTWOOD TN. 37027 TEL (615) 373-5040 1(800) 2722579T 65i 370-l026.FO Bo. 848 BRENTW000 TN. 37021-1848 EMERGENCY Pg 615, 721

ANALYTICAL REPORT
27-MAY-1998

Mr. Rirener Covington
covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sanple Description: Soil Grab
Client ID: T-6/2.5’

Site/Plant
Date Collected: 11-MAY-98 12:15
Date Received: 13-MAY-98 14:54

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sançte No.: L7247-6

Parameter Method Units RDL Result Analyzed AnaLyst

Fluoride- Water SolubLe 340.2 mg/kg 1. MD 21-MAY-98 TKD

Anoilonia, DistilLed 350.2 mg/kg 10 MD 18-MAY-98 LC

Mercury - Total 7471A mg/kg 0.1 MD 18-MAY-98 JPH

Arsenic - TotaL 6010 mg/kg 0.5 20.9 18-MAY-98 CSG
Bariun - Total 6010 mg/kg 1. 286. 18-MAY-98 CSG
Caniun - Total 6010 mg/kg 0.3 MD 18-MAY-98 CSG
ChromiLin - Total 6010 mg/kg 1. 1. 18-MAY-98 CSG
ead - Total 6010 mg/kg 1. 207. 18-MAY-98 CSG

Setenii.sn - TotaL 6010 mg/kg 1. MD 18-MAY-98 CSG
Silver - Total 6010 mg/kg 0.5 0.8 18-MAY-98 CSG

NDNDt Detected
RDL-Reported Detection Limit

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

RC( Latiolarory Certification Numbers AIIHA H and ELLAP-9227, AL-40400 CA-1897. FL-E87363, KS-E-204: E-1 17, KY-9001 1. NC-274. TN-02007

Serving Environmentally Concerned Clients Since 7967



eiIcaISoIutnsr:
Environmental Laboratory Services

21 CR0 SROAT’S Old BRENTW000 TN 37627 TEL 7615) 373 5040 1(000) 272 2579 F (675) 370 7026 P08 045 BRENIWOOD TN 37074 840 EMERGENCY Pg (6i 6

AIJALY1YCAL REPORT

27-NAY- 1998Mr. Rinaner Covirsgton
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sanpte Description: Soil Grab
Client ID: T-5/3’

Site/Plant
Date Collected: 11-MAY-98 13:00
Date Received: 13-MAY-98 14:54

RAS Accotnt No.: 8164.00
RAS Project No.: 8166.00

RAS Sanple Nb.: L7247-7

‘arameter Method Units RDL Result Analyst
Fluoride- Water Soluble 340.2 mg/kg 1. MD 21-MAY-98 TKD
Anvnonia, Distilled 350.2 mg/kg 10 MD 18-MAY-98 KLC
Mercury - Total 7471A mg/kg 0.1 MD 18-MAY-98 JPH
Arsenic - Total 6010 mg/kg 0.5 108. 18-MAY-98 CSGBarii.in - Total 6010 mg/kg 1. 20 18-MAY-98 CSGCaóiiiijn - Total 6010 mg/kg 0.3 MD 18-MAY-98 CSGhromiijn - Total 6010 mg/kg 1. . 18-MAY-98 CSGjead - Total 6010 mg/kg 1. 135. 18-MAY-98 CSGeLeniun - Total 6010 mg/kg 1. MD 18-MAY-98 CSGSilver - Total 6010 mg/kg 0.5 0.6 18-MAY-98 CSG

esticides/PCBs
Aldrjn 8081 mg/kg 0.0017 ND 22-MAY-98 WGNaLpha-BHC 8081 mg/kg 0.0017 ND 22-MAY-98 WONbeta-BHC

. 8081 mgJkg 0.0017 MD 22-MAY-98 WGMgaimna-BHC (Lindane) 8081 mg/kg 0.0017 ND 22-MAY-98 WONdetta-BHC 8081 mg/kg 0.0017 ND 22-MAY-98 WGMChlordane 8081 mg/kg 0.0017 MD 22-MAY-98 UGH4,4’-DDD 8081 mg/kg 0.0033 ND 22-MAY-98 UGH4,4’-DDE 8081 mg/kg 0.0033 ND 22-MAY-98 UGH4,4’-DDT 8081 mg/kg 0.0033 ND 22-MAY-98 UGHDieldriri 8081 mg/kg 0.0033 MD 22-MAY-98 WONEridosulfan 1 8081 mg/kg 0.0017 MD 22-MAY-98 WGMEndosulfan 11 8081 mg/kg 0.0033 ND 22-MAY-98 WONEndosutfan Sulfate 8081 mg/kg 0.0033 ND 22-MAY-98 WGMEndrin 8081 mg/kg 0.0033 ND 22-MAY-98 UGHEndrin Atdehyde 8081 mg/kg 0.0033 ND 22-MAY-98 UGHHeptachlor 8081 mg/kg 0.0017 ND 22-MAY-98 UGHHeptachlor Epoxide 8081 mg/kg 0.0017 MD 22-MAY-98 WONMethoxychlor 8081 mg/kg 0.0033 ND 22-MAY-98 WONToxaphene 8081 mg/kg 0.020 ND 22-MAY-98 WGMPCB 1016 8081 mg/kg 0.020 ND 22-MAY-98 WON3CB 1221 8081 mg/kg 0.020 ND 22-MAY-98 WON3C8 1232 8081 mg/kg 0.020 ND 22-MAY-98 WGM3C8 1242 8081 mg/kg 0.020 ND 22-MAY-98 WGM3C8 1248 8081 mg/kg 0.020 MD 22-MAY-98 WON3C8 1254 8081 mg/kg 0.020 ND 22-MAY-98 WGM‘CB 1260 8081 mg/kg 0.020 MD 22-MAY-98 UGH
Not Detected
-Reported Detection limit

1
1 ter Ciarleglio, M.S., Q.A. Officer

Rd Labora(ory Certilication Numbers AIIHA IN and ELLAP-9227. AL-40400 CA-1897. FL-E87363. KS-E-204; El (7. KY-900l 1 NC•274. TN-02007Serving Environmentally Concerned Clients Since 1967



aI SoMI
Environmental Laboratory Services

?0AoSaI408RENwOO0. TN. 37027 • TEL (615) 3735040. liGOOi 272.2578’ F4 (615) 3701026 • P0 So. 849 8RENTW000. TN. 37024 848 • EMENGENCY P9. 6i51i ?.‘

ANALYTICAL REPORT
28-MAY- 1998

Mr. Rininer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

San4(e Description: Soil Grab
Client ID: T-6/1.5’

Site/Plant
Date Collected: 11-MAY-98 13:15
Date Received: 13-MAY-98 14:54

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sanple No.: L7247-8

Parameter Method Units RDL Result Analyzed Analyst

Fluoride- Water Soluble 340.2 mg/kg 1. ND 21-MAY-98 TKD

Armnonia, DistilLed 350.2 mg/kg 10 52. 18-MAY-98 KLC

Mercury - Total 7471A mg/kg 0.1 ND 18-MAY-98 JPH

Arsenic - Total 6010 mg/kg 0.5 17.9 18-MAY-98 . CSG

Barilin - Total 6010 mg/kg. 1. 15. 18-MAY-98 CSG

Cackniixn - Total 6010 mg/kg 0.3 ND 18-MAY-98 CSG

hromi

- Total 6010 mg/kg 1. 1. 18-MAY-98 CSG

ead - Total 6010 rag/kg 1. 172. 18-MAY-98 CSG

eleniun - Total 6010 mg/kg 1. ND 18-MAY-98 CSG

Silver - Total 6010 mg/kg 0.5 MD 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 I(FS

Carbon Disulfide 8260 mg/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 ICFS

Dibromochtoromethane 8260 mg/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
rrans-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 0025 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 MD 19-MAY-98 KFS

ND-Not Detected
RDL-Reported Detection Limit

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

Rd Laboralory Certification Numbers AIIHA (H and ELLAP9227, AL-40400, CA-1897, FL-E87363, KS-E-204; E-1 17, KY-9001 1, NC.274. TNO20O7

Serving Environmentally Concerned Clients Since 1967



sceAnaIaiSoiutions]
Environmental Laboratory Services

7?I CROSSROADS 81O0 BRENTW000 TN. 37027 • TEL (615) 373-5040 1(800) 2722579 • (615) 370-1026. P0 8o 1848 BRENTW000. TN. 370241848. EMERGENCY P9, I6l,l 25 ‘7:

ANALYTICAL REPORT

28-MAY- 1998
Mr. Rirrmer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description: SoiL Grab
Client ID: T-6/1.5’

Site/Plant
Date Collected: 11-MAY-98 13:15Date Received: 13-MAY-98 14:54RAS Account No.: 8164.00

RAS Project No.: 8164.00
-RAS Sample No.: L7247-8

Parameter Method Units RDL Result Analyzed AnalystTetrachloroethene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Toluene

8260 mg/kg 0.025 ND 19-MAY-98 KFS
cis-1,2-Dichtoroethene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
trans-1,2-Dichloroethene 8260 mg/kg 0.025 ND 19-MAY-98 I(FS
1,1,1-Trichloroethane 8260 mg/kg 0.025 ND 19-MAY-98 (FS
1,1,2-Trichtoroethane 8260 mg/kg 0.025 MD 19-MAY-98 KFS
TrichLoi-ethene 8260 mg/kg 0.025 ND 19-MAY-98 KFS
Vinyl Acetate 8260 mg/kg 0.025 ND 19-MAY-98 PCFS
Vinyl Chloride 8260 mg/kg 0.025 ND 19-MAY-98 ICFS

(yLene (totaL) 8260 mg/kg 0.025 ND 19-MAY-98 ICFSSeini-VoLatites
Anthracene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Acenaphthene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Acenaptthytene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Benzidine

8270 mg/kg 0.10 MD 27-MAY-98 EDO
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 EDO
Benzo(b)ftuoranthene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Benzo(ghi)perylene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Benzo(k)fluoranthene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Benzoic Acid 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Benzy( alcohol 8270 mg/kg 010 MD 27-MAY-98 EDO
Bis(2-chtoroethoxy)methane 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Bis(2-chloroisopropyl)ether 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Bis(2-chLoroethyt)ether 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Bis(2-ethylhexyl)phthatate 8270 mg/kg 0.10 ND 27-MAY-98 EDD
Butyt benzyl phthalate 8270 mg/kg 0.10 ND 27-MAY-98 EDO
4-BromophenyL phenyl ether 8270 mg/kg 0.10 ND 27-MAY-98 EDO
4-Chtoroaniline 8270 mg/kg 0.10 ND 27-MAY-98 EDO
2-Chloronaphthalene 8270 mg/kg 0.10 ND 27-MAY-98 EDD
4-Chtorophenyl 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 EDO
p-Cresol

8270 mg/kg 0.10 ND 27-MAY-98 EDO
2-ChtorophenoL 8270 mg/kg 0.10 ND 27-MAY-98 EDO
4-Chtoro-3-MethyLphenoL 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Dibenz(a,h)Anthracene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Dibertzofuran

8270 mg/kg 0.10 ND 27-MAY-98 EDO
1,2-Dichtorobenzene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
l,3-Dichlorobenzene 8270 mg/kg 0.10 ND 27-MAY-98 EDO)-Not Detected

)L-Reported Detection Limit

arltjM.S.,Q..Offjcer-2-

ACt Laboratory Cerlification Numbers AIIHA (H and ELLAP-9227. AL-4o400. CA-1897. FL-E87363, KS-E-204: E-1 17, KY-gOOl 1, NC-274. TN-02007Serving Environmentally Concerned Clients Since 1967
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Environrnentat Laboratory Services

T2ICROSSR’)l.OSBTBRENTWOOO TN 37027 TEL (615) 371 5040 1(800) 272 2579 Fa (6151 370 026 P0 B 648 BRENTW000 TN 3 02848 EUERGENC’ P9 (6)5,7 6

ANALYTICAL REPORT
28-MAY- 1998

Mr. Rinuer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description: SoiL Grab
Client ID: T-6/1.5’

Site/Plant
Date Collected: 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

‘arameter Method Units RDL Result Analyzed AnaLyst

1,4-Dichlorobenzene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
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 EDO
DiethyL phthalate 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Dirnethyl phthalate 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Di-ri-butyl phthalate 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2,4-DimethylphenoL 8270 mg/kg 0.10 ND 27-MAY-98 EDO
2,4-Dinitrophenol 8270 mg/kg 0.10 ND 27-MAY-98 EDD
2,4-Dinitrototuene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
2,6-Dinitrotoluene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
4,6-Dinitro-o-CresoL 8270 mg/kg 0.10 ND 27-MAY-98 EDD
i-n-octyL phthalate 8270 mg/kg 0.10 ND 27-MAY-98 EDO
1,2-Diphenyl-Hydrazine 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Fluoranthene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Fluorene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Hexachlorobenzene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
HexachLorobutadierie 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Hexach(orocyclopentadiene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Hexachloroethane 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Lndeno(1,2,3-cd)pyrene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
lsophorone 8270 mg/kg 0.10 ND 27-MAY-98 EDO
2-Methylnaphthalene 8270 mg/kg 0.10 NO 27-MAY-98 EDO
Naphthatene 8270 mg/kg 0.10 NO 27-MAY-98 EDO
2-Nitroaniline 8270 mg/kg 0.10 ND 27-MAY-98 EDO
3-NitroaniLine 8270 mg/kg 0.10 ND 27-MAY-98 EDD
4-Nitroaniline 8270 mg/kg 0.10 NO 27-MAY-98 EDO
2-Nitrophenol 8270 mg/kg 0.10 ND 27-MAY-98 EDO
4-Nitrophenol 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Nitrobenzene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
N-Nitrosodipropylamine 8270 mg/kg 0.10 NO 27-MAY-98 EDO
N-NitrosodiphenyLamine 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Pentachlorophenot 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Pherianthrene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Phenol 8270 mg/kg 0.10 ND 27-MAY-98 EDO
Pyrene 8270 mg/kg 0.10 ND 27-MAY-98 EDO
l,2,4-Trichlorobenzene 8270 mg/kg 0.10 NO 27-MAY-98 EDO
2,4,5-Trich(orophenol 8270 mg/kg 0.10 NO 27-MAY-98 EDO
2,4,6-TrichLoropheno[ 8270 mg/kg 0.10 ND 27-MAY-98 EDO

tIL-Reported Detection Limit ,4..
Peter CiarLeglio, M.S., QA. Officer

-3-

RC( Laboralory Celtificalpon Numbers AIIHA (H and ELLAP.9227, AL-40400. CA-1897, FL-E87363, KS-E204; E-1 17. KY-9001 1, NC-274. TN.02007
Setv,ng Environmentally Concerned Clients Since 1967
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Environmental Laboratory Services

72icO5SIODSB,.0BRENTWOOD TN. 3027.TEL (615) 373 5045 • ((800) 272-2079 • F.. (€15) 3701026 • POBo. (848 6ENTWOOD TN 37o24Ia4eEu6nGENCs PO, (6I5)?

ANALYTICAL REPORT
27-MAY- 1998

r. Rirrmer Covirtgton
ovington & Associates
12 Davis Avenue
ass Christian, MS 39571

Sanpte 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 Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sanpte No.: L7247-9

ararneter Method Units RDL Result Analyzed AnaLyst

Fluoride- Water Soluble 340.2 mg/kg 1. 64. 21-MAY-98 TKD

Armionia, 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

Bariun - Total 6010 mg/kg 1. 111. 18-MAY-98 CSG

Caniun - Total 6010 mg/kg 0.3 ND 18-MAY-98 CSG

çhromiun - Total 6010 mg/kg 1. 22. 18-MAY-98 CSG

ead - TotaL 6010 mg/kg 1. 50 18-MAY-98 CSG

Seleniun - Total 6010 mg/kg 1. MD 18-MAY-98 CSG

Silver - Total 6010 mg/kg 0.5 MD 18-MAY-98 CSG

D-Not Detected
DL-Reported Detection Limit

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

Rd Laboratory Certilicarion Numbers AIIHA (H and ELLAP-9227. AL-40400, CA-1897. FL-E87363. KS-E-204. E-1 17. KY-9001 1, NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



joceAncaTIuflonsM_
Environmental Laboratory Services

7 2iL50Sfl)AOS8IJ 6REN OOD TN 37027 TEL (61 3735040 1(800) 272 2579 F (61513701026 P0 0 840 BRENTW000 TN 3702 0 8 EMERGENCY P)6ITI 6

AMALYTICAL REPORT

27-HAY- 1998Mr. Rumier Covington
covington & Associates
112 Davis Avenue
pass Christian, MS 39571

SanLe Description: SoiL Grab
CLient ID: T-8/2.5’

Site/Pt ant
Date Collected: 11-MAY-98 13:35
Date Received: 13-MAY-98 14:54

RAS AccoUnt Mo.: 8164.00
RAS Project No.: 8164.00

RAS Saapte No.: 1.7247-10

parameter Method Units RDL Result Analyzed AnaLyst
Fluoride- Water Soluble 340.2 mg/kg 1. 5. 21-MAY-98 TKD
Armnonia, Distilled 350.2 mg/kg 10 18. 18-MAY-98 KLC
Mercury - Total 7471A mg/kg 0.1 MD 18-MAY-98 JPH
Arsenic - TotaL 6010 mg/kg 0.5 MD 18-MAY-98 CSGBariun - TotaL 6010 mg/kg 1. 3. 18-MAY-98 CSGCa&nitsn - TotaL 6010 mg/kg 0.3 MD 18-MAY-98 CSG‘hromiian - Total 6010 mg/kg 1. 1. 18-MAY-98 CSGead - Total 6010 mg/kg 1. 1. 18-MAY-98 CSGetenftjn - Total 6010 mg/kg 1. MD 18-MAY-98 CSGSilver - Total 6010 mg/kg 0.5 MD 18-MAY-98 CSG

-Not Detected
L-Reported Detection Limit

Peter CiarLegLio, M.S., Q.A. fficer

Rd Laboraory Certification Numbers A)IHA Hand ELLAP-9227 AL-40400, CA-1897, FL-E87363. KS-E-204: E-1 17. KY-9001 1, NC-274. TN-02007Serving Environmentally Concerned Clients Since 1967



Environmental Laboratory Services

7121 CNOSSROADS8 2HRENTW000 TN 37027 ¶15) 373 5040 1)800) 272 2379 Pa ois 370 1026 P o Ba 1848 BRENTw000 TN 37024 848 EMERGENCYP0(65 7

AMALYTICAL REPORT
27-MAY-1998

-. Rinoner Covington
)vington & Associates
2 Davis Avenue

tss Christian, MS 39571

Sanp[e Description: SoiL Grab
Client ID: T-9/1’

Site/PLant
Date CoLLected: 11MAY-98 13:50
Date Received: 13-MAY-98 14:54

RAS Account Mo.: 8166.00
RAS Project Mo.: 8166.00

RAS Sanple Mo.: L7247-11

rameter Method Units RDL Result Analyzed Analyst

Fluoride- Water SoLubLe 340.2 mg/kg 1. 12. 21-MAY-98 TKD

Armionia, DistiLLed 350.2 mg/kg 10 150 18-MAY-98 KLC

Mercury - TotaL 7471A mg/kg 0.1 lID 18-MAY-98 JPH

Arsenic - TotaL 6010 mg/kg 0.5 87.0 18-MAY-98 CSG
Baririn - TotaL 6010 mg/kg 1. 21. 18-MAY-98 CSG

- TotaL 6010 mg/kg 0.3 0.8 18-MAY-98 CSG
ChromiLin - TotaL 6010 mg/kg 1. 6. 18-MAY-98 CSG
‘ead - Total 6010 mg/kg 1. 927. 18-MAY-98 CSG
3eLenitJll - Total 6010 mg/kg 1. MD 18-MAY-98 CSG
SiLver - TotaL 6010 mg/kg 0.5 11.7 18-MAY-98 CSG

sticides/PCBs
Ldrin 8081 mg/kg 0.0017 MD 22-MAY-98 UGH
sLpha-BHC 8081 mg/kg 0.0017 MD 22-MAY-98 UGH
3eta-BHC 8081 mg/kg 0.0017 MD 22-MAY-98 UGH
anina-BHC (Lindane) 8081 mg/kg 0.0017 MD 22-MAY-98 UGH
eLta-BHC 8081 mg/kg 0.0017 MD 22-MAY-98 UGH
hlordane 8081 mg/kg 0.0017 MD 22-MAY-98 UGH

.,4’-DDD 8081 mg/kg 0.0033 ND 22-MAY-98 UGH
e,4’-DDE 8081 mg/kg 0.0033 MD 22-MAY-98 UGH
e,4’-DDT 8081 mg/kg 0.0033 MD 22-MAY-98 UGH
)ieLdrin 8081 mg/kg 0.0033 MD 22-MAY-98 UGH
EndosuLfan 1 8081 mg/kg 0.0017 MD 22-MAY-98 UGH
EndosuLfan 11 8081 mg/kg 0.0033 ND 22-MAY-98 UGH
Endosutfan Sulfate 8081 mg/kg 0.0033 MD 22-MAY-98 UGH
ndrin 8081 mg/kg 0.0033 MD 22-MAY-98 UGH
ndrin ALdehyde 8081 mg/kg 0.0033 MD 22-MAY-98 UGH
leptachLor 8081 mg/kg 0.0017 ND 22-MAY-98 UGH
leptachLor Epoxide 8081 mg/kg 0.0017 MD 22-MAY-98 UGH
lethoxychtor 8081 mg/kg 0.0033 MD 22-MAY-98 UGH
oxaphene 8081 mg/kg 0.020 ND 22-MAY-98 UGH
CB 1016 8081 mg/kg 0.020 MD 22-MAY-98 UGH
CR 1221 8081 mg/kg 0.020 ND 22-MAY-98 UGH
CR 1232 8081 mg/kg 0.020 ND 22-MAY-98 UGH
CR 1242 8081 mg/kg 0.020 MD 22-MAY-98 UGH
CB 1248 8081 mg/kg 0.020 ND 22-MAY-98 UGH
CR 1254 8081 mg/kg 0.020 MD 22-MAY-98 UGH
Ca 1260 8081 mg/kg 0.020 MD 22-MAY-98 UGH

-Reported Detection Limit

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

RCI Laboratory Certification Numbers: AIIHA IH and ELLAP-9227 AL-40400, CA-1897. FL-E87363, KS-E•204, E-117. KY-9001 1 NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967
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ourceMaIücaISoIutI7
Environmental Laboratory Services

7121 CROSSROADS Blvd BRENTW000. TN. 37027 . TEL (615) 373 5040. • 1)900) 272.2579 • Fey (615) 3701026 • P0 Bee 640 BPENTW000, TN. 37024 1846

ANALYTICAL REPORT
11-JuN-19c

Mr. Rinoiser Covington
Covlngton & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sarrp[e Description: Soil Con3osite
CLient ID: NORTH END BACKGROUND

Site/Plant : #6175
Date Cot [ected: 03-JUN-98 16:30
Date Received: 05-JUN-98 15:01

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sanpte No.: L7439-1

Parameter Method Units RDL ResuLt Analyzed AnaLyst

Arsenic - TotaL 7060 mg/kg 0.5 14.6 10-JUN-98 CSG
Lead - Total 7420 mg/kg 5. 295. 10-JUN-98 CSG

RDL-Reported Detection Limit

-1-

RCI Laboratory Certitlcahon Numbers AI)HA (H and ELLAP-9227. AL-40400, CA-1897. FL-E87363. KSE-2O4: E.1 17. ((V.9001). NC274. TN.02007
Serving Environmentally Concerned Clients Since 1967



ANa Solutlons
Environmental Laboratory Services

7121 CR0SSA0ADSBId 8RENTW000, TN. 37027 • TEl (615)373-5040. • 1(800) 272-2575 •F.o (615) 370-1026 P0 8o 848 BAENTW000. TN. 37024-1848.

ANALYTICAL REPORT
11-JUN-1998

r. Runner Covington
vington & Associates
12 Davis Avenue
sss Christian, MS 39571

Sample Description: Soil Coeosite -

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

irameter Method Units RDL Result 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

LReported Detection Limit

ter CiarLeglio, M.S., Q.A. fficer

RCI Labotatory Certillcatlon Numbers: AIIHA IH and ELLAP-9227. AL-40400. CA-1897, FL-E87363, KS-E-204. E-1 17. ((V.90011, NC-274, TN.02007
Serving Environmentally Concerned Clients Since 1967



oceiaIi$oWtIoniM
0 Environmental Laboratory Services

7121 CPOSSF4OAOS B.d 8RENTW000 TN 37027 • TEl. 615) 323.5040.1)800) 272-2579 • Fi )615) 370-1026•PU 80. 849 8AENTWOOC) TN 37024 848. EMERGENCY Pg, 5151 726 71)?

ANALYTICAL REPORT

15-JUN-199E
Mr. Runner 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 AnaLystArsenic - Total 6010 mg/kg 0.5 52.8 13-JUN-98 CSGLead - Total 6010 mg/kg 1. 1680 13-JUN-98 CSG

Limit

-

- eter CiarLegLio, M.S., Q.A.”Officer

RCI Laboralory CerlIfIcallon Numbers. AIIHA Il-I and ELLAP-9227. AL-40400, CA- 1897. FL-E87363 KS-E-204. E-1 17. KY-9001 1. NC-274 TN-02007Serving Environmentally Concerned Clients Since 7967



esource Analytical Solutions J
Environmental Laboratory Services

7121 CPOSSROAOS Bd 8RE1WOOD TN. 37027 • tEl. (615) 373.5040. . 1(800) 2722579 • Fa (615) 370.1026 PC 6. 848 RRENTWOOD 7N 37034-1848. EMERGENCy Pg, (6172

Mr. Rirmier Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

ANALYTICAL REPORT
15-JUN-1998

Sanpie Description:
CLient ID:

Site/Plant
Date CoLLected:
Date Received:

RAS Account No.:
RAS Project No.:

RAS Sauple No.:

Soil Coaposite
T-4 4/lODE
#6175
03-JUN-98 12:20
11-JUN-98 15:43
8164 .00
8166 .00
L7480-2

Parameter Method Units RDL Result Analyzed Analyst

% t%z
Peter Ciarlegtio, M.S., 0. . Officer

Arsenic - Total 6010 mg/kg 0.5 132. 13-JUN-98 CSG

Lead - Total 6010 mg/kg 1. 6260 13-JUN-98 CSG

ND-Not Detected
RDL-Reported Detection Limit

—1-•

RC( Laboratory Cerlitication Numbers: AIIHA (H and ELLAP-9227, AL-40400, CA-1897, FL-E87363, KS-E-204. E-l (7 KY-9001 1. NC-274. TN.02007
Serving Environmentally Concerned Clients Since 1967



k

esource Analytical Solutions I
Environmental Laboratory Services

7121 CROSSAOAOS oi BENTWOOOTN 32027 TEL 615) 3735010.. (800) 272-2579 • Fa (6)5) 3701026.PO 80. 808 BRENTW000 TN 37024)848 EUERGENC’I Pg (615, 726 ?a

Mr. Rinsner Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

ANALITICAL REPORT

SampLe Description:
Client ID:

Site/Plant
Date CoLLected:
Date Received:

RAS Account No.:
RAS Project No.:

RAS SanILe No.:

Units RDL

mg/kg 0.5
mg/kg 1.

ND-Not Detected
RDL-Reported Detection Limit

—1—
‘Pet’r Ciar[egtio, M.S., Q.A. 0 ficer

15-JUN-1998

Parameter

Arsenic - Total
Lead - Total

Method

6010
6010

Soil Composite
PIT 4/50N/1-2’
#6175
03-JUN-98 12:30
11-JUN-98 15:43
8164 .00
8164.00
17480-3

ResuLt AnaLyzed Analyst

240 13-JUN-98 CSG
2810 13-JUN-98 CSG

Rd LaboraTory CerTificaTion Numbers AJIHA (H and ELLAP-9227. AL-40400. CA-1897. FL-E87363, (S-E-204: E-1 17 KY9001 1. NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions
Environmental Laboratory Services

I
CROSSROADS Ri - i i’Si j7 soc 22 p579 a. 615) 370lO6 P f,, 1f,NrVOOD IN 31)i 8,5. EMERGENCy i’

Mr. Rininer Covingtorr
Covirtgton & Associates
112 Davis Avenue
Pass Christian MS 39571

ANALYTICAL REPORT
15-JUN 1998

Sample Description:
Client ID:

Site/Plant
Date Collected:
Date Received:

RAS Account No.:
RAS Project No.:

RAS Sample Nb.:

Soit Composite
PIT 4/100N/1-2’
#6175
03-JUN-98 12:40
11-JUN-98 15:43
8164.00
8164.00
L7480-4

Parameter Method Units RDL Result Analyzed Analyst

ND-Not Detected
RDL-Reported Detection Limit

—1—

-7

/-
1eter CiarLeglio, M.S., Q.A/Officer

Arsenic - TotaL 6010 mg/kg 0.5 16. 13-JUN-98 CSG

Lead - Total 6010 mg/kg 1. 13. 13-JUN-98 CSG

UCI Laboraicry Cerricarron Numbers AIIHA H and ELLAP-9227 AL-40400. CA-1897 FLER73G3 KSE-204 E-l 17 KY-9001 1 NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



-IcI
Environmenta’ Laboratory Services

CROSSRO6
DTN 2 TE 6 173 00 o72sqo 6I5)700?6 P q REN) 6

ANALYTICAL REPORT
15-JUN-1998

r RiINIler Covirigton

)vingtOn & Associates
1998

12 DaVIS Avenue

iss Christian, MS 39571

Sample Description: Soil Composite

CLient ID: PIT 4/50E/1-2’

Site/Plant : #6175

Date CoLLected: 03-JUN-98 12:50

Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00

RAS Project No.: 8164.00

RAS SampLe No.: L7480-5

Irameter Method Units RDL Result Analyzed Analyst

Arsenic - Total 6010 mg/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 ‘“._—c (t_e—E./

REer CiarLeglio, M.S., O.A Officer

RC obo;ienry Cerlircaiton Nuinbes AIIHA Hand C-LLAP.9227. AL-40400. CA1897. FL-E87363 IKSE-204 El 17 KY9001 I NC 274 TNOOQ7

Serving Environmentally Concerned Clients Since 1967
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I

I

atS0tI0tM

CROSSqO6D, 6 BflE’’W_CD O’ 5’ 71 5flu 83C 2570. F. 65) 370 026 PZ . 8 66E_

I
ANALYTICAL REPORT f

I 15-JUN-1998
Mr. Rimer Covington
Covington & Associates j
112 Davis Avenue I
Pass Christian, MS 39571

I
Sample Description: Soil Composite )

Client ID: PIT 4/50S/1-2’
Site/Plant : #6175

Date Collected: 03-JUN-98 13:00
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sample No.: L7480-6

Parameter Method Units RDL Result 6nalyst

Arsenic - Total 6010 mg/kg 0.5 56.2 CSG
Lead - Total 6010 mg/kg 1. 11000 CSG

I
I

I
I

I

/

I

RDL-Reported Detection Limit /__ c’:.

Peter Ciar[eglio, M.S., ‘.A. Officer

1t)OrIOry Certification Niriif,crs AIIHA IH and ELLAP-9227. AL-. 04 E 117 KY9001 1 NC274, TNO2OU7

Serving Environmentally Conc,



esource Analytical Solutions
f

Environmental Laboratory Services

I2I CROSSROADS BRETODP T. TEL S , )‘15O •(BC 6’Si 7D O2:

Sample Description:
Client ID:

Site/Plant
Date ColLected:
Date Received:

RAS Account No.:
RAS Project No.:

RAS Sample No.:

________________________ ________

Units RDL

__________ ________

mg/kg 0.5
mg/kg 1.

.D-Not Detected
RDL-Reported Detection Limit

—1—
Peter Ciarlegtio, M.S., t’.A. Officer

ANALYTICAL REPORT

Mr. Rininer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Parameter

Arsenic - Total
Lead - Total

15-JUN-1998

Soil Composite
PIT 4/100S/1-2’
#6175
03-JUN-98 13:10
11-JUN-98 15:43
8164.00
8164.00
L7480-7

ResultMethod

6010
6010

22.5
722.

Analyzed

13-JUN-98
13-JUN-98

Analyst

CSG
CSG

-IL’ Liboralory Cnrlilicalon Ntjrnbn-s AIIHA IH and ELLAP-9227, AL-40400. CA189 FL.-E87363. KS•E-204. El 17 KY9001 1 NC-274. TN-020i)7
Serving Environmentally Concerned Clients Since 1967



cAOSSROAOSBI 1 BE 7i
S 1 53 0 H800) 72 25 0 5 370 7026 PD B S S S T EMERGPNC 7-’3

ANALYTICAL REPORT

15-JUN-199
Mr. Rirmer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

SampLe Description: Soil Composite
Client ID: PIT 4/50W/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 13:20Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sample No.: L7480-8
Parameter Method Units RDL Result Analyzed AnaLystArsenic - Total 6010 mg/kg 0.5 274. 13-JUN-98 CSG

Lead - Total 6010 mg/kg 1. 784. 13-JUN-98 CSG

ND-Not Detected

-

DL-Reported Detection Limit

/

Peter CiarlegLio, M.S., Q.A.officer

Labora!ory Ccrlifcalon Numbers RIIHA Hand ELLAP-9227 AL-40400, CA-1897. FI E87363 KS-E-204. El 17 KY9001 1 NC-274 TN-o2007Serving Environmentally Concerned Clients Since 10.57



urceIcaISoIutIons1M
EnvironmenIa Laboratory Services

cnOSSOOAOS 8 lOPE T 1 615) 373 50 0 00 2 579 IbiS 370 026 P0 8 6 0 03 ii 6 FME ii

ANALYTICAL REPORT
15-JuN-1998

Mr. Rirriner Covlngton
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description: Soil Couosite
Client ID: PIT 4/100Wf1-2’

Site/Plant : #6175
Date CoLlected: 03-JUN-98 13:30
Date Received: 11-JUN-98 15:43

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 cSo
Lead - Total 6010 mg/kg 1. 3500 13-JUN-98 CSG

D-Not Detected
RDL-Reported Detection Limit

(___.

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

rIt)dIOiy CCIIJICOIIQO N,rnors AIIHA [1 and ELLAP 9327, Al 40400. CA 1897 FLE87363, KS-E 21(4 ElI? KY-9001 1. NC274. TN02007
Serving Environmentally Concerned Clients Since 1967



I Environmental Laboratory Services

CROSSROADS B 68637w 1( N 3 373 3)3 800 7 576 F 6353 370 026 P0 8 8 RRENTW)LJD 3 3 8 A E6’EAGEN

ANALYTICAL REPORT
15-JLJN-1998

Mr. Rimer Covington
CoviflgtOn & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description: Soil Composite
Client ID: PIT 5/3-5’

Site/Plant : #6175
Date CoLlected: 03-JUN-98 13:40
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sample No.: L7480-1O

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

ND-Not Detected —

RDL-Reported Detection Limit

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

R1.I Lih3 sI•Jry Ci7rlhcdSon Numbers AIIHA i4 and ELLAP-9227. AL-40400, CA-1897 Ft E87363 KS-E-204 ElI? KY9001 NC•274 TN02007

Serving Environmentally Concerned Clients Since 1967



E(urceAnaMIcaISoIutIonM
Environmental Laboratory Services

R)SSROADSBO8RENTVQO7 7 ) 3 T 6 53 )%0)7(8001 722579 65 770 927, P0 50 8 ) 33 86 LM RGENCYPQ

ANALYTICAL REPORT
15-JUN-1998

r. Rirrrner Covington
Dvington & Associates
12 Davis Avenue
sss Christian, MS 39571

Sample Description: Soil Composite
Client ID: PIT 5/50N/1-’

Site/Plant : #6175
Date Collected: 03-JUN-98 13:50
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sample No.: L7480-11

srameter 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

L-Reported Detection Limit ./—i__
(.:::ct_5f’-:

“
Peter Ciarleglio, M.S., Q.A/Officer

flC r7oraiory Cerlicaion Numuers AILHA H and ELLAP-9227. AL-4040C1 CA-i897 FL E87363. KSE-204 El 17 KY-9001 1 NC274 TN-02007
Serving Environmentally Concerned Clients Since 1967



uriiaIücMSoIüonsTM

Environmen(aI Laborao Seices

q SOAOS8Pd 8RENTWOO I’M 33’. rEt 6 3’35040 . I8OO 272 2579 E 6 5 3’O 026 90 Bo 848 BRENT S J 7D24 646 EMEGEN

ANALYTICAL REPORT
15-JUN-1998

Mr. Rirriner Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description: Soil Composite
CLient ID: PIT 5/100N/1-2’

Site/Plant : #6175
Date ColLected: 03-JUN-98 14:00
Date Received: 11-JUN-98 15:43

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 - — I

- -
-

- Peter Ciarleglio, M.S., 0.A(Officer

Ad Larc i r Cn’Iiltcolon NT,rnbnrS AIIHA FE and ELLAP-9227 AL-40$OO. CA-1897. FL-E87363 KS-E-204. E 117 KY900l 1 NC274. TN02007

Serving Environmentally Concerned Clients Since 1967



iattI011STM

2 (9OSSR0ADS.8Id8RENTW00) 3 04 80) 72 9 IS 370 0 6 P0 8 848 8RLNTWOC3 3 8 U

ANALYTICAL REPORT
15-JUN-1998

r. Rininer Covington
ovington & Associates
12 Davis Avenue
ass Christian, MS 39571

Sample Description: Soil Composite
Client ID: PIT 5/50E/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 14:10

Date Received: 11-JUN-98 15:43
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 .- ,--‘

DL-Reported Detection Limit A.— / /
- :4 ‘—— -

Peter Ciarleglio, M.S., Q% Officer

Rd L000rOcry CertrficaLon Numbers AIIHA HanG ELLAP-9227 AL-40400. CA.1897, FL-E87363 KSE-2u4. El 7. KY-900l1 NC274 TN-02007

Serving Environmentally Concerned Clients Since 1967



urceiaISIoiTM
Environmental Laboratory Services

C) SRO4DP BFt4TWO )TC TO 130 9 F S 3 3 0 0 P C) S 949 PRENTWOOD TN 37 9 0 PU C)

ANALYTICAL REPORT

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

Sample Description: Soil Composite
Client ID: PIT 5/IOOE/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 14:20
Date Received: 11-JUN-98 15:43

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 CSGLead - Total 6010 mg/kg 1. 1150 13-JUN98 CSG

INot Detected
1 -

DL-Reported Detection Limit
--__)•_‘• 7 /

C_ -‘s-
Peter Ciarleglio, M.S., Q/k Officer

ACI abori(-r LprlcaitDn Ntjrnber. AIIHA H and ELI.AP-9227, AL-40400, CA- 1897 FL-E87363 SE 204. El 17. KY-9001 1. NC274 TN 02007Serv,n9 Environmentally Concerned Clients Since 7967



urceiaIaISütIonsTM
Environmental Laboratory Services

cnijs ROAL 61 REfiW0O0 T S 30 1800 7 5 0 F 76 Si 370 026 0)8 8 8 8PENFWOOD

ANALYTICAL REPORT
15-JUN-1998

r. Rimer Covington -

ovirigton & Associates
12 Davis Avenue
ass Christian, MS 39571

Sample Description: Soil. Conosite
Client ID: PIT 5/100S/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 14:40
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sample No.: 17480-16

rameter 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

DNot Detected —

DL-Reported Detection Limit - ,

Peter Ciarleglio, M.S., Q.0fficer

RC Lahcra’o Crtfici,o Nimiers ASHA IH and ELLAP-9227. AL-40400. CA-1897. FL•E87363 KS-E-204 El 17 KY5O! I NC-274 TN-02007

Serving Environmentally Concerned Clients Since 1967



rceia!caISoluinsTM
Environmental Laboratory Services

21_ROSROSOSS S BRENIW000 1 3 3 S 3 0 8001 27 576 8 51 370 026 P0 B 8 8 BFIFNTWDC 7 1 J 81E6C[N 03

ANALYTICAL REPORT

15-JUN-1998Rininer Covington
vington & 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
rsenic - Total 6010 mg/kg O5 21.3 13-JUN-98 CSGead - Total 6010 mg/kg 1. 3270 13-JUN-98 CSG

Detected
ported Detection Limit

P’eter Ciarleglio, M.S., Q.A. fficer

RCI Laboratory Certification Numbers AIIHA {H andELLAP-9227 AL-40400 CA1697. FL-E67363 KS-E-204 El 17 KV9001 1. NC.274. TN02007Serving Environmentally Concerned Clients Since 1967



‘esource Analytical Solutions I
Environmental Laboratory Services

I2 CROSPflODS Fi, BPENTW000 TN 5O . TE 6 5 - 22 25T F. 6’Si 37O.J? 00 So, 68 BREN1W00 I IEFI0I.

r. Rimer Covington
ovingtOn & Associates
12 Davis Avenue
ass Christian, MS 39571

ANALYTICAL REPORT
15-JUN-1998

Sample Description:
Client ID:

Site/Plant
Date CoUected:

Date Received:
RAS Account No.:
RAS Project No.:

RAS Sample No.:

Soil Composite
PIT 5/100W/1-2’
#6175
03-JUN-98 15:00
11-JUN-98 15:43
8164.00
8164.00
L7480-18

arameter Method Units RDL Result Analyzed Analyst

(.
Theter Ciarleglio, M.S., Q.A7Officer

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
L-Reported Detection Limit

—1—

AC’ Laboratory Ccr”tcalon Numbe’s AIIHA IH and ELLAP.9227 AL-40400. CA-1897 FL-E87363 KSE-204 El ‘7 KV-9001 1 NC-274. TN02007
Serving Environmentally Concerned Clients Since 1967



[fourceANaiücaISoWtIonsM
Environmental Laboratory Services

7121 CROSS0ADS 8l’ BPENTWOOD TN 37027 TEi OIL) 373 5030 1600) 272-2579 • F. OIL) 370.1026 P0 Bo. 1646 BRENTW000 TN 37073 049 • EMERGENCY ‘IbIS 16C2

Rimer Covington
3vington & Associates
12 Davis Avenue
ss Christian, MS 39571

ANALYTICAL REPORT
15-JUN-1998

Sample Description:
Client ID:

Site/Plant
Date Collected:
Date Received:

RAS Account No.:
RAS Project No.:

RAS Sample No.:

Soil Composite
PIT 6/2-3’
#6 175
03-JUN-98 15:10
11-JUN-98 15:43
8164.00
8164.00
L7480-19

arameter Method Units RDL Result Analyzed Analyst

.4-&- (:4

Pter Ciarleglio, t.s., Q.A. ficer

Arsenic - TotaL 6010 mg/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 Limi

—1—

RCI Laboratory Certilication NLjmbes AIIHA IH and ELLAP-9227, AL-40400. CA-1897, FLE87363. KS-E-204 E•1 17 KY-9001 1 NC.274 TN-02007

Serving Environmentally Concerned Clients Since 1967



[(ourceAicaiSoIutIonsTM
I Environmental Laboratory Services

7121 CROSSROADS BIO BRENTW000. TN. 37027 • TEL (615) 373-5040. • 1(800) 272-2579 • Fa (615) 370-I026.PO Bo 848 BRENTW000, TN 37024 848’EMERGENCy,6IO ‘26 7).

ANALYTICAL REPORT•
15-JUN-1998

-. Rirmner Covington
vington & Associates
2 Davis Avenue
iss Christian, MS 39571

Sample Description: Soil. Composite
Client ID: PIT 6/50N/l-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

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

-Reported Detection Limit

‘F’eter Ciarleglio, M.S., Q.A. fficer

AC) Labolatory Certification Numbers- AIIHA IN arid ELLAP-9227. AL-40400, CA-I 8g7. FL•E87363, KS-E-204, E-1 17, KY-9001 1. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions I
Environmental Laboratory Services

‘2’ CROSSROADS 81.0 BRENTWOOD TN. 37027 TEL (6i5 373 5D0 (8001 7722S79 F. BnS, )70.026 • P0 Bo. ‘88 BRENTW000. TN 3702k 1808.EMEROENCV 5’S’?L

Mr. Rininer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

ANALYTICAL REPORT
15-JUN-1998

Sample Description:
Client ID:

Site/Plant
Date Collected:
Date Received:

RAS Account No.:
RAS Project No.:

RAS Sample No.:

Units RDL

mg/kg 0.5
mg/kg 1.

Soil Composite
PIT 6/100N/1-2’
#6175
03-JUN-98 15:30
11-JUN-98 15:43
8164.00
8164.00
L7480-21

Result

147.
665.

ND-Not Detected
RDL-Reported Detection Limit

—1—
Peter Ciar(eglio, M.S., Q.A. fficer

Parameter

Arsenic - Total
Lead - Total

Method

6010
6010

Analyzed

13-JUN-98
13-JUN-98

Analyst

CSG
CSG

RCI Laboratory Cerl,ticat,on Numbers AIiHA IH and ELLAP-9227. AL-40400. CA- 1897, FL-E87363, KS-E-204. E- 117 KV-9001 1 NC-274, TNO20O7
Serving Environmentally Concerned Clients Since 1967



Mr. Rininer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

SampLe Description:
CLient ID:

Site/Plant
Date CoLlected:
Date Received:

RAS Account No.:
RAS Project No.:

RAS Sample No.:

Soil Composite
PIT 6/50E/1-2’
#6175
03-JUN-98 15:40
11-JUN-98 15:43
8164.00
8164.00
17480-22

Method Units RDL Result Ana Lyzed Analyst

Arsenic - Total
Lead - TotaL

mg/kg 0.5 5.6
mg/kg 1. 48.

13-JUN-98
13-JUN-98

CSG
CSG

NbNot Detected
RDL-Reported Detection Limit

—1—

,% J-E/L
4-Pter Ciarleglio, M.S., Q.A#’Officer

esource Analytical SoIutlons J
Environmental Laboratory Services

7171 CR0SS0ADS BI0 BAENTW000 TN 37077 • TEL 615) 373-5040 .1800) 272.2579 • F44 615) 3701026 • P0 Bo 1645 BRENTW000 TN. 37074.1545 EUERGENCVPSI ,. ,,

ANALYTICAL REPORT
15-JUN-1998

Parameter

6010
6010

FCI Laboratory Certilication Numbers AlPHA PH arid ELLAP-9227. AL-40400. CA•1897, FL-E87363. KS-E204. E-l 17. KY-9001 1. NC.274, TNO2OO7
Serving Environmentally Concerned Clients Since 1967



1 Environmental Laboratory Services

72I CROSSROADS 814d BRENTW000. TN. 37027• TEL (615) 373-5040. • 1)800) 272-2579. Fa 615) 270.1026. P0 Bol 1848 BPENTW000. iN 37024.1848 EMERGENCO Pg I6 ‘26

ANALYTICAL REPORT
15-JUN-1998

Mr. Rinr,er Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description: Soil. Composite
Client ID: PIT 6/100E/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 15:50
Date Received: 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

D-tot Detected
bL-Reported Detection Limit

1
‘ ter Ciartegtjo, M.S., Q.A//Officer

RCI Laboratory Cert)t)cat)on Numbers AI)HA Hand ELLAP-9227, AL-40400, CA-1897, FL-E87363. KS.E-204: E-1 17 KY-gOOl I. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



lesource Analytical Solutions I
Environmental Laboratory Services

7121 CR0SSOA0S B’.o BqENTW000 TN. 37077 • TE. (675) 373-5040. • 1)6001 272-2579 • Fa• 675) 370.1026 • P0 00. 648 BRENTW000. TN 37024.7048 EMERGENCY P9 6l57?6 73

Mr. Runner Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

ANALYTICAL REPORT
15-JUN-1998

San,le Description:
Client ID:

Site/Plant
Date Collected:
Date Received:

RAS Account No.:
RAS Project No.:

RAS SanLe No.:

Soil Conosite
PIT 6/50S/1-2’
#6175
03-JUN-98 15:00
11-JUN-98 15:43
8164.00
8164.00
L7480-24

ND-Not Detected
RDL-Reported Detection Limit

—1
Pte(er Ciarlegtio, l’LS., Q.A.iOfficer

Parameter Method Units RDL Result Analyzed

Arsenic - Total 6010 mg/kg 0.5 69.7 13-JuN-98

Lead - Total 6010 mg/kg 1. 68. 13-JUN-98

Analyst

CSG
CSG

AC) Laboratory Certification Numbers. AIIHA (H and ELLAP-9227. AL-40400, CA-t897, FL-E87363. KS-E-204. E-l 17. KY-9001 1. NC.274. TN-02007

Serving Environmentally Concerned Clients Since 1967



[(urceAnalIcalSoüonsTM
Environment& Laboratory Services

7121 CROSSROADS 819d BRENTW000. TN 31027 • TEL (615) 3735040. 1(800) 2102515. F. (675) 370-7026 • P0 604 7846 8RENTW000. TN. 31024(646 • EMERGENCY g’ 675,726 702

ANALYTICAL REPORT
15-JUN-1998

Rinsner Covington
iingtOn & Associates

Davis Avenue
;s Christian, MS 39571

Sample Description: Soil Composite
Client ID: PIT 6/100S/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 16:10

Date Received: 11-JUN-98 15:43
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

‘-Not Detected
L-Reported Detection Limit ,2::;:__4•:•:: .q,€”

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

Rd Laboratory Certitcaton Numbers: AIIHA IN and ELLAP-9227. AL-40400, CA-1897. FL-E87363. KS-E-204: E-1 17. KY-9001 I NC-274. TN-02007

Serving Environmentally Concerned Clients Since 1967



TM

Envwonmental Laboratory Services

21 CROSSROADS Bi,ci - BRENTWOOD. IN 37027 • 1EL (6)5) 3735040. . (800) 272-2579 F4. (615) 370)026 P0 6o 1046 BRENTW000. TN. 37024)846 EMERGENCy Pg 6- 6

ANALYTICAL REPORT

15-JUN-1998Runner 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 Ho.: 8164.00

RAS Sample No.: L7480-26

ameter Method Units RDL ResuLt Analyzed Analyst
Lrsenic - Total 6010 mg/kg 0.5 206. 13-JUN-98 CSGcad - Total 6010 mg/kg 1. 613. 13-JUN-98 CSG

Ot Detected
eported Detection Limit

c:.4ro:__—42;:,4”
1

Ieter Ciarleglio, M.S., O.A. tfficer

Rd Laboratory Certl;calion Numbers. A$N-iA (H an ELLAP-9227. AL-40400, CA-1897, FLE87363. KS-E-204. El 17, ((1-90011, NC-274. TN-02007Serving Environmentally Concerned Clients Since 7967



[(urceMaialSolüüons1M
Environmental Laboratory Services

B) a BRENTW000 TN 37027 TEL (815) 373 5040 1(8001 272 7579 F (6151 370 026 P0 Ba 1848 BRENTW000 TN 37024 (849 EMERGENC Pg

ANALYTICAL REPORT

15-JUN-1998Rinoner Covington
vington & Associates
2 Davis Avenue
ss Christian, MS 39571

Sanp(e Description: Soil Composite
Client ID: PIT 61100W/1-2’

Site/Plant : #6175
Date CoLLected: 03-JUN-98 16:30

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

RAS Sample No.: L7480-27

-ameter Method Units RDL Result Analyzed AnaLyst

trsenic - TotaL 6010 mg/kg 0.5 83.7 13-JUN-98 CSG.ead - TotaL 6010 mg/kg 1. 62. 13-JUN-98 CSG

zt Detected
eported Detection Limit

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

Rd Laboratory Ceritlicason Numbers AIIHA (Hand ELLAP-9227. AL-40400, CA.1897, FL-E87363, KS-E-204. E-1 17. KY-90011. NC-274. TN-02007Serving Environmentally Concerned Clients Since 1967



[fouriAnacaISoIthioij
C Environmental Laboratory Services

7I? CROSSROADS BI BRENIW000. iN. 37527 • TEL (6(5) 373-5040. • ((800) 272-2579 • Fa, 6(5) 370-1026 • P0 Bo (848 BRENTWOOD. iN. 37024-1848 EMERGENCY Pqr )6Ij 76

ANALYTICAL REPORT

15-JUN- 1998-. Riuiner Covington
WingtOfl & Associates
12 Davis Avenue
tss Christian, MS 39571

Sante Description: Soil Coaposite
Client ID: PIT 7/2-3’

Site/Plant : #6175
Date Collected: 03-JUN-98 16:40
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sanple No.: 17480-28

rameter Method Units RDL Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 49.5 13-JUN-98 CSGLead - Total 6010 mg/kg 1. 1640 13-JUN-98 CSG

ot Detected
Reported Detection Limit

- peter CiarLegLio, M.S., Q. . Officer

RCI Laboratory Cerhtcation Numbers- AIIHA IH and ELLAP-9227, AL-40400, CA-1897. FL-E87363, KS-E-204; E-1 17. KY-9001 1, NC-274, TN-02007Serving Environmentally Concerned Clients Since 1967



ceiSuflonf
Environmental Laboratory Services

1)2 CROSSRO6OS B) S BRENTW000 TN 37021 TEl. 6 5)373 50 0 (800) 272 2579 Fa 6)5) 370 1026 P0 80 1848 BRENIW000 TN 3702 8 8 EMERGENCY P515

ANALYTICAL REPORT

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

Sample Description: Soil Conosite
Client ID: PIT 7/50N/l-2’

Site/Plant : #6175
Date CoLlected: 03-JUN-98 16:50
Date Received: 11-JUN-98 15:43RAS Account No.: 8164.00

RAS Project No.: 8164.00
RAS SampLe No.: L7480-29

Parameter Method Units RDL Result Analyzed AnalystArsenic - Total 6010 mg/kg 0.5 27.1 13-JUN-98 CSG
Lead - TotaL 6010 mg/kg 1. 185. 13-JUN-98 CSG

ID-Not Detected
DL-Reported Detection Limit

‘eter CiartegLio, M.S., QJ. Officer

ACt Laboratory Certification Numbers AIIHA (H and ELLAP.9227. AL-40400, CA-1897. FL-E87363, KS-E-204, E-1 17, (<V.90011. NC274. TN02007Serving Environmentally Concerned Clients Since 1957



[(urAnaIIcalSoWtIon1M
V Environmental Laboratory Services

121 CROS000AOS 07 4 8RENTW000 TN 37027 TEL (6151 373 5040 lç600) 212 2515 F 16151 370 1026 P0 Ba (048 BRENTW000 TN 37024 7048 EMEPGENCY Pg (675 726

ANALYTICAL REPORT

15-JUN-1998Rinser Covington
)vington & Associates
2 Davis Avenue

iss Christian, MS 39571

Sample Description: Soil Composite
Client ID: PIT 7/100N/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 17:00
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS SampLe No.: L7480-30
rameter Method Units RDL Result Analyzed Analyst
rsenic - Total 6010 mg/kg 0.5 63.3 13-JUN-98 CSGead - Total 6010 mg/kg 1. 2960 13-JUN-98 CSG

eportdtection Limit

-1-
Ciarlegti,Q..Offlcer

RCI Laboratory Certification Numbers AIIHA IN and ELLAP-9227, AL-40400. CA.1897. FL-E87363. KS-E204: E-1 17. KY-90011. NC.274. TN-02007Serving Environmentally Concerned Clients Since 1967



ouiiAnaIIciFSohIonsTM

Environmental Laboratory Services

7121 CROSSROADS BI4 BRENTWOOD TN. 37027 • TEL (610) 373-5040 • 1(800) 272-2076. Fa. (615) 370.1026 P0 Ba. 1848 BRENIW000. TN. 37024-1848. EMERGENCY P9 )65,i ;.

ANALYTICAL REPORT
15-JUN-1998

Rinoner Covington
vington & Associates
2 Davis Avenue
ss Christian, MS 39571

SampLe Description: SoiL Composite
CLient ID: PIT 7/50E/1-2’

Site/PLant : #6175
Date CoLLected: 03-JUN-98 17:05
Date Received: 11-JUN-98 15:43

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

‘-Not Detected -

‘L-Reported Detection Limit f/—•E:._Z2_•.
- Peer CiarLegtio, M.S., Q.A fficer

RCI Laboratory Certilication Numbers: AIIHA (H and ELLAP-9227. AL.40.400, CA-1897. FL-E87363. KS-E-204: E-1 17. KY-9001 1. NC-274. TN.02007
Serving Environmentally Concerned Clients Since 1957



esource Analytical Solutions I
Environmental Laboratory Services

2lC8OSSAOAOSBN BRENTW000 TN 37027. TEL (6)5) 373-5040 • (800) 2722879 • F (615) 370-1026 P0 Bo• (848 BRENIW000 IN 370241946 • EUERGENCV76I5177

ANALYTICAL REPORT
15-JUN-1998

Rilmier Covington
ington & Associates
Davis Avenue
Christian, MS 39571

Sançte Description: SoiL Coeposite
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 SanLe No.: L7480-32

ameter Method Units RDL ResuLt 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

ot Detected
Reported Detection Limit

Peter CiarlegLio, M.S., Q. . Officer

RC) Laboratory Certification Numbers- AIIHA IN and ELLAP-9227. AL-40400, CA-1897, FL-E87363, KS-E-204; E-117, KY-90011. NC-274. TN02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical SolutionsTM J
Environmental Laboratory Services

7121 CROSSROADS 80 BRENTW000. TN. 37027 • lEt. (615) 373-5040 • 1(800) 272-2579 • Fal (615) 370-O76 PD Bo 1848 BRENTW000. iN 37074-1848 • EMERGENCY Pg (ElSt 726 70

ANALYTICAL REPORT
15-JUN-1998Rinmer Covington

vington & Associates
2 Davis Avenue
ss Christian, MS 39571

Sanpte Description: Soil Conposite
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 SanpLe No.: L7480-33

ameter Method Units RDL ResuLt Analyzed Analyst

rsenic - TotaL 6010 mg/kg 0.5 6.6 13-JUN-98 CSGead - Total 6D10 mg/kg 1. 38. 13-JUN-98 CSG

Reported Detection Limit

Petr CiarlegLio, M.S., Q.A. 0 icer

PCI Laboraory Cer5ticahon Numbers: AIIHA (H and ELLAP-9227. AL-40400, CA-1897, FL-E87363, KS-E-204: E-I 17, ((V.90011. NC.274. TN-02007Serving Environmentally Concerned Clients Since 7967



Urc AnaMical S0WhoN
Environmental Laboratory Services

21 CROSSROADS Biil BRENTW000. TN. 17027 • TEL 6151 373.5040 . 1(800) 272 2579. F (6151 370 026 . 50 So. 848 SRENTW000. TN. 37o2 1646 iiNcvP9Tj;,26- -

ANALYTICAL REPORT
15-JUN- 1998

Rinrter Covington
ngton & Associates
Davis Avenue
Christian, MS 39571

Sanpte Description: Soil C0nE,osite
Client ID: PIT 7/100S/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 17:20

Date Received: 11-JUN-98 15:43

RAS AccoLz(t No: 8164.00
RAS Project No.: 8164.00

RAS Sançle No.: 17480-34

ameter Method Units RDL Result Analyzed Analyst

rsenic - Total 6010 mg/kg 0.5 10.6 13-JUN-98 CSG

ead - TotaL 6010 mg/kg 1. 69. 13-JUN-98 CSG

)LReported Detection Limit

P4’ter Ciarteglio, M.S., .A. Officer

RCI Laboratory Certification Numbers: AIIHA (H and ELLAP-9227. AL-40400. CA-1897. FL-E87363, KS-E-204. E-1 17. KY-9001 1. NC-274. TN-02007

Serving Environmentally Concerned Clients Since 1967



urceAnIcaISIonsTM
( Environmental Laboratory Services

1121 CROSSOAOSBId BRENTW000 TN 37027 • TEL 61St 373-500. . 1(6001 2722579. Fa (615) 370-1026 P0 80. 648 BRENTWOOD. TN 37021-1848 . EMEAGENCY

ANALYTICAL REPORT

15-JUN-1998Ir. Rirriner Covington
ovingtofl & Associates

112 Davis Avenue
2ass Christian, MS 39571

SampLe Description: Soil Composite
CLient ID: PIT 7/50U/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 17:25
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sample No.: L7480-35

arameter Method Units RDL ResuLt Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 77.7 13-JUN-98 CSGLead - Total 6010 mg/kg 1. 474. 13-JUN-98 CSG

-Not Detected
L-Reported Detection Limit __—1E__4!:,- r:::wi.—2L:fA::::::::•

Peter Ciarlegtio, M.S., QA. Officer

RCI Laboratory Certification Numbers: Alit—IA IH and ELLAP-9227. AL-40400, CA-1897, FL-E87363. l<S-E-204; E-1 17. KY-9001 1, NC-274. TN-02007Serving Environmentally Concerned Clients Since 7967



.urcIca!SoWtIoNi9
Environmental Laboratory Services

712) CROSSROADS BIoS BAENTWOOD TN 37027 TEL 6151 373-5040. • 11600) 2722579 • Ea. (615) 370.1026 • P0 So. 646 BRENTW000. TN 37023 i85. EMERGENCY

ANALYTICAL REPORT

15-JUN-1998r. Riirmier Covington
ovlngton & Associates
12 Davis Avenue
ss Christian, MS 39571

SanpLe Description: SoiL Conosite
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 SanpLe No.: L7480-36
rameter Method Units RDL ResuLt AnaLyzed AnaLyst
Arsenic - TotaL 6010 mg/kg 0.5 32.5 13-JUN-98 CSGLead - TotaL 6010 mg/kg 1. 371. 13-JUN-98 CSG

Reported Detection Limit

- Peter CiarLegtio, M.S., Q. . Officer

Rd Laboralory CerIlfIcatlon Numbers AIIHA (H and ELLAP-9227. AL-40400. CA-1897. FL-E87363. KS-E-204. E1 17. KY-9001 1. NC274. TN.02007Serving Environmentally Concerned Clients Since 1967



urceAnaIISoIutIoitM
I Environmental Laboratory Services

712? CROSSROADS 81.4 BRENTW000 TN, 37027 • TEL (615) 173.5040 . 1(800) 272-2579 • Pa. (615) 170-1026 • P0 Ba. 1840 BRENTWOOD TN 37024-1846. EMERGENCy Pg )OlOj

ANALYTICAL REPORT

15-JUN-1998r. Rin’rner Covington
ovington & Associates
12 Davis Avenue
ass Christian, MS 39571

Sample Description: Soil Composite
Client ID: PIT 9/2-3’

Site/Plant : #6175
Date Collected: 03-JUN-98 17:35
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sample NO.: L7480-37
(rameter Method Units RDL. ResuLt Analyzed AnaLyst
Arsenic - TotaL 6010 mg/kg 0.5 104. 13-JUN-98 CSGLead - TotaL 6010 mg/kg 1. 1890 13-JUN-98 CSG

p:ttection
Limit

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

RC( Labolalory Certiticalion Numbels- AIIHA (Hand ELLAP-9227. AL-40400, CA-1897. FL-E87363, KS•E•204, E.l 17. <V-gOd I. NC-274. TN-02007Serving Environmentally Concerned Clients Since 1967



eaiSoIüons]
Environmental Laboratory Services

7121 CROSSROADS 81,0 BRENTw000 IN 37027 • TEL 1615) 373-5040 • 1)800) 2722579 • Fa 615) 370.1026 • P0 Do, 1848 8RENTW000 TN 37024- 848 EMERGENCY

ANALYTICAL REPORT
15-JUN-1998r. Rinser Covington

ovington & Associates
12 Davis Avenue
ass Christian, MS 39571

Sanple Description: SoiL Coeosite
CL lent ID: PIT 9/50N/l-2’

Site/Plant : #6175
Date CoLLected: 03-JUN-98 17:40
Date Received: 11-JUN-9B 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS SanpLe No.: L7480-38

irameter Method Units ROt. Result AnaLyzed Analyst

Arsenic - TotaL 6010 mg/kg 0.5 15.4 13-JUN-98 CSGLead - Total 6010 mg/kg 1. 101. 13-JUN-98 CSG

-Reported Detection Limit

- ‘Peter Ciartegtio, M.S., Q.A Officer

Rd Laboratory CertIficatIon Numbers: AIIHA IH and ELLAP-9227. AL40400. CA-1897. FL-E87363. KSE-2O4. E-1 17. KY9001 1. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



h.

esource Analytical Solutions I
Environmental Laboralory Services

7121 CROSSROADS 61.4 8RENTW000 TN. 37027 • TEL (6151 373 5040 • 1(600) 272-2579- F44 (6)51 3701026 • PD B.. 848 BRENTW000 TN 37024-1846 • EMERGENCy P9. (6)5) 726 7O

Ir. Rinrer Covington
OVifl9tOfl & Associates

112 Davis Avenue
‘ass Christian, MS 39571

ANALYTICAL REPORT
15-JUN-1998

)-Not Detected
)L-Reported Detection Limit

—1—

/4& c:Z;%€
/ Peter Ciarlegtio, M.S., Q.A. Officer

Sanpte Description: SoiL Coosite
CLient ID: PIT 9/100N/1-2’

Site/PLant : #6175
Date CoLLected: 03-JUN-98 17:45
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sanpte 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

Rd Laboratory Certilicalion Numbers AIIHA (H and ELLAP-9227, AL-40400. CA-1897. FL-E87363. KS-E-204; E-1 iT KY-9001 1. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



[furceMaIIcaISoIutIoni9
) Environmentai Laboratory Services

7121 CROSSAOAOS 6Id BRENTW000 774 37027 TEL (6’S 373.5040 • 7(800) 272.2529. Fa (673) 370-i026• P0 Be, 1848 BRENTW000 IN 37024 1948.EI4ERGENCY Pg 6i5 126 7,,.

ANALYTICAL REPORT
15-JUN-1998

ir. Rirrmer Covirtgton
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description: SoiL Coa,osite
CLient ID: PIT 9/50E/1-2’

Site/PLant : #6175
Date Collected: 03-JUN-98 17:50
Date Received: 11-JUN-98 15:43

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

RDL-Reported Detection Limit

( Peter Ciarlegtio, M.S., 0.A. fficer

Ad Laboratory Certification Numbers AI(HA (H and ELLAP-9227. AL-40400. CA-1897, FL-E87363, KS-E-2O4 E.1 17. KY-9001 1, NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



Environmental Laboratory Services

7121 CROSSROADS BId 8PENTW000 TN. )?027 TEl. 6151 373.5040. • 1(6001 2722579 • Fa 615i 370-1026 • P0 So, 1848 BRENTW000. TN 37024.1948 EMERGENCy 99.

ANALYTICAL REPORT
15-JUN- 1998

Mr. Rirrmer Covington
CoViflgton & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sanple Description: Soil. Coaosite
Client ID: PIT 9/100E/1-2’

Site/Plant #6175
Date Collected: 03-JUN-98 17:55
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS SenpLe 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 mg/kg 1. 387. 13-JUN-98 CSG

RDL-Reported Detection Limit

1
C’ Peter CiarlegLio, M.S., Q.A./fficer

Rd Laboratory Certilication Numbers ASHA IH and ELLAP-9227. AL-40400, CA.1897. FL-E87363. KS-E-204; E1 17 ((V-9001 1, NC-274. TN-02007

Serving Environmentally Concerned Clients Since 1967



k

esource Analytical Solutions]
Environmental Laboratory Services

7)2) CROSSROADS aio.BRENTWO0D. TN. 3702? • TEL. 6)5) 373.5040 1(600) 2722579 P.r (6)5) 370)026 • P0 Bor 848 BAENTW000 TN 37024)848 EMERGENCY_Pg’)62.

ANALYTICAL REPORT

Mr. Rinner Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sasple Description:
Client ID:

Site/Plant
Date Collected:
Date Received:

RAS Account No.:
RAS Project No.:

RAS Sarrpie No.:

Soil Coaposite
PIT 9/50S/1-2’
p6175
03-JUN-98 18:00
11-JUN-98 15:43
8164.00
8164 .00
L7480-42

15-JUN-1998

Method Units RDL ResuLt Ana lvzed Analyst

Arsenic - Total
Lead - Total

mg/kg 0.5 20.0
mg/kg 1. 424.

13-JUN-98
13-JUN-98

CSG
CSG

ND-Not Detected
RDL-Reported Detection Limit

—1—
Peter Ciarlegtio, M.S., Q.A. a’fficer

Parameter

6010
6010

RCI Laboratory Cerlilicabon Numbers AIIHA (H and ELLAP•9227. AL-40400. CA-1897, FL-E87363. KS-E•204. E-1 17. I(Y-9001 1. NC-274. TN02007
Serving Environmentally Concerned Clients Since 1967



esource Analytical SoIutions I
Environmental Laboratory Services

iTCROSS0A0S BI5 8RENTW000. rN )7027 TEL (65I )73600 I(800t 2722579 Fa, (51St )70 076 P0 So, )59 BPENTW000 IN 370 SOBEMERGENCY_6’5t772-

• Riimer Covington
jngton & Associates

Davis Avenue
;s Christian, MS 39571

ANALYTICAL REPORT
15-JUN-1998

Sarrple Description:
CLient ID:

Site/Plant
Date CoLlected:
Date Received:

RAS Account NO.:
RAS Project No.:

RAS SanLe No.:

Soil Conosite
PIT 9/100S/1-2’
#6175
03-JUN-98 18:05
11-JUN-98 15:43
8164.00
8164.00
L7480-43

-ameter Method Units RDI. ResuLt Analyzed Analyst

-Not Detected
--Reported Detection Limit

Peter Ciartegtio, M.S., Q. - Officer

krseriic - Total 6010 mg/kg 0.5 15.5 13-JUN-98
ead - Total 6010 mg/kg 1. 105. 13-JUN-98

CSG
CSG

ACt Laboratory Certittcation Numbers AttHA IH and ELLAP-9227. AL-40400, CA-1897. FL-E87363. KS-E-204. E-t (7. KY-9001 1. NC-274. TN-02007

Serving Environmentally Concerned Clients Since 1967



eAnaIücaISutIonsTM
Environmental Laboratory Services

717? CROSSROADS eld 6RENTw000. TN. 37027 • TEL 6i5i 3’3 SDO . 1t800) 272.2579 F. 6)5? 370. 026 • P0 B0 1848 BRENTWOOD TN

ANALYTICAL REPORT•
15-JUN-1998

Mr. Rimer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

SanpLe Description: SoiL Conposite
Client ID: PIT 9/50W/i -2’

Site/Plant : #6175
Date CoLLected: 03-JUN-98 18:10
Date Received: 11-JUN-98 15:43

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS SanpLe 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
RDL-Reported Detection Limit

Pefér CiarLegLio, M.S., Q.A./Officer

Rd Laboratory Certification Numbers AIIHA IH and ELLAP-9227. AL-40400, CA. 1897, FL-E87363, KS-E•204, E-1 17, KY9OO1 I NC•274. TN-02007

Serving Environmentally Concerned Clients Since 1967



umeMaIISoIutIonsm_
Environmental Laboratory Services

7121 CROSS9OADS BId BAENTwOOD TN. 37027 151 7675) 371.5040 1(800) 2722579 (8757 170)026 P0 60. 7648 BRENTW000 TN 37024- 848 EME9GENCY Pgr 6lSj7 ,

Rirmer Covington
wington & Associates
2 Davis Avenue
ss Christian, MS 39571

ANALYTICAL REPORT
15-JUN-1998

Sample Description:
Client ID:

Site/P Lent
Date CoLLected:
Date Received:

RAS Account No.:
RAS Project No.:

RAS Sample No.:

Soil Composite
PIT 9/100W/1-2’
#6175
03-JUN-98 18:15
11-JUN-98 15:43
8164.00
8164.00
L7480-45

rameter Method Units RDL ResuLt Analyzed Analyst

//J1€29Jè7€
/‘Peter Ciartegtio, M.S., Q.A. Of icer

13-JUN-98
13-JUN-98

CSG
CSG

Arsenic - Total 6010 mg/kg 0.5 172.
Lead - Total 6010 mg/kg 1. 2880

-Not Detected
-Reported Detection Limit

—1—

RCI Laboratory Certibcation Numbers: AIIHA IH and ELLAP-9227. AL-40400, CA-1897, FL-E87363. KS-E-204, E-1 17. KY-9001 I. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



Environmental Laboratory Servic

7121 CAOSSAOADS 61.0 BREN TWOOD TN. S7027tEL (6151 373 5040 . (600) 272 2579 • Pa (615) 370)026 • P0 60. i96 BRENTW000 TN, 37024 I

____________________

—

5,725 70

ANALYTICAL REPORT
15-JUN-1998

Hr. Rimer Covingtors
CoViflQtOfl & Associates

112 Davis Avenue
Pass Christian, MS 39571

Sample Description: Soil Coposite
Client ID: P-1/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 08:00
Date Received: 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

Arsenic - Total 6010 mg/kg 0.5 4.2 11-JuN-98 CSG

Lead - Total 6010 mg/kg 1. 10 11-JUN-98 CSG

ND-Not Detected
RDL-Reportecl Detection Limit

Peter Ciarteglio, M.S., d’.A. Officer
—1—

RCI Laboratory Certification Numbers A(IHA IH and ELLAP•9227, AL-40400. CA-1897. FL-E87363. KSE204, El (7. KY9001 1. NC274, TN02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions 1
Environmentai Laboralory Services

ROSSROADS 8lo BRENTW000 TN. 37027 • TEL (615) 37)5040. •l(8001 272.2579 • F. (615) 370-1026 • PD So, 1649 BAENTW000 TN 37024)848 • EMERGENC’ Pg 6)5) 7267027

ANALYTICAL REPORT

15-JUN-1998
ir. Runner CovrngtOfl
0vjfl9t0fl & Associates
i2 Davis Avenue
pass Christian, MS 39571

-

Sample Description: Soil Conosite
Client ID: P-2/1-2’

I 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

arameter Method Units ROt. Result Analyzed Analyst
Arsenic - Total 6010 mg/kg 0.5 10.5 11-JUN-98 CSGLead - Total 6010 mg/kg 1. 54. 11-JUN-98 CSG

)L-Reported Detection Limit

-1-
cciartegliS.,Q.cer

Rd Laboratory Certification Numbers: AIIHA IH and ELLAP-9227. AL-40400, CA-1897, FL-E87363, KS-E-204: E-1 17 (<Y-9001 1, NC-274 TN-02007Serving Environmentally Concerned Clients Since 1967



urneAnaIücaISoIutI
Environmental Laboratory Services

7121 CROSSROADS B,dBRENTWOOD. TN. 37027 • TEL (615) 373.5040. 1)8001 272-2579 • Fa (615) 370 1026 P0 8o 848 BRENIW000 TN. 37024-1848 • EMERGENCY 7 -

ANALYTICAL REPORT
15-JUN-1998

Mr. Rini’ner Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description: Soil Composite
Client ID: P-3/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 08:15
Date Received: 05-JUN-98 14:39

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
RDL-Reported Detection Limit

Peter Ciarleglio, M.S., Q.A.0fficer

RC) Laboratory Certification Numbers AI)HA IH and ELLAP-9227, AL-40400. CA-1897. FL-E87363. KS-E.204. E-1 17. KY-9001 1, NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical SolutionsTM I
Environmental Laboratory Services

7)21 C8OSSROADS BId BAENTW000, TN 37027 • tEL (615) 5cj. • (805) 272-2579• Fa (6)5) 370-1026 • P0 80. 1848 ORENTW000. TN 37024.1848 • LUEPOENCY PQr (5)5) 126 7O

Mr. Rirmner Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

ANALYTICAL REPORT
5-JUN-1998

ND-Not Detected
RDL-Reported Detection Limit

—1

/1&
- ter Ciarlegijo,

(•.
M.S., Q.A. Oflicer

Parameter

Sample Description:
Client ID:

Site/Plant
Date Collected:

Date Received:
RAS Account No.:
RAS Project No.:

RAS SampLe No.:

Soil Coa!osite
P-4/1-2’
#6175
03-JUN-98 08:20
05-JUN-98 14:39
8164.00
8164.00
17438-4

Method

Arsenic - TotaL 6010 mg/kg 0.5 11.6

Lead - Total 6010 mg/kg 1. 59.

Units RDL Result Ana Lvzed

11-JUN-98
11-JUN-98

Analyst

CSG
CSG

RC Laboratory CerWcaflon Numbers AIIHA (H and ELLAP-9227, AL-40400. CA-1897. FL-E87363 KS-E-204, E-1 17. KY-9001 I. NC-274, TN-02007

Serving Environmentally Concerned Clients Since 1967



([uriAnaIaISoIutIons
Environmental Laboratory Services

7121 CROSSF(OAOS 6) 1 BRENIW000 TN 37027 tEL (6(5) 373 5040 1(600) 2727579 F (6)5) 370 1026 P0 Be 1648 BRENIWOOD iN 37024 1648 EUERGENCYPQ(65 726 70

ANALYTICAL REPORT
15- JUN- 199

Mr. Rinner Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

SaLe Description: Soil Conosite
Client ID: P-5/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 08:30
Date Received: 05-JUN-98 14:39

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sarrçle 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
RDL-Reported Detection Limit ._—74EE.—- _—“,-pz

1
Peter CiarlegLio, M.S., Q.A. 0f’fice

RCI Laboratory Certilication Nvmbers AIIHA (Hand ELLAP-9227. AL.40400. CA-1897, FL-E87353, KSE•2O4, E.l 17. KY9OO1 1. NC-274, TN-0200T

Serving Environmentally Concerned Clients Since 1967



c[(4rc!Ana1So11ons1
Environmental Laboratory Services

‘‘7I CROSSROADS 8Id RPENTW000 TN. 37027 • TEL (619) 373.5040. • ((800) 2722579 • F6 (810) 370(028 -P0 8e (848 BRENTW000. TN, 37024.1648 • EMERGENCY Pg,& , •

ANALYTICAL REPORT
15-JJN- 1998

Mr. Rirrrner Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

SawLe Description: Soil Coaposite
CLient ID: P-6/1-2’

Site/PLant : #6175
Date Collected: 03-JUN-98 08:40

Date Received: 05-JUN-98 14:39

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS SanLe Mo.: 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

RDLReported Detection Limit

eter CiarlegLio, M.S., QA. Officer

FtC) Laboratory Certification Numbers AIIHA (H and ELLAP-9227. AL-40400. CA-1897. FL-E87363, KS-E-204: E1 17. KY-9001 1, NC.274. TN.02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions
Environmental Laboratory Services

I
7,2CROSSROAOS6h’d8RENTWOOO_TN. 37027 • TEl. 615 313.5040, •800 272-2519 • F., (615) 370)026 • DO 1646 B9ENTW000. TN. 37024,141._EUEGENcypàTij,,,7,.

ANALYTICAL REPORT

Mr. Rirmner Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description:
Client ID:

Site/Plant
Date Collected:
Date Received:

RAS Account No.:
RAS Project No.:

RAS Sample No.:

Soil Composite
P-7/1-2’
#6175
03-JUN-98 08:50
05-JUN-98 14:39
8164.00
8164.00
L7438-7

15-JUN-1998

Parameter Method Units RDL Result Analyzed Analyst

ND-Not Detected
RDL-Reported Detection Limit

—1—
/Peter Ciarleglio, M.S., Q.A. Officer

Arsenic - Total 6010 mg/kg 0.5 2.7 11-JUN-98 CSG

Lead - Total 6010 mg/kg 1. 8. 11-JUN-98 CSG

RCI Laboratory Certiticaton Numbers AIIHP, IH and ELLAP-9227, AL40400. CA-1897, FLE87363, KS-E-204; E-1 17, KY-9001 1, NC-274. TN-02007

Serving Environmentally Concerned Clients Since 1967



oumeAnaIIcalSoItM
Environmental Laboratory Services

7121 CR05590505 Bid BRENTW000, TN. 37027. 151 (6)5) 373.5040 • 1)800) 272.2579 • Fa (6)5) 310)026 • P0 9 848 8RENTW000 rN 37024.3648 • EUSROENCY P9r 6i5 7?5’O.

ANALYTICAL REPORT
15-JUN-1998 3

$r. Rinrer Covington
:ovington & Associates
12 Davis Avenue
1ass Christian, MS 39571

SanpLe Description: Soil Cotrposite
Client ID: 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 Sanpte 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 _._4’_;:_—’:.

(4_.._,_/.

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

ACt Laboratory CertificatIon Numbers At)HA IN and ELLAP-9227, AL-40400. CA1B97. FL-E87363. KS-E-204: El 17. KY•9001 1. NC-274. TN-02007

Serving Environmentally Concerned Clients Since 1967



esource Analytical Solutions I
Environmental Laboratoly Services

2 CROSSROADS 81 d BRENIW000 TN 31027 TEL (615) 373 50 0 (800) 272 2579 F (61513701026 P0 80 848 BRENTW000 iN 37024 19 8 EMERGENCY

Mr. Rinliler Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

ANALYUCAL REPORT

15-JUN-1998

SanLe Description:
CLient ID:

Site/PLant
Date CoLLected:
Date Received:

RAS Account No.:
RAS Project No.:

RAS SanLe No.:

SoiL Coaposite
P9/12’
#6175
03-JUN-98 09:00
05-JUN-98 14:39
8164.00
8164.00
L7438-9

Parameter Method Units RDL ResuLt AnaLyzed AnaLyst

(-Not Detected
IL-Reported Detection Limit

—1—
Peter Ciarlegtio, M.S., Q.A. Dfficer

Arsenic - TotaL 6010 mg/kg 0.5 10.3 11-JUN-98 CSGLead - Total 6010 mg/kg 1. 5. 11-JUN-98 CSG

AC) Laboratory Certilication Numbers: A(IHA IH and ELLAP-9227. AL-40400, CA•1897, FL-E87363. KS-E-204; E-1 17. KY-900t 1. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



[(umeMaIiIcaISoIutIonsM
Environmental Laboratory Services

7121 CROSSROADS BI,2BRENTW000 TN. 37027 • TEL (615( 373.5040. I(800( 272-2579 • F. (615) 370.1026 • P0 Bo, 848 BRENTWOOD iN. 37074-1848 • EMERGENCY P9, I65i 726 702

ANALYTICAL REPORT
15-JUN-1998

Mr. Rinmer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

V Sample Description: Soil Composite
Client ID: P-lOll-V

Site/PLant : #6175
Date CoLLected: 03-JUN-98 09:10
Date Received: 05-JUN-98 14:39

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS SampLe No.: L7438-10

Parameter Method Units RDL Result 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

DL-Reported Detection Limit 4*.44’
L Peter CiarLeglio, M.S., Q.A. Officer

Rd Laboratory Certification Numbers: AIIHA IH and ELLAP-9227. AL-40400. CA-1897. FL-E87363. KS-E-204 E1 17. KY9001 1, NC-274, TN-02007
Serving Environmentally Concerned Clients Since 1967



urce iaIücaISoIutIonsTM
Environmental Laboratory Services

7121 CROSSROADS 6Id BRENTW000. TN. 37027 • TEL (6)5) 373S00. • I e00( 2722579 • Fa (6)5) 370)026 P0 So. 546 BRENTWOOD, TN. 37024. 645 • EMERGENCY P5. (6)5) 726 702’

ANALYTICAL REPORT
15-JUN-1998

Mr. Rininer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sante Description: Soil Coeosite
CLient ID: P-11/1-2’

Site/PLant : #6175
Date CoLLected: 03-JUN-98 09:20
Date Received: 05-JUN-98 14:39

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sanpte 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
fL-Reported Detection Limit

Peter Ciartegtio, M.S., a.A. Officer

PCi Laboratory Certification Numbers: AIIHA Hand ELLAP-9227, AL-40400, CA-1897. FL-E87363. Ks-E-2o4; E-117. KY-9001 1. NC.274, TN-02007
Serving Environmentally Concerned Clients Since 1967



Environmental Laboratory Services

I2I CROSSROADS Bi BRENTWOOD TN 37027 TEL 6101373 5040 1)8001 272 2519 Pi 18151 370 1028 P0 B 1848 BRENTW000 TN_3702i48EuERGEpij17702

ANALYTICAL REPORT
15-JUN-1998

Mr. Rininer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

SanLe Description: Soil Coniposite
Client ID: P-12/1-2’

Site/PLant : #6175
Date Collected: 03-JUN-98 09:30

Date Received: 05-JUN-98 14:39

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sanle 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 CSO

RDLReported Detection Limit

‘ eter Ciarleglio, M.S., Q.A. 13*ficer

Ad Laboratory Certification Numbers AIIHA (H and ELLAP-9227. AL-40400, CA-1897. FL-E87363, KS-E.204. E- (17 KY-9001 1 NC.274. TN-02007

Serving Environmentally Concerned Clients Since 1957



[rceIcaISoIutIonstM
Envwoiimental Laboratory SeMces

;IOICROSSROAOS 60 8RENTW000 TN 37021 TEL 615) 73 5040 1(600) 212 2519 F. (615) 310 1026 BC U U4OBRENTW000 TN 3702 1648 EMERGENCy_P5)6I 77

ANALYTICAL REPORT

15-JUN-1998
RinETier Covington

CoVjr9t0fl & Associates
112 DaViS Avenue
pass Christian, MS 39571

SarLe Description: Soil Coeposite
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 Sauple No.: 17438-13
aral,leter Method Units ROt. ResuLt Analyzed AnaLyst
Arsenic - Total 6010 mg/kg 0.5 2.3 11-JUN-98 CSGLead - Total 6010 mg/kg 1. 59. 11-JUN-98 CSG

LReported Detection Limit

__‘

eter Ciartegtio, MS., Q.A. fficer

ACt Laboratory Certification Numbers AITHA IH and ELLAP-9227. AL-40400, CA. 1897, FL-E87363. KS-E-204. E-) 17 KY-9001 1 NC-274, TN-02007Serving Environmentally Concerned Clients Sin 1057



[(4iiurceiüücaISoIutIonstM
Environmental Laboratory Services

7)2)CROSSROADS8I8BRENTWOOO TN 37027 • TEL. 615) 73.5040 • 1)8501 272.2579 • Fa (675) 370.7026 • PG Bo. 948 BPENTW000 TN 37024.7846 • EMERGENCY_Pq, 675) 726.?02

ANALYTICAL REPORT
-

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

Sanple Description: Soil. Conposite
Client ID: P-14/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 09:50
Date Received: 05-JUN-98 14:39

RAS Account No.: 8164.00
RAS Project No.: 8164.00

RAS Sanple No.: L7438-14

Parameter Method Units RDL Result 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

-1
_PeteCiarlegtio, M.S., a. . Officer

Rd Laboratory Cerlilcatlon Numbers AIIHA Hand ELLAP-9227, AL-40400, CA-1897. FL-E87363. I<S-E-204, E.1 17. KY-9001 1. NC-274. TN-02007
Serving Environmentally Concerned Clients Since 1967



4vrceiaiücaisoiutiu
Environmental Laboratory Services

1121 CR050P.OADS Blvd BPENTW000 TN 27021 tEL ISIS, 3725040 • 1)8001 272.2579 • Fi. (615) 370.1026 • PD Bo. 1848 BRENTW000 TN 270241648 • EMERGENCY Pg 15101126702’

ANALYTICAL REPORT
15-JUN-1998

4r. Runner Covington
ovington & Associates

112 Davis Avenue
‘ass Christian, MS 39571

Sample Description: Soil. Colposite
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

ptection Limit

/Peter Ciarlegtio, M.S., Q.A. Officer

RCI Laboratory CerWication Numbers AIIHA (H and ELLAP-9227, AL-40400. CA.1897, FL-E87363, KS-E-204, E-1 17. (<V.90011, NC274. TN.02007
Serving Environmentally Concerned Clients Since 7967



eAnaiSoWt
Environmental Laboratory Services

7171 CROSSRO*0S 81,0 - ARENTW000 IN 31027. TEL 615) 373.5040 • 5(000) 272-2579 • Fa, (655) 370- (026 • P0 8as 848 DRENTW000 TN )7024 848. EMENGENCY 615, 726 70

ANALYTICAL REPORT

15-JUN-1998

Mr. Rinmer Covington
Covington & Associates
112 Davis Avenue
Pass Christian, MS 39571

Sample Description: Soil Composite
Client ID: P-16/1-2’

Site/Plant : #6175
Date Collected: 03-JUN-98 10:10Date Received: 05-JUN-98 14:39RAS Account No.: 8164.00

RAS Project No.: 8164.00
RAS Sample No.: L7438-16

Parameter
Method Units RDL ResuLt Analyzed AnaLystArsenic - 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

.5

Reported Detection Limit

ter Ciarlegtio, M.S, Q.A. Officer

FCt Laboraloly Cerbbcalion Numbers AI(HA (Hand ELLAP-9227. AL-40400. CA-1897. FL-E87363 KS.F-2fl4 ri 57 W’.Jfl’’”- -



4ouieAnaIaISoionsTM_
Environmental Laboratory Services

7121 CROSSROADS BId BRENTWOOD TN. 31027 TEL 6’S( 373-5040.I(800) 272-2519 • F. (6151 3701026 • P0 80. 1848 BRENTW000. TN. J7004-1848.EMEROENCY Pg 6S 1 70?’
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ANALYTICAL REPORT
18-JUN-1998

trifler Covington
8

ton & Associates
vis Avenue
hristian, MS 39571

Sanple Description: Groundwater Grab
Client ID: MW-i

Site/PLant : CAC 06-175.1
Date Collected: 10-JUN-98 12:10

Date Received: 11-JUN-98 14:59
RAS Account No.: 8164.00
LAS Project No.: 8164.00

LAS Sasple No.: L7478-i

ter Method Units RDL Result AnaLyzed AnaLyst

ate 9038 n/L 1. 561. 18-JUN-98 HHA

- Total 6010 n/t 0.002 0.014 16-JUN-98 CSG

- TotaL 6010 ir/t 0.002 1.94 16-JUN-98 CSG

ported Detection Limit

-

-
Peter Carleglio, M.S., Q. . Officer
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ANALYTICAL REPORT
19-JUN- 1998
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Saile Description: Groundwater Grab
Client ID: MW-2
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cad - Total 6010 mg/I 0.002 0.002 16-JUN-98 CSG

Not Detected
-Reported Detection Limit 1:::___z;.
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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
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Old Gulfport Fertilizer Co., Property

33.06 Acres in the East Half of Northwest Quarter
Section 33, T7S, Ru W, Harrison Co., Ms.
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Delivery Address: 112 Davis Avenue

O
Mailing Address: P. 0. Box 177

Pass Christian, Mississippi 39571
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(601) 452-4999
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COVINGTON & ASSOCIATES CORPORATION

ENVIRONMENTAL RESOURCE CONSULTANTS

Ii
Mr. Andy J. Alfonso, Jr.

1
HANCOCK BANK
P.O. Box 4019
Gulfport, Mississippi 39502

11 Re: EXECUTIVE SUMMARY
Phase I ESA @ the Old Gulfport

j
Fertilizer Co. Property located in the
E12 NW/4 Section 33, T7S, Ri 1 West
Harrison County, Mississippi

Dear Mr. Alfonso,

Commencing on May 5, 1995, Covington And Associates Corporation (CAA)

performed a Phase I 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

I 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.

[o

June 12, 1995

P.O. Box 177 • 112 Davis Avenue • Pass Christian, Mississippi 39571-0177 e 601-452-4999 • Fax 601-452-01 17
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June 12, 1995
RC:AJA,Jr
Executive Summaiy 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

I
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.

j Best regards,
COVINGTON AND ASSOCIATES CORPORATION

Rimmer Covington, CPUESA #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 I 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 concerns. 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 I 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 Southern 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 CM 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, “Gulfport,North” Topographic Quadrangle

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 CM personnel on June 3, 1995

O
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-I
Hancock Bank/Old Gulfport Fertilizer Co., Property____________
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7. On-site reconnaissance was conducted by C personnel on June 3, 1995

j]
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.,

II
Brentwood, Tennessee and E. Burton, Kemp, Ill, 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

J
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.

11
Ii
II]

11
ID
Ii

Page -2
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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

jl
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 wnning thence East

along the South line of said forty acre tract 919.90 feet, more or less to the right-of-way

of the Illinois 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 Ernest 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, 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 limt 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 Northern wetlands is Northwest via several drainage ditches into

Page-.3
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Turkey Creek; the drainage Southward is via a collection ditch and eventually into the

( Western extremities of Brickyard Bayou.

J 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 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. 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 barns

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 Northern 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

j] 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

Ij
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

I]
must complete the oil mill plant by January 1, 1904.” On September 21, 1908 the

Gulfport Cotton Oil Fertilizer & Manufacturing Co., conveyed the same to the Exporters

Cotton 011 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 Illinois 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 Sanbom 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 Gulfport 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

Page - 5
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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

jr - Sanborn Fire Insurance map indicates that Gulfport Fertilizer Company was operating

tile 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 Gulfport Fertilizer Co.,

I]
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, Ill, son of R. W. Hyde, Jr., who was the owner of H & F

I]
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

I
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 Ernest Yeager & Sons,

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

the property for investment purposes only and that they were never involved with any

jj
process activity at the site. A Sanbom map from 1967 indicates that the site was inactive

atthattime. In 1972 Ernest 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 i982je Hancock Bark sec hpropty 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 by CAA indicated that the site was vacant except for a few remaining

structures. The 1967 Sanbom 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 Sanbom 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 yeats ago.

JI CAA attempted to contact past owners and operators beginning with J. A. Parker

(probably deceased) of Davison Gulfport Fertilizer Co., in Baltimore, Maryland; R. Y.

Hyde, Jr., (deceased) of H & F Engineering Co., Inc., in Jackson, Mississippi; N.E.

J
Gaston, G. E. Covington, Monroe Lindsey and D. P. Grandberry (all deceased) of

Gulfport Fertilizer Co., in Gulfport, Mississippi; Virgil E. Yeager (deceased) president and

Leroy Yeager, Secretary - Treasurer of Ernest 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, Ill 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.

2.4.1 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 Illinois 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 “Gulfport, 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

1
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

j 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)

Old Gulfport Fertilizer Company
City of Gulfport, County of Harrison, Mississippi

Not to Scale

REA WHERE VIRGIN SULFURIC ACID WAS PRODUCED

+
NORTH

Hancock Bank fOld Gulfport Fertilizer Co., Property_
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2.7 Location Map
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COVINGTON AND ASSOCIATES

______________________________________________________________________

Environmental Resou,ve Consultants

3.2 Regulatory Records Review

The following Federal records were searched followed by the search radius from the

subject property:

CERCLIS 1/2 mile

The comprehensive Environmental Response, Compensation and Liability 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 companies, and private citizens.

I I One plotable site. See Grid Map followed by Data Report Sheet.

1’
ii
ii

National Priority ListlSuperfund I 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.

ii

No Occurrences II
RCRA - Large Quantity Generators 114 mile

jI No Occurrences II
RCRA - Small Quantity Generators 114 mile

II Two plotable sites. See Grid Map followed by Data Report Sheet.

RCRA - Treatment, Storage or Disposal Facilities
I mile

No Occurrences II
RCRA - Transporters 114 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

Hancock Bank/Old Gulfpo,t Fertilizer Co., Prope,’_
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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.

F No Occurrences

The following State records were searched followed by the search radius from the

subject:

SPL I 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 warn the public or as part of an investigation and clean up program managed by

the state.

No Occurrences JJ

UST 114 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 1I2 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
I mile

This section identifies the location of well sites and production facilities associated with such well sites.

II 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.

COVINGTON AND ASSOCIATES
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The Emergency Response Notification System (ERNS) is a national database used to collect information on

IlNo Occurrences U

LUST 112 mile

This is a database maintained by state or local agencies of known or suspected leaking underground storage tanks.

I

ii
11
11
11
11
‘El
‘El

‘El
‘El

I
I
1
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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 1951, field checked in 1954 and photorevised in 1985. Sanborn Fire

Insurance Maps from 1921, 1929, 1 938, 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

J1 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.

1
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SECTION 4:

AREA RECONNAISSANCE

4.1
Identification of Potential Off-Site Influences

The property immediately bounding the site on the South side is currently known as the

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

the adjacent site is a risk. CAA was informed by Mr. Kirk Ladner that he removed two

underground storage tanks from the site several years ago. CAA found no record of the

closure from the state EPA database provided by ERIIS. Currently there is no visible

sign of leaking or adverse influence to the subject site on the surface.

4.2 On-Site Reconnaissance

4.2.1 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 gallon 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

4N clearer aerial photograph and then physically in subsequent site investigations.

H Page - 14
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IL 4.2.4 Storage of Hazardous Materials in Drums/Containers

(N

J
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

jj
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 mRlhr to 40 mRlhr 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.

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

t) Under these circumstances, radon emanation would be determined during a NORM survey.

ij
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SECTION 5:
FINDINGS & CONCLUSIONS

We have performed a Phase I Environmental Site Assessment in conformance with the

j scope and limitations of ASTM Practice E 1527-93 for Mr. Andy J. Alfonso, Jr.,

j
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

j
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:

J
. 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.

. 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

Page-18
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connected to a small pump island. The presence or exact past location of the UST’s

I 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

j] Diesel range.

. There are many used tires on the main drive to the site. Under Mississippi Code 17-17-

I 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.

jJ
. As documented throughout this report the subject site was utilized for the production of

sulfuric acid and superphosphate. The processes involved with these production

jl 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

nt be present is unknown. Existing vegetation shows no signs of stress, but the

j]
vegetative cover is sparse in some areas, particularly where phosphates, sulfuric acid,

and other chemicals were handled. A complete discussion for the identification of

jl 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 appendix “K”, a copy of the EPA Source

1 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

jU
appendix “J”. A sampling investigation work plan should be developed for this site.

Page - 19
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(N
Among other things, the expanded investigation will address whether or not specific

j compounds associated with the sulfuric acid and superphosphate production leached into

the subsurface and remain on-site.

ii
jl

. 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

I 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

I
(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.

I 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

F Radon gas and at what rate, and quantify the material in pCi/gm. NORM of 5 pCi/gm or

jJ
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.

11
. The area is covered with dense underbrush and weeds. There are several long rows of

I 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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IJ . 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

j] wetlands area Southwest of and directly West of the old phosphate processing facilities, is

I
recommended.

Signed this 12th day of June, 1995.

I
I Rimmer Covingtori, CPLIESA #3476

I
ii
ji

I
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jL SECTION 6

() EXCLUSIONS & LIMITATIONS
ji

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

1 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

jl
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

i
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

ii
geophysical survey to confirm or refhte 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

1 deemed appropriate by CAA representatives at the time of the site inspection

i 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

I
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 andlor 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

Ij
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

Ii
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.

jiO

___________
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SECTION 7:

I
ii

APPENDIX “A”

USDA

GENERAL SOIL MAP

11
Ii
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‘9
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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

Scale 1126,72O
1 0 1 2 3 4MiIes

N

II SOIL ASSOCIATIONS

II
_____

SANDY SOILS ON UPLANDS

Eustis-Latonia-Lakeland association: Somewhat excessively drained
1 J 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

i Atmore-Harleston-plummer association: Poorly drained and moderately
L_ 1 well drained soils that have a loamy subsoil

1:i’ I Poarch-plummer-OciIIa association: Well-drained, somewhat poorly

1

drained, and poorly drained soils that have a loamy subsoil

- Harleston-Smithton-Nugent association: Moderately well drained and

L 1 poorly drained soils that have a loamy subsoil and excessively drained
soils that are stratified with sandy and toamy material

LOAMY SOILS THAT HAVE A LOAMY SUBSOIL, ON UPLANDS

Poarch-Atmore-Harleston association: Well-drained soils on broad ridge
11 t6 :1 tops, poorly drained soils on low wet flats, and moderately well drained

soils on low ridges

Ruston-McLa’jrin-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
-‘-‘I on broad ridges and narrow side slopes

DOMINANTLY ORGANIC SOILS FLOODED BY SALT WATER

_______
Handsboro association: Very poorly drained organic soils

Q
________

Handsboro-St. Lucie association: Very poorly drained organic soils and
“-1 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”

USD1

WATER - RESOURCES INVESTIGATION REPORT
#87-4257

I
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Page-25

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.

Hancock Bank/Old Gulfpoit Fedilizer Co., Propetty_
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APPENDIX “C”
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This is a picture of the suspect Asbestos Containing Material (Floor Tile).

...

I

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.

Page - 26
Hancock Bank/Old Gulfport Fertilizer Co., Property_
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COVINGTON AND ASSOCIATES
Environmental Resource Consultants

APPENDIX “C”

This is a Ludlam Radiation Survey Instrument. Notice the indicator needle pegged right.

Waste Tires on drive.

Page -27
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COVINGTON AND ASSOCIATES
Environmental Resource Consultants

APPENDIX “C”

This is gypsum like material located in close proximity to the red brick building.

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.

Hancock Bank/Old Gulfpoit Fe4illzer Co., Property
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of sulfur are required per ton of superphoephate.
Conequen tly. most concentrated superphospha te

.mts are located advantageously to raw materials
flurcc5, usually near a sourCe of phosphate rock.
Of the 15 concentrated superphosphate plants itt
the Unite.! States (fig. 1) 8 arc located in the
Florida phosphate fi1d. Most of the remaining
plants are located either in the Western phosphate
held or on waterways, to take advantage of low-cost
barge transportation. As shown ix, figure 2, the
i rncipal market area for concentrated upcrphus.

ire includes the Central, Midwestern, and iziost
0 the Western States; most f this area is relatively
ilistitnt from the production points.

Since Site of marketing area is nt a limiting factor.
iliOst concentrated superphoephate plants are de
sigrred for high production rate ifl order to obtain
hOW operating cost. Capacitic. of plants range front
ahr 100,000 tons annually to nwre than 500,000.
‘iust plants have integrated fac ities for grindiri

iphate rock arid for production of sulfuric arid
PIisphodc acids.

RAW MATERIALS COSTS

Phosphate Rock
lii 1959. about 90 percent of the phosphate rock

used in superphosphate production wss mined in
Florida. Table 1 shows the price schedule in effect
in the year ending June 30, 196, as published by a
large producer of l”lorida land pebble. Phosphate
rock is priced on the basis of ]3PL (hone phosphate
of lime) content. The higher grades command
higher market prices, that is, a higher price, per unit

of J3PL (equivalent to 0.458 lb. per unit P2O). As
.hiwn in table 1. the unit price increases from about
7 cents per uflit for the lwcr grades to aboLit 1054
cents for the higher grades.

Tue high grades of rock. 75 to 77 percent BPL,
are used by most auperphosphate manufacturers for
aridulation because they yield a high-grade product.
Costs of mixing, handling, and shipping a ton of
superphtoajubate arc about the same regardless of
grade; therefore, an izwreaee in grade redncc the
ovrhl cost per uiL for production and djstrjhut:on.

co’t’ I•—Lrt ui

rr’
1

it

I
I

‘:
‘:3

11

p

Figure 1.—.Appvozlmnte lo.aLi.uuiar of eupvrpbo.phate tiir’t. In thy United StaLe.. (Source, c;r.gr..hlcei Dirvctoryof IerLthjaer Plant.. Corn,nierebil Fcrtlilzcr Year Book 99 (3—A)t 132—19g. September 1959.)
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•,r’boar hti,r’’r ti, t,icr:ite and iflailiLlili. liii.—
ilifliruitv ii.is iiciii iiiiiiiiiii.tI in i>lllt’ pianL4 b
ii.ir1g iniiiii1 ei,ritrol: rcilit —cciii ti l&i r

atifrirtiiry although i’iijl iiIiin LtCfltitn by tlu’’
(or i rei u uirct 1.

flatrli wrighing inr) a pin inixir al’o ri JLIire4 Ie..
-t L(4fltiifli to ,tulibratin all’t •‘uire LI) aVOItI roL
ti tOil I!) ci till cl,,, 44)O Liii it)LI, .?igl I nig. ‘I’tl)rci i 4cr.

onie grutclri1 4)1 i>yI.1r04111uL (tpetit) uI1uirii: a:id ac-i
ilithciil t to meter on a con i inuotis

Equiprizent Cv.st

‘Ilie 4nlall mrxlr,—l’ioie ant? )gIed tpe—
Iiive an iiihaii.ag’; in rvgtiril lo cu’it. Thu uiiit arc
rlatively inexpensive. and, mOreover. [i)Ufl(ILLtIOlI,

irid upporting strii’tiirr- Can be iii iitiirh lighltrr

construction. _4.lti, IIIUCII lea— roormi is re(liIiruIl

‘ hih.spcrI nuixer should cu—I more tizzin it conc’
mixer since a stirrer anti motor must be provided.

In Cuti)j)ilring batdi and COfltfltiOU5 mixers, art

iIflpOrt4UlL consideration t the hi1wr co,t of the
citittinuotis feeding equipment which may cOt LWiCC

as nnich us a batelz-weigliing intallativrz. Some
tucltiction can be obtained by using a manually

.iO)trOhled weigh belt, b1i I the Cost is .Lill snrnewlia
Iuigiirr than for b* wii UqUi)IiIei1 t.

Operation and Maintenance

Use of continuous mixers ayouls the rnii.ial opera
thin ordinarily a)otodatcd Will, operation of a pan
mixer. It is difeuihr, to isolate mixer operating cost
however, since the operation of mixer and den is

together in most plan ts. T’dcIlc uiiers do riot
.;Tuire eØllitaflL attention, but it is alvisable to
liavr an operator near a cone micr. since accidental
sLoppage wuqlil cauac the rlIixer 10 overflow. In
most of the lulant, checked in this slrvry, an opcratur

is assigned to the mixing area, lIt, matter whether
the nprration is bat.h u e’)fltifluous.

In power requirement, the cone mixer has a
‘onsiderable advantage sini:e it requires no power at

• II. I ‘istulled horsepower t-cpirted for typical in
-‘ ,illa tions of other inicrs, in the 25. to ‘LO.ton.per.
hour rangi’, are 15 fur the pan mixer. 20 for thur
paddle type. and 3 for the hiigh.speed mixer.

Mitintejiattec cost probably k lou-er for thr
1fli.er titan for any other type. Then: art.: rio
‘n’)vifl.’ parts to wear, arid replaci:uu:i-i t linirrs arc

iflepensive. Normal equipment replacement cost
t’,r teciiin. Weiinng, and miwig is etiniated at I

2 ceuiL per ton of product.

EJfi-’rr oh Propermii..-. of ‘iii pw’rJai4pIua Cmi
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(oni.i.LcraluIr tlilT.-rritre Ii tIn’ h1atut,-rjs(i-j of the
.‘ i1i rph—piiii te irinluireil rail r’:.,ul t frouti th type
‘>1 rui’er ui.si’.i. (iilur[iutt.j(elv. Ill) 1JllaimLit.iI

‘ni these thifferrrirc ha Vt: bt.’t’zi repi)fLCd. -‘ feu
large producers, dtti i>pcrate tUiers of different

tYpeS. 1Ilvc 41 l.trrimpteul Li) lea-inc-u.: the differences.
bait other variables in fitani L uprrd (nun iluve i-nade the
rceult’ inconclusive in the instances with which the
auidiors are famihiac-.

Li. is generally accepted that the paddle mixer.
because of the long retention tune anti the con
sequent opportunity for gases to escape, gives a
relatively dense un’t granular s14)crplntjulua t”_ ‘ri
cone an’l high-speed mixers, at- the other extreme of
retention time. tend to muke a very porous and
finely dividedsu1mrphospluate that can be dusty if
very drY. The porosity is advatu tageons in am—

monLationi, hut the fineness iS a liaru’iivutp iii thireu’t
application.

DENNIN G

Moat emphasis in the improvement of super.

phosphate plant design has been ecuitred OIm the

denning step. rJhie den must receive a slurry, hold
it during setting up in such a way that the slurry

can be removed easily alter setting. and provide
means for removing the obnoxious gases evolved
during tile stay in the den. In meeting these re
quiremnecut. plant designers have used a wide variety

of container types and mechanical dcvees. Because

Of the einphzisis on the den, processes generally have
been named after the type of den used.

In the early day.i of the industry. many plants
uuiatlr superphosphiute wuIhut a den. The acid

and roek were mixed and the niixtujre discharged
onto an open pile, a procedure knowit as the ‘open.

dump” method. Many of the smaller phuots made

superphosphate in this way in thhi country. especially

in the Southeast. antI continued the practice for some

time after dents were generally adopted in other areas.

One of the main objections to operation without a

den is the atmospheric pollution efl’,sc’l by fluorine

conipounds escaping from the superphosplutru during

the early- stages of curing. Siuicc must of the fluorine
is cvohvcd during the first half hour tir so after mixing,

u-se of a eloseil den with a scrubber system virtually
eliminates this probleom. It has tilso been reported
clam the open .du muji inc tutu I gave slow curing ad

drying because thu heat of reaction was dissipatcil

FID1X:6013546001 PflGE 3
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rapidly. ilic gniiri iThi is noi criiircly

I ,‘ clear. li’nje ‘sr, bccaii—i. ol conflwting repoL-ts in

,/‘ liirope, for example, some denning j,r(,ecrs jO’ulve

conditions conducive to aeration and m’ap4 cooling,

nd it n claisricil that I lit aceeleraie cnnin.
The flr dens were simple wood or brick chambers

fitted with a crude arrangement for exhausting time
gasa to a stock. Th efseity was usually 30 to
50 tons, hut. a few dn were built that held 100 tons

or rwirr. This type I arrangement wa all improve—
ment over the npen.dump prartlee, hi(. ii had a
,lra bark—when the dcii 54 a opemIell 3 or 4 hours
after filling. time workers had to get in time den to

dig out itm cijnten1s. [nougli residual gases

remained to make this a very unpleasant task.
The next step in lert development was provision

for a mechanical device to excMvaLc time super.

II
phosphate from time ‘Ion chamber. This made it

unnecessary for the operator La rn.er time tIrO, end,
in many inIanucs, the slen was so designed that
air emilil be pulled thircnigh it to minimize escape of
fluorine-hearing gai” into the building. ‘l’his type

of denning is still common today.
flevelopment of rncebanic1 dens, which began

aroiuiml the turn of the century, resulted from the
near’ to reduce labor coat, improve control of fluorine

gases, and ,mprrn’e physical characteristks of the
product. Both batch and eonLiniiomI 1.ypca were

developed. Tite ec’nhinuoiis types introduced a con
Veyit)g at1 into the operation; that is, tIme micid—rork
Inix Lure was introduced inLc, L13C den at one
conveyed to another point during setting, and there
cut out of the den. Many variations in time con•
veying step have been itseil, inclucflimg horizontal,
vertjl, and circular movement.

‘Fh mainS tiign objcctives in den construction are
proper re{Cflt.iun time. prevention of leakage (both
of tli superphosphate and of the evolvr,l gases).

j
low corrcmnon, and excavator operation such as to

give good product quality i natimer lacier, impOr.

(ant ira borne types of dens, is (COVISH)U fur rxparlsion

f,l tim uperphospliate during curing. (irazbmirg (12)
1155 reported latu on tins. In his tests, expansion
begami 25 minutes after mixing arid con tinned for 35
mnnutes. linear expansion Wfl’ 12 1wreent and
volumetric 3O ierren I, with a resulting

pressure ol l.I to 21 pounds per square inch. The
friction cucffieien ts for fresh sji1,crpliesplia me were
0.3 anal 0,?. ri.spt’ctively_ fr SIIIH iiii steel amid wood
surfa(:eN.

I
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Stationary Dtns

\te.ut ‘ts t lonary dens now ifl use in this n t r
are box or silo chambers made of reinforced rnncre,.
Sizes of these range widely, from 20 to os-er 301) tone.
In some plants, two Cur more box dens arc arrangeil
so that a single mixer can serve all of them. Pram’.
Lice varies widely as in retention time in the ‘len.
In SOnIC pIaas, excavation is starteil almost inn
mncIlia I cTy slier the Just mixer bat rim is dumped ix
In others, excavation hi carried out during thir su(
ceeding shift or sven thi mie’t day.

‘(lie maui differences in stationary den operation
are in CXCavation of the superphosphiate, which
i’aries from digging Out nuanmually to 11611mg 8 con

LiBLSOUs Clutter. Hand excavation has practically
disappeared front the scene. iii 218 normal ssiricr.
phosphate plants covered in the survey omm which this
book is based, only one was noted iii which digging
nut by hand is still practiced. Fvtost of those thai
were designed originally for hand excavation have
ljuri eLirIverted to allow the use of a nIeclianical
excavator.

In some of the older dens the superphoaphute 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 removed by
hand prior to or during the excavation, a disagi-ce-.
able arid time-consuming operation. Today. p’
ticaily all box dens are fitted either with a door in
time SidiC ‘r with rernovaluic cover, and the super.

phosphate is removed through these openings.
Mechanical devices for excavating are of the hatch

and contimitiou types; most of those used in this
country are batch machines. such as draglines and
cranes. ‘lime crane plants are few in number and
are mainly (uld plants. IlCvRuse of the high cost of
crane installation, these plants have beets very large
ones; they are Juu’iiteal mainly the eastern sea
board where the larger plants have been built. The
crane plants are reported to have given economical
operation in a day wheim production was at a high
level arid C”sl. of comt5truictun, was rtloçii lower than
it is now. Under conditions today, the cost woulml
be prohibi Live in many situations. One of the largcst
crane plants in time country was converted recently
to continuous operation (3).

Use of a crane has also been criticized Oct the
grounds that dropping the crane bucket into the fresh

superpbosphate in the den toud to pack the m5tc-
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na I usiil iitake t iiii,lirablv dense (3 fl. ‘t data

pprur to be iIILil)l, nit thiS li(Jtiit.

[‘In: dragline has ernitle (lie iflOt pi)j)iLlar rxra.

ator n this country. [1 is ativeIv inexvnivu

as coitipareti with a :rarle and is caaily installed

in an old plant. Whereas a crane requires a re

movable tiip to the den, the dragline requires only

a door in the side. ‘J’lic door is opened after the

mix has t’t up in the den and the auperphosphate

is p’11 out with the dragline scraper, usualLy onto

vnflveyor syLcrn that carries it Lu Lhe curing pile.

A motorized shovel ía used in a few plants to

cavate from the tlci. The increiscd cposure of

the operator to fnric’i is undesirable. .4,i early

crsion of this type of peratiori has been describeil

by Parrish and Ogilvie (27).
Several different types of continuous den oxen

vator have been developed. One of these, the

\tCver (36). has been uscd in a few plants in this

country. It consists of an arrangement of toothed

chains mounted onu carriage that rolls on a Iruek
extending iUto the den. When the superphosphate

i. ready fur cutting, a slit: in thu bottom of the den

is uncovered antI a narrow door hi th end Opened.

The excavator is advanced on the tracks into the

den, where it first cutS a hole for entry of the machine

511(1 then cuts sideward to thu den walls. The cut

auperphosphatc is draggcd downward and dis

charged through the slot in the floor. Highi mainte

nance coat for this type of excavator has been reported.

Packard (26) reported the Keller excavator to be

the first departure from hand excavation in England,

where the excavator was first use’l about 1910;

it. ha been used in AstraIia also. The device

consisted of a set of scrapers mounted on a boom.
Whefl the superphosphate was ready for excavation.

a door the width of the (Len was opened and the boom

inserted over the surface of thu supsrphospbaw.

The scrapers pulled the aaperphosphate nut hrougb

the door of the den, and the boom was moved from

i’le to itie by movement ru tli excavator frame on

transverse tracks in front of the den. ‘[‘he boom

was lowered in tIte frame, its it cut downward through

the den.

The Weak den, used mainly in l”rance (27). is

another stationary den with a separate, continuous

excavator. The dcii ill this design j a horizontal

ii Tinder with a lengthwise slot in the bottom.

cotter, a set of knives mounted on cross arms

a form a cii Ltt’r wheel, is owun Led no a carriage

Ms.\FUFAC’rrlttNc QUt?MEN’t’ 14!)

that iii.,vr ‘in tratks • trading tui..trr the then.

TIN: cutter L.irni at 22 revolutions per niuluts and
moves into the den at a rate of about 1 inches
per minute. A typical siae I,r a ‘‘enk ‘hen is 9.R

feet in diameter by 19.6 feet in length; the capacity

is about 40 tortS. Over 2 hours arc required for
excavating.

Schucht. (31) has described other excavators
similar to the Weak. The P)zii .l,fler,j only j

that. it was suMpended from a track. The Parent
rotated around an inclined shaft rather thati a
horizon Lul rune.

Schucht has ahsb ilc,.c,-ibcd the Remu excavator
system. Tip.’ den ha the shape of an inverted

truncated cone and has a removtth’Le inner cylinder

for intrnductio f the cutter after the superpbos.

phate has set up. The cuUor, something like en
inverted umbrella, is suspended from above. In
cutting. the bottom plate is removed anti the cutter,

with cutting ribs closed up against the shaft. it

inserted into the thin .As the cutter revolves, the
rths open out to ct’tifonin to the cone shape of the
rlen.

The Hovcriuaun den, a nmewhat difTereiit or
rangcrlwflt of stationary den nd Cl)rit)flUOUB cutter.

is used to a limited extent in htwlpe. The deti is a

vurtiCal concrete cylinder with vertical slots in the

sides. When the superphnaphate is ready for

excavating, a rotary cutter lowered into the (len

cuts the soperphiosphate arid psh it out, through

the openings.

Mechanical Detia; Batch Type

The stationary den-excavator type of plant has
several disadvantages. The compacting action of a

crane bucket has been mentioned. Drag and scraper

excavators are superior to the crane in regarri to

compacting effect, and some protliiccrs consider that

the ccaVators give a product that is quite satisfac
tory. Others hold that hatchwist: eeavatioa of any

sort is undesiruble, both berause of the effect on

endition and also because contintinus attention of

an operator is reiiuired. In any event, there has

been a trcnl(l to excavation methods that are contin

qous awl that involve a ntinimunt of compacting

action. The u.e of cutters that cut thin s1ice from

the lace of the superphosphate block in the den ha

come into general use. This type of operation allows

better aeration and escape of gases, thus promoting

drying anti porosity of the product.
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operator looks to pIx4phoruS cunversiofl to availabk
forms in a rnrrth—o1d curing pik. where th rate of
conversion is governed nut so much by rock reativity
a by the ease tn acid diffusion to the rei.lual
unaittacked rock carried in the coarser graina of
tla rock used: the analytical chemist. ii) the fertili2er
control laboratory thinks of solubility in his Lr’t
solvents at determined by procedures that are
designed to indicate “how much,” nut “how rapid”;
whereas the physical chem jet more properly envisions
reactivity as the fraction of substance dissolved in a
fairly short period 1 time under suitable agitatIon
with a large excess of sulfuric acid of the normal
acidulstion BtrentlI.

Confusion as to the meaning of rock reactivity can
be dispelled only by the development of a atuitable
method for measuring it.. Beliable messu-ement
presupposes some understan4ing of the interplay of
factors that govern it chemical coJnpoatition, me
chanical composition, surface area, and porosity
among others. Different aspects of the problem
have been tinder study itt the U.S. Department of
Agriculture (16, 17, 18. 32, 34, 53) ad elsewhere
(20, 26, 60, 61, c1. 5, 64) for same tirrmr. A recent
article (61, cit. 6) 5ummarizes extant resultnt that
bear on the possible establishment of a scale of
reactivity for phosphate rock. The reactivity order
of the test samples of eaveral varieties was found to
be generally independent of the method of measure.
Dent. lanked in the order of ascending reactivities
;be test phosphates arc macrocrystalline apatite.
I’ennessee brow-n rock, Florida land pebble. r1.tiflj

rock, and steamed bormemeal (see table 2, cli. 5).

SULFURIC ACID

Types of Acid

The two general types of nlfuric acid used in
superphosphate manufacture are virgin, or flew, acid
anti spent acid. Virgin acid is produced front dc
mental sulfur, pyrites, amid industrial gases. The
contribution of these primary soairce materials to
the total ‘kmniestic production is shown in table 10.
Abroad, acid is produced from gypsum. Plants,
pro(:esses and practice for sulfuric acid manufacture
are described by Duecker and West (21).

Spent acid is derived as a waste product in -sundry
industries that. usc large quantities of sulfuric acid
in processing a great variety of products. in some
instances the spent acid is aulliciuntly clean and of a

T43t l0.—Dieision f domestic .wlfaric add prodzzc.
tion qnrcrng prinuarv raw rnarerials

ih.qr, in intt projuIiu,.
a1.i

1805
1905
1915
1925
(935

1940
1945
105(1
953
1957
19$9
1961

55.r, ,n
piud,itiion vi
.at4iw,d iid

train ,trnli.’

uitable strength for phosphate rock acidulutiuna,
whereas, in other instances, it must be conditioner!
by suitable treatment for removal of substances that
are unmanageable in the supcrpbosphate process,
toxic to crops. The superphosphate industry, which
is a heavy user of aulfuric acid only slightly restricted
by acid.purity requirvinents and widely dispersed
geographically, provides convenient facilities for
consumption of thj valuable waste produci from
many places.

Cornp9sition

Standard grades of sulfuric acid recognized by the
Manufacturing Chemists’ Association are given in
table 11. In addition to the standard grades. are
battery acids supplied in strengths ranging from
27.88 10 93.19 percent 0e KSO,, the chemically pure
acid that conforms to American Chemical Society
specifications arid runs between 93.5 and 96.5 Per
cent of HmSO,. and the stabilized sulfur triohle with
minimum of 99 percent of SO (21, p. 397). Com
mercial acids used in siiperplia.npliate manufacture
are mainly 60° antI 66° l3aum strengths. For use as
a rock acidulant, the commercial acids are diluted to

about 10 percent or les (33, P. 175).
Formerly. appreciable amounts of trace elements

were ezpectud in acid produced as a byproduct in

iupKRpHoSPH.tTE: ITn HiSTORY, Ct-IEMISTRT, ANt) MAVFACTT31tE

Calcnd,r ,,i,

EIinunIdl
aqU,,r Pyrl,,,

75
to
9

611
59
64
69
74
72
70
81
84

P.rvens
24
79
61
14
29
2
12
11
10
H
7. 8
6. 1

tia,rlrer
md H5

Imi

I
11
27
18
12
12
to

7
a

10
5. 5
4. 0

4
S
3.6
5. 1

I From collected
train Koatoc (49)
respectively.

0
jD

I
11
I
I
I
ii
11

iJ
I
‘p

‘1

b

figures (21, p. 6) for p€rird 1895—1957;
and Uornrr (40) f°r 1959 and 1961.



‘Adopted by Manufacturin; Chcmot’ A ,catc,n (.‘U).

I Detevwnd at 60° F. in cnrIIpsrison with wator at eQ° F.

Olemna, 20, 30, 40, and 651ervcnt.

smelting mc Lallic sulfidvt. The Tnuagvr in formation
available (table 12) seems t indicate that this acid
jm4 now cleaner in this reapevt titan it was in the early
j930’.

SuJArie acid, biving many industrial tise, appears

as pent acid in many different conditiotis. The

ten most important consunler iridutries itro listed in

table 13. The more plentiful varieLio of spent acid

are alkylation sbtdge from petroleum rctnin and

acids from alcohol manufacture, nitrating processes.

arid benzene production. Numerous other processes

use acid h relatively small quantiries. ‘Ihe spent

1’ ?.hLE 12.—Cnpp.r und zinc concent r.f sulfuric
acid’

tni,rce of avid [flCOIiflfl of larmoty

Rearilto of Clark and Hill (19).
‘ Cvntemit had on 100 percemit EJ2SO.

twirl from these sourcea carry organic impurilies
that are peeuiiar to the particuTar process. In most
cases aucceemful procedures for tretting these acids
for reuee in tho process have been developed, but all
too often the cost is prohibitive. Still. the waste

must be (bsposed of. Hence, utilization in another

industry, where conditioning is not required, is

highly desirable. ‘rho superphosphate, phosphoric

acid, and amrnouiuat sulfate industries can utilize it
in many instances. Some acids used in, or proposed

for, stiperphosphate marnifactiire since 1940. which
have come to tise author’s attention, are described in
table 14.

‘l’.Bi.z 13.—Distribuiitm of domestic sulJiric acid con.Yrgmpcipit among uidustrial ucs
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HAW M.TEIttALS [3

4j,rciIiv r.sv.iy I IinOj

52
55
60

66

I. $591
1.6667
1.7059
1. H35;
1.8437
1.8391

‘1.915—1. 992

Perc.,i,
65. 13
74. 3f
77.67
93. 19
98. (>1)

109.0(1

104.5—114.6

t).ic of
prnduc.

lion
Cu’ Zn’

iilfidr ‘;rr--..
Do
I)..

Flu rivla
Utah

Tcnnc’,ee.

Trcr
1957
1957
1931
1931

P,,rro4 P.p.m.
93 0.03
93 .3
77 49
77 8

P.p.m.

(5)

49

ID
ii
11
I
I
11
jD

I

I

H

‘3

crniurne, in,tjtry

1952

A’l4 (hs.i. or zoo prrcent H,30.) conitimad in ralewiir ror

17’ J959t

Pbozpbutic frrtiliarr ‘

Cbemivsl not in ocher daa..i
Jnorgank pigments
lrøn and 1i’e1
Amnionium nlfutc, synthetic
.4mmupnim sulfate, cke_ovrc,

Other petroleum producI4
Rayon
*luatinum sulfae
Nonferrous ,oetal
Use not clai Tied

Gross totul consumption

Thousand Percent of
aim., Ions lotuS

7?ou,snd
4h5’( •su.

4, 053
1,245
1.240

0.311
628
(H()

.1112
529
360
218

•L371

Thotso.tnd 1’,rrr.n, of
abort for,., i,nl

i’sn.nt of

27. 5
8. S
8. 5
. 6
4. 3
4. 6
3. 3
3. 6
2. 5
1.6

30. (1

1iri ion,
4, 30(1
1.300
1. 415
1,000

790

705
570
505
465
675

5.291

Reran’ s/

25. 4
7.6
8. 3
5.9
4. 6
4. 1
3. 3
3. 0

2. 7
4.0

SI. I

4. 985
1,425
1,525
1, 100

850
470
5110
480
‘UlS
8(X)

5,982

7. 7
14. 4
6. 0
4. 5
2.6
3. 1
2. 6
2.6
4. 3

32.6

5, 500
1.600
1,625

930
710
470
600
455
480
740

5. 490

29. 6
H. 6

8. 7
5. ()

3. 8
2.
3.
2.4
2. 6
4. 0

29.6

14. 643 100. (1 17.016 100, I)

11gzzrei f year* throigh 1959 art’ givro I,v Kuomrr (.1’)): iltone (cr 1961, by Homer (40).
‘ Estimated .{Ild.(,(1C4 Or differet uses.

Eatimutcil Linnsgr of acid for years 19511 and 1960 arc 4,275 acid 5,151).

111,402 100. 0 18,600 100. 0



thus offsetting at least somo of the advantage of the
lower cost rOcl(.

Phosphate rock is plverir.’d fur use in super.

phoiphate production. Although various degrees ni
nenc5i3 are used, 90 percent through 100 mesh
.tppears to be Le most common. Charges for grind.

ing at the minca to various degrees of neness are

shown in the fu,tnote in table 1.

Sulfuric Acid

Whether facilities for sulfuric acid manufacture

are included as an izItegral ‘part of a superpbosphate
plant dèpcnd primarily on whether acid can be
:iurchased at a price competitive to the cost of maitit.
acturing it and, to some eent. on the availability
of anti for purchase. ()wing to the higher costs

associated with low volume operation, the small
siperphosphate 1.ilanta usually can purchase their
acid more econornicaiiy than they Car) produce
it. In some cases an economical size of acid plant

may he achieved by producing acid for iiah in
atl(Ijtion to that requirctl for supcrplzospbate pro
duction. Suhforie acid is rnanufactureil by all of the
larger producers of concert tm ted superphoapha te
and most of the larger producers of normal snperphos
phate.

Sulfuric acid it.iuahly is pro iit’etI from crude u]fur.
‘Fbe price of domestic. crude sulfur in 1961 was $21 per
net. short ton f.o.b. care at the mines or $2.32 per
ton f,n.b. vessels at gulf ports. Table 2 gives the
estimated cost of ptoducing sulfuric acid in a Contact
plant with a capacity of 600 tone per day (100 percent
l,aais). The estimated processing cost is $2.59 per
ton of acid. If a delivered coSt for uJfur of 26 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 the byproduct cost status
of the sulfur itt the smelter gas.
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‘El
‘El

1
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i.i 2.—Estüriatetf produciion cost of sulfuric acid in Floridn in 1961

Ttpti r*iutr.p .am, p, inn nf ISO pnceai H,SO,

Sulfur 0.344 tim

Freight fl.4it ton

Total

Ca..t p.r
‘an ( 100

.‘teraLiog labor
Maintenance
Lower

Supplies
Analysc

Inaurance
De1mr.,cjutjo,i
l)ytrhcad

Total

Grand t.’tal

321.00 per ton
5.00 per ton

2.25 per wan.hr

0.01 per kw..hr
0.05 per M gal

0.12 unto-hr
6 percent of i,iveatwent per yr
8 kw.-br. per ton
l0t gal
15 percent of maintenance per yr

10 percent of labor
L lisresiLt or jriyemttj0e,i( per yr
1 percent of inveatment per yr
13 yr
50 percent of litbr

37. 22
I. 72

3.94

0.27
.61
03
50
09
03
10

• IC)

• 67
14

2.59

1153

Assumptinna;
(I) ontact add lilant;
2) 600 in.’ prr day ( WV percent JIrSOt;
(3) Operate 330 daya per year;
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iurbine. ‘t’lii slurry Jrhargct through a tlol. inthe Hide of the vesacl near the )‘oUorn. Air drawnIn to tue lLUTy by the turl)ifle i daimcd W ‘eninhfy”the phosphate in the avid.
Nordengren (25) lia cicaeribed a mixer (ag. fl)that has some of the features nf the h-url,iine type.ft is actually a Lutidi mixer, but tite reteittiOll Limeis so short (2 to 5 sec.) that ii. iqiproadics (Out1T1tioUWeighed batches of rock and acid itrcdumped in, stibjeeted to intensive mixing by blades(in a vertical shaft, and then released through tinautomatic vUlyc, ‘J’he only difference between t.hiarid a continuous tnrbitav mixer appears Lu he i.hievalving action. which crVek to give the IfliX U fi’wi4eeonds’ ret.etLtIou in 1-lie ifliXer.

or4lengrcn has also d 5( Thed a true COt11.lIutIOliNturbine ilaixer. Several liorizoil ini thin ijjades arcmounted Ofl a vertical sbnft rotating at. 3,000Iutiøn per 1flinute. II is claimed that the producttiftcr curing ia very porow and has a specific gravityof only 0,5.
one or two lughspeed mixers arc known tobe in use in tbs eotmtfl. Good mixing has beenreported whit i-dat ively loW P0’et eOIlL4Ufl)jIti(’n.

Cuntpui’son ud Status of l1icr
‘I’Jw latidi ,aii mixer baa been he inndard lotfl14t11y Ve;i ra ijiid the nla)orhtv Of sliJ)erphoa1ibji Irplattis ii) Iii i eotmntr still use ibis tvpc. !o good

C,(I Rci

ITh:

ø __ZZZEEZ C)tiFL CQNVLYCIf’

FgfLre I5.—Nordcngren nilnrr ann) den.

iraforjntion is available as to the distribution lie.tween the various iypei. A rough estiniati’ isfollows:

Mixer yps;
?‘inm&cr nf pktnriPa (butch)

]t0Padd)s (voiutinuou)
Cone (contiiflinhlS)

30
In other comnitries the continuous type of mixer iused widely, A recent count shows l,ouut 90 Broad.livid units and 40 high-speed niers abroad; the8roadfields are scattered around the worlii but thehigh-speed unite are concentrated in hurope. Noii, fom-niation is available on the number of latch,rij.xera abroail, and only it few instances of conemixer ixistalhtitinnis have l)ecfl reported.

The previdence (if pan mixers in this country isdue in great. pail. to the fact that toast of the superphosphate plants are old; at thy time they werebuilt., other types of mixers had not been developedto iime point of ready ttceepl.ancv. Practically ui1 thepaddle mixers have been installed in the past. 25years and the cone mixers in the last 5 years. Thisii not. to say, however, that a pI(huccr going intobusiness toiiay would not eoruidcr intailatinn of amixer. The pan t’pe hIts advantages us well sd isa cit-au tages in emriparison with Oilier mixers.Soirte considerations that enter into the choice ofa mixer for a particular situation tire as fuhlws.
Butch (A)fl.Ljnhl Qii £)j,c’ro t.ion

‘J’hic batch type of weighing associated with panmixers lies Sumnme advantage iii tiwi the equipnicritis simple to operate are1 iiotiiu IHIZI, LLfld better controlof I he riii•k acid ra I j he olituined with tin—‘-ikihied labor. In cofli Past to the but teb hopper furwdghing rock. i continuous, auiLtntuniiC weigh belta fit irl (‘Ourl ph WLt Vt I ‘ieee of lhip m [tell t f ‘P
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SECTION J. APPENLtCES

appendix A

Some Fertilizer Materials Used in Blends

I Typical Nutrient Content
Priwarv Nutrieiit$ N E225_ 2— —

Arnmonium nitrate 34 0 0

Ammonium sulfate 21 0 0 24

jj Urea 46 0 0

Diaituuoflium phosphate, (DAP) 18 46 0

11 Monoaxnmonium phosphate (MAP)ll—13 48-55 0

Nitric phosphate 20 20 0

I Normal superphasphates 0 20 0 10 18

jI
Triple superphosphate, TSP 0 46 0 14

Potash, muriate 0 0 60 48

Sulfate of potash 0 0 51 17 2

Sulfate of potash magnesia 0 0 22 22 it 2

F Potassium nitrate 13 0 44 0.5

*Hard granules or prills are needed which are size compatible.

Secondary Nutrienj (available as powder and granules)

Gypsum (calcium sulfate) -- 22.5% Ca, 16.8% S

Magnesium oxide -- 44.5% Mg

Magnesium sulfate -- 16.0% Mg

y
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PREFACE

The Industrial Environmental Research Laboratory (IERL) of theU.S. Environmental Protection Agency (EPA) has the responsibilityfor insuring that pollution control technology is available forstationary sources to meet the requirements of the Clean Air Act,the Federal Water Pollution Control Act, and solid waste legislation. If control technology is unavailable, inadequate, oruneconomical, then financial support is provided for developmentof needed control techniques for industrial and extractive process industries. Approaches considered include: process modifications, feedstock modifications, add—on control devices, andcomplete process substitution. The scale of the control technol
ogy programs ranges from bench— to full—scale demonstrationplants.

The Chemical Processes Branch of the Industrial ProcessesDivision of 1ERL has the responsibility to develop control tech
nology for a large number of àperations (more than 500) in thechemical industries. As in any technical program, the firstquestion to answer is, “Where are the unsolved problems?” This
is a determination which should not be made on superficial infor
mation; consequently, each of the industries is being evaluated
in detail to determine if there is, in EPA’s judgement, suffi
cient environmental risk associated with the process to invest in
the development of control technology. This report on the phos
phate fertilizer industry contains data necessary to make that
decision for the air, water, and solid waste discharges resulting
from the production of phosphoric acid and superphosphoric acid,
normal and triple superphosphate fertilizer, and granular ammo
nium phosphate fertilizer.

Monsanto Research Corporation has contracted with EPA to investi
gate the environmental impact of various industries which repre
sent sources of pollution in accordance with EPA’s reponsibility
as outlined above. Dr. Robert C. Binning serves as ProgramManager in this overall program entitled “Source Assessment,”
which includes investigation of sources in each of four cate
gories: con’bustion, organic materials, inorganic materials, and
open sources. Dr. Dale A. Denny of the Industrial Processes
Division aP Pesearch Triangle Park serves as EPA Project Officer.
In this study of the phosphate fertilizer industry. r’r. R. A.
Venezia served 3S EPA Task Officer.

h
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ABSTRACT

This report describes a study of air emissions, water effluents,and solid residues resulting from the anufacture of phosphatefertilizers. It includes the production of wet process phosphoric acid, superphosphoric acid, normal superphosphate, triplefl superphosphate, and ammonium phosphate. The potential environIj n:erital. impact of the industry is evaluated on a multimedia basis.
A:Lr emissions from production of phosphate fertilizers include.fl particulates, fluorides, ammonia, and sulfur oxides. The poten—U tial environmental effect of these emissions is evaluated by calculating 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, thei hazard factor is the primary ambient air quality standard; forfluoride and ammonia emissions, it is a reduced threshold limitvalue. Source severity values for emissions from the wet scrub—

I ber system at an average phosphoric acid process are 0.18 forfluorides and below 0.05 for particulates and sulfur oxides. Forsuperphosphoric acid, severity is 0.09 for fluoride and below0.05 for particulates. For aminonium phosphate, seventies areI 0.43 for particulate, 0.45 for fluoride, and 0.09 for ammonia.For normal superphosphate, source severity ranges from 0.004 to0.35 for particulate and from 0.18 to 7.2 for fluoride. Forrun-of-the-pile triple superphosphate, particulate source severity ranges from 0.009 to 0.04, and fluoride source severity is0.77. For granular triple superphosphate, particulate sourceseverity ranges from 0.004 to 0.06, fluoride source severity

J
ranges from 0.12 to 0.36, and SO, source severity is 0.11.
Phosphate fertilizer plants control air emissions by a combina—ation of cyclones, baghouses, and wet scrubbers. Material handling operations are generally enclosed to reduce fugitiveparticulate emissions. Only fluoride emissions from curing andstorage at normal superhcsphate plants are typically uncontrolled.
Water effluents from the production operation arise from wetscrubbers, barometric condensers, steam jet ejectors, gypsumslurry, and acid sludge. Noncontact cooling water is normallyI segregated from other wastewater streams. Wastewaters are con—k taminated with phosphates, fluorides, sulfates, and gypsum.Process water is discharged to large gypsum ponds for storageand recycle; it is normally not discharged to surface streams.

iv
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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.

This report was submitted in partial fulfillynpnt 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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ABBREVIATIONS AND SYMBOLS

AAQS -— ambient air quality standard

APP -- 1nium polyphosphate

BPL -— bone phosphate of lime or tricalciurn phosphate

CD —— concentration of particular pollutant, g/m3

D —— distance downwind from source, m

DAP -— dianium phosphate

J e —2.72

ED/C -- emission factor for dryer/cooler

E —— emission factor for product sizing and material
transfer

ER/A -— emission factor for reactor/nniator—granulator

-— composite emission factor

ETP —— emission factor for total plant

F -— hazard factor

1/ GNSP -— granular normal superphosphate

F GTSP -— granular triple superphosphate

h — emission height, m

MA -- monoaznmonium phosphate

ND/c —— number of emission factors for dryer/cooler

NEDS —- National Emissions Data System

NOx —— nitrogen oxides

—— number of emission factors for product sizing and
material transfer

N—P-K —— nitrogen—phosphorus—potassium fertilizer

NR/A —— number of emission factors for reactor/anwniator
granulator

NSP -— normal superphosphate

NTP —— number of emission factors for total plant

P205 —— phosphorus pentoxide, used to express the phosphorus
content of fertilizer

xvi
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ABBREVIATIONS A SYMBOLS (continued)
ii • ppb —— parts per billionLi Q —— mass emissiOn rate, g/s

R
-— aunt of rock required to produce 1 metric ton of NSPROP
-- run of pile

ROP-NSP -- run-of-pile normal superphosphateU RGP-TSP -— run-of-pile triple superphosphateS
—— source severity

, SOx -— sulfur oxidesIi SPk -- superphosphoric acid
-.

t
-— averaging time, mm

to -— instantaneous averaging time, 3 mmTLV -- threshold limit value
TSP -— triple superphosphate
VIA -— Tennessee Valley Authority

•
-•

-— national average wind speed, 4.5 zn/a[ V
—— wastevater effluent flow rate, m3/s

VR -— volumetric flow rate of receiving body above plantdischarge, m3/s
x

—— downwind dispersion distance from a source ofemissions
WPPA -— wet process phosphoric acidX0

—— downwind distance from an emission source at which
X1

—— downwind distance from an emission source at which
.0

/Fl.0
TI

—— 3.14
a

—— 0.2089 x0.9031
a

—— 0.113 x0•911z
x -- downwind rjround level concentration at referencecoordinate with emission height of h

-— time—averaged ground level concentrationXmax -— instantaneous maximum ground level concentrationmax —— time—averaged maximum ground level concentration

xvii



o
U IV.

EL
U.

U

SECTION I

INTRODUCTION

The phosphate fertilizer industry converts insoluble phosphaterock into water soluble fertilizers that are rich in phosphorus
and readily available for plant uptake. For this program, the
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 acid to
superphosphoric acid, the production of normal and triple super-
phosphates, and the manufacture of granular anium phosphates.
Phosphoric and superphosphoric acids serve as 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 is
concentrated in the state of Florida because of its extensive
phosphate rock deposits. Until the early 1960’s, superphosphates

• were the primary phosphate fertilizer material manufactured, but
now auunonium phosphates predominate because of their higher over
all nutrient content.

p4
During phosphate fertilizer production, air emissions, water
effluents, and solid residues are released into the envirorunent.
This assessment document characterizes these discharges and
evaluates their potential environmental impact. The report
contains a source description that defines process operations,
process chemistry, plant production and capacity, and industry
locations. Emission pointf are identified, emission species are
characteried, and average emission rates 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.

1
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SECTION 2

SUMMARY

In 1975 the phosphate fertilizer industry in the United Statesconsumed 26.1 x 100 metric tons of phosphate rock to produceapproximately 4.89 x 106 metric tons of phosphate fertilizer.Final product included 0.44 x 106 metric tons of run—of-the—pilenormal superphosphate, 0.90 .c 106 metric tons of granular triplesuperphosphate, 0.60 x 106 metric tons of anunonium phosphates,all expressed in terms of their phosphorus pentoxide (P206) content. In addition, 6.29 x 106 metric tons of wet process phosphoric acid anc 0.506 x 106 metric tons of superphosphoric acidwere manufactured as phosphate fertilizer intermediates.
Phosphate fertilizers are produced at 121 plants located in 28states. The number of plants producing each compound and theaverage production rates are given in Table 1. Approximately30% of the plants are complexes producing more than one phosphatematerial. These same plants account for the majority of production volume. Florida, because of its large phosphate rock deposits, is the leader in number of plants (i.e., 16) and tonnageof materials manufactured.

TABLE 1. PRODUCTION STATISTICS FOR PHOSPHATE FERTILIZER PLANTS f
Number of Average plant production rate,Product plants metric tons/yr (P205 basis)

Wet process phosphoric
acid 36 175,000Superphosphoric acid 9 56,200Ammonii.mt phosphate 48 75,000Normal superphosphate 66 6,650Granular triple
superphosphate 13 69,100Run—of-the—pile triple
superphosphate 10 59,700Total industry 121a

NA’

asome plants produce more than one product.
Not applicable.

2
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I
Pho’phate fertilizer production begins with phosphate rock containing 30% to 35% P3Cm. This rock is crushed and mixed withaqueous aulfuric acid to produce phosphoric acid (28% to 32%U • PO). The reaction takes place in an attack vessel; in additionto phosphoric acid, insoluble calcium sulfate dihydrate (gypsum)and fluorine compounds are produced. Precipitated gypsum isfiltered from the acid, sluiced with recycled pond water, andpumped to a gypsum pond. Fumes from the attack vessel are ventedto a packed—bed wet scrubber for fluoride removal before they arevented to the atmosphere. The low quality 128% to 32% P2O) acidis concentrated to 54% P305 by evaporation.

Superphosphoric acid (P305 greater than or equal to 66%) is produced by further concentrating the 54% wet process phosphoricacid using either vacuum evaporation with heat transfer surfacesor submerged combustion/direct heating. All processing steps arevented to a common scrubber system to remove fluorides and parti—culates. Gypsum pond water is used as the scrubbing liquid andthen returned to the pond.
The term normal superphosphaf.e is used to designate a fertilizermaterial containing from 16% to 21% P205 made by reacting groundphosphate rock and sulfuric ecid. Rock and acid are mixed in areaction vessel, held in an enclosed area (den) during the solidification process, and transferred to a storage pile for curing.Cyclones and baghouses are used to control particulate emissionsfrom rock processing operations; scrubbers are used to reducefluoride and particulate emissions from the reactor and den.However, no controls are normally employed on the curing buildingbecause of the lower level of emissions and typically smallplant size.

Triple superphosphate designates a fertilizer material having aP305 content of over 40% made by reacting phosphate rock andphosphoric acid. There are two principal types of triple super-phosphate: run-of-the—pile and granular. Run-of—the—pile material is essentially a nonuniform pulverized mass produced in amanner similar to that used for normal superphosphate production.
In the production of granular triple superphosphate, a liquidmixture of rock and acid is distributed onto a bed of recycledfines in a granulator to produce a hard, uniform, pelletized gran
ule. Cyclones, baghouses, and scrubbers are used to control particulate and fluoride emissions from the various processing steps.In the manufacture of animonium phosphates, phosphoric acid andammonia are initially reacted in a preneutralizer to an ammonia/phosphoric acid mole ratio of approximately 1.4. The resultingslurry passes to an anmion.iator—granulator, where the injectionof additional ammonia causes further solidification. AmmoniumU phosphate granules are then dried, cooled, screened, and sent toproduct shipment. Exhaust streams from the preneutralizer andammoniator—granulator pass through a primary scrubber in which

• phosphoric acid removes ammonia and particulate. Exhaust gasesU
3
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01
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. The exhaust is sent to
secondary scrubbers where recycled gypsum pond water is used as
a scrubbing liquid to control fluoride emissions. The scrubber
effluent is returned to the gypsum pond.
A surmary of air emissions for the six production processes is
presented in Table 2. For each emission point, the emissionspecies and emission factors are reported. In addition to the
process emissions at phosphate fertilizer plants, fluorine in
the gypsum pond water is volatilized and emitted to the atmos
phere as some form of fluoride.
In order to help evaluae the potential environmental impacts of
air emissions and water effluents, certain criteria were used;
source severity, at tected population, and state and national
emission burdens. The intt was to compare the relative impa’ts
of a large number of source types studied. In evalcating poten
tial environmental effects, average pc1rameters have primarily
been employed (e.g.., emission factors, stack heights, population
densities). A more detailed plant-by--plant evaluation was beyond
the scope of the project and conc1usion’ are not drawn with re
gard to actual enviroraental impcicts at specific sites. In some
cases, hazard factors used in the evaluation may be conservative
due to a lack of more definitive health effects data.
Source severity (S) Zor air emissions compares the time—averaged
maximum ground level concentration of an emitted pollutant, max’
to an estimated hazard fac.or, F, and is defined as max’
Values of were calculated from average plants from accepted
plume d.spersion equations and the emission factors in Table 2.
The hazard factor, F, is defined as the primary ambient air
quality standard (AAQS) for criteria pollutants (particulates and
sulfur dioxide). For fluoride and ammonia emissions, F isdefined in terms of the reduced threshold limit value (TLV®):
F = TLV(8/24) (1/100), where the factor 8/24 corrects for 24-hr
exposure and 1/100 is a fety factor. Calculated source sever
ity va1ue are shown in Table 2.
Values for co.ilU not be determined for hydrogen fluoride
em...ssions from gypsum pQnds. 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 be1w 1.0 and 0.05.

U The pocential environmental impact was also measured by deter
mining the population around a plant exposed to a contaminant
concentration exceeding an acceptable level. The affected
population is defined as the number of persons living in theU area around an average plant where divided by F is greater
than 1.0. Plume dispersion equations are used to find this

0
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area, which is then multiplied by an average population densityto determine the affected population. Due to uncertainties inherent in sampling and dispersion modeling methodologies, thenumber of persons exposed to a /F ratio greater than 0. G5 isalso reported. Values for the affected populationare reportedin Table 2.

Another measure of potential environmental impact is the totalmass of industry emissions of each criteria pollutant. Thesevalues were compared to total state and national emissions .fromall sources to find the emissions burden due to various segmentsof the phosphate fertilizer industry. The percent contributionsto states’ emissions burdens by wet process phosphoric acidplants ranged £rom 0.004% to 0.4% for particulates and from0.0002% to 0.02% for sulfur dioxide. On a national basis, wetprocess phosphoric acid plants contributed 0.01% of the nation’sparticulate burden and less than 0.001% of the sulfur dioxideburden. Particulate emissions from superphosphoric acid plantscontributed from less than 000l% to 0.005% of each state’semissions burden. For normal and triple superphosphate production, it was found that in each state and on a national basis theparticulate and sulfur oxide (SOn) contribution to the respectiveemissions burden was less than 0.001%. Ainmonium phosphate particulate emissions represent approximately 0.02% of the total national particulate emissions burden from all sources. On a statewidebasis, ammonium phosphate production contributed 0.1% or more ofthe total statewide particulate emissions burden in only Florida(0.8%), Idaho (0.4%), and Louisiana (0.3%).
Environmental and economic concerns have prompted use of controldevices in most facets of the wet process phosphoric and super—phosphoric acid industry, with the exception of volatile emissions from the gypsum pond. Rock unloading, rock transfer, androck charging operations are located in partially enclosed structures with ventilation systems venting to baghouses for rockrecovery. Vaporous and particulate emissions issuing from theattack vessel, filtration system, and clarifier are all ventedto a common venturi throad packed—bed wet scrubber. Recycledpond water is used in the scrubber to remove emissior. speciesarid is then Sent back to the gypsum pond. A similar wet scrubbing system is used as superphosphoric acid plants to removefluoride and particulate emission species.

The types of air pollution control equipment used at superphosphate plants are varied; however, all plants have a basic emissions control system consisting of cyclones, baghouses, and wetsc:ubbers. All plants use cyclones and/or baghouses to controlparticulate emissions from the rock unloading and rock feedersystems. Wet scrubbers are used to control particulate andfluoride emissions from the mixer den, curing building, reactor,granulator, dryer, and cooler. These scrubbers also control SOemissions from the dryer at granular triple superphosphate plantswh.ri fuel oil is used. Only the fluoride emissions from the
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curing and storage building at normal superphosphate plants
are uncontrolled.

Stack emission from all ammonium phosphate plants have some type
of emission control. Cyólones are used for product recovery, and
wet scrubbers are used for ammonia (NH3), fluoride, and product
recGvery.

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 2%. 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

t 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 (H3P04),
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 H3P04. and fluorides. Wastewater
from superphosphoric acid plants is normally contained in a 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 tze 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



fr) Plants recovering fluosilicic acid consume the small amount of
silica—containing liquid waste generated as a filler in fertilizer production.

Ammonium phosphate production facilities occasionally use second—
ary wet scrubbers to remove fluorides and other contaminants from
process gas stzeams after preliminary scrubbing with a weak phos
phoric acid solution for ammonia recovery. Secondary scrubbers
use recycled water from gypsum ponds or other holding reservoirs.In a study of over 70% of the plants in the phosphate tertilizer

. industry, nearly 75% reported no discharge of process wastewater.
Of the 15 plants that reported a discharge, 12 reported a dis
charge only when necessitated by exce;sive rainfall. Several of
these reported that they have not treated, or discharged water, for
several years. In actual practice, discharge of contaminated
proccss water from the recycle pond system is held to an absolute
minimum due to treatment costs.
One plant was fou’d to use river water on a once through basis
for scrubbing air emissions and for cooling. Effluent from this

I plant is discharged without treatment.
AvaiLable wastewater discharge data from seven plants on file as
of October 1976 at the Florida Department of Environmental Regu
lation were collected and analyzed by means of a water source
severity relationship.

Source severity for water effluents compares the concentration
of a particular pollutan- after discharge and dilution in the
receiving body with an estimated allowable concentration denoted
as the hazard factor.

In determining the source severity of a plant, the discharge

I
i quantity ia compared to the receiving body flow rate times the

hazard factor according to the following equation:

S
— (VF+VD)F (1)

where S = source severity for a particular pollutantVD = wastewater effluent flow rate, m3/s
CD = cncentration of particular pollutant, g/m3VR = vlurnetric flow rate of receiving body above

I plant discharge, m3/s
F = hazard factor for particular pollutant, g/m3il1li

8
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Seventies 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 equal 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.

Li
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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/m3
or 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

In 1975, 44,286,000 metric of phosphate rock were mined in
16 states in the United States, as shown in Figure 1 (3). Phos
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 pebble 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
the brown rock has been of commercial importance. Phosphate
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).

a1
metric ton equals ioe grams; conversion factors and mettic

system prefixes are presented at the end of this report.

(1) Riegel’s Handbook of Industrial Chemistry, Seventh Edition.
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.

U (3) Stowasser, W. F. Phosphate—l977. Publication No. MCP-2,
U.S. Department of the Interior, Bureau of Mines, Washington,
D.C., May 1977. 18 pp.
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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 (H2SO,) 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. Inorganic 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.

ILdS $CAT FMJS
•Ic$pIK S

Figure 1. Location of major phosphate rock
deposits 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 vazious 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.

11
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Product fertilizers differ in the amount and chemical form of the
three primary plant nutrients: nitrogen (N), phosphorus (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. Amznoniated 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 (P205)] 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.jdrate (gypsum) and fluorine corn-
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)—l4, 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),

II 1976.
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Location of wet process and
superphosphoric acid plants (6).

the atmosphere. Low quality (28% to 30% P205 equivalent) phos
phoric acid is then concentrated to 54% P305 equivalent by evapo
rating water from the solution.

Superphosphoric acid (P205 equivalent greater than or equal to
66%) is produced by further concentration of the 54% P205 phos
phoric acid. Superphosphoric acid concentration is accomplished
by either vacuum evaporation employing heat transfer surfaces or
submerged cc’mbustion/direct heating. In 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
P205. Approximately 044 x 106 metric tons (P205 equivalent of
NSP fertilizer were produced in 1975 (9).

Triple superphosphate (TSP), containing 45% to 55% available
P205, is made by reacting ground phosphate rock with phosphoric
acid. Two types of TSP are produced: run of th2 pile and granu—
la:. In 1975 approximately 0.60 x 106 metric tons (P205 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.

Figure 4.

‘ PHDSPIREC mo 5UPNOSP1lOR1C
AcID PLANTS
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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 snown ix Figure 5 (7). NSP plants are located near consumers
because it is cheaper to .ziip phosphate rock (approximately equal
to 33% P20,) to consumption areas than it is to ship NSP from the
ore deposits. A description of each NSP plant is given in
Appendix 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.

c. Ammoniuxa Phosphate——
Amxnoniuxn phosphates are produced by reacting phosphoric acid with
anhydrous ammonia. Both solid and liquid amrnonium phosphate
fertilizers are produced in the United States. In 1975, approxi
mately 2.8 x 10° metric tons (P305 equivalent) of ammoniurn phos
phates were produced by 48 plants located in 17 states, as shown
in Figure 7 (7, 10, 11).

3. Raw Materials

Raw materials used in the phosphate fertilizer industry consist
of phospiate 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
L..uorapatite, [Ca3(P04+)2J3.CaF2(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—lll, National Fertilizer Develop
ment Center, Tennessee Valley Authority, Muscle Shoals,
Alabama, March 1977. 45 pp.

(11) 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 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 p’.
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Figure . Location o NSP plants in
the United States (7).
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Figure 6. Location of TSP plants in
the United States (10)
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Figure 7. Location of ammonium phosphate plants

in the United States (7, 10, 11).

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 cj 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 4ays:

• BPL [bone phosphate of lime or tricalcium phosphate,

Ca3(P0t4)2J

• Phosphorus pentoxide (P205).

• Elemental phosphorus (P).

• Phosphoric acid (H3POL.).

(13) 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.

(14) Guimond, F. J., and S. T. Windharn. Radioactivity Distribu

tion in Phosphate Products, By—Products, Effluents, and

Wastes. ORP/CSD—75-3, U.S. Environmental Protection Aqency,

Washington, D.C., August 1975. 30 pp.
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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 Jo:in Wiley & Sons, Inc.

vain
0.5. lOCati0w aad tip. 0,0, CaO = A1,0, Fa0, 0.10, 00, 0 C CO, e.r. la,0 1,0 0,0

Otorida i

Laad p.bhin. high grad. 35.5 10.0 0.04 0.3 0.7 4.4 3.4 4.0 0.03 1.7 0.3 0.07 0.03 1.0
lard rzck. high grad. 35.3 -50.2 0.03 1.2 0.3 4.3 0.1 3.0 0.005 2.5 0.3 0.4 0.3 2.0
lard rack. west. peed 23.0 23.5 0.4 14.5 2.0 ISO 0.01 2.1 0.005 1.4 0.3 0.1 0.4 7.3

T.nn..a.a,

Izcwn rock, high grad. 74.4 45.2 0.02 1.2 3.5 1.3 0.7 3.0 0.01 2.0 0.2 0.2 0.3 1.4

W5tr0 crates,

Phoaphoric rock. high grads 32.2 44.0 0.2 1.0 0.3 7.5 1.7 3.4 0.02 2.1 1.5 0.5 0.4 2.5
Phosphoric rock. I.O. grad. 35.0 23.3 3.4 3.5 4.0 27.4 1.0 1.0 b 4.0 5.0 3.5 1.0 3.5

‘Mrar drying at 300C for esv.ral hoer.. est avaL1ahi.

TABLE 4. RADIUM (226Ra), URANIUM, AND THORIUM CONCENTRATIONS

IN PHOSPHATE MINE PRODUCTS AND WASTES AND

PHOSPHATE FERTILIZER PRDUCTS AND BYPRODUCTS
(14)a

(pCi/g)

Uranium Thorium

Material 226 234 235 238 227 228 230 232

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

Phosphoric acid 1.3
Gypsum 33 6.2 0.32 6.0 0.97 1.4 13 0.27

Normal superphosphate 25

Dianunonium phosphate 5.6 63 3.0 63 1.6 0.8 65 0.4

Triple superphosphate 21 58 2.8 58 1.2 0.9 48 1.3

Monoanononium phosphate 5.0 55 2.9 55

Sodium fluorosilicate 0.28

Animal feed 5.5

per grain; i picocurie
equals 0.037 becqüerel.

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 (P205) 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 remove moisture, and grinding to
improve reactivity.

18
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TABLE 5. CONVERSION FACTORS FOR PHOSPHORUS CONTENT UNITS

To convert from To Multiply by

% BPL % P 0.1997

% BPL % PO 0.4576

% P205 % P 0.4364

% P205 % BPL 2.1853

% P205 % H3P04 1.381

% H3P04 % P 0.316

% H3POz % P205 0.724

% P % P25 2.2914

% P % BPL 5.0073

TABLE 6. COMMON CONCENTRATIONS OF PURIFIED PHOSPHORIC ACID GRADES

(percent)

Material HIPOk P2O 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 98%) ranges in size from

pebbles 25 mm in diameter down to 100—jjm 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 am).

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 andare fired countercurrently. In recent years, the fluidized—bedtype of dryer has gained prominent importance because of its ue1savings and increased throughput.

PHOSPIIAIt
Rocx

ROCK

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 finenesslocated between the particle size levels of 80% through a 150—urnand 95% through a 74—urn screen. After the rock enters the millsystem, all flow through the sizing and reclamation circuits isby pneumatic means. Air is constantly exhausted from the millsystem to prevent precipitation of moisture which is releasedfrom the rock during grinding.

Future rock grinding operations may utilize a wet grinding circuit rather than the current dry grinding practice. This changewould eliminate the gas effluent streams associated with bothrock drying and grinding operations and result in lower capitalcosts (17)

SPhosphate rock arrives at the phosphate fertilizer plant ineither a ground or unground form. For economic reasons, thetrend has been toward more processing it the point where the rockis mined, especially at smaller plants (18).

(16) Heller, A. N., S. T. Cuffe, and D. R. Goodwin. InorganicChemical Industry. In: Air Pollution, Volume III: Sourcesof 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 LimitationsGuidelines and New Source Performance Standards for theBasic Fertilizer Chemicals Segment of the Fertilizer Manufacturing Point Source Category. EPA—440/l—74—Oll—a (PB 238652), U.S. Environmental Protection Agency, Washington, D.C.,March 1974. 170 pp.
(18) Caro, J. H. Characterization of Superphosphate. In: Super-phosphate: Its 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, tully enclosed material handling

equipment to reduce the loss of rock and prevent excessive air

emission3. 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
bottom cars into a receiving hopper
track. A vibrator is used to keep
underground screw or belt conveyor carries the rock to storage

silos. A typical rock unloading facility is shown in Figure 9.

The unloading station, transfer conveyers, and storage silos are

enclosed and all ventilation points are equipped with dust
collectors.

jc

Figure 9. Raw material unloading and storage.
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0 B. WET PROCESS PHOSPHORIC ACID PRODUCTION

1. Process Chemistry

U In the wet process production of phosphoric acid, sulfuric acidand the tricalciuin phosphate portion of the phosphate rock reactto form phosphoric acid and gypsum (17).

Ca3(POt,)2 + 3H2S04 + 6H20 — 2H3P04 + 3(CaSO42H2O) (2)
This chemistry is straightforward; however, two factors influenceU operating conditions at individual plants: the composition ofthe phosphate rock and the physical form of the byproduct calciumsulfate.

U a. Effects of Phosphate Rock Composition——Side reactions occur during acidulation, and the quantity of prod—ucts found depends on the amounts and composition of other chezni—cal constituents in the phosphate rock (see Table 3). Ti-esegenerally undesirable side reactions form precipitates axdsludges which foul operating, handling, transfer, and stc rageequipment (19). Excessive amounts of impurities also increaseacid viscosity, which affects handling operations. Metais suchas iron, aluminum, and magnesium form water—insoluble phosphatesalts, which tie up useful phosphate and remain as suspendedsolid impurities in product acids. Trace metals (arsenic, lead,and heavy metals) also contaminate the acid. Carbonates, fluorine, and silica likewise are troublesome materials (19). Carbonates react with sulfuric acid to produce carbon dioxide, whichcontributes to foaming. The calcium fluoride constituent of thefluorapatite orereacts with sulfuric acid to produce hydrogenfluoride according to the following reaction:

CaF2 + H2S04 —* 211F + CaSO (3)
In addition, calcium fluoride reacts with phosphoric acid according to the following reaction (17, 20):

CaF2 + 2H3PO — Ca(H2P04)2 + 2HF (4)
The hydrogen fluoride can evolve as a gas or react with silica inthe following manner (17, 20):

[ (19) Dahlgren, S. E. Chemistry of Wet—Process Phosphoric AcidManufacture. In: Phosphoric Acid, Volume I,. A. V. Slack,ed. Marcel Dekker, Inc., New York, New York, 1968.1 pp. 91—154.

(20) Evaluation of Emissions and Control Techniques for Reducing1uoride Emissions from Gypsum Ponds in the Phosphoric AcidIndustry. Contract 68-02—1330, Task 3, U.S. EnvironrentalProtection Agency, Research Triangle Park, North Carolina, bNovember 1976. 218 pp.
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Si02 + 6HF — H2SiF6 + 21120 (5)

During acid concentration steps, fluosJicic acid (H2SiF6) in the

4 phosphoric acid solution can dissociate according to the follow—

ing reaction (17, 20):

H2SiF6 —‘ SiF4 + 211F (6)

Fluosilicic acid can also combine with sodium or potassium to

yield fluosilicate salts, which form sca1 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

(CaSO4•21120). It is also possible toprecipitate calcium sulfate

as the hemihydrate (CaS0’l/2H20) or the anhydrite (CaS0). The

dihydrate processes offer basic advantages——less severe operatinq

conditions, lower rates of corrosion, better filterability, and

lower capital cost-—which outweigh advantages in the hernihydrate

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.

: I&_ ISO4) STAItL

DIHYOATt(CaSO4O)

PCIPITAJED A*VDI!1t

STASLI

•

OD4YOIA1tPEC!P!TATtD

•
ACID coNcs(mATIol.src21tFo

Figure 10. Precipitation and stability of calcium

sulfates in phosphoric acid (21).

Reprinted from Chemistry arid 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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9
The entire reaction, then, between the major (more than 90%)

Li phosphate rock constituents and sulfuric acid is as follows (17):

Ca10(POL,)6F2CaCO3+ 11H2SO, + llnH2O

—. 6ll3PO + 1lCaSOL,nH2O+ 2HF + H20 +C02 (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 aci. 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

[I
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.

ill
J (22) Lehr, 3. R. Purification of Wet Process Acid. In: 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. Raw Material Feed Preparation——
Phosphate rock is delivered to the plant site by railroad hoppercars. Unloading of these cars takes place in a three—sided shedwhere the ore drops out of the bottom of the railroad car and isconveyed to rock storage silos.

An exhaust system is installed in the unloading and transferareas to remove phosphate rock dust from the air. Tne exhauststream is passed through a baghouse before it is discharged tothe atmosphere. From the silos, the rock is classified by screening (60% to 80% less than 74 urn) or by air separation and ispassed on to the acidulator.

In addition to phosphate rock, sulfuric acid (93% to 98% H2SO.)is delivered to the plant site. This acid is piped to storagetanks from adjacent sulfuric acid plants.

b. Phosphate Rock Digestion——
The key feature in a phosphoric acid plant is the acidulator, thereaction vessel where phosphate rock is digested with sulfuricacid to produce orthophosphoric acid (28% to 30% P,05) and gypsum.Before the 1960’s, the digestion section consisted of a series ofseparate reaction vessels. Today, all wet process acid plantsuse a single tank design consisting of multiple compartments or

26

/



stages (24). The types of acidulation syBtems currently in use

in the United States include the Prayon, Prayon/Davy Powergas,

Dorr-Oliver, Singmaster and Breyer, and Swenson.

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 the

basic process and resulting product and byproducts remain the

same.

Phosphate rock and sulfuric acid are added to recirculating

slurry in the acidulator. Approximately 3.35 metric tons c.f 70%

BPL (32% P205) phosphate rock and 2.75 metric tons of 93% to 98%

sulfuric acid are required to produce 1.0 metric ton of H3P01,

(100% P205 basis) (24). Some processes use dilute sulfuric acid;

the range of concentrations is 50% 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 process

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—

merit 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 prevcnt formation of other hydrated

crystal forms of calcium sulfate. Three methods ofcooi.ing 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 lift

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 outer 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.

Marcel 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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2
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b

t

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 deriçn (24).
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Figure 12c.

Reprinted
editor, p.

Flow diagram for Singmaste’ and Bryer
dihydrate phosphoric acid process.

from Phosphoric Acid, Volume I, A. V. Slack,
274, by courtesy of Marcel Dekker, Inc.

[j\J.

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 Marcel Dckkcr, Inc.
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,€Mt-2O%P203)

ACID
FILTRATION

SYSFEM

Figure 13. Phosphate rock digester and cooling system.

steam ejection and also vented to the hot well. Fumes from thehot well may be vented to the wet scrubber, while the water
slurry is discharged to the gypsum pond.

c. Filtration——
Slurry fran the final stage of the reactor system is continuouslywithdrawn and pumped to a horizontal, rotary, tilting pan type ofvacuum filter to separate gypsum scuds from the liquid (32%
P205) phosphoric acid. Two diagrams of this type of filtrationsystem are shown in Figures 14 (12) and 15 (15). Slurry is discharged onto the filter, the undiluted mother liquor is collected,and the remaining slurry is subsequently washed by three continuous, countercurrent stages to remove phosphoric acid liquids.The cake is dried by suction, the filter pan is inverted, and thecake is washed from the filter with recycled gypsum pond water.Gypsum slurry then flows to the holding pond for cooling andsolid 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 thevacuum receivers and then to a multicoznpartrnent filtrate sealtank. Undiluted mother liquor is pumped to a surge tank and thento the concentration process. Water and acid from the second andthird washes are recycled to the preceding wash stage. Weak acidfrom the first wash is delivered to the attack vessel. Vaporsfrom the vacuum receivers are cooled and vented to the wet scrubber system. Cooling water and condensed vapors are used to washthe cloth filter in the final stage of the filtration process.

I.
I

WTR•
STLAM

WATER

,IO
DILUTION - COOi5R
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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% P205) from the first filtration stage is concentrated to 54% PaOs by vacuum evaporation of water. The acidis circulated, first through a shell—and—tube heat exchanger,then through a series of three flash chambers at 10 kPa to 20 kPapressure (25, 26) separated by shell—and—tube exchangers, asshown in Figure 16 (12). The flash chambers serve to providecomparatively large liquid surface areas where water vapor can bereleased with minimum phosphoric acid entrainment.

Minor acid impurities, such as compounds containing fluorine,volatilize with the water vapor. The evolved vapors containingfluorine compounds and phosphoric acid pass to a barometric condenser, from which the condensed vapors, process cooling water,and condensed steam flow to a hot well. From the hot well, thewater is recycled back to the barometric condenser that is usedin connection with the acid flash cooler. Vapors from the hotwell are vented to the wet scrubber system.

A variety of minor acid impurities such as iron and aluminum phosphates, soluble gypsum, and fluosilicates form supersaturatedsolutions in 54% P205 phosphoric acid and will precipitate duringstorage. These precipitates, in turn, cause problems in tank carunloading and customer processing. it is therefore necessary toremove these precipitated impurities before the acid is sold. Aspreviously illustrated in Tables 7 and 8, there is a large reduction in impurities between the filtered and product acids.

The process used in the United States for removal of precipitatedsolids from 54% P205 phosphoric acid involves only physical treatment of the acid rather than the more complicated and expensivesolvent extraction processes utilized in Europe and Mexico (27).Precipitated impurities are physically separated from the acid bysettling and/or centrifugation.

Sludge is either sent to the gypsum pond, processed into a lowquality fertilizer, or recycled to the evaporator feed tank.Recircui.ation of the sludge adds precipitated solids to the evaporator feed, providing crystal surfaces in the acid. Becausesalts coming out of solution during the evaporation process tendto deposit on these crystals rather than on evaporator surfaces,scaling is reduced. The clarified acid is then stored at ambienttemperatures.

(25) Cleanup Pays Off for Fertilizer Plant. Environmental
Science and Technology, 6():40O-40l, 1972.

(26) Banford, C. R. INC’s New Plant Shows Of f Latest H3P01. Know—
How. Chemical Engineering, 70(11) :100—102, 1963.

(27) Legal, C. C.., and 0. D. Myrick, Jr. History and Status of
Phosphoric Acid. In: Phosphoric Acid, Volume I., A. V.
Slack, ed. Marcel Deicker, Inc., New York, New York, 1968.
pp. 1—89.
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3. Gypsum Ponds

Gypsum ponds are used not only as settling basins for calcium

sulfate dihydrate (CaSO..2HaO), but can be used 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)

Contaminant Concentration

P205 equivalent 6,00 to 12,000
Fluoride 3,000 to 10,000
Sulfate 2,000 to 4,000
Calcium 350 to 1,200
Mimonia 0 to 100
Nitrate 0 to 100
Silica ‘l,600
Aluminum 100 to 500
Iron 70 to 300
pH 1.0 to 1.8

4. Industry Characterization

All 3 WPPA plants in the United States (7) use the same basic

proceFses described in previous sections. Specific equipment and

operating conditions 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 area. for a gypsum pond,
was designed for use of river water on .i 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
Production. In: Phosphoric Acid, Volume I, A. V. Slack, ed.
Marcel Dekker, Inc., New York, New York, 1968. pp. 727-739.



The 36 WPPA piants have production capacitie. which range from
6,480 to 751,300 metric tons of P205 per year, with an average
plant capacity of 251,600 meti:ic tons of P205 per year or 699

a metric tons of P205 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 calcu—
lated by dividing the total annual wet process phosphoric acid
production for 1973 (6,290,000 metric tons of P2O per year) by
the total number of WPPA plants, i.e., 36. An average WPPA
plant was therefore detined as producing 175,000 metric tons of
P205 per year or 486 metric tons of P205 per day.

TABLE 10. DISTRIBUTION OF WPPA PLANTS BY PRODUCTION CAPACITY

Combined capacity
Individual plant for all plants in

capacity, Number category,
10 metric tons of 10 metric tons Percent of
P205/yr plants P205/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 400 1 326.5 3.6
200 to 300 7 l,720 19.0
100 to 200 9 1,297 14.3

<100 10 394.2 4.4
Total 36 9,057 100

Approximately 4 to 5 metric tons of gypsum are formed for everymetric ton of P2fl (20). The magnitude of this waste is an
indication of the size of gypsum ponds, which also serve asholding ponds for the process water, necessary for plant operation. One reported rule of thumb for sizing is 0.00223 km2 perdaily metric ton of P205 production (20). An average plant,producing 486 metric tons P205 dilv, would require a gypsum pondof 1.08 km2 (263 acres).

The locations of the 36 phosphoric acid plants are listed inTable A—2 of Appendix A, which also gives information on the population densities in counties where the plants are located. A distribution of plants by county population density is shown in
Table 11. The predominant population density range is 40 to 49persons/km2;the median value for the 36 plants is 66.1 persons!km2. This value is used for the population density around anaverage plant.
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‘igure 17. DistributiOn of WPPA plants by capacity.

TABLE 11. DISTRIBUTION OF WPPA PLANTS
BY COUNTY POPULATION DENSITY

It

Population density, Number of Percent ofpersons/km2 plants total plants

0 to 9 4 11.110 to 19 5 13.920 to 29 2 5.630 to 39 4 11.140 to 49 14 38.950 to 99 1 2.8100 to 299 3 8.3300 to 500 3 8.3
Total 36 100
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C. SUPERPHOSPHORIC ACID PRODUCTION

1. 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).

x H3PO. H2
°3x+1 + (x — l)H20 (8)

As an example, tripolyphosphoric acid is formed as follows (29):

3H3PO 115P3010 + 21120 (9)

The resulting product is a mixture of phosphoric acid (H3P01) 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% P205 (27). At this degree of hydration,
the P2O in the acid is approximately 40% remaining as phosphoric
acid (H3PO.), 40% as pyrophosphoric acid (H.P2O5), 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 [H2SiF5J, silicon tetrafluoride
[SiF.J), and sulfate (29). Minor amounts of chromium, tin, manganese, vanadium, uranium, and arsenic are also found. The composition of superphosphoric acid typically produced from Florida
phosphate rock is shown in Table 12 (15).

iron and aluminum impurities in wet process acid reach their low
est solubility at about 54% P205, the normal feed concentration
to the superphosphoric acid process. In the product superphos—phoric acid, pyrophosphoric acid acts to sequester trivalent ironand 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 Materials
Industry. Contract 68-02—1329, Task 8, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina,
Maj 1976. 205 pp.
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TABLE 12. COMPOSITION OF SUPERPHOSPHORIC ACID (15)
(percent)

Eaprinted from Phosphoric Acid, Volume I, A. V. Slack,
editor, p. 1083, by courtesy of Marcel Dekker, Inc.

. Typical
Constituent content Range

Total P2O 69.60 69 to 70
Ortno—P205. 42.50 42 to 45
Nonortho—P203 27.10
Fe203 2.50
A1203 2.05
Combined Fe203 and A1203 4.55 4 to 5
Fluorine 0.51
CaO 0.15
SO3 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% P205 is continuously fed to the
evaporator from storage, and acid containing 72% P203 is with
drawn from the evaporator to product holding tanks. Acid cooling
is accomplished by circulating water through stainless steel cooling tubes in the product tanks. Superphosphoric acid production
can be controlled by regulation of the natural gas and air flowsto the combustion chamber, by the feed rate of acid to the evaporator, or by the amount of excess air used in the combustion
process.
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b. 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. In 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% P305 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% P205 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% P205) pumped into the evaporating system mixes with
recycled superphosphoric acid. As the acid leaves the exchanger
tube b-indle 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. Industry Characterization

Nine plants in the United States produce wet process superphos
phoric acid. These plants have production capacities which range
from 12,960 to 295,000 metric tons of P2O per year, with an
average plant capacity of 115,900 metric tons of PaO per year
or 320 metric tons of P205 per day (see Appendix A). Plant
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capacity distributions for those plants producing superphosphoricacid are given in Table 13 and Figure 18. Average plant production was calculated by dividing the total annual wet processsuperphosphoric and production for 1975 (506,000 metric tons ofP205) by the total number of SPA plants. An average SPA plantwas therefore defined as producing 56,200 metric tons of P203per 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,
10 metric tons of 10 metric tons Percent ofP205/yr plants P205/yr total capacity

>200 1 295 28.3150 to 200 3 479 45.9100 to 150 1 124 11.950 to ioo 1 65.2 6.3<50 3 79.6
Total 9 1042.8 100

ANNUAL PLANT PRODUCTION, 1O metric ton slyr

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 385.9 persons!kxn3, is used for the population density around an average plant(Table 14).

TABLE 14. DISTRIBUTION OF SI’A PLANTS BY
COUNTY POPULATION DENSITY

Population density, Number of Percent of
persons/krna plants total plants

a to 9 2 22.2
10 to 19 2 22.2
20to39 0
40 to 49 3 33.3

236 1 11.1
386 1 11.1

Total 9 100

Phosphate rock is composed of phosphate
eral fluorapatite {(Ca3(P04)213.CaF7}.
is only slightly soluble in water, thus
for plant growth.

NSP, containing from 16% to 21% P205, 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):

!Ca3(POb)2J3CaF2+ 7H2S01, + 3H20 —. 3(CaH(PO)2.H2OJ + 7CSSOb + 2H? (10)
I4onoca1ciu
phosphate
,nohydr. te

2. Process Description

Li

n
L

Li
uo*

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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reducinq its availability
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I
Mixing of the phosphate rock and sulfuric acid (acidulation)takes place in either a pan or cone mixer. The pan mixer, usedin conjunction with a batch den and largely replaced by the conemixer, is fitted with slowly rotating plows. Larger units arecapable of handling a 2—metric ton batch of material (16).

The cone mixer, developed by the TVA, has come into use in morethan 80% of the plants because of its relatively low capitalexpense, low maintenance cost, simple operation, and lack ofmoving parts (16). Sulfuric acid is fed into the cone tangentially in order to provide the necessary mixing action. Freshsuperphosphate discharges from the cone mixer to a pugmill foradditional mixing of acid and rock before discharge to a den.This type of mixer is suitable for use with either a batch orcontinuous 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—movingconveyor (den) enroute to the curing area. The low travel speedallows about 1 hr for the solidification process to occur beforethe material reaches the end of the belt. A cutting knife thenslices the solidified material from the belt. NSP as it comesF from the den is uncured and must be held in a curing buildingfor a period of between 2 wk and 6 wk to permit acidulation togo to completion.

A batch den is a closed compartment except for a vent thatreleases 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, thesolidified NSP material must be removed from the den and trans—ferred to storage. Dens operate either automatically, with acutting wheel that shaves the solidified mass from the den, ormanually, 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 orgranular mixed fertilizer. Granular mixed fertilizers aredescribed in a separate report entitled “Source Assessment:Fertilizer Mixing Plants” and are therefore not included in thepresent discussion (5).

In producing a granular normal superphosphate (GNSP) material,the hardened ROP product is first fed to a pulverizer where it iscrushed, ground, arid screened. Screened material is then sentto a rotary drum granulator. Steam or water is added, if needed,to aid in granulation. The mixture then passes through a rotarydryer where it is dried to set its form and sufficient moistureis removed to eliminate the chance of the pellets bindingtogether. The material then goes through a rotary cooler and onto storage bins for sale as bagged or bulk product.
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In some cases, the ROP—NSP material is granulated before curingin a similar operation.

Sources of emissions at an NSP plant include the mixer, den, andcuring building. Emissions of fluoride cnd particulate from themixer and den are controlled by scrubbing with recycled water.Fluorides evolved during curing and particulates released fromfertilizer handling operations (including screening and millingin the product storage building) are uncontrolled at a typicalplant. The ground rock unloading, transfer, and itorage facilities together with the process rock weighers and feeders comprisean additional source of particulate emissions. These emissionsare controlled by baghouse collectors.
3. Industry Characterization
Only a small portion (less than; 10%) of total NSP production isapplied directly as ROP—NSP or GNSP product (30). GNSP accountsfor less than 5% of total NSP production, and emissions from thisplant type are therefore not considered. Most of the NSP material is sent to a fertilizer mixing plant and used in the preparation of fertilizers containing more than one of the followingnutrients: nitrogen, phosphorus, and potassium.

An average NSP plant is defined as one that produces 6,650 metrictons of P2O per year of run—of-the—pile grade fertilizer. Theaverage NSP plant is located in a county having a populationdensity of 426 persons/km3. (See Appendix A for a complete listof plant capacities and locations.) Because individual plant production ?tatiatics are not available, the average plant production rate was calculated by dividing the total annual NSPproduction for 1975 (439,000 metric tons P205 per year) by thetotal number of NSP plants; i.e., 66.
E. TRIPLE SUPERPHOSPHATE PRODUCTION
1. Process Chemistry
TSP, 45% to 49% P203, contains between 2.5 and 3 times more P205than normal superphosphate. This higher P305 content product isachieved through the use of phosphoric acid in place of sulfuricacid as shown in the following equation (31):
(Ca3(POb)233CaF2 + 14H3P04 + 10H20 — lOrCaHL1(P014)2.H201 + 2HP (11)

Fluorapatite phosphoric Water Monocalcium Hydrogen(phosphate rock) acid phosphate fluoride
monohydrate

(30) Personal communication with Ed Harre, Tennessee ValleyAuthority, Muscle Shoals, Alabama, 14 April 1977.
(31)Background Information for Standards of Performance: Phosphate Fertilizer Industry, Vol. 1——Proposed Standards.EPA—450/2—74—019a (PB 237 606), U.S. Environmental Protection Agency, Raleigh, North Carolina, October 1974. 140 pp.

44

A



Higher grade TSP materials (with 54% to 55% P205) have been xnanu—
factured by the TVA but only on an experimental basis (9, 32).

2. Process Description

Two principel types of TSP are produced: ROP-TSP and GTSP.
Physical characteristics and processing conditions differ-for the
two materials. ROP material is essentially a nonuniform pulvex—
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 proceas 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% P205 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 no
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 FlaStic and begins to solidify.
Solidification, together with the concurrent evolution of reac
tion gases, takes place on a slow—moving conveyor (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 lndling 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 speces

(32) Gartrell, F. E., and J. C. Barber. Pollution Control Inter
relationships. Chemical Engineering Progress, 62(10); 44-47,
1966.
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at a typical ROP—TSP production facility are similar to thosedescribed for an NSP plant. Emissions of fluoride vapors andparticulates from the cone mixer, den, and curing building arecontrolled by wet scrubbers using recirculated pond water.Particulate emissions fron. ground rock storage and transferfacilities are controlled by baghouse collectors.

b. Granular Triple Superphosphate——Granulation is employed as a means of improving the storage andhandling properties of fertilizer materials. This process yieldslarger, more uniform particles (mean particle diameters between1 mm and 4 mm) either by agglomeration of RCP material or bydirect granulation of raw product slurry.

(1) GTSP from ROP—TSP——A generalized flow diagram of the processfor the producein of GTSP from cured ROP—TSP is shown in Figure 2i (4, 16, 31). Less than 10% of the GTSP consumed in theUnited States is currently produced by this method.

Figure 21. Production of GTSP from cured ROP—TSP (4, 16, 31).
In this process, cured ROP—TSP product is removed from storageand sent to a pulverizer where it is ground and screened. Thescreened material is then sent to a rotary drum granulator. Theaddition of steam and water aids the granulation process. Theresultant wet granules are discharged to an air dryer where wateris evaporated to give a hard, dense, granular product. The discharge from the dryer is screened, and acceptable product is sentto storage. Oversized material is recycled to the pulverizer andundersized to the granulator.

(2) Basic GTSP Process-—Two methods for the direct production ofGTSP are currently available: 1) Dorr—Cliver slu.rry granulationprocess and 2) TVA one-step granulation process. Direct granulation using the Dorr—Oliver process acccnts for over 90% of totalGTSP production, whereas the one—step process developed by theTVA durinq the past 10 yr to 15 yr remai.s experimental (4, 17,31) . The Dorr—Oliver slurry granulation process is illustratedin Figure 22 (16, 31) . In this process, phosphate rock, groundto a fineness located between specific particle size levels (80%through a 150-urn screen arid 95 through a 75—urn screen), is mixedwit. phosphoric acid in a reactor or mixing tank.. The phosphoricacid used in this process is appreciably lower in concentration(40% PO,) than that used in ROP—TSP manufacture because the
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lower strength acid maintains the slurry in a fluid state duringa mixing period of 1 hr to 2 hr (17, 20, 33). A thin slurry iscontinuously removed and distributed onto dried, recycled fineswhere it coats out on the granule surfaces and builds, up thegranule size.

Pugmills and rotating drum granulators are used in the granulation process. A puginill is composed of a U—shaped trough carrying twin contra..otating shafts upon which are mounted strongblades or paddles. Their action agitates, shears, and kneads thesolid—liquid mix, and transports the material along the trough.

:fi basic rotary drum granulator consists of an open-end, slightly inclined rotary cylinder, with retaining rings at ea.h end anda scraper or cutter mounted inside the drum shell. Drums vary indiameter from 2 m to 3 in and in leigth from 3 m to 6 in. A rolling bed of dry GTSP material is maintained in the unit while theliquid slurry is introduced through horizontal, multioutletdistributor pipes set lengthwise in the drum under the bed.

Slurry—wetted granules then discharge onto a rotary dryer whereexcess water is evaporated and the chemical reaction is arceler—ated to completion by the dryer heat. Dried granules are thensized on vibrating screens. Oversized particles are crushed andrecirculated to the screen, while undersized (smaller than 1 mm)particles are recycled to the granulator. Product—sized (1 mm to4 mm) granules are cooled in a countercurrent rotary drum cooler.The product is then sent to a storage pile for curing. After acuring period or 3 days to 5 days, granules are removed fromstorage, screened, bagged and shipped (31).

In the TVA one--step granulation process, qround phosphate rockand recycled fines are fed directly into the acidulation drumalong with concentrated phosphoric acid and steam. Granulationoccurs in this revolving cylindricl reactor. The use of steamaccelerates the reaction and ensures an even distriutior ofrnoisure in the mix. A more concentrated phosphoric acid (containing 72.5% P205) can be used, resulting in a higher gradegranular productcontaining about 54% available (32). Aftergranulation occurs in the reaction cylinder, granules are screened, cooled, and sent to storage in a manner similar to thatdescrined for the Dorr-Oliver process.

Emissions of fluorine compounds, SOx, and dust particles occurduring the production of GTSP by the Dorr-Oliver process (16,31) . Silicon tetrafluoride and hydrogen fluoride are released bythe acidulation reaction and evolve from the reactor, granulator,

(33) Final Guideline Document: Control of Fluoride EmissionsFrom Existing Phosphate Fertiiizer Plants. EPA—450/2-77-005(PB 265 062), U.S. Environmental Protection Agency, ResearchTriangle Park, North Carolina, March 1977. 277 pp.
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dryer, and cooler. Evolution of fluorides continues at a lower

rate in the curing building as the reaction proceeds. SO 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
conveyors. 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 dryer, cooler, screens, mills, prcduct
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:

fl ROP-TSP and GTSP.

a. Run—of--Pile Triple Superphosphate
An average ROP—TSP plant produces 59,700 metric tons of P205 per

O - 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 P205 per year) by the total number of ROP—TSP plants; i.e.,

Li 10.

b. Granular Triple Superphosphate
An average GTSP plant is defined as one that produces 69,100
metric tons of P205 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 (TSP produced in
1975 (898,900 metric tons P205 per year) by the total number of
GTSP plants; i.e., 13.

F. AMMONIUM PHOSPHATE PRODUCTION

1. Source Definition

Ammoriium phosphates are produced by reacting phosphoric acid with
anhydrous ammonia. Both solid and liquid arninoniuxn phosphate
fertilizers are produced in the United States. Arnmoniated super—
phosphates are also produced by adding NSP or TSP to the mixture.
In this 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

Li the production of liquid alnmoniuln phosphates and ammoniated
superphosphates is separately reported in Reference 5.
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Approximately 99% of axumonium 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 i.nprovers; in flux 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% P205 (1). Important aminonium phosphate fertilizer

grades in the United States are

Primarily monoanunonium phosphates (MAP)

11—48—0 11—55—0
13—52—0 16—20—0

Primarily didinmonium phosphates (DAP)

16—48—0 18—46—0

where N—P—K analysis represents

[1 N = percentage of available nitrogen
P = percentage of available P205
K = percentage of soluble potassium oxide (K20)

In 1975, 84% (on a P205 basis) of he amxnonium phosphates pro
duced consisted of DAP grade (9). When used as fertilizers,
aininciiuii pnvsphates 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 (5).

Emissions from production of mixed fertilizers using granular

amrnonium 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) David, 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.

U (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 (36) identifies four potential anhydrous

salts of ammonia and phosphoric acid having NH3:H3PO mole ratios
of 7:3, 2:1, 1:1, dnd 1:2. NHH2PO (MAP, mole ratic 1:1) and

(NHL,)2HPOL, (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

0
HZO0

Figure 23. Solubility boundaries for the ammonia-
phosphoric acid—water system (36)

Reprinted from The Chemistry and Technology of Fertilizers

by courtcy of the 1nerican Chemical Society.

Production of commercial rnmonium phosphates is based on four
exothermic reactions. MAP is produced from 1 mole of phosphoric
acid nd 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 (P205); i.e., 12—62—0,[f while releasing 105 kJ/mole (37, 38).

H3PO. + NH3 — NH4H2PO4 (12)r

DAP production combines 1 mole of phosphoric acid with 2 moles ofammonia 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).

LI
H3PO, + 2NH3 —-* (NH4)2HP04 (13)V

MAP

also reacts with ammonia to produce DAP and 54 kJ/mole
(37, 38).

NH,H2PO, + NH3 —+ (NH)2HPO, (14)

To attain various desired product analyses, sulfuric acid isadded in appropriate quantities and reacts with ammonia to formamxnonium sulfate and to release 138 kJ/mole (17, 37, 38).

H2SO. + 2NH3 —* (NH.)3SO4 (15)

Properties of pure crystalline MAP and DAP are listed in Table 15t (36, 37, 39) and presented in Figure 24.

f . Analyses of raw materials for amiuoniuin phosphate manufacture arepresented in Table 16. Anunonium phosphates can be made fromeither furnace process phosphoric acid or WPPA. Impurities inWPPA prevent production of fertilizers having analyses equivalent• to pure MAP or DAP composition. For some products, e.g., 16—20-0,•
S diluents ich as sulfuric acid are added to phosphoric acid bydesign tc reduce available phosphorus content of product todesired eve1s. Commercial grades of aminonium phosphate rangefrom MAP grade 11-48-0 to DAP grade 18—46—0. Intermediate gradesidentified earlier are either mixtures of MAP and DAP or dilutedMAP or DAP.

(37) Waggaman, W. H. Phosphoric Acid, Phosphates, and PhosphaticFertilizers, Second Edition. Reinhold Publishing Corp.,New York, New York, 1952. pp. 308—344.
(38) Himmelblau, D. M. Basic Principles and Calculations inChemical Engineering, Second Edition. Prentice-Hall, Inc.,Englewood Cliffs, New Jersey, 1967. pp. 449—454.
(39) Kirk-Othmer Encyclopedia of Chemical Technology, SecondEdition, Vol. 9. John Wiley & Sons, Inc., New York, NewYork, 1966. pp. 46—132.
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Property MAP DAP

N, % 12.2 21.2

P2051 % 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/l00 g H20:

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 6.7 4,000

Figure 24. Anmonium phosphate solubility and viscosity
as a function of NH3:H3P01.mole ratio (36).

Reprinted from The Chemistry and Technology of Fertilizers
by courtesy of the American Chemical Society.

TABLE 15. PROPERTIES OF PURE AMMONIUM PHOSPHATES (36, 37, 39)

Ii

LI 1.2 LI L
f 1*1)0
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TABLE 16 COMPOSITION OF AMMONIUM PHOSPHATE
RAW MATERIALS 22, 37, 40, 41)

Composition, wt % Furnace processaAnhydrous WPPA (average) phosphoric acid,Component ammonia Filtered Concentrated ppm

NH3 999 b
P205 28.7 53.3 54.32 wt %Ca 0.30 0.06 0.0Fe 0.45 0.78 2Al 0.29 0.52 0.0Mg 0.13 0.26
Cr 0.02 0.2V 0.02
N4 0.05 0.45 0.01 wt %K 0.02 0.06 0.0F 1.82 0.56 0.4SO3 2.11 2.3 0.0Si02 0.79 0.16 0.0C 0.24
Solids 3.7
Cl 2Pb

0.2Cu
0.1As

3. Process Description

Two basic mixer designs are used by aminoniation—granulationplants: pugmill amxnoniator and rotary—drum amnioniator. Approximately 95% of amrnoniation—qranulation plants in the United Statesuse a rotary-drum mixer developed and patented by the TVA (5).The primary product of this technology is 18-46-0, consistingprimarily of DAP. Ammoniuin phosphate products having a lowerNH3:H3PO mole ratio are made using the Dorr—Oliver process orvariations of it. The degree of ammoniation utilized with thistechnology ranges from an NH3:H3P04 mole ratio of 1.0 to 1.8, andthe primary product is 16—48-0, a product containing approximately one—third MAP and two—thirds DAP.

(40) Slack, A. V. Fertilizer Developments and Trends. NoyesDevelopment Corp.., Park Ridge, New Jersey, 1968. pp. 77—274.
(41) Kirk—Othmer Encyclopedia of Chemical Technology, Second Edition, Vol. 15. John Wiley & Sons, Inc., New York, New York,1968. p. 20.
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aComlnercial food-grade phosphoric acid.
bBlanks indicate data not applicable.



a. TVA Process——
A ger.eral process flow diagram of the TVA ammonium phosphateprocess is presented in Figure 25. Phosphoric acid is mixed inan acid surge tank with 93% sulfuric acid (used for productanalysis control) along with recycle and acid from wet scrubbers.Mixed acids have a P205 content of 40% to 45% (42). This analysis is attained by mixing unconcentrated filtered WPPA, 28.7%P205, and concentrated WPPA, 53.3% PO5 (see Table 16) (11, 40).
Mixed acids are then partially neutralized with liquid or gaseousanhydrous ammonia in an brick-lined acid reactor. In this agitated atmospheric pressure tank, the mole ratio of NH3:H3POis maintained at 1.3:1.0 to 1.5:1.0 (16, 39, 42—44). All phosphoric acid and approximately 70% of ammonia are introduced inthis vessel (45). In this molar range, ammonium phosphates aremost soluble, allowing further concentration of solution whilemaintaining adequate flow characteristics (Figure 24). Heat ofreaction is used in this vessel to maintain a temperature of100°C to 120°C and to evaporate excess water (39, 43). A slurrywhich is primarily MAP and contains 18% to 22% water is producedand flows through steam—traced lines to the anunoniator—granulator(43). To assure no leakage from the reactor, the vessel isventilated with outside air. In theory, the reactor could bedesigned without ventilation or atmospheric discharge, but inpractice, ventilation rates of 57 to 71 m/min (standard conditions) are common. Ventilation rate 4 determined by reactormechanical design, not process requirements (45). Ammonia—richof fgases from the reactor at 77°C to 82°C are wet scrubbedbefore exhausting to the atmosphere (45). Primary scrubbers useraw material—mixed acids as scrubbing liquor, and secondaryscrubbers use gypsum pond water as scrubbing liquor.

The basic rotary—drum ammoniator—granulator, Figure 26, consistsof an open-end, slightly inclined rotary cylinder with retainingrinqs 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. Dianiznonium Phosphate: New Plar’t Ushers inProcess Refinements. Chemical Engineering, 69(6):148—l50,1962.

(44) Vandegrift, A. E., L. J. Shannon, E. W. Lawless,-P. G. Gorman, E. E. Sallee, and M. Reichel. Particulate PollutantSystem Study, Vol. 3——Handbook of Emission Properties. APTD—0745 (PB 203 522), U.S. Environmental Protection Agency,Durham, North Carolina, 1971. pp. 313—335.
(45) Hardison, L. C. Air Pollution Control Technology and Costsin Seven Selected Areas. EPA—450/3—73—0l0 (PB 231 757),U.S. Environmental Protection Agency, Research TrianglePark, North Carolina, December 1973. pp. 11—192.
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Figure 26. TVA rotary ammoniator—granulator (5)

shell. Drums vary in diameter from 2 m to 3 m and in length from
3 m to 6 m. A rolling bed of recycled solids is maintained in
the unit; slurry from e reactor is distributed above the bed
while the remaining c.mmonia (approximately 30%) is sparged under
neath to bring the fina]. NH:H3PO, mole ratio from l.8:i..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. Recycle rates of 2.5 to 4.0 kg recycle/
kg product are typical for this type of unit (32). As with the
reactor, the granulator t tical1y could be designed without
ventilation, but to pr€ve: 1.eakage, approximately 8.5 x 10
m3 (standard conditions) p ..etric ton P205 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, waile temperature of of fgases 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%, arid then product is cooled to below 35°C. Cooling minimizes
caking and product dissociation during storage (see Table 15)

58

4



I
ê (43, 46). Temperature of of fgases frori’ the dryer ranges from

82°C to 104°C, and temperature of offases from the cooler ranges
from 4°C to 27°C (5, 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—

des (42, 47). Some plants screen the product before cooling
(42, 44). DAP product ranges in granule size from J. mm to 4 nun,
with a typical product size distribution presented in Figure 2’
C5, 48). The oversize are crushed, mixed with the undersize, and
recycled to the azmnoniator-granulator. To reduce DAP dustiness,
some manufacturers coat pduct granules with 0.5% by weight of
l0—wt lubricating oil uu.ng a rotati.ng dust suppressant system
similar to that shown in Figure 28 (46, 49). DAP is either
stored, bagged, or hulk loaded fc shipment.

b. Dorr—Oliver Process——
A general process flow diagram of the Dörr—Oliver process is pre
sented in Figure 29. Phosphoric acid (24% to 36% P205) (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 .ik of the reaction takes place in the first
reactor, with aãditional vessels used for pH adjustment of result—
ing slurry (37). Reactor of fgases are scrubbed with raw phos
phoric acid feed prior to exhausting to the atmosphere (17).

Thick sit’rry 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
cntrarotating 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 arnmoniation 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. In: TVA Fertilizer Conference,
Tennessee Valley Authority Bulletin Y-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: VIA 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 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 Handbook of Industrial chemistryby courtesy of Litton Educational Publishing, Inc.

during granulation and 2) at a lower H1:U3PO4mole ratio, roduct slurry has higher solubility (see Figure 24) (39.).
Slurry-coated granules are then dryed in a cocurrent rotary dryer.Product is then sized, e.g., 2.4 mm to 1.7 mm granules, and oversize are crushed, mixed with undersize, and recycled to theblunger (36). Product is sent to bulk storage for bagging orbulk shipment. Of fgases are vented to the atmosphare through acyclone and wet scrubber (16).

4. Industry Characterization

Recent production history of the amrnoniurn phosphate fertilizerindustry is presented in Figure 31. Reported production data arefor MAP and DAP materials and their processed combinations withammoniuni sulfate. Ammoniuin phosphates produced in combinationwith potash baits to make complete mixtures are excluded. Alsoexcluded are nitrophosphates, calcium metaphosphates, sodiumphosphates, and wet-base goods (made by treating phosphate rockand some organic ritrogenous materials with sulfuric acid) (9).
All production and capacity data in this report are presented asmetric toi’s of P205. The re1ationhip between metric tons ofP25 and metric tons of gross fertilizer product is a function offertilizer nutrient analysis and is therefore variable from plantto plant and within each plant as a function of time. A generalconversion factor for the entire industry in 1975 was (see Appendix A) (50—61).

Gross fertilizer (n1etric tons) = 2.49[P205 (metric tons)] (16)
(49) Inorganic Fertilizer Materials and Related Products.?428B(75)—1l, U.S. Department of Commerce, Washington, D.C.,danuary 1976. 6 pp.
(50) Inorganic Fertilizer Materials and Related Products.M2BB(75)-l2, U.S. Department of Commerce, Washington, D.C.,February 1976. 6 pp.

(continued)
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Figure 31. Recent history of aminonium phosphate
capacity and production (7, 9-H, 34)

(52) Inorganic Fertilizer Materials and Related Products.
M28B(76)—l, U.S. Department of Commerce, Washington, D.C.,
March 1976. 6 pp.

(53) Inorganic Fertilizer Materials and Related Products.
M28(76)—2, U.S. Department of Commerce, Washington, D.C.,
April 1976. ‘ pp.

(54) Inorganic Fertilizer Materials and Related Products.
M28(76)—3, U.S. Department of Commerce, Washington, D.C.,
May 1976. 6 pp.

(55) Inorganic Fertilizer Materials and Related Products.
M28(76)-4, U.S. Department of Commerce. Washington, D.C.,
June 1976. 6 pp.

(56) Inorganic Fertilizer Materials and Related Products.
M28(76)—5, U.S. Department of Commerce, Washington, D.C.,

(continued)
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From 1965 to 1975, amxnoniuin phosphate production grew from
0.983 x 106 metric tons P205 to 2.767 x 106 metric tons p2o5
(an annual growth rate of approximately 11%), while capacity grew
from 1.512 x 106 metric tons P205 to 4.926 x 106 metric tons
P205 (an annual growth rate of approximately 12%). Over that
period, plant utilization rates varied from 47% to 83%, ending in
1975 at 56%. For the period 1970 to 1975, the 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
plants and capacity by state in Table 17 (7, 10, 11) indicates
that Florida is the largest amnionium phosphate—producing state
(25% of pl.ants 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
P205; combined, they represent 64% of total natir’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 P2O5,
but these plants represent only approximately 15% of total
national capacity. Conversely, 50% of national capacity is
represented by plants each having annual capacity of less than
approximately 180,000 metric tons P205. Approximately 83% of
plants are below this size. Mean plant capacity in 1975 was
103,000 metric tons P205.

(continued)

July 1976. 6 pp.

(57) Inorganic Fertilizer Materials and Related Products.
M28(76)-6, U.S. Department of Commerce, Washington, D.C.,
Iugust 1976. 6 pp.

(58) Inorganic Fertilizer Materials and Related Products.
M28(76)-7, US. 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 Cozrerce, Washington, D.C.,
November 1976. 6 pp.

(61) Inorganic Fertilizer Materials and Related Products.
M28(76)—lO, U.S. Department of Commerce, Washington, D.C.,
December 1976.
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Percent of
Capacity, national

Company metric tons P205 capacity

CF Industries, Inc. 827 17

Williams Companies,
Agrico Chemical Co., Subsidiary - 729 15

8eker Industries 328 7

Occidental Petroleum Corp.,
Occidental Chemical Co., Subsidiary 300 6

Gardinier, Inc. 272 6

Farmland Industries, Inc. 248 5

IMC Chemicals Corp. 227 5

Olin Corp. 209 4

11

TABLE 17.

V

1975 DISTRIBUTION OF ANMONIUM PHOSPHATE
CAPACITY BY STATE (7, 10, 11)

Percent of Number
Capacity, national of

State metric tons P205 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 1
California 118 2 7
Illinois 114 2 1
North Carolina 92 2 1
Alabama 86 2 2
Missouri 84 2 1
Utah 65 1 2
Minnesota 63 1 1
Arkansas 45 1 1
Washington 27 <1 1
Michigan 25 <1 2
Arizona 11 <1

Total 4,926 100 48

TABLE 18. COMPANIES HAVING ANMONIUM PHOSPHATE CAPACITY
>200,000 METRIC TONS P205 IN 1975 (7, 10, 11)

L
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Figure 32. Cumulative distribution of arnmonium phosphat’
V plants and capacity in 1975 (7, 10, 11).

As previously mentioned, DAP production using TVA technology with
WPPA is representative of the anunonium 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 P205 and an average annual utilization
factor of 73%, yielding an annual production rate of 75,000

U
metric tons P205 (Appendix A).

Amrnonium phosphate production facilities are located in counties
with population densities ranging from 1 person/km2 to 1686

U
persons/km2 (Appendix A).

The average plant is located in a county with a population
- V density of 82 persons/km2 based on a plant capacity weighted

average.

I.
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SECTION 4

AIR EMISSIONS

A. WET PROCESS PHOSPHORIC ACID

Production of WPPA generates a variety of gaseous and particulateemission species. These emissions arise from five unit operations in the production process: rock unloading, rock storageand conveying, acidulation, filtration, and evaporation. Theseunit operations, however, release emissions to the atmospherein only three locations, as shown in Figure 33: rock unloading,rock storage and conveying, and wet scrubber system. In thisstudy, phosphoric acid production was defined to begin with theunloading of ground rock; however, most large plants in Floridagrind their rock on site.

ISSZOt4S

BAISSIONS

POND WATER

KSO

GYPSUM 5WERY
TO POND

I

EMISSIONS

RETIJRN
POND

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. Water—soluble fluoride compounds are sepa

rated from phosphate rock in the i:eactor, 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 depeiding 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 1m (minus

200 mesh) for WPPA manufacture. 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 produàtion 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 P205 250% based on averaging data in Appendix B.

Uncertainty associated with the emission Zactor 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 P205 with an aver

age value of 0.045 g/kg P205 ± 180% (see Appendix B for data).

The average value and standard deviation for the height of rock

un1oding emissions is 12 ± 3 in. For rock transfer, the average

value is 21 ± 6 in (App’ndix B). These values do not necessarily

represent stack heights, 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
tIis 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):

411F + Si02 —÷ 21120 + SiF (17)

The reaction favors the formation of SIF at temperatures. lower
than 100°C.

Phosphate rock typically contains 3.0% to 4.0% (by weight) fluor—
me 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 ;aseous 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 scrubbing 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 P205, which compares with two plants with
recovery of fluorine which have emission factors of 0.0033 and
0.0055 g/kg P205. One plant recovering fluorine has an emission
factor of 0.011 g/kg P205 which compares with three plants not
recovering fluorine with rnission factors of 0.012 g/kg P0 arid
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TABLE 19. FLUORINE MATERIAL BALANCES FOR WPPA MANUFACTURE

. Fluorine, 106 g/day
Gypsum Plant
slurry daily Fluorine

and production, emission
Material Phosphate Product process Air metric f’ctor,

balance rock acid H20 emission tons P203 g/kg P205

A 48.3 36.5 11.8 0.004 368 0.011
B 127 16.3 110.7 0.009 907 0.010

aData obtaired from the public files at the Florida Department of Environ
mental Regulations in Winter Haven, October 1976.

b
from Reference 62.

one with 0.011 g/kg P205. 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 P205 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 waF 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 P205. The average fluorine emis
sion factor for the wet scrubber system, calculated by averaging
all industry data, is 0.01 g/kg P205 ± 40%.

b. Particulate——
particulate emissions generated in the reactor consist of
urireacted phosphate rock, with lesser amounts of insoluble phos—
pliate 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 (Si02)
which is formed when silicon tetrafluoride reacts with water to

(E2) King, W. R., and J. K. Ferrell. Fluoride Emissions from
Phosphoric Acid Plant Gypsum Ponds. EPA—650/2—74—02l, U.S.
Environment1 Protection Agency, Research Triangle Park,
North Carolina, October 1974. 329 pp.

______ _
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I
form fluosilicic acid and silica. The fact that these emissions

- are insoluble in water partially explains their existence in thescrubbed vapor streaws.

Source test measurements for particulate emissions range from•
0.0011 to 0.17 g/kg P205 as shown in Appendix B. The average•
emission factor is 0.054 g/kg P205 ± 164% based on data from fiveplants representing 16% of total U.S. production.

•
c. Sulfur Oxides——
The origin of SO emissions in WPPA manufacture is not clear.The emissions ca-z result from dissolved sulfur dioxide in thesulfuric acid or from reactions of the phosphate rock with sulfuric acid (12). These gases are rarely measured at acid plants.

• Data from a Public Health Service document (12) and from oneplant reporting SO emissions (Appendix B) gave a range of emisV

sion factors of 0.0077 to 0.058 g/kg P205 (see Appendix B). An•
average of these figures gives an emission factor of 0.032 g/kg

V

• -
P205 ± 240%.

•

V

d. Phosphates——
Phosphate emissions consist of phosphate rock, various phosphates,and phosphoric acid mist. During particulate analysis of stackgases, all of these emission species are collected, with variousV efficiencies, on the filter paper.

V

•• •

Emissions data were obtained from one WPPA plant. In this seriesV of three tests (Appendix B), the filter paper was removed andthe particulates and gases were passed through three water-filledgas bubblers. The solution was then analyzed for total phospho—rus content and reported as grams of P205 per kilogram of P205produced.

• V Comparison of these three source test measurements at one plantwith the range of total Vparticulates emitted at the other plantsV

indicates that approximately 80% of the particulate matter con—sists of water—soluble phosphorus compounds.
V

• Because phosphate emissions are in particulate form, phosphate
• •

emission factors were not separately calculated; they aie
•

included with the particulate emission factor.

•
3. Gypsum Pond Emissions

V

V

Emissions of volatile fluorine, hydrogen fluoride, and silicon• tetrafluoride from gypsum ponds have been the subject of numerous
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j 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 foundto range from 11 to 1,100 kg F/(kzn2—day) [0.1 to
10 lb/(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
P205 for an average plant producing 486 metric tuns of P205 with
a typical gypsum pond of 1.11 km3. The average emission factor
is 0.50 g F/kg of P-205 (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/(km2—day) [4 to 10 lb/(acre—day)J. Data
collected by remote optical sensing indicate that fluoride emis
sions from the gypsum pond consisted entirely of hydrogea 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 Fertili’zer
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) I-luggstutler, 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
from Gypsum Ponds. EPA—69/01-4l45, Task 10, U.S. Environ—
mental Protection Agency, Washington, D.C., November 1977.
35 pp.

(67) yolk, W. Applied Statistics for Engineers, Second Edition.
McGraw-Hill Book Co., New York, New York, 1969. 110 pp.
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TABLE 20. AVERAGE STACK HEIGHTS AND CONTROLLED EMISSION
FACTORS FOR WET PROCESS PHOSPHORIC ACID AND
SUPERPHOSPHORIC ACID PLANTS

Stack Emission factor, g/kg Pa05
height, Total

Emission point fluoride Particulate SO

Wet process phosphoric acid:

Rock unloading 12 0 0.15 ± 250% 0
Rock transfer and conveying 21 0 0.045 ± 180% 0
Wet scrubber system: 29 0.Olfl ± 40% 0.054 ± 64% 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

5Only two data points.

B. SUPERPHOSPHORIC ACID

The most popular process (at about 75% of existing plants) for
dehydration of 54% P205 phosphoric acid to produce greater than
66% P205 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
quently, 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 :ogen fluoride. Particulates are limited to liquid
phosphot...... acid aerosols and mists produced by the condensation
process. The falling film evaporator (see Section 3) can qen’r—
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 P205, with an average value of 0.0073 g/kg P205
(Appendix B).

One plant reported particulate emissions ranging from 0.011 to
0.055 g/kg P205.

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 20.

I!
1:E

i!.

73



C. NORMAL SUPERPHOSPHATE

Emission points at NSP production facilities include the mixer,

den, and curing building. Emissions are also generated by mate

rials storage and handling operations. A list of emission

points at an average plant and corresponding emission species

follows:

• Ground rock unloading and feeder system——particulate.

• Mixer and den—fluoride compounds and particulate.

• 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 anQiyses 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 pro’ess in the phosphate rock

and are released as a result of the ac.dulation reaction. During

acidulation, the calcium fluoride contont of the rock is attacked

by the acid (sulfuric or phosphoric), resulting in formation of

hydrofluoric acid. This in turn reacts with silica fo.ind 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 + Si02 —b SiFt, + 2H20 (19)

3SiF4 + 2H20 —-‘ 2H2S1F6 + SiC2 (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 during the pro
duction and curing operations. Emissions of fluoride and par
ticulate from the mixer and dn are controlled by scrubbing with
water. Scrubber liquor 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
tiat 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.

74

<-A
- - - .——--—-———-——-—---.—

.-L.. — ——



TABLE 21. TYPICAL CHEMICAL COMPOSITION OF FLORIDA
NORMAL SUPERPHOSPHATE AND TRIPLE SUPER-
PHOSPHATE FERTILIZER (13, 18, 20)

pre.eed NSP cogtnt p

ccn?onent8 Units Range Average Range Average

A.1uain percent 0.21 to 1.16 0.72 1.20 to 1.95 1.68

Areenic As ppe 4.1 to 30.6 12.5 10.5 to 14.3 12.2
Azh (acid—insoluble) i*tt 2.00 to 13.65 4.45 2.50 to 4.90 3.55

Boron ppe <3 to 30 11 29 to 115 80

CaJ.ciue, totel c percent 27.20 to 31.13 29.52 16.60 to 21.57 19.65

Caiciun • water soluble CeO percent 10.19 to 14.90 13 • 10 14.60 to 16 .80

Carbon, organic C percent 0 • 21 to 0.27 0 • 24

carton djcxjde CO2 percent 0 to 0.44 0.066 0 to 0.22 0.11

Cblorine Cl percent - C 0.80 <0 • 1

Chrceiun Cr 70 to 72 71 0 to 890 513
Cobalt Co p 0 to 2.8 1.3 2.4 to 4.8 3.4

copper Cu 28 to 64 47 3 to 22 11
Fluorine p percent 1.41 to 2.15 1.74 2.00 to 3.49 2.47
Pree acid Po percent 1.30 to 2.15 1.71 0.19 to 3.85 2.6
Free acid—free water ratio 83P01J1120 0.12 to 1.19 0.58 0.06 to 1.59 0.8
Iodine I ppe 16 to 50 33

Iron Fe203 percent 0.38 to 1.37 0.67 0.92 to 2.00 1.59
Lead Pb p 8 ..O 20 14 0 to 65 26
Lithuin Li ppe 2
Magneciun. total 0 percent 0.04 to 0.12 0.07 0.05 to 1.00 0.38
Magnesiun. water soluble MgO percent C 0.03
Manganese pn 65 to 95 77 110 to 300 214
Molybdenun Mo 1.6 3.7 to 16.8 8.0
Nitrogen N percent 0.1 0.06 to 0.40 0.26
Phosphorus, total P205 percent 16 to 21 20 45 to 49 48
Potassiue X20 percent 0.16 to 0.24 0.20 0 to 0.57 0.35
Seleniun Se ppe 0 to 1.5 0.6 <0.8
silicon sb2 percent 4.00 to 4.54 4.35 0.60 to 7.37 4.42
Silver Ag ppe 15 to 20 18
Sthue Na20 percent 0.09 to 0.13 0.11 0.13 to 1.79 0.97
Sulfur, total 503 percent 26.58 to 30.55 28.99 2.12 to 4.95 3.01
Sulfur, water soluble SO3 percent 6.37 to 13.49 10.67 1.65 to 5.77 2.98

tariiun Ti ppe 54 to 2’O 162 0 to 599 300
Vanadiun ppe 20 to 71 46 0 to 3,875 2.515
Water, reported as moiature r2o percent 2.3 to 8.3 5.64 0.87 to 6.30 3.4
Water, free H20 percent 1.09 to 5.71 3.65 0.88 to 4.42 2.57
water of crystal)lzation H20 percent 2.44 to 5.14 3.55 1.29 to 6.26 3.47
Zinc Zn ppe SO to 200 134 0 to 320 102

5Rac3 jun. uraniun and thor bun are reported in Table 4.

Blanks indicate coeponent not analyzed.

CAverage. based on one to two measur..ents.

C
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Source test data from fertilizer plants were collected from
published literature and sampling data on file as of OctDber 1976
at the Florida Department of Environmental Regulation in Winter
haven. Raw data used to establish emission factors are given in
Pppendi.x B.

Emission actnrs for the emission species at NSP plants as a
function of emission point are shown in Table 22. Emission
factors for the mixer—den and the curing building were calculated
by averaging the appropriate values in Appendix B. Data were
vailahle for only one set of four tests for controlled fluoride
emissions from the product curing building. Because most (more
than 35) curing buildings remain uncontrolled, the fluoride
emission factors were normalized to uncontrolled emissions using
the f!uoride control efficiency of 97% reported by Plant A. The
low volumes 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/k P205
Emission source Particulates F1uorides

Rock unloading 028b

Rock feeding 0.055 ± .180% —

Mixer and den d 0.26 b86 0.10 ± 120%
Curing building 3.6 1.9 ± 120%

àFluoride released as a vapor.
bBd on two sets of data; therefore 95%
confidence limits could not be determined.

CNt emitted from this source.
duncontrolled emission factors since curing
building emissions are not 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
avai.lable 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 factors for
similar activities occurring at GTSP production facilities. In
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 developed in Aopendix B were

established by applying a “Student t test to the input iata (66)

The ‘t” test is applied because the swnple siz are fewer than

30 in number and th may not e normally drxbuLed. The

statistical data useJ to establish the error limits shown

in Appendix B.

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 7.3 g F/kg PO5 and 45 g

F/kg P,05 (dependiny on the fluoride c...ncentration of the NSP

product) are released durir the production and curing operations.

Based on data from the Florida Department of Environmental Regu

lation, a scrubber control efficiency of 99% for fluoride removal

was used. Controlled fluoride emissions would then range from

0.07 g F/kg P?Os to 0.45 g F/kg P205. This compares favorably

with our values of 0.1 g F/kg ?205 and 0.05 g F/kg P205 developed

for controlled emissions from the mixer—den and curing building,

respectively (Table 22)

D. TRIPLE SUPERPHOSPHATE

1. Run-of—the—Pile Triple Superphosoha:e

The process for production of ROP-TSP is similar to that fcr

NSP. Emission points and emission species therefore c)c’sely

resemble those from NSP production facilities; namely,

Ground rock unloading and feeder system-—particulate.

• Mixcr and den——fluoride compounds and particulate.

• Curing building—-fluoride compounds arid particulate.

• Gypsum pond--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 phc’sphoric acid.

Emissions of fluorides are controlled by wet scrubbers that dis

charge fluoride—containing wastewater stream to holding ponds.

Water in the ponds is recycled for use in the scrubbers. Gas.ous

fluoride is also emitted from the po!ds used as reservoirs to

hold contaiminated scrubber water. The deve1oprient of emission

factors for the ;:,‘coum ponds is covered under WPPA manufacture,

and will therefore not be considered here.

Emission factors for the emission species from ROP-TSP plant3 are

given in Tb1e 23. The raw data used to compile these factors

are presented in Appendix B.
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TABLE 23. EMiSSION FACTORS FOR AN AVEEAGE ROP-TSP PLANT

BASED ON CONTROLLED EMISSION SOURCES

Emission factor, g/kg PzOs

Emission source Particulates FluorideJ

Rock unloading
007b

Rock feeding 0.014 ± 170%

Cone mixer, den, curing building 0.16 ± 50% 0.10 ‘ 40%

apluoride released as a vapor.

bBd 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 source

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-niilling at Plant C (Appendix B) were utilized.

Particulate em4.ssions data from fertilizer screening and milling

ooerations 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 ?.ppendix B using emission factors for

similar activities occurring at GTSP production facilities.

An estimated 8 g F/kg P205 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 P205.

This value can be compared to the average controlled emission

factor of 0.10 g F/kg P205 based on actual source tests.

2. Granular Triple Superphosphate

Five plant operations release emissions at TSP plants using the

Dozr-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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• Ground rock unloading and feeder system——particulate.

• Reactor and granulator-—fluoride compounds and particulate.

Dryer and cooler——SOw, 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-sol1ble gases, silicon tetafluoride, and hydrogen
fluoride. Fluorine 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 mariufac—
ture of WPPA.

In addition to fluoride compounds and dust particles, the dryer
exhaust contains SO,. 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 conwion stack. As a result, individual emission factors were
not developed for separate segments of the production process.

There are no source test data for SO emissions from the dryer.
Estimates of ujicontrolled SO emissions wore calculated by
Plants A and E (Appendix B) on the basis of fuel oil consumption
and sulfur content.

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 P705 are released during the production and curing of GTSP.
A scrubber efficiency of 99% would result in a controlled ernis
sion factor of 0.152 g F/kg P205. 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 P205
Emission source Particulates Fluoridesa So

Rock unloading
009b

Rock feeding 0.017 ± 180% —

Reactor, granulator,
dryer, cooler,
screens 0.05 ± 320% 0.12 ± 30% 1.86

Curing building 0.10 ± 240% 0.018 ± 40% -

aFluoride released as a vapor.

bBased on two sets of data; therefore, 95% confidence
limits could not be calculated.

CNOt emitted from this source.

wt case estimate based on fuel oil sulfur content.

controlled emission of 0.156 g F/kg P305 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 armuonium phosphate fertilizers
by ammoniation—granulation of phosphoric acid and ammonia result
from six process operations. Emission sources and their related
emission species are:

• Reactor——ammonia, fluorides.
• Ammoniator—granulator——anunonia, fluorides, particulates.
• Drye.c——ammonia, fluorides, particulates, combustion gases.
• Cooler-—ammonia, fluorides, particulates.
• Product sizing arid material transfer——particulates.
• Gypsum pond--fluorides.

Ammonia emissions are volatilized from the reactor and amxnoniator
granulator due to incomplete chemical reactions and excess free
ammonia. Ammonia emitted from the dryer an1 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 ammoniuni fluoride
and ammoniujn 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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H2SiF6 z± 2 HF + SiF4 (21)

rJ 4 HF + Si02 ± 1120 + SiF4 (22)

At operating temperatures associated with MAP and DAP production,

emissions of silicon tetrafluoride are favored over hydrogen

fluoride (45)

fl 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.

Li 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

U 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 i Appendix B.
Emission factors are reported in the literature in units of grams

K per kilogram of P205 input, grams per kilogram of P205 output,
and grams per kilogram of product. All P205, 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% P205

U content was -assumed. All emission factors developed for this
study are expressed in units of grams per kilogram of P705.

fl 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,

fl emissions from the reactor anc ammoniator—granulator were corn—

Li 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

U
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 plant emission factor
for each emissions species was calculated from all data in
Appendix B according to the following equation:

+ ED/C + EP)(NR/A + ND/c + N) + ETP N
(23)

°Total NR,,A + ND/C + N + NTP

TABLE 25. EMISSION FACTORS DEVELOPED FROM SOURCE
TEST DATA GIVEN IN APPENDIX B

Controlled emission factors

a
Mean, 95% Confidence

Emission point g/kg P205 interval, % of an

Reactor/anoniator—granulator:

Fluoride (as F) 0.023 ±80
Particulate 0.76 ±90
anunonia

Dryer/cooler:

Fluoride (as F) 0.015 ±160
Particulate 0.75 ±60
Pj11nonia ...b _b

Product sizing and material transfer:

Fluoride (as F) 0.001
-C

Partic-.ilate 0.03
Asmx,nia —

Reported as total plant emissions:

Fluoride (as F)
0038d ±30

Particulate 015e ±120
AJTmnia 0.068 ±75

aFugitive emissions are included in the text.
b

information available; although aiminia is emitted from these unit
operations, it is reported as a total plant emission.

r
Emission factor represents only 1 sanle.

dA fluoride emission guideline of 0.03 gfkg P205 input has been

promulaated by EPA (47).

esased on limltQd data from only 2 plants.

where ER/A? ED/cs E, and E are emission factors from raw data
for the reactor,’aminoniator—granulator, dryer/cooler, product
sizing and material transfer, and total plant, respectively.
NR/A, N0/c, Jp, and NT? 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 P2O
69%a

Fluoride (as F): 0.038 g/kg P205
± 30%b

[ Ammonia: 0.068 g/kg P203 ± 75%

Information on fluoride emissions from the gypsum pond is re—

U .

ported in the section on WPPA manufacture. One—half of the 48

amrnonium phosphate plants are located at fertilizer complexes

producing WPPA. No measurements are available for fugitive

fl fluoride emissions from ponds located at plants producing only

ammonium phosphates. However, pond systems at arnmonium phosphate

plants not located at fertilizer complexes are proportionately

smaller and would have lower fluoride emissions than those at

complexes.

F. POTENTIAL ENVIRONMENTAL EFFECTS

r
U 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. In 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

U Source severity compares the time—averaged maximum ground level

concentration of an emitted pollutant, max’
to an estimated

O
hazard factor, F (Equation 24).

= .
(24)

fl The hazard factor, F, is defined as the primary ambient air

quality standards presently exist for particulates, sulfur oxides

(SOy), rkitrogen oxidants (NOr), carbon monoxide (CO), hydrocar—

L
bons,C and oxida-ts. For noncriteria emission species (fluoride

and ammonia), F is derived from the threshold limit value (TLVC))

3,

8Estirnated uncertainty based on process—related emissions.

bEstimated uncertainty based on total plant emissions.

CThe value of 160 ug/m3 used for the primary ambient air quality

standard for hydrocarbons in this report is a recommended guide—

line for meeting the primary ambient air quality standard for

photochemical oxidarits.
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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)

It \0.17
— lot
Xmax = <rnax\F.) (25)

2Q
where x = — (26)max iteuh2

and x = short—term (i.e., 3 mm) maximum ground levelmax concentration, g/m3

to instantaneous averaging time, 3 mm

t = averaging time, 1,440 mm

Q = emission rate, g/s

ir=3.l4

e = 2.72

average wind speed, rn/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 mm (24 hr). A wind
speed of 4.5 rn/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,
Ohio, 1969. 62 pp.

U (70) Reznik, R. B. Source Assessment: Flat Glass Manufacturing
Plants. EPA—600/2—76—032b, U.S. Environmental Protection
Agency, Research Triangle Park, North Carolina, March 1976.
147 pp.
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ground level downwind pollutant concentration, g/rn30.2089 x0•3031
0.113 x0•91
emission rate, g/s
3.14
average wind speed, rn/s
radial distance downwind from the source, m

Values of x are then calculated to determine at what distancedownwind from the source the severity falls below 0.05 and 1.0for an average emission factor.

The 24—hr ambient air quality standards of 260 ug/m3 for particu—lates and 365 .ig/m3 for SO were used as hazard factors tocalculate source seventies. For fluoride emissions, a TLV of2.0 mg/rn3 (based on hydrogen fluoride) was used tct calculate Ffor use in source severity ‘calculations. The corresponding TLVfor ammonia is 18 mg/rn3 (68).

Thesource severity calculation does not consider the distance atwhich maximum ground level concentrations of an emitted pollutantoccurs. 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 comparing 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 rnax and S were calculated for each emission point atan average plant. These values are presented in Table 26.Source seventies were also calculated for each plant based onaverage emission factors and stack heights. Plant productionrates used in severity calculations were derived for phosphoricacid and superphosphoric acid plants by multiplying plantcapacity data in Appendix A by utilization factors of 0.70 and0.49, respectively, obtained by dividing 1975 annual productionsby available industry capacities. The resulting severity distributions are presented in Figures 34, 35, and 36 for particulate emissions from rock handling operations at WPPA plants, forparticulate and fluoride emissions from the wet scrubber at WPPAplants, and for fluoride emissions from superphosphoric acidplants, respectively. Each severity distribution is plotted ascumulative percent of the number of plants versus severity foreach emissions species from each emission point.

Source severity distributions were not calculated for SO, emissions from the wet scrubber at WPPA plants or for particulateemissions from superphosphoric acid plants because of the smalleramount of emissions data.

U

— Qx
yz

where X=

(27)
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TABLE 26. VALUES FOR Xmax AND SOURCE SEVERITIES FOR
EMISSIONS FROM AN AVERAGE WET PROCESS -PHOS
PHORIC ACID AND SUPERPHOSPHORIC ACID PLANT

siax Sourc• severity

Total Total
Eiseion point floorid. ParticuLate 5O, fluoride Particulate SO

Wet process phosphoric acid:

ck unloading 0 106 0 0’ 0.41 0
flock transfer and conveying 0 10.4 0 0 0.040 0
Wet scruboar system 1.2 6.5 5.9 0.18 0.025 0.011

Gypsum pond
b 0 0 0 0

Superphosphor ic acid;

Wet scrubber 0.55 2.5 0 0.09 0.01 0

Zero indicates this species is not emitted from this source.

applicable.
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Figure 31. Source severity distribution of
particulate emissions from rock
handling operations at WPPA plants.
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Figure 35. Source severity distribution of

particulate and fluoride emissions

from the wet scrubber at WPPA plants.
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Figure 36. Sow: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 7 divided by F yielded the graph shown in Figure 37.
Dashed lines ;ive the change in 7/F with distance from the center
of a typical gypsum pond for emission rates of 11 and 1,100 kg
F/(km2—day, [0.1 and 10 lb/(acre-day)]. The solid line is for
an average enission factor of 220 kg F/(km2—day). Fluoride emissions 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 7/F falls below 1.0 at approximately
13CC m from the center of the pond for an average emission rate,and it falls below 0.05 at approximately 6700 in. A severity
distribution for fluoride emissions from the gypsum pond atindividual WPPA plants is presented in Figure 38, based on an
average enlsston factor. Table 27 presents severity ranges foreach species and emission point and also shows the percentage
of plants having a source severity exceeding 0.05 and 1.0.

b. Normal SLrhphosphate and Triple Superphosphate Plants——Table 28 presents the values of ax and S for each emissionpoint and for each emission specis from three average super—
phosphate plants. Values are based on the current level ofemLssion control at these plants.

Average stack heights in Table 28 were developed from stackheights for individual plants reported in Appendix B. A stackheight of 15 was determined from plant data for emissions fromthe baghcuses controlling rock unloading and transfer operations.EnLsslons from the NSP curing building at an average plant arenot controlled; they are exhausted from the building by ductsalonq one side. The height of the curing building, 12 in, wastherefcre used as the stack height for this source.
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Figure 37.

J25
00 c

0)STANE TO 5TMED SVtRITY, m

Figure 38. Distribution of distance to stated severity forfluoride emissions from the gypsum pond at WPPAplants.
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as a function of radial distance
downwind from gypsum pond.
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TABLE 27. RANGE OF SOURCE SEVERITIES AND PERCENTAGE OF WETPROCESS PHOSPHORIC ACID AND SUPERPHOSPHORIC ACIDPLANTS HAVING SEVERITIES GREATER THAN 0.05 OR 1.0
SoLrce-eeverity S Percentage of plantsEmission point Species MirJxum Maximum S > 0.05 S > 1.0Wet process pho.pnoric acid:

Rock unloading Particulate 0.011 1.26 86 14
Rock transfer and conveying Particulate ‘ 0.001 0.12 21 0Wet scrubber system Particulate <0.001 0.078 19 0Total fluoride 0.005 0.56 78 0SO <0.001 0.01 a

Superphosphoric acid:
Wet scrubber Particulate <0.001 <0.001 a

Total fluoride 0.01 0.32 65 0

TABLE 28. MAXIMUM GROUND LEVEL CONCENTRATIONS ANDSOURCE SEVERITIES OF CONTROLLED EMISSIONSPECIES FROM AVERAGE SUPEPPHOSPHATE PLANTS

I
I Il
Lii.

Lj
:e

(I
Li

source category

SP plants:

Rock unloading
Rock f.dere
Itxqr and den eC.iring building

GTSP plant,:

Rock unloading
Rock feevers
Reactor, gran.lator,

screen, cooler, dryer
Curing Suildinq

ROP—T$P plants:

Cone ixar, den,
etorag. buIding

Rock feeders
Rock in1oading

15
15

44 2.5
30 0.81

0.02
0.004
0.01
0.35

0.062
0.012

0

‘Distribution was not calculated because of the small amount of emissions data available.

vecaq
stack Xir.ax

Sheight, SOx as SOx am Yluorido 5028.b Particulate Yluorid.t sO2,b particuiateb

d15 — 4.915 1.018 1.2 3.0 0.1812 50 92 7.2

16
3.0

39 1.1 0.36
4.6 0.12

0.11 0.0042
0.018

26 5.3 8.1 0.03115 2.2
0.00915 Il
0.042

0.77

For rst C... analy.i., based en uncontrolled is.ion factor.
9pria.ary sir ‘uaiity 24—hr etandard er particulate. .quals 0.26 aq/e: for , It aquals 0365 sq/I.3.aqua ii 2 0 eq/i.3 r .quals . i,q/m. indicate isai .p.cise mt .itt.d fr the source cat.qory.eeiesioes.
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To complement the source severity values based on plants representative of the industry, source severity distributions for thewhole industry were calculated for all species emitted from eachemission point. Plant production rates used in severity calcu—lations were derived by multiplying plant capacity data inAppendix A by utilization factors of 0.66 and 0.65 for normalsuperphosphate and triple superphosphate plants, respectively,obtained by dividing 1975 productions by available industrycapacities. Where actual stack heights were unknown, theaverage, stack heights shown in Table 28 were used. A graphicrepresentation of this result is shown in Figure 39, presentedas the cumulative percent of plants with a source severity lessthan a specific value. Those emission points and associatedemission species not illustrated in Figure 39 had source seven—ties for all plants less than 0.01. Table 29 presents severityranges for each species and each emission point and also showsthe percentage of plants having a source severity exceeding 0.05and 1.0.

Because n. source test data were available for SO emissionsfrom the dryer at GTSP plants, an emission factor was developedbased on fuel analysis and consumption. Values of max and S
for SO emissions are based on a worst case analysis assuming nocontrol, even though some control results when effluent gasstreams are scrubbed by acidic pond water before discharge.
c. Aznmonium Phosphate Plants——Table 30 presents values for max and source severity for stackemissions from an average plant. Although some plants havemultiple emission points, this evaluation sums all stack emissionfactors and assumes a single emission point having a stack heightof 24 m. This irnplification can be justified y examining thevariation in stack heights from individual emission points inTable 31 (71) . Variation in stack heights between emissionpoints is well within one standard deviation of the mean.

In order to illustrate potential environmental impact of airemissions from the entire industry, source severity distributionswere calculated and are presented in Figures 40 through 42.
Table 32 presents severity ranges for each species and eachemission point and also shows the percentage of plants having asource severity exceeding 0.05 and 1.0.
2. Total Emissions

Potential environmental effects of the emissions from phosphatefertilizer plants can also be evaluated by determining the total

(71) National Emissions Data System Point Source Listing.
3

• SCC 3—01—030—01, 3—01—030—02, 3—01—030—99, 1976. 190 pp.
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Figure 39. Cmuiative source severity distributions.
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TABLE 29. RANGE OF SOURCE SEVERITIES AND PERCENTAGE OF PLANTS
HAVING SEVERITIES GREATER THAN 0.05 OR 1.0

——

Source severity Percentag. of plantsisaion .oint Species Mini2i Maxie.um S > 0.03 S 1.0
SP:

hock unloading Particulate 0 0Rock feeding Particulate 0 0Mixer and den Particulate 0.0036 0.13 3 0Fluoride 0.054 1.93 100 2Curing building Particulate 0.0046 0.057 2 0.tluortd. 0.011 0.82 95 0)P—’fSP:

Rock unloading Particulate 0 0Rock feeding Particulate 0 0Cone aixer, den, Particulate 0.0065 0.093 30 0cuxing building Fluoride 0.16 2.28 100 60GTSP:

Rock unloading Particu-lats 0 0Rock feeding Particulate 0 0Reactor, granulator, dryer, Particulate 0 0ccoler, screens Fluoride 0.063 1.45 100 12Sox 0.01$ 0.41 76 0Curing building Particulate 0.0038 0.035 0 0PluorlI. 0.027 0.25 85 0

NOrZ.—8lanks indicate that the sourc. severity for all plants is less than 0.01.

¼

TABLE 30. MAXiMUM GROUND LEVEL CONCENTRATION ANDSEVERITY FOR AN AVERAGE DAP PLANT

Stack emiesion frorn total plant
Species TLV, a max l,?/m’ S

Fluorids (a3 F) 2.0 2.9 0.44Particulate 0.26 110 0.43Monia 18 5.2 0.09

aprinery ambient air quality standard.
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TABLE 31. VARIATION IN EMISSION SOURCE SThCK HEIGHTS (71)

Nean stack Standard

______

fleight, m deviation, m

9423b
24 9.3

Source

Mraoniation-graflulatiOfl
Cooler/dryer
Conbined all stack height data

aAverage of 49 stack heights.

bverage of 51 stack heights.

J

p
El

TT

Figure 40. Severity cUstribution for total
plant ammonia emissions.
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S Percentage of plantsnissicin point Species Minisium Maximum S > 0.05 S > 0.1
Total plant Fluoride (as F) 004 2.9 90 10Particulate 0.04 2.9 90 10Aonia 0.008 0.59 52 0

mass of each emission species emitted. A comparison with totalparticulate and SO emissions on a state-by-state and nationalbasis can be made. Table D-l in Appendix D shows the state etnission burdens for the five criteria pollutants as reported in theNational Emissions Data System (NEDS) (72). Table D—2 in Appendix D is an updated version of the NEDS data as computed byMonsanto Research Corporation under contract with EPA (73).Table D—2 was used for computations shown in Tables 33 through39, which are presented and discussed later in this report.
a. Phosphoric Acid and Superphosphoric Acid Plants--Total emissiofls from WPPA and superphosphoric acid manufactureare shown in Table 33. These were calculated by multiplying eachemission factor at an emission point (Table 20) by the 1975 totalannual production fcr the two chemicals: 6,291,000 metric tonsfor WPPA and 506.000 metric tons for superphosphoric acid.

The masses of emissions for criteria pollutants at WPPA (particulates and SON) and superphosphoric acid (particulaes) plantswere calculated on a state—by-state basis for comparison witheach state’s total emissions burden. The resulting percentage ofstate burden for the industries and the contribution to thenational burden are shown in Tables 34 and 35. The total mass offluoride on a state—by—state basis is also included in the tablesfor completeness.

(72) 1972 National Emissions Report; National Emissions DataSystem (NEDS) of the Aerometric and Emissions ReportingSystem (AEROS. EPA—450/2—74—012, U.S. FnvironmentalProtection Agency, Research Triangle Park, North Caroli.na,June l74. 422 pp.
(73) Eimutis, E. C., and R. P. Quill. State—by-State Listing ofSource Types that Exceed the Third Decision Criterion,Special Project Report. Contract 68—02—1374, U.S. Environmental Protection Agency, Research Triangle Park, NorthCarolina, July 7, 1975. pp. 1—3.

a
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TABLE 33. TOTAL ANNUAL MASS OF EMISSIONS FROM WET-PROCESSPHOSPHORIC .CID AND SUPERPHOSPHORIC ACID PLANTS(metric tons per year)

TotalEmission point fluoride Particulate SO
Wet process phosphoric acid:

Rock unloading
0 912 0Rock transport
0 281 0(‘let scrubber system 62 342 198Gypsum pond 160 to 16,000 0 0

Superphosphoric acid:
Wet scrubber

3.7 5.7 to 28 0

TABLE 34. WPPA iNDUSTRY CONTRIBUTIONS TO STATEAND NATIONAL ATMOSPHERIC EMISSIONS

Percent o(
Total 19Th ?6aai of em siions, st•t.e and

Number tats
— metric tone/yr

natcoea1
of çroducon. Toti1

emiiena__

State plaits 10 metrtc tons fluoride Particulate 50x PIFTu1etsArkanias 1 35
1.2 to 84 5.4 1.1 0.006 0.0005

Cstitocja
140 4.3 to 350 33 4.3 0.004 0.0002

Piorad. 1) 3.344 122 to 8,400 955 108 0.4 0.006

Idaho 3 750 12 to 940 9* 11.2 0.15 0.02

tl1neii 4 2S0 9 to 660 66 9.3 0.206 0.0002

b.’. 1 153 3.4 to 390 40 5.0 0.02 0.001

.ou.zana 4 1,060 37 to 2,300 260 34 0.07 0.015

Mi.ei.uppi 1 342 4.8 tO 343 35 4.5 0.02 0.002

I4orth ago1na 1 470 17 to 1,140 118 75 0.02 0.0007
2 250 8.4 to 625 63 8.0 0.01 0.0004

Utah 1 45 1.6 to 114 11.5 1.4 0.02 0.5005
Untted States 36 6,291 222 to 16,000 1,540 200 0.01 0.0003‘Total Stat, and ationa1 eai.acone data as.1 in this calculation are 2iven in Appendix C a: obtained

Ero .ef,rencas U end 73 State ,.ia.ion s.ry data ware available only for criteria p.t1utsnts.

fiat for fiuertdq.
The ran9e of f1iorie e1..ior,a we. based on wet •crubber meisalon factor C0.010 qfkq PaO,.? plus gypeu.e

p$ actor rang. 0.025 to 2.5 /g Pa0.).
33 1q77 )etonal i.stoa 9eport. EPA-453/2-’4—012, U.S. tnviro.uental Protection Apency. R.eearch

Trianqis Park, 4ort’ Carc1na, June l94. 422 pp.t31 !iwutie. t. C. • snd . P. 7u111. State-by—State t.i.tir.q of Source Type. that fxceed th, Third
Dectejon Crt.rIon. Special Prj’ct R.port. C.etra.t 65-02-1574. U.S. n,ironie.nt.l Protection
Aqency, Research Trianql .‘ark, North C.rlSna. July 7, 1313. pp. 1—3.
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TABLE 35. SUPERPHOSPHORIC ACID INDUSTRY CONTRIBUTIONS
TO ST.TE AND NATIONAL ATMOSPHERIC EMISSIONS

Percent of
Total 1975 Mass of emissions, state and

Number state metric tons/yr national
o E.roduction, Total

a particulate
State plants 10’ metric tons fluoride ?articulate emissionsD

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
Te,:as 1 13 0.10 0.70 <0.001
Utah 1 20 0.15 1.1 0.001
United States 9 506 37 28 <0.001

3Based on upper limit emission factor of 0.055 g/kg P205.
bTotal state and netional emissions data used in this calculation-are given inAppendix C as obtaiied from References 72 and 73. State emissions suimnary dataw. a available only for criteria pollutants, not for fluoride.

5. E’orrna1 Superphosphate and Triple Superphosphate Plants-—
The annLlal. mass of emissions from all superphosphate plants inthe United States is given in Table 36. A comparison with thetotal particulate and SO emissions in the United States in 1975s included.

The mass of emissions from superphosphate plants on a state—by-state basis was also calculated, and resulting values were corn—nred to each state’s emissions burden. Tables 37, 38, and 39show c.he results of this analysis.

c. Ammoniur Phosphate Plants——
‘1ass emissions for each type of pollutant were found by multiply—irq. a-ierac;e emission fdccors developed previously in this reportby 197E, total production of 2.767 x l0 metric tons of PO.These values are approximately 4,150 metric tons of particulate,metric tons of f1.oride, and 190 metric tons of ammonia.

The mass of particulate emissions from am.monium phosphate plantson a state—by—state arid national basis was compared to state andnat Lonal emissions of particulates from all sources. State—by—state particulate emissions were estimated by apportioningrational ernissions according to the statewise plant capacitystrjb’jrion in Appendix A. Table 40 shows the results of thisco-a r I SOn.

In L975 an estimated 4,150 metric tons of particulates werercm ammcniurq phosphate manufacture, while in 1972 nationwe Darticulate ernssion loading from all sources was 17,872,000tns (72) . Thus the arnrnonium phosphate industry
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TABLE 36. ANU.L MASS OF EMISSIONS FROM SUPERPHOSPHATEPLANTS IN THE UNITED STATESU (metric tons per year)

)4abs of eissieniasic.a snurce category Flu.rii3e SO as S02 Particulate
NSP plants;

Kock wilc.eding
- 120Rock feeders

24Miser and d•n
44 noCuring building 30 1.600

Total plant 874 1,954GTSP plants:

Noc. ujadjg
81Rock feeders
15Reactor, granulator, screens, cooler, dryer 110 1.700 45Curing building V

16 — 90
Total punt

126 1,700 231
)P-TSP plants:

Cone mixer • macn, storage 60 96Rock fe.,ders
8Rock unloading

42
Total plant

60 146
Total superphosphate industry 1,060 1,700 2,231

N0T.—91anks in.iicate species not e,.itted fr this source category.

TABLE 37. CONTRIBUTION TO STATE PARTICULATE EMISSIONSBURDENS DUE TO EMISSIONS FROM NSP PLANTS
State production, Particulate V

metric tons/yr miseions, Percent of stateStats P205 metric tons/yr particulate burden

Alaba 29.600 124 0.00006Arkansas 3.480 15 0.000009Florida 44,700 188 0.00008Georgia 66,800 280 0.0001Illinois 5o,700 246 0.00007Indiani 8,130 34 0.00002entucky 10.400 44 0.00002Maryland 6,390 27 0.00004Michigan 6,970 29 0.00001Miseissippi 3,480 15 0.00001Missouri 8,710 37 0.00001Nebraska 6,970 29 0.00001New fork 6,390 27 0.00001North Carolina 43,000 180 0.00008Ohio 6,390 27 0.000009Pennsylvania 10,500 44 0.00001So-an Carolir.,a 25,600 101 0.0’009Tennessee 16,900 71 0.00004Texas 22,6G0 95 0.00001Utah 1,740 7 0.00003Vjr.jrmja 45,300 190 0.0001Washington 6,390 27 0.00001u.s. total 439,040 1,843 0.0014
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TA3LE 38. CONTRIBUTION TO STATE PARTICULATE EMISSIONSBURDENS DUE TO EMISSIONS FROWROP-TSP PLANTS

State production, Particulatemetric tons/yr emissions, Percent of stateState P0s metric tons/yr particulate burden
Florida 477,200 116 0.00005Idaho 17,730 4 0.000002Missouri 26,240 6 0.000002North Carolina 63,440 16 0.000007‘ Utah 10,500 3 0.000001U.S. total 597,110 145 0.0001

TABLE 39. CONTRIBUTION T0 STATE PARTICULATE AND SO EMISSIONSBURDENS DUE TO EMISSIONS FROM GTSP PLANTS

State Mass of emissions, Percent ofproduction, metric tons/yr state burden
State metric tons/yr Particuiate SO Particulate S0Florida 706,200 181 1,313 0.00007 0.0007

Idah’ 22,510 6 42 0.00002 0.0007
Mississippi 73,490 19 137 0.00001 0.’005
North Carolina 83,290 21 155 0.00001 0.00007
Utah 13,410 3 25 0.000001 0.00009tJ.S. total 898,900 230 1,672 0.00018 0.003
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TABLE 40. ESTIMATED MASS OF PARTICULATE EMISSIONSFROM AMMONIUM PHOSPHATE PLANTS

Particulate emissions,
Percent metric tons Contributionof national From amonium From all to totalState production phosphate plants sources (72) emissions, S

Alabama 2 72 1,178,642 <0.1Arizona <1 9 72,684 <0.1Arkansas i 38 137,817 <0.1California 2 1,006,452 <0.1Florida 43 1,770
226,460 0.8Idaho 5 221
55,499 0.4Illinois 2 96

1,143,027 <0.1Iowa 5 192 216,493 0.1Louisiana 24 988 380,551 0.3Michigan <1 21 705,921 <0.1Minnesota 1 53 266,730 <0.1Mississippi 3 117 168,355 <0.1Missouri 2 71 202,438 0.1North Carolina 2 78 481,026 <0.1Texas 6 247 549,408 <0.1Utah 1 55 71,693 (i.1washington <1 23 161,937 <0.1
U.S. total 100 4,150 17,872,000 <0.1

contributed approximately 0.02% of total national particulateemissions. Similar information on a statewise basis is presentedin Table 40. ifl no state do aminoniurn phosphate particulate emissions represent over 1% of statewide particulate emissions, whileparticulate emissions from ammonium phosphate production areresponsible for more than 0.1% of total statewide particulateemissions in only 3 of the 17 prodccing states.
3. Affected Population

The number of persons living in the area around a plant who areexposed to a contaminant concentration exceeding a given levelis deroted as the affected population. Plume dispersion equations are usea to determine the area where the average groundlevel concentration, , exceeds a given value. In the sourceassessment program two reference values are used, /F = 1.0 and= 0.05. This area, so determined, is then multiplied by anaverage population density to determine the affected population.
Disperson equations predict that varies with the distance, X,downwind from a source. Fcr elevated sources, is zero at the
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source (where X equals 0) , increases to some maximum value,
as X increases and then falls back to zero as X approaches
infinity. Therefore, a plot of versus X will have the appear
ance illustrated in Figure 43.

+_

DSThNct 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 /F is a maximum at the source and decreases with distance
downwind according to Figure 44.

Figure 4. 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 determined by averaginq county population densities in
which act::al plants are located. However, because the population
oatterns within a given county may vary significantly, the actual
population density in the immediate vicinity of individual plants
may be lower than this average, Conclusions, therefore, should
riot be drawn with regdrd to actual environmental impacts at
indivdua plant 3iteS.

Due to uncertainties innerer!t in sampling and dispersion mode1in
rethodologies, 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
fected population calculation is presented in Reference 69.

a. Phos7horic and Superohosphoric Acid Plants-
Th3 county po2ulation density around average WPPA and superphos—
T2horlc ci plants is 46.1 persons/km2. The affected population
VdiuCS for thcse emisslon species and sources where the ratio of
7 to F exceeds 0.05 and 1.0 are given in Table 41. Affected popu
laton vajes for SOx were zero and are not shown in the table.
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ThBLE 41. AFFECTED POPULATION VALUES FOR EMISSIONS FROM WET
PROCESS PHOSPHORIC ACID AND SUPERPIIOSPHORIC ACID PLANTS

Affected population, persons —

Fluoride Particulates
V/F>O.05 V/F>l.O V/F>0.05 /F>l.OijSs1Ofl source

We process phosphoric acid:

Rock unloading 0 0 64 0
Rock transfi.r and charging 0 0 2 0
Wet scrubber 159 0 0 0

Gypsum pond 5,532 0 o
Superphosphoric acid:

Wet scrubber 28 0 0 0.

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
of 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 Superphosphat-—
Affected population values for emissions from average suierphos—
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 concentration for which /F is greater than or equal to 0.05.
TABLE 42. AFFECTED POPULATION VALUES FROM SUPERPHOSPHATE PLANTS

A! fecte4 pQpu1ation, persona_
v/r>0.05

_______ _______________________

Fluorl4e SO1 Fluoride SO1Zui.si.,n icurce

NSP:

Mixer cr4 den 0 529 0 0
Curing building 519 13,021 6 539

C’-TP:

CrPe den, curing building 0 1.178 0 0
Rock uncading 5 0

JSP:

R,ac:or, qraaulator. dryer, cooler, cre.ns 0 1.356 307 0 0 0
b.,iIM,’.1 0 161 0 0

Sock unloeding 15 0

?IOT5.—eianke indicata no in.ion of th• sp.ci.. for the pource.
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c. Aminonium Phosphate Plants-—
results of affected population calculations for the average

source are presented in Table 43. The average population densit”

was 82 persons/km2.

TABLE 43. AFFECTED POPULATION VALUES FROM
AMMONIUM PHOSPHATE PLANTS

.
Affected population. eZSOfl5

Fluoride Partciiiate h,.onia

ission ,ouc. 17,50.05 jTl.0 17FO.05 7F>l.O 1/F0.O5 iE/Yi.0

‘total plant stack s.ion 285 0 288 o 0

G. AIR POLLUTION CONTROL TECHNOLOGY

I. Phosphoric Acid and Superphosphoric Acid

r;nvirnmencal and economic concerns have prompted use of control

devices in nos facets of the WPPA and superphosphoric acid

industry, with the exception of volatile emissions from the
aypsum pond. The problem of pollutant abatement in the industry

is generally approached by using add-on devices. Process modifi

cations aie not employed because of the delicate balance of
operating 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
I cv e is.

a. Dust Control in Raw Materials Handling Operations—

Fnclosed operation and bayhouses are typical methods of control
at ground phosphate rock unloading stations. Satisfactory con
tr’i of dust emissions from unloadinq hopper—bottom railroad cars
or trucks is achieved by baghouses which realize high efficiency
in collection of this size particle (60% to 80 of the rock is
less tnn 74 m (24) . Efficiencies are reported to be greater
rnn 99% 74)

F’ced hoppers, storage bins, and conveyors are also enclosed to
reduce particulate emissions and moisture contamination of the
rrc-k. Whei transport of ground rock from storage bin to feed
hopper is accomplished by pneumatic conveyors, a cyclone separa
tor an ba’house are located at the destination for control of
bu1 rnaterla.L and dsch.srqed dust.

4) :‘incid, J. i. Air Pollution: Physical and Chemical
Frjr’enta1s. 1cCraw-Hiil Book Co., iew York, New York,
1373. 523 pp.
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[ Future rock grinding operations may utilize 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 by eliminating a rock drying step.

b. WPPA Wet Scrubber Systems-—
Of the available types of pollution control, wet scrubbers have
been the exclusive choice for treatment of contaminated process
vapors aenerated in ;he digester, filter, and evaporator. These
scrubbers combine the ability to absorb gaseous fluorides and
remove pariculates 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
section (28). When gaseo enter the spray section, hot vapors are
cooled, high concentrations of fluorides and particulates are
reduced, and reaction takes place between the water and silicon
tetrafluoride in the qas.

3SiF4 + 2q20 —. 2H2SiF5 + Si02 (30)

• The silica (Si02) precipitates in the form of a hydrated gel
[Si(OH),4).

Si02 + 2H20 —b Si (OH)4 (31)

• When 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—
sioris (15). • A venturi may be used instead of a spray tower
upstream from the packed scrubber described in the previous para—
araph, or in conjunction with a cyclonic spray tower.

f75) Envirorirnenral Engineers’ Handbook, Volume 2, Air Pollution,

B.
C. Liptak, ed. Chilton Book Co., Radnor, Pennsylvania.

.1974. 1340 pp.
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Figure 45. Spray—crossflow packed scrubber (31).

Important factors observed in efficiencies of control devices arecomposition and temperature of scrubbing water. Gypsum pond
water contains 3,000 ppm to 10,000 ppm fluorine. The parti1
pressure of the hydrogen fluoride in the pond water makes efficient recovery of fluorides in the contaminated gas stream
difficult (17, 64). The mass transfer process may even become
inoperative at higher temperatures. To combat this effect, someLL.lustries use fresh water in the last stage of the scrubber to
reduce gaseous fluorides to an acceptable level.

Tfle temperature influence on scrubber outlet concentrations isdepicted in Figcre 46 (76).

c. ehosphoric Acid Wet Scrubber——
As in WPPA plants, superchosphoric acid plants treat exhaust air
with wet scrubbers to remove particulates and gaseous fluorine
compounds. The type of wet scrubber used in this application,
however, is different from the WPPA choice because of a lower gasflow rate. A waLer—induced venturi scrubber, shown in Figure 47,
is the typical choice (31).

(76) Specht, . C., and R. R. Calaceto. Gaseous Fluoride Emis
sions from Stationary Sources. Chemical Engineering Prog
ress, 63(5):7884, 1967.
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:‘igure 46. Inlet concentration versus outlet
concentration at scrubber discharge
temperatures for a cyclonic spray tower (76).

Reprinted from Chemical Engineering Progress by courtesy
of the American Insititute of Chemical Engineers.
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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 ms/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 does 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.

Scr.ihber efficiency is increased with higher liquid—to—gas ratios
and with increasing nozzle pressure. Plant data indicate that
these installations are 99% to 99.8% efficient (31)

2. Normal Superphosphate and Triple Superphosphate

Superphosphate production and storage facilities utilize a
variety of e.’ices including wet scrubbers, cyclones, and bag—
houses to control emiosions of particulates, fluorides, and
combustion gases (31, 32).

Particulate emissions from ground rock unloading, storage, and
tralLsfer systems are controlled by baghouse collectors. Cloth
filters have reported efficiencies of over 99.9% for particles
smaller than 75—urn (Appendix B). Collected solids are recycled
to the process.

(77) Frazier, A. W., E. F. Dillard, and J. R. Lehr. Chemical.
Behavior of Fluorine in the Production of Wet Process Phos—
phcrc Acid. P.eseruted -at the American Chemical Society
Annu- Meeting, Chic.ago, Illinois, August 24—29, 1975.
16 pp.
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Emissions of silicon tetrafluoride, hydrogen fluoride, and particulate from the production area and curing buildings are controlled by scrubbing the of fgases with recycled water. Wetscrubbing combines the ability to remove particulate by impactionon the surface of liquid droplets with the ability to absorbgaseous fluoride compounds into the liquid phase. Exhausts fromthe dryer, cooler, screens, mills, and curing building, whereheavier loadings of particulate may be present, are sent first toa cyclone separator and then to a wet scrubber.

Gaseous silicon tetrafluoride in the presence of moisture reactsas follows:

3SiF + 2H20 — Si02 + 2H2SiF6 (32)

The silica is present as a gelatinous mass of polymeric silicawhich has the tendency to plug scrubber packings. The use ofconventional packed countercurrent scrubbers and other contactingdevices with small gas passages for controlling silica is therefore limited. Scrubber types that can be used within thisrestriction are 1) spray tower, 2) cyclonic scrubbers, 3) venturiscrubbers, 4) impingement type scrubbers, 5) jet ejectorscrubbers, and 6) spray—crossf low packed scrubbers.

Spray towers are not capable of the high efficiencies (greaterthan 95%; required for compliance with present regulations. Theyfind use, however, as precontactors for fluorine removal atrelatively high concentration levels (greater than 3,000 ppm).

Air pollution control techniques vary from plant to plant depending en particular plant designs. The effectiveness of abatementsystems for the removal of fluoride and particulate varies fromplant to plant depending on a number of factors. The effectiveness of fluorine abatement is determined by 1) inlet fluorineconcentration, 2) outiet or saturated gas temperature, 3) composition and temperature of the scrubbing liquid, 4) scrubbertype and transfer units, and 3) effectiveness of entrainmentseparation (16, 31). Control effectiveness is enhanced byincreasing the number of scrubbing stages in series and by usingfresh water scrub in the final stage. Reported efficiencies forfluoride control range from less than 90% to over 99% dependingon inlet fluoride concentrations and the system employed. Anefficiency of 98% for particulate control is achievable (31).

3. Ammonium Phosphate

E;nission control technology applied to DAP production servesthree purposes: recovery of ammonia, recovery of particulateMAP and DAP, and prevention of pollutant emissions of ammonia,fluorides, and particulates. Common practice in the industry isto combine emission points for emission control: reactor andarnmoniator-granulator, dryer and cooler, and product sizing and
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material transfer. Reactor and aaimoniator-granulator emissions[ -.. are vented directly to a wet scrubber system, while emissionsfrom remaining sources pass through cyclone collectors for prod—uct recovery and recycle before passing to a wet scrubber system.0 The chemistry for ammonia recovery is identical to the processchemistry discussed earlier: Ammonia is scrubbed fron of fgases

U
with excess phosphoric acid where it reacts to form ammoniumphosphates which are retained in the scrubbing liquor. Silicontetrafluoride, the primary gaseous fluoride emission species, isscrubbed from of fgases according to reactions in Equations 33 and34.

211F + SiF,,H2SiF5 (33)

3SiF + 41120 Si(QI4) + 2H2SiF6 (34)
All ammoniation-granulation plants have some form of pollutioncontrol equipment, but a complete characterization of emissioncontrol practices of the industry is not available (5). CombinedrequiremelAts for particulate collection and gas absorption forammonia recovery and fluoride emission control permit applicationof a wide variety of scrubber types for DAP service. Devicesapplied to DAP emission control include

• Spray towers
• Venturi scrubbers
• Impingement scrubbers
• Spray-crossf low packed bed scrubbers

Spray towers provide the interphase contacting necessary for gasabsorption by dispersing scrubbing liquid in the gas phase as aiine spray. Several types of spray towers are in general use.The simplest consists cf an empty tower equipped with liquidspray nozzles at the top and a gas inlet at the bottom. Scrubbing liquor sprayed into the gas stream falls by gravity throughthe upward flowing contaminated gas. A disadvantage of thisdevice is entrainment of scrubbing liquid aerosols into the exitgas stream.

Cyclonic spray towers eliminate excessive droplet entrainment byusing centrifugal force to remove droplets. Figure 48 presentsschematic diagrams of one- and two-stage cyclonic spray towerscrubbers. Gas enters the scrubber tangentially and scrubberliquor 15 directed parallel to gas flow, providing crossflowcontacting of gas and liquid streams (11, 43).

‘Jenturi scrubbers (Figure 49) are particularly well suited forstreams with high solids or silicon tetrafluoride loadingshcc’ise of their high solids handling capacity and self—cleaningcharacteristics. A venturi provides a high degree of gas—liquidmixina, but relatively short contact time and cocurrent flow
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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. In 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.

Effluent gases are introduced into the scrubber as shown in
Figure 50. The lower section of the inlet duct is equipped 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
hqh velocity and undergo a reversal in direction. Solids
imoinge on the liquid surface and are retained, while absorption
of gaseous fluorides is promoted by interphase mixing generated
by irnoact. Solids handling capacity is high; however, absorption
apabiiity is very limited (11).

The spray-crcssflow packed bed scrubber shown earlier in
Figure 45 consists o two sections——a spray chamber and a packed
bed--separated by a series of irrigated baffles. Both spray and
p-3c.ed sections are e’uippped with a gas inlet. Effluent streams
i:h relatively nigh fluoride concentrations—-particularly those
rich it-i s’.ljccr etriflucrjde—-are treated in the spray chamber

Figure 50. Doyle impingement scrubber (11).
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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; crossflow design has proven to be more dependable. Cross
f low 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.

Spray-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 scrubber. Packed scrubbers are
seldom used as primary scrubbers due to their tendency to plug
with gelatinous silicon or DAP (45).

Equip’nent commonly used for primary scrubbing includes venturis
and cyclonic spray towers, while cyclonic spray towers, impinge
ment scrubbers, and spray—crossfiow packed bed scrubbers are
used as secondary scrubbers (11, 43, 45). Primary scrubbers
gener1iiy ise 20% to 30% P,05 phosphoric acid as scrubbing
1.quor 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 v2riations. Some plants use reactor—feed concentration
phosphoric acid (40% P205) in both primary and secondary scrub
bers, and some use phosphoric acid near the dilute end of the
20% to 30% P205 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 en EPA survey were equiDped with
spray-crossElow packed bed scrubbers or their equivalent for
fluoride romoval (11).

Emission control efficiencies for DAP plant control equipment
have been reorted as:
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Ammonia 94% to 99% (11, 45)
Particulates 75% to 99.8% (45, 71)
Fluorides 74% to 94% (11)

Fluoride emissions and tie need for controlling them cou1 be’
eliminated froi DAP production if fluorides were rcmoved from
phosphoric acid raw material. As shown earlier in Table 16,
furnace ph.sphoric acid has very little (less than 1 ppm fluo—
rine content, but essentially all ammonium phospiates are
currently produced from WPA. Furnace acid is not used primarily
because it costs 29% more per metric ton of P205 to produce than
WPPA (7t).

Particulate collcion efficiency of dry cyclones increases as
gas flow rate increases. However, ir1creasing exhaust gas flow
rate also increases gas flow rate through the dryer. It has been
reporteri that additional dust is emitted from the discharge end
of the dryer when gas velocity exceeds 112 rn/mm (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
e1ocity through the dryer and cooler can then be regulated by
means of tne damper.

H. BYPROLtJCT RECOVERY

Fluorine compounds volatilized during production of phosphate
fertilizer materials are being considered as a valuable resource
for product!on of fluosilicates, fluorides, and hydrofluoric acid
(63). Fluorine is recovered from gas effluent streams as a weak
solution of fluosilicic acid by the following reaction sequence:

Phosphate rock + acid — HF (35)

4HF + Si02 SiF + H20 (36)

3SFL, + 2H20 — 2H2SiF6 + SiC2 (37)

Calcium fluoride contained in the rock reacts with acid to form
hydrojen 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
tion of silicon tetrafluoride is removed by filtration and the
product is a solution of 17% to 25% fluosilicic acid (63).
Systems recover the actd at concentrations of 25% or less, a
constraint which results from a rapid increase in vapor pressure

(73) Environmental Considerations of Selected Energy Conserving
Manufacturing Process Options, Vol. 13, Phosphorus,’Phos
phoric Acid Industry Report. EPA—600/7—76—034m (PB 264
279), U.S. Environmental Protection Agency, Cincinnati,
Ohio, December 1976. 96 pp.
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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 plants 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 Evaporation Co. and Swift & Co. (22, 27). The Swenson
system involves condensation of evaporator vapors and flash
evaporation to produce an approximately 15% solution. In the
Swift process, a weak solution of fluosilicic acid scrubs the
fluoride—containing vapors 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.

cya.O.i(
ZPLRATOII

Figure 51. Cyclone gas velocity control (46).
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n alternative method of fluorine recovery is removal of fluo—silicate sa1t prior to concentration of the approximately 30%P2Q5 acid. One procedure involves addition of sodium carbonateto the filtered solution of weak acid and subsequent precipitation of sodium fluosilicate.

Process modifications to recover fluoride byproducts reduce emissions from the WPPA scrubber and gypsum ponds by removing fluoride from process streams. The emission factor developed for thescrubber system at WPPA plants recovering fluoride byproducts wasone—half the factor for plants not practicing recovery techniques.
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SECTION 5

- WATER EFFLUENTS

Pecause 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 manufactLlring operations are often combined for treatment at
one location. The integrated character of the industry can be
s.een in Table 44. Over 70% of the plants produce only one type
of phosphate fertilizer material, while 30% of all the plants
consist of multiunit operations. However, more than 80% of phos—
phar.e fertilizer production occurs at multiunit plants.

TABLE 44. DESCRIPTION OF PHOSPHATE FERTILIZER COMPLEXES
IN THE tJNITED 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
‘4PPA, TSP 2 1.7
WPPA. DAP 10 8.3
PpA, rsP, DAP 6 5.0
WPP, SPA, DAP 2 1.7
WPPA, NSP, TSP 1 0.8
NSP, TSP, DAP 1 0.8
WPPA, SPA, TSP, DAP 4 3.3
WPPA. NSF, TSP, DAP 2 1.7

Total 121 100

WPPA——let process phosphoric acid.
ScA——aup.rphoephoric acid.
NSP—--normal euperphosphate.
TSP-—triøle superphosphate (inc’.udes both

granular and run—of-pile).
DAP——thmnonum phosphate (some plants

also meke moicaniur phosphate).

The remainder of this section considers wasewater handling prao—
tices, gypsum pond characteristics, effects of lire treatment,
and pteritial environmental effects of those plants that do dis—
crarqe wastewaters.
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A. SOURCES OF WASTEWATER

Two basic wastewater.SOUrCe types exist in a phosphate fertilizerplant——point and nonpoint. Point sources are those which originate as a definite wastewater st.ream from a particular process.Nonpoint sources originate from random leaks or from large areaswithin a plant. Point sources for each of the five basic processes are discussed first, below, followed by a general discussion of nonpoint sources for the entire plant.
1. Point Sources

Point sources of wastewater generated at phosphate fertilizerplants can be divided into three general classes:
• Contact process water
• Nonconta cooling water• Steam con nsate

Contact process wastewater refez to any water which, duringmanufacturing or processing, comes into direct contact with orresults from production or use of any material, intermediate product, finished product, byproduct, or waste product.
a. Phosphoric Acid-—
Sources of contact process wastewater from WPPA productioninclude wet scrubber liquor, gypsum slurry water, and barometriccondensers (Figure 52). Recycled gypsum pond water is used inthe wet scrubber system to remove particulates, fluorides, andphosphates from the gas streams. This reservoir of contaminatedprocess water also supplies the water requirements for transferring waste gypsum to a disposal area and for operation of barometric condensers. Acid sludge unde.rflow, generated in acidciarificaion, contains substantial amounts of phosphate and isnormally disposed of by blending into a dry fertilizer (usuallyTSP); it does not enter the pond system.

Once—through or recircuated noncontact cooling water is used tocontrol the exothermjc reaction when concentrated sulfuric acidis diluted. Cooling water may be either recirculated gypsum pond
water or a separate nonprocess stream that is recycled or discharged. Significant quantities of steam are used in WPPA produc
tion. In many plants, the steam is used on a once-throu;h basis.
Uncontaminated steam condensate is discharged to the receivingwaters without treatment. Contaminated steam condensate, such
as that from barometric condensers and vacuum ejectors, is dis
charged to the gypsum pond.

Wastear treaiis aL phosphoric acid 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——
Superphosphoric acid plants are located at fertilizer complexesproducing WPPA. As result, water usage requirements aresupplied for the most part by the existing water recycle system.Process wastewater streams at superphosphoric acid plants comefrom the barometric condensers, steam jet ejectors, and wet scrub—bers. These streams Dick up quantities of phosphoric acid andfluorides and are returned to the gypsum pond for reuse at thephosphate fertilizer complex. Noncontaminated steam condensatemay be segregated into a separate nonprocess water system andrecycled or discharged.

c. Normal Superphosphate
The only process wastewater stream generated at NSP plants is thewet scrubber liquor used to reduce the level of fluoride gasesand particulate matter evolved from the mixer, den, and conveyorsFigure 53). Scrubber liquor is discharged to a water containment or pond system and reused. Nearly two-thirds of the NSPplants presently practice fluorine recovery, thereby eliminatingor greatly reducing the need for a pond. In this system, fluorine in the exhaust gas stream is recovered as a weak solution offluosilicic acid. NSP plants recoverying fluosilicic acid consume the small amount of silica—containing liquid waste generatedas a filler in fertilizer production and report no discharge ofwas tewater.

Ct.4RIFI[D OR fl.9T0 1Dm3
CONTAMIATD W*TE TiI tori P 02 5

TO ATMOSPHERE
UbRIC ACID

l.0m3

PRODUCT TO CURING
metric tn 205

Figure 53. NSP production (17).

3. LP’°_Superphosphate
The wet scrubber liquor is the only process wastewater streamgenerated at TSP production units (Figures 54 and 55). Recycledgypsum pond water is used in the scrubber system to reduce thelevel of fluoride gases and particulate matter evolved duringfertilizer production and storage.

e. Arnrnonium Phosphate-—
At ammonium phosphate plants, substantial quantities of ammoniaare volatilized from the acid neutralizer, ammoniator—granulator,and dryer. Process ecor.omics require that ammonia be recovered.
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Weak (28% P205) phosphoric acid is used as the scrubbing liquor

and is recycled back to the aminoniator—granulator (Figure 56).
Phosphoric acid scrub solution is consumed in the process and

therefore results in no effluent. However, the phosphoric acid

scrub solution contains a small percentage of fluoride (1% to 3%)

and optimum scrubber operation for ammonia recovery results in
stripping 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 scrubber system uses water as a scrubber liquor

and is therefore a wastewater source. Scrubber effluents are con

tained in a water recycle system.

0
WATER

Z TO 4x IOm3lmetric a P2O5

Figure 54. RaP-TSP production (17).

CLARIFIED OR
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CTSP OUT
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Figure 55. GTSP production (17).

121



S

2. Nonpolnt Sources

WATER

PRODUCT

0
00
0

In phosphate fertilizer plants, various nonpoint sources can con
tribute to wastewater handling requirements.
a. Leaks and Spills——
In any plant, a certain number of valve and pump leaks as well as
random spills can be expected. •These leaks arid spijis are col
lected as part of the housekeeping procedure and, where possible,
reintroduced directly to the process or contained in the contami
nated water system. Spillage and leaks therefore do not normally
represent a direct contamination of plant e±fluent streams that
flow directly to natural drainage.
b. R’noff-
Rainfall Tunoff from a plant can collect quantities of contami
nants from the ground and buildings at the production facility.
Drainage from gypsum piles arid mined—out areas at a phosphateertiiizer complex also may be a significant contributor to the
overall water handling requirements of a plant. Runoff and drain
age are collected and treated before discharge, f necessary, or
sent to the contaminated water syster fcr containment. Non—contaminated waters ar kept segregated where possible anddischarged without treatrent.

c. Seepre——
The potenial exists for chemai and radiological contamination
of uroundwaters as a result of seepage from gypsum stacks andlarge process water coolzng ponds. Ex.isti.ng data is inconclusive
and is insufficient Lo determine the possible extent of this
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contamination. The potential impacts due to seepage need to bedetermined on a site specific basis. Seepage can be reduced orprevented if it is a problem by lining ponds and underlayinggypsum piles with an impervious material.

3. Gypsum Pond

a. Gypsum Pond Characteristics——
The gypsum pond is an integral part of the wastewater treatmentscheme at a typical phosphate fertilizer complex. The pondserves as a settling basin for gypsum (a byproduct of WPPA) andother waste solids, and it functions as a reservoir for recyclingprocess water and cooling water. The size of the gypsum pond ata WPPA.plant is approximately 2.23 x l0 km2/metric ton P205/day (20). Gypsum ponds are located adjacent to the plant complex; they are, in many cases, abandoned phosphate rock minepits.

Clarified gypsum pond water can be recycled for use in scrubbersand barometric condensers and for slurrying waste gypsum cakefrom the WPPA filtration process. With each recycle, the levelof dissilved contaminants in the water increases. After 3 yr to5 yr of recycle, impurities in pond waters approach equilibriumconcentrations (20) which are a function of pH, temperature, andother chemical factors, and are maintained by volatilization andprecipitation of impurities. Typical equilibrium concentrationsare shown in Table 45 (17, 20).

TABLE 45. TYPICAL EQUILIBRIUM COMPOSITION
OF GYPSUM POND WATER (17, 20)

Concentration, Radioactivity,Contaminant pCi/L

Phosphorus pentoxide 6,000 to 12,000
fluoride 3,000 to 10,000
Sulfate 2,000 to 4,000
Calcium 350 to 1,200
Acnia 0 to 100
Nitrate 0 to 100
Silica 1,600
Aluminum 100 to 500
Iron 70 to 300
‘Ra 60 to 100

5The typical pH range is 1.0 to 1.8.
per liter; 1 picocurie equals

0.037 becguerel.

At Dli less than 2, it is estimated that 80% of the phosphate present existsas phosphoric acid, the remaining 20% being the H2POanion (20) * The major equilibrium of fluoride cornponds as depicted in a model developed by Environmental Science and Engineering,tnc., is shown in Figure 57 (20). Data collected by remotesensing 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 (H2SiF6) and hydrogen fluoride (HF), small amounts of fluo
ride will be present in the water as soluble and insoluble alumi
num and iron complexes.

b. Seepage Control from Gypsum Piles——
NatLrai soil from the surrounding area provides the base for
dikes surrounding gypsum ponds. Gypsum is used to increase the
heigit of the dike. A drainage ditch surrounds the perimeter of
the area to control contoinated water seepage through earth and
gypsum.

Jesign of the ditch is dependent on area geology and impoundment
water lev?l. Figures 58 and 59 show examples of dike (64) and
seepage ditch construction. Water effluent co,Llected i: pumped
from a to’.: collection point in the dftch back into the pond.

M1NIWiM 6 m
I.__ FREEBOARD,

SLOPE NO GEATt TOP
,,,/MINIWJM 1.5 m

WATER tEVEI, SLOPE NO GREATER THAN 7.1
C4JTS1DFO€

Hf” INSIDETOE
BERM - ..—

‘

BERM, S rn MTN1f’dj.’,

DITCH, ORROW PIT
MIN2PMJM DEPTH 1 ‘ii

Figure 58. Recommended minimum cross section of darn (64)
eprinted from Phosphoric Acid, Volwne I, A. V. Slack,
oditor, p. by courtesy of Marcel Dekker, Inc.
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4

Figure 59. Gypsum pond water seepage control (17).
c. Lime Treatment of Gypsum Pond Effluents——Double or triple lime treatment of gypsum pond etfluents is theonly wastewater control technology used by the phosphate fertilizer industry, and it is practiced at only those plants thatstill discharge effluents. A schematic diagram of a two—stagelime treatment plant is shown in Figure 60.

- pê4 CONTflOUIR
IC LEVEl. CONTRftIER

Figure 60. Two—stage lime treatment plant (17>

TO RIVER
OR

PQQCESS UNITS

At least two stiges of liming are required; the first treatmentraises pH from less than 2 to about pH 3.5 to about pH 4.0 (20).

SEEPAGE
DITCH
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Fi;ure 61. Species predominance diagram for 0.4 M
hydrogen {i.uoride solution (20)

Another reaction also occurs, resulting in deposition of silica
and calcium fluoride (20)

H2SiF6 + 3CaO + F10 3CaF2 + 2H20 + Si02 (39)

The second stage of lime treatment raises p1! to greater than 6.0,
4ith calcium phosphates precipitating via the following reactions
(20)

2H3P0. -f CaO + H0 —* Ca(H2P0)2 + 21120

Ca(H2PCj2 -f CaD + IIO -— 2CaHPO4 + 2H20

Additional calcium fluoride will also precipitate.

?esuls of neutrali:ing a sm1e of gypsum pond water to a pH of
3.1 ar ci’ien in Table 46 (2
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s pH increases, availability of fluoride ions increases, as
iilustratd in Figure 61 (20). Calcium fluoride (CaF2) precipi
tates according w the following reaction (20):

Ca++ + 2F — CaF2 (38)

0

0

pH

U
C
p
U

(40)

(41)
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TABLE 46. REACTION OF GYPSUM POND WATER WITH LIME (28)

Chemical cooposition
—

Caicitm carbonate added
of filtrate, g/n3Percent of5 pa of

b Phosphorus Calciumkg/rn theoretical filtrate pentoxide oxide Sulfate Fluoride0C
0 1.8 2,000 1,400 2,760 2,900

6.0 50 3.2 1,650 1,200 2,500 1,000
9.0 75 3.4 1,410 1,100 2,300 70

12.0 100 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
5Calcium carbonate required to react with fluorine and phosphate.baBed with Beckman glasa electrode pH mater, Model H—2.COriginal gypsum pond water.

Laboratory data for phosphorus and fluoride removal at pH valuesover 5 are presented in Table 47 (17).

1

TABLE 47. LABORATORY DATA FOR PHOSPHORUS ANDFLUORIDE REMOVAL AT HIGHER ph (17)

Phosphorus, g/e3 Fluoride, gin3pH Laborstory Plant Laboratory Plant
5.5

176.0 42 146.5 24 12.57.0 500 18 13 12.57.5 330 14 8.5 12.58.0 200 12 6.8 12.58.5 120 8 5.8 12.59.0 20 6 5.2 12.59.5 3 3 4.8 12.510.0 1.2 1.2 4.6 12.5

NOTE.—Elanke indicate data not available.
2?BRa is also precipitated by lime treatment with increasing pH
as shown in Table 48.

TABLE 48. REMOVAL OF 226Ra BY LIME TREATMENT (17>

‘ Ra,
pM pCi/L

2.0 91
1.5 65
4.0 7.6

8.0 to 8.5 0.04

p
0

“Double lime” treatment does not reduce nitrogen levels, although
at hiah pH (greater than 9.0) significant ammonia loss to ambient
air can occur (17) . To date there is no proven means of
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Ieconomically removing ammonia nitrogen from aqueous solutionshaving low concentrations in the range of 20 to 60 g/rn3. Thebest control method is keeping the ammonia contaminant level lowby preventing its entry into the main contaminated water system.This is accomplished to a great extent by scrubbing emissionsfrom the ammonium phosphate production unit with a weak solutionof phosphoric acid that is subsequently consumed in the process.

The main disadvantage of the liming operation for continual useis the high cost involved. Because the buffering capacity of thegypsum pond water is high at pH 1.0 to pH 3.0, large amounts oflime are required to raise the pH initially to 3.0 relative tothe amount required to raise the pH from 3.0 to 6.0 (20). Anadditional disadvantage is the deposition of calcium fluoride onthe lime particles, rendering them chemically inactive. The useof high intensity agitators is required to prevent this fromhappening.

An investigation was conducted specifically to evaluate the reduction in radionuclide levels in wastewaters by various lime treatment processes (14). In the initial treatment laboratory tests,process pond water was obtained from a Florida wet process facility, and four bases (quick lime, limestone, hydrated lime, anddolomite) were added to 4 2. of process water in different amountsto increase the pH. After vigorous agitation, the solutions wereallowed to settle, and the resultant supernatant liquids werefiltered and analyzed for their soluble 226Ra concentrations.The results as presented in Table 49 show that in all treatmentcases the soluble ‘6Ra cdncentration was reduced by more than99.7%, even though the final pH ranged from 4.0 to 8.0. Thislarge reduction is attributed to the amount of readily availablesulface ions in the process water enabling large—scale coprecipitation of calcium-radium sulfate.

TABLE 39. LABORiTORY PROCESS WATER TREATMENT STUDY (14)

.mount Dissolved
of base Resultant 22Ra,

. Treatment added, g pH

Untreated process water 0 2.0 75.8Calcizm oxide quick lime) 70 7.9 0.15Limestone rock 500 4.6 0.11Slaked lime (hydrated lime) 50 8.0 0.07Dolomite 500 4.0 0.16

a
6.7 pC/Z undiseolved.

Subsequently, field studies were conducted at several WPPA facilities to verify the effectiveness of lime treatment as observedin the laboratory (14). Results at four plants are presented inTable 50.
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TABLE ). EFFECT OF LIME TREATMENT ON RADIOACTIVITY
REMOVAL FROM EFFLUENTS FROM A WPPA PLANT (14)

total uxanium. pCi/f total tioriu., pci/f
8.ampia p6 pCi/f )u mu 2’D

P1en A—-field 5rvs Na.r 1

t.ntraatpd proeas watef 2.0 8.3 1.086 46 1,045 2.3 70 4.5OutfalL .oubl. liming) 7.1. 4.54 1.09 D 0.52 0.44 0.57 0.04

Plant A--?id ,azva NumS.r 2

Untraacsd procee water 1.o 55. 411 24 394 3.4 101 3.2
1.med oca 4.4 1.20 b b b b b bPrior to second .minq 4.3 1.5 39.7 2.2 39.5 RD ö.52 mOutfall aftar second lieinq, 7. 1.1 16.8 5.7* 2.6.0 0.32 0.71 0.11

PIt 9——i.ld &uva )tubar 1.

Ontr.at process water 2 06.2 1.769 36.8 1,825 3.92 393 6.33After first linung 4.5 74.0 736 33.4 734 6.15 4.3 7.5Prior to icond ijojog 6 0.90 67.9 3.17 60.2. ND 1.32 NDOutfall tafter doool. liming) 9b 0.4) 0.26 ND 0.33 0.2. 0.13 ND
Untrwatod no rocess stuer 1.30 0.2$ ND 0.39 ND NDNongroc.ea. wat.!r after i±e.Lng b 2.6 0.96 60 0.75 0.1.3 0.79 0.07
Nonprocss. water outtail - 0.09 0.34 ND 0.42 ND 1.32 ND

— P1At c—-rteld Survrj RuaSer 3

Proce, water 1.9 33.2 676 35.1 641 0.86 8.6 4.1
0uta1l (aft.r io1e liming) 6.6 2.55 0.26 ND 0.29 ND ND ND

a None .et.cted. r.aasured.
Cm concentrations are nigh becac.. of th. large •u.p.nd.d solids load of 23.5 g/(. th.a-, conant:ation. in p.coc_ras per lit.r war. 5.2 for 226Ra, 12.8 for 23U. 0.52 for 235U,
end 12.9 for

Field survey number I at Plant A was conducted very early in the
rainy season rior to the initiation of large—scale effluent
treatment. Field survey number 2 was performed late in the rainy
SCdSon after almost continuous lime treatment for over 2 mo. A
cor’oarison of process water from survey number 1 to survey number
2 shows a 32% decrease in 226Ra concentration during the second
survey. This is probably due to the combination of dilution of
tne process water by the influx of surface rain runoff and the
removal of the radioactive material by treatment and discharge of
approximately lU,003 cubic meters of water per day.

Resits tor every plant show that treatment with lime is highly
efficIent (greater than 94%) in removing 226Ra from the dis
charged process water, in good agreement with removal efficien—
cies observed in the laboratory experiments. Lime treatment also
proved o be extrrne1y effective in removing uranium and 230Th
from ‘reated rocess dater, with removal efficiencies of at least
9 and 9.9%, respectively, in the four cases noted.

Therefore, although prinarily designed for pH, phosphorus ar1d
!luor.!e vcintroL, not for removal of radicnuclides in the efflu—
ert, trear-nt with 1ne was observed to be highly effective in
removirg Ra, rarum, and thorium from the effluent discharge.
These ts are atrributed to the following factors (14)
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• Process water contains a large concentration of sulfate
and phosphate ions to enable ready compound formation.

• Neutralizacion by an agent such as lime not only allows
for the reduction of solubility of several compounds hut
provides an ample supply of calcium ions to enable the
large—scale formation of calcium sulfate.

- The relative 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. POTENTIAL ENVIRONMENTAL EFFECTS

1. Wastewater Disposal and Treatment Practices

Infcrmation about the extent of wastewater disposal arLa,’or con—
tain.ment practices utilized by the phosphate fertilizer industry
was obtained through industrial contacts. A summary of th waste—
water handling practices is presented in Table 51. Contacts with
over 70% of the pians in the industry revealed that nearly 75%
have no discharge of process wastewater. Of the 15 plants that
reported a discharge, 12 reported a discharge of treated process
water only when necessitated by excessive rainfall. Several of
these had not treated or disc’arged water for several years. In
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 is allowed only under the following conditions
79)

• Process wastewater impoundment facilities must be con
structed to contain precipitation from the lO—yr, 24—hr
rainfall event as established by the U.S. National
Weather Service.

(79) 40 CFR 413, Fertilizer Manufacturing Point Source Category,
Subpart A--Phosphate Subcategory. Federal Register, 41(98):
20382—20585, 1976.
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• Process wastewater must be treated and discharged when
ever the water level due to catastrophic precipitation
events equals or exceeds the midpoint of the surqe capacity.

• 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/rn3 of fluoride.

2. Effluent Parameters

Wastewater from the cinufacture 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 collection 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 whole. The approach taken in this study is to pre
sent available water discharge data for a representative number
of the phosphate fertilizer complexes that report a discharge.

Justification for this approach is as follows:

• 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
concerning this plant. Another plant reporting a dis
charge of treated wastewater and not located at a phos
phoric acid complex was expected to discontinue aminoniuin
phosDhate production in early 1977 and was not included
in the survey results.

• All superphosphoric acid plants are located at complexes
producing WPPA.

• Fifteen of the sixteen TSP plants are located at fertil
izer complexes producing WPPA. The one exception was
experted to close during calendar year l9ó or early 1977.

• 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
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0

production unit, cooling tower blowdown from an associated sulfuric acid plant, rainfall runoff, drainage from mined—out areas,washdown waters, and spills.

3. Source Severity

For water effluents source severity compares the concentrationof a particular poliuant after discharge and dilution in thereceiving body with an estimated allowable concentration denotedas the hazard factor. The concepts of hazard factor and severityare used as a basis for comparison of the relative impacts of alarge number of source types. The hazard factors used in thisevaluation may be changed as better health effects data becomesavailable.

In determining the source severity of a plant, the discharge.quantity is compared to the receiving body flow rate times the hazardfactor according to Equation 42.

S
= F (42)

where S source severity for a particular pollutant
VD = wastewater effluent flow rate, m3/s
CD concentration of particular pollutant, g/m3

= volumetric flow rate of receiving body above plantdischarge, m3/s
F = hazard factor for particular pollutant, g/m3

a
Hazard factors for individual pollutants are given in Table 53(80—82)

A value of 1.00 gn3 was used for the ammonia—nitrogen present inthe wastewater effluent because at a pH of 7 or lower, nearly100% of the ammonia—nitrogen exists in the ionized form.
(80) Quality Criteria for Water. EPA—440/9—76-023, U.S. Environmental Protection Agency, Washington, D.C., 1976. pp. 16—21.(81) Manual of Treatment Techniques for Meeting the InterimPrimary Drinkinq Water Reguiatiors. EPA—600/8—77—005, U.S.Environmental Protection Agency, Cincinnati, Ohio, May 1977.73 pp.

(32) Eimutis, E. C., J. L. Delaney, T. J. Hoogheem, S. R. Archer,J. C. Ochsner, N. R. McCurley, T. W. Hughes, and R. P. Quill.Source Asessrnent: Prioritization of Stationary WaterPollution Sources. EPA-600/2—77-107p, U.S. EnvironmentalProtection Agency, Washington, DC., December 1977. 119 pp.
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TABLE 53. HAZARD FACTORS (80-82)

Hazard
Effluent specie. factor

g/m3

Fluoride 0.19
Total SUspended solids 25
Phosphate-phosphoris 0.10
Annonia-nitrcen (iorised forz) 100

pCifL

22€p 5

Dischar’e data presented in Table 52 were used to calculate
source severity values. Source seventies for individual phos
phate fertilizer complexes are presented in Table 54. Only one
set of eight measurements for 226Ra 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 concaminant will remain extremely low in effluent
streams treated with lime to remove fluorides and phosphates.
Source seventies for fluoride, phosphorus, and to a lesser
degree ammonia—nitroQen 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) . By comparison, the mean flow rate of
the Ohio River at Creenup, Kentucky, is 3,210 m3/s (84)

In addition to the effects from normal wastewatei discharge,
there is a potential danger from dike failure around a gypsum
pond. Such failires have occurred in the past arid have resulted
in large fish kill.s when untreated pond waters were discharged
directly into suzace streams. Dikes are now constructed to pre-
vent this from h.3ppening; thu3, there is no way to evaluate the
chances of future dike failures.

C83 Water Resnurces Data for Florida, Water Year 1975.
Vnluie 3--West-Ctral Florida Surface Watar, Ground Water,
Quality of Water. JSGS—WRD—FL—75—3 (PB 259 493), U.S.
T)epartnent of Commerce, Tallahassee, Florida, July 1976.
1249 p.

(84) Water Resources Data for Kentucky, Water Year 1975. USGS
WDR-1Y-75-4 (PB 2l 853) , U.S. Department of Comnerce,
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 plantsin the form of sludges and other slurries. These suspensions aresent to the gypsum pond or other settling basin where solidssettle. The settled mass is either left in the pond, dredgedfor use in extending the dike, or recovered as a resource.
There are th1ee sources of solid residue in the phosphate fertilizer industry

• Gypsum from the filtration of wet process phosphDric acid.
• WPPA sludge.

• Wet scrubber liquor.

Gypsum (CiSO,2H,O), a byproduct in WPPA manufacture, is formedby reaction of phosphate rock with aqueous sulfuric acid:

Ca3(POj2 + 3H2SO + 6H20 Z± 2EIPO, + 3(CaSO,•2H20) (43)
Reactant slurry flows from the acidulator to the filtration unit,where phosphoric acid is drawn off by vacuum filtration, leavinggypsum cake on the filter. Cake is washed with weak phosphoricacid to recover its residual acid and then rinsed from the filterscreens with recycled pond water. Gypsum slurry flows to thegypsum pond for solids settling. In areas where land stabilityor availability prevents the use of ponds, gypsum cake from thefilters is transported by conveyor to gypsum piles.

The quantity of gypsum produced in a WPPA plant ranges from4.6 to 5.2 metric tons of gypsum/metric ton P205 produced (24,64). As a rule of thumb, approximately 1,360 m3 of gypsum willbe accumulated yearly per metric ton of P205 produced per day(24)

A second source of solid residue is phosphoric acid from whichimpurity—bearing minerals settle out in the clarifier to formacid sludges. Phosphate rock salts which contribute to acidsludge formation include fluorine, iron, aluminum, silicon,
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sodium, and potassium salts. Table 55 shows an analysis ofsolids collected at various stages of WPPA acid production (22).
TABLE 55. ANALYSIS OF SOLIDS FROM WPPA (22)
Reprinted from Phosphoric Acid, Volume I, A. V. Slack,editor, p. 694, by courtesy of Marcel Dekker, Inc.

Analysis, weight percent
—Phosphorus Alu- FlucSolids fron pentoxide Calcium Sulfate minum Iron rine Silica

32% P2O acid (feed
to evaporatcrs) l. 14.8 38.9 0.3 0.2 19.9 10.354% P205 acid from
evaporators 6.8 12.9 29.0 5.1 0.3 22.0 5.354% acid from

. storacje 38.9 3.3 4.7 1.5 9.6 12.9 6.1

Fluosilicates, fluc.rides, silica, cryolite [(Na or K)3A1F5],sulfates. unreacted phosphate rock, and various other combina—ti ns of impurities as complex salts have been identified inacid sludge (22).

Acid sludge is separated from acid in the clarification process.Separated solids can be either dried and used as a fertilizer orsent to the gypsum pond. Effluent from the clarification processranges from 0.7 in3 to 3.2 m3/metric ton PO5 (17).
The thi:dsource of solid residue wastes is wet scrubber liquor.Wet scrubbers are used throuqhout the phosphate fertilizerindustry to remove particulates and fluorides from exhaust gasatreams. Recycled gypsum pond water is used as scrubbingsolution. After passing through the wet scrubber, solution isrecycled back to the gypsum pond for solids settling.

At ammonium phosphate plants, for example, scrubber liquor goingto the gypsum pond contains about 10 g of solid residue per kilo—grant of P205. This solid residue (20) is primarily siliconhydroxide (Si(OHj... The solids value is calculated on the basisof a tiltered-to—concenrated phosphoric acid ratio of 1:1,assuming that all the fluorine from the acid goes to the exhaustaas stream as silicon tetrafluoride and that 85% of silicontetrafluoride is collected in the scrubbing sjstem. These solidswill be deposited in the gypsum pond.

Although s...id residue vaiues for wet scrubber systems at otherphosphate fertilizer operations do not exist, they should besimilar to those for ammonium phosphate plants.

138

a



B. 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-rn 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 no data available to estimate air emissions from
gypsum piles due to wind erosion. However, this effect is
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/rn3 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 P205 produced (24, 64).
Approximately 1,360 rn3 of gypsum will be accumulated yearly per
metric ton of P205 produced per day so that at least 2,230 rn’
of land area per daily metric ton P205 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 western states where poor land stability or availability pre—
vents using gypsum ponds, gypsum cake from the vacuum filters is
trarspcrted by conveyor to gypsum piles.

The secord disposal technique is practiced primarily in Florida.
Instead of constructing ypsum ponds, abandoned phosphate rock
surface mines are used as gypsum ponds and for other solid
residue disposal. The only potential environmental hazard from
this disposal technique is possible leaching of fluorides, phos—
phates, end 226 Ra into groundwater systems. 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 States 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 tenfold quantity of seawater or cooling water. It
is then pumped into the ocean, or, in a few cases, discharged
into major rivers (64)

Seawater is a better solvent for gypsum than freshwater. Solu—
bility of gypsum in seawater is about 3,500 g/rn3 as compared to
about 2,300 g/m3 in fresh water. The solids content of the
gypsum slurry is below 5, low enough for quick dispersion and
dissolution in ocean water (64).

2 Resource Recovery

SeveraL approaches have been taken in seeking commercial uses for
waste gyrJsurn and its associated solid residues. In 1975, approx
imately 30 x 106 metric tons of gypsum waste were generated by
tne phosphate fertilizer industry (85). Of this total, about
90 x l3 metric tons were applied to calcium-deficient soil in
the scuthern states for peanut growing. Gypsum was also used for
imQovement 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.

S5) Personal communication with John Sweeney, U.S. Bureau of
Mines, Tallahassee, Florida, 26 September 1977.

C36. Murakami, K. By-product Recovery, As Raw Material for
Plaster and Cement — Japanese Practice. In: Phosphoric
ACid. Volume I, A. V. Slack, ed. Marcel Dekker, Inc.,
New York, New York, 1968. p. 519—523.
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Waste gypsum has been used for wallboard. In 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 acidand uranium. More of this gypsum waste is used
for wallboard. In England, where only the standard dihydrate
process is used, special purification methods make the byproduct
suitable for wallboard. 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 England as it is
in the United States (27).

Another possible use for gypsum is in cement and other road top—
pincs. However, the phosphoric acid and other phosphates retard
setting and lower the strength of the hardened body. Fluorine
compounds reduce setting time and lower the concrete strength,
but these effects are small compared to the effects of phosphate
contamination (86). In Florida, there are further concerns over
public exposure to low—level radiation from road surfaces con-•
taming gypsum wastes or from road base material containing
phosphate rock mining overburden.

Gypsum can be reacted with ammonia and carbon dioxide to form
arnmonium 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. Only 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 P205 content on cettent 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
reiining quantity 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 largercapacity, enclosed producing units with closer control of operating variables. Single, multicompartnient tanks have replacedthe earlier multiple tank systems and increased capacities fronthe older design capabilities of 180 to 270 metric tons P2O perday. Today a modern plant can produce 450 to 1,100 metric tonsP205 daily (17). Improved engineering design and materials ofconstruction have decreased capital and operating costs per unitcapacity and have improved overall oucrating efficiency in WPPAmanufacture. Recent production rates for WPPA are shown inFigure 62.
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Fiqure 62. WPPA production trend (3)
iS? was, for many years, the major agricultural source of phosphate nutrient. In 1947 NSP accounted for over 90% of the totaldorrestic suply. Since the mid 1950’s, however, the popularityof NSP has undergone a sharp decline, and only in the past fewyears has the rate of decline started to moderate. Production
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