Disclaimer - For assistance accessing this document or additional information, please contact radiation.questions@epa.gov.

fPusLICcATION No. 01-033-077
01-041-077

PHOSPHOGYPSUM FOR SECONDARY ROAD CONSTRUCTION

PREPARED BY

UNIVERSITY OF Miamx
UNDER A GRANT SPONSORED BY THE
FLORIDA INSTITUTE OF PHOSPHATE RESEARCH
BArRTOW, FLORIDA
June, 1989

FLORIDA INSTITUTE OF PHOSPHATE RESEARCH



The Florida Institute of Phosphate Research was created in 1978 by the Florida Legislature
(Chapter 378.101, Florida Statutes) and empowered to conduct research supportive to the
responsible development of the state’s phosphate resources. The institute has targeted areas
of research responsibility. These are: reclamation alternatives in mining and processing,
including wetlands reclamation, phosphogypsum storage areas and phosphatic clay contain-
ment areas; methods for more efficient, economical and environmentally balanced phosphate
recovery and processing; disposal and utilization of phosphatic clay; and environmental
effects involving the health and welfare of the people, including those effects related to radia-
tion and water consumption.

FIPR is located in Polk County, in the heart of the central Florida phosphate district. The
Institute seeks to serve as an information center on phosphate-related topics and welcomes
information requests made in person, by mail, or by telephone.

Research Staff

Executive Director
Richard F. McFarlin

Research Directors

G. Michael Lloyd Jr. -Chemical Processing
Gordon D. Nifong -Environmental Services
David J. Robertson -Reclamation

Hassan EI-Shall -Beneficiation

Robert S. Akins -Mining

Florida Institute of Phosphate Research
1855 West Main Street

Bartow, Florida 33830

(863) 534-7160



PHOSPHOGYPSUM FOR SECONDARY ROAD CONSTRUCTI ON

FI NAL REPORT

~\Wen F. Chang
University of Mam

David A. Chin
University of M am

AND

Robert Ho
Bureau of Materials & Research
Fl ori da Departnment of Transportation

Prepared for

FLORI DA | NSTI TUTE OF PHOSPHATE RESEARCH
1855 West Main Street
Bartow, Florida 33830

Contracts Manager: G Mchael Lloyd, Jr.



PERSPECTIVE
G. Michael Lloyd, Jr.

Florida Institute of Phosphate Research Contract Manager

At a time when the newspapers, radio and television seem to report
almost daily that Florida faces a transportation crisis unless a greatly
expanded road building and maintenance program is adopted, it is
refreshing to find that it is possible to reduce the cost of some road
building projects by utilizing an abundant, readily available raw
material, phosphogypsum.

The question of structural properties of phosphogypsum has been
fully resolved by well-documented construction projects in both Texas
and Florida. Texas has taken the lead in this area and a phosphogypsum
road base industry has become a reality. Recent activity in Florida has
been limited to the two experimental roads described in this report.

While FIPR has taken the position that phosphogypsum can be used
for road construction without adverse environmental results, a major
portion of this document is devoted to reporting the results of an
environmental testing program that has, to date, justified FIPR
confidence that this material can be safely used in roads. The
environmental testing program will be continued for at least two more
years to insure that data sufficient to satisfy the most rigorous
scientific review is obtained.

Phosphogypsum in roads cannot be considered the ultimate means of
reducing the cost of road building in Florida, but it can have a major
economic impact on road building in the counties near enough to the
phosphogypsum supply that the cost of transportation to the construction
site does not become excessive.

The future for phosphogypsum road building is bright and the fact
that a material that was once considered as a waste can be converted
into a valuable construction material should encourage all those working
in this area.
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| NTRODUCTI ON

Phospho?ypsunyis a by-product of the phosphate fertilizer
i ndustry. ts main constituent is calciumsulfate dihydrate.

According to recent statistics, the phosphate industry in Centra

Fl ori da annual ly produces 33 mllion tons of phosphogypsum and
has over 500 mllion tons stockpil ed. It is estimated that b

the year 2000, Florida could accunulate over one billion tons o

phosphogypsum The continued accunmul ati on of phosphogypsum has
cregted urgent pressures to find useful applications for this by-

product .

The population increase in Florida is one of the highest in
t he countr%. Each year many new roads and many existing roads
have to be built and upgraded, respectively. However ,
traditional road building materials, such as |imerock, shellrock
shell and clay are in short supply in many parts of Florida.
Significant tonnages of aggregates used in road construction are
now inported from foreign countries. The U S. Bureau of M nes
has forecasted that Florida will have to inport all its aggregate
by the year 2000. The | ack of adequate sources of locally
avail able rock materials has pronpted WIliam C Kenley, County
Engi neer, Pol k  County, and Ronald W WIIlians, Count y
Conmmi ssioner, Colunbia County, to take the initiative in finding
alternate material for building roads.

The experinmental projects are to provide alternate nethods
of rebuilding county and other secondary roads in Florida. It
is intended to provide conparable or better material to repair or
replace existing roads with the best possible utilization of
| ocal | y avail abl e aggregates.

The experinmental project in Polk County consists of the
construction of one and one-half mnmles of secondarY road
utilizing phosphogypsum  The Parrish Road | ocated one mle east
of Fort Meade and South of U S. 98 was selected for the
experinment because the road was convenient to the supply of
phosphogypsum and easily accessed from U. S. 98.

The experinental road section in Colunbia County, a two-mle
rural road, is known as the Wite Springs Road, |ocated south of
SR 136 between I-75 and U S. 41 southwest of Wite Springs.

In recent years, the University of Mam had perforned
ext ensi ve IaboratorY research into the engi neering properties of
phosphogypsum as wel | as phosphogypsum mxtures with portland
cement, flyash, linme and sand under the sponsorship of the
Florida Institute of Phosphate Research

Phosphogypsum when subjected to conpaction can be
transformed into a solid of valuable strength. ‘Therefore, it can
be used very effectively as a binder to stabilize on-site soi



and to replace shell and clay in secondary road and parking | ot
construction.

The design, supervision and testing of the road projects
were conducted by a collective effort of the University of M am
and the Florida Departnment of Transportation. The experinenta
roads were built by the Pol k County Division of Public Wrks and
the Col unbia County Departnent of Public Wrks, respectively
Eval uation of the construction crews on the projects is highly
positive.

The experinental projects call for a thorough environnental
i npact iInvestigation which includes the pre- and post-
construction sanpling of air, soil and groundwater including
dri nking water. Environnental nonitoring as described were
conducted by the University of Mam, in cooperation with the
Fl ori da Departnent of Environnmental Regul ation and the Florida
Departnent of Health and Rehabilitative Services. Test results
as obtained indicated that there was no | eaching occurring into
t he groundwater and drinking water sanples. Radiation nonitoring
during the construction of the roads, indicated no health hazards
either to the construction crews or the residents living in the
areas.

Econom ¢ anal ysis on the construction of the experinental
roads conducted by the University of Mam, indicated trenmendous
saving on the construction cost of utilizing phosphogypsum as
conpared to the traditional nethodof construction



Il.  LABORATORY | NVESTI GATI ON

Phosphogypsum possesses binding strength when subjected to
conpaction. However, phosphogypsum from different producers

i ndi cates strength variations. he aim of the |aboratory tests
is to investigate the engineering properties of different
phosphogypsum sand (on-site soil) mxtures. Unconfi ned

conpressive strength, nmoisture-density and California Bearing
Ratio tests were used to ascertain the suitability of the
proposed m xtures as pavenent materials. Al specinens were
prepared in accordance with the Mdified Proctor specification.

2.1 PLAIN PHOSPHOGYPSUM

The strength properties of plain phosphogypsum supplied by
ei ght phosphate Conpani es in |J?OI’I da (Gardinier Inc., Agrico
Chem cal Co., USS Agri-Chemcals, IMC, OXY, W R Gace,
Royster, and Farm and) were studied to examne the strength
variability. Figures 2.1(a) through 2.1( hJ represent the
rel ati onshi p between conpressive strength, ry density, and
conpaction noisture content of dihydrate phosphogypspum from
these conpanies, respectively.  The strength of specinens was
tested under air-dry conditions; when subjected to soaked
conditions, the specinens disintegrated.

It is seen fromthese figures that the maxi mum conpressive
strength of phosphogypsum from these conpanies generally exists
at the optinmum noisture content, i.e. the noisture content at
which the maximum dry density is obtained. Thus, it is inportant
to conpact phosphogypsum at the optinmum nmoisture content in order
to achieve maxi num strength and density val ues.

~ Also observed from these figures are the variations in
maxi mum conpressive strength.  Figure 2.2 is the conparison of
the conpressive strength of different sources of phosphogypsum
As can be seen, the maxi mum conpressive strength (under air-dry
condltlonsz varies from 100 psi to up to 800 psi, although the
strength of nobst phosphogypsum ranges between 300 and 500 psi
Thus, the source of phosphogyﬁsun1has an inportant effect on the
conpressive strength of phosphogypsum under the Mdified Proctor
conpacti on.

2. 2 PHOSPHOGYPSUM AND SAND

_ Phosphogypsum from two different sources was used in this
i nvestigation. Dihydrate and hem hydrate phosphogypsum were
supplied by Gardinier Inc. and Cccidental = Chenical Conpany,
respectively. Sand (on-site soil) used for mxing wth

di hydrate and hem hydrate phosphogypsum were obtai ned fromthe
actual construction sites at Polk and Colunbia Counties,



Compressive Strength, psi

Dry Density, pcf

4008

304

20—

104Q.

100} Optimum Moisture

= 17.5%
96}
92
88 [ | |
12 14 16 18

Compaction Moisture Content, %

Figure 2.1(a) Moisture-density-strength

relationship of Gardinier-DPG.

Compressive Strength, psi

Dry Density, pcf

600}

400}~

200}

100 - Optimum Moisture
= 17.2%

88 1 | | | |

13 14 15 16 17 18
Compaction Moisture Content, %

Figure 2.1 (b) Moisture-density-strength
relationship of Agrico-DPG.



Compressive Strength, psi

Dry Density, pcf

400}~

2001~

Optimum Moisture
= 15.0%

104}~

92 ] ] i |

10 12 14 16
Compaction Moisture Content, %

Figure 21 (c) Moisture-density-strength
relationship of USS-DPG.

Cotnpressiire Strength, psi

Dry Density, pcf

400

200}~

100

881

8y

Optimum Moisture

] | | ] 1

10

12 14 16 18 . 20
Ccmpaction Moisture Content, %

Figure 2 .1(d)Moisture-density-strength

relationship of Oxy-DPG.



Compressive Strength, psi

Dry Density, pcf

500 I 800 1~
ol
8
400 -
$
2 700"
300 |- k-
[75]
s
erd
200 @ .
%" 600 -
0o |- 5
0 500
Optimum Moisture Optimum Moisture
= 17.3% W 100 =15.1%
100 |- 8
>
L 98
J
£
9 |- &
Y
a
92 l | | J 94 | [ ] !
15 16 17 18 19 8 10 12 14 1o
Compaction Moisture Content, % Compaction Moisture Content, %
Figure 2;1(e) Moisture-density-strength Figure 2.1(f) Moisture-density-strength

relationship of IMC-DPG. relationship of Grace-DPG.



Compressive Strength, psi

Dry Density, pcf

1001~

@
=]
1

%
o)

Compressive Strength, psi

e
(=i}
T

O
N
1

88

Optimum Moisture
= 16.2%

e

1 1 1

Figure 2.1(g) bbls-.ure—chnsity—strength

oyster-DiFG.

14 16

Compaction Moisture Content, %

Relationsh LLp of

xf

-
N

Dry Density,

- 200

/
Optimum Moisture
= 16.0%
98- 7\

8 10 12 14 16
"Compaction Mcisture Content, %

Figure 2.1(h) Moisture-density-strength
Relationship of Farmiand-DPG.



Compressive Strength, psi

800 Grace
7008
800§~
- 500 iny o
4
7 "~ Agrice
400 / ’
Gardinier '
/ .
300 - . \
2004-
Royster
T /\_
& | ! | | 1 1

Compaction Moisture Content, 7

Figure 2.2: Comparison of compressive strength of 8 sources
of DPG (Modified Proctor, air-dry testing).



respectively. Gain size distributions of phosphogypsum and sand
are shown in Figures 2.3 and 2.4. According to the AASHO soi
classification system these two different kinds of sand are
classified as A-3 soil.

2.2.1 Misture Density Relation

The noisture density test was perfornmed in accordance with
ASTM Specification D 1557-70. Speci nens prepared for this test
were 4.0 in. in dianeter and 4.58 in. in height. Mbi sture
content was obtained after subjecting the sanples to a
tenperature of 60 degree Celsius In a convection oven for 24
hour s. This | ow tenperature which was required to prevent the
cal ci nation of phosphogypsum was selected on the basis of ASTM
Specification D 2216-71. Three sanples were used in all cases
to obtain an average of the noisture content.

It can be observed from Figure 2.5 that the dry density of
the m xtures increases from phosphogypsumto sand ratio of 1:3 to
the ratio 1:2 where it reaches a maxinmum dry density of about
2.01 (g/cm. Furt her reducing the amount of sand in the mxture
to the ratio of 1.1 causes a decrease in the dry density. Thi s
decrease can be attributed to the fact that excess of
phosphogypsum (which has a lower specific gravity) causes an
opp%$|te trend wth the consequent reduction in the dry unit
wei ght .

Moi sture-density relationships for henihydrate_phospho%ypsum
and Col unbia County sand m xtures are shown in Figure 2.6. It

can be observed fromthe figure that the dry density increases
with the amount of hem hydrate phosphogypsumin the m xtures.

For a ratio of 2:1 of hem hydrate phosphogypsum to sand m xture,

the optimum noisture content is around 9.5% whereas the maxi mum
dry density is 2.07 (g/cm.

2.2.2 Unconfined Conpression

Unconfined conpressive strength was performed on specinens
2.0 in. in diameter and 4.0 in. height, prepared in accordance
with the Mdified Proctor (ASTM D 2166-65). Results of unconfined
conpression tests conducted imedi ately after conpaction and
under sealed <curing at different time intervals, wer e
I nvesti gat ed.

Conpressive strength of specinmens consisting of one part of
phosphogyPsum to two parts of sand Is very |low when tested
| medi ately after conpaction, as shown in Fi?ure 2.7. The
conpressive strength of the m xtures increased continuously wth
time when cured under sealed conditions, as shown in Figures 2.8,
2.9 and 2.10 for the phosphogypsumto sand ratios of 1:3, 1:2 and
1, respectively. After conparing the strength of different

ures, it is observed that the 1:2 of phosphogypsum sand

1.
m xt | | |
mxture with noisture content of 7% at conpaction, has the
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hi ghest strength. H gher contents of phosphogypsum in the
m xture decreases unconfined conpressive strength.

Unconfi ned conpressive strengths of phosphogypsum and sand
m xtures under soaked conditions were also studied. Test results
i ndi cated that dihydrate phosphogypsum and sand cylindrical
Sﬁecinens.mere not water resistant, i.e, they collapsed when
they were immersed in water. On the other hand, the m xtures of
hem hydrate phosphogypsum and Col unbia County sand showed good
wat er resistance under soaked conditions as, shown in Figure 2.11
It can al so be observed that increasing the anmount of hem hydrate
phosphogypsum in the mxtures resulted in higher conpression
strength under soaked conditions.

2.2.3 Effect of Conpaction Energy

_ The specinens used for this stud%b_mere prepared separately
I n accordance with the Standard and di fied Proctor Conpaction
Met hods, but tested under air dry condition. The mixture chosen
consi sted of one part of dihydrate phosphogypsumto two parts of
Pol k County sand.  Test results, shown in Figure 2.12, indicate
that conpaction efforts have a marked effect on strength
properties of the mxtures. The specinens conpacted in
accordance  with the Mdified Proctor nethod ossess_ nuch
hi gher conpressive strengths as conpared to those of the Standard

Proctor net hod.

2.2.4 Laboratory CBR Test

Laboratory CBR tests for the phosphogypsum m xtures were
conducted immedi ately after conpaction. Specinens were prepared
i n accordance with the Mdified Proctor nethod (ASTM D 1883).
The general trend of CBR values for phosphogypsum m xtures as
expected, is simlar to _that of unconfined conpression tests.
Test results as shown in Figure 2.13 indicate that the m xture of
di hydrat e phosphogypsum and sand in the ratio of 1:2 gives the
hi ghest CBR val ue when conpared with other m xing proportions
The CBR val ues of hem hydrate phosphogypsum and sand m xtures
increase with the hem hydrate phosphogypsum content in the
m xtures, as shown in Figure 2.14. It can be concluded that the
hem hydrate phosphogypsum possesses much hi gher binding strength
than that of dihydrate phosphogypsum

2.2.5 Field Sanples for CBR Test

Based on Jaborator¥ test results, several mxtures were
selected for field CBR tests by constructing a small pavenent

out door. The pavenents conpacted with a vibratory plate type
conpactor, were 2 ft. by 3 ft., and 5 in. in thickness. Mxture

proportions and noi sture contents of the pavenents are shown in

Tables 2.1 and 2.2 for dihydrate phosphogypsum sand and
hem hydr at e phosphogypsum sand m xtures, respectively. Field

18
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Table 2.1

M xture Proportions and Misture Contents of Small
Paverments Containing D hydrate Phosphogypsum and
Pol k County Sand

M xture Di hydrate Pol k County RC- 70 Moi sture Moi sture
at at
No. Phosphogypsum Sand Conpacti on Testing
(% (% (% (% (%
1 100 - - 5.5
2 100 - - 18 4.5
3 33.3 66. 6 T 10 3.2
4 32.5 65. 4 2 10 3.2
Table 2.2
M xture Proportions and Misture Contents of Snall
Pavenment s Contai ni ng Hemi hydrate Phosphogypsum and
Col umbia County Sand.
M xture Di hydrate Col umbi a County Moi sture Moi sture
at at
No. Phosphogypsum Sand Conpaction Testing
(% (% (% (%
1 - 100 6.5% 4.0
2 50 50 11 3.6
3 66.6 33.3 12.5 3.0
4 100 - 22 4.0
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test results of dihydrate phosphogypsumand sand m xtures are
shown in Figure 2.15. Field CBR val ue of dihydrate phosphogypsum
and sand mxture is much higher than that of either sand or
phosphogypsum as shown in the figure. The addition of RC70 in
t he phosphogypsum and sand m xture also inproved the bearing
capacity of the pavenent.

Figure 2.16 shows field test results of hemhydrate
phosphogypsum and sand mi xtures. Field CBR val ue increases with
t he hem hydrate phosphogypsum content in the m xtures. For the

m xture wth 100% hem hydrate phosphogypsum CBR val ue of the
pavenent exceeds 100%
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[11. EXPERI MENTAL ROADS DESI GN AND CONSTRUCTI ON
3.1 CGENERAL CONSTRUCTI ON  PROCEDURE

The existing road surface layer is leveled wth a notor
grader and conpacted with a steel drumroller. Phosphogypsum at
Its natural noisture content is delivered by neans of dunp
trucks. The phosphogypsum is discharged at the construction site
and evenly spread by neans of a bulldozer and a notor grader to
meet the appropriate lift thickness. A pulvimxer is brought to
the site to thoroughly m x the phosphogypsumw th the subgrade
material. The depth of the mixed layer Is selected according to
the mx constituent proportions called for in the design
speci fications. The inportance of pulverizin%) the m xture
constituents and thoroughly bl ending them shoul d be enphasi zed.
Final results depend on mx uniformty and noisture content.
Moi sture content in the mxture can be either increased by
SErayln? water on the road surface or decreased by scarifying
the surface layer for drying under the sun. Follow ng the mXxing
phase, the road cross-section profile is shaped according to the
desi gn- draw ngs. Sloping of the road surface is inportant to
avoi d rai nwater ponding on the pavenent.

The road is initially conpacted using a sheepsfoot roller.

This roller was applied until it roiled on the surface w thout
penetrating the base. Subsequently, the road is conpacted by a
steel roller and a pneumatic tiré conpactor. The hi gher the

conpaction effort the better: however the weight conponent is
most i1nportant Dbecause of the materials fineness. The pneumatic
tire conpactor has the functions of conpacting any | ow spots not
properly conpacted by the steel roller, and of smoothing the top
surfaces.

3.2 ROAD DESI GN AND CONSTRUCTI ON
3.2.1 Polk County Experinental Road

_The experinmental road is shown in Figure 3.1. The first
section of the road, Station 90+00 to |00+00, was tested for
subgrade bearing after conpaction. Test results indicated that
the Florida bearing value and the California bearing ratio were
88 and 17, respectively which were |ow and therefore, required
stabilization. On Septenber 12, 1986. 3" of phosphogypsum
supplied by US. Agri-Chemicals was spread on the road and
mxed with a pulvinmixer to a depth of approximately 12" of | oose
m xture. This is the procedure that would have been used with
clay as a subgrade stabilizer. The m xture was then conpacted
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at 90 percent Mdified Proctor and opened to traffic for several
days. During this period of time, several rains occurred and no
particular problems were encountered by the traffic using the
road. A second 3" of phosphogypsum was then spread on the
stabilized road base and m xed to a depth of approximately 10".
The m xture was again conpacted at 98 percent Modified Proctor.
The Florida bearing value of the road was substantially inproved
fromthe value of 88 to 168 and the CBR from 17 to 133.

The next section of the road, Station 66+00 to 90+00,

consisted nostly of clayey soil. This section was constructed by
adding a single application of 3" of phospho%ypsum to the
existing road and mxing to a depth of 15". The section was

conpacted initially by a sheepsfoot roller. The pneumatic roller
and steel wheel roller were subsequently used to conplete the
conpacti on.

The third section, Station 25+00 to 66+00, was constructed
by placing a single 6" lift of phosphogypsum on the existing road
and mxing to a depth of approxi mately 15". The sheepsf oot
roller was again used for the first part of the conpactive effort
and followed with the steel wheel roller and the pneunatic tire
roller. Moi sture content in the soil during the conpaction was
mai ntained at |ess than 10%

Cut back asphalt RC-70 was applied at a rate of 0.2 gal/sq.
yd. to seal the finished base surface of the entire road. The
Section, Station 50+00 to 100+00 was then covered with a tack
coat and subsequently a 1" asphalt surface.

The renmi ning section of the road, Station 25+00 to 50+00,
was spread with a |layer of fine sand.

3.2.2 Colunbia County Experinmental Road

The experinental road is shown in Figure 3.2. The base
materials used in the first section of the road, Station 10+00 to
60+00, consisted of phosphogypsum and sand m xture of
aﬁprom mat el y 1 to 2 ratio.  Truck | oads of dihydrate
phosphogypsum from Ccci dental Chem cal Co., were hauled fo the
site in Novenber 1986 and spread to an average depth of 5 inches.
It was mxed into the existing soil (A3 fine sand according to
ASSHTO cl assification) with a rotomxer to a depth of about 14
i nches. A total of three passes of the rotom xer was nmade to
achi eve uni form bl ending of the m xture. Bef ore conpacti on of
the mxture could be achieved, continuous rainfall and wet
weat her persisted for about two nonths. It was |ate January 1987
when the conpaction operation resuned. After the long delay the
phosphogypsum road base was initially scarified to |ower the
noi sture content under the sun and subsequently graded to proper
sl ope. The road base was then conpacted by a steel wheel ed
roller and followed by a pneumatic tire roller.
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The base materials used for Station 60+00 to 81+00, and
Station 81+00 to 95+00 consisted of blends of phosphogypsum and
sand of approximately 1:1 and 2:1, respectively. Again a
rotom xer was used to blend phosphogypsum and sand together, and
conpacted by a steel wheeled roller and pneumatic tire roller.

ashort section of the road Station 95+00 to 100+00, was
built with 100% di hydrate phosphogypsum which was hauled to the
site and spread along the 500 foot section to an average depth
of 12 inches. The road was shaped by a notor grader and
conpacted by a steel wheeled roller and pneunatic tire roller.

A laboratory investigation, described in Chapter II,
i ndi cates that phosphogypsum is sensitive to water.  Road
surfaces built wth 100% phosphogypsum tend to becomne slippery
and sonetines nuddy when subjected to continuous rainfall.
Therefore, it is advisable to avoid the rainy season for road
base construction.

To seal and protect the finished base surface, cutback
asphalt RC-30 was spread on the surface and subsequently a prine
coat of liquid hot asphalt and sand/asphalt screenings were
placed and rolled. The conpleted wearing surface consists of 1
to 2 inches of Type |1l asphalt concrete, sloping fromthe
center of the pavenent to both edges.
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V.  TESTS OF EXPERI MENTAL ROADS

4.1 LABORATORY TESTS

On-site mxtures were taken to the |aborator for
determning the noisture density and California Bearing Ratio.
Specinens for the tests were prepared in accordance with the
Modi fied Proctor specifications. Phosphogypsum used in the Polk
County and Col unbia County projects was supplied by U S. Agri-
Chem cal s and Cccidental Chem cal Co., respectively. Figures 4.1
and 4.2 show noisture-density relationships of the 1:2
phosphogypsum soil m xtures as conpared to that of the on-site
soil for Polk County and Colunbia County roads, resPectiver.
The inprovenment on the optinum density as shown in the figures is
in the order of 6 to 7% for the use of phosphogypsum in the
m xt ure.

Figures 4.3 and 4.4 show the noisture - CBR relationships of
the 1:2 phosphogypsumsoil mxtures as conpared to that of the
on-site soil for Polk County and Colunbia County roads,
respectively. The inprovenent on the bearing capacity as shown
in the figures is as nmuch as 100% for the wuse of phosphogypsum
in the mxtures.

Laboratory test data also indicate the inportance of
controlling noisture content at the time of conpaction. Maxi mum
density and bearing capacity can only be achieved by the use of
opti mum noi sture content in the mxtures.

4.2 FIELD MONI TORING AND TESTI NG

Field supervision and testing were performed during the
base construction stage. It consisted of nuclear density
measurenents, noisture det erm nati ons, C egg I npact Tests and
California Ratio Tests. Fol l owi ng the application of the Type
1l asphalt concrete wearing surface, dynaflect testing Wwas
conducted at the Colunbia Count proj ect . Dynafl ect tests
conducted at the Polk County road was approximately two years
after the conpletion of the road.

4.2.1 Nuclear Density Tests
Initially, conpaction requirenents were established at 98%
of the laboratory Mdified Proctor, as presented in Figures 4.1

and 4.2, but the requirement was later reduced to 95% due to the
difficulties in controlling noisture content as well as achieving
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uni form m xi ng operation on-site.

Nucl ear density and speedy noisture tests were conducted at
various |ocations along the conpleted roadway base section to
verify conpliance with the established density requirenents.
Tables 4.1 and 4.2 show the values of field density and noisture
obtai ned at the conpletion of the conpaction operation for the
Pol k County and Col unbia County projects, respectively.

4.2.2 California Bearing Ratio Tests

The bearing capacity of the road base at the Pol k County
road was neasured in accordance with the California Bearing

Ratio Test. Test results, as shown in Table 4.3, indicated that
t he bearing capaci tg_ of the conpacted on-site soil can be greatly
i nproved by stabilizing the soil with phosphogypsum

Phosphogypsum soi | m xtures are sensitive to noisture content
resulting in the decrease of CBR value with the increase of
noi sture content.

4.2.3 (Cegg Inpact Tests

The Cegg Inpact Tester was designed and devel oped by Dr. B.
Cegg of the University of Wstern Australia. It consists
primarily of a nodified AASHTO conpaction hamer wei ghing 10 | bs.
(4.5 kg), Wth a piezoelectric acceleroneter attached to the
hamrer . The hamrer is dropped manually from a height of
approxi mately 18 inches through a guide tube. Upon inpact wth
the soil, output fromthe accel eroneter is fed into a hand held
peak |evel neter. Cegg's Inpact Values (ClV) of the fourth
| npact are recorded for analysis.

Testing with the O egg Inpact device was conducted at each of
the nuclear density test ocations at the Colunbia County
Project. The CIV were obtained at the centerline and at 6 feet
and 9 feet offsets from the centerline, both left and right.
Table 4.4 is a nunerical summary of the CIV data.

Figure 4.5 shows the transverse variation of the CV.
Longi tudinal variation of CIV for the centerline and 6 feet and 9
feet offsets fromthe centerline are shown in Figures 4.6 and
4.7. The data indicates that the CV further away fromthe
centerline are lower than those close to the center of the
pavenent .

- The AV had been correlated wth | aborat ory LBR
(I'i merock bearing ratio) for sone Florida soils such as
|'imerock, sand-clay and clayey and silty sand at the Bureau of
Materials Research, Florida Departnent of Transportation, but
not for Tphosphogypsum and sand m xtures. Generallty, t he hi gher
val ues of the CV correspond to the higher values of the LBR
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Table 4.1

FI ELD DENSI TY AND MJ STURE - PCLK COUNTY

Location vd kW __ __. % Compaction_
54+00 114.8 5.8 92.5
62+00 114.6 5.6 : 92.3
68+00 117.6 4.3 ©92.3
78+00 121.6 2.5 95.4
90+00 122.9 3.3 . 96.4
93+00 124.0 6.1 97.3
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Table 4.2

FI ELD DENSI TY AND MO STURE - COLUMBI A COUNTY

Location Yd %W %compaction
1 10497, 9'LT  110.6 1.0 92
2 14472, 7T'RT  115.9 7.2 97
3 18+63, 6'RT  114.7 8.3 96
4 23+06, 17 8.3 98
§ 27+50, 6'LT  119.9 7.1 100
6 31429, 10'RT 116.9 6.7 97
7 36+59, 9;LT 114.9 7.5 96
8 41+50, 117.6 8.3 98
9 46+76, 8'RT  115.3 7.8 96
10 52+10, 6'LT  114.8 9.1 96
11 56478, 115.9 8.2 97
60455 END GYPSUM BLEND .
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Table 4.3

ON SITE MEASUREMENT OF CBR VALUES - POLK COUNTY ROAD

Moisture CBR (%) Averaﬁe
ue

Date Station PPG/Soil Content Readings CBR Va Remarks

’ 12 Fine sand with
9/10/86 90 to 100 0:1 L 21 17 organic compound

110
135

9/17/86 90 to 100 1:3 L 115 133
109

198

55
66 to 90 1:4 L 53 64 PPG/sandy clay
85

47
50 to 66 1:2 H 42 43 PPG/fine sand with
45 organic compound

45
11/13/86 90 to 100 1:1 H 49 49

33 Small areas of

asphalt tack
‘ 62 coat were re-
66 to 90 1:4 H 48 54 moved for CBR
67 tests
40

45

50 to 66 1:2 H 40 46
42
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Table 4.4
CLEGG IMPACT TESTS

Location 'LT §'LT c. L. 6'RT 3'RT
10497 25 I V| 1 18
14472 26 41 32 22 19
18463 15 23 27 25 18
23406 28 27 27 35 22
27450 14 20 23 22 23
31429 16 24 25 24 18
36+59 20 30 28 24 22
41450 16 18 23 20 16
46+76 24 18 33 21 16
52+10 34 29 27 26 27
56+78 19 29 31 24 17
Mean 21.2 28.2 27.7 24.9 19.5
Standard Deviation 6.1 7.0 3.5 4.5 3.4
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Figure 4.5 Transverse CIV Profile

42



clv

cilv

40}

40

10 20 30 30 50 50
STATION

Figure 4.6 Longitudinal CV Profile

LT
20} 2::
9'RT
0 lb _.lU L _ ] e 1
L | 2 30 40 50 60

STATION

Figure 4.7 Longitudinal CV Profile

43



4.2.4 Dynaflect Testing
1. Col unbi a County Road.

Following the paving of the 5000-foot test section
at the Colunbia County Project, the dynaflect was used for the
non-destructive neasurenent of dynam c deflections. It consists
of a dynamic force generator, sensor assenbly and digital contro
device nounted on a relatively |ightweight (2,000 pound) two-
wheel trailer. Two counter-rotating steel wei ghts provide a
1, 000 pound dynamc force to the pavenent surface through a pair
of rigid wheels. Defl ections a on% t he pavenent surface away
fromthe rigid wheels are neasured by five geophones spaced at
one foot intervals as shown in Figure 4.8. Electric signals
from each geophone are anplified and recorded as deflections in
mlli-inches. The deflections of sensor & are then used to
estimate soil nodulus E of the base wusing equations devel oped
fromfield research studies conducted by the Florida Departnent
of Transportation.

Dynafl ect testing performed on the Colunbia County project
consisted of 29 test sites in each traffic |lane along the outside
wheel path (ONP) plus 29 test sites in the northbound traffic
lane along the inside wheel path (IW). Figures 4.9, 4. 10,
and 4.11 show the neasured deflections at the five geophone
| ocations for northbound inner wheel path (NBTL - [WP),
northbound outer wheel path (NBTL - OAP) and sout hbound outer
wheel path (SBTL-OAP), respectively, wth the nearest geophone
(d) neasuring the maxi num defl ection. The | WP deflection data
are |ower than the OANP neasurenents indicating better conpaction
and confirmed by the CIV data in the previous section. Table 4.5
gives a conparison of the computed E values for the phosphogypsum
and sand mxture and the Oegg Inpact Values (ClV) at approximte
correspondi ng | ocations.

2. Pol k County Road.

Dynafl ect testing was conducted by the Florida Department of
Transportation on July 13, 1988. The paved portion of the road
was divided into three sections as shown in Figure 4.12. The
tests as conducted, consisted of 17 test sites in Section 1, 16
test sites in Section 2 and 20 test sites in Section 3 and in
each traffic lane along the outside wheel path (OAWP) plus the
same nunber of test sites in the northbound traffic [ane along
t he inside wheel path (1WP). Figures 4.13, 4.14 and 4.15 show
the neasured deflections at the five geophone |ocations for
northbound outer wheel path (NCBTL - OAP) at Sections 1, 2, and
3, respectively. Figures 4.16, 4.17 and 4.18 show the neasured
defl ections for northbound inner wheelpath (NBTL - |WP) at
Sections 1, 2 and 3, respectively. Figures 4.19, 4.20 and 4.21
show the neasured deflection for southbound outer wheel path (SBTL
- OAWP) at Sections 1, 2 and 3, respectively. The defl ection
measurenments taken at Parrish Road in Pol k”County project are
generally less than those taken at Wite Springs Road in Col unbia
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Table 4.5
CLEGG VS DYNAFLECT "E "“VALUES
MODULUS E FROM DYNAFLECT CLEGG IMPACT TEST

Location M.P. NBOWP SBOWP NBIWP 9'RT C.L. 9'LT
10+97 0.018 | 29,458 33,275 33,657 25 31 18

14+72 0.089 32,189 30,902 35,095 26 32 \19
18+63 0.163 ;3,884 30,234 36,740 15 27 18
23+06 0.247 31,253 28,880 33,435 24 27 22
27+50 0.331 29,761 28,204 32,588 4 23 23
31+29 0.403 32,189 33,217 36,450 16 25 18
3§+59 0.504» 31,433 28,335 32,288 20 26 22
41+50 0.597 31,076 27,575 34,353 16 23 16
46+76 0.696 27,454 28,469 29,838 24 33 16

52+10 0.797 35,095 35,618 37,817 4 27 27

56+78  0.886 33,884 39,725 36,740 19 31 16

60+10 0.949 END PAVEMENT
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V. GROUNDWATER MONI TORI NG STUDY

5.1 I NTRODUCTI ON

Thi s chapter describes the groundwater nonitoring program
and addresses the question of whether construction of the
experimental roads has had an I mpact on the quality of the

roundwat er adjacent to the roads. Al though the experinenta

esign and sanplin% protocol have been the sane at both sites,
significant hydrogeol ogi cal and geochem cal differences exi st

between the sites. In this chapter, the results of the
investigation at each site will be discussed individually. These
results will then be contrasted to determne the role of

site differences and how they affect the final conclusions of
t he study.

5.2 POLK COUNTY STUDY

5.2.1 Hydrogeol ogy

Parrish Road is |located in Central Polk.Cbunté and W t hin
t he Sout hwest Florida Water Managenent District (SWWWD). The
road is bounded on both sides by reclained |and, which consists
primarily of sand with sone phosphate. The |land to the west of
the road was reclained in 1964, while the land to the east was
reclaimed in 1972. The land immediately beneath Parrish Road has
not been mned. The Ilength of “the roadway containing
phosphogypsum i s bounded by |arge |akes on both sides. The |ake
on the east side of the roadmaK has a | arger surface area than
that on the west, indicating that rainfall will induce a flow
of groundwater from west to east. The closest rain gauge to the
Parrish Road is operated by the SWWWD in the city of Penbroke.
Rai nfal | neasurenments collected during the course of this study
are shown in Fig. 5. 1. These data show that rainfall anounts
vary considerably throughout the year, wth highest rainfalls
expected during the sunmer nonths. Rapid infiltration rates are

expected through the sandy fill material. The surface el evation
of the road increases in a southerly direction such that wells 1
and 2, Fig. 5.2, are |ocated approximtel 11 ft above the

average water table, while wells 9 and 10 are approxi mately 20
ft above the water table.

5.2.2 Design of Mnitoring Wll Array

~ The site was surveyed in October 1985 by a team from the
University of Mam. At this time the ground elevations and |ake
| evel s on both sides of the roadway were determned. Wthin the
accuracy of the survey, the |ake elevations were found to be the
same and hence no predom nant flow direction could be determ ned.

Based on this result, it was decided to place the
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the nonitoring wells is shown in Fig. 5.2. In order to identify
any contam nation nDV|n%]fton1the roadway .outward, two |ines
of "welI's were used on each side. The outer line is 50 ft further
away fromthe road than the inner line. There are 3 wells on

the inner line and 2 on the outer line, and the wells in each
line are placed 300 ft apart. The inner line of wells was
placed 20 ft fromthe edge of the road which is approxi mately
equal to the _nmaxinum distance from the road surface to the
roundwater. ~ This approach js consistent with the fact that
eachate tends to move vertically through the unsaturated zone.

_ Monitoring \Well EES|?n: The nonitoring wells were designed
in accordance with generally accepted criteria (Todd, 1980). “The
typical nonitoring well specifications are shown in Fig. 5.3. An
aqui fer particle Size djstribution was assumed for typical sand
used as fill material. These sand characteristics indicated that
a_screen with a slof size of 0.01 inches surrounded by 6/20
silica sand woul d _be adequate. The screen length was designed to
be 10 ft long. The top of the screen was placed at the nean wet
season. water table evel. Above the well screen a 6 inch
bentonite | ayer was placed to restrict vertical flow. Above the
bentonite, the hole was backfilled to 3 ft below the ground
surface which was grouted in with cenent. A 4 inch dianeter

rotective steel casing was placed within the cenent grout.

|l devel opment was done by the contractor who installed the
wel | s. I nstal | ati on was conpleted in January 1986.

5.2.3 Sanmpl i ng Protocol

~Sanmpling of the wells was initiated in February 1986 and
continued at “irregular intervals until QOctober 1986, "after which
sanpling was done at regular monthly intervals until t he
conclusion of the project in August 1988.

An | SCO Mbdel 2600 subnersible well punp was used throughout
the study. This punp delivered approximately 3.5 liters/mn from
each well. ~The nunber of well volunes to Re pHnged before a
representative groundwater sanple is 5bta|ned as been studied by
several investigators (e%. Papadopul os and Cooper, 1967,
Bar ber and Davis, 1987). According to Papadopul os and Cooper
(1967) the punpin time, tp at each ‘well before a
representative sanmple of ground water js obtained is given by

H

2

=
tp = 250 T
where r. is the radius of the well casing and T is th
transmssivity of aquifer which, in the case of a ﬁart | |
penetrating honitoring well, is wequal to the aul i
conductivity of the aquifer times the screen | ength. Assum ng
typi cal hydraulic conductivity of the sandy fill™ of 23 ft/day,
and with a casing radius of 1’inch and a screen length of 10 fft,

Eq. 5.1 yields a punping tinme of 11 mnutes. A recent study by
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Barber and Davis (1987) considered the effect of mxing within
the well casing on the punping tipe req%ired to, obtain a
representative groundwater sanple. In aquifers with high
transm ssivities and the punPen|ntake wthin the screened

interval, then the groundwater ds to nove  directly through
the. screen and into the punp intake. This reSU|tﬁqi n limte
m Xi ng between groundwater and water stored within the casing an

relativel smal | punping tinmes for representative sanpling.
The punpi%g tine, tp , was given by Barbgr and Davi s (15§%) a%

r2 ‘ |

tp > 25 F—- . + e e e . . . . - - . . . * e . o' . . - . . - {S,z)
where re ~ is the effective radius of the well and T is the
transm ssivity, In this study re is equal to 0.95 inches

and T is again equal to the hydraﬁ Ic conductivity tines the
casing length. Using these val'ues we obtain a punping tine of 1
mnute. It is interesting to note that the punping time given by
Eg. 5.2 is approximately one tenth of that given by Eq. 5.1. This
difference 1s due to the exponential nature of the governing

equations since Eg. 5.1 should yield 99.9% pure groundwater while
Eg. 5.2 yields 98.8% |f the case exists where the transmssivity
IS |l ow conpared with the punping rate, then significant H]XInﬁ
takes place between groundwater and water stored within the
casing; This leads to an estimated punping tinme, t, for a
representative sanple given by

I._2
V e
> - - —
t 3.2 Q 009 T L] Ll » - . . . L] L] - L] - L] L] * . *

(5.3)
where V is the volune of water in the casing, and Q is th
%unplng rate. For the nmonitoring wells_used in this study, Eq.

.3 yields a punping time of 5 mnutes. The results of using the
various  formulations in estimating punping tine are shown in
Table 5.1. The average estimated punping tinme is approxinmately
6 m nut es and, given the uncertainty of the hydraul i c
conduct|V|t¥ _estimate, a punping tinme of "10 mnutes was used
t hroughout this study.

(¢}

Vater was punped directly fromthe well into a 4 liter
reservoir contalnln? a probe whi ch was connected to an instrunent
reading conductivity and tenperature. After punping for 10
mnutes, the odor as well as the tenperature and conductivity of

the sanple were recorded. Four sanple bottles, 3 polyethylene
and 1 gl ass, wer e then . rinsed and filled Wi th
groundwat er . The sanples were imediately transferred to the

sanpling _van for pH and turbidity neasurenent, preservation agd
storage. Turbidity neasurenments were estimted qualitatively by
observing the sanple within the glass bottle. The categories
used were: very cloudy, cloudﬁ, slightly cloudy, and clear.
Bias was sonewhat renpved by 'having the sanme person provide
estimates during each sampling event. “Preservation of the sanples
was done according to which ‘analyses were to be performed. ' The
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Table 5.1.

Pumping Times for Representative Sanpling

(Parrish Road)

Equation tp(mins) Reference

rZ .

tp > 250 ﬁ.-(-:- 11 Papadopulos and Cooper (1967)
rZ

t, > 25 -,i.-‘i 1 Barber and Davis (1987)

2

v Te

tp > 3.2 3~ 0.9 T 5 Barber and Davis (1987)
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sanple to be analysed for phosphorous (dissolved and total) Was
contained in the glass bottle and was sinply refrigerated. A

ot her sanpl es were contai ned in polyethylene bottles.. The sanple
to be anal ysed for metals was presérved with HNO, to pH < 2, and
refrigerated, g t he i?nplecgo be ani:ysed for nltraae and anmmoni a
was preserved w to < 2 and refrigerated, a
thirdp sanple to %e aﬁ% /sed _f%r di ssol ve soﬁids? snﬁgat&
fluoride, chloride, and alkalinity was SIHD{K refrigerated. Field

e

refrigeration consisted of . placin sanples _in_  a
cooler of ice. After collecting samples at all 10 nonitorin
wells, the samples were tranSported to the  Environnenta
Engi neering Laboratory at the University of Mam for inmmediate
ggg{yghs. The analytical protocol is described in the next

5.2.4 Analytical Protoco

The paraneters to be neasured and the anal ytical techniques
used are shown in Table 5.2, Al paranmeters were neasured Wwthin
t he recommended maxi num hol ding tines given by Standard N@thgds
(1985). The internal quality control programused in this stuay,
and approved by the Departnent of EnV|nonnenth Regulat|on (DER
consisted of “using replicate analysis and quality contr ol
standards to measure the accuracy of the laboratory analyses. In
replicate analysis, every tenth sanple was aralysed again.
Quality control” standards ~ were neasured after every tenth field
sanPJe and conpared with known values. The results of the
replicate analyses are shown in Table 5.3, while the results of
quality control analyses_are shown in Table 5.4. The results of
the replicate analyses, Table 5.3, indicate that the root-nean-
square (rns) différences between replicate anal yses was on the
order of tén percent or less for all paranmeters except total
hosPhorous (unfiltered), nitrate, and lead. The variability in
otal phosphorous was a result of the large variability in the
suspended solids content of replicate sanples, and variability in
the |ead nmeasurenments was a result of the |ead |evels el ng on
the order of the detection limt of the atomc absorption
spectrophotoneter (AAS). The variability in the nitrate |levels
is probably reflective of the difficulty inherent in using the
cadm um reduction colum. The accuracy and precision of the
anal ytical techniques used in the study are determ ned based on
the neasurenments of the control sanples. These results are shown
in Table 5.4, where they are _also contrasted with the accuracies
and precisions reported by EPA (1979). These results indicate
that the analytical accuracies obtained in this study are
certalnIY ~conparable to results reported by EPA as being
representative of analytical laboratories in the United States.

The precision and accuracy dat rePorted in this section ar
an extrenely inportant reference en Interpreting the neasure
data. . (}ﬂy fluctuations in the water quality data  that
signi ficant % exceed nmeasurement errors can be detected with any
certainty. he nmeasured data are anal ysed in the next section.
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Table 5.2. Methods Used

in Chem cal Analyses

Parameter Measurement Technique
Sodium (Na) aasmt
Potassium (X) AASM
Calcium (Ca) AASM
Magnesium (Mg) AASM
Iron (Fe) AASM
Copper (Cu) AASM
Lead (Pb) AASM
Chromium (Cr) AASM
Manganese (Mn) AASM
Cadmium (Cd) AASM
Alkalinity Titrimetry
Sulfate (304) Turbidimetry
Chloride (C1l) Elegtrode
Nitrate (NO3) CRM™
Fluoride (F) . Electrode
Ammonia (NHS) Electrode
Phosphorous (P) SCM3
Dissolved Solids (TDS) Gravimetry

Cadm um Reduction Mt hod

éAtonic Absor pti on Spectrophot oneter
3 St annous Chl oride Method
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Table 5.3. Results of Replicate Analyses

Constituent Mean Difference RMS Difference
&) (D
Na -0.96 3.92
X -0.27 2.43
Ca 0.13 1.96
Mg -0.51 2.75
Alkalinity 0.25 ' 2.43
SO4 -0.23 11.96
Cl - 0.26 2.97
F 2.31 8.26
NO3 4.74 41.19
Fe 0.50 3.42
NH3 1.12 3.98
P -1.57 7.71
Cu 2.74 3.90
Pb 6.49 35.11
Cr 0.02 4.28
Mn -0.46 7.37
cd ‘ -0.34 4.34
TDS 0.92 11.40
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Tabl e 5. 4.

Resul ts of

Quality Control

Anal yses

70

Constituent Accuracy (%) Precision (%)
This EPA This EPA
Study (1979) | study | (1979
Na 2.09 2 4.91 4.4
K -0.84 2 5.07 4.4
Ca 3.40 t2 6.24 4.4
Mg 5.65 2 7.02 4.4
Alkalinity 0.11 10.6 1.63 15.9
SO4 -4.46 -8.26 19.49 19.3
Cl 6.21 2.2 8.51 9.1
F 4.37 - 8.14 -
NO3 —-2.84 8.3 12.85 43.7
Fe 1.45 3 4.73 _R7.8
NH3 11.97 - 26.10 -
P -6.65 - 20.80 -
Cu 7.77 - 12.63 -
Pb 1.30 - 18.77 -
Cr -5.80 - 13.45 -
Mn -0.086 - 6.83 -
Ccd 5.58 - 11.11 -
TDS -2.955 - 8.78 -




5.2.5 Results

The nonitoring study has resulted in the collection of a

arge quantity of data from which we my extract both the
nporal and spatial variability in the water quality beneath

e roadway. Based on these data, _the inpact. of the
perinmental roadway on the water quality nmay be inferred

e nmean and standard deviation of each paraneter at each of the
lls is showmn in Table 5.5. The tenporal variability at each
well may be quantified by the coefficient variation,

whi ch i defi ned the standard d t divided by th
rrez!mc. ISI'he %vlernz%e ascoepﬁ c? e%rt] %lr‘ vareiva{t?olno?or Ievallcdhe par Xmet e?

nmeasured, expressed as a gfrcentage, are shown in Table 5.6, The
results, when conpared th the accuracy and precision of the
measur enent  techni ques, show that the” measured variability

in all cases exceed analytical errors, Thi s hndlcates t hat
significant fluctuations® may be detected wth the mneasurement
techni ques used. It is interesting to note the relatively |ow
variations in tenperature and pH  which indicates that " these
paraneters are not very sensitive to the chem cal changes
In the groundwater. The results shown in Table 5.5 clearjy
indicate that there is significant variation in water quality
between wells. This variability is vividly illustrated in Table
5.7, where the range of nean ‘neasurenenis at the wells are
shown, In several cases, there are order of magnitude variations
in the nmean values. These relatively large variations over
di stances on the order of 100 ft provide a vivid illustration
of the inherent limtations of characterizing the water qualijt

over a |large area based on neasurnents at a single nonitoring
wel | | ocation.

Met hods used in Statistical Analyses; A statistical package
developed_by_ Chin (1988) was used to” anal yze the neasured data.
The statisfical techniques cqnnonly applied to water quality
data are tests for treng, normality, og-norn%£|2¥, seasonal ity,
serial correlation, and cross-correlation. ecause, such fests
are applied in mn areas of _study, a generic anal ysis
spreadsheet  (Chin, 1988) is used. Segnments fromthe geochem cal
data spreadsheet are transferred into the analysis package using
LOTUS | -2-3 conmands/ FI LE and / COVBI NE. The transferred segnents
are stored in designated areas of the _spreadsheet which are

anal ysed by the statistical package. This section describes
statistical®™ nmethods that are applied to each well in the
nmoni t ori ng network. For each water quality araneter, a

statistical nethod either confirns or denies that the data have a
particular characteristic, within a certain confidence interval
Several of these methods have been utilized by other researchers

in studying the characteristics of gro ndwat er qual i f vari abl es
(Mont gonery et al ., 5 and particular attention | Iven to

met hods which are apPIicabIe in cases where the anount of data is
[imted (Harris et al., 1987).

Trend Anal ysis. - This test determ nes whether the data hQS a
significant trend. The nmethod consists of fitting a straight
line to the data using |east squares analysis, and then
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Table 5.5. Mans and St anflard Devi ati ons of Measured Constituents
(Parrish Road)
|We1l| Na | & | ca | Mg |Alkalinity|  so,
No. | (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
1 (3.0,0.6)1(0.69,0.47){(41.5,24.3){( 2.0,0.7){ (R9, 6) (36.2,13.4)
2 1(4.7,0.9)[(0.77,0.64)|(42.3,23.9)|( 3.0,0.6)| (41, 8) |(12.3, 4.2)
3 [(3.4,0.5)|(0.72,0.24)|(17.2,17.3)|( 3.8,0.8)| (45, 9) ( 3.8, 1.4)
4 1(7.1,1.2)|(0.37,0.27)|(33.3,16.9)](10.3,2.6)| (88, 9) ( 3.8, 2.4)
5 (5.4,1.8)[(1.16,1.19)|(65.4,37.6)|( 6.0,1.3) (43, =) ( 6.1, 3.4)
6 |(4.1,0.8)/(0.58,0.44){(R9.6,18.1){( 1.6,0.6)| (23, 6) ( 8.7, 3.2)
7 1(5.1,2.6)|(0.66,0.32)|(28.8,13.4)|( 9.0,3.2)| (78,18) (10.1, 8.1
8 |(2.8,0.7)](0.31,0.20)|(18.2, 9.4){( 1.9,0.4)| (23, 4 |[( 7.2, 0.9
9 (3.5,0.8)](0.38,0.30){(29.8,15.4)|( 5.8,1.0) (47, 4) ( 3.0, 0.7)
10 (3.0,0.7){(0.26,0.17)[(20.9, 7-2){( 5.7,1.6)| (49, 7) ( 5.4, 1.0)
Well C1l F NO3 Fe NH3 P
No. | (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
1 ( 4.8,0.7)((0.58,0.15)|(0.9,0.6)}(3.3,1.2) - (1.1,0.4)
2 (11.0,1.3)((0.66,0.34)|(0.4,0.5)|(3.1,1.0) - (1.6,0.8)
3 ( 7.5,1.2)|(0.49,0.07)|(0.5,0.7)1(3.3,0.7)|(2.4,0.6) (2.3,0.7)
4 (18.7,2.9)|(0.81,0.10){(0.4,0.5)[(R.2,0.4)|(0.5,0.3) (0.9,0.2)
5 |( 5.2,0.7)1(0.76,0.34)|(2.3,1.0)|(2.6,1.9) - (1.6,2.0)
8 ( 7.8,1.6){(0.70,0.15){(1.1,0.9)|(0.8,0.5) - (1.5,0.8)
7 1( 7.5,1.4)((0.41,0.07)](0.6,0.8)|(9.4,1.5){(1.3,0.5)|(0.8,0.4)
8 ( 7.0,1.3){(0.25,0.03){(0.9,0.68)|(1.6,1.2) - (6.4,0.2)
9 |( 5.4,0.8){(0.52,0.20)|(1.5,0.6){(0.9,0.7) - (0.9,0.3)
10 {( 7.3,1.2)!1(0.53,0.17)|(0.6,0.3){(0.7,0.4) - (1.0,0.1)
Well Pb Mn TDS Temp pH ot
No.| (mg/1) (mg/1) (mg/1) o) (pmho/cm)
1 (0.03,0.01)|(0.02,0.01){(118,33)|(R3.4,1.0){(5.65,0.31) (168,38)
2 (0.03,0.01)|(0.07,0.16)|(110,41)|(R3.9,0.7)|(5.82,0.29) (162,18)
3 {(0.03,0.02)|(0.04,0.02)|(116,38)|(R3.2,0.8)|(5.58,0.35)|(157,30)
4 (0.03,0.02)|(0.10,0.03)|(160,29){(23.4,1.0)|(6.30,0.24) (289,22
5 |(0.04,0.02)!(0.10,0.06)((115,59)|(23.5,0.8)|(6.12,0.33)|(147,38)
6 (0.03,0.01){(0.03,0.03)|( 85,34)|(23.9,0.8) (5.79,0.38) | (119,13)
7 ((0.04,0.02){(0.11,0.03)](150,43)|(R3.6,0.8)|(6.01,0.21)|(274,54)
8 |(0.03,0.01){(0.03,0.03)|( 75,34)|(23.7,0.6)|(5.89,0.34) | (113,12
9 (0.03,0.02)|(0.03,0.04)| ( 93,33) (R3.9,0.7)((8.38,0.23) | (152,13)
10 (0.03,0.01)|(0.03,0.05) | ( 99,30) (R23.6,0.8)|(6.22,0.23) | (155,18)
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Well

No.

Ra-226
(pCi/1)

1

=

QOO WP

The results are given as an ordered pair

L ANONINANNNN

(12.6,12.1)
(16.3,14.9)
4.1, 2.9)

1.3)
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Table 5.6. Coefficients of Variation of Masured Data
(Parrish Road)

Constituent Ave. Coef. of
Variation

(%)
Na 24
K 70
Ca 51
Mg 26
Alkalinity i8
S0 38

4

Cl 16
F 27
NO3 87
Fe 48
P 49
Pb 46
TDS 35
Temp 3
pH, S
7) 15
Ra—226 88
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Table 5.7. Spatial Variability in Masured Data (Parrish Road)

Constituent Units Range of Means

Na mg/1 2.8 - 7.1

K mg/1 0.26 — 1.16
Ca mg/1 17.2 — 65.4
Mg mg/1 1.6 — 10.3
Alkalinity mg/1 23 — 88

304 mg/1 3.0 - 36.2
Cl mg/1 4.8 - 18.7
F mg/1 0.25 - 0.81
NO3 mg/1 0.36 — 2.31
Fe mg/1 0.7 — 9.4

P mg/1 . 0.4 - 2.3
Pb mg/1 0.03 - 0.04
Mn mg/1 0.02 - 0.11
TDS mg/1 75 — 160

Temp. oC 23.2 - RB3.9
pﬁl - 5.65 — 6.38
7] umho/cm 113 - 289
Ra—226 pCi/1 1.9 - 18.7
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deterninin? whether the slope of the best fit line is
significantly different from zero. The best fit line is defined
by the equation

= + L3 - - . . . .
Y mt [=/ . . . » . . . . . . - . . . . - - . . (5.4)

where y is the value of the water quality parameter, t is the
tinme in days fromthe sonme reference date, and mand c are the
slope and intercept of the best fit I|ine. These val ues are
obtai ned from the neasured data by the equations

. N N N
L y:€: = (. &, ) (¢ vy.)
n = j=1 % i=l Y i=1 Y L0 .. L. .. .. (5.5
N 2 N
N oz e, = (1« £y )
i=l i=1
c=§-m-t- - . - . - . . - - - - . . . Y - . - P . . - . » (506)

where N is the nunber of neasurenent points, y; _and t; are
measured values of y and t respectively, and’s 'and T are nean

values of y;. and t;. ~|In order to test the null hypothesis that
the slope is not sufficiently different from zero,” we cal cul ate

the value of the t statistic given by

m (s.,) 2
t: LA N N Y
Ce e e e L (5L
wher e
N
N (¢ t)2
s t &2 i=1  *
= t- OQ.C‘.‘.OGQ...
S - m3S :
2 _ vy LY o« 00 0L . e .
S N-z .-.......o(s.g)
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N 5 ('g Yi)2
Syy = B Y - AL e e e e e e (5.10)
N N
N (iil ti)(iil 7/ ,
Sy = 121 L.y, - - C e e e e e . ... (5.11)

Choosing a confidence interval of 95%, the next step is to loock
up in statistical tables the value of the t statistic with N-2
degrees of freedom and a significance level of 0.025. Referring
to this wvalue as HJ 025’ then if the following inequality is
satisfied )

] <« F0.025 ... L L. . (5.12)

then the slope of the trend line does not significantly differ
from zero with 95% confidence (Walpole and Myers, 1978). If
there is found to be a significant trend, then this trend must be
removed before subsequent statistical tests are performed.

Normality Analysis.- This test determines whether the measured
data, or detrended data, is normally distributed. A normal
distribution of the data is a fundamental assumption in many of

the tests commonly applied to measured data. Normality of data
generally indicates symmetric random variations about scome mean
value. To test for normality we must determine the skewness
cocefficient, vy , where
v, = 7
1/2 i=1
= (N
vo=w . 32 . (5.13)
h -
5 _ o2
vy, = v
i=1

If the absolute value of the skewness coefficient exceeds the
tabulated value (Harris et al., 1987), then the alternate
hypothesis that the data are significantly skewed and not normal
is accepted. '

Test for Seascnality.- This test determines whether there are
any periodic variations in the data. To apply this test,
measurements at regular intervals must be available. The first
step in this method is to determine the periodogram, I (ws) , of
data at the Fourier frequencies, . . The periodogram isjdefined
by the equation J ’
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I(w,) L y )2 { ? 2
. B ce—— .n + ]
mJ N g '(njl yncos (5 - Y_sin wjn)

(5.14)

where q is the number of Fourier frequencies, equal to the

integer part of N/2, and w3 is defined by

After the periodogram has been determined, the next step is to
calculate Fischer's ¢ statistic by the equation

I(w,
oo rax Tl e P
q
I(w,
/g (“3)
j=1

The null hypothesis that the data has a periodic fluctuation,
with a frequency corresponding to the maximum value on the
periodogram, is -ejected at the o« significance level if & > P
where

{(-l)j a; (1 - 1—5)q’l+] B P &2

where the "+" indicates that only the positive parts of (1 -
je/q) are included, and q is given by the equation

4 ]

P ¢ P R0
I3 (g -9

The detection of significant seasonaiity may require many years
of data since annual cycles in the data are generally expected.

Serial Correlation.- This test determines whether lagged
measur:2ments are correlated. This test is important because it
measures whether the data collected each month is correlated with
that collected in previous months. If significant serial
correlation exists, this gives an indication that the sampling
interval may need to be increased. The serial correlation
coefficient with lag-k, ry , is defined by (Salas et al., 1980)
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N-k

z ey, -3
I - Tt
Tk [N—k | v i s

”i/i””fw?”;wf“f”?”15.19)

t ly, ~¥)° Iy, -3
=1 AT gy ik T Yy

where y; is the nean of the first Nk values, and v s the

mean of the last N-k values. The HUII(PWQOtEESiS t hat ﬁﬁ%re Ls no
correlation between neasurenents lagged by k 1s accepted wth 95%
confidence if r,is within the interval defined by

-1-1.96(N -k - V% 14 96 - k - 1)1/2
N -k TR T N-«x
e R LI (5.20)
Test for Independence in Space.- This test determ nes whether

t he measurenents at two different wells are significantly
correl ated. This test is useful in determning the scale over
which water quality fluctuations are significantly coherent.
The lag-zero cross-correlation coefficient, r, is defined by

o

N - -
. vy - ¥)(zy - 2)

r = i=1 . et s 07 5755 i s it e e . .
[ N ( ..)2 N 2‘]1/2 « e e e e e .‘.‘. o e (5.21)
z Y‘ - Y 2 (Z. - z) e e : ! e e
i=1 ' i=1  *
where y; and_ noptic neasurenents at different wells,

z; are s

and yand z are tIXe means of y; and z; respectively.
The null hypothesis that there, is no cornelaflon bet ween. the
fluctuations nmeasured at the two wells is accepted with 95%
confidence if r is within the interval defined by (Salas et al.

1980) .
1 - exp [ 3.92 ). 1 - exp| 23:92 }
o L = 3)7 L (N - 3)
1 + exp 2:32 1 + exp (2 3.92
o - 332 ' 172 |
- e (N [ (N - 3) . (5.22)

Results of Statistical Analyses: The nunber of wells havin

various statistical properties —are shown in Table 5.8. Eac
statistical test was applied to all 10 wells at the site, and the

nunber of wells having each stated property are shown. To
i[lustrate, consider the case of Sodium (Na) where neasurenents
at 4 wells show significant downward trend and 6 wells showed no
significant trend. "At the 4 wells showing significant trend, the
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| east-squares best fit straight line was calculated and
subtracted from the neasurenents. Testing the residuals for
normality showed that at 3 wells the residuals were nornal

distributed and 1 well was not normally distributed. O the

well's not having any trend, 4 were norhally distributed and 2
were not normally distributed. The rav\i data was anal ysed for
Iop-nornalltg and 8 wells were log-normally distributed, with 2
wells not denonstrating log-normality. "The seasonalit and
autocorrelation tests were applied to the data wt any
nmean trend renoved if the data had no trend, these

tests were applied directl to the neasured  data.
For the Na neasurenents, wells showed significant
seasonal ity, while 8 wells did not denonstrate any

si?nificant seasonality. The data at 4 wells were significantly
autocorrelated while that _at 6 wells was not. In viewng the
overall results shown in Table 5.8, one result is imedi ately
apparent; the data are not statistically honbgeneous. It is
instructive to identify sone inportant” characteristics of
the data. The major cations predomnantly either show a downward
trend or no trend at all. O the major anions, alkalinity shows
a predom nant downward trend, while the sulfate and chloride
data are divided between an wupward trend and no trend at all
The overall quality of. th roundwater is neasured by the
e”%ctrlcal conductivity (™) ich has no trend at 8 of the 10
wel | s.

Since the primary objective of this study is to identify
whet her the phosphogypsum roadway has had any effect on the

groundwater quality, we wll look in detail” at the primry
constituents of phosphogypsum in the groundwater, Ca, SO, and
Ra- 226, and see how they have: changed since the
construction of the roadway. The primary statistical

property of interest is the trend. The trend data_ for
Ca, SO, and Ra-226 at each of the wells are shown in Table
5.3._d+hﬁ trends of each paraneter are best described
i ndi vi dual | y.

The variation of Ca levels in the groundwater adjacent to
the roadway are shown in Figs. 5.4 to 5.8 In each of the
figures, neasurenent at wells that are symmetrical about the
rpadma¥ (Fig. 5.2) are conpared, and only neasurenents taken
since the construction of the roadway, in COctober 1986, are
shown. A trend analysis of these data, Table 5.9, show that Ca
| evel s have a predom nant downward trend at nost wells. This is a
direct result of collecting unfiltered sanples, and the fact that
significant decreasesd|ntturb|d[%y wer e expernenced.tjhere |? a
cConsensus anon roundwat er nonitorin ecialists that sanple
col | ected shouPdg%e filtred in the fie dfﬂ%fqre preservat|oHpana
%naI%S|s f%58éhe Egﬂsiéégents Xfi:nt%rest in this study (eg.

ar cel ona, : . t hou the original r ppos

for this study reconnendgd t hat thegsanples begflﬁter%d¥?tﬁe
Fl ori da Departnent of Environnental Regul ation EDER) required
that all sanples collected for anal yses should not be filtered.
To determne the quantitative effect of not filtering, three
experinments were conducted. In each of these experinents one
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Table 5.9. Trend Data for Phosphogypsum Constituents (Parrish Road)

Well Ca S04 Ra—-226
No.
1 N_ ol N
2 Y_ Y+ N_
3 Y Y_ Y
4 N_ Y+ N
5 Y Y+ N
6 N_ Y N
7 Y N N
8 N_ N N
9 Y_ N N
10 Y N N
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Figure 5.4 Calcium Levels at Wells 1 and R, Parrish Road.
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Figure 5.5 Calcium Levels at Wells 3 and 4, Parrish Road.
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Figure 5.6 Calcium Levels at Wlls 5 and 6, Parrish Road.
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Figure 5.7 Calcium Levels at Wells 7 and 8, Parrish Road.
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Figure 5.8 Calciumlevels at Wlls 9 and 10, Parrish Road.




sanple set was filtered in the field, preserved, and then
anal ysed. A second sanple set was not filtered but otherw se
handl'ed in a manner identical to the first sanple. The results of
these experinents are shown in Table 5.10. These results show
that filftration tends to reduce the neasured |evels of nost
constituents. The nost significantly affected paraneter is
Ca, wth sulfate only noderately affected. Since filtration
primarily renoves suspended sofids, these results clearly
I ndicate that nmeasured Ca levels are sensitive to the suspended
solids, and hence turbidity content, of the groundwater. The
primary force behind this reIatLonshKP is the addi%j%P of acid
reservative which partially dissolves the suspended solids.
0o identify the correlation between turbidity and neasured Ca
|l evels, the qualitative turbidity neasurenments were given
nuneri cal values, according to Table 5.11, and a correlation
anal ysis was_conducted between Ca and turbidity. The results
are shown in Fig. 5.9. Significant correl ation between Ca |evels
and turbidity at all wells is imediately apparent. Since a

significant “decrease in turbidity was observed at all wells, i
s obvious that aqy ?033|ble | eaching of Ca from the roadway i
secondary conpare o the Ca fluctuations associated Wwt
turbidity variations.

The variation in sulfate levels are shown in Figs. 5.10 to
5.14. Performng trend anal yses on these data, Table 5.9, showed
that the sulfate Jevels at wells 1, 2, 3, 5 and 6 have
statistically S|?n|f|cant upward trend. This trend is nost
noticable at” wells 1, 5, and 6, _ Figs. 3,10 and 5.12. i nce
wells 1, 2, 5 and 6 are all Immediately adjacent to the roadway,
phosphogypsum used in roadway construction could be a possible
source of sulfate. The Ccorrelation between sulfate and
turbidity are shown in Fl%i 5.15, which reflects a significant
negative correlation at the wells that show upward trends in
sulfate. This neans that as the turbidity decreased
increases in sulfate levels were neasured. This increase in
sulfate levels is probably due to sources other than
turb|d|t¥ changes, " since” the filtration experinments
showed hat r enoval of suspended solids also caused
reductions in sulfate |levels.

t
S
h

The variation in neasurenents of Ra-226 are shown in F|?s.
5.16 to 5.20. These results show peaks in May 1987, 7 nonihs
after road construction. The nost noteworthy characteristic of
these peaks is that the highest peaks were recorded at wells 1,
2, .and_ 5, which are all |nned|ateh¥ adj acent to the roadway
i ndicating that [eaching fromthe roa maY naY have contributed to
t hese peaks. However, since data fromall wells show sone peaking
characteristics, it is probable nore than one phenonenon nm
have influenced these results. The correlation between Ra-22
and turbidity is shown in FJP, 5.21. It is clear that, at al nost
all wells, there is a significant positive correlation between
turbidity and Ra-226. his is a simlar result to that
between Ca and turbidity and further reinforces the need to
filter sanples before anal¥5|s. O re-exanining the turb|d|t¥
data, it is observed that the peaks in Ra-226 during May 198
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Table 5.10. Effect

of Filtration on Measured G oundwat er
Parameter Ave. Change Due
to Filtration
¢9)

Na 14.1

K ~5.1

Ca -36.4

Mg 4.2
Alkalinity -4.3

SO4 -18.4

Cl -4.8

F -16.7

NO3 -23.7

Fe -30.8

Pb 8.3

Mn 1.1

TDS -12.4
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Table 5.11. Nunerical Equivalents of Turbidity

Qualitative Numerical
Measure Equivalent
clear = 1
slightly cloudy 2
cloudy 3
very cloudy 4
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Calcium vs. Turbidity
Parrisn Hoad
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Figure 5.9 Correlation Between Calcium and Turbidity, Parrish Road.



4

80

Sulfate Concentrations
Farrisn Hoad
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Figure 5.10 Sulfate Levels at Wells 1 and 2, Parrish Road.
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Figure 5.11 Sulfate Levels at Wells 3 and 4, Parrish Road.
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Figure 5.12 Sulfate Levels at Wells 5 and 6, Parrish Road.
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Sylfate Concentrations
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Figure 5.13 Sulfate Levels at Wells 7 and 8, Parrish Road.
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Sulfate Concentrations
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Figure 5.14 Sulfate Levels at Wells 9 and 10, Parrish Road.
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Sulfate vs. Turbidity
Parrish Hoad

CORRELATION COEFFICIENT

1
O Correlation Coef. 95% Confidence Limit
O P TOTTUUUIU U USSP PSP RO TTPPPPPRPPPRRPPRRRS
0 O
O
O
o056 . o Gy
O
_1 L | | . 1 1 | ] i |
{ 2 3 4 5 b 7 8 g

WELL NUMBER

Figure 5.15 Correlation Between Sulfate and Turbidity, Parrish Road
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Ha-22b Concentrations
Farrisn Road
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Figure 5.16 Ra-226 Levels at Wells 1 and 2, Parrish Road.
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Ha-226 Concentrations
Parrisn Hoad
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Figure 5.17 Ra-226 Levels at Wlls 3 and 4, Parrish Road.
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Figure 5.18 Ra—-226 Levels at Wells 5 and 6, Parrish Road.
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Figure 5.19 Ra—226 Levels at Wells 7 and 8, Parrish Road.



0T

2a-226 Concentrations
Farrish Road

CONCENTRATION [pCi/l)

50

¥ Well 9
40+ ©- well 10

30 -

20

Figure 5.20 Ra—226 Levels at Wells 9 and 10 Parrish Road.
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Ra-226 vs. Turbidity
Parrisn Hoad
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Figure 5.21 Correlation Between Ra-226 and Turbidity, Parrish Road



corresponded to increased turbidity levels. This 1is
illustrated clearly in Fig. 5.22, which shows the results of
Ra-226 and turbidity neasurements at well 1.

5.2.6 Inpact of the Roadway on G oundwater Quality

Based on the results presented in the previous section,
concdee t hat : é? Cbnstruct|on of %he r oad y IS robablx

onsi for tistical si gni fi cant e evati ons
suI ate Ievels |n the groundwater i mredi ately adj acent
r oad ma¥2 8 fect of roadway construction
on and a- 22 Ievels could not be identified
due to signi ficant vari ations I n sanple turbidity,

which are highly correlated with neasured Ca and Ra-226 | evels.
In using the above results to assess the feasibility of road
construc |on usi ng phosphogypsum the follow ng points should be
noted: (a) The elevated sulfate |evels do not threaten the
otab|l|t¥ of the groundwater; and (b) The |eaching of sulfate is
probabl y rontexcess gypsunton the side of the road, and not from
qu$%n1 in the main roadway which is bound and "covered with
aspha
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Figure 5.22 Turbidity and Ra-226 Levels at Wl 1, Parrish Road.



5.3 Colunmbia County Study

5.3.1 Hydrogeol ogy

White Springs Road is |ocated in northern Col unbia County
and within the Suwannee River Water Mnagenment District (SRWD).
The geology and hydrology of this area has been extensively
docunented " by Ceryak et al, 1983. |n this area, the Floridan
gﬁgliﬁg Qgtépeignly gqUIfeE beﬂeath the site. Ithis unconfian

under at nospheric essure. T
normal |y fluctuates between elevation éH t. and elgba#FgﬁHGéqq.e
However, when the Suwannee R ver floods, the water table is above
ground level at the site. The experinental roadway is between
elevations 87 and 89 ft, The geol ogy imediately” beneath tBe
roadway was deternined durlng well installation and found to be
redom nantly cla¥ with scattered appunts of sand and |inestone.
he well installation _records, show n tne soi% profile at
each well, are shown in Figs. 5.23 to 5.30. The rainfall" agnounts
exgerlenced at the site durlng this project are shown in Fig.
5.31. These data show that nost of the r%|nfa|| occurred durin
%he sunmer nonths with noderate anounts of rainfall during ot e?
i mes.

5.3.2 Design of Mnitoring Wll Array

The nonitoring well array, Fig. 5.32, was placed in
approximately the same alignnent, relative to the roadway, as the
monitoring wells at Parrish Road. Using this approach, we are
able to isolate the effect of |]eaching, if  "any, at. fi%&ﬁ
distances fromthe roadway for differen hydr ogeol ogi es.
identical well design to that used at Parrish Road was installed.
Since the mninmum historical piezometric elevation at the site is
50 ft, the wells were screened to elevation 45 ft, with the top
of the screen at elevation 55 ft. Since the length of open
| and adjacent to the roadway was I|limted, and it was
desirablé to use the sanme well spacing as Parrish Road, onl¥ 4
symmetric pairs of wells were used, instead of the 5 pairs that
were used at Parrish Road.

5.3.3 Sanpling Protocol

The sane equipnent used at the Parrish Road site was
empl oyed at this site, however,_bgcause of tPe tendencg of nany
of the wells to go dry, a nodified sanple collection sChene wa
utilized. The clay, sand, and |inestone geology found at this
site is significantly |less perneable than that found at the
Parrish Road site. The hydraulic conductivity at the site was
given a value of 1.6 ft/day in order to determne the required
punping time for sanple coll'ection. Using the equations devel oped
bK Bar ber and Davi.s g19§7a, dj scussed in detail earlier in this
chapter, punping tines of 14 mnutes for the non-m Xing case, Eq.
5.2, and 2 mnutes for the mxing case Eq. 5.3 obtained. These
estimates are based on an average, zero drawdown, water depth
in the wells of 20.5 ft, and a screen length of 10 ft. Based on
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WELL INSTALLATION RECORD

CLIENT: florida Phosphate Research Inst. PROJECT: White Springs Wells

STATION NO e WELLNO. 1 FILE NO._86-067
CREW SUPERVISOR: _smith DATE INSTALLED : _7/21-22/86

WELL LOCATION: per Client
GROUND ELEV: ‘ WELLTOP ELEV.

_— WELLSZE 8 TYPE

Hv D Thread Coupled PYC
DEPTH ¢! '
FT. __SOL_PROFILE ! L* CASING TYPE

X

A" @ Black Steel Pige

“ITan to brown sand 3 E \
CONCRETEX
10~
_ 20" 15 |~ BACKFILL
mlan to brown clayey sand Logal Sand
—é—,—- ’ SEAL TYPE
. j Pell !
- T- 3 Bent‘onq‘te e ets» ‘
10 I
30~ —e |

o Stainless Steel Spacer
/ FILTER TYPE
/ 8/30 $ilica Sand

B WELL TIP TYPE
/ 2% & Thread Counled

PVC Screen With

Tan soft limerock and
4qnl.cmnns_ﬂu__40' 10°

I

sd— _ 73 0.010" Slots
‘—-‘6";’-—
REMARKS:
MW W Ardamand Aseociates, Inc. Y
Caranitong Eompnesss in Saud Wartamire, v
Foundations, aad tinisrmi Torrng
Figure 5.23 Wll Installation Record at Well 1, White Springs Road.
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WELL INSTALLATION RECORD
CLIENT: F1orida Phosphate Research Inst:\‘ PROJECT: White Springs Wells
STATION NO—— WELLNO. .2 FILE NO._86-067
CREW SUPERVISOR: _Swmith ____ DATE INSTALLED : 2:17-86
WELL LOCATION: Per Client :
GROUND ELEV: _ _ WELL TOP ELEV.
: WELL SZE & ’TYP‘EQk
T bt—" 2" 3 Thread Coupled PYC
l;-- 1 b ——— CASING TYPE
3?-‘-'; o B]°7 400 Black Stee) Pipe
S P
T4 N
Tan sand with clay 2 '2 CONCRETEE
- / /
10 %
h‘an clayey sand é 2
o 78%
v P\
a1 23* M
) ] {je——— BACKFILL
2[)_grl'ay-gr-een sandy fat clay 5 2 Local Sand
with phosphate 2 2
4
“-HE  sEaL Tvee
-T— Bentonite Pellets
— O
30~ i 1=
. ] Stainless Steel Spacer
Tan limerock with
calcareous silt / .
FILTER TYPE
8/30 Siljca Sand
4G— 10° /
41
WELL TiP TYPE
i / 2" @ Ihread Coupled
PVC Screen ¥ith
[{s O g 0.010" Slots
-t
___-l 6" l'_
REMARKS:
P W Ardamen d Assoclalss, inc.
Coauiiveg (Pgeaers in Sost Mot iy,
Feunsatinns, 854 Melormws Toorng

Figure 5.24 Well Installation Record at Well 2, Wite Springs Road.
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WELL INSTALLATION RECORD

CLIENT: Florida Phosphate Research Inst. PROJECT: white Sprinas Wells

STATION NO.eo—— WELLNO. 3 FILE NO._26:087

CREW SUPERVISOR: _Smith DATE INSTALLED : __ 7-22-86

WELL LOCATICN: per Client

GROUND ELEV: WELLTOP ELEV
S WELLSZE 8 TYPE .
r/ 2* 9 Thread Coupled PYC
___SOL_PROFILE ‘ ——— CASING TYPE
3:;5 B3R 4" 9 8lack Stes) Pi
Brown sand —r—
é CONCRETER
é
10~ %
%
4
%
Tan-gray sandy fat clay 38" 18 2
' g BACKFIL L
20} E Loca] Sand
4
4
“4-gl SEAL TYPE
- Bentonite Pellets
st L
3= 1
Tan-gray sandy fat clay B S ]
with phosphate / Stainless Steel Spacar
FILTER TYPE
38" B/30 Sjlica Sand
4q- 10
WELL TIP TYPE
L~ 2% g Thread Coupled
PYC Screen With
50— IRA 0.010" Slots
—-“-T— \wmomsied
___! 6" L_
REMARKS:

PP W Ardamand Associsies, inc.

=A Lngmens in Sos »
fmunaetians, Pag Muisrmi Yortwg

Figure 5.25 Well Installation Record at Well 3, Wite Springs Road.
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CLIENT: flarida Phosphate Research Inst.

WELL

STATION NOeo WELLNO. 4

PROJECT :

INSTALLATION RECORD

White Springs Wells

FILE NO._86-067

CREW SUPERVISOR: _Smith DATE INSTALLED: ?'13'35
WELL LOCATION: Per Client
GROUND ELEV: WELLTOP ELEV
WELL SZE 8 TYPE
""" 2% 3 Thread Coupled PYC
DEPTH g’
FT. _SOIL_PROFILE | ——— CASING TYPE
& & 3:74" 1§ K 4" 9 Black Steel Pipa
' I CONCRETE .
Brown-tan sand
10f
ar 2
{ g BACKFIL L
20k~ Local Sand
al SEAL TYPE
i Bentonite Pellets
- F
¢
ki AT
Tan calcareous clay and : /Stamless Steel Soacer
soft limerock X
= FILTER TYPE
M j;/ 8/30 Silica Sand
o o 100§
41 g
5 WELL TIP TYPE
/ 2% 8 Thread Counled
§ PYC Screen With
50— DIAR 0.010" Siots
S—— Ao
i__‘l 6" !.__
REMARKS:
W W Atdamand Aseocistes, Inc.
_iﬁ '"“.““"T-"‘ l-:':hw-n N N
Figure 5.26 Well Installation Record at Well 4, Wite Springs Road.
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WELL INSTALLATION RECORD

CLIENT: florida Phosphate Research Inst. PROJECT: White Springs Wells

STATION NO.—— WELLNO. % FILE NO._86:067_
CREW SUPERVISOR: _smith________ DATE INSTALLED : _7-22:86
WELL LOCATION: ____Per Client _

SROUND ELEV: WELLTOP ELEV.

__— WELLSZE 8 TYPE

T 2" 9. Thread CQuo_led Ve
SOIL PROFILE f——— CASING TYPE
- wi B 4" @ Black Steel Pipe
Tan to brown sand 3 \
- b
CONCRETEX
10~
Tan-gray-brown sandy fat clay 20°
' 38’ |l BACKFIL L
20}~ Local Sand
- SEAL TYPE
i p
................... —-}-—- Sentonite Pellets
3! ':
ko o e
Tan-gray-brown sandy fat / Stainless Steel Spacer
clay with phosphate FILTER TYPE .
38* 8/30 Siliga. Sapd
- 10’
WELL TIP TYPE
/ 2% & Thread Coupled
L PVC Screen With
50 e S 0.010" Siots
—] 6 fme
REMARKS:
Y Wl Ardemsnd Assecialag, Inc. '
e e e N\
Figure 5.27 Well Installation Record at Well 5, Wite Springs
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WELL INSTALLATION RECORD

CLIENT: florida Phosphate Research Inst. PROJECT : White Springs Wells

STATION NO.—o WELLNO. &  FILE NO._86-067
CREW SUPERVISOR: _Swmith ___________ DATE INSTALLED : 7-21-86

WELL LOCATION: Per Client

__— WELLSUZE 8 TYPE

’ lﬂ ‘ 2" P Thread Coupled PVC
2!
SOlL._PROFILE | e CASING TYPE
RO TER T 4 9 8] Steel Pi
Tan sand 3 g
CONCRETEX
mr?an-brown sandy fat clay
____________________ 2%
o 424! o BACKFIL L
204~ Local Sapd
Tan clayey sand with
some phosphate i A SEAL TYPE
—%—— alG " Bentonite Pellets
5| -
mTlard brown dolomite — L
B / Stainless Steel Spacer
Soft calcareous clay and M FILTER TfPE
Timerock with phosphate H=R 8730 Silica Sand
4G-and green fat clay 10 | j
424! Eok
" -/ WELL TIP TYPE
R 2" @ Thread Caupled
=N PYC Screen With
50 0.010" Slots

REMARKS:

N W Atdamaend Associstas, Inc.
€ ‘ in Sos
Fovndatians, and wmiormi Towtwiy R

Figure 5.28 Well Installation Record at Wll 6, Wite Springs
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" WELL INSTALLATION RECORD

CLIENT: Florida Phosphate Research Inst. PROJECT : White Springs Wells

STATION NO.e————— WELLNO. z FILE NO._86-067
CREW SUPERVISOR: _3mith DATE INSTALLED :___7-22-86

WELL LOCATION: ____Fer Client
GROUND ELEV: WELL TOP ELEV.

WELL SZE & TYPE
" 2 p Thread Coypled PYC

X

DEPTH ) r
- S0k PROFILE | 1] l=—=casine TvPE
’:’-‘4’45_ ;*'“‘ 4 9 Black Stee) Pipe
Tan to brown sand NN ]
E é CONCRETER
785
10~ ? 2
X
Tan-brown-gray sandy 787
fat clay , 22* ;‘ 2
' 43 g 5__._—- BACKFIL L
2 Ltocal Sand
204 5 %
SR -
Tan-brown-gray sandy fat t_u 7
clay with phosphate 7 B s?ﬁ%ﬁlﬁiieﬂets
TEHA
8
3q-§oft limerock ——

Stainless Steel Spacer

FILTER TYPE
/ 8/30 Silica Sand

Gray-green silty sand with
phosphate and some clay

40— 10°

A3!
M WELL TIP TYPE
e 2" @ Thread Caupled
PYC Screen With
sd— 0.010% Slots
MY W Ardemend Associslas, Inc,
Lonaunong {ngeaes ln Sod Wottunics,
Jounasiinas, and Meionni Teutmy
Figure 5.29 Well Installation Record at Well 7, Wite Springs Road.
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WELL INSTALLATION RECORD

CLIENT: flarida Phosphate Research Inst. PROJECT: White Springs Wells i

STATION NO—_ WELLNO. 8 ___ FILE NO._86-067
CREW SUPERVISOR: _Smith DATE INSTALLED :__7-21-36

WELL LOCATION: Per Client

GROUND ELEV: WELLTDE_VELEV —
WELL SZE 8& TYPE
f r/ 2" @ Thread Coupled PYC
. 2! N
SOIL._PROFILE 1 —— CASING TYPE
iyt s e " :
Tan to brown sand :

' CONCRETEX J
10p~ |

Tan-brown sandy fat clay

204 l
2'
L

| e BACKFIL L
local Sand

27 AAAMBBMAMLRRRRA RN KLY

SEAL TYPE

Tan clayey sand Bentonite Pellets |

4
o= I i
B Stainless Steel Spacer
3 FILTER TYPE
4 10* : ‘
qr‘Fa_n calcareous clay and Y |
! merock |- WELLTIP TYPE
as®
L_ g ; PVC Screen With
50 R 0,010" Slots
———_T Aennamadal
___4 6" L_.
REMARKS:

AV W Ardaman d Assecistes, lnc.
Cormitong o b bodt M erhmnice,
Foundations, 809 bsterwi Yorrny

Figure 5.30 Well Installation Record at Well 8, Wite Springs Road.
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SAINFALL. DATA
\White Sorings

Rainfall ()
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VA 195
HH 1956
Y 1987
R 1988
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Florida.

Figure 5.31 Rainfall at White Springs,



74 ft W+E

) A
| o 3_ - - —~ —Sta 89+75
o (21 ft)] |(22 ft)
WHITE SPRINGS ROAD | __
, —\ 150 ft
3 4 >
(18 f1) (21 £t)
Well Location ——\ 5 /—Well Number
.
(19 ft)| [(22 ft) o Depth to Average
Water Table
: 8 — - — — —3Sta 85425
(23 ft) (25 ft)
0 30ft
L3
Scale

Figure 5.32 Layout of Mnitoring Wlls, Wite Springs Road.
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the estimated punping tines, a mninmum punping tine of 10 m nutes
required before sanple collection. At the wells that went
S n

was
dry after less than 10 m nutes of punping, the pu was turned
ofy and the wel | Elomed 5 m nut es tg ngHq. Pu#bﬁﬁ) was tﬂen

a

resumed and sanples collected. In cases where #%e wel | did
not go dry after 10 m nutes of punping, sanples were col|ected
after a” 10 mnute punping tine. ectrical conductivity,

tenperature, pH, turbidity and odor were nmeasured in the field,

and then_the sanples were preserved by nmethods identical to those
used at Parrish Road.

5.3.4 Analytical Protoco

~ These anal ytical protocol used to neasure the water quality
this site was ‘identical to that used at Parrish Road. Since
Januagn %?87, the anal yses for both sites were processed in the
sanme bat ch.

5.3.5 Results

The overall results of the study are summarized in Table

5.12 which shows the nean and standard deviation of the
measurenents at each well. The tenporal variability in the
measurenents at each well is neasured by the coefficient of
variation of the data, defined as the standard deviation divided
by the mean. The average coefficient of variation for each of the
paraneters is shown in Table 5.13. These results show that the
nmeasured paraneters typically vary by about 50% from their nean
value. The lowest variability is associated with tenperature and
H Contrasting the varjability in neasurenents at ite SPr|ngs
oad and Parrish Road, Table 5.6, 1t is apparent that the
variability in the paraneters are quite simlar. Conparing the
variability in the mgjor ionic constituents, shows that for
Na, N?, and Alkalinity, significantly higher variability is
encountered at Wiite Springs Road. Thesé variations significantl
exceed experinental errors docunented by the qualify contro
results, Table 5.4, The spatial variability in the neasured
data is illustrated in Table 5.14, which shows the range of nean
val ues for each paraneter. These results show that for all the
maj or ionic constituents, order of magnitude variations in the
nmean were neasured. O-der of magnitude variations are also found
for Ra-226. The | east amount of spatial variability was found
in tenperature. Conparing the Wiite Springs Road results with
those at Parrish Road, Table 5.7 show that while the range of
variability at both sites are simlar, Ca, Alka[lnltﬁb an

pH do show nuch w der ranges of neans at Wite Springs Road

Results of Statistical Analyses: The results of statistica
anal ysis of the measured data are summarized in Table 5.15. These
data show that: (a) The major ionic constituents have either a
downward trend or no trend at all; (b) In cases of trend
the residuals tend to be normally distributed: (c) The neasured
data shows a predom nantly |og-normal distribution,” and tends not
to be seasonal. In determning whether construction of the
phosphogypsum roadway has had any effect on the anbient
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Table 5.12. Means and Standard Devi ations of Masured Constituents
(White Springs Road)l
Well Na K Ca Mg Alkalinity SO‘1~
No. | (mg/1) (mg/1) (mg/1) (mg/1) (mg/1D (mg/1)
1 ( 1.9, 1.8)((2.3,1.4) ( 6.7, 2.9 ( 3.9, 0.9) C 5, 4) (5.4, 7.2)
2 |( 2.4, 0.4)|(1.1,0.9)|(31.8,24.3)|(13.8, 6.6)| ( 47 7y | 3.4, 1.1)
3 ( 3.1, 2.1 (1.7,1.3)}( 3.5, 2.8)|( 2.3, 2.0 ( 11, 5 ( 4.9, 2.1
4 (15-5,14.6) (2.5,1.6) (14.7,11.2) ( 4.2, 1.4) ( 65 66) (R3.4,14.5)
5 ( 2.3, 0.5) (0.8,0.3)(31.2,10.9)|( 3.4, 1.9 ( 78,18) ( 4.8, 2.0)
86 ( 2.8, 0.7(1.9,0.8){(45.1,19.7) (13.7, 6.0) ( 66,19) ( 3.6, 1.7)
7 (12.3, 6.2)1(3.4,1.5)|(93.6,28.6)|(12.5, 5.6) (135,43) ( 3.6, 1.6)
8 ( 4.0, 2.8) (2.3,1.8) (47.2,27.7) (19 3,13.5) ( 65,25) ( 3.5, 1.1
Yell C1l F NO3 Fe P
No.|(mg/1) (mg/1> (mg/1) (mg/1) (mg/1)
1 |( 3.7,0.8)(0.07,0.09)|( 2.1, 1.2)|(4.7,2.1)|(0.02,0.03)
2 ( 5.5,0.6){(0.47,0.08)|( 5.5, 2.6)|(3.0,1.8) (0-08,0-05)
3 ( 6.4,3.1)((0.03,0.06)|( 0.7, 0.7) (5.1,2.7) (0.05,0.07)
4 ( 3.3,1.2)((0.02,0.05)|( 3.4, 1.7) (1.8,1.3) (0.07,0.04)
5 ( 3.8,0.5){(0.24,0.14)|( 0.8, 0.6)[(2.4,1.8) (0.07,0.03)
6 ( 7.3,1.1)((0.48,0.31){( 8.2, 3.2) (1.6,0.7) (0.14,0.05)
7 (24.2,5.4)1(0.37,0.14) | (R1.1,17.3) (4.2,2.3)1(0.19,0.10)
8 ( 8.6,1.1) (1.24,1.43) ( 9.2, 3.3) (5.6,3.1) (0.16,0.08)
Well Pb Mn TDS Temp - pH o1
No. (mg/1) (mg/1) (mg/1) °c (umho/cm)
1 (0.02,0.01) (0.07,0.04) | ( B4, 28) (21.3,2-0) (4.52,0.38) (101, 12)
2 1(0.03,0.01)|(0.06,0.04)| (127, 37){(21.4,2.3)|(7.65,0.37)| (170, 9
3 (0.03,0-01) (0.10,0.05> ( 87,183) (21.3,2.0) (4.88,0.50> ( 31, 9)
4 |(0.03,0.01){(0.15,0.12){(125,106) | (21.4,2.2)|(6.74,0.40)|(181,133)
5 (0.03,0.01) (0.03,0.02) (118, 45) (21.2,2.0) (6.81,0.42) (177, 19
B (0.03,0.01) (0-06,0.03) (185, 33) (21-5,1.9) (7.28,0.35) (222, 12)
7 (0.04,0.02) (0.12,0.08) (398, 80) (21.8,2.3) (7.14,0.26) | (603, 32)
8 (0.04,0.02) (0-18,0-13) (184, 67) (21.2,2.0) (7.40,0.38) | (253, 98)
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Well Ra—-226
No. (pCi/1)

3.4, 1.1)
10.1,11.0)
1.1, 1.2)
1.4, 0.5)
2.1, 1.8)
.5, 1.7)
.8, 1.0)
.3, 2.6)

0N

IO W
ANANANANSNANANA

1 . . . .
The results are given as an ordered pair (nean, standard deviation).
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Table 5.13. Coefficients of Variation of
(Wiite Springs Road)
Constituent Ave. Coef. of
Variation

%)
Na 55
K 61
Ca 55
Mg 50
Alkalinity 46
S0 41

4

Cl 22
F 111
NO3 64
Fe 57
P 73
Pb 43
TDS 60
Temp 10
pH, 6
Y 22
Ra—2286 87
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Table 5.14. Spatial Variability in Masured Data
(White Springs Road)

Constituent Units Range of Means
Na mg/1 1.9 — 15.5
K mg/1 0.8 — 3.4
Ca mg/1 3.5 - 93.6
Mg mg/1 2.3 - 19.3
Alkalinity mg/1 4.5 - 135.2
SO4 mg/1 3.4 - 25.4
Cl mg/1 3.3 — 24.2
F mg/1 0.02 — 1.24
NO4 mg/1 0.6 — 21.1
Fe mg/1 1.6 - 5.6
P mg/1 0.02 - 0.19
Pb mg/1 0.02 — 0.04
Mn mg/1 0.03 - 0.18
TDS mg/1 64 — 398
Temp. oC 21.2 - 21.8
pH, - 4.52 — 7.65
e pmho/cm 31 - 603
Ra—226 pCi/1 1.1 - 10.1
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Tabl e 5. 15.

Statistical

(Wiite Springs

Properties of

Road) 1

Measured Data

Constituent

Y+ Y- N|

Trend

Normal

Residual|N
Y

N

Trend

Log—Normal

Seasonal

Auto—
Correlated

~d
=

Na

K

Ca

Mg
Alkalinity
SO4

OCOWORrRLRFRLRO ONDN POQOOQOO

VR RPONORFR® FPON POOREIO

ORIV YWk ONDWrEPLW

DV WOROND® FPPW POP Q-

ONRONR OO ORRLR RRERRRWOR
DWARORNWR BB POORRN| <0

ORRFROFRNORr WNW DVWWORr

RROOOIRD DO OOIIR T <
QOO KHKRN OO NP RRE ] 2

GO OORW NDOO PP PUWNT

DOV OO NOINAOD | =

QN INVDOWD DR PPV
WOROODY OO0 IOV D

The numbers in the table indicate the number of wells having the

stated property; Y and N igdicate_whether the data do/do not have
the stated property;

trend respectively.

and Y and Y

indicate positive and negative

The measurements at 3 wells were consistently below the detection

limit.
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roundwater quality, it is instructive to investigate in

etail the tenporai behavior of Ca, and Ra-226 in the
groundwat er .

_ The neasured variations in Ca at all the wells are shown in
Figs, 5.33 to 5.36. These data were analysed to see if any
significant trends existed. The results of” these anal yses are

iven in Table 5.16. The results show that a significant

owmnward trend exists at wells 1, 2, 3, and 7, with other wells
showi ng no S|§n|f|pant_trend. Recal ling that the Parrish Road
results showed a significant correlation between Ca |evels and
turbidity, the correlfation between these two paraneters at Wite
Spr|n?s Road were cal cul ated and are shown in Fig. 5.37. These
results indicate that there is not any w despread correl ation
bet ween these quantities. A possible reason for this is that
turbidity variations were in a fairly narrow range at Wite
Springs Road, while Ca levels in the groundwater show a | arge
natural variability.

The variation in sulfate levels are shown in Figs. 5.38 to
5.41. The results of a trend anal¥5|s of this data are shown in
Table 5.16, which indicates that well 4 has a statisticall
significant upward trend, well 8 a statistically significan
downward trend, and no signhificant trend at all "other wells.
The reason for the upward trend at well 4 is probably not

related to the construction of the roadway since this trend

was not detected at any other well "~ and well 4 s
within the outer line of "wells, not imed ately adjacent
to the roadway. The results of a correlation analysis
between sulfate and turbidity is shown in Fig. 5.42, i ch

illustrates that there is no significant correlation between
these quantities. This is the sane result found at Parrish Road.

The Ra-226 concentrations neasured during this study are
shown in Figs. 5.43 to 5.45, and the results of "a trend anal ysis
on these data is given in Table 5.16, Significant downward
trends are detected at wells 2 and 3, wth neasurenents at all
other wells showing no trend. The downward trend at well 2
is quite noticable, 'Fig. 5.43, nore so than that at well 3.
Since Ra-226 was found to be significantly correlated wth
turbidity at Parrish Road, a correlation analysis between these
two quantities was conducted on the Wite Springs Road data.
This is shown in Fig. 5.47, which indicates that turbidity
is significantly correlated with Ra-226 at well 2, but no
significant corrélations exist at other wells. Since the |argest
changes in turbidity was experienced at well 2, this result is
probably expected since at other wells variations in neasured
wells variations in measured Ra-226 due to turbidity changes
wer e probabl¥ on the same order as, background fluctuations. BaSed
on the resulis presented here, it is apparent that there has been
no measurabl e | eaching of Ra-226 from the phosphogypsum roadway.
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Calcium Concentrations
White Springs Road

CONCENTRATION (mg/1)

160
140 | - Well |
- WWell 2
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Figure 5.33 Calcium Levels at Wlls 1 and 2, Wite Springs Road.
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Calcium Concentrations
*’ White Springs Hoad

CONCENTRATION (mg/1)
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Figure 5.34 Calcium Levels at Wells 3 and 4, Wite Springs Road.
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Calcium Concentrations
White Springs Road

CONCENTRATION [mg/1)
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140 + ‘ ¥ Well 5
- Well 6

120 -
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Figure 5.35 Calcium Levels at Wlls 5 and 6, Wite Springs Road.
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Calcium Concentrations
White Springs Road
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Figure 5.36 Calcium Levels at Wlls 7 and 8, Wite Springs Road.



Table 5.16. Trend Data for Phosphogypsum Constituents
(White Springs Road)

Well Ca S04 Ra—226
No.
1 Y_ N N_
2 Y_ N Y_
3 Y N, Y
4 N Y N
5 N N N
6 N_ N N
7 Y N_ N
8 N Y N
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Calcium vs. Turbidity
White Springs Hoad

" CORRELATION COEFFICIENT

1
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__1 § | i i | i
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Figure 5.37 Correlation Between Calcium and Turbidity, White Springs Road.
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Sultate Concentrations
White S5prings Road

CONCENTRATION (mg/1)
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Figure 5.38 Sulfate Levels at Wells 1 and 2, White Springs Road.
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Sulfate Concentrations
| White Springs Road
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Figure 5.39 Sulfate Levels at Wlls 3 and 4, Wite Springs Road.
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Sultate Concentrations
White Springs Road
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Figure 5.40 Sulfate Levels at Wlls 5 and 6, Wite Springs Road.
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Figure 5.41 Sulfate Levels at Wlls 7 and 8, Wite Springs Road.
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Figure 5.43 Ra-226 Levels at Wlls 1 and 2, Wite Springs Road.
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Figure 5.45 Ra-226 Levels at Wlls 5 and 6, Wite Springs Road.
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Figure 5.46 Ra-226 Levels at Wlls 7 and 8, Wite Springs Road.
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5.4 Concl usi ons

The groundwater mnonitoring study has addressed the question
of whether construction of a phosphogypsum roadway has any
measurable inpact on the anbient groundwater. The "two sites
sel ected have significantly different hydrogeol ogical
characteristics and ave been "analysed separately. At Parrish
road, the results show that Ca and Ra-226 neasurenents were
highly correlated wth the turbidity of the sanples, which
were not filtered according to DER requirements. Any
vari ations in Ca and Ra- 226 due to | eachi ng wer e
significantly | ess t han vari ations associ at ed W th
turbidity fluctuations. At several wells immediately adjacent to
the roadway, statistically significant upward trends in SO,
were detected. Since these trends were not found at outlying

well's, leaching of phosphogypsum is suspected. It should be
noted, however, that the magnitude of these increases were not
sufficient to cause the anbient Ilevels of SO, to exceed

drinking water standards. At Wite Springs Road, significant
trends in CQCa, Ra-226 and SO, were not found, and it 1is
aPParent that the phosphogypsum roadway has had no neasurable
effect on the quality of the anbient groundwater.
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VI. RAD ATION MONI TORI NG

The Environnmental Radiation Survey plan for the
experinental roads includes ganma radiation nonitoring, outdoor
radon neasurenents in soil and the atnosphere, and radi um 226
analyses in water and soil sanples. In order to evaluate
radi oactive contam nation, if any, fromthe use of phosphogypsum
in road construction, environnental nonitoring of air, soil and
groundwat er before and after construction was conducted.

6.1 GAMVA RADI ATI ON

Gamma radi ation levels were nonitored along the roads at a
height of 1 neter above the road surface using an ESP-1
survey neter with a calibrated 1" x 1" Na | (T1l) scintillation
det ector. Figures 6.1 and 6.2 show the | ocations at which gamm
radi ation levels were nonitored for the Parrish Road and Wite
Springs Road, respectively.

Due to the radium 226 contained in the phosphogypsum which
was used to stabilize on-site soil for the road base, there is an
enhancenent in the gamma radiation |evels. Tables 6.1 and 6.2
show the gamma radiation |evels of these two experinmental roads
before and after construction.

On the Parrish Road, the average post-construction gamm
radi ation levels were 14 uR'hr. and 12 uR hr. on the crown of the
road surface and off the edge of the road respectively, while
average pre-construction gamua radi ation |levels were 11.0 uR/ hr.
and 11.5 uR/ hr., respectively.

On the Wite Springs Road, the average post-construction
gamma  radiation |evel was  about 7 uR'hr. on the road
surface and the edge of the road, while the average pre-
construction value was about 4 uR/ hr.

Figures 6.3 through 6.6 show Rraphically “the observed
changes in gammua radiation |levels on the roads during the period
of study. Linear and |linear-quadratic regressions on the post-
construction data show no significant difference in gama
radi ation | evels over tine.

Because there was no significant trend over tine in
radiation levels, the repeated (over tine) neasurenents after
construction can be pooled for the purpose of analyzing the pre-
versus post-construction radiation levels. A two-way (tinme and
| ocation) Analysis of Variance was used to conparé the gamma
radiation |levels as neasured on the road surface before and after
construction and at different |ocations. The followi ng di agram
gives the sketch of the statistical design
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Table 6.1

GAMVA RADI ATI ON LEVELS (uR/hr) - PARRI SH ROAD
ON THE ROAD
Sample Pre-Construction Post~Construction
Number - ‘
1/13/86 10/16/86 12/30/86 1/31/87 5/15/87 7/17/87 10/16/87 1/15/88
1 - _— _— — _— _— —_— _—
2 i i6 19 i9 i6 15 ié - 16
3 11l 14 15 14 13 12 13 13
4 11 13 14 13 12 12 12 12
5 8 12 11 11 10 10 10 10
6 11 14 15 15 13 14 14 15
7 - 15 15 15 14 14 14 14
8 11 14 13 13 14 12 12 12
AVG 11 14 15 14 13 13 13 13
ADJACENT TO THE ROAD
1 14 12 i3 i3 iz iz iz 12
2 15 16 16 16 13 13 13 13
3 11 12 12 13 12 12 12 12
4 11 12 13 13 12 12 12 12
5 8 8 9 10 9 9 9 9
6 13 10 13 14 15 14 17 16
7 11 13 13 13 12 13 13 11
8 9 i0 il il 10 i0 10 9
AVG 12 12 13 13 12 12 12 12
Location: 1. 500 ft. from US 98 2. Pole 5123129 3. Pole 5123126 4. Pole 5123122
5. Pole 51237 6. Road bend 7. Pole 51231 8. 100 ft. from
Keller Dr.



TABLE 6. 2

GAMVA RADI ATI ON LEVELS (uR/hr.) - WH TE SPRINGS ROAD

oOvT

ON THE ROAD
Sample Pre-Construction _ Post-Construction
Number
8/12/86 5/14/87 7/16/817 10/15/87 1/14/88 4/14/88
1 4 7 7 7 7 7
2 4 7 7 7 7 7
3 4 6 7 7 7 7
4 4 8 7 7 7 7
5 4 8 7 7 8 7
6 4 8 7 7 7 7
AVG 4 7 7 7 7 7
ADJACENT TO THE ROAD
1 4 4 7 7 6 6
2 4 4 6 6 6 6
3 4 5 6 6 6 6
4 3 4 6 6 6 6
5 3 6 6 7 7 6
6 4 7 6 7 7 6
AVG 4 5 6 6 7 6
Location: 1. Junction of WP Rd. & SWA Rd. 2. Pole E-6-24-10-99
3. 0.5 Mle from Suwannee Vall ey Rd. 4. Intersection of WP Rd & Noval Rd.

5. Near Well #7 6. Near Well #1
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A (time factor)

al (pre-con.) a2 (post-con.)
B 1 x11 x121, x122, --- x12k
(locations)
2 x21 x221, x222, --- %22k
3
n xnl xn21, --- xn2k
Factor A stands for the tine effects, i.e. al stands for the pre-

construction data, a2 stands for all the post-construction data,
the period covered by the post-construction neasurenments is about
one year. The values of k for the Parrish Road and the Wite
Springs Road are 7 and 5, respectively. In the hypothesis
testing process the pooled variance is approxi mated as the
variance from the post-construction data only.

Tables 6.3 and 6.4 give the results of statistical analysis
for the Parrish Road and Wite Springs Road, respectively. The
results for the Parrish Road indicate a significant (P 0.001)
I ncrease in ganma radiation |evels after the construction and

significant (P 0.001) changes W th location. For the Wite
Spring Road, a significant (P 0.001) increase in gamm radiation
| evel s after the construction was al so observed. Variation in

gamma radiation levels wth location were not significant.

The results indicate an enhancenent of ganma radiation
| evel s, averagi ng about 2-4 uR' hr. along the two experinental
roads. Al though neasurable, the increased background |evels do
not constitute a hazard to people. An increase of 4 uR'‘hr wll
mean an i ncrease of about 5 ntem dose to the yearly total
exposure, but only to soneone who would spend 100% of his tine
all year at the road. In the content of the dose limtation to
the “general population used in radiation protection (500
nmreniyear), and the generall observed background radiation
levels 1in the United States, he gamma radi ation |evels around
t he experinmental roads cannot be considered as abnormal.

_ The gamma radiation |levels decreased rapidly wth the
di stance fromthe center of the road, as shown in Figure 6.7.
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TABLE 6.3

SOURCE ~ SUM-OF-SQUARE DF  MEAN-SS  F-RATIO P
A 30.198 1 30.198 33.039 <0.001
B 59.525 5 11.905 13.025 <0.001
AXB 2.628 5 . 0.526 0.575 0.718
ERROR 32.905 36 0.514
TABLE 6.4

F-TEST ON y RADIATION LEVELS, WHITE SPRINGS RD.

SOURCE SUM-OF-SQUARE DF = MEAN-SS F-RATIO P

A 45.975 1 45.975  594.815 <0.001

B 1.314 5 0.263 3.400 0.018
AXB 0.848 5 0.170 '2.194 0.088
ERROR 1.855 24 0.077
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6. 2 RADON MEASUREMENT ALONG THE ROADS

Since the phosphogypsum used in the road base construction
contains radium 226, there is concern-about changes in the radon-
222 concentration in the environment. Track Etch detectors (Type
F% manuf actured by Terradex Corporation were used to neasure
the radon levels in the soil and the air along the roads.

For the neasurement of radon levels in the air, the Track
Etch detectors are inserted into a special container to protect
t hem agai nst the weather, then suspended fromtrees or utility
poles at a height of about six to seven feet. After an
exposure period of tw to four nonths, the detectors were
sent back to the conpany to be read.

For the neasurenent of radon levels in the soil, the Track
Etch detectors are buried in the soil beside the roads to a depth
of ﬁ;x to eight inches. The exposure period is also tw to four
mont hs.

The purpose of neasuring radon concentration in the soil is
that the radon concentration in the air depends primarily on the
radon flux fromthe ground and the convection situation in the
air. The radon concentration in the soil together with the
radon levels in the air reflect the radon level in the
envi ronment .

~ Tables 6.5 and 6.6 show the radon-222 levels in the air and
soil, respectively, before and after the construction at the
Parrish Road. Tables 6.7 and 6.8 show the radon-222 levels in
the air and soil, respectively, before and after the
construction at the Wite Springs Road. Because of damages to
the detectors, some data were missing as shown in the Tabl es.

Table 6.9 shows the statistical results, using a linear
regression nodel, from sone selected |ocations along the
experinmental roads. The results show no significant effects of
radon |levels on the environnent fromthe use of phosphogypsumin
road construction.

6.3 RADIUM 226 ANALYSIS IN THE SO L SAMPLES

~ The water sanples were collected fromthe nonitoring wells
whi ch had been placed symmetrically on_ both sides of the
experinental roads as described in Chapter V. The soil sanples
were collected with an auger froma depth of about 1-2 ft. at the

edge of the roads. The water and soil sanples were sent to the
Radi ochem cal Laboratory of the HRS, Olando, Florida for the
radi um 226 anal ysi s. Results of radium226 in the groundwater

are presented in Chapter V, in order to indicate the variations
of Ra-226 measurenment which may be due to turbidity changes as
related to the background fluctuations.
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Table 6.5

RADON-222 OUTDOOR AIR (pCi/g), PARRISH ROAD

Exposure Pe:iod

Location Pre-con. Post-construction

1/13/86- 5/15/87- 7/17/87-~ 10/16/87- 4/14/88 -

3/7/86 7/17/87 10/16/87 1/15/88 8/17/88
Pole - 51236 0.97 0.6 1.1 NA 0.6
Pole - 51231 NA 0.9 1.4 NA 1.5
Pole - 5123124 NA NA NA 0.3 NA

Table 6.6
RADON-222 IN SOIL (pCi/2), PARRISH ROAD
Exposure Period

Location Pre-con. Post-construction

1/13/86- 5/15/87~ 7/17/87- 10/16/87~ 4/14/88~

3/7/86 7/17/87 10/16/87 1/15/88 8/17/88
Pole -~ 51236 497 957 367 653 441
Pole - 51231 271 293 205 296 NA
Pole - 5123124 2818 2997 NA NA NA
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Table 6.7

RADON-222 QUTDOOR AIR (pCi/f), WHITE SPRINGS RD.

Location

Exposure Period

Pre-con. Post-construction
T 1
7/17/86- 5/14/87- 7/16/87- 10/15/87~ 4/15/88-
9/17/87 7/16/87 10/15/87 1/14/88 8/18/88
Near well 1 1.0 NA NA NA l 0.4
E-60241099 NA 1.4 1.2 1.1 -
(pole)
Table 6.8
RADON-222 IN SOIL (pCi/2), WHITE SPRINGS RD.
Exposure Period
Locat {on Pre-~con. Post-construction g
7/17/86- 5/14/87- 7/16/87~ 10/15/87- 4/15/88j
5/17/86 7/16/87 10/15/87 1/14/88 8/18/88§
Near well 1 236 NA NA NA NA
Near well 7 106 56 NaA 18 38
E60241099 NA 145 60 33 58
0.5 mile - SWA* 1 286 60 74 25 NA

* SWA
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Table 6.9

LINEAR REGRESSION ON RADON-222 OVER TIME

Coefficient , ;
Location of time t Prob>|¢| R-Square
Parrish Rd.
Pole-51236 (air) -0.06 -0.612 0.603 0.157
Pole-51236 (soil) ~41.6 -0.507 0.647 0.079
Pole-51231 (soil) - 1.3 0.056 0.960 0.002
White Spring Rd.
0.5 mile~-SWA (soil) -76.9 2.182 0.161 0.704
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_Radium 226 analysis in soil sanples, carried out by the
Florida HRS Orlando Laboratory, are presented in Tables 6.10 and
6.11 for the Parrish Road and the Wite Springs Road,
respectively.

Results shown in the tables can be summari zed as foll ows:

1. No significant difference was found in
radium 226 levels in the soil around the
road before and after the construction.
construction,

2. No significant difference was found
radium 226 levels in the soil fromdiffe

sanpling locations along the road.

i n
r ent
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Table 6,10

Ra-226 IN SOIL SAMPLES — PARRISH ROAD

Sample * Pre-
Number Construction Post-Construction
Mar. 86 Oct. 86 Jan. 87 Oct. 87 Jan. 88
1 4.5 1.9 0.8 1.8 0.9
2 3.6 7.8 1.5 - 1.2
3 3.8 1.6 2.0 1.2 0.8
4 2.3 1.0 2.4 4.1 1.0
5 2.5 2,1 6.2 ‘ 2.5 1.6
6 2.4 1.4 8.4 2.3 0.8
7 1.5 4.6 1.1 - 1.7
8 1.6 3.6 3.3 4.0 0.8
9 1.5 2.7 2.5 1.5
10 1.3 1.7 - ' 2.0 1.9

*Sample Location

next to pole 5-123 6. road border at pole 5-123-4

across from pole 5123 7. road border opposite of pole 5-123-10
edge of the road at pole 5-123-2 8. next to pole 5-123-10

road border at pole 5-123-2 g next to pole 5-123-12-7

edge of the road opposite side of pole 5-123-4 10. edge of the road opposite side of
pole 5-123-12-7

(G S SR OVIR NI
o v e v »



Table 6.11

Ra-226 IN SOIL SAMPLES - WHITE SPRINGS ROAD

Sample * Pre-Construction Post-Construction
Number July, 86 July, 87
1 0.5 0.5
0.2 0.5
3 0.3 0.5
4 0.4 0.4
5 0.4 0.8
6 0.5 0.5
7 0.3 - -

* Sample Location

. interseétion White Springs and S. W. Valley
Near well 7, Trailer house (red)
Intersection of Nova and White Springs
Phone E6-24-10-99

1/2 mile from Suwanne Valley Jr.

1/4 mile from State Road 136

Ny W
- . . . . .

Near Environmental Detailer
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VII. ECONOM C ANALYSI S

The purpose of the econom ¢ anal ysis conducted by Dr. David
J. Sumanth, is to analyze the economc justification aspects
wi th phosphogypsum vs. traditional materials in an experinental
road construction pr%?ect_ The standard costing nethod used is
provi ded bE the Tofal Productivity Mdel as described in the
entitled, Productivity Engineering and Minagenent, by Dr. D. J.
Sumanth.  The cost of buildin%Nthe Parrish road is then conpared
to that of Tanner road and ndy H Il road, located in Polk
County. The findings indicate the definite econon c advantage in
usi ng phosphogypsum as a base material in conparison with clay,
a traé%tional material used in road construction

7.1 METHODOLOGY

A System Flow chart, shown in Figure 7.1, shows at a
gl ance, the approach used in conducting the economc and
productivity analysis. The entire sequence of expected tasks in

t he road construction, Operation Process chart, is shown in
Figure 7.2. Fiel d observations were nade and the actual tasks
list was prepared as shown in Table 7.1. Then, using a data

sheet as shown in Table 7.2, field data was collected in a
systemati ¢ manner through the joint efforts of a graduate student
assistant, the Construction Supervisor, and his personnel. A
Conmput er program was devel oped for econom c eval uati on based on
t he Io%ic shown in Figure 7.3. The field data was then processed
with this conputer program A sanple cal culation on spreading
gypsumis shown in Table 7. 3.

7.2 RESULTS AND CONCLUSI ONS

The findings indicate the definite econonmc advantage
i n using phosphogypsum as a base naterial in highway construction
The construction cost of the Parrish Road was conpared to that
of two recently conpleted Polk County roads, Tanner and W ndy
HIl, as shown'in Figure 7.4. A trenendous cost saving per mle
was achi eved by the use of phosphogypsum in road construction.
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PHOSPEOGYPSTM PRQJECT
CRERATION RROCESS CHART

SUBJECT CHARTED: Construction of a secondary l-mile rural road.
EEZABIHEHIL Productivity Research Group, Department of Industzigl

Engineering, University of Miami.
2399&51 DESCRIPTION

~ CHART
S!HEQ&

EXCAVATE THE GYPSUM FROM THE STACK.

LOAD GYPSUM ON DUMP TRUCKS TO TRANSPORT TQ SITE.
TRANSPORT THE GYPSM TO Tﬂg SITE.

UﬁIoOAD THE TROCKS ON SITB;

LEVEL THE GROUND.,

SPREAD GYPSUM WITH A LOADER AND BULLDOZER.,
(MOVE THB BULLDOZER BACK AND PFORTH OVER THE
GYPSUM TO BREAK THE HARD LUMPS.)

LEVEL THE GYPSUM TO 10" THICKNESS WITH A MOTOR GRADER.

MIX SOIL SAND WITH THE GYPSUM, USING A ROTOMIXER.

CHECX THE MATERIAL THICKNESS AFTER THE MIXING
HAS TAKEN PLACE.

COMPACT INITIALLY WITH THE BULLDOZER.
GRADE THE SURPACE SMOOTH WITH A MOTOR GRADER.

COMPACT PINALLY WITH A 15-TON STEEL WHEELED
ROLLER.

Figure 7.2
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SPRAY THE TACK COAT ( /4" THCK ).
SPRAY THE ASPHALT ( |" TH CK ).
APPLY PAINT AND MARKINGS ON THE ROAD.

PCST THE TRAFFIC SIGNS | N PLANNED POSI TI ONS.

-0-0-0-)

Figure 7.2 Cont'd.
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Table 7.1 Tasks List of the road construction with phosphogypsum

. Setting stakes and Gading
2. Hauling Gypsum

3. Spreading Gypsum

4, Boxing out and Shaping up
5. M xing subgrade and Gypsum
6. Watering

7. Final blade

8. Conpaction

9. Foreman's work (Considered as a separate task)
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PHOSPHATE GYPSUM PROJECT

Dat a Sheet

A. Task Number: 0O8

B. Taek Deacription: COMPACTION

C. Crev Ingaged (including Supervisors)

Ciren MName Starg Start End End erl/
NO Date Tine Date Time Rate
68-9| Jyanoa BLAIg 10-7-96 |[:00 PN | 10-1-8 |2:30Pm | $9-15
8-50)| WNAYNE ComBeE 10-8-8 |@:30An | 10-8- |10:30a | $ 9.5
68-9 | WANDA BLAIg 10-3-9¢ |8:30AN 1)0.8-g5 |10:30an | $9-I5
68-50| jAnoa Bian 10-09-86 |Q:-30AM |10-9.& li000ay | 3715
§-50 g £§ 10l 06 |10:30 A 110-4-25 | 1y24sAm |3 9-15
68-60| WNanvoa Biaix 10.14-8 | 10:20AM 110.14-86 {11:454m | J9-15
D. Egquipmeat Used
Purchased Usef(zl Approximate
Equipment Nane Hodel Price Life Hours Used
(Years) io this Task
STEEL NHa&L Rotssr  Fgaou-116 - - 5 Hours
Ruases TiAZ RoliéR F@ 20, -/22 - - 5 Hovag .

Table 7.2 Data collection form
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Table 7.2 Data collection form Cont’ d.

E. Materials Consuned

/ Units
Materisl Mam Quant ity (eons Price/
ter s Used pounds, Unit
ete.)
Prgssropyssyn

F. Qther Itens Consuned (e.g., Uilities, Transportation Expenses, etc.)

Item Dcncriptibh'ﬂ'*‘"“ $ Expense

Eneray

NurngsRr 0F GALLONS: 834 459

MAcrHInE RATE
S & R-T Rossss- §/2fHovr
SHEEP FoOT RoLu £~ 20/ous

MALHING EXPENSE 454¢

G. Special Notes, if any
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» vou
WISHTO ENTER ITES INTER OaTA

DATA NCW?

VALUES 7

CALLWLATE
PROOUCTIVITY 00 YoU wisd

WALES FOR TOOSTAIN A \ NO

ALL LEVELS | GRAPHICAL SToP
(TAsx , A& ANALYSIS ¢

AND RDAD TYPR )

*res

CHOCSE TYFE
OF GRAPH

(Lzne, R,
AND PIE)

}

CHOGSE CATEGORY
TO GRAPH:

INWT COBTS,
COST/ MiLE, cte,

l

DRAWING OF
GRAPH

1

00 YOU WISH TO
CSTAIN ANOTHER
GRAPH ?

Figure 7.3 Flowchart of the computerized economic evaluation
program
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Table 7.3 Sanple calculations

Task #3. Spreading Gypsum

Labor expenses:

Man-hours= Persons x Days x Hours=z 1t x 11 x 8=z 88 man-hours
Hourly-labor ratez= § 11.60 - hr
Total labor exoense:-lhz 88 hrs x $ 11.60 -7 hrz $§ 1,020.80

Capital expenses:

Bulidozer used for 11 days at 8 hrs - day

Hourily bulldozer's ratez § 18.00

Total capital ( Eguipment ) expenses

le= 11 days x 8 hrs 7 day x $ 18.00 7 hrz $ 1,584.00

Energy expenses:

Speed=z= 10 miles -7 hr. Time of use=z 35.67 hrs.

Distance traveiled: 356.7 miles. ;

Miles 7 gqgallonz 2 miles 7 gal. No. gal.z 356.7 ~- 2= 178.35
Fuel cost 7 gal.z & 0.86 - gal

Energy cost: lcz 178.35 x 0.86= $ 153.38

Costs per mile of construction:

Distance constructedz ©.95 miles=z 5,000 f2.

Labor cost 7 milez 8§ 1,020.80 7 0.95= 3 1,074.53
Capital cost ~ milez & 1,584.00 ~- 0.95= 8§ 1,667.37
Energy cost ~ milez 3 153.38 -/ 0.95= $§ 161.45

Total cost ~ mile for task $32 $ 2,903.35
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VITI. CONCLUSI ONS

Two experimental roads were_built in Polk County and
Col umbi a county_in 1986 and 1987, respectively, utilizing
phosphogypsum ~ The design, construction, supervision and testing
of the Toad Prﬁ*ects were conducted by a collective effort of the
Uni versity o am, the respective_County Divisions of Public
Wrks and the Florida Departnent of Transportation.

_ The projects call for a thorough environnmental i npact
i nvestigation which includes the pre and post-construction
sanpling of air, soil and groundwater. Environnmental nonitoring
as described were conducted by the University of Mam, in
cooperation wth the Florida Departnent of Environnmenta

Regulation and the Florida Departnment of Health and
Rehabilitative Services. Findings from the projects are
sunmarized as follows:

1. Tremendous Cost Savings of Using Phosphogypsumin Road
Construction

The construction cost of the Parrish Road was conpared
to that of two recently conpleted Pol k county roads,

Tanner and Wndy H |l as described in Chapter VII. A
tremendous cost” saving per mle was achieved by the
use of phosphogypsum inroad construction,

2. Ease of the Shortage in Road Construction Materials in
Fl orida

The popul ation increase in Florida is one of the
highest in the country. = Each year many new roads have
to be built and nmany "exi sting Toads u?grad d. However,

traditional highway construction materials, such as
| i merock, shellrock, shell and clay, are in short
supply in many parts of Florida. Significant tonnages
of a%gre ates used in road construction are now
i mported fromforeign countries. The U S. Bureau of
Mnes has forcasted that Florida will have to inport
all its aggregate by the year 2000. The |ack of
adequate sources of locally "available road materials
IS a major concern to road builders in the State.

The use  of phosphogypsum in road construction wll

EFrtﬁlnly ease the shortage of road materials in

orida.

3. By-Product Uilization

According to recent statistics, the phosphate industr
in Florida annualby produces 33 mllion tons o
phosphogypsum and has over 500 mllion tons
stockpiled. It is estinmated that by the year 2000
Florida could accunul ate over one billion tons of
phosphogypsum The continued accunulation of
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phosphogyPsun1has created urgent pressure to find
useful applications for this by-product.

Adequate Strength for Road Buil ding

Phosphogypsun] when subjected to conpac on, can be
transforned into a valuable SO|Id of hi'gh strength. It
can then be used effectivel ¥ bi nder to stabilize
on-site soil as denonstrated by t he experi nmental

proj ects.

Laboratory studies conducted in 1982 by the Bureau of

Materials and Research, Florida artnment of

Transportation, indicated a potential use of

phosphogyﬁsun1as enbanknent material above the water
table in” highway construction.

PhosPhogypsum and sand m xtures, stabilized with a
amount of cenent, possess a bearing strength
higher than that of |imerock and are suitable for Use
as base courses for highway constructian. Mobi
Mning & Mnerals has a successful commercial operation
of manufacturing phosphogypsum m xtures stabilized wth
cement 1n Houston, Texas.

Phosgh%%/(%l#rg an aIJ20S10I eI?e ncor ?orat e%c',rgt gog | ea?t -

The use of proper anDunts of phosphogypsum In
to superior conpaction and inproves pavement strength
ro ertles A denonstration project of RCC conta|n|EP
sun1 was built at the Florida Institute

Bhosphate Research in the Spring of 1988.
No Adverse Environnental |npact

The %Ngundwater monitoring studies of the Parrish Road
and Ite Springs Road indicate that there is no
measur abl e i npact “on the anbient groundwater due to the
construction of the phosphogypsun1roadmays At the
Parrish Road, the results showed that and Ra- 226
measurements were highly correlated with the turbidity
of the sanples collected. At several wells imediate Iy
adj acent to the roadway, significant upward trends in
SO, were detected. It should be noted, that the
magni tude of increases were not Sufficient to cause the
anbi ent levels of SO, to exceed drinking water

st andar ds.

Gamma radiation |evel measurenents along the
roadways 1 ndicate an average enhancenent of about
2-4 uR'hr. after the construction of the roads. The
nHX|nun1post construction gamma radiation | evel s as
measured, are all considered to be within the nornal

range for background.
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The radon levels, neasured in the soil

as Ra-226 analysis in soil around the experinental

roads, .do not show any significant changes after the
conpl etion of phosphogypsum™roadways.

and air, as well
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