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Memo
Tor Robert Bubra

Frcnr:Erica Hening

GG: Kim Ford

Dater 1U28lW

Pasco County RRF Site Certification Application Volurre lV

Retum Receipt Requesbd by Jan. 22, n!'l
Please copy and retum the enclosed site certification application to my office on or
before Jan.22,2001. This is an original and the only copy that I have. My rnailing
address is: 2600 Blair Stone Road MS 48, Tbllahassee, Florida 32399-2400.

lf you need additional information please feet ftee to mntact Hamilton Oven at 85G
487-M72.
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CAMP DRESSER & McKEE lNC.



PAS7C,6 0

PA.SCO eOIJlrrY, FTORTDA

SOLID V{A,STE RESOIJRCE RECOVMY FACILITY
APPLICATICIiI FOR PO9{m PLAI,II SI1E CERTIFICATION

VOLTX'IE TV _ I,A}IDFILL/ASHFILL

PRUTT APPIJICATIONI FORM

GENERAT

LSTTER, OF TRANSMITIAI
TABLE OF COT{TBSIS
PERMIT FEE
COPIES
EDGINEER SEAL
ETIIGINEER'S tgNEB OF APMII\TN'IET.II
oPEnATOR/CnNEn AGREB,TEbIT
PROOF OT PUBTICATION OF I\l3|IICE

sPECr FrCATror{_ tmAqptEl$T rTq{s

1.. FOTJNDHTION AIiIALYSIS
2. ZONII\IG CCAIFORMANCE
3. FACITIW DESIGN
4, LAIIDFILI PERFORMAI'ICE N\lD DESIGN STANDARDS
5. OPRATICIiIS PI.AN
5. luArER CIJAlrnr STANDARDS7. ctosrjRE
8. SOLID !{ASTE DISPoSAL FACILITT DATA FORM
9. SOLID 9OASTT \IICHN,IE RMUCTION ANID RESOURCE RECOVERY

FACILITY DATA EORtt (not applicable)
10. cERTrFrcATroN oF cor{ptErrbN FoRrl (submitted following

preparation of landfill to accept solid waste/ash) '11. PROIIIBITIOIiF

TECI|NT CAL _APPE\pr CES

technical Appendix A
Technical Appendix B
Technical Appendix C
Technical Ap.pendix D

Attachnent 1
Attachment 2

Technical /Spendix E Groundrpater llonitoring Plan Supplement
Technical J{ppendix F Liner Specifications
Technical Appendix G Leachate Depth Calculations

ATTACHMHVTS

l

I

I

Engineerfs Letter of Appointnent
Warrantyroeed and Order of raking
EVidence of Local Zoning Confornance
Pasco County Solid Waste Quantity Projections
and Anticipated Landfill Volume

Permit Drawings
Soils and Creotechnical Report
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Prepared for:
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betneen oSnrator arrt proprQz onrrer brl' tftictt the closing a4d

Iurgrteru care of the facility nay be affected.

Response:

Long-term maintenance and closure will be grcrformed bV tJte

current c'\^tDer (Pasco County, Florida). No agreernent for lease or
transfer of property is necessary since the cornty intends to
retain possession beyond the closure period. Proof of qounty

ownership is evidenced ry the Warranty Deed and Order of Taking

found in Technical Appendix e.

8. Proof of p$licatiqr of notice of agplication for the prolnsed
activity in a nerrslnlnr of general cirorlation.

Respotse:

This pennit, will be included in the publication of Notice of
Application for the Power Plant Site Certification Application.

III. SPECIFICATION ASTACHME}IT ITEMS

Itens l.rill be presented as they appear in FDER Forn 17-7.130(1).

SECTION I - FOIJNDATIONAIiIALYSIS

Besponse:

An analysis of the geological stratification of the Pasco County

Ihys noad tandfill/Ashfill was performed b1z Janunal & Associates.
This foundation analysis can be found in Attachment 2, Section
5.4, page 38. As part of the hydrogeological investigation, 92

SHt borings, 4 deep and 4 shallovr grorrndwater nonitoring wells;
and 5? piezoureters were installed. over 7.5 miles of gror:nd

surface was investigated using ground penetrating radar (GPR) and

vnas also evaluated in the grid Snttern indicated on sheet numbers

2 and 3 of the boring location plan in Attachnent 2.

-3-
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SEefIoD[ 2 - E\IIDEICE IHAT IIrE FACILIrY IS IN COD{FORI'IANCE WIl}l tOCAt ZCI\IING

Reqp[lse:
Technical r+ppendix C contains a

Zoning Director indicating thaE

from local zoning.

SESTION 3 - FACILITY DESIQT

letter fron the Pasco CountY

the proposed facility is exemPt

3A. l{ap or aerial $rotogra$r of t}re area not mre tJran one fear
old strowing lan:l use arrl zoning within one nlle of tlte
facilitlr.

ReElqse:
Aerials of the site are provided on Sheets,2,3,4, and 5 in
Attachment 1, including topographic eontours for the site and the

areb within one mile of the Hays noad landfitl site bor.rndary. The

aerial on Sheet 2 was flotm in November 1986 and has a l-inch
equals Lr000-foot scale. The aerial on Sheets 3, 4, and 5 was

flown in septenrber 1e86 and has a l-inch equals t::-:::...1-l1tl^O
tand use and zoning designations within one mile of the Hays Roall
I€ndfill are delineated on Sheet 2,

38. Plot Plan-

3B(1) Dirensions and Icaal Description of tlte Site.

Reqnnse:
lltre dimensions and legal description of the site are shown on

Sheet 6 ln lttachrnent 1. The legal description indicates the

entire site acreage to be 810.26 acres, nore or less.
Approximately 59.23 acres have been designated for a Class IIt
landfill. Approxirnately 751,03 acres are included in the porer

plant siting act subrnittal for the class r landfill,zashfirl and

the resource recovery facility. The Class IIr landfill will be

pernitted separately at a later date.

-4-
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I 3B(2) Iocatiur arrt Depttr of SoiI Borings.

Respqtse:

The location and depth of the soil borings are presented on

Sheet 7 of Attachnent 1.

3B(3) PIan for Dispsal Areas.

Reslntse:
Sheet 9 of Attachrnent 1 shorrs the plan for disposal areas. lhe
mininnrnr elevaLion of the secondary liner is 48 feet nsl. As can

be seen on Sheet ?, the existing ground surface is located near
48 feet firsl- over rnost of the area to be landfilled.

3B({} Fencing or otlpr lrbasures to Restrict Access.

Reslryrge:

Access wiII be controlled at all times. Vehicles entering the
landfill will be reqr:ired to stop at. the seale house for weighing
or approval before proceeding. Access or containnrent barriers
will include a locking access gate at the Hays Road entrance to
the landfill, and an eight-foot high chain link fence with two

strands of barbed wire along tie top conpletely enclosing the
Class I landfill area as shown on Sheet I of Attachment 1.

3B(5) Cross Sections Showing Original ard Prolnsed Fill
E[evatiqrs.

Reqnrse:
Original and.proposed final fill elevations are idenbified on the
landfill cross sections shown on Sheet 15 of Attachment 1.

-5-
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sEqrroN 4 - raNpFrlr pFFpRr,lANcE AriD pEsrGN STANDARpji

4A Liner Ferfornance

4A(1) llaterial Qpe (soil syznthetic, ottrer).

Respsrse:

The design concept proposed engloys a double liner/eachate
collection systen. The secondary liner,Aeachate collection systen

acts as a bachup to the prinary liner as well. as providing a reans

of leak detection of the prinary liner.

A geotechnicalThl'drogeologic study over the site was perforned

relating to irplementation of a Class I sanitary landfill,zashfill.
Because of the site's topographic, geologic, and hydrogeologic
conditions, the study addressed in detail the potential for
sinkhole activity over the project sites.

Both the prinrary and the secondary liner will be a 60 mil thick
high density polyethylene saterial or equivalent that neets the
minimun requirenrents of the National Sanitation Foundation

Standard l0umber 54, glexible Membrane tiners (Novernber 1983).

High density polyethylene (IDPE) was selected as the liner
rnaterial for several.reasons. IDPE contains no additives or
fillers wtrich can leach out and cause deterioration over tine.
Most irportantly, HDPE is resistant to a wide range of chemicals

including aci{3, bases, salts, alcohols, amines, oils, heaqg

metals and hldrocarbons

4A(21 aaequate Base Srplnrt.

Reqnnse:
A clay layer 5 to 10 feet belotr the ground surface and 5 to
L5 feet thick was identified by Jarural & Associates over about

250 acres of the glO-acre site (See Sheets 2 and 3 in
Attachnent 2). the proposed landfill was configiured to stay

o -11-
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within this area of, a subsurface clay layer. The clay layer adds

support and nitigates the degree of differential settlement. a
Section 5.4 of Attachnent 2 discusses this and other advantages V
limiting the landfill to the area found to contain this sr:bsurface

clay layer.

tandfifl settlenent considerations are discussed in Seetion 5.4 of
ttre Jarmal e A.ssociates report (1987, Attachnent 2). Consolida-
tion test results are recorded on Plates 9-16 and settlenuent
estimates are sho*n on Sheet 1 in Appendix B of the report. Total
settlenent of the landfill rmder the naximrn ladfill height of
100 feet is anticipated to be 13 to 15 inches. Under the height
of 75 feet, distortion plus consolidation is estimated to be 11 to
13 inches. Total settlernent at the toe of the slope is estimated
at 2 to 3 inches. The critical area for differential settlement
is between the toe and the high point"of the 1V:4H slope (330

feet). The ma:<im.rm differential settlements over this distance
should be 10 to 12 inches. Given a tolerance of l0 percent

naterial elongation, the liner can withstand a 12-inch deflection
if the radius is equal to or greater than 2.2 feet- 

_ln: 
,:O-:"f

radius between the toe and the high point bf the slope is rmrch -
greater than 2.2 feet, thus the liner settlenent desigrn is very
conservative.

As part of the Jarcnal & Associates report (Attachrent 2), the
future sinkhole potential over the landfitl/ashfill area was

investigated. Study of the existing site conditions and the
various factors associated with sinkhole formation shcrwed the
potential for sinkhole fonution over the landfill area to be

slight. See Section 5.9 of Attachnent 2 for further details.

dA(3) Plarned Installatiur A@nate'to Correr All Surrounding Eartfr.

ResBm,lg3

Sheet I of Attachment L illustrates
liner placenent. As shorn on Sheet

-L2-
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liner will be in phases. AII seams will be hot welded wittr parent
materials to prevent the introduction of foreign adheslves.
Corners will be constructed with segnrate side pieces, rathbr than
wral4ped around. Disposal waste will be contained in each cell by
surror:nding berrns. The liner in each cell will conpletely cover
the base of the cell and the inside s1o1n of the berm. The liner
will be anchored at the top of the berrns. See Sheet 16 of
Attachment 1 for a liner anchor detail. Any penetiation of the
liner by the leachate collection systen.wilt be wrapped, with
protective liner boots constmcted of the liner material. Boots

will be seamed to the liner to assure a contigruous surface,

4Atd) Equivalency to oesigrn Stanitards.

Reslpnse:

Ttrc synthetie liner material will meet the specifications for
permability and strength as required in FDER 77-7.ASA(4)(a). fhe
proposed liner rnaterial (HDPE) is highly chemically resistant to
leachate degradation. Perforrnance in a leachate environment will
be tested using the EPA 9090 rnaterials test for chemical

degradation. Mditional rnaterials .test data will be provided by
the manufacturer including tensile strength, brurst strength,
inpact lruncture strength, friction pnrllout and perneability.

4B Liner Qnlity Control plan.

4B(1) Slrcificatidrs.

Respqse:

Liner qrecifications are provided in technical Appendix
including a Liner Quality Control Plan;

-13-



TECHNICAL APPENDIX E

GROUNDWATER MONITORING PLAN SUPPLEMENT



STATE CF FLORIOA

ENVIRONMENTAL REGULATION

v

DEPARTMENT OF

NOBTHWEST DISTF lCT
BRANCH OFFICE

WI N ?OWERS OFFICE BUILDING
5OO SLA|R STONE AOAO
ALLAHASSEE, FLO AIOA 32307

Corporation or 0tnerr g Naore

ilays Rod Landfill }bnitorinq l^Iells

9O8 GRAIIAM
GOV E RNO F

vrctoFlA J. TscHrNkEL
SECF ETAR Y

Pernit No.

APPLICATIOil fOR XOIIITORINC PTAX APPiOYAL
(Existing Sourc?s)

It{SIRUCIlOtlS: Subrnit four copics of this application and four copics of supportiog
infornatioo such as laboratoty rcportsr neps ond othcr docunrants to tha apptopriate
Dislrict 0ffice.

PAnt I - General lnf orrnat ion

ln compliance xith Florida Adrninistrolive Code Rula L7-t.?A5(6)(c)2., thr undcrsigned
installalion orneF applies for approval Fron the 0apartmcnt for tha rnon!.toring criteiia
on the folloring propcrty ollned by:

Pr=* Co*ty 
- _____- . .

Installalion Neme

Nearest City: Fort Richey

ZiP C ounty

l/4 L/\ I/4 of'

5IC Code

9?.33'30"N 28723'9F,
t-atitude r-ongitude

24 ,25,26 T24S R17E

Slree I Address City

' S.ec!.ionr.Iornahip, Range

0r{r{ER 0R AUTH0RIZE0 REpRtSEt{tAIIvE (If rcprcrentetivo, ettach Iettor of authorization.)

, Paso,O?_l{ltv, .. _. - _
Narne and,0f licigl Title (Print or lypc) .

7530 Litlte Road, New Pcrt Richey, Florida 33553 (813) 847-6t32

State

ontent

Street

Sigoetuecl

PARI II - C

Ie I eghone Nunbcr

Oatar

Pur3usnt to Rul: L7-i.245 (6)(d), the plan ehall eontain findingrr' racoonsndationg .and
pIans -for ground xatct monitoring derivcd fron slta spccllic l,ofornation. For lhc tyte
of infgllsgisn to be congidered in thc developrnenl and assaggnent of the plan, see page
iro oF this Iorrn. In any case, the fol loring i tems nust be included:

l. t-ocation(e) of proposed xefl(s) to sanple natural unaffacted backgrorrnd rater guelity
and the interrnediate and coopliance rell(g) in the dorn gradiant direction.

?, construction details of the moniror rclr(s), including type of casing natariel,
dianeter of cas.ing, dcpth of cgsing and location irf screans

]. A r-9ter sanpling and chernieal analysis proceduce nhich can determine tha natural
unafFqqted backgcound quelity of the ground trater' and !hc quelity ol the rccciving
ground raler in the dorngradieot lnBermedie!e and.co.rplianca rells.

DER Fornr l7-i. ?16(f )
Sffectj.ve January t, l9B! Pago I of ?



Ttrc follo.iog infotteetion is the type gencrrlly
roet coaplsr plans, vith lass'colpIox cr8"s not

I. xydlogeologicalr physical and qherrical

a. Dircction and rate of ground rltcr
QuaIitY;

t. I oricity of naete;

4. Preaent Bnd anticipetcd r.sstersLcr voluoer
rat:rr physical, cheaicaln aicrobi.ological

tcouired for de_teiled ersasg;cnt of
nr:oding this degrec of a.veluetion:

detr for the site, including:

fIor, cntl background ground retrr

scepage rate Lo thc rceciving
(rhighever is applicablc.)

Ehr

o

.,

b- Porosity, hori:ontal.rnd vorticel gernaobility for thc Equifcr(a) rnd thc
depth to, end Iithology ofr lhe fire! confininq bcd(g)

c. Verticel perncebility, thickness, snd cxtcnt of any confining bcda.;

d. Topogrsphy, aoil inforaetion and surfect reter dreinage syatens autrounding
thc si te ;

l{ecte disposal rate and l'requency, chBnical coaposition, nsthod of discharge,
pond volurrer BprEy-fiel,d dioension, or othcr sppliceblc aitc spccific
j.nfornstion;

g ro und

characterigties ol' the Ieechatc;

Diapoael vystcn :ater bslsnce;

Prlsent cnd !egsonably expccL"d future pollution eources Iocstcd rj'Lhin
radiua of the sitc:

i. Invcntory depth, construction detail.s r rnd co.rca of dcDrcssion of ratcr
rel.Is Bnd &ooi!or ref.Ie locaLad rithin one oile redius of the site or
potcntia!ly sffccLed by thc diaeharge;

(

6.

8.

o

onc !ri L r

suepro

Site sgccilic ceono:ic snd fcasibility considerstions;

Chronologicsl inforeation on xater levels in ths Doniior rells end rBtcr quality
.tats on rater supDlies collectctl fron thc xaLer supply ond oooi'.or rcllel

Iypc ancl nuaber ol xs3!6 disgosal facilitiea ri,thin thc inaiallation; '.

Chronological inforration on aurface rater floxg end xetcr qualiiy upettean and
dornatrcaa froa the sitel

1?. Congtruction and 09"ra!ion details sf disposal fecilitiegi

11. Hi,story of construction ond Iand devclopnanl in the vicinity of thr eitc.

A ronitoring progirr inc!itutcd under so!|e othor gtrtc, fGdcrsl, o! locel govGtnFrnl
regulation or perEit ray be lubgtitutcd (or referenccd Lf contrinBd in an 6risting
departocnt pernit) if aucrr progrea is in subatential coaplience rith Part I'I.

DER rorr J7-f.2f6(t)
Iffective Jenuary l, 196]

lc.
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PIAN APPROVAI,
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ccbmNrs

Section

1.0 II{1IRC}DUCIIO\I

l.L sackgror'rnd
1.2 PurPose and ScoPe

2.0 TII'DROGtr)rcGY

Z.L tt5Progeologic Frarework
2,2 eqrrifer SYstems

3.0 DISPO'SAL SYSIEDI A'SSESSltEllT

4-0 I'rcblIIOR I|ELL SYSTEI'I

4-t Iocation of llonitor T{eLls

i., llonitor WelI constmction

5.0 GRCI'NDTBTER IJTONITORI'}qG

5.1 sarpling Procedures

6.0 BIBLIOGE,APTTY

APPE$IDIX A Water QrralibY Data

Page
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1-1
1-1

2-L

2-L
z-L

3-1

4-1

4-L
4-I

5-1

5-1

6-1
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1.0 INIBODUCTIOTiI

1.1 BACKGRffX{D

The existing landfill serving the western lnrt of Pasco County is near

calncity. Favorable lnrtions of ttre Hays Road Site are being developed

into a Class I sanitary/ash Iandfill to serve ttre future needs of western

Pasco Conty. A resource recovery plant is being constructed in the
souUtern portion of tbe site. ft is anLicipted that botlr raw refuse and

ash from the resource recovery plant will be disSnsed at the lined
landfitl. The landfill height is anticipated to be about ?5 feet.

T.2 PT'RPoSE N{D scoPE

this report is in sul4rort of an Application for ltonitoring Plan Approval

lnm forrn L7-L.2L6(1)| for the Hays Road Class r Landfill site, Ctrapter

2.424(b), Florida Adninistrative Code (HAC), reErires groundmter
nronitoring for facilities wtrich discharge to the groundwater. The

information requested is presented in a configruration and nunbering system

similar to page 2 of the forn. The majority of infornation is contained in
Attachnent 2, Geotechnical and rlnlrogeologic Investigation Proposed

tandfilt Site - Hays Road, Pasco Coxrty, Florida (Jamnal & Associates,
April 1987) and the answers are referenced therein.

1-1
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2.0 rrvDRoGEOrpS{

2.L FIDROGMIOGIC EBAI.IET^IONK

Ttre principal formations in Pasco County are a series of linrestones and

dolostones mantled \r relatively thin sand and clay deposits. l,he

surfici.al sands and clays are undifferentiated wittt ttre lorper pnrtion of
ttre deposits generally assigned to the ltawthorn Formation. The Havfthorn

Formation, l*rich is generally colrposed of clays, sand and dolosilt, is
relatively thin in the eastern part of the cornty and may be absent in some

areas, lnrtiorlarly in the norttrern lnrt of Pasco County.

Ttre uppermost linestone in northwest Pasco Corrnty is the lhtlpa tirnestone,

or in areas where not present, the Suwannee Linestone, ttost domestic and

nany irrigation wells prodr.rce from the lorper Surrrannee timestone. lltre Ocala

Group and-the Avon park Formation are conposed of lirestone and dolostone

wittr dolostone becorning nore prevailing with depth. Most large producLion

wells produce from the loper Ocala Group ard.,/or the dolostone of the Avon

Park Forrnation.

In general, the soil materials at the tlays noad site consist of a varying

ttrickness of sand (less ttran 10t fines) overlying clayey naterials also of
varying thickness and consistenryr wtrich in turn overlie either
significantly weathered linestone with clay or npre intact weathered

.linestone. Ttre preferred area for the landfill shows at Jeast 5 feet' of
intact and nearly continuous clayey seni-confining unit rnateriaL setrnrating

the surficial aErifer from ttre lirnestone of the Floridan aquifer. oetailed
site specific information is contained in Chapters 4 and.5 of the Jamml

report (Rpril, 1987), Attachment 2.

2.2 aQurFm. sYsrEt'ts

npo distinct water-bearing geologic units, or aguifer systems, catrnble of
sugplying econonical quantities of water to wells, occur in the western

portion of Pasco County. the uplrrmost of the two is the surficial aquifer

2-L



PAS?C.620

system' co[prised of the permeable portions of the unconsolidated deposits
overlying the linestones. Ttre linestone fornations form the deeper
Floridan aquifer, an artesian and soletimes rrnconfined aErifer systen wtrich

underlies nost of central Florida.

llhe surficial aquifer system is apparently relatively thin in uestern Pasco

Cowrty and may be absent or discontinuous in sore areas. ltre
transmissivity, or ability to transnit water, of the water table aquifer is
dependent qron tlre penmeability of the aquifer delnsits and the saturated
thickness. In areas where the surficial sand deposits are thin, the
transsdssivity of tlre unit tlpically is corqnratirrely less than in areas
wfiere the deposits are Uricker. lrhe surficial aErifer systen in western
Pasco County is seldom used for a water supply source prinarily because the
deeper Floridan aquifer supplies greater Erantities of higher quality water
to wells.

[he surficial or water table aquifer systen is recharged prirnarily bry

precipitation and srrbsequent infiltration to the saturated zone. Water is
discharged from the aquifer by evapotranspiration, seepage to lakes and

streams and ry vertical leakance to underlying aErifers.

Ttre top of the Floridan aquifer system in Pasco Cor.rnty is represented by
either the Miocene Taq)a Lirestone or where absent, ttre Oligocene Surarnee
I.inestone. The top of ttre Floridan aguifer occurs at an altitude of near
npan sea level (msf) in norttrwest pasco county. The aErifer becores
progressively mre deeply buried beneath the surficial clastic deposits
southvrard.

The Suruannee Littu:stone is a very penneable, productive zone of the Floridari
aguifer. l{ost dorestic and rnany irrigation wells produce from the lorer
part of the Suwannee Limestone. The OcaLa Group is highly permeable over
rnrch of the area and yields large guantities of water to weIls. flre
underlying Avqr Park Fornation contains a fractured, cavernous zone near
the top which yields large quantities of water to wells.
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Groun&pater flow in the Fforidan aquifer systern in Pasco Cornty nuves

generally westward torpard the GuIf of ltexico fron the "Pasco High".centered
in ttre eastern part of the county. fhe "Pasco High" represents an area of
highest altitude in the vicinity of the potentiometric surface of the
Floridan aquifer.

Based on available prrblications, the transnissivity of the floridan agtrifer
in this area of Pasco County is highly variable; varying fron about 40,000

to 130,000 ft.z7day. :Itre natural leakance rate through the seml-confining
clayey unit in this area of Pasco Cotrnty varies from about 5 x 10-3 to 5 x
to- 4 

7aa;L
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3.0 DrsposAL sysrEt AssEssl,IElitr

The follor*ing information is presented in the sane nunerical order as the
itens contained on page 2 of the application for llonitoring PIan Approval,

1. tldrogeological, physical and chernical data for the site.

a. The altitude of the surficial aquifer is shorn at the end of
the wet season for septenbec 6, L986, and for the dryer
period of Norrember 13, 1986 in Figrures 2-20 and 2-2L,
respectively (Vo1une r). rtre direction of grorrndwater flovr
is from the higher water table elevations torard lon'er hrater

table elevationS. Groundrpater conditions in the surficial
aguifer are discussed in Section 4.2 of the Janunal o

Associates retrrort (April, 1987), Attachrnent 2. It appears

that the water table is from 5 to 18 feet below land surface
in the favorabl.e landfill area with the water table being 10

to L2 feet belorar present surface over the najority of the
above area.

The lowest neasured points on the water table surface
occurred along the north and northeast margin of the site.
Water table elevations of less than +30 feet above msl were

measured in wells in these areas. Geologic data, discrrssed
above, suggests that the clay deposits covering the limestone
may be nissing in areas along the northern site boundary.

Water levels in wells at the site indicate that ttre water
table surface above the Hawthorn clay de;:,osits ranged in
altitude from about +30 to +40 feet above nsl. Based on the

Sntentionetric surface maps of the r:nderlying Floridan
agrrifer prepared by $ftry0[D (plate 2, Aptrrndix A, Jamtal &

Associates, April 1987, Attachnrent 21, the difference in head

between the Floridan and overlying water tabLe aErifer is
relatively snall, approxinately 5 feet on an average.
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No tests of the surficial aguifer at the site were performed.

The upper fine sands are expecLed to have a permeabiLity of
about 10 to 20 feetlday.

The average linear velocity (seepage velocity) for the
Floridan aquifer was calculated using the following formrla
(Freeze and Cherry, I979i Fetter, 1980).

-Kdh
v= ndl

wttere:

T
K=b

V=
K=
dh

dl=

average linear velocity (ftrday)
hldraulic conductiviby ( ft/day)

hldraulic gradient ( ftzday)
effective porosity
transmissivity ( ftzlday)
thickness of aqrrifer (ft)

Itre steepest hldraulic Aradient perpendicular to the

September 6, L986 groundvrater eontours was about 1 foot
decline in 50 feet. Assuming an effective porosity of N

0.20t the average linear velocity is:

nB
I-

b=

20

v = 0.20 feetlday
1

50=2

Ttre hldraulic Aradient of the rloridan aErifer deternined
fron ttn potentionetric surface (water level) in the trcnitor
wells at ttre site was 1 foot in 826 feet frorn readings taken

on Novenhr 13, 1986 (Jarmal c Associates, April 1987' table
4, Attachnent 2). rhis conpares favorably with the gradient

interpreted from USGS potentiornetric surface maps for the

area. the direction of grorndwater flor in ttre upper

Floridan agr.rifer at ttre site is to the northwest
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The nearest 1nlrp test sites were 5 niles to the east at the

Cross Bar Ranch weII Fietd wtrere transmissivity values ranged

fron 501000 to 115,000 ftzTday (ltutchinson, !985, rigrure 5).
.lamnal & Associates (April 1987, Attactnrent 2) state that the
transmissivity in this area is highly variable, varying fronn

about 40,000 to 130,000 ft2rlday. A transtdssivity of 150,000

ftz/day is used in calculations for t}re ltays Road site for a
worst case velocity determination.

No values for the effective gnrosity of ttre upper Floridan
aquifer in 'the vicinity of the site could be found. An

effective Snrosity of 0.05 for the Fl.oridan agrr:ifer is used

in ttre C-l Rule as adopted by the Florida Departrnent of
Environrental Regnrlation. The thickness of ttrc upper

Floridan aquifer in the vicinity of the site is estinated to
be about 800 feet (R1der, 1985, rigure 10). Therefore:

I 150,090

K=b= 800 =187.5ftlday

and:

VE

1

826 =

-Kdh
ndl =

187.5

.05 x 4.54 tt/day

l{ater quality analyses have been perfonned for the onsite
nonitor wells. The results of the analyses (Appendix a) shovr

no violation of prinary and secondary drinking water

standards (Chapter 17-22.LA4, FAC). The surficial aquifer
water nay be slightly acidic, high in dissolved iron, and

have a high color.
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b. See ltem 1.a. above for available inforration on aquifer
porosity and permeability.

The top of ttre first semi-confining unit is very irregular.
Itre clay to sandy clay of strata I and 9, and the more clayey
portions of the clayey sand of strata 7 rnake up the

seml-confining unit (Sections 5.2 and 5.7, Jarunal a

Associates, April 1987, Attacfurent 2).

the clayey semi-confining unit was present and fairly
consistent in physical properties in the area classified as

favorable (prolnsed area to be landfilled). Ttre highly
plastic clays of strata 8 and 9 are eonsidered essentially
iryermeable to vertical morrenent of water. Hor'lever, there
appear to be minor inconsistencies and seams of secondary

seepage that. allop some vertical movement of grorrndwater.

The thickness in the favorable area varies from 5 to 15 feet
with a thickness of 6 to 8 feet in most cases. lhe average

vertical perneability is approxirnatety 7.2 x 10-u cnTsec.

Itre project site is situated in a relatively flat section of
ttre Pamlico Terrace of the Gulf Coastal Lovdands

physiographic province with greater relief to the east and

northeast. lilumerous lakes and trnnds are forrnd south of ttre
site and the relatively large/inear Crews Lake is located '

about 1.5 niles to the east of the site. The topography and

physiographic settings are further discussed in Sections 1.3

and 2.1, respectively, of the lanrnal & Associates report
(April 198?, Attactrnent 2).

Section 3.1 of ttre ,Janmal o Associates report (April 1987'

Attactunent 2) discusses the test drilling progran during
evaluation of ttre Hays Road site. Ttre results of the soil
borings are presented as soil profiles on Sheets 5 through 11

and discussed in Section 4.1.

c.

d.
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In the northern portion of the project site, a relict
drainage ditch 5 to 8 feet deep is present. It appears to
have been dry for a considerable length of tine.

The Hays noad site has no surface water bodies within the
]andfiLl construction area. Several snall
linestone-solution, sinkhole related depression areas are

located west of the power line easenent that bisects the
property and do not lie r+ithin .rn area where construction is
planned.

There is no distinct drainage gnttern, since the surface
rnaterial is generally very perrneable and npst rainfall
infiltrates directly into the sandy soil. fhe existing
surface water nrnoff flovrs tcn*ard closed shallcry depressions.
The overland flor^r oesurs downgradient, generally via sheet

flow. It is envisioned that the stonnwater nenagernent system

will, to the greatest extent possible, retain this general

flow regine, Ttris wilL permit the developnent of the proiect
with a rninimal amount of disruption to the existing
envirorment.

Pasco County currently generates an estimated 660 tons per day of
solid waste, or approxirnately 240,000 tons per year. This is expected

to increase to approximately 1,150 tons per day or 425,000 tons per

year in the year 2010. The East Pasco Sanitary tandfill", east of'Dade

City, is the only active sanitary landfill site presently serving
Pasco County. The Hays Road Landfill will serve the 70t of the
population that lives in r*estern Pasco County. See Section 3.7'1 of
Volune r for further information on the t1ryes and quantities of solid
waste.

Hazardous $astes, as defined by the U.S. Ebvironmental Protection
Agency (nBl,) and identified by IDER in Chapter 17-30i FAC, nay not
be disposed of at the laridfill. Ttre snall anounts of solvents and

holsehold chenicals contained in tlpical cotununity .solid.vrastes are

2.

3.
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not hazardous because they form sueh a tiny fraction of .the total rnass .-
of wastes. rhe overall toxicity of the solid naste should be lovr. t

The characteristics of ttre leachate generated are not knorn. lhe

indicator lnrarnters selected for the groundr'nter gtrality analyses

shotrld detect any leachate reaching the groundnater bV water quality
changes.

the voltre of water infiltrating ttre landfilled solid waste area is
disctrssed in the follcr,ring lnragraph (Iten 5).

Disposal Systern Water Balance. Site Water Budget and Area UseS are

disctrssed in Section 2.3.3 of Voh.rne t. Water infiLtrating the solid
vraste/ash landfilled area will be intercepted bV t}te leachate

collection system for treatnrent and disposal.

llhere are no knovm existing or expected future pollution sources

located within one nile of the site.

rnformation on wells located within one rnile of the site is located in
Section 2.3.3 of Voh.une I and Appendix 10.8 of this volume.

8. The Hays Road site was recomnended for the construction of a new

sanitary landfill for the following reasonss

A sanitary landfill at this location should not have any

adverse envirorutental irngncts and can be constructed and

operated to rnininize any inrpacts rrpon adjacent land use,

e sanitary landfill can be constructed at this ,site with very
minimal gntential inrpacts to groundwater quality.

The Hays Road site has a lover annual disposal cost (between

$3.00 to $6.00 per ton) than the East Pasco landfill site,
prinarily because of the higher transportation cost

associated with the East Pasco site.

5.

5.

7.
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9. Groundmter conditions are described in Section 4.2 of the Jaruat e

Associates sumary report (epril 1987, Attachnent 2). lileasurements

are given on Table 3, and groun{water elevation contour naps are

included on Sheets 12 and i.3. All of the rpnitor wel.Is can h used to
obtain background r,nter quality, as the landfill facility is not in
operation. See Itern 1.a. above for backgrornd water guality data.

10. Xtre waste disposal facilities nitl consist of an electrical. porer
generating plant which will hrrn solid waste as fuel and a sanitary
landfill co-Iocated at the site. lltre lined landfill will be utilized
for disposal of incinerator residne and trypass solid waste"

11. There are no streams or other surface water flolss present at ttre site.

L2. The design, construction and operation plans of the solid waste

resource reco\rery faeility, and the sanitary landfill are contained in
A;pendix 10.6 of this volune.

13. The irunediate surrounding land use at the ttays Road site is priurarily
non-residential, with chicken and tree farms and undeveloped lands on

the southern and eastern site boundaries. There is sparse mobile home

development on the western and northern boundaries along First Avenue

and Bluebird !ane, respectively. The Shady Hills Civic Association
recreational complex is located north of the site. A Florida Poiler

Corlnration 230 KV transmission line passes through and a srrbsEation

is located in a residential development north of the site. The

natural barriers present on the site, and the access to the site tryr

Hays Road r,vill minini.ze contact with nearbl' residents,
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4.0 IIONITIOR ?{ELT, SYS1EM

4.1 r,ocATror{ oF r,rowrToR ltEtts

A series of fo.rr rnonitor weII clusters have been installed at selected

locations around the perirneter of the site as illustrated in Figrure 4-1.

Eactr rnonitor uell cluster consists of a surficial aguifer well and a

rloridan aErifer well. ftre surficial rnonitor wells are designated 2t{W1 to
2lD{4 while the Floridan ncnitor wells are designated 4lrfl to 41fif4'

It is recorunended that three additional ruonitor well clusters be

constructed in locations wtrich are shown as monitor well clusters 5, 6 and

7 as shmm in Figrure 4-1. These rnonitor wells would be used as conpliance

wells. The background water qrrality rnonitor wells would be npnitor well
2l{V1 for the surficial aqtrifer and rl}ftl for the F}oridan aguifer. rhe

remaining surficial aguifer nonitor wells 2lwv2 to 2l'wg4 and Floridan aErifer
ronitor wells 4!eil2 to ttlfi{4 will be used as conpliance wells.

4.2 MOI.IITOR WELL CORiISTBUCTICTiI

rhe surficial agr:ifer nronitor wells are installed generally just above.the

semi-confining clayey naterials. rn general, the casings of the deep

nonitor wells were set and grouted several feet into conpetent linestone

and ttren an open hole for nonitoring the Floridan aErifer was drilled into
the }inestone.

fhe well construction details for each of the shallor and deep nonitor
wells are included in eprpendix E, on Plates 1 through 5 of the .lanmal c

Associates report (April 198?, Attachnent 2). Sections 3.3 and 6'2 of the

Jarunal & Associates report (Aprif 1987) contain further infornration on

nonitor well construction.

!{hen construetion of the grorrndvlater nonitoring system is conplete, the

follorring information r,rill be suhitted to ttre Florida Departrent of
Envirorurental Regrulation for all groundwater nonitoring wells:
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WeII identification
Iatitute,Aongitude
Aguifer monitored

Screen tlpe and slot size
Screen lengbh

Elevation at top of pipe
Elevation at land surface
Elevation at top and bottom

of construction zone (screen)

Driller's log
Total depth of well
Casing dianeter
Casing tlpe and length
Direction of groundr'ater flor
in screened zone

WeII construction
pendt nunbers

Site nap shoring weII location
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5.0 C'RCXjIEI{AIE' l*lOt{ITORITiG

5.1 sAt'tPtnIG PS)cEDt RES

Ilpon corpletion of construction, all new monitor rryells vtill be SarElled for
ttte Primary and Secondary Drinking Water lnraneters incltrded in Chapter

L7-22. Florida Adnlnlstrative Code, nrblic orinking stater SYstens. The

speclfic lnraneters to be considered are the rrimary [L7-22.I04{1}l and

Secondary IL7-22.104(2) J Drir*ing water Standards listed in Part II,
Quality Standards, Ana\rtical ttethods, Sarqfing.

Al1 groundlrrater nonitor wells will be sampted guarterly at a minirnrm for
the irrdicator trnrameters detennined from initial water qrrality analyses.
Ho*ever, additional sanple(s) and trnranetertsl ray be required during the
pnnit period based upon the results or trends of the indicator gnrameter

analyses. water levels (ft. msl) wiII be reported.'

Sarples from the monitor wells will be taken after a minintr.ut of 3 to 5 well
volures of water have been removed and tenperature and conductivity have

stabilized. Water sanples m.rst be drawn frorn the aguifer since water which

has been stationary and exposed to the atrnosphere within the casing will
not have tlre sane chemistry as that in the aquifer. the'field testing,
satryIe collection and preservaEion and laboratory testing, including
quality control procedures, will corply with Chapter 17-4,246 and L7-3,407,
FAC.

epproved nethods as g.rblished hr FDEIR or as pr:blished in Standard Methods,

ASTII or EPA nrethods shall be used. Approved roethods for chemical analyses
are'sumnarized in the Federal Register, December L, t976 (4LfR52780),

except that turbidity witl be neasured by the Nephelonetric tilethod.

The groundtrater nonitoring analyses will be reported on FDEf,t forra

L7-L.2L512), Qqrarterly Report on Gror.rnd water Monitoring. The results will
be sr:hnitted to FDER no later than ttre fifteenttr (15th) day of the npnth

inunediately fo1lo*ing the end of the sarrpling period.
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If a monitor well becomes darnaged or inoperable; FDER wiII be notified'
imrediately and a detailed written report will follow wittrin fourteen (14)

days indicating the problen that has occurred and renedial reasures that
have been taken to prevent recrrrrence. AII rnonitoring well design and

replacenent will be alproved by FDER before installation.

Ît
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United States
Department of
Agriculture

Soil
Conservation
Servlce

401 S.E. lst Ave. Rm. ?48
Gainesville, FL 32601

To:

S0I-GPR-Hays Road Site oar€: September 16, 1986

Paul Pilney
Resource Soil Scientist
SCS, Bushnell, FL

It has come to my attention that there has been some misunderstanding of the
results contained in my letter dated July 24, 1986, pertaining to the GPR

investigation of the Hays Road site. This letter supersedes the letter
dated July 24, 1986, and provides clarification of critical points.

Due to scale limitations, the computer plotted location map contained in
the previous letter vlas not intended to be accurate. The purpose of placing
subsurface features on this map was to identify possible lineament features
at the site. I'lore detailed locations of subsur"face features shouid be
accessed frorn the radar tapes. To avoid any further confusion, the exact
locations of subsurface anomalies due to karstic process which have been
identified on the radar tapes are included in tabular form in this report.
Error is + l0 feet,.

Another copy of the radar tape is enciosed. Along the top margin are the
location markers. in addition, I have identified subsurface anomalies with
an "A". Those anonalies which I believe would yield interesting data if
drilled are marked with a rr**tr. The horizontal scale of the radar tape is
variable, depending on the horizontal speed of the antenna. I, there.fore,
strongly suggest that GPR be used to exactly locate any subsurface anomalies
prior to further investigatory drilling.
0n the enclosed tapes, I have highlighted in red the interface between sand
and clayey stratum as best I can. The graphic recorder used in this
investigation prints radar signals in 16 shades of gray- The darker the
signal the more contrasting the interface being measured. The apparent
density of this signal on the tape varies. This is a result of one or more
of the following conditions:

l. Change in soil moisture content of the overlying sand.

2. Change in amount (%) ot clay in the fine earth fraction of the confining
I ayer.

3. Change in minerology of the confining layer-

In general, darker signals will be apparent at the interface of dry sand
and material with a high proportion of montmorillonite clays. llhere the
signal is weak or obscured, I have dashed the line,

RE0E \'j 
1 s

sE? 
1 B $8t

hi; l" '

n Tho Solt Conrervalton Servlce
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Paul Pilney

The. subsurface anomalies identified on the radar tape are a result of
karstal processes, Paleo-sinkholes are one feature of a karst topography.
These subsurface anomalies have occurred in recent (approx. 15,000 b.p.)
geologic history. Not all paleo-sinkholes can be classified as having been
catastrophic collapses, such as the one experienced in l9B2 in l'linter Park.
The anomalies identified on the radar tapes are rnost likely a result of one
of the followijng sequences:

l. The gradual subsidence or sudden collapse of the ground surface into an
underground cavity, and subsequent inundation by Holocene sands.

2. The gradual contortion of overlying clayey strata as a result, of
solution of underlying I irnestone.

It is ny belief that most of the anomalies apparent on the GPR tape can be
attributed to the second hypothesis. At the Hays Road site, the karstified
licestone is mantled by variable thicknesses of sand and clay. Radar
penetration is limited due to the high electrical conductivity of the clay
which dissipates the radar signal. However, ongoing karst processes have
deformed the overburdened strata by gradual subsidence. Consequently, the
radar profile of the clay layer reveals karstic features associated with the
underlying limestone. In addition, I believe the hyperbolic features
outlined in dashed red lines represent, dorned intrusions of strata l0 into
the upper l0 meters of soil. Further investigation will either prove or
disprove this hypothesis.

I hope this has helped in clarifying some of the points presented in the
previous letter.

not hesitate to call. Ptease
parti es.

Enclosure

cc: Elmer Sauer w/o encl
li'lortensen, Jarrnal & Assoc. ,/
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TO:

SUBJECT:

September 30,1986
Project No. 8 5- 30 267

Camp Dresser 6 McKee, Inc.
555 Winderley Place
Maitland, Florida 37751

Attention: Mr, Dan Morrical, P.E

GPR Testing and Discussion with USDA
Proposed Pasco County Landfill-Hays Road Site
Pasco County, Florida

Dear Mr. Morrical:

As you know, I met with Mr. Greg Schellentrager with the USDA
on September 15, 1986, it my office here in Tampa. Briefly, at.
the meeting we discussed 'some of our comments and concerRs
regarding the initial letter that he forwarded to all paities
concerned on July 24, 1986, p€rtaining to the GPR investigation
at the Hays Road landfil-1 s i te. I di scussed wi th Mr.
Schellentrager several of my concerns which primarily included
sone scaling mistakes, stationing errors that we had discoyered
and some other discrepancies that we noted in our review of the
actual_GPR tapes and comparing them to his letter and computerplot which stimmarized ttie reiults of his initial eyaluation,
At the outcone of our meeting, Mr. schellentrager agreed toresubnit a letter to all pafties concerned clar ifying the
discrepancies.

Al'so, &t our meeting, I discussed our concern relative to some

-verbage- he utitized in his July 24th letter; specifically where
he talked about t,paleo-sinksi' and 'rpotent ial cayi tiestt. I
mentioned to him that these uere strong or extreme terms, when
considering the very generalized. nature of the resultsassociated with GPR investigations. I felt it was not
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appropriate at this time, to' utilize these t.erms unless actual
ground truth test borings were performed to justi fy those
descriptions. Instead, I suggested that features which he felt
rJere potential concern areas be termed ilsubsurface anonalies";
he agreed. Afterwards, I asked him if he could identify, on
another set of tapes, those "subsurface anonaliesrr that he
would like to see dlilled during our Phase II borings; in other
words, identify those features on the tape whi.ch he feels would
probably produce sone discontinulty during the drilling process.

Last week, I received , the revised letter fron Mr.
Schellentrager. A copy of 'this letter is attached. He has
included a table of Itsubsurface anomaliesrt, where on that
table, he has identifi ed pr imary dr i1 I ing si tes and secondary
drilling s ites, In order to dccurately locate theserrsubsurface anomaliesrt in the f ield, i t was decided to utilize
the GPR machine out in theffield to relocate these positions
for purposes of ground truth test borings.

As recently discussed uith Mr. Dick Schlemmer in your
Clearwater office, the GPR locating of these Phase I I test
boring areas will be conducted on friday, 0ctober 3, 1986, Bt
the site. Talking with Mr. Tietz yesterday, he will be at the
site also at 8:00 to 8:30 in the morning. The Phase II boring
locations wi 11 be staked on Friday. We recommend that the
locations that he has selected as being primary and sbcondary
drilling sites, be ground truth tested during our Phase II
boring program, to properly address the issue and effectively
utilize the GPR data. Approxirnately tlrenty (20) test boring
locations are planned in our Phase II investigation.

Along with the letter from Mr. Schellentrager, I was suppose to
receive the new radar tapes from the initial GPR inyestigation
at the site. 0n these tapes Mr. Schellentrager was going to
locate areas of inconsistent clay confining unit and areas of
continuous clay confining unit. Inadvertently, these tapes
were sent to Mr. Tietz instead.
of obtaining them fron Mr. Tietz

I arn in the process right now

We _plan to proceed with our Phase I I drilling program on
Monday, October 6th. On Friday, I plan to attend the meeting
at the site with Mr. Schellentrager and Mr: Tietz to locate the
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Phase II test borings . Surveyors can t ie down these new
Iocations as well as the monitoring well locations later next
week

As a separate note, one of the deep we11s that we had installed
at the Pasco County landfi1l site vras vandalized and fil1ed
with sand, The 4-inch PVC pipe was damaged and broken. This
necessitated drilling a new deep well adjacent to the previous
one that we just installed. Also, regarding the we11s, they
should all be developed this week; therefore, next week
sonetine they r*ould be available for water quality sampling.

have any questions about this letter, please give me a
If not, we will probably see you on Friday,0ctober 3rd
si te.

Sincerely,

JAMMAL 6 ASSOCIATES, INC.

Richard A. Mortensen, P.E.
Tanpa Regional Manager

RA.u/bp
119lM

Attachnent: Lbtter from USDA dated September 16, lg96

c c : l,ir. Bob Haus er
Mr. Dick Schlemmer

If you
ca11,
at the

o
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Departrnent of
Agriculture

First
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Ave. Rnt. 248
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Subloct! S0I-GPR Investigatjon cf Proposed Pasco County
Landfill - Hays Road Site

Paul Pii nqy
Resource Soil Scientist
SCS, Bushne11, FL

odre; July 24, .l986

Fite code: 430-.l3

Enc'losed are the tapes of GPR investigation conducted on 29 May '86 at
the proposed Pasco County Landfill Site. The tape has been depth scaled
at the beg'inning of the first tnansect and all transects have been
'identified. Depth scale error should be expected to be + 5 inches

Due to the massive amount of data collected, I have not traced the conffning
clay layer throughout the entire tape. However, you will find that I have
identified the clay s'ignal at the beginn'ing of transect E 52+75. Addition-
a11y, I have highlighted an observed pa'leo-sjnk feature for reference at'
E 44+50 and a potential cavity/limestone layer at E 43+50 and E 42+50.
If there are any questions concernjng spec'ific portions of the tape, I
wi I 1 be 91 ad to di scuss them wi th 'interested part'ies .

Along the top margin of the tape you will find symbols whjch I have used
to ident'ify subsurface features consistent with a karst landscape- A "x"
'is used to jdentify,a paleo-sjnk, a ,0" is used to identify a potential
cavity/limestone surface and a tr8'is used to identify a paleo-sink of
major contrasti ng features . A trVrr has been us ed to j denti fy l ocat.ions of
borings conducted by Jammal & Associates, Inc

The radar results correspond remarkably well to the boring data generated
by Jammal & Associates, Inc. Some variat'ions may be expected. These may
be grouped in two categorjes: (i) sarnpl'ing errors, and (ii) in-site soil
conditions.

(i) Sampling errors most often may be attributed to depth-scaling radar
imagery from borings not taken d'irectly beneath the radar antenna
path, The GPR images only those subsurface features which pass
beneath it. In a karst area such as the f|ays Rd. site, soil and
geologic structures change rapidly over a horizontal distance.
Consequently, boring conducted 50 to 100 feet away from the radar''s
path (such as transect E 5?+75 to E 8+00) rnay exhibit some deviat'ion
from the radar record.

(ii) Ground-Penetrating Radar actually detects and records changes in
soils electromagnetic properties. The rate and subsequently depth
of penetration of a radar siqnal is governed by an electromagnetic
property called the die'lectric const;nt by the following equition:
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d(m) = fn/ncI ( 0'15 )f-LP\")/(E;=)

where: d(nr) is distance to jnterface in meters
t(ns) is the two-way travel time to the'interface in nanoseconds (ns)
€R is the relative dielectric constant of the mediurn.

From this equation you can see that any increase in relative dielectric
constant wil'l decrease the depth of penetration at a set travel time.
Soils do not have homogenous dielectric properties. The conductivity
and subsequent dielectric constant of earthen materjals increases with
moisture content, the concentrations of salts in so'lution, and the arnount
and type of clay in the matrix. Consequently, a uniform depth scale applied
to a non-uniform soil medium may be misleading. However, with our current
state of knowledge of electromagnetic wave propagation 'in earthen materials,
we must accept this error.

Sinkho'le prediction, as is earthquake predict'ion, .is a risky business. 0n1y
minimal degrees of accuracy have yet to be attained. However, by studying
the under'lying formations of rock and c'lay, we may observe the recent history
of sinkhole occurrence in an area.

0ver time, in a humid clirnate such as Florida, underly'ing highly soluble
limestone is dissoJved. Gradually, caverns form and iraitures w'iden, The
overlying sand and clay materials begin to contort and conform w.ith the
undertrying limestone surface. It is these type of features whjch we attempted
to observe with GPR in order to ascertain the degree of Karstal processes of
an area

0ntheenclosed site maps you will see areas whr'ch I have observed to indicate
paleo (or ancient) sinks and potential cavity/ljmestone surface areas. tlhile
the radar signals representing paleo-sinks are obvious, those representing
cavities/limestone surface would require further ground truth observatjons
in order to confirm the'ir presence.

I hope this informatjon has been of some use to you. If you have any further
questions, dor-no+/ hesitate to call.^;/fl to call.

r*//ry(*4fr
Of,egg l'l. Schellentrage(
SoiI Specialist (CpR)

cc: w/o encl:Elmer Sauer
w/ericl: D. Morrical , C.D,M.

hes i tate

)
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TEGHNICAL APPENDIX G

LEACHATE DEPTH CALCULATIONS



PAS7C.6,/8
tL/t2/87

REFBENCE: EPA 5!{-869 APRIL 1983, IAI{DFIII, Al{D STJRFACE I}IPOUTIDMENIT
PERFORMAhICE EI'ALTIATION

For a }iner system designed /a slope *;

h,.* =+ [
where: L = Length of spacing between drainlines

N = porosity

Ks - permeability

e = Rate of Itpingenent
(use If2 x average annual rainfall)

= Slope

\"* - Uaxinum head

Assune:

PorositY=N=0.34

Perrneability = X"i = 7.76 x 10-3 orys, 22 ft.'/day

Rate of Ilpingexent = e = LfZ of 53 .95 in/yr
r: = 2.2Q x 10-5 cntlsec

Slope=c=28=1.146"

hro* = Lzt' = 30.48 cn

Calculation:

30.48 = t
2(4.34

30.48 = .. L
2(0.34) [0'006141

33?1., = t = l'10' naxirrun sSncing between drainlines

uss 2t sroPE wry_ PrPE sPAcrNG

liDIE: 53.95n Avg. Annual Rainfall for Brooksville, 1950-80

fo;*or?-rAN"]

- rA!l(1;146)]2.20 x l0-
7.?5 x 10-3

-L-
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SOILS AND GEOTECHNICAL REPORT



SUItIviARY REPORT
GEOTECHNI CALIHYDROGEOLOG I C STUDY
PROPOSED CLASS I SANITARY/ASH
LANDFILI., SITE . HAYS ROAD
Pnsco couNTY, FLoRIDA

JAMMAL & AssO"lfllft, lNC. consurtine Ensineers

Associated Soil and Foundation Engineers. Inc.
American Consulring Engineels Council

National Society of Prolessional Engineets
Flolida lostitute ot Consulting Engineers

o'"''"T-""o,".,1:,,t::::,j,:T:;,Xlvrateriars

6313 Eenjamin Road, Suite lAl, Tampa, Florida 33614 I Telephone (8r3) 886-1075



.TAMMAL e ASSOCIATES' I NC. Gonsurtins Ensineers

April 17, 1987
Pioject No. 8 5- 30267

?0:

SUBJECT:

Camp, Dresser, Q. McKee, Inc.
1321 U.S. 19 South, Suire 601
Clearwater, Florida 35546

Attention: Mr. Lou Tortora, P.E.

SUMUARY REPORT
Geotechnical /i{ydrogeolog ic Study
Proposed Class I Sanitary/Ash
Landfill Site - Hays Road
Pasco County, Florida

a
Dear .Mr. Tortora:

PIease find enclosed herein our summary report which
'the results of our geotechnical/hydrogeologic study
proposed Class I sanitary/ash landfi1l site off of Hays
northwest Pasco County.

includes
of the
Road in

y' "r,

Thank you for this opportunity to be of service to you and
Pasco County on this significant and challenging project, If
)rou have any questions during your review of the report, please
do not hesitate to give either Mr. S.E. Jammal or myself a call.
Sincere 1y ,

JAMMAL 6 ASSoCIATES, INC.

&z*"'r''4
Richard A. Mortensen, P.E. *t-)Vice President t

//,4z
Pre s i dent

RAM/bp : I 498M

Attachnent: Summary Repcrt

Geotechnical Engineers. Hydrogeologic Consultants I Materials Testing lngineers
6313 Benjamin Road, Suite tOt A f"*p", Ftorida 33634 8 Telephone (813)886'1O75.

Principaf Office: Winter furk, Florida EE Regional Offices: West Palm &each, Ormond Beach, Ocala, Florida
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l.l 3qlpos,.g and Scope-gf-9e-otgc.hnlgal and Hydrqgeologic Study

The primary purpose of our geotechnical/hydTogeologic study
over the sllected or proposed-landfill site (Hays Road Site)
was ts address sotoe of- th-e perni tting requirements setforth in
Chaoters 17-4 and 17-7 of- the Florida Adninistrat ive Code
(F.i.c.) relating to the geotechnical .and hydrogeolgSigqt
aspdcts of inplenentation of -a Class I sanitaty/ash 1andfi11.
ln'.ilaaition, because of the s.iters'topographic, geologic uld
hydtogeologi'c conditions, it was our intention to address in
detail the future potedtial for sinkhole activity over 'the
project site and to discuss soils and groundwater data relevant
to this phenomenon,

Our initial study or evaluation of the Hays Road si te was
submitted to Canp' Dresser € McKee, rnc' in our report dated
August I7, 1985 

-(Project No. 86-50225). In that lepgrt four
(4) potential landfill sites lrere investigated, three in
northwest Pasco County and one in eastern Pasco County. The
results suggested that the Hays Road site was the most
favorable of the three si tes in northwest Pasco County for
inplementation of a sani tary/ash landf,i I 1 , in terns of the
geblogic and hydrogeologic ionditions and impl ications. The
results of our preliminary study were based on our review of
available literature, topdgraphic, geologic and hydrogeologic
naps of the site, and a viry limited test boring program

The primary objectives of our final level evaluation of the
Hays Road siter ss presenied herein, was to collect adequate
subsurface soil and groundwater informat ion over the project
site in order to prcvide geotechni'cal and hydrogeologic input
and:recoouendations in each-of tlte following areas:

Identify favorable
inplenentation of a

Ident ify favorabl e
of daily sand cover

1.0 INTRODUCTION

areas over the project site for
sarritary/ash 1andfi11. ;

areas on-site for acquiSition
material.

l.

?.,
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4.

3. Identify favorable areas on-si te for
implementation of the stormwater management
disposal system

Identify and evaluate the soil stratigraphy
and upper limestone conditions over the
project site. Determine and evaluate the
thickness, integrity and permeability of the
semi -confi ning -cl ayey uni t separa t ing the
shallou watertable aquifer from the deeper
Floridan Aquifer. Identify areas of favorable
and unfavorable serni -confining uni t cond i ti ons.

Identify and eva luate the groundwater
conditions, flow directions and gradients over
the pro ject s i te. Ident ify and eva luate the
poientiometric levels of the 'Floridan
Aquifer. Discuss Floridan Aquifer recharge
potential over the project site. Discuss
groundwater considerafions relating to the
design and construction of the landfill.

6. Determine and evaluate the compressibi 1 i ty
characteristics of the subsurface materials in
order to address the settlenent potent ial and
nagni tudes of the landfil 1 nass under the
anticipated landfi l1 heights

?. Discuss and evaluate the ground penetrating
radar (Cfn; data collected over the pro jec t
5i te by" the Uni ted States Department of
Agriculture (USDA). Discuss the impacts of
this data on the project and the corresponding
ground truth test boring results, specifi ca lly
dri lled in GPR concern areas ident i f i ed by
USDA.

Discrrss f inal cl ayey cover rnatet'i al
considerations, on-site sources and
implications, and potential off-site needs.

5.

8.

9. Evaluate and discuss the pctential for future
sinkhole activi ty over the pr'oposed landf i 1l
site. Discuss the potential risks of future

' sinkhole actinity, Discuss potential sinkhole
sizes and depths. Discuss, in general,
sinkhotre related processes and mechanisrns.

re
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Inc.

10. Perform a 1i terature we 11 inventory wi thin a z

nile radius of the project site, considering
data collected froni ifte Southwest Florida
Water Management District (SlllFl{I"lD)- and the
United StatEs Geological Survey (USGS).

r1. Generate and cesign the necessary grounduater
quality moni toring well - -network for thg
proposid landfilf facility - .in general
accbrdance wi th Chapter 17-4. Provide
proposed groundwater' moni toring wel 1

construction details,

1.2 Project Descrip.!i.on and -.Location

The proposed sanitary/ash landfill site studied herein is shown
locaied'on the Pasco County Site Location Map included on Sheet
l. on sheet I the proposed 1andfill site is shown with respect
to local county roads,'existing uellfields in Pasco County, and
location uith iespect,to township, section lnd range, - The area
studied herein encoinFasses approiimately 810 acres and has been
terned the Hays Road Si te

We understand that i t is proposed to develop the favorable
portions of the site studied- herein into a Class I.sanitary/ash
iandfi1l. It is anticipated that, adjacent t.o or just South of
the 1andfill, a resource recovery plant will be constructed.
it- ij "uticiiateO that both raw 'retus" and ash generated from
the resource recovery plant will be dis.posed of at the. pr.o_Posed
landfill site. Beciu3e of the physidgraphic setting of t!"
site a lined landfifl is anticipated. The landfill height is
anticipated on the order of 75 to 100 feet.

1.5 ToDography and Site Description

The project site is shown lccated on recent aerial topographic
Iraps prepared f or our use by Carnp , Dresser fi' McKee , Inc - The
scite'of ' these aerial topogfaphif 

-maps is l'f =200t. The aerial
topographic maps are idctuada as Sheets 2, 3 ?nd 4, The
tolograihic nips present approxinately one. foot- ground
elbvatibn contorir intervals ov6i the entire project site. The
site boundaries are also shown located on the naps.

re
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lnc.

In general, the ground surface over the project site yaries
from 1ow elevations in the vicinity of +35 feet MSt to higher
elevations on the order of +55 feet MSL. Over the southwestern
and western poriions of the site, and also in the northeasternportions of the site, several closed circular depressional
areas are present and evident on the site aerial topographicn?p. O-ver the southea-stern and central portions of the project
site, the ground elevations are, in geneial, fairly consist6nt,varying fron +45 to +sz feet MSt. In general, over the
southeastern and central portions of the siIe, Do'significant
depressional areas are eviiient

rn the northern portion of the project site, a relict drainageditch is present., as evident on the aerials. This ditch variEs
fron -approiimatelv 5 to I feet iower than the surrounding gradeon ei ther side of the ditch. It appears, based Gn 'visualobservations of the d itch, that i i ' has 

- been dry for aconsiderable length of tirne. During our study of trre projectsite, ro -r{ater ras observed in this-ditch. I; any eveni, ihisfeature is yery distinct and is evident on nearly a1l mips ofthe site

A Florida Power corporation easement, approximately zg5 feet*iq", rl,ns generalli north-south througir' the enti.re pro;ect-site. The easenenr is identifiable cn ltre aerial topo!ralhic
laps (sheets ?-4). A small 0utparcel that includes thi FroriaaPower substation i,s located on 'the south end of the si te, justoff Hays Road.

At the time of our fierd investigatiorr, th" majority of the
prglgct site, which was formerly a pine tree farm, lras clearedDy th9 previous- landowner of nearly all the pine !rees. SomepiT: trees rgnain in the northeast'ern portio; of the site, "tevident on the aerials. 0ver the majorit;, of the site easi of
,the ,power easengnt, generel ly underbr'ush, weed growth, and tree
truDKs-. are. present, l{est cf the Florida power easernent, ilrgeneral, the site is near i ts natural state, which primarilyconsists of .sparse to moderate tree growth and 

-underbruih. '

In the southwestern port.ion of the project.site. west of theFlorida Power easement, severar L: the ctosed circular.depressiolal' areas contain standirrg *"t*r. These depres!ionaIareas and $ater elevations are ide-ntifiable on the tbpograph!cuapg provided on Sheets Z-4"

'l
w
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In the northern portion of the site, -a concre.te block
house-1ike structure is present and is someuhat visible on the
aetial. topographic map. -Near this structure an old deep water
rrell is -pr:esdnt. N; lnformation lras available about this
well. nside fron this abandoned structure, it does not appear
that the site was deyeloped for other purposes, other than tree
farming or pastureland.

?.0 REGIONAL GEOTOGY AND HYDROGEOLOGY

2. 1 _PlrEsjggraelis._Sett ing

The proposed Pasco County landfill site is located within the
Gulf Coastal Lowlands physiographic province along the west
coast of Florida. In this portion of Pasco County, the Gulf
Coastal Lowlands province i s bounded on the east by 

- th"Brooksville Ridge, -a distinct north-south trending sand ridgg
reaching altitudes of about 300 feet above . mean sea level
(MSL). To the 'irest of the ridge, land surface eLevations
decline to MSL along the gulf ioist. Two najor erosional
terraces, the Panl ico Terrace and the }{i.coni co Terrace, occur
between the Brooksyille Ridge and the coast. The Wicomico
Terrace is Darked on its s-eaward face by a break in land
surface slope at an altitude of around +100 feet MSL.'FArther
ues.t, a distinct break in slope again occurs, at an altitude of
+25 feet MSL, delineating the seawa.rd scarp of the Pamlico
Terrace. The proposed Pasco County landfi,ll site is situated
sithin the Panlico Terrace, uestward from the Wicpmico scarpr

The project site is situated in a relat ively fl at section of
the Paulico Terrace. More rugged topography with greater loca1
relief occuts to the east ah-d northeast. Relief wi thin the
project . site ranges fron about 2A to 30 feet 'in the
southnestern portion and about f0 feet throughout .the rena.inder
of the project area

Nunerous lakes and ponds exist to the south of the proposed
landfill site. This area is drained .primat'ily, by Buckhorn
Creek and the Pithlacha scotee River. The rna jor burface wa.ter
feature in the vicinity of the project Site is Creus Lake, a
linear, northenst-trend ing take located about 1.5 nii.les . to the
east

o



Canp, Dresser, 6 McKee, Inc.
Project No. 85-30267
Page 6

2.2 R.ggignal Geology

The ptincipal geologic fornations in Pasco County are conprised
prinari ly of a thi ck sequence of l irnestones and dolos.tones. The
irppermost l irnestone foimation ident if i ed in northwest ' Pasio
County is the Tampa Limestone, or in areas where the Tampa is
not present, the Suwannee L!mestone,

The surface of the limestones is mantled throughout the county
by interbedded deposits of sand and clay which nay range in
thickness up to ai nuch as 250 feet within Pasco County. The
lower portion of the sand and clay deposits in Pasco County are
generally 'assigned to the Hawthorn Formation, a deposit
conprised priurarily of clays. According to available data, the
Harthorn Fornation is absent in areas north of Pasco County, is
relalively thin in'the eastern portion of the county, and
thickens appreciably to the south towards Tanpa Bay. The
Ilauthorn Fornation is overlain by deposits of quartz sand uhich
forn the present land surface.

A brief description of the various geologic and hydrogeologic
units and their stratigraphic position within Pasco County is
presented on Tables I ind 

- 2. ttre table does not dif ferent'iate
the Hawthorn Foruation from the contemporaneous deposits of the
Tinpa Linestone, owing to the similar- lithology of each unit.
That differentiation is made, ss shown on the geologic cross
sectioni presented on Figures I and 2. An interpretation . of
geologic fornations serving as the basis for the cross-sectionis presented on Tables I anii 2.

2. 3 Groundwater Sjelems

Tno distinct. nater-bearing geclogic units, or aquifers,. a,ble to
supply econonical quantities of water to ue1ls occur within, the
uestern port_ion of Pasco County. The uppermost of the two i s
the watei table aquifer, compriie<i of thl'permeable portions ofthe unconsolidated depositJ overlying the l imestones. : Thelinestone fornations bre senerallv ionsidered to 'form. theskeleton of the deeper Fioridan ' Aqu ifer, an artesian and
sonetines unconfined aquifer systern which underlies most of
central Florida.
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The water table aquif er is recharged prirnari.ly by precipi tation
and subsequent iniittration to t-he iaturated zone, Water is
discharged from the aquifer by evapotranspiration, see-page.to
lakes ind streems and by vertictl leakance to underlying
aquifers

The water table aquifer is apparently relatively thin in westgtn
Pasco County and according to sone studies may be absent or
discontinuods in sone area5, The transmissivity, or ability to
transnit Uater, of the water table aquifer is depen_dent upon thq
perneabi I i ty bf the aquifer d epo si ts and the s atura t ed
ihickness. 'In areas wherg the surfi'cial sand deposits are thin,
the transmlssivity of the unit typically is comparatively less
than in areas where the deposits are thicker

The upper water table aquifer in western Pasco County is seldom
used for a water supply source primarily because deeper.aqui!9tt
suppl;l 'greater quairtities of better quali ty water to wells'
ConSequently, hydraulic characteristics of the water table
aQuifer are not uell docunented in Pasco County

The . regional ty ex'.ensive Flori dan Aquif er is the main $ater
supply s:ource througlrout most of Florida.. In Pasco County, the
Floridan Aqui fer is considered to consi st of the Miocene,
01 igiocene and Eocene age rock s , pr i mar i 1y I ime st ones a nd
dolostones. As shoun on lhe geologic cross-section (Figure 2),_
the top of the Floridan Aquifer i; Pasco County is represented
by either the Miocene Tampa Limestone or the Oligoce-ne.Suwannee
Linestone. According to -sone studies, the top of the Floridan
Aquifer occurs at :aR altitude of near nean .sea :level in
noltbwest Pasco County. The aquifer becomes progressiveli m9r9
deeply buried beneath the surficial clastic deposi ts. with
distance . southuard. The increasing depth to the . top of the
Floridan- Aquifer in the southerly direction reflpc ts the
regional dip of the upper Eoiene and younger beds frgrn the axis
of the Ocala Uplift farther to the north

Grounduater flow in the Floridan Aquifer in Pasco County noves
general ly Hestrdard touards the Gulf of Mexico f rom .the wel l
known trPasco Hightt centered in the eastern part of the cou4ty.
The ItPasco Flightt represents an area of highest altitude of the
potentionetric surface of the Flori.dan Aquifer. The elevation
of the potentionetric surface in this' area is, generally about
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+80 to +90 feet MSL. Groundwater moves from the rrPasco High"
downgradient to discharge areas along the gulf coast. The
elevation of the potentiometric surface is generally less:than
+10 feet MSt along the coast, The general westward flow is
locally perturbed by discharge from 'numerous springs situated
near the coast. Larger springs, such as Weeki Wachee, discharge
copious quantities of groundwater fron the Floridan Aquifer.
Snaller springs and local seepage areas discharge water from the
aquifer as base flow to the river drainage systems in southern
Pa sco County. A recent potent i ome tri c surface of lhe upper
Floridan Aquifer o3p, showing the site location, levels and
regional flow directions, is included on Plate 2 in Appendix A.

Based on ava ilable publ icat ions, tna transmi ssivi ty of the
Floridan Aquifer in this area of Pasco County ^ is highly
variable; varying f rom about 40,000 to 130,000 f t .t/day. The
natural leakance rate through the semi-confining clayey unit in
this area of Pascg Couqty, in general, varies- from dbout 5 x
l0-5 to 5 x lo'4/day-I.' ' Basei on itre map on Plate 2 in
Appendix A, the potentiometric surface of the Flciridan Aquifer
in September 1986 in the general site vicini ty of the proposed
landfill was on the or<ier cf about +55 to +57 feet MSL.

2,4 General Sinkhole Related Processes and Mechanisms

Sinkholes in FloriCa are the result of the geologic and
bydrologic setting of the Florida Peninsula. The ent ire state
is underlain to various depths wi th 1 imestones and dolostoneswhich are suscept ible fo d issolut i on :from groundwa ter.
Depending on factors such as the extent of dissolution,'depthfron land surface to the top of limestone, the hydrogeology ofthe ar93, tle extent of ' recharge to the limeslone - from
unconsoridated sedinents that overl ie the 1 imestone, and the
anount of circulation r*ithin the lirnestone, .sinkholes may be
experience-d 'to varying degrees of frequency'and severi ty. Theexter,rt of the sinkhole occurrence, then, depends on theparticular geologic and hydrogeologi'c conditions of the area in
que st i on.

l{here extensive sub-eurface chemical weathering and dissoluti.pn
of f-imestone has taken place during geologic times, a reductionof subsurface lirnestonbs has srdwr-y octurred, iesuiting in
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downward movenent or deformation of the surface of the ground.,
lfhere such solution becomes a dorninant ProceSs in land
develounent it results in the production of a unique type of
topogriphy that is comnonly referred to or described as Karst
tofo[raifry. Xarst is a comprehensive- term -applied to areas
unieitain'-by -water soluble 'rocks such as dolostones- These
areas possess a topography particular to and - dependent lpon
undergrbund solutiori -act ivity and the d iversion of surface
wateri to the underground. Khrst topography is- abundant within
the central portion-of the State of Florida and is particulqrly
evident withfn the western-central Gulf Coast counties.

The geologi c and hydrogeologic condi t i ons that are
prerequisitL for the optinum development of. Karst may
sunnarized as follows:

Soluble liurestone at or near ground surface,

The linestone should be dense, highly jointed, and thin
be dded ,

3) Major entrenched valleys exist in a position such that
groundwater can etuerge into surface streams,

4) The region should have a noderate to abundant rainfa1l.

Subsidence ( including sinkholes ) in faulted recharge areas is
cot[non where the features listed below are prevalent. No one
feature i s nanda tory, but the great er number Present ' the
greater the subsidence susceptibility.

shallow, flat-lying aquifers encompassing large areas,

2) s'easonal fluid level fluctuations (e.g. piezometric
levels),
Pliocene or younger bedding,

cl ay interbeds,

fi ne gra ined aqu ifers ,

a
be

1)

2)

1)

5)

4)

s)
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groundwaters contain low chloride and carbonate
1eve1s, and/or are acidic,
near surface solut ion and erosion of underly ing
1 imestone,

8) little dolomitization of the limestones, ald

9) topography diverts infiltration towards the faults.

By conpar i'son,
susceptibility,

fa ult ed areas wi th poor subsidence

I ) conta in significant cementat ion of the
intergranular structure and/or a high degree of
sand packing, hence tow porosity and pLrmeabitity.

may have experienced preconsolidation from a
previous period of deep burial, or

experience little solurion activity.

Potentionetric surface maps have been prepared by the Florida
Departnent of Natural Res6urces (and loial'SI{FWMDi to detqrmineareas of recharge, discharge, and direction and rate ofgroundwater novenent. Groundiater moves from high pressure to

6)

7)

2)

5)

v In northern and central Florida sinkholes have resulted ftom
nutserous breeches in the confining beds overlying the artdsianaquifers. 'rbus, water is free to move d6wniard to theseaquifers through fractures and the perrneable sand bottoms of
sinkholes (if the watertable is high;r than the potentiometricsurface). This is the prinarv rnet-hod of rechars-e. where therrater table is consideiably 'higher than the "potent iometric
surface, _ recharge _nay al,so [,e aclomplished by sl6w percolation
through loq perueabiiity beds. The infiltratfng rechirge waters
are _ especi?1ry active in areas where clastics iypicallyoverlying the Tertiary limestones were never deposi ted, have
9uql stripped away, or are reLatively thin. - Re,searchersLndicate that ini tial fI ow causes pronounced solut ionparticularly in the upDer zones. because 'of the shorter flowlines involved, greatii circulaiion, and higher reac tive ion
concentra t ions.
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low pressure zones ln a direction perpendicular to the pressure
contour lines. Potentionetric nounds, (referred to as
ttlit55tt) , usually ind icate areas of recharge to the aquif er.
potintiorietric depressionS or troughs, (refeired to as "1ot'tS"),
usual ly ind icate -areas of d ischarge f rom the aqu if er. Rechar-ge
and discharge thus may take place-anywhere from the high to the
low where hydrogeologic cond-itions are favorable. Thus, there
is no single point of recharge or discharge.

Groundwater in the central part of Florida moves outward in all
directlons under the influence of an elongated potentiometric
bigh which extends approxirnately fron central Lake County to
southern Highlands County. This is generally referred to as
the rrPolk hightt. A smaller potentiometric high in Pasco
County, connonly referred to as the rrPasco high", is also
recogiri zed, l{ater enter ing the aqu if er in centra I Fl or i da in
geneial , i s less nineral ized than . water already in 'the
aquifer. ilater entering is low in mineral content. because the
overlying sands and clays generally are less soluble than the
L inest ones of the Fl ori dan Aqu if er . Theref ore, i D rechar-ge
areas the mineral content of the water should increase as the
riater moves through the aquifer until it becomes saturated with
calciun and bicarbonate. Using only the mineral content to
indicate areas of recharge could be nisleading because water
entering the aqui fer in sone areas could be more .highly qharged
with carbon dioxide than in other areas.

A review of the literature indicates lack of consensus or
unifornity in classifying sinkholes. Basically, however, thele
are tuo .na.j or types or classes of sinkholes , namely I a coll apse
sinkhole ,and a ravelled sinkhoie. Sinkholes in Florida fall in
both of the above classes, however, 1avelled sinkholes are the
Ittost connoh, and typical in Pasco County as well as surround ing
areas' 

,

A collapse sinkhole is the result of collapse of the roof of a

cavity within the limestone. This collapse is followed by a
drop dorrn ' of the overly ing unconsol-i dat ed . 'sed inents uhi ch lrere
supported by the llriestbne roof. Collapse sinkholes are
nornally steep sided, rocky and abruptly descend ing' fornis.
This inplies h. structural break or collapse of the limestone
an{, hence, is referred to as a t'cqllapse sinkholerr; There. is
tqide acceptance of the usage of coLlapge sinkhole to suggest
this type' of sinkhole and mechaniSm. Figure 5 is an
illusttation of the collapse sinkhole type and mechahisrn.
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A ravelling sinkhsle is often referred to as a solution sink,
erosion sink, soil condition sink and less frequently, dolinesink. Thi s type of sinkhole originates wi thin I imestones
containrng openings or cavities at the interface of the
I imestone and the overlying unconsolidated sediments , Thi s
type_ of-sinkhole initially deyelopes slowly where soil from the
overburden oaterials gradually -erode into openings present
within the lirnestone. Slow, iong-term, continual erosfon and
ravelling of soil materials into the l imestone, devel.op a

SaYity of a doue within the oyerburden, which, under favorible
hydrogeologic cond itions r cBn cont inub to enlarge and wqrk
Ypuard towards land surface. The action of water percolating
downuard to the I imestone enhances the developnent' of such ;
doue uithin the unconsolidated sedinents. As the dome or
caYity_within the unconsolidated material enlarges, a point is
reached uhere the soil which overlies the domJ cin n6 longerbridge thg opening, and, under' favorable conditions, itrenaterial above begins to collapse and faIl into the undeitying
opening . Figure 4 is an i llristrat ion of the ruechani sm or ;
ravelled sinkhole. Ravelled sinkholes range fron funnel shaped
depressions that open upward to pan or bowl" shaped.

Ravelled sinkholes are formed in environments with. some or al1of the folloving physica 1 characteristics:

o Linestones nhich contain openings and are overlain byunconsolidated sedinents. overbuiden sediments may rangefron a few feet to 150 feet in thickness.
o cavity systens. nust be present in the linestone and must

extend upward to be in contact with overlying sediments,

o The elevation of the rdater table must be higher than the
Potextiometric surface elevation of the Floridan Aquifer.

o There nust be breeching of the limestone into
zong- creating a poinf of high recharge toaquifer.

o There must be a sufficiently Iarge cavity or
the linestpne capable of I receiving
unconsolidated Eateriifs fron above,

the cavernous
the artes i an

opening wi thin
the eroded
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It has been estabiished that sinkho.les, as exPerienced in
Florida, are the result of geolOgi c and hydrogeologi c
processes. The relationship of these process-es to the
ioruation of sinkholes has reteived some appreciable attention
in the past recent years and the State of Florida has been
napped for areas with varying degrees of sinkhole Potential,
Foui zones varying from very little to no risk in terms of
sinkhole potential to high risk areas of sinkhole potential
have been-delineated, as illustrated on Figure 5. Tltis figure
was adapted fron information published by the Florida Bureau
of Geology. It can provide a qualitat ive and neaningful .e-arJ)t
conparat ive indi cati on of the potent ia I for s inkhol e

devilopnent for various geographic iegions of'the State and
can be'used as an early gu'ide iit the fornulation of a sinkhole
potential opinion. An- assessment of the site specific
sinkhole potential is provided later in the report.

3.0 FIEI:g $N? LIB_0R$J0RY- INVESTIGAT IoN

3.1, Test Drilling Progfan

As previously mentioned, during the preliminary evaluation of
the Hays Road site, thirteen (15) Standar,d Penetratio:n Test
(Spf) borings were-advanced to the lirnestone level over the
project site in order to obta in, in genera I , adequate s ite
tover.age. These test borings are designated rtBrt. The
approximate locations of these thirteen (13) test borings age
iirltuded on the boring location plan presented on Sheets 2:4.
These thirteen .(13) Sorings are the'only test borings that
were not surveyed- in , in t erns of 1 ocat i on a nd ground
elevation, Thesi boring locations are shown approximately on
the boring location plans,

For our final level study of the Hays Road si te, 'the test
drilling progran basically was broken down into two phases.
Phase I -cons!sted of drilling SPT borings dovrn to the
I inestone l eve ! on a grid systern. .In geneiaL, the Phase' I
borings $ere spaced approximately 800 feet apart over the
site, and as close as 400 feet 'apart in the area. that was
anticipated to be the primary locatfon of the landfi1l.
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For the Phase I drilling program, fifty-seven (57) SPT test
borings uere drilled to the linestone 1evel. The approximate
locations of these borings as surveyed-in by the project
surveyot, Atwood and Associates, Inc., are shown on Sheets 7-4;
At each of the the fifty-seven (57) Phase I test boring
locations, a shallow 2-inch diameter PVC pipe, hacksaw cut
screen, piezoneter was installed in a auger borehole that $tas
advanced adjacent to 'the SPT boring location. This tempoiary
piezoneter was installed to measure shallow grounduater leveIs
during our study. These shallow piezometers were, in nearly all
instances, installed to a depth just above the first clayey
naterial layer.

During the Phase II test boring program, an additional eighteen
(18) SBt borings uere drilled at selected and surveyed-iri
locations indicated on Sheets 2-4. These eighteen (18) test
boritr8s, as will be discussed later, trere drilled in areas
identieieA as suspect anamoly locati-ons by USDA considering
their interpretation of the ground penetrating radar (6PR )survey. In additlor, during the Phase II drilling program, fodr
({) SPT borings were drille-d to the limestone'1evel at the four
(4) deep groundwater monitoring well locations selected during
our study

In general, the designation of the borings drilled during the
Phase I and II test borinc programs correspond to the coordinate
of the grid systen that we eitabl ished over the project si te.
Upon conpleti.on of all the SPT borings that encountered clayey
nateriil. and/or the limestone bedrock- surface, the borehole ua.s
glouted up to the ground surface upon completion, in accordance
ui tb SUFIIMD requirenerits, In genera l, all the SPT borings were
performed. in general accordance with ASTi,l D-15'86. Al1 the test
!91_i1tgs perfor,ned on thi s pro ject were. performed using men and
drrll rigs frou the Tanpa Regional 0ffice of Jammal 6
Ass,ociates, Inc. A degreed -geologlst was utilized in ,the field
with the drill crelts to coor<iinafe.field ope.rations and to log
the test borings

At selected locations in several of the.test boriDgS, relatively
und.isturbed Shelby tube samples were collected of :, the
seui-confining clayey unit miterial, Approx,inately 3-inch
d'ianeter Shelby tube samples were collected; at'the.approximatg
locations indicated on the soil profi,.les.

rc
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The results of atI the test borings performed during the
prel ininary study and Phase I and II PIograT- - are shown
illustrateb as s-oil profiles on Sheets 5-11. All the test
borings are plotted aicording to ground elevation as determined
by th1 projict surveyor, with the exception of the thi'rteen
(i3) pr6t iriinary stuiy test bori'ngs, whi ch were est imated.
ieriinlnt drilling notes are also- included along the soil
boring profiles.

3.2 G.round Penetlatirtg Radar (GPR) SuTvey l

At the request of Pasco County and Canp, Dresser 6 McKee, Inc. 
'_the United States Departrent of Agriculture (USDA) was retained

to perforn a ground penetrating-radar (CPR) survey over the
proposed Hays Road landfill site, The initial GPR survey was
ioniucted by USDA at the project site on May ?9,1986,,{i!\
observation fron Janmal & A3sotiates, Inc. The GPR survey grid
I ines are shown on the boring locat ion plans and a erial
topographic map! included on Shiets ?-4. Hbavy dashed lines
indicate the path of the GPR suryey. .The GPR survey lines were
estabtished by Janual € Associate6, Inc, Approximately 59,800
lineai feet of GPR survey testing was performed over the
project site, (approximately 7.5 miles).

After the initial GPR testing resul ts were reviewed and
discussed, it was decided by all parties concerned to utilize
the GPR dquipnent in locating selicted and specific potential
ananoly or cbncern locations-in the field to be test drilled
during the Phase II field program. Therefore, oD 0ctober 3,
1986 , the GPR equ ipnent wa s brough t back to the s i te to I oc.a te
approxinately eighteen (18) potential anamoly Logations, f-ot
ground truth testing purposeg. All eighteen (18) of the
potentlal anarnoly locations were test drilled during the Phase
II drilling program. The potential ananoly drilfing l,ocations
ueresselected by the soil scientist, Mr. Gregg Schellentrager,
interpreting the GPR data for USDA. The term r.'anoma lyil as
discussed herein and defined by W6bster's Dictionary refers to
sonething that is different, abnormal or peculiar. An
rranonalytr does not necessarily have an adverse inpact on the
propo sed I and fi 1 I .
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Tape results of the initial GPR testing performed along the
grid lines illustrated on Sheets 2-4, are available for revier'r
upon request from the USDA/SCS office in Gainesville, Florid.a.
The specific results at the eighteen (18) suspect anamoly
locations selected by USDA, are included in Appendix c. 0n
each of the eighteen (18) plates included in Appendlx" C i.s a
coPy of the initial GPR survey tesult that was collected on May
29, 1986, dt a fast speed, ind also the CPR result from the
October 3, 1986 survey-that was conducted at a somewhat slor+er
speed to more accurately Locate and define the suspect
ananoly. Also on each plate is the resulting Phase II ground
truth test boring, The test results included in Appendix C are
discussed later in this report.

3;5 Instailation of Groundnater lrtonit.oring Wells

To assist in evaluating the groundwater levels over the project
site, four (4) deep groundwater monitoring wells and four (4)
shallow groundwatei nonitoring welis were installed at the
approxinate locations indicated on Sheets Z-4. In general, the
four (4) deep groundwater moni toring wells were sealed seve.ral
feet withi.n the linestone surface and were open-hole drilled
into the limestone. In general, the shallou grounduatef
uonitoring wells were installed just above the semi-confining
clayey naterials at each of the shallow well locations. Ingeneral, the groundwater monitoring well locations, which
basically consist of four (4) well p-a irs, each wi th a shallow
and a deep groundwater monitoring well, uere selected to obtain
adequate site coverage and are -located, in general, near the
periueter of the project site

The monitoring nells that were installed for our study were
positioned in the field at the approxirnate locations approved
by Canp, Dresser Q McKee, Ini, and The Departlnent of
Environmental Regulation (DBR), specif ically, l,lr, Gardner
Strasser. The .intent of these well locat ions vras to utilize
then as part of the permanent groundwater monitoring plan for
the Landfill. ?he wett construction details for each of the
shallow and deep monitoring weils instal.led for this study are
included in Appendix E, on:Plates 7-5. In addition, on each of
these piates the corresponding soi I boring profite frorn the
!glt boring performed at the deep well locat ion is a lso
illustrated. The well construction- details were approved by
DER prior to well installation. Upon cirmpletion of each uell,
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it was developed by pumping and/or air surging until
produced was reasonably clear and clean. Ground
were deternined at each well location by the project
Atwood and Associates, Inc.

5.4 Soil Physical Property Testing and CLassification

the water
elevations
surveyor,

To assi st in visual classification of the soil samples and
evaluating soil englneering properties relevant to our study, a

series of full grain size inafyses, ninus No, 200 sieve washes,
and liquid and -plast ic lini t t-ests were conducted. The results
of all these tests are included on the soil profiles on Sheets
5-ll. The grain size distribution curves are included in
Appendix B. The soil samples were classified utiliz!ng
procedures in general accoi'dance wi th the Unified Soil
Classification Systern. The soils wefe grouped into" different
strata according to the soil legend incl uded on the soil
profile sheets.

The strata break lines included on the soil profiles represent
aDDroxiraate boundaries between different soil or rock naterial
tyiles. The actual transition between soil or rock cond itions
n6i considered irportant to our evaluations were abbreviated or
onitted for clari ty.

5.5 gonsolidation an-d- Permeabi-lity Testing

In order to evaluate the consolidation Dotential of the
subsurface clayey deposi ts under the anticipated 1 andfi tl
heights and loadings, it was necessary to perform a 1 imi ted
anount of consolidaiibn tests. Selected 3-inch diameter Shelby
tube samples of the clayey confinine uni t mat eria.l s were
utilized'for consolidation' desting. The approxinate location
of each of the eight ( 8) con"solidation tests that 'were
perforned are shom a[ the appropriate sample depth on the soil
profiles. In general, we belieVe that the consolidation testsare spread adequately over the proposed landfi 1I area and
represbnt the more plistic ciayey iatirials that could exhibit
significant consolidation settlenent. The consolidation test
curves are inciuded in Appendix B. The physical soil
ploperties of each consolidation sample are also included on
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the consotidation test curve result in Append ix B. The
consolidation test results were utilized in our settlement
evaluation discussed iater.

In order to evaluate the permeabi lity of the semi -confining
clayel !{tit material over the proposed landfilI site, .sone of
!h" shelby tube sanples of the ciayey material were ielected
f or - permeability testing" The -pernreability testing was
conducted utilizing falling head testing.techniques on a sarnplecut into a consolidoneter. The sample was loaded , to the
aPproxinate insitu effective overburden pressure. The,resultsof tI" permeability tests are included at the appropriate depthon the soil pro,f iles. Because the pe.rmeabi iity tests were
condutted on the clayey sample tiat was utitized for
consolidation -testing, the perm-eability test result is also
included on the consol idat!on te,st cuive result included in
Appgnd.ix 

- -8._ The results oi the perne abi 1i ty test ing of the
sgni-confining ciayey unit materials will be discussed-later in
thi s repor t.

rn general, -the soil niaterials over the project site consist ofa va-rying thickness cf sandy naterial fstr:ata s. 4, 5 and 6)
gyerlying^clay_ey materials oi varying thickness ahA ionsistency(strata 2r. 7,' 3 and gj, which- in turn overlie eithei
:ignif i.ln-ll.y weathered upfer I imestone material wi th clay(Stratuu 10) or the more iirtect weathered limestone materiali(stratum 1r).

4.0 SITE SPECIFIC SUBSURFACE CONDITIONS

4..1 9gi r StTat i graph)'

As prev i_ousl;r mgnt ioned , the results of the s oi I bor ings are
p-resented as soil prof iles on sheets 5-1.1. Also included on
!h" -soll profile sheets are the results of the laboratorytesting _of selected physical properties of selected soiitypes. I-n addition, pertinent diiriing notes relevant: to our
:!ud)f ald _evaluation 

-are arso included- on the so.i1 prof iles.standar'd Penetra t ion Test frNrr va lues and a 1 egeird ' wh i chdescribes the soils encountered and the unitied soilclassification designation are inclr"rded on the soil,'profilesheets. :
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The upper sandy naterials of Strata 3, 4, and 5 generplly
contain less than l0t fines passing the No. 200 sieve. Strata
5 and 4 naterials are the 1ilhter iolored sands at the project
site and vary from fine sand to slightly silty fine sand.
Strata 5 is conprised of the dark brown slightly silty fine
sands to silty fine sands. Stratum 5 has the appearance of
sone organic staining. In general, the upper fine sands
(Strata 5, 4, and 5) vary in thickness and in depth
considerably depending on the location on-site, The thickness
of the upper.sands varies from as little as I to 2 feet to as
deep as 70 to 9C feet, The grainsize analysis results ipdicate
that the upper fine sands are poorly graded wi th low fines
content (clay and silt fraction). In general, over the project
site, the topsoil naterials are on the order of 1 foot thick
and are basically ei.ther Stratum l, which is black organic
debris, or Stratun 3, which is Eray slightiy silty fine sand
with traces of roots.

In general, the upper fine sands (Strata 3,4, and 5) vary in
relative densit;r fron loose to medium dense. Sone very loose
zones (SPT rrNrr ' values of less than 4) were ind icated in a few
borings. Sone drilling fluid circulation was lost in a few of
the test borings within ti:e upper sand strata, indicating zones
of secondary perneability. The locations of the drilling fluid
circulation losses are ind icate.l at ttre appropriate depth on
tbe soil profiles. The siqnificance of.the drilling fluid
circulation losses is discussed later.

Beneath tbe fine sands of Strata 3,4, and 5, slightly clayey
sands to clayey sand materials of Strata 6 and 7 were generaLly
encountered. Tlese naterial.s are general ly the trinsition
naterials f.{qn .the upper sand-c to the lower more plast ic clayey
nateriels. The thickness and pre.sence of the Strata 6 and 7
Baterials varies considerabtry over the project site. In most
borings, these uateri.als are-absent. Th; results of lqboratory
tests on selected Strata 6 and 7 soil samples are included on
the soil proliles or in Appendix B. In general, the materials
o.f Strata 6. have generally- between f 08 and 202 f ines, and the
materials of Strata 7 have general!.y less than 35.t f ines,
passing the No. 200 sieve. ,The results of liquid and,plast.ic
linit tests perfcined cil the nore cTayey materials of Stratum 7
i-ndicate that the clayey sands are of -1ow plasticit;r.

1ffi
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Either beneath the sandy materials of Strata 5, 4, and 5 or
bene'ath the slightly clayey sand materials .of Strata 6 and 7,
the trore plastic clayey naterials of Strata 8 and 9 are
present. Both of these materials are classified. as sandy clay
to clay and exhibit, in general, moderate to high plasticity.
The difference between Strata I and 9 materials is essentially
coloring , wi th Stratum 8 be ing nore of a mottl ed . colored
naterial and Stratun 9 being more of a pure greenish-gray to
green clayey uaterial. The depth, thickness and presenie of
the clayey nater!als of Strata -8 and 9 are highfighted on the
soil profiles on Sheets 5-lf, These materials are shaded in
fot easy i.dentification purposes. At several of the boring
locations, a dark gray to -bldck silty to sandy clay (Stratum Zt
naterial. $as encountered. This naterial is also a moderatelyto highly plastic clay; however, it wds noticeably black and
organ_ic-stained. The clayey Ea.terials of strata 8 and 9 and
the darker colored clays of-Stritum Z are, it our opinion, the
ngio_r co_trponents of the semi-confining unit clayey material
r{hich underlies the project site. rn all but a fer^i df the test
borings, the clayey riaterials,of Strata I and 9 were discovered,

Based on the results of 1 iquid and plast ic L imi t tests
perforned on selected strata I and I materials, the plasticityof these naterials varies significantly froni moderately tb
extrenel_y plastic. In general, liquid limit values. of the
Strata 8 and 9 uaterials varied'from S0t tb f50t; in leneral,the liquid linit was in the vicinity of sOt to tzoz. Minus No.
200 sieYe uashes indicate that the ''f ines content of th€ Strata8 and 9 material was generally in excess of s0t. In general,
the natural moisture content oi the strata g and g mateiials i;in excess of the plastic lirnit.

:

Based on sPT :'Nli values, in general, the consistency of the
cotresive naterials. of St!;ata 8.and I varies from stiff to verystif f . -several very loose and sof t . zones 'were identif ied aniare indi cated on the soil profiLesr rn general , theselocations. correspond to a-ones t6at dispiayed eifher tt$lHrr, rtWR,r

or rrllKrr drilling n-otqtions. In these -zones, either the i+eightof the drill rod (wn1, weight of the rod ptus the hammer (wH1
or- the weight of the rod plus kelly. (wr1- fel1 under its own
we ight because of the extreme ly sof t or I oose cl ayeyconditions. At sone locati6ns identified on the soil profifis.
grilrlne -fluid circulation rosses lrere experienc6d whiledrilltng through these soft clayey nhteriats.

ffi
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0bserving sone of the cl ayey sampl. es taken from the soil
borings cLassified as Strata I or 9, it was evident that seams
of sind and zones of secondary seepage were present' Thin
hairline seans and lines of !rbn or rust color were evident in
Eott of the clayey sanples observed from Strata 8 and 9, These
zones indicate that water is probably very slowly moving down
through sone discontinuities in the clayey materials

As previously mentioned, significant consolidation testing and
veJtical. perneability testing was performed on selected clayey
sanples fron, Strata I and 9. The results of these tests are
included in Appendix B.

Beneath the clayey Eaterials of Strata 8 and 9, in general,
highly weathered limestone with traces of clay (Stratum 10) or
nore conpetent weathered i imestone (Stratum ff) was
encountered. The presence and consistenc'y. of the extremely
ueathered portions of the limestone (Stratunr lq) are indicated
on the soil profiles. In general, Stratum l0 was classified as
nhite to light brown catcareous silty clay with varying a$tounts
of linestone fragments and traces of the. green clay of Stratum
9. Stratum 10 was not encountered at all the borings
locations. Stratun 1l was considered the upper uni t of the
Floridan Aquifer. This stratun was generally comprised of
uhite to Light gray weathered finestonb and was found in nearly
al1 the boring locations. In general, Stratum l0 materials
overlaid more conpetent l{eathered. limestone' (Stratum fl). As
noted on ihg soil profiles, . significant drilling fluid
circulation.lCisses were reported when eniountering Stratum 10
or fl naterials. At severai boring locations, evidence of very
loose or solutioning condi tions was discovered wi th the
indication sg rtryXrt, 'lFHtt or ttWRtt ad jacent to the soil prof i 1e.
Based on SPT rtNtt values, the consistency and in,tegrity of the
extreuely weathered lirnesione material (Stratum 10) and the
uore competerrt ueathered linestone of Stratun I 1,. varied
considerably througbout the depth of rock penetrated'at each
boring Locatlon'.

o
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r! is inportant to note the following items with regard to the
litg specific soil conditions discovered over the pioject ,si.teduring this study:

z.

3.

l. As expected, the soil and rock conditi.ons over the
project, site aqe extremely variable in thickness,material. type, elevatioh of occurrence, andconsistency or relative density; for example,
boring D+100-8 and boring D-8, pe'riormed along' th;northern pcrtion of the projett site aboui I00
fuu! apari, The boring 'reiults for these two
Dorrngs are presented on Sheet S; these resul tsillustrate the potent ial variabi lity of soil
conditions within a short distance.
It is important to note the thi ckness and
occurrence of the semi -confining. uni t clayeynaterials of Sttata I and 9.:at in-dividual boringlocations; especial ly wi thin the favorable arei
proposed for the land€ill discussed later.

-I 
t i s inportant to note the presence of we i ght of

hamner - (H-H) , weight of rod (WR), and weight of
kell.y- (WX)r- that occurred at several of the :boring
lscations throughout the project site. The dept[
and thickness of these exireirely loose zones thatwere discovered during drilling . operations isrndicaied cn the soil profiles, -These areas are
indicat ive of solutioning or ravelling activi ty.
It is iuportant to note the depths and locationsof minor and najor losses df drilling fluidcircu!.ation. At niarty art the 

-bo;i;;-toiations,
there were sooe drilling fluid circulition losseireported: Ihu approximate depth and degree ofcirculation ioss ia indicated oh the soil irofilesat the correspondirtg depth" Drill ing f I'uidcirculation los-ses nloted'above the fimestoneoeterials of Strata 10 and I l. indicate .zones of
_secondaly. perm-eabi lity wi thin the upper
unconsol idated deposi ts. The significance ' 'of
these losses'is discussed later in Settion S,g.

4.
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5. It is important to note that the consistency ?nq
physical properties of the clay9y materials:of
btiata 8 and'9 within the landfi11 area are fairly
consistent and uniforur, based on the f.iquid and
plastic l ini t tests, SPT rtNil values and other
laboratorY data, .

4,2 Groundnater Conditions

As previously ment ioned, a series of shallou temporary
piezoueters w'ere installed at the Phase I boring,locations
throughout.the site. Land surface elevations were dete.rmined
at each piezoneter location by the project surveyor. The-depth
to grouidwater was measured in - each piezorneter and the
resulting depth measurenents were transposed to el evati ons,
referenced to nean sea levef (MSL)

Groundwater oeaSurenents were taken in each piezometer on
Septenber 6, f9S6 and again on November 15, 1986. ftre results
of- these neasurenents are presented on Table 5. Grouridwater
elevation contour Eaps for -each date are incl uded on Sheets 12
and 13. 

;

0n Septenber 6, 1986 r Eeasured depths to the groundwa ter
surface ranged fron less than one-half. foot in a 1ow-fying
poftion of -the site to over Z0 feet in one of the' higher
areas. The average depth to the grounduater surface.was about
ll feet. 0f the 57 installed piezoneters, l5 were dry at the
tioe of neasufenent on September 6th. The average .d-epth to
uater..and the rance of deplhs. reflect neasurements.taken in 44
of the piezoneteri. The 'average elevation of the. groundwater
surface'was about +S6.5 feet MSt on September 6,-198-6; anq
ranged. fron a low of about +28.8 feet MSL in C+500-4,. located
in the'extrene,. northern portion of the pro.ject site, tb a high
of +44.4 f eet llSL in C- 15;35 , located in -thi nor.th.centra I area;

The groundwater contour naps over the. project site f.o'r each
date -Tere generated by Camp, Dresser' 6-Mckee, Inc..'ffqt our
Septenbe.r 6th and Novenber 13th measurements; The contour maps
uere drawn using a one-foot contour interval by interpolation
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It is inportant to note the following itens with regard. to the
site specific soil condiiions discovered over the project site
during thi s study:

l. As expected, the soil and rock conditions over the
project site are extreurely variable in thickhess,
naterial type, elevat ion of occurrence, ?nd
consi stency or rel at i ve dens i ty ; for exampl e ,
boring D+I00-I and boring D-8, performed along the
northern portion of the pro ject si te about l'00
feet apart, The bor ing results for these two
borings are presented on Sheet 5; these resul ts
illustrate the potent ia1 variabi lity of soil
conditions within a short distance.

Z. It is important to note the thi ckness 6na
occurrence of ihe seni -confining uni t clayey
tlaterials of .gtrata 8 and 9 at ind ivi dual boring
.locati.ons; especial Ly wi thin the f avorabl,e af ea
proposed for the landfill discussed later.
It is inportant to note the presence of weight of
ha nnef (t{H) , re ight of rod (WR ) , and we ight of
kel ly (l{K ) , that occurred a t severa I o.f the b ori ng
locations throughout the project site. The depth
and thickness of these extremely loose zones that
were discovered during drilling operations , is
indicated on .the soil profiles. These areas are
indicative of solutioning or ravelling activi t/.
It is inportant to note the depths and Locations
bf ninor and na jor losses of dri 1l ing fl uid
.circulation. At nearly all the boring.loia'tion.s',
there were.sone drilling fluid circulatiori Josses
reported. The approximate depth and degree of
circulation loss is indicated on the soil profiles

, at .thg corresp.gnd ing depth. Dri 1l i ng f l'ui d
circulatiori.losbes noted irbove the limestonq
uaterials of Sttata 10 and 11, indicate lzones of
seccndary perneabi lity wi thin the upper.'unconsolidated deposi ts. The sign,if icance: of
these losses is discussed later in Section 5,9.

5.

4.
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between data points representing the locations of the measured
piezoneters. Distinct local highs in the groundwater surface
are apparent on the contour maps. The highs are marked by
elevations of the uater surface greater than +40 feet MSt. Two
saddle configurations of the gr6undwater surface separate the
localized highs as well as areas. of lower elevations in the
west-central and northeast portions of the site, ;

Given the groundwater surface configuration as mapped ttor the
Septenber 6th Deasurenents, groundwater movenent wi thin the
site is essentially radial lrom the three local highs toadjacent areas of louer wa ter surface elevit i ons.
Superposition of groundwater drainage d ivides on the high
indicates that the largest portion of the site dra ins
groundwiter towards the aiea of low groundwater elevations in
the central pcrtion of the area and to the uest of the Florida
Power easenent. In the eastern portion of the site grouhdwater
apparentlv Boves fron the two major highs in the northern and
southern areas toward a depression in the grounduater surface
in the northeast psrt of the site. The extreme northern and
southern portions of the site appear to drain off-site.

Depth to groundwater surface measurements recorded in the
on-site piezoneters on Novenber 13, 1986 are indicated on Table
l. At sone piezoneters, the groundwater surface had receeded
below the depth of the pipe and, thus, Do water level
neasutetsents were recorded. In other cases, the pieAometers
were found to lrave_been physically destroyed or were not ableto be located in the fieid'and n6 measurdments. were po.ssible.
Sheet 13 is less detai!.ed than Sheet tZ and is provi.ded for
infornatio-n purpgsel only. 0f the plezometers lbca-ted along
tbe groundwater higbs on-site, only otr.€, piezometer F.48, was
dgup enough to intercept the grouniuatbr iurface on this-dateof neasurenent. The renaining I I pi ezoneters sui table for
Eeasurenent were located off the groundwater highs in areas
uhere sater elevations uere recorded- at +37 feet MSL and lowerin September.

I

A general trend of declining water levels is apparent at the lz
plezonete^rs neasured in November. Three piezometers .indicated
a rise in water levels, especially piezbmeter A-15+55 which
shoned an increase of 4.3 feit fron the s"piember measurement,A sna1l increase in water Leve1- r.ras ndted at 'pLezometer.s
C+500-4 and A-24 of 0.1 and 0.S feet, respectively. The
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reuaining nine piezoneters recorded recessions of the
groundwater surface of between 0.8 and 5.6 feet. The average
ueasured decline was about 1.6 feet

4. 5 Groundwater LeSharee Potential

Most of Pasco County proVides some recharge to the regional
groundwater systen, The exceptions are areas along the coast
and along the Hestern uargin- of the Green Swamp area in the
eastern part of the County. These areas are discharge areas
for the Floridan Aquifer, Accordlng to researchers,, the most
effective recharge arba for the Floridan Aquifer is the
northwest portion of Pasco County where annual recharge is
estinated at greater than 15 inches per year. Groundwater
recharge rates throughout the central poition of the County are
estinated to range between 5 and' 1 5 inches per year on
average. The lack of a well-defined surface drainage network
in an area of abundant rainfall is evidence of groundwater
recharge potential. Apparently, the prirnary surface drainage
qechanisn is internal to the groundwater system which serves'to
convey water to discharge ar.eas along the gulf coast.

The najority of the test borings drilled within the boundaries
of the project site penetrated several feet of high pl.asticity
clays overlyi,ng the limestone surface. In an idealized
hydrogeolgic model, the clay bed acts to retard the vertical
interchange of water fron the surficial sand deposits to the
underlying linestones. Groundwater elevation data collected
fron on-s.ite observation uells suggest that the clay beds arg
either:' discontinuous within the - siterlocalLy breached, or'
contain sGans or zones of secondary seepage.

The surficial sand aquiferr-.which intercepts and stores excess
precipitation, is reiatively thin or. nonlexistant in' pbr.tions
of the.project site. l{ith the.top of the clay representing the
base of the watertable aquifer, nbasurements at tlre observation
wells indicate that the watertable aquifer is generally on the
order of 5 feet thick or less when the neasurements were taken
in. Septenber, A-s Septenbel typically represents the 6nd of the
tainy. season when i:groundwaidr elevations ^re highest, tlre
surf icial:'aquifer' in this portion o.f Pasco Count.y may not . be
perennial.

re
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Four deep nonitoring wetrls wexe installed into the upper portion
of the Floridan Aquifer within the project site. Water 1eve1
Eeasurenents taken in November of 1986 (Table 4 ) ind icate
elevations of the potentionetric surface ranged from +29.2 to
+54.5 feet MSL, and averaged about +31.5 feet MS[. These
measured values are in good igreement with recent potentiometric
surface Daps for the area published by the U.S. Geological
Survey and-SWFI{MD (Plate Z, Appendix B). These maps suggest a

typical end-of-wet-season elevaiion of.about +50 to +35 feet MSL
for the site and near vicinity. The available aquifer naps
ind icate hi gher po tent iome tr i i surfa ce e leva t i ons in the
southeastern part of the site. The hydraulic gradient is toward
lover etevations to the northwest and west.

The three najor local highs identified during this study on the
groundwater surface nay be indicative of areas where the clay
beds at the base of tlie water table aquifer are most effective
in. inhibiting recharge to the underlying I imestones. The
groundwater highs do nbt necessarily correlate uith topographic
highs on the land surface shere thicker sand deposits would
nornally be anticipated. The area of low groundr+ater elevations
in the west-central portion of the site correlates wi th a
topographic high on - the land surface. Consequently, the
watertable is deeper in thi s area, tend ing to approach the
elevation of the Dotentionetric surface of the Floridan
Aquifer. The north ind northeast portions of the site exhibit
sinil ar characteri stics. Assuming uni form d i stribution of
rainfali across the project site- imnediately preceding the
neasurenents taken in September. the nost effect ive recharge
areas to the Floridan Aquifer 'within the project site are
identified by the depressions in the watertable surface as shown
on Sheets 12, and lS. '

%ffi
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5.0 EVALUATIONS AND CONCLUSIONS

5.1 Subsurface Conditions and Basis for

The area within the shaded-in liurits on Sheets Z and 5 on the
aerial topographi c naps ( approx irnately 267 acres) , r.re have
identif ied as being favorabl-e or suitable for location of a
I ined sani tary or ash landfi I I . The 1 imi ts of the favorablearea for implenentation of the tandfi 11 were based on our
interppgtation and evaluation of all the test'boring dataavailable fron Phases I and rr an<i also on the cPR data
collec_ted by usDA. }{e understand that a synthetic liner system
wi ll be constructed under a1l areas to -be land f i I1ed. lrleagree 'that the landf il I should be tr ined wi th a leachate
collect ion system.

Genera 1 ly spe aking ,
where test borings:

favorable areas outl ined include areas

t or more of intac t
semi-confining uni t

scribed on the soils

showed at least five (5) fee
and nearly continuous clayeymaterial (strata 8 or g as Ce
legend);

b, were in general conformance with the trend of the
neighboring soil stratigraphy;
lacked significant evidence or indicators of
internal soi I erosi on in the overburden soi 1 s,and/or the propagation of this feature upreard;

in general, showed the typical results, that,is,send oyer clay over 1 imestone; or ui th some
accepiabie deviation .from this s.oi1 profile.

It i!- importalt to r-lote that favorable areas wef,e also selected
ggnsi-dering the si-te topography. consistency in topography and
the lack or avoidance of depressional areas char4cLerize thefavorable areas. of the z6i acres, approximately 200 of the

a.

c.

d.
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acres shoned more consistency in several of the qualificationS
nentioned above. In other ' words, the clayey semi-confining
unit over the 200 acres is generally greater than five (5) feet
in thickness and less subsurface airomalies are present in the
soil profi les.

o

The USDA ' s interpretai ion of the GPR data includes the
identification of sone potential subsurface anomalies vri thin
the favorable areas we have identified. The results' of the
najority of our Phase II test borings suggest that the'feature
sh6m oh the GPR tapes included in Alpendli C is not anr anomaly
of najor consequence or not an anombly at all in gur opinion.
Based on the Phase II boring results per.formed at the selected
potential subsurface anonalies identified uith GPR by USDA, we
are of the opini on that the minor anona 1 ies, whi ch . were
interpreted within the favorable landfill area, should not
adversely inpact the landfi 1l wi th the design concept as
planned. The GPR data and the ground truth test borings are
discussed in a later section.

5.2 Seni-Conf.i.nin tlni t Presence and Permeabi I i t

The clayey semi-confining unit separating the upper shallow
aquifer systen from the deeper Floridan Aquifer was present and
fairly consistent in physical propeTties in nearly all the test
borings perforned wi thin the f.avorable , area outl ined on Shee.ts
Z and 3. The clayey seni-confining unit is primarily comprised
of t'he hi.ghly plastic c.lays of Stra.ta 8 and ,9, and the more
clayey portions of Stratum 7, The highly plastic and intact
portions of Strata 8 and I are considered essentiall'y
iuperneable to vert ica I groundwater no.vemdnt. Howeier'., : throulh
ninor inconsistencies'and seams of secondary seepage wi'thin the
seni-confining unit, sone vertical movement of groundwater is
o,ccufring. As pteviously nentioned, the thickness, of the
seni-confining unit yaries over the favofable area from
approxinately 5 tc l5 feet in thickness. In most instances,
the thickness of lhe seni-confining unit is in the range of 6
to 8 feet. The' seni-conf ining'- unit discovered ov-er the
favorable area cf the landfi I 1 -should significantly inhibi t
direct vertical grounduater movement fro-m the ufper sand
aquifer to the deeper Floridan Aquifer.
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From our observation of the clayey samples and some evidence of
vertical seepage down through clayey portions, we are of the
opinion that the seni-confining unit over the favorable area of
the landfilf siteo ilthough apparently consistently present, is
soneHhat leaky, nssential-ly, -we beli-eve that this is the case
based on the shallow croundwlter conditions discovered'oYer the
project site and basdA on the significant iron staining and
suall zones 6f secondary oermeabilitv discovered within intact
highly plastic, clayey' samples. we believe that over ' the
najority of, the favorable landfill area that some slo-w vertical
noienent donn through the seni-confining unit is taking place
through the snall inconsiitencies and vertical and somewhat
circuitous paths nade over the years through the 'clay layers.
It is inportant to note that our- test borings did not show
significant signs of weathering or upuard ravell ing of thg
seni -confining uni t, nor d ireC t areas of recharge through
breaches in the seni-confining unit over the favorable landfill
atea. Therefore, over the favorable landfill area vertical
recharge should be lower than the surrounding areas

As previously mentioned, the results of the 'vertical
perneability tests perforned over the landfill area on selected
Shelby tube samples- of the semi-confining unit clayey rnaterials
are presented. -on the consol idation test result curves in
Appendix B and also are shown on the soil profiles on Sheets
5-11. The vertical perBeability of the semi-confining unit
9!ayey naterials vaiies fron a high of approximately ?,.3 Xl0-'r cent ineters . per second to a l ow of I .2 x 10- o
centineters per sicond, The variability is attributable to the
fine secondaiy seans of seepage. Based on the data collected,tlru average vertical perrneiUiiityiof the sepi:confining unii
ctayey naterials is on the order of 7.2 x l0-) centimeters per
second. Essent!a1ly, these values shou that the seni-confining
unit _ clayey uateri'als are nearly inpermeable to .vertical
groundwater movenent, The very low to low vertical permeabillty
test resul ts oil the clayey materials suggests ;favorable
conditions regarding inplemeniation of a lined landfiil.

5.3- Groundwater Desi gn Considergli_ons

groundwater level rneasurements incl uded'
lnd i5, it appears that the groundwater
favorable landfill area varies from

feet to as nuch as eighteen (18) feet

Based on the resu!ts of
on Table 5 and Sheets i2
table depth oyer tbe
approxidately five (5)
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deep, In general, over the majoiity of the central portion of
the- favorable landfill area, the groundwater depth is indicated
on the order of 10 to l?'feet below present grades. We

anticipate that the grounduater levels measured herein could be
as much as 5 to 5 feet higher at certain locations under natural
conditions on an interim basis (short-term during wet seabons).
Considering the groundwater table depth information collected
and the depth of clayey materials, it is possible that some
areas of the favorable area could be cut to accotDl[odate
landfilling. Also, after liner installation and some landfill
construction, the post-development groundwater 1eve1s beneath
the landfill area should be more favorable for cutting because
leSs recharge wi 11 be occurring. ltle reconmend that no areas be
considered for najor cutting (in excess of 2 feet) that show
clayey materials, Strata 7, 8, or 9, wi thin 10 feet of present
g_rades. This iS reconnended primaril.y because of the potential
for tenporary perched groundwater during sustained wet periods.
Although some cutting is possible, !t is our opinion that only
ninimal cutting should be considered primarily because of the
variabi 1i ty in , the el evation of the- top of the clay. i{e
.reconnend that the proposed landfill. primarily achieve capacity
by being filled aboye present grades;

4 Landfi ll Settlenent Considerations

l{e have had the opportunity to review the preliminary landfill
pl an I ayout, proposed he ight data and tlie propo sed typi ca I
north-south and east-uest cross-sections through the landfill.
The proposed landfitf site plan is shown on Sheet I in Appendix
B. Based on the plans provided, the landfill height is
anticipated on the order of 75 to 100 feet above general present
grades. Little cutting is anticipated. From general present
grade to about a height of 75 feet, the net slope of the sides
of the landfill is pianned on the order of lV:4H. Frorn a height
of 75 feet to a height of 100 feet. the net slope of the
land'fill sides is conslderably flalter at about 1V:33Fi; Based
o-n tbe preliminary plans, the 'Landf i 11 is planned primarily just
above, Nt, or just below, g€Dera1 site grades over the favorable
area selected. The base eleyation of. the landfi 11, in general,
is conpatible with our reconmendations.
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Based on the consol idat ion test data avai 1 abl e , iD general ,
distortion (sand) plus consolidation (clay) total settlements of
the t andfill under the naximun 1andfill height of 100 feet arq
anticipated to be on the order of 13 to 15 inchbs. Under the
landfitt height of about 75 feet at the top of the lV:4H slope
(elevation +125 ft. MSL), total settlenents, distortion plus
consolidation are anticipated to be on the order of I to 13
inches. Total settlemeirts at the toe of lV:4H sloPe are
estinated on the order of 2 to 3 inches. Settlenent estinates
are shown on Sheet 1 in Appendix B

Iifferential settlenents will be primarily dependent on the
uniformity of the clayey semi-confining unit, the differences in
landfill hoights acrois a typical crc'ss-section through the
landfil.l and construction sequencing. Based on the proposed
1andfi11 cross-sections, it appears that the most critical area
for differential settlement i; between the toe (elevation +50
feet MSL) and the high point (elevation +125 feet l'{SL) of the
lV:4H slope over- an average distance of about 550 feet.
Considering the total settlements above, the - maximum
differential settlements oyer the 1V:4H slope (a distance of
about 530 feet Hith a landfill height difference of 75 feet)
should be on the order of 10 to IZ inches

l{e are assuning that the anticipated liner nate-ria1s and'
leachate collect-i.on systens vi11 bd able to tdke the gradual
differential settlenents over the sections mentioned above, Ille
understand that Caurp, Dresser q, McKee , Inc. r.ri 11 f orward the
settlenent, results io the liner manufacturer for their review.
If this is.not the caser we should be contacted for additional
evaluat ion.

5.5,.GPR-Data and GToun-L .Truth Test Bp-ri,ngs

As.discussed in Section 3.2, we have included in Appendix F the
original letter fron USDA to Pdscc County discussing the Ground
Penetrating Radar, (GPR) test results performed over the Hays
Road site; this letter is dated July ?4, 1986. Because this
Letter and attachnents contained several. inaccuracies i.ncluding
sc.aling n!stakes, stationing and plotting errors, and' other
discr:epanciesi we nei with USDA at.our office on September 15'
1986 to discuss these concerns. As a result of our neeting of
Septenber 15, 1986, USDA reinterpreted then resubrnitted their
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evaluation of the inj.tial GPR test results over the Hays Rgad
site in a letter to the County dated September 16, 1986. This
Letter i s also included in Appendix F. Also included in
Appenilix F is our letter to Caurpr"Dresser & McKee discus-sing our
Septenber lsth neeting with Mr.-Gregg Schellentrager of USDA, ag
well as other. concerns reLating to the USDA interpretation of
the GPR data,

l{e have included in Appendix' C the results of the Ground
Penetrating Radar (GPR) - testing and ground truth test borings
perforned at the eighteen (fA1 potential subsurface anomal.y
locations identified by USDA in their letter of Septelnber 16,
1986. The ground truth testing of these potential' anonaly
locations was perforned during our Phase II drilling:program.
The def inition of an tranonalyft was presented in Section 3.2,
The results of the ground truth test borings are shown adjacent
to the GPR results on the Plates included in Appendix C. Each
plate is discussed below,

Plate 1:

Plate 2:

Sone. ninor anonaly was indicated in the test boring
at location B+150-15+55, primaril-y a total loss of
dri!ling fluid circulation at a depth of about 30
feet and a soft zone at s depth of approximately 55
feet. Significant intact clay (Stratum 9) t{as
discovered over the weathered limestone and above
these features. These features are considered below
the effective depth of GPR equipment and belor+ clays
that would somewhat inpair the GPR signal. Because
of the favorable relative density and consistence of
the overburden soiLs above a depth of 30 feet, this
is not considered a significant subsurface anomaly or
an area of concern for the anticipated landfill,

At location C-15+45,'sone minor anomaly was ,noted at
a depth of 25 feet in a total loss of drilling fluid
circulation at the top of the cl"ay. However' at
least 5 feet of intact clay was found over the
linestone. Because of the favorable relative density
and cons i stency of the overburden s'oi I s above ..thi s
ninor featurer. this does not represent a significant
subsurface anouily, nor should this adversely impact
the proposed landfill.
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PLate 6l

PJate Ji-

At location t C-19+35, sone anomaly was noted at a
depth of apptoxinately 30 to 34 feet in total loss of
drilling fluid circulation and extremely loose clayey
naterials of!Stratun 2. This condition is considered
somewhat of I sna1l anonaly; however, considering the
thickness of. the clayey uriterials of Strata 2 and 9

and the thickness and relative density of the
overburden sands, thi s should not adversely impact
the landfill.

At location C-35+58, sone anomaly was discovered in
the forn of a.drilling fluid circul.ation loss at a
depth of approxinately 43 feet and sone loose
conditions wCre discovered between the depth of 50 to
55 feet within the clayey naterials of Stratun 8.
AIso, a seam of highly-weathered limestone (Stratum
10) tdas discovered at a depth of 33 to 38 feet.
These conditions are not considered gignificant
anoualies and should not adversely ilnpact the
proposed 1andfi1l because of the favorable relative
density, consistency and depth of the o.verburden
soils.

Essentially, the soil conditions discovered at this
potentiaL anonaly location C-38+05, do'not represent
an anonaly. , The discovered conditions are typical of
th.e soil stt'atigraphy anticipated over the favorable
area, 

,

At Iocation C+l05-24r, the boring results do not
represent an a4omaLy. The discovered conditions are
typical of r*hat is anticipated over the f:avorable
atea of the l andf i I l. .

At locetion C+210-40 a snall anonaly was noted in the
ptesence of Stratun 1l limestone at a depth of 24 to
2.8 feet betseen layers of Stratr"lst 9. t In addition,
sone very loose zones were discovered over deeper
Stratun ll between the depths of 3.7. to 42 feet, This
is consider.ed a ni.uor anomatry, however,.should not
adverseLy impact the proposed 1andfi11, because of
th,e favoreble relatlve densiiy, consistency and depth
of the overburden soitrs.

Plate 4z
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Plate 9:.

Plate 10:

Plate 11..:.

At Iocation C+750-8, we do not believe that the test
boring shows an anonaly at this location. The
stratigraphy is typicai of the favorable area.

At location D-13+90, a significant zone of soft
naterial was discovered between the depths of
approximately 35 to 60 feet below ground. The
naterial was prinarily soft clays of Stratum 8. We

do consider tliis an arionaly t however, we believe that
this condition is isolated (based on the other site
boring data) and should not adversely inpact the
proposed landfill, because of the favorable relative
density and thickness of the upper sands.

At location D-19+40' some anomaLy was noted at a
depth of approximately 30 to 40 feet deep' in the
presence of extremely soft cLayey naterials of
Stratun .9 and drilling fluid circulation :,1osses.
This represents a ninor anomaly, however, should not
adversely inpact the proposed landfill considering
the favorable presence- of approximateLy 10 feet of
intact clay above the soft condi t i.ons, and the
relative density and thickness of the upper sahds.

At location D+100-8r this was somewhat of an anomaly
as the boring was advanced to a depth of
approxinately 100 feet and no clayey naterial of
Strata 8 or 9 was di scove'red. However , the sands to
a depth of f00 feet are mediuru-dense to dense, and no
dril I ing circulation Losses were repo'rted. As
evident on Sheet Z, this location is outside the
favorable area for the landfill, prinarily because of
the- borings in the vicinity of this boring which do
show sotse other subsurface variabilities

At location ' 
D+295-24, we do not think that the

conditions at this boring l6cation show' an anomaly,
as the conditions are typical of what is anticipated
over the favorable area.

Plate L7:
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Pldte 13:

Pl ate l.4 :

Plate 16:

At location g-11+90, some minor anomaly was
discovered at depths of approximately 30 and 55 feet
in the forn of drilling fluid circulation losses and
soft clays of Stratum 9. In addi t ion, some
additional soft clay was discovered over the
weathered linestone of Stratum 11. Considering the
depth to linestone, thickness and general. consistency
of the clays and the favorable relative density and
thickness of the overburden sands, these conditions
should not adversely inpact the proposed landfi1l.

At location E-14+40, although the presence of the
clayey materials and weathered limestone appeared at
a relatively shallow depth, this is not considered an
anomal.y, This condition shoul.d not adversely inpact
the proposed landfill because of the favor-able
relative density and consistency of the overburden
soils.

At location E-1.5+30, some anomaly was discovered at a
dgpth of approximately 50 to 59 feet (below the range
of the GPR equipnent) in the form of very weathered
limestone of Stratun 10. Howeverr 4pproximately 10
feet of intact Stratust 9 was discov-ered above it,
underlying dense to very dense overburden sands.This condition does represent a minor anomaly;
however, should not adverseLy impact the proposbd
landfill because of the above. it,emS re.latiye to the
depth aad condition of the overburden soils'.

At location E-16+20, sone snal.l anonaly' lras noted ata depth of approximately 25 feet in the form of nrinor
circulation losses and soft clayey conditions, and an
additional soft zone was discovered' over the
weathered linestone of Stratum 11. This represents a
n-inor an-onaly, however, considering the thickness of '

the - clay and relative density . of the i oyerburden
:anq:?-_this should not adversely impact the proposed
landfi 11.

Plate 15:

rc
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Plate 18:

At location E-20+80, some minor soft conditions were
discovered at the bottom of Stratun 9 overlying the
weathered limestone of Stratum 10; however, this is
sonewhat typical. This represents a very ninor
anomaly and--should not adveriely impact t-he proposed
landfiil because of the favorable depth, relative
density and consistency of the overburden soils.

At Iocation E-45+60, this boring does not rePresent
ar anonaly. This soil stratigraPhy is typical of
what is airticipated under the favorable area of the
landfi11.

.The area north and northeast of the dry drainage
ditch and east of the powerline easement, in the
vicinity of borings D+400-4, C+500-4, B-3i B-4,
A+400-4, B-2, 1-11+35, and B-1. In this area; in
general, based on the boring results, at least 20
feet of fine sand to slight.ly silty fine sand(less than 15 percent fines passing the No. ZO0
sieve) is present. Significantly deeper deposits .'

of fine. sand are present in the area of borings

Considering ell of the Phase I and Phase II test boring data and
the GPR tests results discussed and provided hereinr we believe
that the presence of anonalies under the landfill is a
possibility. Major anonalies under the favorable landfill area
that could adversely inpact the landfi1l are unlikely,
considering the extensive GPR testing and test drilling
perforned over the favorable area. We are of the opinlon that
the favorable area for the landfill outlined on Sheets 2 and 5
is appropriate.

5.6 Favgrable Areas of Site for P.a-ilv Sand Cover

The following areas on-site (outside the limits of therrfavorablelr 1andf111 area) should be considered the better areas
on-site to acquire and access. daily sand cover material. In
general, the fine sands to slightly fine sands of Strata 3, 4r 5

and 6 are suitable as daily cover naterial

Plate 17:
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D+400-4 and C+300-4; as much as 50 to 60 feet of
fine sand to slightly silty fine sand. ,The shallow
groundwater Level is in the vicinity of +30 to +35
feet MSL, or about 10 to 25 feet below the'ground
surface depending upon the ground elevation

In the southwestern portion of the site, in the
vicinity of borings I+400-44 and I-48. In this
area a topographii high sandy knoLl is present'
Based on the boring results in this area
(approxinately 15 acres) as nuch as 13 to t8 feet
of fine sand to slightly silty fine sand is
present, Based on the shallow groundwater data
co!.lected frou the two piezometers in this area'
the . groundwater level is in the vicinity of
elevation +40 to +.45 feet MSt or approximately 10
to 15 .feet below the ground surface depending on
the' general elevation.
In the ueste.rn central portion of the site, Hest of
lhe power line right-of-way, in the vicinity of
borings G-32, B-8, F-32, F-40, and G-40, In this
alea a topographic high sandy knoll is :present.
Based on the boring results in this area
(approximately 15 acrei) as nuch as L5' to 20 .feet
of fine sand to stightly silty fine sand is
present. Based on the shallow groundwater data
recently collected frosr the piezometers in the
area, the groundwater leve1 is ln the vicinity of
elevation +30 to +35 fee.t MSt or approximdtely 10
to 20 feet below the ground surfaie depending on
the ground elevation

It is !mportant to note that the upper sandy materials of
Strata 3, 4, 5 and 6 within the favorable .area for the landfill
are.also suitable f,or daily sand cover. Howeuer, catC.should.
be exercised in accessing -the 

sand material.s ,i.n. the landf ill
area to na.intain th" necessary c.over and clealance 'ovei thq
natriral' clayey natirials. Afrer dreas have been selected.'to
acquire sand cov*r, aCdi.tional test borings, prigr . to
excayation, are waire,nted at closer spacings'to corifirm'thg
availability of sandy nateria.ls. l

w
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5.7 Final Cover Material Considerations-

Regarding final cover clayey naterial, because of the following
itEns bJtowr w€ are of -tlie opinion that the acquisition of
offsite clayey uaterial will ba necessary for construction of
the final tf-ay cover (cap) over conpleted Portions of the
Landf i 11. Ue do not recomnend excavat ing .cl ayey semi -conf ining
unit naterials from areas around landfill,

&. The predoninant clay nateriaLs of Strata 8 and 9

are, in general, highly plastic and upon
' excavation, drying, and compaction may crack or

fissure due to dessication. This could cause a
rtleakyrt f inal cover.

b. Stratun 7, clayey sand (which would be suitable
final cover naferial) is not an abundant material
type over the non-landfill areas of the site.

c. In general, the clayey naterial excavated would be
belor shallow perched groundwater levels; thus 

'sone difficu1ty- in excavation would'be associated
with dewatering and the drying of near-saturated
clayey Daterial.

d. In general, over the
siteo when the clayey
surface (easy access),
linestone is shallower.

e. 0n-site clayey materials, Strata 8 and 9, and tle
Eore clayey portions of Stratuur 7 mdke up lhtseni-confining unit separating the two aquif.er
systeos. In - general, the seqi-conf ining unit - i_s

on 'the order oe 5 to l0 f eet ' over the si te; wi th
the thicker and more consistent confining unit
being under areas identifiett as I'favorablet'for

. siting the landfil1. Thus, the renaining areas
' have generally a lesser quality semi-confining

tuni t.

non-Iandfi11 areas of the
material is closer to the

in turn the toP of the
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5.8 Favorabl_e Ar-ga.!_ .of gite For Stormwater Dis.posal

At this tiurer Do prelininary stornwater management plans are
available; howeyerr w€ are providing our general thoughts
relative to this natter. Considering the natural low
depressional areas located, in general, in the northeast and
southwest portions of the site, it is reasonable to ultimately
direct treated stornwater towards these lower areas.
Iletention/retention facilities could be constructed adjacent to
sele-cted depressional areas that could provide ultinrate
discharge af,ter sotne pretreatnent. In th-e northeast and
southwest areas of the site, a significant thickness of upper
sand aquifer (strata 3, 4, 5 and 6) is present to pronote
positive horizontal exfiltration from new stormwater
detention/retention basins. If possible, the prinary
stornwater nanagenent features should be planned in these
areas o

The groundwater data provided herein should be utilized in the
design and selection of control levels in the
retention/detention ponds, Although no permeability testing
was qerforned on the sand stratar w€ anticipate that
perneabi,lity yalues on the order of 10 to Z0 feet /day would. be
?PPrgPriate for the naterials of Strata 3 and 4, and 1 to 7
feet/day for Strata 5 and 6 materials. After preliminary
stormrrater plans ale available, some permeability testing of
the sands and additional test borings shbuld be performed. :

5.9 Fqfpre Sink,hgle_Potential 0v.e_r, tq$dfJtr1 .Aqga

Th9 proposed Pasco Gounty 1andfill site and adjacent' areas
exhibit Karst features typical of west cent!al Floridi. . Theland surface is a gently - rolling terrain dotted by numerous
tgPo8raP-hically-closed depressions. l{ithin the boundaries of
l}e pro ject stte, -, land surf ace depressions are mole common intlte uestern portion and especiaity in the southwest corner
rhere apparently perennial ponds occur.

ffi
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Although nunerous sinkholes and other Karst-related features
exist wittrin the project site and near vicinity, the standard
penetration test borings drilled for this investigation did not
encounter significant voids in the underlying limestones. This
fact, and the general configuration of most of the on-site land
surface depressions suggest that sinkholes-in the area are
primarily caused by areil solution of the limestone surface and
subsequent progressive subsidence of the land surface over a

relatively long period of tine.

Researchers described this type of Karst process forming
speclfic types of features known as limestone-solution
sinkholes, Researchers attribute this process to areas uhere a
relativel.y thin cover of overburden i-s overlying a limestone
surface that :is jointed and fractured. Researchers report that
in general, the northern portion of west central Florida,
including notthwest Pasco -County, is characterized by the
occurrence of shallow, broad sinkhol.es that develop
progressiv.ely over fairly long periods of tine. The subsidence
rate observable at the land surface occurs roughLy at the same
rate as the dissolving of the limestone by aggressive recharge
waters,

Sinkholes and resultant Karst topographic features of the land
surface have been internittently aCtive during the various
geologic perlods subsequent to 'deposition of -the carbonate
bedrocks. Iluring the Pleistocene Age, the sea level has risen
and fallen relative to current datum as r+ater was stored and
_released in glacial and interglacial periods. It is commonl.y
believed tbat the nost recent naxinum sea level regression
occurred about 18r000 years ago when sea level was approximately
300 feet or nore below todayts level.

The Karst processes operating in west central Florida must have
been nore active in the past during low sea level stands. The
dronned Karst features along the present coagt line and offshore
are solid evidence of. paJt intense solution erosion o.f the
region!s linestone foundition.'It is very likely that most'of
the sinkholes in the region were f o,rmed in the past and . that
these processes have slowed considerably with the onset of a
transgressive, or rising sea which is continuing today.

o
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An assessnent of the potential for formation of new sinkholes
within the proposed favorable landfil1 area is presented in
this report, based on the geomorphologic history of the region,
together with evaluations of site-specific geologic and
hydrogeologic data collected during the project investigation.
Data collected and utilized in our assessnent consisted of:

1. Geologic logs prepared from test borings drilled
throughout the project site.

2. Groundwater eleyations
observation wel1s.

measured in installed

3. Ground penetrating radar {CPR) suxveys

4. Review of t)'pe, occurrence and distribution of
existing sinkholes and related features within the
projecr site boundaries.

5. Land surf ace f racture trace/l ineament nap of .the
area and viclnity that was developed for the Pasco
County Public Works Department bt FDOT, a portion
of which was traced over the USGS map ilLustrated
on Sheet 5 in Appendix D.

Geologic logs of the numerous test borings drilled within the
project site indicate that:

?he surface of the limestone bedrock, likely the
Tanpa Linestone, is fairLy rugged in retief.
This surface narks a lithoLogic change between
the lr{io.cene carbonates of. the Tanpa or Suwannee
Liuestoire and the predoninant clay lithology of
the overlying Miocene Hauthorn Formation.

The Hawthorn Fornation i s apparently present
throughout Bost of the site overiying the
linestone surface" The Hawthorn here is
conprised of deposits of very plastic clays.

The Pleistocene to Recent Age quartz sand
deposits are relat ively thin and g.eneral ly
nediurr-deose throughout the site,
The Hawthorn clay deposits, while apparently
continuous throughout most of the site, may be
missing in the extreme northern portion along the

. riorth. property boundary

1.

2,.

3.

4.

lffi
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Measured water levels in wells installed throughout the site,
indicate that the water table surface above the Hawthorn clay
deposits ranged in altitude from about +50 to +40 feet above
MSt. Based on the potentionetric surface maps of the
underlying - Floridan Aquiter prepared by EIIIFWMD ( Plate Z,
Appendix A), the difference in head between the Floridan and
overlying water table aquifer is relatively sma1l, on the order
of 5 feet as an average,

The lorest neasured points on tho water table surface occurred
along the north and northeast nargin of the site. Water table
elevations of less than +30 feet above MSL were measured in
trells in these areas. Geologic data, discussed above, suggests
that the clay deposits covering the limestone may be missing in
areas along the northern site boundary. A very similar
hydrogeologic feature was noted at the Cross Bar Ranbh well
field, located about three to four miles due east, Reseachers
attributed the feature to a pinching-out of the primary
confining bed over the Floridan' Aquifer in a south-tb-north
dlrection through the well field

The Septenber 6, 1986 water level neasurements also indicate
that^excess_precipitation recharging the upper sand watertable
aquifer within tlie project area Uiifas gi6undwater mounds in
the central part of the site, ?s indicated on the watertable
contour naps, Sheets tZ and 13, The nap data and groundwater
contours suggest that groundwater throughout most of the site
noves east and west towards areas of lower water table
e levat i on,

Geoelectric s ignatures generated f rom the GPR sur'veys
identified lnterpreted potential geologic anomalies at certain
locations along the survey lines. Sone locations were drilled
by Standard Penetration Test (SpT) nethods to correlate,the GPR
signatures with actual. geologic logs and sanples. The SPT data
indicate that the GPR responses nay reflect density diff,erendes
in the sedinentary beds bverlying'the linestone surface. The
SPT data did not indicate noticable voids ?nd cavitiesr'either
in the sand and clay deposlts or in the underlying limest,ones.

The topographic nap of the project site indicates nulnerous,
snall surface depressions within the project site. Two
distinct typesr or forns,. of depressions are 'noted: smal1,
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:

rounded depressions with relatively steep sl.opes, nBi{ly in !h"
southwest torner of the site, and; yery shallow, gently-sloping
depressions occurring primarify in the interior portion of the
siie. I'tost of the flni surface depressions within the site are
of the latter categoly. These depressions are generally very
shallow, perhaps two' to three -feet deep on average and
relatively broad, ranging up to several acres in area.

lJithin the proposed landfill area, a linear relationship
between land surface depressions and other geomorphic features
was not particularly noted during review of aerial photoglaghs
and U.S. 

-Geological.'survey 7-L/2 hinute quadrangle maps. 0ther
najor lineamenl featuies were not observed in the immediate
vitinity of'the proposed 1andfi11, as evident on Sheet 3 in
Appendix D.

Gi ven the above considerations, the predomi nant
sinkhole-forming process operating at the proposed project site
appears'to be vlry sl.ow dissolution of calcium carbonate at the
sliface of the linestone bedrock. The result is the occurrence
of vbry shallow depressions forning over very long per.iods of
tine. The prinaiy hydrogeologiC factors : controlling the
process are: 1.) the existence of a nearly continuous clay
layer'covering the linestone surface throughout the interior or
favorable poition of the site, and I,) the small head
difference between the' water table and Floridan Aquifer.
Collected data suggests that active recharge to the Flotidan
Aquif,er linestones, a prerequisite for formation of new
sinkholes, occurs away fion ttie project favorable boundaries.
The clay deposits of the Hawthorn Fornation apparently form an
effective aquatard, or seni-confining .bed, thrdughout nearly
all of the favorable area.

In vien of the apparent site conditions artd the various, factors
associated with sinkhole fornation, ve consider the potential
sinkhole related risks to the integrity of the proposed
Iandfill to be slight over the favorable area ident'ified on
Sheets 2 ar.d 5.. The apparent hydraulic gradient driving water
to the Floridan. Aquifer linestonds -.is relatirlely sryal1
throughout the site and the potential for erosion or ravelling
of .the unconsolidated deposits into .limestone voids is low.
The noticable lack of significant cavities in the Iimestones



Canp, Dresser, € McKee, Inc.
Project No. 85-50267
Page 44

penetrated at test boring locations further reduces the
potential for significant sinkhole risk to the 1andfi11. In
addition, with construction of the Liner and landfill, FLoridbn
Aquifer natural recharge wilL be significantly reduced in the
landfilI area, reducing the natural potential for sinkhole
activity in the landfill area, and slowing solutioning
processes identified at the greater depths in some of the deep
SPT borings in the favorable area.

Sinkholes forned by catastrophic collapse of caverns . in the
linestone are considered to be unconmon in the project area.
The relatively thin overburden covering the limestone
fornations, together with the apparent sma11 head diff,erence
between the water table and potentionetric surface bre two
factors supporting the fornation of surface depressions as a
s_Ion on:going process directly related to solution actirrity at
the limestone surface. Sinkh6les of this type tend to develop
slowly, over long periods of tine and may be typically on the
order of 1 to 3 feet deep near the center and 10 to 20 feet in
dianeter. The potential to generate catastrophic, short-period
failure sinkholes is considered to be very low.

. 6.0 GR9pN:DWATER QUALITY Mol,r,ITgRrNG PRoGRAM

6.1 l{e11 Inventory

To satisfy DER requirements discussed at one of our earlier
neetings with then, a water supply well inventory was conducted
uithin a one nile radius of the proposed Hays Road s.i,te
boundaries, In addition, wells loclted within a tuo rnile
radius of the site were also iocated. Computer printouts of
consultPtive use pernits (CUPS) and well construction lists for
the area were obtained from the Southwest Florida Water
Managenent District (SWFWMD). AIso, a list of monitoring wells
within the two mile radius that are sti11 used by the United
States Geological Survey (USCS) was also obtained.. The USGS
nell locations, is well as the SI{FI{MD CUPS well locations, are
shown approximately located on the USGS map (Sheet 1 ) and on a



Canpi Dresser, $ McKee,
Project No. 85-30267
Page 45

Inc.

recent Itt = 1,000t aeri.al of the area (Sheet 2) included in
Appendix D. The pertinent well inventory data collected from
Ui;GS and SWFI{MD, is well as the well construction listing o{
wel1s within th-e one mile radius which could not be plotted
because no locations are provided, are also included within the
well inventory data section in Appendix D

It is important to note that near the existing concrete
structure in the northern portion of the site' a d"9P abandoned
nell casing is present. -It is imperative that this well be
abandoned propeify and grouted Co the ground surface in
accordance with S}{FWMD requirenents before the landfil1 is Put
into operations. Other th-an this old abandoned weIlr flo other
uells were found on the project site, based on available data
and our reconnaissance of the site.

Based on the CUPS data col lected f rom S!'|FWMD , i t aPPears that
only one major water supply well is located with t.he one fuile
radius of the project sfCe. This well is labelled Number 5 and
is shor+n located on Sheet 1 and Sheet 2 in Appendix D. This
well is located approxinately one mile from the northern border
of the site and i; significintly upgradient (Floridan Aquifer)
of the 1andfi11. Peitinent data relative to this well is
provided in Appendix D. Based on data collected from SWFWMD

and USGS, it does not appear that there are any qther paj-or
pernitted water supply wLifs within a one nile radius of the
project site.

Based on the data collected on the SWFWMD well construction
list, there appears to be a significant number of smaller water
supply wells -located within a one mile radius of the project
site. In addition, it appears that there are significant snall
water wells located wesL- and south of the site, or in other
trords:, downgradient of the tandfill areaq It ls important to
[ote, that there is no County water available within I mile
around the site. Therefore, it should be assumed that aIl
residences, businesses , etc. within a 1 -mi le radius of the
landfil'l site (and more) have a sma1l potable water supply
well, based on the extensive well construction 1ist.
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6..2, Groun9.water Monitoring Plan

To assess the shallov and deep aquifer background water quality
at the proposed Hays Road l.andfi11 site, a series of four well
pairs, is previously discussed, were installed at selected
locations around the perimeter of the site. In particular,
these well pairs consi sted of a shallow and a deep well
installed in accordance with DER regulations. The four.well
pair locations are shown illustrated on Sheet I and She'et 2 in
Appendix D and also on the aerial topographic maps provided on
Sheet s 2, 3, and 4. Basically, the shallow groundwater
nonitoring wells are designated 2M1{1 to zMil4. The 2 as the
prefix in the well designation corresponds to the diameter in
inches of the welt. The nunber following the lettering IIW is
the nel1 nunber designaiion. Likewise, for the four deep
groundwater monitoring'we1Is, the 4 prefix represents a 4-inch
dianeter well and the nunber after the Mltl designation
corresponds to the well number. For purposes of assessing the
background water quality at the project site, four shallow and
four deep grouxdwater nonitoring wells were installed. }{e
understand that water quality sampling from these we11s to
establish background paraneters will be conducted by Camp,
Ilresser G McKee, Inc,

The construction details for the four shallow and four deep
groundwater nonitoring we11s that were instal led to assess
backgroqnd water quality at the project site are incl,uded on
Plates 2-5 in.Appendix E, As previously discussed, the welL
details r{ere approved by DER prior to installation.

It is recouinended that for the long-term monitoring program,
for'the :proposed landfiIl, and assuming that the llndfi!1 is
slted within the favorable area outlined on Sheets 2 '. and 5,
that three ( 3) additional well pairs be installed for
groundwater quality monitoring purposes. The three ,additional
ueIl pair locations designated 5, 6 and 7 are showti
approximately located on Sheets I and 2 in Appendix D and also
on the aerial topographic maps provided on Sheets 2r 3, and 4.
Essentially, theie: adbitionai gioundwater monitoring we1ls are
located 'approxinateiy 100 feet away from thd. edge of the
proposed Landfill area. The proposed well construction detai1s
f or the shallorr and deep gr-oundwater monitoring we11s, which
are siuilar to the existing we1ls previously installed, are
included on P1ate 1 in Append'ix E.

re
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lYe understand, based on conversations with Camp, Dresser €
Mc.Kee, Inc., that CDM will be providing the reconmended well
sanpLing frequency that will be necessary during operation of
the landfill, In addition, CDM will also be recommending the
paraneters that will be riquired during the. testipg process.
As a ninimunr we recomnend that initially all the we1ls be
sanpled and analyzed for the State primary organi c and
inorganic drinking water parameters, as well as the State
secondary drinking water standards. We anticipate that some
additional paraneters will be required by DER and Pasco
County. Also, as a mininum, we recommend that quarterly
sanpling be perforned at each of the well locations during the
initial iive year.s of the landfil1 operation. If tested
paraneters show concerns, then the testing frequency will need
to be adjusted.

6.3 Ollher Well Considerations

l{e understand that a water supply well (about 1.0 rngd) wrll be
necessary as a back-up (emergency situations) to accommodate
water denands at the adjacent resource recovery p1ant. It is
anticipated that the primary rtrate!' source wi 11 be pi ped in
reclaimed treated donestic lrastewater. l{e strongly recommend
that this well be located at the southwestern-most-point of theproject site_ to minimize the impact on future site sinkholepotential. In addition, the r*e11 shoutd be designed with our
input after uore detaiLs become available, and the well should
be constructed under close inspection.

t

ffi
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TABLE 3

GR.OMIDWATM. MEASURE}'{ENTS
(September 6, 1986/November 15, 1986)

Land Surface
0bservation Elevation
Well No. (ft above msl)

Groundvrater Water Level
Elevation Change

(ft above msl) (et)

Depth to l/.
Water

(rt)

'r/

D+400-4
C+500-4
A+400-4
F-8
D-8

c-8
E-r6
D+400-1 2
c-13+55
B-13+35

A-13+35
F-20
A+400-20
E-24
D-24

D-16
C+400-1'2
D+400.20
C+400-20
B+400-20

B-24
F-24
A-24
H-52

G-52
E-32
F-32
D+400-28
C+400-28

c-32
H-40
G-40
F-40
E-40

45.6
46.4
49,7
50.2
s0.2

48.7
47.6
48.2
49,6
43.0

49.0
44,8
43.1
46.9
49.4

45.6
48. s
46.9
50.4
48.8

49.8
45.6
5?.0
45.0

48.9
50.8
47.8
48.6
s0.2

50.6
46.0
47.4
45.5
44.7

16.6/t7 .8
17.6/17.s
16.'7 /s3.0
7.2/ --

13.0/ --

12.6/ --
4.4/ - -
s.6/ --
s.2/ --
7.s/ --

r8.1/r5.8
4.r/ --

L3.2/ --
r5.7 / --
r1.8/ --

-- / --
-- / --

rr.z/ --
-- / --
-- / --

-- / --
6.s/ --

?a.3/r9,8
-- / --

17.9/r8.8
18. l/re.1
16. 8/17.6
L2.0/ --
Ls.r/ --

13.e/ --
-- / --

L4.s/ --
rs.L/ --
-- / --

2e.0/27.8
28.8/28.9
33.0/ --3/.
43.0/ ---
37.2/ --

36.1/ --
43.7/ --
42.6/ --
44.4/ --
J5. 5,/

30.9/5s.2
40.7/ --
\e.e/ --
35.2/ --
37.6/ --

-- / --
-- / --

3s.7 / --
-- / --
-- / --

-- / --
5e.1/ --
sr.7 /32.2
-- / --

31.0/30. 1
32.713r.7
3r.0/30.2
36.6/ --
37.L/ --

s6.7/ --
-- / --

s2"9/ --
sz.4/ --
-- / --

- 1.2
* 

9:t

+ 4,3

+ 0.5

0.9
1.0

9:'



D+400-36
D-40
C+400-56
c-40
B-40

I+400-44
r -48
H-48
G-48
E-48

D+400-44
D-48
C+400-44
c-48
B-48

I -56
H-56
G-56
E+400'56
I -64

H-64
G+100-64
F-64

46. s
49.7
s0.6
51. I
52.1

60.0
54.9
46.7
35.7
47.1

48.0
48.8
s0.9
49.2
50.2

40,5
45,2
44,2
43,4
41.3

45.?
42.4
43.7

Table 3 (Cont'd)

-- / --
-- / --
-- / --
-- / --
-- / --

Lg.Z/ --
t4.s/ --
7.0/ --
0.4/ r.7
4,4/ 8.0

11. s/ --
11.r/ --
11.1/ --
It.4/ --
rr.8/ --
4.e/ 7.0
s.0/ --
6,9/ --
7.0/ --
s.8/ --

9. 8/r r. 5

s.6/ 7.s
8.r/ --

40.8/ --
40.4/ --
3e.7 / --
3s.3/54.0
42.7 /s9.r

36.s/ --
37,7/ --
3e.8/ --
s7.8/ --
38.4/ --

3s.6/33. s
40,?./ --
37.5/ --
56.4/ --
5s. s/ --

3s.4/35. 9
36.8/34.9
3s.6/ --

- 1.5
- J.O

- 
l._t

- 1.s
- 

l:n

L/, First value is 9/6/56 measurement, secord value is 11/13/86.

Measured change f.rwt 9/6/86 to ll/13/86.

-- indicates no Hater level measurement, piezometer dry.

u.
3/.



Bor ing
Number

D+400-4
C+300-4
B-4
A+400-4
F-8

B-5
D-8
c-8
B-5
B-7

B-7
E- 16
D+400-12
D-1 6
C+400-12

-- 1i+i 5

--13+35A-1 5+5 5
F-20

rtp+400-20

C+400-20
B+400-20
A+4 00- 2 0

*F-2 4
E-24

D-24
B-6
B-24

*A-24
B-1

*H-52
G-52
B-8
F-5 2
E-5Z

Ground Elev,
+Ft. MSL

45.6
4 6.4
43.5
49 .7
5 0. 2

47.2
50.2
49.7
41. 5

44.5

52,5
47 ,6
48. 2
4s.6
48.5

49.6
43.0
49. O

44.8
4 6.9

50.4
48.8
43. I
4 5.6
46.9

49.4
46.5
49.8
5 2. 0
4 4.2

4 5,0
48.9
48.0
47,g
s 0. I

29 .0/ 77 ,8
28.8/28.9

33./-
43.0/dry-71

37,2/dry-L?l
56.1/dry-13'
:::

43.2/dry- 5'
42.6/dry-51
dry-10' /dry-8.5
dry-I0'/dry-9'
44.4/dry-51
35,5/dry-7'
30. 9/55. 2

40.7 /dry-5'
35.7/dry-13'

Top of Clay
+Ft, MSL

-24,5
-12.5

20.5
27 .0
43.0

34,0
38.0
35.0

- 7.0
16. 0

29. 5

45.5
44. s

37.5
36.0

48.0
J/.5
2s.0
38.5
34.0

35.0
41.0
22. s
41. 5
28.0

36.5
42.0
31.0
28. 5

-19.0

32.0
LI.J
30,0
25.5
16. 0

TABLE 4

PHASE I
PASCO COUNTY LANDFILL

GilT Elev.

Page 1

Top of Limestone
+Ft. MSL

-37;5
-21.5

6.5
18.0
35.0

29.0
34.0
17.5

-15.0
-11. 0

21. 5

35.5
27 .5
28.5
3r. 0

zz.5
4.0
2.0 (est.

30.0
25.0

11, 0
37 .0
6,0

17.0
- 5.0 (est.

26.5
'34.0
17.0
17.0

-55.0 (est.

22.0
20. s

18.0
19..5

-45.0 (est;

dry-15'/dry-14'
dry- 6t /dry-61
29. 9/dry-1 7'
39. f/damaged
33.2/dry-14'

1r-._6/dry-l5'
dry-I8'/dry-17l
31.7 / 32. ?,

dry-15'
3r. 0/50. I

31.0/30. 2 damaged
32.7/3L.7



Bori ng
Nunber

Ground Elev.
+Ft. MSL

48.6
46.5
50.2
50.6
51. 7

46.0
47 .4
45.5
44.2
46. 5

4.e.7
50,6
51.8
5 2.1
60.0

54.9
4 6.7
3s.7
48.0
47 .t
48.0
48.8
s0.9
49.0
49.2

50.2
s2.3
40.5
45.2
4 4.2

43.4
41. 3
4s .2
47. 4
43.7

D+400-28
B-9
C+400-28
c-32
B- 10

H-40
G-40

tF-40
E-40
D+400-36

D-40
C+400-36
c-4 0
B-40
I +400 -44

r -48
r-48
U-ag

B- 15
*E- 48

D+400-44
D- 48
C+400-44
3-12
c-4 I

*B-48
B-r I
I-s6
H-56
G-56

E+400 - S 6
r-64
H-6 4
G+I00-64
F-6 4

GWT Elev.
+Ft. /MSt

56.6/dry-15r

37. l/dry-13'
36 .7 / dry -I 4'

dry-1 5'ldamaged
32.9 /damaged
32, 4/damaged

dry-10'/dry-9'
dry-8'/dry-8'

dry-10 I /dry- 10'
dry-1 I'dry-1 6 t

dry-5' /dry-5'
dry-10'/dry-8'

40. 8/dry-19'

40.4/dry-L4,
39 .7 /.danaged
55.3/54.0 damaged

ii-., r tn .t
56.5 /dry-L3,
37 .7 / dry -LLl
59.8/dry-11'

37.8/dry-15r

3_8.4/dry-L2,

3s.6/33.5
40.2/danaged
37.3/dry-71

56. 4/couldn't find
35.5/dry-11'
5s.4/35.e
56. 8/ 54. s
35. 6/couldn't find

Top of Clay
+Ft. MSL

51.0
58.0
32.0
36.0
33.5

40.0
53.5
16. 5

32.0
28.0

58.0
28.0
49. s

42.0
35.0

41.
38.
26.
59.
20,

40.
36.
37.
39.
56:

5

5

0
)

)
5

0
5

0

35. s
34. 0
53.0
41. 5

40. s

15.0
36.5
31. s
54. s
30.0

TABLE 4 (cont'd)

PHASE 1

PASCO COUNTY LANDFILL
BORING LOGS

Page Z

Top of Limestone
+Ft. MSL

26,5
2?.. A

18.0
23.0
28,5

19. 0
17.5

-20.0 (est. )
12. 0
12.0 {est. )

19.0
8.0 (est. )

40.0
40.0
26.0 (est. )

3.0 (est.)
2?.5
17. 0
31. 0

- 5.0 (est.)

15.0 (est.)
23;5
52.0
32.5
t7 .0

20.0
28.0
2s.0
31.0
32.0

7.5
?5.0
17.0
24.5
15.0

* anomaly or judgement applied
- no piezometer installed
dry - 10r no groundwater level to l0 f eet deep
groundwater el.bvations 9-6-56/tt-1S-86

NOTES:



Bor ing
Nunber

B+150-15+35
C-15+45
C-19+55
C- 35+5 8
C- 38+05

C+10 5-24
*C+210-40

C+750-8
C-15+90
p_19+40

*D+l 00- 8

D+29 5-2 4
E-11+90
E- 14+40
E-15+50

l-r 6+2o

-- 
20+80

E-45+60
E- 52
A-44

F+600- 2 6
c- 8N

Ground EIev.
+Ft. MSt

47 .8
49.7
48.8
s2.6
5t .7

48.1
50.2
49.4
45.6
46.5

49.9
49.5
47 .0
45.8
45.9

45.5
44. 4
46. 0
45.5
5 5.0

48.9
49.1

Gl{T El ev .
+Ft. /MSL

installed in

Top of Clay
+Ft. MSL

PHASE Z

PASCO COUNTY LANDFILL

Page 5

To'p of Li $e stone
+Ft. MSL

5.0
19.0

5.0
-15.5

8.0

26.0
27.0
35.5

-14.s
- 1.5

-60.0 (est. )
26.0

-21 .0
22. A

-13.0

26.0
26.0
25.5
26,5
29.5

35.0
32,0
39.5
10. 5

50. 0

-s0.0 (est. )
34.0
17.0
40. 0

5.0

*No shallon piezoneters uere
grouted upon completion.

27,5 5.5
32.0 2l .5
36.5 50.0
31.5 (est. ) 31.0
19.0 17.0

45.5 32.0
40,5 29. 0

these borings, all borings ltere



zMW1
4MW1

zM}{ 2
4MW2

zMW3
4MW3

zMW4
4MW4

*Readings taken 11-I3,86

I138M

TABLE 4 (cont'd)

GROUNDWATER LEVELS IN MONITORING fiIELLS*

Elevations (+ Ft. MSL)

dry-10' (below t36.2)
52.9

35.0
34. s

dry-10r (below +36.7)
29.5

dry-19t (below +32.3)
29.2
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TECHNICAL APPENDIX G

LEACHATE DEPTH CALCULATIONS



PAS7C.6
LL/tz/87

REFEREI\CE: EPA 5I{-869 APRTL 1983, I.AI{DFILL AIID SURFACE IMPOIINDMEM
PERIORIiIANCE E\IALTTATION

For a liner systen designed Va slope c;

I

I

where: t - Length of spacing between drainlines

N = porosity

Ks = Perneability

e = Rate of hpingement
(use.1/2 x average annual rainfall)

oc = Slgpe

hr"* = Maximum head

Assumer

PorositY=N=0.34

Permeability = \r = 7.76 x 10-3 crq7s,

Rate of lryingement = e = t,f2 of 53.95

= 2.20 x 10-6

Slope=!E=2t=1.146"

hr", = !2" = 30.48 cm

Calorlation:

22 ft./day

in/yr
gq,/sec

30.48 = L

2(0.34

30.48 - L

2lo -341 t0'00514l

3371." = L = 110' maximmr strncing between drainlines

usE 2? sroPE Wry_ PrPE SPACTNG

53.95r'Avg. Anrual Rainfall for Brooksville, L950-80

- TAll(1:1451]2.20 x 10-l + mrq'(1.140i
?.75 x 10-3

IiIOIE:

-t -
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