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Manny

| have attached a presentation from a pre-submittal meeting we had with the staff back in 2009. It gives general
information on the boulder zone and the region.

Let me know if you have any questions.

Thanks

Steve Franzone

NNP Licensing Manager - COLA

“A little more persistence, a little more effort, and what seemed hopeless failure may turn to glorious success.” ~ Elbert
Hubbard
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Hydrogeological Site Features
Turkey Point Units 6 & 7

Stewart Taylor
Technology Manager, Bechtel Corporation
March 26, 2009



The information provided in the following
presentation is of a preliminary nature
and is considered DRAFT
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Presentation Overview

Data Sources

Regional Hydrostratigraphic Units
Floridan Aquifer System

— Upper Floridan aquifer

— Middle confining unit

— Lower Floridan aquifer (Boulder zone)
Boulder Zone

— Hydraulic and geochemical properties
— Deep well injection

Regional Groundwater Flow

Fate and Transport of Injectate
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Miller, J.A., Ground Water Atlas of the United States, Alabama, Florida, Georgia, and South Carolina,
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Regional Hydrostratigraphic Units

; Mark: . Approximate
Series Geologic | its and Lithology Hydrogealogic unit thickness
horizons (feet)
Und ffarentiated .
HDL;]H[E:'ENE EEE:;EEE: ¥ Puaritzsapd; mljt;clhavl;ls?ell; \ 2 WATER-TABLE /
PLEISTOCENE | Plistocens-sg imestone; sandy shelly limestone %E BISCAYME AQUIFER
Silt; sandy clay; sandy, shell EG - 20-400
PLIOCENE TAMIAMI Iimtéstanqn;"r cal‘ulzrareoug s:aqm:l-"r a@ T T
FORMATION ctome: and auarts and g LOWER TAMIAMI
-andq = AQUIFER
CONANING UNIT
PEACE Interbedded sand, silt, & SDSTon
& RIVER gravel, clay, carbonate, =] 'é ANUIFER DR PZ1(2
S | FORMATION and phosphatic sand EEQ
MIOCENE | 2 I=E4 CONANING UNIT 0-900
OLIGOCENE | = Sandy micritic limest = e
andy micritic limestone; b=
% FﬁQF?h[-:'IAA%ISN marlstone; shell beds; E 2
dolomite; phosphatic sand =
% _— THMU and carbonate; sand; silt; CONANING UNIT
| MWEH"* and clay 0.300
* =
EARLY SUWANNEE Fossiliferous, calcarenitic B 100-800
OLIGOCEME LIMESTONE limestone @
(%]
LATE ocaLs ¥ Chalky to fossiliferous, mud-rich
LIMESTOME to calcarenitic limestone
[a' .
Fine-grained, micritic to o MIDDLE 500-1,500
f[:ssil?fe rous limestone; g mlﬂm‘f LIy
dolomitic limestone; and b=
EOCENE| 2 AVON PARK MAP | dolostone. Also contains in APPZ 0-600
=] FORMATION the lower part anhydrite/ MIDOLE CONFINING UNIT [CZ)
= gypsum as bedded deposits,
or more commonly as pore
a__a q_ﬂ 1|‘_i||ing material. Glaucfnnr'igic E 0-1.800
" DLDSMAR imestone near top o smar = !
EARLY | FORMATION Formation in some areas % 0-700
CEDAR KEYS Dolomite and dolomitic -
PALEDCENE FORMATION limestone

Massive anhydrite beds

Source: Reese and Richardson (2008)

1,2007

EXPLANATION
*

Gaologic unitis]
mMissing in some
areas

Awon Pak
permeabla zona
Baulder Zore
Lawer Hawthom
markar unit

APPZ

BZ
LHMU

Permeabla
Ionas in west-
cantral Florida

PZ1,
PZZ,
FZ2

Middle Avon
Park markar
horizan
Glaucanite
markar
horizan

FLEISTOCEME-AGED

FORMATIONS

IMN 30UTHEASTERN

FLORIDA:

Satilla Farmation {farmarly
Parmlico Sand)

Miami Limestona

Fort Thompeon Farmation

Anastasia Formation
Kay Larga Limestona
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Surficial Aquifer System Figure 26, e scayr
«  “The permeable g e
p predominantly of limestone,

Regional Hydrostratigraphic Units

hydrogeologic unit
contiguous with the land
surface that is comprised
principally of unconsolidated
to poorly indurated,
siliciclastic deposits.”

Includes Biscayne aquifer
20-400 ft thick

e i
EXPLANATION
Biscayne aquifer
SCALE 1:5,000,000
) ; 0 50 MILES
. -:'_l'h."'_ T

3 e i ¥ 0 60 KILOMETERS
i

el 5 ."'-:1._-.
»

: Flar?
Rape modified from LS,

Geological Suney
Mational Asles, 1970

Source: Miller (1990)
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Regional Hydrostratigraphic Units

Intermediate Aquifer System / Confining Unit

« “All rocks that lie between and collectively retard the exchange of water
between the overlying surficial aquifer system and the underlying
Floridan aquifer system”

 Interlayered aquifer/aquitard system comprised of Hawthorn Group
sediments

* Up to 900 ft thick
« Brackish water quality sl e ca gy b

divided into an Upper Floridan
aquifer and a Lower Floridan
aquifer, separated by a less-
permeable unil in most places
and bounded above and below
by confining units that are
much less permeable. The
Lower Floridan aquifer tocally
contains zones that are ex-

trernely permeabde.

Source: Miller (1990)
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Floridan Aquifer System

Regional Hydrostratigraphic Units

“Vertically continuous
sequence of interbedded
carbonate rocks of Tertiary age
that are hydraulically
interconnected by varying
degrees and with permeabilities
several orders of magnitude e
greater than the hydrogeologic ¢ e
systems above and below.” : T

o Pen
Baps modied from US.

Comprised of shallow-water =R :
limestone and dolomite beds Gl of M Ertes
2300 to 2400 ft thick in southern L ANARGHR
Florida 7] Fiordan st
Brackish to marine water

quality Figure 48, = e carbonac

system underiie all of Florida,
most of the Coastal Plain of
Georgia, and extend for short
distances into Afabama and
South Carolina.

Source: Miller (1990) %



AGE

Floridan Aquifer System

GEOLOGIC HYDROGEOLOGIC

FORMATION

UNIT

PLICCENE

TAMIAMI

SURFICIAL
ACUIFER SYSTEM

100—

MIOCENE

300—
OLIGOCENE

PEACE
RIVER

ARCADIA

HAWTHORN GP.

INTERMEDIATE
AQUIFER
SYSTEM

SUWANNEE

400

LATE
500—

QCALA

DEPTH (meters)

600— | MIDDLE

AVON PARK

700—

EOCENE

800 EARLY

800—

OLDSMAR

1,000 — PALEOCENE

CEDAR KEYS

UPPER
FLORIDAN
AQUIFER

MIDDLE
CONFINING
UNIT

FLORIDAN AQUIFER SYSTEM

LOWER
FLORIDAN
AQUIFER

BOULDER ZONE

Source: Maliva and Walker (1998)

Upper Floridan Aquifer

Porous limestones / dolomites

100 to 400 ft in thickness
Transmissivities of 10,000 to 60,000 ft2/d
Brackish water quality

Middle Confining Unit

Interbedded, low permeability dolomites
and limestones

About 900 ft thick in SE Dade County

Vertical hydraulic conductivities of 107 to
10" ft/d (10-1° to 102 cm/s)

Lower Floridan Aquifer

Permeable dolostones separated by less
permeable limestones

Up to 2000 ft in thickness

Lower dolostone termed “Boulder Zone”
and highly transmissive

Marine water quality
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Boulder Zone

Geology

 Intervals of cavernous and
fractured dolomites in the Early
Eocene Oldsmar Formation

 Occurs at a depth of about 2900 ft
near site

Transmissivity
« 3,200,000 to 24,600,000 ft2/d
Water Quality

« Geochemically similar to modern
seawater (35,000 mg/L TDS)

« Anomalous water temperature
(nominally 50°F near coast)

Use

« Wastewater disposal by deep well
injection

« Oil field brines, municipal and
industrial wastewater

10

Figure 54. The Boulder
Zone of southem Florida (s a 29-1:‘* -

deeply burfed, cavernous zone g{j
that is preseni in the Lower g
Floridan aquifer, contains ]
saltwaler, and Is used fo store f'
treated wastewater. The top of w.f
the 2one ranges from about :
2,000 to about 3,400 feet "”‘S\“ﬁ'
below sea level. W

- A

‘\Qrb
e
_-.-. i e w5t Palm Beach

{_ 2800
3000

50 MILES \ ]Em-l Lauderdale

0 50 KILOMETERS

§
LF Madied ficm
i Wiliar. 1986

EXPLANATION s 5&{
g & o
7] Boutder zone / —Sm St

= —2100— Structure contour—Shows altitude of top
of Boulder Zone. Contour interval
100 feet. Datum is sea level

Source: Miller (1990)
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Regional Groundwater Flow

« “Variations in water quality, hydraulic head, and water
temperature within the carbonate rocks that make up the
Floridan aquifer system in southern Florida suggest that
the flow system is complex.” (Meyer, 1989)

* Regional flow in Boulder Zone difficult to assess due to:
— Limited number of hydraulic head observations
— Very high transmissivities = very low hydraulic gradients
— Transitory effects of tides (ocean and atmospheric)

. 1l:JSGS (Meyer, 1989) determined regional flow patterns
rom

— Temperature data

— Water quality data

— Groundwater age dating
— Hydraulic head data

\Y
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South Floridan Plateau

m
® 15  WELL AND SITE NUMSBER =S
N REPORAT 2
o
z
—E800—  SUBMARINE TOPOGRAPHY
JLICHLIPY, 1986)-Shows c
dapth below saa level =
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l FLORIDA AND STUDY AREA
23

Source: Meyer (1989)
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Generalized Hydrogeologic Section
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Groundwater Temperature (°F)

1 = R RPPVLATY L

¢ o ¥ 4
1641 [) 2100 0
TR
1 e 10"”1:I
—4 A
1085 gy A
2 18\ SE 0
' P 18
MAPLES
5 B
‘; a|%
v fﬁ@
) )
olx
==
Zle -
=1 a0
m e
Bz —
B @
(=4 E=
ki ‘.--1“/
i____.-""
'?S%‘T_uﬁns KEY oY
= '-'lEB.‘I"‘:?_-'-'-E -"'""_._Fi—”
i s
e
Source: Meyer (1989)
14

Relative Age (y) in Boulder Zone
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Potentiometric Surface Upper Floridan Aquifer

Source: Meyer (1989)
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Regional Groundwater Circulation

A g At
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EXPLAMATION
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Time Scales for Groundwater Circulation

Measureable C-14 activity in Upper
Floridan aquifer suggests source
younger than 40,000 years

Transit times from aquifer recharge
areas >> 40,000 years

C-14 attributed to upwelling from
Lower Floridan aquifer

Percent Modern Carbon (PMC) in
Upper Floridan aquifer

— 3.3% <PMC <6.5%
Apparent age (before 1950)

—  Age =-8033 In (PMCx10?)

— 22,000y <Age <27,000y

&

5§

LINE OF EQUAL CHLCRIDE CONCENTRATION OF

TS0 MILUGRAMS PER UTER
TENTIOMETRIC CONTOUM-Shows approximats
s of tha pilariomelric sutaco of the Uppar
aquier prior to development  Contour

Is carbon-13 stable

KILOMETERS

Source: Meyer (1989)




Injectate Characteristics

* Injection Rates
— Cooling tower blowdown
it 12,500 gpm for reclaimed water source (COC = 4)
il 58,000 gpm for marine water source (COC = 1.5)
— Normal plant releases
il 3 gpm
* Physical Characteristics
— Reclaimed water source
Salinity = 4 x 1,000 mg/l = ~4,000 mg/L TDS
Temperature = 92°F = 33.2°C
Density = 997.607 kg/m3
— Marine water source
Salinity = 1.5 x 35,000 mg/l = ~52,500 mg/l TDS
Temperature = 92°F = 33.2°C
Density = 1033.721 kg/m3

\Y
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Injectate Characteristics

« Ambient Boulder Zone Water
Salinity = 35,000 mg/l TDS
Temperature = 60°F = 15.6°C
Density = 1025.866 kg/m3
* Density Differences
— Reclaimed water source
il Injectate (997.607 kg/m3) < groundwater (1025.866 kg/m?3)
lll Positively buoyant
— Marine water source
llil Injectate (1033.721 kg/m?3) > groundwater (1025.866 kg/m?3)
lll Negatively buoyant

@
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Injectate Transport — Reclaimed Water Source
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Injectate Transport — Marine Water Source
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Postulated Injectate Fate and Transport

Initial spreading of injectate “bubble” governed by
buoyancy-driven flow and geologic structure

Dissolution of injectate into ambient groundwater with
subsequent advective transport along ambient
groundwater pathways and attenuation due to:

— Hydrodynamic dispersion

— Retardation

— Radioactive decay

Plausible groundwater pathways could:

— Be confined to the saline, Lower Floridan aquifer
lli No potential exposure

— Include upwelling to the brackish, Upper Floridan aquifer
il Travel times > 10,000y
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