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PART A

STATE ENVIRONMENTAIL QUALITY REVIEW
FINDINGS STATEMENT

Pursuant to Article 8 (State Environmental Quality Review Act - SEQRA)

of the Environmental Conservation Law and 6 NYCRR Part 617, the Common

Council of the City of Kingston, as an involved agency, makes the following

findings:
NAME OF ACTIQON: . City of Kingston Business Park
NAME & ADDRESS OF APPLICANT: City of Kingston Local Development

Corporation

c/o Kingston City Hall
One Garraghan Drive
Kingston, NY 12401

The Applicant is a local development
corporation organized and existing pursuant to Sections 402 and 1411 of the
Nct-Fer-Profit Corporation Law, having been formed on May 26, 1994.

cf New York northerly of Delaware Avenue, easterly of Third and
- Rvenuess and westerly of Locust Street, and includes an easement or
right ¢ way for a proposed roadway leading to New York State Route 32 in

T2 T 177

-2 Tcwm cf Ulster. See City of Kingston Tax Map Section 48.084-1-5.

DESCRIETION OF ACTION: See annexed findings.

LCCATZON: The site of the proposed action consists of
aroroximately 107 acres situate in the City of Kingston, County of Ulster
ard zze

S

EGZNCV7 JUEISTICTION: The Common Council of the City of Kingston has
urisdiczicn over this proposed action for the reason the proposed
develcrment raguires an amendment to the Zoning Map of the City of Kingston
IC change tihe classification of the 107.056 acre site from RRR Residential
=2 M-I Zigrht Manufacturing pursuant to Article IX of the City of Kingston

Zoning Code and Section 83 General City Law.

—SETZ ZENET GEIS FILED: January 26, 1996

.
N

S UL COMCLUSTIONS IN THE
Z2 =0 T20N TO SUPPORT
T

I See annexed findings.
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CERTTFICATION OF FINDINGS TO APPROVE

Having considered the Draft and Final GEIS, and having considered the
annexed written facts and conclusions relied upon to meet the requirements
of 6 NYCRR 617.9, this Statement of Findings certifies that:

1. The requirements of 6 NYCRR Part 617 have been met ;

2. Consistent with the social, economic and other essential
considerations from among the reasonable alternatives
thereto, the action approved is one which minimizes or
avoids adverse environmental effects to the maximum
extent practicable; including the effects disclosed in
the environmental impact statement:; and

3. Consistent with social, economic and other essential
considerations, to the maximum extent practicable, adverse
environmental effects revealed in the environmental impact
statement process will be minimized or avoided by
incorporating as conditions to the decision those

mitigative measures which were identified as practicable.

W
H

o accordance with the applicable provisions of Article 42 of-
he Executive Law and the applicable policies and purposes of
City of Kingston Local Waterfront Revitalization Program
contained in the City of Kingston Waterfront Consistency
view Law (Local Law #4 of 1992), this action is consistent,

the maximum extent practicable, with such policies,
1rposes and program.

ctocr
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nsistent with the applicable policies of Article 42 of the
cutive Law, as implemented by 19 NYCRR 600.5 and the Local
terfront Consistency Review Law, this action will adequately
achaieve a balance between the protection of the environment and

-

tme need to accommodate social and economic considerations.

COMMON COUNCIL OF THE CITY OF KINGSTON
(Name of Agency)

CLJZQéED T.R. GALLO, Mayor

‘Sigmazurs bf esn0951b1e Official) (Name of Responsible Official)
. : o o ]
“zytr, Clzy ci Kingston February é% 1996
'Zizlz of Beszonsible Official)
Cizv 2= Zi:gs:cn City Hall
Zms Zzrrzghan Drive
YIinmcsTon, N7 12401



PART B

FINDINGS STATEMENT CITY OF KINGSTON BUSINESS PARX
FINDINGS OF FACT

I. DESCRIPTION OF THE PROPOSED ACTION
The proposed action is the development of a business park to be

located on a 107.056 acre site off Delaware Avenue in the City of Kingston,
Ulster County, New York, which parcel of land is currently ownsd by Tilcon
Materials, Inc. fhe Applicant intended to acquire title to the site and to
construct thereon a business and commercial park that would ultimately
accommodate three to five independent facilities totaling up to 500,000
square feet of building footprint and utilizing approximately 5S4 acres of
the site. |

The proposed desvelopment would take place in thases or
stages, with only the first phase or stage currently being sizz specific.

A. Phase I: The first phase of the proposed business park

consists of the development of approximately 142,200 square feszt of
building footprint to be developed for Huck, Interhational, with provisions
for future expansion and for an additional facility up to a total of
250,000 square feet. A site specific development plan for this phase has
been submitted by the Applicant and includes:

(i) A buffer and non-disturbance area as shown on the
site plan;

(ii) Water supply and sewage disposal for the development
will be supplied by the existing City of Kingston community systems and

regulated under the New York State Department of Health and Department of

Environmental Conservation reguirements;



(1iii) Access to Phase I will be by way of a two lane
roadway intersecting Delaware Avenue at a point approximately 200 feet
westerly of Rosanna Street. This roadway will be constructed k- the
Applicant, dedicated and accepted by the City as a public strezt or
highwéy; and

(iv) Electric power, telephone and other utilities are now
available to the.site and shall be extended to serve Phase I. These
utilities shall be maintained by the utility companies.

B. Future Phases: As the site specific details cf Phase I of
the project are only known at this time, the GEIS is specific cnly as to
..... n phase. Later phases of this multi- -stage project are currexncly
uncertain as to design, specific use, timing, layout and other factors. The
environmental review of these possible subsequent phases has been addressed

in the GEIS by considering the potential effects of a total build-out of

t

entire 107 acre site before approving any specific phase of the action.

The effects and impacts of future phases of ths

o)
0
@

7elopment, including cumulative effects on the environment and the
xisting natural resource base of the subsequent phases, are, cf necessity,
analyzed and evaluated in more general or conceptual terms, bu: at a level
cZ cetail sufficient to identify and formulate specific conditions and
criteria under which both the first phase, as well as future phases, may be
undertaken or approved. The GEIS and these findings (see Secticn XXVIIT
ner=of) include procedures and Criteria for:

(1) determining when no further SEQRA compliznce will be

Yoz ve e q

rzcouired if a subsequent site specific phase is carried out in conformance

-

%WLtL the conditions and thresholds established for such subsegusnt phases

i the findings statement resulting from the Generic EIS;



(ii) providing for the Preparation and filing of
supplemental findings statements for impacts of subsequent phases that have

besn adequately addressed in the Generic EIS but not adequately addressed

i the findings statement ;

(iii) providing for supplements to reflect any
significant environmental impacts, such as site specific impacts, which may
nct have been adequately addressed or analyzed in the Generic EIS [See 6
NYIRR Part 617.15 (b) and (c)];

(iv) esfablish baseline data for reference and to assist
i cdetermining the significance of any site specific impacts of subsequent

Prases, as well as to assist in scoping of any supplemental site specific

=25 that may be reguired at the time of such review;
(v) limit the extent of future phased review by providing
£a2rly guidance on significant determinations; and

(vi) provide environmental planning, particularly the

P

...... cderations of mitigation and alternatives at a time when there is

grsater flexibility. Performance standards, conditions and impact

:::e;hplds shall be established, including maximum allowable densities;
rzZfic and access road pPlans; archeological studies and measures; storm
=< Wanagement and pollution control plans; buffer zones, viewshed
ccnirels, and similar standards with Site-specific project applications

rszarding future phases.

II. PROCEDURAL HISTORY OF ACTTON

(1) On June 26, ‘1995, the Applicant applied to the City of

Zingstcn Planning Board for Site Development Plan Approval of Phase I of

=2 proposed Kingston Business Park, as well as "conceptual" review of the

i, m T m

“~Z-¢ action including all subsequent phases. The action involves z series



of applications to several governmental agencies, as well as a number of
stages that may be constructed over a number of years. This aprlication
included, among other things, a Full Environmental Assessment Form with
Part I completed by the Project Sponsor and a Coastal Assessment Form
required by the City of Kingston Waterfront Consistency Review Law (Local
Law #4 of 1992).

(ii) On July 6, 1995, the Planning Board made its initial
determinations and classification of the proposed action pursuant to 6
NYCRR Part 617.5 and caﬁsed the EAF with Part I completed by the Applicant
and a copy of the Application for Site Development Plan Approval to be
mailed or delivered to all involved agencies notifying them that a lead
agency must be agreed upon within thirty (30) calendar days of the date of
such mailing pursuant to 6 NYCRR Part 617.6 (b) and (c). The Planning Board
also adopted a Resolution proposing that the site be rezoned from RRR
Residential to M1 Light Manufacturing pursuant to Article IX, Section 123-
61, B of the City of Kingston Zoning Code, which Resolution was forwarded
to the City of Kingston Common Council and all other involved agencies.

(iii) The Planning Board received no objections to its serving as lead
agency for this action, and all involved agencies have consented in writing
to the Planning Board being established as lead agency in this action.

(iv) By Resolution dated July 13, 1995, the Planninc Board
confirmed its lead agency status and issued a Positive Declaration in this
action and required the preparation of a Draft Generic Environmental Impact
Statement (DGEIS); the Notice of Determination of Significance (Positive

Declaration) having been filed pursuant to 6 NYCRR Part 617.10 (b) and

published in the ENB on August 2, 1995.



(v) On July 13, 1995, the Planning Board and its consultants
also provided the Applicant with a final written scope regarding issues to
be addressed in the DGEIS.

(vi) On October 20, 1995, the Applicant sﬁbmitted to the
Planning Board an application to subdivide the 107.056 acre site into two
parcels or lots, as well as a proposed DGEIS with several Appendices.

(vii) .On November 9, 1995, after reviewing the proposed DGEIS,
the Planning Board determined that the DGEIS was complete and accepted the
same with respect to iﬁs scope, content and adequacy and ordered its
circulation as required by law.

(viii) On November 9, 1995, pursuant to the intent of SEQRA and
the regulations promulgated thereunder thaﬁ the environmental review
process be integrated into existing agency reviéw processes to the maximum
degree fezsible and occur at the same time as other agency reviews are
being undertaken, the Planning Board and Common Council zlso scheduled a
combined and coordinated public hearing on the DGEIS on the proposed
rezoning of the site. The purpose of such combined and coordinated hearings
were to consider and obtain public input and comment on the environmentzal
effects of the entire business park, as well as the advisability of
rezoning the site; approving a site development plan for Phase I and
subdividing the site into two parcels or lots.

(ix) - On November 14, 1995, a copy of the applications, the
DGEIS and the completed Coastal Assessment Form (CAF) was referred to the
City of Kingston Waterfront Advisory Committee pursuant to Section V, 3 of
the Waterfront Consistency Review Law (Local Law #4 of 1992) and a copy of
the application and DGEIS was also delivered to the City of Kingston

Historic Landmark Preservation Commission for its review and



recommendations. The written recommendations of the Kingston Waterfront
Advisory Committee were received by the lead agency on December 4, 1955, No
ccmments or response was received from the Kingston Historic Landmark
~ Preservation Commission.

{x) On November 13 and 14, 1995 a Notice of Completion of the
DGZIS and Notice of Public Hearing and a copy of the DGEIS was filed with

the Commissioner of Environmental Conservation and with all other involved

=

Part 617.8 (b) and (c) and 617.10 (c) and (d). a Copy of the DGEIS and the
Notice of Hearing was also filed with the Kingston Areaz Public Library

{x1) On November 13, 1995 the Planning Board also referred a
full statement of the proposed actions, including thé DGEIS and Notics of
Puclic Hearing to the Ulster County Planning Board. At the same time the
Cemmon Council of the City of Kingston also referred to the County Plaaning
Eoard a complete text of the proposed Resolution amending the Zoning Map of
the City of Kingston to rezone the premises from RRR to M1 Light
Manufacturing. These referrals were voluntary and not mandated by Section
23%-m of the General Municipal Law as the site of the proposed action is
roct within 500 feet of any of the features set forth in Section 239-m of
ths General Municipal Law.

(xii) Notices of Combined and Coordinated public hearings were

published in the Kingston Dailv Freeman on November 1l4th and 24th, 1995, in

accordance with the applicable provisions of the General City Law, the
Zoning Code of the City of Kingston and the SEQRA regulations. Notices of
Public Hearing were also served on or mailed to all involved and interssted

agencies, including the Ulster County Planning Board and the Clerk of the

Town of Ulster.



(xiii) The public hearing was held before the Planning Board and
Laws and Rules Committee of the Common Council on Novemter 30, 1995, at
which time all persons attending who wished to be heard with respect to the
proposed\project were given an opportunity to be heard. A stenographic
transcript of the public hearing was made and included in the record.

(xiv) The written comment period for the DGEIS terminated on
December 18, 1995, pursuant to Part 617.8 (d) (3).

(xv) fhe City of Kingston Planning Department, the Ulster
County Planning Board, Mark and Herman Knaust, and other nearby landowners,
organizations and members of the public submitted comments to the Planning
Board with respect to the DGEIS, which comments were both submitted in
writing and at the November 30, 1995 public hearing. A copy of the
stenographic transcript of the public hearing and copies of all of the
written comments submitted to the Planning Board were delivered to the
Applicant for the purpose of preparing draft responses and a FGEIS for the
consideraticn of and review by the Planning Board.

(xvi) On December 22, 1995 KLDC formzlly applied to the City cf
Kingston Zoning Board of Appeals for a variance from Sections 3-21.6.1 and
3-21.7.10 of the off-stre=st parking standards of the City of Kingston
Zoning Code, and a public hearing on such variance was held before the
Zorning Board of Appeals on January 31, 1996. V

{(xvii) The Applicant proceeded with the preparation of a
proposed FGEIS for the consideration of and review by the Planning Board
and on January 18, 1996, the Rpplicant filed the proposed draft FGEIS with
the Planning Roard.

(xzviii) The members of the Planning Board.and its staff carefully

rzviewed and thoroughly considered the proposed FGEIS and the

10



recommendations of the City of Kingston Planning Department with regard to
the adequacy and completeness of the FGEIS.

(xix) On January 25, 199¢, the Planning Ecard voted to issue the
'FGEIS, and caused the FGEIS, zlong with a Notice of Completiorn of FGEIS, t
be filed and circulated in accordance with the SEQRA regulaticrs.

(xx) Pursuant to Fart 617.9 (a), mcre than ten (10) calendar
days have passed since the filing of the FGEIS with the other involved and

interested agencies and the lead agency is now authorized to mzke and file

o

its Findings and decision in this action in accordance with Par: 617.9 (c).

ITI. APPROVALS/FUNDING/DIRECT ACTION

The following state and local approvals are required for the
development of the proposed Kingston Business Zzrk:

&. CITY OF KINGSTON PLANNING BOARD: Lead Agency -- SEQRA
Review; Site Development Plan Review and Approval pursuant to Article IV,
Section 123-29 of the City of Kingston Zoning Code; consistency
determination pursuant to Loczl Law #4 of 1992 - City of Kings:ton
Waterironz Consistency Review Law; subdivision of the 107.056 acre site

into two lots pursuant to the City of Kingston Subdivision Reculations.

b. CITY OF KINGSTON COMMON COUNCIL: Amendment to Zoning Map of

ct
P
+
m

City of Kingston to change the zoning classification of the site from

o]
W

Res

R ldsntial to M1 Light Manufacturing pursuant to Article IX of the

City of Kingston Zoning Code and Section 83 of the General City Law;

écceptance of roazds and other infrastructure as public street(s), etc.

C. ULSTER COUNTY HZALTH DEPARTMENT: PReview and aprroval of

n

watex

upply and sanitary sewer extensions -- Fublic Health Lew and Ulster

County Sanitary Code.

11



d. NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION:
S.P.D.E.S. General Permit for storm water discharges from construction
activities Permit Number GP-93-06 -- Article 17, title 7, 8 &nd Article 70

of the Environmental Conservation Law.

e. NEW YORK STATE DEPARTMENT OF TRANSPORTATION: Funding for a

(=4

portion of the project pursuant to the Industrizl Access Grant "IAPY
Program.

f. CITY OF KINGSTON LOCAL DEVELOPMENT CORPORATION (Applicant):
Acquisition of title to the 107 acre parcel and related easement, and
development of project and site.

g. CITY OF KINGSTON ZONING BOARD OF APPERALS: érant of Arez
Variances pursuant to Section 81-b of the Generzal City Law and Article III
of the Zoning Code of the City of Kingston regarding off-strest parking and
landscaping requirements.

IV. CONSIDERATIONS OF LEAD AGENCY IN MAKING ITS FINDINGS
The Planning Bcard has carefully and thoroughly raviewed the
information contained in the FGEIS, including the DGEIS and its Appendices;
any revisions thereto; the substantive comments received; the referenced
documents and the lezd agency's responses to all substantive comments, all
of which constitute the FGEIS, and comments thereon, including but not

limited to the following reports and investigations:

1. Report on Geotechnical Investigation Proposed High School,
Kingston, New York - Joseph S. Ward & Associates, Consulting
Engineers, 91 Roseland Avenue, Caldwell, NJ

07006, dated July 12, 1973, Project #2A7306-12 -

Appendix 2 to Appendix C7 of DGEIS.

12



2. Geotechnical Report - Kingston Business Park, Kingston,
New York - Prepared by GeoDesign, Inc., P.C., 984 Southford
Road, Middlebury, cT 06762, dated November, 1995, Appendix C7 of
the DGEIS. This report includes soil tests and subsurface testc
borings into bedrock conducted in October of 1995 by
SoilTesting, Inc. as subcontractor of GeoDesign, Inc., P.C.

3. Addendum to GeoTechnical Report Rock Probes - B-S/Station
12 + 00 Vicinity Kingston Business Park, Kingston, New York, as
prepared by GeoDesign, Inc., P.C., under date of November 3,
1995 (Appendix B to Exhibit C to the FGEIS) .

4. .Geologic and Water Quality Concerns Specific to the Knaust
Mines and Underground Lake: Evaluation of Contaminant Potentizl
Stemming from The Kingston Local Development Corporation's
Proposed Kingston Business Park (Comments on November, 1995
Draft Generic Environmental Impact Statement) as submitted on
December 15, 1995 by Paul A. Rubin, Hydrogeologist on behalf of
Mark Knaust and Eerman Karl Knaust. (Exhibit A to the FGEIS).

5. Letter from Charles Merguerian, Ph.D., Professor of
Structural Geology, Duke Geological Laboratory, 16 Middle Lane,
Westbury, N7 11590 to Mr. Theodore Van Rosenvinge, IV, P.E.,
GeoDesign, Inc., under date of December 27, 1995 regarding the

issue of karst topography and development (Zppendix C to Exhibit
C to the FGzZIS).

6. Letter report from GeoDesign, Inc., P.C., to Dennis
Larios, P.E. of Erinnier & Larios, P.C., the applicant's
enginesrs, dated January 2, 1996 regarding the geotechnical,
subsurface/geological, and blasting aspects of the proposed
development (Appendix C to Exhibit C to the FGEIS).
7. Letter report from GeoDesign, Inc., P.C., to Dennis
Larios, P.E., dated January 9, 1996 regarding the results of =
site visit to the Knaust mines by Dr. Charles Merguerian and
Theodore Von Rosenvinge 1V, P.E., together with Mr. Rubin and

members of the Knaust family (Appendix D to Exhibit C of the
FGEIS).

8. Modified Stormwater Management Report zs prepared by
Brinnier & Larios, P.C., under date of January 10, 199s
(Appendix 2 to Exhibit C - Exhibit F of the FGEIS).
9. Letter from John J. Privitera, Esq., of McNamee, Lochner,
Titus & Williams, P.C., attorneys and counselors at law, 75
State Street, Albany, New York 12201-0459 under date of January
10, 19%6 (Exhibit & to FGEIS)

13
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STATE ENVIRONMENTAL QUALITY REVIEW ACT (SEQRA)
FINDINGS STATEMENT
OF CITY OF KINGSTON PLANNING BOARD

Addendum to Paragraph IV
CONSIDERATIONS OF LEAD AGENCY....Continued (Page 14)
Letter from Arthur N. Palmer, Director, Water
Resources Program, State University of New York,
Oneonta, New York under date of February 3, 1996

(received 2/7/96).

Letter from Scenic Hudson, Inc. to Mr. Steve Finkle
under date of 2/7/96, copy annexed.



10. Written responses from Dennis Larios, P.E. to the comments
received in the Paul A. Rubin Report, together with supporting

documents, which responses are dated January 15, 1996 (Exhibit ¢
to FGEIS).

11. Second letter from Paul A. Rubin, Hydrogeologist, to

Suzanne Cahill, City Planner, under date of February 2, 1996
(copy annexed).

12. Further responses under date of February 6 and 7, 1996
from GeoDesign, Inc. and Charles Merguerian, Ph.D. to the Rubin
letter of February 2, 1996 (copy annexed) ‘

13. Letter from NYS Department of Environmental Conservation
to John J. Privitera, Esq. under date of February 1, 1996 (copy
annexed) . '

V. LAND USE AND REZONING
The lead agency is aware that any particular rezoning of & parcel of
land and/or amendment to the Zoning Map must be in accordance with
comprehensive and well considered pPlanning for the general welfare and
future development of the entire City of Kingston as mandated by Section 20

(25) of the Generzl City Law. Zoning must address the multitude of problems

«l

ha

(w)

growth and develcoment bring to a community, and to provide a means to
achieve the community's goals and objectives for its growth.

Such a comprshensive plan is not necessarily a formal written
document but ig an underlying purpose to control land uses for the benefit
of the whole community kassd upon consideration of the community's
problems. Where z communiity, after a careful and deliberate review of the
present and reasonably foresszeable needs of the community adopts a general
development policy or planning process for the community as a whole and
amends its zoning law in accordance with that plan or process, such
rezoning is in the public interest. Zoning changes must be consonant with a
total planrning strategy which reflects the current nesds of the community,

which needs axe constantly changing. The planning process is therefore

14



periodically updated and shaped to meet changing and unanticipated
recuirements. When a zoning map or regulations are amended, the test is
whzzher such amendment accords with a well considered plan for the benefit
of the public interest, which is done by examining all available ang
re_svant evidence of the municipality's land use policies. If the Ooricinal
plan rsguires amendment because of the community's change and growth, and

thz amendment is calculated to benefit the community zs a whole, it meetrs

- - -
crls stz

or

utory reguirements.
fFurthermors, not only must the City provide a properly balanced znd

dered plan for the City itself, in enacting amendments to the Zoring

~&w ccrnsideraticn must also be given to any applicable regional needs and

-7 l=zd agency finds that the Proposed zoning change and the
rwent cf the prorvossd Kingston Business Park is in accordance with

2sive and well considered pPlanning that is corsistent with and

|
1]
(8]
o

.
M

ctives of a land use policy reflecting the land usa

S and needs of the City of Kingston as well as regional needs for

E. Zcgnsistency with the Zoning Code of the Citv of Kingston: The most

=2TELT Cocument intended to control land use for the benefit of the erntire

y ‘irgston is Chapter 123 of the Code of the City of Kingston which

eTZziles the zoning reculations for the City. Section 123-1 of Chapter 123
enzizled "Furzocsss Enumerated® clearly states that the Comprehensive Zoning
roan Isxr the City of Kingston is set forth in Chapter 123 and the

©v--S----8ht maps and is intended to protect and promote the public hezlth,

S22ty and welifzrse, (Section 123-1, PP. 12305-12306).

15



a. Purpose and Goals of M1 ILight Manufzacturina Zone: Chaptar
123, Section 123-18 (P. 12350-12352) which sets forth the goals and
regulations for the M-1 Light Manufacturing District provides in 123-18, 2,
ghat the purpose of this district is to provide areas for a wide range of
industrial activity that conforms to a high level of performance stancards
that can be located in close proximity to residential, institutional and
ccmmercial areas: without objectionable influence and that can serve as a
uffer in some cases betwesn more objectionable industrial activities and
residential and/or certain commercial areas.
The goal of the M1 Light Manufacturing District is to

rrcvide an arsa devoted to smaller scale manufacturing "high technolocy"

r2szarch and development, business ssrvices and warehousing, as well as fer
cZZics space for specific or c¢eneral business uses. All of these uses are

Ciszaner" than traditional heavy industry or manufacturing in terms of

h

dirszct and irdirect environmerntal effects and impacts on the surrounding

nelghizcrhiced. Thes

M

"high tech" light manufacturing and office develorments
2 i the fcrm cf well desigred industrial or business parks as herein
Eeavy incdustrizl uses that involve manuracturing or extractive

s £y their very nature can cause environmental effects of

, Smoke, dus:t, vibration, heavy truck traffic and similar impacts, are
ccniizned to the M2 General Manufacturing District described in Section 123-
&rs nct rermitted in this proposed business park (PP. 39-41 of the

.

. Cornzinuing Review of Us=s: All uses permitted in the M1 Light

“amifacturing Zoning District require in each instance an independent and

fngston Plamning Eoard (See Chapter 123, Section 123-29, PP. 12380-12388)
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and Section 27-a. General City Law) before any building permit can be
issued. Other governmental agencies such as the Ulster County Health
Department and the New York State Department of Environmental Conservation
may also have jurisdiction over any uses that may be proposed of especially
in the arezs of air and water quality, drainage and sewage capacity. This
continuing jurisdiction of the Planning Board and other agencies over the
develorment cf the site will assure that all of the relevant conditions
impcsed in this action and future development will be complied with and
that ail such developmeﬁt will undergo an independent, case by case reviesw

ancd aprroval. Furthermore, many of the reasonably foreseezble cumul

ative

3

s c¢f fiture phases have been identified, znalyzed and evaluatec i

i taseline data established and criteria and thresholds

cazlisned under which future site-specific phases may be undertaken cr

= Ttne development of the proposed business park which are mors
rEstriciive than these imposed by the land use regulations applicable to

e Tl 2

- ‘2mifacturing Zoning District. These restrictions are annexzd a
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<C the FGEIS and include the imposition of buffer zones and
lot coverage limits, height restrictions, controls or the
tlcn z2nd color of buildings, design approvals by the Applicant, and the

e.iminazicn <f certain uses otherwise permitted in the Light Manufacturing

tne ZuT whizh could have a deleterious effect on other uses in the gpark or
Sno2flcining rssidential districts.
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These standards and criteria will apply to all development
in the park and will mitigate adverse environmental effects and impacts of
any uses to be established and structures to be erected on the site and
minimize any potentially deleterious effect of the proposed zoning change
on neighboring properties and residential districts. Such restrictions will

supplement the performance standards inherent. in the Light Manufacturing

N

I

1=

ng and assist in maintaining & high standard of development gquality
consistent with modern planning standards and the stated purpose and goals
of the Light Manufacturing District (pP. 13, 15, 38 and 41 of the DGEIS).

Thess performance and development standards will be administerzd
and enforced by the City of Kingston Local Development Corporation, a

cuasi-goveramental agency that is performing essential governmental

h

Unctio

1s in exszrcising such powers. (Section 1411 (a) Not-For-Profit

@]

cr

e

oration Law.)

kny variances from these scandards or amendments thereto may
Crlv be ¢ranted or made by KLDC zfter the review and recommendations of the
City of FKirngston Planning Board and Planning Department. Amendments to or
variances from csrtain basic eﬁvironmental standards and protections such
&z permissitle uses, height limits and buffer zone requirements which
miticate cff-site impacts shall require the apprbval of the City of

lanning Board and & separats environmentzl review (See FGEIS

U
1
1
)
n
N

fages 23-24 and Exhibit D, Section 9.04).
Anile the lead agency finds that the rezoning of the 107.05¢
&cres site to M-1 Light Manufacturing is reasonable in relatiorn to the

nelghSoring uses, as well as part of a well-considered and comprehensive

[
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The proposed Kingston Business Park is located in both the
. Kingston Ulster Economic Development Zone and the Kingston—Newburgh
Enterprise Community, which were established to foster and enhance the
‘economic needs and goals of the City of Kingston and the Town of Ulster/
City of Newburgh (Page 4 of the DGEIS). The proposed business park will dc
much to foster the creation and retention of jobs, enhance the property tax
base, encourage -investment by new industry and further the other'goals and
objectives of these regional programs (PP. S5 and 62-64 of the DGEIS) .
Specific beﬁefits to the City of Kingston include the retentior
of approximately 200 exisfing jobs at Huck International, as well as ths
Creatior of an opportunity for 600_additional jobs related to future phasss
of the park. The completed project could generate up to one-half million
dollars in land rents; payrolls of thirteen million dollars and up to
- thirty-two million dollars in area expenditures. These potential economic
and fisczl benefits will come at a time when such benefits are especially
needed dué to the closing of the IBM facility and satellite businesses in
the Town of Ulster, the severe economic conditions in the area and the hickz
unemployment rate for the City (PP. 2, 4, 5, 49 and 62-64 of the DGEIS).

C. Consistency with the County of Ulster Master Plan: In 1977 ths

County of Ulster adopted a Master Plan to help guide future development of
land in the County, including the City of Kingston. Some of these goals as
they relate to commercial development include the promotion of community

viability and Strengthening of the economic base. Such plan also encourages
urban growth within the Ccity and encourages major commercial and industrial
uses whers the infrastructure is available. These conditions are met by the

proposed action (PP. 44-45 of the DGEIS). (See comments of Ulster County

Planning Board, Exhibit A to FGEIS.)
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D. Conformance of Project with Goals of The Kinaston Local

evelopment Corporation: The proposed development of thé business park
will contribute significantly to the goals of the Applicant which incluce
the reduction of unemployment and promoting additional employment; the
maintenance of job opportunities; the attraction of new business to the
City of Kingston and the retention of existing businesses in the City of
Kingston, including Huck, the proposed occupant of the Phase I of the park.
The proposed bu;iness park should provide the necessary incentive to the

&t a

future growth, development and re-development of the City of Kingston
time when it is needed and will eéncourage private businesses to stzy in the

City while providing a more Pleasant and efficient place to work.

E. Consistency of the Bezonina and Proiject with the Citv of
Kingston Tocal Waterfront Revitalization Procram: As discussed
elsewherz in these Findings, the site of the park is situate in the City of

Kingston Coastzl Zone area as defined in the Loczl Waterfront

i
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ogram embodied in Article 42 of the Executive Law znd the
City of Kingston_Waterfront Consistency Review Law (Local Law No. 24 of
1552). GZ the various policies set forth in suchrlaw, most are not.
aprlicabis as the site is situate 2,000 feet from the western shore of the
Eudson River. Ecwever, as to the Local Waterfront Revitalization Program
standards, conditions and Policies that are applicable to this action, the
propossd Kiugstpn Business Park is consistent to the maximum extent
practicazie with the policies and purposes of such Waterfront
Fevitalization Prcgram (See comments of Scenic Eudson, under date of

i, 1595; comments of Ulster County Planning Board dated Decemper
11, 1933 and comments of City of Kingston Urban Cultural Park Commissiocn

Gated December 4, 1995, Exhibit A to FGEIS). 2 discussion of the effects of
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this action on such policies and the basis for this consistency
- determination are set forth on Pages 41-44 and elsewhere in the DGEIS.

F. Availability of Funding for the Proposed Kinaston Business Park:

-The City of Kingston has programs to assist new or expanding businesses to
grow, as does the Ulster County Development Corporation (UCDC) and the
Ulster County Industrial Development Agency (UCIDA). Significant funding
from the federal and state government is or may be available to assist in
the proper and sound deyelopment of the proposed business park, thereby
assuring that it will be constructed, operated and maintained in accordance

with sound planning, land use and business practices.

G. Impacts on Nearby Residential Zones and Uses: The site of the
proposed business park and Light Manufacturing Zone is large in area (107
acres), heavily wooded and isolated topographically from the adjoining
residential uses and districts to the west and south. The site of the
proposed buildings and development is approximately 100 feet in elevation
above the surrounding lands and development to the east and west. The lands
to the east and north of the site are primarily vacant abandoned industrial
sites formerly used for cement mining and brick manufacturing. The site
itself was formerly used in part for cement manufacturing. Due primarily to
such factors as the topographical isolation of the site from the
surrounding uses; the densely wooded‘nature of the site; the elevations of
the proposed building sites; the stable history of the surrounding uses and
the lack of competition with the permitted uses for the proposed business
park; the provision for buffer zones and retention of wooded areas/open
space; the lack of visibility of the development and the restrictions cn
uses, the development of the Kingston Business Park in accordance with the

proposed Site Development Plan and standards will not significantly impact
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the surrounding land uses and zoning district and is compatible with such
uses and zoning districts (PP. 4, 25, 28 and 37-49 of the DGEIS) .

H. Infrastructure Capacityv and Proposed Improvements: The 107 acra

 site is adjacent to Delaware Avenue which is a main City arterial street
which can accommodate the prospective traffic at an acceptance level of
service with certain improvements proposed by the Applicant such as turning
lanes and signalization (PP. 11, 12, 15-16, 30-36, 68-71 of the DGEIS).

Water supply and sewage dispdsal to the site are available from
the City's municipal systems adjoining the site and which are adéquate in
reserve capacity to meet the anticipated needs (pP. 16, 17 and 50-52 of the
DGEIS).

Energy services such as electric power and natural gas are aliso
readily available to serve the proposed development (PP. 53 and 54 of tkre
DGEIS), as are fire, police and emergency protection (PP. 54-56 of the
DGEIS) .

Furthermore, there will be external mitigation in that Delaware
Avenuevwill be widened, sight distances enhanced and sidewalks installed
and maintained as a result of the proposed development.

I. Lack of Suitability of Site for Any Use Permitted in the RRR

Residential District: Due to the physical features of the site such as

topography, lack of infrastructure improvements and access roads, thin
soils and similar problems, the cost of providing such needed
infrastructure and the lack of need due to the saturation‘of the
residential homé market in this area, the site is not suitable for any of
the uses permitted by right in the RRR Ohe-Family Residence District. These
uses include one family dwellings on individual lots, cemeteries, places of

worship, hospitals and farms, and all of such uses are not feasible or
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practicable for the development of the site (See City of Kingston Code,
Section 123-7, PP. 12310-12311). (PP. 71 and 72 of the DGEIS) .

J. Lack of Other Alternative Sites for the Proposed Develooment:

‘Three other potential sites were identified, analyzed and evaluated by the

lead agency and each was found to be unsuitable for the proposed business
park (PP. 67 and 68 of the DGEIS). The re-development of the former
industrial facilities in the proximity of mid-town Kingston was discusszd °

in the FGEIS and found not to be feasible or practicable for the Applicant

to pursue. (FGEIS Pages 63-68).

K. Unavoidable Adveise Impacts: The proposed development will

cause & number of adverse short and long-term impacts on the site and on

66 of the DGEIS. However, these adverse impacts can and have been mitigatsd
to the maximum extent practicable and feasible consistent with social,
economic and other essential considerations and are decisively overweighed
by the benefits that will accrue to the City of Kingston and surrounding

region by the development of the site.

L. Conditions of Rezoning: In order to insure that the site will be
developzd as a business park in conformance with the development plans
which have been analyzed and evaluated by the involved agencies and in tﬁe
FGEIS, and to further insure that the environmental and fiscal impacts,
alternatives and mitigation measures that were identified and evaluated
remain relevant as well as feasible to implement, any rezoﬁing of the sits
to M-1 Light Manufacturing shall be conditioned upon the deVelopmént of the
site as a business park in accordance with the site specific development

pPlans for Phase I as approved by the City of Kingston Planning Board, as

well as the conceptual plans for future phases. Said site specific and
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conceptual plans may, however, be modified, varied or amended from time to
time.provided all required governmental approvals are obtained and all such
modifications, variances and amendments either are in conformance with the
'FGEIS or undergo an independent and separate environmental review before
implementation.
VI. INJURY TO THE INTERESTS OF THE KNAUST FAMILY

As stated in the FGEIS, the Knaust family is concerned with geolocic
and water quality issues which are specific to the Knaust mine and the so-
called lake located in fhe mine and relate to the potential economic harm
and injury the propdsed deyelopment may have on a possible future
" commercial use of this mine. The allegations and aésumptionéﬁbf harm ars
extremely speculative and conclusory and are unsupported by scientific
authorities and data. Furthermore, any potential economic disadvantage to
the Knaust family caused.by speculative economic loss is not an

environmental factor and not substantive (FGEIS Pages 29-33).

VII. POLLUTION OF SURFACE AND GROUNDWATER/ACQUIFER PROTECTION:
These issues have been adequately‘addressed in both the DGEIS and the
FGEIS (See DGEIS Pages 26-27, Exhibits C 4 and 7). In response to the
allegation of Mr. Rubin that the hydrologic setting of the site was a
"maturely karstified carbonate acquifer", the Applicant and its engineering
firm retained a professional geologist and conducted further testing and
investigation of the site and the surrounding area including a personal

inspection of the Knaust mine by the geologist and engineer. The results o

Hh

these tests and investigations are contained in detail in the technical

reports annexed to the FGEIS (See FGEIS Paragraph IV, A. Pages 34-54 and

Exhibit C).
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As a result of these tests and investigations, the basic premise of
the Rubin Report as tb the karst characteristics cf the site were found to
be erroneous and no evidencé of any unusual hydroczologic conditions or any
hydraulic connections between the site and the flcoded portion of the mine
were found or substantiated.

The lead agency and the Applicant's prbfessicnal advisors also
identified, analyzed and evaluated potential sourcss of pollution and the
possible adverse impacts of a change in the quantity and quality of
stormwater runoff from the site, including the potsntial for flooding,
erosion and water éuality dggradation in general axnd specific to the Knaust
-mine. The Applicant's engineers developed a éthmwatérvMéhageméﬁﬁwéaa-
Pollution Preven;ion/Erosion Control Plan that inciudes a variety of
structural and non-structural measures includiné oil and grit separators,
infiltration pits or trenches, flow attenuation, szdiment traps, hay bales
and silt fencing to control and mitigate the adverss impacts of stormwater

runoff.

By the use of these measures which comply with the Stormwater

Management Guidelines for New Development as promulgated by the NYS

Department of Environmental Conservation, the runoff during and after
development should not be substantially altered from the pre-development
(existing) conditions, and the water quality both on-site and off-site
(including the control of "first flush" pollutants and the Knaust "laka"
and underground acquifers) are adequately protected from degradation by
stormwater discharges that may reaéonably be expected to affect such
resources. A detailed discussioﬁ of this Plan and the controls to be

implemented are contained in Exhibit F to the FGEIS and described in Fages

40-46.
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As a condition to the grant of any approvals relating to this action,
the Stormwater Management Plan shall be implemented pursuant to its terms
and provisions and prior to the commencement of any construction activity,
‘together with any additions, amendments or changes that may be required by
the NYS Department of Environmental Conservation as a condition of
compliance with a S.P.D.E.S. General Permit for stormwater discharge (6
NYCRR Part 617.3 (b)].

The 1ead agency recognizes that the NYS Department of Environmental
Conservation also has jurisdiction over maintaining water quality and that
any discharges authorized by the S.P.D.E.S. General Permit shall neither
~cause nor-contribute to a violation of water quality standards as;éontained
in Parts 700 through 705 of title 6 of the Official Compilation of Codes,

Rules and Regulations of the State of New York including, but not limited

to the following:

1. there shall be no increase in turbidity that will cause a
substantial visible contrast to natural conditions;

2. there shall be no suspended, colloidal and settlezble

solids that will cause deposition or impair the waters for their
best usage; and

3. there shall be no: residue from oil and floating
substances, visible oil film, globules or grease.

(NYS Department of Environmental Conservation S.P.D.E.S. General
Permit, Part II, B).

By letter report dated February 2, 1996, Paul A. Rubin submitted
additional comments to the lead agency concerning the responses to the
FGEIS, a copy of which letter is annexed to thess Findings. In such letter

Mr. Rubin concludes that:

1. the lead agency has determined that the groundwater
quality concerns are without foundation solely because the
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issues raised related to the karst setting have been found to be
unsubstantiated;

2. that stormwater is being discharged directly into the
groundwater flow system without adequate concern, therefore
placing the waters of the state in jeopardy; and

3. no consideration has been given'by the lead agency to the
groundwater resource.

Mr. Rubin also demands that karst specific-hydrologic testing,
including additional borings and tracer testing be done before the SEQRA
process is completed. |

On Febfuafy 7, 1996 the lead agency recesived a rebuttal of the above

report from the Applicant's geologist and enginegriﬂyhich,rebu;taldis%also:

LIRSS L H LU Y SO Ay S T LTI SR b T

L asTesinde

“annéXed*hEYer84Nd made ‘a “part hereof. -

In regard to the issue of stormwater quélity and quantity the lead
agency has reviewed, analyzed and evaluated z11 of the conflicting
professionzl and scientific opinions on the éesirability of proceeding with
this proposed business park. As the result of this review and analysis and

baszd on th

1)

relevant data and information, the lead agency concludes tha
1. The FGEIS has identified as the relevant area of
environmental concern the quality and quantity of the stormwater
runcff from the areas of the site being developed, and the
pctential adverse effects this runoff may have on the quality of
the existing water resources, including groundwater and the
"lake" within the mine. , :

2. Contrary to the allegation of Mr. Rubin, a great deal of
censideration has been given to this issue. Much of the FGEIS
and the scientific/engineering work done concerning the proposed
development is related to pProtecting the quality of the
groundwater resource as demanded by the Knaust family and Mr.
Pubin. A number of mitigative measures were designed and
implemented for the sole purpose of limiting and controlling the
discharge of pollutants from exposed areas of the site to the
createst degree attainable.

{

2. While the lead agency fully recognizes and has consider=d
the karst issue raised by Mr. Rubin, the lead agency finds the
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Rubin reports are largely conclusory; unsubstantiated, vague and
speculative, especially in Mr. Rubin's determination that the
flooded portion of the Knaust mine is hydrologically connected

to the area of on-site stormwater discharge and that the wazsr
quality of such lake will be jeopardized by such discharge.
These reports contain virtually no data or information
supporting the conclusion that the surface water runoff from the
impermeable areas of the site will enter the Knaust mine or that
if it did, the runoff would impair or degrade such waters in

contravention of current water quality standaxds.

4, As discussed in the FGEIS (Pages 40-46) the groundwater
underlying the site and the Knaust "lake" are not being usei as
a source of potable water nor for any food processing or
agricultural purposes. The Knaust family has not made any

+ economic use of their 1.36 acres of the mine for over 30 yesars
and the site does not lie within an area of any special
environmental or ecological significance. As a result, the

st Sl o :

pPosSsibility some stormwater discharged from the sSite may fing

its way into the mine is not a particularly important concern in

rzlation to the overall action and its environmental effects.
Any such possible impact is of limited duration and would affect

& water body that is limited in area and restricted in use, and

such impact can and will be adequately controlled as discusssd
below. '

5. Of primary importance are the measures being implement=4

by the Applicant during and after construction of the propcszd
business park to control and mitigate the discharge of
pollutants from the exposed areas of the site. The Stormwater
Pollution Prevention Plans have identified the potential sources
of pollution that may reasonably be expected to affect the
quality of storm water discharges. It is noted that these
potential pollutants do not include sewage or hazardous
materials but are the normal and usual contaminants that
accumulate on roadways, parking areas and roofs. The lead agency
also notes that Delaware Avenue also runs over and adjacent to
the Knaust mine and lake, and that the stormwater discharges
from this roadway presumably enter the Knaust mine without any
pre-treatment of contaminants. The Stormwater/ Pollution
Prevention Control Plans contain a number of structural
practices and other measures designed to control these
stormwater discharges and to alleviate the adverse impact of
such runoff, including any potential adverse impacts on the
Knaust "lake". These measures comply with the design guidelires
promulgated by NYS DEC and are deemed adequate to protect th
Knaust "lake" from impairment due to stormwater discharges,
notwithstanding a possible hydrologic connection to the on-site
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discharge point. With proper and adequate pre-treatment of the
stormwater from the disturbed and impermeable surfaces on the
site prior to its final discharge to the ground, the existence
of any possible subterranean connections with the flooded
portion of the mine becomes much less relevant and the magnitude
of any potential for degradation of the quality of the water in
the mine is minimized and controlled to an acceptable level.

6. The aforesaid Stormwater Management/Pollution Protection
Plans and the protection of water quality as the result of the
development of this site are covered under DEC's S.P.D.E.S.
Permit for stormwater discharges. Compliance with this permit is
interided to assure that water quality standards are maintained.
While the lead agency is not delegating its obligation and
ieiwieiiwwn . - Tesponsibility under SEQRA to identify, -analyze and evaluate -- -
gﬁgﬁg@ﬁﬁgﬁﬁ%ﬁﬁpogeqtialﬁeﬁvironmgnEﬁl,impact§%§f§%$§§Eﬁé@ﬁﬁfﬁ%ﬂgﬁﬁﬁﬁgﬁﬁéﬁﬁiii5?55
further review and evaluate the Applicant's specific stormwater

management plans prior to the commencement of any construction
g e ACELIVIEY L 0 e T
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In conclusion, it is tﬁe function of the lead agency to identify and
address such potential impacts as are reasonably anticipated or féreseeable
and which are reasonably related to the proposed action, and not every

'
conceivable environmental impact need be identified or addressed.

The level of detail with which each factor must be addressed will
obviously vary with the circumstances and nature of this action. Applying a
rule of rsason and common sense, it is the determination of the lead agency
that under #he circumstances of this action all valid and reasonable
concerns of the Knaust family have been adequatély addressed in the FGEIS,
and that all practicable mitigation measures afe being implemented to
ensure that any identified adverse environmental effects are being
minimized or avoided to the maximum extent feasible. The lead agency does
not concur with Mr. Rubin that further hydrologic studies.such as those
described in his letter are necessary or required, and that the expenditure

of what could be hundreds of thousands of dollars is justified under the
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circumstances of this action merely to prove the existence or non-existence

of inter-connecting subsurface water channels.

VIII. STRUCTURAL STABILITY OF SITE AND SURROUNDING AREA/BLASTING ACTIVITY
: AND RELATED ISSUES

This area of environmental concern was also identified, analyzed andé
evaluated in the DGEIS (Pages 18-22, Exhibit C7). The analysis in the DGEIS
was challenged by the Rubin Report, which challenge was again based on the

erroneous assumptlon that the site and surrounding area was karstic in

- nature. The karst issue was- adequately addressed by
1 S es vt o RS R e s TR i
coDesign, Inc. in their reports (Exhibit C to the FGEIS) and the Applican

DL Meray
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e w..@nd its professional englneer have conducted-a thorough- 1nvest1gatlon*bL
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the structural 1ntegr1ty of the surrounding bedrock 1nc1ud1ng but not

limited to extensive test borings into bedrock, review of available maps
and surveys and visual inspections of the mine (FGEIS Pages 41-44).

The Applicant's engineers also identified and proposed a number of
feasible mitigation measures to protect the Knaust mine and nearby

structurss from vibration damage. These measures include limitations on the

n
i

ize and use of explosive charges and monitoring of test blasts (FGEIS Pzce

4

w

, Exhibit E - Site work Specifications Pages 02200-5 to 02200-15).

Any approvals graﬁted for this action shall comply with the City of
Kingston Blasting Ordinance and shall contain a condition that a detailed
blasting and monitoring plan implementing the aforesaid mitigation measures
identified as feasible by the Applicant's engineers and consultants shall
te reviewed and approved by the Engineering Department of ;he City of
7Zingston, &s well as the Applicant's engineers before any blasting activity
takes place. Nogification to residents and landowners in the neighborhood

shall also be given prior to any blasting activity.
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IX. HAZARDOUS MATERIALS
The proposed Performance and Development Staﬁdards and existing
strict governmental regulations, together with the requirement that al]
future phases will undergo an independent environmental review, will
adequately protect against potentiél harm from this source.
Any approvals gfanted for this action shall contain a conditiorn
that the proposed Performance and Development Standards (Exhibit D to

FGEIS) shall be formally adopted and implemented by the‘App};Egggiwggch
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.. X. ENDANGERED SPECIES

Fril

evidence that any endangeregfspé@?é%?%fﬁﬁTait*orbénimaI‘”“*"“

exist on the site or in the nearby mined areas. a1l competent reports and
- evidence, including a visual inspection of the mine on January 9, 1994
failed to show the bresence of any endangered bats or other species. The

construction and operation of the proposed business park will not threaten

or harm any endangered or threatened species (DGEIS Page 29, FGEIS Pages

12-14 and s53).

southwest. The wet area is wholly within the buffer zone and will not be
disturbed by any construction activities. The Applicant's Stormwater
Management Plan has directed any runoff from new impervious surfaces away
from this area to further protect and‘preserve its quality While leaving
the existingrdrainage from natural areas unaffected. It is therefore
believed that no individual permit is required from the Army Corps 5%

Engineers (FGEIS Pages 51-52, Map No. 4).



XII. AGRICULTURAL USE AND ZONING OF THE SITE
The site and adjoining\Knaust’property is zoned Residential and not
Agricultural although farms and other agricultural uses are permitted
- subject to certain conditions and restrictions. Neither the site nor the
Knaust lands are in any Agricultural district. No agricultural or other use

has been made of the Knaust mine for at least thirty (30) Years and the ra-

establishment of mushroom production in the Knaust mine is questionable zad

RSN YR

feasible economic use of such mine (FGEIS Section IV, Pages 34-68).

XILT¥STHE REZONING OF THE SITE FROM RRR RESIDENTIAG a m s LIGHT
MANUFACTURING WOULD BE ILLEGAL SPOT ZONING

B R e T ot A
ST | EPPRVE R

The proposed rezoning of the 107.0564 acre site to Light Manufacturin
for the purpose of constructing the Proposed Kingston Business Park in thre
form analyzed and evaluated in the GEIS and which would be subject to the

conditions and mitigative measures set forth in the GEIS would appear to re

for the benefit of the community as a whole and pursuant to a comprehensi-e

PR

plan for the general welfare of the community.

As discussed in detail in the FGEIS, due to changes in growth
patterns, economic and financial conditions affecting the City of Kingstor
and the Surrounding region and the absence of a suitable site for a

manufacturing facility to locate or expand, when combined with the

residential districts the broposed rezoning would not appear to constituts

illegal spot zoning'(See FGEIS Pages 56-57 and Paragraph V. of these

Findings) .
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..a&nd nature of. the former industrial sites;wthe:factathat_most:are*currentlyﬁ"‘

However, to insure that such rezoning of the site is for the sole and
specific purpose of permitting the construction of this proposed
development which has undergone exhaustive environmental review and
énalysis, any rezoning of the site shall be for the exclusive purpose of
and conditioned upon the construction of this particular project in
accordance with approved site development plans and other approvals of

regulatory agencies (See Paragraph V, L. of these Findings) .

_ XIV. THE DGEIS FAILS TO INVESTIGATE AND ANALYZE THE BROWNFIELDS
... REDEVELOPMENT OF THE OLDER INDUSTRIAL LANDS \IN_THE,CITY OF.KINGSTON.. . h.

B b 1t bt e

Due to a number of factors, including the location, orientation, size

in productive use; the lack of condemnation power in the Applicant and the
uncertainty of obtaining adequate parcels for the project; the high and
uncertain cost of acquiring land and demolishing the existing improvements;
the potential risk to the Applicant for hazardous waste liability under
federal and state statutes and other factors discussed in Pages 63-68 of
the FGEIS, such an alternative site or type of action is not reasonable or
fzasible considering the objectives of the Project Sponsor.

In making its Findings regarding these technical issues, the lead
agency notes that this action has undergone coordinated review with all
other involved agencies,‘including the following:

1) The New York State Department of Environmental
Conservation (DEC) whose primary jurisdictional involvement in this action
concerns the quantity and quality of storm water discharges from
construction activities (Pérmit No. GP-93-06) in accordance with Article

17, titles 7 and 8 and Article 70 of the Environmental Conservation Law.
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DEC has specialized expertise in the potential effects of
development on stormwater quantity and quality and acquifer protsction, and
under its permitting jurisdiction must approve the Applicant's Stormwater
Management Plan which includes compliance with strict guidelines for
controlling the quantity and quality of storm water runoff.

| 2) The Ulster County Health Department whose jurisdiction
includes sewage.disposal and water supply and the protection of the public
health, safety and welfare.

:iﬁQw¥:@})#ﬂ%xwgilg;ﬁqtﬂah involved agencyﬁuﬁdeﬁﬁSEQRifgthémAfiyzabfbé;4“3¥*wﬂ-
of Engineers has been'idéntified as an interested agency whose primary
E;concern%igiphe.protection of the waters of- the*United Staﬁesi“inCluding'”‘
wetlands.

Arcopy of the Draft Generic EIS, as well as the notice of
public hearing and coﬁment period and a copy of the FGEIS were filed with
each of the above agencies as required by the SEQRA regulations. To the
date of these Findings no comments whatsoever were received by the lead
agency from any of the above agencies, and it is assumed that such lack of
response indicates that such agencies are in essential agreement with the
identification, analysis and evaluation‘by the lead agency of all
identified significant adverse environmental impacts iﬁéluding, but not
limited to, stormwater control and management, acquifer and groundwater
protection, wetland protection, safety of the public and nearby structures

and related issuss. A copy of a letter from NYS DEC t John J. Privitera,

e

sq. under dat
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February 1, 1996 was received by the lead agency, a copy

of which letter is annexed to and made a part of these Findings.



XV. GEOLOGY, TOPOGRAPHY, SOILS
The lead agency has thoroughly considered the potential impacts of"
-deve1opment*onmthe%geolong“topography and soils of the site: ‘Die to the
extensive regrading required for the access road and to create suitable
building sites, the lead agency issued a scope for the DGEIS (see Exhibit
6) that required extensive investigation be conducted in fegard to these
factors.
A.  Geology:
The DGEIS summarized the geological character of the site (Pages
18-19) and specifically evaluzted the possible impacts due to blasting
based on detailed investigations by GeoDesign, Inc., a geotechnical
engineering firm (see DGEIS, Eppendix C-7). With.regard to possible impacts
on the mines on the easterly edge of the site, Geo Design stated (Appendix

C-7, Page 6):

"Thus, despite the close proximity of the mine to the
propcsed blasting (as compared to the proximity to off-site
dwellings) the geometry of the new roaiway excavation is
favoraole with respect to vibration impacts to the mine.
Blasting can easily be accomplished in a manner which will
impact using normal blast control teﬁbnlques The mines are

B S T IR I T e Y

‘In resporsc to ccmments submltted on benalf of tbeyKnause fanlly,
owrzrs of a small portion of the mines, the Appllcant-conducted additional
geological investigations which confirmed the original conclusions. In
response to the contention of Paul A. Rubin that the site ‘is & "mature
well-karstified cazrbonate acquifer" which would be adversely zffected by
sits constructior and drainage, Dr. Charles Merguerian, Ph.D., came to the

conclusion that (ssze FGEIS, Exhibit C and letter dated December 27, 1995):
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"The false impression that the region's geology is karstic
cannot hold up on the face of geological fact. In my opinion,
'theﬁKingston area should not be terms a "maturely karstified
carbonate acquifer" because of the absence of surface- and
subsurface features diagnostically associated with such a
classification."

The extensive response to the Knaust comments coptained in the FGEIS
(Pages 38-51 and Exhibit C) provide convincing evidence that the site does
not contain karst topography and that blasting,'drainage and site
preparation—hili not have adverse impacts on the.caves or lands adjacent to
the site.

B. M

The DGEIS analyzed site topography (Page 25) and determined that
the most severe slopes, in excess of 20%, were primarily around the site's
perimetef. The site plan proposed that a buffer area be established along
the site boundary to preclude development in these steep areas so as to
limit site clearance and minimize visual, site erosion and related impacts.

Following the public hearing and receipt of comments, the
Lpvlicant revised the site plan to substantlally increase the size of the

buffer so that the total area within the designated buffer represents 38%

e T 5 Rt
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of the total 51te area (see FGEIS, Page 25; and Map No., 4) ThlS rev1=ed

. medre s ”m“Wwﬂﬁﬁﬂﬁmﬁﬁm*w4%¢W@Mmmﬁﬂﬁ
Y. all of the steep areas on . the.site and, with.

%inciudesﬂvirtutil
the exception of the access road from Delaware Avenue, none of these areas
are proposed to be disturbed.

The Perforhance and Development Standards specifically designate
the buffer area and mandaté that no change in the buffer ;rea boundary can
ke made unless approved by the Kingston City Planning Board (see FGEIS,

Exhibit D, Page 18). Consequently, impacts on steep slopes will be

minrimized by avoiding such areas to the maximum extent practicable.
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C. Soils:
Soils on the site were analyzed in the DGEIS (Péées 22-24, Map
No. § and Table No. 1) and revealed that virtually the entire upper portion
éf the site is within the Stockbridge-Farmingtdn— rock outcrop group - ard
the stesper slopes around the perimeter are in the Farmington - rock
outcrop complex. Potential for erosion during construction will be

minimized by detailed erosion protection measures prepared for each site

development plan (see FGEIS Page 9).

XVI. STORTMWATER CONTROL AND MANAGEMENT

The Applicant prepared a Storﬁwater Management Report (see DGEIS,
Appendix C-4) whiéh provided that all stormwater would be disposed on- site
with no increase in the rate of off-site discharge; First flush
contaminants would be controlled by providing catch basin sumps and
subsurface infiltration areas.

The FGEIS (see Exhibit F) contains a Modified Stormwater Management
Report which refined the program for treatment of stormwater by directinc
runoff from building sites to water quality inlets for the treatment and

1__”p,-remoy“l:ggy£l©ata

Qééﬁpﬁgduﬁﬁﬁ# including sand,ms11t metals =~hydrocarbons;sw=estsanz
RN AL )2 S SRR R AN S T R
’-EtC*yﬂnson -site- gorgeww11}—rece1ve the pre-treated stormwater*and Willrpe i

partially filled with processed filtration material to further treat the
stormwater prior to discharge into the ground.

The procedures set forth in the Modified Stormwater Mgnagement Report
provide a techniqué that will adequately protect all on-site and off-site
receptors of stormwater from adverse effects by treating the runoff and
limiting discharge to pre-development rates. (See Section VII of these

Findings for a more complete discussion.)
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XVII. VISUAL AND AESTﬁETIC RESOURCES

'In order to evaluate potential‘visuai impaéts of site development,
the Applicant conducted a detailed visual simulation analysis of Phase 1 of
the development (see DGEIS Pages 45-49 and Appendix C-6). The analysis
'utilized photographs from eight sensitive viewpoints to depict post-

. development views from the same locations. The photo simulation
demonstrated that the view from the south would be completely screened by
the on-site buffer area; the view from thé west would be relatively open
- and views from the east (the Hudson River and both east and west shores)
would bé partially screened at distances of one-half to three miles. On-
site landscaping, low profile buildings and use of muted earth tones in
building facadgs would further mitigate potential impacts.

The Conceptual Development Plan for the entire site was modified in
response to comments, several of which concerned the views from the west.
The buffer arez has been increased in width and the westernmost building
has besn reduced in size and moved 50 feet to the east to provide an
undisturbed arez between it and the edge of the plateau to screen the

The phasing plan has been revised to

—= TP S s Ry FRS S LT L i A SR AR AT T Y i TR S ST T U A TR
L5 ;fcf-fumgtirom Phase - 1»and replace&mﬁmwrthmtheﬁ&4$**5$ﬂhﬁﬁf
gatE S L R L 1o o R e

buglggnglimmed izt ly north of the proposed Huck bulldlng

The Rpplicant has demonstrated that visual impacts will be limited to
a sigrnificant d;gree by careful site planning techniques and has modified
the lccaztion of the westernmost building to further mitigate potential
visual impacts. Since the Qisual simulation did not address the impact of
Fhass 2 development, which has since been modified, the Planning Board has
estabiished policies to cuide it during site plan review and to determine

if additicnal visual analysis is required for subsequent building
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construction (see FGEIS, Page 26). These policies will be applied to all
propesed development subsequent to the Huck building.
XVIII. TRAFFIC RELATED ASPECTS

Traffic related aspects of project development were considered at
length in the DGEIS (see Pages 30-36, 68-71 and Appendix C-1) including
general traffic eperation, site access, pedestrian traffic, emergency and
construction access and alternates thereto.

The-two intersections directly affected by the project (the site
entrance and the Delaware Avenue-Murray Street intersection) will function
at very satisfactory_levels of service (A or B) upon full development of
the site. Although surveys suggest that there will not be significant use
of mass transit, the CitiBus route will be extended into the business park.
To enhance pedestrian safety, particularly school children, a sidewalk and
guard rail will be provided on Delaware Avenue and a school crossing guard
stationed at theventrance.road intersection. Emergency access will be
provided via a breakaway gate from Ulster Avenue at the northerly end of

the site (see FGEIS, Map No. 1).

In response to many comments, the location of the access road has

assoc1ated w1th grades to the east during winter condltlons (see FGEIS Page

18). To facilitate early access to the Huck site during construction of the
main access road, the alternate construceion road from Ulster Avenue will
be utilized. Impacts on the surrounding neighborhood will be mitigated by
limiting this road to use by cement trucks for 2-3 months under conditions
which limit hours of use and require escorﬁ by a City vehicle (see FGEIS,
Pages 18-20). During construction of the access road and the Huck building,

an additional crossing guard will be posted at the intersection of Koenig
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Boulevard and Murray Street to relleve any impacts from addltlonal truck
frafflc
XIX. UTILITIES AND COMMUNITY SERVICE
A. Utilities:

The site is served by the City's central water Supply and sewage
disposal systems. The lines in Delaware Avenue by which the business park
will be served are of adequate size and the central water supply source and
Sewage treatment plant have adequate capacity to accommodate demands
generated by the Kingstén Business Park at total development of 500,000

square feet (see DGEIS, Pages 50-52 and Appendices C-2 and C- 3)

B. Waste Disposal:

County-wide solid waste disposal facilities have adequate capacity to
accommodate waste generated by the business park, which will be transported
by private haulers (see DCEIS Page 53). Central Hudson Gas & Electric
Corporation facilities are of sufficient size and capacity to satisfy
demand generated by the‘park (DGEIS, Pages 53-54) .

.G Community Services:

There will be little impact on pollce, fire protectlon and

RN R SR S M L
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éprlnklered The only effect on pollce services will be short term traffic
- control, as requlred during the initial construction stages, which will not
place any undue‘demands on the force (DGEIS Pages 54-55) .
XX. HISTORICAL AND ARCHAEOLOGICAL RESOQURCES
A complete survey of pOfential archaeological resources on the site
was conducted by a professional archaeologist (see DGEIS, Page 60 and
Appendix C-5). Field investigations were completed and data recovered for -

analysis. The Historic Preservation Coordinator of the New York State
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Office of Parks, Recreation and Historic Preservation (NYS OPR&HP)
concluded that, based on the End—of-Fiéld letterrsubmitted;i"No further
archaeological investigations are.warranted and the project can proceed
without any adverse effects on cultural resources.". (DGEIS, Appendix C-5,
letter dated October 17, 1995).

There are no historic resources on the Kingston Business Park site,
although there is one site listed on the National Register of Historic
Places in proximity to the site. The possible visual and noise impacts of
deve10pment of the bu51ness park on thls and two other nearby structures
whlch may be eligible for such llstlng was undertaken (see DGEIS, Pages 60-
62 and Appendix C-6). The conclusion of the study was that possible visual
and roise impacts on these structures were mitiéated by distance, existing
and proposed vegetation, grade differential and site planning.

XXT. DEMOGRAPHIC AND FISCAL IMPACTS

A. Demographic:

The Kingston Business Park will have the positive effect of
retaigigg_employmentﬂin.the City and contributing to the reversal, or at -

least reduction, of the population decllne in the City since 1960 (see

Sos s S "ﬁl’iﬁi“ K RS R T Y

e Upon full development, the Kingston Business Park will generate
600-800 workers w1th a total of $13,000,000 and indirect expenditures of
$32,0000,000. Huck alone generates a payroll of over $6,000,000. At total
buildout the project will generate $450-500,000 per year in payments in
lieu of taxes (PILOT) and $200,000 in land rents to KLDC. The PILOT
payments will not begin until the seventh year after completicn; the one-

third payment that year will be $150,000. The $20,000 per year for road
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maintenance that the City will incur will be far outweighed by the PILOT
- payments, which increase to full value in year 10, and the positive fisca

benefits will be over $400,000 per year.

XXII. CHARACTER OF NEIGHBORHOOD
See Section V.
XXITII. AIR QUALITY

211l of Ulster County is in "attainment" for all categories of air
pollution. Measures to control dust during construction (see DGEIS Pages
56-58 and FGEIS, Exhibit E) will mitigate airborne silt and dust by
watering, preserving vegetation, limiting areas of disturbance and
controiling erosion. The satisfactory level of service operatlons of
adjacext street intersections will avoid carbon monoxide concentrations due
to tralfic congestion. The Performance Standards will control uses which
producs process emissions, all of which must also adhere to applicable
state znd f=deral standards.

XXIV. UNAVOIDABLE IMPACTS

Cmzvcidable construction-related, short term impacts include

incrsasad trafflc due to workers and equlpment 1ncreased noise levels,
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nd increased air emissions from construction equipment.

Cnavcidable long-term 1mpacts will also result from the construction
of ths park facilities. These include the conversion of undeveloped land
intc & businese park, loss of woodlands, reduction of habltan for wildlife,
increzsad traffic, commitment of water and sanitary sewer reserves.

XXV. ALTERNATIVES

rvlicant considered alternatlve 51te locations and access

e g e e ey B g kY e, a0 e

rocutss, alternate uses, reduced scale of development and the "no action"
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alternative (DGEIS Pages 68-73, FGEIS, Pages 32-33 and 63-68). The analysis
demonstrated that no other suitable site fer the Kingston Business Park
exists in the City. The most feasible access road alignment was selected;
‘the alternate entrance location was selected, however, based on comments
received at the public hearing (FGEIS Page 18), it was demonstrated that
the site could not feaeibly be developed for uses permitted under the
current zoning designation, primarily due to the necessary cost of access
and infrastructure improvements. Reduced scale of development would not
alter the basic nature>of the project and the no action alternate would
derrive the City of the significant economic beneflts due to the action.
XXVI. RESOURCE COMMITMENTS

The construction of the business park will result in irreversible znd

irrzzrievable commitments of land, energy, labor and economic resources.
XXVII. GROWTH-INDUCING ASPECTS

As Phass 1 of the proposed Kingston Business Park is primarily
izmed to accommodate Huck International which currently has its facility
in the City of Kingston, this Phase will not result in any significant

growth-inducing impacts. While the development of future phases will

pebinl-So

Zmerous conmerc1al and manufacturlng facilities in the area there is
cirrsatly a large labor pool as well as available housing to accommodate a
ne4 Cr expanded manufacturlng facility. It is therefore anticipated that
under current conditions the construction and operation of the park will
not result in any significant growth-inducing impacts.

XXVIII. THRESHOLDS FOR FUTURE SEQR DETERMINATIONS

.iIhe=DGEIS_ananGEIS»considered possible impacts from full development

2% zhe ¥i

ingston Eusiness Park with a total floor area of 500,000 square
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feet of floor area based on the Conceptual'Siteibevelopment plan (see
'FGEIS,'Map No. 1). A detailed site plan was'also de&eloped and evaluated
for the Huck International building which, witnrexpansion space, represents
'75% of the 250,000 square foot first phase. The nature of potential effects
on the environment considered in the EIS is such that in some cases the
impact of total development has been evaluated in sufficient detail for the
entire site;to determine potential impacts at this time while in other
cases the analysis has been based on assumptlons about site development
which may change durlng actual site development In order to provide
-guidance for review of site plans and development subsequent to the -Huck
bullding, thresholds are established below to determine when future SEQR
review will be rsguired. These thresholds are in two categories:

A, Review of the following environmental factors under SEQR shall
cnly be requirsd when the basic development program is modified by
i::reas1ng total floor area in the business park beyond 500,000 square fast
cr o7 allowing z uss other than those set forth in Section 7 of the
FerZormance and Development Standards. The analeis of these factors is
zzs=d on the sizs zad use of the facilities developed and is sufficiently
cgtailed so tha: cconclusions of the FGEIS will not be affected .
sig:ificéntly ry modifications of the Conceptual Development Plan during

e specific csvelorment.

1. Traiffic and transportation; however, a SEQR
‘Cetermination shall be required for any new or
mcdified site access road.

2. Land Use, Zoning and Community Plans.
2, Demcgraphic Characteristics.

4, Cocmmunity Services and Utilities.

. Zualtural Resources.

§. . fisczl Impacts



to site specific development plans that cause the following t:

-be exceeded:

1. Geology, Topography and Soils

-—— - AT

a. Proposed site disturbance will extend into trs zr=zs
indicated as "areas of non-disturbance" on Mzp No. ¢ in the

FGEIS.

2. Water Resources

a. Projected stormwater discharge for a 25 yezr
exceed the existing discharge rate from the sit
detailed drainage analysis for a site specific

'g
=
!
1

3. Terrestrial and Acquatic Ecoloav
a. Site disturbance will extend into the a
as "areas of non-disturbance" on Map No. 4 in the FGETS.

corner of the site will be increased or decrezse
plan design.

4, Visual Resources
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a. Site disturbance will extend into the arezs indicated

as "areas of non-disturbance" on Map No. 4 in the FGEIS.

b. Site plans for the Huck building are substantizlly

modified. '
c. Detailed site plans for additional buildings are

proposed. (Note: The Planning Board will also be guided by the

policies established in the FGEIS on Pages 26-27.)

ey marEn m e e ab, T g e PP

5. T Air ouality

a. Any significant increase in traffic generation is
predicted based on a modification of permitted uses.

(LWRP)

In accord with Local Law No. 4 of 1992, the proposed-action has

undergone a consistency rsview to determine whether it is consistent with

the policies arnd standards set forth in the City's approved Local

Waterfront Revitazlization Program (LWRP) .

XXIX. CONSISTENCY DETERMINATION - LOCAL WATERFRONT REVITALIZATION PROGRAM



A. As required in Part IV of Local Law No. 4 of 1992 =

Coastal Assessment Form (CAF), the plans for the Kingston Business Park an

[«

(]

the DGEIS were referred to the Kingston Urban Cultural Park Commission (tr

‘Committee) which is authorized to review and make recommendations rzgardin

[Ye]

the consistency of proposed actions with the LWPR policy standards and

conditions.

B. The Committee met and reviewed the CAF and the plans for

the Kingston Business Park and in a letter dated December 4, 1996 (

see
FGEIS, Exhibit A) stated that "The Waterfront Consistency Review Bcard has

found the application to be consistent with the policies set forth in the

Local Waterfront Revitalization Program."

c. As required under Part IV, paragraph 7 of Local Law No. ¢

¢f 1992, the Planning Board has evaluated the proposed action for

consistency with the LWRP policy standards and conditions.

1. The action is consistent with the general policy
(Policy 1) regarding revitalization of deteriorated and
uncerutilized waterfront areas since the subject site is
vacant and contains the abandoned remains of past mining
activities. Other site specific policies (1.A-E) regarding
such revitalization are not applicable since the Kingston

Business Park does not include and is not within any of
the sites mentioned.

2. Policies 2, 2A, B & C to retain and promote
commercial and recreational water dependent Uses are not
applicable since the site is over 1,000 feet from the

actuzl waterfront (Rondout Creek) and 2,000 feet from the
'Hudson River.

Policies regarding the strengthening of the economic
of smaller harbors (Policies 4, 4A, B & C) are not
icable since the site does not include any waterfront

1
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4. The plan is consistent with Policy 5 regarding
i astructure in that streets and utilities serving the

e
I'h
3
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site are well located and have ample capacity.

5. The policy to expedite local permit procedures
(Policy 6) is supported by the Planning Board and hz
utilized during the review of this project.

n

6. Policies 7, 7A & B are not applicable since the s:i-=
does not contain identified significant coastal fish z=<
wildlife habitats. Policy 8 regarding introduction of
hazardous wastes and other pollutants will be achievas
the adoption of the Performance and Developmsnt Stanczr
which preclude uses which generate hazardous wasts arn?i k-
+the Stormwater Management Plan which will require remcvzl
of pollutants from stormwater run-off (see FGEIS, Exnizit
F).

7. Policies 9, 10 and 10a regarding commercial and
recreational fishing are not applicable since this s
does not support such opportunities.

8. Policies 11, 12, 13, 137, 14, 15, 16 and 17 r
flooding and erosion hazards are not applicable sincs ==
site is hundreds of feet from the water's edge and dcss
not contain the erosion protective structures (culkhezis,
jetties, etc.) referred to in this policies.

1Y
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9. As demonstrated throughout the DGEIS and FGEIS tz=

proposed action will support Policy 18 to safegquard
economic, social and environmental interests in the
coastal area. '

10. Policies regarding public access to the shorelirs arnd

water related recreation facilities (1L, 1A & B, 1E, 2, 2B,
2C, 4, 42, B & C, 5, 5a, 9, 19a & B, 20, 20A,_21, ZlA & C

"and 22)"are not applicable since the site is remote from

such recreation opportunities.

11. Policies 23 and 23A regarding protection and
restoration of historic and archaeological resources
supported by the extensive archaeological survey of t
-site and measures to mitigate impacts on historic sit
set forth in the DGEIS and FGEIS.

1]
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12. Protection of scenic resources (Policies 25, 25A & B)
are supported by the visual analysis which illustrates
that the project's visual impact will be mitigated by site
planning techniques, buffer areas, landscaping and
building design techniques which are included on the site
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plan and incorporated in the Performance and Develcpmant
Standards.

13. Policies regarding major energy facilities (Zolicizz
27 and 29) are not applicable since no such facilizy is
proposed. The project is consistent with policies zo
prevent pollutants from entering the air or surfac
or groundwater due to design of on-site facilitiss an
requirements of other agencies for permits (Polici
30A & B, 33, 37, 38 and 41) .

PART C
CONCLUSIONS OF LEAD AGENCY
1. The.lead agency has found the FGEIS to be an adegusats
examination of all impoftant potential impacts which would result frem

P

firmative action on the proposed Kingston Business Park, including t=s
rezoning of the 107.056 acre site from RRR Residential to M-1 Lighro

Manufacturing; the approval of the site plan for Phase I of the

development; the approval of the proposed two lot subdivision; ths grant of

cr
]

ne area variances, and the concept of the business park. A brcad rsview o

land use, drainage, erosion control, stormwater management and control,

.....

traZfic, road alignment and construction, public safety, structural safsty,

C

socic-economic, fi ncial, visual and other considerations was una—rtac_n

and included in tks DGEIS. Comments were received on that 1nformat on and
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ré”o onses to thos: commeqts>were 1ncluded in the FéEIS- whﬂch respoosos
this Board has carafully and thoroughly reviewed and determined to be
adegquzate.

2.  During this process the Planning Board ha; reviewed all of

the written submissions, received oral comments at the November 30, 1995

T

ublic hearing and has arsfully reviewed, analyzed and evaluated, with the

2}

ssistance of the Board S staff, the various impacts of, alternatives to,

and potential mitigative measures for this proposed action.
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3. The Planning Board recognizes that qualified experts on
any topic may differ in their conclusions and, in particular, may differ in
the judgments employed during analysis. The Planning Board has carefully
considered all of the relevant documentation on the various issues that
have been submitted by other agencies, professionals and experts,
neighboring landowners and the general public.

"4. " After careful consideration of all relevant documentation
and comments, the'Planning Board believes‘it has adequate information to
evaluate all of the benefits and potential impacts of this proposed
Business Park as a basis for considering the pProposed rezoning of the site,
the site specific development of Phase I and the conceptual development of
future phasszs.

5. SEQRA was designed to foster a careful review by all
interested parcies of &ny potentially significant environmental impacts at
2 time when the discussions of such consequences has the most meaning. This
review is conducred pricr to any agency decisions fegarding approvals or
permits and when the Froposed project is still in its conceptual and
formative stacss. Thisg early environmental analyses of a proposal is
par;i;plarlywapprépriazegin%this case where both a rezoning-.of-land is « ..
required for prcject Cevelopment and where thé.project itself is to be
developed in & series of Phases or stages over time.

6. The submission of conceptual plans for future phases of
the propcsed Eusiness Tark affords important opportunities to obtain
information ard keep shapé the ultimate project which will continue to
uddergo-indspendentrenvironmental, as well as detailed technical and site
plan review as subseguent phases or stages are proposed and submitted for

écprcsal. The gsneric environmental review of this action has afforded the
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Planning Board and other involved agencies a clear understanding of the
potential environmental impacts that might arise from the actual
construction and operation of the proposed business park including the

‘roadways and infrastructure improvements and buildings.

7. To the extent possible the Applicant presented detailed
information regafding certain impacts, including traffic, access road
configurations,.visual and aesthetics, struétural stability of the site and
surrounding areas, surface and groundwater éuality and quantity, which
impacts can be reasonably anticipated and analyzed at an early stage of
revisw. While some of tﬁe analyses of these impacts could only be performed
in a conceptual manner to the extent they involve possible future phases of
the 3usiness Park, with the submiséion of a detailed site plan for any
Zuture phzsss the potential environmental effects of such phase(s) will

A s~

incdexgo an independent review and determination.

. In making these Findings and determinations, the Planning

enyirenamenztzl

zcord upon which it is based and, without intending to limit
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» in particular, upon the environmental, social, economic and

ctner facicrs hersinafter.set forth, all of which form the.basis of any: s e .-

izm to zzprove the site development plan for Phase I and to grant

izn aprroval. No such action will be taken until and unless the
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dirsssed a reasonable range of mitigation measures and
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those‘issues and questions raised by the comments. The DGEIS and FGEIS
examine and discuss all relevant issues includihg surface and groundwater
quantity and quality, public safety and Structural safety at a level ci
detail which is reasonable and adequate under the circumstances, and rone
of the information contained in the comments relates to potential adverse
environmental impacts which are new or have noc been adequately addresszd.
2As before stated, all future phases of the project will undergo an
independent environmental raview to identify.and assess any significanc
environmental effects that may result from such particular use and
circumstances.

10.  RAll changes made by the Applicant to the Site Development
Plars for the Droposed Business Park in response to the comments to tks
Draft Generic Environmental Impact Statement, including the relocation of
buildings, structures and roads, as well as changec to the Performance and
thye%9pm§55?§§§;g§{q§yy§;§_and are for the purpose of eliminating or
mitigating identified adverse environmental impacts and.none of such
changes will rssult in a significént adverse environmental effect.

1i. No newly discovered information has arisen about

significant adverse effects which was not previously addressed, nor have

thers been &ny changes in Circumstances which may result in any significant

adverse envircnmental effects,



The Planning Board shall defer making its final decision on whether
Oor not to approve the site development plan for Phase I of the Kingston
Business Park and to approve>the préposed two lot subdivision until:

a. The Commén'Council of the City of Kingston has made and
filed its own written SEQRA Findings pursuant to 6 NYCRR Part 617.9 (c) and
.has made its decision on whether to rezone the 107.056 acre site from RRR
Residential to M-1 Light Manufacturing so as to permit the use of the site
for the proposed business park; and

b. The Zdning Board of Appeals of the City of Kingston has
also filed its own written SEQRA Findings and has made its decision on
whether to grant the reguested variances for the off-street parking
regquirements of the City of Kingstén Zonihg Ordinance.

Upon the completion of the above actions the Planning Board shall

)

maxe any further or Supplemental Findings that may be appropriate or

PART D

LIST OF SUBSTANTIVE CONDITIONS IMPOSED ON THIS ACTION TO ENSURE THAT THE
REQUIREMENTS OF 6 NYCRR PART 617 HAVE BEEN SATISFIED
[6 NYCRR PART 617.3 (b)]

1) R detailed blasting ané monitoring plan implementing the’

ting activity takes place on the site. Such plan
szzll include procedures to provide prior notice to residents and

—zndowners in the neichkborhcod of the blasting schedules.
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2) The Stormwater Management and Pollution/Erosion Control Plan
contzined in the DGEIS and FGEIS shall be implemented pursuant to its terms
and provisions prior to the commencement of any sité disturbance. The lead
égency recognizes that such plan may be amended or supplemented by the
zpplicable conditions of a S.P.D.E.S. General Permit for Stormwater
Discharges from Construction Activities (Permit No. GP-93-06) that may be
issued by the New York State DEC pursuant to Article 17, titles 7, 8 and
Article 70 of the Envi;onmental Conservation Law. Pursuant to Part III, B
of the regulztions, a copy of the final pollution prevention pian shall be
submitted to the lead agency for its consideration.

3) The Performance and Development Standards contained in the FGEIS
(Exhibit D) shall be adopted by the City of Kingston Local Development
Corporation pricr to the commencement of any construction activity on the
site.

4) Eny amendment of the Zoning Map of the City of Kingston to
change the zoning classification of the site to M-1 Light Manufacturing
shall be ccrditioned upon the development of the entire site as a business
park in acccrdarnce with an approved site development plan or plans approved

by thQ”Cityzof_Kiﬁgston Planning Board.

n
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New York State Department of Environmental Conservation ‘

21 South Putt Corners Road, New Paltz, NY 12561-1696
(914) 256-3000 - Division of Regulatory Services ~

-

. Michael.D.- Zagata
February 1, 1996 Commissioner

MR JOHN J PRIVITERA
MCNAMEE LOCHNER TITUS & WILLIAMS PC
75 STATE STREET
PO BOX 459
ALBANY NY 12201-0459

Re:  Kingston Business Park
Dear Mr. Privitera:

Thank you for your January 12, 1996 letter regarding the proposed Kingston Business Park.
Environmental issues, including those related to geology and water quality of the site and the Knaust
property have been assessed as part of the environmental impact statement (EIS) process conducted
pursuant to the State Environmental Quality Review Act (SEQR).

Your concerns are most appropriately addressed by the Lead Agency as a part of this EIS process.
I understand that the Final Generic EIS presents further analyses of the geology and water quality
issues for this project as a result of the issues raised on behalf of the Knausts. This document will
be the environmental basis for any future decisions regarding the approval of the project.

Based upon review of the Draft Generic EIS, we determined that the NYS Department of
Environmental Conservation does not have any direct permitting involvement. The protection of
water quality as a result of site development is covered under DEC’s SPDES General Permit for
Stormwater Discharges (GP-93-06). Compliance with this permit is intended to assure that water
quality standards are maintained. For the Kingston Business Park, the sponsor has indicated that
specific plans will be provided to demonstrate that the terms and conditions of the permit are met.
When more specific details regarding future tenants are available, DEC will be able to further assess
other measures that may be required to assure water quality including the need for individual facility
permits.

Again, thank you for your comments and if I can be of further assistance, please do not hesitate to
contact me at (914) 256-3059 or Alec Ciesluk of my staff at (914) 256-3014‘.

Sincerely,

SMangant £ Do
Margaret E. Duke

Regional Permit Administrator

: Region 3
MED/AFC/11

cc: S. Cahill, City of Kingston .
S. Finkle, Clty of Kingston ) Privitera.ltr
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d/b/a GeoDesign, Inc., P.C.

. February 7, 1996
File No. 953-01

Dennis Larios, P.E.
Brinnier & Larios, P C.

67 Maiden Lanc

P.O. Box 3720

Kingston, New York 12401
Fax (914) 338-7660

Re: Response to Knaust/Rubin Letter Dated 2/2/96

Dezar Dennis:

In response to Mr. Finkle’s request, this letter summarizes a review of the February 2, 1996 letter
drafted by Mr. Rubin for the Knaust family titled “Groundwater Protection and Karst Hydrology
Beneath the Proposed Kingston Business Fark Site and Surrounding Area”. ' The review was
performed by the undersigned and Dr. Charles Merguerian. We understand that the letter was
incomplete as it did not includc the referenced attachments, some of which Mr. Finkle requested and
faxed to us on 2/7/96. We understand that onc of the misging attachments (#1) is yet to follow.

- Mr. Rubin bases his objections to the project on his central assumption that the subsurface is “karst”

Dr. Merguerian’s letter (attached) responds directly 10 this assumption, reiterating the scientific
invalidity of the karst thesis.

Hydrogeology

Mr. Rubin states (page Z) ™...it is first necessary to understand all the hydraulic relationships within
the mine itself”. He proceeds to describe selected water level data, and a site visit ‘during a rainstorm.
From this imited “data” broad and vague conclusions are put forth, unsupported by any calculations,
figures or other demonstration of diligent scientific method or rationale, However, he expects the
City of Kingston adhere tu a standard which includes extensive Geld testing and exhaustive
hydrogeologic studies to prove him wrong. ' '
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Mr. Rubin cites the water levels in a man_mnds_ms as evidence of karst hydrology. Quite the
contrary, if the site area was karst, one would expect water levels to rapidly seek the lower level of
the nearby Hudson River and not be trapped in elevated pools in the mine. In fact as stated in our
previous letter, the vastly differing water levels observed in the mine pools which are within closc
proximity to one another, demonstrate that the hydraulic character of limestone formation restrcts
water flow. Moreover, Mr. Rubin notes that the mine excavation was carried below sea level, hardly
something which could be easily achieved with the type of geologlc formation that Mr. Rubin has
“discovered” at this locale.

Mr. Rubin references tours, tracer studies, retention of karst tracer study experts, resistivity surveys,
deep rock core borings to groundwater, oversized large diameter (2 feet) rock corc holes into voids
to “permit hydrologic characterization and monitoring equipment” and to “provide physical access”
(pages 6 and &7), as methods which should be used to characterize this site . Based on our
experience with hydrogeologic studies including those performed for hazardous waste sites, to require

the City to “delineate the site hydrogeology” (page 9) as Mr. Rubin suggests. would cost at least
hundreds of thousands of dollars.

Such studies may be appropriate in the karstic areas of Oak Ridge, Tennessee Mr. Rubin liberally

references where the Department of Energy has facilitics with known waste disposal facilities and real
contaminant transport and impact issues.

Putting things in perspective, the Kingston Industrial site is not in Tennessee, is nol a waste disposal
facility, and is not in a karstic setting. Morcover, the stormwater causing Mr. Rubin so much
concern, will be pretreated.

Very Truly Yours,

Design, Inc.

(&
heodore von Rosenvipge, 1V,
Principal

attachment: Merguerian Report dated 2/6/96

cc: Dr. Charles Merguerian - Duke Geological Laboratory
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DUKE GEOLOGICAL LABORATORY
" 16 Middle Lane
Westbury, NY 11590
(516) 334-7415

February 6, 1996

Mr. Ted von Roaenvinge IV, P.E.
GecDeaigns, Inc.

984 Southford Road

Middlebury, CT 06762

Dear Mr. von Roaenvinge:

Yesterday, I read Mr. Paul A. Rubin’s Pebruary 02, 1996
letter to City Planner Sue Cahill. Slmilar to his previous
lengthy letter to City Plamner Cahill, dated 12/15/95, Mr. Rubin
expresaes his opposition toc the Kingston Business Park on _
envirommental grounds. He has dismissed the main points raised
in my response to his initial December letter and maintains that
the Xingston region ie an active, maturely karstified carbonate
aquifer. Again, I would like to state emphatically that, in my
opinion, Mr. Rubin’s central thesis is technically flawed in that
much tims has been spent cveremphasizing minutia and expanding
these cbservations to include regional terrain types.

I recognize, from reading Mr. Rubin’s letter, that
considerable time, money, and effort has been spent formulating
an opposition position to the proposed Kingston Business Park
develgpment. Having already raised my prime objections to his
characterizing the reglon as karstic in my 12/27/95 report, my
overall response to this recent letter can best be summarized by
the following statement: "Wishing something to be true does not
coustitute scleatific evidence that it is s0." In my twenty-
f£ive-years of professional experience on the regional geology acd
running field trips in southeastern New York, never once have I
read of or heard the Kingston area characterized as karst.

Mr. Rubin is attempting to coovince the City Planning Board
__that the Kingston area is a karstic terrain despite the abseace
of characteristic landforms including disappearing streams,
sinkholes, and subsurface interconnection of caves and caverns.
I congratulate him on his ability to write lengthy letters with
convincing technical jargon but he has failed to offer comvincing
‘geological evidence that the region 18 indeed a karst and not a
localized arsa of highly fractured bedrock., 1In Eact, during gur
early January site viait we obgerved that water levela were
Clearly different at various points in the Knaust mine, which
together with the water levels observed at vastly aQirrerent
elevations on the ridge top by yourself, offers diagnostic
evidence against interconnection of hydraulic channmnels in the
reqion. Interconnecticon of subsurfacs water channels is a
necessity for characterizing the integral geologic framework of a
region as karst.
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Mr. Rubin’s ceatral theme (that the region is a mature
karst) is most seriously flawed on the basis of scale. This
problem may stem from a perception that small-ascale features near
the proposed site (i.e. - a single surface opening, a spring, a
disappearing stream, a possible cavern [based on boreholes buL
not proven}, and a few possible sinkholas) identifies the regian
as karstic.. Rather, these are limited outcrop-scale features
that commonly develop around the world in temperate areas
underlain by fractured carbomate rocks (limestone, dolostone, and
in some areas, marble). The error im "fugzzy logic® is in making

" the intultive leap that observed small-scale features proves the
presence of an important regiomal landscape type, namely karst.

As Y’'ve already pointed out in my previocus report, karstic
regions cover hundreds of square kllometers and are not found
limited to a single ridge. I'm surprised that Mr. Rubin chooses
to ignore this problem in dimenslon as he has had experience in
areas of known karst and has coauthored some hydrologic- and
geclogic reports on karst regions in Tennessee (Rubin, 1995, and
Rubin and Lemiszki, 199%2). The fact ls, if the region were
indeed karstic (an importamt point to prove as fears of
groundwater contamination hinge on this perception), his
lapdacape characterization has important regiomal implications
that should extend the karst surface beyond Kingstom throughout
the Hudson Valley. Yet, with the exception of Mr. Rubin, no
profeseional geologists (in over 150 years of study) have
identified karst in the xegion. Interestingly, in the most
recent and historically thorough geological review papers on the
region [Marshak (1986, 1990) as cited in Rubin et al., 19951,
absolutely no mention of the term *karst” exists. '

Having spent considerable time in my professiomal career
examining the rocks and reading the literature on this part of
New York 8tate, I find it interesting that the words karst and
Kingston have never been mentioned together in the same sentence
before this curreat transfer of letters. Naturally, I resist
adopting such a terrain characterization based on Mr. Rubin's
perception. To summarize my objections for the layperscn, if ome
visualizes a karstic region as containing a subaurface atructure
agalogous to a large wheel of swiss cheese (many large-scale
interconnected vuids and openings with scme surface expregsion),
Mr. Rubin would have us buy a small piece of swiss cheese with
only a hole or two within it. ,

Sincerely yours,
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. Earth Sciences Department
Tel.: 607 436-3707
Fax: 607 436-3547

——College at Oneonta

STATE UNIVERSITY OF NEW YORK
ONEONTA, NEW YORK 13820-4015

February 3, 1996
To whom it may concern:

[ have been asked by Mr. Paul Rubin, of Accord, N.Y., to comment on the DEIS for the Kingston

Business Park, Kingston, NY, in regard to the presence or absence of karst beneath the site. I have read the

~ various conflicting arguments on both sides of the issue and hope to resolve some of the misunderstandings. I

must mention, though reluctantly, that despite my preference for teaching at a small college, I am a well-known

authority on Karst. A recent evaluation of our program showed that I am one of the world’s three most frequently

cited authors in English-language books on karst (or which contain chapters on karst) in the past 10 years, and
the most frequently cited on the topic of cave origin and morphology. An abbreviated resumé is appended.

Karst is one of the most widely misunderstood geologic phenomena, and it is no surprise that there are
questions about its presence at the Kingston site. Although I am familiar with similar geologic settings
throughout the Hudson Valley and elsewhere, I have not visited the exact site and so will limit my comments
to resolving the conflict between the parties involved in the study. -

‘1. Much of the controversy is semantic -- that is, it focuses on the definition and understanding of the term
“mature karst.” I agree with Dr. Merguerian that the site is is not a mature karst in the geomorphic sense, as
illustrated in the diagrams by A. Lobeck and by the topographic map of the Manati area of Puerto Rico.
However, Mr. Rubin is concerned with #ydrologic maturity, in which solution conduits have developed that
are capable of transmitting turbulent groundwater flow and contaminants. The presence of these openings,
rather than the nature of the topography, is the main issue.

2. Closed surface depressions (sinkholes) are sparse and usually small in limestone ridges of this kind, even in
ridges that contain many well-developed solution conduits and caves. The Valley and Ridge province of the
Appalachians contains hundreds of examples of similar limestone ridges with large traversable caves but
limited surface expression. Their convex topography does not favor the convergent type of surface drainage
necessary to produce large sinkholes. However, from personal experience in this province, ranging from the
Hudson Valley to northeastern Alabama, none of them can definitively be said to lack karst drainage of some
kind. According to Mr. Rubin there are several sinkholes on the ridge that do not appear on the topographic
map. Again, this is typical, as a study of topographic maps of cavernous limestone ridges throughout the
Appalachians will show (see Douglas, 1964, and Davies, 1958). The largest cave in southern New York, near
Westbrookville, is in a ridge of nearly the same limestones as those of the Kingston site, but has no
expression whatever on the topographic map.

3. The presence of subsurface voids in a great number of boreholes in the ridge (up to 8 ft in vertical extent) is
a strong argument in favor of karst. Their apparent continuity in the downdip direction is consistent with the
trend of the vast majority of dissolution conduits formed above the water table (Palmer, 1986). It is true that
voids are occasionally encountered in non-soluble rock, but they are generally formed by gravity sliding or
tectonic forces. They are much less frequent than those in karst and show virtually no solutional widening.




Standing water in the mine at different elevations is to be expected, because mines generally cut discordantly
across natural hydraulic gradients and solution conduits. Rapid fluctuation of water levels in the mine
following rainfall events indicates efficient connection with surface infiltration sources. Such field evidence
supports the presence of subsurface drainage through solution conduits, and those who argue otherwise must
bear the burden of proof.

. The main issue is the potential dispersion of contaminants from the site into the groundwater system. I do
not subscribe to the popular knee-jerk reaction against any kind of development on the grounds that it will

“damage the environment.” However, in this case the potential is real. Deformed limestone and dolomite of
the kind at the site are notorious throughout the world for the dispersion of infiltrating water along many
alternate flow routes -- not only along turbulent-flow solution conduits, but also along fissures widened onlx
slightly by solution, tectonic forces, and gravity. The rather low water table below the site provides a thick
unsaturated zone that enhances the lateral dispersion of water and contaminants. Dye tracing studies have
shown that water infiltrating near the top of a mountain or ridge can disperse radially in virtually all directions
(see examples in Bogli, 1980, and Ford and Williams, 1989). Subsurface conduits are fed by numerous
widespread infeeders (Williams, 1983), and there is no reliable method of grouting them all.

. If in fact there are sinkholes and solution caves in the ridge beneath the proposed site, they must indicate
through-flowing turbulent groundwater that links the surface with springs at the base of the ridge. The
presence of sinkholes requires underground conduits capable of transmitting turbulent flow able to transport
sediment (Howard, 1963; White, 1988, Palmer, 1991). Subsurface conduits require continuity of flow from
recharge areas to springs (generally at the local river level). Short segments of solution conduit cannot form
in isolation, but must be part of this continuous system, as shown by field observations supported by
geochemical modeling (Palmer, 1988, 1991; Dreybrodt, 1990). Therefore, if sinkholes, caves, and springs
can be demonstrated to exist at the site, regardless of their size, the presence of solution conduits extending
through the ridge between sinkholes and springs is assured.

. There are some common misconceptions about karst that may give the false impression that it cannot be
present in the Kingston area. Although surface karst features are enhanced by tropical climates, the
development of lengthy subsurface conduits is in fact favored by cold temperatures, because the solubility
of carbon dioxide and of carbonate rocks decreases with temperature. Although the dissolution rate increases
with temperature, and the diminished solubility is offset to some extent by the greater carbon dioxide content
of tropical soils, higher temperatures actually increase the time required to form solution conduits (Palmer,
1991). Some of the most extensive caves in the world are in alpine regions. The largest cave in Canada
- extends beneath the Columbia Ice Field and is still hydrologically active (Ford and Williams, 1989). All major
limestone formations exposed in New York State contain numerous caves of Pleistocene age. Many have been
partly blocked by glacial deposits, and their inputs have been deranged by glaciation, adding to the complemh
of groundwater flow patterns.

. I am familiar with Mr. Rubin’s work in the Appalachians, most notably in New York State and at the Oak
Ridge National Laboratory in Tennessee, and have no doubt that his observations of karst at the site are valid.
The late Dr. James Quinlan, co-author of the ASTM guidelines on groundwater assessment in fractured rocks
(ASTM, 1995), shared my confidence in Mr. Rubin (personal communication, 1994). Mr. Rubin has spent
decades studying karst, and it is inconceivable that he should misinterpret the very features to which he has
devoted most of his professional life. It is not appropriate to contradict him without first examining the
evidence that he cites. I am aware of, and impressed by, the expertise of Dr. Merguerian in the field of
structural geology and tectonics, and recognize the technical competence of the engineers who have studied
the site. However, | am equally confident in Mr. Rubin’s interpretation of subsurface solution conduits, and
that he does not fall into the trap of imagining that karst is everywhere simply because that is what interests
him. As a hydrologist, I would further contend that even if the ridge consisted simply of fractured, structurally



- competent rock, that the dispersion of contaminants would be nearly as great a threat to nearby properties.

It is fruitless to argue about the topic simply on the basis of differing interpretations of “karst.” The
main point is this: can dispersion of contaminants take place beneath the site such as to affect nearby properties?
Two steps are necessary to resolve the issue: (1) on a field trip accompanied by all concerned, allow Mr.
Rubin to point out the field evidence for sinkholes, sinking streams, caves, karst springs, and seepage into
nearby mines; and (2) follow the ASTM guidelines for assessment of groundwater flow paths in carbonate
rocks (ASTM, 1995) by dye tracing, An independent hydrologist with extensive experience in dye tracing in
karst is recommended (I obviously remove myself from consideration). A list of qualified personnel can be
obtained from the Karst Waters Institute, P.O. Box 490, Charles Town (not Charleston), West Virginia 25414,
phone 304-725-1211.

In an area with a geologic setting so susceptible to the dispersion of contaminants, these steps would
be of mutual benefit to all parties by dealing with the problem now, rather than when it is too late. I have no
personal, financial, or professional stake in the issue and am merely concerned that an appropriate site evaluation
be made. I hope these comments are of value to everyone involved with the site and that they are not viewed as
a deliberate obstruction of progress.

Yours truly,
Q@%W t/t N P 4(‘.,0/-4/42/\
Arthur N. Palmer

Director, Water Resources Program
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ARTHUR N, PALMER .
Abbreviated Resumé
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Geomorphology. Dissertation: "A Hydrologic Studyof the Indiana Karst."
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Teaching assistant in Geophysics, Geomorphology, and Glacial Geology, Indiana University, 1966-67.
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Assistant Professor, 1967-72, Associate Professor, 1972-80, Professor, 1980-1994
Distinguished Teaching Professor, 1994-present ’
Adjunct Professor, Western Kentucky University, Department of Geography and Geology: instructor of Karst
Geology summer field course, 1980-present. ‘

TEACHING AREAS

' Primary areas: Hydrology, Geochemistry, Karst Geology
Secondary areas: Geophysics, Field Geology, Computer Science.

PUBLICATIONS
Books and monographs

1972 (with F.-D. Miotke), Genetic relationship between caves and landforms in the Mammoth Cave National
Park area: Geographic Institute, Technical University of Hannover (Germany), 69 p.
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History Assoc., 49 p. Revised 1995 (65 p.). :

Book chapters

1982, chapters on Carlsbad Caverns National Park and Mammoth Cave National Park, in Ann Harris and Esther
Tuttle, eds., Geology of national parks, 3rd ed.: Dubuque, Iowa, Kendall-Hunt, p. 474-483 and 484-495.
Revised in 4th edition (1990), p. 167-176,145-158. Revised in 5th edition (in press).

1984, Geomorphic interpretation of karst features, in R.G. LaFleur, ed., Groundwater as a geomorphic agent:
Boston, Allen and Unwin, p. 173-209. _

1985, The Mammoth Cave region and Pennyroyal Plateau, in P.H. Dougherty, ed., Caves and Karst of Kentucky:
Kentucky Geological Survey, Special Publication 12, Series Xi, p. 97-118.

1986 (with J.F. Quinlan and R.O. Ewers), Hydrogeology of Turnhole Spring groundwater basin, Kentucky:
Geological Society of America, Southcastern Section, Centennial Field Guide 6, p. 7-12. '



1988 (with D.C. Ford and W.B. White), Landform development: Karst, in W. Back, J.S. Rosenheim, an P.R.
Seaber, eds., Hydrogeology: Boulder, CO, Geological Society of America, Geology of North America
(Decade of North American Geology series), v. O-2, p. 401-412.

1989, (1) Stratigraphic and structural control of cave development and groundwater flow in the Mammoth Cave
region; and (2) Geomorphic history of the Mammoth Cave Systen, in W.B. White and E.L. White, eds.,
Karst Hydrology -- concepts from the Mammoth Cave area: New York, Van Nostrand Reinhold, p. 293-
316,317-363. .

1989 (with M.V. Palmer), Paleokarst of the United States, in P. Bosik, ed., Paleokarst. Prague, Academia/
Elsevier, p. 337-363.

1990, Groundwater processes in karst terranes, in C.G. Higgins and D.R. Coates, eds., Groundwater
geomorphology: Geological Society of America Special Paper 252, p. 177-209.

1991 (with M.V. Palmer, C.O. Porter, P.A. Rubin, and J.E. Mylroie), A geologic guide to the karst and caves
of the Helderberg Mountains, Schoharie and Albany Counties, New York, in M. Nardacci, ed., Guide
to the caves and karst of the Northeast: Huntsville, Ala., National Speleological Society, guldebook to
1991 annual convention, p. 105-167.

1991 (with M.V. Palmer and D.G. Davis), Origin and geology of Lechuguilla Cave, in U. Widmer and M.
Taylor, eds., Lechuguilla -- jewel of the underground: Basel, Switzerland, Speleo Projects, p. 22-31.

1995, Geochemical models for the origin of macroscopic solution porosity in carbonate rocks, in D.A. Budd,
P.M. Harris, and A. Saller (eds.), Unconformities in carbonate strata: their recognition and the
significance of associated porosity: American Assoc. of Petroleum Geologists, Memoir 63, p. 77-101.

Journal articles (excluding abstracts)

1963, The occurrence of groundwater in limestone: Compass, v. 42, p. 246-255.

1966, Hydrogeology of Indiana, in R.W. Frey and M.A. Lane, eds., A survey of Indiana geology: Bloomington,
Ind., Indiana University, p. 75-81.

1968, The survey of Blue Spring Cave, Lawrence County, Indiana: Indiana Academy of Science Proceedings,
v. 77, p. 245-251.

1972, Dynamics of a sinking stream system -- Onesquethaw Cave New York: National Speleologlcal Society
Bulletin, v. 34, p. 89-110.

1975 (with M.V. Palmer), Landscape development in the Mitchell Plain of southern Indiana: Zeitschrift fir
Geomorphologie, v. 19, no. 1, p. 1-39.

1975, Origin of maze caves: National Speleological Society Bulletin, v. 37, p. 56-76.

1976, Geologic influence on passage orientation in Ludington Cave, Greenbrier County, West Virginia:
Proceedings of 4th Conference on Karst Geology and Hydrology, West Virginia Geological and
Economic Survey, p. 33-40.

1977, Influence of geologic structure on groundwater flow and cave development in Mammoth Cave National
Park, U.S.A.: International Association of Hydrogeologists, 12th Memoirs, p. 405-414.

1978, Geology of the Silvertip karst, Montana: Alpine Karst, v. 5, p. 31-39.

1983, Karst research in North America: Karstologia (France), v. 1, no. 1, p. 39-46.

1984, Recent trends ini karst geomorphology: Journal of Geological Education, v. 32, p. 247-253.

1984, Objectives and current status of alpine and arctic karst research: Norsk Geografisk Tidsskrift (Norwegian
Journal of Geography), v. 38, p. 145-150.

1986, Prediction of contaminant paths in karst aquifers: Dublin, Ohio, Proceedings of First Conference on
Environmental Problems in Karst Terranes, Association of Ground Water Scientists and Engineers, p.
32-53.

1987 (with M.J. Bakalowicz, D.C. Ford, T.E. Miller, and M.V. Palmer), Thermal genesis of dissolution caves
in the Black Hills, South Dakota: Geological Society of America Bulletin, v. 51, p. 72-99.

1987, Cave levels and their interpretation: National Speleological Society Bulletin, v. 49, p. 50-66.



some Appalachian examples: Proceedings, Appalachian Karst Symposium, Radford, Va., p. 109-115.
1991 (with P.A. Rubin and M.V. Palmer), Interaction between karst and glaciation in the Helderberg Plateau,

’ Schoharie and Albany Counties, New York: New York State Geological Association, guidebook to field
excursions, 63rd annual meeting, Oneonta, N.Y., p. 161-190.

1993 (with M.V. Palmer), Geologic leveling survey in Logsdon River, Mammoth Cave: Cave Research

' Foundation, 1992 Annual Report, p. 32-34.

1995 (with M.V. Palmer), reports on geologic research project at Mystery Cave, Forestville State Park, Fillmore
County, Minnesota, for the Minnesota Department of Natural Resources; includes 120-page interpretive
report (for use in presenting information to the public), a 145-page technical report, a 6-page
management report, and 20 folio maps.

1995 (with M.V. Palmer), Geochemistry of capillary seepage in Mammoth Cave: Mammoth Cave National Park,
4th Science Conference, p. 119-133.

1995, Paleokarst yields diagenetic clues: Geotimes, v. 40, no. 9, p. 9 (report on 1995 paleokarst conference in
San Salvador, hosted by Bahamian Field Station and Karst Waters Institute).

AWARDS

Certificate of Merit from National Speleologlcal Society for work in karst hvdrology, 1970.

SUNY Chancellor's Award for Excellence in Teaching, 1979.

Honorary life membership in National Speleological Society, 1982.

SUNY Distinguished Teaching Professorship, 1994.

Kirk Bryan Award from Geological Society of America, for the paper "Origin and morphology of limestone
caves,” GSA Bulletin, v. 103 (1991), p. 1-25, 1994.

The E.B. Burwell Award for engineering geology was presented by the Geologlcal Society of America in 1995
to “Groundwater geomorphology: the role of subsurface water in earth-surface processes and
landforms,” GSA Special Paper 252, edited by C. Higgins and D. Coates (1990), of which Chapter 8
was contributed by A.N. Palmer.

PART-TIME EMPLOYMENT (CONSULTING)

Geologic consultant for:
Time-Life Books, Planet Earth Series (1982).

- National Park Service:

Interpretive programs, Mammoth Cave Natl. Park, Wind Cave Natlonal Park, Jewel Cave Natl. Monument,
Carlsbad Caverns National Park (1974-present).
National Natural Landmark Program (1985); New River Gorge West Virginia (1987).
Cincinnati Museum of Natural History (1987-1991). ’
Town of Oneonta, N.Y., and City of Oneonta: geophysical and hydrologic field work to locate and evaluate
groundwater supplies (1989-91).
Stone Resource and Energy Corp., Worthington, Ohio: petrologic and geochemical analysis of a well core
through the Knox unconformity in Coshocton County, Ohio (1987).
Envirocorp, South Bend, Ind.: evaluation of geophysical well logs for potential solutional porosity above a
waste-injection site in Michigan (1989).
Intemnational Exploration, Inc., Doylesville, Pa.: peer reviewer of Superfund site remediation proposals (1991).
Minnesota Department of Natural Resources: geologic mapping, geochemical and petrologic studies, and
preparation of interpretive materials, Forestville State Park (1991-1995).
Delaware Engineering, Oneonta, NY: supervision of geophysmal and hydrologic field work for siting of new
village well in Walton, NY (1995).
National Park Service, forensic petrography: laboratory evaluation of retrieved minerals stolen from Mammoth
Cave, Kentucky, to verify sites of origin (1995-96).
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Water Scientists and Engineers, p. 3-13. :

1989 (with M.V. Palmer), Geologic history of the Black Hills caves, South Dakota: National Speleological
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1990 (with D.G. Davis and M.V. Palmer), Extraordinary subaqueous speleothems in Lechuguilla Cave, New
Mexico: National Speleological Society Bulletin, v. 52, p. 70-86.

1991, Origin and morphology of limestone caves: Geological Society of America Bulletin, v. 103, p. 1-21.

1993 (with D.C. Ford, M.V. Palmer, J. Lundberg, H.P. Schwarcz, and W. Dreybrodt), Uranium-series dating
of the draining of an aquifer: the example of Wind Cave, Black Hills, South Dakota: Geological Society
of America Bulletin, v. 105, p. 241-250. ) _ '

1995 (with M.V. Palmer), The Kaskaskia paleokarst of the Northern Rocky Mountains and Black Hills,
northwestern U.S.A.: Carbonates and Evaporites, v. 10, no. 2, p.148-160.

Non-refereed articles

1975, A guide to the limestone formations of Mammoth Cave National Park: Yellow Springs, Ohio, Cave
Research Foundation, 13 p.

1976 (with M.V. Palmer), Geologic reconnaissance of Wind Cave, New Mexico: Cave Research Foundation,
1975 Annual Report, p. 31-33. '

1976, Limestone formations of Mammoth Cave National Park: Cave Research Foundation, 1975 Annual Report,
p. 34-36. ,

1976, Control of the surface elevation of Otsego Lake: 8th Annual Report of SUNY Oneonta Biological Field
Station, p. 26-34. '

1977 (with M.V. Palmer and J.M. Queen), Speleogenesis in the Guadalupe Mountains, New Mexico -- gypsum
replacement of carbonate by brine mixing: Proceedings of 7th International Speleological Congress,
Sheffield, UK., p. 333-336.

1977 (with M.V. Palmer and J.M. Queen), Geology and origin of the caves of Bermuda: Proceedings of 7th
International Speleological Congress, Sheffield, UK., p. 336-339.

1977 (with J.E. Mylroie), Karst geomorphology of the Cobleskill area, Schoharie County, New York: New York
State Geological Association, guidebook to field excursions, 49th annual meeting, Oneonta, N.Y., 25

p-

1979 (with 1.J. Cullen and J.E. Mylroie), Karst hydrogeology and geomorphology of eastern New York: National
Speleological Society, annual convention guidebook, Pittsfield, Mass., 83 p.

1979, Stratigraphic variations in Mammoth Cave National Park: Cave Research Foundation, 1978 Annual
Report, p. 23.

1981, Geology and origin of Wind Cave, South Dakota: Cave Research Foundation, 1980 Annual Report, p. 10-
13.

1981 (with M.V. Palmer and R.L. Powell), Guide to the karst of south-central Indiana: 8th Interational
Speleological Congress, Western Kentucky University, Bowling Green, Ky., 56 p.

1981 (with M.V. Palmer and W.B. White), Guide to the Historic Section of Mammoth Cave: 8th International
Speleological Congress, Bowling Green, Ky., 59 p. .

1981, Hydrochemical factors in the origin of limestone caves: Proceedings of 8th International Speleological
Congress, Bowling Green, Ky, v. 1, p. 120-122. .

1983, Gravity survey of sediment thickness in the main level of the Historic Route, Mammoth Cave: Cave
Research Foundation, 1982 Annual Report, p. 21-23. :

1985, In search of water for Oneonta: SUNY Oneonta Faculty Convivium, Collected Essays, vol. 1, p. 20-26.

1987, Gypsum replacement of limestone by alternating open and closed systems in the vadose zone, Mammoth
Cave: Cave Research Foundation, 1986 Annual Report, p. 20-22.

1991 (with M.V. Palmer), Replacement mechanisms among carbonates, sulfates, and silica in karst regions:



Paul A. Rubin
Hydrogeologist
909 County Rt. 2
Accord, New York 12404

February 2, 1996

Sue Cahill; City Planner
Kingston Planning Board

City of Kingston Planning Office
City Hall, 1 Garraghan Drive
Kingston, New York 12401

RE: Groundwater Protection and Karst Hydrology Beneath the
Proposed Kingston Business Park Site and Surrounding Area
(Comments on the Jan. 25, 1996 Final Generic Environmental
Impact Statement)

Dear Ms. Cahill: ' ) '

There is a pervasive theme throughout the Final Generic Environmental Impact
Statement that the groundwater quality concerns of the Knaust family are without
foundation because "the issues raised related to hydrogeology in a karst setting
are both irrelevant and erroneous" and "absolutely no evidence of karst was
found" (Larios, 1/15/96). Larios further states "Mr. Rubin erroneously
characterizes the site as karst”. The applicant’s geological experts indicate
that the site is "without a trace of karst" and that "the false impression that
the region’s geology is karstic can not hold up in the face of geological fact

. because of the absence of surface- and subsurface features diagnostically
associated with such a classification”. Unfortunately, a great deal of time,
effort and money was spent in the FGEIS refuting my characterization of the
geologic setting, rather than getting out in the field and investigating the
site’s hydrogeology. The hydrologic concerns raised in my December 15, 1935
letter are completely accurate, as is the need to conduct karst-specific
hydrologic testing to protect underlying groundwater aquifers and the business
interests of the Knaust family. .

The applicant fails to characterize the groundwater resources and subsurface
flow paths beneath and adjacent to the proposed site, yet plans to discharge
stormwater directly to the underlying aquifer. Aquifers underlying the proposed
industrial site are apparently of little concern as "it is noted that groundwater
was not detected in any of the borings taken during the geotechnical evaluation
of the project, including the additional borings taken on October 25-27, 1995

." (Larios, 1/15/96). The site has an active groundwater flow system, the
applicant simply chose not to investigate it via standard engineering (i.e., ASTM
D 5717-95) and hydrogeologic procedures. Nonetheless, the applicant intends to
discharge stormwater directly to the groundwater flow system with no knowledge
whatsoever as to where it might ‘go or what it might contaminate. The waters of
New York State are obviously in jeopardy.

The applicant has not adequately complied with the intent of the SEQR
regulations and has not demonstrated "that the action chosen is the one that
minimizes or avoids environmental impacts to the maximum extent practicable” (as
per: 6 NYCRR 617; SEQRR, 1987). Incomplete and inadequately characterized site
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hydrogeology make it impossible for involved agencies to reasonably p
written SEQR findings statements as required after the FGEIS has been

Carbonate aquifers are extremely vulnerable to contaminant inputs. They
characterized by rapid subsurface flow and have virtually no ability to t
water-borne contaminants, instead they merely transmit contaminants, much

sewer pipe would. Contaminants are then rapidly transported to surface strs
It is the cumulative contaminant additions from locations such as the propo
industrial park that result in surface water degradation from non-point pollut
sources. As the FGEIS stands, its hydrogeologic characterization is non-exist
and it would not be prudent to advance the application without pro
hydrogeologic testing, evaluation, and stormwater impact consideratiomn.
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GEOLOGIC AND HYDROLOGIC CHARACTERIZATION REQUIRES DETAILED FIELD WORK

~ While it was a pleasure meeting structural geologist Dr. Merguerizn cn
January 9, 1996, it was unfortunate that approximately four feet of snowpack
present at the time of his visit precluded him from observing the many obviocus
karst features present throughout the proposed site area. Dr. Mergquerian spsnt
75 minutes in a portion of the Kingston Mine during a period of low flow. Ees did
not visit or step foot on the proposed industrial park site. He spent no time
conducting the detailed type of examination of the geologic landform that one
might consider routine for a structural geologist or for an assessment of
potential environmental impacts. Dr. Merguerian was not in a positien t©o5
evaluate the geologic nature of the landform based on a short-term examination
of a man-made hole and a poor topographic map. Furthermore, Dr. Mergusrizn
failed to acknowledge that evidence provided in the DEIS (e.g., borehole voids
with gravel) and in my December 15, 1995 letter (e.g., enterable cave, sinkholes)
documented the presence of karst. Nonetheless, Dr. Merguerian concluded that the
landscape was "without a trace of karst” and that "[t]he false impression that
the regions geology is karstic can not hold up in the face of geological fact.”
Much of the FGEIS then leans heavily of Dr. Merguerian’s conclusion and no
consideration is given to the groundwater resource.

My scientific analysis and characterization of the proposed industrial park
site is based on years of karst research in physically similar karst terranes,
familiarity with recent karst literature and karst engineering standards,
repeated site wvisits, surveys, and measurements conducted over many days and
during radically different surface and groundwater flow conditions. While more
sbout the site’s karst hydrology is learned with each wvisit, the physical
manifestation of karst features would be difficult to miss in even one visic.

KARST CONCEPTS AND FEATURES PROXIMAL TO THE SITE AREA

Physical evidence present on and adjacent to the proposed site documents that
1) the site is underlain by karstified carbonate aquifers, and 2) that the
standard engineering testing the Knaust's have requested [ASTM D 5717-95] should
be conducted prior to formalizing findings statements.

Karst concepts and numerous karst features specific to the site area include:

1) Hydraulic relationships in the Kingston Mine. 1In order to understand
the flow dynamics occurring throughout the Kingston Mine and in likely

upcradient recharge areas ({i.e., the industrial park), it is first
necessary to understand all hydraulic relationships within the mine
itself. At first giance, there appear to be numerous isolated and

elevationally different pools, some small and some extensive. Many were
not observed by consultants during their mine tour.



A six man survey team, headed by a practicing surveyor, conducted a
detailed leveling survey of all pools (i.e., exposed flooded mine areas)
throughout the mine. Several internal loops were utilized, all with
excellent closure.

All pools fell cleanly into three hydraulically and elevationally distinct
flooded mine sections. All elevations are tied to an arbitrary datum
assigned an elevation of 100.00 feet. All pools along the western limb of
the anticline were found to lie at 76.68 feet on the date of the survey,
thus establishing their hydraulic connection beneath and around flooded
portions of.the roof and pillar mine. A cano€ was taken into inaccessible
portions of this lake, revealing air-filled mine portions extending beyond
Allen’s 1956 map and water-filled portions extending downdip to the west.
As discussed in my December 15, 1995 letter, the flooded extent of the
mine requires delineation. Ssmith and Randazzo (1993), for example,
accomplished this with analyses of electrical resistivity, incorporating
boreholes for cavity verification. Recent chemical testing of this water
documents its pristine quality.

The second or central pool occurs closer to the hinge of the anticline
than the western or eastern flooded mine segments. Its elevation was
found to be 95.55 feet with respect to the arbitrary datum. While much of
this flooded area is shallow, several deep areas were found wvia canoe.
Now flooded heating ducts and electrical boxes reveal that this extensive
area has filled to its present level in the last 30 years, since mushroom
operations were temporarily terminated due to poor economic conditions.
This level appears to be perched, filling slowly like a giant bathtub. It
is hydraulically distinct from the eastern and western lakes.

The surface of all pools along the eastern 1imb of the anticline were at
an elevation of 51.50 feet with respect to the arbitrary datum.
Flashlights lowered into two deep, clear pools revealed an extensive
flooded area extending down to at least 78 feet. The great depth here is
related to the nearly vertically bedded (locally) rock unit and when tied

to a bench mark may be found to extend to several feet below mean sea
level.

Knowledge of the hydraulic relationships within the Kingston Mine now
facilitate interpretation of groundwater response to storm events and sets
the stage for tracer testing. Characterization of groundwater flow routes
will entail delineation of at least two different recharge areas.
[Drainage tributary to yet another discharge or resurgence area within the
proposed business park {s discussed below; # 4.1 Attachment 3 examines
lithologic, structural, and hydrologic parameters examined in a deformed
area of the Valley and Ridge province in east Tennessee. The concepts
discussed in this paper may be correlated with the structural controls
present in this ridge. This should be useful in formulating a tracer test
strategy to delineate groundwater flow routes.

2) Flooded portions of the Kingston Mine are not stagnant watexr bodies
with "[n]Jo evidence of groundwater flow .." as suggested in the January 9,
1996 von Rosenvinge, IV, P.E. letter. Rather, they are integral
components of two physically separate and apparently strike-parallel flow
routes separated by an anticlinal feature. Both the eastern and western
lakes respond dynamically to surficial storm and snowmelt events, thus
establishing that they are both hydraulically connected to significant and
different upgradient recharge areas.

Markedly different water levels have been observed in the eastern lake

following precipitation and snowmelt events. For example, a 0.8 foot rise
occurred in response to the January 19, 1996 precipitation and‘snowmelt
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event. Similarly, the western lake responds dynamically to stoxrm events
revealing both an influx and discharge of water at rates far greater than
possible with laminar f£low. Rapid influx of large water quantities
indicates turbulent flow through solution conduits (i.e., karst). Note
the significant rise and fall in water level elevations associated with
the storm and snowmelt peaks of January 19-20 and January 27-28, 1996
(Table 1). The large surface area of the western lake fluctuated within
a 0.75 foot range above its cold-weather level of 1.52 feet.

A repeated rise and fall in water level of the magnitude observed requires
a tremendous volume of influent recharge water. These water level rises
do not reflect water volumes efficiently drained out of the western lake,
only those temporarily stored in the lake.  Thus, the total recharge
incident to the western lake sums both the observed change in lake storage
(i.e., change in lake level) plus an unknown amount of water efficiently
transmitted through the flow system. It was during these two events that
the snowpack on the ridge decreased from approximately 4 feet to 0 to 6
inches. Clearly, contrary to Dr. Merguerian'’s suggestion, melting
snowpack and precipitation does not all run off the ridge top in surface
streams. The groundwater was significantly recharged due to infiltration
through the epikarst. The large surface area of this lake and significant
water level fluctuations indicate recharge from a large area. It is
likely that aquifer water is temporarily stored in these lakes above &
certain threshold elevation, above which water influx exceeds the
hydraulic efficiency of the discharge solution channel(s). Potential
discharge areas for groundwater flowing through these lakes can be
addressed at this time.

The rapid and dynamic response documented for the western lake (Table 1)
accents the need to delineate subsurface flow paths and related
environmental concerns prior to finalizing the environmental impact
statement. This is a basic premise underlying the SEQR review process.
Testing concepts specific to karst terranes are provided for in ASTM
standard D-5717-95. The Knaust family has continued to request this
action prior to project findings statements and approval.

TABLE 1
WATER LEVEL FLUCTUATIONS IN THE WESTERN KINGSTON MINE LAKE

Water Level Below

Date Time Arbitrary Datum (ft)
12/24/95 12:00 noon 1.52
1/14/96 10:00 a.m. 1.52
1/19/96 5:00 p.m. 1.10
1/19/96 6:01 p.m. 1.03
1/20/96 9:00 a.m. 0.85
1/20/96 5:15 p.m. 0.90
1/21/96 7:35 a.m. 0.94
1/21/96 ~10:37 a.m. 0.95
1/27/96 2:10 p.m. 1.02
1/27/96 4:25 p.m. 0.97
1/27/96 5:15 p.m. 0.94
1/28/96 2:00 p.m. 0.77
1/29/96 4:00 p.m. 0.85

The anticlinal ridge extending through and beyond the Kingston Mine is of
great significance structurally, hydrologically and environmentally. The
hinge of this structure is readily traceable through the mine. It strikes
northeast-southwest. Marshak (1990) depicts this structure in his
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geologic map of the Hasbrouck Park area [Fig. 27]. Knowledge of the
hydrologic relationships present in the mine permit us to assess the
general area of recharge tributary to the mine’s western lake. Allen
(1956) depicts the elevation of this lake as 101.0 feet. Assuming that
this is nearly correct, we can draw two lines on the U.S.G.S. 7.5 minute
series Kingston East (Topographic) Quadrangle that will permit us to
isolate the likely recharge area to the lake. The first line should trace
the 100 foot contour interval. Any areas topographically lower than this
line cannot provide recharge to the lake, otherwise they would lower the
elevation of the lake. The second line that should now be drawn on the
map is a straight line trending roughly S47°W originating close to the
entrance area of the Kingston Mine, near where the hinge of the anticline
passes. Everything southeast of the hinge axis can be excluded as
potential recharge area. Similarly, all elevated areas greater than 100
feet in elevation,; but physically separated from the western lake by an
area of lower topography can be eliminated as likely recharge areas. The
potential recharge area may further be reduced or isolated by eliminating
the sediment deposits flanking and to the east of the limestone ridge
(e.g., east of the planned stormwater disposal mine). Groundwater
movement and lake recharge from this direction is unlikely because slow,
laminar groundwater flow rates in sediments could not account for the
significant and rapid water influx to mineé lakes. This leaves a small
portion of Hasbrouck Park as potential recharge area and an extensive area
to the northwest. This northwestern area is riddled with well-drained
sinkholes, has internal drainage and is the proposed site for the Kingston
Tndustrial Park. The significant storm response documented in the western
lake water levels requires a significant recharge area such as that on the
ridge top. The need to conduct a tracer program is obvious.

3) A cave (the "Tilcon Spring Cave") is present within the proposed area
of the industrial park. Dr. Merguerian (12/27/95) and karst hydrologists
throughout the world cite caves as definitive evidence of karst. The cave
has an entrance cross-sectional area of approximately 3.5 ft? and extends
visually into the hillside for approximately 12 feet before disappearing
around a bend. The cave was found blowing warm air on January 20, 1996
early in the morning when the outside air temperature was ~ 10° F. This
indicates that the cave is air-filled for a considerable distance, enough
that the cave air temperature has been warmed and maintained at a constant
temperature by the earth. The cave must extend for a considerable
distance underground.

4) A spring is present within the proposed industrial park area. As Dr.
Merguerian notes, springs are one of the characteristic features of karst
terranes. The Tilcon Spring issues from the cave discussed above.
Discharge from the spring was carefully gaged on January 21 and January
27, 1996. It was found to be discharging approximately 400 gpm (0.9 cfs)
and 1,000 gpm (2.2 cfs), respectively on these dates. The cross sectional
area from a higher discharge associated with the January 19-20 storm peak
was measured (a linear melted snow/no snow line provided physical evidence
of stream depth). Since velocity was not measured, a reconstructed and
conservative estimate of peak discharge is 6,500 gpm (14.5 cfs). Flow of
this magnitude requires a sizable groundwater basin. Discharges of this
magnitude are found in karstic conduit flow conditions. Dynamic short-
term fluctuations in aquifer characteristics are well-documented in karst
terranes and are not consistent with laminar groundwater flow conditions.



5) Non Darcian or turbulent flow may be observed issuing from the Tilcon
Spring Cave. Larios (1/15/96) addresses my characterization of rapid
karst-solution conduit flow beneath the proposed industrial site as being
npased on a misinterpretation of the geological setting". Many of the
environmental and groundwater resource CONCerns are thus not addressed in
the DEIS or FGEIS as Larios states: "this issue relatées to the ‘rapid,
non-Darcian flow’ which may occur in a karst system. This is not a karst
system. The fractured bedrock is therefore expected to exhibit slow,
laminar flow characteristics...".

Turbulent flow is characteristic of rapid flow portions of carbonate
aquifers. Water discharging from the Tilcon Spring Cave and its tributary
carbonate aquifer was measured flowing at velocities of 1.0 m/s (3.3 ft/s)
and 1.3 m/s (4.3 ft/s; 2.9 mph) on January 21 and January 27, 1996,
respectively. The threshold between laminar and turbulent flow is on the
order of 0.001 m/s. Thus, even though peak flow velocities were not
measured, it can safely be stated that groundwater flow rates within the
boundaries of the proposed industrial park were found to exceed the
laminar/turbulent flow threshold by up to 1,300 times. As discussed in
the December 15, 1995 letter, the risk of rapid, unfiltered contaminant
transport is great. :

§) Non Darcian or turbulent flow may be observed pouring into the southern
~ end and addit-of the mine (north of the XKingston Mine).targeted to receive

stormwater runoff. During major snowmelt and runoff events, including
those of January 19-20 and 27-28 large quantities of water discharged
through several fractures in the walls of this mine. Significant
infeeders from high up on the south end of this mine must drain solutional
channels from the west, as little elevationally higher recharge area is
present to the north and east. Once descending into the floor of the
mine, this water may partially sink in quarry rubble, possibly following
solutionally enlarged fractures and faults to the south, perhaps into the
eastern Kingston Mine lake. Tracer testing is necessary.

Since the bulk of the upgradient areas capable of functioning as recharge
areas are either on top of the ridge (proposed site of the industrial

o

park) or high up along the flank of the ridge (including the mine to be’

used for stormwater discharge), there is a high probability that
infiltration of any upgradient contaminants may flow to the Kingston Mine
lakes and then to as yet undetermined locations. The discharge of one of
the infeeders was estimated at 100 gallons per minute. Slow laminar f£low
does not exhibit concentrated turbulent flow of this nature. This
condition occurs here because this groundwater flow in the epikarst occurs
through solution channels in the limestone. This is the natural
functioning of a karstified carbonate aquifer. As this flow may be
likened to pipe flow conditioms, it is obvious that any infiltrating
contaminants (e.g., parking lot hydrocarbons), here or elsewhere in. the
carbonate aquifer may rapidly degrade the groundwater aquifer.

7) Borehdle 5: A window into a portion of the karst aquifer north of the

flooded portion of the Kingston Mine. The 8.4 foot cavity encountered in
this borehole at a depth of 43.6 feet and in 8 other nearby borings
represents one Or MOre cave segments or a large room. The B-5 boring log
revealed the presence of inwashed gravel that a sinking stream washed in
through conduits to this cave segment. As discussed in my December 15,
1995 ietter, these voids (the applicant’s data) provide corroboration that
a karst flow system is present. As discussed in Attachment 2, limestone
ridges such as the one the industrial park is proposed on often contain
portions of once larger cave systems.



An important concept brought out by Rubin et al. (1995) applies to the
proposed site - that is, the ridge has survived many glaciations with
karst development more and less active at various times. Parts of the
conduit network in the ridge, while not receiving the same flows today
that initially helped form them, still provide active infiltration
pathways. Vadose percolation water follows fractures, bedding planes and
faults through relict conduit segments superposed above other lower cave
levels. All cave levels carried substantial groundwater flows at times
and all still actively receive infiltrating percolation water descending
through the epikarst. The conduits or room encountered in B-5 and
adjacent borings may reflect relict cave segments, similar to Cherokee
Caverns and Copper Ridge Cave (Rubin, 1935; Attachment 2-Fig. 1 1label
should be right-lateral shear fracture zone). All portions of the karst
network are part of the continuum of groundwater flow in the carbonate
aquifer, inclusive of slow-flow and rapid-flow components.

While erosion and glaciation have removed and truncated portions of these
systems (as analogous to - Copper Ridge Cave and Cherokee Caverns;
Attachment 2) groundwater still infiltrates downward through the epikarst,
into and through relict cave segments until coalescing with active karst
flow paths. An example of such a relict cave segment is Salamander Cave,
situated a short distance to the south.

A large cavity of this nature requires the influx of undersaturated water,
i the solution of bedrock;:and its removal by-turbulent-groundwater-.q=T
Spring Cave provides an excellent example of these processes in action.
The installation of an oversized borehole here, and perhaps some sediment
removal, would make it possible to physically examine the inside of a
portion of the site’s carbonate aquifer system. It would then be possible
to map conduit geometry and trend (see below). .

As von Rosenvinge and La Fosse warn in their November 3, 1995 letter
(following completion of a rock probing study that encountered significant
cavities in 100 percent of all borings):

"Cavities are expected to be encountered in the deep excavations
made for the roadway in this area. Although such cavities were not
encountered in other test borings at the site, cavities may be
encountered in other areas during excavation. The extent of the
cavities could be mapped in advance of construction with an
extensive program of additional probes."

They further warn that special testing and grouting may be necessary to
assure the structural stability of the access road and in other areas
during excavation. Similarly, as indicated in the December 15, 1995
letter, this same concern should be carefully addressed when constructing
foundation supports in karst terranes [Issue 18, p. 17]. It would appear
that the authors of this letter recognized the site as a karst terrane on
Nov. 3, 1995, yet on January 9, 1996 Principal engineer von Rosenvinge
concluded: "Absolutely no evidence for karst was found." [Emphasis not
added] . .

Elective Drilling Designed To Further Assess Cave System

Borehole B-5 and nearby borings provide documentation of an underlying
cave. While there is no question that a cave was penetrated by drilling
here, it is possible to learn more about the hydrologic and geologic
controls governing groundwater £low within .this ridge by direct
observation. In similar situations, karst hydrologists have drilled
oversized boreholes through competent limestone into voids to permit
access for hydrologic characterization and monitoring equipment. The

7
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Kingston Local Development Corporation might consider drilling an
oversized borehole 43.6 feet deep exactly at boring location B-5. An 18
to 24 inch diameter borehole would easily provide physical access to a
portion of the underlying cave system. Similar installations are in use
across the United States, permitting access for characterization of
structural and hydraulic controls constraining groundwater £flow in
carbonate aquifers. An access point here would also be beneficial for
evaluating subsurface engineering and foundation/structural integrity
concerns specific to the planned access road. Should the entry conduit
lead to cave segments sufficiently 1large and well decorated, cave
commercialization could be considered.

8) Numerous sinkholes (i.e., dolines) are present within the proposed
industrial park area. Merguerian (12/27/95) references the Glossary of
Geology definition of karst as a type of topography "that is characterized
by closed depressions or sinkholes, caves, and underground drainage".
Numerous broad closed depressions or sinkholes efficiently drain the
proposed industrial park site underground through a carbonate aquifer.
Note the need to conduct thorough field reconnaissance in karst terranes
since sinkholes and other karst features routinely are not depicted on
topographic maps (such as those presented in the FGEIS). Some of the
ridge top sinkholes are compound sinkholes, all functioning as high

. permeability pathways that carry 1nterna;~ruppff collected by sinkholes

“into “thé™subsurfacei™ = Usually a cover BN Eat It Eo vt orEStherad aeaiiie:
unconsolidated material forms the land surface. It is important to note
that these sinkholes do not £ill with soil. This is because material is
regularly sapped downward into underlying solution conduits where it is
transported away via turbulent flow. If the flow were not turbulent, the
sinkholes would f£ill in a short period of time. They would also fill and
overflow during storm and snowmelt events. Turbidity observed in the
western lake coincident with both January storm and snowmelt events may
stem from soils being flushed through the system.

High temperatures, heavy precipitation, and associated snowmelt in January
1996 provided an unusually excellent opportunity to witness the drainage
patterns on the ridge top in action. 1In fact, extreme flooding throughout
Ulster County at this time (perhaps the largest on record) resulted in
loss of life and property stemming from this deadly combination (declared
a major disaster by President Clinton). The heavy rains and rapid
thinning of the ridge top snowpack (from ~ 4 ft. to 0-6 in.) created no
intermittent stream channels draining off the ridge top, -as was indicated
by Dr. Merguerian who had not had the opportunity to investigate the
geologic setting. Instead, all drainage and meltwater drained into closed
depressions (i.e., sinkholes), entered the underlying carbonate aquifer
and drained to as yet undetermined locations. It is quite likely that
some of this recharge water flowed into and through the western lake in
the Kingston Mine. While only tracer testing will tell, the significant
changes in water levels and storage in the Kingston Mine lakes (see Table
1), coupled with the limited area available to provide the necessary
recharge water (discussed in 2 above) from the southwest (a portion of
Hasbrouck Park), strongly suggests that Kingston Mine lake water
originates from the sinkhole-rich industrial park site.- Not only is the
quantity of recharge water incident to the Kingston Mine lakes
significant, but also the arrival rate of the recharge water. The rate of
influx is consistent with what would be expected of snowmelt rapidly
infiltrating through nearby sinkhole drains, that is turbulent conduit
flow - not the slow laminar flow typical of non-karstified aquifers.

~ Of the numerous 51nkholes present on the ridge top, only one was observed

- temporarily ponding in“response to the” tremendous~water® infiltration. i
Here, water produced a small circular pond approximately 3 feet in depth.

8



By the next morning (Jan. 28, 1996) this water had infiltrated into the
sinkhole drain and underlying carbonate aquifer. While one inefficient
sinkhole drain temporarily retarded some of the meltwater from entering
the subsurfzce, the ability of these sinkholes to rapidly transmit
meltwater (or contaminants) into the carbonate aquifer is remarkable.

Site investigation is necessary in karst terranes, as important physical
features are often not depicted on topographic maps of karst terrains -
sinkholes, drainage pathways and other karst features are often missed
altogether or incorrect. Field reconnaissance 1is necessary.
Interpretation of stereo aerial photographs can also be used to assess
karst -landforms. -

.Stormwater Runoff Analysis Invalid

The assumptions and calculations used to evaluate and design the storm
water management plan are not valid in a karst setting. The stormwater
runoff analysis fails to account for the site’s karst hydrology (i.e.,
internal drainage; infiltration) and must therefore be completely redone
after the site hydrogeology has been delineated. Fluctuations in the
western and eastern lake levels provide evidence for significant
infiltration and have not been factored into the stormwater analysis.
Since much of the ridge top (site of the proposed industrial park) drains

internally,” and will continue to do so unless completely sealed, and no

=‘such¥assumptions¥were “factored into tHe=anEl e T af2: A B4 CeSSaArvEt o+
completely rsdo the analysis. Furthermore, until such time as the model
subbasins and their various sinkhole and epikarstic drains have been
delineated by tracing, it is not possible to either correctly delineate

" pre- and post development drainage areas, Or reliably conduct stormwater
runoff analyses. Since topographic divides rarely -coincide with
subsurface divides in karst terranes (Quinlan, 1989), and since the
geologic setting is dominated by sinkholes, the applicant cannot subdivide
the proposed industrial park site into hydrologic segments (for stormwater
analysis) without having first conducted the tracer tests necessary to
delineate the subsurface flow paths. Moreover, the applicant had no basis
for assessing runoff versus infiltration since the geologic setting was
not recognizsd and analyzed as karstic. Since the environmental impact of
contaminated stormwater on groundwater resources can not be evaluated,
involved agencies are not in a position to fully evaluate the FGEIS.
The entire stormwater analysis and design must therefore be completely
redone. '

9) A sinking stream, or the site of where a sinking stream is seasonally
active, disappears within the proposed industrial park site. So great was
the ridge top snowmelt that one pronounced intermittent stream discharged
from a small wetland just north of the planned Huck International building
site. It cut a two-foot wide melted snow channel, actively flowing into
the nearest sinkhole where the stream disappeared into the underlying
carbonate -aguifer. Dr. Merguerian (12/27/95; p. 2) points out that
wunderground drainage" is characteristic of karst topography. A geologic
tour (proposed below) would provide Dr. Merguerian and others with the
opportunity to observe the numerous sinkholes on the. ridge top, the
substantial lack of surface ridge top. runoff potential (as might attend "a
stream-dissected glaciated landscape without a trace of karst.", and the
lack of significant soil £ill in the sinkholes.

Tracer testing is required to assess the impacts of stormwater
infiltration on the underlying carbonate aquifer (i.e., from ridge top

~ sinkholes). Since significantly more water is transmitted in the rapid-
" flow segments * of karstified carbonate- aquifers® (e.g.,- via --sinkhole -
drains), and because the slow-flow portions of carbonate aquifers

9



ultimately converge to the rapid-flow segments where the hydraulic head is
lowest (Palmer, 1991), it becomes increasing importanc to determine the
flow direction, destination, velocities, and water chemistry of
groundwater in these aquifers. Unlike groundwater flow in porous or
uniformly fractured media, preferential flow paths in czrbonates cannot bs
predicted without detailed knowledge of solution condul: pathways (Palmer,
1991). : :

Tracer testing is more readily conducted during periods of high
infiltration that during dry summer and fall months. The Kingston Loczl
Development Corporation may wish to contract with arn experienced karst
tracing éxpert soon, in order to take advantage c¢i wet spring flow
conditions. ’ ’

10) The ceiling of the Kingston Mine rsceives significant infiltration
during storm and snowmelt events, so much so that a rzincoat is needed.

During January storm events, multiple ceiling infeeders were observed
dripping and gushing water though solutionally enlargsd joints. Several
‘had discharges on the order of 25 to 50 gpm. Icicles, Zlowstone cascades,

rimstone dams, cave pearls, dry rivulets and drip pocx marks in the mine -

floor clearly tell of variable ceiling inputs along joint sets, even
during times of 1little groundwater infiltration :such &as when ths

.. applicant’s consultants visited the mine). This represents groundwater
» percolation#through - thesepikarst. . -Minewspeleothems . provide;;further .
evidence -of- active karst processes. Some - of . the . most .. pronounced

hydrologic action in karst systems occurs during &id following storm
events, responding much more dynamically than in fractured bedrock or
porous media aquifers. : :

11) Wetland. The FGEIS does not address the small wetland situated
approximately under the footprint of the planned Huck building.

ALTERNATE SITE OPTION

An abandoned unconsolidated material (soil) quarry immediately adjacent and
east of the limestone ridge with the proposed industrial park site appears to
present an excellent site for Huck International. With some easy bulldozing and
landscaping work, a large and attractive site would provide wonderful expansion
potential for Huck. Photogrammetric analysis of 1972 aerial photography
indicates that at least 21 usable acres are present here. Since other potential
business prospects for the proposed industrial park have not been identified as
yet, - the City of Kingston could consider evaluating other vacant land or
abandoned buildings that could also stand revitalization. Meanwhile, this site
off North Street could ke tastefully reclaimed. Perhaps it is not necessary to

promote business in one  large location, especially one that is extremely.

environmentally sensitive. I urge you to further evaluate this potential
alternate site.

OFFER TO CONDUCT A KARST HYDROLOGY TOUR OF THE PROPOSED SITE

Information shared in this letter report and my December 15, 1995 letter
report thoroughly document the geologic setting as a karst terrane. It is
maturely karstified in the sense that the limestone has well-developed sinkholes,
solution conduits, cavses and springs that function to rapidly transport
groundwater. In order to familiarize Charles Merguerian, the lead agency, the
Kingston Local Development Corporation, involved agencies, and hopefully an
experienced KLDC karst hydrologist with the geology specific to the proposed
industrial park and Kingston Mine, we offer to conduct a karst hydrology tour of
the proposed site. The tour will be designed to corroborate what these letter

10



reports.document. We believe that such a tour would be beneficial for all
involved agencies prior to formalizing their SEQR findings statements.

As a result of insights gained on this tour, we are positive that all
involved parties will come away with an appreciation of the presence and
hydrolecgic dynamics associated with this karstified carbonate aquifer. With this
new rescognition of the geologic setting and the active karst flow processes
occurring, we are confident that all parties will agree that the engineering test
requirements set forth in ASTM D 5717-95 should be conducted prior to
consideration and approval of an FGEIS. Only in this manner can the Knaust
family’s groundwater, environmental and economic concerns be evaluated.

Experiencé and Corroboration

I have guided similar geologic tours many times before. I am well versed in
karst hydrology, having published numerous karst papers (Attachment 4), some with
Dr. Arthur Palmer - a world recognized karsc expert. Dr. Palmer has reviewed
this lstter, my December 15, 1995 letter, Dr. Merguerian’'s letter and viewed

zeriel rhotcgrapns of the proposed site and provided corroboration (Attachment

1 with resume) . I have also provided land use guidance to Towns and planners in

kars veloped and documented a conceptual model of carbonate and
1

ystems comprising pathways of rapid contaminant transport for
in Oak Ridge, TN, taught karst hydrology and led all day field
icnal geologists to areas where I am conducting karst research.
led two field trips at a joint mesting of the New York. State
: ciatién and the Ame*lcan Asscciztiom or‘Petroleum beologlsts:“The'“““ s

‘Rubin, DP.A., Engel, T., and Nardacci, M., 1995, Geomorphology,
paleocclimztology and land use considerations of a glaciated karst terrain,
Zlbany County, New York. Guidebook p. £1-107.

The geology of Clarksville Cave, Albany County,
51-273.

vdrcicogy discussed on these field trips is analogous

cszd sitce arez.

ryur010cy tour wiil provide a format for the 1)
feazures, and 2, the open exchange of scientific
T nature of ths c¢=c ogic setting in the field, the
considerztions can be advanced and hopefully litigation can

Ly 1.0

yﬁu* review of this and the December 15 1995 letter,
st hydrology tour, will accent the need to properly
droceology and thus, the need to protect New York
*ourcwa:er resourcss. " Thank you for your cooperation. . ..—

-
%

tn o'

Sincerely,

4’/:5/4 7@

Paul A. Rubin
Hydrogeologist
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cc: Mark Knaust
Herman Karl Knaust
City of Kingston Common Council
: c/o T.R. Gallo, Mayor
Ulster County Health Department
NYS Department of Transportation
NYS Department of Environmental Conservaticn
Region 3 and Central offices
Environmental Protection Agency (Frank Brock)
U.S. Army Corps of Engineers
Congressman Maurice Hinchey
Ulster County Planning Board
Urban Cultural Parks Commission
Alderman Robert Senor
Scenic Hudson
Daily Freeman
The Times Herald Record
Attachments:
1) Artrhur N. Palmer letter and resume
2) rRubin, P.A., 1995, The geology of Cherokee Caverns; Tennessee.

Karst Geohazards (ed. by B. Beck), Procesdings of: The Fifth
M:ltidisciplinary Conference on Sinkholes and the Engineering and
Environmental Impacts of Karst; Sponscrs include the National Ground
Association and the American Scciety of Civil Engineers,

inburg, TN, p. 541-547.

3) ‘n, P.A. and Lemiszki, P.J., 1992, Structural and stratigraphic
rols on cave development in the Ozk Ridge area, Tennessee.
icnnessee Water Resources Symposium (5th, Nashville, TN.,
zZ), Proceedings. American Wazsr Resources Association,
~ville, TN, p. 111-117.
4) rzul A. Rubin selected publications
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FEBRUARY 4, 1996 ADDENDUM 1: ATTACH TO PAUL A. RUBIN LETTER OF FEBRUARY 2, 1596

RE: Further Definition Of The Carbonate Aquifer Underlying The Froposed
Kingston Business Park Site: Additional Geologic Facts

ENTERABLE CAVES: DOORWAY INTO THE CARBONATE AQUIFER

Dr. Merguerian (12/27/95) has attempted to dispel the fact that the proposed
business park site, and even the region, could be a karst terrain. Dr.
Merguerian reports that sinkholes, caves, sinking streams and other karst
features do not occur in the region. He states: "[s]uch topographic feztures
simply do not exist within or near the Kingston area.". Dr. Merguerian, while
retained by the applicant as an expert in karst hydrology, clearly Las no
experience in the regional karst hydrology. A massive limestone belt trends
north-south through the region. Numerous sinkholes and caves (to 1.5 miles in
length) have developed over hundreds of thousands of years. Dr. Merguerizn, and
engineers retained by the applicant, have put forth many strong statements
attempting to dispel known "geological facts". Their arguments form the basis
for what they perceive as an unnecessary need to conduct standard hydrogsologic
testing to assess potential adverse environmental impacts to New York State'’s
groundwater resources. It is not possible to assess environmental impacts in the
absence of scientific data. The proposed Kingston Business Park site overlies
carbonate aquifers that require characterization prior to approval of an FGEIS.

Further hydrologic reconnaissance of the proposed site area (versus Dr.
Merguerian’s ‘“careful review of the literature") has documented important
hydrologic, structural and geomorphic factors that influence groundwater flow in
the karst aquifer system. Three physically enterable caves were located on
February 4, 1996. Two caves, situated west of the Kingston Mine, and within the
proposed site boundaries trend downdip. One exhibits the cross-sectional
geometry of a vadose (air-filled) canyon. Tt has a maximum exposed csiling
height of ~ 10 feet, with a width varying between 2 and 5 feet. After some 25
feet, it is occluded with sediment f£ill. Nearby, another cave extends 20 or more
feet downdip (14° NW). Like the first cave, the floor depth is difficult to
determine due to the presence of sediment infill. A third dumbbell shaped
solution conduit is also present, but it is now almost completely sediment
filled. The large size of these caves required regular high discharge and high
velocity flows, probably for tens of thousands of years in order to form. The
obvious lack recharge area argues for an artificially enlarged watershed. The
required drainage probably occurred from subglacial meltwater, at a time when a
vast ice shest pressed against the limestone ridge planned for development.
These are relict or abandoned caves that no longer receive direct recharge into
their entrance areas. Other caves formed or enlarged by invading subglacial
meltwaters are documented by Rubin et al. (1995) and Rubin (1995). Further
downdip, these caves may still receive percolation water that drains to points
unknown. These caves are important because they provide evidence for structural
control on groundwater flow in the ridge and provide evidence for a complex
internal drainage pattern within the ridge. Paleoflow or relict conduits are
probably superposed with active conduits.

The complex nature of the carbonate aquifer is further accented in another
cave somewhat northeast of these relict caves and south of the proposed Huck
building site. A stream actively flows through the cave, discharging to the
southwest. This cave is readily enterable for about 50 feet before sediment
partially occludes the passage. Fxamination of the sediment reveals the presence
of quartz pebbles and cobbles atop finely laminated clays and silts. These
pebbles and cobbles (like the gravel found in borehole B-5) do not occur
naturally within the limestone bedrock. They document water and sediment
throughput from one or more upgradient sources - most likely having been washed
in through sinkhole drains. This is evidence of an actively functioning karst



system.

This cave is developed along a strike-oriented fracture trending N45°E.
Water influx may occur both down dip and along a major thrust fault coincident
with the entrance ceiling of the cave prior to following strike. The geometry
of the cave is that of a vadose canyon. Undulatory ledges projecting outward
into the passage may well reflect the repeated bedrock/void - bedrock/void
sequence encountered in the B-5 area rock probe investigation (Fig. 2). The size
of the cave documents that it has been active for a period of time in excess of
10,000 years. Its dimensions vary from 1l to 7 feet in.width, with heights upward
of 20 feet. A room approximately 17 feet long, 7 feet wide, and 20 feet high is
used as a hibernaculum by bats. The size of the conduit suggests that the
recharge area may be, or once was, reasonably large.

The elevation of the cave’s invert requires survey, but is estimated at 150
feet mgl. This has significant implications for drainage patterns present in the
ridge and the recharge area of the Kingston Mine lakes. Since water recharging
the western Kingston Mine lake ultimately does so close to 101 feet msl, it is
possible that several distinct conduits actively operate at different elevations
with different recharge areas. Attachment 2 documents a similar setting in Oak
Ridge, Tennessee. Only a detailed tracer test program will be able to resolve
the different flow paths. . This should be conducted by an experienced tracer
expert.

The location, elevation and trend of this cave may further truncate the small
portion of Hasbrouck Park, discussed in the attached letter, that might conduct
recharge water toward the Kingston Mine. The southwestern groundwater flow
direction seen here may be indicative of the baselevel controlling groundwater
flow. )

ROCK PROBE INVESTIGATION

Figure 2 presents the results of the applicant’s rock probe investigation.
The remarkably high percentage (100 percent) of borings that encountered conduits
attests to the highly karstified nature of the carbonate aquifer. The long
period of time that this ridge has been exposed to erosion and infiltration has
probably resulted in complex internal drainage patterns.

Figure 2 graphically depicts the relative elevations of the rock probe depths
and the approximate elevation of the western lake in the Kingston Mine. Many
more cavities or conduits (i.e., cave passages) may occur at greater depth.
While groundwater elevations widely vary in the ridge, the applicant chose not
to proceed to groundwater during any portion of ‘the environmental assessment.
The flashy response tO storm water infiltration (as measured in the western lake)
depicted in Figure 1 is characteristic of rapid flow portions of carbonate
aquifers. The dynamic response observed over the surface of a large water body
documents the presence of a large, well-drained, recharge area. As discussed in
the attached letter, this recharge area almost certainly includes the proposed
business park.

WETLANDS

As stated in the attached letter, the wetland near or under the planned
footprint of the Huck building requires evaluation. It is depicted on the
U.S.G.S. map. The lack of field studies upon which the FGEIS relies for its
environmental assessment is further accented in the assessment of the small
wetland situated near the site’s northwestern border. This wet area is described

as "drain[ing] to the southwest off the site" (FGEIS). Field reconnaissance
reveals that this wetland is situated in an elongate and shallow sinkhole. It's

drainage is internal through the epikarst, not via ".. a stream-dissected
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glaciated landscape without a trace of karst." (Merguerian). January meltwaters
caused the shallow closed depression here to temporarily pond. Evidence was
found in the form of an elongate ice blanket (0.12 feet thick) situated 1.3 feet
above the February 4, 1996 water level. The surface of the ice was readily
distinguishable from ice-free areas. Observation of the snowpack beyond the ice
margin revealed that no meltwater overflowed this sinkhole. Instead, much of the
ponded water drained efficiently into the epikarst. Groundwater tracing should
be used to delineate subsurface flowpaths. :

Attachments: o
2 figures-.

cc: dJohn Privitera, Esq.



uiqny *y ed

1 ®mbi1 . , SAVYd
Sy ov 1% oe 14 o2 Gl ol °] 0
.v___________________________,____________.______
, ! -
e oo e
/ 9661 1 G661 ol
' 2=
R | 1 W L
! ! u”
il
- . jsipojidg ay], Jb@% o
- ybnoxy], paprodsuni], joall W el
 uonoudierg puyieW /.2 i
-moug Sunppnyu] wory Q1 %Q m -
¢ abpio}g Aiprodurs L .Wuxw%.. m. .H.
‘e g o
519 :
\ 2, bd -
v . . sy3dInov u
\ *._ - ; 31VYNOguVYD 40 SNOILLYOd MO1d -
\ ¢ T~ g A aidvy 40 JILSIHIALOVAVYHO -
,, &H L2 S1 ISNOdSTN WHOLS AHSVY T4 -
! ‘ -
\ _..Ww. J_ -
® 1 8 ¢ —
\ , @ |
I o -m.. L
- 5 | B
S . u
— o —
8 HAVIOOUAAH WHOLS -
& TV NHILSIM “ININ NOLSONIA

- SNOLLYQLLOA'I4 TIATT HILYM

oL

Gl

s

m._v
AN
vl
o'l
m..o
80

L0

(VW AFTISIHO MO138 1334) TIATTHALYM



uigoy d
T o4anbly

34 LOL :9o0)ing 0T

WA3JSIM JO UOHDAD|T

Buiiog
jpoyoyjodAH

7’

‘ K

2onjins 3N
WISJSI\ JO MO]} SAIPD
anogp an} syjdop bBuliog -
| | SIIJIADD
uoljnjos Jo uonnqLsIp
[DIII9A PUD |BIIN] SPIM -
SOIJIARD PIIDJUNOIUD
sButioq jo % 00L -
- :@3HILSYVA ATHOIH

|
I'd
s
E
C
E
C
d
C
E
C

- /umunuun_ 9AD)
=PIOA°H &

rd

dvod SSI2OV AINNVId O9NOTV
NOILLYSILSIANI 380Ud HDO0U



PROCEEDINGS OF THE FIFTH MULTIDISCIPLINARY CONFERENCE ON SINKHOLES
AND THE ENGINEERING AND ENVIRONMENTAL IMPACTS OF KARST
GATLINBURG/TENNESSEE/2-5 APRIL 1995

KARST GEOHAZARDS

ENGINEERING AND ENVIRONNIENTAL_PROBLEMS
- INKARST TERRANE -
| Editedby - |

- BARRY F.BECK

P.E.LaMoreaux & Associates, Inc., Oak Ridge, Tennessee
(Formerly: Director of the Florida Sinkhole Research Institute)

Assisted by

FELICITY M.PEARSON'

OFFPRINT

v Sponsored by
P.E.LaMoreaux & Associates, Inc.
and Co-Sponsored by '
The National Groundwater Association
The American Society of Civil Engineers, Tennessee Section,
Institute for Geotechnology, University of Tennessee
' Karst Waters Institute

A.A.BALKEMA/ROTTERDAM/BROOKFIELD/1995

Attachment 2



Karst GeoHazards, Beck (ed.) © 1995 Balkema, Rotterdam, ISBN 90 5410 535 6

The geology of Cherokee Caverns

PAUL A.RUBIN Accord, N.Y., USA

ABSTRACT

Cherokee Caverns is located in the northwestern part of the Valley and Ridge province in east Tennessee.
Regional downcutting throughout the Pliocene has resulted in the preservation of relict cave segments within resistant
carbonate ridges. This paper draws upon geologic. hydrologic. and survey work conducted in and around Cherokee
Caverns. Copper Ridge Cave, and Eblen Cave. The relationship between conduit geometry and elevation and
bedrock lithology has been used to interpret a portion of the geomorphic history of the Oak Ridge area. The
resulting conceptual model of the geomorphic history and hydrologic evolution of karst systems in the Oak Ridge
area provides information on the nature of karst systems that are still active in the area today. Since cave
development and possible contaminant exit pathways in structurally deformed regions are often controlled by bedrock
lithology and former or recent baselevels, concepts presented here may be applied to other studies (Rubin and
Lemiszki, 1992; Rubin, Lemiszki. and Poling, 1992). The geometry and size of trunk passages in these caves
document large paleoflow discharges (from an extensive catchment basin, active for tens of thousands of years), with
active flow superposed into and through truncated conduit segments. Conduit geometries in Cherokee Caverns reveal
very slow fluvial erosion alternating with periods of comparatively rapid erosional dissection. Relict phreatic
conduits have superposed solutional features typical of floodwater origin under alternating vadose and phreatic flow
conditions. This paper was prepared for inclusion in an educational guidebook specific to Cherokee Caverns.

. . ‘ .ffeé
INTRODUCTION ‘le,acv
Thz rocks and sediments of Cherokez Caverns contain an €.\'citing story about the geologic history of the region. The cavern was
formed in a soluble rock unit called the Copper Ridge Dolomitedduring the Upper Cambrian time period (= 515 million years ago).
Geologists can reconstruct a picture of wha this area was like millions of years ago based on the size and shape of the cave’s passage,
the sediments filling the cave. and even the angle of the rock in which the cave is formed. A fascinating story is only now being
unravelled.

ANCIENT MARINE LIFE, ROCK FORMATION, AND EROSION ' : :

We cz2n look back in time and visuzlize the conditions and events that were necessary for the cave to form. During the Upper
Cambrian. the sea level was rising and covered much of North America. The abundant marine life consisted mostly of trilobites and
shellfish callzd Srachiopods. ' Other species included snails, worms, sponges, and a few nautiloid cephalopods. Most life on earth
during the Upper Cambrian was in the ocezns. land plants and animals had not yet evolved. Through time, the buildup of dead marine
life on the ocez= floor ultimately compacted to form the Copper Ridge Dolomite. Although very few are preserved, we now know

the fossils of th:2 calcareous shelled orgznisms that make up this geologic formation lived in a warm, well-oxygenated sea less than
60 m (200 fi.) dzep.

Throuzh z=ologic time, more cartonates (limesiones and dolomites), sandstones, and shales wefe deposited, filling up aslowly
subsiding shzlles marine basin. Ultimatei:. by the end of the Permian period (= 245 million years ago), some two miles of flat-lying
sediments were 5uilt up over the Copper Ridgze Dolomite. Soon thereafter. what we now know as the continents of North America
and Africa collideZ. and caused the lar.d o uplift far above the elevation of today's sea level. The collisional event, called the
Alleghanian orczeny (= 240 million vears 220, is indicated by the fact that the once horizontal rock layers are tilted and stacked on
each other. By carefully looking at the rock walls of the cave, you can see that these beds are now inclined at approximately 14" to
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the southeast. Also the fractures and fault in the cave indicate that the rocks have beén deformed (Fig. 1). As thz land surface was
uplifted and the sea began to recede, a very slow erosional process began that continues even today.

As rivers and streams downcut through the inclined rock layers, they eventually exposed the Copper Ridge Dolomite in which
Cherokee Caverns now lies. It is difficult to date exactly when this occurred, but it most like!y occurred between 2 and 5 million years
ago. The 2 million year time frame is consistent with regional downcutting rates documented in other southeastern United States caves.
Current investigations of the record of the ancient magnetic field present in sediments deposizd in this and other Ozx Ridze area caves
are being conducted to more precisely date the events responsible for shaping the present-day landscape.

CHEROKEE CAVERNS _

Cherokee Caverns is of particular scientific value because it preserves what may be the oldest remaining geologic record of the
drainage patterns, river baselevels, and rates of regional erosion present millions of years ago in the Oak Ridge area. The way in which
its rock layers are carved tell a story of the evolution of the landscape we see today. The surface topography ard drainage routes
present 2 million years ago were quite different. When Cherokee Caverns formed, water that flowed through it did so at the lowest
topographic drainage level (i.e., baselevel or ancient water table) present at that time, much like the Clinch River is the lowest drainage
level today. Such a reconstructed surface topography is depicted in Figure 2, where the tubular passage intersected by the conduit well
represents Cherokee Caverns. The inclined passage descending down the slope or dip of the rock to the conduit represents a typical
water infeeder to the cave system. An example of this is found in nearby Copper Ridge Cave that descends as a vadose (i.e., air-filled)

canyon for a length of 243 m (798 ft.) until intersecting a relict phreatic conduit with passage dimensions up to 15 m (50 ft.) high
and wide (Fig. 3).

SE ' NW

Pinnacle -

Epikarst

LA

Fig. 2. Schematic showing a typical east Tennesses karst aquifer. Much of the 2rea is covered by permeable soils and sinkholes
through which water infiltrates downward until reaching fractured bedrock. Wz:zr in the uppermost bedrock (i.e., the epikarst)
flows down the dip of the rock (e.g.. northwestern infeeder to conduit) until reaching a drainage baselevel. Groundwater may also
flow against the dip of the bedrock if a zone of low hydraulic head (i.e.. 2 we!l-Zrzined conduit) is present nearby, as depicted in
the southeastern portion of the figure. Groundwater then follows the alignment or strike of the bedrock. The original land surface
that drained water to Cherokee Caverns was eluvated above the cave's baseleve! conduit. Thus, we know that the high ridge that
contains Cherokes Caverns must have once been considerably lower than the surmounding area. Less resistant geologic beds must
have be2n erodzd away from the Copper Ridge Dolomite.
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Although erosion and downcutting have left Cherokee Cavems as an abandoned segment of a river cave high up in aridge, its
physical setting was such that it once occupied a low valley. Runoff from high slopes northwest and southeast of the cave flowed
downhill until sinking into sinkholes and fractures draining into Cherokee Caverns. Much of this recharge water originated far to the
northeast, where it sank into the Copper Ridge Dolomite at higher elevations. Figure 2 shows schematically how once this water sank
into the Copper Ridge Dolomite, its flow path was constrained to the southeast and northwest by impermeable rock units. It is possible
that water shed off inclined geologic beds flanking the Cumberland Plateau may have contributed to the river that once flowed through
Cherokee Caverns. As less resistant shales, siltstones, and limestones were deeply eroded, particularly northwest of Cherokee Caverns,
the water once flowing through Cherokee Caverns found lower drainage outlets at nearby surface streams.

INTERPRETATION OF CAVE LEVELS .

Cave levels, sizes, and shapes can be used to interpret much about the landscape at the time the cave formed (Fig. 4). Careful
surveying has revealed that three former baselevels are faithfully recorded within the cave, at approximately 973, 945, and 937 feet
above mean sea level (msl). These levels are recognized by their tubular (phreatic) cross sections, which form in water table passages
grading very gently to distant, and mature, surface rivers. These passages form during time periods when stream erosion is relatively
slow. The highest level is now about 73 m (240 ft.) above the bottom of the Clinch River. The size and tubular shape of the highest
cave level provides evidence that water flowed at this elevation (973 ft. msl) for a minimum of ten thousand years. This level may
represent the oldest recorded water table in the Oak Ridge area. The final chapter in the history of this stage of slow surface erosion
is marked by finely layered sediments slowly filling the uppermost cave level virtually to the ceiling. The baselevel remained constant,
until a relatively sudden drop in regional drainage level occurred. In response. groundwater flow in the cave rapidly excavated much
of the sediment and downcut some 8.5 m (28 ft.) into the cave's floor before adjusting to a new stable baselevel (945 ft. msl).
Evidence of this adjustment is seen in the form of the water-rounded solution hole above the Wishing Well, as well as in other
solutionally enlarged fractures that connect the upper and middle cave levels. Many of these fractures are associated with a fault that
is visible near the Wishing Well (Fig. 1). These holes probably represent some of the initial routes of water loss from the upper to
middle cave level. These holes and other related wall and ceiling solution pockets were subsequently enlarged by the rise and fall of
floodwaters, possibly aided by the mixing of chemically different water.

Once the baselevel dropped to 945 feet msl, more water than ever before reached Cherokee Caverns. As this water was captured
by the cave, the cave passage reached widths of up to 33 m (110 ft.). Ceiling pockets tell us that the cave was sometimes filled with
rapidly flowing aggressive water, while at other times only partly filled with a slow-flowing river. The relative size of this middle
level tells us that the regional baselevel remained stable for a long period of time, certainly well in excess of 50,000 years, perhaps
even hundreds of thousands of years. Then, the regional baselevel fell again, this time only about 2.4 m (8 ft.) to its lowest recorded
baselevel (937 ft. msl). After the water table remained stable here for many thousands of years, another drop in regional baselevel
occurred (to at least 898 fi. msl). It was probably at this time when the shales, siltstones, and limestones northwest of Cherokee
Cavemns were eroded lower than the more resistant Copper Ridge Dolomite. This erosion of the nearby land surface resulted in a lower

flow path becoming available for the cave stream. This led to the abandonment of this cave by the original long continuous river that
formed it.

Evidence of the water flow direction immediately preceding abandonment of the middle and lower level phreatic passages of the
river cave is found northeast of the Wishing Well near two ceiling pendants (945.6 to 943.0 ft. msl). Here, floodwaters formed a small
steeply descending passage that initially trends to the east. It’s walls reveal evidence of rapid flow, apparently draining floodwaters
back to the northeast, away from the expected water flow direction. down to a lower outlet. Excavation of clay in the base of this
passage could lead to a northeast extension of Cherokee Caverns. :

ARE THERE SECTIONS OF CHEROKEE CAVERNS AWAITING DISCOVERY? .

Although the mail through the cave may make it appear that there is more than one major cave passage, Cherokee Cavems is really
only one very small segment (= 230 m [750 ft.]) of a single river cave passage. Imagine the quantity of water required to fill Cherokee
Caverns to the ceiling. Obviously, the cave had to have been much longer when it was active. What happened? How long was it?
Where did it go? Is there still more to discover?

Cherokes Caverns appears short today owing to the effects of erosion through geologic time. As stream and river channels
changed their courses through time. their downcutting cut off segments of the original river passage. The original river passage became
truncated. often sealed by collapse against hillsides. As rivers and streams continued to downcut through the area, some sections of
the original cave remained active, while others were totally abandoned. Other segments became plugged with mud. Look outward
from the entrance of Cherokes Caverns and envision streams cutting down through the cave’s roof, removing sections of the cave, and
carving the valley below. Further to the southwest, the Clinch River meandered (six times) across what may have been the former
route of Cherokes Caverns, further truncating the down-river portion of the original cave.
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The orientation of the rock layers, with impermeable shale units confining groundwater flow in dolomite and limeszone units (Fig.
2). enables us to interpret that the original cave extended a considerable distance to:both the northeast and southwest. Clues regarding
its original route can be found on the surface today. The finger of geology points toward what may be another abandoned segment
of the same cave some 23.8 km (14.8 mi.) to the southwest (Eblen Cave). The large tubular passage in Eblen Cave, at a lower
elevation than Cherokee Caverns (= 820 feet msl), is consistent with the slope typically found along phreatic cave passages. In
December of 1992, three cavers discovered another large segment of tubular cave passage between Cherokee Caverns and Ebien Cave,
named Copper Ridge Cave (Fig. 3). The entrance to Copper Ridge Cave lies 16 km (10 mi.) southwest of Cherokee Cavemns, is in
direct alignment with these caves, and has passage dimensions upwards of 15 m (50 fi.) high and wide. Today, streams flow,
sometimes perched on clay, within these isolated cave segments (e.g., Copper Ridge and Eblen caves) as they descend to the Clinch
River. The presence of other. as yet undiscovered. intermediary segments is further suggested by sinkholes and sinking streams directly
aligned with Cherokee Caverns. Along this alignment, ridge segments with elevations above 900 feet msl may preserve other pieces
of the geologic puzzle.

Is it possible that the known passages in Cherokee Caverns may be extended further to the northeast? Surveying has shown that
most of the large passage in Cherokee Cavemns lies above 925 feet msl., reaching elevations up to 973 feet msl. Hydrologically, there
is no doubt that Cherokee Caverns once received tremendous volumes of water. The original catchment basin tributary to the cave
must have extended many miles to the northeast in order to provide a continuous supply of water capable of completely filling the
river passage. However, a short distance beyond the known terminus of the cave, a tributary to the Beaver Creek has cut down to an
elevation lower than the ceiling of Cherokee Caverns (to approximately 960 feet msl). It is likely that resultant passage collapse has
completely blocked the northeastern end of Cherokee Caverns. However. several low level crawlways are found near the northeastern
end of the cave. There is some potential that these crawlways could be dug open and extended. possibly bypassing or routing through
the surface collapse area. It is also possible that probing in sinkholes northeast of this tributary will successfully open a route into
yet another segment of the original Cherokee Caverns. There is little doubt that other pristine segments of the original river passage
silently await the explorer.
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. STRUCTURAL AND STRATIGRAPHIC CONTROLS ON CAVE DEVELOPMENT
: , : IN THE OAK RIDGE AREA, TENNESSEE

Paul A. Rubin and Peter J. Lemiszki
- Oak Ridge National Laboratory*,
Environmental Sciences Division,
Oak Ridge, Tennessee

INTRODUCTION

The Oak Ridge Reservation (ORR) is located in the northwestern part of the Valley and Ridge
province in east Tennessee. The Valley and Ridge province is the topographic expression of the
southern Appalachian foreland fold—thrust belt, which formed during the late Paleozoic
Alleghanian orogeny. In the Oak Ridge area, three major northwest verging thrust faults
(Kingston, Whiteoak Mountain, and Copper Creek) imbricate and juxtapose carbonate and clastic
stratigraphic units that range in age from the lower Cambrian to the lower Mississippian (Fig. 1).
The carbonate stratigraphic units range in thickness from 1278 to 1748 m and include the
Maynardville Limestone in the Conasauga Group (hereby included as part of the Knox Group), the
Knox Group, and the Chickamauga Group. Stratigraphic relationships and repetition of units by
thrust faulting has produced three northeast striking and southeast dipping carbonate bands
bounded to the northwest and southeast by noncarbonate units (Fig. 1). Preliminary results
indicate that within two of these carbonate bands, formations composed of mudstone and
argillaceous limestone appear to further subdivide groundwater basins. Our efforts have focused

on relating the stratigraphic and structural characteristics of these rock units with cave development
in the region.

Understanding the relationship between conduit development and bedrock geology is important on
the ORR because the presence of mature karst indicates the potential for rapid transport of
contaminated groundwater from waste disposal sites. Various approaches are being used to
examine this relationship. Because many wells have been drilled on the ORR, drilling logs are
being used to infer the intensity of subsurface cavity and conduit development with respect to
different stratigraphic units. Both recent and prebuilding construction topographic maps have been
used to inventory surficial karst features above particular stratigraphic units. Once these karst
features are identified, field work has involved describing known, as well as exploring for
. previously unrecognized surficial karst features. Finally, regional downcutting and karstification
since the Pliocene has resulted in the preservation of sometimes large relict cave segments in
resistant carbonate ridges of the Knox Group. For example, the strike oriented master conduit of
Cherokee Caverns reaches approximately 45 m wide and and least 23 m high, and contains
features that record very slow fluvial erosion alternating with periods of rapid erosional dissection.
Since the formation of these caves is similar to others beneath the ORR, informaton from them
can, by analogy, be used to infer the characteristics of presently active karst systems. Information
of this type is needed for developing groundwater testing and monitoring strategies, and for
characterizing and conceptualizing the base and storm flow response of the karst systems.

*Managed by Martin Marietta Energy Systems, Inc., under contract DE-AC05-840R21400 with the U.S.
Department of Energy. '
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STRATIGRAPHY AND KARST DEVELOPMENT

We are examining whether karst development in the Knox and Chickamauga Groups is affected by

© changes in: lithology (dolomite vs limestone), bed thickness, insoluble residue content, porosity,
and grain size. The element of time, however, is so pronounced in the area that any potential
discrepancy in erosional resistance between dolomite and limestone appears to be of little
relevance. Although the major carbonate units are the focus of this study, it is important tc note
that cavities have been documented in carbonate beds of the Rome Formation and Conasauga
Group (Moore, 1988). In fact, although the Rome Formation is composed of predominantly -
clastic rocks, a thick dolomite sequence does occur which has been associated with the"
development of a sinkhole.

The Upper Cambrian to Lower Ordovician Knox Group is the thickest unit within each carbonate
band (700 to 1000 m) and contains the greatest abundance of surficial karst features (sinkholes,
springs, sinking streams, and caves) (Fig. 1). Locally, dissolution within the epikarst has
produced enlarged fractures and enterable caves to depths of 15 m, which indicate the minimum
vertical extent of infiltration in the quick—flow zone. The stratigraphic characteristics of the Knox
Group remain the same within each thrust sheet, which indicates that stratigraphic controls on karst
development will be similar within each carbonate band. The Knox Group consists of medium to
massively bedded dolomite of various grain sizes, with lesser amounts of limestone, chert, and
calcite cemented sandstone. Chert varies from thin, discontinuous lenses and pods that parallel
bedding in dolomite, to individual beds ranging in thickness from 2 to 30 cm. It is unknown at
this time whether some of the bedded cherts act as insoluble barriers capable of pearching
groundwater, but the discontinuous lenses appear to have no effect on cave development. For
example, in Cherokee Caverns large phreatic tubes developed in the Copper Ridge Dolomite,
which contains numerous horizons of discontinuous chert lenses and pods (Fig. 1). Cave
mapping indicates that the development of the passages was not affected by the presence of either
the chert horizons, slight changes in dolomite grain size, or changes in dolomite bed thickness.

Subsurface information on cavity development in the Knox Group (and Maynardville Limestone)
attests to the intensely karstified condition of this unit. The term cavity will be used to describe any
subsurface void encountered during drilling, although most cavities are expected to be integrated
with the overall conduit system. Some of these cavites contain sediments, indicating groundwater
flow through conduits and their relative connectivity. For example, in the Whiteoak Mountain
thrust sheet more than 50% of the wells drilled intersect cavities. This is an extraordinarily large
percentage when compared to the predicted percentage of 0.04 for karst terrranes (Quinlan and
Ewers, 1985). In addition, Moore (1988) studied 21 Knox wells from throughout the ORR and

.found cavities in all of them that range in size from 0.03 to 8.5 m. Because of the difficulty in
determining individual formations in the Knox Group based on well logs, however, the relative
percentage of cavities in each formation is unknown. The maximum depth of conduit development
will be controlled by factors such as: (1) the presence of underlying predominantly noncarbonate
units of the Conasauga Group; (2) the maximum distance between recharge and discharge points;
and (3) local and regional baselevels. Maximum cavity depths encountered during drilling are at
least 30 m below the invert of the Clinch River.

The Middle and Upper Ordovician Chickamauga Group comprises the remaining portion of each
carbonate band (Fig. 1). Although composed primarily of limestone, the stratigraphic
characteristics of the Chickamauga Group vary within each thrust sheet, because of sedimentologic
facies changes. Within the Chickamauga Group are a number of formations consisting of thick
bedded mudstone, calcareous siltstone, and argillaceous limestone, which may not be cave formers
and may separate cave systems in adjacent units. For example, at the base of the Chickamauga
Group in the Kingston thrust sheet is the Pond Springs Formation (Fig. 1). The lower part of the



Pond Springs is approximately 50 m thick and consists of fine grained, thick bedded, micritic
limestone. The upper part of the Pond Springs ranges from 50 to 100 m thick and is composed of
- mudstone with some micritic limestone and thin chert beds. Overlying primarily the lower part of
. the Pond Springs is a large, elongated sinkhole parallel to bedding strike that captures runoff from
a large drainage area. The presence of the sinkhole proves the existence of subsurface conduits in
the area, but the shape and position of the sinkhole appears to be influenced by the location of the
mudstones in the upper Pond Springs.

The existence of an intensely karstified Chickamauga Group in the Kingston thrust sheet has been
interpreted based on drilling and building foundation boring results at the K-25 site. Analysis of
geologic logs from 74 carbonate wells in the area revealed that 34% of the wells intersected
cavities. In addition, flowstone was found in two of the deep cavities indicating that they were
formerly air-filled caves, which may still operate as exit pathways. The lack of detailed surface

mapping and coring in the area, however, precluded an analysis of cavity development with respect
to individual formatons. - '

In the Chickamauga Group in the Whiteoak Mountain thrust sheet, the Rockdell, Benbolt, and
Witten Formations are the purest and thickest limestone sequences (Fig. 1). The rest of the
formations consist of mudstone, calcareous siltstone, argillaceous limestone,with minor amounts
of micritic limestone and chert. A major potential barrier to downdip oriented conduit development -
is the Fleanor Shale, which is predominantly a 75 to 80 m thick mudstone and calcareous siltstone.
Besides the presence of springs and a few sinkholes, however, data pertaining to the intensity of
karst development in the Chickamauga Group are based on drilling results. Two across strike
drilling transects at the X-10 site sampled every unit in the Chickamauga Group, but did not
encounter any large conduits (Fig. 1; Lozier and Pearson, 1987). Although drilling results do not
provide any information on large conduit locations, packer test results do provide information on
the slow—flow zone. Groundwater in the slow—flow zone moves primarily in fractures, because of
the low matrix porosity and permeability of the rock units. Core logs indicate that units comprised
primarily of limestone are intensely weathered along bedding planes at all depths, but units
composed of primarily mudstone appear more resistant to weathering. Highly weathered zones
exhibit hydraulic conductivity values ranging from 10-3 to 106 cm/sec, whereas the weathering

resistant zones exhibit hydraulic conductvities in the range of 10-8 cm/sec or lower (Lozier and
Pearson, 1987). :

The use of the aforementioned drilling results to interpret the intensity of karst development in the

Chickamauga Group in this carbonate band is misleading, because drilling along strike towards the

southwest intersected numerous cavities of various sizes. Investigations for the Clinch River
-Breeder Reactor site incorporated the acquisition of 24 coreholes over an area of approximately
- 0.16 km? (Fig. 1; Seay, 1973). The coreholes range in depth from 45 to 60 m and sampled the

lower half of the Chickamauga Group. A total of 144 cavities were intersected in 22 of the 24
holes. Cavity heights ranged from 0.04 to 4.3 m, with 100 cavities smaller than 0.3 m, 30 cavities -
between 0.3 and 0.9 m, 10 cavities between 0.9 and 1.5 m, one 2.3 m cavity , and one 4.3 m
cavity. In addition, during foundation construction a number of cavities were revealed with
average diameters of 0.5 to 1 m. The largest cavities occur in the thick to massive limestone beds
of the Rockdell Formation. A small scale tracer test conducted in an excavated cavity located in the
Rockdell Formation indicates that the cavity is part of a conduit system with flow to the northeast
parallel to bedding strike (Melroy, 1986). In addition, a surprising number of small cavities are
present in the mudstone-rich Fleanor Shale (Fig. 1). The cavites are suspected to have formed in
isolated, fractured limestone beds within the mudstone. These results (1) emphasize the variable
results that can be obtained by drilling in a karst terrane, and (2) indicate that extensive cavity
development may occur even in the very impure limestone units.



STRUCTURE AND KARST DEVELOPMENT

- Map scale folds and thrust faults are responsible for the position and orientation of the carbonate
bands across the ORR. One important aspect of the macroscopic thrust faulting is the change in
stratigraphic characteristics of the Chickamauga Group in each carbonate band. A change in
stratigraphy can lead to differences in karst development, and therefore the characterization of one
carbonate band will not properly describe another. A second major influence folding and thrusting
can have on cave trends is a result of local changes in the strike and dip of bedding (Palmer, 1991).
In the K-25 area, complex bedding orientations are associated with the southwest hinge of the East
Fork Ridge syncline and the development of the Whiteoak Mountain fault (Fig. 1). In general,
both faulting and folding are responsible for a rotation in bedding orientation towards the
northwest, which can affect the trend of vadose and phreatic cave components. Bedding
orientations at depth are also expected to vary in this complex zone of deformation, although along
strike away from K-25, bedding orientations maintain a fairly consistent northeast strike and
southeast dip. In the Whiteoak Mountain thrust sheet carbonate band, the strike and dip of bedding

is N50°E / 40°SE, and maintains a fairly constant orientation across the area. The consistency in
bedding orientations in this carbonate band aids in the prediction of potential conduit pathways and

discharge points. The less steep dip of bedding (10-15°SE) in the Copper Creek thrust sheet is
responsible for the large width of the carbonate band. Bedding in this carbonate band maintains a
fairly consistent northeast strike, but subtle changes in bedding dip towards the southeast may
influence cave trends. For example within Cherokee Cavermns, three superposed large phreatic
passages are oriented parallel to the strike of bedding and appear unaffected by bedding dip (Fig.
1). On the other hand, Copper Ridge Cave is a large vadose passage that meanders in'a downdip
direction. Minor vadose infeeders in this cave also meander downdip with dip—parallel segments
locally following a near vertical, northwest striking fracture set, and strike—parallel segments
tending to follow bedding strike. Another important result of folding and thrusting is that dipping
bedding exposes numerous bedding planes to weathering. Exposures in the Knox Group

commonly contain weathered bedding planes that appear to be a primary source of surface water
infiltration. '

The fracture system in the area consists of both systematic and nonsystematic fracture sets
comprised of extensional, hybrid, and shear fractures (Price and Cosgrove, 1990). The systematic
fractures are considered to influence cave development because they are planar, have relatively long
lengths, and maintain a fairly consistent orientation. The major systematic fracture sets are normal
to bedding, strike northeast and dip moderately northwest, (referred to as strike—parallel) and strike

_northwest and dip steeply to the northeast or southwest (referred to as strike—perpendicular). The
orientation of these two fracture sets suggests that they may serve to guide the initial development
of both strike—parallel and downdip cave passages. For example, within Cherokee Caverns, a
strike—parallel, left-lateral shear fracture zone can be traced for 200 to 300 m along the ceiling of
the cave before being concealed by cave formations. The fracture zone consists of a set of fairly
continuous shear fractures, with a local increase in minor fraeturing associated with the shear
fracture tips and stepover zones. Unfortunately, whether the position of the cave only aided
recognition of the fracture zone or whether the increased fracture frequency associated with shear
fracture development guided the initial trend of the cave cannot be determined. Solutional
enlargement of fractures, however, is clearly evident in surface and cave exposures. Furthermore,
faults observed in exposures of the Knox Group are often associated with a local increase in the
frequency of fracturing, which appear to develop as preferred zones of dissolution.

In the Oak Ridge area, outcrop fracture spacing is partly a function of rock elastic moduli (Young’s
Modulus and Poisson’s ratio) and the thickness of the fracturing unit. If either the thickness of the
fracturing unit or value of the elastic moduli increases then the fracture spacing also increases.



The size of a fracturing unit is closely related to bed thickness in interbedded clastic rock types. In
carbonates, bedded sequences of similar lithologies tend to deform as one thick unit, which will
result in a wider fracture spacing, but also tends to produce very long fractures. Therefore the
- development of long fractures intersecting a number of bedding planes can enhance surface water
infilration and serve as avenues for solutional enlargement. Furthermore, cherts commonly have a
very close fracture spacing, because they tend to be thin bedded and are more brittle then the
surrounding carbonates. The highly fractured characteristic of the chert beds may cause them to be
easily breached and prevent them from being insoluble barriers. In addition, the intense fracturing
of the chert beds will increase their effective permeability and enhance infiltration, which may
cause preferential solutional enlargement in the adjacent carbonates. .
In summary, karst development in the Oak Ridge area is primarily within the Maynardville
Limestone, Knox Group, and Chickamauga Group. Specific formations within the Chickamauga
Group (e.g., Pond Springs and Fleanor Shale), however, appear to have fewer karst features and
may act as insoluble barriers to conduit development. The combined effects of bedding dip,
faults, and fractures in the carbonates act as important infiltration pathways and sites for initial cave
development. Groundwater flow is constrained to the southeast and northwest by noncarbonate
units, resulting in strike—parallel cave systems. Future studies of the karst systems in the Oak
Ridge area will include: (1) definition of groundwater basins; (2) continuous monitoring of
hydrographic and chemical response in conduit wells and springs; (3) tracer tests; (4) geophysical
surveys; and (5) drilling of predicted subsurface conduits.
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