UNiversity oF VIRGINIA
Nuctear Reactor Faciimy

U.S. MAIL ADDRESS ‘ STREET ADDRESS

P.O. Box 400322 675 Old Reservoir Road

Charlottesville, VA Charlottesville, VA 22903

22904-4322 Telephone: 804-982-5440
Fax: 804-982-5473

May 11, 2001
Docket No. 50-62, License R-66

Mr. Alexander Adams, Jr., Senior Project Manager

Events Assessment, Generic Communications and Non-Power Reactors Branch
Division of Regulatory Improvement Programs

Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commission

One White Flint North

11555 Rockville Pike

Mail Stop 012-D1

Rockville, MD 20852-2738

Subject:  Response to a telephone request from Mr. Adams on May 10, 2001 for additional information
on the reactor site hydrology. This submission is therefore an addendum to the submission to
the NRC from the University of Virginia dated May 4, 2001, which was the University’s
response to a second set of questions related to the approval of the decommissioning plan for
the University’s Reactor Facility (TAC No. MA8186).

Dear Mr. Adams,

As per your request, attached to this letter you will find a couple letters/reports related to the ground
water hydrology in the vicinity of the University of Virginia Reactor. This should provide the additional
information you require to supplement the University’s answer to question #10 in our submittal dated
May 4, 2001.
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DEPARTMENT OF ENVIRONMENTAL SCIENCES

CLARK HaLL  «  UNIVERSITY OF VIRGINIA »  CHARLOTTESVILLE, «  VIRGINIA o 22903
Fax # (804) 982-2137 (804) 924-776!

20 December, 1995

Robert U. Mulder, Director
Reactor Facility
Observatory Mountain

Dear Bob:

We offer below a few comments on ground-water flow in the vicinity of the
Reactor Facility. Our comments are based on a visit to the facility last week and on some
general information about the geology of the region. This is very much a quick
assessment, reflecting our best judgment based on limited information.

Observatory Mountain is formed from the Rockfish conglomerate, a formation that
occurs in a belt on the southeast side of the Lovingston gneiss from a point on the Nelson
County line to the northwestern edge of Charlottesville (Nelson 1962"). The rocks show
steeply dipping joints (as seen in the exposure directly outside the Reactor Facility). The
rocks are quite permeable. Nelson (1962), for example, reports that "The Rockfish
conglomerate formation produces a much higher yield of water per well than the wells
from any other formation with the exception of the infolded Swift Run sediments around
Crozet." The steep hillslopes in the vicinity of the Reactor Facility, coupled with the
permeable nature of the rocks, suggests that ground-water flow in *undisturbed" areas will
be dictated by the surface topography and that ground water will traverse relatively short
paths to surface streams. In areas where the natural surface has been disturbed, e.g., at
the Reactor Facility where the top part of the site has been excavated and the bottom part
filled, surface drainage is likely to be changed, but ground-water flow, although altered
somewhat by the excavation, is likely to continue to follow the topography.

We believe that water that may leak from the facility through the foundation of the
building and thence into the rock or fill most probably drains into the pond below the
building. The topographic gradient from the base of the Facility to the pond, crudely
estimated by us to be about 3 min 50 m, is the steepest direction from the facility and thus
the most likely flow path. Any leakage from the Facility will be diluted by the natural
ground water. Without a detailed topographic map, we cannot determine a precise figure
for the catchment area of the pond. For purposes of a sample calculation, assume that an
area equivalent to 200 m by 200 m or 4x10* m? drains to the pond. Typical annual runoff
for this area is about a third of a meter. Thus, on average, we would expect drainage to

! Nelson, W.A. 1962, Geology and Mineral Resources of Albemarle County. Virginia Division of
Mineral Resources, Bulletin 77.



be some 36,000 L/day for the catchment, so a leakage of 400 L/day would be diluted one-
hundred fold. In summary, leakage water is expected to be drained to the pond below the
Facility and to be diluted significantly by mixing with both ground water and with water
stored in the pond. Without very extensive studies that would include the use of ground-
water tracers, it is not possible to say more than this.

) If you want to try to obtain data that might provide evidence relative to the
potential transport by ground water of radionuclides from the Facility, we have a few
suggestions. First, it is not likely that an expensive well-drilling and sampling program will
be effective. Rather, we would suggest that installation of seepage meters be considered.
The lack of a "signal" from your sampling of the water of the pond is not surprising for a
number of reasons (small releases, short half lives, jon exchange with construction and
natural materials, etc.), and the large dilution of any ground-water seepage into the pond
makes concentration measurements in the pond insensitivé as monitoring data. Seepage
meters placed near the shore of the pond below the reactor facility would be easy to install
(involving no excavation or drilling), inexpensive, and would sample the ground water
draining the hillslope at the Facility. If you want to alleviate concern that ground water is
migrating from the facility to a point on the surface below the dam, you might consider
placing a few shallow piezometers near the stream below the dam and collecting water
samples from them. Again, we probably could install and sample these with very minimal
effort. : :

We hope that this quick assessment is of some use to you. If we can be of any
further assistance, please let us know. '

AL A '
eorge M. Homberger ' - Jeftrey P. Raffensperger
Emest H. Efn Professor Assistant Professor
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Jeffrey A. Sltler Environmentsl Servnces, Inc.
. . . . .. P.O.Box 6038
Chaﬂurmmue VA 22906

. (304) 9747080

: Fix: (804) 9741657
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Mr RobertMulder R
Diréctor, Nucfear Reactor Facxhtv ,
Nuglear ReactorFacmty '
Un:versxtyof\ﬁrgtma : Pl L e
Charlottcsvxlle YA22903 2442 Lo

RE: ProposallContract to. Insta]l and Geoiogxcaliy Log 'I.'wo Momtonng Wellst;a_t- the UVA. .
Reactor?acxhty JAS Pro;msal Numher 7006 A

Dear Dr Mulder a

As requested by you -this proposalfcontract Séts forth the Ji cffrey A: Sitler Enwronmental Semces

Inc. (JAS) scope of services to install tvo momtonng wwell in the saprolmc soil at the Reactor F acrhty o
Thls proposal isbased on some dxscusswns with'you, and Dr. Rnﬁ'ensperger my visits to the S:te and
my exterisive Icnowiedge of local geology and hydrogcology . . LTy

BACKGROUND_INFORMATION AND REQUIRENIEN’I‘S L

Accordmg to ou, there has. been some: icakage of watcr from the pool in the reactor bulldmg
In orderitou ¢rstand the hydrogeology of the site and the flow paths the Teaking water might -
take, it is neoessezy to install 2 ‘number of momtonng wells at the:site.. Seveml shallow wells have
already been: mstalled downhmof the wadmg near the pond Two wells aré requured m “the

parkmg Iot between the reactor and pond. SRR

P
PR
L

TECHNICAL APPROACH

Thc scopc of semccs proposed by JAS to. complete thls work 1s outhned below

L ~;~‘IAS will emplace two (2) soil bormvs off. the subjcct Site for the mstallauon of the
" .iiwells and the deferminationof the subsurface’geology. The soil borings: will be
R 3-émplaced using hollow: stént auger drilling methods. The borings will be advanced
"% Yotén-to 15 fest. below' the:water table surface or to the surface-of bedrock,
-'-.-whachever oocurs ﬁrst Spht—spoon soﬂ samp}es wﬂl be obtained at’ ﬁve—foot-
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Dr. Robert Mulder
January 17, 1997
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5-‘:.mtervals thhm each bormg in. accordance with. ASTM D1586—84 qtandard '

¢ ' -Pengtration Test ‘methods. - The 'soil samples’ wxll be geo;ogxcally logged by a

s “'Vlrglma Cemﬁed Professmnal Geolocxst

B J AS. will install atwo-mch mon.tonng well withiri each boring. Thc wells will be

’ "-:"."-'_capped with a lockmg cap and finished with a manhole. JAS estimates that the

wells will be apprommately 25 feet deep. Each will be screened at the water tablc
*.to allow for thc collectton of shallow groundwater samp]ec. _

DELIVERABLES

Upon complenon cf the snte work JAS wﬂl subrmt to'you a: 1ctter report that mcludes geologlc
logs of the bonng and as-buxld logs of. the wells SR .

’ COST SUMZMARY

The total prO}eCt cost for the above descnbed work is $2,312- (Attachment 1) If you agree to
contract. wnh and pay all subcontmmrs dxrect]y, the total pmJect cost will be mduced to. $2 086.-

chusc th., volum‘e and quahty of soil.and watcr gcnerated dunng this’ mvesngauon i$ not known
at:this time; thls Job ¢ost estimais ddes not inclixdé the fees for the testing ‘and-disposal of soils or

respons:bthry ‘of. UVA

- watet genél‘&tEd in‘the course ot thls mvesuganon The chsposal of the cumngs and watcr is the

If hedrock is: encounterod bcforc the watér. table, n w111 be necessary, aLan_addmmalmﬂ to -

- utilize a ait rotary drilling to install the proposed monitoring wells. If this case arrises, JAS will

provxde you .wnh,those costs’ and J AS wﬂl TGt proceed W1th any addmonal -work wnhout your
prior wmtien PP'°V31 CoT T . ,

Invmces for wb@onu‘aoted and vendor supphed 5cmocs andfor matenals w111 be bxlled w‘hen thoso -
services and/or faterials are ‘delivered 10 JAS. Invoxces for services and/or materials supphed by -

JAS will be: submiitted to the. (Client monthly, or at the énd of the pmJeCt “whichever occurs. first.
Payment of-ait

ée equal 0 6: 049% per. day orn: any amounts past due.

SCHEDULE

It is antxcapawd that the proposed work wxll requuq;aj:—;‘_préiimat_ely ore day on site and'one day = -

m thc ofﬂce to complete

JeffreyA: Sitler Exivironimental Services, Tinc.

ifivoices is duc within 30: days of the, datc of the invoice.. Latc payment will be .
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LIMTTATIONS AND CONDITIONS

Upon authonzanon, ‘Client shall furmsh or catise to be fufmshed to IAS all documénis or available
informatiori, such a4 site plans, propcny plats,. ‘Studes, specxﬁcauons, and analytical data;: ‘required

by JAS for propcr perionnance of this' work.. “JAS shall'be entitled to rely upon Chent—prov;dcd '
~ dociirents andmfcrmanon and assumes no veSponsmmty or ha‘mhty for macourate or mcomolete '

data :

Iti 15 Chent s rmpoaszblhty to loan. and. clmrly ma.rk all underground w.nks hnes, and structures

Thxs includes: -utilities; USTs, product lines;and power lines to sigus, pumps, "and/or other
equipmerit Or bmldmgs UVA miust contact Miss Uuhty to confirm public utility locations prior -

to the starting’ ‘of .our drilling jprogram.. JAS. shall not be lable for damages attnbutable to the
unproper markmg or lack of maﬂung of these subsurfacc featurcs R

The client: shall prowdc for IAS nght to cntcr th= subJeCt propeny at agreed upon umcs in order :

for 1AS to fulﬁll the scope of servmes out[med hs:rem .

While IAS and:ts oontmctors wrll malo: every effort to mmlmxze dxsturbanccs and damage 10 the
property, the natuxe of this work neces&mcs the ufilization. of heavy equxpment which by its own
weight can’ crack ‘or damage pavement and: sxdewalks ‘2nd cause rutting in nonpavod ‘areas.” In
addition, tme hmbs may mtcrfexc with-the safe opération of the dnllmg rig and they, may need to
be trimmed of’ rc.movcd JAS add its contractors will not be responmbic for such damages caised
by the normai course of completmg the reqmrcd co'mact tasks .

HEALTH AND SAFETY

IAS wﬂl observe all relevant health and safety mmsures whxlc worhng on this pro;cct All ﬂeld' ;

personnel will be 40-hour OSHA healthi and safety ¢ certified whén: relevant to site : activities..-The

soope of wox:k and associated’ costs are presented under the assumpnon that working condmons '

will be withisy Lével Dof JASY Hcalth and ‘Safety Plari that has been 1mplement£d according to
OSHA rcgulz.uons -If.conditions reqitire. workzrs to go to Level C{i.e. res;nrators ‘Tyvek suits,
etc.); 230% surcharge will ’oe apphed to all charges dunng mat pomon of the work conducted

under Level C

UVA sha]l prosnde J AS and 1(5 contractom thh the necessary rachatxon and facihty health -
and safety. programs‘ as required for the’ complehon :of this work UVA will be responssble :

for all rndxat:on momtormg du nng the’ course of thls Work

T Jef]‘revA Sitler En%{irohin:eutéi.Séri}i‘éos, Inc. |
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CONFIDENTIALITY

The report prepared by JAS, as well as all dita gerierated during this investigation, will be kept
confidential and Will not be distlosed to any person o entity, ofiter than necéssary JAS® émployees .
and subcotitrattors; without prior gonsent of Client. -Emergency actions required in'the event of
the detenminiation of a potential hiazard:dte to fire,‘explosion, ot vapors may require JAS 10 notify
governmental authrities, fire departments-and police, other persons employed by the client at the
Site, or other pefsotis who may be potentially threatened by such potential hazards. In such cases,
JAS will tterript'to notify theclient as soon a possible while mitigating any potential hazards.

INSURANCE' - -
For yous Fechrds, JAS maiatains proféssional liability insurande in the amount of $1,000,000.
In addition, we ain tain 2 Geriéral Co:'rip;ébcj':gsivé-l,iabilit'}"pc'ili:cy[in-_thc amount of $2,000,000. .
Cextificates,of insurance can be provided foyoii.*.- 1

your acceptarice.of these terms gnd formally authorizeus to proceed with the work as described
by signing ‘and feturning a single copy of this contract to me.. - Should you'have any guestions .

I AS @P@ﬁﬁf'thé 'oPpormiait:yﬁ‘;t_é Prévit}e xhis-_fzgqpésalfconiradt-fdr your review.’ Please reflect .

regarding this dociment or the procedures outlined herein, please feel free to coptact me at (804)
974-7080. .:-. % i, - - L. . SR :

Rebpectfully 5ib
Jeffre A.fslgi"'.'

Attachment .7
Ihembyappm"“mspmposal’“ndel'sumdthe 1emls ‘and 'cjcin&itiom, and authorize JAS to'
proceed with the work as described above... - C : S

T - Date

Title

J g[‘frg)%;ﬁ. iSitI;e:j :Enk}if‘rétixméﬁ_ta'l;:Serg ice_é, I_hc.
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MONITORING WELL SAMPLING PLAN
NUCLEAR REACTOR FACILITY

UNIVERSITY OF VIRGINIA

April 16, 1997

PREPARED BY:

OFFICE OF ENVIRONMENTAL HEALTH AND SAFETY
"UNIVERSITY OF VIRGINIA
JEFFREY A. SITLER, CPG



University of Virginia Reactor Facility, |
Health Physics Suggested Methods

5.5 Monitoring Well Sampling Plan

1.0 INTRODUCTION

This sampling plan details the procedures to be followed in all aspects of the sampling of
the monitoring wells at the University of Virginia Reactor Facility. Details covered in this
plan include container sizes and types, sampling equipment, sampling procedures, chain-
of-custody requirements, analytical procedures, and record keeping requirements. This
plan is necessary to insure that consistent and correct procedures are followed regardless
of the individual that performs the sampling.

2.0 BACKGROUND

it is known that variable volumes of water periodically leak from the reactor pool or
associated piping. While this volume is normally small, the University has instituted this
monitoring program to determine the direction of groundwater flow beneath the reactor
pool and to monitor groundwater quality. There are three monitoring wells at the site.

3.0 WELL SAMPLING PROCEDURES

3.1 Well Access

Sampling of the groundwater monitoring wells consists of several discrete steps. First each
well is equipped with a locking cap and in the case of the well in the parking area, a bolt-
down manhole. The manhole is opened using 9/16 wrench. The locks are combination
locks, all set to the same combination. Once the locks are removed the well cap is
removed by unscrewing the thumbscrew on the cap until the cap releases.

3.2 Water level Measurement

To accurately determine-the direction of groundwater flow, the depth to water in the well
below the top of the casing must be measured before any sampling is conducted. The
water level is measured by lowering an electronic water level probe into the well until it
indicates that water has been encountered. That depth is then recorded on the sampling

form shown in Attachment 2.

3.3 Well Purging

Before a well can be sampled, industry accepted standards call for the well to be purged of
at least three volumes of water standing in the casing. Attachment 1is a chart that
correlates the height of the water column in the well with the volume and the three times
purging volume. The height of the water column is calculated by subtracting the water
level measured above from the total cased depth of the well found in Table 1. Once the
purged volume is determined, the dedicated stainless steel bailer can be extracted from the
well using the rope attached to the cap. The bailer is then emptied into a calibrated



5-gallon bucket and lowered in the well again until it fills. This is repeated until three well
volumes have been removed from the well as estimated by the volume of purged water
collected in the bucket. If the well is bailed dry, it is assumed to be purged and no further
bailing is necessary. The volume of water purged is recorded on the sampling form. Other
items including clarity of the water and unusual circumstances are recorded. The current
weather conditions are also to be recorded. '

Table 1. Monitoring Wells Depth Data

Well Number MW-1 MW-2 MW-3
Depth of Well from top of 14.50 8.85 29.70
Casing (FT) :

3.4 Well Sampling

Immediately after purging, the bailer is lowered into the well to retrieve a sample of
groundwater for collection and analysis. A volume of at least 500 mi should be collected.
(A volume of 1.5 L should be collected if the sample is to be split with a commercial
laboratory). The sample is poured directly into a new container supplied by EHS
laboratory. The container has a volume of two liters and is made of plastic. The label on
the bottle is filled out with time sampled, date sampled, sampler's name, well number, site
(reactor), and analysis required (tritium and gamma isotopic analyses).-

Following sampling, the bailer is placed back in the well and the cap and lock replaced. At
MW-3, the manhole seal must be cleaned of all dirt and debris before the lid is replaced to
ensure that it seals out surface water.

3.5 Recordkeeping

Record all sampling information on the Reactor Monitoring Wells Sampling Form. (See
Attachment 2)

4.0 SAMPLE HANDLING AND ANALYSIS

The samples are to be placed in a secure container during collection and transport to the
laboratory. It is not necessary to keep the samples on ice. A chain-of-custody (COC)
should be filled out and delivered to the laboratory with the samples. The sampleris to
keep the samples secure until delivery to the laboratory. The sampler will sign off as
relinquishing the samples to the lab and the receiving person at the lab will sign off as
receiving the samples. The COC details collection point, date and time collected, number
of containers, and analysis required.* The groundwater samples will be analyzed for tritium
concentrations at the OEHS laboratory by Method 6.2 - Tritium Analysis of Water Samples.
Gamma isotopic analysis will be performed at the reactor facility. On a periodic basis
samples may be split with an independent analytical laboratory.

* Will normally not be necessary if person collecting samples and person performing analysis are
one in the same. :



ATTACHMENT 1

WELL PURGING VOLUME FOR A 2 INCH ID WELL

Water column Height

volume in well

3 X purge volume Il

(ft) (gallons) “(gallons) __|
1 0.2 0.5
2 03 1.0
3 0.5 1.5

I 4 0.7 2.0
5 0.8 2.4 |
6 1.0 2.9
7 1.1 3.4
8 1.3 3.9
9 1.5 4.4
10 1.6 4.9
11 1.8 5.4
12 2.0 5.9
13 2.1 6.4 |
14 2.3 6.9 f
15 2.4 7.3 t
16 2.6 7.8
17 2.8 8.3 %l
18 2.9 8.8 |
19 3.1 9.3 |
20 3.3 0.8 4'
21 3.4 10.3
22 3.6 10.8 I
23 3.8 11.3
24 3.9 11.8 %‘
25 4.1 12.2
26 42 12.7
27 4.4 13.2
28 4.6 13.7
29 47 14.2
30 4.9 147







MEMORANDUM

April 25, 1997

TO: Reactor Staff
FROM: Bouvard Hosticka

Subject: =~ Well Drilling at the UVAR

On April 25, 1997, monitoring wells were drilled behind the UVAR. Below are a few
notes on what went on.

The first well, designated NW-8, was drilled just south of the parking lot at the top
of the bank of-the pond. The first 10 feet was fill, then about 3 feet of original top
soil, then about 7 feet of weathered bed rock and finally real bed rock that became
to hard to drill beyond a total depth of 21 feet. The well was allowed to rest for
about an hour and was found to be dry after that time. The well was subsequently
ﬁlled with the spoils of the second well.

The second well, designated NW-4 was drilled just to the east of the concrete pad at
the back truck door. After getting through the paving, there was 3 feet of
undisturbed soil then weathered bed rock for the remainder of the hole for a total
depth of 30 feet. Water and a very thin strata of iron rich rock was found at 20
feet. A 2-inch plastic casing, slotted for the bottom 15 feet, was installed in the
hole. Filter sand (grade #83) was placed around the slotted portion of the casing
then a seal of bentonite was poured in. The rest of the hole around the casing was
filled with concrete to the surface where an access cover was installed in the
parking lot. The well is capped and will be locked by EHS. Unused spoils from both
wells were thrown over the bank of the pond.

Core samples were taken at 10, 15, and 20 feet on NW-3. Side dirt samples with a
broad depth uncertainty were taken from the spoils brought up by the auger when
it was at about 17, 20, and 21 feet on NW-3.

Core samples were taken at 5, 10, 15, and 20 feet on NW-4. Side dirt samples were
taken with the auger at 1, 8, 13, 17, 23, and 28 feet on NW-4

Samples of the filter sand and sealing compound were also taken.

All of the samples will be counted for three hours each in as close to a standard
Marenelli geometry as possible of detector D over the next week or so. Preliminary
counts of the last soil brought up from NW-3 shows a strong signal from natural
thorium and uranium along with their progeny as well as potassium 40. So far, no
anthropogenic radionuclides have been seen.
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¥ UNIVERSITY OF VIRGINIA
ENVRRONMENTAL HEALTH AND SAFETY

SPECIAL MATERIALS HANDLING FACITY : P.O. BOX 3425
EDGEMONT ROAD CHARLOTTESVILLE, VA 22303
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GROUNDWATER MONITORING SYSTEM AND ANALYTICAL RESULTS
UNIVERSITY OF VIRGINIA NUCLEAR REACTOR

INTRODUCTION

Recent information has shown that a small volume of water has been leaking from the reactor
pool and/or associated piping. While this volume is reported to be small, the reactor staff were
directed to definitively determine if groundwater has become contaminated by the reported
release and in what direction groundwater is moving beneath the reactor facility. Initially, the
Department of Environmental Sciences was tasked to conduct this 1nvest10at10n however,
difficulties in installing the monitoring prevented them from finishing the work The UVA -

Office of Environmental Health and Safety (OEHS) was then tasked to complete the study. .

FACILITY LOCATION AND SITE DESCRIPTION

The Umversny of Virginia Reactor is located on the southeastern side of a ridge between
Observatory Hill and Lewis Mountain on the Grounds of the University in Charlottesville,
Virginia (Figure 1, Appendix A). Access 10 the Site is via Old Reservoir Road that originates at
- McCormick Road. The facility is located within a fenced area and consists of a single building
that houses a small research nuclear reactor, offices, laboratories, and support services; a parking
area around the building; and a surrounding wooded area. Within the fenced in area and directly
downhill of the reactor building is a pond that was formerly a water supply reservbir for the City
of Charlottesville. The reservoir (hereafter reactor facility pond) is considered part of the reactor
facility and is monitored for water quality before water is released to the stream dowr1I1i11 of the

dam.

TECHNICAL APPROACH

*

Previous to OEHS taking on this project, students from the Department of Environmental

Sciences at the University installed two shallow monitoring wells immediately upslope from the



reactor facility pond using a small power auger. This auger was used to bore an approxlmate
three-inch diameter borehole to at least five feet below the water table. Following the removal of
the auger flights, 2-inch ID schedule 40 PVC well casing and screen were installed in the
borehole. Two shallow wells were cbmpleted using this method. The wells designated as MW-1
and MW-2 are located on the steep slope approximately five feet vertically uphill of the reactor
facility pond (Figure 2, Appendix A). Attempts to install wells further upslope were thwarted by
large rocks in the overburden fill material that was emplaced during the construction of the

parking lot.

EHS contracted with Certified Environmental Dnlhng of Charlottesville to install two borings
and monitoring wells in the parking lot area between the Reactor building and the slope to the
pond. The bormgs/wells were installed using a truck-mounted hollow-stem augering rig. The
borings were emplaced by Certified Environrriéntal Drilling using hollow stem auger drilling
methods". Split-spoon soil samples were obtained at five-foot intervals within the borings in
accordance with ASTM D1586-84 Standard Penetration Test methods. Prior to sampling, the
split-spoon sampler was decontaminated. The soil samples collected from the split-spoons were
geologically logged by Jeffrey Sitler of OEHS. Soil samples were also given to the reactor staff
for analysis. The results of the analysis are included in Appendix B, Table 1.

Following the completion of the second boring, a two-inch monitoring well was constructed in
" the borehole. The well was constructed concurrent with the withdrawal of the augers to permit
the accurate placement of the well screen, filter pack, bentonite seal, riser and grout. The

construction details for the all of the site wells are included with the boring logs in Appendix B

and are summarized in Table 1 on the following page.

The wells were developed by pumping each with a 12-volt submersible pump until the water
from each well ran clear and between two and ten-well volumes had been removed. Followinga
short recovery period that day, Monitoring Wells MW-1 and MW-2 were sampled using a clean
decontaminated stainless steel bailer for each well. Because of the large volume of standing

water in Monitoring Well MW-3, it was purged and sampled using the submersible pump



Table L Momtormg Well Constructlon Data, UV A

Nuclear Reactor, Char]ottes'y xlle, Vlrgmxa_. e -

Top of caéing

elevation (feet 600.00 598.42 606.95

AMSL (2)

Water level from

. : 8.37 6.79 5.20

TOC(3) (5/1/97)

Water table

elevation (ft 591.63 591.63 601.75

AMSL)

Total Well Depth ‘
9.56 6.40 30

below surface

Screened interval
1.25 1.25 15

length (ft)

Standing water in -
3.13 2.06 24,50

well (ft)

(1) MW-1 estimated elevation from USGS Topographic map (feet above mean sea level).
(2) AMSL = above mean sea level '
(3) TOC = top of casing

HYDROGEOLOGY

The reactor and all of Albemarle County are located in the Piedmont Physiographic Province.
According to the Virginia Geologic Map and the Geologic Map of Albemarle County, the site .is
underlain by the Precambrian-age rocks of the Lynchburg Group. Specifically the Site is
underlain by the Rockfish Conglomerate. The Rockfish Conglomerate consists of 2 1,200 foot
thick metamorphosed sandstone specifically characterized as a metagraywacke and quartzose

schist that has a 100 foot basal conglomerate.

[



Typically overlying the bedrock in thls area are resxdual soils or saprolites formed by the in-place
weathering of the underlymo bedrock. The saprolite retains the structure of the underlying
bedrock and grades from competent bedrock to surficial soils within a few feet of the ground
surface. The saprolite encountered during this investigation consisted of micaceous sandy silt

" and varied in thickness from ten feet to over 30 feet.. Competent bedrock was not encountered by
- 30 feet in the boring immediately adjacent to the building while competent bedrock was
encountered at 21 feet below the surface at the lower edge of the parking lot. This shows that the

bedrock surface is not plainer in nature.

Above the saprelite are the clay-rich surficial soils and in much of the area of the parking lof, fill
material used to build the parking lot. Along the back edge of the parking lot, ten feet of fill

material was penetrated before the original land surface was encountered.

Ground\'vater‘ storage and movement occur in both the saprolite and underlying bedrock.
Recharge to groundwater is derived from precipitation and occurs over broad areas as a result of
the infiltration of prec1p1tat10n into the saprolite. The Virginia Department of Mines, Minerals,
and Energy estimates that 15% of all precipitation infiltrates as recharge to groundwater. Using
an average rainfall of 45 inches, 6.75 inches of rainfall is recharged to the aquifer in an average

year.

The saprolite has a high porosity and stores a vast quantity of water; however, because of its
fine-grained texture groundwater movement W ithin the unit is very slow. Groundwater in the |
bedrock is recharged by the saprolite. Overall, the igneous and metamorphic bedrock types
found in the Piedmont are con51dered to be fair to poor aquifers because of the lack of primary
porosity and permeability. Groundwater movement and storage takes place mainly in fractures
and other secondary features of bedrock that typically do not yield large quantities of water in
this geographic area. Groundwater flow and yield are dependent on the frequency and
interconnection of the fractures. Local wells are predominantly bedrock wells between 60 and
400 feet deep. The depth to groundwater, based on OEHS’s experience in this region, can be
expected to range from a few feet to 50 fect below the surface. At this Site, the depth to the

water table ranges from at the surface near the pond to ten feet at the top of the slope above the



pond. The depth to the water table at MW-3 over the period since the well was installed has
ranged from five feet below the surface in early summer to ten feet below the surface on October

10, 1997.

The watertable in the Piedmont Physiographic Province generally mimics the topographic
surface with the watertable being closer to the surface at valley bottoms than at ridge tops. The
resulting groundwater flow is from Tidge tops to valley bottoms where groundwater discharges to
streams and rivers providing base flow. Base flow is what sustains a stream when surface runoff
from precipitation events is not occurring. Based on the water levels measured in the wells
installed at the Site, groundwater is flowing to the southeast from the reactor building to the
former reservoir. Figure 3 is a water table contour map constructed using this water level data
(Appendix A). Under this scenario, releases to groundwater in the area of the reactor should

move with groundwater and discharge to the reservoir.

The hydraulic conductivity of the materials encountered in MW-3 at the Site was determined to

" be 1.5 x 10 feet/minute based on a slug test conducted on October 10, 1997. The slug test data
are included in Appendix C. The slug test was conducted by the insertion of a solid slug into the
well. The change in water level was measured using a pressure transducer attached to a
Campbell Scientific data logger. The data was then downloaded to a computer analyzed to
determine the hydraulic conductivity. Based on the water level measurements in all of the wells
at the Site, a hydrauhc gradient of 5.45 x 10'3 fU/ft was calculated. Using an effective porosity of
40% for the saprolite, groundwater at the Site is moving atarate 0of 9.11 X 10 feet/day or 33’
ft/yr.

SOIL SAMPLE ANALYSIS RESULTS

Table 2 is a summary of the radionuclide analysis of the soil samples taken during the
installation of Boring SB-3 and SB-4/MW-3. With the exception of two samples from Soil
Boring SB-3, these analyses revealed the presence of only naturally occurring radionuclides in

the soil samples.



Table 2 - Radiological Analysis Results on Soil

Well # Core Depth Resuits Well# | Core Depth Results’
SB-3 | Spoonsample | Zn-65: 9.2E-8 MW-3 Cuttings K-40: 3.5E-5
9-11 ft. K-40: 3.6E-5 From Ra-226: 1.3E-6
Ra-226. 1.9E-6 Depth of
Pb-214: 2.2E-4 About 1 ft.
Bi-214: 1.2E-3
SB-3 | Spoon sample K-40: 3.9E-5 MW-3 | Spoon sample K-40: 4.2E-5
74-16 ft. Ra-226. 8.6E-7 4-6 ft. Ra-226: 1.4E-6
SB-3 Spoon sample Zr-97. 6.1E-6 MW-3 Cuttings “K-40: 4.5E-5
19-20 ft.- K-40: 4.1E-5 From Ra-226: 1.4E-6
Ra-226: 1.2E-6 depth of U-235. 3.2E-7
) about 8 ft.
SB-3 Cuttings K-40: 4.0E-5 MW-3 | Spoon sample K-40: 4.8E-5
From Ra-226: 1.2E-6 9-11 ft. Ra-226: 1.0E-6
About 21 ft.
MW-3 Cuttings K-40: 4.7E-5
Froma Ra-226: 1.2E-6
Depth of
About 13 ft
MW-3 | Spoon sample K-40. 4.6E-5
14-16 ft. Ra-226: 1.0E-6
MW-3 Cuttings " K-40: 5.1E-5 -
From Ra-226: 1.3E-6
About 17 ft.
MW-3 | Spoon sample K-40. 4.7E-5
18-21 ft. Ra-226. 1.5E-6
MW-3 Cuttings K-40: 4.1E-5
from Ra-226: 1.2E-6
About 28 ft.
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GROUNDWATER QUALITY RESULTS

Groundwater samples were collected for analysis from the three wells on two occasions, May 1,

1997 and August 7, 1997. The analysis results are presented below in Table 3.

Table 3. Radiological Aﬁalysis Results on Groundwater

Sample Well Gamma ], | Ra-226 Other, Other, H-3 Comments
Date Number X-40, pCi/m] Specify | concentration | pCi/ml |
uCi/ml pCi/ml
5/1/97 MW-1 No data <7 E-7
MW-2 | No data . — TET
MW-3 1.7E-5 5.5E-7 . <7 E-7
57197
re- MW-1 1.7E-5 3.1 E-7 Cs-137 23E-8
analysis '

MWw-2 1.7E-5 2.7E-7

MW-3 1.7E-5 34E-7
8/7/97 MW-1 1.7E-5 30E-7 <7E-7
MW-2 1.7E-5 4.0 E-7 : _ 8 E-7
MWw-3 1.7E-5 24 E-7 <7E-7
8/7/97 Background | 1.8 E-5 23E-7 . | Distilled H;0

Based on the data presented above, there is no evidence that water reportedly released from the
reactor pool through leakage has impacted the groundwater quality downgradient of the reactor
building. With the exception of two samples, all analysis results indicated the presence of
naturally occurring radionuclides only. Cs—137 was detected in the May sample from MW-1 but

not in the August sample. The tritium detected in MW-2 on August 7, 1997 was just slightly



above the lower limit of detection but well below the release limit of 1E-3 uCi/ml. Further data

collection will be necessary to determine the significance of these results.

CONCLUSIONS AND RECOMMENDATIONS

The data gathered during this investigation confirms that shallow groundwater is moving from
the area of the reactor to the pond (former.reservoir) where it discharges to the surface.
Therefore, the monitoring wells placed in the area between the reactor building and the reservoir
should be in good positions to allow for the monitoring of groundwater that travels beneath
and/or originates from the area of the reactor. To date, there is little evidence that the suspected
releases from the reactor have impacted groundwater quality in the area downgradient of the
reactor.. However, until it can be substantiated that the leakage has been stopped, monitoring of
the groundwater should continue on a quarterly basis. Further monitoring will also serve to
increase the size of the database which will allow OEHS to conduct a more rigorous analysis of

the data.
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Figure 1. Site Locétion Map, USGS Charlottesville West 7.5 minute Topographic Map,
Photorevised 1987, North to top of page, Scale 1 inch = 2000 feet.
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MW-2(SB-2) MW-1(SB-1)

Figure 2. Boring and Monitoring Well Location Map, Scale: 1 inch = 30 feet, north to top of
page.



Figure 3. Watertable Contour Map, Scale: 1 inch =30 feet, North to top of page.



APPENDIX B
SOIL BORING AND WELL LOGS



UVA - ENVIRONMENTAL HEALTH AND SAFETY  L0G OF MH-1 Page 1 of

PROJECT: Groundwater Monitoring

LOCATION: University of Virginia

DATE DRILLED: 7/2/96

TOP OF CASING ELEVATION: 600 Feet

DRILLING METHOD: Small Rotary Auger

TOTAL DEPTH: 9.56 Feet

DRILLING COMPANY: Department of Env. Sciences GEOLOGIST: Beth Boyer !_’ e
OVA (ppm) Q
wee S
FELEE 2 WELL
eg|l Zx | S| w 5 GEOLOGIC DESCRIPTION
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JOB NUMBER: UYA Reactor



UVA — ENVIRONMENTAL HEALTH AND SAFETY

LOG OF MW-2

> ngioﬂ

PROJECT: Groundwater Monitoring

LOCATION: University of Virginia

DATE DRILLED: 7/2/96

DRILLING METHOD: Small Rotary Auger

TOP OF CASING ELEVATION: 59842 Feet

TOTAL DEPTH: 6.4 Feet

DRILLING COMPANY: Department

of Env. Sciences

GEOLOGIST: Beth Boyer
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JOB NUMBER: UYA Reactor




UVA — ENVIRONMENTAL HEALTH AND SAFETY

LOG OF SB8-3

Page 1 of |

PROJECT: Ground Water Monitoring

LOCATION: University of Virginia

DATE DRILLED:

4/25/87

TOP OF CASING ELEVATION: 659 Feet

DRILLING METHOQD: Hollow-Stem/split spoon -

TOTAL DEPTH: 21 Feet .

DRILLING COMPANY: Certified Environmental Oriling | GEOLOGIST: Jefirey A. Sitler

OVA (ppm) 8

= HE | 2 P

EEES|S| 8 = GEOLOGIC DESCRIPTION | it am

o oz | a3 PROFILE < )

= <
> B
: =
2.3, C
5.9 .y
5— ss- 1 FILL Gray micaceous fill, sandy sill
o= with upto S§X gravel, very friable to
7] granular, moist
2,2 7]
2.1 .

10— ss-2 —7-7] FILL and Natlve Soll. Gray micaceous
fill in top half of sample and original
top soil horizon in bottom half (black
loam layer, foliowed by 3 brown clayey

= sitt, moist, very friable}
485,
Refuss i

15— ss-3 SAPROLITE, Very hard saprolite of
soft bedrock, moist, gray—-brown silt,
firm 1o friable, spoon refusal after six
inches

50,
efusd

20— 8s-4 BEDROCK. Spoon refusal at 19 feet
and auger refusal at 21 feet

7 Bedrock refusal before water was
encountered, boring checked for water

n later and found to be dry. Well was
not constructed.

25—

JOB NUMBER: UVA Reactor
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UVA - ENVIRONMENTAL HEALTH AND SAFETY

LOG OF SB-4, MH-3

Page 1 of 1

PROJECT: Ground Water Monitoring

LOCATION: University of Virginia

DATE DRILLED: 4/25/97

TOP OF CASING ELEVATION: 660 Feet

DRILLING METHOD: Hollow-Stem/split spoon

TOTAL DEPTH:

30 Feet

DRILLING COMPANY: Certified Environmental Drilling

GEOLOGIST: Jeffrey A. Sitler

JOB NUMBER: UVA Reactor

: ovA (ppm) 8
1=z 4G | 2 o :
£ 5215 | 8 = GEOLOGIC DESCRIPTION HELL
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o nz | B3 PROFILE <
I ' & Bolt-down Bl _'—']
manhole
Sy Lockin N
7 7 FILL, Lt. crange-brown clayey sill water—gt'ight ‘§
. “~77] and gravel, fil mateiral uncar a2 hat cap §
| VA §
\
— SS5-i -
S Static water \‘Q 7
level in well §
' \
T SAPROLITE, Gray micaceous clayey 2 in Sch 40 Q
silt saprolite, moist, friable PVC, flush N
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sandy silt saprolite, iron staining on R
" partings and joints L=t sand
7 0.010 slot - s pod 5
4 PVC screen
: g-inch ——— V5| =1
7 Boring terminated at 30 feet and well borehole .
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— Y
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APPENDIX C
SLUG TEST DATA



MW-3 Falling Head Test
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