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ABSTRACT

HOOK, L. A., L. D. VOORHEES, M. J. GENTRY, M. A. FAULKNER,
J. A. SHAAKIR-ALIL, K. A. NEWMAN, R. A. McCORD,
L. F. GOINS, and P. T. OWEN. 1990. Data base management
activitics for the Remedial Action Program at ORNL: Calendar year
1989. ORNL/ER-16. Oak Ridge National Laboratory, Oak Ridge,
Tennessee. 116 pp. ‘

The Oak Ridge National Laboratory (ORNL) Remedial Action Program (RAP)
W‘as established in 1985 in response to state and federal regulations requiring
comprehensive control over facility discharges and cleanup of contaminafcd sites. A
computerized Data and Information Management System (DIMS) was developed for RAP
to (1) provide a centralized repository for data pertinent to RAP and (2) provide support
for the i‘chs‘tigations and assessments Ileading to the long-term remediation of contaminated
facilitics and sites.

The current status of DIMS and its role in supporting RAP during 1989 arc
described.  The DIMS consists of three components: (1) the Numeric Data Base, (2) the
Bibliographic Data Basc, and (3) the Records Control Data Base. This report addresses
all three data bases, but focusés on the contents of the Numeric Data Base. Tables and
figures summarize the types of .data currently available, describing where and when the
data were collected.  Significant progress was made last year with the geographic
information system (GIS) and ARC/INFO!, which can be interfaced with SAS/IGRAPH? to
provide combined mapping and statistical graphic products. Scveral thematic layers of GIS

data for the Oak Ridge Rescrvation are now available.

'ARC/INFO is a registered trademark of Environmental Systems Research Institute, Redlands,
California. !

2SAS is a registered trademark of SAS Institute, Cary, North Carolina.
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1. INTRODUCTION

Radioactive and/or hazardous matcrials have been handled at Oak Ridge National
Laboratory (ORNL) for morc than 40 ycars. Research, development, and waste
management activitics conducted during this time have resulted in contamination of facilitics
and the environment. Such arcas include Solid Waste Storage Arcas (SWSAs), waste ponds
and scepage pits, radioactive waste processing and transfer facilitics, rescarch laboratorics,
dedicated environmental rescarch sites, experimental reactors, radioisotope development
facilitics, the surrounding environments, and off-site contamination of the Clinch River and
Watts Bar Reservoir. _

ORNL has had a continuing responsibility to monitor and control these
contaminated arcas to ensure that on-site personnel exposures and olf-site releases are
maintaincd within applicable Department of Energy guidelines. Over the past several years,
howcever, significant federal and state environmental legislation has been enacted to provide
more comprehensive control over facility discharges and the cleanup of contaminated sites.
The ORNL Remedial Action Program (RAP) was cstablished in 1985 in response to
specific state and federal regulations mandating corrective measures at arcas contaminated
with radioactive and/or hazardous chemicals. The most important legislative acts currently
governing ORNL remedial actions are the Resource Conservation and Recovery Act
(RCRA), the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), the Clean Water Act (CWA), and the Safe Drinking Water Act (SDWA).

The Oak Ridge Reservation (ORR), on which ORNL is located, was recently disted
on the CERCLA National Priority List (NPL). Associated with thc NPL is thc ORR
Federal Facility's Agreement, which provides direction for remedial action on the ORR and
‘prescribes that a reservation-wide consolidated data base be developed. Regulatory agencics
will also be requesting various types of data as a result of ORR’s inclusion on the NPL. .
The implications to the ORNL RAP data base will be determined when the purposc and
structure of the consolidated data base have been more fully defined.

The majority of the ORNL contaminated sites are currently being treated as RCRA
solid waste management units (SWMUs). Because of the large number of sitcs (more than
250, many of which are located close to one another) and the proven hydrologic

interconnections be.ween many of these sites, monitoring and assessment of individual sites



was shown to be impractical. Therefore, the SWMUs were divided into ‘2(5 waste area
groupings (WAGs) on the basis of geographic and hydrologic information (Fig. 1).
| According to Section 3004(u) of RCRA, all SWMUs must be evaluated to determine
“whether they are sources of cbntinuing releases of hazardous substances into the
environment. Similar requirements are imposed for off-site contamination under RCRA
Section 3004(v). Investigations have been and will continue to be conducted to characterize
the extent of coutamination so that possiblc maintenance and ultimately corrective actions
can be implemented. Environmental data collected in support of other programs at ORNL
are also applicable to RAP. Collectively, these studies are generating a voluminous amount
of data.

Because implcmcmati(m of RAP is controlled by regulatory agencies, information
generated by the program must be retained to support any future legal or administrative
actions that may be taken. These actions may not oceur for years after the data have been
collected; thus, it is crucial that a management system be maintained for identifying, logging,
and filing project data and records and for assisting in the scarch and retricval of such

~information. To meet these needs, a Data and Information Management System (DIMS)
has been developed for RAP.

DIMS consists of three components: (1) the Bibliographic Data Base, (2) the
Records Control Data Base, and (3) the Numeric Data Base. The Bibliographic Data Basc
and associated hardé()py reference collection serve as a repository for all reports published
as a result of the program, as well as for other pertinent publications. The Records Control
Data Basc serves as an index for the retrieval of unpublished information generated by the
program, such as correspcndence, project plans, ficld notebooks, and chain-of-custody
records. The Numeric Data Base serves as a central repository for technical data gencrated
by the program and for applicable data from other studics. Such data will be used to
evaluate the condition of the cnvironment as it relates to the ORNL's past waste
rhzmagcmenl practices and research activities. Ultimately, analyses based on these data will
be used to justify decisions regarding corrective action.

The current regulatory compliance cffort involves a scquential approach to
conducting (1) Preliminary Asscssments and Site Investigations (PA/SI) for each WAG, (2)
Remedial Investigations (RI) and Alternative Assessments (AA) for WAGs determined to

be contaminated, and (3) Feasibility Studics (FS) for determining corrective actions to be
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lities, and potentiql sources of contaminants have been divided into 20 waste #rea groupings (WAGs).



implemented at the contaminated WAGs (Fig. 2). In addition, National Environmental
Policy Act (NEPA) compliance issues arc presently being addressed.  The program also
conducts routine maintenance, surveillance, and interim corrective actions at sites awaiting
final closure; performs technology demonstrations to evaluate decommissioning or closurc
techniques under ficld conditions; and designs and implements site and facility closures

The RI, AA, and FS phascs of the program (collectively referred to as the RI/FS
process) are being implemented with sigaificant subcontracted assistance; field investigations
for this RI/FS process began in late 1988. The primary RI/FS subcontractor, Bechtel
National, Inc. (BNI), has crcated a RI/FS Data Basc to manage data generated by their
studies. These data arc being incorp(iratcd into the RAP Numeric Data Base as studics
are completed. |

This report summarizes the status of the DIMS and its role in supporting RAP
dﬁring calendar year 1989. It focuses on a description of the contents of the Numeric Data
Basc; previous reports (Voorhees et al, 1986, 1988, 1989) describe its design, development,
organization, data management techniques, quality assurance, accessibility, sceurity, clc.
Work performed in 1989 for the Records Control and Bibliographic data bases is also
briefly described.

Data per se will not be presented in this report. Rather, the primary objective is
to let the reader know what kind of data is available, the geographic arcas for which data
have been collected, and the period of time for which data are available. This information

is summarized in tables and figures.
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2. NUMERIC DATA BASE

The RAP Numeric Data Base serves as o central repository for technical data
related to the program, The data base was designed to take advantage of computer systems
as an aid in acquiring, checking, and processing data so that accurate information is
available for analysis and assessment, The data base principally uses SAS' software installed
on IBM and VAX mainframe computers and on several PCs used by data management
stalf. Other software is used to manage lengthy descriptive documentation ol the data sets,
administrative or record-keeping tasks, and some forms of data cntry,  For these tasks,
software such as dBASE 1T Plus, Lotus 1-2-3, and WordPerfeet are used.  Files created
in dBASE and Lotus can be transferred dircetly into PC-bascd SAS data sets and
subscquently uploaded to a mainframe computer.

A geographic information system (GIS), using ARC/INFO* software, is used to
analyze and present spatially oriented data.  ARC/INFO allows the user to combine and
subsct deseriptive data associated with spatially defined data and provides complete graphic
and mapping capabilitics

“The general structure ol the Numeric Data Base consists ol a collection ol SAS
librarics, with cach library containing onc or more SAS data scts, The manner in which
the data sets are organized allows the investigator for a particular task to casily access his
or her own dala yet restricts aceess o other data within the data base. However, some
types of data, such as precipitation and surface discharge, come from several sources and
may be applicable to several tasks; these data are cataloged in separate libraries according
o the type of data. For the purposes of describing the contents of the RAP Numeric Data

Base, the librarics have been grouped into the following data categorics:

e well construction,
« groundwatcr,

e surface walcer,

'SAS is a registered trademark of SAS Institute, Inc., Cary, North Carolina,

*ARC/INFO is a registered trademark of Environmental Systems Rescarch Institute, Redlands,
Culifornia,




* meteorological,

* contaminant characterization,

* maintenance and surw:illzmcé,
* biological monitoring,

* technology demonstrations, and

* miscellancous,

In this report, the contents of the Numeric Data Base are presented with respect to this
organization (Scets, 2 1-2 10). In addition, rather than discussing only what was added to
the data basc in 1989, this report provides a comprehensive description of the contents of
the entire data base.  Although some of the information presented in last year's annual
report (Voorhees ct al, 1989) will be repeated, it is belicved that the resulting report will
be of more benefit to the user.  In addition, the development of SAS format files
(Seet, 2,11) and the role of the GIS (Scet. 2.12) arc also discussed.

The Numeric Data Base contains more than 150 SAS data sets with a total of more
than 6 5 million data entrics. Contaminant characterization data oceupy the majority of the
data busc in terms of space because of the large number of analyses associated with a single
sample; however, the other categories of data are just as important and represent a

significant amount of information, as discussed below.

2.1 WELL CONSTRUCTION INFORMATION

More than 1350 observation wells have been drilled 'n the vicinity of ORNL during
its 45-ycar history. As indicated by Fig, 3, which simply shows the geographic extent of the
wells, a fairly broad coverage exists for the ORNL area. The wells were drilled at different

times and for different purposes, so there is some variation in the parameters recorded

- during construction,  Construction data (-CONS) for these wells have been recorded in

cight SAS data scts (Table 1) on the basis of the gencral installation date and/or general

purpose and can casily be combined into a single data set as needed. Well construction
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Tuble 1. SAS data scts of well construction paramoters

e

SAS lbrary/

Number of

Numbor of

SAS datn set Description of HhraryAlata st Time porlod "observatlons  varlnbles
HNVSCLMAIR25255 SAS.HRIUZ. Well construetion data

PIIZCCNS canstruction dmta on plezometer 05D1CES < 2LIULKRT 348 kR
wells instulled by RAE

WQCAONS Construction data on water qual- — 19JULKS - 01IULH#7 7 40
ity wells installed by RAP

PRAPCONS Construction data on monltoring 1949 - 1983 763 a2
wells Installed before eatablish-
ment of RAP

HEIMSCONS Construction data on hydrostatic  I7TMARRG - 07TAPREY A 43
head monitoring stations fnstalled
by RAP

HECONS Construetlon data on hydrofrac- 1059 - 1984 89 27
ture wells Installed  before es-
tublistunent of RAP

CHRCONS Construetion daty on waler qual-— ORBJANBS - 1SMARSS 13 25
ity wells Installed by RAP to
comply with CERCLA

TARACONS Construction data on wells in- [IMARRT - 15AFRE? 13 a2
stalled by RAP in the T'est Aren
for Remedial Action study arca

UWCONS Construction data on wells 230CIRS - 19I'ERRT 28 a8

installed by USCS, u-scries
wells

“Delinttions:

RAP = Remedinl Action Program,
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act,
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data scts arc updated perlodically because of plugging and abandonment activities and
because of changes in measure point clevations caused by damaged well casings, Well
construction parameters for 28 wells (U-series wells) installed by the 1U.S. Geological Survey
(USGS) were added to the data base in 1989,

Nearly all of the older, pre<-RAP (PRAP) wells (Table 1, PRAPCONS) are located
in the vicinity of the SWSAs and the Pits and Trenches Arca (Fig, 1, WAGSs 3-7). Many
of the older wells in the ORNL Main Plant Arca (Fig. 1, WAG 1) have been destroyed
or damaged by construction activities. Therefore, RAP installed more than 330 piezometer
(PIEZ) wells to obtain basic geologic and hydrologie data as an aid in determining suitable
locations for and design of water quality monitoring wells required by RCRA (Table 1,
PIEZCONS),

The piczometer well locatlons were selected to supplement the available information

[rom existing wells in the burial grounds and to cstablish a basic network for gathering
groundwater data in other WAGs, Most ol the wells were shallow, drilled only until aquiter
inflow was detected. Some wells, however, were drilled to reach deeper aquifers in order
to determine both the potentiometric heads of water-bearing zones at these levels and the
vertical hydraulic gradients; at some locations, pairs of piczometer wells were installed for
these purposcs.

The hydrofracture (HF) wells are located in four distinet arcas associated with the
experimental and operational hydrolracture sites in Mclton Valley (Table 1, HFCONS).
As with the older (PRAP) wells discussed previously, the information for these wells came
from various documented and undocumented sources, including ORNL and USGS
publications, borchole geophysical logs, and personal communicacions,

{n accordance with the U.S, Environmental Protection Agency (EPA) regulations
(40 CFR, Part 265, Subpart F), 77 water quality (WQ) wells have been installed in the
ORNL arca, Eight of the wells are located in WAG 8, 30 in WAG 6, and 39 in WAG 1.
The wells are classificd as upgradient (reference), downgradient, or internal WAG
characterization wells, depending on their position in relation to the general direction of
groundwater flow, During the first year, these wells (Table 1, WQCONS) were sampled
quarterly, but the samples become less frequent (semiannual), depending upon thie results
of the analyses (Scet, 2.2.2),  An additional 98 water quality wells, in various stages of

development, are part of the 171 that have been or will be installed at the perimeters of
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the WAGSs, Constructicn information for these wells will be entered into the data basc as
they are completed.

A serles of hydrostatic head monitoring stations (HHMS) has been installed in the
Pits and Trenches Arca and SWSA 6 in order to characterize water levels, geology, and |
water quality in and surrounding these waste management arcas (Table 1, HHMSCONS).
Each HHMS consists of & cluster of three telescoping wells of varied depths, spaced
approximately 25 {t apart, The deepest well was drilled to approximately 400 ft; the depths
ol the intermediate and shallow wells arc approximately 200 and 80 {1, respectively. Data
[rom these wells provide information on the vertical and lateral distribution of hydraulic
head and thus characterize deeper flow systems that have potential for transporting
groundwater contaminants, These data will support two- and three-dimensional gmundwafcr
sitiulation models and will supplement the ORNL groundwater monitoring network in
general,

Thirteen wells installed to meet CERCLA requirements are located adjacent Lo
three impoundments: the 3513 pond, the Old Hydrofracture Facility (OHF) pond, and the
Homogencous Reactor Experiment (HRE) pond. Thirteen wells were also installed in the
Test Area for Remedial Action (TARA) located in SWSA 6 for the purpose of studying
trench ¢losure alternatives.  Data sets containing construction infonmation for these wells
have been developed (Table 1, CERCONS and TARACONS),

Twenty-cight wells were constructed by the USGS (Table 1, UWCONS) for usc in
describing the groundwater flow system in Melton Valley (Zehner 1989), Water level data
were recorded continuously at most of these wells until the end of the 1988 water year,

The locations of all wells in the ORNL arca, along with their well identifiers (1Ds)
arc shown in a scries of detailed maps presented in Appendix A of Voorhees et al. (1989).
The type and extent of data associated with these wells are presented in Appendix B of
Voorhees ct al. (1989).

Various geophysical logging procedures and hydrogeological tests were performed
on several groups of wells and recently drilled core holes, Nine USGS U-wells were
caliper, gamma, neutron, and density logged at nine separate ORNL locations to provide
additional lithologic and stratigraphic information (Tucci and Hanchar 1989).  ASCII files
of these logs have been obtained from the USGS (Table 2). Similarly, 11 HHMS wells

have been logged for a variety of geophysical characteristics. Only the deepest well of each
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Table 2. PC data scis of geophysical data

Data type

Data description Date

Format

U~Wcll Geophysical
Logs (36 files)

HHMS Geophysical
Logs (11 files)

WAG 1 Core Holes
Packer Tests
(40 files)

Data from caliper, gamma,  Oct86 - Mar87
neutron, and density logs
for 9 USGS wells

Data from various logs
for 11 wells

Data from 6-10 tests
for cach of 5 core holes

ASCII

Lotus 1-2-3

ASCII
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HHMS cluster was logged. The types of logs available and a comparison of logs taken for
wells 1-7 vs. wells 8-11 are shown in Table 3. These well logs are available as Lotus 1-2-3
files. Five core holes werc drilled in WAG 1 to obtain st‘ratigraphic information and
characterize the underlying aquifers. Packer tests were performed at selected depths to
determine the hydroconductivity and transmissivity of the isolated strata. Results of these
tests are available as ASCII files (Table 2). Numerous wells have also been "slug” tested
to determine the hydroconductivity and transmissivity of the open interval. These results

arc included in the construction data scts (Table 1) of the various well types.

2.2 GROUNDWATER |
Groundwater hydrology and water quality data sets in the RAP Numeric Data Base

are escribed in Table 4.

2.2.1 Groundwatcr Hydrok)gy

Pcriodic depth-to-water measurements have been and continue to be made at
selected piezometer wells installed by RAP (Table 1, PIEZCONS) and at selected older
wells (Table 1, PRAPCONS). The objectives of such monitoring are to (1) determine the
configuration of the water table, the dircctions of groundwater movement, and both the
lateral and the vertical hydraulic gradients in the WAGS; (2) assess short-term water level
changes resulting from periods of precipitation  (aquifer recharge) and drought,
(3) determine the amount of scasonal fluctuation of the water level in wells; and (4) track
long-term water level trends in representative wells to detect effects of climatic change and
human activities.

In conjunction with the water level measurements, ORNL has periodically observed
sclected sceps and stream check points in the ORNL area (Table 4, STRMCHK). This
qualitative information is used in the study of groundwater hydrology, particularly for
developing water table contour maps. | ‘

In addition to the periodic water level measurcments made by ORNL, USGS
operated continuous water level recorders on approximately 90 wells in the ORNL vicinity

through 1988 (Table 4, CY85 - CY88). Monitored wells included the HHMS wells, the
USGS

~

o

(

J-series wells, and a few of the PRAP wells (sec Sect. 2.1). Daily mean water

levels, calculated from hourly unit values, have been retrieved from the USGS computer

LR T 0o g LTI . ' n ' g e . "
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Table 3. Available geophysiéal logs for HHMS Wells 1-7 and 8-11

Wells 1-7 Wells 8-11

Log Units Log Units Luscription of log
DEPTH FEET DEPT FEET DEPTH IN WELL ‘

SP MV Sp MV SPONTANEQUS POTENTIAL
GR API GR API GAMMA RAY

NEUTRON cps SND ~ CPS RAW NEUTRON DATA

. . NEUT NAPI NEUTRON

* * NOISE CPS NOISE

CALIPER IN CALI IN X-CALIPER

* * CAL2 IN Y-CALIPER

TEMP K TEMP r TEMPERATURE

DIFFTEMP T DTEM F DIFFERENTIAL TEMPERATURE
SHORTNORM OIIMM  * * RESISTIVITY

LONGNORM  O{MM  * . RESISTIVITY

* * ILM OHMM IL-MEDIUM RESOLUTION

* * ILD OHMM 1L-DEEP RESOLUTION

Irr USEC/H DT USEC/F 3'.5' DELTA TIME (SONIC)

* . AMPL MV AMPLITUDE (SONIC) ‘
POROSITY B * * NEUTRON POROSITY

* * SNL PU NEUTRON POROSITY

BULK DENS G/CM* RHIOB G/CM* BULK DENSITY

* * DRHO G/CM® BULK DENSITY CORRECTION
* . FFDC CPS FAR DENSITY COUNTS

* * NIFDC CPS NEAR DENSITY COUNTS
SPRESIST OHMS/IN  SPRESIST® OIIMS/IN SINGLE-POINT RESISTANCE

* * TENS MV LINE TENSION

* y LSPD FEET/MI LINE SPEED

* ¥ CL3A OIMM LL3 AVG BII CORRECTION

* * CLIL3 OHMM LL3 UNAVG BH CORRECTION
y * LL3 OlMM LATEROLOG 3, UNAVG NOCORR
* * BL3A OHMM LL3 AVG WITH BHC

* * R® ? ? :

TELEVIEWER®

VARIABLE DENSITY!
DEVIATION® AZIMUTH
& DEGREES

* = No corresponding log.

“Logged by ORNL, results in hardcopy form.

Not used by ORNL.

“Wells 1-7 photographs currently reside with Principal Investigator; Wells 8-11 polaroids currently reside with
Principal Investigator.

“4Wells 8-11, hardcopy only, resides with Principal Investigator.

“Wells 1-11, logged by ORNL, results currently in hardcopy form.
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. ‘ B Table 4. SAS data scts of groundwater data

SAS library/

Number of

Number of

SAS data sct Description of library/data sct” Time period observations  variables
ENVSCLMAF25255.SAS. IRFU2 ORNL. water-level measurements
PZ85_86 Depth-to-water measurements 06I’EB8S - 31DECS86 4,005 12
conducted at plezometer wells
1985-1986
PZ87 Depth-to-water measurements 07JANST - 31DECET 5,709 12
conducted at piezometer wells
in 1987
PZ88 Depth-to-water measurements 04JANKS - 27DECER 5,383 12
conducted at piezometer wells
in 1988
PZ89 Depth-to-water measurements 02JANRY - 3IDECEY 2721 12
conducted In piczometer wells
in 1989
TEMPCHK Temperature and  specific condue-  03MARBE - 01FEBY 1,432 9
tance measured at selected plezometer
wells
- PZTEMPER Probe depth and field-measured depth - 03IMARRS - 260XC7T88 57 6
‘ a” i well for wells in TEMPCHK
STRMCHK words of wet or dry conditions at 18JUL.86 - 29JUNS8 247 8
various seeps or stream check polinls;
data used in support of depth-to-water
measurements
(i W5888 Periodic  water-level  measurements 20JUNSO - 2RIUNSS 24,338 7
collected by the USGS; primarily
historical data
ENVSCLLDV25255.SAS.GSWELLS  USGS water-level measurements for
wells equipped with continuous
recorders
CY8S Calendar year 1985 data 010CT8S - 3IDECRS 3890 7
CYR6 Calendar year 1986 data 01JANSG - 31DECE6 21,089 8
CY87 Calendar year 1987 data OIJANS7 - 31DLECE7 28,550 8
CY88 Calendar year 1988 data O1JANSS - 31DECSS 20,349 8
CY&9 Calendar year 1989 data O1JANS9 - 3LJANSEY 155 8
ENVSCLLDV25255 SAS KETHLLEY Groundwater contaminant scoping
sutvey, ORNL Main Plant Area
R and SWSA 3
ACDI Results of anion, cation, alkalinity, 1SAPR86 - 210186 3,938 18
volatile organic, total organic carbon,
. and radiological analyses
FIELDI Sample date, well 1Ds, pll, specific  1SAPR86 - 210CT86 56 9

conductance, and temperature results
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Table 4 (continucd)

SAS lbrary/
SAS data set

Description of lbrary/data set®

Time period

Number of
observations

Number of
varlables

ENVSCLLDV25255.8/S'TORAN

ACDI

PIELDI

GDW_M

W_COMP_M

WELL_88

ENVSCLLDV25255 SAS.GWQUAL

FIELD8S

DIS8S

TOT8S

FIELD86

DIS&6

TOT86

FIELD87

DIS8T7

Groundwater samples taken from
19 HHMS wells

Results of cation, anlon,
total organic carbon, and radiological
analyses

Characterization of groundwater
quality around the Waste Holding
Basin (pond 3513) and ponds
assoclated with the Old
Hydrofracture Facllity and the
Homogencous Reactor Fxperiment

Groundwater monltoring well samples
analyzed for catlons, anlons, fecal
coliforms, mercury, polychlorinated
biphenyls, pesticides, phenals, and
radlological activity

Giroundwaler monltoring well samples
analyzed for dissolved oxygen, pH,
specific  conductance, temperature,
lotal organlc carbon, and total organic
halides; multiple sample results used
to compare wells

Fleld data from monitoring wells

RCRA water quality monitoring wells
eslablished for detection of
groundwater contamination; dala
provided by EMC/AORNL

Specific conductivity, pt, and
temperatures
Dissolved metals; filtered samples

Total metals, organics, and anlons;
unfiltered samples

Specific conductivity, pH, and
temperatures

Dissolved metals; filtered samples

Total metals, organics, and anions;
unfiltered samples

Specific conductivity, pil, and
temperature

Dissolved metals;filtered samples

23FEB8T < 3UULKT

0OHEBSS - 28JULRT

O6FEDBSS - 27JULRT

29JU1R8 - 09ALIGRS

18SLPRS - 02JANSG

18SEP8S - 0TJANRG

18SEP8S - 07TJANRG
17TMARS6 - 10DLC86

1TMARS6 - 10DLCR6

1TMARE6 - 10DECE0
0IMARSET - 04DECRT

0OMARSE7 - 1TMARR7

986

1,866

1,081

156

418

1,402

924

408

1,734

693

264

29

3

9

13
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Table 4 (continucd)

SAS llbrary/

Number of

Nuimber of

SAS data sct Description of Ubrary/data set Time perlod observations  variubles
TOT8? Tolal metals, organies, and anjons; OMARET - 04DECR? 1,108 14
unflltered samples
FIFLDAR Specific conductivily, ptl, and OSJUNBR - 20DEC'R8 1,656 16
. temperature
DIS8R Dissolved metals; filtered samples 0SJUNSR - 04NOVSEE 660 21
TOTR8 Total metals, organics, and anlons; OSJUNKS - 20188 12,600 2]
unfiltered samples
I1ELDEY Specific conductivity, pH, and IIJANEY - 20JUNRY 2,755 16
lemperalure
DIS8Y Dissolved metals; filtered samples HIJANEO - 190189 2271 2
TOT8Y Total metals, organics, and anjons; TIJANSD - 190T)1RY 18,284 22
unfiltered samples
“Definitions:

ORNIL = Oak Ridge Natlonal Laboratory;

USGS = US. Geologleal Survey;

SWSA = Solid Waste Storage Area;

HHMS = llydrostatic Head Monitoring Station;
RCRA = Resource Conservation and Recovery Act;
EMC = Favironmental Monitoring and Compliance.
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system in Nashville, In addition, periodic groundwater clevation measurements conducted
by the USGS arc available from the RAP Numeric Data Base (Table 4, GWS888), Thesc
measurcments collected primarily in the mid to late 19705, date back to 1950 and arc
therefore of historical interest, The extent of USGS water level data in the RAP Numerie

Data Base was summarized in Appendix B of Voorhees et al, (1989).

2.22 Groundwater Quality

Groundwaler quality at ORNL has been studied through both regulatory monitoring
programs (routinc sampling) and scoping surveys ((mc-timd sampling cfforts).  The
groundwater contaminant scoping surveys listed in Table 4 were conducted by R, H. Ketelle
for the Main Plant arca (WAG 1) and SWSA 3 (WAG 3); by D. W, McCrackin for the
White Oak Creck floodplain (WAG 2); and by L. E. Toran for the Pits and Trenches arca
(WAG 7), SWSA 6 (WAG 6), and ncar White Oak Lake (WAG 2). Ketelle and
McCrackin analyzed unfiltered water samples taken from the piczometer wells installed by
RAP. Water samples {rom this onc-time sampling cffort were analyzed for cations, anions,
alkalinity, volatile organics, total organic carbon (TOC), and radionuclides,  Field pH,
“specific conductivity, and temperature were also recorded,  Toran also conducted a one-
time sampling of 19 HHMS wells. Toran's samples were filtered and analyzed for alkalinity,
cations, anions, TOC, fluorcscein (drilling fluid tracer), and radiological contaminants, as
well as ficld pH, specific conductivity, redox, and temperature,

F. G. Taylor also conducted a contaminant scoping survey that included groundwater
samples,  Because he sampled cores from White Oak Lake as well as seeps {rom the
SWSAs and the Pits and Trenches Arca, his study is discussed further in Sect. 2.5
(Contaminant Churacterization).

Water quality wells installed by RAP (Table 1, WQCONS) arc monitored by
ORNL's Environmenta! Monitoring and Compliance (EMC) Department in accordance with
EPA regulation (40 CFR Part 265, Subpart F). The results of these analyses arce
summarized and reported to the regulatory authoritics by EMC, and copies of the electronic
data are made available to RAP data management, The data, which are organized by
calendar year in the RAP Numeric Data Base, are grouped according to the types of
analyses: (1) dissolved metals in filtered samples; (2) total metals, organics, and anions in

unfiltered samples; and (3) pH, specific conductivity, and temperature (Table 4).
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Monitoring of wells installed around pond 3513, OHF, and HRE (Table 1,
CERCONS) began in February 1985, in compllance with CERCLA. The samples were
analyzed for cations, anfons, feeal coliforms, mercury, polychlorinated biphenyls (PCB),
pesticides, phenols, and radiologicul contaminants.  Multiple sumple results for dissolved
oxygen, pH, temperature, specilic conductance, TOC, and total organic halides (TOX) were
used in comparing wells,  Sumpling was discontinued in 1986 but wus resumed in 1987
because of the potential presence of RCRA-listed toxic metuls and fecal coliforms.
Corresponding studics to characterize the contents ol the pond waler, pond sediments, and

underlying strata are discussed in Scel, 2.5.

2.3 SURFACE WATER ‘
Surlace water hydrology und water quality data sets in the RAP Numeric Data Base
arc deseribed in Table S, Surfuce water quality is also studied as part of ORNL's Biological

Monitoring and Abatement Program (BMAP) (Scel. 2.7).

23.1 Surface Water Hydrology

Data on surface discharge in the Oak Ridge arca are colleeted and managed by stafl
in ORNL's Environmental Sciences Division (ESD), EMC, and the USGS using a varicly
of methods and data management software,  Average daily flow from three EMC stations
and nine USGS stations (Fig. 4) in the vicinity of ORNI, are assembled by RAP data
management stall, who organized these data into SAS data sets aecording Lo calendar year,
The raw EMC data are total [lows read once a day, whereas the USGS data are average
daily flows calculated from stage height readings made at 15-min intervals. Data from
cleven additional USGS stations in the vicinity of the Oak Ridge Reservation (ORR) are
also included in the data base. The period of record [or observations in the RAP Numeric
Data Base is shown in Table 6. In addition to the flow data, deseriptive information (lype
of gage and collection [requency) for cach monitoring station is recorded in a separate SAS

data sct (Table S, FLOW_LOC).

2.3.2 Surfacc Water Quality
The EMC Department routinely monitors water quality at three surface water sites

in White Oak Creck and its tributarics and nine point source discharges, in accordance
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Table 5. SAS data sets of surface water data

SAS library/ ' Number of  Number of
SAS data set Description of (brary/datn sot” Timo purdod observallons  varlubles

ENVSCLLDV25255 SAS YLOW Mean dally surface discharge dala
collected by EMCORNL and USO8

FLOW_L(x: Statlon description Information o M 24
Y84 ‘ Calendar year 1984 (low data 01TOCTTRE < HIECRY 216 K]
(C'Y&8S Calendar year [98S flow data O1JANKS « AIDECES 1407 S
CY86 Calendar year 1986 flow data OLJANRG - IIDNCEG 4,308 S
Cywy Calendar year 1987 flow dala O1JANRT - DT 1,140 S
CYRY Calendar year 1988 flow datu OLIANSS - 3IDECKS 1,668 S
CYHY Calendar year 1989 {low data OLIANKY - 31DEC8Y 8,053 S

ENVSCLLDVS255.SASSWQUAL  Surface water quallly dala
collected by EMCORNI,

SWCHMES Calendur year 1985 OLTANSS - 3DECSS §211 8]
‘ water chemistiy data

SWCHMSY Calendar year 1987 02JANSY - 31DEC8? 6,043 0
water chemistry data

SWCTIMBR Calendar year 1988 (MTANKR - 30DECS 6,99 9
water chemlstry data

SWCHMSEY Calendar year 1989 O3JANSY - 20DECEY 1877 0
waler chemistry data

RADSE? Calendar year 1987 radiologleal ILJANST - 0SFEDRSS 1,265 18
concentrations In surface walter

RADSER Calendar year 1988 radiologleal 20DECRT - 30JANRY 1,513 2
concentrations {o surface water

RADSEY Calendar year 1989 radlologleal 29DECER « 06DECRY 96 206
coneentratlons In surface waler

DISK? Calendar year 1087 JANRT . I'LIII88 191 25
radiological discharges

DISES : Calendar year 1988 DICET - JAN&Y 292 25
radiologleal discharges

DISKY Calendar year {089 DECE] - OCTTRO 212 20
radiological discharges

DAS8E0_87 Stream flow, pH, temperature, con- OLOCTT86 - 3IDECR? 334,945 7
ductivity, turbldity, dissolved oxygen,
and beta and gamma activity; hourly
values during calendar years 1986 and
1987

DASER Stream {low, pHl, temperature, cons OLJANSR - 3IDPCER 205,002 7
ductivity, turbidity, dissolved oxygen,
and beta and gamma activity; hourly
values during calendar year 1988




Table 5 (continucd)

SAS lihrary/ Numbor of  Numbor of
SAS dita sol Deseription of beary/dntn st “Tlme period observitlons  varinbles
DASKY Stream ow, pll, temperature, OLIANEY « 30189 256416 7

conduetivity, wrbldity,
dissolved oxygen, and bela and
gamma activily; hourly values
durlng calendar year (989

“Delinitions:
MO = Bavironmental Monttoring and Compllance;
ORNL = Qak Ridge National Taboratory,
USAUS = (LS. Geologival Suivey.
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with the National Pollutant Discharge Elimination System (NPDES) permit issucd to
ORNL. Summaries of the NPDES data are published quarterly by EMC (e.g., Daniels et

al. 1989). Monitoring sites arc shown in Fig. 5. The data sct describing the surface water

stations (see Sect. 2.3.1) defines the site IDs. The water chemistry data are organized by -

calendar year in the RAP Numeric Data Basc.

Radiological concentrations in surface water monitored by EMC are also available
from the RAP Numeric Data Basc. Water samples are collected regularly from more than
20 stations (Table 7); the strcam sampling locations arc shown in Fig. 6. Stations, C()llcction
and analyses 1‘rcn1ucncfés, and specific analyscs may change over time. Details of this
monitoring activity arc presented in EMC's quarterly reports (e.g., Danicls et al. 1989).

EMC also operates a Data Acquisition System (DAS) to obtain real-time data on
surface flow, pH, temperature, conductivity, turbidity, dissolved oxygen, and beta and gamma
activity (in counts per min) at NPDES stations X13, X14, and X15 (Fig. 5). Hourly
summaries of these data arc periodically retrieved for the RAP Numeric Data Base. DAS
is designed and operated to detect changes in these parameters that may reflect abnormal
plant opcrations. These data should be used with caution.  Irrcgularities can oceur due
to abnormal plant operations or a malfunctioning sensor; however, the data are not flagged

accordingly.

24 PRECIPITATION

Precipitation data in the Oak Ridge arca are collected and managed by scveral

investigators using a variety of mecthods and data management software.  Total daily

precipitation data from 25 sites--11 EMC, 10 ESD, 3 USGS, and 1 ATDD (Fig. 7)--are
asscinbled into SAS data scts organized by calendar year (Table 8). The period of record
for observations for each site in the RAP Numcric Data Basc is shown in Table 9. In
addition to the precipitation data, a SAS data sct records descriptive information for cach

monitoring site (Table 8, PCIP_LOC). Sclected information from this data set is presented

| in Table 10.

2.5 CONTAMINANT CHARACTERIZATION
Initial site investigations focused on the use of scoping surveys to characterize the

environment with respect 1o the presence of radionuclides and hazardous chemicals. In
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Table 7. Summary of collection and frequencics of radiological

analyses of surface water and tap watcr samples

‘ Collection Analysis
Station® Parameter® ‘frequency Type frequency
2190 Ponds Gamma scan, gross alpha, Wecekly Flow Monthly
and gross beta proportional
1500 Arca, 3518  Gross alpha and gross beta Wecekly Flow Monthly
' proportional
2000 Arca, STP  Gamma scan, gross beta,  Wecekly Flow Monthly
and total Sr proportional
3544 Gross alpha, gross beta, — Wecekly Flow Monthly
gamma scan, and total Sr proportional
7500 Bridge Gamma scan and total St Daily Time Daily
proportional
7500 Bridge, MB1, Gamma scan, total Sr, Weekly Flow Monthly
WwWOC, MB2 and *H : proportional
First Creck, Gamma scan and total Sr Weekly Grab Monthly
Fifth Creek,
Raccoon Creek
Gallaher, *H, “Co, "'Cs, gamma Wecekly Grab Quarterly
Kingston scan, gross alpha, gross
beta, Pu, total Sr, and U
HFIR Ponds Gamma scan, gross alpha,  After Flow Monthly
and gross beta discharge proportional
Mclton Hill Dam  *"Am, *'Cm, “Co, "'Cs, = Weckly Flow Quarterly
gross alpha, Pu, Th, U, proportional
total Sr, and "H
NWT Gamma scan and total Sr Weekly Flow Monthly
proportional
ORNL Tap “Co, "Cs, gross alpha, Daily Grab Quarterly

gross beta, Pu, total Sr,
and U
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Table 7 (continucd)

Collection Analysis
Station® Parameter® frequency Type frequency
ORR ®Co, “'Cs, gross alpha, After Flow Monthly
and gross beta discharge proportional
WOC Headwaters *'Am, *'Cm, ®Co, Y'Cs, Weekly Grab Monthly
gross alpha, total Sr,
*H, Pu, Th, and U
WOD MAm, *Cm, “Co, Y'Cs, Weekly Flow Weekly
gross beta, Pu, total Sr, proportional
and 'H
TRU Ponds Gross beta After Flow Monthly
‘ discharge proportional
“Definitions:

STP = Scwage treatment plant;
MB = Mclion Branch;
WOC = White Oak Creek;

HFIR = High-Flux Isotope Rcactor;

NWT = Northwest Tributary,

ORNL = Oak Ridge National Laboratory;

ORR = Oak Ridge Reservation;
WOD = White Oak Dam;
TRU = Transuranic,

*Total radioactive Sr (*Sr + *Sr).
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Table 8. SAS data scts of metcorological data

SAS library/ ‘ Number of  Number of
SAS data sel Descrlption of lbrary/data set® Time period abservatlons  varlubles

ENVSCLLDV25255 SAS.PRIKCIP Dally precipltation data collected
‘ by BESIYORNL, EMCORNL, and USGS

POIP_LOC Statlon deseription Information SR 25 2
CYl6 (hlcndﬂl: year (976 dala OLJANT6 - NDECT6 732 §
Y77 Calendar year 1977 data OUJANTT « MDECTT 1730 S
CY78 ’ Calendar year 1978 data 0LJANT8 - 3IDECTR 730 N
CY719 Calendar year 1979 data OLJANT9 < 3IDECTY 130 S
CY80 Calendar year l‘)R()v‘dala OLJANKD - 31DECS0 875 5
CYR] Calendar year 1981 data OLJANSL - 3IDLCST 1,098 S
CY|2 Calendar year 1982 data O1JANR2 - 3IDECE2 1,459 N
CYR3 Calendar year {983 data OLJANRY - 3IDECR3 2,100 S
CY&4 Calendar year 1984 data OLJANSY - 3IDECS4 2,280 S
CYRS Calendar year 1985 data OLJANKS - M DECSS 2,920 N
Y806 Calendar year 1986 data OLJANKG - 31DECE6 6,701 N
CYR7 Calendar year 1987 data OIJANST - 31DECET 6,316 S
CY88 Calendar year 1988 data ' OIJANSS - 31DECER 7,960 S
(1\}8() Calendar year 1989 data OLJANRY - 3IDECRY 1247 S
ORTS1_60 Oak Ridge Townsite, 1951-1960 01JANSL - 3IDEC6O 3,653 N
ORT61_70 Oak Ridge Townsite, 1961-1970 01JANGL - IIDECT0 3,682 N
ORT71_7S Oak Ridge Townsite, 1971-1975 OLIANT7L - 3IDECTS 1,826 N
ENVSCLMIG252SS SAS.MET Daily meteorologleal data collected at
ORNL Tower C, including wind speed and
direction, alr temperature, and relative humidity
METC_Y&8 Calendar year 1988 data O1JANSE - 31DECES 8,697 as
METC_Y&9 Calendar year (989 data O1JANSY - 31DEC89 8,49 s
METC_Y90 Calendar year 1990 data OLJANYO - 3IDECY 143 is

“Definitlons:
ESD = Havironmental Sclences Divislon;
ORNIL = Oak Ridge National Laboratory;
EMC = linvironmental Monitoring and Compliance;
USGS = 1S Geologleal Survey.

'
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additlon to the groundwater scoplng surveys discussed In Seet, 2.2.2, several other studies
have been or are being conducted to characterize contaminants in the ORNL arca
(Table 11),

Drill cuttings taken durlng the installation of water quality wells in 1985 were
analyzed for pesticides, organles, and radiological contaminants, In 1987 and 1988, an addi-
tonal 55 WAG perimeter water quality wells were completed. Sumples of dedll cuttings and
drilling water periodically taken during the installation of these wells were analyzed for
cations, anlons, and radionuclides,  During the drilling of cores In White Oak Dam (o
determine its structural integrity, soll samples were collected near the saturation zone.
These samples were analyzed only for cutions and radiotogleal activity,  Dreill cuttings taken
during installation of wells around impoundments 3513, OHF, and HRE were analyzed for
radioactivity only.

One of the first ficld studies in the program to characterize the cavironment over
o broad arca of the ORNL complex was conducted by F, G, Taylor in 1985, A total of
31 PRAP wells, 4 seeps, and 3 cores [rom White Ounk Lake were analyzed for metals,
organic compounds, and radionuclides, Results from this preliminary contaminant scoping
survey were used to charaeterize the envitonmental contamination and to assess ORNL'S
remedial action needs and priovitics.

In 1985 T\ E. Cerling also conducted a contaminant scoping survey which [ocused
on streambed malterials and water in White Oak Creck and tributarics.  The objectives of
his study were Lo provide a basis for ranking arcas in need ol corrective action and to
identily sites where Turther studies are needed to characterize contaminant migration in the
White Oank Creck watershed,  The samples were analyzed for metals, anfons, pesticides,
organies, and radionuclides.  Cerling continued to sample additional streambed sediments
and a few scleeted PRAP wells in 1986, and in the spring of 1987 he evaluated whether
there were continuing releases of contaminants within WAGs at ORNL.  The primary
purpose of the WAG scoping survey was to provide information requested in the ORNL
Hazardous Waste Faeility's dralt permit under provisions of Scetion 3004(u) of RCRA.
The results of Cerling's studies supported (1) recommendations (o regulatory agencies about
WAGs that require cleanup under RCRA and (2) a ranking of the WAGs on the basis of

the magnitude of potential releases.
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Table 11, SAS data sety on contaminant characterization studics

SAS llbrary/
SAS data sot

Deseription of beary/duta sot” Timoe poriod

Number of
obsorvations

Number of
virfnbles

HNVSCLLDV2525S SAR HUKY

ACD

FLRLD

won

ENVSCLLDV2S255 SAS.STANSY

SO,

SO

CORES

ENVSCLLDV25255 SAS TAYLORY

ACDI

FIELDI

FNVSCLLDV25255.8AS. CHRLINGY

ACD

FHLD

Characterfzatlon of soll (drifl
cnttings) at waler quallty wells
Installed by AP

Pesticldes, semivolatile organics, 16JUTLHS  02MANEH
anlons, catlons, and radiologleal
analyses

Date samplod, well 1D, sample 11, 10JUTRS « 02MARRR
and care sample depth

Catlon and radiologieal analyses of  GOJANSE < 2ITANKS
delll cuttngs taken  durlng WOD

Integrity study

Characterization of soll at wells
Instatled around Tmpoundments 3S1Y,
OHE, and TIRE

Well drdlling cuttlngs analyzed or OTTANKS - 1IMARSS

radlolagleal activiyy

Radiologleal analyses of soll samples 02APREO
taken near pond 3513

Radiologleal analyses of rock cores LOSEPRO - 28CXTT8G
beneath  mpoundments 3513 and

OHE

Contaminant scaping sutvey of wolls
aned seeps {n the Salid Waste

Storage Areas, the Pls and Trenches,
and in sediment cores from White Oak
Lake

Catlons, arganies, morcury, and 00185 - DINOIVES

radlologleal analyses resulls

Fleld data including sampling date (0JLITRS - OINOIVES
and focatlon, sample type, smmple 11,

and sample depth

Contaminant scoping surveys of
streambed mateclals and water

Catlons, anlons, mereny, pesticldes, 10JULRS - (IMAYWY
organles, and radiologleal analyses
results; a few alkalinity, polyehlor-
nated biphenyls, and pll results
Flold data including sampling date [WULRS - IMAY®?
and location, sample type, and

sample (D

6,428

130

88

MY

10,141

120

1161l

108

A

2

1o

16
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Table 11 (continued)

SAS lbrary/

Numbuor of

Numbaer of

SAS datn sl Peseription of libeary/dntn ss Timo porod obsorvations  varlables
UNVSCLLDVIS2S5 SASKUANSY  Charaoterlzatlon of pond water and

sodimonts at Im)x\undmenu KRIRN
OHE and THRE

POND_W Pond wator, analyzed for dissolved — 20JANES . 02NOVH? 1,520 n
oxygien, pll, apeoifio  conduotance,
tomporature, total organle catbon,
total arganlo halides, cations, anlons,
fecal collforms, mercury, polychlorl-
naled biphonyls, pesticldes, phonals,
and radlologleal activity

SEDL Pond sedimenta analyzed for catlons,  HNOVEY - 02APREY 940 2
mereury, polychlorinated  biphonyls,
pesticidon, and radlologleal activity

BGr acer study of OFL Impoundment

SIS 112 Level of Mg 0 ol water IAMARET - 1TMARKR 54 L}

SRES_'T Analysen of radlologleal activity in [RAAVIR.Y] [B) 17
pond sediments

SRYS_T'S Levels of #80 and @e in pond water  IBMARE? « 1TMAIHS 2] i

SRES 167 Levels of M7Cs in pond water IAMARS? - 1IMANSR 53 14

ENVSCLLDV25255 SAS IANKS Charactertzation of fnaglive waste

storupe fanks and thelr conlents

TANKINFO Deseription of insctive wasle storage n 2
lanks ‘

TANKDA'FY Fleld sampling datag contents profile, OZUNBK . OAMAIRKY M FQ)
external contamination levels, and
procedural varlations

TANKDA'T2 Flold sampling data; sample 105, OZIUNSE - (IMARRY v &
sample types, and sample depths

ACD “I'nuk contents analyzed for alkalinity, — OJUNSS . 20681188 15,305 K}
pl antons, cations, volatile and
semlvolatile organiea, PCHs, and
radlologleal aetivity

“Definitions:

RAP = Remedlal Action rogram;

OHEF = OId Hydrafraclure Facllity;

HRE = Homogeneous Reactor Exporlment;
PCH = Polyehlorinated hiphenyl,
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Charaeteristics of pond water and sediments at impoundments 3513, OHF, and HRE
were studlod by R, G, Stansfield and C. W, Francis [n 1985, Scdiment samples were
analyzod for catlons, mercury, PCBs, pesticldes, and radlologleal netivity,  Water samples
were anulyzed for these same parameters and also for dissolved oxygen, pH, speellic
conductance, tempetature, TOC, TOX, and fecal collforms.  Data on groundwater
surrounding the ponds are contained In data sets identified in Scet. 2,22, The inactive
waste storage tanks al ORNL were charaelerized to plan remedial action (Table 11)
Information on the physical deseription of the tanks (e.g., tank location, age, size, and
conliguration) has been compiled, The contents of 30 accessible tanks were profiled, and
sumples were collected from the 27 which contalned liquids and/or studge, The liquid and
sludge levels, external contamination data, und procedural informution were recorded as the
tanks were sampled,  Sample types, the depth of the liquid or sludge sample, and the
amount of surface radioactivity were noted for cach sample,  Chemical analyses of the

samples included alkalinity, pH, anlons, organics, metals, PCBs, and radiological constituents,

2.6 MAINTENANCE AND SURVEILLANCE

A series of radiological and hazardous waste scoping surveys have been and continue
lo be conducted by the Health and Salety Rescarch Division (HASRD) of ORNL for the
Maintenance and Surveillanee Phase ol the program,

The surveys include o variely of sites known (o have historical contamination
problems,  The purpose o these surveys ds (1) to identily levels ol radioactive
contamination and hazardous waste and (2) to determine i the concentrations of these
contaminants warrant corrective actions to minimize personnel exposure and/or further
surface contaminution. A deseription of the survey methods and instrumentation s
presented in Myrick ct al. (1987),

Measurcments taken at many of the sites include gamma exposure rate at the
surface, gamma exposure tate at 1o, and alpha and beta-gamma dose rates,  In addition,
sofl samples were collected at selected locations and analyzed for a variely of radionuclides,
metals (As, Ba, Cd, Cr, Pb, Hg, Sc, and Ag), insecticides (lindane, endrin, toxaphene, and
methoxyehlor) and herbicides (2,4-D and 2,4,5-1P),  The data sets {rom these surveys,

which have been incorporated into the RAP Numeric Data Base, are described in Table 12,
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Table 12. SAS data sets of surface radiological and
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hazardous waste scoping surveys

SAS library/

Number of

Number of

SAS datu set Desceription of Ubeary/data set Tlme porled observations  varlubles
ENVSCLAXRZ5255.SAS MSCAR Reaults of routine maintenance

and survetllance monltoring to

delermine the need for near-term

correclivo actions
LD Sampling locations AUGRG - MAYH? 220 9
BACKGRND Background radlation concentrations AUCISG - FEDRY 24 9
REQSTNDS Regulatory standards 14 4
RADI Clamma exposure rates AUGRG « FEBRY 407 22
RAD2 Alpha and beta-gamma activity levels ALIGRO - FERRY 47 1]
SOUS Concentrations of radionuclides, AUGE6 - MAYRT 3,086 13

metals, and pestleldes in soil samples;
soll characterlstics
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27 BIOLOGICAL MONTIORING

As a condition of the NPDES permit issued to ORNL on April 1, 1986 a Biological
Monitoring and Abatement Program (BMAP) was developed for White Oak Creck (WOC),
selected tributaries, and the Clinch River. The BMAP consists of the following seven
major. tasks: (1) toxicity monitbring; (2) bioaccumulation monitoring of nonradiological
contaminants in aquatic biota; (3) biological indicator studies; (4) instrcam ecological
monitoring; (5) assessment of contaminanlé in the terrestrial environment; (6) radioecology
of WOC and White Oak Lake; and (7) contaminant transport, distribution, and fate in the
WOC embayment-Clinch River-Watts Bar Reservoir system. SAS data scts that have been
incorporated into the RAP Numeric Data Base ‘on these subjects arc listed in Table 13.
Many of thc sampling sites arc used for more than one study (Fig. 8). Thus, having these
data in a common data basc and format will allow information from onc BMAP study to

be easily related to cither another study or with all data in the RAP Numeric Data Basc.

2.8 TECHNOLOGY DEMONSTRATIONS

Descriptions of data scts associated with technology demonstration studies are
presented in Table 14.  These include the Shallow Land Burial (SLB) Closure
demonstration, and the In Situ Vitrification (ISV) study. '

The purpose of the SLB Closure study is to demonstrate and cvaluate stabilization

and closure techniques at a low-level solid waste disposal sitc at ORNL. The techniques

include dynamic compaction, in situ grouting, and covering for a group of waste disposal -

trenches at TARA in SWSA 6. Current data include construction information or wells
installed in the arca under investigation, associated water levels, water quality, and soil gas
analyses.

In situ vitrification is a potential technique for immobilization and closure of various
ORNL contaminated sites. A 25-ton mass of vitrifiecd material was produced in the ficld
within a scale model of an old scepage trench to which stable strontium and cesium had
been added as surrogates for ®Sr and ¥'Cs. Data were collected to analyze the performance
of the test, and samples were taken to determine the leaching characteristics of the waste

form produce 1 in the field.

T L]
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Table 13. SAS data scts on ‘he Biological Moritoring
and Abatcment Program studics

oo n 1

daphnia survival and reproduction

SAS library/ ‘ Number of Number of |
SAS data set Description of library/data set? . Time period observations  variables
. ENVSCLLDV25255 SAS BMAP Data from the Blological Monitoring
and Abatement Program
Population estimates and associated data
CG_VITAL Banded Canada geese vital statistics 19JAN89 - 11JUL8Y 403 14
CG_TRACK Canada geese tracking data 23JUN89 - 01DEC89 1,598 13
HABITFLW Habitat description of BMAP 19MAYS88 - 09JUNBS 1,462 10
sampling sites: flow conditions
HABITSUB [Habitat description of BMAP 10JUN88 - 02AUG88 648 31
sampling sites: substrate
characteristics
WCCLS1 ‘Taxonomic and ecological 232 10
classifications for WOC benthic
invertebrate data
WCBENIA WOC benthic invertebrate data from  0SMAY86 - 0GJUNS7 1,220 13
monthly samples
WCEFLDIA WOC benthic invertebrate data from 0SMAY86 - 06APR8S 975 20
) monthly samples, including substrate
conditions, water temperature, and
stream stage
WCQLIA WOC benthic invertebrate data from 01APR87 425 11
qualitative samples
WC_AGE WOC fish-scale age data ISMAY88 - 08DEC89 886 12
WC_CHM WOC fish population study: water  22ZMAY&S - 08DEC89 168 20
conditions
WC_SHK WOC fish population study: 22MAYS8S - 08DEC8Y 415 21
collection specifics
WC_FSH WOC fish population data: fish 2MAYSS - 08DEC8Y 27,564 16
collected
KDUCKS Census of waterfowl at ORGDP 130CT88 - 09JUNEY 2N 18
XDUCKS Census of waterfowl at ORNL 0SAUGSS - 13DECS9 364 15
YDUCKS Census of waterfowl at Y-12 plant 17FEB89 - 09JUN89 /3 7
WOLFISH WOL fish population survey: 07TMAYRT - 13MAYS7 3,552 10
estimation by species
W_FOWL Record of walerfowl sightings in Oak 160CT87 - 12AUG83 3,809 1
Ridge area
Toxiclty bioassay studies
WOCCHEM WOC toxicity bicassay results: water 20MARR6 - 25MARS7 1,260 15
chemistry
WOCCD WOC toxicity bloassay results: Cerio-  2ZIMARS6 - 2SMAR&7 192 19
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Table 13 (continucd)

SAS library/ Number of Number of
SAS data sct Description of library/data set” Time period observations  varfables
WOCFHM WOC toxicity bloassay resulls: fathead 27MARS6 - 26MARST 768 12
minnow survival and growth

CNTB_IND Reference sites:  physiological stress 1SJUNST - 22JUNR7 5T 44
indicators

WOCB_IND WOC fish:  physiological stress 1ONOVSE6 - 150CT87 160 48
Indicators

CHLOROPL WOC watershed  chlorophyil-a and 240C7T86 - 27TAPRRY 3,158 9

carbon uplake by periphyton

WOCORGS ‘ Organic and mercury analyses in 26JANB7 - 23APRR7 1,504 21
WOC watershed ‘

WOCSURWQ WO surface water quality related to 23 UL86 - 1RIDECE) 8,211 21
periphyton studies -

Contaminant concentrations ln biological samples

FISH_MET Melal analyses of fish collected from 2SNOVSE6 - 23FEDB87 60 13
WO, Clinch River, and reference
sites

FISH_ORG Organic analyses of fish collected 2SNOVS6 - 23FLBRT S0 11
‘ from WOC, Clinch River, and

reference sites

FISH_PCH PCH and “'Sr analyses of fish 2SNOVE6 - 23FLBRT 50 1
collected from WO, Clinch River,
and reference site.

FISH_RAD Radionuclide analyses of fish taken 07TMAYS87 280 20
from WOI, |

CLAM_PCB PCE concentrations in clams exposed ISJULBT - 1TAUGET 20 11
for one month in WOC

SNAPPLERS Radionuclide, mercury, and DNA 20APRRE - 12JU1.88 21 11
analyses of common snapping turtles .

TURTLES Radionuclide, mercury, and DNA 2730187 - 18SEPRT 24 32
analyses of yellow-bellied sliders

COOT_RAD Total strontium in American Coots 27FEDS8 6 21
trapped at WOL

MAMMALS Radionuclides in small mammals (rats ~ 22MAY&7 - 27SEP87 129 13
and mice) collected at East York
Poplar Creek and SWSA 4

MACROPHY Radionuclides and metals in cmergent  08SLP87 - 23SHP8Y 1,242 27
macrophytes in WOC watershed

WI'k_FOWL. Metals and radionuclides in Oak 12JU1.88 - 0SAUGSY 588 21
Ridge waterfowl

Off-site/Watts Bar Reservoir and Clinch River studies

CORESTP Tennessee State Plane coordinates for .- 59 3
sediment core samples

WB_FIELD Sediment core sample ID)s, dates,  22JULS86 - 258EP87 1,100 8
depths, and weights
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Tablc 13 (continucd)

SAS library/ Number of  Number of

SAS data set Description of library/data set” Time period obscrvations  variables
WB_CORILS Radiological analyses of sedlment  22JUL86 - 25SEP87 17,584 12
core samples
SED_INV B7¢g and "Be inventory in - 204 15
sediments estimated from core ‘
samples
“Definitions:
' BMAP = Biological Monitoring and Abatement Program  PCB = Polychlorinated biphenyl
WOC = White Oak Creek SWSA = Solid Waste Storage Arca
WOI., = White Oak Lake ORGDP = Qak Ridge Gascous Diffusion Plant

ORNL = Oak Ridge National Laboratory
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Table 14. SAS data sets on technology demonstration studics

SAS Hibrary/ ‘ Number of  Number of
SAS data scl Description of library/data sel” Time perlod observations  varlables
{INVSCLLDYV 25255.8AS.81LB Data assoclited with the SLB
Closure demonstration
TARACONS Construction data on wells used for OLJANTT - ISAPREY 15 2
the SLB demonstration
WATERETL Manual water-level measyrements for 2IMAYR7 - 21IUNSR 1,056 10
the TARA wells
W_LEVELS Continuous waler-level measurements OIMARES - 18APRRY 6,868 10
for the TARA welis
FIELD Temperature, pli, dissolved oxygen, IANOVRT - 2ANOVE? 15 49
and conductivity for TARA wells
WELLWQ Results of catlon, anlon, and organic 18NOVET - 2ANOVET 2,070 2
analyses of water from the TARA
wells
ORG_VADP Soll organle vapor analyses of cores 0IMARSS - 12APRES 221 16
taken In the vicinlty of TARA
SOIL_ORG Organie avayses of soll cores taken O8MARBR - 11APRER L] 19
In the viclnlty of ‘TARA
SOIL_RAD Radiological analyses of soll cores 0IMARER - 12APRER 081 18
taken in the vicinlly of ‘TARA
INVSCLLDV25255.8AS.ISV Data assoclated with the ISV demonstration
OFFGAS Dissolved and total solids, total and 25JUN8T - 0SAUGRT 108 N

soluble alpha and beta, and pll
measured atl various sample polnts in
the of(-gas scrubbing system

ACD_(IAS Chemical analysis of off-gas scrubbing — 2SJUNK7T - 0SAUCGET 3,769 21
solutions and filters

ACD_RCK lilemental composition of the "wastes” - 1,493 2l
before and after vitrification

ORNLOFEG Temperatures, flow rates, CO and H4IULST - 19JU1.87 240 N
COy concentrations al various points
{n the off-gas scrubbing system
measured over ime durlng the ISV
field demonstration

TEMPC Temperature  measured  al  thermo- LIULRT - 1IULET7 2,400 &
couples al center of the ISV site

THEMPY Temperature measured at thermo- 14JUL8T - 28AUGRT 3,637 8
couples placed 7 {t from center of the
ISV test site

TEMPLO Temperature measured at  thermo- 14IUL87 - 28AUGRT 1,712 8
couples placed 10 1t from cenler of
the ISV test site

POWER Llectric power consumed during the  14JULRT - 19JULKT 76 t
‘ demonstration

“Definitions:
SLB = Shallow Land Burial;
TARA = Test Area for Remedial Aciion;
18V = In situ vitrification,
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29 RI/FS DATA INCORPORATED INTO THE RAP NUMERIC DATA BASE
Results of Bechtel National, Inc. (BNI) field investigations and data acquisition
activitics which started in late’ 1988 arc belng managed in BNI's Remedial
Investigation/Feasibility Study (RI/FS) Data Base according to Data Management Project
Procedures (Bechtel National, Inc. Team 1988). As technical reports describing these data
arc completed, copics of the data are transferred to RAP, checked for quality, and
incorporated into the RAP Numeric Data Base. The data transferred thus far are listed
in Table 15, Additional types of data to be transferred include well construction data,
ground water clevations, well head space, gas analysis results, and radiological walkover

survey data.

2.10 MISCELLANEOUS STUDIES/DATA SETS

Data scts which do not conveniently fit into any of the categories established for the
RAP Numeric Data Buse are listed in Table 16. These include regulatory standards,
general information about the WAGs and Solid Waste Management Units (SWMUS),
results of a study by Cerling to compare three extraction procedures, and an inventory of

solid wastes disposed of in SWSAs 5 and 6.

2.11 FORMAT FILES

Although almost anything can be computerized in some kind of format, often it is
not practical to maintain lengthy character ficlds in a data set that will be printed routinely.
In such cascs, codes are assigned to represent a data entry.  For example, "04A" is the
standard NPDES code for 4,6-dinitro-2-methylphenol.  SAS format files have been added
to the data base so that chemical names can be displayed in several ways: with the ACD
abbreviation, the full name of the clement or compound, the NPDES code, the Priority
Pollutant code, or the Chemical Abstract Scrvice number.  Also, format files have been
written to refer to (1) the geologic unit of a core segment, (2) the pipe and screen

materials used in the construction of the piczometer and water quality monitoring wells,

‘and (3) the full order names of benthic invertebrates.  These files arce listed in Table 17.
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Table 15, RI/FS data (iles transforred to RAP Numeric Data Baso

SAS library/
SAS data st

Deserlption of HibraryAlntn sel

“Time perfod

Numbrr of
absetvations

Numbor ol
virfihles

ENVSCLLDV25255 SAS. WAUGDATA
monttoring wells, soll cores, amd
surface water samples

ACDCASH

COORDB

ITCoOMI

GWEYA

SOUH8IA ‘

SWEIA

Characterization of WAQ 6 groundwater

Listlngs of ORNIJACD
CAS-numbers, Pnames, and Rnames

Sample locatlons, grid
coardinutes, and clevations used (or
sampling,

Listing of CAS numbers, common
names, regulation names, and
tepresentalive names used by HNI

Groundwaler samples from monitoring
wells analyzed  for dissolved solids,
COD, fucal coliforms, 1O, TOK,
melals, merewy,  PCHs, pesticldes,
phenots, and radiologleal activity

Soll sampling analyses tor S3 bore
holes and results are for %% molslure,
b salids, pesticides, organies, PCHs,
and radiologleal activity

Sutface water samples {or dissolved
sallds, COD, TOE, TOX,  moetals,
mereury, PCBs, pesticides, phenals,
and radiological activity

TUATIIREY - (S LINEY

12DECER - J0DLCSY

ORFLI8Y - (WILINKY

284

8

1,53

64823

12,040

8,302

10

Delinitions;

ACD = Analylical Chemlslry Division
CAS = Chemleal Abstract Sevice

COD = chemleal oxygen demand

ORNLL = Oak Ridge National Laboratory
PCR = palyellorinated hipheny!

TOXY =

total arganie carbon

TOX = total organic halldes
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SAS data sots on related miscollancous studics

SAS Hbry/

Numbor of

Numbar of

SAN dutn ol Deserlption of Hbewey/data sot Tline peried obworvations  varlables
ENVSCLMIG25255 SAS RAPDIM
WALL_INTO Descrlptive  information  aboul  the 253 ]
Waste  Area Groupings and Solld
Waste Managemont Unita
ENVSCLLDV25255. 4AS. (IWQUAL,
STAND LA Interlm Pimary Drinking Wa. )] 4
ter Standarda for analyses of waler
from RCRA wolls.  Parameters with-
ottt slatlards are Magged
ENVSCLLDV2525S SASCHREINGY  Campatlson of three extraction
procoduces for streambed matertals
IXTRACT Cationy analysed for comparison of 170 22
extraction procedures
PIELD Fleld data including sampling date 168 16
and locatlon, sample type, sample (1),
e,
ENVSCLLDV25255.8A8 SWIMS Sofld waste (nformation management
' syslema (SWIMSY data from LR
Diviaton
MORNASWG Inventory of salld wastes disposed of  O1OCTT68 < 281H1I00 18,750 40
In SWSA 6
MODA [nventory of salld wastes dlsposed of OUANSYE < 268110 3,708 40
fn all other SWSAs
MODACOM Comments from wasto disposal OATANEY - JODECRO 4,203 4
“Delinitions:

LEPA = LS. Environmental Protection Agency
RCRA = Resource Conservatlon and Recovery Acl
SWSA = Solld Waste Storage Area
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for selected variables

Table 17, Format files for dofining data ontrices

Menmbar
Dutu sel name

Desceription ol file!

ENVECLLDV25255 SASUM'LS (PPEM'T)

(CASEMT)

(NAMELEMT)

y (DETECT)

(GIM'T)

(SEMD)

(ORDER)

File for converting from
NPDUS to PP eodey; can
be used with ACD SAS
data sels

tHe for converting from
NPDHS to CAS codes; cun
bes used with ACD SAS
ety sets

File for converting from
nbbreviatons to full
chemical nnmes; can e
used with ACH SAS duty
sets

File defining deteetion limits
for arganie compounds; can
be used with ACT SAS
daty sels

Fle for printing geountt
when used with the
WOQCONS, PHEZCONS,
and THIMSCONS SAS data
sels

Flle for printing plpe
material and sereen materiol
when used with the
WOQCONS and EZCONS
SAS datn sety

File for converting from
abbrevintions of tasonomie
orders of aquatie
mucroinvertebrates to full
order name; can be used
with BMAP henthie
Invertehrate duta

“Deflnttlons:

NIDES = Natlonal Pollutlon Diseharge Hlimination System;
- PP o= riority Pollutants

ACD = Annlytical Chemistry Division;

CAS = Chemdeal Abstracts Serviee,

WQUCONS = Construetion datn for water quality woells,

PILZCONS = Construction data for plezomoter wells:

BMAP = Rologlen) Monltoring and Abatoment Program,
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212 GEOGRAPHIC INFORMATION SYSTEM DATA

Because soveral grid coordinate systems are used for the ORNL viclnity, a major
concern in dealing with geographie data for RAP Is that those who provide and/or recelve
such data know (1) which grid {8 used and (2) how to convert from one grid system to
another, “This tople s addressed in Seet. 2.12.1, followed by discussions of the GIS data
files developed for RAP (Scet, 2.12.2) und interfacing ARC/AINFO with SAS/GRAPH
(Seet, 2.123),

2121 Grid Coordinate Systems

Several map coordinate systems may be applied to the ORR, including the ORNL
(X-10) Grid, the Ouk Ridge Y-12 Plant (Y-12) Grid, the Oak Rlidge Gascous Diffusion
Plant (K-25) CGrid, the Administrative Grid (AGS), Tennessee Lambert State Plane, and
latitudedongitude (lat/long) coordinates, Conversion [from one system Lo another s not o
simple mattery the aeeuracy of the conversion depends in part on the number and accuracy
of control points used in developing the transtounation equations, In 1988 o new set of
transformation relutionships was developed by Ceophysical Service, Ine. (1988), based on
43 reference points determined on the ORR with a Global Positioning System (GPS), This
method of coordinate conversions has been adopted for the ORNL RAP, replacing those
transformation procedures relerred 1o in the 1987 Annual RAP Dala Management Report
(Voorhees et al, 1988), A set of equations to perform these coordinate transformations
s deseribed in Appendix A,

All location data in the RAP Numerie Data Base are entered and retained in the
original form,  For example, {f o location is surveyed in the X-10 Grid o i a sampling
point is read off a map drawn in the Y-12 Grid, then these data are retained in the data
set us X-10 and Y-12 grid coordinates, respectively, The conversion of location data {from
one grid system Lo another or from two grid systems into a third (such as latdong

coordinates) is done at the time it s needed,

2.122 Geographic Information System Data Scts
A data base of deseriptions of the spatinl characteristics of activities in RAP hay
been established in the ESD Geographic Information System (GIS), ESD's GIS operates

on 4 VAX cluster and uses A'RC?/INI"‘O software, The structure of the GIS data base for
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RAP s organized at two levels,  The detalled level of organization s o collection of
geographie features (e, polnts, lines, and polygons) and their assoclated attributes (e.g.,
well 1D, clevation, and aren) und is called o "coverage." A coverage typically has geographic
features that represent some common theme such as roads, wells, or streams,  For the GIS
data developed for RAP, these coverages are further organized into VAX subdirectories
that represent a common colleetion of themes,  For example, all of the different types of
wells associated with RAP are in one VAX subdirectory,

ARC/INFO has analytical capabilitics to process spatial data in cither larger or
smaller aggregations ol data than a single coverage, These aggregations of spatial data may
be elther temporary or permanent,  The GIS soltware also has the ability to spatially
interrelate the features from multiple covernges, This analytical flexibility has allowed the
GIS data 1o be stored in aggregations that best suit the needs of the remainder of the RAP
Numeric Data Base and the purposes of the program,

The RAP GIS data are grouped into the following major themes:

o groundwater wells,

* biological and surface sampling locations,

« SWMUs,

* WAG boundarics,

¢ deseriptive background features (roads, buildings, cte.), S-16A map, and digital clevation
model data, and

* ofl-site sampling locations.

Within cach ol these major themes, there are one or more subthemes stored as
coverages,  For example, within the groundwater wells, attributes of the piczometer and
CERCLA wells are stored as separate coverages. The structure of the RAP GIS data base
s summarized in Table 18, Details about the conterits of these coverages were presented
in Appendix C of Voorhees et al, (1989) and docurentation off S-16A map coverages is
presented in Appendix B of this document,  Digital GIS data for the S-16A map was
obtained from TVA and processed into the coverages listed in Table 18, The map includes
the entire ORR, BNI has digitized topography, roads, buildings, utilitics, streams, and water

—~ .

bodics for the arcas under invesiigaiion by RAP. Copics of ihese daia scis are avallable
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Table 18. Overview of the Remedial Action Program Geographic
Information Systcm data basc structurc®

Coverage Number of
Vax subdirectory name Coverage theme! features®
U3 [RQM.RAP.CORL] COREDD Off-site RAP sediment samples 59
(Watts Bar Sampling) . CORESITES Off-site RAP sediment samples 48
CORESTP Final off-site sediment samples 59
LAKE Draft Watts Bar Lake outline 0
WBLAKESTP Watts Bar Lake outline 31
U3:[RQM.RAP.NWLI 1 S| ACRE4 4-acre site wells 7
(Well Locations) ACREM4H 4-acre site wells near HE wells 7
ACREA4P 4-acre site wells ncar PRAP wells 7
CERCONS RAP CERCLA wells 13
HFLOC Hydrofracture wells 89
HFLOCWAG Hydrofracture wells with \WYAGs 89
HHLOC Hydrostatic head monitoring wells 19
HHLOCWAG Hydrostatic head monitoring wells with WAGs 19
THHMS88 . Revised hydrostatic head monitoring wells K|
HHMSB8WAG KRev. hydrostatic head monitoring wells with WAGs 31
PCIPLOC Precipitation monitoring sites 20
PCIPLOCWAG Precipitation monitoring sites with WAGs 20
PRLOC PRAY weils 651
PRLOCWAG PRAP wells with WAGs 651
PZDECAP Piczometer wells 33
PZDECWAG RAP piczometer wells with WAGs 331
STDWELL Stockdale wells M|
STDWELLN Stockdale wells nearest PRAFP wells 51
TARA Test Area for Remedial Action wells 13
UCONT Continuous monitoring wells 9
UWELLS JSGS continuous monitoring wells 28
UCONT USGS continuous monitoring wells with WAGs 26
WQ&8 Revised RAP RCRA waler quality wells 71
WQBEWAG Revised RAP RCRA walter quality wells with WAGs 77
WQLOC RAP RCRA water quality wells 22
WQLOCWAG RAP RCRA water quality wells with WAG 22
U3:.[RQM.RAP.SAMI"TS) BIOA Stream sampling - bioaccumulation 9
(Sampling Sites) BIOALL Stream sampling for biological monitoring 72
BIOB Stream sampling - benthos 13
BIOF Strcam sampling - fish 12
BIOH Stream sampling - macrophytes 3
BIOI Stream sampling - bioindicators 4
BIOL1 Stream sampling - biological monitoring 67
BIOLA Revised stream sampling - biological monitoring 68
BIOLA4P Stream sampling points - biological monitoring 68
BIOM . Stream sampling - mammals 9
B1OP Strcam sampling - periphyton 6
BIOT Stream sampling - turtles 6
BIOX Stream sampling - ambicnt toxicity 10
CER1 Cerling data - 1985 kyyj
CERIWAG Cerling data - 1985 with WAG 327
CER2 Cerling data 1986-87 365
CLER20G Transformed Cerling data 10R6.R7 63
CER20GWAG Transformed Cerling data with WAGs 63
CER2WAG Cerling 1986-87 data with WAGs 365
SURDIS Surface discharge monitoring sites 9
SURDISWAG Surface discharge monitoring sites with WAGs 9
U3:[RQM.RAP.SWMU] SWMU RAP SWMU locations 205
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Tablce 18 (continucd)

Coverage Number of
Vax subdirectory name Coverage theme! features®
U3:[ROM.RAP.TUG] BUILDI1 Revised central ORNL buildings 39
(ORNL. Maps) BUILDS Central ORNL buildings 39
CREEKS White Oak Lake and Creck 98
CREEKDEN Densified White Oak Lake and Creck 98
STREETLIN Central ORNL strecets 20
U3 [RQM.RAP.WAG]| MAPFR Overlay boundarics for WAG map 6
(WAG Maps) SWSAIT Historical SWSA 1 boundary 1
WAGIIRX Revised WAG 11 location 1
WAGXI10 WAG boundarics 27
WAGXI10B Revised WAG boundarics 27
X10GRDSK 1000-t grid with tabels 28
X10GRDN 1000-ft grid with annotation 70
XGRDSK SO00-ft grid with annotation 7
LIB:[LIB.S16A] 1.0} {st class road casings - casings 1,275
(S16-A Map) .02 2nd class road casings - casings 555
1.03 not documented 2
1.04 3rd class road casings 302
1.05 4th class road casings (palierned) 18,054
1.06 tralls (patterned or styled) 3,855
107 TVA structural profiles 370
.08 active raflroads (patterned) 1,788
1.09 inactive railroads 102
L10 crossings (Bridges, tunncis, clc) 114
.11 masonry dams, picrs 9
[.12 tailings ponds (patterned) 132
[.13 1st class buildings 38,224
.14 2nd class buildings 660
1S public service buildings 3,193
1.17 transmission lines 15,922
.18 pipelines, above ground 89S
1.20 county boundarics 569
1.21 corporate boundaries 1,775
1.22 reservation boundaries 2,419
1.23 small parks and substations 1,189
L.24 cemeteries 655
1.26 vertical control 3
1.29 Ts for woods 2
1.30 GLO - section lines 19
1.32 index topographic contours 3,235
.33 intermediate topographic contours 12,469
1.37 disturbed surfaces 13
.38 blue open water - blue shorcline 798
.39 single line drains (streams) 1,068
141 wells, springs 3
142 swamps (patterned) 21
LA43 channel lines (styled) 1,706
145 fences (patterned or styled) 2,268
L4o urban tint outlines 307
L47 woods (green tint outline) 7,699
1.48 other vegetation 11
1.49 not documented i
LS50 black misc. 1,121
151 blue misc. 199
L.52 brown misc. 1,054
1.53 red misc, 3
LSS maximum probable flood 321

n
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Tablc 18 (continued)

Number of

Coverage )
Vax subdirectory name Coverage theme” features®
156 500 year flood boundary 328
1.57 100 year flood boundary 323
158 Approximate probable flood boundary 320
159 Not Documented 32
MO:[MAF.DEMDATA] BETHEL.USGS Digital elevation model data for the NA

Bethel Valley Quad map

9Coverages sorted alphabetically by name within alphabetically-sorted VAX subdirectories.

* Definitions:
RAP = Remedial Action Program;
HE = Hydrofracture;
PRAP = Pre-Remedial Actlon Program;

CERCLA = -Comprehensive Environmental Response, Compensation, and Liability Act;

WAG = Wasle Arca Grouping;

USGS = U.S. Geological Survey;

SWMU = Solid Waste Management Unit;
ORNI, = Oak Ridge National Laboratory;
SWSA = Solid Waste Storage Arca,

“Number of points, lines, or polygons in coverage.

NA = Not applicable.
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upon request.  All of these data will be transferred to the RAP Numeric Data Base at the

conclusion of the work.

2.123 Interfacing ARC/INFO with SAS/GRAPH

Environmental rescarch and asscssment activitics at ORNL include the analysis of
spatial and temporal patterns of ccosystem response at a landscape scalc. Analysis through
usc of a GIS involves an intcraction between the user and thematic data sets frequently
expressed as maps. A portion of GIS analysis has a mathematical or statistical aspect,
especially for the analysis of temporal patterns.  ARC/INFO is an excellent tool for
manipulating GIS data and producing the appropriatc map graphics. INFO also has some
limited ability to produce statistical tabulation. At ORNL we have extended our capabilitics
by graphically interfacing ARC/INFO and SAS/GRAPH to provide a combined mapping and
statistical graphics environment (McCord and Olson 1989). With the data management,
statistical, and graphics capabilitics of SAS added to ARC/INFO, we have expanded the
analytical and graphical dimensions of the GIS environment. Pic or bar charts, frequency
curves, hydrographs, or scatter plots produced by SAS can be added to maps from attribute
data associated with ARC/INFO coverages.  Numerous small, simplified graphs can also
beecome a source of complex map "symbols." These additions extend the dimensions of GIS
graphics o include time, details of the thematic composition, distribution, and
interrelationships.  Details regarding the ARC/INFO and SAS/GRAPH interface and

examples of products resulting [rom this work are presented in Appendix C.



60

3. BIBLIOGRAPHIC DATA BASE

In November 1986 work began on the development of a computerized, bibliographic
data basc to support the information nceds of ORNL Remedial Action Program staff. The
data base contains a bibliographic citation, an abstract, and various index terms and subject
categorics for published documents (e.g., rcpofi.s",‘ journal articles, conference papers, and
theses) that relate to the ORNL Remedial Action Program. In addition to the on-line data
base, a resource collection containing a paper copy of cach document cited is also
maintaincd. szii]ability of these resources is presented in Scet. 6.1.

The Bibliographic Data Basce and hardeopy reference collection serve as a central
resource lor use by all staff in the ORNL Remedial Action Program and by all
subcontractors to identily and access needed program documentation. The data base was
designed to cnsure (1) a quick and cfficient retrieval of needed documents from the
resource collection, (2) flexibility in creating a reference list for ORNL/RAP reports, and
(3) ability to machine-sort records according to any of the 32 data ficlds that comprise a
record in the Bibliographic Data Base.

During calendar year 1989, 415 documents were added to the Bibliographic Data
Basc, and 1,237 modifications were made 1o existing data base records. At year’s end, the
data basc contained 6,215 records.” A number of new data ficlds were developed during the

year to permit a more cfficient retrieval of needed information from the data base.
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4. RECORDS CONTROL DATA BASE

Information associated with programs such as RAP, which arc regulatory controlled,
must be retained to support any future legal or administrative actions which may be taken,
These actions may not occur for several years after the data have been collected,  Thus,
it is crucial that a system be developed and maintained for ideatifying, logging, and collating
project records and for assisting in the scarch and retrieval of such information.  The
records must be sulficiently detailed to provide a complete and accurate history of both the
data-gathering process and the results obtained. The ORNL/RAP Records Control Data
Basc and archive was established in late 1987 o serve this need.

In accordance with EPA guidance for remedial investigations (EPA 1985), the
Records Control Data Base and archive is capable of (1) receiving all data/information
collected or gencerated; (2) processing, sorting, and cntering all data/information into the
storage file; (3) making data/information available to users; and (4) cnsﬁring efficiency in
data/information sccurity‘ and disclosure.

The Records Control Data Base operates on the ADSEP (Automated Data Set
Editing Program) software installed on the IBM-3033 computers at ORNL. The data base
scrves as an index for the retrieval of information gencrated by the program, including
correspondence, project plans, well logs, ficld notebooks, and chain-of-custody forms. The
system, which was established for archival purposces, was developed in cooperation with BNI,
RAP’s primary subcontractor, so that records gencrated during BNI's investigations can be
casily consolidated with thdsc from ORNL. During calendar year 1989, 1153 documents
were added to the ORNL/RAP Records Control Data Base for a total of more than 1800

records.
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5. OTHER INFORMATION-RELATED RESOURCES

5.1 AERIAL PHOTOGRAPHS

Acrial photography has been used extensively in analyses of local and regional land-
us¢ changes. Studics of acrial photographs taken over a petiod of time can reveal not only
how the land was used in the past but also how the many interrelated characteristics of the
cnvironment (including land cover, aquatic habitats, soils, gcomorphology, and hydrology)
may have been affected by land use practices.  For this reasen, a collection of acrial
photographs of ORR has been amassed to support the RAP studics.  Photographic
information should be usclul to RAP investigators studying contamination at historical waste
disposal sites and determining alternative approaches for corrective action.  In addition,
anyone requiring knowledge of historical land-usc practices on the ORR should find this
resource useful.

A total of 391 acrial photographs of ORR and its immediate vicinity were obtained
from TVA for the following years: 1939, 1945, 1952, 1967, 1974, 1981, 1984, and 198S.
For most ycars, considerable overlap of the photographs allows stercoscopic viewing.
Specific information regarding dates of the photographs, scales of the prints, spatial
coverage, and quality of the prints is presented in Table 19,

- The photographs are available at the ESD branch of the ORNL library, in Building
1505. Because the photographs and their corresponding index maps arc of varying sizes,

they are specially stored.  Users should request the information from the librarian.

5.2 EPA TREATABILITY DATA BASE
The U.S. Environmental Protection Agency (EPA) is developing a computerized

data base containing information for treating chemicals found in various types of waters and

wastewaters.  The system is designed to be used as a guide to identity the cffectiveness of

trecatment technologies for organic and inorganic compounds commonly found at hazardous
waste sites.  EPA’s Risk Reduction Engineering Laboratory, where the data base is being
developed, has emphasized the priority pollutant list (Appendix VIII of RCRA) and also
those compounds found at Superfund sites. Currently there are about 825 compounds in

the data basc with 2,500 sets of treatability data for approximately half of the compounds.
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Table 19. Descriptive information on acrial photographs

of the Oak Ridge Rescrvation

Number
Year  Month/Day Scale of photos Comments
1939 November- Contact prints 26 Enlargements very poor
~ December and 1" = 3,600’ quality; contact prints
uscd to create index
map
1945 April 5-13, Unknown 88 Coverage very spotty,
August 9 9 limited to the vicinity of
the Clinch River; unable
to create an index map
for this year
1952 April 30 1" = 3,60 20 Good prints
1967  Dales vary, Primarily 38 Monoscopic coverage in
primarily 1" = 2,000, Cave Creck quadrangle
March 2 but scale not indicated in orange on
uniform through- the index map
out serics
1974 April 19 Originally 19 Monoscopic coverage in
"= 1,0000 the Cave Creck
enlarged to quadrangle indicated
1" = 1,100’ in orange on the index
map
1981 February 25 1" = 1,000 87 No comments
1984  November 7 1" = 1,008 56 Coverage availabie only
for southern part of
rescrvation
1985  March 18 1" = 1,000’ 48 Coverage availablc only

for northern part of
reservation
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We acquired an updated copy of the Treatability Data Base in Scptember 1989 and will

retrieve information from it for specific “ompounds upon request.,

5.3 ELECTRONIC BULLETIN BOARDS ¥Fi)R HAZARDOUS MATERIALS
INFORMATION |
RAP data management is registered with two clectronie bulletin boards (Hazardous
Matcrials Information Exchange (HMIX) and the Center [or Hazardous Waste Management
(CHWM)) which contain information related to hazardous materials. These bulletin boards
arc briclly described in this scction,  Retrieval of information from these resources or

assistance in accessing them is available upon request.

5.3.1 Hazardous Materials Information Exchange

The HMIX is a "hazardous materials (HAZMAT) information clearinghouse” and
"exchange system" designed (o provide Federal, state, local, and private-sceetor organizations
with a means of sharing valuable and timely information about the prevention of,
preparation for, and mitigation of hazardous materials emergencics. It is sponsored by the
Federal Emergency Management Ageney and the Rescarch and  Special  Programs

Administration of the U.S. Department of Transportation. The HMIX consists of

* a calendar of Federal training courses,

* public and private-scctor HAZMAT information,

* a calendar of conferences,

* instructional material and literature listing,

e {oll-free (800) numbers and on-line data bascs,

* laws and regulations,

* contracts,

* Department of Transportation agency-specific information, and

* Federal Emergency Management ageney-specific information,

In addition, a bullctin listing provides current news.  An cxample of this listing is given in
Fig. 9.
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(03/08/90
02/28/90
(02/23/90

02/16/%)

02/15/90
02/05/%0)
01/29/90
01/24/90
01/09/9%)
01/09/90
12/21/89

02/09/89

(02/09/89
07/19/89
07/19/89
07/19/89
07/19/89
07/19/89
(06/09/89
01/16/90
06/09/89
(9/22/89
06/09/89
(8/23/69

.

w N

10
1

12

13
14
15
16
17
I8
19
20
21
22
23
24

NEW BULLETINS AND ANNOUNCEMENTS

Publication Announcement

NCP Revision Issucd

ATSDR Rule Sets Procedures for Determining When and How to
Conduct Health Assessment & Health Elfects Studics

OSHA Requests Comments on Proposed Rule for Certifieation of
Hazardous Waste Training Programs

Hazmat Week 1990—5 Day Satellite Videocourse

Achicvement Awards [rom the Chemical Manufacturers Assoc,

DEA Clandestine Drug Lab Guide

BATF Explosives List

New Version of CADET Avalleble for Downloading

DOE Offers Transportation Emergeney Response Course

Chemical Listings {from Emergency Response Guide

BULLETINS OF CONTINUING INTEREST

Pubtic Notice Regarding Privacy and Other Legal Matters With Respect
to the HMIX Electronic Bulletin Board

Rules and Guidelines for Users of the HMIX Bulletin Bourd

PROCOMM Communication Fact Sheet

BITCOM Communication Fact Sheet

CROSSTALK Communication Fact Sheet

MACTERMINAL Communication Facl Sheet

SMARTCOM Communication Fact Sheet

Private Scctor Criteria - HMIX

HMIX Newsletter

Information on Drug Law, Films and Literaturce

HMIX Table of Contents

Board Status (Help for downloading archived files)

Information on ordering the HMIX USER'S GUIDE

Fig. 9. Example of the HMIX bulletin board.
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53.2 Center for Hazardous Waste Managemont
The CHWM, which I8 located at the Hlnois Institute of Technology, Chicago,
operates o bulletin board with information on hazardous waste treatment  methods,

remediation, environmental and human health effeets, waste minlmization, and tralning, An

exeerpt of the bulletin’s menu follows,
oomommmsommammmmo==z Bullelin Meny oo soosooaoooo oo o s

1 - The Center for Hazurdous Waste Management
2 - How to participate in this BBS

3 - Software to download

4 - Menus to download

5 - Conlcrences

6 - Hazardous waste RD&D Permit

7 - Superfund evaluation project
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The followlng list of ffle categories for which Informe
obtalned from the CHWM.

07

iton is avallable was also

Name Description of Tlle category
A ALL PILES
SOITWR SOFI'WARLE AND COMPUTIRS
MISC MISCHELLANIOUS
BROCIHURE HAZARDOUS WASTES SHRVICHS INFO
CONSULT LISTING O AVAILABLE ENVIRONMENTAL CONSULTANTS
REGULAT HEA AND STATE HAZ WASTE REQULATIONS
TREAT PROCESSES ‘TO TREAT HAZARDOUS WASTH
TRAIN IRAINING AND SHOR'T COURSES
HEALTH HEALTH AND TOXICOLOGY HEFHECTS OF HAZ, WASTH .
REMIED RUMEDIAL ACTION METTIODS AND  CONCERNS
UROUND GROUNDWATHR PROBLEMS
MINIMIZ, WASTI MINIMIZATION
CIYW MUNICIPAL WASTE DISPOSAL CONCIRNS

The Tollowing cdited list was extracted from the "ALL FILES" category as an
example of the type of information that can be found on the system,

File name

Stze Dale Subject

USER2LST
GARBAGLECIT
RCRACASNOS
ZATABLETXT
ENVEAW.CLS
JBLISTIXT
MANIFEST ARC
TOPIC_1'TXT
STIES ARC
REBRO
OSHAIREG
PRIORTTY RYG
SEMINARS
LISTU  REG
LISTP  REG
LISTS  REG
TRIBUNETOX
BENZENEITLT
AIRBILLRIG

SURVEYZ TRT
SURVEYL TR'T

0216 03-12-HY
2561 10-17-88
16256 O8-23-88
01696 07-19-84
4224 (17-00-88
(574 07-09-88
32256 07-01-88
1792 05-00-88
22400 (4-15-88
248 04-01-88
007 (3-12-H8
5554 (12-08-8Y
(280 01-28-BY
20540 (01-25-88
0559 (11-25-88
1597 01-20-88
2000 01-15-88
4235 01-12-88
71 01-12-88
2809 (1-03-88
1208 01-03-88

USHERS WILLING TO B CONTACTED

ASCH PILE OF SARA 'TOXIC CHEMICALS

INCINERATION VS RECYCLING IN CHICAGO
RCRASARA SUBSTANCE COMPARISON W/CAS #'s
DRAFE OF OSHA 74 HAZARDOUS SUBSTANCHS
CLASS SYLLABUS FOR BNV, LAW COURSE

HAZ WASTE MANIFEST TRACKING SYSTEM DRI+
DISCUSSION PROBLEM RIEGW MONTTORING
KU DIAG'MS FOR G'WATHER TON ANALYSIS
REP PROCESS FOR IN-STTU SO DECONTAMINANT
OSHA EXTUENDS RIGHTYPO-KNOW ALL INDUSTRS
ATSDR PRIORITY LIST OF (00 POLLUTANTS
ENVIRON ENGINBERING SEMINARS @ 1T

RCRA "U" LIST OF HAZARDOUS WASTES

RCRA "P" LIST OF HAZARDOUS WASTLES
DISCUSSION OI TIAZARDOUS WASTHS LINTS

IPA REASSHSSES HAYZ, WASTE TOXICITY

ATSDR TOXICOLOGY PROVFILES: BENZENE
CLEAN AIR ACT AMENDMENTS APPROVED
ALTERNATIVE TREATMENT PROCESS SURVEYS
TREATMENT PROCESSES SURVEY BOOKS
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6. SERVICES AVAILABLE

Information [n the RAP Data and Information Management System is avallable {n
o varlety of formats depending upon the type of request and users' needs,  As {indicated in
Scet, 4, the Records Control Data Base and archive was estublished primarily to organize
and manage records that document the history of all programmatic actions and dectsions.
Beeause this system {8 not Intended to be a working file, aceess to this information Is Hmited
to program management requeats,  Bibllogeaphic Information and numerle data, however,
are often of use to RAP staff’ and thelr subcontractors as well as to other personnel
conducting investigations on the ORR. Aceess o the (nformation in these data bases s

deseribed below,

6.1 BIBLIOGRAPHIC DATA BASE

Available services pertaining to bibliographic information Inelude:

« performing computerized lterature searches of commerclally available data basces,
¢« performing topleal scarches of program-sponsored computerized data bases, and

* providing assistance in locating copies of needed documents,

During the year, 778 documents or information items were provided in response to
requests from ORNL stall, - An additional 183 informational {tems were provided to the
RI/ES Subcontract Team, which includes Bechtel National, Ine. (BN, CH2M Hill,
EDGe/MCI, ECE, and Lee Wan, In order Lo disseminate information in a timely manner,
an clectronie bulletin continues to be sent weekly to approximately 130 program participants
and other interested parties.

[n addition to paper copy, which has been the most frequently used form of output,
the user can request that the information be provided in electronic form. The obvious
advantage to receiving output in digital form is the climination of the need for re-entering
the Information when preparing a bibliography or reference seetion for a report,  The

following options exist [or recetving information in clectronic form.

* cleetronic mail (E-mail) on the ORNL computer network,

" Co . Co LN N T
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o file transfer on the network, and
o PC disketle,

To obtaln further information concerning the Bibliographic Data Base or sorvices avallable,
please contact

Park T. Owen

Ouk Ridge National Laboratory
Bullding 2001, MS-6050

P. O. Box 2008 '

Ouk Ridge, Tennessee 37831-6050

Telephone: 615/576-0568 or FTS 626-0568
Facsimile; 615/574-9888 or FTS 624-9888

6.2 NUMERIC DATA BASE

Printouts of raw and {ntermedinte data sets, as well as computer aceess to the data,
are provided routinely to principal investigators for information and data verification
purposes (Voorhees et al. 1988), Although data analyscs ire the responsibility ol those who
collect the data, data management stafl asslst in such analyses upon request.  Summary
statistics (c.g., minimum, maximum, mean, and standard deviation), plots, graphs, and a wide
variety of other outputs are available, In many cascs, it is more ellicient and cost effective
to have RAP data management staff provide the needed statistics, assessments, tebles, plots,
cte,, for reports prepared by RAP investigators,  The RAP data management staff are
familiar with the RAP Numeric Data Base as o whole and are able to provide analyscs that
integrate the data from varfous tasks within the program.

Assistance in the display and manipulation of spatial information can also be
provided. For example, the GIS has been used to produce large-scale plots of the locations
of piczometer and water quality wells drilled for RAP, These plots, required by state and
federal regulators, were sealed to existing topographic base maps and produced as Mylar
overlays, Also, the RAP GIS has the capability to convert data between several other GIS
formats, including the USGS Digital Line Graph, U.S, Burcau of the Census Geographic
Base File, Autocad, Intergraph, and ORNL Geographic Data Systems,

A copy of the digital data used to create the S-16A map, which covers several

squarc miles around the ORNL site, was obtained by RAP data management.  As more

" " I no
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base geographic data sets become available, the GIS will prove to be a valuable tool for

analyzing and presenting site characterization and assessment data. These analyses will
emphasize the spatial oricntation of the data. For example, the GIS will allow an
investigator to specify a spatially defined subsct of data for groundwater wells whose
locations can be plotted to any scale. Furthermore, using the GIS to draw maps to scale
and checking the p’roduct against well-defined reference points have been and continue to
be an effective means of verilying spatially oriented data. The GIS can also be used to
display simultancously multiple classes of data (e. g., well locations and WAG boundaries).
These analyses are particularly useful to multidisciplinary projects such as RAP.

Requests for data and related products are available in any of several formats

fucluding, but rot limited to the following:

* direct read access to SAS data libraries;
 computer data tapes in specificd format for export to another mainframe computer;

* copics of data sets on PC diskettes in Lotus 1-2-3, dBASE I1I PLUS, PC-SAS, or ASCII
fermat;

* sciceted data in specified format for direct inclusion in reports;
e generic printouts of selected data;

* summary tables of precipitation or flow data for selected sites;
¢ plots of groundwater clevation (well hydrographs);

* ORNL maps showing locations of various types of wells; and

* ORNL maps showing sampling locations for a particular study.

More than 50 specific requests for data from the RAP Numeric Data Base, mostlyifrom
ORNL staff, were filled in 1989. Requests originating outside ORNL (e.g., from EP-. or
the Tennessee Department of Health and Environment) must have RAP management
approval. To obtain further information concerning the Numeric Data Base or to request
data or related products, plcase contact

Larry D. Voorhees

Oak Ridge National Laboratory
Building 1505, MS-6035

P. O. Box 2008

Oak Ridge, Tennessee 37831-6036

Telephone: 615/574-7309 or FTS 624-7309
Facsimile: 615/574-4946 or FTS 624-4946
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Appendix A

TRANSFORMATION OF COORDINATES BETWEEN LOCAL GRIDS AND
TENNESSEE STATE PLANE (NAD-83)
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A set of equations to transform Tennessce State Plane coordinates (NAD-83) to any
of the four local grid systems (X-10, Y-12, K-25, and Administrative) and vice versa have
been developed.  The equations are a result of regressions performed on coordinates
transformed with thec GRIDCHG program of ARC/INFO, which docs any of the above
transformations in an interactive mode. The advantage of the equations is that a large file
(such as a SAS data sct) of points can be transformed casily in a batch job. Resulls
rounded to three decimal places duplicate results from GRIDCHG.  Using the cquations
can result in very small errors. The GRIDCHK program of ARC/INFO is used for small
study arcas when very precise results are required. Note that it is also possible to go from
a local grid system to another local grid system using these cquations.  For example, one
could go from X-10 to NAD-83 and then from NAD-83 to Y-12. The source code that
performed these regressions and the resulting equations arc available as ASCII files upon
requcest.

To transform coordinates from a local grid to NAD-83 or vice versa, use the
following abbicviations and cquations:

ADME = Administrative Easting
ADMN = Administrative Northing
K2SE = K-25 Easting

K25N = K-25 Northing

N83E = Tennessce State Plane (NAD-83) Easting
N83N = Tennessce State Planc (NAD-83) Northing
X10E = X-10 Easting

X10N = X-10 Northing

Y12E = Y-12 Easting

Y12N = ¢-12 Northing .

From X-10 to NAD-83 usc

N83E
N&3N

0.2503207564*X10E - (0.1738489472*X10N + 747938.7187
(.1728489495*X10E + 0.2503207580* X10N + 167169.0430

il i

From NAD-83 to X-10 usc

X10E = 2.6949843266*N83E + 1.8716793269*N83N - 2328569.966
X10N = -1.871679% .17*N83E + 2.6949843092*N83N + 949383.5081

L wy 4N s » A T Y
rrom Y-i1Z io NAD-83 usc

N83E
N83N

0.2496716899*Y12E - 0.1747867025*Y 12N + 747982.6075
0.1747867029*Y12E + 0.2496716897*Y12N + 167159.4460

o
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o

/
From NAD-83 to Y-12 use |
Y12E

2.6879267567*N83E + 1.8817265786*N83N - 2325070.837
Y12N

-1.8817265825*N83E + 2.6879267583*N83N + 958186.4079

oM

From K-25 to NAD-83 use

N&3E
N83N

0.3029123485*K25E - 0.0336026319*K25N + 744322.9777
0.0336026310*K2SE + (.3029123490*K25N + 186597.7862

i

From NAD-83 1o K-25 use

K25E
K25N

3.2611536645*N83E + 0.3617658595*N83N - 2494856.315
-0.3617658495*N83E + 3.2611536593*N83N - 339253.4191

o

From Administrative to NAD-83 usc

N83E
N83N

0.2489592191*ADME - 0.1758057049* ADMN + 748077.4866
0.1758057047* ADME + 0.2489592197*ADMN + 167110.1588

o

From NAD-83 to Administrative usc

ADME

2.6801988607*N83E + 1.8926563578*N83N - 2321278.532
ADMN

-1.8926563551*N83E + 2.6801988539*N83N + 967965.1530



Appendix B

S-16A MAP ARC/INFO COVERAGE DOCUMENTATION
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. B.1 INTRODUCTION
The coverages {rom the S-16A map digital data are stored on the ESD VAX cluster
. in the directory LIB:[LIB.S16A]. Each coverage consists of one level for the entire S-16A
| map as processed in ARC/INFO. Users ol this digital data should be aware that it still
contains its graphical aspeet (e.g., extra lines for thick lines and shading). If line or polygon
topology is desired, the coverages should be carcfully edited to assure logical line and
polygon relationships.  Several instances of crrors have been observed in the coverages.
Examples include trails in the fourth class roads level (LOS), stray lines in the streams level

(L38), and buildings in the roads level (L04). When crroncous features are found in a

level, it is not always clear if they duplicate features in the level or it they need to be

moved to another level. In order to systematically record and correct coverage errors, all

crrors need to be reported to Raymond McCord at

Oak Ridge National Laboratory
. " Bldg, 1505, MS-6038

P. O, Box 2008

Oak Ridge, ‘TN 37831-6038

- Telephone; 615/574-7827 or I°TS 624-7827
Facsimile: 615/574-d946 or 171S 624-4946,

Table B.1 is a deseriptive index of the S-16A map coverages.  An index of

coordinate grid coverages and deseriptions ol available annotation for the coordinate

coverages are given below.

B.2 COORDINATE GRID COVERAGE
Grid lines and tic marks for scveral coordinale systems arc in a separate coverape

[or the S-16A data. The information below describes that coverage.

Workspace:  LIB:|LIB.S16A| Cover Name: S1I6AGRID
) Number of tics: 4 (tics arc identical to level coverages)
Level values:  level = 21 State plance tics (NAD 27)
- level = 35 Longitude/latitude grid

level = 46 UTM zone 16 tics

level = 52 Background Intergraph grid
level = 53 Administrative grid lincs

level = 58 State planc (NAD 27) grid lincs.

1

i
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Table B-1. Descriptive index of S-16A coverages
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Coverage
name

TVA description

Number
of arcs

Comments

Number of
segme:

1.01

: 1.02

103

1.04

1.0§

1.06

1.07

108

L.0Y

110

Il

[12

LL13

I

Ist class road castngs

2nd class road casings

Not documented

Ard class road casings

dth class road casings (pulterned)

Trails (putterned or styled)

TVA structural profiles

Active railroad lines (patterned)

Inactive rallroad lines

Crossings (bridges, tunnels, cte)

Masonry dams, picrs

‘Tailings ponds (patterned)

Ist class bulldings

Thick red lines on the 1,275
mup (composed of 4-6

parallel arcs),

interstates, Petllsippt,

and state highways

Sccondary roads, red- 555
dashed fines (dashing by

extra arcs), Le. Bethel

Valley Road, Blalr Road

~Patterned part of one 2

second class road, not
usclul

Hollow parallel line 302
roads, ORNIL streets, and
Oak Ridge City streets

Double-dashed roads, and 18,054
jeep tralls, one are for
cach symbolic dash

Single-dashed trails, 3,855
one are for cach dash

TVA boundary (7) that 370
contains a "high water

level" boundary for the

Clinch River

Raidlroads with cross-tic 1,788
pattern for arcs

Single dashed line 102

All arcs are In castern 114
113 of map

Mclton Hill Dam, cte. 9

Ash disposal areas, no 132
pattern arcs

Solid and hatched
buildings: pattern {s
generated with arcs, house,
apartment and office

38,224

6,300

3,702

103

53,115

68,207

16,072

14,276

6,567

{171

177

10

703

47,602
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Table B-1 (continued)

Coverage ‘TVA deseription Comments Number Number of
numo of ares segments
1.14 2nd olass bulldings Slash-patterncd 600 1,282

bulldings, barn, and
storage shed

I.15 Publle service buildings Solid filled bulldings, 3,193 4,056
arc-generated patieen,
churches and schools

117 Transmission lines Power lines, dashed 15,922 37,684
pattern arcs, "poles” os
nested triangle ares

.18 Pipelines, above ground Dashed fine on map, 803 2,408
patterned
1.20 Counly boundarics Part of line missing 569 2,163

to make room for test
lubel, putterned

121 Corporate boundaries Ounk Rldge city boundary, 1,775 5,967
contains several gaps

1.22 Reservation boundarles DO Onk Ridge 2,419 12,254
reservation boundary;
TVA reservolr boundary,
with missing gaps

1.23 “mall parks and substations Not always closed 1,189 2,032
polvgons
1.24 Cemeleries Not always closed 655 951

polygons; some ares for
cross symbol

1.26 Vertical control One bench mark 3 3

0

1.29 Ts for woods Not useful, not plotted 10

on map

1.30 GLO - seetion lines Only a few short arcs; 19 19
meaning not clear

1.32 Index contours 100-ft_contours; no 3,235 11,6715
clevation information

133 Intermediate contours 20, 40, 60, 80-ft contours; 12,469 445,023
no clevatlon Information

1.37 Disturbed surfuces Brown mottled arca on map 13 172

i D Vi oy
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Tubke  B-1 (continued)

Covoruge TVA deseription Comments Number Number of
namo of ares segmonts

[.38 Blue open water - blue shoroline  Blue-shaded ponds, lakes, 798 21,316
crecks and rivers; polygon
intactness uncertuln

1.39 Single line drainy Crecks, blue line 1,008 21,862
drafnage features

141 Wells, springs Contains only 2 or 3 3 206
[eatures; springs arc In
151

142 Swamps (putlerned) Blue lines on map stores 21 M
ay ares 1o form swamp
symbol

1.43 Channel lines (styled) Blue dashed fines In 1,706 5,751
impoundments; if part of
channel s adjuacent
shore, then lines are
not repeated

145 Fences (patterned or styled) Red fence lines In 2,268 2,651
ficlds, with dashed Hnes

1.46 Urban tint outlines Polygons define plnk 307 2,411
urban shaded arcas

1.47 Woaods (green tint outlines) Boundary lines for green 7,699 69,928
shitded arcas

48 Other vegetation Boundary lines for green 11 86
dotted orchard urcas

149 Not documented Some muap in the south 1 4
central seetion

1.50 Black misc, Black tine features, 1,121 2,113
tunks, gates, river
mile, ete,

.51 Blue misc. Springs 199 1,962

1.52 Brown misc, Topographic conlour 1,054 1,360
depression ties, should
be used with 1.32 and 1.33
for pretty graphics

i.53 Ked misc, Tic marks aiong rouds 3 3

for labelling (')
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. Tubly  B-1 (continued)
Coverage TVA deseription Communts Number Number of
¢ nime ol ares segments
1.55 Maximum prdlmhlu flood Polygon delining Nood 321 13,718

level along Clinch River,
nol on published map

1.56 §00-yeur flood boundary Clinch River, not on 328 12,425
published nap

ST 100-year oo boundary Clinch River, not on a2 11,676
published map

|.58 Appros. probable flood boundary — Clineh River, not on 320 13,342
published map

1.59 Not documented Partiol river channel 12 1,925

*AN covernges have the followlng identical charnetevisties: standard AAT atteibutes of length, eleg no polygon
. topologys 4 ties; Fuzzy (olerance = 12121715 and Xmln = -[5367 81, '
Ymin = -38496,00, Xmax = 1072767, Ymax = 82721.03,
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B.3 ANNOTATION INFORMATION
Annotation contains the text lubelling for coordinate values at grid lines and tic
marks along the map border. Annotation may be selected by specilying the level numbers

on the ANNOTEXT command. The following levels control the seleetion:

level = 36 Longltude and Latitude;
level = 47 UTM zone 106

level = 54 Administrative; and
level = 59 State plane (NAD 27),

Currently, the number of annotations {s 635, At this time, the text strings thal
compose the grid labels are converted from the standard interfacing format (SIF) file with
one annotation for cach character, Future editing may condense the annotations to one

per text string,

B.4 COORDINATE TRANSFORMATIONS
The TRANSFORM commnd was used to chunge the coordinale system for the
coverages from the converted Intergraph units to the Administrative grid system, The listing

below provides the statistics on the transformation caleulation,

Transformntion seale: 787
RMY crrors 0182103

e ID fnput x input y output x outuit y deltn x deltu y
N] | S0.7 509 -0 L9RE 44 04198 00861 00977
102 6.59 03| 07591545 0. 821E+S (L 109 0,437
103 44.0 592 DR3VE+S 0.0871+4 L0186 0,0181
104 UL 530 0.5231-+4 043114 0173 0175

B.5 COORDINATE VALUES FOR S-16A TICS
Values [or the S-16A map digital data are described below for all five coordinate
systems, Units and dircction information is included for cach te identification (1D) within

= a coordinate system,



| 8S

Te 1
Coordinale DI Units 101 102 {03 104
system

State Plane H feat 2460() 2520000 255(0K0) 2490000
(N/\l)»Z?) N et SGN) 41 0000 SHOM0 530000
S 1 rol, 270,73 1,592 44,01 AP
N rel, S6H.8063 [(RYK] 592,220 530,089
Simte Plane I molers 740211070 758499.378 767643,773 749355.459
(N/\|)~H."\) N molers 177208720 102446.433 183:302,295 LOK0GL,542
Admiln, H feel 19761327 75445.5934 HANRT.6878 SA25.8420
feot 419465349 ARI81. 1998 0365 HE83 1AL 067
X-10 [ feul S2040,4510 181719719 HK3301.0868 S488. 540
N feet 41512,3675 48350.0071 05973177 2404308

B.6 EVALUATION OF COORDINATE TRANSFORMATION ACCURACY

The coordinates of the S-16A Standard Interface Format (SIF) file were reccived
in u relative graphical coordinate system.  From the information on the published map, it
was determined that the map was generated with a projection based on the NAD-27 data.
[rom the annotation and lines of a coordinate grid SIF file, it was relatively simple (o pick
out NAD-27 and SIF coordinate values at the sbove grid line intersections, Thg NAD-83
values were caleulated from the NAD-27 values by the National Geodetie Survey. ™ A grid
transformation program was used to convert the NAD-83 values to Administrative and X-10
values,  This transformation program was furnished by Keith Craft as a product of the
survey bench marks by a global positioning system in 1988 (Kcith Craft, personal
communication, 1988), The accuracy of the processing was tested to evaluate the linal
coordinate values in the Administrative Grid system of the interseetions of the Administra-

tive Grid lines, The following points were investigated:

Published Coordinate Valucs Transiormed Coordinatle Values
B N E N

15(XX) 0 14993 81 5.9

15(XK) S(KKX) . 14995.66 S(HK¥60.5

85X SN 84994.52 S5003,938

85000 450§ 8499583 45(Kied 4 1

8S5(XX) S(KKK) 85996.64 S(KK)4.53

nl Y o I ' ey n . T ”“l o W



The errors between the published and the actual coordinate values are in the range of.
4-6 ft. At the published map scale, this represents an crror of 0.002-0.003 in. This range
of crrors is judged to be quite good. Part of the error is probably due to the fact that the
published Administrative Grid lincs on the map were generated from "old" coordinate
transformation cquations' that were derived bcfbre the more accurate global positioning of

the bench marks.



Appendix C

INTERFAC[NG ARC/INFO WITH SAS/GRAPH: NEW DIMENSIONS
FROM STATISTICAL GRAPHICS FOR GIS ANALYSIS AND INTERPRETATION
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C.1 BACKGROUND

Over the past 30 years ESD has ‘conducted numerous projects, including
cnvironmental impact assessments, environmental and ccosystem modeling and simulation,
ccosystem analysis for nutrient ‘cycling and pollutant fate and effects, radiological and
hazardous wa's.tc management, rcgional cnvironmental monitoring, and data analysis and
interpretation.  The studics have included landscape scales ranging from a single watershed
to global coverage. The ecological and environmental projects have evaluated the cffects
and interrelatiouships of individual and multiple Eomponcnls.

" In all of these categories of studics,‘ ESD has made extensive use of computing
technology for its data management, analysis, and presentation.  The analytical tools
frequently used with data in ESD studics include statistics, graphics, data integration, model
construction and simulation, and GISs. A typical rescarch problem will require the use of
most of thesc analytical techniques. The chronology of a project also frequently includes
several interchanges between data management, statistical analyses, and mapping with a GIS.
This section presents the results of an cffort to integrate the graphics from SAS statistical
soltware with the ARC/INFO GIS software uscd by ESD staff (McCord and Olson 1989).

The integration of SAS/GRAPH and ARC/INFO graphics was initially done to
combine two complementary classes of graphical pr()duds. SAS and SAS/GRAPH arc very
comprehensive soltware systems that ESD has used for several years to manage data, and
conduct statistical analysis, and produce data-intensive graphics (i.c., graphics which depend
upon the processing and display of hundreds to thousands of data values). Because of
SAS's casc of usc, comprehensiveness, and power, these soltware systems arc used by the
majority of ESD scientists performing data analyses.  However, the mapping and GIS
capabilities of SAS/GRAPH arc limited. In contrast, ARC/INFO is a very comprehensive
GIS and mapping softwarc systcm with limited capability for statistical analysis and
essentially no data-intensive graphics capability for the display of statistical analyses. (The
primitilvc graphics tools for drawing various graphs are found in ARCPLOT, but simple
graphs can require hundreds of statements.) "As a result of these characteristics, we
anticipated that these two systems would be very good complements to one another.

After the initial interface between these graphics systems was developed, the
decision was madc that the combination of map- and data-bascd graphs adds new

dimensions to data interpretation and analysis.  While the combined graphic could be

" ' oo ' " ' i R T TR, T T R R T [T
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produced by simply adding a few graphs (e.g., frequency histograms and pic charts) to a
map, this capability could also be used as a very sophisticated symbol generator. If the
graphs are simplified (i.e., contain only very simple or no axis labelling; bold, but
dnpattcmcd symbols; and uniform siic, scale, and axcs ranges), then they can be made
relatively small (1 cm?). If the graphs are made small cnough, then numerous (tens to
hundreds) graphs can be plotted on a m‘ap as it they were symbols.

These symbols can then | rcadily ‘,add large amounts of information and new
dimensions to the data displayed. A map can display the two or three spatial dimensions
of the thematic data being analyzed. The symbols from points, lines, and polygon shading
can display additional catcgorical changes and spatial overlap of the attributes of the data
in a GIS system. In addition to these features, the graphs on the map could display the
following types of new details about differences between subcomponents of the thematic

information:

thematic values vs time,

* frequency distribution for sample populations,
* multivariate rclationships,

* sample compositions,

* ecnumerated data plots or lists, and

* statistical sumrnary tables.

C.2 APPROACH
The interface between SAS/GRAPH and ARC/INFO was developed in the following

hardware .and software environment:

SAS/GRAPH Hardware: 1BM PC/AT, EGA monitor:;
Software: PC-DOS 3.2, SAS, SAS/GRAPH 6.03.

ARC/INFO  Hardware: MicroVAX 3500, Imagen 2308 laser printer, Matrix PCR
film recorder; .
Software: VAX/VMS 4.7a, ARC/INFO 4.01, VAX FORTRAN 4.8.
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While the above Spcciﬁcatigns describe the systems uséd at ESD, the interface can
be implemented between any hardware system(s) that can excoute the current versions of
SAS, SAS/GRAPH, and ARC/INFO and transfer éhzn;ztctcr data.

The first step in developing the interface was to modily the specifications of the
metagraphics driver provided by SAS with PROC GDEVICE (SAS 1988) to simplify the
hardware capabilitics assumed by the driver.  The metagraphics driver can be altered to

control the assumed device characteristics such as page size, resolution, number and name

of colors, hardware character and symbol gencration, polygon fill, hardware arc/curve

generation, and hardware line types. To make the interface as universal as possible,
hardwarc capabilitics for character, symbol, line type, and curve generation were not allowed
in thc metagraphics device driver.  The resulting output file from SAS/GRAPH then

contained only instructions for pen sclection, movement, and drawing. The metagraphics

output file was defined to be in ASCII so that it could be transported between systems

(PC to VAX) without data and rc¢ ord conversion problems.

After the metagraphics fil: from SAS is transferred to the ARC/INFO host (a VAX
in this case), it is processed by a FORTRAN program that produces an ARC/INFO plot
file. The program that converts the mctagraphics file to ARC/INFO plot file format

includes the following steps:

unnceded SAS/GRAPH plot header information is bypassed,

SAS page units are converted to inches,
* X and Y minimum and maximum arc calculated, and

* SAS pen control commands are converted to ARC/INFO plot file syntax.

Incorporation of the graphs in ARC/INFO plot file format into a final map can be
accomplished with the PLOT command in ARCPLOT. The graphs can be incorporated
into a final map with or without thc map composition Capabilily ol ARCPLOT. Map
composition commands can be used to reposition and rescale the graphs as nceded. A
detailed procedure is available to document the steps required to create these enhanced
products (McCord 1989).

When generating graphic symbols in SAS to be displayed by ARC/INFO, cach

symbol is transferred as a scparate plot file. Often the plots are gencrated by using a SAS

wip g " ' " ' " ' I " I T R RS R
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BY statement with the site or plot ID value. Unique plot names which incorporate the ID

-can then be used to associate the symbol with. map coordinates to control plotting within
the ARCPLOT program. Thc‘follow‘ing schematic AML program listing illustrates the
cross-referencing of plot file names for graphs and the coordinates using the ID from an
attribute file and calculating the BOX coordinates for the PLOT command in ARCPLOT
(ESRI 1987): |

ARCPLOT
... and other statements sctting up map and drawing other map elements..,

. TEST.DAT is a file c(ml‘uninb ID and coordinates from PAT fnr plomn;, graphs... ... scan data file
to determine number of record...
&DO INDEX = | &REPEAT %INDEX% + 1 &UNTIL %I‘NI)I?X% = %COUNT%
&S VALUE [READ %QUNIT% STAT)
« Read TEST.DAT to generate symbol values to be used for filename building and box
coordinate calculation ...
&IF [EXISTS UL[LTS.HUSTON]THARP%ID% PLT -FILE] & THEN
. Test for existence of plot file from symbolically derived name
PLOT UL[LTSHUSTONJTHARP%ID%.PLT BOX %XMIN% %YMIN% %XMAX% % YMAX%
.. example of PLOT command with BOX option using geherated filecname and caleulated BOX
coordinates.
&END

If the coordinates were also stored with the attribute data in SAS, then a SAS
program could be used to generate an AML program that also uses the PLOT command
of ARCPLOT to position and scale the symbols. The BOX option on this PLOT command

is a very usclful way to control the position and size of the symbols.

C.3 EXAMPLES OF APPLICATIONS
C.3.1 Dimensions of Time
Onc cxample of the analysis incorporating the dimension of time includes a map

(Fig. C-1) showing the location and water level history of monitoring wells in the White
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ORNL-DWG 90-11130

Map [,egend 1000 11
* Wonitoring wells |~ |akes, ponds, and streams
® Yeils selected for graphs e 200 It contour lines

Fig. C-1. Example of plotting hydrographs for a sclected subset of monitoring wells
‘in the White Oak Creck Watershed near Oak Ridge National Laboratory. The hydrographs
display data from 10/86 - 10/89. The shaded arcas represent the water level and the empty
arca above represents the clevation to the ground surface. All of the hydrographs have the
same vertical scale to illustrate the differences between the ground surface clevation and
depth to the monitored water level for the wells.
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Oak Creeck Watcrshed. The line graphs of water level (Y) versus time (X) all have a
uniform size and scale to show the details for the hydrographs. The dimensions of the
information displayed here could be increased if more than one dependent variable was

displayed on the graphs.

C3.2. Dimensions of Composition

The map shown in Fig. C-2 displays differences in the size distribution for trees in
different forest types on the Walker Branch Watershed (Dale et al. 1990). The graphs
shown here arce simple vertical bar charts, but other graphs reflecting sample composition
or distribution could also be used. This figure is an example of one that used an AML to

position and scale all of the graphs.

C.3.3 Dimensions of Interrelationships

Statistics provide the capability to dctermine significant differences in the
relationship belween two variables for several populations with analysis of covariance.
Figure C-3 shows a map of the castern United States with scatter plots containing
regression lines showing the changing relationship between surface water pH and elevation
for different regions studied by EPA’s National Surface Water Survey (Linthurst et al.
1986). Additional dimensions describing relationships between measurements could also be

displayed with three-dimensicnal surface displays gencrated in SAS/GRAPH.

C3.4 Dimensions of Complex Symbols

Bar charts have been used as complex symbols (Fig. C-2) on a map of the Walker
Branch Walcrshed, showing changes in the stem density for trec size classes from forest
sample plots on the watershed. Other examples of graphs that can be converted to complex
symbols include stacked vertical, horizontal, and three-dimensional bar charts, as well as pic

charts.

C3.5 Other Data Dimensions
Examples of other dimensions of data include the - incorporation of statistical
summarics, analytical results, and brief data tables on the maps. SAS/GRAPH has a

GPRINT (SAS 1987) procedure that will convert any portion of text output into a
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ORNL-DWG 90- 11131

Map lLepgend

Streams

Yatershed boundary

1Ot contouwr 1raew

North

Fig. C-2. Example of plotting vertical bar charts of the log of stem density by ‘ree
size classes for forest study plots on the Walker Branch Watershed ncar Oak Ridge
National Laboratory. The graphs arc a combined cxample of displaying distribution and
using graphs as "symbols."
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Fig. C-3. Example of scatter plots showing details of the relationship between pH
and clevation by region from National Lake Survey samples.  The map also shows the
spatial rclationship between lakes with low pH and high clevation.
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graphics-based font so that it can be plotted. The conversion of portions of SAS statistical
or listing outputs to graphics is a very simple procedure with PROC GPRINT. Examples
of maps with this additional type of dimension have not been included here because they

are best suited for poster-size maps.

C4 SUMMARY AND CONCLUSIONS

The graphical interface between SAS/GRAPH and ARC/INFO has permitted
researchers not ()nly to add data-intensive graphs in chart form to maps but also to increase
the dimensions available for display and analysis. Numecrous small, simplificd graphs can
become a complex sort of symbol for the interpretation of changes in the details of the
data. These graphs can show (1) changes in measurements over time, (2) sample
composition, (3) statistical distribution, and  (4) multivariate relationships. All of these
details represent information beyond the spatial and categorical information displayed on
the typical map produced by a GIS system. ARC/INFO and SAS/GRAPH were found to
be cxcellqnt complements to cac‘h other in the production of analytical graphics.

The interface is relatively casy to use for the scientist who has an operational
knowledge of SAS, SAS/GRAPH, and ARC/INFO. The major challenge in using the
interface is to avoid overcrowding the final graphic product by adequately simplifying the
map and the graphs to be included. Specilying the automatic page position in page units
also has limitations because it presumes detailed knowledge about the location and scale

of the final map product.
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