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l
! The Oak Ridge National Laboratory (ORNL) Remedial Action Program (RAP)

! was established in 1985_ in restxmse to state and federal regulations requiring
|

' comprehensive control over facility discharges and cleanup of contaminated sites. Ai
computerized Data and Inllbrmaticm Management System (DIMS) was developed for RAP

to (1) provide a centralized retx_sitory for data pertinent to RAP and (2) provide supportv

for the investigations and assessments leading to the long-term remediation of contaminat_:d

facilities and sites.

The current status of DIMS and its role in supporting RAP during 1989 are

described. The DIMS consists of three components: (1)the Numeric Data Base, (2) the

Bibliographic Data Base, and (3) the Records Cxmtrol Data Base. This report addresses

ali three data bases, but [houses on the contents of the Numeric Data Base. Tables and

figures summarize the types of data currently available, describing where and when the

data wcrc collected. Significant progress was made last year with the geographic

inl'c_rnaationsystem (GIS) and ARC/INFO t, which can be interfaced with SAS/GRAPtt 2'to

provide combined mapping and statistical graphic products. Scvcral thematic layers of GIS

data for the Oak Ridge Reservation are now awfilable.

.. _ARC/INFO is a registered trademark ot' Environmental Systems Research Institute, Rcdlands,
California.

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

Radioactive and/or hazardous materials have been handled at Oak Ridge National

Laboratory (ORNL) for more than 40 years. Research, developnmnt, kind waste

management activities conducted during this time have resulted in contamination of facilities

and the environment. Such areas include Solid Waste Storage Areas (SWSAs), waste ponds

and seepage pits, radioactive waste processing kind transfer facilities, research laboratories,

dedicated environmental research sites, experimental reactors, radioisotope development

facilities, 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 areas to ensure that on-site personnel exposures and olT-site releases are

maintained within applicable Department of Energy guidelines. Over the past several years,

however, significant federal kind state environmental legisl.ation has been enacted to provide

more comprehensive control over facility discharges and the cleanup c)f contaminated sites.

The ORNL Remedial Action Program (RAP) was established in 1985 in response to

specific state and federal regulations mandating corrective measures kit areas 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), kind the Safe Drinking Water Act (SDWA).

The Oak Ridge Reservation (ORR), on which ORNL is located, was recently dsted

on the CERCI_.A National Priority List (NPL). Associated with tlm NPL is the 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 agencies

will also be requesting various types of data as a result of ORR's inclusion on the NPI..

The implications to the ORNL RAP data base will be determined when the purpose 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 sites (more than

25(), 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
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was shown to be impractical. Therefore, the SWMUs were divided into 20 waste area

groupings (WAGs) on the basis of geographic and hydrologic information (Fig. 1).

According to Section 3004(u) of RCRA, ali SWMUs must be evaluated to determine

whether they are sources of continuing 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 comam_natkm so that possible 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 st_dies are generating a voluminous amount

of data.

Because implementation of RAP is controlled by regulatory agencies, intbrmation

generated by the program must be retained tc) support any t'uture legal or administrative

actions that may be taken. These actions may not occur for years ffter the data have been

collected; thus, it is crucial that a management system bc maintained for identifying, logging,

and filing project data and records and for assisting in the search and retrieval 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 Base

and associated hardcopy reference collection serve as a repository for ali reports published

as a result of the program, its well as for other pertinent publications. The Records Control

Data Base serves as an index for the retrieval of unpublished information generated by the

program, such as corresp_ ndence, project plans, field notebooks, and chain-of-custody

records. The Numeric Data Base serves as a central repository for technical data generated

by the program and for applicable data from other studies. Such data will be used to

evaluate the condition of the environment as it relates to the ORNL's past waste

management practices and research activities. Ultimately, analyses based on these data will

be used to justify decisions regarding corrective action.

The curr,,mt regulatory compliance effort involves a sequential approach to

conducting (1) Preliminary Assessments 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 Studies (FS) for determining corrective actions to be
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ilitie_ and potential sources of contaminants have been divided into 20 waste _,,'e.agroupings (WAGs).



.. implemented at the contaminated WAGs (Fig. 2). In addition, National Environmental

Policy Act (NEPA) compliance issues are 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 closure

techniques under field conditions; and designs and implements site and facility closures

The RI, AA, and FS phases 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 created a RI/FS Data Base to manage data generated by their

studies. These data are being incorporated into the RAP Numeric Data Base as studies

are completed.
i

This report summarizes the status of the DIMS and its role in supp(_rting RAP

during calendar year 1989. lt focuses on a description Of the contents of the Numeric Data

Base; previous reports (Voorhces et al. 1986, 1988, 1989) describe its design, development,

organization, data managemenl techniques, quality assurance, accessibility, security, etc.

Work performed in 1989 lk_r the Records Control and Bibliographic data bases is also

briefly described.

Data pe r se will not be presented in this report. Rather, the primary objective is

t0 let the reader know what kind of data is available, the geographic areas lk_rwhich data

have been collected, and the period of time for which data are available. This information

is summarized in tables and figures.

ql





2. NUMERIC DATA BASE

The RAP Numeric Duta Base serves its a central repository for technical data

rel_tted to thta program, The data base was designed to take advantage of ccmaputer systems

as an aid in acquiring, checking, and processing data so that accurate inl'ormation is

availabha for analysis and assessment, The data base principally uses SAS I sol'tware installed

on IBM und VAX mainframe computers and Oll several PCs used by data management

statT. Other software is used lo nl_lilltge lengthy descriptive documentation {11'the data sets,

ndministrative or record.keeping tasks, and some l'orms of dltta entry, For these tasks,

softwnre such _ls dBASE III Plus, t.otus 1-2-3, and WordPert'ect llre used, Files created

in dBASE and Lotus olin be trltnsl'erred directly into PC-based SAS data sets and

subsequer_tly uploaded to a mainframe cornputer,

A geogr_lphic inl'ormation system (GIS), using ARC/INFO e software, is used to

analyze _ll'ld present spntinlly oriented datn, ARC/INFO ullows the usur to combine and

subset descriptive thlta nssocinted with spalially del'ined dnta und provides ctmaplete graphic

nnd naapping cnpIlbilitie,,;

The gcner_ll structure o1' the Numeric I)at_l B_lsc c_nsists o1' _t collection ot' SAS

libraries, with eltch library containing one or more SAS dnt_l sets. The manner in which

the datn sets arc organized allows the investigator for a pltrticulnr tnsk to easily access his

or her own thlta yet restricts _mcess tt_ other data within the datlt base. However, sorer:

types of data, such its precipitation and surface discharge, come from several sources and

may he applic_tble to several tasks; these data are cataloged in scplu'ate libraries according

t;o the type oi'data. For the purposes of describing the contents of the RAP Numeric l)atn

I3use, lhc libraries have been grouped into the following dnta cntegories:

• well construction,

• grt,_undwater,

® surl'ilce W_lter,

_SAS is a registered trademark ¢1t'SAS Institute, Inc., Cary, Nortl_ Carolina.

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

• contaminant characterization,
i

• maintenance and surveillance,

• biological monitoring,

• technology demonstrations, and

• miscellaneous,

In this report, the contents of the Numeric Data Base are presentect with respect to this

organization (Sects. 2 1-2 10), In addition, rather than discussing only whilt was _ldded tc)

the data b_lse in 1989, this rcpc)rt provides _lcomprehensive description c)f the contents of

the entire ctat_lb_lse, Although so)mc t)l' the information presented in last year's annual

report (Voorhees ct _d. 1989) will be repeated, it is believed that the resulting report will

be of more benefit to the user. In addition, the development of SAS format flies
.,

(Sect, 2,11) _ind the role of the GIS (Sect. 2,12) are also discussed.

The Numeric Data Base contains mt)re than 150 SAS data sets with a total of more

than 6 5 million d_ltaentries. C()nt_lminantcharacterization data occupy the majority of the

d_ltab_lsein terms of splice bec_lusc of the l_rge number of _ln_dysesassoci_ted with a single

sample; however, the other categories ()t' data _lre just as import_mt and represent a

signific_nt _lmount ()l"int'orm_ti()n, as discussed below.

2.1 WELL CONSTRUCTION INFORMATION

More th_ua1350 obserw_tion wells have been drilled ;tathe vicinity of ORNl_. during

its 45-year history. A.,; indicated by Fig, 3, which simply shows the geogr_lphic extent of thr:

wells, a fairly broad coveri_ge exists for the ORNL area. The wells were drilled at different

times and for different purposes, so there is st)mc wlri_tion in the parameters recorded

during cc)nstruction, Construction data (-CONS) for these wells have bccn recorded iva

eight SAS data sets (Table 1) on the basis of the gcncrtii inst_dlatic)ndate and/or gcner_fi

purpose and can casily bc combined into a single data set as needed, Well construction
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. Table 1. SAS data _l,,_ of well exm,,aructionparameters

SAS llbrm'y/ Nllrlll_'dl' tfr Ntllrll_l' efr
" SAN data sur I)eserlpllotl ¢_1'ill_rllry/dlltlr st_t'l 'l'lllle I_t'lod *c_bsul'Vtttloll_l vlrrlllbles

I_V_;I.IdAI,"ZSZ55,SA,N,II, i,L10"I.12Well ccmslruell()n thtt_r

I'II_ZC;C3NS _.'OllStl'U_:ll(._lrtlltllt c_11I'llez_nrelel' 051]1!(.'85 . 21',llll_q7 3,18 33 ,
wells IlrSl_tlletl by RAI'

WqOUZ.)NS C?olrslrtlellcm tl_lttl t_l_ wlllt:r Cltltll- l_J,Itll.N5 . 01,Jill,87 77 ,10
Ity well_ Inst_dled by I_,AI'

I'I_,AIJC()N!,I (?ot_slrtletk_n tl_rt_rc_n llrc_nlt_l'llrg 194(J - 1!J8'3 7(i3 32
wells lllsllllled Ivel'c_r'eeslM_llsh-
meul c_l'I_,AI'

I IIIMSCC)NS (_c_l|sll'tlellt_lr thlttl t_ll hydl'¢_Sllllle 17MAI,_q¢_ -tlTAl'l_,/_8 31 ,t3

head mc_nll(wlilg shdl_tls I_stalled

by RAP

III,'(;C)NS (,OllStl'tletlt_lr tj;ira (_tl Ilytlr(ffr_te- lcJS!j . l_JS,l _q9 27
tttt'e wells h_shdled I_f¢_re cs.

I_tl_llshll_elll _l' I_,AI_

(:IiI,_C?()NS (;(;llStl'tlell(_n tlal_l (iii w_let' tlU_d- ()K_AN/_5 • 15MA1,_85 13 25

lty wells Ivlshdled by I'/,AP I()

ce)reply with C?I';I_.CI,A

'I'AI_,A(_()NS (?OllStl'uetJl_lr tl_tla c_la wells irl- 13MA1_,87- L5AI'I_,87 13 32

stalled by RAI' It1 the Test Art;t_

ftu' I_,etrretllal Aellc_lr slrldy t_re_t

LJWC:C)NS (?t_nsll'uellc_ll tl_i_ _vr wells 23()(Y1'85 - 191,'1!1187 28 38

lust_dled by L.ISCIS, tl-serles
wells

'_13el'lrllllc_l_S:

I,_AI' = l_emetllld Aetl(_tr l'l'c_gr_lm',

(?I!I,_C_I,A = C;(_lnl_rehenslve Ii,;livil'cmmenlM I_,eSl_C_lr,_e0C._C_llrl_ens_llh_lr,_rl_tl I,IM_lllly AeL,
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data sets are updated periodically because of plugging and abandonment activities and

because Of changes in measlire point elewttions caused by damaged well casings, Well

construction parameters for 28 wells (U.series wells) installed by the U,S, Geological Survey _ ,

(USGS) were added to the data base in 1989.

Nearly ali of the older, pre.RAP (PRAP) wells (Table 1, PRAPCONS) are located

ha the vicinity of the SWSA'_ and the Pits _t.ildTrenches Area (Fig. 1, WAGs 3-7). Many

of the older wells in the ORNL Main Plant Area (Fig. 1, WAG 1) have been destroyed

or damaged by construction activities. Therelbre, RAP inst_llledmore th_tn 330 piezometer

(PIEZ) wells to (ibt_dnbasic geologic and hydrologic data as an aid in determining suitable

locations for and design ()f water quality monitoring wells required by RCRA (Table 1,

PIEZCONS), J

The plczomctcr well lc_catlonswere selected to supplement the available information

l'rom existing wells in the burial grounds and to establish a basic network for gathering

groundwater tlat_l in other WAGs, Mc_sto1'the wells were shallow, drtllcd only until aquifer

inl'low w_s tlctccted, Some wells, however, were drtllcd to reach deeper aquifers in order

to determine both the pc_tcntiomctrtc heads of water-bemiringzones at these levels and the
I

vertical hydraulic gradients; at some locations, pairs of ptczometcr wells were installed for

these purpc_scs.

The hydrol'r_lcttirc (HF) wells arc located in l'our distinct areas associated with the

experimental _Lxatloperational hydrol'racturc sites in Molten Valley (Table 1, HFCONS).

As with the oltlcr (PRAP) wells discussed previously, the inl'ormatlon for these wells came

l'rc_mvarious dot:uxncnted and undocumented sourt:cs, including ORNL and USGS

publications, borehole geophysical logs, and personal t:ommunications,

In accortlancc with the U.S. Environmental Protection Agency (EPA) regulations

(4(1 CFR, Part 265, Subpart 1.7),77 water quality (WQ) wells have been installed in the

ORNL _lrca. Eight of the wells arc located in WAG 8, 30 in WAG 6, and 39 in WAG '1,

The wells arc c.lasslt'icd as upgrt_dlcnt (rel_rence), downgr_tl_ent, or internal WAG

cht_rttctcrizt_tiollwc.lls,depending on their position in rcltltton to the general direction o1'

groundw_ttcr flow. During the first yc_r, these wells (T_d_lc1, WQCONS) were sampled

quarterly, but the samples bet:emc less frequent (semiannual), depending upon the results

of the _malyses (Sect, 2.2,2). An additional 98 water quality wells, in wu'tous stages of

development, are part of the 171 that have been t_r will be installed at the perimeters o1'
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the WAGs. Constructk_n tnt'ormatton for these wells will bc entered Into the data base as

they arc completed,

A series of hydrostatic head monitoring stattons (HHMS) has been installed in the

Pits and Trenches Area and SWSA 6 tn order to characterize water levels, geology, and

water quality in and surrounding these waste manttgement areas (Table 1, HHMSCONS),

Each HHMS ccmslsts of a cluster of three telescoping wells o1' vartcd depths, spaced

approximately 25 l't apart, The deepest well was drilled tc) apprc_ximately4(}(Il't;the depths

of the intermediate and shallow wells arc approximately 2(}()and 80 l't, respectively. Data

l'rcml these wells provide inl'(_rmatlon on the vertical and lateral distrihution of hydraulic

head and thus characterize deeper flow systems that have pc)tcntial for transporting

grcmndwater cc)nttmainants, These data will support two- and three-dimensional groundwater

sirilulation mt)dcls and will SUpl_lcmcnt the ORNL grc)undwatcr mt)nitc)ring network in

general.

Thirteen wells installed tc)meet CIY.R.CLArequirements are Ic_catcdadjacent to

' three iml_oundments: the 3513 pc_rld,the Old Hydrol'racture Facility (eHF)pond, and the

t-Ic_mogenec_usReactc_r t_2xperiment(t-11_.I_!)pored, Thirteen wells were also installed in the

Test Area ['c_rRemedial Acticm (TARA) located in SWSA 6 l'c_rthe purpc_scoi' studying

trench closure alternatives, Data sets ccmtaining constructicm inl't,_l_ltion for these wells

have been developed (Table 1, CI_RCONS and TARACONS),

Twenty-eight wells were ccmstructed by the USGS (Table 1, LJWCONS) ['or use in

describing the grc_undwater t'lc_wsystem in Meltcm Valley (Zehner 1989), Water level data

were recorded ccmtinuously at mc)st c:l' these wells until the end o1' the 1988 water year.

The locations of ali wells in the ORNL area, along with their well identifiers (IDs)

are shc_wnin a series c)t'detailed maps presented in Appendix A o1'Voc_rhees ct al. (1989).

The type and extent of data associated with these wells arc presentecl in Appendix B of

Voorhees ct al. (1989).

Various geophysical logging procedures and hydrogeolc_gical tests were performed

" on several groups o1' wells and recently drilled core holies. Nine USGS U-wells were

caliper, gamma, neutron, and density logged at rene separate ORNL lc,cartens to provide

additional lithologic and stratigraphic int'ormation (Tutti and Hanchar 1989). ASCII files

ot, 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 dccpest well o1'each
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' Table 2. PC data _ts of geophysical data

Data type Data descrtptkm Date Format " '

',

U-Well Geophysical Data from caliper, gamma, Oct86 - Mar87 ASCII
Logs (36 files) neutron, and density logs

tbr 9 USGS wells
I
: HHMS Geophysical Data from wtrious logs I_x__tus1-2-3
', Logs (1l files) for li wells

WAG 1 Q_re Holes Data from 6-10 tests ASCII
, Packer Tests i'c_reach of 5 core holes

(40 files) ,
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- HHMS cluster was logged. The types of logs available and a comparison of logs taken tbr

wells 1-7 vs. wells 8-11 are shown in Table 3. These well logs are available as Lotus 1-2-3

- flies. Five core holes were drilled in WAG 1 to obtain stratigraphic 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 hydrocon_!uctivity and transmissivity of the open interval. These results

are included in the construction data sets (Table 1) of the various well types.

2.2 GROUNDWATER

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

are described in Table 4.

Z2.1 Groundwater Hydrology

Periodic depth-to-water measurements have been and continue to be made at

selected piezomcter 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 directions 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 seasonal tluctuation 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

selected seeps 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 measurements 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 U-series wel!s_ _oct _ few of the PRAP wells (see Sect. 211). Daily mean water

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

rql .... _IP_ t_i ,q',



16
,

Table 3. Available geophysical logs for HHMS Wells 1-7 and 8-11

-i

Wells 1-7 Wells 8-11

Log Units Log Units Description of log

DEPTH FEET DEPT FF_,ET DEPTH IN WELL
SP MV SP MV SPONTANEOUS PO'I'EN'I'IAL
GR API GR API GAMMA RAY
NEUTRON CPS SND CPS RAW NEU'Iq_ON DATA
* * N EUT NAP I NEUTRON
* * NOISE CPS NOISE
CALIPER IN CALl IN X-CALIPEI_,
* * CAL2 IN Y-CALIPER
'FEMP F TEMP F TEMPEI;_ATURE
Dltqq'EMI _ F DTEM F I)IFIrEREN'I'IAI_ 'FI_MPERATURE
SHORTNORM OItMM * * RESISTIVITY
LONGNORM OHMM * * I_,ESISTIVITY
* * ILM OI IMM IL-MH)IUM RESOI_,UTION
* * IH) OI IMM II.,-1)I_,Ii_I) I_,ESOI.U'lqON

ITI" USFC/I:; DT USEC/17 3'-5' DEl.TA TIME (SONIC)
* * AMPL MV AMPLITUDE (SONIC)
POROSITY % * * NEUTRON POI(OSI'IW
* * SNL PU NEU'FI{ON PO1;_OSITY

G/CMBUI..K DENS (;/(2M c I_,IIOB , e BUI..K DENSI'I_'
* * I) RHO G/CM c B [ J I.,K DENS ITY CORR ECTI O N
* * I:IVI)C CPS FAR DENSI'IW COUNTS
* * NFDC CPS NEAR DENSI'IW COUNTS

SINGLE-I OIN I RESISTANCI!{SPRESIST OI-IMS/IN SPRESISq _ OIIMS/IN " " _ _ "
* * TENS MV LlNl3, TENSION

* * LSPI) Iq_E'ITMI LINE SPEH)
* * CL3A OIIMM IA,3 AVG BII CORREC',I'ION
* * CH,3 OIIMM LI.,3 UNAVG BtI COI_.RI3CI'ION
* * LI.,3 OI IMM I,ATEROI,OG 3, UNAVG NOCORR
* * BL3A OHMM LL3 AVG WITH BHC
, , I_b ? 9
TI?,I_,EVIEWEI( c

VARIAI]H_ I)ENSITY 'l
DEVIATION _ AZIMUTH

& I)EGI_,EES

* = No corresponding log.
al_x_ggedby OI_,NI.,,results in hardcopy form.
t'Not used by ORNI_.
':Wells 1-7 photographs currently reside with Principal Investigator; Wells 8-11 polaroids currently reside with
Principal Investigator,
'/Wells 8-11, hardcopy only, resides with l'rinclpal Investigator.
eWells 1-11, logged by ORNL, results currently in hardcopy form.
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Table 4. SAS data sets of groundwater data

SAS Ilbraxy/ Numl_r of Numl_r of
" SAS data set Description o1"library/data set" Time perRx.t observations w_rlablcs

I._V_;LMAIr_255.,KA.."I.Ita,tI'rU2 ORNl., waler-ltwel measurements

PZ8,5_86 Depth-lo-water measurements (X_FEl_85- 31DIX'86 4,(X)5 12
conducled al plezomeler wells
1985-1986

I'Z87 Depth-lo_water measurements 07JAN87 - 311)1!_'.87 5,709 12
conducted at plezon|eter wells
in 1987

1'72,8 Depth-lo-water measurements 04JAN88 • 2711EC88 5,383 12
conducted at plezomeler wells
in1988

1'2.89 Depth-lo-water meaauremenls 0_AN89 - 31121:£'.89 Z721 12
conducled in piczc,meler wells
in 198_

TI_,MP(.'IIK Telnperalure and specific conduc- (13MAR88-011"EI3cR) 1,432 9
rance measured al selected piezomeler
wells

PZTI';MI'I'_I_, Pt'ol_ depth and field-measured depth 03MAR88 - 26(K71'88 57 6
¢_-;t.,, well for wells in TEMI'C.IIK

S'I'RM(t]IK '_: .ords of wet or dry conditions al 18JUi`86 - _!.lUN88 _7 8
vaCiOU,_i seeps or slream check i×_lnls;
dala used ill suplu_z'tof depIh-lo-Waler
measurements

[}W5888 Period Jt water-level measuren|enls 20JUNS0 - 28.1UN88 24,335 7

collecled by the tJSC,S; primarily
historical data

i_V_'.I.IJIV25255.SA&[]SWl_JJ£ tJSrdS waler-level measurements for

wells equipi_d with continuous
recorders

CY85 {.'.alendar year 1985 dala 01C?A-.."F85- 31111:('85 3,8_-g) 7

CY86 Calendar year 1986 data 01JAN86 - 3111EC,86 21,089 8
c

('Y87 C_alendar year 1987 dala l)IJAN87 - 31DI);C87 _98,.._;S(1 8

(',Y88 Calendar year 1988 data 01JAN88 - 31111T,C-88 20,349 8

(2y89 Calendar year 1989 data (IIJAN89 - 31JAN89 155 8

i_/,IV'D[.'I.1J)V25255.SA.."I.KI.rI1RJ.l'_/ (½mu ndwater contaminant see,ping
survey, ORNl. Main Plant Area

,, and SWSA 3

ACI)I Results of anion, cation, alkalintly, 15APR86- 21f)C"T86 3,938 18
w_latile t_rganic, total organic cartxm,

• and radiological analy_s

IqELDI Sample date, well ll)s pll, specific 15APR86- 21[-)(;'I"86 56 9
conductance, and lemperalure resulls

i i_ i i,
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Table 4 (continued)

SAS libra,/ Numtx_r of Ntlmbcr of -
SAS data set Dc..scrlptlon of library/data set a Time period observations w_rlablcs ,

q

lt_LIJ)V'252_5.S_',_q.'i'ORAN Oroundwater samples taken from
19 HHMS wells

ACDI Results qf cation, anion, 23FIH_7 . 31JUI_87 986 19
total organic carbon, and radiological
analyses

FIELI)I Characlerizaflon qf groundwater
quality around the Wasle lloldlng
Basin (Imnd 3513) and I_nds
associated with lhc C)ld
l lydrofra¢lure Facllley and the
l lomogeneous Reactor l:.xl_'rlment

CH)WM Oroundwater monitoring well samples 06F1';l_,85- 28.1UI,87 1,866 .'_) ,
analyzed for cations, anions, fecal
coliforms, mercury, Ix_lychlorlnaled
biphenyls, pesticides, phenols, and
radiological acllvlly

.d

W_C.OMI' M Groundwater tu0nltorlngwell samples 061;IHI85 -27JU1,87 1,081 29
analyzed for dis.solved oxygen, pll,
specific conductance, temperature,
Iotal organic carbc,n, and Iolal organic
halides; multiple _mple results used
to compare wells

WEIJ,_88 Flekl dala from monitoring wells _)JU1..88 - 09AIJ(]88 13 34

I_V'SCLI.DV25255.SAS.fIWQUAI, RCRA water quality monitoring wells
established for detection of

groundwater contamination; data
provided by EMC'./OI_,NL

I:lIH,D85 Specific conducllvtly, pll, and ISSI';PI_5. 02JAN86 756 cj
temperatures

I)IS85 Dissolved melals; ftllered _luq_lc-s,' 18SEI'85 • 07JAN86 418 13

'I'(51'85 Total metals, organics, and anions; 18SEI'85- 07JAN86 1,402 14
unfiltered samples

FIEH)86 Specific conductivity, plt, and 17MAI(86 - 101)1:.r?.86 924 o
t e III i)C ra [nres

DIS86 Dis.,a_lvedmetals; filtered samples 17MAR86 - 101)1';(786 495 13 q

TOT86 Total metals, organics, and anions; 17MAR86-101._EC.86 1,734 14
unfiltered samples

F11!';I,1)87 Slarciflc conductivity, pll, and fY/MAR87 - 04I)EC87 693 9 .
temperalure

DIS87 Di_olved metals;flllered ,samples 09MAP,87 . 17MAR87 264 13
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Table 4 (continual)

SAS Ilbrnry/ Numt_r (ff Nttll_t_l' of

" SAS chd,aset I)cscrlptlcm cff IIi',v,_wy/d,,it,_set" 'l'hnc t_rlcxl c_l_st_r,,,,,itlc_t_svarhd_lcs

TOT87 'l'olal melals, organics, and awtons; (DMAR87.04D1':(_8/ 1,108 1,1
unfiltered _mldeS

FIEI,D88 Sl_clflc conducllv ly, pll, and ()5JUN88 .' 2013E("88 1,656 15
temperalure

I.)I.*'_8 1)i_.,¢ulvedmetals', filtered aaml'des 05J UNg8 . 04NC.)V88 frf,(} 21

T(YI'88 Total metals, organles, avid aldona; 05JIJN88- 20131_?.88 I_(gX) 21
unfiltered samples

I'IEI.1389 Specific c,._,ducflvlty, I,ll, m_d I IJANS!J - 20JUNSt_ _755 16
lelnperaltlre

I)ISSO Dissolved metals; filtered samples I I.IANS(_. lO(X:l'Sq 2,277 22

'l'CYl'8q Tolal Inelals, orgatllcs, and anlous; I IJANSC_. l_(×r'l'SCJ 18,28,1 ,'2.2
unfiltered _lnlples

'Jl)eftnlllons:

. ORNl. = C.)ak Rhlge National l.aboralt_ry;
USGS = U,S. {}etdoglcal Survey;
SWSA = ._x]lhlWaste Slorage Area',
IIIIMS = llydroslatlc Ilead Monlloring Station;
RCRA = Resource {i?onservation and Recovery Act;
EMC'. = I",nvlroamellhd Monllorlng and ('OtUldtanee,
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system in NashVille, In addition, periodic groundwater elcwltion measurements conducted

by the USGS are available from the RAP Numeric Data B_lse (Table 4, GW5E'_), These

measurements collected primarily in the mid to late 197()s, date back to 1950 and are

therefore of historical interest, The extent of USGS water level data in the RAP Numertc

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

2.2.2 Groundwater Quality

Groundwater quality at ORNL has been studied through both regulatt_ry monitoring

programs (routine sampling) and seeping surveys (one-time sampling efforts). The

groundwater contaminant seeping surveys listed in Table 4 were conducted by R, H. Ketelle

for the Main Plant _trea (WAG 1) and SWSA 3 (WAG 3); by D. W, McCrackin fc)r the

White Oak Creek l'k_odphlixa(WAG 2); and by L. E. q't_ran for the Pits and q'renches area

(WAG 7), SWSA 6 (WAG 6), and near White Oak Lake (WAG 2). Ketellc and

McCrackin analyzed unl'iltcrcd water samples taken t'rt_mthe piczomctcr wells installed by

RAP. Water samples from this one-time sampling cl'lk_rtwcrc analyzed for cations, anions,

alkalinity, w_latilc c)rg_lnics,total c)rganic ctlrbon (TOC), and radionuclides, Field pH,

specific conductivity, and temperature were also recorded. Toran also conducted a one-

time samplhag c_l'19 HHMS wells. Toran's samples were filtered and analyzed for alkalinity,

cations, anions, TOC, l'luore,,lccixa(drilling t'luid traccr)i and radiological contaminants, as

well as field pH, specific cc)nductivity, redox, and temperature,

F. G. Taylor also conducted a contaminant seeping survey that included groundwater

samples, Because he sampled _'.oresfrom White Oak Lake as well as seeps from the

SWSAs and the Pits and Trenches Area, his study is discusseA further in Sect. 2,5

(Contaminant Ch_tracterization).

Water quality wells installed by RAP (Table 1, WQCONS) arc monitored by

ORNL's Envir¢_nrncnt_lM¢_nitorixagand Cc_mpliaxacc(EMC'.)Department in accordance with

EPA regulation (40 CFR Part 265, Subt_art F). The results of these analyses arc

summarized and reported to the regulatory authorities by EMC, and copies o1'the electronic

data are made available to RAP data management. The data, which are organized by

c_llendar 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

i unfiltered samples; and (3) pH, specific conductivity, and temperature (Table 4).

III
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Monitoring t_l' wells Installed around p_)nd 3513, eHI-,', and lilt.I:_,; (Table 1,
(

CERCONS) began In February 1985, In ct)mpllilrice with CERCLA, The simaplcs were

analyzed lhr cttticms, antoris, l'ecal ct)lil'orrrls, mercury, l_olychl(Mnltled Ilillhenyls (PCBs),
p

pesticides, pherit_ls, and radit_lt_gical cc_ntarnlriants, Multiple _mnlple rc,suits t'tlr dissolved

oxygt:ri, pH, tt:ml_craturc, specillc conductance, TOC, and total orgarlic halides ('I'OX) were

used iri ccliriparing wells. Sltrnplllag wits discontinued in 1986 but was resumed iri 1987

because t_l' the potential prescrlce t_l' RCRA-listt'd tc_xlc metals arid t'ecal colil't_rms,

C()rrcslw_ndirig stutlics to charac.tcvtzc the contents (1t'the Ilorld water, pond setlirrlents, arid

underlying slrata arc clisctassccl in Sect, 2,5,

2.3 SURI;'ACE W,'Vi'ER

Surlacc. water Iwclrtllogy and water quality data sets iri the RAP Nulncric Data Base

arc dt.,scrib_-cl iri 'l'ablc 5, _....,.>urlacc water quality is alst_ sttadicd Its part t_t'ORNl .',,',131¢_loglcal

Mcmitc_i'Jrlg and Abatcincrlt Prc)granl (BMAP) (Sect, 2,7),

2.3.1 Surl'act" Water llydrology

Data ¢msurface discharge in the Oak Ridge at+caarc t:tllluctud lind tnilnagc',dby staff

in ORNL's Eiwiroilnlcnllll ,.qcicilccs I)lvisioil (I:_SD), I:,M{., lilld lhc USGS uslrig ii viirluiy

(1t' lriettlods llrid claili rriariligClncrii sol'twllrc, Avcrligc dally l'l_w I'rorll itll'co EMC siaiil)rls

lirid illiac tJSGS stlilillrls (Fig, 4) iri lhc vicinity o1' ORNl, arc aSSClriblcdby It.At> data

illariilgt.;illcrit silit'l', who ol'giilliZCd these data ini(_ SAS ttala sl:ts ;.it'ctlrdillg lt1 ¢iilcndiir yolir,

"['he raw EMC. data ai'l;; i()lal ll()ws road (1nec a day, whcl'Cas lhc USGS data Hre llVf2l'llgt.',

daily flows calculated l'rorll stage height readings lllildc at 15-rain iiltcrvals, Data t'r(ml

eleven additional I.JSG_ slati(_ns in tlm vicinity o1' thc Oak Ridge Reservation (Oil.it) arc

also included in the tllllll base. The period ill' record l'_3rclbservatiorls iri the RAP Nunlel'iC

Data Base is sllc_wn in Table 6. Iri aclditiori to the tk_w data, clcscriptive irlt'ormatit_rl (type

o1'gage and collcctiori l'rcqucncy) t'tli' each iriorlitoririg stlltltm is rec(lrded iri a separate SAS

" data set (Table 5, FLOW_LOC).

2.3.2 Surface Water Quality

The EMC Department routiricly morliiors water qualily lit ttu'ce surface water sites

in White Oak Creek arid its tributaries and nine point source discharges, in accordance
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'Fable 5. SAS data _ta of aurfat_ wamr data "

,qA,q llbl'llly/ Ntllt|l_Jr of Nullfl_l'tfr •

SAS thrill st_t Deserlpllcm tfr Ilbrllry/dllla a_t" Thllo i_l'l(_.l (fl_serw|lltma variables

l_V_.'l, lJlV752.55.,_C_lq.OW Mean daily ._urfac_ tllseharge data
collected by EM(!/OI/,NI, and IJS()S

lq,OWl,( ×'. Statlun deserlllllon inflmuallon .. 34 2,1

C;Y84 ('alendaryearI_84{luwdala ()I(X"I'8,131DI!(!84 2"/6 5

(?,Y85 (!alenriar year 191,I.sflow dala 01.1ANS5 311)1_,(!8.s 3,4117 5

(_Y86 (!alendar year 1986 [Itwv data 01JAN86 311)E(!86 ,t,308 5

('.YS/ ('aleudar year 1987 [luw d_lla 01JANS? 311)1';['.87 7,1,10 5

(_Y88 ('alelular year 1988 flow dab1 01,1AN88 311)1{('88 "1,668 S

('YSV ('alemlar year IV8Vflow (hlla 01,1ANS_ 311)1!('8c_ _,0.s3 s

It.NVS,(.'I.I,i)V2.522iS.,%c_._.SWOllAI, Surface waler quallly dala
collecled by I';M('./()I/,NI,

SW('.llM85 ('alendar year I(J85 ()I.IANI_.'; 311)1".('85 5,211 v

waler cllemlslry dala

SW(',IIM87 ['alendar year 1_87 0?JAN87 31 I)I".('87 6,6,13 0
waler ellenllshy dala

SW('.IIM88 ('aleudar year 1988 0.t,IAN88 30D1",C!88 t,,9!_) (J
waler chelulstW data

SWU.IIMSv C!alendar year 1989 03.1AI'189 _fl31':C'.89 7,8"17 9
waler eheultslry dala

RAllSS/ (.'alendar year 1987 radl.k, glcal 31JANS"I 051'1';1188 1,265 18
C(Hlc't'llll'at]OIl,_ III stim[aceWater

RAI)S88 ('alendar year 1(,_88radlolt_glcal 2vl)1','[:87 3(UANSV 1,513 23
t'Ollt'elllratlollS III aulfaee waler

RADSS(J ('aleudar year 198(I radiological 291)E(,88 061)1,;('8!1 !_16 26
eOllCel|lrallolls hl surface waler

I)1S87 Ualelldar year 1(_87 JAN87 • I;1';!_88 191 25
radlolt_glcal dlsehargea

I.)1S88 Ualendar year 1988 1)1".('87 • JAN89 292 ZS
radiological discharges

I)1S89 ['.dleudar year l(_8!J I)1{['88 • (× r1'89 212 26
I'adlolt_glcal tl_sellarges

I)ASS(_ 87 Slream flow, pll, Ivulperalure, cou- 010(T1'86- 311)1",('87 33,t,9,15 7 "
ducllvlly, turbldlly, dissolved _xygen,
aud hela aud gamma activity; hourly
values dttrlng ealeudar yeal,_ 1(_86aud
1o87

DAS88 Stream flow, pll, lempt'ralure, con. (IIJAN88. 311)F.('._;8 295,1)92 7
duvllvlly, lurbldlly, dlm_olved (_xygen,
and hela aud ganlnla aellvlly', hourly
values during calendar year 1_,_88

i
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, 'rablt_ 5 (amtinued)

I SAS Ilbr_tty/ Ntltnlmr el' Numbt_r ul

SAS d_llll suI I)e,_crlpll(lll (ff Ilbl'm_/dlllll sul" 'l'lnltr I_t'l(_tl (d_St_l_,_ltl_llS v_lrhtl_les

I)ASS_ SIi'elln| flt_w,pII, leml_eralurt,, (IIJANS_J• 3{11)1.,:(,8o 25(,,,116 7
contluellvlly, lurbldlly,
(ll_u,(_lvt'dt_sygt0n_alltl hela anti
gallllll,1acllvlly; ht_urlywlue.q
durhlg calendar year Ic_8(I

'_l)eflnlllon,q:

I_,M(:', = lillvh'unmenlal M(_nltt_rtng al|d {'_n|l_llaj|ce;
()llNl, = ()ak I_,ldge Ni_llt_nalI_t_r_lt_tyl
rig(tS ,.- II,S. (leult_l;Ical .qtllvey,

II lr
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" with the National Pollutant Discharge Eiimini!tion System (NPDES) permit issued tc)

ORNL. Summaries of the NPDES data are published quarterly by EMC (e.g., Daniels et

" al. 1989). Monitoring sites are shown in Fig. 5. The data set 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 Base.

R_:diological concentrations in surface water monitored by EMC are also available

from the RAP Numeric Data Base. Water samples tire collected regularly from more than

20 stations (Table 7); the stream sampling locations tire shown in Fig. 6. Stations, collection
,

and analyses frequencies, and specific analyses may change over time. Details of this

monitoring activity tire preserited in EMC's quarterly reports (e.g., Daniels et al. 1989).

EMC also operates a Data Acquisition System (DAS) lo obtain real-time data on

surface flow, pH, temperature, conductivity, turbidity, dissolved oxyge,n, and beta and gamma

activity (in counts per Iriiri) tit NPDES stations X13, XI4, 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 ihese parameters that may reflect abnormal

plant operations. These data should be used with caution. Irregularities can occur due

to abnormal plant operations or a malfunctioning sensor; however, tlm data are not tlagged

accordingly.

2.4 PRECIPITATION

Precipitation data in the Oak Ridge area tire collected and managed by several

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

precipitation data from 25 sites--li EMC, 10 ESD, 3 USGS, and 1 ATDD (Fig. 7)--are

assembled into SAS data sets organized by calendar year (Table 8). The period of record

for observations for each site in tlm RAP Numeric Data Base is shown in Table 9. Irl

addition to the precipitation data, a SAS data set records descriptive information for each

monitoring site (Table 8, PCIP_LOC). Selected 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 to the presence of radionuclides and hazardous chemicals. In

1
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" Table 7. Summary of collection and frequencit.'_ of radiological
analyses of surface water and tap water samplc._;

w

Collection Analysis
Station a Paramete? frequency Type frequency

21_) Ponds Gamma scan, gross alpha, Weekly Flow Monthly
and gross beta proportional

15(X)Area, 3518 Gross alpha and gross beta Weekly Flow Monthly
proportional

20(X)Area, STP Gamma scan, gross beta, Weekly Flow Monthly
and total Sr pmporticmal

3544 Gross alpha, gross beta, Weekly Flow Monthly
gamma scan, and total Sr proportional

7500 Bridge Gamma scan and total Sr Daily Time Daily
proporticmal

7500 Bridge, MB1, Gamma scan, total Sr, Weekly Flow Monthly
WOC, MB2 and 3I-t propcmional

First Creek, Gamma scan and total Sr Weekly Grab Monthly
Fifth Creek,
Racccxm Creek

Gallaher, 3H, _'°Co,_'_TC.s,gamma Weekly Grab Quarterly
Kingston scan, gross alpha, gross

beta, Pu, total Sr, and U

HFIR Ponds Gamma scan, gross alpha, After Flow Monthly
anti gross beta discharge proportional

Melton Hill Dam Z"Am, z"Cm, 6°Co, _37Gs, Weekly Flow Quarterly
gx'ossalpha, Pu, Th, U, proportional

. total Sr, and _H

NWT Gamma scan and total Sr Weekly Flow Monthly
proportional

ORNL Tap _*Co, 137C_q, gross alpha, Daily Grab Quarterly
_I gross beta, Pu, total Sr,

I and U
"
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Table 7 (continued)

,t

Collection Analysis
Station a Paramete? frequency Type frequency

ORR _°Co, 137Cs,gross alpha, After Flow Monthly
and gross beta discharge proportional

WOC Headwaters Z4tAm,z4'_Cm,6°Co, 137Cs, Weekly Grab Monthly
gross alpha, total Sr,
3H, Pu, Th, and U

WOD Z41Am, 24'1Cm, 6°CA), 137CS, Weekly Flow Weekly
gross beta, Pu, total Sr, proportional
and 3H

TRU Ponds Gross beta After Flow Monthly
discharge proportional

"Definitions:
STP - Sewage treatment plant;
MB = Melton Branch;
WOC - White Oak Creek;
HFIR = High-Flux Isotope Reactor;
NWT = Northwest Tributary;
ORNL = Oak Ridge National Laboratory;
ORR = Oak Ridge Reserw_tion;
WOD = White Oak Dam;
TRU = Transuranic.

_otal radioactive Sr (_gSr -b 9_3r).
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" Table 8. SAS data sets of mcttmrologieal data

to

SAS library/ Numl_r of Number oi'

SAS data set De,scrlllll¢ln cir ilbraiytdatli set' 'l'hue l_rlod obst:Ivalltllls vm'htl_lt_s

It.,NVSC.I.IJ)V25255._..tI.PRlg_IP Daily llrt,c,lpllailon data collected

, IV I"_I)/ORNI., EMC/ORNl, and USCtS

PC,1P_I,C×'. Statlt_ndeserllltlon lnforlllatl_lil .. / _i 22

IZJY76 (;71endai' year 1976 dala IIIJAN76 - 31i?I",C76 732 3

CY77 Calendar year 1977 dala 01JAN77 311)!'_(_77 730 5

CY78 C'.alellclaryear 1978 dala C)IJAN78 311)EC78 730 5

CY79 C'.alenilaryear I!17¢)dala 01JAN79 31D1£C.79 73(1 5

CYS0 C'alenclar year 1980 data 01JAN8(i 311)1'_('.80 875 5

CYSI C'.alendaryear 1981 data (ii,lANl,II 311)1_(781 1,095 5

UY82 C'alendar yt,ar 1982 data 01JAN82 311)1';C82 1,45_J 5

('.Y83 Calendar year 1983 data 01JAN83 311)1';('.83 2,1c_0 5

.,811 5CYS,I Caleildar )ear I_J84 dala (ilJAN8,t 311')E(_84 "_"_

('.Y85 (;aiendar year 1(_85dala 01JAN85 311)1']('.85 _J20 5

C'.Y86 (_lleildar year 1986 dala 01JAN86 311)1,_C.86 6,761 5

' C.Y87 ('.ahrndar year 1987 dala 01JAN87 31131'_C87 6,316 5

C.Y88 Caleildar year 1988 data ' 01JAN88 311)EC88 7,960 5

CY89 Calendar year 1(,189data 01JAN89 311)EC_89 7,2.17 5

()1_,'1'516(I Oak l(Idge Townslle, 1951-1¢K_0 01JANSI 311)EC60 3,653 5

OIt'1'61_70 Oak ltldge "l'ownslle, l!h'il.197() 01J'AN61 31DECY(I 3,652 5

O1_,'I71 75 Oak l_,tdge 'I'c_'nstit,, 1971-1975 (ilJANYl 311)1!U75 1,826 5

i:_V_31.MJCIZS255.,%A.%I.MI,71' Daily nleteorologtcal data collected al
OI(NI, Tower C., tllcludlllg wind speed and
direellon, air lenll)eraitlre, alld rehlllve hUliildily

MI']TC Y88 Calendar year |988 dala 01JAN88 - 311)1';(;88 8,697 35

Mlel'fJ_Y89 (7_alendaryear 1989 dala 01JAN89 - 311;)!'79.89 8,,t96 35
u

MLfI'C,_Y_) ()alendar year Ic_90data 01JAN90 - 311)EC.90 743 35

al)eflnltlons:
I_I1) = l!nvh'onnlenlal Sciences Dtvlslonl
OItNI, = Oak lt.ldge National Laboratoiy;
EMC = '3,nvlronmental Monitoring and Compliance;
I lqt"lq _ l I _I Cl,,,_h_oh'al.Iqlll'vi.*v.

I .................... t-, ..... +
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atldltlc_n to the grotmdwater sc'c_ptng :_ux'veysdiscussed In Sect, 2,2,2, several c_thex'stutllcs

have been or are being u¢_|ltltJutetl tc_ characterize c,c,ntamhmntstn tht_ ORNl., area

(Table 11),

Drill cttttlngs taken tlurltag the lnst_tll_ttlcm c_l'w_tter qutlllty wells In 1985 wt:re

tmalyzcd l'(_rpesticides, ot'ganlcs, and rltdic)lc)glcal c()nt_tmltaants, In 1987 and 1988, [tn atlttl-

tic)nal 55 WAG l)erltncter w_tter quality wells were t:t)rnl)lctctl, S_tlaal)lest_t' drill cuttings m_d

drilling water perlc)dic_tlly taken during the lrtstalltLtlt)n ()1' these wells were ant_lyzed l't)r

c_ltic_xas,anlt_las, ttnd radlonttclides, lgtirlng the drilling t_l' t:c_t'es in White Oak Dam to

tlett_'rxuitae its strttctur_ll Integrity, senti samplt:s weft: cc_llt_cted near the satut'ation zc_tie,

'l'hcst: s_|mplt:s wt:re _tt_llyzed c_tlly l'c)r t:_ttlc_Iasand t'_ldic_lc_glcalactivity, Igt'III cttttixags takt:xa

dtlring it|st_ll_tticm c_1'wc.lls _lx'c_t_I_tlinal_t_t_t_tlluexats3513, OI IF, _x_tlI II_,E wt_'t'e_tta_llyzt:tll'c_r

r_tdk_lutivity c_ialy,

One t)l' tlat: l'irst field studies ira tlac l_rc3gt'_llltc) cla_lractcrize the t:nvirc_xamt:tatcwt:|'

tt bt'c_d _t'ea c_t' tlat: ORNI., cc_t_aplcx_,v_scc_t|ducted by F, G, 'l'ayk_r in 1985, A tc_t_lc_l'

31 PR.AP wells, 4 set:ps, and 3 uc_t'es l'rc_m Whttt: O_tk Lake wert: analyzed l'c_r mt:tals,

c_t'g_!talcuC_ml._t_tti_tls,_tatl r_ltlic_tlt_clides, Rr:suits l'rc_tnthis prcltmitaary c,t_tataminalat sCC_l_itag

survey wex'e ust:d tt_ cla_tt'_utt:rizc thr: t:nvit'c_laxrtt:ntaluc_xat_ttultaatk_n_t_tl tc_assess C)RNL's

l't:medi_|l ttctkm tact:ds and l_t'k_t'itit:s,

II1 1985 T, E, Cerling lllsc_uc_ntll.lClt:dii tzc_lattiniinliiatsUC_l)iilgsurvt:y which l'l)¢usetl

c_iastrelimbcd mai erillls and wilier iii White Oak Creek lind trtbutilrit:s, "l'hc c_bjet'.tivcs c_l'

his sttidy wt:rr: tc) prcwitte ii bllsis l'c_r rlli_ktng tlrt:_ls ila ht:cd c)l' cc_rreutive llutlon and tc_

ldt:ntll'y sites whet'e l'urther stutllt:s _lI't:ht:cried tc_claaracterizc: ccmtamilaant luigt'_tic_n in tlat:

White Oak Cret:k watt:r,,_hcd, Thr: s_mplt:s wcrt: an_|lyzt:d t't_r x|tt:t_ls, atalc_x_s,pt:sttcittt:s,

c_x'gantt',s,_tact radic_xauelidt:s, Ct:rling tzc_xatitat_ecltc_sl_mlulc actditic_nttl strettmbt:d st:tlinaexats

_tnd _ few st:lectecl PRAP wt:lls lla 1986, and ira tlat: spring c_l'1987 he t:w_luated wht:ther

tlaert: were uc_iatitauing relt:_tst:s of cc_ntaluilaatats wltlain WAGs _lt (3I_,NL, Thr: pt'italary

pt.trpc_se c_t' the WAG sc¢_ping survey was tc_ l_rcwkle inl't_rxnatic_nrt:qut:sted in tht: OI_NI.,

l lazardc_us Waste Facility's dt'_l't permit u.ndt:r prcwislc_xasc_l'Scc.tk_la 3(_()4(u) c_:'RCR.A,

The rest|Its of Ct:t'lir_g's studies SUl_pc_rtcd(1) rt:u(_mnat:nd_tic_ns tc_regttlatc)ry agencit:s abc_ut

WAGs that reqt|ix't: cl_,anup t|ndt:r RCRA alad (2) a rt_nking c_t'thr: WAGs on the basis c_l'

the magnitude of p_tential releases,
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At'I} 'l'i_tlkeotll_nl,,+_itillyze(l I't+r_Ikallnlly, ()?Jt/Nl+,fl, 26S1!P1+8 15/165 13
pll, allJOll++, t'all(lll_, vt,l, lllt, illid

_+t,llflvt,lilllh, (+l't'alltc+l,I'(_lks, ilml
radltdn#t'ill ill.'llvlly

"I )t,fhillkm_:

RAP ;:; l+,vmt.+,dlillAdh, li l'rt,i_rami
()I IF +-+(.ltd l lydrt,frllt'lure l+ilt,llllyi
l lltl'_ -+_l lOlll(,l_ell_t+tl.'lJl,e,l.'It,l' I;.XI,PI'IIIII'III+
l'(+ll = l't+lyt'hlutlnaled l,lphu,yl.
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- ChtLractorlstlcsof lmnd w_tter _lndsodlmont,,+_ttlrnluoundnlent,,+3513, eHF, t_nd I-.IRE

wcru stu¢.lled by R, G, St_lnsl'ie,ld and C, W, Franci,_ In 1985, Sediment smuplcs were

" tlnMyzed l't_rmillcms,mercury, PC.I]s,pesticides,and r_idl¢_It_glc.:altlctlvlty, Water s_implcs
,i +'

we,rc iLnltlyzudl'¢_rthesu sltnle imr_tmuturslind _tls¢_l'or dlss¢_Ived¢_xygen,pl-l, speclltc

ut_ntluctttnce,tt'ml:eraturu, TOC, TOX, ttnd l'ecttl c¢_lll'¢_rms,Data on groundwt_ter

surr¢_undlngthe Imntls itre ccmtttlnedIn distil sets Itlentll'led in Sect, 2,2,2, The itmctivc

,,v_mtustort_getltnks at ORNl., were chltracturlzed t¢_plltn t'emudltll Itcticm (Table II)

Inl'_rm_itionon the physlcttl descrlpticm_I' the t_tnks(e,g,, rank loct_lion,i_gu,slzc, i_nd

ccml'igur_tlon)la_isbeen uuml'_lled,q'he C(llltelltS (I['3() _Iccussiblut_inkswere prol'iled, £tnd

stlmpluswere c¢_llectudl'r¢m_the 27 which c¢mtttlnedlitlulds rind/or sludge, The liquid _tnd

sludge levels,cxtern_llc¢_r_t_rr_in_iti_ntl;ittl, tlnd l'_rocuc.lurillinl'_rmutionwere recordedrtsthe

trunkswere s_tnll_letl, S_impletypes, the depth _I' the llquid ¢_rsludge s_mple, tlr_¢.llhu

ttrn__ut_toI'surl'_tcertttliculctivitywerenotedl'¢_reachsttrtll>It',Chen_Ic_larutlysesofthe

' I C.l+,s,and r+_c.Iic)Ic+gtc+_lc(_nstitUel+Its,st_t+nl+lesir'_clu¢led_lkttlinlty, pi l, _rtlc)t'm,()rg_tn_cs,mutuls, :' '
+,+

2.6 MAINTI!++NANCI_+ANl) StJRVI:,+'IH..A,NCI++
i,

A surles ¢+I'rttc.liol¢+giu_lttnd l'l_tz+trdouswimtusut+l_ingsurveys h+tvebeen +rodcontinue

tc+hec¢+rttluctedhythel-let_IthtlndSttl'etyResu+trchDlvlslun(IIASRI))¢+I'ORNl+ forthe

M+_irttenttr+ue_tt_¢.ISurveiIIttncc.PItimeel'theI+t'¢_grurn,

'l'I'_usurv<+ysir_cludettwtrietyoi'situsknuwn t¢+I_ttveI_ist¢+ric.:ttlu¢+ntttmlr_ttticm

i'_ruI_lutus,The I_UrlWmeel'thesesurveysis(1) to identiI'ylevels¢+I'rmIioactlvu

uontt_mlr_ttior_t_t'_¢.IIt_z_tt'd¢_uswt_ste t_nd (2) to determine iI' the t',ortuurltrtttitmsoI' these

c¢+ntt_rninttrltsw+trt'ttntc¢_rt'ective m+',tl¢+nsto mlnlrr_ize l+erscmnel UXl+Usuret_rtdlor l'urthe_'

surl'ttue c_'mtttrr_ittt_tit+n,A tlesuripti_+n el' the survey methods ttnd instrumertttttior't is

presented in Myriuk ct til, (1987),

Muttsurerncnts tnkcn _tt rr_t_nyof the situs include g+_tnmttexposure t'tttu ttr the

surl't_ce,g+lrnmtteXlW_surerifle tlt I m, tlr,d _tll+l_t+_t_¢.lhettl-gtlr_Irrltl¢.I¢+sertltcs, In ttdditic_n,
ii

s¢+lls+ttul+leswere uollt'utud ttr selec,ted l¢+ctttionsttnd +_nttlyzedl'¢+r+tvttriety oI' r+tdlonuulidus,

nletttls (As, l+]tt,Cd, Cr, Ph, l lg, Su, +trldAg), insecticides (Iindar_e, ertdrin, t¢+x+tphene,+_t+_tl

metl_+xyuhl¢+r)ttrld herhiuldes (2,4-D and 2,4,+-1.I), The data sets l'rom these surveys,

, which h+webeen lnuorp_+rtttedlnt_+the RAP Numer]c Dttt+tBase, _tt'edescribed tn Table 12,
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Tablo 12. SAS dat;a_ts of surfa_ rlidtologtcal and
hazardous wl_t¢ _)ptng surwys

HAS Ilbrllry/ Nund_r (_f Numl,_r uf

_A_ dillll ,,Icl Descrlliil(m of llbl'llryldiillt set 'l'hni_ purlod (,b._urvlill(iliS wlrlilbles

II.NV_7I.AXII,_i235.,_4JtM,'I(_AI ' Ite_ull, _f routhlo mallztelz_nce
azlll _urw,llklnce liloillh_rhlll Io
dolernllne file tleed f_r nl;llr.lerm
correellvo li¢llonn

ltlll, l,l) .qilnlllllng Iocallulls AIJCiI46• MAYII7 220 _J

IIA(-',KCtlINI:) lhiek_,roundradl_lhm t'_mt'elilrlii_lils ALJC/t46• Fl1,1187 24 (i

II,EC/S'I'NI)S Itegul_l_lry ,latill_irtlt ., 1,1 4

RAI)I ()tllllill_l ¢,xpo.qurl_ralt.s AIJCiI¢6. FI,;Iltt7 ,107 22

ItAI)2 Alpha _tndbtlla.14,anlliia_cilvlly Icvel,_ AUCIItfi •ltlt, l.llt7 ,I'/ II

S(:;)iI._I C!ollt't,lllrallolll lif radliillut,lltlc.q, AUCtttf_• MAYI47 3,(i86 I 3
lliolal.,I,_lllll pe_lll:ldl,._Iii ,_oll_ililllt'_i
,_oll t'hartit,li.,rI_II¢.,i
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2.7 BIOLOGICAL MONITORING

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 Creek (WOC),

selected tributaries, and the Clinch River. The BMAP consists of the following seven

major tasks: (1) toxicity monitoring; (2)bioaccumulation monitoring of nonradiological

contaminants in aquatic biota; (3) biok_gical indicator studies; (4) instream ecological

monitoring; (5) assessment of contaminants in the terrestrial environment; (6) radioecology

I of WOC and White Oak Lake; find (7) contaminant transport, distribution, and fate in the

WOC embayment-Clinch River-Watts Bar Rcservotr system. SAS data sets that have been

incorporated into the RAP Numeric Data Base on these subjects are listed in Table 13.

Many of the sampling sites arc used for more than one study (Fig. 8). Thus, having these

data in a common data base and l'c_rmat will allow inlk)rmation from one BMAP study to

be easily related to either another study or with ali data in the RAP Numeric Data Base.

2.8 TECHNOLOGY DEMONSTRATIONS

Descriptions of data sets associated with technology demonstratior_ studies are

presented in Table 14. These include the Shallow Land Burial (SLB) Closure

demcmstration, and the In Situ Vitrification (ISV) study.

The purpc_se of the SLB Closure study is tc) demonstrate and evaluate stabilization
, ,

and closure techniques at a low-level solid waste disposal site 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 intk)rmation on wells

installed in the area under investigation, associated water levels, water quality, and soil gas

analyses.

In situ vitrification is a potential technique for immc_bilization and closure of wlrious

ORNL contaminated sites. A 25-ton mass of vitrified material was produced in the field

within a scale model of an old seepage trench tc) which stable strontium find cesium had

been added as surrogates for _Sr and __TC,s.Data were collected to analyze the performance

of the test, and samples were taken tc) determine the leaching characteristics of the waste

fr'_rm nrc_tt_lt-t',¢| in |ho t]t-,lt-t

n

z

I
I
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Table 13. SAS data sets on ',he Biological Mop_toring
and Abatement Program studies

SAS library/ Number of Number of

SAS data set Description of library/data seta . Time period otrservatlons wwiables

F2_IVSCI.I.DV25255.SAS.IlMAP Data from the biological Monitoring
and Abatement Program

Population estimates and a_,_,ciated data

CO_VITAl. Banded Canada geese vital statistics 19JAN89 - l IJ[JL89 403 14

CG_'I'I_,XCK Canada geese tracking data 2.MUN89 - 011)EC89 !,598 13

IIABITFLW Habitat description of BMAP 19MAY88- 09JUN88 1,46'2 10
sampling sites: flora'conditions

I IABI'I.'SIJI_ Ilabitat description of BMAI' 10JUN88 - 02.AU(188 648' 31
_ampling sites: substrate
characteristics

W(2C.I_qI Taxonomic and ecological -- Zt2 10
classifications for WOC benthic
invertebrate data

WCIIENIA WOC benthic invertebrate data front 05MAY86 - 0(xlUN87 7,220 13

monthly satr_ples "

WC_'FI.I)IA W(X? benthic invertebrate data front 05MAY86 - 06APR88 975 20

monthly samples, including substrate
conditions, water temperature, and
stream stage

WC'.QI.IA W(.X" benthic invertebrate data from 01AI'R87 4ZS 11

qualitative .samples

WC_AG I", W(X_ fish-scale age dMa 15MAY88 - 081)1";(_9 886 12

WC C.IIM WOC fish ix_pulalion study: water 22MAYS5- 081)1_?.89 I(_1 20
conditions

WC_SIIK W(X2_fish l_pulation study: 22MAY85 . 081)EC'89 415 21
collection specifics

WC I:SII WOC fish tx_pulatlon data: fish 22MAY85 - 081)F,C89 27,564 16
collected

KI)UCKS Census of waterfowl at ORGI)F' 1.':_X71'88. 09JUN89 271 18

XI)UC2K.'; (.2ensusof waterfowl at ORNl, 05AL.If.)88 - 131)EC89 Nii 15

YI)LJCKS Census of waterfowl at Y-12 plant 17FI_B89 - 09JUN89 83 7

WOLIqSII WOI, fish I_pulatlon survey: 07MAY87 - 13MAY87 3,552 10
estimation by Sl×'CtCS

WFOWI. Record of waterfowl stghflngs in Oak 160(71"87 - 12AIJG88 3,809 7
Ridge area

Toxicity bioa_ay studies

WOCC,Ill';M W(X; toxicity bioassay results: water 20MAR86 - 25MAR87 10260 15
,,l_,.,m l,,t r_,

WfX_C.D WOC toxicity bioassay results: Cede- 21MAR86 - 2.SMAR87 192 19
daphnia survival and reprcMuctton
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. Table 13 (cxmtinued)

SAS library/ Number of Numtx:r of
" SAS data set l)escrtptlon of lihrllry/dltta set" Time pcritxt obscrv;Itlot_s wlrlables

WOCFIlM WOC toxicity bioassay results: fathead 27MAI_,86 . 26MAR87 768 12
mlnnc_ survival and growlh

CNTI3 IND B,eference sties: physlolt_gtcal slre_s 15JI.JN87- 2_UN87 57' 44
Indicators

WCX2B INI) WOC fish: physiological stress 19N()V86 . 15CX:'I'87 160 48
lndlcalors

CIiI,OROI'I, WCX," watershed chlorophyll.a and 24(XY1'86 - 27Alq(89 3,158 9
carlx_n uptake by periphyton

W(X?.OI_.GS C)rganic and mercury analyses tn 26.1AN87-Z'_APR87 1,50,1 21
wOC watershed

W(XSL/I_,WO W(X' surface water qualify relaled lo Z'ULJI.86 .. 181)l!(.kq9 8,211 21
I_erll_hytonstudies

(.'.onlalrltnanl concenlrations h| biological samples

FISII_MET Metal analyses of fish collecled from 25NOV86 . 23FEI187 6(1 13
WCX'., (;ltnch River, and reference
slles

I:ISII_OI_,(i C)rganic analyses of fish collected 25N()V86-231:1",1187 50 11
from W(X _.,('.linch River, and
reference siles

I"ISII_I'('P, 1'(..13iu_d _Sr analyses of fish 25NOV86 - 231"I';11.87 5(I 11
collecled frt_nl W(X'., Clinch I_,lver,
and reference sile.

FISII_I_,AI) t/.adionuclide analy._.,s of fish taken 07MAY87 280 20
from Wt)I,

C.I..AM_I'('.I_ P('.]" concenlrallons in clams eXlX_st'd 15JUl.,-q7- 17AIJ()87 20 11
for one monlh in WCX2

SNAI'PH(S l(adloxtuclide, mercury, and DNA _)A1'1(88-12JUI,88 21 11
analyses of common snapl_ing lurtles

"I'UI,',TI,I'kS R.adtonuclide, mercury, and DNA 27JrtJI.87. 1gSi;',1'87 24 32
analyses of yellc,w.ta.'llted sliders

(2(X)T RAD Total stnontlum in American ()ools 271:1';1188 6 21

trapped at Wf-)l,

MAMMAI^S l_adlonuclides tn small nlammals (rats 22MAY87 - 27S1'_1'87 129 13
anti mice) collected al l_'_st York
I_oplar ('reek and SWSA 4

MA(21_,OI'IlY l_,adionuclldes and melals in emergent 08Sl_P87 - ?__SI.';P88 1,242 27
nlacrophytes in W(X_ watershed

Pl

WI'I__I"OWI, Metals and radio,nuclides in Oak I_UI,88- 05AUG89 588 21
I,Hdgewaterfowl

Off.-sileAVatls liar l_,e.,u.,rvoirand Clinch bHver sludtes

C'.OI_,IiSqT Tennessee State Plane c_rdinates for -- 59 3
sediment core samples

WI3_FII';H) Sediment core sample ll)s, dales, 2_Ul._q6-25SFA'87 1,100 8
depths, and weights
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w

Table 13 (continued)
,I

SAS library/ Numlwr of Number of
SAS data set l)cscrlptl(m Of library/data seta Time perkxl observations w_rtables

WI3_COI(ES l_,adiologlc,dtmalyses of sediment 22,1UI.,86 - 25SEP87 17,584 12
core samples

SED_INV 137Csand 7Be Inventory In -- 204 15
sediments estimated from core

samples

"l)efintticms:

I3MAP = 13iologlealMonitoring trod At_atcmcnt Program I'CI3 = Polychlorinated biphenyl
WOC"= White Oak Creek SWSA = Solid Waste Storage Area
WOl, = White Oak I_,aku ()RGI)I' = Oak Ridge Gaseous l)i['ftJslon Plant
ORNl, = Oak Ridge National l_dx3ratory
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Legend

Monitoring Codes

Iq

,, _o' , k = rlsh, blooccumulotlon
c_ B = Benthos

It[ ) '.

• _2o,ooo N F _ ['i sh
- _ - -, - - - -" ":. "...... _

...... tl = Mocrophytes
"/. ',.

.. ., " I = Fish, bloindicators
= Mommols

.'"' " P = Periphyton
• ,,

.

1 = Turtles

X = kmbion{ toxic ty

Lines

. - - X-lO Gr d

.... " :" ' lO00 tt InlervQI
,. ....

• ,,, -- Crooks, Ponds,
end Bos ns

Contours, 100 ft

Intervel (opprox)
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" Table 14. SAS data _ts on technology demcm,stration studic.'s

, SAS library/ Ntmlber oi' Nttmbcr of

SAS daltt set I)escrlptlon of library/data sets Time I_rlod ,)bservntltms v_trlables

i_VS(_'I,I.I)V Z5255.,qA,q.Sl,ll Data am,_oclatedwtth the Sl,li
CIt_ure detl|onslratlt_l|

"I'ARA(2ONS Construction data on wells used for 01JAN77 • 15AI'RB7 15 32
the SI,Ii demt_nslrallon

WA'I'I';I,tEI, Manual water.ltwel measurements for 21MAYS"I - 21JLIN88 1,056 10
Ihe TARA wells

W I,EVI';I.q ColllintloUS waler-ltwel measurements 0,1MAP,g8 .18APR8¢,_ 6,868 It)
for the TARA welis

I"IEI.D Temperalure, pll, dl_,a_lved oxygen, 18NC)V87. 23NC)V87 15 _J
, and condt|cllvtly fl_rTARA wells

! WI';I.I,WC) Results of calion, al|lOl|, and OI'gallic IgN(_V87 - 23NC)V87 2,(17(I "2'2
[ analyses _f waler from the 'I'ARAn

wells

()l_f.i_VAl' Soil organic wtpor analyses of cores 03MA1_,88 • 12A1'1_.88 221 16
laken in the vleinlly of'l'AItA

SC)II,_(?)I_,(_ ()rganie o0_dyses _f st_ll cores taken 08MAR88 - I IAI'R88 c_8) ICl
h_ lhc vit'Jnlly of 'I'AP,A

S()II,_ItAI) ltadiologleal analyses of soil cores 03MAP,88- 12AI'RB8 681 18
lakenl III lhc vlctnily of 'I'AI_.A

Ita_IVS(._I.IJ)V"22iZ55.SA._.iSV l)a/a associated with the 1SV denlollstratil_n

(')I;I_(tAS l)l_,a_lved and tt_lal solids, total avid _SJLJN87 - 05AI.JC)87 1(18 15

soluble alpha and hela, and pl l
measured al various _mple I)_[nls in
the off-gas s¢'rubhhlg s3'sten|

AC'I)_C_AS C.hemical analysis of tiff-gas scrubbing 25JI/N87 - 05AI.J(_87 3,'16¢,_ 21
solulions and fillers

AC.I)_I_,CK I';lentenlal eoml_Sltloat of Ihe "waslesN -- 1,,193 21
before and afie|' vilrlfk'allt_n

()I_,NI.()FI;LI Temperaltlre s, flow rates, C() at_d 14JI.Jl_7-19JUI'87 2,|0 15
(_()_ concelllrallons al various polnls
tn ti_eoff.gas ._l'ubbhlg system
measured over lime durhig lhe ISV
field dem_nstrallon

'I'I';MPC'. Temperature measured al thermo- l,tJLll'87-19JI, JlaW7 2,400 8
couples al center of lhc ISV slle

'I'I';MP7 'l'eml_.,rature mea._ured al thermo- 14JUI,87 - 28AU(187 3,637 8
couples placed 7 ft from cenler of the

,4 ISV test site

TI';MI'10 'l'eml}eralure measured at Ihermo- 14JUI'87-'28AU{}87 11,712 8
c'otq)les placed 10 ft frt_nl t'enler Of

-, lhc ISV tesi site

POWI';I( l'3eclrlc I_wer consumed during the 14JU1'87 - 19JUI_7 76 I1
den_onstrallon

¢,

"Definitions:

SLB = Shallow Land Burial;
TARA ._ 'l'est Area for Remedial Aelton;
1SV = In situ vitrification,

I
|
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2.9 RI/FS DATA INCORPORATED INqO "H-IE RAP NUMERIC DATA BASE "

Results of Bechtel National, Inc, (BNl) field investigations and data acquisition

activities which started in htte 1988 are being 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

are completed, copies of the data are transferred to RAP, checked for quality, and

incc)rporated 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 elevations, well head space, gas analysis results, and radiological walkover

survey data.

2.10 MISCELLANEOUS STUDIF_,S/DATA SETS

Data sets which do not conveniently fit into any of the categc_riesestablished for the
I ,

RAP Numertc Data Base are listed in Table 16. These include regulatory standards,

general informtttion about the 'WAGs _lnctSolid Waste Mantlgement Units (SWMUs),

results o1'a study by Ceding tc_compare three extraction p_'ocedures, and an inventory of

solid wastes disposed of in SWSAs 5 and 6.

2.11 FORMAT FILF_.S

Althougla tllmost anything can be computerized in some kind of tk)rmat, often it is

not practical to maint_fin lengthy char_lctcr fields in a data set that will be printed routinely,

In such cases, codes _u'e assigned to represent a data entry. For example, "04A" is the

standard NPDES code for 4,6-dirfitro-2-methylphenc_l. SAS format files have been added

to the data base so that chemic,li names can be displayed in several ways: with the ACD

abbreviaticm, tlae l'ull name of the element or compound, the NPDES code, the Priority

Pollutant code, or the Chemical Abstract Service number. Also, format files have been

writtcn to refer to (1) the geologic unit of a core segment, (2) the pipe and screen

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

and (3)the full order names of benthic invertebrates. These files are listed in Table 17.

i!
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I Table 15, RI/I_ data 1ilc,.'_transfcrr_J to RAP Num_x'ic Data 13_mc

NAg Ilbrmy/ , NumN_r ul' Numl'mr _1
SAS cl_thl _et l)eserll_llcm c_l'Ilht'_lty/d_ll_ m._t`+ Tlllle, i_,t'l_.l (d_,,lel'ylfll_,lm vltx'l,bl_.,i

I_]I.I,I)Y'Z_5.,qA,%WACifl)NI'A C',hara_'lerll_lhmof WACi 0 gmulldwaleo'
lll{mllnl'h|g _elh, ._11_'t,u,s,and
stlrl'a('t, Walt'l' _ampleH

AC!1×!ASII I,btlh_gsuf ()RNI,/AC'.I) 2g.1 3
C'.Ag.ntllllbvls, I'l|antes,alld I{l_,lmes

C'(×)RDII ,_ampleIiwallun_, grid . 714 ,I
L'_x_rdllutlvs,_ztl(It,lcv_Hl_msused l't_r
sampling

ITC'C}MI'I I,Isllng _,f C!AS ziumbers, vommun I,,_33 "/
II_lllt'S, rci, uhHIoll Iltlll|t,s, alld

rvl_rc,svnlallve names usedby llnl

CiWS()A (Irotllldwalt, r,_anllqe._['ltllll n|t_llllm'ing I_;AI'I(N_; . ()_IJ{JN$_; 6,1923 15
w_.,ll.,ianal)"/.t,d fur dl_,,.ulw.,dm_lld,,
(!CII), i'ucal vollft_rm,,i,TCX'., TC)X,
IiB.,lal_, II|qIL'LII'_,I'('lL'h I_ll_:h.h'_,

.'4()ll,_4_A ,%il sampIhlg ,lflaly._es{'_ll' .$3 N_re 1;!1)1!('_",_.31H)l!('_ 12,].Iri 16
I. ,-'_a d I'e,,itlllS ale ['OF % tlll_i,'iltlre,1t'
al_dr_uliolol,k'al acllvily

,_VSUI'_ ,_tll[ill.'q v,'idm' ,_amlde_fur dl,_mdved OgFl,',llS_. (}_;,ILJNI4U 8,31_:? 15
.,, ._ulhls, {'()l), T(X!, T( )X, mc,lals,

m,,r,.'uly, I'C'IL_, I',,,,,tMde_,ph_,oml._,

A('I) = A_uflyllral C'hemlslly l)M.,iilm
C'.AS= C'.hemlcalAb,_hacl ,_,lvlt'e
C'()l):--:vhemlt'aloxygvn (Icmau_d
()RNI, _ ()ak RI(ID' Nall_mal l_d_oralory
P('.II .= i}olychhMm_lml bil_h_.,nyl
']'(R! :.: Iolal tH'gillljt' t'_ll'bOl|

TC)X : Iolal _l'gilnic h_llch's
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i
Tlibl_ 16. SAS data _ts on r_hitt_dInis_lhme_lus studl¢_

i

SAS IJlq'luy/ Ntltlll_r (If Nl,lttll_H' {If "
SA,q dntn sol Descrlplltm til' Ilhrltry/dlttll _,i}t" Tiitlo i_t'k_.l ohsurvittl(lll,,t vtit'liti_le_

I_ V_ 3,M J(12,SZ'/,_.,qA,q.RA lq)IIM

WA(i INF(} I)e_erllqlw., hlfurnlallort at_tul Iii© .. 2,_3 _,_
W_tle Art,a (trouping,# HrnI _lihl
WnAlu MAtl_gelllotlt[Jtt[l_

I_,NV_._I,IJ)V?.SZtiS.,qA,q.(lW(_tJAI,

,_'I'ANi) F,I'A llilerimI'rintaty I)rhlklng Wl, .. ;i ,t
h,r,qlatldartll for attaly_cn of wAler
(runt I((_I(A wolb, llal'anlt,lt,rl wllh.
otll tdalldarthlaro flal_od

I_V_lIJ)VZS235.,qA,q,(3t$1,IJNt|V ('Omllltrl,_onof Ihree t'xlracllon
I,rc_'vdllre_for _{real.bed tllalerh'tl.q

It,X'I'ILA(:I' ('alion_ analy/,ed for i'onlllitrl_olt til ., 1,970 2;!
exlracllon prt_:edure_

F]I!I,I) Itlvltl {lala hivludlrtg _allllllJltg dale .. 768 16

atttl Iorallon, ._alllllle lYlle,_luple IlL I_
tqe,

It.NVI_;I,IJ)V?.SZSS.,qA,tiSWIMH Solid wa,_IvInforltlallun Illili|ilt_t,lllt,lll
sy_lelil_l(,qWIM,_i)thtl_ ['l'Olu141lPt
I)Ivlsloll

Irl()1)3SW6 lnvvnloly o1',ulhl wit_lt,_(ll,l_t,sod til 01( )(.H'68 . 28F1(11(._1 I_,'/.S0 40
h_SW,qA 6

M()D3 hlVenloty of _olhl w;l_{e._iIIM_o_t,dof (IMANflfl • 261;1(11(/'0 3,705 ,t0
iii _11tither ,NWSAs

M()I]3('.()M ('(lnlnlol|lA fl'OlllWaM0lll,l_,Sal (13.1ANI_3• 301)1_,(.'86 ,1,203 I,I

"l)eftnllltms:

EPA =, LI,S,l!,ttvirtulluvnlalI'rotectlon AgentT
IL(.!I(A _ ILcsourco ('(ins¢qvallull atlt[ ILecoveryAcl
SW."CA= Solid W_slvSlunltW Al'l,_t
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Tntdu17. l_'urm_Lt1i1_ fnr dullnlug d_Lt_luntrit_

,l

" Mt_mhur
D_Lt,Lsur n_Lmu l)u,_urlptltm oI' l'ile,"

I(NVN{;I.I,I}V2,.'_'L%NA,_i,'M'I,_ (PPI"M'i'} I;llu I'{}r ucmwrllng I'mm
NPI}I!S m PP {J{}du,_icHn
I_ u,_udwllh AC',I} SAS
dlilll ,_uI,_

(CANI"M'I'} I,'Ilu f'_l° _.'{irlvurllll_ I'rurll
NPI}I!S m {:AS e{_lu,%etln
Ix; t,,_utlwllh A{',l} SAS

{NAMI!I"M'I') I,'tlu fur e{mv{_rlhlg (mm
lll_l_ruvlntlun,_ I{} I'ull
_he,l'llleHI 111111113_ieHII hu
t1,_e,dwill1 A{',I} SAN tI_II_I

{1}!!'l'l!C','l'} I,'lle,{lullnll_l_duluctlt}n Ilmll,_
I'{}r{]1'_I11111¢_{}lillXiUlld,_i{'llll
hu u,_udwllh A{',I} SAN
{.111111_elN

({ti,'M'I') l"llu I'{}r I}rlnlll_l_ _m}unll
wllull [mud with Ihu

W{)C:{}NN, PIIiZ,{:C}NN,
lllltl I IIIMNC:C}NN SAN thllH

(SI"MT) I"llu fl}r I'_rlrllh_ plpu
Illlllerllll 11110_e.l'_JI1Illllll_l'hll
wllun _m{]dwllh ihu
W{}{',{}NN _111_II*II(7,C,{}N,_
SAN dlllll sut_

({}RI)IiR} I,'llu I'{}r e{_nwrlln_ Imm
lll}l}l'uVltlll{}l181}1'I11X{}11{}1111l;

{_l'{Iul',_{_1'11{1iIl111{_
IlllI_.!I'_III1VUI'IUI_I'IlI_S1{} 1'1.111
{}l'dgr ilt1111_J°_¢1111I'_ us_Jd
wllh IIMAP hurllht_
Illverl¢t'_l'Hlu {111111

'l}efhllll{m,_',

" PP = Ih'h_rily I){)lltllnll(,_l
ACYl}__Amllylhml {:llunll_lry I}lvl,_l{ml
{?AS __Ch{llule_llAl_,_lnlel,_S{:l_le{:',
W{._(.',{}NN_, {_{)ll,Slrlletl{)lldlll_l f{_l'wllI{,'r{l_mlllywell,_
I*II,'._,{?C}NS_ {?Hnl,_lrtlellcmthllil I'{_rplezcmlulerwull,_:
IIMAI* _ Iilcflc_glealM{_llllc}rhlgHlld Ab11IUlllUllll'mgrHllh
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2.12 OEOORAPHIC INFORMATION SYSTEM DATA "

Bcmtusescvcr+tlgridctx+rtllrmtc++ystcmsttt'cused forthe ORNL vicinity,tttmtjor

c¢,tlccrn in dcttling with gcogrttphlc dttttt for RAP Is tlmt those who provide mid/or receive "'

such thtttt ktlow (1) which grid is used ttnd (2) how to convert l'r(_tn OllO grkl system to

ttnothcr, 'l'ltfs topic is addressed iii Sect, 2,12,1, lk)llowcd by dlscu,,Islons of the GIS dtlta

flies dcvclopc, d lk)t' RAP (Sect, 2,12,2) ttnd lntcrl'ttctng ARC/INI-,'O with SAS/GRAPH

(Sect, 2, 12,3),

2,12,1 (]rid (kxmllnato Systcnm

Scvcrttl mttp coordinate system,,+tn,ty bc ttpplic.d to the ORR, including the ORNl.

(X-l()) Grid, the Ottk Ridge Y..12 Pittnt (Y.12) Grid, the Ottk Ridge (]tmcous IDiffu,skm

Plttnt (K.25) (Irid, tile Administrtttivc Odd (AGS), 'l'cnncssee l.,ttmbcrt Sttttc Phtne, ttt_c.l

Itltitudu/lt)ngitudu (litt/It_ng) ctx,rdintltcs, Conversion l'rotn (,ric system tr, llta,;'JthcriNnot tt

sirnplc Illltttl31", thu llcctlrltcy of the COllVCl'SitH1 dcl)e, tld,',l ill ptlrt on the rlumbcr lttlcl IIC,CUI'IIcy til

of control ix,trlts used irl dcvclt_l_ing the tl'tirl,',ll'o',,tltttionuqutttiorm, In i988 il II{3W S{2,t ()['

tl'tlllSik_l'llllltl('lll rcl£ttk_nshlpswtts dcvult_lmd by C,ct)l)hysh'ttl Service, lhc. (1988), based on

43 rcfcrcrluc l_Uit'ttsde,tcrrrlltlcd on the ORR with tl Olcffml Positlonlrlg System (GPS), This

mcthc_dt_l' coc3rdirmtcconvcrsl(,rls him been _ldc,ptcd for the ORNl_., RAP, rcph|cirlg those

trllnsl'urttitttiotl l)ruc.udurcs rcl'crrcd to i11the 1987 Ar|nk||ll RAF' Dtittl Marltlgcmcnt RCl)ort

(Vuorhuus ct irl, 1988), A set t_l' uqutttion,s to perform these coordintttu trlmsl'orm,ttlons

is described in Appctldix A,

Ali Ic_ctttionc.itlttt tn the I_,AP Numeric Dtlttl Btlse tlt'c entered tlnd rettlined in the

t_t'igln_tl l'ortn, l:t_r ex_trrtlflc, tt' tl Ioctttion is surveyed irt the X-10 Grid or ii' a sarr_pltng

point is rcttd off it tnl_p dt'tlwn irt tile Y-12 Grid, then these data _trc retained iH the chtt_t

,_ct liS X-l()ltlld Y-12 grid coordinates, respectively, The convcrsior_ of location dattl from

c+ne grid system tu ltnothcr or l't'(ml tw() grid systems into it third (such as hit/long

coordilllltus) is tl('Hle tlt the tlmc it Is llee,de,tt, v

2.12.2 (_cographic Infi>rmatlon System l)+tta _ls

A chtt+tb_tsc o!' dcsuriptlorls c,l' the Sl+athtl chat'ttutcrlstics (+1'+tcti','itics irt RAP tta,'+

been csttd+ltSllcd in the ESD Gcc,grtlphic Infc+rmtttlon System (GIS), ESD's GIS operates

on it VAX cluster mad uses ARC./INI-"O sol'twill'c, The structure of the GIS dattl b_mc for

" _I
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,. RAF' I,_()rg(tnized(fttwo [evcl,_,*l'hcdctHileclluwlof cu'gtmizILti(mis_Lcot[_uti¢)nui'

gut++gr_sphlcl'u_itut'cstc,g,, p(+lnt,,+,linus, tlnd polygons) tlnd their _mst)cl+itedtlttrlbutcs to,g,,

. well ID, ulcv_tk+n,_trld+lt'ct0HndI,'+trilled tt "c(+vct'tlgu,"A coverage typicttIlyl'ttmguc+gr+tphlu

l'eaturus thllt rcpt'uscnt ,,+emccornmt+rltheme such as t'cmd,,+,wells, or streams, F'(+rthe GIS

data c.lcvclt,l_U<.llm'('JrRAP, thusu uc,vcrt_gusttru l'urther orgltrtizcd iittr, VAX ,,+ut'_dlt'cctt)rlcs

thttt represent Ii ctmimorl u¢+lluctlonel' themes, For exltrrll+Ic,_ill¢+I'thu dilTcrcnt types of

wells ilss()cilttu<.lwith RAP tli'u In elle VAX subdlruutt)ry,

ARC/INFO Ims antllytlutll capiiMlltlus to pt'oucss spati_ll data in clthcr lt_rgur¢)r

smilllur itggrcgllti<.ms{+l'dati_ than lt single c(+vcragc, These aggrcgati¢ms (:_l'spiltlal data tnay

be ulthur tcmpori_ry or l)urmanurtt, Thu GIS ,,+¢+l'twarutlls() l+lll,'+the ability to spathilly

interrelate the l'uaturusl'run;multiple ut+vuragus, Thls _nalytiual flexibility him itllowcd the
t Fit + + +GIs clattl tc) bu st(+j'cc.lin aggrcglttl()Hsthat bust Stilt the rluuclsoi' the rcmalrttlcrtsl' the RAP

Numeric Data Base arid the purp(_se,s ()I'the le+rr)gram,

'l'l'lu RAP GIS data are groul+ctl i_;t() the l'oll(+wingl+ntlj_.)rthemes:
IP

• grt)ulu.lwaturwells,

• I'_i(+l(+gic:altttltl sl+irl'accmlml)Iirlgl(+<.'.ati()rm,

• SWMUs,

• WACI I'Jcmndarlus,

• clumuriptlvulmckgr¢)ul,_dl'caturcs (r¢md,,+,btlildings, etc,), S-16A rrlap, and digital cluvati(m

m(+dcldata, and

• ulT-situ samplir_gI(+t,:utiucis,

Withlll each c+l'these major thunlcs, there arc lille or more subthcrrlus stored as

coverages, For cxanl[>Ic,withit1 the'+grtmrldwatcr wells, ilttributcs tsl' the piezonIctcr letd

C,I:-RCI+Awells Itrc sturud its separate covet'ages, The structure (+I'the I+.APGIS data base

is surntr_llrizctliclTtlblu tS, l_)utailsal+out the ccmturits el' these cow.:ragcswere presented
,11

it+_Al+pUndixC ¢+I'Vt+orhees ct til, (1989) llml documcr_tati_+I+_oI' S-16A n+_apcoverages is

presur_tud irt Al+pcr_dixB ¢+1'this document, Digital GIS data for the S-16A nmp wit,'.;
t,l

obt/tinucl from TVA ar_clprocessed intt+the u¢_vuri_gcslisted in Till+lc:18, The map includes

the erttire ORR, BNl has dlgitlzccl tOl+_¢+grilpl_y,roads, buildings, utilities, streams, i_t'_¢lwater
. ,I ml , 11.+I. I..

bodies for the [lretlS untic;r investigation by RAP, c,op_us of tnusu uut+,sut,s uru uv+_mmu
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Table 18. Overview of the Remedial Action Program Geographic
Information System data base structure'i

,,¢.

Coverage Number of
Vax subdtrectory name Coverage therne t' featurt_ c

t.13:[RQM.RAP.CORIq COREI)D Off-slte RAP sediment samples 59

(Watts Bar Sampling) , CORI?.SI'Iq_S Off.site RAP sediment sampl_ 48
CORESTP Final off-site sediment' samph,_ 59
I_,AKE Draft Watts Bar l_Jke outline 0

WBL,AKF, STP Watts Bar Lake outline 31

I.J3:[I,tQM.RAP.NW!!.IJ2;; ! ACRE4 4-acre site wells 7
(Well Ixx:ations) ACRE41t 4-acre sJle wells near l IF wells 7

ACRE4P 4-acre site wells near PI,tAP wells 7
CH_,CONS RAP CI;A,tCIA wells 13

l llq,OC Hydrofracl ure wells 89

I I[q.OCWAG l lydrofracture wells with WAGs 89
Hl II,OC l lydrostatic head monitoring wells 19

! 1111X)CWAG I lydrostatic head monitoring wells with WAGs 19
1 !! 1MS88 Rcwiscd hydrcxstatic head monitoring wells 31

I IIIMS88WAG l<cw. hydrostatic head monitoring wells with WAGs 31
_' PCII_I,OC Precipitation monitoring sites 20

PCII'I,OCWAG Precipitation monitoring site's with WA(is 20¢.
li I'I_,I,OC I'RAI' wells 651

i i'I_,LX)CWA(} I'RAP wells with WAGs 651
PZI) I:,CAP P iezometer wells 331

.- I'ZDECWA(i RAP piezomelcr wells wilh WAGs 331 .
STI)WEI,I, Stockdale wells 51
STI)WF, I ,I,N Stcx.'kdale wells nearest PRAP wells 51

TARA Test Area for Remedial Action wells 13

IJCONT Continuous monitoring wells 93
UWF, I,I^',; IJSGS continuous monitoring wells 28

UCONT LJSGS continuous monitoring wells with WAGs 26

WQ88 Rcwiscd RAP RCRA water quality wells 77
WQ88WAG Rcwised RAP RCRA water quality wells wJlh WAGs 77

WQLOC RAP RCI,tA water quality wells 22

WQIX)CWAG RAP RCRA water quality wells with WAG 22
LJ3:[RQM.RAP.SAMiVI_! BIOA Strcam sampling - bioaccumulation 9

(Sampling Sites) ,BIOAIA, Stream sampling for biological monitoring 72
BIOI3 Stream sampling - lxmthos 13

BIOI _ Stream _mpling - fish 12

BIOI1 Stream sampling - macrophytcs 3
BIOI Stream sampling - bioindleators 4

I]IOIA Stream sampling - biological monitoring 67
BIOIA Rcwised stream sampling - biological monitoring 68
l]101,41' Stream sampling tx_ints - biological monitoring 68

BIOM Stream sampling - mammals 9
BIOP Stream sampling - periphyton 6
BIOT Stream sampling - turllt_'s 6

BIOX Stream .sampling - ambient toxicity 10 t.

I CERI Cerling data - 1985 327

CERIWAG Ceding data - 1985 with WAG 327

' CER2 Cerling data 1986-87 ._5
,'-v_,_,,-,,,_r_ "I'. .... f,-,,-,.r,o,I ¢"_rHng ,'lnla i OR/I-R7 63 -

CEI,t2C)C}WA(] Transformed Cerling data wilh WAGs 63

CER2WAG Ceding 1986-87 data with WAGs .-'VA5

SURI)IS Surface discharge monitoring sites 9
StJRDISWAG Surface discharge monitoring sites with WAGs 9

LI3:[RQM.RAP.SWMLI] SWMU RAI' SWMU locations 205
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" Table 18 (continued)

" ' Ccwerage Numl_r of
Vax sutxlirectory name Coverage theme/' features c

U3:IRQM.RAP.TUG] 13UILI) I l,t,cwlsed central ORNl_, buildings 39
(ORNl. Maps) BUII,DS Central ORNl_, buildings 39

CRIb, EK5 White Oak l_ke and Creek 98
CREEKI)EN Denslfled White Oak l..ake and Creek 98

STREETI,IN Central ORNl, streets 20

IJ3:[RQM.RAP.WAG I MAPI:"I_, Overlay boundaries for WAG map 6

(WAG Maps) SWSAIT Historical SWSA I l_undary !
WAGllRX 1,l.evi_d WAO 11 I(x:atlon 1

WAGX 10 WAG boundaries 27

WAGX1013 Rtwised WAO Ix_undarics 27

XI0(iI_,I)5K l(XX)-ft grid with labels 28
X 10(II_,I)N 1000-ft grid wilh annotation 70
XGRI)5K 5(X)O-ft grid with annotation 7

I,IIi:[i.IiI.SI6A] 1.01 1st class road casings - casings 1,275

(SI6-A Map) I..02 2nd class road casings - casings 555
1.07, not documented 2

1.2)4 3rd clag,; road casings :302

I,05 4th class road casings (patterned) 18,054

h, IJ.R'_ trails (patterned or styled) 3,855
I`07 TVA structural profiles 370

!.,08 active railroads (patterned) 1,788
IJ)9 inactive railroads 102

- I_,10 crossings (13ridges, tunnels, elc) 114
i.11 masonry dams, pict-s 9

1.12 tailings [x_nds (patterned) 132
I.,13 1st class buildings 3g,224

1.14 2nd class buildings 660
1.15 public service buildings 3,193
1.17 transm is.,don lines 15,922

1.18 pipelines, at×we ground 895
1.20 county boundarics 569

I.,21 corporate boundaries 1,775
1.22 rt..'servation boundaries 2,419

1,23 small parks and substations 1,189
I._ ccmeterlcs 655

1.2Xi verlical control 3
129 'Fs for wcx_ds 2

1.30 Ol.O - section linc.'s 19

122 index topographic contours 3,235
1.33 intermediate toD_graphic contours 12,469
1.37 disturt_d surfaces 13

1.38 blue open water - blue shoreline 798
L39 single line drains (streams) I,(_

1.,41 wells, springs 3

1,42 swamps (patterned) 21
"" IA3 channel lin_ (styled) 1,706

1,45 fences (patterned or styled) 2,2(_
I_.46 urban tint outlines' .aO7

1,47 w_x:l.,_ (green tint outline) 7,699

" 1.48 other vegetation i 1
IA9 not documented i
I..50 black misc. 1,121
1.51 blue misc. 199

1_52 brown misc. 1,054

1-53 red misc. 3

L,55 maximum probable flood ' 321
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Table 18 (continued)

(7overage Number of "
Vax sutxllrectory name CcWerage theme l' features e

1.2;6 500 year rio<n/ txmndary 328

1.,57 , 100 year flood boundary 323

, L58 Approximate probable flood boundary 320
I_,59 Not Documented 32

MO:[MAF.I)FJ_ll)ATA] BETIII_L.US()S Dtgltal elt,watlen model data for the NA
Bethel Vall_ Quad nmp

aCoverages sorted alphabetically by name within alphabetlcadly-_)rled VAX subdireetories.
' l)efinitions:

I_.AI' = t_,emedial Action Program;

t-IF = l lydrofracturc;
PRAP = Pre-Remedial Action Program;
C.[_,RCI,A = Comprehensive l_nvironmcntal Reslxmse, Compensation, and Liability Act;
WAG = Wasle Area C,rouping;

USGS = U.S, (icological Survey;

SWMtJ = S_lid Waste Management Unit; ¢
OI,_NI, = Oak Ridge National l__dx_ratory;

SWSA = Solid Waste Storage Area,

'Number t_l' tx_ints, lines, or [x_lygons in coverage. NA = Not applicable.
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- upon request. Ali of thesedata will be transt,erred to the RAP Numeric Data Base at the

conclusion of the work.

2.12.3 Interfacing ARC/INFO with SAS/GRAPtl

Environmental research and assessment activities at ORNL include the analysis of

spatial and temporal patterns of ecosystem response at a landscape scale. Analysis through

use of a GIS inw)lves an inleraction 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 appropriate map graphics. INFO also has s_ime

limited ability to produce statistical tabulalion. At ORNL we have extended our capabilities

by graphically interl'acing 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 capabilities of SAS added to ARC/INFO, we have expanded the

analytical and graphical dimensions of the GIS environment. Pie 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

become a source of complex map "symbols." These additions extend the dimensions of GIS

graphics to include time, details of the thematic composition, distribution, and

interrelationships. Details regarding the ARC/INFO and SAS/GRAPH interface and

examples of products resulting from this work are presented in Appendix C.
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3. BIBLIOGRAPHIC DATA BASE

In November 1986 work began on the development of a cc_mputerized, bibliographic

data base to support the information needs of ORNL Remedial Action Program staff. The

data base contains a bibliographic citation, an abstract, and various index terms and subject
i

categories for published documents (e.g., reports; 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 each document cited is also

maintained. Awiilability of these resources is presented in Sect. 6.1.

The Bibliographic Data Base and hardcopy reference collection serve as a central

resource for use by ali staff in the ORNL Remedial Action Program and by ali

subcontractors to identify and access needed program documcntaticm. The data base was

designed tc) ensure (1) a quick and efficient retriewil of needed documents from the

resource collection, (2) flexibility in creating a reference list tk_r ORNL/RAP reports, and

(3) ability tc) machine-so)rr records according tc) any of the 32 data fields that conlprise a

record in the Bibliographic Data Base.

During calendar year 1989, 415 documents were added tc) the Bibliographic Data

Base, and 1,237 modificaticms were made tc) existing data base records. At year's end, the

data base contained 6,215 records. A number of new data fields were developed during the

year to permit a more eMcient retrieval of needed inli)rmation from the data base.
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" 4. RECORDS CONTROL DATA BASE

- Intkmnation associated with programs such as RAP, which are 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 identifying, logging, and collating

project records and for assisting in the search and retrieval of such informaticm, The

records must be sufficiently detailed to provide a complete and accurate history of botla the

data-gathering process and the results obtained. The ORNL/RAP Records Control I)_lta

Base _md archive w_s established in late 1987 tc) serve this need.

In accord_mce with EPA guid_mce for remedial investigations (EPA 1985), the

Records Control Data Base and archive is capable ot' (1) receiving ali data/information

collected or generated; (2) processing, sorting, and entering ali data/infc)rmation into the

, storage file; (3) making data/int'ormaticm available to users; and (4) ensuring efficiency in

data/informaticm security and disclosure.

The Records Contrc_l Data Base operates on the ADSEP (Automated Data Set

l__ktitingProgram) software installed on the IBM-3()33 ccmaputers at ORNL. The data base

serves as an int.tex tk_r the retrieval of information generated by the program, including

correspondence, project plains,well logs, field notebc_oks, and chain-eft-custody forms. The

system, which was established for archival purposes, was developed in coc_peration with BNl,

RAP's primary subcontractor, so that records generated during BNI's investigations can be

easily consolidated with those from ORNL. During calentt_tr year I989, 1153 documents

were added to the ORNL/RAP Records Control D_lt_lB_xsefor a toted ot"more than 18(X)

records.
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5. OTHER INFORMATION-RELATED RESOURCES "

5.1 AERIAL PHOTOGRAPHS ,

Aerial photography has been used extensively in analyses of loc_l and regional land-

use changes. Studies of aerial photographs taken over a period of time can reve_d not only

how the land was used in the past but also how the many interrelated characteristics of the

environment (including l_lnd cover, aquatic habitats, soils, gcomorph()logy, and hydrology)

may h_we been affected by lt_ntl use practices. For this reas(;n, a collection of aerial

phot()graphs ()t' ORR has been amassed to support the P,AP studies. Ph()t(_graphic

int'()rm_ti()n sh()uld be useful tr) RAP investigators studying c(mtamination at historical waste

disposal sites _tnd determining _ltern_ttivc _lppr()_lches li)r corrective _tcti()n. In addition,

_t_yone requiring knowledge of histt)rical land-use pr_lctices on tile ORR should find this

resource useful.

A t(_t_ll(_l'391 _leri_llphot()graphs ()f ORR and its immedi_lte vicinity were obt_|ined ,,

t'r()m TVA l'()r the t'()ll()wing years' 1939, 1945, 1952, 1967, 1974, 1981, 1984, _lnd 1985.

For most ye_lrs, consider_lble ovcrl_lp ot' the l)hot_)gr_q)hs _ll_)ws stereoscopic viewing.

Spccil'ic inl'orm_tti()n reg_trding fixates of the pht)togr_tphs, sc_tles ()t' the prints, spatial

c()ver_tgc, _tntt qu_tlity of the prints is presented in Table 19.

The pla()tograplts _tre av,tilable _t the ESD branch ()t' the ORNl_. libr_ry, in Building

1505. Because the photographs and their corresponding index maps are of varying sizes,

they arc 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 c(mtaining information for treating chemicals li)und in various types of waters and

wast cwaters. The system is designed to be used as a guide to identify the effectiveness of

tre_tment techn()logies l'()r 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) anti als()

th()se compounds found at Superl'und sites. Currently there are about 825 compounds in

the data base with 2,5(X) sets of treatability data for approximately half of the compounds.
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, Table 19. Dtzcriptivc information on aerial photographs
of the Oak Ridge Rc,_crvation

Nunfl_er

Year Month/Day Scale of photos Comments

1939 November- Contact prints 26 Enlargements very poor
December and 1" = 3,(_1t)' , quality; contact prints

used 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,_RR)' 20 G_×_dprints

1967 Dates vary, Primarily 38 Monoscopic coverage in
primarily 1" = 2,0(10', Cave Creek quadrangle
March 2 but scale not indicated in orange on

uniform through- the index map
out series

1974 April 19 Originally 19 Monoscopic coverage in
i" = 1,(_}0' tlm Cave Creek
enlarged to quadrangle indicated
1" = 1,1000' in orange on the index

map

1981 February 25 1" = I,(XX)' 87 No comments

1984 November 7 1" = 1,0{X)' 56 Coverage awfilable only
for southern part of
reservation

1985 March 18 1" = 1,(XX)' 48 Coverage available only
' for northern part of

reservation
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,ii,

We acquired an updated copy c_f the Treatability Data Base in September 1989 and will

retrieve infi_rmation from it tk_rspecific ";ompounds upon request,

5.3 ELECTRONIC BULI.,E"FIN BOARI3S F_')R itAZARDOUS MATERIALS

INFORMATION

RAP data management is registered with two electronic bulletin boards (Hazardous

Materials Information Exchange (HMIX) and the Center for Hazardous Waste Management

(CHWM)) which contain lnl'ormatton related to hazardous materials. These bulletin boards

are briel]y described in this section. Retrieval of inl'ormation from these resources or

assistance in accesedng them is awlilablc upon request.

5.3.1 l lazatrdous Materials lnform_,tion l_change

The HMIX is a "hazardous materials (I-IAZMAT) int'orrnaticm clearinghouse" and

"exchange system" designed tc_provide Federal, state, local, and priwltc-scctor organizations 0

with a means of sharing valuable and timely information about tlw prevention ot',

prcpar_Jtion for, and mitigation o1' hazard_ms materials emergencies, lt is sponsored by the

Federal Emergency Management Agency and the Research and Special Programs

Administration ot' the U.S. Department c_l'Transportati_m. The HMIX consists o1'

• a calendar of Federal training cc_urses,

• public and priw_te-secmr HAZMAT int'c_rmation,

• a calendar of conferences,

• instructional material and literature listing,

• toll-free (8(1_))numbers and on-line data bases,

• laws and regulations,

• contracts,

• Department of Transportati_m agency-specific inlkmnation, and "

• Federal Emergency Management agency-specific inlbrmation.

In addition, a bulletin listing provides current news. An example of this listing is given in

Fig, 9.

, lr , ,,,
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. NEW BULLE'rlNS AND ANNOUNCEMENq_J

03108190 1 Publlcutlon Announcement
()2/28/_) 2 NCP Revision Issued

02/23/_) 3 ATSDR Rule Sets Procedures for Determining When and How to
Conduct Health Assessment & Health Effects Studlcs

02/16/_X) 4 OSHA Requests Comments (m Proposed R.ule l'or C.ertil'it:atltm o1'
Hazard(ms Waste Training Progrlims

02/153X) 5 Hllzmtlt Week I_X)-.--5 Day Sutellite Vidcocourse
, 02/()53_) 6 Achievement Awards l'mm the Ctlemlcal Mllnufucturcrs Assoc,
I

I 01/29/90 7 DEA Chindestlne Drug Llib Guide
01/24/_X) 8 BATF ExpMsivcs List

•1 ()I/(F)/_) 9 New Versloil' of CADIT,Ia" Avaihdfic l'c_rDownloadingI

i (11/09/_) 1() DOE CITers Transp()rtllti()n EnlergcllCy Resptmse C(_ui'se
I 12/21/89 I1 Chemical l_,isthags from Emergency Response Guide

,, 7'-' ' ' I 7 " 'BLII.LI:, ! INS OF CONTINUING IN 1LI(I_ 1

02/()9/89 12 Public Notice Regtlrdirig Privacy and Other Legal Matters With Respect
. to tlm HMIX Electronic Bulletin Bolird

(12/()9/89 13 Rules and Guidelines for Users of the HMIX I:lulletln l.:tolird
07/19189 14 PROCOMM Communiclitlon Fact Sheet
()7/19/89 15 BITCOM Conlmuntcation Fact Sheet
07/19/89 16 Ct(OSSTALK C()mniuntcatiori Fact Shcct
07/19/89 17 MACYI'ERMINAI_, Comrnunicatlon Fact Sheet
()7/19/89 lbl SMAR I C,(. M ConlnlunttJation Fact Sheet
06/()9/bl9 19 Private Sector Criteria - I-{MIX

()l/16/_X) 2() HMIX Newsletter

(X)/(D/89 21 Int'ormilti(m on Drug Law, Films and Literature
09/22/89 22 HMIX '-l'able of Contents

()6/(F)/89 23 Board Status (Hel l) tk)i' dowrlloading lirctlivcd files)
08/23/89 24 lql'ormlltion on ordering the HMIX USER'S GUIDE

Fig. 9. F_,xample of the ttMIX bulletin board.
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5.3.2 Ccntor fiw Hazardous W_LstoManagement

The CHWM, which is located at the llllncfis Institute of 'I'echn(fiogy, Chicago,
,0

operates a bulletin N)ard with lnlkmnatlcm on hazardous waste treatment mettu_ds,

remedlatl(m, environmental and hunu_n health el'lk'_cts,waste mlnlmlzatlcm, and training, An

excerpt of' the bulletin's menu follows,

==-_-'_=-_========-_-',- Bulletin Menu ======================

1 -The Center l'c_rHazardous Waste Managenlent
2 - l-lc)wtr)partMpatc in this BBS
24. S¢_l'twaret(_di_wnli)ad
4- Menus tc)downlcmd

5 - C(ml'erences
6 - l lazard_)us waste RD&D Permit

7 - Superfund cwtluatlc)n pr()jcct
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6, SERVICES AVAILABI.,E

lrlforn_atl¢)nIn the RAP l)(ml and Inl'c_rm|Ltlt)nMtlnagement System is avullat',lc In

a varh:,ty of t'ormuts depending upon the type of request and users' needs, As lndicnted in

Sect, 4, the l(ectu'ds Control Data 13ase_Lnd||rct_lve was established primurlly to organize

_Lru.I|n||n_lge |'eetn'ds that dcmument tile history t_l'till programmatic uctlons and dedstcms,

Because this system ts nm Intended t¢_be a working file, access to this lnl'ormathm Is limited

to program In|tI|_lgeme|lt requet_ts, 13il_lhwtlpl'|iclnl'cu'm_ltltmand nulncrlc tlllt_l,hmvever,

_rc' tfften (_1'use to I(AP st_Ll'l'und thdr sul'montractors as well _s tt_ ¢_tlmr perst_nnel

c(_ntluetlrlg tnvestlt,_ltic_ns(m the OI,I.I(, Access to the infornat_th_|ain these ¢.l.t. I'mses is

' described belt_w,

6.1 i_IBIJOGRAlq[IC, I)ATA BASE

AwLllableservices pertaining to blblh_gruphic lnl'cu'mation include:

• perf(u'mlngct_mpulerlzedllte|'tltu|'esenrchesofct_inmerchilly.vtlilnbled.tnbnses,

. performing topical searc,laes ¢)1'pr¢wam-Sl_tmst_redcomputerized tlatn bases, und

• prtwiding ussistunce in Icmnting tropics t_l' needed d(_cunler_ts,

I)uring the yeur, 778 dt_cunlents ()r inl'ormatton items were provided in resl_(_nsc',to

requests l'rom OI(NI, sinJ'f, Ali nddititmal 183 inl'ormntic)nnl items were provided to the

RI/FS Subcontrimt "'I earn, which Includes Bechtel Nutk_nnl, Inc, (BNl), CH2M IIill,

-: ") ,, ,,,Izl. (m/MC,I, IK:E, .hd Lee Wnn, In _u'der to dissenlintlte inl'ormati(_nin a timely innnnm',

_lnelectronic I',t,ll_tin c¢_ntinuesto be sent weekly tr)_ppr¢_ximately 130 program lmrticipunls

und other interested Im|'ties.

In acldtti_n_to puper ct)py, which has been the m()st frequently used form of output,

the user can request thnt the inl'¢)rmation bc pr()vided In electronic I'orm, The ¢)bvitms

advantage t() receiving output in digitnl form is the ellmtnntion oi' the need lhr rc.entering

the h_lbrmt_lhm when preparing a bll',lltw_phy or reference section l'()r a reporl, The

l'¢_lh_wingoptions exist lhr receiving tnl't)nrmtton in electronic l'¢n'm,

" electronicmali (E-mail)(m theOI(NI.computernetwork,

n ,
,_ ' V rll ' III ' II
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4

• filetransferon thenetwork,_tnd

, PC diskette,
t_

To obtahl f'm'thcr hlfbrmatkm concerning the Blblk_grapllic Data Base or services avall_d_lc,

ple_lSCcontact

lhtrk T, Owcn

C)ttk Ridge Nutlorml l.,_d'_t_rtttory
Building 2(X)I, MS.6()50
P, O, Box 2008

Ottk Ridge, "l"ellrtesscc 37831-6()5()

'l'elel_hone: 615/576-0568 or F"I,_ 626.0568
l";lLcslrrtllc:615/574-9888 or I:I'S 624-9888

6.2 NUMERIC DATA BASE

Prit_touts of rltw tltatl h_tet'medt_tte tlatlt sets, its well its ctmaputer Itcccss to the tl,t_l,
tt

are provided rtmttnely to prtrlclpttl irlvestlgtltors l'or lrtl't_rmtltlcm tlnd tlttttl verifictltion

purposes (Voorlaccs ct 111.1988). Altlaough tltltil _,lrlitlyscshre the responsibility c_l'those wlat_

collect the d,ltlt, tlatit mlt|_agetncnt st_tl'l' _tsslst in such artllly;cs upon request. Summ_try

st,ttistics (e,g., miraimum, trlltxitnum, meltn, _.ttadsttlrltl_trd clcvi_ttlt)n), plots, grltplas, ttlltt tl wide

wtrlcty of other _utputs ltre lw,_ihlble, In mitny c,liscs, it is m,_re el'l'ic,ient and cost el'l'octivc

to hw,,e RAP tlllta nmnllgert_cnt stt_l'l'provide the rteetled stl_tistics, _tssessrncnts, tv')les, plots,

etc., for rc,ports prep_trcd by RAP investig_ttt_rs. The RAP tlltta |nitnltgemerlt stltl't' _tre

l'amlllltr with the RAP Numeric Dltta Bttse its lt whole lind _tre ltl_leto provide tualtlyses thltt

integrate the tttlta from various t_tsks within the progrtma.

Assistitnce in the display and natttaipultttit_n of splttial ilal't_rm_ttitm can ltlso be

prcwitlcd. For extlmple, the GIS has been used to produce I_trge-scale plots o1' the Iocttttons

of l_tC',zometer tit"tdwater tlutllltywells drilled l'or RAP. These plots, retltlired by stttte ttnd

f'ctlcrltl regul_ttors, were sculled to existing t¢_pogrtt1_hk2 base maps aral produced as Myl_trli

ovet'lttys, Also, the RAP GIS lltts the Cttlmbility to convert ditta between several other GIS

formats, including the USGS Digital l.,tne Graph, U.S. Bureau of the Census Geogr_tl)hic

Base File, Autt_catl, lntcrgrl_ph, _trtd ORNL Geographic D_ta Systems.

A copy o1' the digital dattt used to create the S-16A mtlp, which covers several

square miles _tround the ORNl_, situ, was obtained by I_,AP thlta management. /ks more
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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 orientation of the data. For example, the GIS will allow an

investigator to specify a spatially defined subset 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 product against well-defined reference points have been and continue to

be an effective means of verifying spatially oriented data. The GIS can also be used to

display simultaneously 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

i,_cluding, but v c)t limited to the following:

• direct read access to SAS data libraries;

• computer data tapes in specified format for export to another mainframe computer;

• copies of data sets on PC diskettes in l_x)tus 1-2-3, dBASE III PLUS, PC-SAS, or ASCII
fc'.,'mat;

• selected data in specified t'ormat for direct inclusion in reports;

• generic printouts of selected data;

• sunamary tables of precipitation or flow data fo_' sclect:_'d sites;

• plots of groundwater elevation (well hydrographs);

• ORNL maps showing locatic_ns 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, mostly from

ORNL staff, were filled in 1989. Rc'quests originating outside ORNL (e.g., from EF'... 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, please contact

Larry D. Voorhees
Oak Ridge Nati_nal Laboratory

Building 1505, MS-603,5
P. O. Box 2008

Oak Ridge, Tenv, essee 37831-6036

Telephone: 615/574-7309 or FrI"S624-7309
Facsimile: 615/574-4946 or FTS 624-4946

;

_ ....... nq" , _rl' _qlq.... W '",, Iu !if"
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Appendix A

TRANSFORMATION OF COORDINATES BETWEEN LOCAL GRIDS AND

TENNF_SSEE STATE PLANE (NAD-K3)

1
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. A set of equations to transform Tennessee 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. 3"he equations are a result of regressions perli_rmed on coordinates

transformed with the GRIDCHG program of ARC/INFO, which does any of the above

transh)rmations in an interactive mode. The adwmtage of the equations is that a large file

(such as a SAS data set) of points can be transformed easily in a batch job. Results

rounded to three decimal places duplicate results from GRIDCHG. Using the equations

can result in very small errors. The GRIDCttK program of ARC/INFO is used tk_rsmall

study areas when very precise results are required. Noto that it is also possible to go from

a local grid system to another local grid system using these equations. 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 are available as ASCII files upon

requcst.

To transform coordinates from a local grid to NAD-83 or vice versa, use the

following abbreviations and equations:

ADME = Administrative Easting
ADMN = Administrative Northing
K25E = K-25 Easting
K25N = K-25 N0rthing
N83E = Tennessee State Plane (NAD-83) Easting

N83N = Tennessee State Plane (NAD-83) Northing
X10E = X-10 Easting
X10N = X-10 Northing
Y12E = Y-12 Easting
Y12N = '/-12 Northing.

From X-10 to NAD-83 use

N83E = 0.2503207564*X10E- 0.1738489472*X10N + 747938.7187
N83N = 0.1728489495*XIOE + 0.2503207580*X10N + 167169.0430

From NAD-83 to X-10 use
i

_,,

X10E = 2.69498432(k6*N83E + 1.8716793269*N83N- 2328569.966

X10N = -1.8716792,17*N83E + 2.6949843092*N83N + 949383.5081

From Y-12 to NAD-83 use

N83E = 0.249671(N99*Y12E- 0.1747867025*Y12N + 747982.0(175
N83N = 011747867029*Y12E + 0.2496716897*Y12N + 167159.446(I

_"...... %I
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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

From K-25 to NAD-83 use

N83E = 0.3029123485*K25E - 0,033(_26319*K25N + 744322.9777
N83N = 0.0336026310*K25E + 0.3029123490*K25N + 186597.7862

From NAD-83 to K-25 use

K25E = 3.2611536645*N83E + 0.3617658595*N83N - 2494856.315
K25N = -0,3617658495*N83E + 3.2611536593*N83N -339253.4191

From Administrative to NAD-83 use

N83E = 0.2489592191*ADME- 0.1758057049*ADMN + 748077.4866
N83N = 0.1758057047*ADME + 0.2489592197*ADMN + 167110,1588

From NAD-83 to Administrative use

ADME = 2.(N01988607*N83E + 1.8926563578*N83N -2321278,532
ADMN = -1.8926563551*N83E + 2.(_q01988539*N83N + 967965.1530

, ,lr, _ I M
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S-16A MAP ARC/INFO COVERAGE DOCUMENTATION
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. B.1 INTRODUCq'ION

The coverages from the S-16A m_lp digital dnta are stored on the ESD VAX cluster

, in the directory LIB:[LIB,SI6A]. Each coverage consists of one level t'¢_rtlm entire S-16A

mup its processed in ARC/INFO. Users of this digital tl_lta should be aware that it still

tenth, ins its grnphic_ll aspect (e,g,, extra lines for thick lines and shading). I1'line or polygon

topology is desired, the cover_lge,,; should be carefully edited to _lssurc logic_d line and

pc_lygon relatitmships. Several instances of errors have been observed in the coverages,

Examples include tr_lils in the fourth class roads level (I.()5), stray lines in the stre_llns level

(L38), and buildings in the roads level (L04), When erroneous l'e_ltures are found in n

level, it is not _tlways cleur it' they duplicate t'e_turcs in the level ()r ii' they need t() be

nloved to another level, In order to systcm_ltic_llly record _lnd correct c(_vel'_ige erl'ors, _11

errors need It_ be reported to Ruymond McCord _lt

()_lk Ridge Nutiolml l._dx)r_lttW

. l]lclg, 1505, MS-6(138
P. (), lie)× 2(R)8

()ilk l,l,ltlge, 'I'N 37831-(_)38

'l'clcpholm: ('_15/574-7827 t)r l,'l'S 624-7827
lqicstmilc: (_15/574-49,16 or I,'I'S _24-4946.

Tnblc ILl is _l descriptive index of the S-16A map covcr_lges. An index ot'

cc_ortlin_lte grid coverltgt'.s _lnd dc.scriptions of _tvnil_fl_leannotation for the cot_rdimltc

covcr_lgcs _rc given t_clow.

t

B.2 COORDINATE GR.II) COVLRAGE

Grid lines _nd tic m_rks for scvcr_l coordinate systems arc in a Selmr_te covcr_ge

for the S-16A dnta. 'l-'hc ir_t'ormntion below describes tla_t cover_ge.

Workslmcc: LIB:ILIB.SI6A ] Cover Nt_me: SI6AGRII)

" Nt_mber o1' tics: 4 (tics are identical to level cover_ges)

Level w_lucs: level -- 21 State plane tics (NAD 27)

. level = 35 Longitude/latitude grid
level = 46 UTM zone 16 tics

level = 52 Background Intergraph grid
level = 53 Administrative grid links
level = 58, State pl_ne (NAD 27) grid lines.
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Table B-1. D_-ccriptiveindex of S-16A cxwe,ragc.'s

(?.overage TVA descrll)tlon Comments Number Number of
mtme of tlrcs ,,;egnlc_

1.01 1st el_l,,.;sroad calstngs "l'hlck red lines on the 1,275 b,3(K)
i nmp (eorntx,,sed of 4&
: ptlrilllel arcs),

lnterstittes, l'elllslppl,
lind state hlghwliys

, 1.02 2nd elll_,_road casings Secondary r{mds, red. 555 3,702
tl_lshe(:! lines (dashing by
exlrtl arcs), l,e, Bethel
V_llley l,),()lid, Bltllr l,l.otid

1.03 Not d()ctii)lel)led . l)tlllet'lletl piirt of t)nc 2 103
second cltiss rotld, not
useful

1.04 3rd eltiss road casings l loll()w ptll'tlllel line 302 53,115
rouds, ORNl, streets, und
()Ilk Ridge (_lty streets

1.05 4lh clllss road casings (piltterned) l)t)uble-dilshed roads, and 18,[)54 b8,207
jeep trlills, one arc for
elich symtx)llc dash

l+(X) Trails (patterned or styled) Sh'lgle-tlashed trails, 3,855 16,072
one t|l'C for etlcl| dtlsh

1.07 TVA slructurill prt)liles TVA h.t)undary (?) Ihat 370 14,276
contuins ii "high water
level" _)ulldtlry for the
Clinch River

1.08 Active rutlroad Ilrtes (patterned) l,tallrotlds with cro_',;-tle 1,788 6,567
pallern for lircs

I+09 Inactive railroad lines Shlgle dushed line 102 171

1,10 C.rosshlgs (bridges, tunnels, etc.) Ali arcs tire In eastern 114 177
1/3 of tulip

1.11 Masonry dtims, piers Melloll I fill l)ilm, cit, 9 10

1.12 ltllllngs fxmds (patterned) Ash dislx)sal ureas, no 132 7(13
[')ttttern tlrc,,,;

I+13 Isr class bulMlngs Solid and hutehed 38,224 47,602 °
buildings:' pattern Is
generated with tlrc,'¢,house,
tll')artmer|t and oi'rice

I

I
" "' ' ' ' lll_l " ........ _' ' ,)' I_ " ' ,
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" 'l'at_ B-I (c_ltlnuod)

, Covorligo 'I_'A de_;rlpllon Commi_nls Numlx_r Nulmt_r of
l.liinlo of lirc.s SeglllClliS

1,14 2nd olll_<ibuildings Sllish-ptlll{Jrned 660 1,282
buildings, b(irn,_uld
storage shed

1,15 Public service buildings Solid filled buildings, 3,193 ,l,()56
arc-generated plliicrn,
ehur(_hesill'ld _htx}ls

1.17 Trllnsnllssl(}n lines Power lines, dashed 15,022 37,684
plitlern arcs, 'iixflcs" lls
nesle(.I Irlangle _lrc,s

1,18 Pipelines, above ground Dashed line on tulip, 895 2,468
palterned

1.20 (_ounly Ix_undarics I)tlrt o1'line r'nlm'.ilrlg 569 2,163++

t() make r(x)m !br lext

Ilibol, plltterned
i

1,21 ('.orl-x)riile t-,oundllries Oak Ridge oily boundluy, 1,775 5,967
(_onlliins severlil gaps

122 ltcserviltl()rl Ix)un(.larlcs DOI,', ()ilk Ridge 2,419 12,254
t'eservallon boundiiry;
'I%/A reservoir tx)l.indfiry,

wllh inlaying gaps

1,23 :'mali parks I111(.Istit_SlilltC}nS Not tllwllys closed 1,189 2,032
l)ol'ygons

1,24 ('.cmclertcs Nel always cit)sod 655 95 l
p()lyg()ns; s()me llrca for
ei'o_s symbol

1,26 Vcrll_il conirol ()n(_ I_nch mllrk 3 ?)

1,29 Ts for w(×xls Nel useful, not ploii(_d 2 10
()ll ni{lp

1,30 G-I,(J - Socllori links ()lily _1row Sl'l()rl arc,i; 19 19
" lllellnhlg 11olclear

1,32 Index eonlotlrs l(X)-fl COlllOLlrs;i1(:) 3,2.'t5 11,6"71,5
. olevilllon lnlornlilllon

1.33 lDler!!!edh!!e, ennl(lurs 20, 40, 60, 80.fi contours; 12,469 445,023
no elevalion hlformilll()n

137 Disturbed surfllccs Brown mottled arcll on map 13 172
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Tilbk_ II-I (_tmflnuod)

4

Ckwerlille, TVA descJrlptkm (_(mlmer'its Numl"_r Number of
1111111(.1 Of 11r¢,ti AI,3_ITleI1LA 4

1,38 llluc open wilier . blue shoreline ltlu_.shlidod i_md.,,itlilke,,,l0 798 21,316
crooks lind rlvcJrs;p{_lygon
hlilletnc,,,i,,,tuncerlllhl

1,39 Single Ilrle drllhis ('.reeks, blue IIn_ 1,068 21_1.ffi2
tlnllnnge i'eliture,,t

1,41 Wells, sl)rings C(mtnlns only 2 or 3 3 26
l'¢mtures;sprh'lgs lu'e In
1.51

IA2 Swllmps (plillerned) Illue lines{)nnmp Sl()res 2,1 34
lls llrc,,_to I'¢)rnlswnmp
syml×_l

I.,13 (:hilnnel lines (styled) Itlue dllshed lines In 1,7(16 5,751
lnlFx_undrnentsl If pllri of
ctmnnel Is fldjllcent
shore, then lines ilre
llOl rel_llled

1.45 I,'ences (pllttcrned (}rstyled) Red fence lines In 2,268 2,651
fields, with dnshed lines

1.4_) l.Jrhlln llnl trotlines I't)lyg(}nsdellne pink 307 2,411
urblin shilded l_rel_s

1.47 Wtx_ls (green tint outlines) IIounthlry linus f(}rgreen 7,699 69,928
shllded _re_s

1.48 ()ther vegellillt_n Boundllry lines forgreen 11 86
dotted orchllrd lirelts

1/19 Not dc_urneilled Some tulip In lhc st)utll 1 4
centrtll sec111m

1.5(I l:llat:k rnisc, l]ltlek Ihle feillures, 1,121 2,113
lllnks, g_ltes, river
mile, etc.

1.51 Itlue misc. Springs 199 1,%2

.._,. Itmwn misc, 'l'opc_grlll'_hlee(mlour 1,(}54 1,36(I
tlepres.,dtmtic.s, shoukl
t_ used with 1.32 lind 1.33
lhr pretty grllphlcs

1.53 Red misc. Tic mllrks _li(mgrolltis 3 3
l for hll_lllng (7)

.I!
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., 'i'llbk_ ll-I (txmtinu_)

[*,overil{4t_ TVA dis,,icrll+tll_n [It_rrln'lurits Nun+li'mr Ni.iilibor _1'
' nilillo til' ilrc,,+ so_,t11ont_

155 Mitxlmunl l+r¢_l'ml+lufltxx.l F'olygt+nduNnlllg lltxYJ 37+I 13,71H
laved+ilt>ri_J(_lh'I_l+River,
Il¢+tori l'll.il'_llmlll_clrriilll

l.Sb 5(X)-yellrIl(x)<.lIxlulldiliy (',linch River, rlill orl 32tl 12,425
iml_llsll_l.l1111lp

1,57 I(Xi-yelu'iltltKl I'_tiundllry (flinch lt,lv_r, rllll i+11 323 11,676
i+uhll,',ihodnltlp

l,Sft Al+Pro,, l'lrtlhill'_luIl¢>t}tlIxil.incliiry (]llrlull River, rlol t)ll 32() 13,3,12
Ill.iI_ll,_ke+dnlli i+

l,,'itJ Nt)t (.It+t_l.llllt_ilictl I_tii'llill t+lverchlinllel 32 1,g25

+/\11coW.;l'nlJ¢,'+hiivc lhc I'ollt)wllll:t,Itlollltcill chtlrilclci'l,,+llc.',i:,,,:,ltindnrdAA'I' Illirlhulc,_ iii' Icnglll, clc,l iI(+lx+ly_loil
. It_lx_lt+t4yl4 IIc,',ill,'u?.zyItllcrlinue m 12,171711lind Xrrllrl = .15367,81,

Ynlln = .+'i,1'4,1iJ6,(}6,Xllliix = 1(17376,7,Yi111ix= 1'12_,771,()."l,

ii
!

'III '



X4

1:1,3 ANNOTATION INFORMATION

Annc_tatlon contains the text labelling l'c_ret_t_t'tlln_tevalues at grid lines and tit:

nmrks air+tagthe tuap bt+rtler, Annt+tatlc)ntuay be selected by speull'ytng the level xtunlt)ers

¢m the ANNOTEXT conlnaand, The I'ollc+wlnglevels ucmtml the selectlt+n:

level = 36 l.,otlgltude and Latltutle;
level -.=47 UTM zc_ne 161
level = 54 Admlnistrtttive+ and
level = 59 State i_latae(NAl) 27),

Cun'ently, the nulrtbcr _1' _tnll{_t_ttic_nsis 635, At thls tilHe, the text s!rizags thai

t:omlx+SC,the gt'id l+tlw.lsttt'uu(_Nvet'tudl'rc_mthe st+trltl_tz'dtrlterl'(IcingI't+>rm+tt(SIF) file with

c+ne+tnn()tttti()nIbr' uttch uhart_t:ter, Ftitt+re etliting m+tyc()iltlct_se the ,_lnnt)llllJ(11lS [(! ()I1U

per text string,

i

B.4 COORI)INATE TRANSI"ORMATIONS

'l'lle "I+'i_,ANSFORMc_+tllrn!_tldwtts used tr+uhttlage the ut+t+t'tlint_tusystem l't+rthr,.

u_wert_gest'x'_+mthe c¢+nvertedlntergr+lph units tC+the Admixaistrtttivegrid system, 'l'hc Iistixag

belc+wl+t'ovtttesthe statistics _+ntile trt_nsl'_+rnaatic_nualct_l+ltlt+n,

Trallsl'(_rlll_tllt_n scale: 7,q7

I(MS el'_'cw: (),1821!.(J3

tic 11) II|ptll x II|pUt y t_UllUll x (>till|u1 y tlelL+l x tlelL+t y

1111 -7(I,7 5(_9 4), 1081!+ ,1 0,,1191i-t-5 +1),1)/'+(_] 0,0977
102 (_,5_) (,31 0,7591!+ 5 0.,l,qJI !+ 5 41,1119 -0,137

103 ,1,t,0 592 1),831 li-t, 5 0._,371",+ ,1 1},0156 0,0181
111,t -?,3,3 530 (),5231'; + ,1 0,1311!-t. 3 0,173 (1,175

IL5 COORDINATE VAI..,UI?_FOR S-16A TICS

Wtlues lk+rthe S-16A rnltp digital ii+tta are dest:t'ibed belc}wfor £tll five c¢+o_'¢ttnt_te

systems, Units _tnd tllre_:tion inlk_rtn_tionis included tbr each tic identil'ic_tion (111)withil_

a c¢_ordinate system,

;i ii i i
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'i'le lD

C_o('il'dllllilU Dh' tJnll_ 10l 102 103 10,1
nyslum

SIiile I1lttlte I_, feel 2,16(RRX} 252(}000 255(MR)0 2,1(,RI,0,0.0

(NAl).27) N feet 56{1_1_I_1 ,"ii0(_} .SbI(_{_) 53(_000

SII" J_, rul, .70,73 6,592 '1'1All .33,312
N rt;I, 568,863 {t31,(I ,'icJ2,226 53(I,(18_J

.qlitlu I'l_ltlU I! 111elers 740211,070 758,199,375 "/676,1L773 7,19355,,15t._

(NAl) 443) N meters 177205320 It,_2,l,l_,,133 1837,02,295 16/40_i1,532

Adillllt, I! feet -1970,1327 7.SblblS,59:_ 830H7,(',tq7bi 5225,842{,
N feel ,I ic,_,l('i,53,tr,_ ,l,qlP,l, i(195 ¢i365,_t883 13L,I{1{i7

X-l0 I", feel .20,1(1,,1510 75771,_/7lt/ 83301,0/46bl 5,18,q,5,1(i
N feel ,I 1512,3_i75 ,1835/i,0(171 {J597,3177 .2,11_,,13t,_/g,

, [I.6 ISVALUATION OF COORI)INATI_ TI_.ANSI?ORMATION ACCURA(',Y

'l"hc t:c_c_rtlinttlt'so1' lhc: S.16A St_tndard Interface l:orm_it (SIF) I'ile. wt:rc x'cct_ived

. irt u rcltltivt: gntphlcul coc_rdinate system. FI'C)II|the int'c_rtnitticm (m tltc publisllcd map, it

,w_lsdctcrrulncd thtlt the ml_p wus ger_cnttcd with a projection bused cm the NAD-27 dutu,

l'rc)m the ,tnnotttticm ttnd lines t_l'a coordinate grid SIF file, lt wus rt.'.lutivcly Siml-flc.to pick

out NAD-27 ttml SIF c(_orcltntttc vttlucs at tht_ vbcwe grid line intcrscctttms, 'l'htl NAD-83
"'_ _ '

vulucs were tmlculttttxt from the, NAD-27 vttlucs by the N_ttiorml Gcotlctic Survey, A grid

trttnst'c_rrtmticm l)mgram wtts used to ct_nvert the',NAI)-83 wtlues to Administrtttivc _tlatiX.l()

vltlucs, This tr_trmt'c_rrnlttit)rtl)rc_grarn wits rurnishcd by Kcith Crul't us a product t_l' the

,,;urvcy bencl_ mltrks by _t global l)c_silicming system in 1988 (Kcith Cral't, l)c:rson_tl

I_'tm-_rnuniclttion, 198,q), The _tccun_cy o1' the processing was tested to cwtluutc the l'intil

c:c_c_rdirmtewtluc.s in the Administrative Grid system t_l' the intcrsct:tiC)ns of thr.:'Administra-

t.ive Grid lines, The l'ollowing pc_ints were investigutcd:

, " C(_c_rttlnate V_luesPublished Cc_c_x'ttirtnicV_lues l rttnsl'ormcd ' '

E N E N

. 15(}{){) () 14993,81 5,9
150{){} 5(1_){){1 14995,(_'i 500{h"i,5

85(D0 5(}{}{) 84994.52 5(1{)3,938

i! 85000 45000 84_)':)5.83 ,i5{_),i.4i

851}0{1 5(X){}O 85996.64 5(X1{)4.53

.... I'l ....... ,,n...... ,, '"' _ "_,t 'ql' ' *'_
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The errors between thepublished and the actual coordinate values are in the range of

4-6 ft, At the published map scale, this represents an error of 0.002-0.003 in. This range

of errors is judged to be quite good. Part of the error is probably due to the fact that the

published Administrative Grid lines on the map were generated from "old" coordinate

transformation equations that were derived before the more accurate global 9ositioning of

the bench marks.



, Appendix C

INTERFACING ARC/INFO WITH SAS/GRAPH: NEW DIMENSIONS
• FROM STATISTICAL GRAPttICS FOR GIS ANALYSIS AND INTERPRETATION
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• C.I BACKGROUND

Over the past 30 years ESD has conducted numerous projects, including

, environmental impact assessments, environmental and ect)system modeling and simulation,

ecosystem analysis for nutrient cycling and pollutant fate and effects, radiological and

hazardous waste management, regional environmental monitoring, and data analYSiS and

interpretation. The studies have included landscape scales ranging from a single watershed

to global coverage. The ecological and environmental projects have evaluated the effects

and interrelatiol_ships of individual and multiple components.

' In ali of these categories of studies, ESD has made extensive use of computing

techw,_logy for its data management, analysis, and presentation. The analytical tools

l'requently used with data in ESD studies include statistics, graphics, data integration, model

construction andsimulation, and GISs. A typical research problem will require the use of

most of these 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 c)["an effort to integrate the graphics from SAS statistical

software With the ARC/INFO GIS sot'tw)rc used by ESD staff (McCt)rd and Olsc)n 1989).

The integration t)l" SAS/GRAPH and ARC/INFO graphics was initially done tc)

combine two complementary classes'of graphical products. SAS and SAS/GRAPH arc very

comprehensive software systems that ESD has used for several years to manage data, and

conduct statistical analysis, and produce data-intensive graphics (i.e., graphics which depend

upon the processing and display of hundreds to thousands of data values). Because of

SAS's case of use, comprehensiveness, and'power, these sol'tw)rc systems are used by the

majority of ESD scientists pcrlk)rming data analyses. However, the mapping and GIS

' capabilities of SAS/GRAPH arc limited. In contrast, ARC/INFO is a very comprehensive

GIS and mapping software system with limited capability tbr statistical analysis and

essentially no data-intensive graphics capability tk)r the display of statistical analyses. (The

primitive graphics tools for drawing various graphs arc found in ARCPLOT, but simple

graphs can require hundreds of statements.) As a result ot, these characteristics, we

anticipated that lhese two systems would be very good complements to one another.

After the initial interl)lce between these graphics systems was developed, the

decision was made that the combination of map- and data'based graphs adds new

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



producedby simply adding a few graphs (e.g., frequency histograms and pie ch_!rts) 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

Unpatterned symbols; and uniform size, scale, and ,axes ranges), then they can be made

relatively small (1 cruZ). If the graphs are made small enough, then numerous (tens to

hundreds) graphs can be plotted on a map as if they were symbols.

These symbols can then readily 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 categorical 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 wdues vs time,

• frequency distribution for sample populations,

• multiw_riate relationships,

• sample compositions,

• enumerated data plots or lists, and

• statistical sumraary tables.

C.2 APPROACH

The interface between SAS/GRAPH and ARC/INFO was developed in the following

hardware and software environment:

i

SAS/GRAPH Hardware: IBM 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.

!i



91

- While the above specifications describe the systems used at ESD, the interface can

be implemented between any hardware system(s) that can execute the current versions of

- SAS, SAS/GRAPH, and ARC/INFO and transfer character data.

The first step in developing the intcrface was to modify the specifications of the

metagraphlcs driver provided by SAS with PROC GDEVICE (SAS 1988) to simplify the

hardware capabilities 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 charactcr and symbol generation, polygon fill, hardware arc/curve

generation, and hardware line types. To make the interface as universal as possible,

hurdware capabilities tbr character, symbol, line type, and curve generation were not allowed

in the metagraphics device driver. The resulting output file from SAS/GRAPH then

contained only il_structions tk)r pen selection, 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.
ii

After the rnctagraphics til, 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 plotJ

file. The program that converts the rnctagraphics file to ARC/INFO plot file tk_rmat

includes the following steps'

• unneeded SAS/GRAPH plot header information is bypassed,

• SAS page units are converted to inches,

• X and Y minimum and maximum are 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 the map composititm capability o1' ARCPLOT. Map
,n

composition commands can be t,sed to rcposition and rescale the graphs as needed. A

detailed procedure is available to document the steps required to create these enhanced11,

products (McCord 1989).

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

symbol is transferred as a separate plot file. Often the plots are generated by using a SAS

I
,,II , ' '_illl,',
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BY statement with the site or plot ID value. Unique plot vames which incorporate the ID "
i

can then be used to associate the symbol with map coordinates to control plotting within

the ARCPLOT program. The following 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 cc×_rdinates for the PLOT command in ARCPLOT

(ESRI 1987):

ARCPLOT

... and other stmements setting up map and drawing other map elements...

&S OUNIT [OI'EN TEST.I)AT STAT-R]

... TEST.I)AT is a file containing I1) _md ctx_rdtnates from PAT for plotting graphs ...... ,wan dat_l file

to determine number or record...

&l)O INDEX = 1 &REPEAT %INI)EX% + 1 &UNTIl, %[NI)EX% = %(2OUNT%
I

&S VAI,UE [I_,EAI) %OUNIT% STAT]

... Read TEST.I)AT to gener_lte symbc?l values to be used for filename building and tx_x

ctx)rdinate callculation ...

&IF [EXISTS tj I:[I,'I,'S.IILJSTON]'I'I IARP%II)%.Iq,T ,Hl,l;', I & I'IIEN

... Test for existence of plot file from symtx_ltcally derived name

PI,OT U I:[I,TS.IILJST()N]'I'IIAI,I.I _,II),_.I I,'l' BOX %XMIN% %YMIN% %XMAX% %YMAX%

.., example of PI,OT command with BOX option using generated filename and c_dculmed 13OX

ccx_rdinntcs.

&ENI)

If the coordinates were also stored with the attribute data in SAS, then a SAS

pro)_ram could be used to generate an AML program that also uses the PLOT command

of ARCPLOT to position and scale the s)mbols. The BOX option on this PLOT command

is a very useful way tc) control the position _tnd size of the symbols.

C.3 EXAMPLES OF APPLICATIONS

C.3.1 Dimen,sion,sof Time

One example of the analysis incorporating the dimension of time includes a map

(Fig. C-I) showing the location and water level history of monitoring wells in the White

i,I
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Fig. C-I. Example of plotting hydrographs for a selected subset of monitoring wells
in the White Oak Creek Watershed near Oak Ridge National Lalx)ratory. The hydrographs
display data from 10/86 - 10/89. The shaded areas repr_ment the water kwel and the empty
area atxwe represents the ekwation to the ground surface. Ali of the hydrographs have the
same vertical scale to illustrate the difl'erenta..-sbetween the ground surface elt_wation and
depth to the monitored water kwel for the welts.
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Oak Creek Watershed. The line graphs of water level (Y) versus time (X) ali 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 ()tathe graphs.

C.3.2 Dimensiom of Ck_mlx_sition

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 ct al. 1990). The graphs

shown here are sirnple vertical bar charts, but other graphs reflecting sample composition

or distributi()n could also be used. This figure is an example of one ihat used an AML to

position and scale ali of the graphs.

C.3.3 Dimensions of Interrelationships

Statistics provide the capability to determine significant differences in the

relationship between tw() variables for several populations with analysis of c(wariance.

Figure C-3 shows a map of the eastern United States with scatter plots containing

regression lines showing the changing relationship between surface water pH and elcvati()n

for different regions studied by EPA's National Surface Water Survey (Linthurst ct al.

1986). Additk)nal dimensions describing relationships bctwccn measurements could also bc

displayed with three-dimcnsiomd surface displays generated 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 Waterslied, showing changes in the stem density for tree 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 pie

charts.

C.3.5 Other Data Dimensions

Examples of other dimensions of data include the incorlx)ration of statistical

summaries, 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 ii
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" ORNL-DWO 90-11131
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Fig. C-2. [bcampleof plotting vertical bar charts of the k_gof stem density b;, '_,.-e
size classes for forc.'st study plok,_on the Walker Branch Watershed near Oak Rid,,c
National [_dx)ratory. The graphs arc a tx)mbincd example ttf displaying di.stributionand
using graphs as "symlx)L,_."
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. graphic,s-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.

C.4 SUMMARY AND CONCLUSIONS

The graphical interface between SAS/GRAPH an( ARC/INFO has permitted
' ,i

researchers not only to add data-intenswe graphs in chart form to maps but also to increase

the dimensions awdlable for display and analysis. Numerous small, simplified graphs can

become a cornplex 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) multiwlriate relationships. Ali o1' 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 excellent complements to each other in the production of analytical graphics.

The interface is relatively easy to use for the scientist who has an operational
M

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, Specifying the autc)matic page position in page units

also has limitatic)ns because it presumes detailed knowledge about the location and scale

()t' the final map product.




