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FRACTIONS AND MULTIPLES OF UNITS
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Decaimal
Multiple Equivalent Prefix Symbol
10° 1,000,000 mega- M
10° 1,000 kilo- k
10? 100 hecto- h
10 10 deka- da
107! 01 decr- d
102 001 centi- c
103 0001 malh- m
10 0 000001 micro- M
10° 0000000001 nano- n
1012 0 000000000001 pico- p
101 0.000000000000001 femto- f
108 0.000000000000000001 atto- a
CONVERSION TABLE
Multiply By Equals N Multiply By Equals
In 254 cm cm 0394 in
ft 0.305 m m 328 ft
mi 1.61 km km 0621 mi
b 0.4536 kg kg 2205 b
hqqt-US 0946 1 1 1057 hqqt-US
£t 0093 m? m? 10764 g
m? 259 km? km? 0.386 m?
iy 0028 m3 m> 35.31 £t
d/m 0450 pC pCi 222 d/m
pCi/1(water) 107 pCi1/md (water) uCr/ml (water) 10° pCi/1 (water)
pC1/ m3 (arr) 1012 uCi/cc (arr) pCi/cc (air) 1012 pCy/ m> (awr)




U S DEPARTMENT OF ENERGY/ROCKY FLATS PLANT SITE
ENVIRONMENTAL REPORT FOR 1988 (RFP-ENV-88)

We are pleased o provide you the enclosed subject report  The report presents the results
of ongoing environmental momtonng acaviaes at the Rocky Flats Plant (RFP) and an
evaluanon of plant complhiance wath all applicable gmdes and standards Radiological and
non-radiologacal data are presented. Informanon on the environmental setting, local
meteorology and climatology, and permumng acavines 1s also included.

Sigmficant upgrades to the environmental program have been made since preparanon of
this annual report. Since June of 1989, the RFP has undergone an extensive evaluanon of
environmental momntoring and characterizanon procedures as well as the comphance status
of all regulated RFP facilines. The Departnent of Energy has also entered mnto an
Agreement 1n Principle with the State of Colorado thar accelerates certain environmental
restoraton efforts and expands the scope of the environmental monitonng program. The
attached Summary Assessment provides an overview of these ongoing programs.

Ofiginal signed by
Robart M. Neison, Jr.

Robert M. Nelson, Jr
Manager




SUMMARY ASSESSMENT
U S DEPARTMENT OF ENERGY ROCKY FLATS PLANT
SITE ENVIRONMENTAL REPORT FOR 1988

Thus -eport doc arrents the 1988 environmental surveullance program at the Department of
Enerzy's (DOE, Rocky Flats Plant (RFP) Data collecton, wnterpretanon, and evaluanon
of plant compliance with all appropnate guides eavironmental luruts, and standards 1s
addressed 1n this report

Following an .nvestigaton of alleganons by the FBI and EPA at the RFP 1n June of 1989,
the Deoarumen: of Energy conducted an extensive evaluacon of operations and pracaces at
the RFP and entered into an Agreement in Pninc:ple with the State of Colorado This
acceleated cerzaun environmental programs and expanded the scope of the environmental
moruionng progzam  The resultng changes in the environmental monitonng programs at
the RFP will be addressed 1n future environmental monmtonng reports and include acnons
by both RFP and the Colorado Department of Health (CDH).

Addizonal recommendations are betng made by the State of Colorado apponted
Govemor's Rocky Flats Scienafic Panel on Monitoning Systems. The objecuve of thus
panetl .s to determune whether or not current and proposed monitonng systems are
adequate to detect release, disaibunon, and concentratons of matenals in amounts
recogruzed as hazardous to human health, to determune if the informanon has been
collected 1n a condition suitable for analysis, modeling, and interprezanon; and to
recommend correctons as necessary

STATUS OF THE ENVIRONMENTAL MONTTORING PROGRAM

The DOE's independent assessment of the environmental program at the RFP observed
that there were no sitwanons which posed an immunent threat to public health or the
environment. However, recommendations were made regarding improvements to
envircnmental monitoring programs that would achieve greater characterizanon of plant-
related emussions, discharges, and ambent condinons A discussion of specific findings
and recommendanons may be found 1n the "Assessment of Environmental Condinons at
the Rocky Flats Plant” (U S DOE, 1989). This document s available in the DOE Public
Reading Room, Building 60, RFP A plan 1s being prepared that will address
umplementation of perunent environmental assessment findings.

In regards to water quality, upgrades to the RFP sewage treatment plant were
recommended by the DOE independent assessment. The RFP 1s currently nstalling
addinonal momitonng instrurnentaton and improving sludge drying capabilines. These
acuviaes are part of a comprehensive sewage eatment plant renovanon that 1s scheduled
for complenon 1n June of 1992. Renovanons will include installagon of holding tanks to
provide addinonal onsite holding capacity 1n the event of upset condinons in influent to the
sewage treatment plant. The DOE 1s also conductng a plant-wide assessment of potendal
hazardous marenal influents to the sewage treatment plant

As aresult of the Agreement in Principle, discharge of surface water to offsite water users
1s currently done 1n comphance with very stnngent intenim water quality cniteria
promulgated by the Colorado Water Quality Conzrol Commussion. Since August of 1989,
the Colorado Deparanent of Health (CDH) has assessed the safety of offsite water releases
relagve to a comprehensive hist of organic and norganic water quality parameters. The
CDH has also conducted a thorough analysis of offsite water supplies that receive
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drainage from tre RFP This analysis did not ind:icate the presence of contaminatnion from
the operation of the RFP

The Agreement .n Principle also required expedited cleanup of areas of groundwater and
sou contamunat:on at the RFP  The DOE 1s scheduled to begin conszuction acavices to
begin ground-water remedianon at the 881 Hillside Area in January 1990 and the 503 Pad,
Mound, and East Trenches Area in October 1990. The removal of sludges and offsite
shipment of solicafied sludges necessary for closure of the Solar Evaporation Ponds has
been expedited for an October 1991 complenon The DOE 1s ahead of schedule in
installanon of adcditional ground-water monutoring wells that will bring the total number of
sitewide monitoring wells to 350

An expanded air emussions inventory of the RFP and more 2xtensive air monitoring of
stacks, offsite locales, and ambient condinons was also required by the Agreement in
Princ.ple In fulfilling these obliganons, the DOE has conducted an independent analysis
of some stack errussions for volanle organic compounds and 1s on schedule for idennfying
ail potential air errussion sources  Complete charactenization of non-radiological air
ernission sources wiil be a muln-year effort. The DOE also 1s 1n the process of validating
and improving site-specific atmosphenc transport computer models 10 improve
calculanons of potential environmental and health effects resulting from RFP operanonal
releases and 1o assist 1n siang addinonal air monitors

RELATED ENVIRONMENTAL ACTIVITIES

In June of 1989, the RFP rece:ved a Compliance Order from the CDH ciang twenry-five
violanons of the Colorado Hazardous Waste Act that occurred 1n the later half of 1988.
Violanons peranent to environmental monitonng involve madequate ground-water
momtonng and quahty assessment. These violanons are currently undergomng correcnve
acaon

Several other agreements involve RFP comphance with environmental regulanons. In

September of 1989, the DOE, CDH, and EPA Region VIII signed a Federal Facihides |
Complance Agreement and Complhiance Order on Consent that provides a one year period

for DOE to achieve comphiance wath the land disposal resmctons of the Hazardous and

Solid Waste Amendments of 1984 Dunng this period, DOE will take all feasible steps to

to address and resolve alleged land disposal resaicuon violanons at the RFP including, at r
a mummum, actons to assure accurate identificanon, safe storage, and mnimmzanon of ‘
wastes prohibited from land disposal. The DOE 15 on schedule wath acavities required by

this agreement.

In November of 1989, the DOE, CDH, and EPA Region VII signed a Settlement J
Agreement and Comphiance Order on Consent regarding alleged violanons of the Resource

Conservanon and Recovery Act (RCRA) hazardous waste regulanons for fatlure to

tmplement proper waste management procedures for onsite process residues. Over the

next year, this agreement requires the DOE to submut plans for residue classificanon,

residue charactenizanon, and RCRA comphance. The agreement also requires bi-monthly

status reports on progress towards full RCRA compliance. The DOE 1s on schedule for

addressing all requirements of the agreement.

Negonanons for the Federal Facthines Agreement/Consent Order berween the DOE, CDH,
and EPA Region VIII have been in progress since May of 1989 and are expected to be
completed 1n early 1990 This agreement estabhishes schedules to invesngate all operable
units at the RFP  In support of the agreement, Remedial Invesaganons/Feasibility Study



documents have been submutted and reviewed for the 881 Hillside and 903 Pad, Mound,
and East Trenches area along with eleven Closure Plans for RCRA unuts.

All of the previously cited program scope expansions and schedule accelerations will be
ongoing iinaaves by RFP and the CDH over the next several years. Progress of these
tasks and projecss will be made avaslable i public meeungs and wall be incorporated to the
extent pracucable wn future RFP size environmental reports.
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January 9, 1990
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Approval of the Cover Letrter to the 1988 Environmental Repor-

Manager, Albuguerque Operations Office
Manager, Oak Ridge Operations Qffice
Manager, Rccky Flats Qffice

This 1s to notify you that the cover memorandum with attachnment
for the 1988 Annual Environmental Report submitted to EH has been
approved for distribution. Please ensure that a copy of this

memorandum 1s attached to each distribured copy of the 1988

monitoring reporet.
/
T
Peter N. Brush

Acting Assistant Secretary for
Environment, Safety, and Health

Tas 5 Dutty
Special Assistant t atary for
Cocrdination of Waste gement

Attachment



ERRATA SHEET

Ccrrection to TABLZ 2 Plutornium Airborne Effluents - Page 21

Plutonium
Number Total Crrax
of Discharge (X 10-12 {Cvml)

Mant Anaglyses [{T(e1)]

January 4< 110 00C4 =« 00005
February 4~ 2 32 0013+ 00014
March 4" 273 0010+ 00024
Aprnil 47 118 0005+ 00007
May 4~ 1 84 0015 00017
June 4 1o 0023+ 00052
July 4" 1 7¢ 04012+ 00013
August 4" 175 0010+ 00010
September 4 0 40 0010 00011
October 47 0 66 0007+ 00008
November 47 0 25 0003+ 00003
December 4~ 030 0001+ 00001
Summary 5§62 15 33 0023 £ 000582

PERMITTING ACTIVITIES

Correction to Paragraph 6 - Page 12

Fugitive Dust Emussion Permit 87JEQ84L for offsite soil remedial action program, issued by
the Colorado Department of Health on June 15, 1987.
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INTRODUCTION

The Rocky Flats Plant 1s a government-owned and
contractor-operated facihty It1s part of a nationwide
nuclear weapons research, development, and produc-
tion complex admnustered by the Albuquerque Op-
crations Office of the U S Department of Energy
(DOE) The pnme operating contractor for the Rocky
Flats Plant 1s the Aerospace Operations Group of
Rockwell International

The Rocky Flats Plant 1s located at 105" 11°30" west
longitude and 39° 53'30" north latitude 1n northern
Jefferson County, Colorado The plantsite consists of
2,650 hectares (6,550 acres) of federally owned land

As shown 1n Figure 1, major plant structures are lo-
cated withina sccunty-fenced area of 155 hectares (384
acres) The plant i1s approximately 26 kilometers (16
miles) northwest of downtown Denver and 1s almost
equidistant from the aitics of Boulder, Golden, and
Arvada (sce Figure 2) Demographic estimates for
1988 are shown in Figure 3 There 1s a population of
approximatcly 2 mithon people within a 50-mile ra-
dius of the plant

The plant 1s a key DOE facility that produces compo-
nents for nuclear weapons, therefore, its product 1s
directly related to national defense The plant 1s 1n-
volved in fabricating components from plutonium,
uranium, berylhum, and stainless steel Production
activities include metal fabncation and assembly,
chemical recovery and punfication of process-pro-
duced transuranic radionuchdes, and related quahty
control funchons Researchand engineenng programs

supporting thesc activities involve chemistry, physics,

matenals technology, ecology, nuclear safcty, and
mechanical engineering

The predmont of the Front Range of the Rocky Moun-
tains nses 8 kilometers (5 miles) west of the site and
crests at the Continental Divide, which 1s 32 kilometers
(20 miles) from the plant The natural environment of
the plantsiteand vicimity 1sinfluenced primanly by the
Front Range of the Rocky Mountains and the site
elevation, which 1s 1,829 meters (6,000 feet) above sea
level The surfical geology of Rocky Flats consists of
a thinlayer of gravelly, fine-textured topsoil underlain
by a6- to 15-meter (20- to49-foot) thick layer of coarser,
clayeygravel Thisisunderlainby abedrock structure
uponwhich plantbuilding foundationsare supported

Area hydrology 1s mflucnced by the surficial maten-
als, which consist of gravelly but slowly pcrmcable
allunium The vegetation of thearea consists of species
representative of the short- and mid-grass prainc,
pnmanily grasses, cacti and broom snakeweced  Intro-
duced Eurasian weeds also make up part of the flora,

and nparnan vegetahon exists along the watcrcourses

The chmate at Rocky Flats 1s charactenzed by dry, cool
winters with some snow cover and warm summers
There 1s considerable clear-sky sunshine, and both the
average preapitation and relative humudity are low
The elevation of the plant and the major topographical
features of the area significantly influence the chimate
and meteorological dispersion charactenshics of the
site ' Winds at Rocky Flats, although vanable, are
predominantly northwesterly, with stronger winds

occurnng dunng the winter
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2 1. Introduction

FIGURE 1 Aenal Photograph of the Rocky Flats Plant and Immediate Vicinmity

The maximum annual precipitation recorded over a
24-year penod was 63 17 centimeters (24 87 inches) in
1969 Typically, more than 80 percent of the precipita-
tion falls as ramn between Apnl and September Most
of the remaining precipitation 1s in the form of snow

Land use at the Rocky Flats Plant 1s managed by
Rockwell International for the Department of Energy
This includes land utthzation plannung and environ-
mental and physical control of the land. Since 1977, all
major achvities conducted on plantsite land require
approval by the Rockwell Executive Land Use Com-
mittee based upon the recommendations of the Land
Use Coordmator The Coordinator evaluates all re-

search projectsand other nonroutine activities on plant

lands by means of a Land Use Request system The
effects of such activities are evaluated by Environ-
mental Management personnel through field observa-

tions

Approximately 140 structures on the plantsite contain
approximately 256,400 square meters (276 milhon
square feet) of floor space Of this space, major manu-
factunng, chemical processing, plutomum recovery,
and waste treatment facihties occupy about 148,600
square meters (1 6 million square feet)

The remaining floor space 1s dinded among labora-

tory, administrative, utility, secunty, warehouse, stor-

age, and construction contractor facilities, and occu-
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INTRODUCTION

The Rocky Flats Plant 15 a government-owned and
contractor-operated facility [tis part of a nahonwide
nuclear weapons research, development, and produc-
tion complex administered by the Albuquerque Op-
crations Office of the U S Department of Energy
(DOE) The prime operating contractor for the Rocky
Flats Plant 1s the Aerospace Operations Group of
Rockwell International

The Rocky Flats Plant 1s located at 105 11°30" west
longitude and 39° 53'30" north latitude 1in northern
Jefferson County, Colorado  The plantsite consists of
2,650 hectarcs (6,550 acres) of federally owned land

As shown in Figure 1, majpor plant structures are lo-
cated withima secunty-fenced area of 155 hectares (384
acres) The plant 1s approximately 26 kilometers (16
miles) northwest of downtown Denver and 1s almost
cquichstant from the aties of Boulder, Golden, and
Arvada (sce Figure 2) Demographic estimates for
1988 arc shown mn Figure 3 There 1s a population of
approximately 2 mithon people within a 50-mule ra-
dius of the plant

The plant 1s a key DOE facility that produces compo-
nents for nuclear weapons, therefore, its product 1s
directly related to national defense  The plant 1s n-
volved 1n fabricating components from plutonium,
uramum, berylhum, and stainless steel Production
activities include met.a1 fabncation and assembly,
chemcal recovery and punficabon of process-pro-
duced transuranic radionuchdes, and related quahty
control funchons Researchand engineenng programs

supporting thescactivities involve chemustry, physics,

materials technology, ecology, nuclear safety, and
mechanical engineenng

The priedmont of the Front Range of the Rocky Moun-
tains nses 8 kilometers (5 mles) west of the site and
crestsat theContinental Divide, whichis 32 kilometers
(20 mles) from the plant. The natural environment of
the plantsiteand vianity is influenced primanly by the
Front Range of the Rocky Mountans and the site
elevation, which 1s 1,829 meters (6,000 feet) above sca
level The surfical geology of Rocky Flats consists of
a thinlayer of gravelly, fine-textured topsoil underlain
by a 6- to 15-meter (20-t049-foot) thick layer of coarser,
clayey gravel Thisisunderlainby abedrock structure
upon whichplantbuilding foundationsare supported

Area hydrology 1> influenced by the surficial maten-
als, which consist of gravelly but slowly permeable
alluvium The vegetation of thearca consists of species
representative of the short- and mud-grass praine,
pnmanly grasses, cact and broom snakewced Intro-
duced Eurasian weeds also make up part of the flora,

and niparian vegetabon exists along the watcrcourses

The chmate at Rocky Flats1s charactenzed by dry, cool
winters with some snow cover and warm summers

There 1s considerable clear-sky sunshine, and both the
average precipitation and relative humudity are low

The elevation of the plant and the major topographical
features of the area significantly influence the chmate
and meteorological dispersion charactenstics of the
site  Winds at Rocky Flats, although vanable, are
predomunantly northwesterly, with stronger winds

occurring dunng the winter




2 1. Introduction

FIGURE 1 Aenal Photograph of the Rocky Flats Plant and Immediate Vicity

The maximum annual precipitation recorded over a
24-year pertod was 63 17 centimeters (24 87 inches) in
1969 Typically, more than 80 percent of the precipita-
tion falls as rain between Apnl and September Most
of the remaining precipitation 1s 1n the form of snow

Land use at the Rocky Flats Plant 15 managed by
Rockwell International for the Department of Energy
This includes land utihzation planrung and environ-
mental and physical control of theland Since 1977, all
major activities conducted on plantsite land require
approval by the Rockwell Executive Land Use Com-
mittee based upon the recommendations of the Land
Use Coordinator The Coordinator evaluates all re-

search projectsand other nonroutine activitieson plant

lands by means of a Land Use Request system The
effects of such activities are evaluated by Environ-
mental Management personnel through field observa-

tions

Appro)ztmately 140 structureson the plantsite contain
approximately 256,400 square meters (2 76 mullion
square feet) of floor space Of this space, major manu-
facturing, chemical processing, plutomum recovery,
and waste treatment facilities occupy about 148,600
square meters (1 6 million square feet).

The remaining floor space 1s dinded among labora-
tory, admimstrative, uhhty, secunty, warehouse, stor-

age, and construction contractor facihties, and occu-
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pies about 107,800 munimize the release
squarc meters (1 16 of contaminants to
million squarc feet) Lafasctte the workplace and
®Bm|l(ler TR N.J] the environment
The pnmary plant 207 Processing activibes
heating require- Marshai @ include the incinera-
ments are met by in Eldorado Springs Superior Broomfield Northylenn tion of plutonium-
= LiratWet n
ROCKY Kemryony
plant stcam boilers FLATS \b‘” contammated mate-
PLANT
that normally use Pinec hff o g Westminster rials for recovery ot
% hornto
natural gas but arc Leviden 5 - the plutomum that
~ amtho
capablc also of using Arvada N - they contan  This
fuel o1l Inaddition, ) recovery operationis
small amounts of conducted n accor-
Whaatridge
hquificd petroleum B [ R dance with an incin-
)
Gulde
gasand clectniaity are sheden - 3\ Domer erahonpermutissued
used for some heat- n FEL: to the plant by the
t the plant [ : T ATl F L Z Colorado Depart
mg a ¢ plan .‘: H 010T, -
Durning CY 1988, SCALF MILES ~ ment of Health
approximately 193 FIGURE 2 Arca Map of Rocky Flats
nulhon cubic meters Plant and Surrounding Communities Air from production

(680 mulhon cubic
feet) of natural gas were used  No fuel o1l was used
dunng 1988

Raw watcr s purchased from the Denver Water Board
and 1s drawn from Ralston Reservoir and the South
Boulder Diversion Canal The Rocky Flats Plant used
approximatcly 507 muthion liters 1134 million gallons)
of water duning 1988

Certain operations at the Rocky Flats Plant mvolve or
produce hquids, sohds, and gase- containing radioac-
tive matenals Radioactive matenals are handled in
accordance with stningent procedures and within

multiple contamments (physical barners) designed to

and rescarch facih-

ties 1s continuously discharged to the atmosphere by
50 ventilation exhaust systems. Prior to atmosphenc
discharge, the exhaust air passes through particulate
filtration systems located in filter plenums. These
filtration systems employ High Efficiency Particulate
Air (HEPA) filters that are purchased to equal or
exceed the DOE specified filtration efficiency standard
of 99 97 percent for 0 3 micrometer particles Pror to
nstallation in the filter plenum, each filter 15 tested at
the plant to ensure that the filtration efficiency 1s not
less than thestandard Onceinstalled, filters arc tested
for leaks which might have developed durimg han

dhing and installattion  Any deficiencies are corrected

and the system retested  Awborne effluents for all

st b




1. Introduction

a These population es

0 TO 60 km (0 to 10 miles) FROM ROCKY FLATS®

FIGURE 3 1988 Demographic Esimates®

timates were calculated from 1980 census tract data,

assuming uniform population distribution throughout each section
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NORTH WALNUT CREEK
SANITARY WASTE A-

GREAT WESTERN
RESERVOIR

ROCKY FLATS
PLANT

- -
e e e ——— e = - -

FLOW ——-

TREATMENT FA% ‘

INTERCEPTOR DITCH

WOMAN CREEK C-2

STANDLEY LAKE

{not to scale)

FIGURE 4 Holding Ponds and Liqund Effluent Watercourses

plant processing buildings are continuously mom-
tored for radioachive emussions  Airborne radioactiv-
ity released to the environment from process opera-
tions 15 kept to a rmnimum and 1s well within plant

health and safety guidehnes

The radioactive waste systems include collection, fil-
tration, hquid processing, and temporary storage fa-
ctlitics for those process wastes known, or suspected,
to have been in contact withradioactivematenals The
hqind waste process system concentrates the contamu-
nation from hquid waste inte sohd wastes sutable for
shipment, along with other contaminated sohd wastes,
to a DOE-approved storage or disposal facihity Spe-
afic details of plant waste processing facilibies are
described 1in the Rocky Flats Plant Site Final Environ-
mental Impact Statement (US30a)

Sanitary waste1s processed by the samitary wastewater
treatment plant, and 1s 1solated from process waste
throughout the plant Conditioning chemicals are
added to improve flocculation and filtration of sus-
pended solids  The treatment plant s of the activated
sludge type and has three stages of treatment Ithasa
design capaaity of 19 million hiters (500,000 gallons)
per day Present daily flows usually vary between
757,000 and 11 milhon hters (200,000 and 300,004}
gallons) per day One of two 227,000-hiter (60,000
gallon) preaeration holding tanks, Jocated upstream
from the sewage plant, scrves as a surge basin to
smooth out peak flows A second holding tank pro-
vides storage capacity for samtary wastes should
emergency retenton be required Liquid effluents
from the sanitary waste treatment plant arereleased to

holding ponds for subsequent onsite irngation or off-
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site discharge to Walnut Creck The plant has a zero
discharge goal with respect to downstreamdischarges
Such discharges occur only when weather conditions
prevent effective spray irngahon activites as stpu-
lated by the plant Environmental Protection Agency
National Pollutant Discharge Elimunation System
(NPDES) Permit All surface water discharges are
conducted 1n accordance with the NPDES permit
Residual sohds from the samtary waste treatment
plant are concentrated, dnied, packaged, and shipped
to a DOE-approved waste facility

In 1988, solid wastes that had noradwactiveor hazard-
ous chemucal constituents were transferred to an on-
sitc samtary landfill for disposal This landfill was
designed and constructed in 1974 with an impervious
clay scal laycr, a ground water intercept system, and
surface water diversion ditches to 1solate the landfill
from the general environment  Routine waste materi-
alsarechecked daily forradiocactivity at the landfill site
before final bunal  In addition, roubine waste matern-
als onginating from buildings 1 which radicactive
matenials are handled are momitored prior to leaving
the bulding to ensurc that they are free from radio-
active contamination  The disposal of nonroutine or
speaal non-radioactive waste matenals 1s admunustra-
tively controlled

Ground water and surface water flow in and around
the sanitary landfillis controlled by interceptor ditches
andby frenchdrains The ditches divertallupgradient
surface waters around the landfill  The drains collect
ground water from the penmeter of the landfill and
divertait around the landfll A holding pond collects

surface and subsurface dranage trom the landhil

Water samples from this holding pond, thedrains, and
from twenty-one (as of 1988) RCRA-quality ground
water monitorng wells in the viamty are collected
routinely and are analyzed for a senes of parameters
including radioactivaty

As shown 1 Figure 4, surface water runoff from the
plant generally 1s from west to east Runoff 1s carned
from the plant by three major drainage basins that are
tnbutaries to WalnutCreek on the northand to Woman
Creek on the south The south fork of Walnut Creek
receives most of the stormwater runoff from areas

surrounding plant buildings

Also shown in Figures 1 and 4 1s the confluence of the
north and south forks of Walnut Creek which1s 11
kilometers (D 7 mles) west of the eastern penmeter of
the plant. Great Western Reservorr, a water supply for
a part of the City of Broomfield, 1s 1.6 killometers (1
mule) east of this confluence Woman Creek flows east
from Rocky Flats into Standley Lake, a water supply
for the ity of Westminster and for portions of the
aities of Northglennand Thomton Pondson the north
fork of Walnut Creek are designated A-1 through A4

Ponds on the south fork are designated B-1 through B-
5 These A- and B-series ponds receive precipitation
runoff and/or treated samtary wastewater Pond C-1

1s located on the Woman Creek watercourse and re-
cetves only undisturbed natural flows Pond C-2,
located near the Woman Creek watercourse, receives
surface runoff water from aninterceptor ditch paralicl
to the south side of the plant production areas

Personnel in the Environmental Management Group

of Rockwell International conduct an extensive envi-




1. Introduction

ronmental control and surveillance program at the
plant Engincening reviews of proposed plant projects
are performed to ensure that appropnate safeguards
arc taken for environmental protecion  The environ-
mental surveillance program 1s designed to provide
assurance that these safeguards effectively hmut the

rclease of radioactive or toxic matenals

The Rocky Flats Plant environment 13 morutored for
penctrating iomzing radiation and for pertinent radio-
active,chermical, and biological pollutants  Air, water,
and so1l are sampled on the plantsite and throughout
the surrounding region  Several Federal, State, and
local governmental agenaies independently conduct
audits and additional environmental surveys both on
and off the plantsitc  The Colorado Department of
Hcalth samples air, soil, and water at the Rocky Flats
site and 1n surrounding commumtes. The DOE Envi-
ronmental Mcasurements Laboratory (EML) histon-
cally has conducted particulate air samphng at the
Rocky Flats Plant and has penodically performed
special studies, including sediment and soil analyses
Additional special analyses have been performed by
Region VIIT of the U S Environmental Protection
Agency (EPA) The City of Broomfield monitors water
quahity mWalnutCreek and Great Western Reservorr,
and 1n November, 1988, the City of Westminster initi-
ated a monmitonng program for Standley Lake Data
from the Rocky Flats Plant, the Colorado Department
of Health, and the ates of Broomficld and Westmin-
ster arc reported monthly at an Fnvironmental Morm-
toring Information Exchange Meeting that 1s open to
the public  Also i1dentified at this meeting are the
radioactive matcnals used or handled at the plantand

plant engincening projects which may have an envi-

ronmental intcrest This monthly environmental n-
formation exchange meeting has been ongoing since
the carly 1970's

The information contained 1n this report 1s submitted
in comphance with DOE Orders 5484 1 Chapters I1I
and IV, and 5400 1 Chapter I, and 1s a compulation of
data provided monthly to the DOE Rocky Flats Area
Office, the Radiation Control Division of the Colorado
Department of Health, EPA Region VIII, the health
departments of Boulder and Jefferson Countics, and to
interested city officials and atizens from commumties

near the plant




SITE METEOROLOGY
AND CLIMATOLOGY

Meteorological data were collected on the plantsite
from nstrumentation installed on a 61-meter (200-
foot) tower located i the west buffer zone dunng
1988 Mcteorological information in thisreport repre-
sents 75 percent data recovery from this
nstrumentation  Table 11s the 1988 annual summary
of the percent frequency of wind directions (16 com-
pass points) divided into four wind speed categones
The compass pont designations indicate the true
bearing when facing against the wind  These fre-
guency valuesare represented graphically in Figure 5
Thewind rose vectorsalso represent thebearing aganst

the wind (1 ¢, wind along each vector blows toward

thecenter) The predominance of northwesterly wind«
1s typical of Rocky Flats. The low frequency of winds
greater than 7 meters per second (156 mph) with

easterly components is normal

The mean temperature recorded for 1988 was 8 6 'C
(475 °F) In 1988, the Rocky Flats Plant recorded 32 1¢

centimeters (12 67 inches) of preaipitation

Basecd on 24-ycar monthly water-cquivalent preaipite
tion averages collected between 1953 and 1976, the
mcan annual precipitation at Rocky Flats s 38 50 conty

meters (15 16 inches)

@ TABLE 1 wind Direction Frequency (Percent), by D
F our Wind-Speed Classes, at the Rocky Flats Plant
(Fifteen-Minute Averages — 1988)
Wind 1-3 3-7 7-15 >15
Direction Calm (m/s) (m/s) {m/s) (m/s)  TOTAL
- 925 - - - 925
N 125 157 055 000 337
NNE 194 110 013 000 317
NE 180 047 000 000 227
ENE 209 013 001 000 223
E 307 061 001 000 369
ESE 346 181 007 000 534
SE 355 237 o21 000 613
SSE 292 246 027 000 565
S 344 279 034 000 657
SSW 337 235 030 000 6 02
sw 297 398 049 000 744
wsSw 306 306 on 004 687
w 338 287 296 072 994
WNW 303 442 279 012 1036
NW 313 344 059 000 716
NNW 177 232 045 000 454
TOTAL 925 44 24 3575 988 088 100 00
\s Y,




10

2. Site Meteorology and Climatology

O

FIGURE 5 1988 Annual Wind Rosc for the Rocky Flats Plant
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2. Site Meteorology and Climatology

FIGURE 6. Location of Rocky Flats Plant 61 Meter Meteorological Tower
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PERMITTING ACTIVITIES

Several environmental permits have been 1ssued to
the plantby Fedcral and State agencies Currently, the

following permuts are in “Achive” status.

National Pollutant Discharge Ehmination System
Permit CO-0001333,1ssued by the U S Environmental
Protection Agency, December 26, 1984

Building 122 Incinerator Permat C-12, 931, 1ssued by
the Colorado Department of Health, March 25, 1982

Buwilding 771 Incinerator Permut 12JE932 (C-12, 932),
1ssucd by the Colorado Department of Health, August
28,1985

Building 776 Fluid Bed Incinerator Permut C-13, 022,
1ssued by the Colorado Department of Health, March
25,1982

Fugitive Dust Emussion Permut 87JE052L for offsite
so1l remedsal action program, 1ssued by the Colorado
Department of Health on Junc 15, 1988

On July 31, 1986, a Comphance Agreement was en-
tered into by the Environmental Protection Agency
(EPA), the Colorado Department of Health (CDH),
and the Department of Energy (DOE) for implementa-
tion and regulation of the Resource Conservation and
Recovery Act (RCRA) and the ¢ omprehensive Enwi-

ronmental Response, Compensation and Liability Act
(CERCLA) activittes for the Rocky Flats Plant. On
November 26, 1986, the Rocky Flats Plant submutted a
RCRA Part BPermut Apphcation toEPA and CDH. The
RCRA Part B Permut Apphication was revised m accor-
dance with comments received from EPA and CDH
and re-submutted on December 15, 1987 A Notice of
Completeness for the Part B Application was reccived
in August, 1988 A separate Part B Permut Apphication
was submutted for transuranic maxed waste 1in Junc,
1988 The submuttal of draft Remedial Investigation
reportson July 1and December 31, 1987, also took place
in accordance with the Comphance Agrecement A
reviscd Remedial Investigation Report with a Feasibil-
ity Study on the 881 Hillside was submutted to EPA and
CDHonMarch1, 1988 Theremedial action for the 881
Hillside 1s expected to begin in 1989

In 1988, no environmental assessments or environ-
mental impact statements were published for theRocky
Flats Plant under the National Environmental Policy
Act (NEPA)

A survey for archaeological and histonc resources was
completed dunng the summerof 1988 The survey was
conducted as required by the National Histortc Preser-
vation Act in accordance with estabhished procedures
of the State of Colorado Office of Archacology and
Histonic Preservation (OAHP) Ten sites of archeologi-
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cal interest were discovered and these known sites
were revisited. The OAHP has determined that no
sites are eligible for nonunation to the National Regis-
ter of Histonc Places. Two sites recerved condihons in
the OAHP findings correspondence letter requinng
further investigation if they are ever to be cisturbed.
Both sites are remote from the developed portion of
the facility and wall be protected

Photographs taken on Rocky Flats Plant property
dunng the 1988 archaeological survey

Stone Structure used as Barn on Woman Creek

S Y (;'_ g .
s

Apple Orchard near 19th Century General Store

*
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MONITORING SUMMARY

Durimg 1988, the Rocky Flats Plant conducted an envi-
ronmental monitonng program that included the
samphng and analysis of airborne effluents, ambient
ar, surface and ground water, and soil  External
penetrating gamma radiation exposures were also
mcasured using thermoluminescent dosimeters The
monitoring program consists of collecting samples
from onsite, boundary, and oftsite locahons Momtor-
g of water for trace quantities of chemicals, metals,
mitrates, anions, volatile organi compounds (VOCs),

and specific radionuchdes also was performed

Plutonium concentrations n this report represent the
alpha radioactivity from plutonium isotopes -239 and
-240, which constitute over 97 percent of the alpha
radioactivity in plutonium handled at the plant

Reported uranium concentrations are the cumulative
alpha activity from uramum 233, -234, and -238

Componcntscontatning ennched uraniumare handled
at the Rocky Flats Plant  Depleted uranium metal 1s
fabnicated and also 1s handled a« process waste mate-
nal Uranium-235 1s the major 1sotope by weight (93
pereent) tn ennched uranmum however, uramum-234
accounts for approximately “7 percent of the alpha
activity of fuily ennched uranium  In depleted ura-
mum, the combined alpha activity from uramum-234
and -238 accounts for approximately 99 percent of the
total alpha actwity

Particulate and tnttum samphng of building exhaust

systems was conducted continuously in 1988 The
particulate samplcs were analyzed for spealfic radio-
nuchdes of interest and for berylhum  Overall, 1988
emission data were 1n the ranges projected n the Plant
Environmental Impact Statement (US80a) and repre-

scnt a neghgible ecnvironmental impact

Particulate samples are collected by ambient air sam-
plers operated continuously onsite near the plant
building areas, at the plant perimeter, and in fourtcen
commumity locations Analysis of these samples indi-
cated that the concentrations of airborne plutonium at
all locations werc far below applicable Denved Con-
centration Guides (DCGs) (Sce Appendix A for a
discussion of the calculation of DCGs) At the plant
pcnmeter and at the community locations, the 1988
average plutontum concentrations 1n ambient air at
each location were (105 percent or less of the DOE
DCGs

During 1988 monitoring of ambient air for non-radu -
logical total suspended particulates (TSP) and
respirable particulates (PM-10), ozone (O,), sulfur

dioxide (502), carbon monoxide (CO), mtrogen diox-
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we (NQ,), and lcad (Pb) was conducted These six
parameters arc cntena pollutants regulated on a re-
pional basis by the EPA and the State of Colorado
through the Clcan Air Act of 1970 that includes the
National Ambient Air Quahity Standards (NAAQS)

(US81b) The 1988 calculated annual geometric mean
for TSP was 53 percent of the former pnimary annual
geometric mean standard prescnbed by the NAAQS
Respirable particulates measured by the new PM-10
mcthodology indicated values that were 31 percent of
the annual anthmetic mean primary standard of 50
mg/ m? Theh ghest one-hour concentration of O, 1n
1988 was 75 percent of the EPA primary one-hour
standard This value was consistent with trend levels
reported in the Denver Metropolitan area at that time
(CO88) The 1988 annual anthmetie mean for SO, was
ten percent of the EPA primarv annual anthmetic
mean standard  The highest recorded one-hour SO,
rcading was 0021 ppm The maximum one-hour
concentration recorded forCOwas 5 1X)ppm This was
14 pereentof the pnmary one-hour NAAQS of 35 ppm
The annual anthmetic mean of the NC3, concentrations
for 1988 was ten percent of the EI’A primary annual
anthmetic mean standard  The quarterty Pb concen-
trahons measured dunng 1988 were less than two
purcent of the EPA quarterly standard  Since a suffs-
aent, multi-ycar bascline database for Cnitenia Pollut-
ants has now been developed for the plant, this non-
radwactive ambient air monitoring, program 1s being

thscontinued effective with this report

Water used dunng 1988 for plant process operations
was cvaporated and the condensate rc used for cooling
tower makecup or steam plant use Sanitary water was

treated and spray irngated within plant boundartesor

discharged offsite after monitoring, in comphiance with
theRocky Flats Plant Environmental Protechon Agency
(EPA) National Pollutant Discharge Elmination Sys-
tem (NPDES) Permut  (US84a) Surface runoff from
precipitationis collected 1n surface water control ponds
After monitoring, this waterisdischarged offsite Those
discharges are monitored for compliance with the EPA
NPDES permit Dunng 1988, NPDES BOD, hmits
were exceeded during February, March, Apnl and
May and fecal coliform hmits were exceeded in Apnl

A discussion of these violations appears 1n Section 5

Routine water momitoring 1s conducted for two down-
stream reservours and for dnnking water sources n
ninec communities  The average radioactivity concen-
trations for plutontum, uramum, amencium, and tnt-
um measured at these locations were found to be 0 4
percent or less of the DCGs for water The sum of the
average concentrations for plutomum and amerncium
n dnnking water samples for each communty was0 3
percent or less of the State of Colorado regulations for
alpha-emitting radionuchdes (CO81) and the EPA Na-
tional Internm Primary Dnnking Water
Regulations (US76a) Avcrage concentrations of trit-
ium in community drinking water samples were all
within local background range and were less than one
percent of the applicable State of Colorado and EPA

drinking water standards (CO81,US76a)

A vegetahon control program using chemical herb-
cides was conducted during 1988 The program was
completed by independent heensed contractors using
EPA and the State of Colorado approved chemicals
according to the label requirements and DOE Orders
Onsite storage of pesticidesand herbicidesatthe Rocky
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Flats Plant currently 1s being discontinued  All pest-
crdes used in or near surface waters are approved by

EPA for such use

Surface soil samples for plutonium analysis were col-
lected 1n 1988 from 40 sites located on radn from the
Rocky Flats Plant at distances of 1 6 and 3.2 kilometers
(1 and 2 miles) The purpose of the program was to
determune of there are any changes in plutonium con-
centrations in the soil around the plantover ime This
program was conducted intermittently untl 1977 and
reimihiated during 1984  The 1988 plutomum concen-
trations n the 3.2 kilometer samples, which are near
the plant boundary, were in the range from 0 02to 7 12
pCi1/g (074 10263 Bq/kg) Plutomum concentrations
for 1988 at a 1 6 kilometer radius ranged from 0 02 to
106 pC1/g (074 t0391Bq/kg) Theselevelsaresimlar
to the so1l data reported in 1977 and 1987

The 1988 cnvironmental measurement of external
penetrating gamma radhation, using thermolumines-
cent dosimeters (TLDs), showed that the annual dose
cquivalent from penetrating radiation onsite, at the
plant penimeter, and at commumity locations, was

within the range of regional background

As part of the Rocky Flats RCRA/CERCLA Comph-
ance Agreement signed July 31 1986, extensive hydro-

logic, geologic, and ground water quahity mmveshga-
tions continucd through 1988  Imihal investigations

indicate above background concentrations of some

radioactive and chemically hazardous matenals within
close proxamaty to past plant disposal sites and plant
operations areas. These matenals include volatile
organic compounds (1e, chlonnated hydrocarbon

solvents) and some radionuchdes.

Remedhal Investigation activities, an outgrowth of the
Comphance Agreement, required the completion of 46
addihonal monitonng wells dunng 1987 No addi

tional wells were constructed dunng 1988, but a
number are planned for 1989 construction These new
wells will assist 1n the dehincation of radcactive or
hazardous chemical constituents in designated high
prionty investigation arcas, and they become part of
an extensive plantwide ground water momtoring
system Corrective action measures for arcas requir-
ing such measures are now under evaluation Mon-
toring wells also were mstalled near previously-used
solar evaporation ponds and the present landfll as
part of the RCRA Closure Permmt A total of 159 onsiic
ground water monitoring wells arec now monitored

quarterly

Potential public radiation dose commitments, which

could haveresulted from plant operations, were calcu-
lated from average radionuchde concentrations meas-
ured at the Rocky Flats Plant property boundanes and
in surrounding commumties Dose assessment for
1988 was conducted for the property (site) boundar

nearby commumbties, and toa distance of B) kilometers
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(50 mules) At the plant boundary, the maximum 50-
veardosecommitment toanindividual was calculated
to be 75 X 10 rem (75 X 10°® Sv) effective dose
equivalent and 12 X 102 rem (1 2 X 10 Sv) to bone
surfaces Bycompanson,annual cffectivedoseequiva-
lent from the natural rachation in the Denver area
currently 1s eshmated as about 3 5 X 10 ! rem (3.5 X
103Sv) (NA87) The 50-year dose commutment of 7.5
X 10* rem represents less than 1 percent of the DOE
mtenim radiation protection standard of 0 1 rem effec-
tive dosc equivalent for all pathwavs I all the dose
were reccived from the air pathway, the bone surfaces
dosc of 12X 102 rem would represent 16 percent of
the air pathway standard for any organ  (VAB5)

The maximum radiation dose for community loca-
tions was calculated as a 50-year dose commtment of
29X 10° rem (29X 107 Sv) effective dose equivalent
and 52 X 10 rem (52 X 10°® Sv' 10 bone surfaces
These valuesrepresent () 03 percent of the DOE intenm
standard for effective dose equivak ntand 0 69 percent
of the standard for any organ from the awr pathway
only (VAS85) These valuesinclude ontributions from
residual fallout caused by past global atmosphenc
weapons testing

Fhe50-year commutted effective dose equivalent to the
population hiving within 8Gkilometers (50 miles) of the
plant was bascd on the maximum (ommunity dose
«shmatcs For the community, the maximum cffective
dose equivalent was less than the | X 103 rem dose
cquivalent specified by DOE as de mimimts (inconse-
(US80b) The dose commitment for all

individuals to a distance of 80 kilom: ters was, there-

yuental)

fore, considered to be de minimis

In demonstration of comphance with the EPA Clcan
Arr Actairemussions standard m40CFR 61,Subpart H,
the AIRDOS-EPA computer code was used to calcu-
late radiahon dose to the pubhic by atmospheric dis-
persion, deposition, and ecological modeling of 1988
air emissions data (US85, VAB5) The results of this
calculation independently confirm that the maximum
radiation dose to a member of the public as a result of
exposure to airborne radiocactivity from the Rocky
Flats Plant in 1988 was less than 1 mrem effechve dose

equivalent
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MONITORING DATA

This section describes Rockwell International’s envi-
ronmental momtonng program for 1988, results of
sample analyses, and evaluation of the data with
regard toapphcablegudesand standards Thereader
1s directed to the appendixes at the end of this report
fordetailed informahon concerming apphcable guides
and standards, quality control, analytical procedures,
detection hmats, error term propagation, and report-
ing of mimimum detectable concentrations  Appen-
dix Eincludes a discussion of the methodology used
for reporting measurements that were at or below the
mimimum dctectable concentrations (MDC)  This
appendix also discusses the use of the less-than sign
(<)and dcfines the use of plusor minus (+) error terms
in the data

in 1988 production and research facilitics at the Rocky
Flats Plant were equipped with 50 ventilation exhaust
systems. Particulates generated by production and
rescarch achivitics are entrained in the exhaust ar
streams These particulatc matenals are removed
from the atr stream in each exhaust system by means
of High Efficiency Particulatc Awr (HEPA) filters
Residual particulates 1n each of these systems are
continuously sampled downstream from the final

stagcof HEPA filters Ventilahonsystems that service

areas containing plutomum are equipped with Selec-
tive Alpha Arr Monitors (SA AMs) for immediate detec-
tion of abnormal conditions These SAAMs arc scnsi-
tive to specific alpha particle energies and are sct to
detect plutormum-239 and -240 These detectors are
tested and cahibrated routinely to maintain scnsiivaty

The monitors alarm automatically if out-of-tolerance
conditions are expenienced No such condition o -
curred dunng 1988

At regular intervals cach weck, continuously coliected
particulate samples are removed from each exhaust
system and radiometnically analyzed for long-lived
alpha radiation emutters Beginningin September 1983,
the collechion schedule for these samples was changed
from threc times a week to twicea week  The concen-
tration of long-hved alpha cmitters 1s indicatin ¢ ot the
effluent quahty and the overall performance of the
HEPA filtration systems If the total long-lived alpha
concentration for an effluent sample exceeds the plant
action gwde value of 0020 X 10 2 uc/mi74x10°
Bq/ m?), a follow-up investigation 1s conducted to de-
termine the cause and to evaluate the need for correc-
tive achion The action guide 15 cqual to the offsite
Denved Concentration Gude (DCG) for plutomum
activity in air - No exceedances of the alpha activawy

action gumde occurred dunng 1988

At the end of each month, samples for cach exhaust

system are composited mito individual samples which
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undergo specificchemical analysis Anahquotofeach
of the dissolved composite-samples 1s analyzed for
berylhum particulates using a flameless atomic ab-
sorption spectrometry techmque (BO68) The remain-
der of the dissolved sample 1s subjected to chemrucal
scparation and alpha spectral analysis that quantfies
speafic alpha-emitting radionuchides  Analyses for
uranium 1sotopes are conducted for each composite
sample In 1988, forty-two of the venhlation exhaust
systems were located i buildings contaiming pluto-
mum Particulate samples from these exhaust systems
also were analyzed for speafic 1sotopes of plutonium
andamenaum Typically amencium contributesonly
a small fracthion of the total alpha activity airborne
relcase for the Plant, and amencium specific airborne
cffluent data have not been reported 1n previous an-
nualsitereports Begmning with thisreport for CY1988,
amencium-spectfic airborne effluent measurements

are included 1n the reported data

Scveral exhaust systems service processes having a
potental for trace quantities of tihum contamination
from January through August, 1988, conhinuous
samphng for trittum was conducted m 23 venhlation
exhaust systems  In September, 1988 the tnttum air-
borne cffluent monitoring program was modified to
delete those monitoning locations which were identi-
bied as no longer having a potential to contnbute to the
total tnhum release  Bubbler-type samplers are used
to continuously collect samples which are exchanged
three times cach weck from the monttored locations
Tntium concentrations 1n the samples are measured

using a hquid scintiflation photosped trometer

Tables 2and 3 present the quantitative data for radio-
1sotopes n airborne effluents during 1988 Trnihum
values include small contributions from background

(1 e, non-plant) sources of tnhium

Dunng 1988, the total quantity of plutomum and
amencaum discharged to the atmosphere from the
plutomum exhaust systems were 15 33 uCi (567 X 10°
Bq) and 2 02 uCi (7 47 X 10* Bq), respectively

The maximum plutonium and amencium air concen-
tratons were measured from a waste trcatment facil-
ity dunng June, when a concentration of 0 023 X 10 12
uCi/ml (852X 10 Bq/m>) was measured for pluto-
numand a concentration of 0 008 X 1072 uCi/ml (29
X 10 Bq/ m3) was measured for amencrum  The
quantity of plutontum in this discharge was 0 318 pCi
(118 X10° Bg)and the quantity of amencium was 0 105
puCr (389 X 10> Bg) Samples collected prior to and
followang this two-day peniod were wathin the range
typically measured from this exhaust system  In Scp-
tember 1988, operahons in the plant’s primary pluto-
num recovery processing facihty were suspended in
order to accomplish upgrades to safety systems and to
perform a general cleanup of the facility A phased-in
restart of the facility began in January, 1989 The
decrease in plutonium and amenicium releasc activi-
ties reported for September through December, 1988

reflect the suspension of activities tn this building

The total discharge of urantum from all the exhaust
systems was 1193 uC1 (4 41 X 10° Bq) The maximum
urantum concentration of ) 009 X 10 12 pCi/mi(333X

2 _nebes .
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TABLE 2 Phuatonium and Amernicium in Airborne Effluents
Plutonium® Amenicium®
Number Total Number Total
C ¢ C ¢
of Drscharge max of Discharge max
Month Analyses  (uC1) (X102 pCi/ml)  Analyses M) 102 pCy/m
January 45 ' 10 0004 + 0 0059 45 017 0001 + 0 00019
Fcbruary 47 232 0013 +0014 47 024 0005 + 0 0006
March 47 273 001010024 47 029 0001 + 00002
Apnl 47 118 0005 + 0 007 47 on 0001 + 0 0006
May 47 184 0015+ 0017 47 0.26 0001 + 0 0006
June 47 101 0023 + 0052 47 0.24 0008 + 00011
July 47 79 001240013 47 023 0001 + 0 0002
August 47 75 0010 +0010 47 0.25 0004 + 0 0006
Scptember 47 1140 0010 + 0011 47 005 0001 + 0 0002
October 47 166 0007 + 0008 47 009 0001 + 0 0002
November 47 25 0003 + 0003 47 004 0 001 + 0 0002
December 47 130 0001 +0 001 47 005 0 000 + 0 0000
Summary 562 1-33 0023 + 0052 562 202 0008 + 0 0011
a Radiochemically determined as plutonium-239, -240
b Radiochemically determined as amencium -241
¢ G, ax 18 the maximum measured concentration
d Calculated as 1 96 standard deviations on an individual measurement

\

_

10*Bq/m®) was measured from a depleted uranium
production facihity in February The quantity of de-
plcted uranum from this discharge was 0 344 pCi (1 27
X 10* Bg)

The tntium discharged from the plant ventlation
systems was 0015 Ci (5.55 x 10° Bg) The maximum
tritrum concentration of 417 X 10 12 pCi/mi (1 54 X 10!

Bq/m3) was observed in a sample from a routinc
operation 1n a plutonium production building duning
February The quantity of triium released to the
atmosphere as a result of this operation was 432 uGi
(160X 107 Bg)

Overall, the radionuchde releases to the atmosphere
dunng 1988 were not sigmificantly different from those
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( TABLE3 Urarsum and Tritum in Airborne Effluents A
Uranuum® Tritium®
Number Total Number Total
of Discharge C s of Discharge C
Month Analyses  (uC) X102 pCi/m  Analyses (© 1012 yCi/mb)
January 53 223 0005 + 0 00054 261 0001 188 + 1004
February 55 200 0.009 + 0 0009 260 0006 417 + 250 Y
March 55 149 0004 + 0 0024 275 0003 135 + 100
Apnl 55 133 0.006 + 0 0007 262 0006 250 + 180
May 55 082 0004 + 0 0004 278 0002 243 + 150
June 55 0s8” 0004 + 0 0004 275 0002 194 + 120
July 55 059 0004 + 0 0004 240 0 004 100+ 120
August 55 072 0004 + 00004 211 0.001 194 + 100
September 55 0.26 0002 + 0 0003 41 0000 139 + 120
October 55 058 0003 + 0 0004 65 0000 97 + 155
November 55 039 0001 + 0 0001 65 0001 83+ 165
December 55 06~ 0001 + 0 0002 70 0001 104 + 120
Summary 658 119" 0009 + 0 0009 2303 0015 417 + 250
a Radiochemically determined as uramum -233, -234, and -238
b Tntium 1s hydrogen-3
¢ ~maxis the maximum measured concentration
d Calculated as 1 96 standard deviations on an individual measurement
\ J

Collecting Effluent Air Direct Alpha Activity Check Pror
Particulate Samples to Effluent Air Sample Collection
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TABLE4 Berylum i Awrbome Effluents
Berylhium
Number Total
a C b
of Drischarge max
Month Analyses ® (ug/ m)
January 53 00395 000031
February 55 00018 000003
March 55 00129 000041
Apnl 55 00131 0 00031
May 55 0 0200 000033
June 55 00159 0 00025
July 55 00067 000016
August 55 00101 000021
Scptember 55 0038 000012
October 55 00058 0 00005
November 55 00102 000010
December 55 0 0061 000007
Summary 658 01383° 0 00041
a The berylhum stationary-source emussion-standard 1s
no more than 10 grams of beryllhum over a 24-hour
penod under the provisions of subpart C of 40 CFR
612 (a) (US78)
b Cmax 1s the maxamum measured concentration
¢ This value 1s not significantly different from the back-
ground associated with the analyses

=

) from the venhlation exhaust systems was

not significantly above the background lev-

cls associated with the analyses and was
well within the CDH and EPA standards for
beryllium under the Clean Arr Act

Ambientair samplersarelocated mthe Rocky
Flats plantsite operations arca, at the plant
penmetcer [at distances of approximately 3
to 6 kilometers (2 to 4 miles) from the plant’s
center], and 1n surrounding communitics
These Rocky Flats-designed air samplers
operate continuously at a volumctric flow
rate of approximately 12 1/s (25 ft3/mn),
collecting ar particulates on 20- X 25-cm (8-
X 10-in ) fiberglass media  Manufacturer’s
test specifications rate thas filter media to be
99 97% efficient for therelevant particlesizes

under conditions typically encountered 1n

7 routine ambrent air samphng (SC82)

in 1987 The atmosphernic releases are within the
normal ranges projected m the Plant Environmental
Impact Statement, and represent no adverse environ-

mental wnpact

Table 4 presents the berylhum arborne effluent data
for 1988 The total quantity of berylhum discharged

Arrbomce particulates in ambient air are sampled con

tinuously at 23 locahons within and adjacent to the
Rocky Flats Plant operations area (Figure 7) The
sample filters are collected biweekly and analyzed for
total long-hved alpha (TLLa} radiation If the TLLex
activity for an ambient air sample exceeds the plant
guide valuc [10X 10 Bucy/mi@d7zxiot Bq/m‘)l, a
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speafic plutonium analy- |
sis 15 performed  Duning ‘\
1988, four samples ex-
cceded the TLLa screen-
ing level and were ana-
lyzed for plutomum. The &
results of these analyses
have been included in
Table 5

hilters from 5 of the 23
onsitc samplers are rou- \@t N

uncly analyzed biweekly (ﬂl
for plutonium  These five
onsite samplers have his-

torically shown the high-

$-5, and S-16 (Figurc 7)
Samples were collected
and analyzed weckly

/f
H
I

pt
S

N e : The tntrum samplers op-
TR Jl erated continuously at a
I samphng rate of onc-to-

two liters of air per min-

= e ute Water vapor in the
g0 el a
{ sampledairwascollected

inaPyrextubefilled with
sihica gel Table 6 pres-

D

ents the mean concentra-

[ ST T Ve
[ T YT
A A Sompnns. 310 4 bisaenrs (200 mase Sstom

tonsof tnttum measured

i ambient air at these

/

three onsite stations dur-

-1

ing the January through

FIGURE 7 Location of Onsite

oot TLLa activities for the

sampling nctwork Table

5 contains the mean concentrations of plutonium in
ambientair at these stations during 1988, as well as the
minimum and maximum concentrations measured

throughout the year

The mean concentrations of plutonium in ambient air
at the five onsite stations during 1988 ranged from
0149X 10 t00710X 10 pCi/mi (551X 10°t02 63
X103 Bq/mg) These concentrations arc less than four
pereent of the offsite Derived Concentration Guide

{DCG) for plutonium 1n arr

Monitoning for trntium in ambient air was conducted

from January 6 to July 26, 1988, at onsite locations 54,

and Plant Pennmeter
Ambient Ar Samplers

July momitonng penod

Annual mean concentra-

tion of tribum in ambient air at the three onsite stations
ranged from -0 07 X 1072 t0 -0 06 X 1072 pC1/ml arr (-
26X10%t0-22X 103Bq/m? The ambicnt triium
in air monitoning program was discontinued in July,
1988 with the decommussioning of the Solar Evapora-
tion Ponds The Solar Evaporation Ponds werc re-
placed by two tanks (950,000 and 250,000 gallons)
constructed to Colorado Department of Health regula-

tions for storage of hazardous waste solutions

Samples of airborne particulatesare collected on filters
by ambient air samplers at 14 locations along or necar
the plant penmeter These perimeter samplers are
located between 3 and 6 kilometers (2 and 4 miles)
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TABLE 5 Piutonium-239 and -240 Activity Concentrations in
Onsite Ambient Arr at Selected Locations®
Standard  Percent
Numberof  Volume Concentration® (x 10 ' uCvmi)®  Deviation  of DCG®
Stavon  Analyses (X1000m»® C = C .. C .. (€ ) (©C e

S5 25 KX]] 0054 1389 0 389 0357 195

S-6 26 344 0 027 0 460 0149 0111 075

S-7 26 328 0 045 1171 0515 0 369 258

S-8 26 418 0114 1246 0710 0 366 355

S-9 26 376 0 205 1179 0 641 0 286 321

s-6' 1 11 NAS NA 0 059 NA 030

S-7 1 12 NA NA 0 664 NA 332

S-8 1 17 NA NA 2129 NA 10 65

S-9 1 12 NA NA 1281 NA 641

a Air-sampling stations S-5 S-6, S-7, S-8, and S-9 are located in areas where the potential for
elevated arborne radwactivity is greatest {see Figure 7)

b Concentrations reflect monthly composites of biweekly station concentrations C_ = = minimum
composited concentration, C max > Maximum composited concentration, Cm’m = mean composited
concentration

c To obtan the proper concentration, multiply the numbers listed in the table by 1 X 10 15 pCvml  For
example, the mean concentration at S-5 was 0 389 X 10 5 uCv/mi

d To obtain the proper volume, multiply the numbers listed in the table by 1000 m® For example, the
arr volume sampled at S-5 was 331,000 m®

e The interim standard calculated Derived Concentration Gude (DCG) for inhalation of class W pluto
nium by members of the public 1s 20 X 10 'S uCvml (See Appendix A ) Protection standards for
members of the public are applicable for offsite locations Al locations in this table are on Rocky
Flats Plant property The DCGs for the public are presented here for comparison purposes only

f Samples from stations S-6 (taken 8/9/88 to 8/23/88), S-7 (taken 4/19/88 to 5/3/88), S-8 (taken 11/
29/88 10 12/13/88), and S-9 (taken 8/23/88 to 9/6/88) exceeded the screening guide of 10 x 10 15
uCvmi total long-lived aipha activity Specific plutonium analyses were performed on these
samples The results of these analyses are included for completeness

g NA=Not Applicable
- )
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from the plant center (Figure 7) The samplers are
numbered S-31 through S44 Samples from each
location are collected biweekly, composited by loca-
tion, and analyzed monthly for plutomum. Table 7
presents the average concentrations of plutonium
radioactivity 1n airborne particulates at Stations S5-31
through S-44 dunng 1988 The mean concentration of
plutonium in ambient air at these locations during
1988 was 0003 X 10> uCi/ml (1 11 X 107 Bq/m?)
This concentrationis 0 01 percent of the offsite DCG for

plutorium in air

Samplesof airborne particulatesare also collected at 14

Collecting Ambient
Arr Particulate Sample

o 2 T

TABLE 6 Trtum Activity Concentrations in Onsite Ambient A )
(01/06/88-07/26/88)
Condensed Standard Percent
Number of Air Volume Water Vapor Concentration® (x 107'2 uCvmi ar)® Deviation of DCG®
Station Analyses (mils) C Crax © (C mean) (€ mean’
S-4 27 1695 805 099+124 0284071 043 0
S-5 25 203 452 -060+174 014 +127 025 0
S-16 24 288 603 0924150 023+083 039 0
a Concentrations reflect monthly composites of station concentrations Cm,ﬂ = minimum composited concentration,
Cpnax = Maximum compostted concentration, C mean ™ Mean composited concentration
b To obtan the proper concentration multiply the number in the table by 1 X 10-'2 uCvmL. For example, the mean -
concentration at S-4 was -0 06X 10 '2 uCvmi
¢ The intenm standard calculated offsite Denved Concentration Guide (DCG) for trtium n air 1s 200,000 X 10 2 uCv
ml {See Appendix A )
\ J
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TABLE 7 Plutonium-239 and -240 Activity Concentrations in Penmeter Ambient Awr
Standard  Percent
Numberof Volume®  Concentraton® (x 10°'® uCvml)® Dewiation  of DCGY
Staton Analyses (X1000m*) C =~ C __  C_ .= (C . (C .

S-31 12 268 0000 0014 0 003 0 004 002

§-32 12 296 -0 002 0009 0 002 0003 001

$-33 12 375 -0 001 0007 0002 0 002 001

S-34 12 n -0 001 0 041 0 006 0012 003

8-35 12 319 -0 001 0 002 0 001 0 001 000

S-36 12 327 0000 0011 0004 0 004 002

S-37 12 410 0 001 0027 0010 0008 005

S-38 12 324 0 000 0019 0 006 0 006 003

S-39 12 384 0 000 0 008 0 002 0 002 001

S-40 12 396 -0 001 0002 0 001 0 001 000

S-41 12 346 -0 001 0 004 0 001 0 001 001

S$-42 12 333 0 000 0 004 0 001 0 001 001

S-43 12 362 -0 001 0 005 0 001 0 002 000

S-44 12 367 -0 001 0 008 0 001 0 002 000

Overall 168 4878 -0 002 0 041 0 003 0 005 001
Concentrations reflect monthly composites of iters by station locations C_ - = mimimum concentration C__ =
maximum concentration, C,___ = mean concentration
To obtain the proper concentration, multiply the numbers listed in the table by 1 X 10 SuCvml For example,
the mean concentration at S-31 was 0 003 X 10 '> uCvmi
To obtain the proper volume multiply the number listed in the table by 1000 m3 For example, the air volume
sampled at S-31 was 268,000 m?3
The interim standard cakulated Dernved Concentration Guide (DCG) for inhalation of class W plutonium by
members of the public 1s 20 X 10 'S uCvm| Dferences in percent of DCG for the same reported mear
concentration are the resutt of rounding differences utilizing raw data J

locations in or near communitics in the vicinty of the
Rocky Flats Plant These locahons, shown in Figure 8,
arc Boulder, Broomfield, Cotton Creek, Denver,
Golden, Jeffco Airport, Lafayette, Lakeview Pointe,
Leyden, Marshall, Supenor, Wagner, Walnut Creck,
and Westminster Sample filters are collected biweekly,
composited by location, and analyzed monthly for

plutonium radioactivity Table 8 presents the average
concentrations of plutonium n airborne particulates
at the community stations dunng 1988 The mean
concentration of plutonium in ambient air at the
community stations was 0 002 X 10°° pCi/mi(740X
10° Bq/m‘) This value 1s 0 01 percent of the offsite

DCG for plutomum in air
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TABLE 8 Plutonum-239 and -240 Concentrations in Community Ambient Awr
Standard Percent
Number of Volume  Concentration®(x 10°''5 uCvmi)®  Dewiaton of DCG®
Station Analyses  (X1000m®° C = C .. C .. (C_..) (C .)
S-51 Marshall 12 287 -0 003 0002 0 000 0 001 000
S-52 Jeffco Airport 12 3390 -0 001 0012 0 003 0004 002
S-53 Superior 12 312 -0 001 0 050 0005 0014 003
S-54 Boulder 12 361 -0 002 0028 0 003 0008 002
S-55 Lafayette 12 361 -0 001 0035 0004 0010 002
S-56 Broomheld 12 336 -0 002 0004 0 001 0 002 000
S-57 Walnut Creek 12 365 -0 001 0004 0 001 0 002 0 01
S-58 Wagner 12 348 0 001 0013 0 004 0003 002
S§-59 Leyden 12 396 -0 001 0010 0 002 0 003 001
S-60 Westminster 12 255 -0 002 0 009 0 002 0003 001
| S-61 Denver 10 220 -0 002 0007 0 001 0003 oo
S-62 Golden 11 305 -0 001 0008 0 001 0003 001
S-68 Lakeview Pointe 12 397 -0 002 0010 0 002 0003 001
S-73 Cotton Creek 12 341 -0 001 0 005 0 001 0002 000
Overall 165 4674 -0 003 0050 0 002 0 006 001
a  Concentrations reflect monthly composites of filters by station locations Cpyn = MINimum concentration, C . =
maximum concentration, C___ = mean concentration
b  To obtain the proper concentration, muliply the numbers listed in the table by 1 X10 ' pCvmt For example, the
mean concentration at Marshall was 0 000 X 10 'S uCvmi
¢ Toobtan the proper volume, multiply the numbers listed in the table by 1000 m® For example, the air volume
sampled at Marshall was 287,000 m®
d  The mtenm standard cakulated offsite Denived Concentration Guide (DCG) for inhalation of class W plutonium by
members of the pubiic 1s 20 X 10 ' uCvml Differences in percent for DCG for the same reported mean concentration
are the result of rounding didferences utihizing raw data '
\& ),
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FIGURE 8 Location of Community
Ambient Air Samplers

During 1988, momtonng of ambient air included the

following parameters suspended particulates, ozone,
sulfur dioxide, carbon monoxide, nitrogen dioxide,
andlcad This monitoning utihzed mstrumentation in
a sclf-contained shelter equipped for field sampling of
ambient air  These six parameters are critena pollut-

antsregulated by the Environmental Protection Agency

(EPA) and the State of Colorado through the Clean Air
Act Amendments of 1970 and 1977, which include the
National Ambient Air Quahty Standards (NAAQS)
and Colorado Air Quality Control Commussion Ambi-
ent AirStandards Regulabon of critena pollutants by
EPA and the State of Colorado 1s conducted on a
regional basis, rather than for any individual facility
The Rocky Flats Plant monitoring program for these
pollutants has been conducted to provide baschne
information on critenia pollutant air concentrations in

this area

Table 9 1dentifics thedetechon methodsand operating

ranges of the momtoring analyzers with correspond-
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TABLE 9 1988 Ambient Air Monitonng Detection Methods
and National Ambient Air Quality Standards (NAAQS) for Particulates,
Ozone, Sulfur Dioxide, Carbon Monoxide, Nitrogen Dioxide, and Lead
Detection Methods and
Parameter Analyzer Ranges NAAQS Averaging Time Concentration
Total Suspended Reference Method (Hit Volume) Annual Geometnc Mean
Particulates (TSP) 24-Hour sampling Prmary® 75 pg/m®
(6th-day scheduling) Secondary® 60 pg/m®
24-Hour
Pnmary®€ 260 ug/m®
Secondary®® 150 pg/m?
PM-10 Wedding PM-10 Sampler Prmary
(Particulate Matter Annual Arthmetic Mean 50 pg/ma
less than 10 micrometers 24-Hour Average 150 pg/m3
in drameter )
Ozone (03) ThermoElectron Model 49 1-Hour
Ultraviolet Photometry Pnimary®® 012 ppm
0C&ppm
Sultur Dioxide (SO,) Thermokiectron Model 43 Annual Arthmetic Mean
Puised Fluorescence Prmary® 0 030 ppm
00F ppm
24-Hour 0 140 ppm
Pnmary®
3-Hour 0 500 ppm
Secondary
Carbon Monoxide (CO) ThermoElectron Model 48
Gas Filter Correlation (infrared) 1-Hour
0 50 ppm Primary®© 35 ppm
8-Hour
Pnmary®© 9 ppm
Nitrogen Dioxide (NO,) Monttor Labs Model 8840 Annual Arthmetic Mean
Chemiluminescent 0-0 5ppm Prmary® 0 05 ppm
Lead Reference Method (Hi Volume) Calendar Quarter
24 Hour Sampling Pnmary® 15 pgim®
(Atom:ic Absorption Analysis)
a Prnimary NAAQS are intended to protect public heaith
b Secondary NAAQS are intended to protect public welfare
¢ Not to be exceeded more than once per year
d Statistically estimated number of days with concentrations tn excess of the standard is not to be more than 1 0 per
L year >,

2 T
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ng, regional comphance standards Dunng 1988, the
monitoring shelter was at a location near the east en-
trance (gate 10) to the plant  This 1s an open area near
a traffic zone and 15 gencrally downwind from plant
buildings Ambient air data werc collected over the
entire year with some limited loss of data due to
cquipment malfunction during the fourth quarter

Final EPA respirable particulates (PM-10) standards
weressued July 1, 1987 (US87a) Reterence methods
for this new PM-10 standard were 1ssued by EPA on
October 6, and December 1, 1987 (LU S87b) The PM-10
sampler that the Rocky Flats Plant has 1n use 15 one of
the two accepted sampler designs speaifically descnibed
m the Oclober 6, 1988, Federal Register
located PM-10 samplers began operations 1n the sec-

Two co-

ond quarter of the 1988 sampling period  The refer-
ence method for ambient lead samphing 1s still the
high-volume sampler The use of botk TSP and PM-10
samplingis encouraged by CDH until specificchanges
are made mn state regulahons that retiect the PM-10

changes in the federal regulations

Measurements of TSP and lead were conducted using
the EPA reference igh-volume air samphng method

The pnmary ambsent air particulate sampler and a co-
located duplicate sampler were operated on the EPA’s
samphng schedule of onceevery sixthday Particulate
data arc shown in Table 10 The highest TSP value
recorded 1n 1988 (a 24-hour samplc ) was 83 pg/m>,
which 1s 32 percent of the former 24-hour primary
standard of 260 pg/m® The annual geometric mean

value for 1988 was 39 5 ug/ m?, which was 53 percent

R s v

of the old TSP primary annual geometric mean stan-
dard of 75ug/ m> The annual anthmetic mean for the
pnmary PM-10 sampler (urat “C”) was 15.8 ug/ m°,
which was 32 percent of the Pnimary Annual Arithme-
tic Mean of 50 ug/m3 The observed 24-hour maxi-
mum was 391 pg/ m®, which was 26 percent of the
Primary 24-hour Standard of 150 pg/m>

Thequarterly averagelead concentratonsinair (taken
from high-volume samples) for 1988 were well below
the pnmary quarterly standard of 1.5 ug/ m® The
highest quarterly value detected was 0020 pg/ m>
collected dunng January, February and March, which
15 less than two percent of the EPA standard

Ambicnt ozone data were collected using an ultravio-
let (U V ) photometnc type analyzer During 1988, a
total of 6,526 one-hour ozone samples were collected
The maximurn one-hour value was 0 090 ppm, which
1575 percent of the pnmary one-hour standard of 0 120
ppm These values are consistent with levels meas-
ured in the general Denver metropolitan area duning
1988 (CO88) Cahibration of this analyzer was done
with a primary standard U V photometer

Sulfur dioxide samphing was conducted using a con-
tinuously operating pulsed fluorescence typeanalyzer
cahbrated by use of a ceriied cylinder gas and a
dynamic gas dilution cahbration system Thecyhnder
gases, as well as the mass flowmeters, have traccability
to primary standards set by the National Burcau of
Standards The maximum one-hour SO, value re-

corded at the plant was 0 021 ppm and the maximum
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TABLE 10 Onsite Ambient Air Quality Data

{Nonradioactive Parameters)-1988

Total Suspended Particulates (ug/m®

Total Number of Samples, “A™?
Total Number of Samples, “B™

Annual Geometric Mean, Sampler “A”
Annual Geometnc Mean, Sampler “B”

Standard Deviation, Sampler “A”
Standard Dewiation, Sampler “B”

Observed 24-Hour Maximum “A”
Observed 24-Hour Maximum “B”

Second Highest Maximum, “A"
Second Highest Maximum, “B”

Lowest Observed Value, “A"
Lowest Observed Value, “B”

61
61

395
371

201
192

833
806

805
752

70
75

Respirable Particulates (PM-10) (ug/m®

Total Number of Samples, “C"
Total Number of Samples, ‘D~

Annual Arthmetic Mean, “C”
Annual Anthmetic Mean, ‘D"

Observed 24-Hour Maximum, ‘C”
Obsesved 24-Hour Maximum “D

Second Highest Maximum, “C
Second Highest Maximum, “D’

Ozone (ppm)

Number of Observations, Hourty®
Anthmetic Mean, Annual
Maximum 1-Hour Conceniration

Second Highest 1-Hour Concentration

Mimimum Observation, Hourly

a Pnmary ambient air particulate sampler

b Co-located duplicate sampler

¢ Continuous millivolt analyzer output i1s composited
and converted to engineering units for companson to

NAAQS (see Table 9)

38
40

158
143

391
368

359
337

6,526
0 032
0090
0090
0003

w

J

observed three-hour average value was 0019 ppm,
which 1s four percent of the EPA three-hour standard
of 0.500 ppm The calculated annual anthmetic mean
valueof 0 003 ppmis ten percentof the NAAQS annual
anthmetic mean standard of 0 030 ppm The max-
mum observed 24-hour average for SO, was 0009
ppm, which 1s six percent of the NAAQS 24-hour
standard of 0 140 ppm

The 6,500 hourly averages of carbon monoxide {CO)
data collected dunng 1988, using a gas filter correla-
tion infrared type analyzer, yielded an annual anth-
metic mean of 0 50 ppm, ncluding a maximum one-
hour average value of 5 00 ppm, which 1s 14 percent of
the primary one-hour standard of 35 ppm A maxi-
mum eight-hour average concentration value of 2 00
ppm was recorded, which 1s 22 percent of the eight-
hour pnimary standard of 9 ppm.

The nitrogen dioxide (NO,) data contain 5,636 hourly
averages of continuous sampling and gave an annual
anthmetic mean of 0 005 ppm, which s ten percent of
the NAAQS primary annual anthmetic mean stan-
dard valueof 0 05ppm Themaximumonc-hourvalue
noted dunng this time period was 0 050 ppm

All continuous analyzers were routinely checked us-
ing established precision and operational span checks,
multipoint dynamic calibrations, and estabhshed stan-
dard operating procedures

As partof anongoing quality assurance program, all of
the analyzers were subjected to an independent an-

cp e i
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TABLE 10 Onsite Ambient Ar Quality Data (continued)
(Nonradioactive Parameters)-1988
Carbon Monoxide (ppm)
Number ot Observations, Hourly® 6,500
Arithmetic Mean, Annual 050
Maxmum 1-Hour Concentration 500
Second Highest 1-Hour Concentration 490
Maximum 8-Hour Concentration 200
Mmnimum Hourly Observation 005
Nitrogen Dioxide (ppm)
Number of Observations, Hourly® 5,636
Annual Arthmetic Mean 0 005
Maximum 1-Hour Concentration 0 050
Mimmum Hourly Observation 0 001
Sulfur Dioxide (ppm)
Number ot Observations, Hourly® 6,640
Anthmetic Mean, Annual 0 003
3-Hour Average, Highest 0019
24-Hour Average, Highest 0 008
Maximum 1-Hour Concentration 0 021
Alrborne Lead (ng/m°)
Total Number
of Samples 6 8 6 6
Quarterly Avg 0020 0 008 0019 0016
a Pnmary ambient air particulate sampler
b Co-located duplcate sampler
¢ Continuous millivolt analyzer output is composited and converted to
sngineering untts for comparison to NAAQS (see Table 9)
J
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nual audit during 1988 Responses of all but the NO,
analyzer were within the established EPA guidelines
for ambient air momutonng networks (+ 15 percent)

The oxides of mitrogen analyzer indicated a converter
cfficiency of less than 90 percent Maintenance proce-
dures were conducted based on this operational n-
dicator

Review of the NAAQS data for EPA Critena Pollutants
over the past several years has provided a baseline
database for plantsiteneeds Costbenefitanalysisand
the absence of site-spealfic regulations mandating this
momtonng have resulted in a rescoping of this pro-
gram  All parameters except for the samphng of
particulates will be discontinued concurrent with
publhication of this report  The sampling of total sus-
pended and respirable (PM-10} particulates will con-

tinue to provide a databasc tor comparative trend

analysis

North Walnut Creek recerves surface water runoff
from the north side of the plantsite  (See Figure 4)
Holding Pond A-3 on North Wainut Creek 1s used to
impound this surface runoff for analysis prior to dis-
charge A second control point, flood control Pond A-

4, s located further downstrcam

Ponds A-1 and A-2 are 1solated by valves from North
WalnutCreck Inthe past, these pondshave beenused

for storage and evaporahion of laundry water This
practice was discontinued 1n 1980 These ponds cur-
rently are maintatned 1n a state of readiness for control
of possible chemical spillsinto the North Walnut Creek
drainage basin Disposition of Pond A-1 and A-2
runoff water 1s through natural evaporation and 1s
enhanced by spraying water through fog nozzles over
the surface of the ponds Excess water that does not
evaporate 15 then recollected by the ponds

South Walnut Creck recetves surface water runoff
from the central portion of the plant This water 1s
diverted through a culvert system to Pond B4 and
then to flood control Pond B-5 where the water 1s
impounded for analysis prior to controlled offsite

discharge

In the past, trcated samtary wastewater also was rou-
tinely discharged to South Walnut Creek This prac-
tice wasdiscontinued in 1979 Currently, dischargesto
South Walnut Creek following impoundment in Pond
B-5 occur only when weather conditions do not pernut
onsite spray irngation  Duning 1988 treated sanmitary
wastewater was discharged directly to Pond B-3 to be
used for spray 1mgation onto Rocky Flats Plant buffer
zone areas or for discharge to Pond B-5 duning inclem-
ent weatherconditions Pond B-51s discharged under
controlled conditions when Pond B-3 discharges, pre-
cipitation runoff, or a combination of the two sources
requireit PondsB-1and B-2,alsolocatedinthecentral
dramnage, are reserved as backup control ponds These
ponds can be used to retain chemical spills, surface
water runoff, or treated samitary wastewater within

the hmats of their combined capacities
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Surface runoff water from the south side of the plantis
ollected 1n an interceptor ditch and flows to surface
water control Pond C-2, where the water1simpounded
and analyzed before discharge Woman Creek, alson
the south dranage, 1s 1solated from this diversion
system Pond C-1 1s used as the momitoning point for

Woman Creek

Discharges from the Rocky Flats Plant are monitored
for compliance with appropnate Colorado Depart-
mentof Health Standards and EP A National Pollutant
Mischarge Ehnmination System (NPDES) permat hmuta-
tions.  (US84a) Annual average concentrations of
chermical and biological constituents of hiquid effluent
samples collected fromPonds A-3, A 4,B-3,B-5,and C-
2 during 1988 arc presented in Tablc 11 The data are

indicative of overall water quahty for these ponds

During 1984, the plant NPDES permitexpired and was
replaced by a rencwed NPDES permut with the same
seven discharge locations 001, 002 003 004, 005, 006
and 007 The discharge locahions are identified in
Table 11 The NPDES permut plac e~ monitoring and
rcporting requirements and hmatations on daily con-
centrabons and monthly average concentrations for
speafic parameters. There were .10latons of the
NPDES permit duning some months of 1988 The
violations consisted of exceedance of the allowable
Biochemical Oxygen Demand (BOD,) hmits dunng
the months of February, March, Apnil and May and of
theallowable fecal cohform hmit for Apnl, 1988 Table

12 summarizes the 1988 NPDES P« mut exceedances

The probable causc of the violations to BOD, pernut
hmitshasbeen attnbuted to inability to remove sludge
from the Sewage Treatment Plant (STP) dunng cold
and wet weather and to sludge drying and disposal
hmtations These conditions dimirush the efficiency
of the trecatment system because the aging sludge
whichresults becomes less biologically active for treat-
ng the waste Lower efficiency mn the treatment proc-
ess results in hugher levels of BOD; 1n the waters being
discharged from the fachty This problemis common
to simlar treatment systems throughout the State and
country Rocky Flats Plant has commussioned studies
by independent consultants of both the STP and hold-
mg ponds to be performed dunng the winter and
spring seasons The STP studies arc designed to char-
actenize and optimize processes in that facihty

Onc of the corrective actions imhated to provide rcehef
from the STP sludge removal problem includes instal-
lation of anexpenmental polyurcthane ledrymg bed
The completion date ot this drying bed is projected for
spnng 1989

Another corrective action imtiated to correct the fecal
coliform violation was increase of the chlorine feed
rate into the disinfectant contact basin and installation
of a chlonne dispersion system A dechlonnation
facility 1s scheduled for installation in the spring of
1989 to prevent chlorine violations during discharge

Studies of the holding ponds were imtiated to charac-
tenze algal contnbutions to BOD; levels These stud-
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TABLE 11 Annual Average Concentrations of Chemical
and Biological Constituents in Liquid Effluents®
Number of
C b C b C b
Parameters Analyses minimum maximum mean
Discharge 001°
pH,SU 43 68 81 -
Nitrate as N, mg/ 43 117 47 16
Total Suspended Sofids, mg/l 43 0 14 39
Total Residual Chlonne, mgA 43 009 02 01
Total Chromium, mg/ 10 <0 05 <0 05 <005
Total Phosphorus, mg/! 16 05 10 06
Fecal Colform, #/100 ml 43 3 312 71
Biochemical Oxygen Demand 15 3 >40 >155
(BOD,), mgA
Discharge 002°
pH, SU 14 69 81 -
Nitrate as N, mg/l 14 08 48 23
Discharge 003°
Dunng 1988, there were no discharges to offsite waters from the Reverse Osmosis Pilot Plant
Diacharge 004°
Durning 1988, there were no discharges to offsite waters from the Reverse Osmosis Pilot Plant
Dischsrge 005°
pH, SU 20 52 80 -
Nitrate as N, mgy/i 20 004 301 181
Nonvolatile
Suspended Sohids, mg/t 20 o0 5 105
Discharge 006°
pH, SU 38 68 83 -
Nitrate as N, mg/l 38 005 267 125
Nonvolatile
Suspended Solids, mg/ 36 00 70 12
Discharge 007°
pH, SU 4 72 83 -
Nitrate as N, mgn 4 <002 056 019
Nonvolatile
Suspended Solids, mg/! 4 00 20 10
a Examples of NPDES Permit mitations are presented in Table A-2
b ¢ minimum = mmmum measured concentration ~ maximum = maximum measured concentration, c mean
= mean measured concentraton
¢ The Environmentat Protection Agency NPDES discharge permit defines the discharge locations as follows
001 - Pond B-3
002 - Pond A-3
003 - Reverse Osmosis Piiot Plant
004 - Reverse Osmosis Plant
005 - Pond A-4
006 - Pond B-5
007 - Pond C-2
e _ )
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a S
Table 12 Summary of Rocky Flats Plant 1988 NPDES Permit Exceedances
Reporting Permit Reported
Parameter —Period Limits —Results
30-day Daily 30-day Daily
~Avg. Max. A Max,
BOD; - mg# 10° 25®
Feb 1988 1 —_
Mar 1988 213 285
Apr 1988 >27 >40
May 1988 11 —_
30-day 7-day 30-day 7-day
~Avg. -Ava. Avg. -Avg.
Fecal
Colform 200° 400°
No 7100 mi Apr 1988 312 -
a  This hmitation shall be determined by the anthmetic mean of a minimum of three (3) consecutive samples
taken on separate weeks in a 30 day penod
b Any single analysis and/or measurement beyond this imitation shall be considered a violation of the condi-
tions of this permnt
¢ Averages for Fecal Coliform shall be determined by the geometrnc mean of a mimimum of three (3) consecu-
tive grab samples taken during separate weeks in a 30-day penod for the 30-day average, and during
separate days in a 7-day penod for the 7-day average (minimum total of three (3) samples)
\: _J

1es, which are still in process, are indicating that sig-
nificant contnibutors to the elevated BOD, values from
the Pond B-3 discharge site are high algal populations
and other factors unrelated to the STP operations

No violations to the Rocky Flats Plant NPDES pernmut
have occurred since May, 1988

Prior to discharge from Ponds A-4, B-5,and C-2, water
15 sampled and analyzed for gross alpha, gross beta,
tntium, gamma activity, pH, nitrate as nitrogen (N),
and nonvolatle suspended solids Water 1s not re-
leased 1f the plant action level for any parameter 1s
exceeded In general, these action levels are based on
EPA and CDH drninking water standards
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Collection of Grab Water Sample

During releases from Ponds A-4, B-5, and C-21n 1988,
water was sampled continuously The samples were
analyzed later for plutontum, uramum, amencium,
tntium, pH, rutrate as N, and non-volatile suspended
solids Water was also sampled continuously and
collected daily from the outfall of Pond C-1 and col-
lected from the Walnut Creek at Indiana Street sam-
phngstation when there wasflow Daily samples were
taken and analyzed for tnhum The daily samples
were composited into weekly samples for plutomum,
uranium, and amenaum analyses Concentrations of
plutonum, uramium, americium, and tnhum in water
samples from the outfalls of Ponds A4, B-5, C-1, C-2
and from Walnut Creek at Indiana Street are presented
in Tables 13 and 14. All plutoraum, uranmum, amen-

cium, and tntium concentrations at these locations

were 1.3 percent or less of the applicable DOE Derived
Concentration Guides (DCGs)

As previously mentioned, surface runoff water from
the Rocky Flats Plant passes through Ponds A-4, B-5,
and C-2 where the water 1s sampled and analyzed for
radionuclides duning the discharge process. During
1988, thecumulativeamountsof plutonium from Ponds
A4, B-5,and C-2 were 29 x 16°° Ci (1 1 X 10° Bq), 80X
10°° C1 (3.0 X 10° Bq), and 8.8 X 10 C1 (3.3 X 10° By),
respechvely The yearly cumulative totals for ura-
nium, were 8.37 X 102 C1 (3 1 X 10° Bg), 156 X 102 1
(58 X 10® Bq), and 366 X 10* C1 (14 X 107 Bg),
respectively The totals for amencum were 27 X 10°
C1(10X10°Bqg),84 X 10°°C1 (3.1 X10°Bg), and 41X
10°Ci 15x10° Bq), respectively

During 1988, Rocky Flats Plant raw water supply was
obtained from Ralston Reservoir and from the South
Boulder Diversion Canal. Ralston Reservoir water
usually contains more natural uranium radicacthivity
than the water flowing from the South Boulder Diver-
sion Canal. During the year, uranaum analyses were
performed monthly on samples of Rocky Flats Plant
raw water The uranium concentrations measured
duning 1988 are presented in Table 15. Uramum con-
centrations measured dunng 1988 in raw water aver-
aged 16 X 10”7 uC1/ml (0 06 Bq/1) or 0002 pg/mi.

Approxamately 1226 gallons (4,6401) of waste contarm-
nated with polychlonnated biphenyls (PCBs) and low-
level radicactivaity are stored mn approved holding
facthties at the Rocky Flats Plant. Some operating
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TABLE 13 Piutonum, Uranium, and Amencium Concentrations
in Water at the Rocky Flats Plant
Number of Percent of
Location Analyses C munimum® ¢ maximum? C mean® DCG
Plutonium Concentration (X 109 p,Cn/ml)h
Pond A-4 5 0003 3+ 0030° 00914+ 0035° 002 003" 008
Pond B-5 15 0017 &+ 0054 008 + 004 002 3 004 007
Pond C-1 32 003 1+ 002 006 + 003 001 £ 002 003
Pond C-2 2 009 4 003 0103 + 0038 010 + 003 033
Wainut Creek
at Indiana Street 28 0016 + 0025 0034 + 0014 601 ¢ 002 003
Uranium Concentration (X 10°2 uCvmi)®
Pond A-4 5 25 3 02° 112 4 12° 65 3 07° 13
Pond B-5 15 21 + 02 80 4+ 08 38 + 04 08
Pond C-1 32 0008 + 02 32 + 03 09 3 02 0.2
Pond C-2 2 35 4+ 03 45 4+ 03 40 g+ 03 08
Walnut Creek
at Indiana Street 26 08 1+ 01 121 4+ 10 48 3+ 0§ 10
Amenicium Concentration (X 107 uCt/ml)'
Pond A4 5 0013 ¢ 0027° 003 3+ 002° 002 + 002° 007
Pond B-5 15 0004 + 002 004 + 005 002 + 003 007
Pond C-1 32 0005 + 0023 0060 + 0013 001 : 003 002
Pond C-2 2 002 3 002 007 &+ 003 005 3+ 003 017
Wainut Creek
at Indiana Street 26 001 3 002 0067 + 0032 001 + 002 003
a  ° miwmum = minimum measured concentrabon ¢ maximum = maximum measured concentration, © mean = mean measured
concentration
b  Radiochemically determined as plutorium -239 and -240 The intenm standard calculated Denved Concentration Guide (DCG)
for plutonium in water available to members of the pubkcis 30 X 10 9 pCvml (See Appendix A)
¢ Caleulated as 1 96 standard deviabons of the indivdual measurement
d Caleulated as 1 96 standard deviatons of the mean
e Radochemfcdty determmned as uranium -233 -234 and 238 The intenm standard calculated Denved Concentration Guide
(OCG) for uramum n water avalable to members of the public 1s 500 X 10 9pCVmI {See Appendix A }
t Radvochemically determined as americium 241  The intenm standard calculated Denved Concentration Guide (DCG) for
amencium in waler available 1o members of the pubhic is 30 X 10 9 uCvml (See Appendix A )
&— 7,
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¢ mean = mean measured concentration

d Calculated as 1 96 standard deviations of the mean

TABLE 14 Tntum Concentrations in Water
at the Rocky Flats Plant

Number of Trtium Concentration (X 10°% pCvmi) Percent of
Location Analyses Cmwuimum®  Cmaxmum® € mean® pcGg®
Pond A-4 5 270 + 290° 310 1 320° 60 + 170° 0
Pond B-5 24 -680 + 290 320 + 520 -10 + 190 0
Pond C-1 32 -600 + 500 500 + 360 -20 + 130 0
Pond C-2 3 -300 + 300 20 + 290 -130 + 220 0
Walnut Creek
at Indiana Street 98 -570 + 420 900 + 380 -60 + 140 0

a  ° minmum = minimum measured concentration, © maximum = maximum measured concentration,

b  The interm standard caiculated Derived Concentration Guide (DCG) for tntium in water available
to the membars of the public 1s 2,000,000 X 10 ° pCvml (See Appendix A )
¢ Calcvlated as 1 96 standard deviations of the individual measurement

—/

transformers contain PCBs, and each 1s 1dentified,
properly labeled, and protected according to EPA
regulations A program is in place to replace all PCB
contaimng transformers  Analytical results from
downstrcam waters during 1988 showed no concen-
trations of PCBs 1n excess of the analytical detection

hmt of approximately one part per billion

A vegetation control program using chemical herbi-

cides was conducted at the Rowky Flats Plant dunng

Ea

1988 The apphcation was completed by heensed
independent contractors using EPA approved chemu-
cals apphed strictly according to the manufacturer’s
label Pesticides used in or near surface waters are
approved by the EPA forsuchuse Rockwell personnel
conducted mspections to ensure comphance with the
appropnateregulationsgoverningapphcation of hertn-

cides
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TABLE 15 Uranium Concentrations in the Rocky Flats Plant
Raw Water Supply
Number of Uranwm Concentration (X 10" pCumi)? Percent of
Location Analyses  Cmimmum®  © maximum® € mean® DCG
Rocky Flats
Raw Water® 12 03+01° 44303° 16103° 0.3
a Radiochemically determined as uranium-233, -234, and -238 The interim standard calculated
Denved Concentration Gude (DCG) for uranium in water availabie to members of the public 1s 500
X 109 uCuml (See Appendix A)
b € minimum = mimmum measured concantration, € maximum = maximum measured concentration,
¢ mean = mean measured concentration
¢ Source of raw water - Ralston Reservoir and South Boulder Diversion Canal
d Caiculated as 1 96 standard deviations of the individual measurement
e Calculated as 1 96 standard deviations of the mean
\: _J

History - Ground water monitoring for radionuchides
and other parameters has been conducted at the Rocky
Flats Plant since the first monitoring wells were n-
stalled 1n 1960  Ground water monitoring wells have
been penodically added to this network as appropn-
atc By 1985, a total of 56 ground water monitonng
wells had been installed at the Rocky Flats Plant A
major upgrade i the monitoring program occurred in
1985 when installation of new stainless steel momitor-

g wells was begun to momitor for the United States

Environmental Protection Agency’s Resource Conser-
vation and Recovery Act (RCRA) chemical parame-
ters The chemicals monitored are typical of those
which might be generated at hazardous wastc man-

agement facilities

Environmental characterizations at Rocky Flats Plant
currently are required by the U S Environmental
Protection Agency (EPA), the Colorado Department of
Health (CDH), and the Department of Energy (DOE)
As part of a plant-wide geologic and hydrogeologic
charactenization 1n 1986 , monitoring wells were 1n-
stalled in the RCRA regulated units (West Spray Ficld,
Solar Evaporation Ponds, and Present Landfill) These
umits recesved vanous types of regulated wastes after
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1982 Additional RCRA-~quality wells werenstalled at
waste management sites that recetved various wastes
prior to 1982 These sites, regulated under theCompre-
hensive Environmental Response, Compensation, and
Liability Act (CERCLA), include the High Prionty Site
(the 881 Hillside Area) and the Medium Prionty Sites
(the 903 Pad, Mound and East Trenches Areas) A total
of 69 RCRA-quahity wells werc installed 1n 1986

A hydrogcologic characterization report and plans for
ground water monitonng were included in the RCRA
Part B permut application submutted to CDH and EPA
in November, 1986 An annual report discussing the
RCRA regulated units 1s submatted to CDH and EPA
Region VI by March 1, of every year  This report
addresses the current status of cach RCRA regulated
umit’s monitonng network, contaminant concentra-

tion, location, and rate of move ment

Hydrogeologic investigations continued 1n 1987 and
consisted of the installation of 67 ground water mom-
tonngwells Resultsof themvestigations canbe found
in the Remedsal Investigation Report for the 881 Hill-
side Arca, (Ri88) and the Remedhal Investigation Report
for the 903 Pad, Mound and East Trenches Areas,
(RI87) Both of these reports can be found at the
Colorado Department of Health, the Environmental
Protection Agency Region VIl and other Federal

dacument repositories in the arco

Work Plan for 1989
Ground water monitoring will bc coordinated by the
Plant’'sRCRA /CERCLA Programs with samphng and

analysis on a quarterly basic 1cr 1989 Analytical

rf Table 16 Ground Water Monitonng A
Parameters

Indicators
Temperature
pH
Specific Conductance

Metals
EPA Target Analyte List Metals
(including 24 ditferent metals)
Lthwum
Cesium
Molybdenum
Strontium

Anons
Bicarbonate
Carbonate
Chloride
Nttrate
Sultate

Qrganics
EPA Target Compound List VOCs !
(ncluding 34 different Volatile
OCrganic Compounds)

Badionuchdes
Gross Alpha
Gross Bela
Uranium-233, -234, -235, -238
Amencium-241
Plutonum-239, -240
Tnhum i

\ )

parameters are listed in Table 16

Natural vanability of background concentrations for
the analytcs of interest in all ground water investiga-
tions at the plant must be determuned n order to

obtam a meaningful companson and resolution of any
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contammant problem  Therefore, a comprehensive
background charactenization for ground water quality
bas been imtiated

Draft plans foradditronal investigation of the Medium
Prionty Sites - 903 Pad, Mound and East Trenches
Arcas - were completed in 1988 and submutted to EPA
and CDH for review and comments  The stratigraphuc
complexity of the Arapahoe Formation will be investi-
gated using high resolution seismac reflechon  Thas
program will optimize the ground water monitoning
nctwork Draft plans for the remedial investigations of
the Low Pnonity Sites also were completed in 1988 and

submitted to EPA and CDH for review and comment

Further charactenzation of RCRA regulated unats will
consist of the mnstallation of an additional 55 ground
water momutoring wells A network of approximately
126 prezometers also wall be installed wathin the plant
buildings area in order to characterize ground water

flow dynamics

Geology—Surficial matenals consistof the Rocky Flats
Alluvium, alluwial deposits in the valleys, and collu-
vium (slope wash) The Rocky Flats Alluvium 1s
topographically the highest and 1s the oldest of the
alluvialdepositsin the vicimity of the plant (See Figure
9) The Verdos Alluvium, Slocum Alluvium, Terrace
Alluvium, and Recent Alluvium (lowest channel

ROCKY FLAYS PLANT SITE

Rochy Fials Abuvium

FLAD v Moden Siream Level

EASY

Valtey F Terrace Alfuvium
Teerace Aluvium

Broadway
Athuvivm

Approxzimate Distence irom ihe Front Renge

FIGURE 9 Surface Stratigraphy

(slies Scott 1980)
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FIGURF 10 Geologic Cross-Section in the Rocky Flats Plant Arca

deposits) arc found in the drainages and are primanly
reworked Rocky Flats Alluvium with the addition of
somce bedrock matenal The Rocky Flats Alluviums
compriscd of poorly sorted Quaternary deposits of
sand, gravel and cobbles within a clay matnix Ithasa
varying thickness due to the underlying undulating
bedrock surface  The thickest portion occurs on the
weost side of the plant (up to 100 feet) and it 1s thinnest
to nonexistent on the east edge of the plant

Bedrock at the Rocky Flats Plant 1s compnsed of two
poorly indurated fluvial formations of Cretaceous age
- the Arapahoe Formation (Ka), which 1s immedaately
bencath the 384 acre security-fenced area of the plant,
and the upper Laranmue Formation (Klu) which under-
hes the west buffer zone (See Figure 10} The Ara-

pahoc consists of fluvial claystones with interbedded

discontinuous lenticular sandstones and siltstones
Weathering has penetrated the bedrock 10-40fcet below
the surfical matenal The Laramie Formation can be
scparated into two geological units The upper Lar-
amie consists pnmanly of fluvial claystonc with dis-
contnuous thin sandstonc lenses  The lower Laramie
1s compnised of sandstones and siltstones with nter-
bedded claystones Directly under the plant, both for-
mations dip approximatcly seven degrees eastward

toward the Denver Basin

Hydrogeology—There are basically two hydraulically
connected ground water flow systems at the Rocky
Flats Plant These occur in the Rocky Flats Alluvium
and other surfinal materals (including valicy fill
matenals), and in the bedrock, pnmanly the clay-

stones and sandstones of the Arapahoe Formation



5. Monitoring Data 45

The shallow ground water flow system occurs in the
Rocky Flats Alluvium and other surficial matenals
under unconfined conditions. Thissystemisrecharged
by mnfiltrabon from incaident precipitation, creeks,
ponds, surfacewaterdiversioncanalsand spray evapo-
ration/irngation systems Monthly water level meas-
urcments show this system to be quite dynamic, with
large fluctuations in water table elevations inresponse
to scasonal and other stresses Large areas of httle or

no saturated conditions exist in the alluvial systems.

Flow direction of water in the alluvial system gener-
ally follows topography, to the east and toward drain-
ages Inaddition, water flow direchions are controlled
by the topography of the bedrock surface beneath the
surficial matenals Ground water discharges to the
surface environment through evapotranspiration and

bascflow to springs and stream channels

The majonty of the ground water movement 1n the
Arapahoe Formation occurs in the sandstone lenses
Recharge to the sandstone lenses uccurs where they
are in direct contact with the alluvium (subcrop areas)
orbylcakage through the weathered claystone Ground
watcr flow 1s casterly to an area of discharge along the
South Platte River, in the general area near Fort Lup-

ton, Colorado

Samphng and Analysis
Quarterly sampling was conducted for sclected pre-

1986 wells and all of the wells constructed through
1986 and 1987 A total of 159 monitoring wells are

currently sampled quarterly (Figure 11)  Ground

water quakhity parameters analyzed in 1988 are shown
in Table 16 All of the third and fourth quarter data
were not available dunng preparation of this report
Due to the amount of data involved, only those volatile
organic compounds (VOCs), morgamc compounds,
metalsand radionuchdesmost prevalentateachRCRA
and CERCLA sitearepresented Completed analytical
results for these parameters are found in the 1988
annual RCRA ground water momtoring report for
regulated units at Rocky Flats Plant (RI89) and the
Remcdial Inveshgation reports for the 903 Pad and 881
Hillside areas. (RI87, RI88)

The results of ground water samphing and analyses,
including the range of 1988 concentrations from avail-
able data and plume mugration for each of the regu-
lated units at the Rocky Flats Plant are discussed
below The areal extent of contamination 1s depicted
by the most mobile contaminant - 1n most cases nitrate
The locahon of the contaminated plumes 1s shown m

Figure 12

Data Analysis- RCRA Units
Ground water quahty data indicate that VOC and

nitrate contarmnation exists in the alluvium of several
areas The extentof plume nugration foreachconstitu-
ent 1s well within the plant boundary (Figures 11 and
12) Themost prevalent VOC, tnchloroethylene (TCE)
1s present in the alluvium beneath and adjacent to the
solar ponds at concentrations as high as 8,000 pg/I

(For the purposes of this report, 1 pg/l 1s approx-
mately equivalent to 1 ppb and 1 mg/l 1s approxi-

matcly equivalent to 1 ppm ) Nitrate concentrations
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bencathand adjacent to the solar ponds ranged froma
background concentration of 1 5 mg/1to 12,100 mg /1

Total Urantum concentrations in the vieomity of the
Solar Ponds ranged from a background concentration
of 2 42 pC1/1 10358 pC1/1 (8 95 x 10 2 Bq/1 to 13 2 Bq/
1) Trtum concentrations ranged from a background
concentration of 593 pCi/1to 9 000 pC1/1(21 9Bq/1to
333 Bq/1) The general pattem of higher concentra-
tions (Figure 12) decreases rapydly away from the

ponds 1n a north easterly direction

Thercare currently no conclusive indications of degra-
dation of bedrock ground water quality by the Solar
Ponds, with the exception of uranum and mitrate

directly beneath the ponds  (RI89)

Results of ground water quality investigations at the
Wost Spray Ficld Arca indicatc o modest increase 1n
above-background nitrate cone ntrationsbeneathand
immedately upgradient of thc unit VOCs are not
present in detectable concentrations at the West Spray
Filds Nitrate concentrations beneath and adjacent to
the West Spray Ficld range from a background concen-
traion of 1 5mg/1t067 mg/1 1 otal uramum concen-
trations range from 04 to 12 8 pL1/1 (1 5X 10 2 Bg/I to
47X 10" Bq/1) Figure 12 indicates that the higher
concentrations of mirates are within the boundaries of
the Woest Spray Field

['here 1s noindication of contaminant migration in the
bedrock beneath or adjacent to the West Spray Field
(R189)

Results of ground water quality analysesn the arca o
the present Landfill indicate that the Landfll may bea
source of clevated sulfate, bicarbonate and total stron

tium to the adjacent alluvial ground water However
the contammant plume 1s largely confined within the
landfill proper VOCs arc not present beneath or
adjacentto the present Landhll Sulfate concentrations
beneath and adjacent to the present Landhill ranged
from a background concentration of 27 mg /1 to 4600
mg/l  Strontium concentrations ranged from 0 1o
mg/1 to 946 mg/1 Uramum concentrations ranged
from a background concentration of 28 pCi/l to 74
pC1/1 (105X 107 Bq/1t027X 10" Bq/) The extent
ot plume mmgration for the above constitucatsis well
within the plant boundary as shown on Figure 12~
radioactive 1sotope of strortium (Sr-90) was analyzd 1
for in 1987 and found to be aninsignificant contnibutor

to the total strontium concertrations

Data Analyses - CERCLA

Ground water quabity data indicate that VOU contarss
nationexistsin the alluviumof cach of the tugh prionit.
remedialinvestigation (Rl arcas The extent of plun «
migration of the major contaminants 15 well within the
plant boundary, asindicated mFigures 11and 12 D
to the dose proximuty of same areas to cach other th .
contammabon converges in several locations Rels-
tive concentrations of the major centamimants o !

three Rl arcas dunng 1988 are discussed below

At the 881 Hillside Arca, the most prevalent VOX

tnchlorocethviene ‘“TCF) 1s present at concontrations
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ranging up to 15500 pg/l  Nitrate concentrations
range from below detectable to 61 7 mg/1

Uramum-238 concentrations range from below detect-
able to 24 pCi/1 (below detectable to 89 X 10' Bg/1)
Tnttum concentrabons are generally less than 220
pCi/1(81 Bq/D Plume migration m the alluvium at
the 881 Hillside Area 1s generalhv 1solated at a site
which was histonically used for drnm storage (Figure
11} Bedrock ground water i the vicimty of the 881
§ hitside Area does notappear to be stedied by alluwvial

phime migration beneath that arc

Rewults of ground waterquality analyscs at the Mound
and East T'renches Arcas indicate maoderate TCE con-
uuntrations extending castward from the mound area
to the east of the East Tenches Aredi (higure 12) - This
plume extends to approximately S5 feet (1706 me-
turs) west of Indiana Street (waithin DXOF property)
(! concentrations in this arca rampu from below
detectable to 221,860 pg/!  Nitrate «on entrations n
this area range from less than 0 07 10 9 92 mg /4 Ura-
numn-238 concentrations range from 06 to 21 pCi/l
(21X 10210 78X 102 Bq/l) Tritiim concentrations
were all less than 220 pCi/1(8 1 By /!

Budrock ground water in the vianity of the East
I're nches appears to have an elevated concentration of
VO s, indicating a downward mig rabion of the con-
taminant plume from the Mound innd ¢ ast Trenches

Arcas

vnalvais of ground water quahity Lata trom the 903

pr ud arca mdicates that VOC contanination including

tetrachlorocthylene (PCE)and TCE contamination have
alimited lateral extentin thealluvium TCEconcentra-
tions range from below detectable to 11,000ug/1 PCE
concentrations range from below detectable to 212
ug/1 Nitrate concentrations in the 903 Pad Arca range
from less than 002 mg/1 to 591 mg/1 Uranum-238
concentrahons ranged from 01210 28 pCi/l (44X
10?101 0Bq/1) Tntum concentrations ranged from
less than 210 pCi/1 to 370 pCi/1 (7 810 14 Bg/b

Figure 121indicates that plumenigrationin the 903 Pad
Area has a limiated lateral extent, 1 ¢, no closer than
approximately 1 6kilometer (one-mile) from the Plant’s
casternboundary Bedrock to the southw est of the 903
Pad contains clevated PCE, TCE and Uramium 2. 6
The concentrations of VOC in the sandstones of the
bedrock indicate that these sandstones are beiny 1
charged by the overlying allhuiviom which contams
hgher VOCs in the 903 Pad Arca

Future Momtoring

Ground water monstoning will cuntinuc onagua terly
basis for 1989 Analytical parameters are givon
Table 16 Monthly watcer level measurements also will

continue 1n order to better charactenze flow patterns

Additional phases of the remedial mvestigations for
the medium prionity Sites willbeginin 1989 Investipy

tions for RCRA Closure achivitics will begin in the
sprng of 1989  Remedhal Investigabons of the ow
prionty sites will begin in the autumn of 1989 "+«
mvestigations will further assess the facibity’s impact
on the ground watersystems  Feasituhity studies na v

mttiated the development and <olechion ot ¢t uve
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corrective action measures for the high prionty arcas

Construchon of facihtes to be used for corrective

actions, such as water treatment systems, currently 1s
proposed to begin as early as the fall of 1989

Regional water monitoring includes samphing and
analysis of pubhic water supplies and tap water from
scveral surrounding communtics  However, only
Great Western Reservorr and Standley Lake, of the
regronal water supphes, recetve runoff from Rocky
Flats Plant dramnage systems (Figure 4)  The Rocky
Flats contributions to radionud hdes in regional water
supplics through awrborne emiswions were estimated
wn the Plant Environmental Impac t Statement (US80a)
These contnbutions were nepligible compared to

contributions from fallout and natural background

Water samples were collected weckly during 1988
from Great Western Reservoir a water supply for the
City of Broomfield, and from Standley Lake, a water
supply for the Gity of Westminster and portions of the
Cities of Thomnton and Northglenn  The weekly
samples were composited into a monthly sample, and
analyses were performed for plutomum, uranium,
and amencaium concentrations | ntiumanalyses were
conducted on weckly grab samples  Annual grab

samples were also collected from three regional reser-

voirs (Ralston, Dillon, and Boulder) and the South
Boulder Diversion Canal at distances ranging from1 6
to 96 kilometers (1 to 60 miles) from the plant  These
samples were collected to determunc background data
for plutonium, uramum, amencaum, and tritium in

water These data are presented in Tables 17 and 18

Dninking water from Boulder, Broomfield, and West-
munster was collected weekly, preserved, composited
monthly, and analyzed for plutoruum, uramium, and
amencium  Tntum analyses were performed on
wecekly grab samples  Quarterly grab samples of tap
water were collected from the communitics of Arvada,
Denver, Golden, Lafayette, Loussville, and Thornton
Samples were analyzed for plutomium, uramum
amencium, and tnhum  These data are presented in
Tables 17 and 18

Evaluation of theregional reservoirand dnnking water
data indicates no unusual trends or results  The pluto-
nium, uranmm, amenaum, and tribum concentra
tions for the regional rescrvorrs represented 1 smat
fracthon (0 4 percent or less) of the DOE Der.* cod Cou-
centrabon Guides (DCGs)  The average plutomun
concentration in Great Western Reservorr was 0 (04 +
10 *pCr/ml (15X 10 Bq/h This valueis m the rang,.
of concentrations predicted for Great Western Reser
varr in the Plant Environmental Impact Statemers
(US80a) The values given in the Environmantal Im
pact Statement are based on known low-level pluto-
mum concentrations in the reservoir sediments  Re-

sults of the 1988 plutormum, uranium, amencium, and
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TABLE 17 Plutormum and Uramum Concentrations
n Pubhc Water Supphes |
}
Number of Percent of ]
| ocation Analyses ¢ minmum?® € maximum? ¢ mean® DCG {
Reseryoir Plutonium Concentration (X 10 pCIIml)" :
Boulder 1 0004 + 0020° 0004 3 0020° 0004 & 0029° 001 !
Dillon 1 0005 3 0028 -0005 + 0028 0005 + 0028 0
Great Western 12 0003 3 0007 002 1 003 0004 + 003 001
Rk ton 1 0025 + 0033 0026 + 0033 0026 + 0033 009
South Boulder !
Dwersion Canal 1 0003 + 0028 0003 + 0028 0003 . 0028 o]
Standiey 12 0004 3+ DOO6 006 4+ 004 0005 + 0016 002
Drinking Water
Arvada 4 0018 s+ 002e° 010 4 0020° 0002 3 0029° 8
Boulder 12 0002 &+ 0003 0003 3 0008 0000 + 0011 ]
Broomtield 12 oo + 003 006 g+ 003 001 1 002 003
Denver 4 0013 3+ 0029 006 + 004 0008 + QO3 0G3
1 Golden 0005 : 0028 0008 ¢+ 0029 0001 3+ 003 0
Latyette 4 0012 3 0026 002 1+ 0030 0004 i 0029 0
Lousville 4 -0005 ¢+ 0030 0014 + 0031 0005 + 003 002
Thornton 4 000z 3 0027 005 3+ 004 0019 3 003 006
We stminster 12 002 3 003 0018 + 009 000 + QO1 G
Reservoit Uranium Concentration (X 10" xCumi)®
R uide 04 4 01° 04 3+ 01° 04 3 019 J08
Ien 1 05 01 05 3 01 05 + Ot vt
Cire it Western 12 e ¢+ 01 36 + 03 205 + 022 041
Ralston 1 09 ¢ 01 09 1 01 09 1+ Of 02
} SHouth Boulder ¢
Diversion Canal 1 c5 01 05 4+ D1 05 3+ 01 0
SHStandley 12 10 ¢ 01 28 ¢ 02 18 ¢ 02 336
{ Drinking Water
Arvida 4 009 + 009° 057 + 012° 039 ¢ 014 .08
Boulder 12 -003 ¢ 009 05 + 02 023 4+ 011 008
RBroomfield 12 05 ¢t 02 26 1 02 117 2 015 023 )
Denver 4 024 + 008 19 4+ 02 092 « 014 c18
Cnlden 4 039 ;+ 008 21 ¢ 02 112 + 015 022
L afayette a4 003 :+ 007 024 3 01° 017 3 009 003 )
Louiss'ie 4 008 + 009 028 3 009 013 + 012 ca3
'hsnlen 4 17 . 02 33 : 03 187 4 021 037
We truaster 12 0% ¢+ 009 14 + 21 062 + 013 012
1 ¢ mintmum = miimum measured concentration ¢ maximum = maxunmum measured concentraton,
° mean = mean measured concentration
b Radiochemically determined as plutonium 239 and 240 The calculated Derived Concentration Guide \DCG) 1~
plutonium i water available to members of the public 1s 30 X 10 9 pcvmi {See Appendix A)
- Chalculated as 1 96 standard deviations of the individual measurements
4 Calulated as 1 96 standard deviations of the mean
1116 ochemically determined as uramnum 233, -234, and 238 The calculated Denved Concentration Guide (DT ™) for
H uranwm in water available to member i the public is 500 X 10 a uCrml (See Appendix A )
L - e
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@ TABLE 18 Amencium and Tritium Concentrations )
in Pubiic Water Supphes
Number ot Percent of
Location Analyses C minmum? C maximum? € mean® DCG
Reservolr Americium Concentration (X 10 uCimi)®
Boulder 1 0015 + 0026° 0015 + 0026° 0015 3 00269 005
Dilion 1 -0005 4+ 0028 0005 + 0026 0005 4+ 0026 0
Great Western 12 0004 0005 0011 3 0007 0003 + 0008 001 !
Railsion 1 0002 3 0025 0002 + 0025 0002 4 0025 0007
South Boulder
Dwversion Canal 1 0016 3 0022 0016 ¢+ 0022 0016 4 0022 V]
Standley 12 0001 + 0006 002 4+ 003 0007 + 00t 002
Drinking Water
Arvada 4 0008 i+ 002° 0018 3 0030° 0002 400249 0 007
Boulder 12 0002 3 0005 002 3+ 0007 0003 + 006 001
Broomfield 12 0001 3 0006 0017 + 0008 0006 + 001 002
Denver 4 0005 3 0023 0004 1+ 0025 0001 4003 0
Golden 4 0009 : 002 0003 + 0025 0004 1004 o0t
L afayette 4 0014 3+ 0022 0021 4+ 0025 0002 002 0
Louisvilie 4 0016 ¢+ 0022 0005 +« 0023 0009 + 002 0
Thornton 4 0000 ¢+ 0024 0060 3 0032 0026 4 002 009
Westminster 12 0004 3 0005 0025 + 0008 0005 3 0006 002
Reservoir Tritium Concentration (X 10 ® uCimi)®
Boulder f
Dillon 1 227 1 52%° 227 4 521° 227 t 5219 001
Great Western 48 360 + 280 730 : 580 30 x 120 0
Ralston t
South Boulder
Dwersion Canal {
Standley 48 740 ¢ 290 1380 1+ 520 10 + 130 0 0005
Drinking Water
Arvada 4 M0 3 260° 310 3+ 540° 30 3 420° 0
Boulder 12 610 + 530 600 + 600 20 + 130 0
Broomfieid 12 500 3 420 640 + 610 20 ¢+ 120 0
Denver 4 410 4+ 520 10 ¢+ 520 230 + 420 0
v Golden 4 400 3 260 300 3 540 50 3 420 0
Lafayette 4 250 + 260 30 3 300 60 ¢+ 420 0
Lousville 4 280 i 520 90 3 520 130 ¢+ 420 ]
Thornton 4 300 + 260 150 &+ 530 50 4 420 0 !
Westminster 12 00 + 290 740 3 600 10 ¢ 130 0 0005
1 © mimmum = minimum measured concentration, € maximum = maximur measured concentration, € mean = mean
measured concentration
b Radwochemically determined as amerncium 241 The intenm standard calculated Dernved Concentration Guide ({*CC
for amencium n water available 1o members of the public 1s 30 X 10 9 nCvmi (See Appendix A )
c Calculated as 1 96 standard deviations of the individual measurements
d Calculated as 1 96 standard deviations of the mean
e The ntenm standard calculated Denved Concentration Guide (BCG) for trium in water available tc nembei~ ot the

public I1s 2,000,000 X 10 % uCi'm  (See Appendix A )
f  Not analyzed

oo - = R BE— J
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tntium data for dnnking water 1n nine communites
were withinthebackground range  Alldninking water
values were () 37 percent or less of the apphcable DCG

Drinking waler standards have been adopted by the
State of Colorado (CO77, CO81) and the Environ-
mental Protechion Agency (EPA) (US76a) for alpha-
enmitting radionuchdes (excluding uranlum and ra-
don) and for tntium  These standards are 15 X 10°
pCi/mland 20,000 X 10°° uCi/mi(5.55 X 107 Bq/1and
740 Bq/1) respectively  During 1988, the sum of the
average concentrations of plutomum and amencium
(alpha-emutting radionuchdes) for cach commurnuty
tap water location was 0045 X 10 pCi/ml (1 7X 102
Bq/1 or less This value 1s 03 percent or less of the
State of Colorado and EPA dninking water standards
tor alpha activity  The average tntium concentration
n Gruat Western Reservorr, Standley Lake, and 1n all
communily tap water samples was 10X 10 % uCi/mi
(37X 10" Bg/D orless That vatu 1s typical of back-
ground trilum concentrations in ¢ olorado and repre-
~ nts less than one pereent of the State of Colorado and
IPA drinking water standard for tntrom  (CO81,
Us76a)

torty soil samples were collected in October 1988 at

ridial intervals of approximate distances of 1 6and 3 2

kilometers (1 and 2 mules) from the center of the plant
The soil samples were collected by dnving a 10 X 10
centimeter (4 X 4 inches) cutting tool 5 centimeters (2
inches) into undisturbed soil (RO88) The so1l sample
within the tool cavity was collected and placed into a
new one-gallon metal can Five sub-samples were
collected from the corners and center of two onc-meter
squares, which were spaced one meter apart Each sct
of ten subsamples was composited for the plutonium

radiochemucal analysis

The 1988 soil plutonium data are summanzed in Table
19 and displayed on Figure 13 The concentranons of
soil plutonum at the 1 6 kilometer (1 mule) distance
from the plant center ranged from 002 to 10 v pCi /g
(0 74 t0 391 Bq/kg) The concentrations of soit pluto-
nmum for the 3 2 kilometer (2 mile) samples ranged
from002to7 12pCr1/g (0 74t0 263 Bq/kg) Themax

mum plutonium values were tfound in the soit samples
from the eastern portion of the 6550 acre buffer zone

These sample locations are east and southeast (gener

ally downwind) of the major source of plutomum
contamination, the 903 Pad Area The plutiontuin
concentrations measured tn 1988 werc similar to the
values measured since 1984  Data for 1983, 1406 and
1987 are included n Table 19 for companison Tigure
14 has beenincluded to identify the sampling lewations
by number Vanability in concentrations from vear to
year for samphing at the same site 1s to be expected

Samplesare collected from the arca around a sampling
location, never more than 100 feet from the located
samphng pommt To sample the same Jocation « xactly

from ycar to vear 1s not desirable, since that location
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Table 19 Plutontum Concentration” in Rocky Flats Arca Soil W
Samples® at One and Two Miles from the Plant Center, 1985-1988 0
1985 1986 1987 1988 ’
Location Pu(pCi1/g)° Pu (pC1/g)° Pu (pC1/g)° Pu (pCi/g)* \
1-018 0151002d 015+002 018 +002 0104001 |
1-036 008 +001 010+ 002 0.06 +001 088+001 !
1-054 002+001 0.04 +001 004 +001 003 +001 }
1-072 0324003 0634006 051 +0.05 037+004 !
1-090 10 + 009 74 +062 705 +077 106 +098
1-108 130 +13 150 +14 237 + 021 104 +09% }
1-126 19 +017 19 +018 275 +028 155+014 ’
1-144 032+003 027+002 036 +004 020+002
1-162 010+ 001 008 + 001 017 +002 009+001 '
1-180 006+00 006+001 010 +001 006+001 !
1-198 016+ 002 016+002 021 +002 010+ 001 f
1-216 005+001 010+001 016 +002 005+001 '
1-234 005+001 004+001 005 +001 005+001
1-252 014+002 011+001 021 +003 009+001
1-270 007400 008+001 009 +001 007+001 ,
1-288 005+0M 005+001 006 +001 003+001 ;
1-306 009+001 017+002 021 +003 012+001
1-324 015+ 002 021+002 024 +003 016+002
1-342 002+ 001 003+001 003 +001 0024001 ,
1-360 D11+0LN 019+002 016 +002 0124002
2-018 004+ (01 003+0M 004 +001 0024400
2-0136 0024+ 001 007+001 010 +001 007+0M
2-054 003+001 005+001 010 +001 003+001
2-072 033+003 023+002 036 + 004 011+0M
2-090 25 +0025 53 +048 448 +052 712+067
2-108 0414004 046+004 057 +006 047+ 005 !
2-126 042+ 04 044+ 005 040 + 004 003+001
2-144 004+ 001 004+ 001 008 +001 035+003 '
2-162 0014000 002+001 003 +0M 002+001
2-180 01+ 0M 0MM+00 003 +001 003+00M
2-168 002+ M 008+ 001 014 +002 010+ 001
2-216 004 +(¢:MN 006 +001 007 +001 007+001
224 005+ 001 005+ 001 007 +00 003+001
2-252 004 +0M 007 +001 006 +001’ 004+001
2-270 004 + 001 006+ 001 008 +001 006 +001
2-288 004 + 001 005+001 013 +002 007 +001
! 2-306 006+ 001 002+001 008 +001 002+ 000 !
2-324 004+ 001 009+001 008 +001 014+0M
2-342 013+ 0M 012+001 014 + 002 010+ 001 !
2-360r NOO4s (N 005+00 008 +001 005+0M ,
a Not blank corrected
b Sampled toadepth » 3cm
~ Concuntrations an 1o the fraction of soil measuring less than 2mm n

dramutcr

d Frrorterm represen ~ standard deviations
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would have been disturbed by the previous years
sampling Since the sampling from year to yearis from
shightly different locations, the effects of non-unuform
deposition by wind, redistribution of plutomum by
erosion or faunal activities, and samphng and analyh-

cal error will all contribute to vanability

-
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FIGURE 14 Soil Samplhing Locations

Thermoluminescent dosimeters (TLDs) are used to

measure external penetrating gamma radiation expo-
sure at 46 locations on and off the plantsite Replicate
TLDS are located at each stte  All TLDs are environ-
mentally exposed for three months The TLDs are
placed at 18 locations within the 384 acre property

enclosed by the secunity fence Measurements are also

made at 16 penmeter locations three to six kilometers
(two to four mules) from the plant and in 12 commumn-
ties located within 50 kalometers (30 males) of the plant.
The TLDs are placed at a height of one meter (three
feet) above ground level

During 1983, conversion from a Harshaw TLD system
to a Panasonic system was mmtiated For one complete
calendar year, two TLDs of each type were used at
each momitoning location Beginning 1n 1984, only the
Panasonic TLDs were used

The environmental TLDs consist of two Panasonic 802

dosimeters, each of which has four elements Only one
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TABLE 20 Envionmental Thermoluminescent Dosimeter Measurements

1

\.

Mcan Annual 95% Confidence 95% Confidence
Location Number of Number of Measured Dose  Intcrval on the Interval on an Individual
Catcgory Locations  Mcasurements (mrem) Mcan (mrem)»*  Measurement (mrem)®
Onsite 18 109 154 +4 + 47
Penmeter 16 87 128 +2 +. 19
Commumty 12 68 155 + 4 + 3

a Calculated as 196 standard deviations of the mean
b Calculated as 1 96 <standard deviations of the individual measurements

_J

ot theclementsof cachdosimeterisused Thisclement
consists of calcium sulfate, thuhum dnfted (CaSO, Tm)
deposited on a polymnd surface The phosphor s
tovered with a clear teflon and backed with an
opaque ABS plastic The TLDs are packaged in a small
plastic bag, a paper envelope, and another plastic bag
to protect them from the weather  Total filtration over

the phosphor 15 1785 mg/cm®

Theenvironmental dosimeters have beenindividually
calibrated (three mes each) agamnst an onsite Ce-137
pamma calibration source Cahbration hincarity stud-
i have « mfirmed that TLD response 1s hinear for
Uvposure levels ranging from 10 mrem to 1000 mrem
The mean cahbration factor for cach dosimeter 1s
apphed to measurements taken with that dosimceter
Anadditional correctionsapphed to correct forday to

dav vanations in reader calibration

Itwasdctermined thata statistically sigmficant{p=0 (>
difference in response exists between the Harsha

environmental monitoning, system used prier to 1984

and the Panasonic environmental monitoring systems
used begmning in 1984 In order W .ompard the 196~
valucs with the previously reported Harsh . data, »
1s necessary to multiply the Panasomicresults given in
Tablc 20 by 1 (46

The annual dose equivalent tor cach focation cate gron
was calculated by determin.ng theaveragen «m/dh
for cach of the three categories using data rom
four quarters in 1988 These valucs were thun pul

phied by 365 25 to abtain yearly totals

In previous Annual Reports, the Annual Measure
Dose was reported with a 95 percent confidu nee inle

val on the mean using the standard crror of theinein
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valcuhited trom the vanance of the individual meas-
ured values  Begimming in 1985, the 95 percent confi-
dence nterval on an individual observation within
cach location category - calculated as 196 standard
deviations - was added to the rcport  This latter
interval may be used for assessing the vanability of the
indivnidual location measurements within a location

category

Ihe 1988 environmental measurements using TLDs
are summarized inTable 20 The average annual dose
cqinvalents, as measured onsite, in the penmeter
chwvirons, and in communttics, were 154, 128, and 155
mrem {154 128, and 1.55 mSv), respectively  These
values are indicative of background gamma radiation

m the arca
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ASSESSMENT OF
POTENTIAL PLANT
CONTRIBUTION TO
PUBLIC RADIATION DOSE

In August 1985, the Department of Energy (DOE)
adopted anaintenim radiation protection standard for
DOL environmental activities to be implemented 1n
(Y1985 (Va85) This intenm standard incorporates
gurdance from the National Counal on Radiation
Protection and Mceasurements (NCRP), as well as the
Environmental Protechon Agency Clean Air Act air
enussion standards as implemented 1n 40 CFR 61,
Subpart H (US83, US85) Included in the intenm
standard 15 a revision of the radiathon dose hmats for
protection of the publicfor DO1 tacihties InJuly, 1988,
DOI published radiation dose conversion factors tobe
used for calculabing dose from intakes of radioactive
matenials and from exposure to external penetrating
rachation resulting from arr and water immersion and
ground depossthion  (US88a, US88b) The internal dose
tactors are based on the Internatonal Commussion on
Radiological Protection (ICRP) Pubhications 30 and 48
methodology for radiation dosimetry  The DOE n-
tenim standard and the dosc conversion factor tables
have been used in this 1988 Annpual Site Environ-
mcntal Monitoring Report” lor assessment of the po-

tc ntial Racky Flats Plant contribution to pubhc radia-

tion dose As n past Annual Reports, the dose hmut<
and dose conversion factors used are speaficd, and
comparisons can be made with informat.on n past
Annual Reports to determune the magnitrde of thy

changes

Potenhal public radiation dose commitments, whn
could have resulted fromplant operations, were cal 1
lated from average radionuchde concentrativns mees
ured at the DOE property boundary and in surround
ing communities. Inhalation, water ingeshion, and .
amuch lesser extent - ground-plane irrachation are the
pnnapal pathways of exposure Swimmung ad et
sumphion of foodstuffs are insigmficant pathw. .«
Thus latter finding 1s to be expected because f nmitea
swimming and fishing in the arca and because most
locally consumed food 1s produced at considerahie

distances from the plant

The dose assessment for 1988 was conducted for sc
eral locattons the Rocky Flats Plant proprriv s o
boundary nearby communitics, and sites te . distar

of 80 kilometers (50 miles) Dose conversi i facr r
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used tor the inhalation and water ingeshon, and
ground-planc urachaton pathways were from the
tables provided by DOE  (US88a, US88b) The relative
abundances of plutomum and amencium isotopes
plutomium uscd at Rocky Flats Plant (shown 1n Table
21) were used to calculate composste dose conversion
factors for plutomum The fractons of ingested radi-
onuchdes that are absorbed from the gastro-intestinal
tract and the lung clearance classes for inhaled radh-
onuchdes were chosen to maximize the associated
dose conversion factors  The inhalation rate of 2 66 x
107 m'/s and the water ingestion rate of 2 hters (2 1
yuarts) per day were denived from data for the ICRP
rderence man and were included in the factors  (In75)

I ach of these dose conversion factors 1s for a 50-year

dose commutment from one year of chromic exposure

The dose conversion factors used in this report are
hsted in Table 22

Plutonium and amenicium in the Rocky Flats environs
are the combined result of residual fallout deposition
from global atmospheric nuclear weapons testing and
past releases from the plant  Uranium, a naturally
occurnng element, 1s indigenous to many parts of

Colorado and also 15 used tn plant operations in vari-

B - )
r TABLE 21 isotopic Composition of Plutonium Used at Rocky FlatsPlant (US80a) !
i
| Relative Weight  Specific Activity  Relative Activity® Fraction of Pu Alpha
Isotope (Percent) (Cvg) (Cvg) Activity® :
- |
Pu-238 001 171 000171 0 0233
Pu-239 9379 0 0622 0 05834 0 7962
Pu-240 580 0 228 001322 0 1804
Pu-241 036 103 5° 0 37260 5 085"
Pu-242 003 0 00393 118x 108 161x10°
Am-241 - - 0 20°¢
* Beta Activity
a Obtained by multiplying the percent by weight by the speciic activity i
b  Oblamed by dividing the relative activity by the sum of the relative activities for the piutonium !
alpha emitters :
¢ The value lor Am-241 1s taken to be 20% of the plutonium alpha activity |
\ _ U
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GO

Water Ingestion frem mllhmg;} ac

microcurie
Pu-239, 240 Am-241
Qrga[!
Eftective Dose
Equivalent 353X 10° 329X 108
Liver 132X 10’ 124X 10’
Bone Surfaces 642X 10 591 X 107

tung ) ()

Ground-Plane lrradiation {Lgm_ square meter d

microcune
Pu-239, -240

Organ

Efiective Dose

Equivalent 480X 107
Liver 453X 10'6
Bone Surtaces 162X 10'5
Lung . 978X 10

~

190X 10°
(e)
299 X 105
)]

Am-241

299X 10°3
178X 103
369x103
201x103

4 e — ——
Table 22 Dose Conversion Factors Used in Dose Assessment Calculations

|

Inhalation frem millider) 2°

microcurie
Pu-239, 240

Qrgan

Effective Dose

Equwalent 571x10'2

Liver 222x 10"

Bone Surfaces 104 x 10"

lung 108 x 10"

Inhalation and water ingestion dose conversion factors were adopted from DOE/EH-0071 (US88b) and are for a 50-ye~ dost

commitment penod and a 1 pm Activity Median Aerodynamic Diameter (AMAD) particle size (VA85) Gl absorption frie ons
and lung clearance classes were chosen 1o maximize the dose conversion factors

b Annhalation rate of 266 X 102 mlis for 1 year was assumed

¢ A waterintake rate of 2 X 103 mi (2 1 quarts) per day for 1 year was assumed
d  Ground plane uradiation dose conversion factors were adopted from DOE/EH-0070 (USBBa) For Pu-239 -240, the higher of

the factors for the two isotopes was used
¢ The hiver recieves no significant dose from this pathway
f The lung receives no sigmficant dose from this pathway
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ousisotopic ratios Trium, a radionuclide formed by
natural processes, also is associated with plant opera-

tions

Inhalation source terms for the 1988 dose assessment
were based on plutomum-239 and -240 concentrations
measured i ambient air samples  Although 1t 1s
known that much of this plutonwum m air 1s from
residual fallout from past global atmosphenc weap-
ons testing, for the purpose of this dose assessment 1t
wasconscrvatively assumed that all of the plutonium
orginated from the Rocky Flats Plant  The ingestion
source terms were based on measured concentrations
of plutomum, amencium, urantum, and trittum in
watcr The ground-planc source terms were based on
measured values of plutonium m soil and anassumed
ratio of 020 for thc americium to plutomum alpha
activity in the soil This ratio 1s the maximum level of
amenaum in-growth from Rocky Hats plutonium

(USB0a}

I he maximum site-boundary doseassessmentassumes
that an individual1s continuously present at the plant
penmeter, which actually 1s uninhabited  The pluto-
nium inhalation source term of 10X 10717 uCi/mi(37
\in7 g/ m’) was the maximum annual average con-
centration of plutonium-239 and -240 as measured for
asmglelocationin the penmeter ambientair samphing

ne twork

The water supply for the individual at the site bound-

ary was assumed to be Walnut Creek, which intermut-

tently flows offsite and provides the hiquid effluent
source term at the site boundary Dunng 1988, the
plutomum concentration in Walnut Creck averaged 1
X 10" pC1/mi (4X 10*Bq/1) Theaverageamencium
concentration was 1 X 10717 pCi/mi (4 X 104 Bq/D
These concentrations were used as the water ingeshon
source term for the maxamum site boundary dosc
assessment The average concentration of uramum in
Walnut Creek was 4 8 X 10 pCi/mi (18 X 10 Bq/1)
while theaverage concentrationin incomung raw water
was 16X 107 uCi/mt (59 X 102 Bq/) The source
term for uramum ingestion was the difference be-
tween these two values {3.2 X 10 pCi/ml (12X 10
Bq/Dl The average tritium concentration in Walnut
Creck was less than zero and within the background
range typically measured in regional waters Thrscon-
centration of trittrum 1s an msignificant contnbutor to
dose Tnhum 1n the water was, therefore, omatted

from the 1988 dosc asscssment

The ground-plane irradiation source term 1s based on
the maximum plutoniumin soil depositionat the plart
penmeter, asreported by the Environmental Mcasure -
ments Laboratory (US70) This source termas 3 A
102 uCi/m? (1 X 10° Bg/m?»  The amenici im s
assumed to be present at an alpha activity level of 20
percent of that of the plutonium, which is the maxi-
mum quantity of amenicium that can be present in
Rocky Flats plutonium from the decay of plutonium-
241 (US80a) The amencium source term, therefore, 1s
conservatively estimated tobe 6 X 103 uCr/m?2 X 167
Bg/m?)
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TABLE 23 Radwactivity Concentrations Used for 1988 Dose Calculations )
Ar Water Surface Depositic:
{(nCuml) {Cumi) (ucCrm?)
Maximum Site Boundary  10x10'  10x10'  1o0x10"  32x107 3X102 6X 103
Community s50x10'8 - - - -

= _

Source terms and corresponding dose commitments
were evaluated for cach of the surrounding communi-
ties to determine the maximum community exposure
Cround-plance irradiabion and watcr ingestion path-
ways were insignificant for all of the communities
Ihe only signaticant pathway tor radhation exposure
wasmhalativnof plutoniummar The source term for
inhalation used 1n the dose assessment was the maxi-
mum annual average plutonium concentration meas-
ured mcommunity ambientair (S 0X 1078 pCi/mi(1 9
X 107 Bq/m%)l This concentration was the annual
average concentrabon measurcd for the Supenor

ambient air samplet

A summary of the source terms for the maxtmum site
boundary and for community locahionsis tabulated in

Table 23

The maximum dose to an individual continuovsiv

present at the site boundarvisbased onth 1 he
chde concentrations shown in Table 23 From thew
concentrationsand thedose conversion factc remTat «
22, a 50-year dose comrutmentof 75X 10 -on (7 5
10°® Sv) 15 calculated as the effecbve dose vquivale
from all pathways The corresponding bonce surfaces
dose1s12X 102 rem (12X 10*Sv) The Department
of Encrgy (DOE) intenm radiation protection stan
dard for members of the public for prolonged pernic -
of exposurc 1s 0 1 rem per vear (1 X 10 36 per ve!
cffectivedoseequivalent Themntenmstandard tortt .

air pathway only 1575 X 102 rem perycar /" T\ 1y
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Sv per year) jor any organ for intemally deposited
radhonuclides (VA85) The maximum site boundary
dose represents (75 percent of the standard for all
pathways for the cffective dose equivalent Ifall of the
dose were received from the ar pathway, it would
represent 16 percent of the air emission standard for

any organ

Based on rachonuchde concentratons in surrounding
commumities (Table 23), the calculated 50-year dose
commutmentsare2 9 X 10° rem (2 9 X 107 Sv) effective
dose equivalentand 52 X 10% rem (52 X 108 Sw) to
bone surfaces  These values represent less than 003
percent of the DOE intenm standard for effechve dose
equivalent and 069 percent of the air emission stan-

dard tor any organ

The maximum site boundary and community 50-year
committed dosc equivalents are summanzed in Table
24 Theeffective dose equivalents maybecompared to
an average annual effective dose equivalent for the
Denver area ofabout3 5 X 107! rem (3 5X 1072 Sv) from
natural background radiation (NA87) (See Table25)
This natural background radianon level for Denver 1s
higher than that shown for the total body m past
Annual Reports prior to 1985 and also higher than that
shown for effective dose equivalent in the 1985 and
1986 Annual Reports. Thelevel reflects the most recent
assessment of natural background rachation exposure
of the population of the United States by the National
Council on Radiation Protection and Measuremoents
(NCRP) (NAS87) It includes the sigmficant contribu-
tion to cffective dose equivalent from inhaled 1ndoor
radon, as well as the adoption of the ICRP 30 method-
ology of radiation dosimetry The cosmuc rad:ahon
and external primordial nuchdes sources shown

Table 25 reflect the regional dose levels for the Denver

TN
TABLE 24 Fiity-Year Committed Dose Equivalent From One Year of Chronic Intake/Exposure ~\l
Effective Dose Equivalent Liver Bone Surfaces Lung !

Source (rem) (rem) (rem) (rem)
Maxmum Site Boundary Location 75X1074 49X 10 12x102 12x 104 !
|
Community 29x10° 11x10%  s2x10* 54X105 |

S
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arca which result from Denver’s hugher elevation and
greater concentrahons of naturally-occurring radioac-
tive materialsinsoil Theanternal pnmordial nuclides
source includes the average dose from indoor radon
cstimated by the NCRP for the entire United States
Investigations arc now beng conducted to determune
any regional differences in indoor radon doses that
may exist  Once these studies are completed, the
estimates of natural background radiation dose for the
Denver arca may be modified again to reflect indoor
radon doses that arc specific to this region

The dose commtment for all individuals, to a distance
of 80 kilometers (50 muiles), 1s based on the calculated
maximum community dose eshimates shown in Table
24 Thecstimated commatied effecthive doseequivalent
18 1ess than 1X 107 remor 1 mrem (1X10° Sv) Alevel
of “1 mrem/yr” or less 1s speafed as a de mmmis
(inconsequential) level of exposure in the DOE Guide
cnhitied, © A Guide to Reducing Radiathon Exposure to
AsLow AsRcasonably Achievable (ALARA) “ (US80b)
The Guide further states

“Radiation-induced mutations and
discases have not been discovered in
populations that are or have been

exposed to doses of 100 mrem/ ycar
or less Hence, 1t 1s reasonable to
suggest that no health cffects will be
discerned 1f a population 1s exposed
to an additional 1 percent of the level,
te, 1 mrem/yr Anannualdoscof 1
mrem should be regarded as a level
which 1s clcarly de minimis ~

Based on the demimms conceptin theGuideand on the
maximum community dose eshmates, the dose com-
mitment for all indivaduals to 80 kilometers 1s consad
cred to be de minim:s

The Environmental Protection Agency (EPA) require s
that approved EPA proccdures be used to demon-
strate comphiance with its radioactivity air cmissione
standards found 1n 40 CFR 61, Subpart H (US85) A+
the wnting of this Report the only prowdure for
whiuch the EPA has pubhished approvalis modehng o
radioactivity air emissions data using the AIRDC~

EPA atmospheric dispersion/radiation dosc calcula

tion computer code (US85) The Rocky Flats Plant *«
secking EPA approval for using environmental (ambn-
ent) sampling as the basis tor demonstrating comp:--
ance with40CFR 61, Subpart H This s the procedurt
that 1s descnbed above for calculating projected ridi -
tion doses to the pubhic Pending EPA approval of this
procedure, the AIRDOS-EPA computer code alvo ha

been used to calculate projected radiation doses to the,
pubhic as a result of air emissions of radioact've ma*

nals from the Rochy Flats Plant The results of thie
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computer codecalculatonindependently confirm that
the maximumradiation dose to a member of the public
as a result of exposure to arrborne radioactivaty from
the Rocky Flats Plant in 1988 1s less than 1 mrem

cffective dose equivalent

A\
f TABLE 25 Estimated Annhual Natural 1
Background RadiationDose for

the Denver Metropoltan Area {(NA87)
Effective Dose
Equwalent

Source {rem)
Cosmic Radiation 0 050
Cosmogenic Nuchdes 0 001
Pamordial Nuchdes-External 0063
Pnmordial Nuchdes-Internal 0239
Total for One Year (rounded 035

\_ ( ) )
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APPENDIX A

APPLICABLE GUIDES
AND STANDARDS

The Rocky Flats Plant Environmental Monitoring
Program cvaluates plant comphance with all apph-
cablc gindes, hmuts, and standards. Guide values and
standards for radionuchdes in ambient air and water-
borne effluents have been adopted by the Department
of Encrgy (DOE), the Colorado Department of Health,
and (for the air pathway only) bv the Environmental
Protection Agency (EPA) (VAS85, CO78, US85) The
guidcs are based on recommendations pubhshed by
the International Commassion on Radiologacal Protec-
tion (ICRP) and the National Counal on Radiation
Protection and Mcasurements (NCRP) Ambient air
data for nonradwachve parameters has been collected
at Rocky Flats for companson to the cntena pollutants
hsted under the EPA Nahonal Ambient Air Quality
Standards, cstablished by the Clean Air Act (US81b)
Instrumentationand methodology follow requirements
estabhshed by EPA 1n the Quahty Assurance Hand-
book for Air Pollution Measurement Systems  (US76b)
Limuts for nonradioactive poliutants in effluent water
have been defined by an EPA National Pollutant Dis-
charge Emination System (NPDES) discharge per-
mit (US84a) In 1976, the EPA also estabhshed stan-
dards for radionuchdes in dnnking water (US76a)
These drinking water standards have been adopted, in
turn, by the State of Colorado (CO77, CO81) In 1973,
Colorado first cnacted the Colorado Water Quality
Control Act (CO73) Standard« for implementation of

this Act were first enacted in 1974 and currently in-
clude prowvisions for protection of Colorado water-
ways from both radioactive and non-radioachve con-
taminants (CO87)

Inamemorandumof August5, 1985, the DOE adopted
an intenm radiation protection standard for DOE
environmental activiies to be implemented in CY
1985 (VAS85) This mtenm standard incorporates
guwidance from the NCRP, as well as the EPA Clcan Air
Act air emussion standards for radioactive emussions,
asimplemented in 40 CFR 61, SubpartH (US83, US85)
Included in the intenm standard 1s a revision of the
dose mits for members of the public Table A-1
summanzes the mtenm radiation dose hmts for
members of the public Tables of radiation dose con-
version factors to be used for calculating dose from
intakes of radioactive matenals were published by
DOEnJuly, 1988 (US88a, US88b) The doscfactorsare
based on ICRP Publications 30and 48 methodology for
radiation dosimetry Effluent air and water Denved
Concentration Guides are secondary guides denved
from the pnmary dose standardsand were calculated
using dose conversion factors and assumed air and
water intakerates Thecalculated Denved Concentra-
tion Guides (DCGs) are based on the interim standard
dose hmat for all pathways of 0 1 rem/year for a 50-

year committed effective dose equivalent The dose
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conversion factors provided in the DOE publications
were used and 1ntake rates of 8400 cubic meters per
ycar (2 66 X 10 m?/s) for air and 730 hiters per year (2
1/d) for water as prescribed by the DOE Gudance
were assumed for the calculatons  (US88b) The
DCGs are given in Table A-2 and are comparable
concept to the Radioactivity Concentration Guides
(RCGs) published by DOE for its previous radiation
protection standard given in DOE Order 5480 1A,
Chapter XI (US81a)

The previous RCGs included permissible concentra-
tions of speafic radionuchdes and mixtures of rad:-
onuchdes mn air (RCG,) and water (RCG) for inds-
viduals m the general population (US81a) Inaddition
to restncting specific radionuchdes, the guides re-
stricted the concentration of radionuchdes in a mix-
turc such that the sum of the ratios of each radionu-
chde concentration to the appropriate concentration
gurde would not exceed a value of one The guides
further stated that a radionuchide might be considered
as not present in a muxture if (a) the ratio of the
concentration of that radionuchde in the maixture to the
concentration guide for that radionuchde did not ex-
cced one tenth and (b) the sum of such ratios for all
radionuclides considered as not present in the mixture
did not exceed one fourth

During 1988, average speaific radionuclide concentra-
tionsin airand water for the Rocky Flats Plant were all
less than one tenth of theappropnate Derived Concen-

tration Guides for specific radionuchdes. The sum of

the ratios of those average concentrabions to their
respective DCGs was less than one fourth forallairand
water samphng locations Applying the same meth-
odology for reporting mixtures under the DCG con-
cept as was used with RCGs, the measured concentra-
tions in the tables have been compared to the concen-
tration guides for specific radionuchdes rather than to
the ginde for muxtures The frachions of ingested
radionuclides that are absorbed in the gastro-intesh-
nal tract and the lung clearance classes for inhaled
radionuclides were chosen to yeld the most restnictive
DCGs for compansons in this report Throughout this
report, wherea radionuclide concentrationisexpressed
as the cumulative measurement of more than one
1sotope, the stated DCG used for companson repre-
sents the most restnctive DCG for that grouping of
1sotopes Plutomumconcentrationsmeasured atRocky
Flats represent the alpha radicactivity from plutonium
1sotopes -239 and -240, which constitute over 97 per-
centof the alpha radioactivity in plutoruum handled at
the plant

Reported uramum concentrations are the cumulative
alpha activity from uramum-233, -234, and -238.
Components containg fully ennched uranium are
handled at the Rocky Flats Plant Depleted uramum
metal 15 fabncated and also 1s handled as a process
waste material Uramium-235 1s the major 1sotope by
weight (93 percent) 1n fully enriched uramium, how-
ever, uranium-234 accounts for approximately 97
percent of the alpha activity of fully enniched uramum
In depleted uramum, the combined alpha activity
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from uranum-234and -238 accounts forapproximately
99 percent of the total alpha activity  The uramium
DCGs used in this report for atr and water are those for
uranmium-233, -234, and uramum-238, whuch are the

most restrichive

Environmental uranium concentrations can be meas-
urcd by a vanety of laboratory techmiques Nonrad:-
ological techmques yreld concentration units of mass
per unit volume such as mg/m’ and mg/1 The ura-
num concentrations given in this report were denved
by measunng radioactivity from alpha-emitting ura-
mum i1sotopes and are expressed in terms of activity
umits per umt volume Rocky Flats data include meas-
urements of depleted uranium, fully ennched ura-

num, and natural uranium

Conversion factors for specific typesof uramumcanbe
used to comparc the data in this report to data from
other facilities and agencies that are given i unuts of
mass per unit volume, however, the resulting approxi-
mations will not have the same assurance of accuracy
as that for the onginal measurcd values Uranium in
cffluent air from plant bulldings 1» pnmanly depleted
uranium The conversion factor for these datai1s2 6 X
10° &/Cr Natural uranium s the predominant species
foundin water The conversion factor for water datais
15X 10°g/C1  As an example, converting the 1988
mean concentration of uranium in water for Boulder
Reservorr (004 X 10° pCr/ml) to concentration unuts

of pg/ml would be done as follows

(0004 X 10 uC1/miX1.5 X 108 g/CiX1 X 10
C1/pCiIX1 X 108 pg/g) = 6 X 108 ug/ml

The apphicable EPA standard for beryllhum (a nonra-
dicactive material) in airtborne effluents from plant
buildings 1s 10 grams per stationary source i1n a 24-
hour time peniod ( US78) The calculated DCG in
ambientarr for plutonium-23%9and -240 for members of
the pubhc1s 20 X 10°7° pCi/mi (74 X 10 Bg/m®)

The calculated amencium-241 DCG in waterbome
effluents for members of the public1s 30X 107 uCi/ml
(11Bq/l) The comparable DCG for plutomum-239, -
240 i water 1530 X 10 pCi/ml (11 Bq/1) The most
restrichive calculated DCG for uranium-233, -234, and
-238 1n water 1s 500 X 10° uC1/mi (19 Bq/1), which 15
the DCG for uramium -233 In waterborne efflucnts
available to members of the public, the calculated DCG
for tnttum 15 2,000,000 X 10°° pCi/ml (74,000 Bq/1)

In 1976, the EPA promulgated regulations for radionu-
chdes in dnnkmg water (US76a) These regulations
were cffective on June 24, 1977, along with primary
drinking water regulations for mucrobiological, chemi-
cal, and physical contamunants The intent of the Safe
Drinking Water Act was to ensure that each state has
pnmary responsibility for maintaiming dnnking water
quality Tocomply with these requirements, the Colo-
rado State Board of Health modified existing State
dninking water standards to include radionuchides

(CO77, CO81) Two of the community dnnking water
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standards are of interest mn this report The State
standard for gross-alpha activity including radium-
226 but excluding radon and uranium) m commurnuty
water systems 13 a maxamum of 15 pCi/1 or 15 X 10?7
uC1/ml (5.6 x 107 Bg/1) Amencium and plutonium,
which are alpha-emstting radionuclides, are included
n thislimit  The himat for tnbum n dnnking water 1s
20,000 pCi/1 or 20,000 x 10 uC1/mi (740 Bq/1)

The Rocky Flats Plant NPDES pernut, wiuch the EPA
reissued 1n 1984 to DOE, established sarutary effluent
limatations on  discharges from Pond B-3 (treated
sewage effluent), imutations for mitrate and pH in the
discharge from Pond A-3 in the Walnut Creek dramn-
age, hmitations on discharge from the reverse osmosis
pilot plant, on Woman Creek drainage, hinutations on
discharge from the reverse osmosts plant, and control
of sediment release duning discharge from Ponds A4,
B-5, and C-2

In addition to evaluating comphance with all apph-
cable gndes, hmuts, and standards, the Rocky Flats
Plant Health , Safety and Environment Department
assists opecrational groups in adhenng to the DOE
pohcy that " operations shall be conducted 1n a
manner to assure that radiation exposure to individu-
als and population groups ts hrruted to the lowest
levels techmically and economucally practicable ”
(US81a)
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¢

TABLE A-1 Radiation Protection Standards for the Public
For Department of Energy Facilities (VAS85)

EFFECTIVE
DOSE EQUIVALENT
(mrem/year)
FROM ALL PATHWAYS
OCCASIONAL EXPOSURES 500
PROLONGED EXPOSURES (> 5 years) 100
DOSE EQUIVALENT
(mrem/year)
INDIVIDUAL ORGAN 5,000
DOSE EQUIVALENT
(mrem/year)
AIR PATHWAY ONLY
WHOLE BODY 25
ANY ORGAN 75

\\

\

J
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Table A-2. Applicable Guides for Radioactive and Nonradioactive Matenals
e
Parameter Gudes and Standards Relerence
Arbome Effiuents
Plutonium-239,-240 NA NA
Uranium-233,-234,-238 NA NA
Trtwm (H-3) NA NA
Berythum <10 0 g/day 40 CFR 61 32(a)
Ambient Arr
Plutomumn-239,-240 200 X 1075 pCumi Calculated®
Waterborne Effluents
—Radioactive
Plutonium-239,-240 30 x 10 pcvml Calculated®
Uranium-233,-234,-238 500 x 102 uCvm! Calculated®
Amencuum-241 30 x 109 pcvml Calculated®
Trtiwm (H-3) 2,000,000 x 10 pCvm Calculated®
Discharge Limdations”
Monthly Weekly Daily

Parameter Average Average Maximum Reterence
Eitluent Water Samples
—{Nonradwoactive)
pH 60-90SU NPDES Permtt
Nitrates as N 10 mg/ 20 mg/ NA NPDES Permit
Total Phosphorus 8 mgA NA 12 mgh NPDES Permit
Biochemical Oxygen 10 mg/l NA 25 mgh NPDES Permit

Demand, 5-Day
Suspended Solds 30 mgh 45 mgh NA NPDES Permit
Total Chromium 005 mg/d NA 01 mgA NPDES Permit
Reswdual Chlorine NA NA 0S5 mgh NPDES Permit
Oil and Grease NA NA Visual NPDES Permit
Fecal Colform - 200 400 NA NPDES Permit

No./100 ml
a Denved Concentration Guides (DCGs) calculated on the bas)s ol DOE February,

1986, memorandum using DOE dose mit of 0 1 rem/yr 1o members of the public from

all pathways, dose conversion factors given in DOE/EH-0071 and intake rates.ot 2 66

X 102 mbs for arr and 2 X 10° muday for water (ST86)
b These kmitations are presented as indicators of the types of paramelers and

associated concentrabon hmits requwed by the NPDES permit. Details of these

requirements specific 1o each discharge locaton are given in the referenced

document (US84a) The daily and monthly hmntabons ndicated cannot be correlated

with the annual water quahty data summanzed in Table 11

\ _J
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QUALITY CONTROL

A Quahty Program Plan and a Quality Control Pro-
gram Plan have beendeveloped for the Environmental
Management (EM) and the Health, Safety, and Enwi-
ronmental Analytical Laboratones (HS&E Laborato-
nes) Sections, respectively  Independent audits of
these plans, coupled with EM’sinternal environmental
audit and controls procedures, ensure that necessary
quahty assurance and quahty control elements exist

for a comprehensive environmental monitonng pro-

gram

The Quality Program Plan developed by Environ-
mental Management provides controls for assurance
that-

¢ Current charters exist for all environmental pro-
gram elements that ensure all applicable require-
mentsaresatisfied inacomprehensive, integrated

approach

*  Currentoperating procedures exist for all phases
of EM opcrations and that these procedures are

implemented as written

*  Appropnate approvals are obtamned pnor to sig-

nificant program mnitiations or changes

*  The equpment used n sample collechon and
data analysis 1s appropnate to the assigned func-

tion and 1s operating as required

*  Accurate documentation exists for all programs,
procedures, achons, and audits.

¢  Allvanances from procedures or equipment use
and performance are documented and explained
with an assessment

*  Appropnate guidelines and standards for envi-
ronmental monitonng are identified, and docu-
mentation of comphanceis provided onaroutine
basis to Rocky Flats Plant management, Depart-
ment of Energy (DOE), and state and federal

regulatory agencies

The EM Quahty ProgramPlan establishes control points
and delineates responsibilities for specific categornes
of activities, provides an information base from which
procedurescan bedeveloped, updated, and /orymple-
mented, establishes a state of emergency preparedncss
mits contingency plans, and provides documentation
to comply with rules and regulations of federal, state,
and local regulatory agencies

The Plan mcludes quahty assurance flow charts and
quahity matnces that illustrate achvity networks and
corresponding quality elements of each responsibility
area A complete ising of actrvities and responsibili-

ties 1s also included 1n the Plan
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To cnsure data rchabihbty, the HS&E Laboratories
Quahty Control Program Plan outhnes 1its quahity
control methods used inall phasesof laboratory opera-

nons.

Thss laboratory quahity control program includes the

following clements

*  Devclopment, evaluation, improvement, modifi-
cation, and documentation of analytical proce-

dures

s  Scheduled mmstrument cahbration, control chart-

ing, and preventive mamntenance

¢ Partcipation ininterlaboratory quality compan-

son programs

* Intralaboratory quality control programs

All samplebatchesscheduled foranalysisby the HS&E
Laboratornes Central Receiving Laboratory contain an
average of 10 percent control samples  The controls
consist of analytical blanks prepared in-house and
standards prepared by the Rocky Flats Plant Chemus-
try Standards Laboratory

An analysis or group of analyses may be rejected and
the sample or samples scheduled for reanalysis for one

or more of the following reasons

1 The chemical recovery 1s less than 10 percent or
greater than 100 percent

2  Theanalytical blanksin the analysis batcharcout
of acceptable range

3  Thestandardsintheanalysis batch are not within
acceptable hmuts of error

4 The alpha energy spectrum 1s not acceptable
because of the following:

a extra and/or unidentified peaks
b excess noise in background arcas
¢ poor resolution of peaks

5  The chemust in charge of the laboratory behieves
there 1s reason to suspect the analysis

Any unusual condition affecting the results, which 1s
noted either during sample collechon or analys:s, 1s

reported to Environmental Management

Table B-11s a summary of HS&E Laboratones partic-
pation 1n the Rocky Flats Plant Interachve Measure-
ment Evaluation and Control System for 1988

The HS&E Laboratones partictpates in the EPA Enwvi-
ronmental Monitoring Systems Laboratory (EMSL)
and the DOE Environmental Measurements Labora-
tory Crosscheck Programs Tables B-2 and B-3 sum-
manze the HS&E Laboratones participation n these

programs
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TABLE B-1 Health, Safety and Environmental Laboratories Interactive
Measurement Evaluation and Control System
(January through December 1988)
Annual Range of
Normal Relative Relative Total
Standard Sample Emor Emor Control
Atnbute  Matnx Method Range Range Percent® Percent  Analyses
Pu 239, Water Alpha Spectral 1235 dm® 03 d/mA .73 -100t0-49 56
240
Am 241  Water Alpha Spectral 0 7-21 dmi 03 d/mA 56  -991t0+19 55
U-238 Water Alpha Spectral 3-90 d/mA 0-30 d/mA -46 -100 to +20 56
234
235
H-3 Water Liquid 5,000-60,000 d/mA 0-9990 d'mt 24 8410 +114 52
Scintiltaton
Pu239, Effiuent  Alpha Spectral  4-120 amt® 030 dim/t +6 97 10 +635 115
-240 Filters
Am 241 Effiuent  Alpha Spectral  3-90 dm1 04 d/ma 5 -100 to +20 109
Fiers
U 238 Effluent Aipha Spectral 10-300 d/mA 0-30 d/m/t -25 -100 to +14 115
-234 Filters
-235
Be® Effluent  Atomic Absorpion 03 -10 ug® 05 po/t ¥ 1100 +136 120
Filters
Be Workplace Atormc Absorption 0 3-10 pot 0-20 ugt 7 -94 to +197 1,132
Filters
Pu239, Ambient Alpha Spectral  2-45 dmA  0-50 a/mat -3 -48 1o +243 52
-240 Filters
a  The mean of the ratio of the 12-month differences between observed and standard values 1 the standard vakses in percent This term 18 inclusive of all
random and systematic error in the standards  analytical chemistry, and measurement process for a given nudlide matrix and procedure
b  d/mi = disintegrations per minute per liter d/mvf = disinlegrations per minute per filter ug/f = milcrograms per fiter
¢ Analyzed by 881 General Laboratory
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\

TABLE B-2 Healkh, Safaty and Environmental Laboratories Partictpation in the
EPA Environmental Monitoring Systems Laboratory Crosscheck Program Durnng 1988

Annual Range of
Number  Numberof  Relative Relative
Isotope of Acceptable Error Error
Reported Matnx Method Analyses Analyses®  Percent®  Percent
Gross Alpha  Filter Alpha Spectral 1 1 -133 NA®
Gross Beta  Filter Gas Proportional 1 1 - 47 NA®
H-3 Water Beta Liquid Scintillation 3 2 158 -16010790
Co- 60 Water Gamma Spectral 4 4 -17 - 7710133
Cs-134 Water Gamma Spectral 3 2 -156 266t 80
Cs-137 Water Gamma Spectral 4 4 73 0710266
Cr-51 Water Gamma Spectral 2 2 26 141036
Ru - 108 Water Gamma Spectral 3 2 263 -30910-100
Pu-239 Water Alpha Spactral 1 1 -20 NA®
U (nat) Water Alpha Spectral 3 3 -23 -112t0110

a "Acceptable analyses” are those analyses for which the observed value was within + 3 standard dewiations of the standard

value

b  The mean of the ratio of the12-month differences between ocbserved and standard values to standard values in percent This
term 15 inclusive of all random and systemalic error in the standards analyhical chemistry, and measurement process for a

given nuchde, matnx and procedure

¢ NA = Not applicable

\8
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TABLE B-3 Health, Safety and Environmental Laboratories Participation
in the DOE Environmental Montonng Systems Laboratory
Crosscheck Program During 1988 u
Mean of Ratio
isotope Numberof Reported/Standard  Range of

Reported  Matrx Method Analyses Value Ratios il

Mn - 54 Water Gamma Spectral 1 113 NA?

Co- 60  Water Gamma Spectral 1 105 NA® \

Cs-134 Water Gamma Spectral 1 107 NA?

Cs-137  Water Gamma Spectral 1 114 NA®

Pu-239  Soil Alpha Spectral 1 161 NA®

U (nat ) Soil Alpha Spectral 1 085 NA?

Co-59 Water Gamma Spectral 1 116 NA?

a Not Applicable
o J
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APPENDIX C

ANALYTICAL PROCEDURES

The Health, Safety and Environmental Laboratones
(HS&E Laboratories) routinely perform the following
analyses on environmental and effluent samples

1 Total Arr Filter Counting
(Pu specific alpha)
2 Gas Proportional Counting
(Gross alpha & gross beta)
3 Gamma Spectral Analysis
4 Alpha Spectral Analysis
(Pu-239, -238; Am-241
U-238, -233, -234)
5 Beta Liqund Seintillation (Tritium)
6 N,N-Diethyl-p-phenylenediamine
(DPD) (Chionne)
7 Atomic Absorption (Beryllium)
8 Milhpore Filtrabon Method
(Fecal and Total Coliform)

Procedures for thesc analyses are described n the
HS&E Laboratories Procedures and Practices Manual
(WI182) The procedures for bactena and chlonneanaly-
ses were developed following Environmental Protec-
tion Agency (EPA) guidehines  Soil procedures were
developed following speafications set forth in “Meas-
urements of Radionuchdes in the Environment, Sam-
pling and Analysis of Plutoruum 1n Soil,” NRC Reg
Guide4 5 Allnew procedures and changestoexisting
procedures must be thoroughly tested, documented,
and approved in writing by the Manager of HS&E
Laboratones before being implemented  Environ-

mental Management 1s notified of any major changes
that could affect analytical results. All procedures are
reviewed annually for consistency withstate-of-the-art
techriques, or at any time an analytical problem 1s
suspected. Copies of all procedures are kept on file in
the office of the Manager of HS&E Laboratones

The following 1s a general outhne of the analytical
procedures followed by the laboratones

Samples recerved for arr filter screening are counted at
approximately 24 and then 48 hours after collection
Samples exceeding the imits set by Environmental
Management are recounted If the total long-lived
alpha concentration for a screened filter exceeds the
EM action hmuts, the filter 1s directed for individual
spealfic 1sotope analysis and/or followup investiga-
tion to determine the cause and any needed corrective

action

All water samples, except those scheduled for tntum
analysis, are poured into one-hter Marmelh containers
and sealed before delivery to the gamma countingarea

Routine water samples are counted for approximately
twelve hours Samples requinng a lower detection

hmat are counted from 16 to 72 hours.

Soil samples scheduled for gamma spectral analysis
are dned, sieved through a ten-mesh sieve, weighed,
and the fine portion 1s ball-milled The fine portion is
then placed ina 500-m! Marinelli contamer and counted

for at lcast 16 hours
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All samples scheduled for alpha spectral analysis are
analyzed in a similar manner regardless of matnx

Prior to dissolution, a known quantity of norundi-
genous radivactive tracerisadded to each sample. The
tracer 1s used to deterrmine the chemacal recovery for
the analysis Tracers used include Pu-236, Pu-242, U-
232, U-236, Am-243, and Cm-244 The typeand activ-
1ty level of the tracer used depends on the type and
projected activaty level of the sample to be analyzed

All refractory or intractable actiides are dissolved by
vigorous acid treatment using oxidizing and complex-

a

ng aads

After samples are dissolved, the radioisotopes of con-
cern  are separated from each other and from the
matrix material by various solvent extraction and 1on
exchange techniques The purified radioisotopes are
clectrodeposited onto stainless steel discs These discs
arc alpha counted for 12 hours. If a lower munimum
detectron imat 1s required, samples may be counted
from 72 to 168 hours depending on the need Samples
that exhibita chemical recovery of less than 10 percent
or greater than 110 percent are automatcally sched-

uled for reanalysis

Trittum analyses are routinely performed on speafied
environmental water samples as well as stack effluent
samples Five milhhters of the samples are combined
with 15 millihiters of hiquid sainuilabon fluid Enwiron-
mcental samples generally are counted for 120 minutes
and airborne efflucnt samples generally are counted

for 10 minutes

The General Laboratory routinely performs the fol-

lowing analyses for environmental monitoning of plant

cffluent strcams, process wastes, and soil residucs

1 Dissolved metallic clements mcluding tests for 19
cations by Inductively Coupled Plasma Spectras-
copic (ICP) techruques and 17 elements by atomic
absorption techmques (including beryllium 1n
arborne effluent sample filters).

2 Oxygen demand tests, including total orgamic
carbon, dissolved oxygen, chemical oxygen
demand, and biological oxygen demand (5 day
mcubation)

3  Nutnenttestsincluding freeammonia, ortho and
total phosphate phosphorus, nitnte and nitrate

anons

4  Physical tests, including pH, conductivaty, color,
total dissolved sohds, suspended sohds, turbad-

ity, and specific gravity
5  Soap residues (as alky! sulfonate)

6 Ol and grease residues, by extraction and infra-
red or gravimetric detection, and by visual obser-

vation

7  Speafic chemical property or element, including
total hardness (as calcium carbonate), alkalinaty
(as hydroxide, bicarbonate, or carbonate), chlo-
nde, fluonde, cyanide, sulfate, and hexavalent

chromium

8 Radioactive species, including gross alpha and
beta by gas proportional detection, tntium by
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hqud seintillation detection; total radiostrontium
by gravimetnc scparation followed by gas pro-
portional detechon  Isotopes of plutoraum,
amencium, and uranium are determuned by 10n
exchange and hquid extraction techniques fol-
lowed by alpha pulse height analyss.

9  Polychlonmnated biphenyl and volatle and sem-

volatile compounds from the EPA Contract Labo-
ratory Program (EPA-CLP) Target Compound
List are analyzed by gas chromatography/mass
spectrography Phenols also are analyzed using
spectrophotometry

Procedures for these analyses were developed by the
Genceral Laboratory analytical technical staff Proce-
durces were adopted from EPA-approved sources or
fromother recognized authontative publicabons where
EPA-approved procedures were not available Labo-
ratory operations procedures are documented in a
standard format, approved by the manager of the
Rocky Flats Analytical Laboratones, and distnbuted
to a controlled distnnbution hist to assure that proper
testing and approval is performed before changes are
adopted The Gencral Laboratory Quahty Assurance
Plan requires annual review of procedures for consis-
tency with state-of-the-art techmques and comphance
of ilaboratory practice waith wnitten procedures. In
addibon, a review 1s performed whenever an analyh-

cal problem s imndicated

The following 1s a general outhne of the analytical
procedures followed by the General Laboratory

All water samples which are analyzed for radioactive

matenals - except those scheduled for tntrum analysis
- are acdified immedhately upon collechon

Liqund samples received for gross alpha and beta
screenung are evaporated directly onto planchets for
gas proportional counting When achvities exceeding
the action gumxdehnes set by Environmental Manage-
ment (EM) are observed, notfication to EM 1s made,
and reanalysis and/or investigation may be required

For some hquds such as machine oils, a speafied
volume 1s evaporated, ashed, and the salt residue 15
taken upin rutncaad for deposition onto the counting
planchet A correchon factor 1s determined for each
sample to account for self-absorption effects

Water samples to be tested for chemical and physical
parameters are analyzed within 24 hours of collection,
or they are preserved by refngeration, freezing, or
addition of a chemical preservative when required
The tests performed include gravimetric, titrametnc,
colonmetnic, chromatographic, or electroanalytical
methods, following procedures specified in the 16th
edithion of Standard Methods for the Exarmnation of Water
and Waste Water, Methods for Chermcal Analysis of Water
and Wastes, or other authoritative pubhcatons.

Water samples to be analyzed for dissolved metalhc
10ns are filtered through a 0 45 micrometer filter, pre-
served with nitnic aad and digested before being ana-
lyzed by atonmuc absorption or ICP methods

Organic toxic species are deterrmined by chromatogra-
phy, using electron capture detection Some organics
such as phenol, are determined by developing a chro-
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maphonc complex and measuring hght absorption at
a speafic wave-length with a spectrophotometer.
Measunng occurs after extrachion into an appropmnate

solvent phase

Tntium 1s measured using hquid scintillation count-
ing Counting efficiency 15 determined using a sepa-
rately - prepared sample to which 1s added a known
standard tntium activity

Strontumisradiocherrucally separated fromthe sample
matnix using precipitation techraques  Strontium 1s
deposited on planchets with a carner element and the
activity 1n the sample 1s quantfied using beta gas

proportional counting
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APPENDIX D

DETECTION LIMITS AND
ERROR TERM PROPAGATION

The Rocky Flats Health, Safety and Environmental
Laboratories (HS&E Laboratories) have adopted the
following defimbtion for detection hmat, as given by
Harley (HA72)

“The smallest amount of sample activity usinga given
measurcment process (e chemical procedure and
detector) that will yicld a net count for which there 1s
confidence at a pre- determined level that activaty 1s

present ”

The mintmum detectable amount (MDA) 1s the term
used to descnbe the detechion it and 1s defined as
the smallest amount of an analyzed matenal m a
sample that will be detected with a B probability of
non-detection (Type II error}, while accepting an o
probability of crroncously detecting that matenal inan
appropriate blank sample (Type | error) At the 95%
confidence level, both a and B are equal to 005

Based on the approach presented in draft ANSI stan-
dard N1330 “Performance Criterta for
Radiobioassay,”(HE85) the formulation of the MDA

for radioactive analyses i1s

MDA =4 655 + 3/(TE.Y)

aV

where Sy = standard deviation of the population
of appropnate blank values
(disintegrahons per minute, d/m)

= sample count tme (minutes, m)

Eg = absolute detection efficiency of the

sample detector
Y = chemical recovery for the sample

a = conversion factor {disintegrations

per minute per unit achvity)

(a=222d/m/pCiwhen MDA 1s
munmts of pCi and a=222X 10
d/m/puCir when MDA 151n
units of uCa)

V = sample volume or weirght (V=1
if the MDA per sample 1s desired )

The major component of the MDA equation 1s the
vaniability of the blanks

Table D-1 shows the various formulae used for alpha
data reduction during 1988
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Table D-2 shows the typical MDA values for the van-
ous analyses performed by the HS&E Laboratones
and by the General Laboratonies These values are
based on the average sample volume, typical detector
efficiency, detector background, count ime, and chemu-
cal recovery. MDA values calculated for individual
analyscs may vary significantly depending on actual
samplevolume, chemical recovery, and analytical blank
used

For nonradioactive parameters, vanous means are
used to cshmate a mimimum detectable amount de-
pending on the parameter measured  The mimmum
detectable amount for berylhum in effluent air - ana-
lyzed using flameless atomic absorption spectroscopy
-1sbased on a sample blank absorbance reading Total
chromium m effluent water samples undergoes a four-
fold concentration of the received sample prior to 1ts
analysis using flame atomic absorption spectroscopy
Its approximate mimimum dctectable amountis based

on a net sample absorbance reading of 0 010

The parameters of rutrate as N, total phosphorous,
suspended sohds, o1l and grease, and total organic
carbon all have mimimum detectable amounts thatare
determmned by procedural methods found i EPA-600,
Methods for Chermical Analysis of Water and Wastewater
(US87c) The parameters of pH and biochemucal oxy-
gen demand have minimum detectable amounts that
arc determined by the mumimal readout capabihity of
the instrumentation that 1s used

The mmimum detectable amount for residual chlonne

is determined by the procedure found i a publication

by Hach Co , "DPD Method for Chlonne "(HA83) For
fecal coliform count, the mumumurn detectable amount
15 calculated as 4.65 imes the standard deviation of the
blank value from the malhpore filter
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Error Term Propagation

F
Table D-1 Formulae for Activity and Uncertainty Calculations for the Alpha Spectral Analysis Systems D

Non-Blank Corrected Sample Activity Blank Corrected Sample Activity.
’- Ca Cay ] Ba = As - An
Ts Tg DB)
A =
s Cp v 222
- TS TB -
Non-Blank Corrected Sample Uncertamty* Blank Corrected Sample Uncertainty
B €5 Cp T2 by = ('512 + "nz) 172
—_— — —_—y —
T2 Tg2 T2 Tg2
A= Mgy +
Cs Cm)2 s) CB)
L Ts Tg Ts s J
*Corrected from 1984 report
( LEGEND AR
An = Non-blank corrected activity of laboratory reagent blank for 1sotope 1 expressed as picocunes (pCh)
per unit volume
an = Non-blank corrected uncertainty of laboratory reagent blank expressed as pC1 per umt volume
st =  Sampleactivity for isotope 1 cxpressed as pC per unit volume .
3 =  Sample activity uncertainty expressed as pCi per unit volume i
By =  Blank corrected sample activity for 1sotope 1 expressed as pCi per unut volume !
bsx = Blank corrected sample uncertainty expressed as pCi per unit volume, g
Ds; = Actvity (dpm) of internal standard 1sotope j added to sample
s =  Sample gross counts for 1sotope 1
cﬁj =  Sample gross counts for internal standard 1sotope ‘
CBi =  Detector background gross counts for 1sotope 1
CB) = Detector background gross counts for internal standard 1sotope ) :
Ts = Sample count ime expressed in minutes i:
s =  Detector background count time expressed 1n minutes l
Q = Sample unit volume or sample unit weight )
\ /
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TABLE D-2 Detection Limits for Radioactive and Nonradwactive Matenals
Minimum
Detectable Approximate Mimmum Detectable
Amount Sample Volume Amount
Parameter (per sample) Analyzed® (per unit volume or mass)
i —_— — e
Arborne Effluent Samples
Plutonium -239, -240 38X107 uCi 7340 m3® 005 x 103 pcvml
Uranium -233, -234, -238 57X107 pCi 7340 m3P 008 X 10°*° pCumi
Americium -241 18x107 uC 7 340m°>® 002X 1075 pCvmi
Trtwm (H-3) 48X108uCs 14m° 3,400 X 10°*S uCvmi
Berylium 25%10" g 7340 m3® 3X10° pgm3
Ambient Air Samples
Plutomium -238, -240 12X107 pCi 29 000 m3°© 0004 X 105 ycvml
Effluent Water Samples
{Radioactive)
Plutonium -239, -240 92x10%uc: 5000 ml 002 X 10 pGums®
Uranium -233, -234, -238 29X 107 pCi 1000 mi 029 X 10°° pCuml
Americium -241 15X 10 7 uCi 5000 mi 003X 102 uCvmr®
Trtum (H-3) 25X 10° uCi 5mi 500 X 10”9 uCvmi
Sal Samples
(Radicactive)
Plutonium -239, -240 8ax10® pC 10g g4x10° nCvg
Effluent Water Samples
{Nopradioactive)
pH 100 mi 0-14 SU
Nitrate as N 4 mi 002 mg/l
Total Phosphorus 50 mi 02 mgh
Biochemical Oxygen Demand,
5-Day 300 m! 50 mgh
Suspended Solids 100 mi 1 0 mgh
Total Chromium 100 mi 0 05 mg/l
Residual Chlorine 10 mi 0 1 mg1t
Oil and Grease 1 000 ml 05 mgA
Fecal Colform Count 10-100 m! 43 organisms/100 ml
Total Organic Carbon S mi 10 mg/
a Volume analyzed is usually an alquoted fraction of the total sample volume collected
b Monthly composite
¢ Composite of two bi-weekly samples
\ )
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APPENDIX E

REPORTING OF MINIMUM
DETECTABLE CONCENTRATION
AND ERROR TERMS

Throughout the section entitled “Momitoring Data
Collection, Analyses, and Evaluation” 1n this report,
some of the concentrations that are measured at or
below the mumimum detectable concentration (MDC)
arcassigned the MDC value The less-than symbol (<)
indicates MDC values and calculated values that in-

clude one or more MDCs

The plutonium, uranium, amencum, and berylhium
measured concentrationsarereported Thesereported
concentrations include values that are less than the
corresponding calculated MDCs and in some cases,
valuesless thanzero Negative values result when the

mcasured value for a laboratory reagent blank 1s sub-

tracted from an analytical result that was measured as
a smaller value than the reagent blank These resulung
negative values are included 1n any anthmetic calcula-
tions on the data set

Error terms in the form of a + b are included wath some
ofthedata Forasinglesample,“a”1sthereagent-blank
corrected value, for multiple samples it represents the
average value (anthmetic mean) The error term “b”
accounts for the propagated statistical counting uncer-
tainty for the sample and the associated reagent blanks
at the 95 percent confidence level These error terms

represent a mimimum estimate of error for the data
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activity. See radioactivity

alpha particle. A positively charged particle emutted from the nucleus of an atom having the same charge
and mass as that of a hehum nucleus (2 protons, 2 neutrons)

atom Smallest particle of an element capable of entering into a chermical reachon

beta particle A negatively charged particle emtted from the nucleus of an atom having a mass and charge
equal to that of an electron

contamination The deposittion of unwanted radioactive matenal on the surfaces of structures, arcas, objects,
or personnel

concentration The amount of a specified substance or amount of radicachvity 1n a given volume or mass.

cosmic radiation Radiahon of many types with very high energies, onginating outside the earth’s atmos-
phere Cosmic radiation is one source contributing to natural background radiation

cunie (Ci) The traditional unit for measurement of radioactivity based on the rate of radioactive disintegra-

tion  Onc curie 1s defined as 3 7 X 10" (37 billion) disintegrations per second  Several fractions and multiples
of the cune are i1n common usage

millicurie (mC1) -102 Ci one-thousandth of a cune, 37 X 107 disintegrations per second
microcurie (UC1) -16® Ci, one-mulhonth of a curie, 37 X 10* disintegrahions per second
nanocurie (nC1) -10” C1, ,one-bithonth of a cune, 37 disintegrations per second

picocune (pCi) -10"'2, one-trillionth of a cune, 0037 disintegrations per second
femtocurie (fCi) -10"*> C1, one-quadnillionth of a cune, 0 000037 disintegrations per second

attocurie (aCn) 1078C, one-quinhlhionth of a cunie, 0 000000037 disintegrations per second

decay, radivacive The spontaneous transformation of one radionuchde nto a different radioactive or
nonradioactive nuchde, or into a different energy state of the same radionuchide

Denved Concentration Guide (DCG) Secondary radioactivity in air and water concentration guides used
for comparison to measured radioactivity concentrations Calculation of DCGs assumes that the exposed
individual inhales 8,400 cubic meters of air per year or ingests 730 hters of water per year at the speafied
radioactivity DCG wath a resulting radiation dose of 0 1 rem effective dose equivalent

disintegration, nuclear A spontaneous nuclear transformation (radioactivity) charactenzed by the emission
of energy and/or mass from the nucleus of an atom

dose, absorbed The amount of energy deposited by radiation 1n a given mass of matenial  The urat of
absorbed dose 1s the rad or the Gray (1 Gray =100 rad )
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dose commitment. The total radiation dose projected to be recerved from an exposure to radiation or intake
of radioactive material throughout the specified remaining hfetime of an mdividual. In theoretical calcula-
tions, this speafied lifeme 1s usually assumed to be 50 years

dose equivalent A modification to absorbed dose which expresses the biological effects of all types of
radiation (e g, alpha, beta, gamma) on a common scale The unit of dose equivalent 1s the rem or the sievert
(1 sicvert =100 rem )

exposure A measure of the ionization produced mn air by x- or gamma radiation  The speaial unit of expo-
sure 1s the Roentgen (R)

gammaray High-energy, short-wavelength electromagnetic radiation ermtted from the nucleus of an atom.
Gamma radiation frequently accompanues the emission of alpha or beta particles. Gamma rays are identical
to x-rays except for the source of the emussion

half-life, radioactive The time required for a gaiven amount of a radionuchde to lose half of its acuvity by
radioactive decay Each radionuclide has a unique half-life

1sotopes Forms of an element having the same number of protons in their nucle: and diffening in the number
of ncutrons

munimum detectable concentration (MDC) The smallest amount or concentration of a radio-element that
can be distinguished 1n a sample by a given measurement system 1n a preselected counting ime at a given
confidence level

natural radiation. Radiation arising from cosmuc sources and from naturally occurring radionuclides (such as
radon) present in the human environment

outfall The place when a storm sewer or effluent line discharges to the environment
part per billion (ppb). Concentration unit approximately equivalent to pg/1
part per million (ppm) Concentration umt approximately equivalent to mg/1

person-rem The tradiational unit of collective dose to a population group For example, a dose of one rem to
10 individuals results 1n a collective dose of 10 person-rem

quahty factor The factor by which the absorbed dose (in rad or gray) 1s multiphed to obtamn the dose equiva-
lent (in rem or sievert) The dose equivalent 1s a unit that expresses, on a common scale for all 10nizing
radiation, the biological damage to exposed persons It 1s used because some types of radiation, such as alpha
particles, are more brologically damaging than others.

rad A traditional urut of absorbed dose The International System of Uruts (S I ) unit of absorbed dose 1s the
gray (One gray = 100 rads )

radioactivity The spontaneous emission of radiation, generally alpha or beta particles, often accompanied by
gamma rays, from the unstable nucleus of an atom

radionuclide An atom having an unstable ratio of neutrons to protons so that 1t will tend toward stabihty by
undergoing radioactive decay A radioactive nuchde
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rem The traditional unit of dose equivalent Dose equivalent 1s frequently reported in units of mslhrem
(mrem) which 1s one-thousandth of a rem. The International System of Units (S 1) unit of dose equivalent is
the sicvert  (one sievert = 100 rem )

roentgen (R). The traditional urut of exposure to X- or gamma radiation based on the ionization in air caused

by the radiation One roentgen 1s equal to 2.58 X 10* coulombs per kilogram of air A common expression of
rachation exposure 1s the milhroentgen (1R = 1000 mR.)

sievert (Sv) International System of Umits (S 1) Unit for radiation dose, 1 Sv = 100 rem.

thermoluminescent dosimeter (TLD) A device used to measure external sources (1 e, outside the body) of
penetrating rachation such as X-rays or gamma rays

tntium (H-3). The hydrogen 1sotope having one proton and two neutrons in the nucleus. It is rachoactive
and emits a low energy beta particle (0 0186 MeV max)

uncontrolled area. Any area to which access is not controlled for the purpose of protecting individuals from
exposure to radiation and radioactive matenals. The area beyond the boundary of the Rocky Flats Plant 1s an
uncontrolled area

worldwide fallout Radioactive debns from atmospheric weapons tests that is either airborne and cychng
around the carth or has been deposited on the earth’s surface



These are a few scenes from the Rocky Flats Plant

Rocky Flats Plant Buffer Zone in the Sprning

Rocky Flats Plant Wildhife found
in the Buffer Zone

Lyndsey Ranch located in Rocky
Flats Plant Buffer Zone

Lyndsey Ranch located .n Rocky
Flats Plant Buffer Zone
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ROCKY FI ATS PLANT VIEWED FROM THE EAST
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ABSTRACT

Thus report documents the 1988 environmental surveil-
lance program at the Rocky Flats Plant  The program
1s conducted by the Environmental Management Sec-
tion of the Health, Safety and Environment (HS&E)
Department under the operating contractor, Rockwell
international, Aerospace Operations Group Sample
analyses are performed by the Health, Safety and
Environmental Laboratones (HS&E Labs) of HS&E
and by the General Laboratory of the Quality Engineer-
ing and Control Department The report includes an
evaluation of plant compliance with all appropriate
guides, environmental hmits, and standards Potential
radiation dose 1o the public was calculated from aver-

age radionuclhide concentrations measured at the plant
property boundary and in surrounding communities
The radioactive effluents from the Rocky Flats Plant
meet the appropnate guides and standards and repre-
sent no measurable adverse environmental effects
from the operation of the plant dunny calendar year
1988 The estimated potential radiation doses to the
public from plant effluenls are below Department of
Energy and Environmental Protaction Agency dose
limits and are well below background dose levels expe-
nenced in the region from natural and other non-Rocky
Flats Plant sources



TRADITIONAL AND INTERNATIONAL SYSTEM

OF RADIOLOGICAL UNITS
]
(Traditional uruts are in parentheses)
Expression in Terms
Quantity Name Symbol of Other Unuts
absorbed dose gray Gy Ikg"
(rad) rad 102 Gy
actvity bequerel Bq 1dps
(cune) Ct 37X10'"8q
dose equivalent sievert Sv Ikg‘1
(rem) rem 102 sv
exposure coulomb per
kilogram Ckg™
(roentgen) R 258 X 107 Ckg!

S

[((/(H



