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RFP-ENV-85 

Ths report documents the environmental swveillrncc p r o m  at the Rocky Flats Plant. 
conducted by the Envimnxuentd Analysu and Control Scctton of the EnwonmentaI and 
Occupahonal Health Branch Sample analyses are performed by the Health, Safety. and 
Envvonmental Laboratones of the Hcdth, SIfety and Enwonment Department and by the 
General Labontory of the Qurkty En&edng and Control Department Thts report was pre- 
pared to f U i  r e p o m  rtgu~smenb of DOE order 5484 1 and includes an evaluation of plant 
c o m p h c e  with all appropnatr @a, b t s ,  and standards for rrdiorctive and non-radioactive 
m a t e d  Potentlrl public dow commitments from rldhctive effluents were dcaulated from 
average radionuclide conc8ntntionr mduunsd 8t the p h t  property bounduy and in surrounding 
commwuties The radioactive md non-dmctive effluents from the Rocky Ftb Plant meet the 
appropriate Wdes and sund8rds and repment no 8dvefm enwonmentrl effects from the opera- 
tlon of the plant durin) calendar yw 1985 The estimated potential ndhtion doses to the 
publtc from plant eMuents an  well below background dote levels expenend m thu ngon from 
naturai and other nonplant soutcm. 
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ANNUAt ENVIRONMENTAL MONITORING REPORT 

U S, OEPARTMENT Of ENERGY, ROCKY FLATS PLANT 

January Through OIcrmkr 1965 

I INTRODUCTION 

The RoLky Flats Plant is J government-owned and 
contractor-operated facilit v I t  IS part o f  a nation- 
wide nucledr weapons research development, and 
yoduction complex administered by the Albu- 
querque Operations Office of the U S Department 
of Energy (DOE) The prime operating contractor 
tor the Rocky Flats Plant is the North Amencan 
Space Operations Group 3f Rockwell International 

The Rocky Flats Plant located at 105'11'30" 
west longtude and 39'53'30" north latitude m 
northern Jefferson County Colorado The plant- 
site conwts of 2,650 hectares (6,550 acres) of 
federally owned land As shown u1 Figure 1, m4or 
plant structures are located w i t h  a secunty- 
tenced area o f  155 hectares (384 acres) The plant 
is approxunatcly 26 lulometers (16 nules) 
northwest ot downtown Denver and 1s almost 
equidatmt from the cities o f  Boulder. Golden, and 
Arvada (see Figure 2) Demographic estimates based 
on the 1980 census are shown in Figure 3 There IS 
a population of approximately 2 mrlhon people 
within d 50-mile radius of the plant 

The plant is a key DOE facihty that produces 
components for nuclear weapons, therefore. its 
product is directly related to national defense The 
plant is lnvolved in fabricatmg components from 
plutonium, uranium, beryllium, and stamless steel 
Production achvlties lnclude metal fabncation and 

e assembly. chemical recovery and purfication of 
procesr-produced transuranic radionuclides, and 
related quahty control ?unctions Research and 
cngmeenng programs supportlng these acumtm 
involve phy bizs matenals technology. 
nuclear sdfety and inech~nical engmeenng 

plutomum recovery, and waste treatment fa~ilitic\ 
occupy about 153,285 square metrn (1 65 million 
square feet) 

Major laboratory and research buildings occupy 
about 15.800 square meters (I  70,000 square feet) 
The remammg floor space IS divided among JJmin 
istrative utdity, secunty, wdrehouse stordp, and 
construction contractor facilities, and occupie\ 
about 75,600 square meten (814,000 s<ludre feet) 

All of the plant heating requirements are met by 
mplant steam boilers that normally use natural y ~ \  
and are capable of using fuel oil Dunng CY 1985 
appromatsly  17 5 mdlion cubic meters (620 
milhon cubic feet) of natural gas were used T h m  
mdhon, seven hundred thousand liten (983.000 
gallons) of fuel od wen used dun* 1985 

Raw water IS purchased from the Denver Water 
Board and 1s drawn from Ralston Reservou and the 
South Boulder Diversion Canal The Rock) Flats 
Plant used approxunately 5 13 million liters ( I36 
milhon gallons) of water during 1985 

The piedmont o f  the Front Range of thc Rocky 
Mountains nses 8 kilometers (5 mil-) west ot the 
site and crests at the Conhnental Divide w l i i ~ h  14 

32 kilometers (20 m h )  from the plant The 
natural enwonment of the plantsite m d  vicinity IS 

mfluenced pnmanly by the Front Range 01 the 
Rocky Mountains and the site elevation wluch LS 

1,829 meters (6,000 feet) abote sea lewl The 
surfha! geology of Rocky Flats consists of a thin 
layer of gravelly topsoil underlain by a 6- to 15- 
meter (20- to 49-foot) thck layer of coarser. 
clayey gravel T b  IS underlam by an impermeablc 
bedrock structure upon which plant hurlding 
foundation$ rlre upported hn.a hydrology 14 in- 
fluenccd by tlic topoil, wliicli mii\i\t\ 0 1  gr.w Ih 
and highly p m u b l c  rllluviuiii WJtcr rc tt,iitioii 

in the soil 11 poor. and veptatioii in thb r lru  I\ 

cpdrsr Cacti zpanish bdyonct ~11d g m z t z  

1 
/- 

I 
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1S29V FIG1 W I Aennl Photograph of the Rocky Flats Plant and lmmedutc Vicuuty 

representative of a -,ixed $hart- and m i d - y m  
plain constitute the man ground c o w  Introduced 
Eurasian weed$ AO rake up part of the tlora 
Cotton% ood trees grou ddjacrnt to watercourses 

The climate at Rocky F,ats is charactenzed by dry 
cool winters with some snow cote- and warm 
sometuhJt moist ,ufincr\  There 13 considcubk 
cIear-Ab sun,hine di J he average precipitation 
and reidtive humidity i rc  low The ?'.vJtion ot rhc 
plant and the niyor I I t jgrJphid IC  ,fur- et the 

area rifnificantly i f i t '  :r ti climate m d  it*ettoro- 
logical dispenion [dr. ~ ' \ t i c b  ot th: \ire 

Winds 3t R w k %  Flats although varidble .tre pre- 
dominantly northwesterly w.th -troiiger winds 
w-urrtng during the u inter During 1985 approxi- 
matrlv 60 percent of the winds h d  J wcsterly 
component 

Annual average prec.piration J t  the Rocky Flats 
Plant is shghtly oter 38 5 centimeter\ (15 16 
inLhe\) The maumum annual prcripitdtion 
rerotdcd over a 24-yedr pnod wd\ h3 I ?  renti- 
mrtcr\ (2487  inchcs) in 1969 The Jnnudl 
prupitatiori Juring 1985 was 32 97 cciitimcten 
( I2 9 inche\) Typically, more thdn 80 percent ot 
the prcripitation falls as rain betwrcn Apnl and 
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FICLRE 2 Arm &p of Rocky Flats Plant and Sunoundhg Communitier 

September Most of the r e m a w  preapitation 1s 
m the form of snow 

Air from production and mearch facilities is con- 
tinuou4y discharged to the atmosphere by 43 
ventflation exhaust systems Pnor to atrnosphenc 
discharge, the exhaust air passes through particulate 
filtration system These filtration systems employ 
High Efficiency Particuldte Au (HEPA) filten 
that Jrc purcha4rd to C q i i a l  or txccrd thc DOF 
spicitid tiltrdtion dtiL  m y  standmi ot 99 ?' 
percent for 0 3 y m  particles Pnor to installation 
in the filter plenums aach filter is tested at the 

plant t o  ensure that the fdtratlon efficiency IS not 
less than the standard Auborne radloactiwty 
released to the envuonment from process opera- 
tions is kept to d minimum and IS well within plant 
health and safLty guidcltnm 

h shown m Fuure 4, surface water runoff from 
the plant is from west to edst Runoff 14 carned 
from the plant by three major drdinage b w n \  tlidt 
dre tribut.iry IO W,ilnut Crrck 011 tlic north dncl 

to Woiruu CrLek on tliu south llie \outh lurk ot 
Walnut Creek receives most of the stormwatrr 
runoff from arras surrounding plant buildmgs 

3 
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NORTH WALNUT CREEK I 
GREAT WESTERN 

WALNUT 
CREEK 

t 
ROCKY FLATS 

PLANT 

’-7 / INTERCEPTOR DITCH 
d c I - - - I -  -----__--------- -- 5 

STANDLEY LAKE 

FLOW ___I) 

(not to scale, 

FIGURE 4 Holding pwdr md tqwd EMuent Watercomes 

Also shown m F~gwes 1 and 4 is the confluence 
of the north and south forks of Walnut Creek 
which u I 1 lulometers (0 7 mde) west of the 
eastern penmeter of the plant Great Western 
Rrrrrvoir. a water supply for a part of the City 
of Broomfield, is 1 6 kilometers (1 mile) east 
of this coiifluence Wornan Creek flows east 
trorn Rocky Flats into Standley Lake, a water 
supply for the City of Westmmter and for por- 
bons of the cities of Northglenn and Thomton 
Ponds on the north fork of Walnut Cnek are 
designated A-1 through A4  Ponds on the south 

A fork are desrgnated B-I through B-5 These ponds 
receive runoff and/or treated sanitary wastewater 
Pond C-1 is located on the Woman Cnek water- 
course Pond C-2. located near the Woman Creek 
waterLoune, receives wrface runoff water from an 
interceptor ditch paralle1 to the south side of the 
plant produLtion areas 

-- 

CcrtJin operatiom at tlir Rocky Flats Plant involve 
or produce hquids. sohds, and gases contuning 
radioadive matenals Radioactive matenals are 

handled in accordance with stnngcnt procedurcs Jnd 
withrn mulhple containments (physical bamers) 
deslgned to minimue the release of contaminant, 
to the workplace and the envlronment The radio- 
active waste rystcms include collection filtration 
hqutd processing and tCinporary StOrdgC tJLlllfle\ 
for those process wastes known, or suquted 
to have been in contact with radioactive matends 
The hquid waste process system conirntntcs 
liquid wastes contuning unrecoverable radioactive 
matenals mto solid wastes suitable for shipiiirni 
along with other contammted solid wn\tes to J 

DOE-approved storage facihty SpecitiL dctJils of 
plant waste processing facilities are described in tlir 
Rocky Flats Plant Site Filial tnvlroiinirntd 
Impact Statement I 

Sanitary wavtr is processed by the sanitary wasti 
tmtment plant and is isolated hom proco, wa\tc 
throughout thc plant Conditioniiig chuIi iuI \  arL 
added to aswt in the debtructioii 01 I~IoIo~~LJII)  
degradable organic waste The treatment plant I\ 
of the activated sludge type and har three > t a p \  ot 
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treatment f r  has J Jejigil cJpacic) 01 916 250 
hters (250 000 gdlloih) per day Present daily 
flous usually kary between 757 000 and 1 135 500 
hters C O O  000 and 300 000 gallons) per day 
One of two 265 000-liter (‘0 00O-sallon) pre- 
aeration holdiqg tank\ Iocdted upstream from the 
sewage plant. serves J> 1 -iirge basin to smooth out 
peak flows 4 >e,ond holding tank provides 
storage capacity tor .dni:dry wastes bhould 
emergency vtrntion be required Liquid etfluents 
from the smcu). uwce treatment plant can be 
reltised to W’alnut Creek released to  holding 
ponds for suhsequent onbite lrngation, or pumped 
to a reverse osmosis t d ~  litv for further treatment 
Arter trtatmeiit produLt water from the reverse 
osmosis faeilin e m  he rc,yeled for use in plant 
cooling towers spra} i rngt ion ,  or may be released 
t o  Wslnut Creek The punt IS meeting the Clean 
Water Act’s zero di8chclrye yo31 with respect to 
downstream Jisrharges .-wept when storm events 
prevent effective spray imgation activities 

Residual sohdj from the sanitary waste treatment 
plant are concentrated, dned packaged, and shpped 
to a DOE-approved waste facihty m Nevada 
Reverte osmosis brine w i t  to  process waste 
treatment for evaporation and drying. and the salts 
are pdckdged and shipped to the same DOE- 
approved waste facility t Nevada 

Nonradioactive sohd wdsres are transferred to an 
onsite sanitary landfill tor disposal This landfill 
was designed and con\truLted in 1974 with an 
inpernous LIJY seal laker dnd surface water diver- 
uon ditches Routine matendls are checked daily 
for radioactivity at the landfill site before fmal 
burial The disposal at nonroutine or special 
nonradioactive waste ma teridls is admmistratively 
con  trolled 

Groundwrter and surface water flow in and around 
the sanitary landfill IS Lontrolled by interceptor 
trenches and by engineered drams The trenches 
divert all upgradient wdters around the landfill 
The drains collect groundwater from the penmeter 
of the landfill and drh rt i t  into d holding pond 
The holding pond CI llect\ subsurface drunage 
from the landfill WJtLr umples krom this holding 
pond, the drdins and [ , i t  three test well> in the 
vicinity are collectrd pc.riud,cally and 3re analyzed 
for a =nes of parainr including radioactivity 

Land ll\tt at the Rocky Flat5 PlJnC 1 4  fll tii.ip,I I !  

Rockwell Interndtional for tlit D t p r t i r , z n t  01 
Energy This includes land utiliidtinn pi Iimtiig 111  I 
environmental and physical control ot tliL l . i i , t~ 

Since 1977 all major activitie\ coiidlictcd I) 1 

plantsite land have required appro1 i I,\ til. 
R O L K W ~ ~  Euecutlw Conmittre h w d  lipon tlic 
rtrconvnrnddions ci a L m l  M . ~ i ~ ~ g c n i c r ~ t  
Coordinator The CoordinJtor ev.dit,itL\ ,111 

resexch projects Jnd other iioiiroiitiric i ~ i i b i t i c \  L ) f -  

plmt land> by mems ot J Lml! L-, K.qtrc t 
svbtein The e t h h  or >uLh ictb\itiLb .irL .t 1 lud i  I 
by Environmental 4naly\is iiitl Control p ~ r ~ ~ ) t i t , ~  ‘ 
through field obscrvationr drid r t i i i o r .  ~ i i .  t i :  

teclllllqlleS 

Personnel in tht Enviroriincntd m t  OLLlil)JtlOI).J’ 
Health Branch of RoLkwell Inrern.irioiiaI o ~ i d i i ~  t 

an extensive environnieiital urvcill.inCc piogrmi 
at the plant Environmentdl Jnd O u i j u t i o i i  11 
Health personnel clssi\t operatin,: group 111 JJlir ria!$ 
to the DOE policy that ‘ opcrJtiuii> \ l i ~ l I  lx 
conducted in a manner to  dssurt thdt  rJilidtioii 

exposure to individuals and population group\ I\ 

limited t o  the lowest levels technically dncl ~ C O -  

nomrcally practicable The surveill.iiicr program 
IS designed to provide assurance t l u t  tlir ni,ii 

safeguards at the plant effectively 1ii11it tlir rclt I\L 

ot radioactive or toxic matenah Tli~ rc\ult\ ot t h  
enwonmental monitonng proyrm iniliLJtr :h i t  

effluent treatment and control procbw\ .it I!IL 

plant were effective dunng 1985 

The Rocky Flats environs clrL iiiuiiitorcd loi 
penetrating ionizing radiation and lor prtincrlt 
radioactive. chemical. and biologicJl jwll i i~diif\  

Ar, water (both surfaw dnd ground). *oil, ,ii1d 
vegetation dre sampled on the pl.Iiit~itc .iild 

throughout the surrounding region SLN rbil 
Federal, State and local govtrnnirntal . t g e n c ~ ~  
independently conduct audit\ Jnd dditroiid 
environmental surveys on and off the pldntvtc 
The Colorado Department of Health \,implc\ .tir 

soil, and water at the Rocky Fldtb hitc .inJ til 

surrounding communities I t  also oprrdtc., .in 

onsite continuous. particulatc air m i p l c r  lor 
the Jcffunon County Hcaltlt I)cp.ir[iiicii1 T h  
DOE Cnvironmentdl Merrurr iiiciits L.ilior,itor)r 
(EML) has conducted porticuldte Jir \atlipling i r  

the Rocky Flats Plant and periodidly pcrlornt\ 
special studies, including sediment and 4011 JIIJIY\L\ 
Additiondl special analy*s havc hen prlorinctl 
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by Region VI11 of t h L  1- S Environmental 
Protcdion Agency (EPL\) 
Plutonium concentration, in t h s  report represent 
the alpha radioactivity trom plutoruum isotopes 
'139 and 240, whch Lonsritute over 97 percent of 
the alpha radioactivity in plutonium handled at the 
plant Reported uraniurr concentrations are the 
cunulative alpha activitv rom uramum-233, -234, 
and -238 Components ,ontrurung fully ennched 
uranium metal sre handled at the Rocky Flats Plant 
Depicted uraluum metal IS fabricated and also IS 

handled as process waste matenal Uramum-235 1s 

the major isotope by weight (93 percent) m 
fully ennched uranium, however, uranium -234 
a~counts for approximately 97 percent of the 
aiphd activity of fully cnnched uranium In de- 
pleted uramum the cornbmed alpha activity from 
uramuni-134 and -238 acounts  for apprommately 
99 percent of the total alpha acbvlty The Denved 
Concentration Guides (DCGs) used in t h s  report 
for uranium in air and wit tr  are those for uranium- 
233,  -234, and uranium-:38 whch are the most 
nstnctive * 
T h e  information contained in t h  report is sub- 
nutted in comphance with DOE Order 5484 1 ,  
Chapter IV and is a cornpilanon of data provlded 
monthly to the DOE Rocky Flats A n a  Office, the 
Radiauon Control hvlsion of the Colorado 
Department of Health, Relpon VI11 of the €PA, 
the health departments of Boulder and Jefferson 
Counties, and to rnterested clty offiaals from 
communities near the plant 

n SITE METEOROLOGY ANDCLIMATOLOGY 

Wind, temperature, and pnaprtation data were 
collected on the plantsite dunng 1985 Table 1 IS 

the 1985 annual summaw of the percent frequency 
of wind duections (16 compass pomts) dmded 
into four speed categones The compass pomt 
designations mdicate the true bearing when faung 
against the wvrd These frequency values are 
represented grzplucally in Flgure 5 The wmd rose 
vectors also represent the beanng a p m t  the wmd 
( I  e ,  wind along each vector blows toward the 
center) The predominaqce of northwesterly wmds 

Ynie Derived Concentration GurpCr urb throufiout this nporl 
were c o k a b t d  unot the rne~hodology dwcnbed in Appondh A 

TABLE 1 Wmd Direction Frequency (Percent). by 
Four WindSpeed Classes. at the Rocky flats Rant 

- 
N 
NNE 
NE 
€NE 
E 
B E  
SE 
SSE 
S 
SSW 
sw 
WSW 
W 
WNW 
Nw 
"w 

(Fifteen Minute Averages- 1989) 

1 3  3 7  7 1 5  >15 
Cam (m/& ( d s )  (m/s) (m/r) TOTAL 

1 3 3  - - - I 3 3  
- 2 9 8  3 5 6  040 000 6 9 5  
- 3 1 9  240 0 3 3  000 5 9 1  - 2 7 9  115  0 0 2  000 3'35 - 245 0 6 2  000 000 3 0 7  - 266 0 5 4  000 000 3 2 0  
- 2 5 7  I 4 5  001 000 4 0 2  - 2 9 2  2.68 0 0 3  000 5 6 4  - 2 7 8  335  014 000 6 16 - 2 5 8  2 6 7  015 000 5 4 0  - 2 7 2  2.62 019 000 5 5 3  - 2 3 6  2.52 020 000 5 0 8  - 285 4 8 7  0 8 1  000 8 5 3  - 346  3 1 6  1 7 9  0 2 6  8 6 7  - 313  394  4 5 9  0 5 8  1224 - 2 6 3  3 4 8  139 0 0 3  754 - L?O 3 4 3  OS3 000 6 6 7  

----- 

IS typical o f  Rocky Flats. Rae low frequency o f  
winds greater than 7 meten per second (1 5 6 mph) 
w t h  easterly components IS also normal 

Monthly averaged dady maxlmum temprnturcs 
were above normal between the months of March 
and June The rem- eight months showed 
below normal dady mrwmum temperatures 
Monthly avenge duly nuxumum temperatures 
were above normal between the months of March 
and June, normal for August and below normal 
for the remauung seven months of 1985 

A summary of monthly watercquivalent pwcipita- 
tion IS shown rn Fyun 6, along with thc 
1953-1976 monthly averages for companson 
Reapitation was below normal dump seven 
months of the year and Apnl, June, July, 
September, and December were the only months 

la- 
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FIGURE 5 1985 Annual Wurd Rore for the Rocky Flats Rant 
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with normal or above normal prccipttation The 
annual preapitation ot 32 9 7  centlmeters (12 98 
inches) was 14 perLent below the 24-year mean of 
38 50 centimeters 

I11 MONITORING SUMMARY 

Dunng 1985, the Rock\ Flats Plant conducted an 
envuonmental morutonng program that mcluded 
the samphg and analyes of =borne effluents, 
ambient a u  surface and groundwater, and sod 
hxternal penetrating gamma radiation exposures 
were also measured using thermoluminescent 
dosimeters The monitoring program conslsts of 
collcctmg samples from onsite, boundary, and 
offsite locations Ambient illr q d t y  momtormg 
and monitonng of water for trace quantitm of 
toxic matenals, metals, mtrates, biocides, 
hcrblades, volatile orgaruc compounds (VOCs), 
and polychlonnated biphenyls (PCBs) also were 
performed Speafic d e t a l  of the routme Rocky 
Flats Envuonmental MOmtOMg Program are 
documented m the ‘Catalogue of Momtonng 
Activitieb at Rocky Flatc 

Seven1 enwonmental pernuts have been lssued to 
the plant by Federal and State agencies Currently, 
the following permits arc m “Active” status 

hational Pollutant Discharge Ehmina- 
tion System Permit C0-0001333, wsued 
by the U S Environmental Protection 
Agency, December 16 1984 

Buldmg 122 Incinerator Permit C-12, 
931, lssued b) the Colorado Depart- 
ment of Health, March 25, 1982 

Building 771 Incinerator Permit C-12. 
932. &.tied by the Colorado Depart- 
ment of Health Vovember 3,  1981 

Buldulg 776 Fluid Bed Incurerator 
Permit C-13 922, mued by the 
Colorado Department of Health, 
March 25, 1984 

Fugrttve Dust Emission P e m t  8SJE052L 
for remedial action program, issued by 

Colorado Department of Hcdlth 011 

May28 1985 

Particuldte and tntiiim sampling ot btirlJiri, 
exhaust systems was cotiduLtcd Coiitiiiuou\I\ 
Overall, 1985 emuhion data were in the riliigr\ 
projected in the Plant lnipacr Statcmcti l l  
and presented no signiticdnt insult to tlic 
envuonment 

Particulate samples Jrr collzLted trotii m t v c  , I  
air samplers operated Lont i i iuouh oii\itL J I  t l ic  

plant penmeter, and in fourtecn comiiititiity loe I 
tions Analyus of the sample\ tiidiLdtcd IIMI t i l .  
concentrations of airborne plutontuni ,it II 
locations were far below the DOE intcriiri - I  i i i~ l  i r d  
DCGs for the 100 mnm l i i i t t  tor e+i t i i i i i t lo t i .  

exposures (See Apptndix A ) At tlic p l m  pcri 
meter and at the community ’ocdfinn\ t h t  I % \  
average plutonium concentutioiis it1 m b i c i i i  i t :  

were 0 01 percent of the DOE iiircritii \ t ~ r 1 ~ 1  II,I 
DCGs 

Dunng 1985, monitonng o! dmbirnt dir lur to1 11 
suspended particulates (TSP), OZOI~L (0,) whur 
doxlde (SO1 ), carbon monoxide t CO) iiitrog:n 
dioxlde (NO,) and lead (Ph) w.i\ LoiiAiLt,t! 

utihzmg a self-contained, Mobtlr Aiiibicnt A i r  
Morutonng (MAAM) van Thew >IX p.mnictLr. 
ate Cntena pollutants reguldted by the LPA and 
the State of Colorado through the Cltm Air Act  01 
1970 that mcludes the National Arnbiciit \ti 

Quality Standards (NAAQS)‘ For TSP thc 
calculated annual geometric mean WJS 37 p t r u n i  
of the annual pnmary geometri~ mcm , t d . t r t ‘  
prescribed by the NAAQS Tlw h&\t ont-hour 
concentration of Os was 158 percent ot thc EI’2 
pnmary one-hour standard Tlis vdlur HJ\ m i  

sistent with levels reported in  The Dcnvcr 
Metropolitan are3 For SO, the ~itii~i.iI .iritlitnr t i  
mean was 10 percent ot the EPA .mnu,il pnrii tr) 

mean stdndard The niaxiiiIuiii oiie liviir c t m .  ii 

tration of CO was 18 peicent ut the fPA prtiiiJr\ 
one-hour standard The ilrithirwttr iile it1 t r l  rlir 

NOs concentrations for 1985 w a  22 purcciit 01 

the EPA annual primary mean standard ThL 
quarterly lead concentration\ mLdwred Juring 
1985 were less than 3 perwnt of tlic t P X  qtt trtcrh 
htandard 
The majonty of the water used during 1985 for 
plant process operations md sdnitary purpo4c4 wa\ 

10 



Montroring SummarylRFP ENV-85 

c 
treated and evaporated and/or re& for cooliq 
tower makeup, stam plant we, or for spny 
tmgatmn witban the plant boundaries Aschemrtic 
diagram of water w IS shown m Fqum 1 

Surface runoff from prenpitabon IS collected m 
surface water control ponds After momtonng, 

- tlus water w duhrgcd offute These duclur#es 
are momtored for comphance with an EPA 
National Pollutant k h a r g e  Elrmmauon System 

- (NPDES) pstnut Dunng 1985, the Rocky f i t s  
Plant had one technical nolation of i ts  NPDES 
permit which resulted in no offslte impact 

Routine watcr monrtoniig ir Londucted for two 
downstream rcservo~cs and for Jnnking water 
sources m rune commwuties The a w w  radio- 
activity concentnttons for plutonium. uraruum, 

_-  

- 

rmesidum, and tnttum mersurcd at these locations 
w a n  found to be 0 4  percent of h of the DOE 
lntbflpl studud DCCI for water (See Appendix 
A )  The sum of the a- concentrations for 
plutomua and amerinum in all Commllnrty 

water samples w u  0.2 percent or lay 
of the State of Colorado mgdat~ons for dpha- 
ani- ndionuckdd and tht EPA National 
Interm Runary Dnnlunq Water ReguIat~ons' 
A- concentrabont of tnt~um m commuruty 

water sunplrs were rlI wlthm local 
b a w u n d  ran@ and were 10 percent or less 
of the applicable State of Colorado and EPA 
dnnlung water standards ' 
Groundwater mollutonng was conducted dung 
1983 at 56 samphg locationr. Concentrations of 
plutonrum. IvINum, meridurn, and tnhum at all 

c 
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locations were well below the calculated DOE 
mtenm standard DCGJ for surface water 
discharged to uncontrolled areas 

Biocides and herbicides are used for pest and weed 
control at the Rocky Flats Pldnt Water samples 
collected during the penod of apphcation indicated 
concentrations of the chemicals were well below 
recommended concentration bmits Also, poly- 
chlorinated biphenyl (PCB) monitonng showed no 
concentrations in excesc of the analytical detection 
limit (one part per billior 

Soil sdmples were collected in 1985 from 40 sites 
locstrd on radii from Rocky Flats at distances of 
1 6 and 3 2 kilometers I I and 2 nules) The purpose 
o f  the program was to le temme if there had been 
any chnges rn plutonium concentrations m the 
sod around the plant since the last simllar set of 
samples was collected v-i 1977 ms program was 
nirutiated dunng 1984 after completion of the 
nugratron and the EPA-companson studies The 
plutomum concentrations m the samples wen 
m the range of from 001 to 2 5  pCi/g (037 to 
18 5 Bq/kg) which I S  almost identical t o  the soil 
data reported in 197" This program will be 
repeated annully t o  demonstrate that additional 
contamination has not been released to the 
environment by plant ooerations 

The I985  enwonmental measurement of external 
penetrating gamma radiation us= thermolumi- 
nescent dosimeters (TLDs) showed that the annual 
dose equivalent onsite Jr tlie plant pnmeter.  and 
at c o m m w t y  location\ wa, withn the range of 
regonal background 

Potentla1 pubhc radiation dose commitments. 
which could have resulted from plant operations 
were calculated from average radionuclide conctn- 
trations measured at the Rocky Flats Plant property 
boundanes and in surrounding communities Dose 
assessment for 1985 was conducted for the property 
(site) boundary, nearby commuuties, and to a 
dlstance of 80 kilometers (50  miles) At the plant 
boundary, the maxlmum SO-year dose commitment 
to an individual was calculated to be 6 X 10- rem 
(6 X 10" SV*) efftxtive dose equivalent and 
9 X ceni (3 X IO Sv) to bone surfaces By 
coiiipunron, riinual ell ' ILL  dose equivalent from 

the natural radiation in the Denver , i r u  I\ 0 1  -1 

about 2 6 X lo-' rem (2 6 Y IO-' S) ) ' ' 
The50-year dme commitmerit o f  6 Y IO-' - 7 )  

presents 0 6 perLent of the DOE interim r;ldiJilotl 
protection standard ot 0 I rem L t f C d i w .  dosc 
equivalent for all pathway, If JII ot tlir 
were received from the air pdtliw iy rtir I r o r l L  
surfaces dose o f  9 X lo-) reiii would rrprC\Lt'i 
I ?  percent o f  the Jir  r m m o n  &IldJid tcJr 111 

organ 

For community locations, the niaxtiiiuiii r idi.tt O I I  

dose resulted in a 50-year dow coiiiiiittmciii (1'  

3 X IO-s rem (3 X IO" SI) k t i r c t t v L  i I i > * L  ~ t ,  

valent and 6 X io-' rein (0 X IO-" S\ 1 it' I *  ' 1 9  

surfaces Thcse values reprwnt 0 03 p L i L L t i r  0 1  

the DOE interim standard for c t I ~ ~ t t \  1 1 ~ ~  

equivalent and 0 8 percent ot tlir .ur C I ~ I I ~ ~  

standard for any organ from tlit Jtr pdtl i~t  I\ 
only I' These values include contribution\ fro1 I 

fallout caused by atmospherii weJpns tr\tiiiy 
The 50-year committed effective dose equivJlcii 
to the population living within 80 hilometer\ ISU 
miles) of the plant was bawd on the iiuuii11wi 
community dose estimates For the coiiiiiiiinitC 
the maximum effective dme rquivdleiit ml f l i ~  

specific organ d o x c  were ~ 1 1  Izs\ tlidii tlic I X I [ ) - '  
rem dose equivalent specified by DOL JS '/l 

minimis (inconsequential) I2 The dosc Loitim,i- 
merit for all individuals to d di\tdnu 01 AO 
kilometers. was theretore cotiwlt red to I) 

de mmimts 

IV MONITORWG DATA 
COLLECI'ION ANALYSES. AND EVALUATION 

Rus section descnbes Rockwell 1ntenutroii.d 
enwonmental monitonng program tor 1985 
results of sample analyses, and evaluation 01 the 
data wth regard to apphcable guides md \tail- 

dards The reader 1s dincted to the dppcndive\ JI 

the end of this report for detailed intoriiidtici) 
concernmg apphbable guides and stdndrrd\ qudity 
control. analytical procedures. detection Itinit\ 
error term propagation and reporting ot iiittitiiiiiii1 

detectable concciitt itiom Appciitliv 1 tiicluilr\ ,I 
discuwon 01 tlit i i k  tlitdology t i 4  lor ri IW liiw 

measurement\ t h t  wrrc Jt or b ~ l o w  Ilic i i i i t i t t i i i i i i i  

detectable concentrdtions (MDC) .iiitl t l ic  incliiwm 
of negative v~Iur:* in reported J,ih Tin\ iwriidin 
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also discusses the use o f  the less-than sign (<) and 
defines the use of plus or mmus (*I error terms ln 
the data 

A Auborne Effluent Monitoring 

Production and research fachties at Rocky Flats 
are equipped with 43 ventilation exhaust systems 
Particulates generated by production and research 
actinties arc entmned by exhaust au stream 
These particulate matenals are removed from the 
a r  stream u1 each exhaust system by means o f  
righ Efficiency Particulate Au (HEPA) fdten 
Residual particulates III each o f  these systems arc 
continuously sampled downstream from the frnal 
stage of HEPA filters For immediate detection o f  
abnormal conditions, ventdation systems that 
service areas contsuning plutonium are equipped 
with Selective Alpha h Momtors (SAAMs) 
These S A M s  are Sensitive to selected alpha energy 
peaks and are set to detect plutoruum-239 and 
-240 These detectors are tested and cahbrated 
routlnely to muntain sensitivity The momton 
alarm automatically if outof-tolerance con- 
ditions are expenenced No such conditions 
occurred d u n g  1985 

Three tunes each week contlnuously collected 
pmculate samples are removed from each exhaust 
system and are mhometncally analyzed for long- 
hved alpha emitters The concentration of 
longlved alpha emitters is mdrcahve of the efflu- 
ent quahty and the overall performance o f  the 
HEPA fdtratron systems I f  the total long-bed 
alpha concentration for an effluent sample exceeds 
the plant action gwdr value of 0 020 X 
pCi/mP (7 4 X IO4 Bq, m3), a followup investi- 
gation is conducted to determure the caw and to 
evaluate the need for corrective amon 

At the end of  each month, samples from each 
ventdation system arc composited into a smg& 
sample for specific chemical analysls An a&quot 
of each of the dissolved composlte-samples from 
the 43 exhaust system, is analyzed for berylhum 
particulates, w n g  a flameleu atomic absorphon 
spectrometry technique l 3  The remunder of the 
discolved sample is subjected to chemical separa- 
tion and alpha spectral analysis to quantify 
specific alpha-emitting radionuchdes Analyses 
for uranium isotopes J r r  conducted on the com- 

poslte samples from each o f  the 43 exhaust svrtrms 
Thirty-five o f  the ventilation exhaust systems are 
located in buildmgs that contain plutonium 
Particulate samples from thow 35 systems are also 
analyzed for specific isotopes of plutonium 

Continuous sampling for tntium IS conducted in 13 
venhlation exhaust systems A bubbler-type 
sampler is used to collect samples three times 
each week Tntium concentrations in the sample 
an measured on a ltquid scintillation photo- 
spectrometer 

Table 2 presents the quantitative data for radio- 
isotopes III urborne effluents d u n g  1985 Dump 
1985 the total quantity o f  plutonium dixhxyed 
to the atmosphere from 35 ventilation rihu\t 
systems was less than 9 11 pCi (3 37 X IOs Bq) 

The maxlmum plutonium concentration of 1 5i X 
IO'" rCi/m3 (5 81 X IO" Bq/m3) was measured 
dunng a 2day pcnod in February from an exhaust 
system m c i n g  a waste treatment facility The 
quantrty of plutomum from t h s  discharge [O 087 
Ki(3 22 X lo3 Bq)] presented no adverse environ- 
mental unpact Spmples collected prior to, and 
follomng Uus twoday pnod were within the 
range typically measured in t h s  exhaust system 
The total dlschargc o f  u m u m  from 43 exhaust 
systems was less than 38 24 rCi (I  41 X 10' Bq) 
The maximum uramum concentration of 914 X 
loei3 pCi/mR (3 42 X IO'' Bq/m3) was measured 
dunng February from a production facility pro- 
ccssmg depleted uranium The quantity of uraniuin 
from thw discharge (0 848 &I (3 14 X IO' Bq)] 
presented no adwm enwonmental impact The 
tntium dmharged from 23 ventilation systems was 
0 155 Ci (5 74 X lo9 Bq) and includes contribu- 
tions from background radioactiuty 

Overall, the 1985 data were in the normal ranges 
projected in the Plant Environmental Impact 
Statement, and represent no adverse environmental 
unpact 

Table 3 presents the berylhum urborne effluent 
data for 1985 The total quantity of beryllium dic- 
charged from the 43 ventilation exhaurt \y\tems war 
not significantly different from the background 
assocxated with the analyses, and these values are 
well below the 10 gram per 24 hour emiwon 
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TABLE 2 Rdioirotopes in Airborne Emuants 

P1utomum' Unnbtmb Tdtium 

Jmwry 38 243 0030 t0.0063 48 
Febnruy 38 103 0 157 to0303 J2 
Much 35 039 0002 r00005 46 

37 074 0002:000[W 44 
may 3s 042 0002 t O o a o 4  42 
lune 35 0 3 9  0003:00008 4S 
J d Y  38 OJB 0003 to0006 4S 
AUgurt 35 054 000) : O W  42 
Sappcaskr 3S 04:. 0002tOOOOl 43 

NOVWlber 36 058 0007tO0001 $4 

I)rcanbQ 3s 090 0029 to0040 45 

Summary 431 9 1 01J7 rO0303 539 

OCtoks 3s 069 om : a m  43 

L RdiochaniaBy d.urrbd u p l u ~ 2 3 9 ,  -240 
b RadkkhUy-u-233. 2 3 4 . ~ 4  238. 
c C~bcbrmaimamaaundeoaonrtn(bn 

1 92 
4 43 
2 95 
2.51 
2 39 
5 14 
4 30 
6 17 
2 2 8  
177 
181 
2.17 

38 24 

0 057 t 0 014s 
0924 to0206 
0 075 t 0 0140 
OOD(tO0009 
0 010 t 0 0026 
4187 t 0 0135 
0 054 t 0 0054 
0 023 t 0 0029 
000s to0006 
ow :ooood 
0076 t 0 W S  
om : o m 6  

0 924 t 0 0206 

299 0012 
298 0 026 
196 0 017 
274 0 013 
173 0 019 
299 0 608 
299 0 003 
298 0 013 
29 1 0 017 
299 0 01s 
30a 0 008 
247 0 004 

3475 0 155 

Cmax' 
( X  10 " 
AdrnG) 

300: 80 
3002 100 
450 t 200 
290: 60 
290: 70 

210 t SCi 
270r 50 

1360 t 280 
590: 160 
580 r 140 
290: 65 

1360 t 280 

- 

:dor eo 

48 
s2 
46 
44 
41 
4s 
4s 
42 
43 
43 
44 
45 

0 0% 
0 093 
0 030 
0 142 
0 115 

-0 011 

OW 
0 031 
4)005 

0 038 
0 018 

o o n  

0.0014 
0 0169 
0 0007 
00010 
0,0021 
0 OD23 
om2 
QOoOl 
00003 
Ooodl 
OOOOI 
0 o001 



Radioactive Ambient ALMonltortnglRFP ENV 85 

standard estabhshed m Subpart C of 40 CFR 
61 3 3 a )  l4 

B Radioscave Ambient Au Monitoring 

figh-volume ambient au samplers a n  located on 
the Rocky Flats Plantsite at the plant penmeter 
[at distances of approxunately 3 to 6 lulometen 
(2 to 4 mlles) from the plant’s center], and m 
surroundmg communities ’These Rocky Flats- 
desig;led au samplers operate conturuowly at a 
volume flow rate of approxunately 12 Wsec (25 
fr3/rnin). collecung particulates on 20- X 25cm 
(8- X 10-in ) Schleicher and Schuell. Inc , S & S 
29 filter media Manufacturer’s test speafications 
rate ths filter meha to be 99 97% efficrent for the 
relevant particle azes under cond~t~ons typically 
encountered in routme ambient au sampknqis 

&borne pmculates m dmbient BLT are sampled 
contmuously at 23 locations wiUun and adjacent 
to the Rocky Flats exclusion area (F~gurc 8) The 
sample f i ten  a n  collected biweekly and analyzed -- €or total long-hved alpha (Ti.La) If the TLLa 
concenttabon for an ambient au sample exceeds 
the plant gude value [IO X pCi/mP (3 7 X 

r io4 &/m3)l, a speafic plutonium analysls IS 
performed Dunng 1985 all TLLa concentrahons 
wen less than t b  grude value 

Filters from S of the 23 samplers are routinely 
Lomposited and analyzed biweekly for plutonium 
These five samplers hav: hstoncally shown the 

- hghest plutomum concentrations for the o w t e  
sampling netwok Table 4 contam the average 
concentrations o f  plutonium UI ambient an at 
these stabons dunng 1985 Tbe calculated value 
for the mean concentration at each locabon IS 

referred to as the “point 0~hm8tC ” For each 
plutonium concentration pomt crturute. a Lower 
Confidence Lmit (LCL) and an Upper Confidence 
Lunit (UCL), whch define a 95 percent confidence 

- interval, have been included in the table The 
denvation of the point estunatm, the LCL, and 
the UCL is discussed in Appendix E The avemgc 
Loncentntionc of plutonium in ambient aw at the 
five onute station\ during 1985 ringed from 
0041 X IO-is to 0406 I #Ci/mP ( I  52 X 
IOe6 to 1 5 0  X Bq~rn’) These concentra- 
tions were less than 2 O? percent of the Denwd 

- 

- 

c 

- 

Concentration Crude (DCG) for inhalation of 
plutomum by members of the pubfic 

Momtonng for tntwn in ambient a u  water vapor 
IS conducted at onsrte locations S4, S-5, and $16 
(Figure 8) Samples are collected and analyzed 
weekly The tntium sampler utilues a one liter/ 
mmute a u  pump that operates continuoudy The 
sample IS colkcted m a Pyrex tube filled with 
slhca gel. whch collects moisture from the ambient 
alr The sampbng equipment is sontanrd in d n  
alummum case that IS msulated, weathertiglit and 
lockable Temperature imde the case is controlled 
by a small heater and fan that mantain a tempera- 
ture between 4 44 and 32 2 O C  (40 and 90 OF) 
Table 5 presents the average concentrations of  
mtium in ambient arr water vapor at these three 
onsite stations d u n g  1985 The maximum 
average concentration of tntium in ambient air at 
the three onsite stations dunng 1985 was less than 
150 X pCi/m!l (5 SS Bq/O) Th~s  concentra- 
tion was less than 00075 percent ot the DCC 
for oral intake of tnt~um by members of the public 

Sunplea of auborne par tdates  are collected on 
filters by hgh-volume a u  samplers at 14 locations 
dong or near the phnt penmeter These penmeter 
samplers are located between 3 and 6 kilometen (2 
and 4 miles) from the plant center (Figure 8 ) The 
samplers am numbered S-3 1 through S-44 Sample$ 
from each locabon are collected biweekly, com- 
posted by louhon, and analyzed for a four-week 
penod for plutonium Table 6 presents the average 
concentrations of plutonium radioactivity in 
anborne pMiculates at Statmu S-31 thou& S 4 4  
dunng 1985 The average concentration of pluto- 
mum in ambient iur at these locations dunng 1985 
was 0 002 X IPS fiCi/mP (7 40 X IO-* Bq/m3) 
Thu concenttabon was 001 percent of the DCG 
for mhalabon of plutonium by members of the 
publrc 

Samples of &me partxculotes are also colkcted 
at 14 locabons in or near communities in the 
vlun~ty of the Rocky f i t s  Plant These locations, 
shown ILL Ftgure 9, are Boulder, Broomfield 
Cotton Creek, Denver, Golden, JeffLo Airport 
Lafayetre. Lakcview Pointc,* Lcydi n Umhall 
Supenor, Wagner Walnut Crcck rnd Wcstmin\tct 

.New laation added to cornmuairy network ut Juruary 198s 

IS 
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, 
FIGURE 8 rMtba o f  Ondte d PkM Penmeter Ambient Air Samplers 

(Rmioaaof flgw are not to scale ) 

I 



- Sunple flltar are collected biweekly, compodted 
by locaUon, and uulyzed for a four-week period 
for plutoruwn radmctivrty Tabk 7 presents the 
average concentrations of plutonium m iurborne 
pytrculrtcrs at the commuruty stat~ona d\tnng mumbyrnemknofthbpubl~c 

1985. Tha 8vumge Ooncsntntkn of plutonium ur 
ambnt air at the commumty strtlons was 0 002 X 

pCdmR (7 40 X IO-' Bq/m3) Tha value IS 

0.01 percrat of t& DCG for mluhtion of pluto- 

17 
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Strrion 

$3: 
SJI 
$33 
s 3 4  
$35 
5.36 
3.37 
S38 
$39 
540 
S I  
WZ 
s.43 
S44 

- 
Numkr of 
A m -  

12 
12 
12 
12 
11 
11 
12 
11 
11 
12 
12 
12 
12 
12 

- LCL 

346 
314 
407 
361 
268 
404 
389 
336 
365 
382 
338 
350 
374 
37n 

Caoantatbn (x lo-" &be)' 

?oint ?o&t Pant 
Ecuamta UCL LCL Emwu UCI. ICL Eaimrte 

cmia C, Cm,,, 

------- 
4.003 awl 4003 ( L O O ~  0007 -ow om 
4.003 am OOOO OW 0008 -000) 0001 
4.002 0003 0009 0012 0015 d W 2  OW1 
-0.00001 OW 0001 OW3 OW7 -0004 0001 
4002  OW -0002 0005 0012 -0005 0000 
-0002 0002 0010 0017 0024 -0002 OW2 
0.001 0006 0019 (LO27 003s 0003 0008 

-0002 0003 O O U  0031 0037 OOOO 0005 
-0.002 O M S  0004 0.009 0014 -0002 0002 
4 0 0 3  0.003 OOOO 000s 0010 -0004 om0 
4003 0001 0.018 00% 0034 400( 0002 
-0001 OW 0014 0021 0028 4002 0002 
9002 0003 OW 0.W 0.014 4.002 OW2 
4 0 0 3  0001 -0.001 0.ow oooo -om ow1 

- 
UCL 

0 005 
0 005 
0 005 
0 005 
0 006 
0006 
0 012 
0 010 
0 007 
O W  
0 007 
0 OO? 
0 007 
0 00s 

- 

- 

0 Ob 
0 01 
0 01 

c )I 
0 00 
001 
0 01 
0 0 2  
0 01 
0 00 
001 
001 
0 01 
001 

- 
0 01 

During 1985. m#ritonng of Imbmnt rvlncludd 
the fol lom totrl suspended puticuIaW8 CISpI), 
ozone, sulfiu &oxide, carbon monoxide, N- 
&onde, md r#d l b  rnwtadng utilized uutru- 
mentation in a self-contained van equipped far 
Moblle Ambmnt Au Monitm (MMM) Thew 
sx panmeten YIC criteria poUuUnta regulated by 
the EPA and tbe State of Colondo through the 
Clean Au Act Amendments of 1970 and 1977 
w h c h  tncludas the Nataonrl Ambmt Au Quruty 
Strndrrds (NAAQS) md Colondo Ah Wty 
Control Corn- Ambient Au Standards. Table 
8 tdenbfss the detectron methods and operating 
ranges of the MAAM monrtoM analyzers wth 
correspondmg c o m p h c e  standuds Dtlruy 1985, 
the van remained stationuy at 8 location neu the 
east entrance to the plant Tlns w an open a m  

n w  8 rnfflc zone and u generdly downwmd from 
p h t  buildmgs Ambient ut data were collected 
over the entkc year, lncludtng revea l  months of 
data fmm a prototype inhrlohle particulate 

reauhtory requirements m y  nqure samphng 
puticul8tes m the nngr, of (10 rmcrons, total 
suspended parhculrte rrmpbng may be required 
for tracking 24-hour secondary standards In 
esrly 1986 the Envlroruntntal Analysis and Con- 
trol (EAQC) %chon at Rocky Flats will 
unplcment the use of both co-located PM-I0 and 
TSP samplers at the present sampling locatton 
Tbe Weddm8 PM-10 sampler is artifled to meet 
the EPA proposed standud at a flow rate 01 40 
CFM. Soma statuhcrl data on the PM-IO sampltng 
are pfese!Ited in Table 9 for information puiwse\ 
only No cornputsons to standards will bc IIIJ~C 

untd the new stmdords arc fully promulgated 
Particulate and PM-10 data are shown in Table 9 

Sun- rnlet (Wed- PM-IO) R0p-d 
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FIGURE 9 Locrtlon of Community Ambwnt Au Samplers 

r- 
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Summuy 

Concmntntion 

12 
12 
12 
12 
12 
12 
12 
12 
12 
11 
12 
12 
12 
11 

167 - 

368 
382 
355 
407 
333 
383 
396 
376 
406 
313 
315 
3 23 
409 
30s 

-0 007 
-0 00s 
-0 007 
-0 00s 
-0006 
-0 001 
-0004 
-0 001 
-000) 

-0003 
-0006 
4 007 
4- 
4.021 

-0 002 
-0 001 
-0 002 
-0 002 
-0 001 
a 002 
9 001 
-ODD) 
4 001 
0000 

a 0 0 3  
-0 001 
4 oat 
4.00) 

0003 0004 
0003 0007 
0003 -0001 
0001 0003 
0004 0017 
0003 OOOO 
0002 0002 
ow1 0004 
0002 0003 
0009 0010 
OOOO 0003 
0003 OOOO 
0001 0004 
0013 -0001 

000) 
0 014 
0 003 
0 008 
0 022 
0004 
0008 
0 010 
0009 
0 018 

0 007 
OOOO 
000) 

0 021 

am7 

- 

Pomt 
uct LCL Esonuta UCL 
--_I_- 

0012 0 0 0 3  0001 
0021 -0002 0002 
0008 -0004 OOOO 
0013 -0003 0001 
0027 -0002 0003 
0008 -0004 0000 
0014 -0002 0002 
0016 -0003 0002 
0015 -0002 0002 
0026 0001 om 
0011 -0003 0002 
0014 -000) 0001 

0010 -0w 0001 
0014 4 0 0 2  a002 

0 006 

0 00s 
0 005 

0 004 
0 006 
0 ow 
0 006 
0 012 
0 007 
0 006 
0006 
0 006 

o 007 

o oon 

- 
- 

Perccw' 
of 
DCC 

001 
0 01 
0 00 
0 01 
0 32 
0 00 
001 
0 01 
0 01 
0 03 
0 01 
0 01 
0 01 
0 01 

- 

- 
0 01 

Measurement of TSh and lead were conducted 
using the EPA reference lugh-volme ar sunplh# 
method The pnmuy ambrsnt rnr particulate 
sampler and a d o a t e d  dupliate sampler wen 
operated on the EPA o n a a v e r y 4 x t h  day sunphg 
schedule The inghcst TSP vrlue recorded ( I  
24-hour sample) was 90 &m3, which IS 34 percent 
of the 24-how pnmary strndud of 260 &m3 
The annual geometnc mean value for 1985 was 47 
&ma, whch was 34 percent of the NMQS 
primary annlul geometnc mean standard of 7S 
pg/m3 These numben arc comparable to mean 
 value^ reported by the Colondo Department of 
Hrdth (CDH) for n p  meosmmnts dt thc south- 
eastern plant boundary at Woman Cmk and 
Indiana Streat These measurements have yielded 
annual average prnculate levels in the range be- 
tween 30 and 66 re/m3 whch w lower than the 

NAAQS "he quarterly average lead concentlam 
for the four quartera of 1985 w e n  at minimum 
detectable levels, except dunng the first quarter 
when the concentnibon was 0 I19 pg/m3 These 
vph#s are less than 4 percent of the NAAQS 
pnmuy Strndud of 15  &m3 Ambient ozone 
data w e n  colkcted uung an ultrawolet (UV) 
photometnc type analyzer Dumg 1985, J total 
of 8,620 l-hour ozone samples wen collected 

rnaxunum l-hour value was 0 286 ppm. w tuch 
1s 158 percent of the NMQS pnmary one-hour 
standard of 0 120 ppm The veoond higlie\t I-hour 
ozone value, whidi aLurn.d duririg Ihr *IIIIL 

afternoon in May was 0 195 ppm Tlresc V J I U L ~  m 
consastent with levels measured in the geacr~l  
Denver metropohtan area dunng lugh pollution 
episodes 
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TABLE 9 Onate MAAM Van Ambrant Au QImhty h t a  
(Nonn&oacuve) 

Toul Suspended Putxuhtea (&ma) 
Toul Number ofS.mples - A"' 
Total Numbr Of Smpbl- 

Geomctris M a n ,  S m p k  A" 
Geo~n.tric Maan, Samplu B" 
Standard Dovlrtkn, S m p k  "A" 
Standud Davinton. S m p k  "8" 

Obmad 24-Hour Huumum "A" 
O b m e d  24 Hour M w n u m ,  '%" 

Second H&hert blurpnum A ' 
s a c o n d ~ t M r x r m w n  B' 
L o w a t O b v n d V ~  A 
Lowest Obpnd Vdue, 'B 

Toul Number of h n p b  B ' 

G e o m m  M a n  "B" 
S e d  Damtion "B 
okrrnd 2*-Hour Maximum '3" 
S u m n d ~ Y u r m u m  B" 
Lowest O b a d  Value 'B 

ebl-t 0 PYticulater (&a8 ) 

(3l2418S - 12/31/85) 

Ozom bPm) 

60 
10 

41 0 
55 8 

16 9 
22 I 

88 5 
91 8 
8 4 3  
81 5 
20 0 
24 0 

47 

21 2 

an 
43 4 

35 8 
6 3  

a m  
a w  
ai9s 
aooi 
a286 

8620 
0 67 
6 3  
I20 
0.10 

8640 
0.01 1 
Qll6 
0.001 

8.115 
0 003 

0 012 
aoa 

0.035 

Sulfur dioxlde samphng was conducted u\iiig a 
contmuously operating pulsed fluore\ctnct type 
analyzer cahbrated by use of a certified cylinder 
gas and a dynamic gas dilution calibrmm 
system n e  cylinder gases, as well JS the miw 
flowmeters, have traceability to primdry >tanddr& 
set by the National Bureau of Standards T h  
maxlmum lhour SO2 value recorded at t h c  
plant was 0035 ppm and the maxiiiiuni 
observed 3lour average value W B ~  0 026 ppni 
whch IS 5 percent of the NAAQS 3 hour ,rand& 
Of 0 500 ppm The calculated Jnnual arithmetic 
mean value of 0003 ppm IS IO percent ot ttic 

NAAQS annual mean standard of 0030 ppm 
The maxlmum observed 24-hour average 'or 
SO2 was 0 012 ppm, whch IS 9 percent ot the 
NAAQS ?+hour standard of 0 140 pprn 

The 8,500 hourly averages of w b o n  monoti& 
(CO) data collected dunng 1985 using a gas filter 
correlation (IR) type analyzer, yielded an dnniul 
anthmetic mean of 0 67 ppm, including a mdximum 
I-hour average value of 6 3  ppm wliich IS 18 
percent of the NAAQS pnmary 1-hour standard 01 
35 ppm A m a m u m  8-hour dverage concentrittioii 
value of 2 20 ppm was recorded whioli IS  24 
percent of tho 8-hour NAAQS prinirlry ,tJiid ird 
of 9 ppm 

The nitrogen dioxide (NOz) dab contain 8 640 
hourly averages of continuous sampling and gavc 
an mthmsbc mean of 0011 pprn which I\ 22 
percent of the NAAQS pnmary mean stdiidard 
value of 0 05 ppm The maxlmum I-hour value 
noted dunny ths time penod was 0 I I6 pprn 

The data for all panmeten were assessed with PII 

accuracy of f 12 percent based on routine p r w -  
S I O ~  and operational span check\ inulttpotnt 
dynamic calibrations, and ectabiirhrcl quitlitv 
assurance procedures 

As part of an ongomg Ennronnient.il Airaly\ir d 
Control quality assurance program JII 01 t h b  
MAAM van analyzers were subjcLtrd to Jn inrlc- 
pendent audit dunng 1985 Rwoii\c\ 01 ~ l l  
analyzers were withm the range of mtJhlibllcd tPA 
gudelints for mhirnt  air moniloriiiy IIC t w i  kh 
( 2  15%) 

D Waterborne Effluent Monitonng 

North Walnut Creek receives stormwater ruriolf 
from the north =de of the piantsite (SCL Figurc 4 ) 
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Total Svrpcadrd RnLuktu (M/m2 7 

Totd Nurnkr of Suaplu - A"* 
TOM Numba otslmpia - E b 

CcomctaE M o u g  Sunplu A'* 
Ceomrmc Mom, Smplor "E ' 
Standard Dsvirtkn. Sunplex 'A" 
Sfmdud Devuwn. Sampla 'B" 
Obrcned 2 4 % ~  Munnum 'A" 
Obwwed 24-Hour Mwnum 3" 

Second Wut M.xunum 4'' 
Second wen Madmum B" 
Lowart Obrrrnd VJua 4 
Lorart Observed Vduc. B 

Toid Yumbw of Smpla  '6 ' 

Coometric Mcan "8" 

Strndud Davution "8" 

Obluvad 24-Hour #rxLnum 1" 
Second Highat Yunawn "E" 
Lowest Obtmmd Value '9 

PM LO Pyticulua (ul/m8) 

(3/24185 - lU3Li85\ 

60 
10 

47 0 
5s 8 
16 9 
224 
80 5 
91 8 
a43 
88 5 
20.0 
24 0 

41 

21 2 
8.8 

43 4 
35 8 
6 3  

urn 
am 
aiw 
ami 
0-2s 

6620 
0.67 
63 

0 10 
zao 

8640 
0 011 

0 0 1  
ails 

bllS 
aoo3 

ao3s 

0.026 
0.012 

Sulfur dioxlde sampling w a  conducted u m g  a 
continuously operating pulsed fluoremncr type 
analyzer cairbrated by use O! d bertifittd cylindcr 
gas and a dynamic gas dilution c~libration 
system The cylinder gases, as well JS the ma>> 
flowmeters, have traceabihty to  pnmdry standmi\ 
set by the National Bureau of Standard4 The 
maxlmum lhour SO2 value recorded at t h  
plant was 0 035 ppm and the i nJwiuv  
observed 3-hour average value W J ~  0 016 ypiii 
which IS 5 percent of the NAAQS 3 hour sr.uiJdrJ 

Of 0500 ppm The calculated dnnual arithmetic 
mean value of 0 003 ppm is IO percent of the 
NAAQS annual mean standard o f  0030 ppin 
The maximum observed 24-hour .wcr?gc t o t  
SO2 was 0012 ppin, which is 9 pcrcciit 01 ilic 
NAAQS %-hour standard of U 140 ppin 

The 8500 hourly averages of carbon nionoxidc 
(CO) data colkcted during 1985. using J gas filter 
correlation (IR) type analyzer yielded dii annul 
anthmetic mean of 0 67 ppm,including a itiaxirnuiii 
l-hour average value of 6 3  ppm w h c h  IS 18 
percent of the NAAQS primary I-hour qtandard ot 
35 ppm A maxlmum &hour average concentrdtion 
value of 2 20 ppm was recorded which I\ 24 
percent of the dhour  NAAQS priniory standard 
of 9 ppm 

The mtrqpn dioxide (NOz) data coiitaiii 8 640 
hourly averages of continuous :ampling and g.tw 
an anthmebc mean of 0011 ppni w l i i ~ h  I\ 23 
percent of the NAAQS primary iiieaii stdndrrd 
value of 0 05 pprn The maximum I-hour valuc 
noted dunng thu tJme penod wa5 0 1 I 6  ppni 

The data for all parameters were asswed with rn 
accuracy of f 12 percent based on routine prrci- 
uon and operational span checks niultipoiiit 
dynamic ca&brations, and established qurlity 
a s a m c e  procedures 
As part of an ongoing Envlronmentdl AndlysL! & 
Control quality asurance program a l l  or ~Iir 
MAAM van analyzers were suhjectzd to  J ~ I  inilc- 
pendent audit dumg 1985 Responses of dI 
analyzers were withm the range of establirhed LPA 
guideline% for ambient Jir rnonitoriiig iic twoiA\ 
(* 15%) 

D W8terbom Effluent Monitonryr 

North Walnut Creek receives storniwdter riinol t 
from thr north side of the plantsite (Sw Flgun: 4 1 



Holding Pond A-3 on North Walnut Creek is used 
to impound this surface runoff for m l Y s l S  PnOr 
to discharge A second control point, holduy 
Pond A4 IS located further downstream 

Ponds A-1 and A-2 are isolated by valves from 
North Walnut Creek In the past, these ponds have 
been used for storage and evaporation of laundry 
water Ths practlce was dacontmnued rn 1980 
These ponds currently are mantamed m a state of 
readmess for control of posslble chemical spdb 
into the North Walnut Creek dramage basin 
Disposition of Pond A-1 and A-2 runoff water 
is through natural evaporation and IS enhanced by 
spraying water through fog nozzles over the surface 
of tlie ponds Excess water that does not evaporate 
is then recollected by the ponds 

South Walnut Creek receives surface water runoff 
from the central portior of the plant ' h r  water u 
diverted through a culvert system to Pond 84 and 
then to Pond B-5 where the water IS impounded 
for analysls pnor to controlled offsite discharge 

In the past, treated sanitary wastewater WY rlso 
routinely discharged to South Walnut Creek Thk 
practice was drscontlnued in 1979 Between 1981 
and 1985, some treated sanitary wastewater has 
been recyckd throw the plant Reverse Osmoas 
(RO) Facikty for further treatment and reused in 
plant coohng towen Excess water that could not 
be recycled was ducharged Lrectly to Pond E3 or 
pumped mto the RO holdmg ponds and spray- 
ungated onto Rocky Flats buffer zone areas Ponds 
8-1 and 8.2, also located in the central dra~nage, 
are reserved as backup control ponds These ponds 
can be used to retam chemical spdls, surface water 
runoff or treated samtary wastewater 

Surface runoff water from the south a d e  of the 
plant IS collected in an interceptor ditch and flows 
into Pond C-2, where the water is impounded and 
analyzed before dlscharge offate Woman Creek, 
also in the south dramage, is isolated from t b  
diverson system Pond C-1 is used as the 
monitormg point for Woman Creek 

D~scharges from the Rocky f i t s  Plant arc 
monitored for compbance with appropnatc 
Colorado Department o f  Health Standards and 
EPA Nabonrrl Pollutant Discharge Ehmurotlon 

WaterbOntC Effluent MonrroringlR FP-EN V 85 

System OJPDES) permit limitations Annual 
average concentrations of chemical and biolo@cal 
consbtutnts of hquid effluent samples collected 
from Ponds A-3, A.4, B-3, 8-5, and C-2 dum& 
1985 arc presented in Table 10 The data are 
mdicatlve of overall water quahty for these ponds 

Dunno 1984. the plant NPDES permit expired and 
was renewed with the same Seven discharge 
locations401, 002. 003,  004, 005, 006. and 007 
The discharge locations are indentified in Table IO 
The NPDES permit places monitoring and re- 
porting Icquirements and lrmitations on daily 
concentrations and monthly average concentrations 
for some specific parameters There was one 
technical violation of the NPDES permit during 
1985 Thls February 1985 biolation involt4 
an accidental discharge of excess chlorinated 
treated sewage wastewater to Pond 8-3 (discharge 
location 001) The water should have been pro- 
cessed through the RO plant, but a faulty valve 
aused leakye to Pond B-3 A technical violation 
occurred when the water was discharged horn 
Pond E-3 into Pond B-5 contaming I O  mg/P of 
total nudual chlonne The allowable hmit is 0 5 

There was no downstream discharge of this 
chlaruuted water, the chlome levels in Pond B-5 
dusipated to background levels when ambient air 
temperatures increased The violation was re- 
ported to Relpon VI11 of the EPA by the Rocky 
Flats Plant No offsite environmental tmpa~t 
occurred 

h o r  to duc- from Ponds A-4, B-5 and C-2, 
water IS sampled and analyzed for gross alpha 
gross beta, tntium, gamma actmty, pH. nitrate 
as N, and nonvalade suspended solids Water is 
not released if the plant action level for any 
parameter 1s exceeded 

Dumg nle~sm from Ponds A4, B-5, and C-2 in 
1985, the water was sampled continuously The 
samples wen analyzed for plutonium. uranium, 
amedaum, tntium, pH, nitrate as N. and non- 
valrbk 5uspended solids Water is also sampled 
contrnuously and collected doily from the outfall 
of Pond C-1 and collected from the Walnut Creek 
at Indiana Street sampling station (when there is 
flow) Dady samples wen cornposited mto 
weekly samples for plutonium, uranium. and 
amenclurn analyses. Once each week, daily samples 
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N R m k  of 
Alrbrr 

17 
17 
11 
17 
11 
17 
14 

6 9  
0 4  
2 0  
OR 

<O OJ 
2 2  

<lo 
3 f  

10 3 
5 8  

420 
10 

<au 
s 2  
2.3 

1s 8 

- 
2 9  

11 2 
0 2  

4.0s 
3 s  

a . 1  

L O  
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at Pond C-1 and Walnut Cmk at I n d m  Street presented in Tables 1 1  and 12 All plutonium. 
are analyzed for tntium Concentrations of pluto- u ~ l u m ,  ammaum, and tntium concentrations 

samples from the outfalls of Ponds A4, B-5, C-1. DOE intern standard Denved Concentration 
C-2, and from Walnut Creek at Indiana Street a n  

- nium uranium, amtncium and tntium in water at these locations were I 0 percent or less of the 

Guides(DCGs) 

TABLE 11 

- 
Location 

- 
Pond ~4 
p o d  B-5 
PondC 1 - Pond C-2 
Walnut Cmk at lndkar Street 

~ ~~ -- - ~ 

Ruronhrm, Uranium, and Arnodcium Concoatrattau at the Rocky Flats Rant 
pafnlt of 

A&= Cmia clnu Cmnn DCG 
Numba of 

Hutoaium Coacramd~a (W IO*  & U r n d  

S 001 :a02 004 to02 002 too1 0 007 
17 9 0 1 0 r O W  00s roo2  0 013 t 0 001 0004 

1 00s $003  aos 2003 00s t o 0 3  0 02 
4a 4 0 1  r O O 5  006 e001 0 018 t 0 002 0006 

s1 000 : a02  aoio : o 02 0 027 t 0 002 0 009 

6 6  a 0 8  s o  : a 2  mad ~4 5 3 0  1 0 2  
Poad n.5 17 31 ta3 10 t 1 
Pond C 1 51 014 tO.09 65 t o 8  264 to05  
Pond C-2 
wrlwt cmk lt Indkar s m t  48 0 3  : a i  8 3  :OS 3 %  to01 

6 1  t o 2  

1 3 1  :OS 3 7  t O . 5  3 1  :OS 
- 

10  
12 
06 
0 1  
08 

0 02 
0 02 
0 02 

0 02 
a07 
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TABLE 13 Urdum Qncmtn(iau u1 Rocky FLU Raw Water Supply 

UnakmCommtation (X W &ifrob 

As prcv~ously mentioned surface runoff water 
from the Rocky Fhts Plant posrer throua Ponds 
A4,  B-5. and C-2 where the water IS sampled md 
analyzed for radaonuchdes d m  the Lschuge 
process Dunng 1985, the total curies measured 
for plutomum from Ponds A4, B-5, and C-2 were 
1 14 X 1 7 1  X and 109 X l W 0 ,  
respectively The total curma mcuund for waniaun 
w e r e 2 8 6 X  104,804X 1 0 - ' , ~ d 0 8 1 X 1 ~ ,  
respectively. The total cunes measured for 
amenaum wen 5 72 X lo-', 132 X 10". rurd 
8 74 x lo-', respectively And fInrlly, tb tot4 
cuncs measurcd for tntium from Fonds A4, B-S, 
and C-2 were 114 X 264 X and 
0 44 x 1 (rat n8PCCtlVCly 

Dunng 1985, Rocky Flats Plant raw water supply 
was o b t u e d  from W t o n  Resemm urd from the 
South Boulder fivemon Canal W o n  Resmoir 
water usually contams more nrnurl urolllum 
radioactmty than the water flowing from the 
South Boulder Dmmon CIIUl Durhu the yeu. 
umuum analyses were performed monthly on 
samples of Rocky Flats raw water The umnnun 
concentrations meuund dunnu 1985 are presented 
m Table 13 Utoruum conantntlons measured 
dunng 1985 m raw water averaged 1 2  X IO-' 
pCi/mR (0 05 Bq/P) or 0 002 rr/mn. 

Bioades and herbicides arc used for pest and weed 
control on the Rocky Fhts plantslte, and water 
samples a n  collected from Ponds B-4 and C-1 dur- 
mg appbcatron Anrlytid  results for the matenah 
used, 2,4-D and Bmmaal, have consutently been 

lesr than 2 PUQ per bUon The recommended 
conantrahon Umrt for these m a t e d s  is 100 parts 
per bihon 

Approxlmrtely 2000 gallons of  polychlorinated 
biphenyt (PCBs) contorning low-level plutonium 
radioactivity are stored at the Rocky Flats Plant 
The EPA has been requested to approve a plan for 
ramoval of there contammated materials Some 
operatmg tramformen contam PCBs. and each is 
identrfied and protected according to EPA wgula- 
tions Analytical results from downstream waters 
dud118 1985 showed noconcentrations of PCBs I 

m excan of  the analytical detection lrmit of 
approximately 1 pprt per bdhon 

E C t o u n d n r t n M o n i ~  

Extcnslve hydroysolo~c and groundwater qualit, 
mvastlgahona were conducted dunng 1985 Hydro- 
@ologac projects included renews of 211 geologc 
reports prepared from 1952 through 1984, rewewb 
of kthobg~c logs and well construction data, 
rologic mrppml, surface md borehole geophysical 
investigations, soil vapor svnpllng feasibility 
studies, and well hydrauhc tests. All ewting welb 
were fidd swcyed and their total depths 
measured Thc existang Wundwater quality data 
base (1973-1984) was renewed, site groundwrter 
quokty was chamctemed. and the existing ground- 
water mmtonng program was evaluated Based 
on that evalucmn several changes to the program 
are bang unplemented 
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depths of approxunately 135 to 175 feet The 
Rocky FhQ AUunwn owrks the Arapahoe 
Fonnntlon The alluvium IS a poorly sorted de- 
posit of sand, gravel and cobbles whch is up to 50 
feet thck west of the plant but has been completely 
eroded cast of the plant The alluwum forms a 
gravelcapped surface whch IS dissected by North 
Walnut, South Walnut and Woman Creeks 

- 
Hydrogtoloip-Two hy draulrdy comected 
groundwater flow systems are prtscnt at the Roclty 
Flats Plant Flow occurs UI the Roc& Flats 
Allunum and valley fill m a t e d ,  and in the 
Arapahoe Formation The Larrunrt-Fox Iws 
Aquifer also underltes the plant. but 1s separated 
from the Arapahoe Formation by several hundred 
feet of the relatively impermeable shales of the 

-- Upper Laramie Formation Then 1s Itttle, d any, 
hydrauhc connection between the h p 8 h o c  and 
Laramie-Fox Hds Formations Fgwc IO shows 
the general relationshps between gcologrc uruts 
underlying the plant area 

- 

- 

- The Arapahoe Formatlon &p approxmately 5 to 
15 degrees eastward toward the center of the 
Denver Basm The Arapahoe IS composed of t h b  
claystone with mostly ducontmuous, mterbedded 
sandstone lenses Some conmuow lmses occur at 

Groundwater m the allunurn and valley fill is 
nchPrged by nunfall, snowmelt, and infiltration 
from creeks, ditches, ponds, and spray evaporation/ 
mgatron systems Water 1s discharged through 
evapotrmrpmtion, spnngflow , baseflow to the 
drunyes, and subsurface flow The majonty of 
the groundwater movement rn the Arapahoe 
Formation occurs m sandstone lenses Recharge 
to the sandstones occurs at their subcrops beneath 
the ollunuum and by downward kakage through 

FIGURE 10 c;rdolic intho Rocky W p k n t  Arm 
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FIGURE 11 Locptlonr of Groundwater Momtoms Web at Rocky Flru 

LEGENO 

MONITORING WELL GREATER THAN 30 METERS 
A MONITORING WELL LESS THAN IS METERS 

28 
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the claystones. Flow IS g e n d y  m a t 4  toward 
the n@onol ducharge area don# the South pktte 
River 

- Samphg and Analysis-Dunng 1985, s8mples w e n  
collected ui Much, July, October, and December 
from the 56 momtonng wells shown m Figure 11 
Six of the wells range from 30 to 79 meters (100 
to 258 feet) m depth All rexnmina wsllr range 
from 1 to 19 meters (3 to 64 feet) deep and ue 
located near solar evapontron ponds, holding 
ponds, underground tanks old waste bund sites, 

- 

8 landfill, rpny nng8tion Iwtes, and Walnut and 
WomrnCncLs. 

Groundwater samples an uulyzed for inorgamc. 
orpnrc, trdrorctrve, and water q d t y  mdlcator 
parameters The spaafic parameters analyzed are 
Lutdd in Table 14 Conductmty and pH are 
dasnnurrrd electrometncrlly Total dissolved 
rdidr (n>ss) ue detmuned by standard 
gnvimetnc techniques Autrltnity and hardness 
are detennrned by electrometnc Utratlon Anions 
am analyzed by Lon chtonutography The cations 
and metrlt ue analyzed by atomic absorption and 
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emlssion spectroscopy Radiometnc analyses arc 
performed using standard countmg t e c h q u e s  
Total organic carbon (TOC) and volatde organic 
compound (VOC) concentrations an determrned 
accordrng to standard EPA procedures 

Results o f  the laboratory analyses ate presented 
m Tables 15-18 for the plutomum, a m e n a m ,  
uranium, and tnt~um As identlfied m Tables 15 
and 16, plutonium and amenaum arc barely 
detectable 

Uranium exceedmg the plant's rnternal control 
guide of 300 X loe9 pCi/mll was detected only 
rn Well 4-60 Anomalous concentrations of 
uramum (>IS X IO4 pCi/mP) were found ut Wells 

(see Table 17) Pockets of uranium occur naturally 
m the soils and rocks sunoundmg the piantslte 
Some of these uranium depoats have proven nch 
enough to be commercially exploited Thus, 
native rock, rather than plant operations, IS the 
source o f  much or all  o f  the UrPlllUm detected m 
groundwater Regordles of the source. u m u m  
concentrations m @oundwater samples did not 
exceed hutoncal concentration knh 
Tntium was detected m Wells 4-60 and 6-71 m 
concentrations exceedmg the plant control gude- 
line of I500 X IO'9 Ki/mQ (see Table 18) A 
review of the pnnous data mLcates that tnt~um 
levels rn groundwater samples from these wells 
fluctuate considerably No tnbum concentrations 
tn 1985 samples exceeded those of prevlous years 

?hen am no applicable Dennd Concentratron 
Gudes (DCGO) for groundwater However, the 
concentrations of plutomum, amenuum, uranium, 
and tntium in all samples were well below the 
calculated Department of Energy lntenm standard 
DCGs for water dwcharged to uncontrolled areas 
(See Appendix A )  Groundwater data for the 
other parameters hted rn Table 14 have been com- 
piled and summanzed UI the Rocky Flats Resource 
Conscrvatlon and Recovtry Act (RCRA) Part B 
Permit Apphcation for Radioactive Mixed Wastes 
submitted to both the U S Enwonmental Protec- 
tion Apncy and tlib Colorado Department 01 
Health (US Department of Energy, 1985) Bued 
on the detection of VOCs m several wells on 
plantsite, comprehensive hydrogeoloplc mvestiga- 
tions were llututed during 1985 to determme the 
sources, concentrations and extent of VOCs m 

160, 6-71, 9-74, 10-74, 15-74, 17-74, and 1-82 

Rocky Flats groundwater Briefings and upddtc\ 
on the progress o f  the hydrogeolowdl ufc 
charactenzation were presented at ,everdl Ftd tc 

exchange pubhc meetings in I985 lnvolvemeii t hr 
the Colorado Health Department (CDH) oil split 
samphg of  groundwater samples and tnspcitioii or 
groundwater monitoring wells and sdmyling 
actxntm also occumd dum8 1985 Installdtioii 
of new hgh quality monitonng wells and furthcr 
groundwater assessment studies dre 3chcdulrd lor 
CY 1986 Results from the\r grouiidwdter 
mitiatives will be forthcoming m the CY 1986 
annual Envlronmmtal Monitoring Rcport 

F Rqpoarl Water Moaitonng 

Regional water monitoring includes ,ampling Jnd 
analysls of  pubhc water supplies and rdp water 
from several surroundrng communities Ot the 
reeonal water suppka, only Great Western 
Rezervou and Standley Lake receive runoft froni 
Rocky Flats dramage systems (Figure 1) The 
Rocky Flats contnbubons to radionuclides in 
rqponal water supplies through urborne eiiiiwon\ 
were estunated UI the Plant Environmental lmpaLt 
Statement I These contnbutions were instgnificm 
compared to contnbutions from fallout and mturd 
background 

Water samples w e n  collected weekly dunny 1985 
from Great Western R-IVOK. a water supply for 
the aty of Broomfield, and from Standley Lake 
a water supply for the a t y  of Westminster and 
poruons of  the clties of Thornton and North- 
glenn The weekly samples were composited into a 
monthly sample, and analyses were performed for 
plutomum, unmum and ammcium concentn- 
tions Tntium analysis was conducted for eaLh 
weekly sunple Annual grab samples w e n  also 
collected from three rceonal reservoirs (Ralston 
Dtllon, and Boulder) and one stream (South 
Boulder Dtvemon Canal) at distance, rangmg 
from 1 6 to 96 kdometen ( 1  to 60 miles) from the 
plant These samples were collected to detenniiic 
background data for plutonium, unniurn 
amencium, and tntium u1 watcr Tliew d m  i n  

p n m t c d  iii Tdbleu I9 dnd 20 

DNlkmg water from Boulder, Broomfield dnd 

Westmmter was collected weekly, composited 
monthly, and analyzed for plutonium, uranium 
and amencium Tntrum analyses were performed 
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Loution 
Number 

160 
260 
360 
4-60 
3-60 
660 
146 
266 
3-66 
168 

368 

171 
2 71 
3-7 1 
4-7 1 
$7 1 
6-1 1 
I ?4 
3-74 
4-74 
3 74 
6-14 
7-74 

248 

e6a 

8-74 
3-74 

c 

10.74 
13 74 
14-14 
15-74 
16-74 
17-74 
18-74 
21 74 
22-14 
ws-1 
ws-2 
ws-3 
161 
2 81 
3-81 

S 81 
6 81 
7-81 
8-81 
9-81 

1 M l  
1-82 
2 82 

4-82 
s a 2  - 662 
7 82 

- 

c 

- 

4-81 4 

- 
- 

3-82 

c- 

a 
7 
6 
S 
6 
9 

46 
43 
44 

1 
I 
1 
1 
9 
9 
9 
7 
8 

19 
7 
7 
2 
6 
2 

1s 
12 
6 
3 
6 
1 
6 
1 
4 
1 

79 
61 

8 
4 
4 
6 
6 
6 
1 
6 
9 
9 

30 
9 
9 
6 
3 
8 
9 
9 
9 
7 

0.03 t o 03 
Dry 

OMrOO3 
-0 01 t a02 

DW 
OOOrOO2 
O O 2 r O O 2  

003 t 001 
OO1tO02 
m 
Dry 
DW 
Dry 

-001roo2 
003 t 0.02 

6 01 t 0.01 
4 o i  t 0.01 

ND 9 
4.01 t 0.02 

9n 
Dn 
Dry 
Dn 

0.04 t 0.02 
Dry 

0 01 t a02 
o m  i 0.02 
aoi t 0.02 

Dry 
003+0.02 m 
001.001 

DW 
001 t 002 
0 02 t 0.02 
0 Of t 0.02 
0 02 t a02 

Qw 
-001r0.02 
oootaoi 
OOlrQOl 
m 

oootao2 

0.01 t 0.02 
OOOtOO2 

-0 00 t 0.01 
0.01 t 0.03 

4 0 3  t aoi 
Dw 

4 02 t 0.02 
m 

0081003 
001 io02  

DrY 

0.02 t a02 

m 
O 0 3 r 0 1 2  
-001 t o  12 

000rO12 
-003t0.12 
4 0 2  t 0 12 
4 0 s  t 0 11 
4 03 t 0 13 

DW 
D v  m 
DW 

-0 03 t 0 12 
4 0 3  t 0 12 
-003tO12 
4 0 2 t 0 . 1 2  

DW 
-003tO12 
-001t012 

DfY 
DfY orv 
Dry 

w 
Dry 

4 02 t 0 12 
DfY 

001t0.12 
Dry 

0011012 
Dry 

-002 t 0 12 
O00rO12 

-0Mt0.11  
4 0 3  t 0 13 

Dv 
-0 03 t 0.13 
401 t 0.13 
4.02: 0 12 

Dry 
a03 t 0.12 

4.02 t a12 
a 0 0 t a 1 2  

- 0 0 2 r O l l  
0.01 I a13 

4 0 2 t O 1 3  
-0.03 t 0.11 

Dry 
-0.02 t 0.13 

Dry 
4 0 i t a 1 2  
4 01 t a12 

DW 

o 13 t 0.12 

4 0 2  t a12 

4 0 2 t 0 . 1 2  

Dry 
Dry 
Dn 
Dn 
ND 
ND 

003 t o 0 3  

001rO03 
Dry 
Dn 
Dry 
w 
ND 
9n 

- d o i t a m  
Dry 

0.00 t 0.03 
hv 
Dry 

~~ 

Dry 
0.02 t o 0: 
006 tOu3 
003 1 0 02 

Dry 
0 0 s  t 0 01 
007 rOO2 

ND 
001  r o o 1  

0 02 t 002 

OOSrOi)?. 
DtY 

0 0 3 ~ 0 0 2  
0 03 t 0 02 

ND 
orv 

4 0 1  J 0 02 
aoi t 0.03 
4atooa 
a00 t 0.03 
0.01 t 0.03 

001 :a02 
0.00 t 0.03 

Dry 
a 0 0 t 0 0 2  

Dry 
4 0 0 t 0 . 0 2  
4 0 1  t 0 02 

orv 
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TABLE 16 Amenam ConcanUrtiau in Groundwater MonitoMg Web 

Loution 
Number 

140 
240 
360 
-0 
s-60 
660  
146 
266 
346 
1 4  
266 
3-68 
4-68 
171 
2-71 
3-7 1 
4 7 1  
s-71 
6-71 
1-74 
3 74 
4.74 
5-74 
6 74 
7-74 
a-74 
9.74 

10.74 
13-74 
14-74 
15-74 
16-74 
17-74 

23-74 
22-74 
WQ-1 
ws-1 
ws-3 

1-81 
2-8 1 
3-81 
4-61 
s-81 
6-81 
7-81 
8-8 1 
9.81 

10.81 
1-82 
2-82 
3 81 
4-82 
s-02 
6-82 
7-82 

1&74 

m a  
(meten) 

a 
- 

7 
6 
5 
6 
9 

46 
43 
44 

1 
1 
1 
1 
9 
9 
9 
7 
8 

19 
7 
7 
2 
6 
2 

1s 
12 
6 
3 
6 
1 
6 
1 
4 
2 

79 
61 

4 
4 
6 
6 
6 
1 
6 
9 
9 

30 
9 
9 
6 
3 
8 
9 
9 
9 
7 

a 

Mudl 

0 0 4 t 0 0 2  
DW 

004t0.02 

DW 
0 02 t 0 03 
005 t 0 02 
0 0 4 t 0 0 2  
0 0 4 * 0 0 2  

DW 
DW 
DW 
DW 

O O O t O O 2  
002 t 0 02 
008 t 0 02 
OOStO02 

o 03 t a02 

ND D% 
0 0 1 t 0 0 2  

DW 
DW 
Dry 
Dry 

0 01 t 001 
Dry 

0 03 t 002 
001 too2  
o 02 t a02 

Dry 
0 10 L 0 03 

Dry 

DW 
001 t o 0 2  

-001.001 

DW 

0 0 6 r 0 0 2  
Dry 

OO2tOO2 
O 0 4 t O O l  
007 t 001 
002 t 0 02 
0 0 3 t 0 0 2  
0 0 2 t 0 0 2  
0 0 4 t 0 0 2  

Dry 
4041003  

Dry 
QOOrOO2 
0 07 t o  02 

Dr/ 

0 02 t a01 

owtao7 

o 03 t a02 

a02 t 0 02 
a01 t 0 02 

July 

DW 
- 0 O S r O 0 6  
-001 t o 0 6  
O O O t O 0 6  

a o 1 r o 0 6  
-001t007  
003 t 006 

O02rO06 

DW 
Dry 
&Y 

d M r 0 0 6  
O16t006 
001 t OM 

-004t006  
Dry 

-0.03 t 0 07 
000tOM 

Dr/ 
DW 
Dry 
DW 

001 t 006 
DW 

awt007 
Dn 

-002rO06 
Dry 

00lrO06 
DW 

0 1 6 t O 0 1  
Dry 

-002rO06 
0OOtO.M 

-002rO06 
0 0 2 t 0 0 6  

Dry 
-004.006 
-0.06r001 
0.02 t 0 01 
Dn 

O 0 6 t O O 7  
-001 t 006 
0 05 t 0 01 

-004 i006  
O00rO06 

-002t006  
-004t006 

Dn 
003 t o 0 1  

ow 
owto06 
0.02 t aoi 

Dry 

-Owtaw 

octolmrc 

003r006  
Dry 
Dry m 
DW 
ND 
m 
prv 

000.006 
m 
Dry 

008taos 

December* 

Dry 
0 0 4 2 0 ~  
0 0 6 : O M  
O O i t O 0 6  

Dry 
O00rOOb  
0 I4 t 0 0-  

ND 
ND 

0 0 5 - 0 0 b  

Dry 
0 1 1 ~ 0 0 -  

0 0 6 t 0 0 6  

O 0 6 t O 0 7  
Dry 

001t0.06 

002rO06 
m 
Dry 

4.02 I 0.06 

O O I r O 0 6  
O09r006 

ND 
Dw 

0 14 t 0.01 
001tO.06 
(LM t 406 

-003t0.06 
O o 4 t Q 0 6  
o 17 t aoi 
on 

aio t a01 
prv 

0 08 t 0.07 
002.406 

Dry 

ooi:ao6 
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- Location 
Number 

1.60 
2-60 
3-60 
4.60 
3-60 
6 6 0  
166 
266 
3-66 
148 
248 
3.68 
4 6 8  
1 7 1  
2-71 
3-7 1 
4-7 1 
3-7 1 
6 71 
174 
3-74 
4 14 
5 74 
6 74 
7-74 
8 74 
9-74 

1 Ck74 
13 74 
14 14 - 15-74 
16 74 
17-74 
10.14 
21-74 
22 74 
Ws-l 
ws-2 - ws 3 

181 
2 81 
3% 1 - 481 
5-61 
6-8 I 
7 81 - 6-81 
9-8 1 

1 M 1  
182 - 2 82 
3 82 
4 82 
s a2 

c 

- 

c 

- 

- 
- 

- 6 6 2  
7 a2 

a 
7 
6 
5 
6 
9 

46 
43 
44 

1 
1 
1 
1 
9 
9 
9 
7 

19 
7 
7 
2 
6 
2 

15 
12 
6 
3 
6 
1 
6 
I 
4 
2 

19 
61 

8 

a 

4 
4 
6 
6 
6 
1 
6 
9 
9 

30 
9 
9 
6 
3 
E 
9 
9 
9 
7 

1 8 4 t 2 2  
Dlv 

66 t 0 8  
23992.27 

DW 
t U t O 4  
0 . 3 t 0 1  
1 4 6 0 2  
2 8 r 0 4  

DW 
DW 
Dn 
bry 

2 6  t 0 4  
1 l r 0 2  
O l r O l  
O l r O l  

ND D% 
S 6 t 0 . 7  

DW 
Dn 
DW 
DW 

4 1 t Q 8  
DW 

2 1 J r 3 0  
l S l r l 7  
s s i 0 7  

DW 
230Ot28 

Dw 
162t2.3 

Dry 
l 4 t 0 3  
6 9 t l O  
O O r Q l  
4 1 i 0 7  

DW 
3 5 t 0 1  
2.4.0.4 

rn 
1 2 2 t  1 4  
12.0: I S  

l d t 0 . 3  
3 9 r O S  
O 5 r O 2  
O l i O l  

26.6t37 
Dn 

oorai 
w 

0.2: a1 
a s t o 2  

DrV 

1 2 t a 2  

Dn 
1 3 3 r 3 8  
S l t 3 3  

4 3 4 r 7 0  
4 4 2 3 3  
2 8 r 3 S  
0 0 t 3 4  

- 0 2 r 3 4  
1 B t 3 4  
Dr/ 
hy 
Dry 
Dry 

2 2 t 3 6  
2 0 t 3 4  
O 4 t 3 4  
O b i 3 4  
DV 

2 9 4 t 6 9  
3 I t 3 3  
m 
w 
Dn 
Dw 

4 2 t 3 . 3  
Dry 

154r39 
m 

4 7 r 3 s  w 
171r4.4 
m 

1 4 9 r 4 O  
Dry 

0 . 6 6 3 4  
7 4 t 3 . 6  

4 4 r 3 4  

Drr 
2 7 r 0 . 8  
4 2 t 3 J  
Dry 

l O l r 3 6  
06 : ) )  
7 7 t 3 8  
38r0.1 
0 2 t a 4  

O l t 0 . 4  
1 9 9 t 4 . S  

Dry 
4 . 4 t 3 7  rn 
- 0 2 t 3 4  
- 0 1 t 3 4  
m 

22t0.6 

z.0 t as 

Dry 
ND 

ND 
DV 

2 3 t O I  
O 4 i O 2  

YD 
ND 

1 0 4 2 1 4  

ND 

Dry 
2 7 7 t 4 6  

2.4rOS 
2 9 r 0 5  

ND 
hv 

1 U r 1 6  
14r0.3 

36 t OS 
1 0 1 0 3  
O l i o 2  

l a 1  : i 4  
olr 

a0 t a 2  
Dn 

-alto2 
a6 t 0.3 

Dry 

LO t a4 

33 



R F P ENV-8SiMONITORiNG DATA COLLECIYON. ANALYSES, AND EVALUATION 

TABU 18 Tdtium ConantmUloa, & Gmundmmr Honttodng Web 

140 
260 
360 
4-60 
560 
6-60 
1-66 
2.66 
346 
148 
268 
368 
4 4 8  
171 
2-7 1 
3-71 
4-11 
5 71 
6-7 1 
1 74 
3-14 
4-74 
s 74 
6-74 
7-74 
%74 
9-74 

10.74 
13 74 
14-14 
15-74 
16 74 
17 14 
18-74 
21 74 
22-74 
ws-1 
ws-2 
ws-3 

181 
2 81 
3 81 
4-81 

6-81 

8-8 1 
9-81 

10.81 
1-82 
2-82 
3-82 
4 82 
s-82 
6-82 
7-82 

5-ai 

7 a i  

8 
7 
6 
5 
6 
9 

46 
43 
44 

t 
1 
i 
1 
9 
9 
9 
7 
8 

19 
7 
7 
2 
6 
2 

15 
12 
6 
3 
6 
1 
6 
1 
4 
2 

79 
61 

8 
4 
4 
6 
6 
6 
1 
6 
9 
9 

30 
9 
9 
6 
3 
8 
9 
9 
9 
7 

lylzch 

340 t 690 
Dry lw 

300: 7M) 
DW 

650 t 710 
ND 

14110 t 7SO 
1050 t 130 

DW 
Dry on 
DW 

820 t 110 
130 t 680 

-200 t 390 
220 t 680 

DW 
WD 

3 0  t 690 
Dn 
Dly 
Dn 
Dn 

210 L 680 
Dn 

220 t 680 
270 t 6M) 

Dn 
80t640 

DW 
1050 t 690 

w 
-190 : 680 
600: 700  
220 t 680 

0 t 670 
on 

390 t 690 
320 : 690 
210 t 700 

w 
340 : 690 
100t60 

-340 t 650 
-260 t 6SO 

110 t 670 
150 t 680 
s50 : laa 
m 

380 t 690 
Dry 

loo0 t 720 
m 

-2m t 650 

mo t 6w 

~dthtm conrmmtb. (x iv* &/me) 

July OMwb 

Qly 
-2110 t 290 
170 t 650 
80 t 920 

SO0 t 610 
570 t 670 
500 t 680 
690 t 680 
3 10 t 660 
Dy 
Ihy 
bry 
DW 

2so t 660 
130 t 650 
480t680 
300 t 660 

Dn 
1810 i 110 
S90 t 690 
Dn 
Dry 
Dn 
Dn 

1 0 0 ~ 6 8 0  
m 

460 t 680 
Dry 

40 t 650 
Dry 

220 L 670 
Dry 

150 t 610 
bry 

IOt6so 
SO t 650 

-220 t 630 
lor640 
Dn 

-240 t 630 
-290 t 630 

40t650 
av 

140 I 6SO 
210 t 660 

4 0  t 630 
-190 t 630 

170 f 650 
5 O t W  

280t670 
av 

-360 f 620 
Dy 

20: 6 4  
280 t 630 
m 

on on 
w 
DtY 

-30 t 630 
190 t 410 

20 t 650 

340 t 650 
hv m 
DW 
Dn 

Dn 
SO t 630 
m 

110 t 640 
Dry 

DW 

-130 t 640 

7Ot640 
-90t400 

-110 t 400 
hv 
hu 

m7 
180 t 410 

lOeOt440 
390 t U O  
M t 6SO 

-160 t 4W 
190 t 410 

-1so * 640 
Ih.r 

230 t 420 
Dn 

170 t 410 
180 t 910 

Dlr 

18Ot 860 

520 t 1380 
I)ry 

7SO t 1380 
420 i I440 

20 i 1380 



Soil SMIpling and AnalysuIRFP-ENV 05 

on weekly g a b  samples Quarterly grab samples 
of tap water were collected from the nuroundmg 
communihes of Arvada, Denver, Golden, Lafayette, 
Loutsvllle, and Thornton Samples were analyzed 
for plutonium, urmum. amencium, and tnuum 
These data are presented m Tables 19 and 20 
Evaiuabon of the regional resenon and dnnlung 
water data mdmtes no unusual results The 
plutonium, uranium. amencium, and tnbum 
concentrations for the nmonal nservous npre- 
sented a small fraction (0 5 percent or less) of the 
DOE intenm standard Denved Concentrabon 
Guides (DCGs) The average plutomum concentra- 
tion in Great Western Reservoir was 0 009 X 10” 
pCi/mP (3 2 X IO4 Bq, Q) I h s  value IS m the 
range o f  concentrations predicted for Groat 
Western Reservoir m the Plant Enwonmental 
Impact Statement The dues given m the 
Impact Statement are based on known low-kwl 
plutomum concentrations UI the nservov sedi- 
ments Results of the 1985 plutonium, w u m ,  
amencium, and tntium data for dnnlung water rn 
nme commwbes were withm the background 
range All dnnlung water values were 0 3 percent 
or less o f  the apphcable DCG 

Dnnkmg water standards have been adopted by the 
State of Colorado6 and the Enwonmental 
Protection Agency (EPA)’ for alpha*mtting 
radionuchdes (excludmg uranium and radon) and 
for tntlum These standards arc 15 X IO-’ pCi/mQ 
and 20,000 X 103 pCi/rnP (5 55 X Bq/# and 
740 Bq/Q rcspccwcly Dunng 1985, the sum of  
the average concentrations of plutonium and 
amenaum (alphaamittmg ndionuclides) m each 
commuruty tap water sample was 0 03 X lo3 
pCi/mlP (1 1 X 10” Bq/O) or loss That value u 
0 6 percent or less of the EPA and State of Colorado 
dnnlung water standard for alpha actmty The 
average tntium concentrations in Great Western 
Reservoir, Standley Lake and m all community 
tap water samples was 200 X pCi/mO (74  
Bq/Q) That value IS typical of background tntlum 
Loncentrations in Colorado and represents 10  
percent or less o f  the EPA and State of Colorado 
drinking water standard for tntium 6v ’ 
G Sod Sunpliag urd Analyu 

Forty soil samples were collected m September 
1985 at radml mtervals of r p p r o w t e l y  18 

degrees and at approximate distances o f  1 6 and 
3 2 kalometers (1 and 2 mlles) from the center of 
the plant The geometry of the soil samples was 
controlled by dnnng a 10 X 10 centimeten (4 X 4 
mches) cuttmg tool 5 cenbmeters (2 inches) into 
undisturbed sod l6 The sol sample withn the tool 
avl ty  was removed for analysis Five subsamples 
were collected from the corners and center of two 
one-meter quaru, whch wen spaced one meter 
apart Each set o f  ten subsamples was cornposited 
for the radiochemical analysis for plutonium 

The 1985 plutmum m soil data an summanzed 
in Table 21 and displayed UI Figure 12 Wittun the 
plant secunty area, plutonium concentrations wen 
m the range from 002 to I O  pCi/g (074 to 37 
Bq/kg) Outude the plant secunty area (in the 
plant buffer zone) plutonium conantrations were 
m the range from 0 01 to 2 5 pCi/g (0 37 to 18 5 
Bq/kg) The muumum values are m the eastern 
sector and arc due east of the prcvlously con- 
tammated od storage area The plutonium 
concentrations measured rn 1985 wen almost 
idenbcrl to those reported for samples collected 
at the same sites m 1984 The myor exceptions 
arc at Ute 1.090 where the 1984 value is eight 
tunes lugher than that for 1985 and at site 2090 
when the 1984 value w four times higher than 
that for 1985 Posslble explanations for these 
decreased concentrabons an contmuous weathenng 
and downward m m t i o n  of plutoruum and the 
exwtence of “hot putlcles” m those areas con- 
tauung elevated plutoruum m sod concentrations 

H External Gm” Radiation Do# Monrtonng 

Thenoluminescmt dometers CnDs) arc used to 
measure external penetratmg gamma radiation 
exporun at 47 locations on and off the plantsite 
Replicate TLDs an located at each Ute tor an 
exporwt penod of three months The TLDs are 
placed at 19 locations wthn the property enclosed 
by the sccunty fence shown in Figure 1 Mwwrc- 
ments arc also made at 16 penmeter locations 3 to 
6 lulometen (2 to 4 mdes) from the plant and in 12 
commumtiu located witlun 50 kilometers (30 
miles) of the plant The TLDs arc placed at a 
height of 1 meter (3 feet) above ground level 
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RFP ENVdSiMONITORlNG DATA COLLECTION ANALYSES, AND EVALUATION 

TABLE 19 Plutoruum, Urmim, and Amenuum Concantroaonr m Public Water Supplles 
N u m l a  of 
AdY%S Cmm %Si %mn - 

Phatonrum Conconmaon (X I(r'rc~/m~)' 

1 002 r o o 2  002 roo2  002 -002  
1 OM t o 0 2  004 t o 0 2  OM :002 

1 001 t o 0 2  001 t o 0 2  001 - 0 0 2  
1 001 roo2  -001 t o o 2  9 0 1  -002  

12 -0 001 : 0007 0011 r O O M  000410004 

0009tOOO2 12 - 0 . O O S t O ~  006 roo2 

h a d 8  
Boulder 
BroomfWd 
Denver 
Golden 

Louimue 
Thornton 
WISbnrWII 

Rnmoir 

Bouldn 
DUbn 
Great Westem 
U t o n  
South Boulda Diwmbn CIlYl 
SUndlW 

bf8YeCW 

- 

hhlklr\l w8- 

m8dr 
Boulder 
EroomfLld 
Denver 
Golden 
Wwrtte 
L o u w ~  
Thornton 
Wemnmrtn 

RIwWoir 

Bouldei 
DJlon 
Great Western 
R8kma 
South Boulder Diwrnon c.nJ 
Strndley 

- 

4 
12 
12 
4 
4 
4 
4 
4 

12 

0 0 2  roo5 

404 r o o 2  
4 0 2  1002 
4 0 3  r o o 2  
-001 rOOS 
4 0 2  t o 0 5  
OW r003  

-O002:0006 

a m  t am8 
001 t o 0 3  

00s t o 0 2  
002 r003 
002 r003  
OM rO03 
OW roo2  
0.01 e 0 0 3  
001 row 

o ais t am 
4002tO02 
0006:0003 
0004=0003 
000 -002 
000 -002 
002 z o o 2  

-001 t o 0 2  
000 1 0 0 2  
0003 t 0 002 

U h  Coacmmtioa (X l(r* RUmn)b 

1 )  09 t o 1  a9 t o 1  0 9  r 0 1  
1 8  -02 1 1 8  t o 2  I 8  t o 2  

12 1 8  : a 2  3 3  t 0 4  23s t o 0 8  
1 20 t o 2  2 0  * 0 2  2 0  - 0 2  
1 06 rO.1 06 r 0 1  0 6  t o 1  

12 1 1  t o 2  2.1 t o t  160 r 0 0 6  

4 
12 
I2 
4 
4 
4 
4 
4 

12 

am r o o 8  
-002 tao7 
1 0  i o 1  
03 r01 
os  t o 1  

4 0 2  t o 0 8  
0 8  t o 1  
0 3  i o 1  

0 0  tal 

09 :ai 
0 4 1  i d 0 5  
2 0  rO3 
2 1  rO2 
2.0 r02 
0 3  r0.1 
007 $008  
2.6 r03 
1.3 r 0 2  

041 ZOOS  
016 20.02 
14s r006 
1 2 s  - 0 0 8  
124 t o o 0  
013 Z O O S  
003 r004 
1 7  t o 1  
065 : 003 

Amalchun coaarlr8tka [X lo-. rCVmp)C 

1 4 0 1  :a06 -001 sao6 9 0 1  too6 
1 005 r o o d  005 roo6 00s r o w  

12 000 :a01 001 r o o 2  0012r0004 
004 io06 I 004 to06 004 r o o 6  

1 002 r 0 m  002 t o *  002 :ow 
12 4.01 *OM 003 rOO2 aoo6 t 0,006 

Percent of 
DCG - 
0 007 
0 01 
0 003 
0 003 

<o 001 
0 001 

<o 001 
0002 
0 001 

co 001 
0 007 

c0001 
c0001 

0 001 

eo oai 

0 2  
0 3  
0 4  
0 3  
0 1  
0 3  

0 07 
0 03 
0 2  
0 2  
02  
0 02 

0 3  
0 1  

a 00s 

<o 001 
0 08 
0 02 
0 07 
0 01 
a0 1 

eo 001 
0 0: 
0 01 

eo 001 
eo 001 

0 02 
0 U3 
0 02 
0 02 
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c 

Loution 

R m o u  

Bouldex 
Dillon 
Gmt Western 
RJIton 
South Bouldn Divanion C w l  
St.n* 

A n d 8  
Bouldex 
Broomfield 
Denver 
Golden 
Ldayrtte 
Lou*nillo 
Thornton 
WeMlinrtm 

1 -100: 600 -100 t 600 -100 t 600 co 001 
I -100: 600 -200 t 6 00 -200 t 600 CO 001 
49 400: 600 700 t 800 loot 100 0 005 
1 -300 t 600 -300 t 600 -300 t 600 <o 001 
1 O r  600 Or600 0r600 <o 001 
49 4 o t  700 900: 700 2002 100 0 01 

4 
49 
49 
4 
4 
4 
4 
4 
49 

-200: 600 
-1o00t lo00 
-500: 700 
400: 600 
-100~ 600 
4 0 :  600 
4 0 0 r  600 
-300: 100 
-300: 700 

300 
1100 

400 
600 
300 
100 
500 
sa0 

800 
700 
600 
800 
1100 
800 
800 
1100 
800 

0t400 
100r100 
200 i 100 

0t4w 
lOOt400 

0t4w 
-100 t 400 
100: 300 
100 t 100 

co 001 
0 005 
0 01 

co 001 
0 005 

co 001 
co 001 
0 005 
0 005 

1418 
1436 
1054 
1472 
1090 
1108 
1-126 
1144 
1162 
1180 
1198 
1216 
1 234 
1-u2 
1-270 
1-288 
1306 
1324 
1342 
1-360 

O15rO02 
0 0 8 ~ 0 0 1  
0 02 t 0 01 
032t003 
10 to09 
130 t 1 3  
19 to17 

Olorool 
0 0 6 ~ 0 0 1  
016tO02 
005~001 
oar001 
0 14 t 002 
0 07 t 0 01 
OO5rO01 
009r001 
0 13 t 0 02 
0 01 t 0 01 
O11tO01 

a32toa 

2418 
2436 
1454 
1472 
2090 
2-108 
2-1 26 
2.144 
2-161 
X 6 0  
2 198 
2-216 
2-234 
2 252 
2-270 
2-288 
2-306 
2-324 
a-342 
2-360 

006 t 001 
0 02 t 0 01 
am t oo1 
033 t am 
ZJ :ou 
041 t OW 
042tOM 
OM t 001 
0.01 t 000 
0.11 t 001 

aw t ooi 

0.04 t 001 
aw f ooi 

002: 001 
ow t a01 

0.06 f 001 

006 t o o 1  
O06rOOl 
0.13 r 0 01 
009 t 0.01 
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Dunng 1983, converaon from a Harshaw TLD 
sy\tem to a Panasonic system was mbated For 
one complete calendar year, two TLDs of each 
type were used at each monitomg locahon 
Beginmng in 1984 only the Panasonic TLDs wen 
used 

The environmental TLDs conust of two Panasomc 
802 dosimeters, each of whch has four elements 
Only one of the elements of each dosimeter IS 
used This element consists o f  CaSO, Tm deposrted 
on a polymid surface The phosphor is covered 
with P clear Teflon, and backed with an opaque 
ABS plastic The TLDs arc packaged m a small 
plastic bag, a paper envelope, and another plastx 
bag to protect them from the weather Total 
filtration over the phosphor is 178 5 mo/cm' 
Thc environmental dosimeters have been mdi- 
ndually cahbnted aganst a Cs-137 gamma source 
Calibration hneanty studies have confirmed that 
TLD nsponse IS hnear tor exposure levels w n g  
from 10 inrem to 6OOO mrem The average calibra- 
tion factor for each dosimeter is applred to 
measurements taken w t h  that dosimeter An 
additional correction IS applied to correct for 
day-today variations in reader cabbration 

It was determined that a statstlcally sqnlficPnt 
(p = 0 0 5 )  difference in nsponse e m t s  between 
the Hdrshaw enwonmental monitormg system 
used pnor to 1984, and the Panasomc environ- 
mental molutonng systems used be- in 1984 
In order to compare the 1985 vpluw with the 
prewously reported Hanhaw data, it u necessary 
to multiply the PanasoniL results given m Table 22 
by 1 046 

The data sheets with the locations of rhe 
dosimeters for the second quarter 1985 were lo\t 
dunng a staff relocation, so I t  was not powhlr ill 

dctermlne a dose equivalent for that quarter to: 
each of the three location categories Proccdur-. 
have been changed t o  preclude reoccurrence 01 
t h s  problem The average dose equivalent V J >  

determined for the second quarter for a11 loution> 
to be 40 mrem (0 40 mSv). whch was cornparriblc 
to the values obtained for the other three quarter> 
for all three location categories At the 95 pcrr, i t  

confidence level, there was no significant J la fc i  
ence between the total mean dose of the second 
quarter and the total mean doses for the fir,[ 
thrd,  or fourth quarters The annudl do>e 
equvalent for each location category IVJI 

calculated by determining the average mrem dab 
for each o f  the three categories using d a h  from 
Quartm 1, 3,  and 4 These valuer were then 
multiphed by 365 25 to obtun yearly totih 

in prenous Annual Reports, the Annual Measured 
Dose was reported with a 95 percent confidcnrc. 
mterval on the mean uolng the standard error ot 
the mean, calculated from the rJrianu 01 ttil 

mdindual measured values Thn vcdr. the 95 
percent confidence interval on dn individudl 
o b m a t i o n  wdhm each location category - 
calculated as 196 standard denations - has been 
added t o  the report 'Ths latter interval rnd)  bc 
wcd for assessing the vanabht) of the individual 
locabon measurements w i t h  a location Lategory 

The 1985 enwonmental measurements using TLDs 
arc summanzed ut Table 22 The average annudl 

TABLE 22 Environmental T&nnolumiaemnt Dorunetar huunments 

95% Confidcnm 
llwDAnaJ 95% Colllfdrno Interval on an 

Loatmn Number ol Numba of HeaswedDor lntr.mIo11 tlm Maan lndnidrul Measunmcnr 
Cate#ory Locrtronr M-tS ~mnsn)a (mnmP (mrcmf 

Onnte 19 93 
Pcrimcter 16 15 

Cunimunit, I 2  56 

15 1 
I31  
153  

r4 
t 2  

? 5  

t 3: 

t 22 
t 39 

39 
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I ' v7 

dose eqruvalents, as measured onsite, in the 
penmeter enwons, and in commun~ttes, were 15 1, 
137, and 153 mrem (1 51 137, and 1 5 3  mSv), 
nspectmly These values are uldicatm of back- 
ground gamma radiation m the a n a  * 

V ASSESSMENT OF POTENTIAL 
PLANT CONTRIBUTION TO 

PUBLlC RADIATION DOSE 

IC August 1985, the Department of Energy (DOE) 
adopted an intenm radiation protection standard 
!or DOE enwonmental actinties to be implemented 
in C Y  1985 This intenm standard Incorporates 
guidance from the Ndtional Council on Radiation 
Protection and Measurements (NCRP), as well as 
the Enwonmental Protection Agency a n  em& 
sion standards of 40 C F R  61, Subpart H Included 
in the intenm standard is a reviuon of the dosc 
hmits for members of the public and tables of 
radiation dose conversion factors to be used for 
calculating dose from intakes of radioachve 
materials The dose factors are based on the 
International Commission on Wologml  
Protection (ICRP) Pubhcahon 30 methodology 
for radiation dosimetry The DOE intenm 
standard and the Jose conversion factor tables 
have been used in this 1985 "Annual E n m -  
mental Morutonng Report" for assessment of the 
potential Rocky Flats Plant mntnbution to 
pubhc radtation dose As in past Annual Reports, 

the dose b i t s  and dose convetson factors used 
arc specified, and campamsons can be made with 
mfonnaoon rn past Annual Reports to determine 
the magnitude of the changes 

Potenaal p u b k  ra&ahon dose commitments 
w h c h  could have resulted from plant operation\ 
were calculated from average radionuchae conccn- 
trations measured at the DOE property boundary 
and m surrounding communities Inhalation w a t ~ r  
ingestion, and goundplane mdiat ion u e  the 
pnnapal pathways of exposure Swimming and 
consumptlon of foodstuffs are insignlficsnt pdth- 
ways T b  latter f i n l ~  is to be expected b w u s e  
of lunited swimmmg and fisiung in the area diid 

because most locally consumed food is produced ai 
consrderabk distances from the plant 

The dm usesYnent for 1985 was conducted for 
several locrhonr the Rocky Flats Planr Property 
(site) boundary, nearby communitm, and sites to a 
distance of 80 kdometers (SO miles) Dose Conver- 
sion factors used for the inhalation and water 
ingestion pathways were denved from the tables 
provided by DOE l1 The relative abundances of 
plutonium and amenciun isotopes in plutonium 
used at Rocky Flats (shown in Table 23) were used 
to calculate composite dose conversion factor5 
for mhalatlon The fractions o f  ingested 
radionuchdes that a n  absorbed from the pastro- 
intestma1 tract and the lung clearance cl~s~rs !or 
mhaled ndionuchdes wen chosen to rnduinizL 

TABLE 23 Imtopic Cornpoortion of Plutonium Uwd rt Rocky Flad 

Relative Wnghhr 

I 

Iaoiopr (5) 

b 2 3 8  0 01 
Pu-239 93 79 
Pu 240 5 80 
Pw24 1 0 36 
h-142 0 03 
Am 241 - 

-- 

" e l D  A&llvllY 

m! the Dcrccnl 

17 1 
0 0622 
0 228 

0 00393 
103 S* 

- 

.r wt by the specillc Klinty 
b O b t d  by divulh tk relrb*e scnvity by thc rum of the nlrth rctinorr for 

the plutonnrm dph. rmitterr 
c The d u e  for Am24 I u taken to k 20% of thr plutonium Jpbr raMty 

40 

0 00171 
0 OS834 
001322 
0 31MQ 

1 ia x it* - 

Fnctlon of 
Pu Alpha Aarvtrrb 

0 0233 
0 7962 
0 1804 
5 085 

161 X 10-* 
0 2OC 
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the associated dose convenion factors The 
mhalation rate of 266 X IO4 m3/s and the 
water mgestron rate of '1 P (2 1 quarts) per day 
were dennd from data for reference man and 
were mcluded in the factors Each of these 
dose conversion factors IS for a SO-year dose 
commitment from one year of chromc exposure 
Ground-plane uradiation dose convemon factors 
are from published data by D C Kocher 
The dose conversion tactors used in thls report 
are b t e d  111 Table 24 

A Dose Asscsamtnt Source Term 

Plutonium and amenaum m the Rocky Flats 
envuons arc the combmed result of fallout d e w  
tlon from global atmosphenc nuclear weapons 
testlng and past releases from the plant Umum. 
a naturally occumng element, u mdqpnous to 
many parts of Colorado and also u used rn plant 
operatlons m vanous isotopic ratlos Tnhum, a 
ndionucltde formed by natural processes, llro u 
associated with plant opentlons and fallout 

Inhalation source terms for the 1985 dose assess- 
ment were based on piutomum -239 and -240 
wncentrdtions measured m ambient an samples 

Although it is known that much of this plutonium 
m au IS from rcsdual fallout from past global 
atmosphenc weapons testing, for the purpose of 
tlus dose assessment it was assumed that all of the 
plutonium onlpnated from the Rocky Flats Plant 
The mgestion source terms were based on 
measured concentrations of plutonium, amencium 
m u m ,  and tntium in water The ground-plane 
source terms were based on measured values of 
plutomum 111 soil and an assumed ratio of 0 20 tor 
the amencium to plutonium alpha activity in thL 
soil This ratio is the maximum level o f  amenciurn 
m-growth from Rocky Flats plutonium 

The maxlmum Ute-boundary dose assessment 
assumes that an rndindual IS continuously present 
at the plant penmeter. wtuch actually is unin- 
habited The plutoruum inhalation source term 
of 8 X IO-" gCi/mQ (3 X IO-' Bq/m3) was the 
max1111um annual average concentration of 
plutonium-239 and -240, as measured for a single 
location m the penmeter ambient ur sampling 
network 

The water supply for the individual at the site 
boundary was assumed to be Walnut Creek whch 
mtemittently flows offsite and provides the liquid 
effluent source term at the Site boundary Dunng 

TABLE 24 Do#e Canmnon Facton Used rn Lke Auercment Calcul8tions 

Inh.trtbon..b warm Inpation" Ground-Plane Irradiatrond 

) rem square mcrer 
mkrocum 

Am 241 

( 
0.133 234, 230 PU-239 240 

(-=I 
Am241 

(*=) - O W  h 2 3 9  -240 ?~239.-240 

8 9 2 x  lo-' 3 0 5 x  lo-' 
urar 2 1' < 10" 117 X IO' 621 X 10' (8) 4 Y x l O - *  1 7 8 x 1 0 '  

BOM slUf8W 1 0: c 10'. 5 69 x 10. 2 91 x 10' 2 70 X IO' 2 0 1 ~ 1 0 ~  3 6 9 x 1 0 "  
101 Y lo-' 

E ~ W ~ Z W  D- ~ q u m ) ~ n t  s J- x 10" 3 14 x 109 1 6 3 X  10' 168 X 10' 

I z o x  lo-' Lvlr 1 %  < 101' (0 (0 (0 

GI absorption frnctlom rad hrq chance du~ wen choa to mufinhr the dwc common facton 
An Idurlotmn rate of 2 66 x 10' d r  loo 1 ycu  w u  roumrd 
A watn intake ntr of 2 x 10' nP (2 I quam) per d8y for 1 y e u  YU assumed 
Gioud phne Imdhtmn Jorc convcram factors WKIC adoptod fwin D C Kochrr 
-240 the -of the factors for lhe tvo &lopes w8s used 
T'ha h r  mccw no u g d k a n t  dow fron r)ur pathway 
The lun# IOE~IVOI no qnincanr dose from tW pathway 

I' I or Pu-239. 
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1985, the plutomum concentration k Walnut Cree& 
rver8ged 1 8 X pCi/mQ (6 7 X lom4 Bq/P) 
The average unendum concentration waa 13 X 
looi1 DCi/mP (4 8 X lo-* Bq/P). Thew concen- 
tntlonr were used as the water jngeatIOn soum 
term for the m i m u m  rite boundary dose 
aaaessment The average concentration of uranium 
in Walnut Creek w u  3 96 X IO-’ N / m a  (1 47 X 
10’’ Bq/Q) while the avenge cuncentntioa in 
incoming rcw water wu I 2 x 10” &i/rnt (4 4 X 
l(r’ Bq/Q) The source tern for u~u l fum rnpstion 
was the difference between thew two valuea 
(2 8 X lo4 *Ci/mP (1 0 X 10-l Bq/P)l The 
average tritium concentration m Walnut Creek 

the brJsOround nngr, t y p i d y  me8aured in 
regional wrten This concentrobon of tritium u 
M lnaignUlcrnt contnbutor to d m  Tntlum in 
the water wu, therefore. omitted from the dow 
wrrment 

w1s 1 0 x lo-’ &4mQ (3 7 Bq/Io), whldl IS wrthur 

”he gtound.plme irrrdirtion aourca t m  IS hued 
on the maximum plutonium in roil dopodtion at the 
plant perimeter, u reported by the Environment4 
Mauuramenta Laboratory This murce tm ir 
3 X looa m m l  (1 X 10’ Bq/ma). Themeridurn 

of 20 pemxlt of th8t o f  the plutonium, which b 
the maximum quantity of mcpidum that CUI be 
pzwrnt la Rocky Flrk plutonrum from the decay 
of plutonium =241 The martdun source tmn, 
therefore, ia conaar4itimly eathated to be 
6 x 

b UrUmrd to k mt It dPh8 4a*V lW01 

palma (2 x 10’ Bq/m’). 

&on pathways were insigmficant for a11 of the 
communiha The only agmficant pathway for 
radrotion expoawe w u  lnhalPtmn of plutonium in 
~lf The source term for mhalatron used in the 
dose assessment waa the mammum annual average 
plutoluum concentratlon measured m commuruty 
ambjent air I6 X lW1* HCilmQ (2 X IO-’ Bq/m3)1 
’Ilur conantnbon wiu the annual average con- 
centration measured rn the Westmrnster ambient 
au sampler 

A summary of the aource terms for the manmum 
site boundary and for commuruty locations IS 

tabulated in Table 25 

B. Murtmrunsl&BouadryDow 

T ~ B  rnrximum doae to an individual contmuously 
p m m t  at tho sits bounduy b based on the radio- 
nuclide concentntions ahown u1 Table 25 From 
these concunmtions and the dose converson 
facton in Trble 24, a So-yCu dose commitment of 
6 X I@ nm (6 X IO’‘ Sv) u calculated os the 
effoctiw d m  oqqurv8lent kom all pathways The 
concspondm# bone surfam dose u 9 X 10’’ rem 
(9 X loms Sv) The Department of Energy (DOE) 
mtdm ndirtion protection standard for members 
of the public for p r o l e d  penods of exposure IS 

0.1 rem per year (1 X 10-3 Sv per year) effsctm 
don equivllent The Interim Jr emission standard 
i s 7 S  X lo4 nmperysu(75 X lo4 Svperyear) 
for my organ for i n t d y d e p o u t e d  radio- 
nucUdeai* The maxfmum aite boundary dose 
nprwents 0 6 percent of ths DOE mtmm standard 
for d p8thwrys for the effctrw dose equvrknt 
If all  of the d w  ware received from the uf path- 
wry, it would repmeat 12 percent of the a s  
emisdon standard for my or88n 

4 1  
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Based on radtonuchde concentrahons in surround- 
ing commumbes (Table 25 ), the calculated SO-ySar 
dose commitments were 3 X IO4 rem (3 X IO-' 
Sv) effective dose equivalent and 6 X lo-' rem 
(6 X IOd Sv) to bone surfaces. These values 
represent 003 percent o f  the DOE tntenm 
standard for effective aose equvalent and 0 8 
percent o f  the air emission standard for any organ 

The maxmum ute boundary and commrarty 50- 
]ear committed dose equivalents arc summanzed 
in Table 26 The effective dose quvalcnts may 
be compared to an average annual effechve dosc 
equivalent for the Denver, area of about 2 6 X 
10'' rem (2 6 X 10') Sv) from nrnvll background 
radiation,'*'* lo (See Table 27 ) Thu natunl 
background radlation level for Denver IS hgher 
than that shown for the total body u1 past Annual 
Reports and reflects the ngmficant contnbution 
to effective dose equivalent from Wed indoor 
radon, as well as the adopaon of the ICRP 30 
methodology of radiauon dometry  

D Eyhty-Kdometer Dose Estimrter 

The dose commitment for all mdrvidurls, to a drp. 
tance of 80 Nonieters (SO Ma), w based on the 

Maximum Sire Boundary DoselRFP ENv 85 

calculated mOxlmum community dose estimates 
shown m Table 26 The estimated committed 
effective dose equivalent and committed dow 
equivalents for each of the specific organs are all 
less than 1 X io+ rem or 1 mrem (1 X lo-' Sv) 
A level of "1 mnm/yr" or less IS specified ds J 

de minim& (mcoruequentnl) level of exposure in 
the DOE Guide entitled, "A Guide to Redwing 
Radmbon Exposure to As Low As Reasonably 
Achievable (ALARA) "li The Guide further 
states 

"Radiobon-urduced mutabons and diseases 
have not been discovered in populations 
that are or have been exposed to doses of 
100 rnrem/yr or less Hence, it w nason- 
able to suggest that no M t h  effects will 
be dncerned lr a populthon is exposed to 
an ad&donal 1 percent of the level. I e ,  
1 mremlyr An annual dose o f  1 mrem 
should be w e d  as a level whch IS 

clearly de mfnimis '* 

b e d  on the de minrmlr concept in the Guide and 
on the moxunwn communrty dose estimates, the 
dose comrmtment for all lndrnduals to 80 lulom- 
eten is considered to be d# muums 

~ ~ 

TABLE 26 Fifty-Year Commitud Dor, Equiv8bnt From One Yeu  of Chronic Iatrka/Exposure 

EfktIVODOWEpphinl Wnt BOW SurirCar 
(m) 

llubnum Site BounduV Loatroo 6 X  l(r 3 X  1 P  9 x  lo-' 1 x  10' 

- (W) - sourer 

c o m o l ~ t y  3 x  lo-' IX lW 6 X  lo-* 6 x 10-1 

0 os0 
0 001s 
0 072 
0 1326 
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VI  APPENDIXES 

APPENDIX A 
APPLICABLE GUIDES AND STANDARDS 

The Rocky Flats Plant Environmental Monitonng 
Program mcludes evaluating plant comphance with 
all relevant guides, hmits and standards Guide 
values for ,adionuLlides in ambient air and water- 
borne effluents have been adopted by the 
Department of Enern\ (DOE), the Colorado 
Department ot Health and for the nr pathway 
only by the Enwonrental  Protection Agency 
(EPA)ii9” The guide5 are based on recommen- 
dations published by the International Commlsslon 
on Radiologml Protection (ICRP) and the Nahonal 
Council on Radiation Protection and Measurement 
(NCRP) Ambient a u  data for nonradioactive 
parameters u collected at Rocky Flats for com- 
parison to the mteria pollutdnts listed under the 
EPA Natlonal Ambient Alr Quality Standards, 
estabhshed by the Clean Au Act Instrumentabon 
and methodology follow requirements establtshed 
by €PA m the Quakty Assurance Handbook for 
Au PoUutlon Measurement Systems * Lunits for 
nonradroactlve pollutants in effluent water have 
been defmed by an EP4 National Pollutant Dw 
charge Ebinatlon System (NPDES) discharge 
permit In 1976, the €PA also estabhshed 
Standards for radionuchdes in dnnking water ‘I 
These dnnking water standards have been 
adopted, m turn, bv ‘he State of Colorado6 

In a memorandum of August 5, 1985, the DOE 
adopted an mtenm ractiatlon protectrofi standard 
for DOE enwonmental actintics to be imple- 
mented in CY1985 This intmm standard 
incorporates gurdance from the NCRP, as well as 
the a u  emwlon standards of 40 CFR 61, Subpart 
H Included tn the merun standard IS a revmon 
of the dose h i t s  for members of the pubhc and 
tables of radiation dose convmon factors t o  be 
wed for calculatrng dose from intakes of radm 
active matenals The dose factors are based on 
ICRP Pubhcatlon 30 methodology for radrahon 
dosmrtry Effluent air and water concentration 
guides (secondary standards dcnved from the 
pnmary dose standards and calculated uung dose 
convemon factors and assumed au and water 

intake rates) were not mcluded in the memorandum 
In order to provlde these secondary concentrdtion 
guides as a cornpanson for measuwd air Jnd water 
concentrations Wven in ttus report we have d- 
culated Denved Concentration Guides D C G i  
based on the intenm standard dose limit tor dfI 

pathways of 0 1 remlyear for a 50-yeor commtttec 
effective dose eqwvalent The dobe Lonverwn 
factors pronded m the August 5 menioraiidun~ 
were used and mtdce rates of 8400 Lubic rricrrr\ 
per year (2 66 X 10- m3/s) for au and 730 liter. 
per year (2 Il/d) for water were assumed lor the 
calculations The calculrted DCCs are given in 

Table A-1 and an comparable in concept to thL 
Radioactinty Concentration Guide4 ( RC(,. 1 
publwhed by DOE for its previou\ r~l i i~ ! ion 
protecuon standard 

The pnnous RCGs mcluded permusiblc concentrJ- 
tions of speclfic mdionuchdes and mixtures 01 
radionuchdes m w (RCGa) and water (RCGw) tor 
individuals rn the general population In dddition 
to restnctlng speafic mdionucbdes, the guidei 
restncted the concentration of radionuclides in d 
mixture such that the sum of the ratios of each 
radionuclide conantrabon to the approprim 
concentnuon guide would not exceed P value o f  I 
The guides further stated that a radionuclide might 
be considered as not present m a mixture i t  (4) the 
ratio of the concentration of that radionuclide in 
the mxture to the concentration guide for that 
radionuchde did not exceed one tenth dnd (b)  
the sum of such ratios for all radioiiuclidcs con- 
udercd as not present m the mixturt did not 
exceed one fourth 

Dunng 1985, average specfic radronuclide concm- 
tntions II! iur and water for the Rocky Flats Pldnt 
wen all leas than one tenth of the appropnate 
Denwd Guides for specific radionuclides The sum 
of the ratios of these average conwntrdtion\ to 
their respectwe DCGs was less than one fourth tor 
all nr a d  water samphg locations Applying the 
same methodology for npoftmg mixtures under 



the DCC concept as was used with RCCs, the 
measured concentrations in the tables have been 
compared to the concentration gudes for spedfic 
radionuclides rather than to the guide for mixtures 

The fractions of mgcsted radionuchdes that are 
absorbed m the gastro-intestinal tract and the lung 
clearance classes for inhaled ra&onuclides were 
chosen to yield the most restnctive DCGs for 
cornpansons in tlus report Throughout thls report, 
where a radionuchde concentratlon is expressed 
as the cumulative measurement o f  more than one 
Isotope, the stated DCG used for companson 
represents the most restnctivc DCG for that 
grouping of isotopes Plutonium Concentrations 
measured at Rocky Flats represent the alpha 
radiOdCtiVlty from plutonium isotopes 239 and 
240, which constitute over 97 percent of the alpha 
radioactivity in plutonium handled at the plant 

Reported uramum concentratlons are the cumula- 
tive alpha actlvity from m u m - 2 3 3 ,  -234, and 
-238 Components contuning fully ennched ut.- 
nium are handled at the Rocky Flats Plant 
Depleted uranium metal IS fabncated and IS handled 
as procecs waste matenal Ura~uum-235 IS the maor 
isotope by weight (93 percent) m fully ennched 
uramum, however, uramum-234 accounts for 
approximately 97 percent of the alpha actrvlty 
of tully ennched uranium In depleted uranium, 
the combuied alphaactivity from unuuum-234 and 
-238 accounts for approxlmately 99 percent of the 
total alpha actlvity The uranium DCGs used m 
this report for au and water arc those for urmum- 
333 -234, and uranium ‘38 which are the most 
restnctive 

Envuonmental usamum concentratlons can be 
measured by a vanety of laboratory techruques 
Nonradiolo@cal techruques weld concentrahon 
uruts of mass per unit volume such as pg/m3 and 
rg/Q The uramum concentrahons g m n  m thu 
report were denved by measunng ndioactinty from 
alphaemittrng uramum isotopes and are expressed 
in terms of actlvity umts per u t  volume Rocky 
Flats data mclude measurements of depleted ura- 
nium, fully ennched uranium. and natural uramum 

Conversion factors for speclfic types of uranium 
can be used to compare the data m h s  report to 
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data from other facilities and agemies thJt are 
gmen rn units o f  mass per unit volume however 
the resultmg approximations will not have the 
same assurance of accuracy as that tor the ongind 
measured values Uramum in effluent air trom 
plant buldrngs is pnmanly depleted uranium T h e  
conversion factor for these data is 2 6 X lo6  g/Ci 
Natural w u m  is the predominant torm found ,n 
water The convemon factor for water data is 

The appncabk EPA standard for beryllium (a 
nonradioactive matenal) in airborne effluents from 
plant bulldings is IO grams per stationary r0urL.r in  
a 24-hour time penod For atirbirnt air thc 
calculated DCG for plutonium-$39 and 140 toi 
members of the public IS 20 X pCiiini 
(7 4 X io4 Bq/m3) 

The calculated amennum-241 DCG in waterborne 
effluents for members of the pubhc is 60 X IO-9 
rCilmP ( 2 2  Bq/Q) The comparable DCG for 
plutomum-239, -240 m water is 300 X IO4 pCi/mQ 
(1 1 Bq/Q) The most restrictive calculated DCG 
for uran~m-233,  -234, and -238 m water is 500 X 
lo* &/m2 (19 Bq/P), wluch IS the DCG for 
uranrum-233 In waterborne effluents availablr. IO 

members of the pubhc. the calculated DCG tor 
tntlum IS 1,000,OOO X 10- pCi/mP (74 000 Bq/P) 

The 1976, the EPA p0mUldted regulation, tor 
radionuclides in dnnking water ’ These rrgulationr 
were effective on June 24 ,  1977 along with 
pnmary dnnlung water rcgulationi for micro- 
biolognl, chemical, and physical contaminants 
The intent of the Safe Dmking Water ALt w& to 
ensure that each state has pnmary responsibility 
for mruntauung dnnking water quality To comply 
with these requtnmenu, the Colorado State Board 
o f  Health modified exlutmg State drinking water 
standards to mclude radtonuchdes Two o f  the 
commuruty dnnkmg water standards are of interest 
in t h s  report The State standard for gross-alpha 
actinty (mcludmg rad~um-226 but excluding 
radon and uranium) in community water system., 
IS a m a m u m  of 15 pCi/!l or 15 X fiCi/mk 
(5 6 X 10’’ Bq/P) Ammcium and plutoniuni 
which a n  alpha*mitting radionuclidw drc 111- 

cluded in t b  Lmit The limit for tritium in 

dnnking water IS 20.000 pCi/Q or 20.000 X 
rCiimQ (740 Bq/Q 

1 5 x 10‘ g/Cl 
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The Rocky Flats Plant NPDES pennrt, whch the 
EPA rewued m 1984 to DOE, estrbllShUd WIlW 
effluent hutations on dlschup from Pond B-3 
(sewage effluent), hi tat ions for lutnte and pH rn 
the discharge from Pond A-3 ~II  the Walnut Cmk 
dramage, hmitations on dlscharse from t b  reverse 
o s m m  plant, and control of sediment release 
dunng discharge from Ponds A4, B.5, and C-2 

In addition to cvaluahng compliance with oll 
relevant guides, Irmits, and standards, the Health, 

Safety and Envlirosrasent Department assists 
operat@ group II! dbonng to the DOE policy 
that op#rtionr rhn k conducted ~ I I  a rndnnrr 
to assure that radiation exposure to indimduals 
8nd populrti0n lroupr b lunited to  the lowest 
levels technically urd economically paracticable ''I 

Table A4 shonrppiicrbb standards for radioactive 
and nonz&orctm matenrls. 
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euvmcttr 
Aubomr Effluents 

Unrum-233 -234, 238 
Tritium 
Berylblum 

PlUtONWlk239. 240 

Ambient Au 

Plutonium239 -240 

WltWbOllN EIYIWntS 

Plutonium-239, 240 
Uxmium-233. 234. 238 
Amailaum-241 
tntium 

NA 
NA 
NA 

C l o o ~ d r y  

2 O O X  l t r"#ci /mp 

6e9OSU 
2 0  m#/e 

NA 
NA 

A 4  

Reference 

NA 
NA 
NA 

4OCFR 61 32lab 

NPDES Permit 
WOES ? m t t  
NPDES P m i t  
NPDES Pamir 

WDES Permit 
NPDES Permit 
NPDES?mnit 
NmES ?mlt 
MDES ?ennit 
NPDU ?emit 
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APPBNDIX B 
QUALITY CONTROL 

A Qualtty Program Plan and a Quahty Control 
Program Plan have been developed for the Envrron- 
mental Analysts and Control (EAdtC) and the 
Health, Safety and Environmental Laboratones 
(HS&EL) Sections, respectively Independent 
audits of these plans, coupled with EAb;C'slnternal 
environmental audit and controls procedures, 
ensure that necesarv quahty assurance and qualrty 
control elements exlst for a comprehensive envuon- 
mental monitoring program 

The Quality Program Plan developed by the 
Environmental Analysis and Control (EA&) 
Section provides controls for assurance that 

Current operatrng procedures exrst for aU 
phases of EAQC operations and that these 
procedures are unplemented as wntten 

0 Appropnate approvals are obtamed pnot to 
program maation or change 

0 Tlie eqwprnent used m sample collection and 
data analysls is appropnate t o  the asagned 
funchon and IS operatmg as r q w n d  

0 Accurate documentation exlsts for all  pro- 
grams, procedures and actions 

0 All vanances from procedures or equipment 
use and performance are documented and 
expluned with an impact assessment 

0 Appropnate guidelrnes and standards for 
envuonmental monitonng an identfied, and 
documentaaon ot compliance u pronded on 
a routme bass to Rocky Flatsmanagemmt, 
Department of Energy (DOE), and State 
and Federal regulatory agencies 

The EABtC Quah ty Program Plan estabhshcs control 
pomts and deheates responsibihtm for speafic 
categones of achvities, provides an mfonaotion 
base from which procedures can be developed, 
updated, and/ or implemented. establrshes d state 
of emergency preparedness in its contingency 
plans, and provides doLumentrd ewdence of mtent 
to comply with rule, m d  regulations of Federal, 
State, and local ngularlv-/ agencies 

The Plan includes quality assurance flow charts and 
quahty matnces that rflustnte activity networkc 
and correspondmg qwhty elements ot each re- 
s p o w b h t y  area A complete hsttng of activities 
and responubdities IS also included in the Plan 

To ensure data nhabllrty, the Health. Safety and 
Enwonmental Laboratones (HS&EL) Quaiit) 
Control Program Plan outltnes the quality control 
methods used m all phasesof laboratory operations 

Th~s q d t y  control prognun includes the follow- 
ing elements 

Development, evaluation, improwmrnt 11iot11 

ficatlon, and documentation of anJlytiLJ1 
procedures 

0 Scheduled uutrument calibration. control 
c h a m g ,  and prtwntm maintenance 

Partrapation m lnterhboratory quality corn- 
panton programs 

0 Introlaboratory quahty control progrdnib * z  

AI1 sample batches scheduled for anaI)>is hv thc 
HSaEL Central Receivrng Laboratory c o n t m  111 

average of 10 percent control samples The con 
trols conust of analytrcal blanks prepared in-hou\L 
and standards pmpared by the Rock) F h  
Chemistry Standards Laboratory 

An analysls or group of analyws mdy be rgertcd 
and the sample or samples scheduled for wdnaly\i4 
for one or more of the following reasons 

1 The chemical recovery IS less thdn 10 percent 

2 The amlybcal blanks m the analybir batch JrC 

3 The standards m the analysis bdtch dre not 

4 The alpha energy spectrum IS not acceptdbk 

or greater than I 10 percent 

out of acceptable range 

withn acceptable hmits of error 

because of the following 

B extra and/or unldentifird peak., 

b excess notse in background areds 

c poor resolution of peaks 
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Bioassay and EnvuonmentalMeasurements Program 
for 1985 

__ 
5 The chemist rn charge of the laboratory be- 

lreves there IS reason to suspect the anaiyss 
- 

The HS&EL participate UI two laboratory inter- 
Any unusual condition affecting the results, whch cornpanson programs (1) EPA Enmronmentat 
Is noted during collcction Or ulalyslss Momtonng Systems Laboratory (EMSL) Crosscheck - is reported to Envlronmental Analyslr and Control prom and (2) me DOE E~~~~~~~~~~~ 

Measurements Laboratory (EML) Crosscheck 
Table B-1 1s a summary of HSdrEL partinpobon m Program Tables E 2  and B-3 summanze the 
the Rocky Flats Chemistrv Standards Laboratones HS&EL partlcrpation m both programs - 

TABLE 51 Health, Safety and Ennronmentd Labontorles B i w v y  and Enwonmmrrl Moasurementr Program Data 
(Jmuuy Throutgh December 1985) 

trotopcr 
Reponed 

PU 239 -240 

U 238 234. -235 
Am 241 

H 3  

h i 2 3 9  240 

U-238 234 -235 

Pu-239. -240 
BO 
b 2 3 9  140 
Am24 1 

H-3 

Pu-239 240 

Am 141 

Bob 

u - 2 3 ~  234. 23s 

b 2 4  1 

h 239, -240 
Am241 
U238, 234, US 

M I W  MrIbod S M u d  

0.20 Wm/n 
0.3 umle 
0.30 dlde 
0.500(1 PCyI 

0.30 d/nJf 
04 WnJf 
0.30 qmlc 
Q5 rrlf 
0.50 WnJf 
060 rJf 
0.10 d/m 
Q2 b/n 
015 d/r 
02700 

0.10 Urn 

0.10 Um 

0.100 d/m 
0100 dim 
0.100 Urn 

040 dim 
040 dim 
MO d/m 

B-2 

AmW Rehtivc 
EnaPercant 

-19 

- 1  
-10 

12 
1 
13 

3 
-1 3 
- 4  

IS 
I8 

- 6  
13 

-I 0 

24 

-28 
2 

-23 

-28 

Total 
Control 
Analyses 

60 
60 
60 
60 

120 
120 
120 
I20 
60 

1040 
144 
I44 
144 
48 

48 

48 

36 
36 
36 

49 
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TABLE 52 Wth, Safety and Envir-ul kbontorirr Putidpaticia in the EPA 
Environmentd Monitoring Systems bboratory CroacMc Program 198s 

Gf-Alpb. Water Zmc Sulflde. 4 

Z M  Watar Gammr Spctnl 2 
G 1 3 4  W l t a  GlmnuSpsrnl 2 
Ce137 WaUr Gamma spectral 3 
H-3 W a t n  Bat. hqia SdntJktiOa 2 
CmuAfpha Water Zinc Sulfide 1 

c060 wata Gunma S p w d  1 

Sdntrllrtkn Detector 

SQtillrtkn Detector 

- 3  

1 J3 
-1 4 
-1 26 
-1 11 
-4 1s 

1 IS 

Matrix 
- 
R- 

cod0 Ffmr 
Ce131 Ffrrr 
cod0 soil 
CI-131 Sod 
U-231 S d  
Ce137 T- 
t x 2 l  T- 
Pu-239 T L W  
u-234 T- 
U-238 TUUU 
c040 Vegeutlon 
C1.137 vrpulko 
Ptb239 Vqaotbn 
C d O  Waar 
Cel37 WItW 
n-3 Warn 
YsJ4 Waur 
Ce-144 W.M 
Cd DdonkrdW.(.r 
Ma Ikionisadwaar 
?b 0.iOnurd warn 

- 

zn DdOllnrd w8ks 
Cd b k 8  
Yn LJI. warn 
rb L a o  warn 
Zn m a  Water 

*hgrr xshmt.Id in I983 
- 

2 
2 
1 
1 
1 
1 
1 
I 
1 
I 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

RoLtirc Percent Error 

84 
1 1 1  
1 2 1  
1 4 3  
1 84 
I 02 
181 
1 OB 
I 69 
3 75 

86 
104 
1 07 
104 
1 2 1  
2 os 
112 
1 1 8  
1 07 

63 
104 
103 
1 0 6  

04 
1 1 3  
106 

IS7 
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APPENDIX c 
ANALYTICAL PROCEDURES 

The Health Safety and Environmental Laboratones All water samples, except thote >chedulcJ tor 
(HS&EL) routinely pertorm the fOllOWu16 analyses tntium analysis. are acidified imrncdimly upon 
on Cti\ironmental and efrluent samples collection Water samples scheduled tor gdmnir 

Totdl Au Filter Counting (Pu ,pecific alpha) 

Tennelec Ax Filter Countmg (Gross alpha & 
gross beta) 

Gamma Spectral Analysis 

Alpha Spectral Analysis (Pu-239, -238, Am- 

Beta Liquid Scintillation (Tntium) 

lodometnc Titration tChlorme) 

Bdctena 

Atormc Absorption t8erylhum) 

241, U-238, -233 ‘34) 

Procedures for these analyses am descnbed u1 the 
HSBtEL Procedures and Practices Manual” The 
procedures for bacterm and chlotlne analysts wen 
devcloped following Envuonmental Protection 
Agency (EPA) guidehes Sod procedures wen 
developed following specifications set forward m 
‘hlasureinents of Radionuchdes in the Enwon- 
nirnt. Sdmphng and Analysis of Plutonium m 
Soil ” NRC Reg Guide 4 5 All new procedures 
and change3 to ewting procedures mutt be thor- 
oughly tested documented, and approved m 
wntmg by the Manager of HSUL before burg 
unplemented Envuonmental Analysu and Control 
is notified of any major chnm that could affect 
malyt~cal  results AU procedures a n  renewed 
annually for conststency wtth state+f-the-art 
techniques, or at any m e  an analytical problem 
w suspected Copies of all procedures arc kept on 
file in the office of the Manager of HSUL 

- 

- 

- 
The followme, is a general outlme of the analyhcal 
procedures followed by the laboratom 

- 
Sdrnple received for air filter screening arc counted 
approxlmately 24 and 48 houn after collectlon 
Sdmples exceeding the bmits set by Enwonmental 
Analysis dnd Control .ire recounted 

spectral analysis are poured into one-liter 
Mannelh@ containers and are w l r d  betorr 
delivery to the gamma counting arc8 ROutlnc 
water sarnpieg are counted tor dpptovinl irrly right 
hours Samples requiring a loistr drtcction liriiit 
are counted from 16 to 72 hours 

Sod samples scheduled for gamnia q w t r  11 3n~1\.1* 

an dned, sieved through a ten-med w v e  wcrtghcd 
and the fme portion IS ball-milled The IiiiL portion 
IS then placed in a SOO-mP Marinelli Contdiner dnd 
counted for at feast 16 hours 

Filter sampks scheduled for gamma andjsis u c  
placed in petn duhes and counted for approxi- 
mately 16 hours 

AI1 samples scheduled for alpha spectral anslyus 
arc analyzed in a sunllar manner rrgardles ot 
matnx mor to dissolution, a known quanttty ot 
nonmdigenous radioacttve tracer is added to eJLh 
sample The tracer IS used to determine tlir 
chemcal recovery for the analyw T r a m \  uscd 
include Pu-236, Pu-242, U-232. U-236 Am-243 
and Cm-244 The type and activity level o f  the 
tracer used depends on the type dnd projected 
actinty level of the sample to be ~i idlyzrr l  ALL 
refractor or intractable actinides are dissolved by 
vlgomus acld treatment using oxidizing and coni- 
plexlng aads 

After samples are dissolved, radioisotopes of con- 
cern arc separated from each other and from the 
matnx matenal by vianous solvent extraction and 
ion e x c h g e  techniques The piinfkd radio- 
sotopes arc electrodeposited onto stmle\s stez! 
d w  These discs are alpha counted for a minimum 
of 16 hours If 3 lower minimum dctectioii Iiniit 
1s r e q w d  wniples may br counted from 72 to 
168 hours tlcpcnding upon the need Smplc\ 
that exhibit a chemical recovery ot IC>\ thdn IO 
percent or greater than 110 p r L m t  are autoniat- 
ra l ly  scheduled for reanalysis 
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Tntium analyses are routinely performed on 
spenfied environmental water samples as well as 
stack effluent sample\ Five m l  ot the sample 
are combmed with I ’  mP of liquid scintillation 
cocktdil mixture Environmental samples are 
counted for 60 minutes and airborne effluent 
samples are counted for 0 minutes 

The General Laboratory routinely performs the 
fonowing analyses for environmental rnonitonng 
of plant effluent streams process wastes, and soil 
residues 

1 

2 

3 

4 

S 

6 

7 

8 

Dissolved rnetalhc elements including tests 
for 31 cations by emission spectroscopic 
techmques and I ’  elements by atomc 
absorption techniques (includmg berylhum 
m =borne effluent sample fdters) 

Oxygen demand tests, includmg total organic 

carbon, dssolved oxygen, chemical oxygen 
demand. and biologxal oxygen demand 
(5 day incubation I 

Nutnent tests mcludmg free ammonia and 
ammes, ortho and total phosphate phosphorus, 
nitrate and nitnte axuons, Qeldahl nitrogen, 
and total mtrogen 

Physlcal tests, rncludmg pH, conductmty, 
color, total d w l v e d  soh&, suspended soltds, 
turbidity, and rpeafic gravity 

Soap residues (as alkyl sulfonate) 

011 and gnase reslduer, by extnchon and 
infmtd or gravimetnc detection, and by 
msual observation 

Speufic chemical speues, urcludrng total 
hardness (as calcium carbonate), a l h h t y  
(as hydroxrde, bicPhoMte, or carbonate), 
chlonde. fluonde, cymb, sulphate, m d  
hexavalent chromium 

Rodloactwe speaes, including cross alpha and 
beta by gas proportional detection, tnttum 
by tqurd scmtdlation detection, radium. 
cejlum-l34, and strontiwn89 or 90 by 
grawnetnc separation followed by gas pro- 

Procedures for these andly\c\ w t r t  d ~ \ ~ l u p ~ d  1 1 ~  

the General Laboratorv protc\wiidl i r ~ l i i i ~ ~  1 1  . I , II  I 
Procedure5 were adopted troiii LPA-,lppiob, LI 
sources or froni other rccogiiirrd iiitl iortr I I I L ~  

pubhcations where EPAspproved proCLduII\ nClL  

not available Laboratory OpcrJtioiiJl procCdiir,, 
are documented in a Standdrd toriii.lt r ~ p ~ ) ~ o ~ c d  
by the manager of the Rocky FIJI\ + I i i . i l ~ ~ t ~  II 
Laboratones, and distnbuted to J ~oiitrd1.d 
drstnbution list to assure that proper tc\iilip Ind 
approval w performed before clunpc\ are iJoytCd 
The General LJboratory Qualil\ A w r  i t i ~  PI I I I  r k  

q w s  annual review of prourfurc\ lor coiiweiiC\ 
w t h  stateaf-the-art teduuques dnd LoiiiplidiicL UI 

labontory practices with wnttun proe.cdiin\ 111 

ad&bon, a rewew IS performed wlienrvcr 111 

analytical problem IS detected 

The following IS a general outline o f  the analyw 
procedures followed by the General Laboratory 

All water samples w h c h  are analyzed tor radio- 
active mrtemls - except those scheduled tor 
tntium 8nalys1~ - are acidified immedidtrly upon 
collection 

kqurd sunples received for gross dlplla and bctJ 
screerung are evaporated directly onto pldnchcb 
for gas proportional wuntinp within 24 Rotm (11 
collecbon When activities execding tlir Jctrori 
gwdehes set by Envtronriiental Andly\t\ ~ i i d  
Control (€AX)  are observed, iiotiticdttoii to 
EA&C it made, and reanalysis IS begun mnwdiatrly 
for mficatmn For some liqutds \w.h as indclirn~ 
o h ,  a speufMd volume IS evaporated and thc 
residue IS taken up UI dllute nitric acid for depout 
onto the countmg planchet A cometion IJetor 
19 detennmed for each sample to account tor 
self-absorption effects 
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Lquid and sobd samples a b m t t e d  for alpha 
spectra1 pulse he&t analysls are mniyzed m a 
manner umllar to procedures followed by H M L  
Chemical separatlon of elements is followed by 
deposition of an organic extract of 2-Thenoyltn- 
fluoroacetone UTA) complex onto a planchet for 
pulse height analysis of the alpha e n e m  spectrum 

Water smples to be tested for chemical and 
physicdl pJrameten are analyzed wittun 2 4  
hours of collection, or they are preserved by 
refngention freezing, or addihon of a chemical 
preservative when required The tests performed 
include granrnetnc, trtrametnc, colonmetnc, 
chromatographx, or electroanalytical methods, fol- 
lowing procedures speafied in the 15th editron 
of Standud Methods for the Examlnatlon of Water 
and Waste Water, EPAd00/479-020, or other 
aut hontative pubhcations 

Water samples to be analyzed for dwolved metallic 
ions are filtered through a 4 5  micron filter and 
evaporated onto a graphte electrode for e m m o n  
spectrograpiuc analysts Selected elements an 
determmed for sampk solutions by atormc absorp- 
tion methods after appropnate chemical treatment 
to prepare the proper analysls matnx 
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Organic toxlc specles as determmed by chroma- 
tography, followmg extractlon mto an appropnatc 
organic solvent or onto a solid res~ii using fhrm 
ionmtion, electron capture, or ultrdviolrt 
detection Some organics, such as phenol drt 

determined by developmg a chromaphoric compltx 
and measuring &ght absorption at a specific wave- 
length with a spectrophotometer Meawnnp 
occurs after extraction into an appropriate d v e n t  
phase 

Tntium LS determined by intimate mixing of t i v r  
millrhters of aqueous sample (or of wdtrr t h d  tu< 
equilibrated with the sample for a predcterm,ncd 
time to ensure change) with 17 nullilitert ot 
scintrllatron cocktad The mixture IS counted frrr 
20 minutes in a scintillation well, and J correLtion 
factor IS applred to account for quenLhing ef tech 
determined in situ for each sample 

Ceuum, radium, and strontlum isotopes are chrmi- 
cally separated from the sample matnx using 
pnaptrahon t e c h q u e s  Cesium. strontrum, and 
some ra&u Isotopes are deposited on planchet\ 
with a camcr element for alpha or beta gas propor- 
t l o ~ l  counnng Radium-226 is counted diructly 
msasunng the radon-222 emanation in d wnt1I-  
lation well by using a Lucas gas collection cell 
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APPENDIX D 
DETECTION L,IMlTS AND ERROR TERM PROPAGATION 

The Rocky Flats Health Safety and Enwonmental 
Laboratones (€&%EL) have doptcd the followma 
defimtion for detemon h i t ,  as gvsn by Harley 

“The smallest amount of sample actrnty 
w g  a gwen measurement process ( le  
chemical procedure and detector) that 
wdl yield a net count for whch then IS 
confidence at a predetermmed level that 
actmty IS present ” 

The m m u m  detectable amount (MDA) u the 
term used to dercribe the detoaon b t  and IS 
defined as the unollest amount of an 8nrlytJc 
mPtedin8SU!lp&thot  wdlbedetectsdwitha# 
pmbabhty of nondetacuon (Type II mor), whde 
accepting an a probabhty of enoneously detecting 
that analytrc tn an appropnite blrnlr sample type 
I error). At the 95% confidence b e l ,  both a and 
pare equal to 0 05 

Based on the opprorch preaanted m dnft ANSI 
standard N13 30 “Performmce Criteria for 
Radiohwousay,”” the fonnuoltron of the MDA 
for ra&oactm analyses IS 

MDA = 4 65 SB + 3/cT,EsYl 
aV 

where SB 

Ts = 

Es = 

Y =  

a =  

sample count time (m) 

absolute detection efficiency of the 
sampie detector 

chemical recovery for the sample 

conversion fdctor (d/m per unit 
ac tlVl t y 1 
(a = 3 2 2  d/m/pCi when MDA IS 

in unit*  !>t 61 

v =  

a = 222 X lo6 d/m/pCi when 
MDA is UI units of ~ C I  ) 

sample volume or weight 

d e w d  ) 
(Val if the MDA per SJniple I\ 

The nylor component of the MDA equdtion I\ 

the vanabdty of the blanks In 19x5 thc prow 
dure to estabhsh a population ol clppropmtc 
blanks for each analytical procedure wcw upgrddcd 
resulting m an improved meacun! ol the I m c l i i i L  

and of the inherent vanability ot eclcfi iiicdwrrniciit 
pro- 

Table Dl shows the vanous formuhe u r d  tor 
alpha data reduction dunng 1985 

Table D-2 shows the typical MDA values tor tile 
VMous rnrlyws performed by the HS&EL dnd bv 
the General Laboratones. These values are bdrcd 
on the average sample volume, typicrl detector 
tffiaency, detector background. count t i m  and 
chemical recovery MDA values cdlllildkd lor 
rndindual analyses may vary significantly dcgcnd- 
mg on actual sample volume, chemical reLovuy 
and analytical blank used 

For nOnIadIOrCtrVe parameters. vanour mrdiir drc 

w d  to estunate a rrrrmmum detcctable amount 
depending on the parameter nie.i.umxi Tlir 
rnmmum detectable amount for bcrylltiiiii iii 

effluent UI - analyzed using fldineltlr dtomic 

absorbance readnu of 0 010 rbovc. llic wvpk 
blank absorbance reading Totdl cliroiiiiiiiii i i i  

effluent water samples uiidcrgoc\ J lour-toid 
concentration of the received \ample prior to II\ 

analysts usrng flame atomit. absorptioii r p c c t r w  
copy Its approximate m i w w i i  i l c tcc td~lc  
amount IS based on d net ,mpJL J ~ W I ~ ~ I I L L  

reading of 0 0 IO 

The parameters of nitrate oc N, totdl plio\i)iioroii~ 
suspended solids or1 and p a s  t nil totd crrpdaic 

..- 

absotptron spectroscopy - I5 hdsd 011 ti rcliiiple 

C h O I l  d hdvt I l l l I I l l l lUll l  dCtC‘LtJhIL ~ l l ~ l t ~ l l l l ~ ~  

H P1 
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that are determmd by procedural methods found The m i m u m  detectable mount for residual 
in EPA-600/4-79420. Methods for Chemfd chime u detennrned by the procedure found rn 
Analysrr of Warer md Wostewuter a‘ The param- a pubhcabon by Hach Cot  “DPD Method for 
eten of pH and Biochemical Oxygen Demand have Chlome ’’20 For fecal collform count thr 
minimum detectable amounts that arc determured m m U m  detectable amount IS calculated as 4 65 
by the -mal readout caprbhty of the mstru- tunes the standard dewatlon or the blank value 
mentation that IS used from the rnlllipore filter 

- 

- 
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TABLE D-1 Formulae for Actmty and UnccrtpIllty Calculatmns for the Alpha Spectral Analyss System\ 

Non-Blank Corrected Sample UncertauW Bknk Comcted Sample Uncertainty 

N o b B I p s C o ~ s U a p b A c t M t y  

- 
+Corrected from 1984 report 



A , =  

% I =  

Bsl = 

TB = 

Ts = 

v =  
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TABLE D.1 (Concluded) 

Legend 

Non-blank comctai actmty of lrbomtory nrgcnt bhnk for uotope 
1. expressed as p~cocuries per umt volume 

Non-blank corrected uncertamty of laboratory magent b h k , e x -  
pressed as picocuncs per unit volume 

Sample actnnty for Isotope I, exp& as picocunes per unit volume 

Sample actmty uncettatnty. expressed as picocuries per unit volume 

Blank corztctcd sample &ty for motope I ,  expressed as picocunes 
per UIut volume 

B W  corrected sample uncertainty, expressed an pmcunes per unit 
volume 

Detector background gma counts for sotope L 

Detector background gmm countr for mtstnil standad botope j 

Sample gross counts for uotope L 

Sample gma counts for mtcmal standard mtope J 

Spmple count t h e  expremed in minutea 

W p l e  urut volume or m p l e  uxut waght 
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Muwnum DetecfrM~ 
Amount 

(pr unit volume or mu3 

2 1 x 1 0 - ' r Q  

4 7 x 1 O " u a  
1 1 x  lb' 

2 s x  10" 

0 01 x lo-" #cum 
0 09 x rcVme 

79.000 x 10'" rcuIlln 

5 x IO-' &ma 

1 4 x  10"rQ 

7 3 X l W '  7 3  X I Q ' f l 8  

300 mp 
ldo ma 
100 at9 

10 ml  
1.m la 
10.100 ma 

sm 
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m m  E 
m R T M G  OF MINIMUM DETECTABLE CONCENTRATION AND ERROR TERMS 

Throughout the sectron entltled "Momtom8 Data Collectron, Analyses, and 
Evaluation" m thu report, some of the cmceatmtions that are measured at or 
below the m u m u m  detectable concentntron (ME) arc oaslgned the IUDC 
value The b t h m  symbol (<) rndrcrtes MDC values and calculated values that 
lnclude one or more M X s  

The plutomum, urmum, americium, md kyUium measured concentrations arc 
reported "he8e reported concentratxms mclude values that ue less than the 
compondmg calculated W X s  and m some cases, vrlues less than zero Nep- 
bve values result when th4 msuured W e  for a laboratory reagent blrnlt ts 
subtnctcd from an uulyticrl rerult that was measwed as a smaller value than 
the reagent blank These rerult~ng neptlw values are mcluded in any mthmetlc 
calculrtions on the data set. 

Error terms m the form of a f b arc mcluded with some of the data Fora angle 
sample, "a'' IS the mgent-bkk amactad value, for rnultipk sunpbr it eprr- 
mats the average value (anthmetlc mean). The error term "b" accounts for the 
propagated strtrsbcrl canting umxrtahty for the sunpb and the uronrted 
reagent blonkr at the 95 percent cmfkhce 1-1 Thew error terms npmwnt 
a muwnum estimate of error for the &ta. Other d y t r d  urd rmpLng erron 
are being mvestimted for future tncorpontion into an rll-mclusrve error term 
for each value 

Nmety-flvc percent confidmca limits for thd plutonium concentration* in 
amhent UT have beon derived usin# FkWs Thaotam * These h i t s  consat of 
a Lower Conldance Linut (XL) rad an Upper Confidence t m t  (UCL) on edLh 
pomt csmate for the v8aous cmmtmtknu. "be calculation of the limit\ 
requues knowledge of the Urrlytid error term "b" as desuibed above, and in 
additron, the vubw of tb au volume n#uurement usoarted with a specific 
sample ' h s e  vufmces M CrJcUlrtsd from the data reported as put of a 
routme flow memuramant calibration progrm for unbwnt ur samplers Bras 
errors and temperature coeffiiamts of the ampler redout denas are also 
stattstially computed, and the individual ra8dout dmces an indmdully 
m m t d  for those factors 
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