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(h Scptaabcr 21 and Octobcr 2 ,  1973, B. h. Colston, Uca fhnager, 
R x k y  Flats Ares Office, U. S. Atmic Energy Conmission, request& infor- 
mation a)nccmg u>ntaninatcd materials and waste storage tanks. an 
October 4 ,  1973, the request bas bmadcncd to includc the developncnt o f  

a canprehcnsive plan of action dcalingJlrith the iwistigasL+-qnd q k -  - 
ificd location of all contaminated soil on the Rocky Flats plant site. 
"he plan ws to include but not necessarily be. limitcd to defining locations, 
quantities of soil invlolvai, ard prcparation o f  cost estimates and schedules 
for -paper disposal . 

The pmlhinary response to - h e  requests, which WLS titended 

for use i n  briefings, was subnitted on October 30, 1973, and included: 

1. 

2. 

S. 

4. 

& 

A color-& map shnring whcre waste lines exist -W whiit type af 
materials are transported in the lines. 
drains, and the general flow of surface xuinoff were included. 

Foot- drains, fanxiation 

A discussion of instances wherein significant quantities of radioactive 
or other toxic liquids are stored i n  tanks and the means available to 
detect leakage and initiate corrective actions if required. - 

--- --------- - - __ - - - - -- - -  - -  - _ _ _ _  __ 

A color-coded map indicating burial sites with thc tvpe and estimated 
quantity of mterial buried. 
significant vllounts o f  c0ntaa;inated materials were deliberately buried 
or contained and did not includc areas Lmn or suspected to be con- 
taninatcd due to weather actions, spills, leaking pipelines, etc. 

'This map indiutcd loutions where 

A list by type and quantity of  all harmful or potentially ha- 
materials arrently being u s 4  on plant site. 

lhrc following i s  the cxpandcd and detailed infomation which was 
rcquesteci and is the result of sarching rccords, reviewing literature, and 
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numerous disa~ssions Kits a lar 

bccn cmployed a t  Rocky Flats S I  

In describing the loc 

usc of thc word "contaminatedqo 

bc intcrpretui as an attempt to 
that no official definition of 
dcvotcd to a d c t a i l d  discussio 

:ion and types of materials involved, the 

LS been purposely avoided. lhis is not to 

m i d  tlw issue but merely to auphasize 
:ontatainamE'-exists. Section-IIX is - F d  
of o'contuainzltcd." 
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Soils under and arm 

779, and 995 have bccome Milt 

materials as a consequence of 1 

footings, pilings, and assxiat  
actively ad chattically-infiltr 

lhc principal radioactive mater 
amounts of other radioisotopes 
tLMted activity levels range f 
than 10' dPn/100 oaf, actual le 
the raaximun. Major chemicals i 
organics (such as 03,) , and, i 

Soils under h i l d i n g  
for structural infiltration o f  
this the considered operationa 
s tmctures . 

Soils under and amm 
883, 886*, and 889 are also inf: 
l t S ,  439, and 440 are invlolved 1 
of possible extrarely low level! 
US, and 881 and rainor 2 r r ~  in I 
ultlcern i n  these areas are emit 
.?itrates, chrpprrtes, and berylrj 
c i a l l y  in thc @ @ 4 W  colaplex and 

- - -- - - - -- - - - _ _  

Sane uranium infilml 

and 991, but levels are low, por 

While plutoniwa is handled i n  RI 
\ only. Enriclrcd uraniun s p i l l s  a 

f 

' I  contributions. 

, Wlildings 559, 701, 770, 771, 774, 776-777, 

zted with various radioactive and c h a a i c a l  
ng-tern, routine operations. Fw&trons, 

d drainages rmst be considered both radio- 
tadby leaks, s p i l l s ,  weather actions-, -etc. 

a l  in thcsc areas is plutoniun w i t h  mkror 

tm below present dctcction levels to greater 
els are in a l l  probability far less than 
vlolved include nitrates. chmraates (Cr") , 

nd plutonirpp decay products ('"Am). ES- 

some locations, berylliun. 

D7, while facedwith the same potential 
adioisotopcs and dreraicals, arc not at 
ly affected to thc extent noted for other 

Buildings 441, 442,  444, 447, 865, 881, 
ltrated. Soils  under Build& 122,  125, 
i t  to a lesser dcgree. With the exception 
of  plutoniun under and around Buildings 122, 
lilding 881, the major radioisotopes of 
rsd urd depleted uranium. Chanically, 
m infiltration are to be expected, csk-  
pdCr d around Building 865 and S81. 

-- -- --- -- 

.on may exist d r  Buildings 331, S84, 
5bly undetcctoble. 

.Id@ 886, it is handlcci i:i solid fona 
e considered as the only major possible 
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A smmmry of thc rclat ivc  dcgrcc of  soil infiltration undcr 

buildings know or suspected to tx radioactrvcly or chmically mfil-  
t r a t d  a t  FbcQ Flats is shown on Table I. 

4 -  

Dct;uls of ea& building Md the surroundmg area arc includcd 
with the following Imps. 

. 
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TABLE I 

'chc follonng burldlngs a t  bcrCy Flats arc currently kmun or suqxxted 

to be radioactively or chemically infiltrated. 
soil under each building is similarly infrltratcd. 

It  i s  assumcd that the 

- -  

Building 

122 
I23 
12s 
331 
334 
4J9 
440 
441 
442 
444 
447 
ss9 

, 663 
701 
707 
770 

774 
776 
777 

779 

881 
883 
884 
886 
889 
991 

I (  

- -- -- -f31 - - -  

778 

86s 

*l)cpe of radioactive infiltration refers only to major radioactive material 
involved. Othcr radioactive elements are also involved but to lesser extent. 

**Degree of infiltration refers to relativc cost of cleanup. 

- 5 -  
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Incidcnts by ,*ea 

KIP 1 (Buildings 770, 771, and 774) 

The nature of operations in wlildings 770 (Scrap Storage), 771 

kstarkably, there have been-re~~-~iye-~-f~-_i_nCi- 

( m i c a 1  fkcovexy), and 774 (Liquid Waste Treawnt)  are such that infil- 
tration i s  inevitable. 
dents which havc, as a rule, been quickly anta i r red  and c l d .  A 
swnary of some of the major incidents follows. 

Physical default of  process waste storage tanks and dnans has 
been one of the major a n t r i b t o r s  of chanical and radioactive materials 
to the soil around these buildings. Leaking process waste tanks in 1957 
(south o f  Building 774) contributed levels of up to 2,500 dp/g (gross 

alpha) and leaking drums (north of Building 771)din 1971 contributed levels 
up to 100,000 dpn/lOO an2 on asphalt. Both tho -'XI- &id iEpRKt f a b t  
ZOO square feet of  asphalt i n  one incident and about 2,300 i n  amther) 
=re removed for off -s i te  disposal. 

the release o f  p l u t d m  in laundry wter and water from laboratory sinks. 

In 1993, radioactivity o f  17,400 dp/g was detected in thc soil at this 
outfall .  Soil  sautples collected in 1971 indicated 100,OOO W g .  'Ihc 
plumbing leading to this autfatl was correctad and 149 drums of soil were 
ferpovBd for off-site disposals 

Ihe area inmadiately adjacent to the Building 771 ventilation 
stack nust also be considered an area o f  interest ,  however, fallatt from 
this stack is minor compared to process taste infi l tration (aiscussed in 
conjunction w i t h  Slap 14). lhc underground plema leading to the stack 
is also of interest. 

- 7 -  



chcrmca~ly, thcrr havc k e n  sevcral instances o f  cIuIstic and 

acid spills in  this area 

filtratcd thc soil around thc  tff storage shcd, but duc to thc cxtrcmc 

r e a c t i v i t y  of this material ,  l i t t le  or no cnviromental -af fcct ivc  -rcsiduc 

kcar'ld be exptxtcd. lhe potassium hydroxide (KW) and sodium hydroxide 

@~-Q-t-@.s.ssouth o f  Building 771 and north of Building 774, rcspzctively,  
have also overflowed, lcaked, etc. In a l l  cases, these spills b v e  been 
dramatically diluted with watcr and, with onc possiblc  exception, should 

have l i r n i t d  envimnmental consequences. fhat possiblc  exception wuld 
be an o v c r f i l l  in the KH tanks-sm-h _of -Building 771. 
JKJ& of the overflow penetrated so i l  to the level of the Building 771 fm- 
dation and infiltrated soil under the building. 
springs and subsurface runoff under the brilding have mte than likely 
reduced the possible conctntration to an inconsequential level .  

ttyclrofluoric acid @F) has, on occxion, m- 

------- ------ - - _ _ _ _  - - - - - - -_I 
- --  

- - -  - -- -___ - ____ - 

It is l i k c l y  that 

However, the presence of 

e 

Table I1 doaancnts raajor-hcidmts-Zn--the Buildings 770-771-774 
area. 

It s h l d  be noted that while corrective action has hismrically 
been tro remve the affected soils, it is a physical  impossibil i ty to  r m v e  

'hot spots" are to be expected, even if not detected, 

- 8 -  



! TABLE I1  

k j o r  Incidcnts in the Area of BuiIdings 770 ,  771, and 774 (Sec h t i ~  

mote: Pipcline leaks, etc . ,  are dixltsscd scparatcly.) 
-_ - -  -__ - -  ------------- -- ---  -- - _ _ _  _ _  _ _ _  _ _ I _ _ ^  - --- - 
Prior to  1956, the process waste holdmg tank located north of mild@ 771 

overflowed on several occasions with minor ua~act .  

1956 

19S7 

1958 

1963 

1964 

1968 

* ktober :  Process waste tanks (Building 774) o v e r f l d ,  minor 
e m i m c n t a l  infiltration. 

August: Leaking process tarte tanks (Wilding 774). minor 
utvirorwrcntal inf i l t rat ion cleaned up. 

September: k i l d i n g  771 fire - sane envirorrmenfA1 -infiltratht; -- 
particularly north and near the hatch on the southwest corner of 

the building. Actual levels Unioxmr, soil and vegetation samples 
inconclusive. 

" 
- - -  _ _ _  - -  - 

- - 

- - - -  - -. - - - -__ - - - - - - -  
April: S o i l  inf i l t rat ion noted at laundry outfall. (Bui ldgi  773), 
17,400 dpdg. 

Jamary: 
entrance. Naterial cleaned up. 

Liquid containing plutonim spilled outside Building 774 

Janruy: Coveralls containing p lutmhu faad on west dock of 
milding 771. Levels t o  100,OOO dPQ/100 cm2 found a ( ~  dock and 
in locker roan. Cleaned up imgcdiately. 

hhy: 

station tank overflow to Building 773 outfall. 
of radioactive and chcmical materials. 

Semr line break at Wrilding 771 resulted i n  sewage lift 
Low concentration 
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1 

( 1970 

-- r97t - --__ 

1972 

!by: sol1 samplcs collcctcd frm B u i l d i n g  773 outfall; approx- 

mately 100,000 d d g .  

and 149 drums of s o i l  ranovcd for off-sitc disposal. 

canplctal August 30,  1971.) 

Plumbing d i f i c d  ~n September 1970 

(Ranoval 

-Stxap-drrah-fcakagef&e -encLW&-r-kcd in-axtad-1 1 e * ~  c.k--- -- 
to ~00,000 dpn/100 an2 on about 2,-5oO square feet 0fas-t- 

north of Building 771. Asphalt r-ved for o f f - s i te  disposal. 
In September, construction excavation bchrcen Buildings 771 
and 774 exposed tunncl which contsurs process waste line and 
which at  one time was used as an exhaust ventilation duct for 
Building 774. The -sed cracks in the tunnel were sealed. 

Eight dna\s of s o i l  (approximately 24 dpn/g) were rawvcd for 
off-site disposal in Jarrrary, 1972. 

- _ _  

rc 

- - -  - -  
September: Building 774 Qck - & source r e s u l a -  E e$$-- ---- - - 
timated levels t o  200,000 dPa/lOO a*. Thirty-six dnnas of 
soil remDved for off-site disposal. 

March: I\ppror&ately 500 gallons of plutonium waste (approx- 
imately 350,000 dpn/liter) inadvertently released from 
Building 774. pond samples showed only sl ight increase in 
activity. Started rwving soil  aramd Building 774 waste I 

tan)o for instal lat ion of new inspectable processing tanl;s. 

- --- - - _  - _  - -  - - _  

August: A punctured scrap bcrx and drun resulted in up to 
200,000 dp/lOO an* on approxinutely 3,6WL a t  inside and 
appmximately SO0 square feet outside Building 770. C l a m p  
began imaediately, soil and asphalt roaovsd for off-site 
disposal . 
There were no incidents which were considered to have resulted 
in envimnmental inf i l t rat ion.  

Up! 
I 

197s 

- 10 - 



I- 

w 
1 u 



This ump gives an arbitrary lndiwtion of  possible affcctcd arc= 

as a result of operational incidents and accidents h the Buildings 770-771- 

774 area. As indicated, low levcl nitrate and radioactive infiltration 1s 

- ,*- - crrpctrd-. - S3il-samples of - ttre-sresjpsrify S o F k v e i -  ---- --- --- 

plutonium values ranging fmrn undetectabfcw-bk9dplpcg. ----- - 
-_ - - 

It lust also be emphasized that the variables inherent in soil 
s q l i n g  [ i s . ,  paxticle size ,  type o f  s o i l ,  physical location, vcgetation 
cOver, etc.) d thc state-of-the-art do not - pennit wholesale drawing o f  
umclusions as to levels, accurate isocurie contours, e=. 

of the technology that a "hight' sanple could be detected inmediately adja- 
cent to an undetectable one and vice versa. hhere such contours have been 
derived, by om means o r  mother, they Kill be hCorpo?rated Lit0 this report 
for reference. Wherever possible, bwwer, actual s-le results should be 
the d y  judgment criterion and w i l l  be so presented herein. 

It  is the nature 

- - - - ---- - - -  --___ ------ - 
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hhp 2 (Buildings 701, 776-777, 778, md 779) 

In June 1964, an explosion withrn a glovcbox i n  Building 776 

rcsultcd in cxtcnsivc rcleasc of plutonium to the interior and sme to 

A firc on Nay 11 , 1969, relead-plutonium to a l l  of3uildin-g ‘776- 
777 and areas of Buildings 771, 778 ,  and 779. 

involved, luxewer, ranahcd essent ia l ly  intact  and very l i t t l e  environmental 
infiatration car be attributed to the actual fire. Subsequent extinguishing 

efforts, and cleanup did,  homver, provide somc contribution W p  2A). 

The integrity o f  the buildings 

! 

I’ 

lkse tw incidents are primarily responsible for soil infiltration 
in this area, ‘Ihc majority of the affected soil  has either been rcmoved or 
-vend with asphalt. As examples, in Septembcr”l969, apprOxhatcly_3_4- @s _ _ _ _  
of soil and asphalt (containing an estimated 14 mg pcl) were removed fmra the 
west side of Building 776, An asphalt-covered area of about 10,000 square feet, 
north of Building 776-777, has levels of radioactivity of about 700 dppls. 

 hen this area was surveyed, no particular * M e  spots** were ibutld btt the 

materia&-was-sa#what deep in places ,  particularly ammd a drain m the 

dock area. A h-arch drain north of Building 776 may have contributed t o  
same plutonium infiltration below the surface although no surface expression 
has been mtcd, Radioactive levels of up to 80,000 dp;r/100 an* we= noted 
in October 1971, north of the Building 776 cunpressor shed direc t ly  d e r  
the gravel and the soil was subsequently Ic1113ved for disposal. 

- - 

Mon recent incidents, such as process waste backing up into a 

stool and sink i n  Wlildhg 701 (,lime 1972) ha- also contributed so= degree 
of infiltration to t)se area in the viciniw of that stNCt\lre, Also there 
has been same minor spil lage o f  carbon tetrachloride into the soil at the 
storage tank near the southwest comer of  Building 701 No significant 
environmental consequences are expccted fmn t h i s  spil lage.  

- 1J - 



Buildin(: 779 was cicctcd ovcr thc site of onc of the original 

solar cvapration ponds. h r w g  cxcavation (Scptcmber 1362) lcvcls of 
radioactivity rangrng fran 11 to 75 dp/g wcre notcd, and latcr,  pools 
of water i n  these excavations had levcls to 150 dpm/l. The radioactivc 
material i m l v c d  was mostly uranium. 

( 

- - - -  - - - --- ----_ --- ------- -- -- __- - - - - - ---- --_I__ 

With the exception of thc recent tritium incident and -d-nor 

h l v e m c n t  in the 1969 f i r e ,  only one othcr major incident of environ- 
-tal significance has been documented i n  Building 779. 

an improperly opened waste drum resulted in radioactive material spread 
to the first floor, u t i l i t y  roan, dodc and adjacent grounds, urd -1- 
cast and south of the building, mostly by personnel tracking. Levels up 
to 50,OOO dPa/lOO an2 were recorded, and a number of  dnnas of soil were 
subsequently rwved for o f f - s i te  disposal. 

In  . b e  of 1%9, 

.IC 

-- -- 
lhs the entire Buildings 776-777, 778, and779 ar i%S-- (€r ic l~  -- - - 

substructures) nust be considered at least partially infiltrated with radio- 

active materials primarily on the north side o f  the complex, the uest side 
o f  h i l d i n g  776, between Buildings 777 and 779, and the courwrd betmen 
Buildings 776-777 and 778. - - 

%me chanical infiltration, notably nitrates, chraaate, and 
particularly in and near milding 776, possible organics ( a l b ) ,  is t0 be 
expected, particularly beneath and north of the buildings. 

- 1s - 
_ -  
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ROOF AND OUTSIDE AREAS 

7 0 7  

ma lo5 to 10' cpm 
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i Mp 3 (Rtildings 559 and 707)  

The Service Laboratory Facil i ty,  Building SS9, bcgan operation 

in March 1968, Original process waste pipelines under thc buildins were 
nude of F y r s  glass to combat a persistent a r m s i o n  pmblem. Operations 
-4 natyral-sec€~ef--rhe BtrSd-btg W e  resulted in several breaks ut - 

this glass line, which are discussed iA- conjunction -with-Map 14. 

- - - - 

Building 707,  the newest prPduction canplur, has created m known 
environmental infiltration. &fom oonstruction, hOMver, a section of the 
original prpcess waste line (see Map 14) was removed Uri sow residual ma- 

terial might be in residence. A sampling mll (six Map 20) located near 
the p m s s  waste holding tank (between Buildings 707 and 750) has produced 

s l ight ly  elevated nitrate levels, but this could be due to a rnmbcr o f  

factors. tb radioactivity has been detected in-these silllples, therefore, 
no leak or &filtration ii assumed. 

- - -  - -  --- - -- --- --- - 

i 
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Nap 4 (Solar Evaporation Fonds) 

Sinsc thc plant's mcption ,  lush-rutratc wastes luve ken 
concentrated (by evaporation) in a series o f  solar-cvrrporation ponds and 

mer a ZO-year tune span, smc loss of integrity occurrd. 

s u ~ r n - s o a c e ~ € i i ~ i ~ ~ p t u ; u l . l r y - ~ ~ - ~ ~ ,  of &-EiT -der  and 

terial. A contbnms program o f  cleaning and sealing thc ponds has been 
necessary. In June of 1971, 30,000 dpx/100 onz were noted a t  the high 
watermark on the west sidc o f  PoM 207-A, contributed mostly by uraniun. 
llus, i n  addition to nitrates, low level radioactive permeation of the 
soil is  probable. 

The leaks rc- 
--------- - -- --__ - 

- -- 
- -  aramd these ponds. Kigh w i n d s  have also contri~-t-cd-s~--spreaaoT~--- 

To Plinimize the nitrate invasion of North Wafrrrt Creek, catch 

trenches have &en placed domslope _____ -- -- f r o m  - --- the a- sofir - p o o .  -e tr-s - - 
trap t k  nitrate-laden runoff &ich is then pnnpad back into the solar 

ponds. M p  4A details nitrate concentrations (percent of NO1 in SOU by 
weight) as determined by soil sampling [core samples). Again, witrwrut 
-ling every square inch of the affected area, t k s e  contam umst be 
considcrd illustrative only. 

----_---- - -- - -  

- t o  * 

, 
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Other than Buildings 771 and 774 and thc 903 Area, two sites 
havc been predaairately usmi for storagc of radioactive scrap for processing 
or waste for disposal. 

, - - -  - - -  - - -  - ---------_ _-__ -- - - -- - - 
I 

An area east of the solar--m~r-atiQn-ponds i s  still -utrhtd - - 
for storage of  scrap for processing. In Jamary 1969, 29 o f  t b s c  dmas 

were found to be leaking with resultant levels of  up to 200,000 dNlO0 cm'. 
About ZOO square feet of s o i l  was removdd to a depth of 3 to 5 inches in 
hrch 1970 for off-site disposal, 
conminers to protoct fmm the weather. Atrthcr lcakage resulted in 
an area of apjxoximately 1,OOO square feet affected fran 2,000 to 
200,000 dpSllO0 ao2 i n  h y  1971 and the soil was removed for off-site 
disposal. On June 21, 1973, a dnm containing * n i t r i c  acid solution 
leakkd, affect*- a r F i S 5 F a ~ t - S U U  w r e - f i i t ,  Kth Iev'ils -rafging - -- - 
fraa about 2,500 d P q / l O O  c d  to in urr;ess o f  the range of  the detection 
instnrnerrt (greater than 2,000,000 dpnllo0 an2). Approximately 40 drums 
o f  soil here ramwed for off-site disposal. A soil sample, taken after  
cleanup operations were completed, indicated 24 d&g. 

The dnnas were then placed i n  cargo 

'Ihe Building 665 storage area, east of  Seventh Aveme (opposite 
Building 444) and t k  adjacent storage yard w s t  of Seventh Avurre, have 
both been affected several times by purtured or leaking waste boxes and 
dnas. Both uraniua d plutonim solid wastes, oils ,  and coolants have 
beerr involved. The areas have been -ped a d  the soil rer#lved, but low 
level residual plutoniua and uranitw are present. 

Building 663, thE storage a d  shipping fac i l i ty ,  has also been 
affected duc to punctured dmns a d  broken waste lines, T k s  a tot31 of 



about 280,000 squarc fcct i s  possibly involvcd, to a varying cxtcnt,  wth 

low level mfiltration. 

- 24 - 
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Kip 6 ( B J I ~ ~ I I I ~ S  439, 440, ~ l d  4 4 4 - 4 4 7 )  

i 

kplctcd and cnrichcd uranim and beryllium arc the prmcipl 
materials of concern to t k s  area. 

-- - - - -In-l953,high wrds-blew-thc lidssff-wute drums- ami - 

wds releascd to the dock, driveway, and surrounding grounds. -Direct count- 

as  high as 7,500 dpa/l00 anz and smears as high as 350 d p  were reported. 
The docks and sidewalks were cleaned up and the driveway areas scal-coated, 
A bmken process baste lure (June 1966) north of the building resultcd in 
somc possible infiltration as did leaking storage drums south of the build- 
ing. An open ingot storage area cast of Building 444 and a -tal storage 
area sauth of the building have undoubtedly resulted in low-level infil- 
tration of the soil, as has a uranim madrine tool storage area test of 
the building. " 

- -  - 

In May 1960, a vaannn collector fire in E l d i n g  447 resulted 

In December 1962, a uranilmJbcry1liun release fnw Building 444 (due 
i n  approximately 44 vCi depleted uranium deposited on the roof of the b i l d -  
Ixy. 
to u s e  of an unfiltered hod) ~ d s  noted, 

llut, these areas inmediately adjacent to Buildings 439, 440, 
and 444-447, as well as the storage arcas noted aa Map 6, nust bc consid- 

ered radioactively infiltrated to sane degree as should the footings urd 
faudrtions of these buildings. 

Chaaically, no specific incidents hiwe been n o d ,  but routine 
gencntion of nitrates and chrmaates m l d  indicate at  lust the possibility 
of these materials being present in soit undcr ami a r a d  these buildings. 

- 26 - 
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In addition to the notcd areas, somc 
rnZiltratioii cxists i n  the vicinity of various 

potcntial for runor 

s toragc ad holding 

(hhp 15) .  M s  potcntial is, i n  nost cascs, cxtrcmely sl ight,  particularly 
i n  thosc locations wficrc tanks are diked. 

installed, mmor spills have ocarrcd and have - been disasscd i n  conjuction 
with thc  sectional maps. 

In the pas:, bcforc diking was 

bbp 1SA shows the appmximte location khere q t y  bottles o f  

nickel carbonyl *re buried aftcr the nickel carbonyl ws destroyeS. nlc 
gas was dcstmyed by burning (during the 19S7 fire in Building 771 or 
klwn ready for discard). EICplosivc charges welt used to OestNctively 
v a t  thc cylinders axxi ignite any residual gas. No h n  infiltration 
or affective residues were generated during these operations or as a 

result of the burials. - - - -  - - -  -- --- -- - _- - 

. 
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Cbp 7 (1:uildings 1 2 2 ,  123, 331,  3 3 4 ,  4 4 1 ,  4 4 2 ,  4 4 3 ,  551, and 554)  

Buildmg 122 @Idid Facility), with its extrunely low lcvci 

w a s t c - l i q u i d  gcneration, opcratod with a 55-gallon d n n  as a waste tank. 
I b s t i n g  o f  t h u  GM and subscquent, leakage resulted in sauc lou-lcvel 
mfiltration o f  soil  under the building and the rcmval of a section of 
thc floor inside (sautkast corner] the building, Significant infiltration 
is not suspccted and has not been dctccted i n  areas a d  t l ~  building. 

Building 123 (Iicalth Physics Laboratoricij generates lar-level 
radioactive liquid waste as well as chearical wastes. hwn or suspcctd 

underground haste-line leakage has contributed sane material to the soil 
beneath the building, kakage, bwever, also appears to be - into the lines 
due to high hydrostatic pressure, t h  sinimizing the potential. 

- 
Building 441 was original lya  lakintory handling small quan- 

tities of radioactive material as -11 as quantities of variars chedcals. 
h, the soil and piping beneath the building arst be cansidered suspet  
in regard to both chdcal and radioactive infiltration. 

lhe W r y ,  Building 442, is also potentially affected by both 
radioactive and Meal materials, notably depleted uranim and beryllium, 
and ha 1964 the faundry was infiltrated by enriched uranium, impregnated 
in clothes froa Building 883, lhc soil in the vicinity of this building 

has also becn affected by instances of radioactivity release, For example, 
in D e c d r  1963, rag-cleaning barrels stored near the building either 
leaked or spilled, lhe liquid drained east kto the ditch an the northwest 
side of the hrilding. Radioactivity ims detected as far east as the east 
end of Building SSl. Cleaning efforts and subsequent nmoff has reduced 
concentrations in that area to a low level. 

Building 443, the Steam Boiler Plant,  has had no lnown radio- 
active material involvement. Routine operations do involve chemicals, 



1 

p:trticularly sulfuric acid ard sodim hydmxidc. 

tmtc ocmrrcd whcn a quantity of  sulfuric acid was spi l lcd  to thc cnvirons 
of the buildmg. 

Rurlding 442)  to a trap dug in the ccnter of the lot which is now used 

for k i l d i n g  444 parking. This soil in  the area w l d  undoubtedly be 
someu)\at acidic, hut no adverse effect on the environnent has been noted. 

Ihc only lncidcnt of 

acid drained easmard (on the south side of 

- - -  - 
A portion of Lbilding 351, the Plant Garage, was at  one tunc 

u s d  for a special aD effort involving depletcd and enriched uranium. 
No incidents or releases were notedduring this operation and no m i r o n -  
mcntal residue is expected. K&e to the repair and storage of vekcles 

tlrere is possibility of organics such as o i l  and gasoline UI the soil 
beneath the hilding. 

hilding 334, the raain Maintenance Shop, \sas also used for special. 
Sane tho& l\as also 

-- - -- 
work involving the shearing of saxe depleted uranim. 
been handled in kilding 334, again, with no known incident. No emiron- 
mental encroachrent of any araterial has been detected or i s  expected as a 
resul t  of operations in this building. 

( 

lhe h'arehwse, Building SS1, and adjacent grounds, have been 
areas of concern several tj4CIC. lbr oeapple, detectable uraniua was dis- 
covered on thc Hardmuse floor in mil 19SJ. Uraniu;l chips and mxnings 

werc discovered in an alminm scrap pile near the Warehouse i n  1965 and 
again in 1964. These were r d  and the grow& cleaned. In July 1963 

and again in 1970, k L y  Flats received equipntnt and druns from of5 site 
Wtuch ammined uranim above the Flats acceptable level. In 1970 
the entire shipnent of Ss-gallondxuas bas returned to that vendor. These 
and other minor incidents l e d  to at  least suspect areas under and a r d  
Buildings SS1 and SS4 (there the %hot" druns were received). A d l  dnmr 
storage area east of milding SS2 is suspect for the same reason. 

, 

- 29 - 



i 

I 

Thctc h a w  hccn somc w r  1 a L s  and spills from dnnns and storage 
contamcrs UI the non-radioactive chemrcal storagc 
While a ma11 area might havc kcn affectcd, quatititics involvcd have been 

so -11 that no lmpact has been not& nor cxpectcd. 

marily to store dnua quantities of acids, oils, soaps, and solvents. 

cast of Building Ssl. 

This area is used pri- 
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I M3p 8 (Ikrildlngs 86s. 893, 88G, d 889) - 

h c  to thc naturc of operations i n  thcsc buildings, soil - i n f i l -  

tration is cxpccted to some degrce under and possibly around these buildings. 

Spills involvrng uranim in Building 886 have occurred, n t h  an inhcrent 
possibility of substructurt infiltration. 
documcntcd i n  the other buildings {with the exception of a January 1969 
mcidcnt wherein the roofing was blmn off Building 889 with m environ- 
mental cffcct). A t  onc t h ,  however, sane c q u i p n t  
oratory was stored outside Gust east] o f  Building 883 and mst of 

Building 889. 
from uranium areas on a pad north of  Building 889 prior to processing. 
Thereforc, these Mxlld also be arcas of interest, although no incident 
or infiltration has been noted. 

Ho specific incidcnts ham becn 

a uranium lab- 

Present practice includes tanporary storage of cquipaent 

- - -- - - 
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Building 681 , originally a production building, w a s  partially 

converted to a g e n t 4  support building i n  1964. Although fcw mcidcnts 
involving tht building have bcen Qcumcntcd, it  reprcscnts an area o f  

-_ - _- - uruzxxst,-pdmarily&e t d g e  of the strucmrc (one of  the original 

plant buildings). 
(laboratory area October 1961 and 1968) incidents have been notod i n  thc 
building and teastc lines have been broken with resultant probable infil- 
tration. 
the cooling f~ner northeast of the building. 

Both uranium Ceast dock February 1960) and plutonium 

LAX Levcb of plu- have bccn detect& in the air tunnel and 

h addition to burial sites (see IMP) , sane exterior areas near 
Building 881 havc been h l v s d  With radioactive material. An area of 
several hxired square feet northwest of  the building was involved in 
1958 when a concrete slab, reaoved fran the east side o f  Building 776, 
was depositad there, lhe slab IJ~LS broken up and remved and the area 
cleaned. Conversion activities also resulted in some possible infiltration, 
primarily to the xmrtheast of the building. 

I 

- _  

< 

( 

- ---- -- -- - - - -  -- - - _ - _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -- - -  
In May 1975, oil C#6 fuel oil)  from an-undetermined souxe was 

dkavered on the hillside belaw Building 881. Prompt action prevented 
tht spread of the oil into h m n  Creek or any holding pod.  Leak tests 

on the Building 881 i 3 a d  tank urd lines (the only kKMn possible sarrces) 
did not shar any leakage, bat to date the oil  cantirues to anerge through 
the hilding 881 footings drain. A concrete skiwrer dam has been built 
to trap the oil,  whichdrains i n  uttranely snul1 quantities. The oil-  
soaked s t m  which was used to trap the nraterial, as well as most of the 
soil involved, has bear rcIpDMd. 
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CONCRETE SLAB STORAGE (TEMPORARY). CLEANEO. 
I 

OIL LEAK OF UNKNOWN ORIGIN. 
CONTAINEO AN0 CLEANEO BEFORE 
SIGN I FICANT ENVl RONMENTAL 
HAZARO INCURRED. 
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ht7p 10 ( h i l d i n g s  991 and 99s) 

h i l d i n g  991 and thc  associated storage vslrlts (tunnels 996, 

997, 998, and 999) arc also original plant stmctllrcs and ttUs under 
suspicion due to age. 

tomum, as w c l l a s u r a r u u m  and bcrylliurp, have k c n  Foted-i~ Building-991, 

and extensive research a c t i v i t i c s  have undoubtcdly spread some tmce con- 
centrations of mtcrrals i n  thc vicinity of the building. 

Incidents mvolving vcry small quantities of  plu- 

Although radioactive nraterials have been c o n t i m s l y  storcci in 
the k u l t  areas, routme suweys have indicated that w i t h  tk possible 
exception of 996, duch might be s l ight ly  urzniuP infiltrated, the vaults 
have rcmained renrarkably gwcold.at Any urvirornnental leakage has bear in 
rather than cut as determined by salt infiltration into the tunnel areas. 

c 

- -  
Building 995, the a g e  Treatment Facility, h s  his&%lly 

been the recipient of effects from incidents i n  othcr areas o f  thc plant. 
For example, the overflow incident i n  Building 701 (June 1972) contrikrtod 
clevated levels  cf radioactive material (plutonium) to the Building 99s 

channel a l l  wastes through Building 995. Thc increased load t& generated 

lead to increasing radioactivity levels in setcage sludges k i c h  are shipped 
off  site for disposal, Surge overflows and incidents involving spillage of 
the dried or drying shdge have created an area of concern which extends 
from the out le t  of the South Wnrt Creek diversion culvert to and thrargh 
the B-series holding ponds, and surrPunding the treatment area including 

both sides of the perimeter mad east of milding 995. 

eff luent  and drying beds. In 1972, plumbing changes - -  -- here - - -  in i t ia ted  -- to - -  - -  

'Ihe original  process baste o u t f a l l  (fraa Building 774) uas located 
just west o f  the lfiilding 9% outfall .  The line was later rerouted to dis- 
charge further upstream. In 1972, the line was muted through Building 990 
and then, through tl\e sanitary sewer lines, into  Building 995. The a5an- 
doned l i n e  is st i l l  i n  place. 
thc abandoned l i n e  arc  noted on khp 10 as areas of interest .  

nie area of thc original  out fa l l  as well as 
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, hhp 1OA dcta i l r  soil smple rcsults from 
viciruty of Buildmg 995. 
lcvcls vary with flow rates through thc crcek bed. 

rcfcnt survcy in tk 
Thcsc results arc only i l l w t r a t i v c ,  as actual 

Thc 8-series holding ponds are locatd in this area. Scdltncnt 

s q l c  rcsu_lts--fran-all haldmg p o r k  r a k e n i n 1 9 X b y .  -tbelLdio&ioLogy- - 
Dcpartmcnt of Colorado State University (cstr) ,-arc detailed in Wp 103. 

The values given are questionablc due to the analytical technique employed. 
Values s h  may be €ugh due to the preserre of  isotopic uranba or low 

due to madequate sampling tedmique, 

kgardless of the accuracy of the values sham in Map lOB, the 
B-series ponds uust be amsidered an area of concern regarding both drenical 
and radioactive infiltration. Studies have shown that these ponds have 

performed what they were designed to do, pxpvide residence time ami holding 
=pacity to allow materials to settle out, and in so doing have beunae 

infiltrated with those materials. 

tions decrease throughout the systan, which i s  further indication of the 

effectiveness o f  the ponds. 

It should be mted that the colltentra- 
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b b ~  11 lOurlal Sltcs - Lxccnt thc 903 Area) 

b t i o n s  where radioactive materials or  chanicals have becn 

dclibcrately buried or contaurcd are detailed on Map 11. Detailed descrip- 
tions o f  each burial s i te ,  except the 903 Area which is discussed separately, 
are as follows: 

v O i l  Burnrng Pit No. 1 

Ten drums of o i l  containing depleted uranium were burned in 
August 1956 and the residue covered with backfill. 

Oil Burning Pit No. 2 (1957 and 1961-196s) J 

A total of 1,082 dNms of oil  c o n t a w  uranium were - kunsd. - -  
lhe residues ad some flattened dnws were covered with backfill. 

Mmnd Area (1954-1958) ~,,- 

A total of 1,405 dmns of oil and solid waste were burid. 
bbstly depleted uranium with some enriched uranium and aJspectd low-level 
plutMlirw in this area. Complete retrieval and off-site disposal were 
achieved in Nay 1970 k i t h  no plutoniUm detected. A proposal to construct 
a new holding pond in this area resultod in sampling the soil in the vicinity 
of the excavated d. Resulu ranged fran 0.8 to ll2.S dp/g and arc 
thought to be due to infiltration frm the 903 Area rather than to an 
influence fmm the mound or oil disposal pit (tb. 2). 

lkench T-1 (_1954-1%2) J 

Appmximately tS,000 kg of depleted uranim chips in 125 dnms 

were &posited in this tremch ani covered w i t h  about 2 feet of fill dirt. 

- 4 1  - 
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J' k c X h c s  J-2 t h m g h  T-8 (1953-1968) 

The trenchcs =re disposal sites for approximately 100,000-kg 
o f  sanitary scwagc sludge and about 275 flattened empty drums contaminated 
mth uranium. Earlict p i t s  involve mostly uranium with an increasing plu- 

tonium fraction in later p i t s .  Activity ranges frau 800 to 8,000 dpa/g. 

T-4 also contains sane uranium-plutoniura infiltrated asphalt planking 

, 

I 

Appmxiroately 320 tons of plutonim-infiltrated asphalt and soil 
(frrm the Building 776 fire, Nay 1WSfburied tuder 1 to 2 feet fill dirt.  
Less than 1 mCi plutonium - is estimated to be diwrsed in appmximately 

Soil h r i a l  (1972) J 
- - -  -_-- - -- - - - -  - -- -  - 

Approxinately 60 cubic yards of plutoniun-infiltrated soil fmu 
the Ehilding 774 waste storage-tank area, now covered w i t h  abatt 5 feet o f  

fill dirt. Estimated activity less than 250 dp/g (total long-lived alpha). 
This soil wils placed on pop of the asphalt disposal area and covered w i t h  
a&roximately 3 feet of $ill dirt, 

Incinerator Ash Pits 1-1 t)irargh 1-4 (19SZ-1968) s/ 

Estimated 106 grams depleted u d m  burned with general canbus- 
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, Original SJnitaq- Landfill (19SZ-l96S] 

A n  tstigltcd 20 kg dcpleted uranium ash is  buricd along mth 

mrnral plant baste, including small quantities of various chemicals. The 
20 kg of depletcd uranium resulted when 60 kg was h d v c r t c n t l y  burned 

d only 40 kg - reawered. 

OLI. Disposal Pit  09S8) , 

- Approxinutely 30 to SO drums of o i l  sludge fman a storage tank 
cleamut -re *tied into a p i t ,  which nas then backfilled. No radio- 

activity i.lvolvcd. 

Sanitary Will (Started in 19681 ,/ 

Fruu &gust 1968 to  February 1970, approximately 1,000 kg of 
sanitary sewage sludge c800 to 8,000 dpa/g) were Wried in the landfill. 
@stinrated total of 1 to 1.5 aCi alpha radioactiviq buried with sludge.) 
Estimated annual @ow/contractor) waste is 9 , ~ 0 , 0 0 0  pauds. fiterials 
with less than rainiwW detectable radioactiviq levels (SO0 - - -  d&60 square 
ccr,~f;tzr= direct or SO dpdsquare foot smcar) are accepted for burial. 
kccnt sunryf have also disclosed other radioisotopes (e.g., tritium) in 
d l  quantities. 

_ _ _ _ _ _ _ _  ____ - - -  - - - -  -- --- --- 

Lithium Ilestnrction Areas (1956-1970) 

~anxintately 400 to 500 paw of metallic lithium were destmyd 
and the residues, prharily m-toxic  lithium carbonate, buried. 
quantities of  other reactive metals [dim, calcium, and mapsiun) and 
3ocac solvent type chemical compacuds e r e  also destroyed i n  this  location. 

3naller 
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Scmp &t31 Ihsmsal (Appmxirately 1958) 

Scrap acta1 components, mstly  f m  origb-al constmctlon., werc 

buried m ttus area. Although no dctectablc radioactivc or chanical mate- 

rials were observed, some pieces were recovered fm process arcas and low 
1-1 radioactivity of a small percentage of the scrap is possible. 

- 

Coolinn Tower RloMiown Retention Ponds 

lhcse are small ponds which were used to a n t a i n  water f r o m  cooling 
towers. Ifexavalent chmmium is present- sor;\c mall quantity of lithium was 

also destroyed in the CM, eastern-mst ponds- Thcse ponds were covered w i t h  
f i l l .  

- __- - ---- -__-__ _ _  
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hbst o f  thrs area is now covercd with an asplult pad. I t - is  
t l ~  p r m r y  sourcc of both on and off-site  plutonium. From 1958 tJuwgh 
1967, approxmtcly 5,240 drums of o i l  containing radioactivity wem 
stored u1 this Location. Of thcse dnms, about 3,SfO  contained plutonium. 
The leakage o f  thrs material via corroded drum resultcd i n  the amccntra- 
tions dcscrrbed here. 

Of the approxmtcly 85 grams o f  plutonim originally deposited 
at the s i t e ,  an estimated 68 grams ranain dispersed over an area o f  

98,000 square feet, which bas covcred with asphalt and fill olaterial in 
Novcmber 1969. 

bring thc remwal of the corroded drums and the subsequent - -- - -  - - - - -  - 
covering operations, some radioactive material bas resuspended &d dis- 
tributed by wind action to the east of the present pad area. Transport 
by runoff of rain and snow m e l t  has also observed. ?he total quaiitity 

of 23Vu dispcrsd in  soil other than that covered by the pad is estimated 
to be less than 16 grams spread over a total area of over 2,000 acres. 
Inside the Wiry Flats boundary, about 672 acres contain nearly half the 
estimated plutonim. The rmaindcr is spread over about 1,400 acres of 
public and private property. 

-- 

In conjunction w i t h  the radioactive infiltrations mtcd in the 

or ig ina l  survey, further work has confinned additional "hot spots'' south 
of the actual pad area (Map la). The values indicated and contcured on 
this map were deternrirred by FIDLER m e ) ' ,  and extrapolated frola the 
detection o€ radiations emitted from americium. Total plutoniun in  this 

area has been estimated to be 7 grams as dctennined by a rough mechanical 
interpretation of the preliminary data . 

The arca has also been extensively uscd as a dicnical destruction 
and disposal area. 
uthowi,  but considcrablc quantitics of mctals such as lithiunc, ca lc im,  .d 

'&pc and quantities of nutcrials disposed Iwrt are 



0upcsu.m arc Lnam t o  have bccn dcstiuycd in thc area sincc 1966 
chcrmcal infiltration of the soil is a certainty, but no cnvimrrncnta1 

dctruaent has been noted. 

I 

I 
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Map 13 (Roadways) 

Incidents involvlng radioactivc mfiltration of madways have 
been noted. 

Building 776 w i ~ s  mvcd to the Storage Arcs near Building 663. Intcmittent 
lukagc froar that box affected a strip of asphalt about 18 inches wide 

wfiich was ranoved from the roadway. The box was stored on plastic shecting 
(at Seventh and Central) until removal a u l d  be effected. Eso known infil- 
tration resulted frwn that storage, Ln June 1968, a ledring drum in tran- 
s i t  fruu the 905 Arca to Building 774 result& in approximately 140,000 dpn/ 
100 an2 on tk =st bamd lane of Central Averue to and along Sixth Avenue. 
'Ihc entire affected roadway was seal-coated. Sane low-level material was 

spread to the ditch on the west si& of Central A v m e ,  

om section of the roadway between Eighth and Tenth Streets wui reawed 
prd placed in  the previously described asphat dunp. 

In May 1965, a box contaming radioactive waste,from 

In August 1970, 

- - - - -  - . - -  - - - -- -  

f 
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Map 1 4  (Proccss Waste Lmcs) 

Map 14 details thc process waste system at Rodry rlats, t;ml;agc, 

and possible major materials present u1 those tanks. 

Kn an effort to rcduce corrosion, original process Haste lines 
had a saran-lied inner pipe enclosed in a protective clay t i l e  pipe. Thrs 
samn lining wr very susceptible to leakage. h k s  were noted in 19St and 

by 1956 m s t  o f  the original pipe had been replaced with stainless steel. 
To date, a l l  hrt about 600 feet of this line has been replaced. 'Ilre re- 
an& section was thomughly tested in 1971 and was not leaking. 

An exhaustive leak-test survey was conducted in 1971 by an off- 
site contractor. This leak test was conducted under pressure and disclosed 
several mimr leaks, mostly in low-pressure (essentially gravity-flow) lines. 
Repairs wrc started inaadiately. Atteapu -&re made to repak the highef- 
pressure leaks in place. When these attempts failed, an alternate line 
was installed. The lar leak-rate detected arotmd joints in the gravity 
glow line is to be expected since this q p  line is not designed t~ operate 
undct pressure. 
no leakage observed. 

- 

I 

( 

Lines have been observed under operaticma]. pressures and 

With the oGception of hilding 559 and between Buildings 776 and 
774 as notai below, no radioactive infiltration has been detected outside 
the lines even in the vicinity o f  the leaks, but sane chdcal infiltration, 
particularly ni-ate solutions, is probable. lkse  areas are noted as 

"areas of corurn'' on Map 14A primarily i n  the interests of conservatism. 
As pipclines have been replaced, soils and liquids have been aronitorcd 
ani,  w i t h  the noted exceptions, have not resulted in &tactable ~oncentra- 

ti-. tbwever, extremely law-hve1 radioactive and chemical infiltration 
must bc presumed. 

Process waste lines bctr\.ten Buildings 776-777, 779, znd 774 Eud 
between Buildings 771 and 774 have broken and leaked several tuncs. Valve 
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l c a b g c  has ocolrrcd UI thc  valvc p i t  ncar w a ~ t c  storapc tank 207.  Althwgh 
not& mcidents u\ c h s  area have rcsulted m clean up (soil rcmoval), 
rcsidual mfiltration is  a surety. Thus the entire area f r o m  Buildings 776- 
777 and 779 (bnplcx to Buildmg 774 s h l d  be considered an arca of conccm 

as shown on Map 14B. 

Building 559, a Senrice Laboratory Facil i ty canraissionexl in 1968, 
wa3 o r i g w l y  built  with mex@glass baste lmes. k s s  than onc year 
l a t e r ,  a break was discovered in the line fmtn the building to the pump 
house. 
radioactive waste  as a result of the leakage. This same type of line is 
buried beneath &itding 559. In 1972, the sauth half of this tm, section 
line wts discovered to be leaking. A P K  pipe bypass was installed. 
V e r t i d  corn scctiau taken under the building confina sotae infiltration 
direct ly  under the pipeline (approximately tSO d d g )  . Core saaples 
taken outside the building, however, did not detect measurable quantities, 
indicat ing that any infiltration is contained beneath the krilding prapcr. 

Several hundred square feet of infiltrated soil  was reER[n'cd as 

lhc raining waste lines in Building 559 were static-leak tested 
following the bypass installation. QIment plans call for yearly static-  
test to prevent recurrerre. 

AbanQned process wrstc lines under Building 707 (ranwed), 
under the ncw Fi l ter  Plerrun for Building 779 (removled) , and at the original 
attfall near aUilding 990 (still in place) as wel l  as smaller s e c t h s  
elseuhere (i.e., west of Building 771) should be noted. Although not con- 
sidered as SOUTCCS for fbrther umtriklti-, sme s o i l  has been infiltrated 
in the iElaediate vicinity of the lines or original  locations. 
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Tht -113 'bntarPinated" has becune m n  to the vocabulary o f  

grpups d individuals involved or  interested in envir0nacnta.l sciences 
and affairs. lhis is part iaarly  true with regard to nuclear energy; 
b e v e t ,  there is no realistic or practical definition of "contauunated." 

Wbster's New Gollegiate Dictionary (copyrighted 1969) defines 'hntaminate" 

LLS: 

'1, To soil, stain, or infect by amtact or  association. 
2. To nralce unfit for use by introduction o f  tnmimleu~# 
or desirable elanents." 

l 

. u, s, Deparbpa t of Health, -tion, and tJelfare Wological Health$.-.;.-- 

Handbook (mrised edition Jarrrary 1970) defines+adioactivc an- (1 
i. , . &+. I 

- -  - 
as: 

l-sitiar of $dioactive materia in any place where it 
is not desired, part iai larly  &re its pres- may be 
h a n n f ~ ~ .  IIIC hanit may be in Fitiating ii-Z&iiiiGt or a 
pmccdure or in a c a y  being a sauce of danger to 
per~ant1 . 9' 

A more qqropriate defjnitiar kfacild be to relate antamination 

levels to the in& u ~ e  or applicatiar of the paater ia~.,  area, etc. 

Earlier edit iau of Wster's Mu Collegiate Dictioarary ( m t d  1961) 
made an attempt in this  direction defining *kcmtaaimte ' #as  hllws: 

a 

'1. Ib soil, stain, or oornipt by -tact; pollute. 
2. TO render (jater othemist satisfactmy) unfit for a : 
specified use, as by tls i n t 1 ~ ~ 3 ~ ~ t i a n  of bacteria, w e ,  

Ctc." 
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It  is c&ious that even this dcfmition is madquate and i t  

bccamts understnrtbhle wh>l mst peaple use "contaminatd" in an apprehen- 

sive m e r  and to achievleor express a state o f  concern. 
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will be usod. 

SHIC mtrrial arc specified by different agencies, the most 

t a t r i c t i v e  value tall apply. 

Khcn hro or more ancentration values for tlla 

By specifying monitoring o f  a i r  or water this defirutign 
excludes the plutonium i n  so i l  concentration value of  

2.0 disintegrations per minute per gram of dry s o i l  or 
square catheter of  surface area which was adopted by 
the Coloado S t a r  bard of Wth ~1 Mar& 21, 1973, as 

the level zbwe which utilization of spacial techniques 

of umstxuctiaa are required. 

- 

- 

This definition is generally accepted- used for most materials 
and uill  be used in the preparation of  mxmmdations regaxding-actions, 

cost cstimatu, ad schedules related to chemical %onta~nination." However, 
it is rrcognizai that carsideration must also be given to possible dccan- 
missioning of the plant and social, polit ical ,  psydtological, or other 
factors when dealing w i t h  the subject o f  radioactive "contaminationat in 
soil. 
the following range5 of plutoniun in soil: 

Therefore, the rccamdations will also include consideration o f  

- 63 - 
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case - 
I: 

11 

1x1 - 
N 

V 

V I  

MI 

Greater Than 

vCi/m2 mCi/kP' d / d l O O  an2 q d g *  

Not 1 d t d  by concentration considerations. 
A. 905 and nearby area 

B. Projections of area affected by 903 Arca (Based on 

CaPpIter Derived Contours) 
C. Burial Sites 

0.01 10 220 2 

0.04 40 880 9 

0.10 100 2,200 22 

0.40 400 8,800 88 

2 00 2,000 4+000 440 

4.0 4,000 88,000 880 

*Assumes a soil density of 1 grarp per d i c  centimeter and a soil sample 
depth of 1 centimeter, 

m e s  XI thxuugh VI1 are based 011 projections of actual sample 
results using t k  Austin Grid. 

A & W a d  discussiaa of each of the above cases is as follows: 

Case I - Not limited by caKcntration aansideratians 

A, 905 and Nearby Area Wps 12 ami 1ZA) 

'Ihe 146,000 square feet under the asphalt pad and approx- 
imately 223,000 square feet of nearby area primarily east 
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o f  thc asphalt pad require special consideratlm. 
Tcn Lndlts o f  fill &rt was applied to the 903 k e a  
prior to installation o f  the asphalt  pad and the 
nearby arca W;LS later a v e d  w i t h  4 indrts o f  fill 
&rt. There are also small areas under the asphalt 

pad *re containnent operations prior to covering 
the area with fill d i r t  mvolved avering the area 
w~th as mch as  16 inches o f  dirt. 
that evcavation of this 369,@00 square foot area 
muld rot involve the asphalt pad but uculd involve 
dl of  the fill dirt as mll as the original soil. 

It is a s s d  

The nearby area to  the southeast of the asphalt pad 
imrolves appm&nately 1 ~ 0 , 0 0 0  square feet but there 
is no fill dirt in this area. 7hh area does include 
the lithium destruction areas which if excavation 
were carried out s M d  be included in the operation, 

Based on these facts and assumptions, it is estimated 
that excavation of the lithium destructian area and 
the entire remaining area to a depth o f  3 inches below 

the original surface wuld h l v e  a total of 
S00,OOO axbic feet. 

B. Projections of Aru Mfectd by 903 Area &ed on 
0mpu-r Derived Ccmttaxrs) 

coarplter derived contours of plutonirrp aontributions 
fma the 903 Area are presented in 16. (bits are 

pxescribd @/a2.) 'Ihese are based on 
the evaluation of over 300 soil sample analyses a3 of 
April 1972, asswaing a soil density of 1 gram per 
cubic centimeter. This assumption plus the combining 
of analytical values fraa a variety of agencies and 

, 
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udividuals and thc error of  as== largc area involvacnt 
bascd on diverse sample rcsults, lunits thc applicabilrty of 

these contours to an illustrative, generalized area only. 

A m r e  realistic evaluation of the nature Of the matcrial 
spread CM be obtained by observing a c t 4  sample locations 

and results @aps 16A and 168) - 
Tht pmjections arc based on the uruts aaployed in generating 
the isopleths (i-e., 0.01, 0-OS, 0.50, a d  greater than 
2.0 Ki/m2) and assuming excavation to 3 inches betow the 
original surface plus consideration of  the special condi- 
tions disaused concerning the 903 and nearby area- 

l. 

2-  

5. 

4. 

Total excavation, estjJnatted total area - 182 x lO'-square 
feet [ 4,197 acres) , voltme 4 6  x 10' cubic fect. 

(case I D  &p I) 
- 

Baavation of all soil greater than 0.01 pci/n2. 

Approximate k e a  - 84.9 x 10' square feet, voltme = 
21.5 x 10' arbic feet- (Case I ,  Map 11) 

Bccavation of all soil grwter than 0.05 pCi/pp*, 

~pprootimate  rea - 33.2 x 10' square feet, =lune - 
8.7 x 10' d i c  feet, &ase I ,  Map 111) 

b a t i o n  of  a l l  soil greater than 0.5 vCi/nr2, 

mmximate ~ n a  - 14,s x 10' -re feet, voltme = 

4.0 x 10' arbic feet, (Case I, Map 

S. m v a t i a n  of  a 1  soil greater than 2 vC~/R*, ern- 
iJaate  rea = 3-1 x 10' square feet, &proximate 
voltme - 1.2 x 10' cubic feet- (Case I, bhp v) 
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No red evaluation o f  thc potential -act of the 903 &ca 

is possible mthout reference to possiblc health and safety 

involvement of the materral. N h g h  no standards for 
plumnira31 in soil arrtently exist, considerable work h& 
been done in this area. Map 17 details caaprter-derived 
phmnim in soil mntollrs based on interin acceptable 
1evcLS proposed by R. L. Kathren in 1968 (see Append= A). 
'Ihcx a n t o u r s  are presented for referenct only and are 
subject to t k  s e  1Mtations previously discussed. 

do, lowever, point out one approach to evaluation of the 

possible risk which this area represents. 

"ley 

As a -r indication of tk proble!n~~ inwlved with 
identifying an area is "amtainjnatsd", Map 18 indicates - of the values for plu* i& soil found throughout 
che state of Colorado. 
results obtained by different agaxies using different 
sapling techniques and analytical laetfrods 
actual picture. 

ance again the problem o f  urnparing 

the 

C ,  'brial Sites (Case I, blap VI) I 

DteaMtion of loatlons, other than the 903 Area, where 
materials have been intentionally kid, oontainad, or 
*ie release of liquid e f m t s  whidr mtained radio- 
activity in concentrations less than the established guide 
value b t  resulted in the dwtiviv Pmwllatu in 
the soil d d  imnolve the follming estimated volumes: 

1. O i l  wuning P i t  I1 
: 

i 
lhis area i s  now located under Building 355 and involves 
approximately 70 cubic feet of depleted uraniun residue. I 
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2. Oil wlrning P i t  I 2  

This area involves appraximtely 10,000 cubrc feet-of 
residue which resulted from thc burning of  oi l  contain- 
ing uranim. 

Thc estiarated dimensions of  this trench are 15' wide x 
200' long x 5' deep. The trend\ contains approximately 
25,OoO kg o f  depleted uranim chips in drrnns covered 

with dxmt tw feet of fill dirt.  Assuming that the 
q ate foot of fill dirt is not involved, examtion 

would r d t  in 12,000 abic  feet o f  depleted uranium 
residue, d 

- 73 - 
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Estinated dimr?ncions of these trenches are the same as 
T-1 ~S'x2OO'xS'). Examtion of these trenches Mluld 
result in qpmxixutely 84,000 aubic feet consisting 
primarily of damstic sewage sludge containing small 
quantities of uruutrp and trace anmunts of pluboniunr, 
8 few fl8ttad dnus invlol\hg uranium, a d  sane asphalt 

- pluJcirrs fmr tbe 207 ponds which contains uranium and 

a txace aramt of plutonilllo, 

lids area contains about 8,000 cubic feet of asphalt 
and 1,600 cubic feet of soil primarily frola the areas 
near Wlildings 774 and 776, -re is about two feet 
of f i l l  d i r t  bemen the a s m t  and roil and it i s  



I 

estimated tlmt excavation w l d  rnvolvc a total of 
about 15,000 cubic fect of matcrial mth a very low 
co-tration of  plutonium. 

6. Incinerator Ash Pits 1-1 through 1-4 

Estimated dimensions of  these pits arc 8 '  wide x 

1SO' long x 3' deep. The p i t s  contain the ashes frun 
the irrinerator. A small amount o f  depleted uranium 
is suspected. Excavation would involvc approxinrately 
30,OOO cubic feet of soil and ashes. 

Estimated voltme of this %ea 
&amtion w u l d  involve t h i s  entire volume and abart 
20 kg of depleted uranium. 

2 x 10' arbic-feet. 

Estimated present vollnne of this area is 4 x 10' Cubic 

foet. Ihc area is s t i l l  in use and the vow is, 
therefore, increasing each day. Excavation would include 
rpsnoxiPately 1,OOO kg of daa\estic sewage sludge contain- 

ing trice -ts of Pluto- and a small amoMt of 
trititppp fm a ururr;e which at the present is rmkKMn 
hrt is t b  subject of a sepante study. 

The area fnw the original Building 774 outfall east to 
and including the B series holding ponds has become 
involved due to the release of l iquid effluents fran 
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kildings 774 and 995. At thc t m  o f  rclcsse, 
thcsc effluents were bclow thc established con- 
ccntration guide valucs, however, the radioactivity - 

has a m l a t c d  rn thc strcam bed and bottoms of 
the ponds. Excavation would mvolvc an estimated 
225,000 cubic feet of sludge containzng plutonim 
and uranium. 

10. Other Areas 

As previously discussed, excantion of the lithim 
destruction areas is included i n  the 903 Area. 
Buavation of other mnradioactively involved areas 

such as the o i l  sludge disposal south of Building 881 - ctive sarap west o e i l d i n g  559 wuld andnoJvadroa 
result in an e s t b t d - 2 , 0 0 0  cubic-feet o f  material. 

- -- -- 

A nmmary of the mlume of  material involved in Case I is 
presented as Table 111- 
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A. 

=B . 

swmary of Volurnc to bc Excavated - Case I 

Estimated Total 
b b i c  Feet Involved 

905 and thrby Area 

Projections of Areas Affected by 

905 Area, Colpprter Derived Gontours 

500,000 

*Includes allowncc for special aanditions included in (A). 

C. Burial Sites 

1. 

2. 
3. 

4, 
S. 

6. 
7.  
8. 

9. 
10 

oil BU* Pit It1 

oil Burning Pit It2 

T-1 
Tr- T-2 thratgh T-8 
Asphalt ud soil Disposal. Area 

M p i t s  
Original sarritrry Landfill 

south fblntt Creek 
OtherAreV 

atrrcnt sanitary Landfill 

Estiplatad Total Burial Sites Ebt Including w- 

70 
10,OOO 
12,000 
M*W 
1s ,000 
30,000 

2 x 10' 
4 x IO' 
2zs,OOo 
2,OOO 

6.4 x IO' 
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Cascs I1 through VI1 are b o d  on rCSUltS of sol1 samples a k c n  

a t  various locations and for various reasons on thc plant site,  

p r k i l y  within the c o n t m ~ l o d  amxi. These results have bccn 

plotted on a grid systm which was established by thc b s t u i  Com- 

pany during the origindl construction of the Rocky Flats Plant. 
bfaQ 19 presents these results plotted on the Austin Grid System. 
It  nust be stressed that in tiLC interest of ansemtism the 

values presented are the maxiawn level observed w i h  that 
grid or at a particular sample point. 
fmn less than the m i n i m n r  detectable m t  to the value pre- 
r e n d  with 83 many as six samples in sane locatio= and as 

few as one -le in others. 

Actual values range 

Thc following maps and Table IV present the estimated voltme 

and area imrolved for cach case. Allowwzes have been made to 
exclude space occupied by buildings, to reflect uncertainities 
by m t  uacluding*entire grids tihere low results seem questionable, 
~ n d  for thc s p e h  colriitions and consitieations discussed in 
case 1 4 .  
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TABLE IV 

Estimated Volume to Ec Excavated - Cases II -ugh VXI 

Assuaing kmoval to Three Inches Below Original Surface 

Estimated AlloKance Esthted Total 
Esthted Qbic Feet For Case I-A Wic Feet 

Case - Square Feet tnmlved Qlbic Feet Involved 

11 16.0 x 10' 4.0 x 10' 0.5 x 10' 4.5 x to' 
12 W g )  

(9 d d g )  

(22 d d g )  

(88 d d g )  

Ki 7.4 x 10' 1.8 x 10' 0.5  x 10' 2.3 x 10' 

N 5.9 x 10' 1.5 x 10' 0.5 x 10' - 2.0 x 10' 

V 2.6 x 10' 0.6 x 10' 0,s x 10' 1.1 x 10' 
rr 

V I  1.2 x 10' 0.3 x 10' 0.4 x 10' 0.7 x 10' 
I - -  (440 dpdgl 

I (880 W g )  
VI1 0.75 x 10' 0.19 x 10' 0.4 x 10' 0.59 x 10' 

. 

. 
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lacking an official definition o f  ‘bntaminatadff makes it 

iqossiblc to reach sound, logical condusions or to make recomncndatwm 
supported by data or policies in usual sense of these mFds. tiowever, 

it is possible and necessary b rea@ze thatareas o f  cancern-in terms- - _ _ _ _  
of both raboactive and chanical infiltration Q exist at Rocky Flats, 
i f  rroc in terms of risk or b x d  a t  least i n  teras of political, social, 

or Psydrologid factors. The following is, therefore, presented for 
consideration by amnaganent in the pNdent planning of future operations 
of the RDcly Flats Plant: . 
1,  Gbnclusion 

*re is no data to indicate that any matelzal, either radioactive 
or chemical, in its present location and status SI&&& represents 
any r i s k  or hazard to lpap or the awirammt. 

Disarssion 

Air and water sample results have at vanas t imes  Mated the 
presence of dioactive materials axxi chemicals krt have historically 
barr below the ooncentration guide v8lues set forth in the A#= MaTnlal. 

903 kea is reoognized as haw the greatest potential for 
the &de values md has bear under amtimal sureillance 

since 1%8 by Flats Wth PhysLcr. Ilpfrrg recent years, the 

State of Colondo, Dqarment of Health, d the U. So Atoaic Wrgy 

surveillance activities in tbs air  near the area. 
None o f  the air samples taka\ artside the immliate a m  of the 
asphalt pad have exceeded tho concenmtion guide valuer. Wells 
located at each comer of the asphalt pad havo never indicated the 
presence of any gnxurd water, 

M s s i o n  W t h  and %few Laborcrboy ham Qnrducfsd indepenjar t 

P 
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Sampling of air a t  other locations both on and off thc plant  s i t e  

has produced similar results. 

M p  20 indicates the location of wells particularly near pracss 
waste holding tanks. Iht wells are routinely samplad and analyzed 
for both radioactive materials and chemicals such as plutonium, 
uranim plus plutonium, nitrates, and pH. W i t h  the exception of 
nitrate coccentrations in the vicinity of the 207 solar evaporation 
ponds, all materials nonitorad have historically been below the 
concentration guide values, 

trenches mrth of the 207 ponds plus the previously discussed 
repair of these ponds have Contmlled the nitrace anrentration 
of suxfacc water rn within the aonceJItration guide values. 

Installation and operation of the 

CaPpletion of the llcw Process Waste Treatment Facility, Building 374, 
w i l l  eliminate the need to use the 207 solar evaporation ponds to 

aontain a n i  eyapotzfi solutions containing large amounts of nitrates 
and thereby raiucc this source of aonccrn starting in 1976. 

'Iht technology nquired for proper control led excavation of any area 
is rmk.rown, 

stwrld -tion of any of the areas disassed be umicrtakn it 
mruld be necessary to provide for the umtml of airborne materials 
a d  to usme that a tschnique was used which acwnplished actual 

and canplete r d ,  mt merely mixing or  dilution of the mterial 
fo less than present roininrrP detectable anwnts or which spread the 
material fo the newly exposed virgin surface. The efficicncy or 
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-- dcgrce of cffcctivcness rcquirad of such provisions and techruqucs 
-Id obViously depcnd upon a decision as to what level of  infil- 
tration remaining would bc acceptable. 

Them have been a number o f  techniques suggested such as separation 
on the basis o f  density, washing, or =cunning, but no d a t a . i s w  
amilable to even suggest let alone confirm hat efficient these 
techniques may be. 

I ) 

3 .  Conclusion 

W i t b u t  a Jcnm -vation technique or ptpcess it is mt possible 
to estimate capital q i p n c n t  costs of any ex;cavatiun. 

does have an established axxi accepted method of dew& the axt 

of disposing of solid radioactive wastes but'capital equipment costs 

are not included. 

Rody Flats 

Discussion 

* b y  sites such as Hanford and the National Reactor Testing Station 
@RS) have estimated capital costs involved in the proposed exca- 
vation of locations such 1s the 2-9 trench at  W o r d  or the location 
where until N o v h r  1970 Flats wastes were buried at MUS. 
These estimates, $1 million at  Hanfod and about $10 milliar at NRlS, 
are for conditions llLIch diffexent than those areas under cansideration 
i n  tfiis disassicm but thy may SCNC to define the limits of the 
question. 

A#: ).fuuol chapter OSll, "Rdbactive Waste  Management,19 -res 
that materials knmm or suspectad to contain rrrcli&s, 
such as plutaitm, in excess of 10 n W g  (22,000 wg) must be 
packaged for retrievable storage. 

all of the excavation material involved in this discussion wuld 
It is reasonable to assme that 
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m n t a i n  less than 10 nCi of plutorum pcr gram Of soil and could,  

thcrcfore, be packaged for not readily retrievable storage in ehc 
wne manner that kcky Rats now packages non-plutanim wastes, 
nitrate salts, and domestic sewage sludge for shipacnt to Mm. - 

fhe costs to plrchase the packaging materials, warehousing, trudc- 
ing on-site, nonitoring, inspecting, loading for off-site shipaent, 
and freight to "K for these types o f  waste now e t  to $6.081 
clrbic foot in a SS-gallon drun and $2.9O/cubic foot in a ( ' ~ 4 ~ x 7 '  - 
S/P ply~>od bax. me to weight restrictions, it is nost likely 
that it wxld be necessary to reduce the dimensions of the box to 
4%2'x7' which Mxlld result in a cost of  $S.SO/ahic foot. Rounding 

both o f  these figures to $6.00/arbic foot and using the estimated 
wluues from Tables 111 and nt, estirPated disposal costs for each 
a s e  under disassion not including capital equipllent would be as 

follows : 

- % -  

a " .  - 



case 

I -A 

- 

B- 1 

B-2 

B-3 

B -4 

E- 5 

c-1 
C-2 - 
c-3 
c-4 

c-s 
C-6 

c-7 
C-8 

c-9 

c-IO 

C-Total 
I1 

111 

N 
V 

V I  
VI1 

Estmtcd Cost of Disposal 
Estiaatcd Total Not Including Capital 

abic Feet Involved Equipncnt (Dollars) 

0.5 x 10' 

21.5 x 10' 
46.0 x 10' 

8.7 x 10' 
4.0 x 10' 
1.2 x 10' 

10,000 

= e m  

WOO0 
15,Ooo 
= e o 0 0  

2.0 x 10' 
4.0 x 10' 
225,000 

2 e o 0 0  
6.4 x 10' 

4.5 x 10' 
2.3 x 10' 
2.0 x 10' 
1.1 x 10' 

0.59 x 10' 

70 

. 

- 0.7 X 10' - -  

3 x 10' 

276 x 10' 

129 x 10' 

52.2 x 10' 

24 x 10' 
7.2 x 10' 
' 420 
60,000 

72,000 
504 , 000 

90 , 000 

180,000 
12 x los 
24 x 10' 

1.35 x 10' 

38.4 x 10' 
27 x 10' 

13.8 x 10' 

6.6 x 10' 
4.2 x 10' 

d 

12,000 

12 xio' 

3.54 x 10' 
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4 .  Conclusion 

Again, witfwrt a known e x c a n t L o n  tedPlique or process, it is not 
possible to accurately e s t h t c  the rate a t  w h c h  any excavation 
of any location can be acamplished. bwever, there are other h w n  

factors and estimates wfiich can be uscd to define sane of  the limits. 

Discussion 

H+nford's estimate of the ucavation a t e  for the 2-9 trench is 
7.7 cubic feet per shift. Without further elaboration it can be 
seen that in no way could this rate reasonably satisfy the need 

sharld the decision be d e  to urcaMte any of the areas included 
in this disausion. 

c 

A factor which it more likely to be limiting and for which there is 
zxpcricncc to use (IS a -e is 
ship wastes and the ability of "IS to receive arri handle than. 
Qlnrent generation rates at Rocky Flats have rwired an awerage 
of 12 shipaenu per month for the last six mnths. lhese shipents 
have averaged 1,400 cubic feet per shipcnt. 
wnths of 1972, 
handle an average of 22 shipmts per mmrth. 
aged about 1,200 cubic feet per shipment. Assrpnurg - thattheshipping 

G t e  for q aocavrtion uuald bc in addition tn the current generation 
Mnild average 10 shipncnts per mnth and 1,200 cubic feet per 

shipneat (12,000 arbic fat  per nonth or 144,000 &ic feet per year) 

time to c#avlte end ship, each c~tsc ttn&Gt disarssian MIuld be (LS 

follows : 

Flats ability to load d 

rxlring the last six 

These shi-ts aver- 
Flats and MUS demonstrated the ability to 

.nd using thc ostinlated ~ l u n c s  froa Tables 1x1 and Iv estinratsd 
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Case - 
I-A 

B-1 

B-2 
8-3 
B-4 
8 - S  

c-1 
c--2 
c-3 

c-4 
c-s 
C-6 
c - 7  
C-8 

c-9 
c-10 

C-Total 
11 

111 
N 
V 
v 

VI1 - 

Estimated T o t a l  
Olbic F c e t  Involvcd 

0.5 x 10' ' %  

46.0 x 10' 
21.5 x 10' 

8.7 x 10' 

4.0 x 10' 

1.2 x loc 

10,000 

12,000 
a4,ooo 

15 ,000 
SO # 000 
2.0 x loc 
4.0 x 10' 
22s , 000 
2,000 

6.4 x 10' 

4.5 x loc 
2.3 x loc 
2.0 x 10' 

1.1 x 10' 

0.59 x 10' 

70 

w 0.7 x 10' - 

4- 

Estlmated Time 
Rcqurcd to Excavate 

And ship to (Years) 

3 .s 
319.4 

149.3 

60-4 

27 .a 
a .3 

0.1 

0.1 

0.6 

0.1 

0.2 

13.9 

27.8 
1.6 

44.4 
31-2 
16.0 
13.9 
7 - 6  
4.9 
4.1 

. 

M 



5. (bnclusion 

Any h w n  excavation tduuquc or process d d  r e m e  all vegetation 
and in sane - a l l  of the top soil.  

Discussion 

It wwld bc rroccssaxy to carefully consider and migh this impact on 

the cnvironnent against any anticipated benefit frolp -vation of  

any area. Cost to -lace Cop soil and reestablish the vegetation 

previously presented estimate. 
- u t  bc a part of any excavation p h  ht are mt includad in  the 

~~ ~ 

d 

1, The Division of Operational Safety shaild be'aK;maaged to  c o n t h  
efforts to establish official and accepted Ccorcentration guide values 
for plutoniua and other materials in soil. 

2. An agreement adsts betwen the U. S. Atanic Energy Ccxnission and 
the State of Colondo that 110 actions w i l l  be taken to rdpQve the 
radioactive putcriils in the 903 Area until. such time that a suitable 
atemate location is establishad away fr#r Flats. Uder  the 
present coditions urd lacldng a proven UocaMtion techniqule, it is 
likely that eirczvrtion of this  area at this presents a greater 

mis is also true of 
tbe a r a  sartheast of the tuphalt pad where there is good gmund cover 
w i t h  its associated stabilization effect, It is not that 
excavation& the 903 or any other area be w&rtakm at  t h b  time. 

e 

pokntial h d  than leaving the arm intact. 

3, It is d that the mads on both s i b  of the security ferre 
csst of the 905 Area be seal coated or rsphptmd frun centrrl Aveme 
south to apprachtely &tin Grid E-22,SOO or that traffic be 
restricted to only that which is essential to emrirorraental sampling, 
security patrols, and fire watch activities. 

I 
I .  
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In s l r r r p ~ r y ,  it is  not rccmendcd that excavation of  any area 

bc undertaken at  d u s  time. We m11 contmue current preventative actions, 
mintam and improve the a r r e n t  surveillance and monitoring programs, 
continue to study and thereby inprove our understanding of the existing 
conditions, ami develop techniques and management programs should cxcava- 

tion of any area bc d e d  desirable or necessary in the future. 
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