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EXECUTIVE SUMMARY 

Routine environmental surveillance in the 200 Areas (or Separations 
Area) and vicinity provides the necessary data to assess the impact of 
Rockwell Hanford Operations {Rockwell) activities on the environment. 
Environmental sampling and survey results indicated overall compliance with 
all applicable U.S. Department of Energy (DOE) guidelines and standards 
during calendar year 1983. There was no evidence to indicate that any 
radiological health hazards originated f r om Separations Area environmental 
sources during this year. 

The environmental surveillance progr am includes sampling and 
radiological analysis of ambient air, sur face water, groundwater, sediments. 
soil, vegetation, and animal feces. It also includes external radiation 
measurements and routine surveys of waste disposal sites. radiologically 
controlled areas. and roads for evidence of radioactive surface 
contamination. The 1983 data are summarized below. 

1. Annual average ambient air radionuclide concentrations were below 
DOE Table II Concentration Guides at all locations monitored in 
the 200 Areas. Most airborne radionuclide concentrations in the 
Separations Area did not differ significantly from background 
levels. 

2. Water, vegetation, and sediment samples from the open ponds and 
ditches exhibited no significant increase from 1982 radionuclide 
levels. 

3. Periodic groundwater samples were collected from a network of 
112 monitoring wells located near waste storage and liquid waste 
disposal facilities. Concentrations of specific radionuclides 
were below DOE Table II Concent ration Guidelines with the 
exception of (1) 90sr at two inactive disposal sites and 
(2) tritium in one well monitor ing an active PUREX crib. No site 
exceeded DOE Concentration Guidelines for controlled areas 
(Table I). A trend of low but increasing 90sr was noted in one 
well monitoring Gable Mountain Pond. Actions are underway to 
discontinue the use of this si t e. Completion is scheduled for 
calendar year 1985. As in previous years, elevated nitrate 
concentrations were observed in the vicinity of several wells at 
both active and inactive liquid-disposal sites. though no increase 
has been detected. 

4. All samples collected from the 200 Area grid sites (soil, 
vegetation, and feces) were below Rockwell surface soil 
contamination standards. 

5. External radiation measured at the grid sites indicated no 
statistically significant contribution to ionizing radiation 
levels at grid site locations from 200 Area operations. External 
radiation measurements at ponds and ditches indicated no 
significant change from 1982. 
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6. As in previous years, biological transport of radioactive material 
by animals was observed in 1983; however, as significant sources 
have been identified, action has been taken, or is underway, to 
eliminate or isolate them. Biological transport by vegetation has 
significantly decreased through the surface stabilization and 
herbicide application programs. No biological transport incident 
was determined to result in exposure to humans or offsite. 
contamination. 

7. Radiation surveys in the 200 Areas resulted in several 
radiological status changes. These changes involved release from 
radiological posting requirements, change from Surface 
Contamination to Underground Radioactive Material, or posting as 
Surface Contamination. 

iv 
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INTRODUCTION 

Rockwell Hanford Operations (Rockwell), as a prime contractor of the 
U.S. Department of Energy (DOE) at the Hanford Site, manages the fuel 
reprocessing and radioactive waste management facilities in the 200 Areas 
{or Separations Area) and maintains the retired radioactive dry waste dis­
posal sites in the 600 Area. 

The Hanford Site is located within the Pasco Basin in southeast 
Washington State, approximately 270 km southeast of Seattle and 200 km 
southwest of Spokane. The 200 Areas are approximately in the center of the 
Hanford Site, 11 km south of the Columbia River (Fig. 1). The locations of 
operating facilities, tank farms, solid-waste burial grounds, and liquid 
disposal sites in the 200 Areas are shown in Figures 2 and 3. 

Rockwell conducts an environmental surveillance program in the 
200 Areas, the BC Crib Area, and the 600 Area waste-disposal sites to deter­
mine the overall impact of site operations on the envirorvnent. The program 
also evaluates the following: 

• Compliance with DOE and Rockwell radiation protection requirements 

• Adequacy of radioactive-waste containment systems 

• Long-term trends of radioactive materials in the environment. 

This report describes Rockwell environmental surveillance results and 
activities during calendar year 1983. Radionuclide concentrations in air 
and water are compared with the Table II Concentration Guidelines of DOE 
Order 5480.1, Chapter XI (DOE, 1981), which are guidelines (annual average) 
for continuous exposure of the general public. In addition, all Rockwell 
environmental radiation data are compared, where applicable, with background 
data obtained by the Pacific Northwest Laboratory (PNL) environmental sur­
veillance program (Price et al., 1984). 
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AMBIENT AIR SAMPLING 

SU"'4ARY 

Ambient air sample data collected in the 200 Areas were compared with 
the PNL Hanford Site surveillance data, which include perimeter and offsite 
sa111>le station data (Price et al., 1984) . Although airborne radionuclide 
concentrations at individual sample locations exceeded the PNL perimeter 
data, none of the ambient air sampling stations recorded annual average 
radionuclide concentrations that exceeded 0.3i of Table II Guidelines. 

DISCUSSION 

During 1983, numerous changes were made in the ambient air sampling 
program. Seven new stations were estab l ished to monitor PUREX, Z Plant, and 
the tank farms. Six stations around the perimeter fences were turned over 
to Rockwell by PNL as they established new stations farther from the 
Separations Area. Five stations were el iminated due to stabilization of the 
potential-source sites that were being monitored. The resulting air 
sampling network consisted of 32 permanent stations by the end of 1983 
compared to 24 in 1982. (Locations are shown in Fig. 4, 5, and 6.) 

All air samplers were adjusted to pull 56.6 l/min (2 ft3/min*) through 
a 47 11111 open-face filter at about 1 m above the ground. 

In 1983, another change in the program involved evaluating all air 
samples counted weekly for total alpha and beta activity, instead of only 
those near tank farms and facilities. 

The particulate filters at each location were collected weekly and 
counted for gross alpha and beta activity after being held for 1 week to 
allow natural radioactivity to decay (refer to Table 1 for a su11111ary). 
Gross alpha and beta measurements do not reflect precise radionuclide 
concentrations, but are used as indicat ions of total sample activity for a 
check on operations and for trend analysis. 

A11 filters were then composited quarterly b3 samsle location and 
analyzed for ga!Tllla emitting radionuclides 90sr, 2 9,24 Pu and total uranium 
(Table 2). 

*Air sampler instrumentation requires calibration in cubic feet per 
minute. 

5 
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TABLE 1. Air Sample Results for 1983. (Sheet 1 of 2) 

Hap 
location S1te 

Number 
of 

samples 

Weekly 
maximum 

Weekly 
mlnlmua 

Gross Alpha Concentration lpCl/m3 (x lOE-12 a 11Ci/111L)) 

N116 B-C Cribs N 33 3.88E-3 I -1.40E-3 
Nl53 241-TX Tank Farm 21 4. 79£- 3 -1.11£-4 
Nl55 241-U Tank Farm 47 1.16[-2 - 7.62£-4 
H157 241-BY Tank Farm 51 5.15£-3 - 7.lBE-4 
HISS 241-AX Tank Farm 34 6.70£ -3 - 5. 74[-4 
N159 B Plant 49 7 .OlE-3 -8.97[-4 
Nl61 T Plant · 22 5.68£-3 -1.16£-3 
Hl65 216-Z-19 Ditch 42 1. lOE-2 -1. 00£- 3 
Hl68 U Plant 41 4.50£-3 -1. 12£-3 
Nl77 Laundry 21 4.82[-3 -1.00E-3 
H950 QA Blank 46 5. 74£-3 -1.40£-3 
H956 241-S. SX Tank Fam 18 3.33£-3 -6. 70£-4 
H957 8-C Cribs l 17 6. 76£-3 -2.50£-3 
H960 Juxtaposed to Nl55 22 1.llE-2 -1. 70£-3 
N961 Yak I ma Barr 1 cade 50 1. 40£-2 - 1.20E-3 
H962 SE corner W-48 33 8. 72[-3 -1.06E-3 
N963 SE of Redox 47 4. 75£-3 -1.18£-3 
N964 W of W-48 15 5.21£-3 -1.21£-4 
H965 NE corner 200 West 

Area 24 5.21E-3 -1. 74E-3 
H966 S of Main Gate 

200 West Area 18 3.61E-3 -1.20£-3 
H967 N of SY /BX Tank Farm 38 9.14E- 2 -1. 32E-3 
H968 W gate of 200 East 

Area 15 3.91E-3 -6.68E-4 
H969 SW of PUREX 23 8. 77£-3 -6.19£-4 
H970 NW of PUREX . 16 I. 77£-3 3.09£- 5 
H971 SE of PUREX 21 3.59£-3 -1.95£-3 
H972 NE of C Tank Fam 17 1. lOE-2 -l.40E-3 
H973 E of B Tank Farm 6 8. 57E-3 -l.45E-3 
N975 E of Z Plant 26 3.09£-3 -1. 45E-3 
N976 2£17, 241-C Tank Farm 14 3.61£-3 -3.99£-4 
N977 2E30 5 1. 50£-3 -8.98£-4 
N978 2El5 13 2.68[-2 4.0BE-5 
H979 2£36 14 4.66E-3 3.40[-5 

Hanford perimeter* 

*Price et a 1., 1984. 

Average z2S 

1.04E-3 + 2. 74E-3 
l.40E-3 + 2. 73E-3 
1.59[-3 + 4.23£-3 
1.17[-3 + 2.34£-3 
1.50£-3 + 3.46£-3 
1.05£-3 + 2 .80£-3 
8.55[-4 + 3.13£-3 
1. 66£-3 :;: 4 .35£-3 
9.43£-4 + 3.03£-3 
9. 37[-4 :;: 3.20£- 3 
3. 70£-4 :;: 2.97£-3 
8.65[-4 :;: 2.45£-3 
2.09[-3 + 4.06£-3 
2.04[-3 + 6 . 40£-3 
1.02£-3 + 4.27£-3 
1. 28£-3 :;: 3.26£-3 
1.32£-3 + 2.63£-3 
l.64E-3 ! 2.81£-3 

l.25E-3 ! 2.74E-3 

1.42E-3 + 2.57E-3 
3.47E-3 ! 2.95E-2 

1.58£-3 3.04E-3 
1.35£-3 4.22£-3 
8. llE-4 1.04£-3 
5.21E-4 3.05£-3 
l.87E-3 5.94£-3 
l.OBE-3 7.53£-3 
7 .53E-4 2.64E-3 
l.03E-3 2.40£-3 
4.83E-4 2.33E-3 
2.91E-3 1.45£-2 
1.35£-3 2.87£-3 
9.0E-4 7 .OE-5 
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TABLE 1. Air Sample Results for 1983. (Sheet 2 of 2) 

Map 
location Site I 

Humber 
of 

sa111p Jes 

Weekly 
111a>CIIIIUIII 

Weekly 
111lnlmu111 

Gross Beta Concentration [pC1/m3 (x l0E-12 • i,Ci/ml)) 

Nll6 B-C Cribs N 33 7 .85E-Z -l.87E-2 
Nl53 241-TX Tank Farm 21 3.04E-l 2.12[-2 
Nl55 241-U Tank Farm 47 l.43E-l - 1.61[-2 
Nl57 241-BY Tank Far111 51 4.15E-l 2. 77E-3 
Nl58 241-AX Tank Farm 34 l.08E-l -8.87[-3 
Nl59 B Plant 49 l. 73E-l -2 .89E-3 
Nl 61 PUREX 22 l.04E- l -6.40[-3 
Hl65 216-Z-19 Ditch 42 l.17E- l -1.21[-2 
Hl68 U Pl ant 41 9.92E-2 -8.l3E-3 
Hl77 Laundry 21 9.63E-2 8.64E-3 
H950 QA Blank 46 4.92E- 2 -3.52E-2 
N956 24 1-S , SX Tank Farm 18 9. 78E - 2 - l.41E-2 
N957 B-C Cribs I 17 l. 39E- l 4 . 28E-3 
N960 Juxtaposed to NISS 22 l.llE-1 9.85E-3 
N96l Yakima Barricade 50 l.07E-l -l.93E-2 
N962 SE corner W-4B 33 8.14[-2 -l.71E-2 
H963 SE of Redox 47 l.0JE- 1 -l.53E-2 
N964 W of W- 48 15 6.90[-2 1.69[-2 
N965 HE corner 200 West 

Area 24 l. 58E+0 -1. 43[-2 
N966 SE of Ma In Gate 

200 West Area 18 6.32[-2 1.55[-2 
H967 H of BY /BX Tank Farm 38 8.82E-l -9.llE-3 
H96B W gate of 200 East 

~rea 15 8.32[ - 2 B.87E-3 
N969 SW of PUREX 23 7.65[-2 -1.50[-2 
H970 NW of PUR£X 16 l. 27£- 1 3. 34[-3 
H971 SE of PUREX 21 7.12[- 2 -2 . 42E-2 
N972 NE of C Tank farm 17 9.69[-2 -1.35[-2 
N973 E of B Tank Farm 6 B. 95E-2 -1.06[-2 
H975 E of Z Plant 26 l.14E-l -2 .09[-2 
N976 2£ 17, 241-C Tank Farm 14 9. 71[-2 -1.71[-2 
N977 2£30 s 4.12E-2 I. 32[-2 
N978 2E35 13 8.40[-2 -1.05[-2 
N979 2E36 14 5.SIE-2 -6. l0E-3 

Hanford perimeter• 

*Price et al., 1984. 

Average ;tZS 

2.81E-2 + 5,06E-2 
1.2IE-l :;: l.28E-l 
3,0BE-2 :;: 5.66E- 2 
5.92[-2 + l.27E-1 
3.58E-2 :;: 5,45E-2 
3.75E-2:;: 6.79E-2 
2.90[ - 2:;: 5. 32E-2 
2.96E-2:;: 4.67E-2 
3.07E-2 + 4.96E-2 
3. 74E-2 :;: 3.98E-2 
3.03E-3 :;: 3.SIE-2 
3.28E-2:;: 4,78E-2 
4 .'90E-2 :;: 6 , 43[-2 
4.39[-2 + 5. 18[-2 
2.78E-2:;: 4.72E-2 
2.90E-2:;: 4.17E-2 
2.67E-2 + 3.94E-2 
3.61E-2 I 3.24E-2 

9.BIE-2 ;t 6.37E-l 

3.40E-2 + 2,69E-2 
5.llE-2 I 2.79E-l 

3.42[-2 + 3.59[-2 
1. 79E-2 + 4.53E- 2 
2. 53E-2 + 5.91[-2 
l.02E-2 + 4.49E-2 
2 .19[-2 + 5. 86[-2 
2. 95t-z :;: B. 09E-2 
2.54£-2 + 6.21E-2 
3.36£- 2 + 6.42E-2 
2.56E-2 + 2,33E-2 
2.18£-2 + 5,59E-2 
2.08[-2 + 3.94[-2 

2.0E-2 I l.0E-3 
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TABLE 2. 

... I :i itt: 
Quarters 

loutiot1 Ul't;>ltd 

!t1l6 1-CCrib,N 1,2,l 
IHSl 241-TI hnkf.,.. 1,z.• 
lHSS 241-U h11k hrt1 1. 2.1., 
N1S7 241•8'f h r,k f1n11 1 ,2 ,3 ,1 
ma 2'1-~ h n1t f1.-. I l.l,4 

I 
Hl59 8Pilllt 

I 
1,2,J,, 

Hl51 f Pl..nt ;.2,J 
HliS 215-l-19 Oi t ch l ,Z ,J ,4 
!HfS U 1"14.n! l,l , l .~ 
Nin L•ufldry l.~ I .... 0A 11&111t 1,2,3,• 

· x951 QA IHtnk 1 , 2,J, 4 ! 11955 20-S, Sl hnk Fll"!II l,1 
M957 l·C Cribs l l, l I "'° ll:epltuteby1it1NL55 ,., 
H\161 hlr: i111 B1rrludl 1, 2,J,4 I 

"'" 5Ecorn•r~41 1,2,J I "" 5£ of ~edoA 1, 2, ],4 , ... W of W•4! ,., I ,,., "IE corner 200 lllest 
Artt 1,2,l 

N96' S of Nt1n G1te 
200 Wut Aru l,1 

H~'7 N of IY/IIX T,111& F.,-. 1,2,l ,4 , ... w 91te of ZOO Eut 
Are, 1,1 .... S- of PURU Z,3,4 

'9711 lf'wof PUlU 2.1,, 
N97l SE of MU Z, J,4 
Nll7Z M£ of c h nlr: r.,.. 2,l, 4 
N'73 E of I hnk F1ra '·' N9]1; E of l "&tit i2,l,4 
N976 2(11, Z41-C hnk F11111 1,2,3,4 
11977 !£>) ,., 
115111 2£35 l,J.4 
N!IJI m• ,,, .... 11A l 

01St,Mt ll•t;on, 1 
rer, .. t.,- n1t1onsb 
TU1el1COfl~t,.1ttCH1 

,ut•s' 

M)T[ : CL • Mllyt1cal dietacUon H • t\ , 

SulTlllary of 1983 Ambient Air S~ple Data: Quarterly Composite 
Analysis, in pCi/m (x E-12 = µCi/ml.). 

'°Sr ll7Cs 2)9,40p,,. 

Quarter Quart~ ,, .... , Qua,~,, Quarttr Ann\111 Ou•rhr ()1u1rt.,.- Mnual Quarter 
.... 1- •111l11U11 l.'lfftfC ,!:2S ..... ir.llft • l11i•in ,1,Yer&9e _!ZS 111,1,11;1~ •1111-- •¥9rt9•!.ZS 11111-

Z. 4£-l 2.0E-4 t::~ i t1t~ I 5.•E·• - l . lE-5 l. 9E-4 • 6.lE-4 l.OE-4 4.5[- fi J.91Ai • l.lE-4 S.OC-5 
7.5(-J J,lE-J S.2£- Z 5.7£-l l.it-2 + 4,JE•Z l .lE•• Z,lE-5 1.0£-4 ! 1.6(-4 7.9[-5 
4 , 1.E-4 l.WA l.lH!l.2£-41 2.5£-l 4.BE-• l.J[-3 '+ 2.0(-3 5. 9(-5 9.4[-6 2. 9£-5•4.6£-S 2. 7E-4 
1.1£-l 4.4[ •. 4 1.at•••S .7£-4 2.JE - Z 6.0£-l 1.6[-Z-; l.4r-Z 4 .5[-5 Z.9£- 5 Z.U-5 •4.2E•5 J.O[-S 
l.j[ . J Z.9E-4 ,.JE•• • a.,r-, 1. 2!• 2 1.9£-J S,7E - J • 1.0E-2 8 .8£-S 1.0{-S 4.2E-s•e.u-s 2 .tE-S 
6 . JE-4 l .3E-4 J.Sf-1 t 4 .JC:-1 9. 2t- l l.f>E-l 5.lE•J; 6.1E•l 8.0[-5 4 .7E-5 t~t: ! !:~:: 4.0C-S 
5.0E .4 Z.2E- • 3,TE-• • 2.Sf-• 7.1£-4 6.4[-4 6.8£-4 • I . IE-& 1. l E-4 l.lf-S 9.7£-S 
l . 2E-3 J.9C-S 4. 4E-4~ l.lE·l 1 J . 4(-3 -7. JE-4 1.0£-l; l.SE-3 l.lK-• ).8£-5 9.7£-S+ 1.2£-4 2.2[-5 
~.!.!E -4 6 , 1(-5 2.3(-& +!i. . l\E - 4 , 1.8£-J -J.OC-J 2.IE- 4 • 4.4E-l 7.9( - S 4 . lt-6 J . OE- S • 6.aE-5 l.ZE-4 
J.IE-4 2.6£-4 

'·"·'. 7.IE•S 1 1.1[-J 9 .2E -4 LOE-J:; l . lE·• l .OC-4 6.ZE-5 B.lE-5 • 5,4[-5 6,2£-5 
J.2E-4 8.0£-5 1.JE-4 ! 2 . 2E-4 J.IE-• •l. CIE-4 -l.2E-•:; S. 7£-4 7.3£-5 l.4(-5 ].l(-5 ;- 7.0E-5 s.•E-s 
C.!if-4 - 1.1£-5 l.SE-4•4.6E-t J.6£ - 4 -1.6£-4 S.JE-5 • t .2£·• 1. l E-4 0.0E+O s.u.s I 1.zc-• • . ,c.s 
2.7[-4 l.JE-4 ; .OE-•! 2.lC-4 2.U-J 2.6£-4 l.4t-J • ).J£-l 2 .4£ -5 2,1£-5 2.2£-'5 • J.4£ -6 4. SE- 5 
2,2£-l 7 . 2£-S l.lE•J • J.OE-J 5.9£-4 • 4, 7E·4 6.2£•5 • 1.5£-3 l.ZE-4 2.6E-5 7.4C·S _! l.lf-4 9.J[-4 
J . lE-4 Z.7£-4 Z.9£ . 4 • 6.IE-5 J .JE·l 2.1£-) 2.7E•l • l. 1E•l 7. 6(-5 4.5£•5 6.0E-S • 4.-4£•5 Z.2E•4 
J.JE-OJ 2.lE-4 1.4[-J • 2.9£-3 S.SE-4 -1 . 1£-4 2.0£-4 • 7.2[-4 2.4£-5 2.8[-6 1.IE•S ! l.9E· S S. 6£-S 
S. 7E•4 J.6E-4 4.7£••; 2. lE-4 2.0E-J Z.JE•4 l.lE-J • l.8£-J 1.8£-4 l-. SC-6 7. &r-5 • 1.9£-4 l.1( 0 5 
5. Sf-4 l.U-• 2,,c.,; J .7[ -4 1.7[-J Z.OC-4 8.9£-4: l.4[•! 4.1£·5 ,.,c-, 2.4E-5 • J .6[-5 J.0£-5 
,.sE-4 2.6£-4 J.Sc- • :I 2.7[•4 1.1£:-1 J.aE-4 7,!t-4 !_ l . tE•l 4.9(-5 J .JE•S 4. 1£-5 ! 2.2(-5 9.H:.S 

1.SE- l 1.SE-4 1.l£·' ! l.U:-J 1.0£-l , . u - 4 l .&.-J .! 1.1£-2 6,!£.-5 7.7[ -6 l .SE-5!,6.lE-5 1.0[-4 

5.6£-• - 6. 8£-5 2.4E •4 • 8 .8E-4 l.4E-l J.lE-4 8 .4E•C + 1.SE•l UlE-5 2.SC-5 J.J(•S! 2.1£-5 6.lE- 5 
S,BE-J Z.4£-4 l.8E-J ! 5 . 4£ - l 4,9E - l l.lE - J 2.6(-l ! J .lE• l ] .6£-5 2.0£-6 ).7£-5 ! J.4£-5 6.0E-5 

6 . 9£-4 2. 9£-5 J.6(-4 • 9 , 4[-4 1. 4[-J •S.1£•4 Z.7E•4 + J.2E-3 l . OE-4 2-9£-5 6.SE-5 1.0£-4 6.5£-S 
S.OE -4 1.JE-5 l.4£-4 • • .7£-• l.4E·l 6,&£ •4 l ,IE•J • 7. 9E-4 l.SE-1 6. 4(-6 5. 6£-5 1.6£-4 1.S£•S 
1.0£-3 2. 1[-4 5.2£-4 • 8.lE-4 2.2E-l Z.OE-t l.2E•J • Z.c:£-3 J .2E-• 5. iE-6 l.lE-4 l . 6£-4 8.1£-• 
l.6E•3 l.1(-4 1.1£.J; l.6E•3 Z.0£·4 O.OE+O 6 . 6E•S • 2.3£-4 2.S[-4 l.6£-5 9.8£-S 2.7[-4 9.SE-5 
1.2[-J Z.lE- 4 7. Z[-• 'i' l.0E-l t . 9£-4 O.DE•O 4.0E-4 • 1.0£•3 3.1[- 4 ].te:-6 1. 1£--4 ).4[--4 5.ZE-4 
2.3£-l l . JE-4 l.JE•l • 2.8£- 3 5.SC·J 1. 6[-J J.TE·l • 5.9£:.J J.lE-4 4.1[-5 1. aE-4 3.8(-4 Z, H-4 
&.K-4 4.lE-4 5.9£-4 • S.lE-4 4.0E-4 J .9£-4 4.0£-4 • 1.2£-S l . OC-4 1.&£-s }. 3(-4 l .lE-4 J.5£-• 
6.]£-4 2.2£-4 3.1[.4":J.8£-4 1.1£-J l.0£- 4 7. lE-• • 1!1.IE-4 l.Sl-4 3. 9[-6 t . lE-5 l.4£-• J.5(-5 
Z, lf-4 1.8£-4 2.J(-4 • l.SE•4 1.1[- ] -1. 6£-3 -z . ,r.4 • J.IE•l 4.4[-6 0,0f. • O il.2£-6 6.ZE-6 ].0£-5 
6 . lE-4 7. JE-S z.7t-4 ! 6,2£•• Z.IE•J 1.eE-S l.2E•J • 2.tE•l l.lE•> 1.4£- • l.4£-S 4.2£-S L•E-4 
5.9E-5 -1.2£-4 .J.2£-S • Z.6E-4 9.9£-4 0 l.8[°C 4 .1[-4 • 1.6[-) Z. 9£•6 J.6[-7 1.6£,6 ].6[·' !1.lC-6 
J . U-4 l . 6£-4 3.it-4 • ] . 5[-4 -z.n-4 -2:.7£-4 : -z.n-4 • 8.,r-• 1.lE•4 l.J[,4 l.JE-4 , .6[-5 J.S(-6 .. .. <li. .. -

I 
<ll. . . .. J.7E-5 1.LE-5 .. .. .. 3.0(-4 !, t .DE-4 .. . . 7 .0E·• ! 5.0£-4 .. .. Z.OC-5 1.0£·5 . . 

6.0£-2 .. .. l.OE+l .. .. 5.0E• Z .. - .. 

tt,cr1 .. ter louliOftl tnclvN ... lofl C1ty, 'ffnllt..l lr-16'1, hid•• hrrl c ... Dti.ello, COMt:11, llcl\l &nd, Pasco, 'rosur 
l•rrtudl, hr-g Ranch, l)'fft L9"411t9 end UII' 11DD ,.,...,. 

COOl, ltll. 

Vt tatal) 

Quarter ...... , 
111lnt• ia ll'Hr&ge !_ZS 

6.4[-6 Z.U-5 • 4. 9£-5 
6.6£-6 3.)[-5 'i 8 ,0E.-5 
&. 9[-6 8,7[-5 • 2.4£-4 
1.4E-5 l.2E-5 t 2.SE-S 
l.&E-5 2.0E-S • 1.lE-S 
8.9£-5 2.U-S • J.H:-s 
5, 1£-6 3.6£-5 • l.1£•• 
6.2£.-6 1.4£-S • l.7E-S 
l.6E-S 5.4£-S • 9.8£-S 
a.ot-7 3.lC-S • 8.7[-5 

- 9.4£-8 l.,C-5 ;- s .oc-s 
1.SE-6 l.SE-S ;- 4.)(-S 
6.0£-6 2.sc-s ! s.st-s 
s.•E-5 t,7[-4 • 1.)(-) 
7.7(-5 1.5£-4 • Z.OE•4 
1.-«-5 2. 2£-5 • 4. 5£-S 
.i . 9£-6 2.0E-5 • l.2£-S 
l,4£-6 1.6£-5 • J.0£-S 
7.J(-6 5.JE-5 ! 1.JE-4 

J.7£-6 4.BC-5 ! l.OE-4 

l.OE-5 J.6(-5 • 1.l[- 5 
6 . LE-6 2.lE-5 _! 5.2£·5 

9 . 6£-6 l.7(-5• 7.aE•S 
s.n:-6 J,4(,S r 7.J£-5 
1.7£•5 2,8£-4 + 9.Zf-4 
9.0£-6 J .8(-5 • 9.SE·S 
l.2£•5 2, l[-4 • 5.5(•4 
2.0(-5 l.6[•4 • J .Bl.-4 
4.l[-5 l ,SE-4 • J . 4£•4 
5.lE-6 1.7[, S • 2. 9£-S 
!l.2{-6 2, 0E-5 • J . OC-5 
l.OC- 5 5.5(-5 • l.5[-4 
l.JE-6 5.X-6•1.u-s 
l.SE-6 J.5£-6 • 1.2(-5 - <ll. . . 6.0£-S ! 3. 0E-5 
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RHO-HS-SR-83-13 P 

Strontium-90 Levels 

As in 1982, the maximum annual average 90sr concentration was observed 
at the 241-TX Tank Farm (Conklin et al., 1983). The average concentration 
at this location was approximately 13 times the average concentration at 
Hanford Site perimeter stations, but only 0.02% of Table II Concentration 
Guidelines. The average 90sr concentrations at the remaining sample 
locations were equal to or slightly higher than the Hanford Site perimeter 
values. These concentrations are attributed to a combination of activities 
within the tank farms, other 200 Area operations, and from resuspension of 
low-level contamination in the surface soil. 

Cesium-137 Levels 

The maximum annual average 137cs concentration observed was also 
measured at the 241-TX Tank Farm sampling station. The average 137cs 
concentration at that station was approximately 18 times greater than the 
average Hanford Site perimeter station concentration, but only 0.06% of the 
Table II Concentration Guidelines. Tank farm operations and elevated 
concentrations of 137cs in the nearby soil are believed to be the majgr 
contributors of airborne radionuclides at this station. The annual 137cs 
concentrations at the remaining stations were equal to or slightly higher 
than the Hanford Site perimeter values. 

Plutonium-239,240 Levels 

The ·239,240pu annual average air concentrations at all stations were 
not significantly different than the Hanford perimeter values. The highest 
concentration (east of 241-B tank farm) was only 5 times the average 
perimeter concentration, but only 0.001% of Table II Concentration 
Guidelines. 

Uranium Levels 

Air concentration levels of uranium at all 200 Area ambient air 
sampling locations were less than 0.05% of Table II Guidelines in 1983. 

12 



RHO-HS-SR-83-13 P 

ROUTINE SOIL, VEGETATION, AND FECAL SAMPLING 

SUMMARY 

Surface soil, vegetation, and animal fecal samples are collected 
annually from 81 grid sampling sites to assess the overall impact of 
Rockwell operations on the Separations Area biota. Analytical results are 
compared with background, which is derived from perimeter data collected by 
the PNL environmental surveillance program (Price et al., 1984). Though 
soil radionuclide concentrations in many instances exceeded background 
levels, all sample results were below Rockwell internal surface soil contam­
ination standards (Boothe! 1979). The principal radionuclides observed in 
the 200 Areas were 90sr. 37cs, and 239,240Pu. 

200 AREAS GRID SAMPLING SYSTEM 

A grid system of 81 sample sites (40 in and near 200 East Area and 
41 in and near 200 West Area) monitors the Separations Area environment 
(Fig. 7, 8, and 9). Thermoluminescent dosimeters (TLDs) are also located at 
each site and are discussed in the External Radiation section of this 
report. No grid sample site is located within a radiologically controlled 
area. 

Soil 

During the early summer of 1983, surface soil samples were collected 
from the Separations Area grid sampling system. Each ~ample represented a 
composite of five plugs of soil collected from a 100 m area located at each 
grid site. Each plug was 2.5 cm in depth by 10 cm in diameter. 
Radionuclide analysis included gamma energy analysis (GEA), 90sr, and 
plutonium isotopic measurements. Data are shown in Table 3 and 4. 

In 1979, Rockwell established 11 derived 11 surface soil-contamination 
standards that are based on DOE Table II Concentration Guidelines for air 
and soil-particle resuspension model est imates for the 200 Areas (Boothe, 
1979). These standards represent permissible radionuclide concentrations in 
the soil above which radiological controls (e.g •• posting) are required. 
These standards are intended for use only within the Separations Area. No 
samples from the 200 Areas grid sites approached these standards in 1983. 

_ The predominant radionuclides found in the soil samples were naturally 
occurring 40K. 224Ra and 226Ra. and manmade 137cs. 90sr, and 239.240Pu. 
Mean concentrations of the artificial ly produced radionuclides that exceeded 
soil background levels at the grid sites are illustrated on Figures 10 
through 15. Elevated radionuclide concentrations were observed primarily at 
sites downwind of, or adjacent to processing facilities, tank farms~ waste 
disposal sites, or historical release sites. (See Fig. 16 and 17 for annual 
wind distribution for the 200 Areas). 

13 
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FIGURE 7. The 200 East Area Grid Sampling Si tes. 
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FIGURE 8. The 200 West Area Grid Sampling Sites. 
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RHO-HS-SR-83-13 P 

TABLE 3. Radionuclide Concentrations in Soil Samples at 
200 East Area Grid Sites (pCi/g). (Sheet 1 of 2) 

!lop 5411n 58Co location 

2£1• 0.048+0.036 
2£1• 0.048!i).035 
2£2 
2£3 
2£4 O.OSJ!l).044 
2£5 
2E6 
Z£7 
2E8 
2£9 
Z£10 
2£11 
2£12 0.047!9.035 
Z£13 
2El4 
2£151 0.051!9.028 
2El5& 
ZEU 
2El7 
2£18 0.04Z<D.03Z 
ZEii 0.039• 0. 036 
2EZO 0.070•0.0M 
2£21 D.04!@).041 
2EZZ 
ru11 
2£231 D.Dll• 0.029 D. IM8:!_().045 
2£241 0,056;!0.029 
2£241 
2E25 0.035<0.0M 
2E2' o.lll@.034 
2E27 
2£211 0.042!_C).041 
2EZII 0 .042!0. 032 
2£291 O,OU!0.035 
2E291 
2flQII 
ZEJOI> 
ZEJl 
2£32 
2EU 
Zf:34 0.040!0.022 
2£351 
ZE:!51 
2£361 
2E3&• 
2[,\I 
2[AI 
ZEii' 
ZEii 

0.039!_0.032 

Z£t• 
2ECI 
2El)I 
ZEl)I 

0.04l!_CI.OJ5 

Mui- 0.070 0,053 
!\tot- 0.038 0.035 
Average 0.046 0.04Z 
Peri.-
eterC 

lllepltcate ,...,1es collected. 
bwo s1111ple collected. 
CPrlct et 11 .• 1984. 

60Co 65zn 

0.052_!().043 
0.129!0.090 

0.053_!().039 

0.043<0.040 
0.046• 0.039 
0.061!().037 

0.094• ().073 
0 .°'°!_0.033 0.093:!_o.060 

II, 068.!0•054 0.099!0.012 

0.074_!().063 

0.045!_0.044 

0.085!.(l.045 

Q.099!0.070 

0.044!(1.036 

0.058+0.047 
0.070!0.064 

0.09)!0.068 

o.oas 0.128 
0.043 0.058 
0.056 0.090 

89Sr 905, 95Nb !ISzr 

O.IJ84!G.074 
0. 099+0.091 0.098• 0.031 0.065!;«]. 038 
O.Zlzi0.063 0.047•0.017 
o. 793+0.178 0.324+0.051 
0.371+0.Ul O.l5r• 0.038 0.071+0.0SJ 
o. 094• 0. 063 O.IZ,• 0.023 0.078:!_0.069 
0.189+0.050 0. UJ•0.016 
0.632• 0.lOJ 0.286• 0.031 
O. ll0+0.054 0.010-0.01, O. Ul.!_0.041 
0.228• 0. 141 0. 887• 0.055 
0.375• 0.111 O.JU+0.038 
I .050!0.252 I.Ho+D.09Z 

2.5J0• 0.1Z8 0.048!<).033 
0.569• 0.047 0.103!_0.0S2 
0.507!0.064 
0.548•0.063 
l.360+0.070 
2.670• 0. 145 

15. II00• 0. 984 
l.06o+o.091 
o. 565+0.059 
o. 727+0. 064 
0,515• 0,063 
0.687+0.069 0.073+0.037 
0,622• 0.072 0.056!(1.037 
0. 951+0.W 
l.eao+0.132 
l . lS0-0.115 O.lZZ!l).065 
0.275+o.050 
o. 791+0. 090 0.057• 0.039 
0.461+0,0SZ 0.06'!:0.040 
0. 734+0.077 
0.66l+0.076 
0. 579+0.068 
0.474!0-054 O.OZ7!_CI.D2Z 0.069!_0.056 

0.436!0.048 0.072!:(1.066 
0. !184• 0 . 089 0.044!_Cl.034 
O.JJOte.OSZ 
1.050• 0.083 
D.SO&+<l.053 
o.m• 0.ose 
0.4)4• 0.045 
0.444+0.045 
0.323• 0.046 
0.416•0.043 
D.l06+0.04l 
o. 348+0.043 
0.614+0.058 
o. 911)+(), 083 
0.650+0.065 0-060!0-036 
0.641!0. 060 

0, 150 15.900 0.188 O,lZZ 
0.1194 0.047 0.027 0.069 
0.385 0,99 0.064 0.090 

1.03 !,D. 58 

17 

l06iu, 

0.556!0.ffl 

0.lll!:(1.211 

0.365!().JDD 

O.Zl9!0.HO 

0.556 
0.288 
O.ltl 



RHO-HS-SR-83-13 P 

TABLE 3. Radionuc1ide Concentrations in Soi1 Samples at 
200 East Area Grid Sites (pCi/g}. (Sheet 2 of 2} 

Mop ll4c, l37Cs 
locat1Gfl 

ZEil 1.720+0.lli 
ZEil 0.067+0.0'8 1.ll0+0.108 
2E2 0.076_!().036 0.157•0.042 
2£] 0.084+0.049 ll.500• 0.lOII 
2£4 0.051!0.050 2. 920+0. 161 
2£5 1.670+0. 114 
2£6 0.726•0.078 
2E7 1.680• 0 . IZS 
2E8 O. OSl!,0.047 0.171+0.043 
2Et 8. 260• 0.ZSS 
2El0 3.140+0.160 
2Ell 0.]76+0.072 ZZ .300• 0.stl 
2El2 0.111• 0.039 29.600•0.274 
2[13 0,080!0.035 0.352• 0,0SJ 
2El4 0.064!,0.0U l.460• 0.101 
ZEIS& I . 360•0. 094 
2t:151 1. 310+0.088 
2[16 O.Dal!,0,039 2.J!Kl• 0.129 
2E17 l. 200• 0 .098 
2El8 0.066!,C).034 a.110.0.211 
2£U l. 740• 0.122 
lf20 0.571+0.071 
2£21 0.84~.0BS 
2£22 2.110-0.122 
ZEZJ• 0.062!1).046 5.550+0.215 
Z[ZJI 4. 210• 0.182 
2EZ41 0.0S8<0.038 4. 900• 0.180 
2£241 o.~.040 5.4§0• 0, l9S 
2[25 0 . 5'1• 0.07) 
2£26 0.686+0.077 
2£17 0.050!_0.045 0.279<0.053 
Z£ta,I 0.427+0.064 
Z£Z81 0.053!_0.042 0.3~.056 
Z£Z9I o.ll!llio.054 
ZE2tl 
zc:iob 

0.096!0.035 0.370!0.051 

Z[]Qb 
2E31 0.055+0.044 0.348• 0.058 
2£32 0 .05@.046 D. IJl•0.088 
2£33 0.050+0.030 
Z£J4 0.085!0.045 D. 74:,.0.076 
zas1 0. 581)• ().068 
2il51 0.118• 0.oez 
2£361 0.50l+o.06Z 
2£361 0,094!,0.043 0. 568• 0.066 
HA• 0.456• 0.064 
ZEA• 0.346+0.057 
~ O.OBS+o.031 0.423+0 .061 
2£11 o.u,:oo.06Z 0.4lS"°00.07l 
ZEC• l.960+0.llS 
2£CI 0.062+0.046 Z.720• 0.151 
ZED• 0.104• 0.046 1. 5118l. m 
ZEDI 0.097!1).034 l.650!:0. IU 

11u•- 0.176 z~.600 
lllnl- 0.050 0.050 
Aver•ge 0.01, Z,1!25 , ... 
tttr<' 0.115 ,!0.56 

IA1pl1c1u •11111les collocte4. 

llilo Hapl• collected . 
CPrlct tt 1l., 1!1114. 

l41Ce 

0.130!,0.071 

O. DIS!O, DIM 

0 .14&+0 .1183 
0.1J6!0.0IIS 

0.085!(1.077 

0 .074!,0,069 

0.075!,0.0Sl 

0. 148 
0.014 
0.105 

l44ce 152Eu l54Eu 155£u 2l8Pu 

0 . 2lh0.099 
0.441!0.16-4 O.U6!(1.l26 O.OlOl0+0.00400 

0.00208•0.00155 
0.]22•0.141 0.01660• 0.00717 
O.ztJ'!0.180 0.003S9• 0 .00170 

0. 145!().IU 0 .00458!0.00304 
0.157!,0.107 

O.OOIM• 0 .00171 
O.Oli40• 0 .00S98 
0.00922• 0.003411 

0. 756!_0. 592 0 .452+0.Zll 0.157!_0.]57 o. 01040•C .00318 
O.Z60<0.14l 0.111!_0.lll 0,0024]!0.00106 
O. ZJ8• 0.109 
o.zoe!o.m 0,00109!0.00074 
0.216!().099 

O.Z57!,0.210 0.130!0.0'.il 
0.00079!0.00045 

O.ll9!0.Z6t 0.194+0. 104 
0.209.!().162 

0.00136+0.000S!I 
0.246!0.120 0.120!:0.102 0.00120+0.00060 

0.00049•0.00048 
D,239!0.Z37 O.ztl• 0,155 0.00184+0,00435 

0.323• 0.UI o. 00680>0.00428 
0.426.!().301 o.21@.112 o .oo:JO&!o.0021, 

O.ZZt+0.144 0.00114!,0.00064 
O.lt2!0.146 

O. Z36,!().155 

o. Zl 9!0.184 o. 000411,!0.00036 

0.257!_0.250 
0.00041 !,0. 00037 

0 . 302,!().177 

0,249!0.lll 

0.00034!1).00026 

0.182!_0.124 

o. 300!_0.221 0.227!().129 
0.132!0. lll 0.00061,!0.00057 

O. OOZOM>. 110121 
O, DOU]!0.00061 

0.756 0 . 452 0.227 0.ltl 0.01940 
0.219 0.192 0.120 0.130 0.00034 
0. 356 0.271 0.1n 0.150 0.00438 

18 

2l9Pi, 

o.02J,!O.ooa 
0.0111,!0,005 
O.OOJ-0,002 
0.051+0.0ll 
O.Oll!(l. 00] 
0.OOM>.003 
0.02&!(1.008 
0.007+0.004 
0.00&<-0.002 
o.ou!i).oos 
0.006• 0.00l 
0.054!0.009 
0,064+0.00S 
0.021+0.006 
O.Ol@.003 
0.098!0. 007 

g:~::! 
O.Oll•0.004 
0.02~.003 
0.041,!(l.004 
0.030+0.004 
0.730t«l.042 
0.094+0.015 
0. 105•().0li 
0, 020!0 .DOS 
0.035+0.003 
O.Oll• 0.004 
0,014!1).003 
0,00)!_0.001 
O.OOt+0.002 
o.~.001 
0.009+0.002 
0.008!0.00l 

0.00500.002 
O.OlZ+0.002 
0.002.:0.001 
0.013+0.002 
0.010!0.002 
0.11100.01, 
o.01~.003 
O.OU+0.003 

g:=::::=:r 
O.OZt+0.003 
0.062!0-00S 

::~:= 
0. 032•(). DO!i 
0.023!1) .004 

o.no 
0.002 
0.043 

0.019!0.008 



TABLE 4. Radionuclide Concentrations in Soil Samples at 200 West 
Area Grid Sites (pCi/g) . (Sheet 1 of 2) 

~IP 54'4n sac. locat ion 

ZWl 
ZW2 
2\131 
2\131 

0,038!(1,037 

2\14 
2115• 
zvs• 
2116• 
2W6• 
2117 0.050!0.049 
2V8 o.~~. 035 
2\19 0,059,!_0.033 
21110 
21111 0.064!0. 039 
21112 0. 039,!_0.037 
ZWIJ 
ZW14 
21115 
2\116 
2\117 0.046!() . 031 
ZW18 
zwu 0.07H0.055 
21120 0.043!().042 0.061!().059 
ZW2ll 
ZW21• 
ZWZ2 
211231 

2\1231 
zwz4• 
zw241 
ZW2S 
ZW26 
ZW27 
2\128 

0 .07l,!_0.04S 

211291 
211291 
ZWJO 
ZW31 0.043+0.037 
ZW3Z 
ZW33 

0.043!().024 

ZW34 
2\135 0.093!().045 
2\IAI 
ZlfAI 
2111• 
Ml• 
zwc• 

0.038!().030 

zwc• 
zwo 
ZWE 
NF 

Maxi• .- 0.059 0.093 
Mtniala 0. 038 0.050 
Average 0.043 0.068 
Pertaeterll 

&Replicate saples collected. 
bp,-1ce et al •• 1'84. 

&Oco 

0.063!0.045 

0.085!0. 037 
0.080,!(l.046 
0.062,!_0. 039 

0. 080,!_0.033 

0.133!0, 040 

0,037!0, 0lS 

0.054!() . 041 

0.133 
0,037 
0 ,074 

65zn 89Sr 90sr 95Nb 9Szr 

0. 53S!Q. 053 
l.l!I0+0.083 
0.327+0.041 
0.459+0.049 
0.533!<). 051 
0.459+0.049 

0.081!(1.054 

0.450+0.04t 
0.337+0.042 0.072!().042 
0.408+<).063 0.09S,!_0.076 
0,378+0.059 
1.040+0. 070 
1.140+0.079 
0.534+0.062 
0.357+0.053 0.129;!_0.076 
o. 515+0. 068 0. 087+0.076 
1.550!0. 080 0. 093!().043 
O.J:18+0.054 

0. 112,!_0.074 0.6Zll+0.073 
0.629+0.066 
0.213+0.0Sl 

0.073!() .062 0.011+0.031 o. lle+o.059 
0.992+0.089 0.069!0. 065 
0. 355+0.058 
0. 374+0. 050 
0.669+0.072 

0. 109,!_0.086 0.907!().080 
2.520• 0. 130 
l . 330+ll.08S O. IO!(J,097 
0.659+0.066 
2. 000+0.167 
0. 762+0. 050 
1.110+0.083 
1.630+0.070 
0.820+0.052 
2,680+0.093 
0.862+0.053 

0. 177!().099 0.623.o.047 0.187!().104 
0.355+0. 065 

0. 107!().063 0.662+0.051 
o. 799!0.055 
1,840<0.lll 
0.547+0.045 
0.507+0,053 0.11~.lon 
0.150+0.020 
o. 088+0, 021 
0,160+0,025 
0. 361+0, 038 0.211,!_0.121 
0.340+0.040 
0.299+0.043 
O.BO!J!0.0115 
0.352,!_0.034 

0.111 -- 2.680 0.187 0.211 
0.013 - 0.011 0.069 0. 095 
0.116 .. 0.740 0. 114 0.145 

l.03 ,!_0,58 

10641u 

0.641,!_0.276 

0.406!<).372 

0."3!,0. 316 

0.328,!_0.303 

0.677,!_0.315 

0.677 
0. 328 
0.499 

~ 
0 
I 

::c 
V, 
I 

V, 

"' I 
co 
w 
I -w 

" 



Nap 
locat ion 

ZW I 
2112 
2W31 
2W3• 
2W4 
21151 
21151 
2116• 
2W6l 
2117 
2118 
2119 
21110 
21111 
211l2 
21113 
21114 
21115 
21116 
21117 
21118 
21119 
2W20 
Z\1211 
2W2ll 

TABLE 4. Radionuclide Concentrations in Soil Samples at 200 West 
Area Grid Sites (pCi/g). (Sheet 2 of 2) 

134c, Ille, 141ce H4ce 152Eu 154Eu 155Eu ZlBPu 

0 . 0sa+G. 045 0 , 527+0 . 070 0 , 001Z5+0,000M 
0. 076+0,049 ,.950+0.m 0, 240!.{), 158 0.176+0.099 0. 247!().173 0.00323+0.00277 - 0.382+().059 0. 142!(), 122 0. 00068<0.00061 

0.562'0. 074 0. 0018!1+0 .00149 
1. 140+0, 101 o. oom+a.00160 

0, 068!C) . 036 0.755+0.075 0.00421!().00244 
0.504+0. 064 0. 147+0. 130 
0.391:.0. 057 - 0.106+0.088 0.00202_!(1.00098 
0.361)'.o. 056 0.190+0.145 -
5.000+0. 200 O. l~. 148 0,00243<0.00218 

36. 300+0. 510 0,124+0.112 0. 00295<0.00145 
0.050!0.045 5.310+0.ZlO - 0.02280+0. 00223 

1. 300+0.105 0.00527+0. 00127 
0 ,451i0 .062 0. 126+0.061 0.106+0.103 o.oom:i:o. oou8 
1. 430+0.107 0.304+0.212 - -

25.300+0.448 - 0. 0039&+0.00230 
1.870+0.lll O. ll5+0.100 0. 094+0.0IS -

0.074_!(1.0t4 o. 707+0. 075 - 0. 094+0.090 
0.484+0.065 - 0.111!().127 

0, 05)!0.0tO 0.324+0.058 0 . 182+0.147 0.00171+0.00073 
1.560+0. 108 0.151!() .091 0. 04261)'.o,00645 
7. 980+0. 260 0.124+0. 112 O.OOIIIJ!0.00449 

O.Ot0_!().048 0.918+0,089 0. 294+0.216 - 0. 162+0.140 
o. 708+0,076 - 0,180!0,173 -
l . 000+0.093 

Z39?u 

0.015+0,003 
0. 9l7+0. 045 
O,Ol!l+0,003 
0 .046<0. 007 
0,039+0,006 
0.160+0.015 
0.035+0. 005 
0.026+0.003 
o. 017+0. 003 
0,028+0,007 
0.052+0.006 
1.870+0. 020 
0.247:.0.008 
0. 065+0.007 
0. 052+0. 0ll 
0.142+0. 014 
0. 07!1+() . 008 
o.129Io.012 
0.013+0. 004 
0.061+0.004 
o. 903+0 . 030 
0.473+0 , 037 
0, 078+0.010 
0.0l!l+0.005 
0 .020+0, 006 

:x, 
:c 
0 

I 
:c 
V, 
I 

:?5 ~!~~ I . --·· ... I ~:~:~J I I I .. ....... I I I ~-~~~-~~ I rn~f ~! ~ 
2W22 1. 060•0 , 089 0,06J+0,014 
2W23• 56, 600+0, 645 0. 02S40+0. 00651 1, 140+0.044 
211231 0.059+0.048 33,100+0. 489 0,142+0,lll 0.01580+0.00690 0.65!1+(),044 
zwz41 - 2,760+0. 136 
2W241 O,Ollll!C). 037 4. 490!0.177 
21125 0,05)!0.038 o. 706+0. 074 
2W26 0 , 592+0.069 
21127 9.970•0.254 
21128 3. 850• 0.163 
211291 2.120t0.135 
2W291 1. 730+0. 119 
21/30 0.00+0.049 1.240+0. 100 
21/31 0.487+0.063 
21132 0, ffJ•0 ,076 
21133 2.090+0. 129 
21134 l.890o0.115 
21135 0 , 746+0,078 
2\IAI o.on+o.056 0.711:.0.082 
ZIIAI 0.066!().0l9 1.040+0.093 
2111• 0.479+0.062 
zwa1 0. 092+0.039 0,482+0,065 
zwc1 0.07'!0,037 o.«S+o. 060 
zwc1 0,2aS+O.OSO 
211D 0.084!(J.051 0. 434+0. 066 
2WE o. «9+0.063 
ZVf 0. 442!(), 063 

Maxta111 0.092 56.liOO 
Ntni.,. 0. 050 0. 285 
Aver•ge 0.071) 4.532 
hriMterb 0, 85!0,56 

IRepltcatt 1aplK collected. 
bt>rtca et 11 ,, 1984 , 

0. 349+0.233 -
0. 389!0.364 

0,284+0.208 -

0. 232+0.192 
O,JOJ!C).301 

-
0.349 0.389 
0. 135 0.303 
0. 256 0.332 

0.245:.0.143 
0 , 235• 0 . lll 
0.196+0 , 14I 
0.192+0 . l39 -
0. 27l!C). 171 

0,094!0,090 

0. 144_!(1.105 

0. 179!0,096 

0,147+0. 147 
0.151!() . 139 

0,26S!(J.125 
0.157!(J . 067 

0.299!0.165 
0.11)!0. 095 

o.m 0.176 0.247 
0.142 0,094 0.106 
0.195 0,128 0.153 

0 ,00278+0.00nl 
0.00310+0.00234 
o .oooee+o.00083 
0.00215+0.00096 
0.007111J!0.00247 
0,00100+0.000II 
0 .00392+0.00141 
0.01040+0.00230 -
0.005'1!0-00209 

0.25300+0.02271) 
0 , 00895+0.00320 
0.00112+0.00047 -
0.00115+0,00103 
0.00044+0.00039 
o.~.00045 

0. 25300 
0.00044 
0.01368 

0,091i0.0l3 
0.108+0,014 
0. 022+0.004 
0. 031i0.004 
0,097+0, 00I 
0. 016+0.003 
0.053+0.005 
O. Ot4+0,005 
0.048+0.007 
0,136+0,0IO -
0. 041+0.006 
O.llSTo.015 
0.043+0, 007 
0 , 024+0. 002 
0 , 026+0. 006 
0.013+0. 004 
0.010+0.002 
0 ,015+0,002 
0.009+0.002 
0,008+0,003 
0. 010+0.00J 
0.009!0. 004 

1.870 
o. ooe 
0.167 
O.OU!(J,0118 

co 
w 
I .... 
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RHO-HS-SR-83-13 P 

Cesium-137 concentrations exceeded background levels at most sites in 
the 200 Areas. The highest concentration was 56.6 pCi l37cs/g at Site 2W23. 
This level is approximately 14% of the surface soil contaminijtion standard* 
of 400 pCi 137cs/g. There were no significant increases in 137cs concentra­
tions in the soil from previous years . 

Concentrations of 90sr in soil at most sites exceeded background 
levels; however, the highest concentration (15.9 pCi 90sr/g at 2El7) was 
only about 4% of the soil standard for 90sr (400 pCi/g). 

Soil concentrations of 239,240pu were insignificant in the 200 East 
Area with only six sites exceeding background levels. The highest level 
(1.87 pCi Pu/g at Site 2W9) was 3.1% of the surface soil ,contamination 
standard (60 pCi Pu/g). These concentrations are attributable to Z Plant 
plutonium-related operations in the 200 West Area. 

VEGETATION 

During the early sunner of 1983, various vegetation samples were 
collected, where available, at each of t he 81 grid sites. The vegetation 
samples consisted of stems and leaves f rom growing plants at each site. The 
major vegetative types included sagebrush, tumbleweeds, rabbitbrush, and 
various grasses. All of the vegetation collected from each site was 
composited and analyzed for ganwna-emitting radionuclides. Radi~nuclide 
concentrations are listed in Tables 5 and 6. The location of 7cs 
c3ncentrations above background are shown in Figures 18 and 19. The maximum 
1 7cs concentration (1.1 pCi/g) was at Site 2W13, which is adjacent to 
TX tank farm. The higher radionuclide levels generally were observed 
downwind of operating facilities. 

Animal Feces 

When soil and vegetation samples are collected at the 200 Area grid 
sites, animal feces are also collected within the sampling area. The feces 
are analyzed as an indicator of radioactive-waste management operations 
impact on the 200 Area animal population. The predominant type of feces 
found in 1983 was from the rabbit popu l ation. Analytical results are listed 
in Tables 7 and 8. 

The predominant radionuclides ijtected in feces were naturally 
occurring 40K, followed by manmade 7cs. Most feces, however, were below 
the miniTum detection limit for all ga1J11111-emitting radionuclides. The 
maximum 37cs concentration (81.5 pCi 13 Cs/g) was in rabbit feces collected 
at Site 2W28, which is adjacent to the 241-S/SX/SY Tank Farms. 

*see soil contamination standard definition on page 13. 

29 



TABLE 5. Ra dioncul i de Concentrati ons in Vegetation Samples 
Collected at the 200 East Area Grid Sites in 1983 (pCi/g). 
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TABLE 6. Radionuclide Concentrations in Vegetation Samples 
Collected at the 200 West Area Grid Sites in 1983 (pCi/g) . 
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FIGURE 18. Cesium-137 Concentrations in Vegetation Samples Collected at 
200 East Area Grid Sites. 
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200 West Area Grid Sites. 
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TABLE 7. 

Map Feces 40i( 
l ocation type 

2£1 
2£2 
2£3 -2£4 -
2£5 
2£6 
2£7 
2£8 Rab 13,4+4.5 
2E9 R1b 14.0+10.2 
2£10 Rib 21 -•~:io.1 
2Ell 
2£12 Rib 
2£13 Rib 
2£14 Rab 2.5+1.5 
2£15 Rob 15.9+8.8 
2El6 Rab 18 .4~ . 9 
2E17 Rab 
2El8 Rib 3.8+3.1 
2El9 Rab 3. 6+2.7 
2E20 Rab 4,2!2 , 0 
2E2l R1b 
2£22 R1b 
2E23 Rob 14 . 5.!_5.1 
ZE24 Rib 
2£25 Rib 10.6+3.7 
2£26 RII, 5,Z!l.9 
ZE27 Ru 
ZEZS Rib 7 .6+3.3 
2£29 Rab 2.)!2.2 
2£30 
2£31 Rib 10. 7+4.6 
2E32 Rib 10.0!3, 4 
2E33 Rib 
2El4 Rib 
2£35 Rob 
2E36 Rib 5.2+2.l 
ZEA Rib 5.8+3.l 
2£B Rib 3, 8!1.8 
ZEC Rib 
2£0 Rib 7 .4.!_3.1 

Mu1- 27 •• 
Mini• ia 2. 3 
Average 9.3 

The 1983 Feces Sample Results from 200 East Area Grid Sites 
(pCi/g Dry Weight). (Sheet l of 2) 

~n 58(:o 60co 65zn 95Mb 95zr 106Ru 

0. 60!1!(). 234 

l.250!;1.080 

0. 566,!(l. 300 

l . 3~1.020 

0.150,!(l.129 

0.436<0. 338 
o.620!0.351 0.513,!(l. 395 

4. 790,!_2.510 
0.122,!(l.093 0.3~0.311 

0.306<0.193 
0.172_!0. 159 0,696,!(l . 393 o. 282 • 0. 257 

0. 284+0.230 
0.302!().245 

0.566 -- 0.609 1.320 0.620 l.250 4.790 
0.122 -- 0.150 0.696 0.282 0.320 4.790 
0.344 -- 0.309 1.008 0.385 0 . 694 4.790 

134cs 

0 . 325,!(l.1!16 

0.544,!(l.308 

0 . 268,!(l.169 

0.654 

I 0.268 
0. 448 
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Map Feces 
location type 

ZEl 
ZE2 
2£3 
ZE4 
ZE5 
2£6 
Zt:7 
2£8 Rab 
2£9 Rab 
Zt:10 Rab 
2Ell 
2El2 Rab 
2El3 Rab 
2El4 Rab 
2El5 Rab 
2£16 Rab 
2£17 Rab 
2£18 Rab 

TABLE 7. The 1983 Feces Sample Results from 200 East Area Grid Sites 
(pCi/g Dry Weight). (Sheet 2 of 2) 

l37c5 l4lce l«ce l52Eu l54Eu l55Eu 224Ra 

0.336+0.203 2 . 320!1.060 l.220+0.430 
l. 160+0.521 2. 300! l. 660 2.6~1.440 
1.09C®.426 

o. 770!0.609 2.570+1.040 
0.526+0.453 

0.l06!(l.088 o. 710!0 -367 0.459+0.224 
2.850+0.696 3. 470+1.170 
0.488!<).33S l.890+0. 71S 

6.5l():t6.500 3.lSO+l.710 
0.331_!0.285 0.632!<).474 0.786+0.392 

226fta 

l.970+1.260 
l.330!(). 778 

0. 423!<). 363 

232Th 

2. 470+1.000 
0. 506+0.436 
0 . 442!(). 216 

0. 7S4+0.377 

:,0 
::c 
0 
I 
:t: 
V, 
I 

w V, 2El9 Rab l.370!Q.827 0. 849!<).686 0.513!<).332 0.493!<).319 
"' :,0 2E20 Rab 

2E2l Rab 0.252,!().182 
ZEZZ Rab 
2E23 Rab 0.343+0.241 
2£24 Rab l.240!<).733 
2E25 Rab 
2E26 Rab 0.988+0.754 
2£27 Rab 0.427+0.207 I. 340!(). 946 
2£28 Rab 0.2643). 175 
2E29 Rab 
2E30 
ZE3l Rab l . 280_:0. 738 
ZE32 Rab 0 . 960+0.222 
ZE33 Rab 0.646!().581 4.120!2. 480 
Zt:34 Rab 
2E35 Rab 
2E36 Rab 
ZEA Rab 
ZEB Rab 0.210+0.178 1.230!0.913 
ZEC Rab 0. 208+o. 203 
ZED Rab 0.531!0.201 l. 040!(). 792 

Kaxi- 2.850 0 . 632 l.230 6.510 
Mlni• ia, 0.106 0.632 l . 230 0.988 
Average 0.678 0.632 l.230 2.371 

2.130+0. 619 
l.860+0.677 

l. 440:!_ l. lOO 0.781+0 . 611 
6.680+2.230 

0 . 734,!().442 0.683• 0.318 
0.342+0.183 
l.090+o.373 

t~:~:;~ 
0.401+0.317 
l.100+0 . 371 
3.2~1.490 
l.920+0.815 
l.S00+0.580 

o. 719+0. 371 0.531+0.247 
l.Zl()!0.674 0 . 841+0. 429 

0.354+0.332 
l. 030+0. 440 

0.329+0.Zll 0.611!0.214 

2.300 0.329 6.680 
0.710 0.320 0 . 342 
l.137 0.329 l.506 

0.997,!().S74 

0.516!().385 

0.587_:0.513 

0.598+0.341 
o. 7893).363 

0.339,!().268 

0.292!<).256 

1.970 
0.292 
0 . 784 

0.657+0.306 
0.329+0.176 
l. 050!(). 359 

0 . 385+0.305 
1.060+0.357 
3. 150!1.430 

3.150 
0.329 
l.027 
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w 
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0, 

Map 
location 

2Wl 
2W2 
2W3 
2W4 
2W5 
2W6 
2W7 
2W8 
2W9 
2Wl0 
ZWll 
2Wl2 
2Wl3 
2Wl4 
2Wl5 
2Wl6 
2Wl7 
2Wl8 
2Wl9 
2W20 
2W21 
2W22 
2E23 
2W24 
2W25 
2W26 
ZW27 
2W28 
2W29 
2W30 
2W31 
2W32 
2W33 
2W34 
2W35 
2WA 
211B 
ZIIC 
zwo 
ZWE 
ZWF 

Maxhlllh 
Mini-
Average 

Feces 
type 

Rab 
Rab 
Rob 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 

Rab 
Rab 
Rab 

Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
R&b 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 
Rab 

TABLE 8. 

I 40i( 

5.7+2.9 
11.4!4,8 

7 .0+6. 3 
8. 5+3.0 
5.0+2.l 

14.3+8.6 
16.0+5 . 2 
12.9!8.7 

9.4!4 .6 

28.~15.9 
16.Si5.8 

8.4+5.3 
7.4+3.0 

19.l})0.6 

3.7_!2.2 

12.~5. 2 
20.4+14 . 4 
6,6!).4 

41.0+21. 7 
6.8+3 . 3 
6.7+5.7 
3. 9!2 . 4 

52. 7+18 . 8 
13.CJ!4. 9 

21.8+8.3 
9.4!3 ,2 

52. 7 
3.7 

14.2 

Tne 1983 Feces Sample Results from 200 West Area Grid Sites 
(pC1/g Ory Weight). (Sheet l of 2) 

54"n 5&co 60co 65zn 95Nb 95Zr 106Ru 

0.42!>+0.248 
0.297!0 . 253 l.21()!0 . 640 1. 290! 1. 200 

0 . 640!().434 1.560!1.040 
2.190!1 , 600 

0. 727!0-671 
2.740!1.650 

l.33<)!0.847 
1.470!() . 716 1.250!().967 

4. 250+3.070 
0. 502+0. 290 l.29<)!1.170 

0 . 917!<) . 706 0.5723) . 436 
3. 220! 1. 320 

1.140!().669 2.110!1.420 

0.167!0,147 

0, 860!<). 460 1. 440!,0. 770 

0. 698!<).635 

2.lS0:!,1.910 6.210!4.490 
1. 690! 1. 540 

0 . 210+0.145 0.533!;{).259 2.090+1.490 
0. 627!().358 3.650!2.080 

0. 604!<) . 302 0.445+0.346 
2,660!1.800 

3.090!2. 020 
0.726!;0 . 697 

0. 437!_0 . 355 0.606!_0 . 470 
1. 160!().825 

2.150 3.090 0.604 6.210 2. 740 4.250 i 3.650 
0.167 0.533 0.502 0.429 0 . 698 1. 250 2. 090 
0.647 1. 211 0.559 l.702 1.600 2. 008 2. 788 

134Cs 

0. 192!0.165 

o. 711!0,329 

0 . 465+0.452 
0. 4223).205 

0.576!0,467 

0.63<)!0.540 

0 .242+0.187 
l.640~J-OSO 

1.640 
0.192 
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NONROUTINE ENVIRONMENTAL SAMPLING 

SUM4ARY 

In addition to the routine environmental surveillance program, 
nonrout1ne special sampling is performed to investigate environmental 
anomalies, determine the extent of problems identified by the routine 
program, or ensure compliance with Federal and Rockwell standards. 

Biological samples (animal and vegetation) were collected wherever 
transport of radioactivity was found or suspected. An effective herbi­
cide spray program has considerably reduced radionuclide transport by 
tumbleweeds. 

BIOLOGICAL TRANSPORT OF RADIONUCLIDES 

Biological transport of radionuclides can involve the following 
processes: 

1 Upward movement of subsurface radioactive waste to the surface by 
physiological plant processes 

• Dispersion of such plants by wind to previously uncQntaminated 
areas (secondary transport) 

• Contaminated feces and urine deposited by animals that have gained 
access to waste sites and ingested radioactive Naterials 

• Contaminated animals themselves which have ingested radioactive 
materials directly or from eating other contaminated animals 

• Nests built by animals and insects using contaminated materials. 

Transport by Vegetation 

Several sites in the 200 Areas environment are known or suspected 
sources of contuinated vegetation. Tumbleweeds and other annuals absorb 
radionuclides through the root system, die. break off, and migrate via 
prevailing and high winds. Though tumbleweed is the principal plant type 
involved in biological transport. other species such as sagebrush, rabbit­
brush, and locoweed may also be included (Price and Rickard, 1973). Verti­
cal transport of radioactivity by plant processes continued as a concern 
in 1983, though the problem has decreased considerably due to decreased 
plant root intrusion following herbicide application. Areas where 
contaminated vegetation was known to grow by the end of 1983, or where it 
has been a problem in the past resulting in surface contamination, include 
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Map 
location 

2Wl 
2W2 
2W3 
2W4 
2W5 
2W6 
2W7 
2W8 
2W9 
2Wl0 
211ll 
21112 
21113 
2Wl4 
2Wl5 
2Wl6 
21117 
2Wl 8 
2Wl9 
2W20 
21121 
2W22 
2W23 
2W24 
2W25 
2W26 
2W27 
2W28 
2W29 
2W30 
2W31 
2W32 
21133 
2W34 
2W35 
2WA 
2WB 
2WC 
2WO 
2WE 
2WF 

Maxi11um 
Mini11111n 
Average 

TABLE 8. The 1983 Feces Sample Results from 200 West Area Grid Sites 
(pCi/g Dry Weight). (Sheet 2 of 2) 

~ 

! 41ce I Feces. l J7c, l4~Ce l52Eu l 54Eu l 55Eu 244R a 226Ra 
type 

Rab 1.840!<),305 0.637:!_0.486 o. 689+<). 320 
Rab l.8]0!0.617 
Rab 
Rab 2. 840+0. 906 
Rab 0. 772+0. 343 
Rab O.llO!_O.llO 0.737+0.466 o. 551!() . 252 0.543:!.(l. 282 
Rab 2. 940!2. 380 
Rab 0.890+0 . 345 1.070!_1.060 2. 530!<). 780 
Rab l. 51•! 0 ,512 
Rab 
Rab l.510!_0. 913 2,650+0.630 
Rab 1.170!<).328 0. 677!().412 
Rab 35 , 700!.2. 340 3. 730!_3.070 
Rab 
Rab 0 . 666:!_0 ,l67 1.280+0.814 1.280:!.(l . 800 
Rab l.840:!_(l . 95 1 l.150_:0. 558 l.12•! 0.3fi0 
Rab 

Rab 
Rab 1.070!<).675 1.530+0.509 
Rab 0. 768!() , 366 

Rab 0.512_:0.448 2.290:!.l.520 
Rab 3.010+1. 400 
Rab 2. 660+0. 423 0. 552+0.521 o. 595• 0. 520 
Rab 15. 900+1. 520 2. 0BO!l.050 I 1. 990!1. 110 
Rab 81. 500!5 . 180 
Rab 11.600_:6.160 9.840+4.840 5 . 440+4. 700 
Rab 0. 97~0.428 0.68f~0 . 411 
Rab 0.783• 0.306 
Rab 0.507+0.205 
Rab 1.790!1.030 4. 510+1.360 
Rab 5.900+2. 730 3. 760+2.5l0 
Rab l.890:!.l.OlD 2. 060+0. 621 l. 180+0. 686 
Rab 0.228.:() . 209 0.951+0.540 l. 58C@.514 
Rab l.260+0.738 
Rab l. 440+0 . 589 
Rab 
Rab 

l.230!(). 750 1. 870:!.(l.955 

Rab 0.751.:().543 o. 572:!.(l. 329 

81.500 -- -- 2.940 11.600 3. 730 9. 840 5. 440 

I 
0.110 -- -- 0.737 I 0.637 1.070 0.551 0.543 

' 
9. 718 -- -- l. 754 I 3.535 2.400 2.065 
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RHO-HS-SR-83-13 P 

NONROUTINE ENVIRONMENTAL SAMPLING 

SUMMARY 

In addition to the routine environmental surveillance program, 
nonroutine special sampling is performed to investigate environmental 
anomalies, determine the extent of problems identified by the routine 
program, or ensure compliance with Federal and Rockwell standards. 

Biological samples (animal and vegetation) were collected wherever 
transport of radioactivity was found or suspected. An effective herbi­
cide spray program has considerably reduced radionuclide transport by 
tumbleweeds. 

BIOLOGICAL TRANSPORT OF RADIONUCLIDE$ 

Biological transport of radionuclides can involve the following 
processes: 

• Upward movement of subsurface radioactive waste to the surface by 
physiological plant processes 

• Dispersion of such plants by wind to previously uncontaminated 
areas (secondary transport) 

• Contaminated feces and urine deposited by animals that have gained 
access to waste sites and ingested radioactive materials 

• Contaminated animals themselves which have ingested radioactive 
materials directly or from eating other contaminated animals 

• Nests built by animals and insects using contaminated materials. 

Transport by Vegetation 

Several sites in the 200 Areas environment are known or suspected 
sources of contaminated vegetation. Tumbleweeds and other annuals absorb 
radionuclides through the root system, die, break off, and migrate via 
prevailing and high winds. Though tumbleweed is the principal plant type 
involved in biological transport, other species such as sagebrush, rabbit­
brush, and locoweed may also be included (Price and Rickard, 1973). Verti­
cal transport of radioactivity by plant processes continued as a concern 
in 1983, though the problem has decreased considerably due to decreased 
plant root intrusion following herbicide application. Areas where 
contaminated vegetation was known to grow by the end of 1983, or where it 
has been a problem in the past resulting in surface contamination. include 
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the solid-waste burial grounds, liquid-disposal cribs and trenches, and 
surface ponds and ditches (see Fig. 20 through 23). Areas contaminated 
in 1983 by windblown tumbleweeds are listed below. 

• Outside Perimeter Fence of 241-C Tank Farm: Contaminated tumble­
weeds and fragments (to 30,000 counts per minute (cpm) (with a 
P-11 probe) on an Eberline Model BNW- 1 count rate meter) were 
found along the outside fence of 241-C tank farm. The exact 
source is not known. The weeds were removed for disposal. (See 
No. 1 on Fig • 20 • ) 

• 218-E-12B Stabilized Burial Ground: The tumbleweeds found at this 
site (to 4,000 cpm) were believed to originate from the active 
portion of this burial ground. The weeds were removed immedi ­
ately. (See No. 2 on Fig. 20.) 

• 241-TX TY Tank farm Perimeter: Contaminated tumbleweeds (to 
3,000 cpm were found along the south fence line of this tank 
farm. The source was be l ieved to be 216-Z-7 crib. The area was 
cleaned. (See No. 3 on Fig. 22.) 

• 207-S Retention Basin: Old tumbleweeds found here (to 2,500 cpm) 
were believed to originate from the Redox Pond Area before 
herbicide spraying was begun. The weeds remain within a 
radiologically controlled area. (See No. 4 on Fig. 22.) 

• Environment Northeast of 200 East Area: Three contaminated areas 
northeast of 200 East Area were found by PNL Radiat i on Protection 
Technologi5ts. Contaminated tumbleweeds found at that time ranged 
from 700 to 30,000 cpm and were picked up immediately by Rockwell 
Oeconta1ilination and Decommissioning personnel. The source was one 
of the 200 East Area Waste sites. (See No. 5 on Fig. 21.) 

Past analyses of tumbleweeds indicated that 90sr was the principal 
radionuclide taken up by the plants (Conklin et al., 19821~ however, sage­
brush analyzed from the 216-S- 5 crib contained primarily J 7Cs (1,900 pCi/g 
vs 200 pCi 90sr/g). The presP.nce of contaminated vegetation remains a 
nuisance prob1em (though less than in previous years), but poses no 
signific~nt radiological health hazard to Rockwell employees nor to the 
general public. 

As sites are 5tabilized and the herbicide spray program continues, the 
tumbleweed biological transport problem decreases. 

Transport by Animals 

In 1983, several incidents of biological transport involving animals 
were discovered during routine radiological surveys and during investiga­
tions. As in 1981 and 1982, the prevalent vector involved pigeons (Conklin 
et al., 1982; Conklin et al., 1983). Many incidents relate back to the 
204-S Waste Unloading Facility, which was decommissioned in 1983; however, 
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due to the relatively short biological half-lives of most radionucl1des 
involved, concentrations were significantly less than in birds analyzed 
during the previous 2 yr (see Table 9). Other pigeons were traced back to 
Semiworks in the 200 East Area, where access to radioactive contamination 
inside the facility was discovered. All access holes were blocked off 
in 1983 to prevent future intrusion. 

Other biological transport incidents involved mice, swallows, snakes, 
and unidentified small birds (see Table 10). 

SOIL 

Special soil sampling may be performed when it is suspected that 
Rockwell surface soil contamination standards are being exceeded or when an 
area is to be released from radiation area posting. In 1983, areas sampled 
included the surface of 216-A-8 Crib, areas around 216-B-3 and 
216-A-25 Ponds, and the UN-216-W-4 unplanned release site. Except for the 
surface of 216-A-8 Crib, which is appropriately posted as Surface 
Contamination, no soil standard was exceeded in these special samples (See 
Table 11). 
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TABLE 9. Bi ological Transport by Pigeons in 1983 (Concentrations in pCi/g Dry Weight). 

Bet a-ga1111a 
60co 90sr l ZSsb 134cs 137cs l54Eu 155Eu Vector Location act i v1ty 

(P-11 probe ) 

Pi geon ( skin)ft 202-S roof 950 cpm b 0.84 b b 430 b b 

Pigeon nes t 202- S roof 4,000 cpm 5. 8 C 29 91 1,400 19 9.1 

Pigeon (whole 202-S r oof 20.(lOO cpm b 3, 200 t, b 1. 8 b b 
carcass) 

Pi geon (skin) 276-C 30,000 cpm b 5,500 b b 12 b b 

Pigeon (skin) 271-T roof 300 cpm b 3.6 b b 510 b b 

Pi geon feces 2714-U ~ 100, 000 cpm 0.1 1.9 b b 17,000 b 0. 4 

Pi geon (!>kin) 276-C > 100,000 cp111 b 3,100 b b 52 b b 

Pigeon (sk i n) 276-C 500 cpm b 95 b b 36 b b 

Pigeon f eces 276-C 1,500 cp111 b 3,400 b b 5.0 b b 

Pi geon feces 276-C - b 320 b b 10. 0 b b 

Pigeon (skin ) 271-T roof 400 cpm b 220 b b 78 . 0 b b 

Pi geon (s ki n) 271-T roof 400 cpn b 48 b b 0 . 3 b b 

Pigeon fe ces 231-Z - b 220 b b 6.6 b b 

Pigeon nest 202-S - b C 64 290 4,500 52 36 

Pigeon (ski n) 271- U - b 33 b 9 . 5 180 b b 

aMos t pi geons were div i ded into skin and f eathers, carcass, and gastro-intes t inal t ract pr i or to ana lysis. 
The portion with highest radionuclide concentrati on i s repor ted. 

bl ess than detection l i mits. 

CNo ana lys Is . 

239pu 

0 . 16 

2.3 

0.13 

0.64 

0. 43 

8, 700 

l.l 

0.4 · 

2.2 
0.72 

3.0 
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0.3 

2.3 

C 

241Am 
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b 
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Vector 

Go ldfi sh No . 1a 

uoldfish No. 2• 

Pi geons 

t1ouse 

Mouse 

Bull suke 

TABLE 10. Biological Transport Involving Animals in 1983 
(Concentrations in pCi/g Dry Weight). 

Date Oescript. ion 60co 90Sr 125Sb 134cs 137cs 

02/04/83 Fi s h were k1 lled in Gable !4ount4 i n b C b b 65 
Pond fo l lowtng a re1e•se of f ire 
retardant f OM . Radionuclides in 
f1sh fr0111 sed l..,nt contilll lnated by 
past re l eases. No external 
reading . 

02/04/83 Same as above. b 0.1 b b 22 

03/02/83 See Table 9. - - - -
through 
05/01/83 

OS/12/83 Contilffl i nated mouse captured at b 4 . 100 b b 6 . 800 
241-BX Tank Fann. Externa 1 s11rvey 
reading is not ava i lable . Source 
is tank hrm or nearby vaste si te. 

05/19/ 83 Contaminated 110use captured out s ide b 790 b b 71 
of fen ce 1 irte of Vent Station 

. (900 CIJlll) , Source is Vent Stat ion 
pit or French drain . 

06/22/83 Fout1d al ive 1n 241-A Tank Fars , 6 . 6 3, 600 b 3. 8 24,000 

154Eu 15!>[u 

b b 

b b 

-

b b 

b b 

b b 

239pu 

b 

b 

-

0.4 

0. 17 

7 . 4 

l4l ., 

C 

C 

C 

b 

6. 

~ 
0 
I 

:,:: 
VI 
I 

~ VI 
m ~ 

25.000 <PIil , 2 mRad/ h. Source 
probably 241- A or nearby hnk f arm . 

Bird feathers 07/11/83 Contam 1nated feathers found by the b 33 b 9.5 180 b b b C 

dock at 271-u. 2.000 cpoo . Old 
feathers, source may have been 
204-S. 

S.allow nest 07/18/83 found at B Plant. 20,000 cpm. b 8, 700 b b 38,000 b b 39 C 

Source unknown. 

Swallow nest 08/05/83 Found at PUREX railroad tunnel. 3.6 2.000 b b 46 b 5.3 0.3 C 

5,000 cpao . Hid eggs . Source 
unknown. 

Swallow eggs 08/05/83 Sne as above. b 59 b b 9.2 b b 5. 7 u 

S.,al low nest 10/26/83 Nest and feces found inside 221 -8 b 21,000 b b 5,800 b b 0.6 b 
condensor r0011 , 40 ,000 cpm. 
Source unknown . 

Swallow 10/26/83 Sne as above . b 4,900 b b 20,000 b b 0. 8 D 

feces 

aabbtt feces 11/18/83 Found at 211- S, 3,000 ~JII- Source 12 3,960 57 110 4,600 15 b 99 23 
probably now-decc.:n1ssioned sump 
outside 204- S. 

ilhough not regarded as biologic•l transport incidents, this inforaat ton is important since these fish are constaed by rapton on the 
Hanford Stte. 

bi.ess than detectable. 

CNo .nalysis. 

I 
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TABLE 11. Special Soil Samples Collected in 1983 
(Concentration in pCi/g Ory Weight). 

Location Date 

216-A-8 03/30/83 

216-B-3 Pond 1 07/18/83 
overflow 

2 

3 

4 

216-A-25 Pond 1 09/12/83 
area 

2 

3 

4 

5 

6 

7 

8 

9 

10 

UN-216-W-4 1 10/17 /83 

2 

aLess than detection limits. 
bNo analysis. 

90sr 

180 

a 

63 

78 

79 

140 

13 

0.7 

58 

2.0 

200 

0.8 

0.6 

a 

a 

b 

b 

47 

137cs 239pu 

6.500 1.5 

13 6.1 

a 0.8 

a 1. 7 

18 1.1 

b b 

b b 

b b 

b b 

b b 

b b 

b b 

b b 

b b 

b b 

b 3 

b 0.4 

241Am 

a 

a 

a 

a 

a 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 
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EXTERNAL RADIATION 

SUMMARY 

External radiation leve l s were measured using TLDs at all grid sampling 
sites, water sampling sites and, beginning in 1983, at PUREX-related tank 
farms and active cribs. The highest annual radiation level measured in 1983 
was at the 216-U-10 Pond (3,806 mrem/yr), which is within a radiologically 
controlled area. The highest radiation level outside a radiologically 
controlled area (1,488 mrem/yr) was at a new site along the fence line of 
241-A tank farm. The radiat ion level outside the tank farm is attributed to 
tank farm operations within the controlled area. There were no significant 
changes in radi4tion levels from last year. 

DISCUSSION 

The dosimeters employed consisted of three chips of calcium­
fluoride/manganese (Harshaw TLD-400) encased in an opaque capsule lined with 
0.025 an of tantalum and 0.005 cm of lead. Each capsule was placed in a 
translucent, waterproof, plastic vial. The vial was mounted by an extended 
clamp 1 m above the ground on a steel post. The TLDs were in accordance 
with guidelines of the American National Standards Institute (1975). 

The TLD data are presented in Tables 12. 13, 14, and 15. The location 
of TLDs at the grid sites are represented on Figures 24 and 25. The TLDs at 
the ponds and ditches are located at the water-sampling locations (see Pond 
and Ditch Surveillance Section). The PUREX-related TLOs are on Figure 26. 

A log-normal probability plot of the annual dose rate for all TLD 
measurements is shown in Figure 27. Two population groups can be 
identified. The first group, though higher than background (believed to be 
due to overall contributions from the Separations Area), is not considered 
to be significant. The second group ranges from approximately 100 to 
463 mrem/yr, with two sites to almost 4,000 mrem/yr and 1,500 mreT/~r. The 
levels are attributed to fission products in the soil (primarily 3 Cs}, 
200 Area operations, and nearby radiation sources (tank farms, operating 
facilities, and waste sites). 

48 



Map 
location 

2E 1 
2 
3 
4 
5 
6 
7 
8 
9 

2E 10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

2E 20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

2E 30 
31 
32 
33 
34 
35 
36 

2E A 
B 
C 
D 

RHO-HS-SR-83-13 P 

TABLE 12. The 1983 Thermoluminescent Dosimeter Results 
from 200 East Area. 

Dose rate (mrem/yr) 

Site Yearly* Yearly* Measured 
maximum minimum total 

200 East Area NW 117 .6 64.8 86.2 
241-BY Tank Farm NW 132.0 73.2 98.3 
241-B, -BY Tank Farm N 200.4 106.8 148.2 
241-B. -BY Tank Farm NE 147.6 80.4 113.2 
E-12B N 132.0 42.0 90.9 
200 East Area NE 118.8 67.2 88.9 
E-10 W 108.0 62.4 88.6 
E-10 E 118.8 70.8 91.9 
241-BX Tank Farm S 192.0 106.8 152.2 
B-63 N 172.8 97.2 131.8 
E-128 N 133.2 74.4 100.3 
E-128 E 117 .6 69.6 89.7 
200 East Area W 106.8 61.2 79.8 
B Plant W 115.2 66.0 87.8 
B Plant NE 546.0 144.0 245.3 
221-C Excavation NW 120.0 67.2 87.8 
241-C Tank Farm W 139.2 80.4 104.2 
241-C Tank Farm E 150.0 84.0 112.3 
200 East Area W 112.8 60.0 83.1 
B Plant SSW 108.0 60.0 82.3 
B Plant SSE 112.8 64.8 86.4 
Semiworks SSE 120.0 69.6 91.6 
PUREX N 164.4 90.0 121.2 
PUREX NE 153.6 85.2 113.3 
200 East Area W 104.4 57.6 78.7 
2101-M W 112.8 61.2 83.7 
2101-M E 109.2 56.4 78.7 
284-E Powerhouse SE 110.4 58.8 83.6 
PUREX S 104.4 56.4 79.0 
PUREX SE 105.6 57.6 83.0 
U.S. Ecology N 105.6 54.0 79.3 
B-C Cribs NW 110.4 55.2 82.4 
200 East Area S 106.8 57.6 79.6 
200 East Area S 115.2 58.8 86.2 
200 East Area S 106.8 56.4 80.9 
200 East Area SE 109.2 52.8 80.2 
200 East Area SE 99.6 54.0 77 -~ 
200 East Area SE 126.0 57.6 85.0 
200 East Area SE 116.4 57.6 86.1 
216-A-29 Ditch E 127.2 66.0 93.8 

NOTE: Background ranged from .62 to 73 mrem/yr (Price et al., 1984). 
*Monthly dose rates normalized to annual dose rates equivalent. 
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TABLE 13. The 1983 Thermoluminescent Dosimeter Results 
from 200 West Area. 

Dose rate (mrem/yr) 
Site Yearly* Yearly* Measured 

maximum minimum total 

200 West Area NW 110.4 68.4 84.1 
216-T-4 Pond N 169.2 94.8 130.l 
W-lA N 112.8 63.6 83.3 
T Plant N 106.8 63.6 82.2 
200 West Area NE 109.2 62.4 83.8 
200 West Area W 105.6 63.6 80.4 
W-2A E 128.4 74.4 99.9 
241-T Tank Farm E 256.8 151.2 193.0 
Near 291-T-l Stack 126.0 72.0 95.9 
200 West Area NE 104.4 62.4 83.5 
200 West Area W 103.2 60.0 78.3 
W-1 E 114.0 69.6 92.2 
241-TX Tank Farm E 214.8 124.8 168.4 
284-W Powerhouse N 102.0 58.8 77.6 
200 West Area E 111.6 64.8 85.5 
200 West Area W 106.8 63.6 80.6 
Z Plant W 115.2 66.0 88.4 
216-U-14 Ditch W 115.2 64.8 87.5 
284-W Powerhouse S 109.2 66.0 82.4 
200 West Area E 111.6 63.6 84.0 
200 West Area W 109.2 61.2 83.1 
Z Plant S 120.0 66.0 88.4 
241-U Tank Farm E 270.0 158.4 210. 5 
U Plant SE 109.2 64.8 83.6 
200 West Area E 103.2 60.0 79.9 
200 West Area W 111.6 63.6 85.2 
U Pond SE 285.6 156.0 220.7 
241-SX Tank Farm E 128.4 80.4 97.3 
U Plant S 116.4 67.2 87.0 
200 West Area SE 109.2 61.2 78.4 
200 West Area SW 105.6 61.2 79.2 
200 West Area S 110.4 62.4 81.2 
207-S Retention Basin SE 120.0 76.8 89.8 
REDOX ESE 105.6 64.8 79.1 
200 West Area SE 111.6 62.4 81.4 
216-S-19 Pond W 110.4 62.4 84.8 
200 West Area SE 104.4 60.0 79.3 
200 West Area SE 104.4 58.8 78.9 
200 West Area SE 109 .2 61.2 80.9 
200 West Area SE 104.4 57.6 78. l 
200 West Area SE 100.8 60.0 78.2 

..OTE: Background ranged from 62 to 73 mrem/yr (Price et al. 9 1984). 
*~nth1y dose rates normalized to annual dose rates equivalent. 
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TABLE 14. The 1983 Thermoluminescent Dosimeter Results from 
the 200 Area Ponds and Ditches. 

Dose rate (mrem/yr) 
Si te Yearly* Yearly* 

maximum minimum 

216-U-14 Ditch 331.2 214.8 

216-2-19 Ditch 109.2 55.2 

216-U-10 Pond, north side 5,012.4 2,712.0 

216-8-63 Ditch 127.2 68.4 

216-A-29 Ditch 130.8 72.0 

216-B-3-3 Ditch 267.6 157.2 

Gable Mountain Pond inlet 147.6 55.2 

Gable Mountain Pond north 129.6 56.4 

West Lake 93 . 6 46.8 

216-S-19 Pond 208.8 75.6 

NOTE: Background ranged from 62 to 73 mrem/yr 
(Price et al., 1984). 

Measured 
total . 

271.5 

78.6 

3,805.7 

93.2 

93.l 

210.2 

96.3 

87.1 

67.1 

107.8 

*Monthly dose rates normalized to annual dose rates 
equivalent. 
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TABLE 15. The 1983 Thermoluminescent Dosimeter Results 
from PUREX-Related Facilities. 

Dose rate (mrem/yr) 

Site Yearly* Yearly* 
max imum minimum 

216-U-12 Crib No. 1 97.0 70.8 
216- U-12 Crib No. 2 102.6 67.2 
216-A-368 Crib No.I 97.1 60.0 
216-A-368 Crib No. 2 96.1 60.0 
216-A-10 Crib No. 1 95.6 66.0 
216-A-10 Crib No. 2 97.7 67.0 
PUREX No. 1 96.0 63.6 
PUREX No. 2 109.4 74.4 
PUREX No. 3 94.0 63.6 
241-A Tank ·farm No. 1 516.8 152.4 
241-A Tank Farm No. 2 281.6 152.4 
241-A Tank Farm No. 3 400.2 93.6 
241-A Tank Farm No. 4 122.8 81.6 
241-A Tank Farm No. 5 102 .1 70.8 
241-A Tank Farm No. 6 115.4 67.2 
241-A Tank Farm No. 7 228.5 74.4 
241-A Tank Farm No. 8 455.8 292.9 
241-A Tank Farm No. 9 577 .1 370.9 
241-A Tank Farm No. 10 5,760.0 331.2 
241-A Tank Farm No. 11 141.6 88.8 
241-A Tank Farm No. 12 126.2 67.2 
241-A Tank Farm No. 13 130.6 67.2 
216-B-55 Crib No. 1 121.6 74.4 
216-B-55 Crib No. 2 95.8 64.3 
216-B-62 Crib No. 1 94.5 63.6 
216-B-62 Crib No. 2 101.4 67.2 
216-A-30 Crib No. 1 113. 5 67.2 
216-A-30 Crib No. 2 104.2 65.9 
216-A-37-1 Crib No. 1 116.0 67.2 
216-A-37-1 Crib No. 2 115.8 67.8 
216-A-8 Crib No. 1 167.3 108.0 
216-A-8 Crib No. 2 169.8 108.0 

NOTE: Background ranged from 62 to 73 mrem/yr 
(Price et al., 1984). 

Measured 
total 

80.5 
79.3 
74.3 
73.4 
75.9 
76.8 
76.7 
87.6 
74.6 

269.2 
192.2 
204.9 
93.9 
81.3 
89. l 

132.3 
347.7 
463.1 

1,487.6 
114.2 
98.6 
97.9 
89.4 
75.6 
77 .1 
81.2 
80.6 
76.3 
82.9 
82.8 

123.8 
126.9 

*Monthly dose rates normalized to annual dose rates 
equivalent. 
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POND AND DITCH SURVEILLANCE 

SUrt4ARY 

Water, sediment, and aquatic vegetation samples collected at ponds and 
d1tches during 1983 exhibited radionuclide concentrations comparable to data 
reported in 1982 (Conklin et al., 1983). The Separations Area ponds and 
ditches and their sources are listed on Table 16. Locations are shown in 
Figures 28 and 29. 

WATER SAMPLES 

One-liter water samples were collected weekly from each open pond and 
ditch. These weekly samples were composited monthly and analyzed for total 
beta, total alpha, 90sr, and gallllla-emitting radionuclides (Table 17). 
Cesium-137 and 90sr concentrations were well below Table II Concentration 
Guidelines for water. Beta concentrations at 216-T-4-2 Ditch exceeded 
Table II Concentration Guidelines, but were only 5.5% of Table I Concentra­
tion Guidelines. Radionuclide concentrations in all other ponds and ditches 
were below DOE guidelines. 

VEGETATION 

Vegetation samples are collected annually from open ponds and ditches 
to determine root uptake of the radionuclides. Samples were collected in 
the early suT1111er of 1983 and consisted of growing stems and leaves of the 
more abundant species growing a6 each site0 The ve~eiation was analyzed for 
gamma-emitting ra91onuclides, 9 Sr, 239,24 Pu, and 4 Am (Table 18). Con­
centrations of 13 Cs and 239,240pu, were higher than background levels in 
vegetation collect5d at the Hanford perimeter sites (Price et al., 1984). 
The highest 239,24 Pu concentration (5.0 pCi/g) was found at 216-S-19 Pond. 
The highest l37cs concengration (60 pCi/g) was at 216-A-25 Pond inlet and 
again at 216-S-19 The Osr concentration was highest at 216-T-4 Ditch 
(28 pCi/g). All 241Am concentrations were below the detection limits. All 
radionuclides present were the result of past operations and releases. 

SEDIMENT 

Sediment samples are collected annually from the water sampling loca­
tions in the ponds and ditches to measure radionuclide accumulation in the 
sediment. This sampling is intended to show trends rather than indicate 
radionuclide inventory. Samples of sediment were taken in the early sulllller 
of 1983 and analyzed for gamma-emitting radionuclides, 90sr, 239,240pu, and 
241Am. Each sample consisted of a composite of five plugs of sediment, each 
2.5 cm deep by 900 cm2. Results of radioanalysis are listed in Table 19. 
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The highest concentrations of 60co (148.9 pCi/g) was found in the 
216-U-14 Ditch and is attributed to past effluents from the Laundry 
Facility. Concentrations of 54Mn and 154Eu were also detected in the 
sediment of this ditch. The highest concentration of l37cs (690 pCi/g) was 
found at 216-T-4 and is attributed to past operations. 

Radionuclide concentrations in the sediments in 1983 were comparable to 
1982 (Conklin et al., 1983). 
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TABLE 16. The 200 Areas Ponds and Ditches and Sources of Water. 

Pond or ditch 

216-B-3 (B Pond) 

216-8-3-3 Ditch 

216-8 -63 Specific retention 
ditch 

216-A-25 Pond (Gable 
Mounta1n Pond) 

216-T-4 Ditch 

216-U-10 Pond {U Pond) 

216-S-19 Pond 
{222-S Laboratory) 

216-N-8 Pond {West Lake) 

216-A-29 Ditch (Snow's 
Canyon) 

Location 

Figure 28 

Figure 28 

Figure 28 

Figure 28 

Figure 29 

Figure 29 

Figure 29 

Figure 28 

Figure 28 

Source 

Cooling water (216-B-2 Ditch) 
PUREX chemical sewer (216-A-29 Ditch) 
200 East Area powerhouse (pipe) 

Cooling water from PUREX and B Plant 

B Plant chemical sewer (pipe) 

PUREX cooling water (pipe) 
244-AR Vault cooling water (pipe) 
242-A steam condensate (pipe) 
242-A cooling water (pipe) 

221-T and 224-T waste water (ditch) 

200 West Area laundry waste (until 
216-W-LWC was activated) 

200 West Area powerhouse 
(216-U-14 Ditch) 

242-S steam condensate 
(216-U-14 Ditch) 

242-S cooling water (216-U-14 Ditch) 
224-U chemical sewer (pipe) 
221-U and 224-U cooling water (pipe) 

222-S Laboratory waste water {pipe) 

Groundwater seepage basin (does not 
receive liquid discharges) 

PUREX chemical sewer 
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Site 
Ho. 

RM3 

RH4 

RM6 

RHl• 
RHlB 

RH20 

RJol21 

RM22 

RM23 

RM24 

RH25 

RH26 

RM53 

TABLE 17. Su1T1J1ary of 1983 Water Sample Data from Separations Areas Ponds and Ditches (pCi/mL). 
Total beta Total alpha 137cs 89,90sr 

SU1ple site 
Max1IIUIII Mlni111.1111 Average ;t2S Max IIIUffl Hlnlmu111 Average ;t2S Max i llUll Htn1mum Average ;!:2S Max1 mu 111 Mi niiMJm Average ±ZS 

216-T -4-2 01tch 5.300 0.032 0.548;!:3.156 0. 012 0.0009 0.004;!:0 .0067 6.000 0.039 0.815;!:4 . 190 0.033 0.001 0.013_!0 .025 

216-U- 14 Ditch 0.080 0.017 0.049_!() . 089 0.003 0.0024 0. 002_!() . 0002 0.060 0.060 0.060 0.004 0.004 0.004 

216-U-10 Pond 2.205 0.058 0. 296;!:l.268 0.023 0.0058 0.012;!<).0093 0. 170 0.032 D.072_!().082 0.033 0.003 0 .012±0.017 

216-S- 19 Pond 0. 116 0.009 0 . 034_!() .059 0.032 0.0015 0.008_!().0177 0.050 0.050 0.050 0.010 0.010 0.010 

216-8-63 speci f ic 0.070 0.011 
retention ditch 

0.035±0,033 0.028 o.ocno 0.005;!:0 .0153 0.060 0.032 0.047±0.028 0.025 0.007 0.017±0.019 

216-A-29 Di tch 9.064 0.005 1.093_!5.370 0. 594 0.0009 
(Snow 's Canyon) 

0.08l;t0. 3539 0.780 0.030 0. 152:tO, 554 0.020 0.002 0. 011_!().012 

216-8-3-3 Ditch 0.508 0.006 0,099:!;0, 302 0.014 0.0011 0. 003:!:0. 0073 0. 450 0.050 0.193:!;0 , 446 0.020 0.003 0.013_!0.015 

216-8- 3 Pond N 0.150 0.012 0.056:!;0,086 0.038 0,0015 O.OOB:!;0 ,0208 0.053 0.030 0.045:!;<J,018 0.050 0.004 0.019;!.0,036 

216-B- 3 Pond S 0.108 0,016 0.042:!;0,053 0. 01 2 0.0012 0.004!_0 ,0063 0.600 0.044 0. 163:!;0 , 489 0.022 0.000 0. 009:!;0 .020 

216-A- 25 Pond inlet 0. 250 0.018 0.063!_0.132 0.013 0,0004 0. 004!_0 . 0082 0.130 0.037 0. 062;!:0 ,073 0.038 0.002 0.015_!() . 025 
(Gab le Mountain) 

216-A- 25 Pond outfall 0.340 0.021 0. 116!_0.199 0.014 0.0017 
(Gable Mountain) 

0.006;!:0.0094 0.265 0.006 0.092:!;0,157 0.034 0.001 0. 010:tO. 020 

216-B-3 Pond overflow 0.023 0.012 0.017:!;0,0H, 0.004 0.0013 0.003;!<) .0036 

216-H-8 Pond (West Lake) 0.760 0.035 0.159_!0.496 0.020 0.008 0.014_!() .010 

Table 1 guidelines• 10. 0 100.0 400.0 10 .0 

Table JI guidelines• 0. 3 5.0 20 .0 ! 0.3 

*OOE, 1981 (beta gui deline based on 90sr; alpha guideline based on 239,240Pu). 
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RHO-HS-SR-83-13 P 

TABLE 18. Radionuc1ides in Aquatic Vegetation Samples Taken 
from the Separations Area Ponds and Ditches in 1983 

(pCi/g Dry Weight). 

Sample site 40K 137cs 90sr 239,240pu 

216-S-19 Pond 173 60.0 1.4 5 .0 

216-T-4 Ditch 87 22.0 28.0 1.2 

216-U-14 Ditch 181 27.0 3.5 1.0 

216-B-63 Ditch 70 3.2 10.0 0.9 

216-B-3 Pond North 41 1.4 1.4 0.2 

216-B-3 Pond South 29 4.3 2.5 0.3 

216-B-3-3 Ditch 698 22.0 0.7 1.2 

216-B-3-3 Ditch (replicate) 45 18.0 0.7 0.7 

216-A-25 Pond inlet 78 60.0 2.6 0.9 

216-A-25 Pond North 40 2.4 8.0 <0.5 

West Lake 65 <2 0.6 <0.2 

West Lake (replicate) 31 <2 0.3 2.8 

216-U-10 Pond 29 59.0 1.6 0.6 

216-A-29 Ditch 2,400 22.0 4.8 0.8 

NOTE: No standard deviation is available. 

63 

241Am 

<4 

<11 

<10 

<16 

<5 

<10 

<96 

<7 

<6 

<6 

<5 

<3 

<3 

<6 



TABLE 19. Radionuclide Concentrations in Sediment Samples from Separations Area Ponds and Ditches 
(pCi/g Dry Weight). 

Sample site 40K 54Mn 60co 

216-S-19 Pond 25 a a 
216-T-4 Ditch 23 a 26.0 
216-U-14 Ditch 11 5.0 130.0 

216-B-63 Ditch 19 a a 

216-B-3 Pond North 23 a a 
216-B-3 Pond South 23 a a 
216-8-3-3 Ditch 31 a a 
216-B-3-3 replicate 29 a a 

216-A-25 Pond inlet 25 a a 
216-A-25 Pond North 21 a a 
West Lake 28 a a 
West Lake replicate 32 a a 
216-U-10 Pond 24 a 4.0 
216-A-29 Ditch 28 a a 
200 Area soil standardsb - - 300.0 

NOTE: No standard deviation is available. 
dLess than detectable 
bsoothe. 1979. 

90sr 

69.0 

4.2 

72.0 
19.0 
o. 7 

63.0 
<0.8 
<O. 7 

2.8 
0.81 

<0.6 

1.1 
2.7 
0.5 

400.0 

137c5 155Eu 239,240pu 241Am 

80.0 a 220.0 260.0 

690.0 a 6.0 0.32 

11.0 5.8 2.4 <7.0 

100.0 a 5.3 <5.0 

116.0 a 1.3 <5.0 

348.0 a 2.2 <5.0 

480.0 a 2.0 <0.2 

15.0 a 1.1 <5.0 
140.0 a 1.9 <0.3 
442.0 a 0.6 <0 . 3 

0.9 a 2.5 <7.0 
0.6 a 2.0 <6.0 

266.0 a 66.0 68.0 

15.0 a 19.0 <9.0 
400.0 - 60.0 300.0 
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RHO-HS-SR-83-13 P 

GROUNDWATER MONITORING 

SUMMARY 

Periodic groundwater samples were collected from a network of 
112 monitoring wells located near waste storage and liquid-waste disposal 
facilities. Concentrations of specific radionuclides were below DOE 
Table II Concentration Guidelines with the exception of (1) 90sr in two 
wells monitoring the inactive 216-B-5 reverse well and the 216-S-1 and 
216-S-2 Cribs and (2) tritium in one well monitoring the 216-A-36B Crib that 
receives PUREX ammonia-scrubber waste. Elevated 90sr was noted in one well 
monitoring Gable Mountain Pond. A study was requested to determine the 
extent of this occurrence. As in previous years, elevated nitrate 
concentrations were observed in the vicinity of several wells at both active 
and inactive disposal sites. 

DISCUSSION 

The groundwater monitoring network for 1983 consisted of 112 wells in 
the unconfined aquifer underlying the liquid-waste disposal sites and tank 
farms in the Separations Area. Monitoring well locations are shown in 
Figures 30, 31, and 32. Active disposal sites were sampled monthly while 
inactive sites were sampled quarterly, semiannually, or annually depending 
on disposal site history. Most of the monitoring wells were equipped with 
dedicated submersible pumps; a few wells were sampled by bailing. Samples 
were collected for .Rockwell by PNL and were analyzed by U.S. Testing 
Laboratory. A summary of analytical methods and quality control results for 
calendar year 1983 are included in ·the PNL environmental surveillance report 
for 1983 ~Price et fl., 1984~. Routine analytical parameters for 1983 
included H, 90sr, 37cs, 10 Ru, 60co, total or gross alpha, gross beta, and 
nitrate. Results of the monitoring program for 1983 are summarized in 
Table 20. The DOE Concentration Guidelines for water in uncontrolled areas · 
{Table II, DOE, 1981) are listed in Table 21. 

65 



l 

"' "' 

E32-1 
E33-28 e l3- • e E33-3 

E33-6e •E33-1 
E33-24• I 
EJJ-8 e e E33-8 

• E33· 1 JI). e E33-20 
E33•10 • E33·21 •eJJ-27 

E28-21 •• E28-18 

E28-16e 
E28-13e 

E23-2 • 

• E13-14 

E13-8 • 

eE13-19 

E28•23 

E24-8e 

• E34-1 

e E27-6 

E24-4• 

E24-2 -!24· 1 E24-12 

E17-8 e E17-J. 1e,7-2 

• 

0 600 1000 -SCALE IN FiET 

~ 6• eE26-2 

eE25-10 eE26-9 

e E25-6 

PS840&-86 

FIGURE 30. Groundwater Monitoring Wells 1n the 200 East Area . 

~ 
0 
I 

::c: 
V> 
I 

V> 
::z:, 
I 

0) 
w 
I .... 
w 
"'ti 



t 
36-78 • 

eW26·3 
•W18·5 

W18·15e • W1S-11 

W23-10 •• W23-11 
• W18·12 • W16·10 

•W18·9 
W23·9• W18-20 

W18-18 • • •w10-1 •-W23·4 • W18-19 eW18-17 •W16•7 
eW16·3 • ew,o.s 

W23·3 .w:3-z • W19·12 W15-6 • •W15-4 
W10-4 • W10·3e W10-6 

eW23-1 

W14•5 •w14.6 .w,4-2 W11 ·24 
W22 -2 - W22·2 1 -W11 -23 

I 
w1t11 

• W19·5 
•W11 -13 

• • • w22. , 
W22•27 W11 -19 

• • tW19-11 W22-12 W22-26 

•W19·3 

eW22-20 W22·22 
• • W19·2 

W14·10 • 

0 500 1000 

SCALE IN FEET 

FIGURE 31. Groundwater Monitoring Wells in the 200 West Area. 

eW1 1-18 

•W11 -16 

PSS.05-67 

~ 
0 
I 

:I: 
V, 
I 

V, 

:::0 
I 

en 
w 
I .... 
w 
--0 



en 
CD 

I 
I 
I • I I 899-53-!5!5A 

To vAKIMA_L--- ROUTE ,, -A --r-------L---- - -
BARRICADE I I 

l~:::!:::~~=~I '~~~~~~ l L[; I j 1.r; 

\ 200 I I 
I WEST I I 
I - ......... -1 I 

I 
I 
I 
I 
I 
I 
I 
I 
~ POND AREA 

....................... _ 
.......... ___ ......... 

....... ... .,.., ......... , 
,0o ... 

'"oA "-."'CJ 
.............. ....... __ 

---

·./( 8-POND 
· .. • . 

699-42-40 A.B 

ROUTE 4 -S 

FIGURE 32. Location of 600 Area Monitoring Wells Used in the Separations Area 
Groundwater Monitor_ing Program (Calendar Year 1983) . 

PSS.06-114 

~ 
0 
I 

:t: 
U'I 
I 

U'I 
;;c 
I 

CD w 
I .... 

w 
-,::, 



TABLE 20. Sulllllclry of 1983 Groundwater Monitoring Results. (Sheet 1 of 13) 

Well (,He• 
monitored) 

299-Ell-5 
(216-8-18) 

299-El3-8 
(216-8-21) 

299-El3-14 
(216-8-29) 

299-El3- 19 
(216-8-28) 

299-E°l6-2 
(216-A•30) 

299-(17-1 
( 216- A-10) 

299-El7-2 
( 216-A-27) 

299-E17-5 
(216-A-36B) 

299-El7-6 
(216-A- 36) 

Sampling Total aleha Total beta Trit i um Ni trate 
frequen cy (pCi/mL) (pC1/mL) (pCl/ml.) (mg/ L) 

200 East Area 

MAX 4.05E-l l.59E+0 
AVE 9.46E-2 4.81E-l 
MIN 3.80(-3 0 .00(-la 

MAX 3.84E-2 
AVE 2. 22E-2 
MIN l. l 0E-2 

MAX 3. 73E-2 
AVE l.42E-2 
MIN 0.00E-1• 

MAX 2.95E-2 
AVE 2.0SE-2 
MIN 5.llE-3 

MAX 4.32E- 2 2. 98E-3 
AVE l.57E-2 l.24E-3 
MIN 3.33E-2 4.40( -4 

MAX 3.96E-2 5.06E+2 2.12E-2 
AVE 2.69E-2 2 .37E+2 l.49E-2 
MIN l.12E- 2 l.06E+2 l.04E- 2 

MAX 4.54E-2 3. 56E-l 6 . 09£+2 6 .86E-2 
AVE 3.14E-2 l.17E-l 4.76E+2 3.99E-2 
HIN 1.62E-2 5.31E-2 2.68E+2 2. 20E-2 

MAX l.14E-l l.63E-1 5.70E+2 3 . 99E-2 
AVE 1. 39E-2 4.59E-2 5.01[+2 2 . 48E-2 
MIN 1. 54E-3 9. 99E-3 3.81E+2 1.90£-2 

MAX 7.21E-l l.05E+0 9.30E-4 
AYE 7 . 26E-2 4.98E-1 6.00E-4 
MIN 4.48E-3 0,OOE-1• 2.20E-4 

•Negative analytical values appear a• zeros. 

bThr ee values or less, no maximum or minimum calculated . 

90Sr 137sr 60co l06Ru Uranium 
(pC1/mL) (pC i /mL) (pC i/ml.) (pCi / mL ) (pCi/mL ) 

7 .67E-3 8.19E-3 l. 78E-2 
2.86E-3 2.32E-3 6. 70(-3 
0.OOE- 1• 0.OOE-1• 0.00E-1• 

7 . 06E-3 6.06E-3 5.95E-3 6.0SE-3 
l. 67E-3 l. 31E-3 l. 29E-3 l. 49(- 3 
0 .00£-1• 0.OOE-1• 0.OOE-1• 0,OOE-1• 

2. 45£-2 l.0SE-2 9.32E-3 4.58E-2 
4 . 29( -3 1. BOE-3 3. l0E-3 l. 51E-2 
0. OOE- 1• 0. OOE- 1• 0.OOE-ta 0.00E-1• 

8.23E-2 l.42E-2 l.0SE-2 4.28E-2 
l.04E-2 3. 90E-3 2.47E-3 l.36E-2 7 .69[-Jb 
0.OOE-1• 0.OOE-1• 0.OOE-1• D.OOE-1• 
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TABLE 20. SullllliSry of 1983 Groundwater Monitoring Results. (Sheet 2 of 13) 

Well (sites 
monitored) 

299-£17-8 
(216-A-38) 

299-£17-9 
(216·A-36A) 

299-E23-2 
(200 East Area) 

299-E24-l 
(216-A-5) 

299-E~4-2 
{216-A-10) 

299-E24-4 
( 216-A-9) 

299-£24-8 
{216-C-S) 

299-E24-12 
(216-A-31) 

299-E24-13 
(241-A) 

Sampling Total alpha Total beta Triti!JII! l"trate 
frequency (pCl/ml) (pCl/ml.) (pCl/11l) (1119/L) 

200 East Area {contd) 

MAX 2.43E•l 2.17[+2 2.28E-2 
AVE 4 .16E-2 2. 83£+1 9.89£-3 
MIN 9.59£-3 6,95E+O 2.ZOE-3 

MAX 8.47£-2 1.06£+4 1.45£-1 
AVE l.19E-3b 4.09E-2 7 .02E+3 l . 06E-l 
MIN l.57E-2 l.OOE+3 l.20E-2 

MAX 
AVE l,22E-2b 2.25E+Ob l.36E-3b 
MIN 

MAX 6.47E-2 l.82E+2 3.04E-2 
AVE 3.65£-2 1.33[+2 l.68E-2 
MIN 1.22E-2 7.37[+1 l.02E-2 

MAX 2. BSE-3 5.65[-2 4.49£+2 2.57E-2 
AVE l.07E-3 3.40£-2 l.69E+2 1. 73E-2 
MIN O.OOE-la 1. 70£-2 S.77E+l 8.80E-3 

MAX 2.25E-l 2.74E+l l.99E-2 
AVE 3.87£-2 2.0JE+l l . 04E-2 
MIN O.OOE-la l.58£+1 7. 75£-J 

MAX S.19E-2 1.47£+1 2.12£-2 
AYE 2.50£-2 9. 71£+0 9.53£-3 
MIii 0.00[-la 6.20£+0 6.20£-3 

MAX l. lBE-1 1.11£+3 7.50£-2 
AVE 4.38f-2b 8.57E-2 1.01£+3 5.67£-2 
MIN 6.18£-2 8.52£+2 J. 78£-2 

MAX 2.SOE-2 
AYE l.50E-2 
MIN 1.04£-2 

"Negative analytical values appear as zeros. 

bThree values or less, no maxlm1111 or 11lninwm calculated. 

90Sr 137sr -60Co 106Ru Urani ID 
(pCl/ml.) {pCi/ml) (pCi/ml.) (pCi/ml) {pCi/mL) 

l.41E-3 l.63E-2 l.19E-2 4.88£-2 
2.82£-4 5.35E-3 3.57E-3 9. 76[-3 
O.OOE-1• O.OOE-la O.OOE-1• O.OOE-la 

1.08£-2 2.0BE-2 l.02E- l 2. 35E-2 
4.24E-3 5.43E-3 2.18£-3 4.97E-3 
4.06£-4 O. OOE-la O.OOE-la O.OOE-1• 

6.57£-3 1.23£-2 1.12£-2 4.llE-2 
1. 99£-3 4.38E-3 4. 79E-3 l.97E-2 
0.00£-la O.OOE-la O.OOE-la O. OOE-1a 

1.04£-2 9.21[-3 8.0SE-3 7 , 94£-2 
3.57£-3 2. 71£-3 2.48E-3 2.20£-2 l.13£-3b 
O.OOE-la O.OOE-ll O.OOE-la O.OOE-1• 

3.04E-3 3.24E-3 2.13£-4 3.94£-2 
l.52E-J 1.48[-J 5.32£-5 1.38£-2 
0.00£-ll O.OOE-la O.OOE-1• 0.00[-la 

9.31£-3 7 .82£-3 6.76£-2 
2.17E-3 1.81£-3 6.JOE-3 
0.00£-la O.OOE-la O.OOE-la 

1, 95E-2b 
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TABLE 20. Surrrnary of 1983 Groundwater Monitoring Results. (Sheet 3 of 13) 

Well (s1tes 
monitored) 

Sampling 
frequency 

Total alpha 
(pCi /ml) 

Total beta Tritium 
(pCi/ml) (pCi/ml) 

Nitrate 
(mg/L) 

200 East Area (contd) 

MAX 7.70E+l 6.64E-3 
299-E25-2 AVE l.14f-2b 4.07E+l 5. 67E-3 
(216-A-l) HIN 2. 75E+l 4.70E-3 

MAX 3.99[-2 
299-E25-3 AVE 2,34E-2 
(216-A-6) MIN 2. 35E-3 

MAX 3. 75E-3 4.06E-2 2.56E+2 4.21E-3 
299-[25-6 AVE 9.0lE-4 l.82E-2 2.l6E+2 l. 53E-3 
(216-A-8) MIN O.OOE-la O.OOE-la l.84E+2 3. lOE-4 

MAX 4. 62E- 3 4.83E-2 5.88E+2 
299-E25-9 AVE l. 32E-3 1. 28E-2 9.lSE+l 5.16£-3b 
(216-A-8) MIN O.OOE-la 7. 7BE-4 4.13E+O 

MAX 9. 23E-3 l.99E-2 
299-E~S-10 AVE 2. 70E-3 l.22E-2 
( 216-A-18, 19, 20) MIN l.19E-4 O.OOE-la 

MAX 3.48E-2 5.65E+l 7.SOE-3 
299-E25-ll AVE l.13E-2 2.99E+l 4. 99E-3 
(216-A-30) MIN O.OOE-l& l. 65E+ 1 3.07E-3 

MAX 1. 7BE-l 
299-E25-13 AYE 5.04E-2 
(241-AX) MIN 5. 95E-3 

MAX l.79E-2 5.63E+l 3.58E-3 
299-E25-17 AVE l.14E-2 4.77E+l l.42E-3 
(216-A-37-1) HIN 5.42E-3 3. 83E+l 4 . 40E-4 

MAX 6. lSE-2 2.06E+2 3. 52E-2 
299-E25-l8 AYE 2. 20E-2 l. 78E+2 2.60E-2 
( 216·A-37-l) MIN O. OOE-la l.61E+2 1 . 73E-2 

aNegat,ve analytical v1lues appear as zeros. 

bThree values or less, no mu11111.m or 111nimun calculated. 

90Sr 
(pCi/ml) 

3. 67E-3 
l.OBE-3 
O.OOE-la 

l. 79E-3 
4. 77(-4 
O.OOE-la 

7 .53E-3 
2.BlE-3 
O.OOE-1& 

5.35E-4b 

3.81E-3b 

l37Sr 
(pCi/ml.) 

l.28E-2 
3.00E-3 
O.OOE-la 

9.0lE-3 
2.33E-3 
O.OOE-1& 

7 .82E-3 
l.65E-3 
O.OOf-la 

9. 35E-3 
2.33E-3 
O.OOE-la 

3.l7E-3b 

2.03E-Jb 

60Co 
(pC1/ml) 

6. 60f-3b 

3.68E-3 
l. 12E-3 
O.OOE-1& 

4.67E-3 
l.51E-3 
O.OOE-la 

6.19E-3 
2.84E-3 
O.OOE-l& 

5.61E-3 
2.33E-3 
O.OOE-1& 

2,81E-Jb 

2. 26E-Jb 

l06Ru 
(pCi/ml) 

4,34E-2 
3. 95E-3 
O.OOE-la 

6. 73E-2 
l.50E-2 
0.00E-la 

3.57E-2 
2.0lE-2 
0 . 00E-la 

3.SOE-2 
1. 39E-2 
o.00E-1a 

l.67E-2b 

3.53f-2b 

Uran11.m 
(pCi/mL) 

1. 23E-2 
3.03E-3 
O. OOE-la 
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TABLE 20. Surrrnary of 1983 Groundwater Monitoring Results. (Sheet 4 of 13) 

Well (sites 
monitored) 

299-E25-19 
(216-A- 37-1) 

299-E25-20 
(216-A-37- 1) 

299-E25-21 
(216-A- 37-2) 

299- £25-22 
( 216-A-37c2) 

299-°!25-23 
(216-A-37-2) 

299-E25-24 
(216-A-37-2) 

299-£26-2 
( 216-A-24) 

299-E26-4 
( 216-A-24) 

299-£27-5 
(216-C-10) 

S.vnpllng Total alpha Total beta Tritium Ni t rate 
f requency (pCl/ml) (pCi/ml) (pCf/mL) (mg/L) 

200 East Area (contd ) 

MAX 4.62E-2 5. 61E+2 1. 37E-l 
AVE 2. 75E- 2 4.30E+2 1. 15£-1 
MIN l. l9E- 2 3. l OE+2 1.00£-1 

MAX 6. 52E-2 2.22E+3 l. 02E+0 
AVE 2. 38E-2 l. 82E+3 3. 70E-l 
MIN 2. BBE-4 l. OOE+3 3. 21E-2 

MAX 3. JlE-2 2.22E+l 7 .BBE-3 
AVE l.28E-2 2 . 12E+ 1 5.97E-3 
MIN 2. 99E-3 2 .05£+1 3. B4E-3 

MAX 3. 60E-2 6. 49E+l 3.09£-2 
AVE l.85E-2 3.14E+l l. 36E-2 
MIN 7. B5E-3 l.20E+l 5. 70E-3 

MAX 4.50[-2 2.20E+O 4. l 4E-3 
AVE 3.04E-2 1.45E+O 2. 78E-3 
MIN l. 59E-2 9. 50E - l 7. 50E-4 

MAX 5 .14E-2 2.42E+0 5.S0E-3 
AVE 2.BBE- 2 1.63£+0 2. 53E-3 
MIN l.Bl E-2 9.59E-l l. 49E-3 

MAX l.92E-2 8.24E+0 8.BSE-3 
AVE l.lBE-2 5.32E+0 6.45E-3 
MIN 2.53E-4 3.82E+0 4. 40E-3 

MAX l.34E-2 3.61E+l 7 .OOE-3 
AVE 9.30E-3 2. 56E+l 5.68E-3 
MIN 4.87E-3 l. 87E+l 4.20E-3 

MAX l.6lE-l 
AVE 5.21E-2 
MIN 0.OOE-la 

aNe9at1ve analytical values appear as zeros . 
bThree values or less, no maximum or minimum calculated. 

90Sr l37Sr 60co 106Ru UraniUID 
(pCi/ml) (pCl/ml) (pCi/mL) (pCl/mL) (pCi/ml ) 

2. 78E-3b 4. 23E-4b 5.07E-Jb 4.93£- Jb 

4.48£-3 5.61E-3 2.26E-3 2.95E- 2 
2. 34E-3 1. 97E-3 1.04E-3 2.47E-2 
0. OOE- 1• 0.OOE-1• 0.OOE-1• 2.03E- 2 

2.82E-3b 4. 73E-4b 3. 38E-3b 0.OOE-la 

3.04E-3b 5. 47E-3b l.29E-3b l.16E-2b 

0.OOE-1 4 2.29E-3b 2. 70E-3b 3.28E-3b 

3.20E-Jb 4.17£-Jb 0.OOE-la 6.55E-Jb 

l.46E-2 9.69£-3 3.90E-2 
4.41E-3 4.15£-3 9. 75£-3 
0.OOE-la 0.OOE-ta 0.OOE-la 
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TABLE 20. Surrrnary of 1983 Groundwater Monitoring Resu l ts. (Sheet 5 of 13) 

Well {sites 
monitoredt 

299-E28-12 
(216-8-55) 

299-E28-13 
(216-8-55 ) 

299-E28-l6 
( 216-8-12) 

299-(28-17 
{216-8-l0A/8) 

299-c'.28-18 
{ 216-8- 62) 

299-(28-21 
(216-8-62) 

299-E28-23 
(21 6-B-5) 

299-E32-l 
(200 East Area) 

299-EJJ-l 
(216-8-43) 

Somp11ng Total alpha Total beta Tritium Nitrate 
frequency {pCl/mL) {pCi/mL) (pCi/mL) {mg/L) 

200 East Area {contd) 

MAX 8.3SE-2 l.18E+2 
AVE 2. 79E-2 6. 78E+l 
MIN 0.OOE- la 7 . 34E+0 

MAX 3.63E-2 7.33E+l 
AVE l.57E-2 l.29E+l 
MIN 0.OOE-la 5.SlE+0 

11AX 2.54E-l 
AVE 8.2SE-2 
Ml~ l.17E-2 

MAX 
AVE l.19E-2b 
MIN 

MAX 2.SlE-1 1. 77E-l l.09E+2 6.33E-l 
AVE l.68E-l 9.07E-2 7 .64E+l 3.36E-l 
MIN l.llE-1 5.66E-2 4. 70E+l 1. 38E-l 

MAX l.34E-l l.03E-l 7.35E+l 4. 26E-l 
AVE 7 .16E-2 6. ISE-2 5.68E+l 2.33E-l 
MIN 2. 22£- 4 4.23E-2 4.65E+l 1. SJE-1 

MAX 
AVE 4. 32E-2b 2.28E+lb 2.82E+0b l.97E-2b 
MIN 

MAX 
AVE 3. 91E-2b 4. 31E+ob 3.10E-2b 
MIN 

MAX 
AVE 3.57E-tb 
MIN 

auegatlve analytical values appear as zeros . 

bTnree values or less, no maxiraum or 111lnim1111 calculated. 

90Sr 137Sr 60co 106Ru Uranium 
(pCi/mL) (pCl/mL) (pCl/mL) {pCl/mL) (pCi/mL) 

l.56E-2 4.48E-3 3.57E-2 
3. 29E-3 1.17E-3 7 .89E-3 
0.OOE-1• 0. OOE-1• 0.00E-la 

l.02E-2 8 . 0lE-3 8.29E-2 
2.33E-3 l.9SE-3 l.21E-2 
0.00E-1• 0.OOE-la 0.OOE-1• 

8.98E-3 1.21E-2 8. 24E-3 5.0lE-2 
2.68E-3 2. 45E- 3 2.02E-3 9.8SE- 3 1. 67E-2b 
0 . OOE-la 0.00E-la 0.OOE-la 0.OOE-1• 

3. SlE-2 l.26E-2 8 . 95E-3 3.38E-2 
5.44E-3 2.85E-3 2.32E-3 6.82E-3 
0.OOE-la 0.OOE-la 0.OOE-ta 0.OOE-1• 

l.20E+lb 3.66E+Ob l.20E-3b 2.69E-2b 

2.52E-3b 5.28E-2b l.15E-3b 
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TABLE 20. Sulllltary of 1983 Groundwater Monitoring Results. (Sheet 6 of 13) 

Well (s 1tes 
monitor ed) 

299-E33-3 
( 216-8-44,45 ,46) 

299-E33-5 
(216-8-47) 

299-E33-8 
( 216-8-41) 

299-E33-9 
(241-BY) 

299-03- 18 
(216-8-7A,7B) 

299-EJJ-20 
(241-B) 

299-E33-21 
(216-8-36) 

299-EJJ-24 
(216-8-57) 

299-E33-26 
(216-B-61) 

Sampling Total alpha Total beta Tritium Nitrate 
frequency (pCi/mL) (pCi/mL) (pCi/mL) (mg/L) 

200 East Area (contd) 

MAX 
AVE 3.llE+Qb 8.89E+Qb 
MIN 

MAX 
AVE 8.46E-lb 
MIN 

MAX 
AVE l,62E-lb 
MIN 

MAX 
AVE 2.32E-lb 2.12E+()D 2.56E-lb 
MIN 

MAX 
AVE 4.14E-2b 
MIN 

MAX 
AVE 5.22E-2b 
MIN 

MAX 
AVE 4.17E-Jb 
MIN 

MAX 
AVE 2.86E-lb 
MIN 

MAX 
AVE 8.18E-lb 
MIN 

&Negative analyt i cal values appear as zeros. 

bThree values or less, no maximllll or minimum calculated. 

90Sr 137sr 60co 106Ru Uranium 
(pC i /ml.) (pCi/ml) (pC i /mL) (pC i /mL) (pCi/mL) 

l . 30E-3b l.26E-2b 8. 49E-lb 7 . JJE-2b 

4.54E-Jb l.OOE-lb l.79E-2b 

2. 78£-Jb 4.72E-Jb 2. 76E-2b 

4.05E-Jb 7. 78E-Jb 2.93E-2b 6. 69E-3b 

3.31E-Jb 2.00E-Jb 2.83E-3b 

6.50E-3b 

2.lBE-Jb 2. 35E-3b 2.67E-2b 

4.67E-Jb l.85E-2b 3.70E-2b 

7 .16E-Jb 8.31E-2b 7 .SOE-Jb 
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TABLE 20. Summary of 1983 Groundwater Monitoring Results. (Sheet 7 of 13) 

Well (sites 
monitored) 

299-E33-27 
(241-BX} 

299-£34-1 
(216-B-63) 

299-WlO-l 
' (216-T-5} 

299-WI0-3 
(216~T-32) 

299-WI0-4 
(216-T-36} 

299-Wl0-8 
(241-T) 

299-Wl0-9 
(241-T) 

299-Wll-ll 
(216-T-8) 

Samp11ng Total alpha Total beta Tritium Nitrate 
frequency (pCl/mL) (pCi/mL) (pCl/mL) (mg/L) 

200 East Area (contd) 

MAX 
AVE l.28E+Ob 4.77Etlb 
MIN 

MAX l. 27E-1 4.57E+l 2. 70E-2 
AVE 2.61E-2 4 . 34Et0 9.42E-3 
Mm O.OOE- la 5.60E- 2 2. eoE-3 

200 West Area 

MAX 4.14E-2 
AVE 2.98E-2 
Mill 1. 96E-2 

MAX 2.56E-2 6.SlE-2 
AVE l.86E-2 5.88E-2 
MIN l. l9E-2 4.84E-2 

MAX I.SOE-I 
AVE l.05E-l 3.JOE+lb 
MIN 7. 24E- 2 

MAX 3. lBE-3 l. lSE-1 
AVE 2. ISE-3 9.04E-2 
MIN 1. 54E-3 7 .85E-2 

MA X 8.00E-3 l.58E-l 
AVE 3.91E-3 9.27E-2 
MIN 1. 78E-3 6.34E-2 

MAX 9.34E-3 l.65E-l 
AVE 3. 77E-J I. 12E-l J.40E+lb 
MIN l.19E-3 8.29E-2 

•Negative analytical values appear as zeros. 
bThree values or less, no maximum or minimlMll calculated. 

90Sr l37Sr 60Co l06Ru Uranium 
(pCi/mL) (pCi/mL) (pCi/mL) (pCi/mL) (pCi/ml) 

l.39E+Ob 1.31E-zb 8.03E-2b 

7 .43E-3 7 .09E-3 J.59E-2 
2.0SE-3 2.37E-3 1. 32E-2 
O. OOE-1• O.OOE-la O.OOE-la 

l.86E-2 2.49E-2 l.OlE-2 
8.26E-3 l.58E-2 2. 0ZE-3 
3.00E-3 5.19E-3 O.OOE-la 

l.02E-2 l.98E-2 6.53E-2 
3.42E-3 l.41E-2 3.00E-2 
O.OOE-1• 4.46E-3 O.OOE-1• 

l. 70E-2 2. 75E-2 6.45E-2 
3. 97E-3 l.46E-2 l.82E-2 
O.OOE-1• 5.96E-3 O.OOE-la 

I. 46E-2 9.BSE-3 
3.98E-J 7 .BSE-3 
O.OOE-la 6. 15E-3 
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TABLE 20. Swrmary of 1983 Groundwater Monitoring Results. (Sheet 8 of 13) 
Well (sites 
1110nitored) 

s .. pling 
frequency 

Total alpha 
(pCi /Ill) 

Total l>eta Tr1ti1111 
(pCi/ml) (pC1/lli.) 

Nitrate 
(119/L) 

ZOO West Area (contd) 

MAX 
299-Wll-13 AVE 1.03£-lb l.02E+2b 1.87E-1b 
(200 West Are,) MIN 

MAX 7 .lSE-2 
299-1111-15 AVE 4.98£-2 
(216--T-34) MIN 2.98£-2 

MAX 1.53£-1 
299-Wll-18 AVE 1.23£-1 4.00E-Jb 
(216-T-35) MIN 1.06£-1 

MAX 7.00E-3 1.69£-1 
299-Wll-23 AVE 3.30E-3 1.0lE-1 
(241-T) MIN O.OOE-11 7.04E-2 

299-Wll-24 
MAX 2.73E-3 l.17E-1 
AVE 1.50£-3 9. BBE-2 

(241-T) MIii 6.22£-4 . 8.38£-2 

MAX 
299-1114-2 AVE 3.92£-3b 7.89£-21> 2.86£+21> 
(216-T-26,27,28) MIN 

MAX 2.0BE-2 5.71£+1 
299-1114-5 AYE 1.31£-2 2.87E+l 
(241-TX} Mlll 8.07E-4 l.27E+l 

MAX 2.77E-2 
299-1114-6 AVE 1.61E-2 
(241-TX) MIN 1.09E-3 

299-1114-10 
MAX 3.14E-2 3. 97E-2 3. 78E-1 
AVE 3.69E-3 1.04E-2 2.91E-1 

( 216-W-LIIC) MIN O.OOE-1• O.OOE- 11 4.20E-2 

•Negative 111alytic;al values appear as zeros. 

bfhree values or less, no 1111xi111111 or 11ini11111 calculated, 

90sr 
(pCi/1111..) 

5.29£-3 
1.36E-3 
O.OOE-1• 

l37sr 
(pCi/1111.) 

8.83£-3 
3.02£-3 
O.OOE-1• 

3.52£-3 
1.39£-3 
0.00£-11 

1.60E-2 
3.90£-3 
O.OOE- 1• 

60co 
(pC1/111L) 

l.94E-2 
l.55E-2 
l.12E-2 

2.27E-2 
1.SOE-2 
1.05E-2 

1.12£-2 
2.28E-3 
O.OOE-1• 

106Ru 
(pCi/1111.) 

1.96£-2 
3.92£-3 
0.00£-11 

2.74E-2 
l.OBE-2 
0.00£-11 

3,92£-2 
1.24E-2 
O.OOE-1• 

Uraniun 
(pCi/mL) 
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TABLE 20. Sumnary of 1983 Groundwater Monitoring Results. {Sheet 9 of 13) 

Well (sites 
11onitored) 

299-WlS-3 
(241-TY) 

299-Wl5-4 
(216-T-19) 

299-WlS- 6 
(216-Z-9) 

299-WlS-7 
(216-2-7) 

299-Wl5-10 
(216-Z-16) 

299-WlS-ll 
(216-2-16) 

299-WlS-5 
(216-Z-12) 

299-WlS-9 
(216-2-8) 

299-WlS-12 
(216-Z-18) 

SMipllng Total alpha Total beta Tr1t11.111 Nitrate 
frequency (pCi/ml) (pCi/ml) (pC1/ml) (• g/L) 

200 West Aru (conhi 

HAX 5. 75E-2 
AVE 5.30£-2 
HIN 4.91E- 2 

HAX 4. 38E-2 9. 71E+2 9.43E-l 
AYE Z.28E-2 9.06E+2 8. 78E-l 
HIN 8. 35E-3 8. 04E+Z 8.ZlE-1 

MAX Z. 73E-3 l.90E-2 l. 38E-Z 
AVE l.56E-3 l.14E-2 8 . 89E-3 
MIN 9.49E-4 6.28E-J 5. lOE-3 

HAX 7 .llE-4 2.22E-l 1. 79£-1 
AYE J.SSE-4 l.OOf-1 l.2ZE-l 
MIN 0.OOE-Ja 2.67E-2 8 . 40E-2 

HAX 2. 73E-3 l . 92E-l 
AVE l.33E-3 6.05E-2 1.68E-lb 
HIN 0. OOE-la l. 5DE- 2 

HAX 3. 2DE-3 5. 51E-2 3.54E-l 
AVE 2.29E-3 : 3.43E-Z 3.0lE-1 
MIN l.54E- 3 Z. 07E-Z 2. 57E- l 

MAX 2. 73E-3 4.46E-2 
AYE 9. 49£-4 1. 77E-2 
MIN 0.OOE-la 6. 97E-3 

MAX 2.49E-3 3.0l E-2 3. 14E-2 
AYE l.28E-3 l.16E-2 1.26£-2 
MIN 6.24E-4 4. S0E- 3 2.88E-3 

l'IAX 3.36E-3 3. 76£-2 1. 72E<O l.ME-2 
AYE 2.08E-3 l.22E-2 8.lOE-1 5.02E- 3 
HIN 0.OOE-1 4 0. OOE-la l.l0E-1 S. lOE-4 

aNegative analytical values appear as zeros. 

bThree values or less, no 111axifflln or 11ini- ca lculated. 

90sr 137sr 60co 106Ru Uran11111 
(pCi/ml) (pC1/llll) (pCi/ml) (pC1/ml.) (pCi/ml) 

l.16E- 2 l.41E-2 2.47E-Z 
4. 76E-3 l.12E-2 1.07£-2 
0 . OOE-1& 6.36E-3 0.OOE-1& 

1.39£-3 5.03E-2 3.91£-2 
5.24E-4 2.63E-2 l.52E-2 
O. OOE-1& 6.71E-3 0.OOE-la 

l.lSE-3 
9.46£-4 
6. 19£-4 
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TABLE 20. Sunnary of 1983 Groundwater Monitoring Results. (Sheet 10 of 13) 

Well (sites 
monitored) 

299-WlS-15 
(216-U-10) 

299-Wl8-17 
(216-Z-20) 

299-Wl8-18 
(216-Z-20) 

299-WlS-19 
(216-Z-20) 

299-Wl8-20 
(216-Z-20) 

299-Wl9-2 
(216-U-8) 

299-1119-3 
(216-U-U,2) 

299-1119-5 
(216-S-23) 

299-Wl9-ll 
( 216-U-l) 

Sampl Ing 
frequency 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

Total alpha 
(pCi/ml) 

3.34E-l 
6.88E-2 
9.49£-4 

5. 7ZE-3 
l.89E-3 
0.00£-la 

4.lSE-4 
1.04£-4 
O.OOf-la 

5.60£-3 
l.09£-3 
O.OOE-11 

6. 25£-3 
2.23£-3 
O.OOE-l• 

9.65E-2 
4.26£-2 
3.20E-3 

1.18£-2 
5.34E-3 
5.69£-4 

Total beta 
(pCl/mL) 

6.93E-2 
3.70E-2 
1.06£-2 

4.91£-2 
l.69E-2 
O.OOE-11 

l.57E-l 
l.21E-l 
5.58£-1 

3.18£-2 
1.36£-2 
O.OOE-1• 

4.94E-2 
l.40E-2 
0.00£-1& 

7 .92£-2 
4. 72E-2 
2. 39E-2 

l.76E-l 
1. 14E-l 
3.12E-2 

l.45E-2 
9.BZE-3 
3,34£-3 

•Negative analytical values appear as zeros. 

TrltilJII 
(pCi/111.) 

Nitrate 
(mg/L) 

200 West Area ( cont/, j 

3.20£+0 5.30E-3 
6.69E-l l. 12E-3 
O.OOE-11 3.50E-4 

5.77E-l 4. 90£-3 
2. 7lE-l 2.85E-3 
O.OOE-la _ l.BOE-3 

l . 67E+O 2. 70£-3 
6.88E-l l.64E-3 
2. 74£-1 9.07£-4 

1.10£+1 3.10£-3 
2. 98£+0 7. 94E-4 
6.30E-2 6.20£-5 

9.50£+0 5.30E-3 
2.67£+0 l. 57£-3 
2.61£-1 4. 40£-4 

9. 31£+1 4. 39E-l 
7 .38E+l 2.SSE-1 
6.18£+1 1.82£-1 

3.l6E-l 3.23E-2 
l.92E-l 2.36E-2 
8.10£-2 1.50£-2 

9.79E-l 5.89£-3 
7 .44£-1 3. Z!lE-3 
3.96£-1 1. 77E-3 

2.21E+O 3.65E-2 
1.08£+0 2. 75E-2 
4.19£-1 1. 79E-2 

bThree values or less, no 111axl1111111 or 11ini1111111 calculated. 

90Sr 
(pCi/mL) 

l37sr 
(pC1/ml) 

3.47E-2 
5.23E-3 
O.OOE-1• 

8.83£-3 
2. 79E-3 
O.OOE-la 

4.85E-3 
2. 74E-3 
l.41E-3 

6.46£-3 
1. 93£-3 
0.00£-la 

l.23£-2 
2.40£-3 
O.OOE-1• 

0.OOE-11 
O.OOE-1• 
O.OOE-la 

3.09E-3 
7. 72E-4 
0.00£-11 

60Co 
(pCi/ml) 

9,02£-3 
3.56E-3 
O.OOE-11 

2.25E-3 
l.lOE-3 
O.OOE-1• 

4.49£-3 
l.SSE-3 
O.OOE-1• 

1.04£-2 
2.27£-3 
O.OOE-1• 

9.14£-3 
2.02E-3 
O,OOE-1 1 

3.88E-3 
1.90£-3 
O.OOE-1• 

7 .46£-3 
2.24£-3 
O.OOE-1• 

106Ru 
(pCi/mL) 

7 ,43£-2 
1.40£-2 
O.OOE-la 

7 .81E-2 
3.54E-2 
8.38£-3 

1.18£-2 
4.82£-3 
O.OOE-1• 

3,08£-2 
4.55£-3 
0.00£-l& 

8.SSE-2 
l.56£-2 
0.QOE-1& 

l.92E-2 
7 ,70£-3 
0.00E-1• 

1.93£-2 
l.49E-2 
7 ,61E-3 

Urani<J11 
(pCi/11L) 

l.80E-2b 

2.0SE-3 
l.20E-3 
5.47£-4 

3.SSE-2 
2.83£-2 
2.38E-2 
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TABLE 20, Swnnary of 1983 Groundwate r Monitoring Resu l ts . (Sheet 11 of 13} 

Well (sites 
monitored) 

299-Wl9- l 2 
(241-U) 

299-W22-l 
(216-S-l) 

299-W22- 2 
(216-S-l&Z) 

299-W22- 12 
(216-S-7) 

z99.w'22-zo 
(216-S-Z0) 

299-W22-2l 
(216-S-13) 

299-WZZ-22 
(216-U-12) 

299-W22-26 
(216-S-9) 

299-WZZ-27 
(216-S- 9) 

s ... pling 
frequency 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
HIN 

MAX 
AVE 
MIN 

Total aleha 
(pCi/mL) 

6. l JE-Jb 

7 . 39E- 3b 

5.49£-Jb 

4.57£-2 
Z. 57E-2 
0.OOE-la 

3. 75£-3 
9.42E-4 
0.OOE-1• 

Total beta 
(pCl/mL) 

2. 03E-2b 

5.56E-lb 

9.67E-2b 

3.45E-zb 

l.31E- l 
7. 52E-2 
5.43E•2 

l.65E-l 
l.35E-l 
l.20E- l 

2. l&-2 
l.17E-2 
0.OOE-1a 

2. 08E-2b 

2.00E-zb 

aNegatl ve analytical val ues appear as zeros . 

Trtth .. 
(pCi/mL) 

Nitrate 
(mg/L) 

200 West Area (contd) 

l.13t-ib ;;.Z2E-zb 

3.54E+lb 1. 41E-2b 

9.92£- lb l.60E-2b 

4. 40E+zb 5. 37[-Jb 

3.62E+2b 

l.91E-2 
l. 33E-2 
7 .51E-3 

l.SOE• Z 9.Z0E-3 
2.02E+l l.97E-3 
2. 37£+0 l.80£-4 

2.81E+2b 

7 .0lE+zb 9 . 48£-Jb 

bThree val ues or less, no ..axinun or mi ni,_ calcu l ated. 

90Sr 
(pCi/mL) 

3.04£-lb 

2.21E-3b 

1.39[- Jb 

5.lOE-3 
l.27E-3 
0.OOE-la 

4. SOE-3 
2. 29E-3 
0.00£-la 

5.SZE-3 
l. 75E-3 
0.OOE-la 

9.30E- 4b 

l37Sr 
(pCi/mL) 

2.88E-3b . 

3.40E.4b 

2.15E-3b 

3. l0E-3 
9. 33E-4 
0.00E- 1• 

9.76E-3 
l.BOE-3 
0.00[-la 

5.17E-4b 

60co 
(pCi/niL) 

2.63E-Jb 

1. 77E-3b 

L38E-Jb 

3. 74E-3 
9.35E-4 
0.00£-la 

l. 71E-3 
2.52£-4 
0.OOE- l a 

2.72E-3b 

l06ftu 
(pCi/11L) 

l.05E-Jb 

2.37E-zb 

2.BlE-2 
l.76E-2 
0.00£-la 

Z.29E-2 
4.64£-3 
0. OOE-la 

l. l0E- zb 

Uranhn 
(pCi/mL) 

2.82E-Jb 

5.66£-3 
1.57£-3 
0.OOE-la 
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TABLE 20. SuTI111ary of 1983 Groundwater Monitoring Results. (Sheet 12 of 13) 

Well (sites 
monitored) 

Sampling Total alpha Total beta Tritium 
frequency (pCi/ml) (pCi/ml) (pCi/mL) 

Nitrate 
(mg/L) 

200 West Area (contd) 

MAX 
299-W23-l AVE 1. 27E-2b 
(216-S-3) HI N 

HAX 
299-W23-2 AVE 6.54E-Jb 
(241-SX) MIN 

MAX 
299-W23-3 AVE l. 75E-2b 
(241-SX) MIN 

MAX 3.SlE-2 3 .86£-2 3 .39E+0 2. 70E-3 
299-W23-4 AVE 2. 91E-2 2.73£-2 2. 08E+0 l. llE-3 
(216-S-21) HIN 2.54E-2 1. 36E-2 6.03E-l 4. 40E -4 

MAX 2.26E-2 3. 34£-2 4.25E+l 
299-W~3- 9 AVE 9.62£-3 1.38£-2 2. 58E+l 
(216-S-25) MIN 5. 93E- 4 1.86£-3 4.59E- l 

MAX 3. 39£-2 3.l5E+2 
299-W23-10 AVE l. 56E-2 8.l8E+l 
( 216-S-25) MIN 0.OOE-1• 6 . 67E-l 

MAX 4 .20E-l 6.31E- 2 l.83E+2 
299-W23-ll AVE 4. 92E-2 2.43E-2 2.44E+l 
( 216-S- 25) MI N 3.llE-3 0.00E-la 7.87E-l 

MAX 1. 91E-3 2.02£-2 8.64£-1 
299-W26-3 AVE 9.87£-4 7. 53£-3 6.25£-1 9.72E-4b 
( 216-S-6) MIN 5.93£-4 0.00£-la 7 . OOE-2 

•Negathe analytical values appear as zeros. 

bThree values or less, no maxiffllln or minimum calculated. 

90Sr 
(pC i/ml) 

8.26£-3 
2.52E-3 
0.OOE-1• 

8 . 47E-3 
1.47£-3 
0.00E-1• 

l37Sr 
(pCi/ml) 

l.93£-3 
5.12£-4 
0.00£- la 

9.SlE-3 
2.40E-3 
0 . OOE-la 

7 .49£-3 
1.68£-3 
0.OOE- 1• 

60Co 
(pCi/ml) 

4. 49£-3 
1.05£-3 
0.OOE-la 

4.49£-3 
l.SSE-3 
0 . OOE-1• 

8.32£-3 
2.13£-3 
0.OOE-1• 

l06Ru Uranium 
(pCi/ml) (pCi/ml) 

2.09£-2 
l.59E- 2 
l.37E-2 

3.40E-2 
8.24£-3 
0.00E-1• 

6.81£-2 
2. 72£-2 
0.00E-la 

3. 43£-2 
4. l0E-3 6. 72£-zb 
0.OOE-1• 
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TABLE 20. Summary of 1983 Groundwater Monitoring Results. (Sheet 13 of 13) 

Well {sites 
monitored) 

699-32-72 

699-35-78 

699-42-40A 
(216-B-3) 

699-42-40B 
(216-B-3) 

699-5'3-47 
(216-A-25) 

699-53-SSA 

699-54-57 

Sampling Total alpha Total beta Tritium Nitrate 
frequency (pCi/mL) (pCi/ml) (pCi/mL} (mg/L) 

600 Area 

MAX 5.82E-3 3.95E-2 1. 20E +2 5.00E-4 
AVE 8.33E-4 8.52E-3 1. 14E+2 2.55E-4 
MIN O.OOE-la O.OOE-la l. lOE +2 1. 40E-4 

MAX 3.90E-2 5. 59E-2 2.91E+O 
AVE 2.SOE-2 1. 73E-2 5.30E-l 6.67E-4b 
Mlt• 8.06E-3 8.56[-3 3.44E-3 

MAX l.59E-l 2.24[+2 l.06E-2 
AVE 2.61E-2 l.81E+2 6.BBE-3 
MIN O.OOE-la 9. 49E +O 3.07£-3 

MAX 3.44E-l 2.48[+2 l. 59£-2 
AVE 3.76E-2 1. 91E +2 1. lBE-2 
MIN O.OOE-la 9.22E+O 5.13£-3 

MAX 9.23£-3 9.90E-2 
AVE 1. 57E-3 5.59E-2 
MIN O.OOE-1a 3.63£-2 

MAX 3.49E-3 7.lOE-2 
AVE l. 27E-3 . l. 73E-2 
Mltl 3.56E-4 2. 32E-3 

MAX 4.00E-1 
AVE 1. lSE-1 2.38E-4b 
MIN O.OOE-la 

aNegative analytical values appear as zeros. 
brhree values or less, no maximum or minimum calculated. 

90Sr 137Sr 60co 106Ru Uranium 
(pCi/ml) (pCi/mL) (pCi/ml) (pC1/ml) {pC1/mL) 

5.13E-Jb 

6.63E-3 5.96E-3 4 .18E-2 l.85E-2 
1.62E-3 2.34E-3 1. 32E-2 1.15E-2 
0.00£-la O.OOE-la 0.00£-la 3.58E-3 

5.13E-3 5.67E-3 3.84£.,J 4. 55E-2 6.24E-3 
l.06E-3 8.14£-4 7.56E-4 1. 21E•2 2.12E-3 
0.00£-ld O.OOE-la O.OOE-la 0.00E-la 4.22£-4 

2. 77E-2 9.17E-3 8.16£-3 4. 23E-2 
3.16E-3 2.17E-3 1. 91E-3 6.54E-3 
O.OOE-la O.OOE-la O.OOE- ta 0.00£-ld 

5.07E-2 6.12E-3 l.04E-2 4.93E-2 
3. 23E-2 2.00E-3 2.47E-3 6.67£-3 
2. l3E-2 O.OOE-la O.OOE-la O.OOE-la 

5.0lE-3 l.25E-2 6.57E-3 8. 88E-2 
8.16E-4 4.04E-3 2.47E-3 2. 35E-2 
O.OOE-la O.OOE-la O.OOE-la O.OOE-la 
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RHO-HS-SR-83-13 P 

TABLE 21. Radionucl ide Concentration Guides. 

Parameter Table II Concentration 
Limits (pCi/mL) 

Total alpha 0.03* 
Total beta 0.03* 
90sr 0.30 
60co 30 
137cs 20 
l06Ru 10 
3H 3,000 

Total uranium 0.6 

NOTE: Table II (uncontrolled area), 
Column 2 (water), Attachment XI-1, 
DOE Order 5480.1, (DOE, 1981). 

*The Concentration Guide for 11 unidentified 11 

activity is 0.03 pCi/mL when no other informa­
tion is available for the sample (or monitoring 
site). 

Samples collected from 47 wells were analyzed for total alpha activity. 
Significant alpha contamination was detected only at the 216-B-62 Crib. The 
two wells at this crib (299-E28-21 and 299-£28-18) showed consistently 
elevated alpha activity. A concentration history plot of well 299-£28-21 is 
shown in Figure 33. An expanded plot showing analytical uncertainty in 
relationship to the Table II Concentrat i on Guide for unidentified alpha 
emitter is shown in Figure 33. The isotopic composition of the previously 
unidentified alpha activity hijs been ~hQwn to consist of the natural 
isotopes of uranium (234u, 235u, and 238u). Recent effluent data, as well 
as past disposal records for the 216-B-62 Crib (1973 to present), suggest 
that little if any uranium has been discharged to this crib. Thus, the 
elevated alpha activity in wells 299-E28-18 and 299-E28-21 is apparently a 
result of pre-1973 liquid-waste disposal activities and is not associated 
with current B Plant operations, though those operations continue to provide 
a driving force for existing crib contamination. 
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FIGURE 33. Concentration History of Total Alpha in Well 299-E28-21 
(216-8-62 Crib). Background Total Alpha is approximately 10 pCi/L. 
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Uranium 

Total uranium analyses were performed on water samples collected from 
15 wells of the groundwater monitoring network. None of the wells exhibited 
concentrations greater than the Table II value of 0.6 pCi/mL. 

Strontium-90, Total Beta, and Gamma Emitting Radionuclides 

Total beta (TB) analyses were performed on samples collected from 
110 wells. As in previous years, elevated TB was observed in wells at the 
216-B-43/50 Cribs and near the adjacent 241-BY Tank Farm (wells 299-E33-l, 
-3, -5, -8, and -9). The highest value, 3,110 pCi/L for well 299-£33-3, was 
comparable to results obtained in prior years (see Fig. 34). The occurrence 
of elevated TS at this inactive crib site is due to disposal of "high salt" 
liquid waste from U Plant during 1954 to 1955. The waste consisted of 
scavenged tributyl phosphate supernatant from the uranium recovery process. 
Mixed fission products were associated with this waste. Wells monitoring 
this site are sampled annually to document the long-term status of the 
groundwater contaminati'on. 

Elevated concentrations of TB were also found in well 299-E28-23, which 
monitors the inactive 216-8-5 reverse well. This is due to the elevated 
90sr at this site (12.0 pCi/mL}, which exceeds Table II Concentration 
Guidelines by a factor of 40. However, this is within the normal range for 
this well as shown in Figure 35. The 216-B-5 reverse well was the subject 
of a recent characterization study (Smith, 1980} that concluded that the 
90sr contamination is restricted to the immediate vicinity of the disposal 
well. 

Strontium-90 slightly exceeded Table II Concentration Guidelines in 
well 299-W22-1. which monitors the inactive 216-S-l/S-2 Crib. Elevated 90sr 
is expected at this crib, which was also the subject of a characterization 
study (Van Luik and Smith, 1982). 

Samples collected from 69 we11s were analyzed by gamma-ray spectrometry 
for 137cs. 60co, and 106Ru. None of the samples exceeded the Table II 
Concentration Guidelines for these radionuclides. 

The concentration of 90sr in well 699-53-47A was observed to be on a 
rising trend (See Fig. 36} although below the Table II Concentration Guide 
of 0.3 pCi/mL. This well monitors the 216-A-25 Pond (Gable Mountain Pond). 
An investigation was initiated to evaluate the extent of 90sr migration in 
the vicinity of the pond. (Gable Mountain Pond received an estimated 500 Ci 
of 90sr in 1964 along with other fission products). 
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Tritium 

Samples collected from 70 wells were analyzed for tritium. Water 
samples from only one well (299-El7-9) exceeded Table II Concentration 
Guidelines; this well monitors the 216-A-36B Crib. As illustrated in 
Figure 37, tritium samples from this well have decreased over the last year 
and are just slightly over Table II Guidelines. 

With the startup of PUREX in October 1983, concentrations in 
groundwater beneath PUREX cribs were expected to increase. An example of 
this may be observed in the 216-A-10 Crib (well 299-El?-l}, which receives 
process condensate waste from PUREX. A rise in tritium concentration may be 
observed in the latter part of 1983, as shown in Figure 38. 

Nitrate 

Water samples from 14 of 65 wells sampled for nitrate exceeded the 
Federal Drinking Water Standard* of 45 parts per million (ppm). Like 
tritium, nitrate is highly mobile in groundwater and serves as a useful 
tracer of water movement. The only discernible trends in nitrate are the 
possible increases at the PUREX cribs. For example, the concentration 
history plot for well 299-El7-l at the 216-A-10 Crib (Fig. 39} shows an 
increased concentration near the end of the year. An increase in nitrate is 
expected at this site due to resumed operation of PUREX which cormnenced in 
October 1983. The "spike 11 in nitrate for 1982 (Fig. 39} was apparently the 
result of prestartup testing and flushing operations. 

Water Table Maps 

Assistance in evaluating the direction of groundwater movement is 
provided by water-table maps. The map of the 200 Areas presented in 
Figure 40 was prepared in December 1983. Groundwater flows perpendicular to 
the contour lines of the map from regions of higher groundwater elevation to 
lower elevations. 

*Drinking Water Standard is used for comparison only. It is not a 
required standard onsite. 
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RADIOLOGICAL SURVEYS 

SUMMARY 

Radiological surveys are conducted on road surfaces; 200 East, 
200 West, and 600 Area waste sites; facility outdoor areas; and the 
BC controlled area on a bimonthly, quarterly, semiannual, or annual basis 
(see Table 22 for 1983 survey schedule). These surveys are designed to 
(1) identify trends in radiation levels and contamination in radiation 
areas, (2) determine the adequacy of containment of underground radioactive 
material, and (3) detect movement of radioactive material from radiation 
areas or radioactive spills that might otherwise go undetected. These 
surveys also provide continuous information on the current radiological 
status of the environment. 

ROADS . 

A beta-gamma detector, mounted approximately 50 cm above the ground on 
the underside of a truck, is used to survey the road surfaces. The detector 
consists of four 1B85 Geiger-Mueller tubes connected to a count rate meter 
in the cab of the truck. All frequently traveled blacktop and improved 
roads in and around the 200 Areas are surveyed bimonthly to detect radio­
active material spills. Other roads are surveyed quarterly, except the 
roads around Gable Mountain Pond and B Pond where travel is infrequent and 
there is little probability of contamination (Fig. 41). Other roads on the 
Hanford Site are surveyed by PNL. 

In 1983, road surveys detected two contaminated areas. Contamination 
to over 100,000 cpm was detected on Route 3 near the 200 Area Fire Station. 
The road was temporarily blocked until cleanup was completed that same day 
(see No. 1 on Fig. 41). The other roadway found to be contaminated (spotty 
to 60,000 cpm) was in the BC controlled area (see No. 2 on Fig. 41). Since 
the area already was a radiologically controlled area, no further corrective 
action was required. 
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TABLE 22. The 1983 Radio logical Survey Schedule. 

Interval Areas Scheduled for Survey 

Bimonthly Surveys of all paved and improved road sur-
faces inside 200 Areas 

Quarterly 200 Areas outside perimeter roads 
UN-216-W-5 (23rd and Camden) _ 

Semiannually 

Annually 

Route 3 and 4-S from 200 West to 200 East hill 
216-8-55 and 216-B-62 Cribs 
216-T-30 Catch Tank between Buildings 222-T 

and 221- T 
216-A-8, -A-10, -A-30, -A-36B, and 

-A-37-1 Cribs 
BC Cribs contro l led area roads and fire breaks 
216-U-12 Cr i b 
216-8-2-1 and - B-2-2 Ditches (backfilled) 
UN-216-W-23 

BC Cribs, Trenches, and ground plots 
Gable Mountain Pond and B Pond perimeter roads 
Vent station on east/west cross-country 

transfer line 

216-T-14 through -17, and -21 through 
-25 Trenches 

Roofs of 202-S, 222-S, 276-S, 221-U, 231-Z, 
221-T, and 200 East powerhouse 

216-8-35 through -42 Trenches 
Inside stabi l ized burial grounds in 200 Areas 
Nonstabilized burial grounds in 200 Areas 
Burial Grounds in 600 Area 
Underground pipeline to B-3-3 Ditch from 

8-2-3 Ditch 
Outdoor areas at PUREX, 244-AR Vault, B Plant, 

and Semiworks 
All tank farm perimeters 
Shorelines of Gable Mountain Pond, West Lake, 

216-8-3 Pond, 216-U-10 Pond, 216-S-19 Pond, 
and 216-T- 4 Pond 

All ditch banks, backfilled ditches, cribs, 
trenches, and drains not covered quarterly 
or semiannually 

Outdoor areas of Laundry, REDOX, and 222-S, 
-U, -T, and - Z Plants 

216-S-16 and - 17 covered pond surfaces 
All unplanned release sites not surveyed 

quarterly 
216-N, -P, and -R Waste Sites 
Retention basins inside 200 Areas 
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PONDS ANO DITCHES 

All open pond and ditchbanks are surveyed routinely to detect any con­
tamination from liquid effluents and contamination carried by wind from 
other sources. Surfaces of covered ponds and ditches are surveyed to detect 
the uncovering of contamination or vertical transport of radioactive con­
tamination by plants. These surveys are performed with a P-11 mica window 
probe attached to an Eberline Model BNW-1 count rate meter. 

Sites where vegetation has transported contamination to the surface are 
discussed in the "Biological Transport" section of this report. 

The shoreline around U Pond was found to be fairly uniformly contami­
nated, with levels ranging from 3,500 to 6,000 cpm and spots to 100,000 cpm. 
However, since this contamination is covered by vegetation, there is little 
probability of transport out of the radiologically controlled area. 

600 AREA BURIAL GROUNDS 

The 600 Area burial grounds (formerly 300 Area burial grounds) are 
inactive sites that once received uranium, plutonium, and fission product 
waste from the 300 Area (Maxfield, 1979). Surveys are conducted yearly in 
the 600 Area waste sites to detect any changes in radiological conditions 
since the previous year (Fig. 42). No conditions requiring immediate cor­
rective action were found; however, the 618-10 Burial Ground was surface 
stabilized and revegetated in 1983. The posting was then changed from 
Surface Contamination to Underground Radioactive Material. 

200 AREA WASTE SITES 

The waste-disposal sites in the 200 Areas received (or continue to 
receive) waste from the ' Separations Area chemical processing operations (see 
Fig. 2 and 3). The perimeters and much of the ground surface are surveyed. 
as are exposed risers, equipment, deep-rooted vegetation, and signs of 
animal activity. The most significant findings during 1983 are listed 
below. 

1 216-B-2-1 and 216-B-2-2 Covered Ditches: Tumbleweeds that were 
contaminated to 4,000 cpm were found growing along the edge of the 
covered ditches. The site was initially stabilized in 1973 
(Maxfield, 1979). The weeds were removed before migration could 
occur. 

• 216-T-30 Catch Tank: This area is the site of two unplanned 
releases in the 1950s (Maxfield, 1979}. Radioactivity detected in 
the last year ranged from 1,000 to 40,000 cpm and was attributed 
to both surface contamination and a subsurface source. 
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FIGURE 42. The 600 Area Burial Grounds. 
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• UN-216-W-23: Surface contamination to 60,000 cpm and a dose rate 
of 100 mrad/h were found at this site of an old transfer line 
leak. Interim stabilization was completed in 1983. 

• 216-A-8 Crib: Surface contamination to 40,000 cpm and growing 
rabbitbrush (contaminated to 55,000 cpm) have been found on this 
active crib. The site is posted as a Surface Contamination Area. 

• 216-A-24 Crib: Surface contamination to 60,000 cpm was found in 
1983. This crib is inactive, once having received radioactive 
condensate from waste-storage tanks in 200 East Area (Maxfield, 
1979). This site is appropriately posted as a Surface 
Contamination Area. 

• Vent Station: The vent station is located halfway between 
200 East and 200 West Areas along the cross-country transfer line. 
Spotty contamination (to 100,000 cpm) was found on the ground in 
and around the site perimeter. All loose contamination was 
removed. The area remains posted as Surface Contamination. 

THE BC CRIBS AREA 

The BC controlled area is a 1,000-hectare region located just south of 
the 200 East Area with spotty-to-fairly-large areas of surface contamina­
tion. The BC Cribs and Trenches, which occupy approximately 20 hectares of 
the controlled area, were used from 1956 to 1967 as a waste-disposal site 
for the 200 Areas and 300 Areas (Fig. 43). Shallow dirt cover over waste in 
the backfilled trenches provided easy access for animals and vegetation. 
The original spread of contamination from the BC Crib and Trench area appar­
ently resulted from animals burrowing into the 216-B-28 Trench~ ingesting 
radioactive salts. and depositing contaminated feces and urine throughout 
the area. The surface was also contaminated locally when plant roots grew 
into the radioactive waste and transported radionuclides to the surface 
through the plant tissue (Maxfield, 1979). 

In 1964, steps were taken to stabilize the surface of the BC Trenches. 
The original burrow on the 216-B-28 Trench that was believed to have caused 
the contamination spread was filled and the trench was covered with asphalt 
(Maxfield, 1979). The remaining trenches were covered with gravel in 1969. 

Vertical transport of radionucl ides by tumbleweeds and possibly by wind 
erosion continued to increase the activity found over the cribs, trenches, 
and control area. Changes from one survey to the next indicated a gradual 
migration of tnat activity from the established radiation zones. In 1979, 
special survey plots (6 by 6 m) were established to determine trends in 
migration of contamination (see Fig. 43). Each plot is surveyed 
semiannually for evaluation. 

In 1983, plot surveys indicated the same levels of contamination as in 
previous years. No new contamination was detected in the plots along the 
outer fringe of the control area; this indicates that migration of 
contamination was not found to be a problem in 1983. 
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Surveys of the cribs and trenches up to 1981 found that general 
contamination, primarily from tumbleweeds, was present. Corrective action 
was initiated in 1981 to surface stabilize the Cribs and Trenches 216-821, 
-22, -23, -27, and -28, as well as remove most of the contamination from the 
remainder of the trenches. Cleanup of the controlled area was also begun at 
that time. 

In 1982, surface stabilization of the· cribs and trenches was completed 
and an additional portion of the controlled area was cleaned and released 
unconditionally from Radiologica·1 Controlled Area posting. The progress of 
the work performed in this area is illustrated in Figure 44. 

Since completion of stabilization, no contamination has been detected 
on the cribs or trenches. 
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RADIOLOGICAL STATUS OF THE 200 AREAS 

SU~RY 

An integral part of the Rockwell environmental surveillance program 
involves maintaining current information on the radiological status of the 
Separations Area environment, including changes that may affect operations 
or require additional surveillance. 

STATUS MAPS 

Maps are maintained depicting the radiological status of waste sites 
and outdoor radiation areas. Facility outdoor radiation areas (Fig. 45 
through 51), active and inactive waste sites, unplanned release sites, and 
other outdoor radiation areas (Fig. 52 through 55) are included on the maps. 
Also, areas posted as Surface Contamination and Underground Radioactive 
Material are shown. The maps are used to determine surveillance needs, 
impact of excavations or other operations, and possible sources of environ­
mental contamination. All maps are updated at least quarterly or as 
information is received. The maps in this report are current as of 
December 31, 1983. 

SITE STATUS CHANGES DURING 1983 

The surface radiological condition of various sites may change w1th 
time. Most changes involve stabilization or cleanup, and subsequent 
reposting or unconditional release of areas that were previously posted as 
Surface Contamination. Waste sites that contain underground radioactive 
material, and were surface stabilized or cleaned, were reposted as 
Underground Radioactive Material. The placement of permanent markers to 
prevent any future, inadvertent excavation into the waste is currently 
underway. Surveillance is maintained over such sites to ensure that 
contamination does not resurface via biological transport or by other 
natural or manmade conditions. Areas unconditionally released consist of 
sites where the contamination was present only on the surface and all 
contamination was removed; therefore, the site poses no future potential 
radiological problems. Surveillance of these sites is discontinued unless 
the possibility of recontamination from another source exists. 

Some sites were posted as Surface Contamination in 1983 due to the 
discovery of previously undetected contamination or because of contamination 
from other sources. 

Changes made in 1983 are listed in Table 23 and locations shown in 
Figures 42 through 56. 
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TABLE 23. Posting Status Changes in Calendar Year 1983. (Sheet 1 of 2) 

Location 

Cask storage north of B Plant 

B Plant railroad cut 

216-8-lOA and 108 Cribs 

UNH Line 

218-E-10 Burial Ground 
expansion 

UN-216-E-5 (partial) 

Burning Pit 

B Pond Expansion 

216-A-29 Spur 

216-A-37-2 Crib (new) 

218-W-4A Burial Ground 

218-W-ll Burial Ground 

218-W-1 Burial Ground 

218-W-4 Burial Ground 

-- __ . -_ - -- . - -. . . . . . - . - -

Status change 

Radiation Area to released 

Radiation Area to released 

Surface Contamination to 
Underground Radioactive 
Material 

Surface Contamination to 
Released 

Posted as Surface 
Contamination 

Surface Contamination 
to Released 

Surface Contamination 
to Released 

Posted as Surface 
Contamination 

Surface Contamination 
to Released 

Posted as Underground 
Radioactive Material 

Surface Contamination to 
Underground Radioactive 
Material 

Surface Contamination to 
Underground Radioactive 
Material 

Surface Contamination to 
Underground Radioactive 
Material 

Surface Contamination to 
Underground Radioactive 
Material 
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See 
circled Figure 

no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

11 

11 

11 

46 

46 

46 

48, 54 

52 

52 

52 

53 

53 

53 

54 

54 

54 

54 



RH0-HS-SR-83-13 P 

TABLE 23. Posting Status Changes in Ca1endar Year 1983. (Sheet 2 of 2) 

Location Status change 

218-W-48 Burial Ground (partial) Surface Contamination to 
Underground Radioactive 
Material 

218-W-3 Burial Ground Surface Contamination to 
Underground Radioactive 
Material 

218-W-3A Burial Ground expansion Posted as Surface 
Contamination 

218-W-lA Burial Ground Surface Contamination to 
Underground Radioactive 
Contamination 

UN-216-W-23 Unplanned Release High Radiation Area to 
Site Underground Radioactive 

Contamination 

216-Z-20 Crib risers Underground Radioactive 
Mater i al to Surface 
Contamination 

BC Control Area {6 acres) Control Area to Released 

Gable Mountain Pond Area Surface Contamination 
(91 acres) to Released 

618-10 Burial Ground Surface Contamination to 
Underground Radioactive 
Material 

NOTE: UNH = uranyl nitrate hydrated. 
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See 
circled Figure 

no. 

11 

12 

13 

14 

15 

17 

18 

19 

20 

54 

54 

54 

54 

54 

54 

44 

56 
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