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ABSTRACT

RADIOACTIVE CONTAMINATIOW IN THE ENVIRONS OF THE HANFORD WORKS

FOR THE PERICOD OCTOBER, NOVEMBER, DECEMBER, 1950

This document summarizes the results obtained during a three month period of
monitoring to determine the magnitude and extent of radicactive contamination im
the environs of the Hanford Works, A review and discussion of these measurements
for various phases of this progrem ils presented in separate sections of this repori;
an abstract of these data appears below.

SECTION I:- METECROLOGICAL DATA:

Accumulsted observetions for a total of 1,187 hours during which irradiated
metal was dissolved in the separation arecas shows that the wind prevelled from the
northwest 39 percent of ‘the time at the 200 West Area. Westerly components contrib-
uted 70 percent of ‘the wind during the peried. The south direction prevailed at
the 100-D and 100~F Areas and the west direction prevailed at Richland, Tabulazr
summations and graphic portrayals showing this variation are included. o

SECTION II:~- RADIOACTIVE CONTAMINATION ON VEGETATION:

.} -
A general incréase was noted in the average activity density from 8 dey iodine
on: vegetation collected from the environs. In general, this increase was on the
order of a factor of 2 to 4 and exceeded a factor of 10 in extreme cases, Seamples
collected during December were generally higher than those collected during October
and November., The predominance of fog over the region during December, along with &
10 percent increase in the amount of I-131 involved during the dissolution of metal
and the reduction in the cooling periocd of irradiated uranium accounted for this
increase. Twenty-four stack samples obtained before the installation of the silver
reactor in the 200 West Area indicated that en average of 5.9 curies of I-131 were
emitted daily, The maximum activity density from I-131 on vegetetion was 1.3 x 1072
Fc/gram at a location near the 200 West Area gatechoyse. - Individual samples indicated
velues on the order of 2,0 to 5,0 x 10™3 pc/grem in the Redox Construction Area and
in the viﬁinity of the Bﬁtcb Plant; quarﬁgrxy averages at these locations were
3.3 x 10”7 and 6.2 x 10~% pc/gram, respectively. Increases by factors of 4 to 7 were
observed in the residential areas where the avergpge activity density from I-131
ranged from 1.0 to 3.0 x 1070 Pc/gram. Off area surveys which were confined to the
early part of the quarter indicated negligible activity in the region bounded by
Pendleton, Qregon, Weiser, Idnho, and lewiston, Idaho.

SECTION IIT:- RADIOACTIVE CONTAMINATION IN THE ATMOSPHERE:
{

Airborne radiotion levels ond dosage rates showed fhicreases which approached
significance in the region within a radius of 10 miles of the 200 Areas. The mean
radiation level within o five mile radius of the stacks was 1.02 mrep/2h hours as
compared with a previous average of 0.81 mrep/2h hours; monitoring stations located
beyond 5 miles but within 10 miles showed o comparable incrcase from a previous
0.69 mrep/24% hours to 0.93 mrep/24 hours. Maximum measurements showed an average of
2.6 mrep/24 hours between the 200 Arcas during December. Two fold increases were
also noted in the average activity density from filterable bete emitters at many
locations neer the 100 and 200 Arcas. The moximum activity density was measure%
inside the separation areams where the quarterly averages were 5.3 and 4.8 x 107 2
Pc/co in 200 East and 200 West Area, respectively. The maximum weekly average was
1,6 x 10~ }wc/cc at the 200 West gabehouse. Increases in the average activity
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from I-131 in the atmosphere waich were noted during the latter pert of the previous
quarter continued at nearly all outlying locations but fended to diminish at loca-
tions in the immediate vieinity of the 200 Areas. Maximum concentrations were
observed in the 200 East Avea where the average activity demnsity from I-131 during
October wag 2.6 x 10"+ nc/ec with o maximum concentration over o 2% hour period of
2.1 x 10-40 1c/ce.  Porthble scrubber somples collected during periods of peak con-
centration ol ground level indicated the maximum activity density from I-131 to be
on the order of 3 x 10~9 pc/ec with an over all meon on the order of 10-10 c/cc.

A probeble. increase in the number of active particles in the atmosphere wosd indi-
cated at several locations; however, o review of the over all data indicated that
the mojority of results were within the order expected when compared to previous
meagurements. Average particle concentrations remained below 1 x 1072 particl é/
meter3 ot most locotions near the 200 Aress and below 1 x 10-3 particles/heter at
all residential areas.

SECTION IV:~ RADIOACTIVE CONTAMINATION IN THE HANFORD WASTES:

The average activity density from gross beta emitters in the 107 effluent water
increased by a factor of nearly two at all pile areas during the quarter. Maximum
measurements obtained during December ranged from 1.0 to_ 1.6 x 10-3 o/bo in the
100-B, 100-D, and 100-DR Arces and from 3.3 to 3.9 x 103 pe/ce at the 100-F ond
100-H Arcas., Monitoring of the Biology Farm wastes indicated that approximately
6 milli-curies of I-131 were discharged to the Columbla River daily, Special surveys
were conducted in respect to the leck in the 107-H basin and the break in the 107~D
effluent pipe. The resulbs obtained from monitoring the open waste zones in the
200 and 300 Arces ore included; oll measurements were in reasonebly good ogreement
with the results of the previous guarter. Detailed surveys of the 300 Area waste
ponds indicated that 100 pounds of uranium was in the liguid portion of the new
pond, Detalled discussion and graphic portravels of the distribution of this
activity are included in the text.

SECTION V:- RADIOACTIVE CONTAMINATION IN THE COLUMBIA AND YAKTIMA RIVERS:

A significont decrense in the flow rate of the Columbia River from a peak flow
of over four million gallons/second in July, 1950 %o o méan flow rate of 590,000
gallons/second during the present period contributed to o general increcse in the
activity density from gross bete emitters at nearly all river sompling locations,
The stortup of the 100-DR pile during October 1950 also contributed to this increase.
The moximum activity density prevailed aleng the south bank of the river in the
vicinity of Hanford where the sverage activity dengity was 3.7 % 10-6 c/bc inelud-
ing a meximum individual measugement of 9.5 x 10™ c/cc. In general, the activity
density wos on the order of 10~ .Pc/bc ot all locations between 100-D and Richland,
Cross section distribution studics indicated that the averaoge activity density was
approximately 3 times greater along the south bonk ot Honford than it was along the
north bank, BSpeetal surveys designod to detemmine if the nctivity discharged at the
plile areas followed the same chonnel os thot of ferro-floc discharged from the £il-
ter besins indicated significant correlotions at six dovn stream locations. Tebles
end graphs which define this relationship are includcd. -Rodiochemicol analyses
for the activity density from olpho and beta emitters in mud along the shore of
the river was not. indicative of any change or trond. Increnses were noted in the
activity density from gross beto omitters in row waber supplics and were attribubed
to the higher activity density from beta emitters in the Coluwbin River during
this period., - = - -
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SECTION VI:- RADTIOACTIVE CONTAMINATION IN RAIN:

The activity density of gross bets emitters in roin-averaged 3.4 x 10~9 e/eco
in the 200 Arecas and less than 1 x 107 h}ac/cc in residential areas. Moximum meos-
~ - urcments were on the order of 6.0 x 10% pe/cc. Annlyses for the activity density
of alphe emitters indicaoted negligible activity from this source.

SECTION VIL:~ RADIOACTIVE CONTAMINATION IN DRINKING WATER AND TEST WELLSS

Radiochemical analyses ‘for the activity density from alpha emitters in drinking
water indicoted detectoble quantities in the supplies of Richlond and Benton City.
Maximum meesurements were found in o somple from the Benton City Store well whilch
. indicated the activity density from alpha emitters to be 26 dis/min/liter with
* urenium measurements by fluorophotometer onalyses showing 21 pg U/liter. Indica-

tions of uronium were noted in each of the Richlond wells; the averoge activity wos

. about 5 re U/liter. The only wells showing detectable quontitles of bete activity
- were thdse having the Columbis River as o source of supply. Moximum measurements

in the drinking water supplies of Pasco and Kemnewick were on the order of 3 x 10~
/uo/cos somples of backwoash moterial obtained at the Pasco Filter Plant showed an
averoge activity density of 2.1 x 107 m{lc/gram in the Bolid material and 5.8 x 10-7
},10/00 in the liquid, Tobles ore included which sumtiarize the resulbs of all ananlyses
performed on drinking woter supplies during the period.
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DEC S METROROIOGICAL DATA - ~-HANFORD WORKS AREA

The meteorological observations and recordings summarized for ‘the months of

October, November, December, 1950, represent data obtained during the periods in
vhich irrediated metal was dissolved in the separation areas at the Henford Works.
These data were summarized from the hourly measurements.which were obtained by the
Meteorological Group of the Health Tnstrument Development Division., Meteorological
observations were obtained at several locations on the project; the main meteoxology
statlon near the 200 West Arvea provided the bulk of theﬂhata ahd was supplemented by
recorded measurements at each of the 100 Areas and Richlend.

The data obtained from the Meteorology station represented meteorological condi-
tlons recorded at the 200' level of the Meteorology Tower; these observations were
believed most representative of the conditions under which the radiocactive gases
wvere admitted +to the atmosphere as this height closely r;presents the elevation of
the stacks in the separation arecas. Data'dbtained from perimeter stations were
believed representative of those conditions which causedAwide~spread deposition
of trace activity in such regions as the Wahluke Slope and Tri-City Area. The
data obtained at outlying stations represented recording; obtained at an elevetion
of approximately 50 feet.

The following discussion represents accumulated observations for a total of
1,187 hours during which time uranium wasg dissolved; theiéissolving process was in
efffect approximatéiy 5% percent of the timé durihé”the 3i;onth reriod as compared
with b5 pezcent of the time during the period July, August, and September, 1950.

A review of the wind direction data indicates that prevailing wind conditions
during the current periocd closely parallel similaé_obser§gtions noted in the past,
The prevailing direction was northwest, which existed 397§ercent of the time during
this period as compared with 47 percent of the time duriﬁé the previous gquarter,
Westerly components contributed 70 percent of the wind as compared with 84 percent
during the previous quarter . and 67 percent during the same quarterly period in
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1949, As in the past, the ambunt of wind from the caéiaray direction was not
significant when reviewed in respect to the deposition and distribution rattern of
contamination in the environs; however, the amount of wind from these directions
showed small increases when reviewed in comparison with measursmants from the pre-
vious quarter. Figure 1 summarizes the three month average wind direction data as
recorded on an eight point compass. The effect of these data on the contamination
pattern in the environs mey be appraised by comparing this portrayal with the esti-
mated distribution pattern of I-131 on vegetation (Figure 6, Section IT.))

A review of the month to month variation in wind direction at the Meteorology
Tower indicates that the prevailling wind direction showed little change within the
period. The data swmarized for the months of Octoberfénd December were nearly
identical, whereas slight differences were noted duriné the month of November in
respect to the southwest and northwest directions. A two fold increase in the
amount of wind from the southwest during the month of November was accompanied by
@ near two-fold.decrease in amount of wind Ffrom the northwest direction. A

- graphic presentation showing the month %o month varistion in amount of wind from
each of eight directions as recorded ét the Meteorology Tower station is present-
od in Figure 2.

A more detalled study of the veriation in wind direction as recorded at peri-
meter stations showed that the wind directions at these locations was greatly
different than that observed at the Metemrology Station. The significance of the
small variation noted at the Meteorology Tower tends to minimize when reviewing
similar date from perimeter locations., A tabular summary showing the percent of

time the wind prevailed from the eight directions at the various recording sta.

tions is presented in Table I.
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TABIE I . o T .
PREVAILING WIND DIRECTIONS AT METEOROLOGY STATIONS o )
HANFORD WORKS =
OCTOBER, NOVEMBFR, DECEMBER _
1950 = ————
Units. 1nAperccnt of time observed ,
Location - . .. . _. . Wind Directions _ . -
-y e E. SE 5. =S¥ W, MW CAIM .
200 West _ 9 3k 5 7 14 17 39 2
100-B ‘ 10 4 7 8 i S 32 8 5.
100-D - 10 3 8 .2 20 Z09 5 2 30 . D
100-F . 7 2 5 8 6 14 1k 6 28
Richland - 13 7 11 b 12 =7 20 4 22

Among the more significant differences noted when comparing the data tabulated
at the various stations listed above were the followingi— -

1. The Meteorology Station near the 200 West Area was the only station which

showed the prevailing wind direction to be northwest.

2. The prevalence of the northwest direction appears insignificant at the

perimeter locations.

3. The amount of wind from the south at the perimeter meteorology stations

was highly significant, and in many cases tended to be the prevailing direction.

4. Although the calm condition accounted for only 2 percent of the wind near

the separation areas, this condition existed between 20 and 30 percent of the

time at the 100-D and 100-F Areas and in Richland.

In contrest.to the differences mentioned sbove, rather good agreement was
noted when reviewing the amount of wind contributed from casterly components.
Although the amount of wind from the easterly directions appears to have very little
importance on the over all deposition pattern, it can be‘assumed that the effect of
this direction was apparently uniform throughout the environs of the Hanford Works.

Table IT summarizes the month to month variation in wind direction as observed

at the variousg stations. -
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TABTE IT
MONTH TO MONTH VARIATION IN WIND DIRECTION
OCTOBER, NOVEMBER, DECEMBER

1950
Units in vercent of time observed
Location = . Wind Direction - _ e e
Axea . Month N NE E SE 8 - 8W W W CALM
200 West Oct. 8 3 5 6 5 - 11 19 b3 0
Nov. 10 3 5 T 12 - 22 15 25 ‘1
Dec. =~ 9 3 3 4 y 8 16 50 3
100-B Oct., 12 I 6 & 9 - 16 33 0 7k
Nov. 10 k 8 11 8 a7 20 9 3
Dec. 10 i 7 5 7 - 1 Lk 5 T
100-D Oct. = 10 5 b 1 17 10 14 2 37
Nov. = 10 3 11 2 ok 8 12 2 28 .
Dec. 10 2 9 2 20 £ 10 17 3 27
100-F T Oct. T T 1 T 15 11— 12 16 7 2L
Nov. 8 0 b L 28 - 17 12 5 a2 |
Dec. - 7 2 5 7 8 I 11 16 7 37
Richland Oct. 12 1h 9 3 6 = 7 22 by 22
Nov. 19 5 12 6 i T 23 3 ik
Dec., - 7 3 11 . e 17 6 16 5 ‘31

The data summarized in Table II above showed about.the same number of differ-
ences noted when reviewing the average conditions for the quarterly period. In
general, the month to month variation appears to be a négligible factor when reviewed
in respect to the significant differences which were noted when comparing the over
all data at various locations. N

The variations in wind directions noted around theproject temd to account for
the deposition of trace quantities of radioactive contaminatidn at remote locations
such as the Wahluke Slope, Ringold, Kemnewick Highlands, etc. The predominance of
the northwest difection near the separation areas tends to elongate the main depo-
sition pattern t6 the southecast in the direction of Richland. In conjunction with
related meteorological observations, several prominant topographical festures such
as Reattlesnake Mountain, the Saddle Mountains, Gable Mountain, and the gorge of the
Columbia River tend to influence the over all deposition pattern. The general

effect of these features along with the meteorological measurements may be

DECLASSIFIED o—
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correlated favorably when reviewing the iso activity maps which show the average
deposition of eight day I-131 on the vegetation in this region. (Figure 6 , Sectim

II.) =

The dilution ratios of the air to the emitted gases were reviewed for the
pericd. As these data continued to reflect good consistgncy when compared with
cimilar measurements observed during previous quarterly periods, very little sig-
nificance was attached to the effect these ratios may have on the deposition and
distribution patterns for the activity density from I-131, Briefly, dilution ratiocs
in excess of 200031 prevailed 45 percent of the dissolving hours; in contrast, a
dilution ratio of>less than 500:1 was observed only 6 percent of the dissolving
time. Figure 3 is a graphic summary of the wind dilution deta for the guarterly
pericd. — : - = N

A more detailed review of meteorological conditions recorded at vafious statims
at the Hanford Works may be obtained by reviewing the monthly meteorological sum-
maries which are published by the Synoptic Meteorology Group of the Control Functias
Section of the Health Instrument Developncnt Division. ;1 These summaries cover '

hourly observations on the basis of a 24 hour day.

- : SECTION T -

(Please refer to Figures 1, 2, amd 3.)
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HW-21566
SECTION IT =
. RADIOACTIVE CONTAMINATION ON VEGETATION B
. The maegnitude and extent of the deposition of radidactive contamination in the

environs of the Hanford Works was determined by measuring the activity density of
beta emitters on approximately 2,300 vegetation samples: Specific determinations

) as described in previous documents HW-14243 and HW-15743 were performed for the

activity density from 8-day iodine (I-131), the predominant contaminant, and for

the activity density from non-volatile emitters from thé longer half-lived fission

- products. The detection limits for these analyses weref3 x 10'€/pc/gram and 1XSLO"5
uy@c for I-131 axd non-volatilc emitters, respcctively.'-The latter analyses in-
cludes an evalvation of the activity density from naturally occurring isotopes of
potassium, uranium, etc.,4ﬁn vegetation. A summary of the results of these analyscs
for samples obtained at reprcscntative locotions is presented in Table IV.

As indlcated 1n Teble I¥, & rather general average incrcase in the activity density
of 8-day iodine on vegetation collected within the Hanfééd Works was experienced at
nearly all sampling locations. This increase was on the order of a factor of 2 to
4 and in extreme cases exceeded a factor of 10. A reviéw of the month to month
average actlvity demsity of I-131 indicates that the over all increase was weighted

- considerably by the results obtained during the month of December. Although a study
of results of similar measuremcnts during previous years (BW-19625) indicates -
that the month of December usually shows higher deposition concentrations of radio-
active contamination as a result of the meteorological conditions (in which fog
persists rather consistently in this region,) several significent changes in opera-
ting procedures which were effccted during this period tended to contribute to the
higher measurecments during December. Thesce factors arc discussed below.
- An increase of 10 percent to the amount of I-131 intvolved in the dissolution
occurred during the period of October, November, and December, 1950. This incrcase

vag weighted toward the end of the period and was caused by the use of a short
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cooling time before metal dissolution. Toble I, "¢alculated I-131 in the Dis-
solvers," and Table IX, "Range of Cooling Period for thé Irradiated Urenium," sum-
merize this date., A sillver reactor was put inte operation (December 12, 1950)
in the 200 West Area concurrently with the use of the hotter metel and should elim-~
inate any significant increase in amount of I-131 emitted.
TAB R

IABIE I
CAICUIATED I-131 INVOLVED IN DISSOIVERS B i

OCTOBER, NOVEMBER, DECEMBER _

1950
. Units - Curies
Month _. _. 200 Bast Area 200 West Arce Total
October - 3073 ' 1661, L73h
Novembex . 1723 2311 4034 .
Decenber - : 3601 2222 5823
Total 8397 : 619k 14591,
TABLE II ST

RANGE OF COOLING PERICD FOR IRRADIATED URANIUM
OCTORER, NOVEMBER, DECEMBER

19250
Units - Days B -
Month . _ 200 Bast Area . 200 West Area
Maximum Minimum Maximum Minimum
Qctober 79 3 80 T e
November 96 70 7 64 —
December 82 T0 84 52

The amount of I-131 admitted to the atmogphere was estimoted by monitoring the
effluent leaving the stack at the 200 West Avea. Samples of this effluent were o
obtained at the 50 foot level of the stack by employing a caustic scrubber and
filter in series with an air flow of 0.3 cfm., Twenty-four samples were obtained
in this manner previous to the installation of the silver reactor in the off-gas
line of cell 3-5R in December, 1950. The mean result indicated than an averoage
of 5.9 curies of I-131 were cuitted dajly. The average éboling perlod of the metal
vwhich was dissolved during these measurcments was 76 do¥s. On the besis of theo-
retical calculations it was estimated thot an average of 12,2 percent of the dis-
golved I-131 wag emitted to the atmosphere. Table III briefly summarizes the ronge

of values obtai‘Eﬁ)from this monitoring progrom. -
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TABLE 111 -
SUMMARY OF STACK MONITORING PROGRAM
200 WEST AREA
OCTOBER, NOVEMBER, DECEMBER i
1950 — -
Measured Cooling Colculated Percent of
I-131 Time I-131 Dissolved
Emitted Days Dissolved T-131
Curies : _Curies Emitted
Mozcdorum 23.k , 79 ~ 128 39.7
Lverage - 5eQ 76 - 57 12,2
Minimum = 0,1 T 8 0.8

In addition to the measurcments summarized above, three similar measurements
were obtained after the installotion of the silver reactor. Although these meas-
urements represent 24 hour collection periods, only one of the samples were repre ~
sentative of o period during which ﬁetal wag dissolved. The latter sample indicoted
that 3.9 percent of the dissolved I-131 was admitted to the atmosphere. This
result indicated that the silver rcactor apparently hod reduced the I-131 emisgsion
considerably; however, definite conclusions were withheld pending subsequent
measurement s,

Forty-five percent of the time that dissolving operation was in progress during
December, the atmospheric dilution ratio was between 500 and 1000:1, The latter
factor occurred becouse many of the dissolvings were carricd on during daylight
hours in contrast to former procedures, which weighted the dissolving to the late
cevening and early morning hours when dilution ratios in excess of 2000:1 tend to
prevail, In general, it appears that the over all offects of the increased dis-
solving and adverse meteorological conditions tended to 1nfluence the deposition
pattern to a greater extent than did the installation of the silver reactors as ﬁas
shown by inereased activity density on vegetotion.

A summary of the results obtained from the radiochemical onalyses for the
actlivity density from I-131 and non-volatile emitters on vegetation in the environs

is presented in Table IV.
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RADIOACTIVE CONTAMINATION ON VEGETATION
OCTOBER, NOVEMBER, DECEMBER
195 0

I-131 6 - Non-Volatile 5
Activity Density x 10 Activity Density x 10
c/gn  Previous /pc/gm Previous

Location _ Semples Meximum Average Average Maximum ‘Average Average
North of 200 Areas 197 310 g 8= 30 <10 1L
Vear the 200 Areas 166 1300 131 37 80 13 AL
Route 3 - 23 1300 365 bk 50 5 16 g
200 West Gate . 122 13259 1854 1054 _ 287 35 25 -
270 B Tower #16 - 125 1878 386 - 455 95 26 29
atch Plant 122 3437 333 245 129 15 11
Meteorology Tower a2 825 Lo 258 55 14 13
South of 200 Aveas 249 4hs k2 1h - Lo 10 11
Richland 64 136 30 ) 29 % 10 13
Pasco - 56 66 ik - 21 < 10 11
Kenhewl.ck - 56 79 18 3_ 26 < 10 10
Benton City " 35 56 14 9= 20 < 10 12
Richland "¢ - 13 58 26 )} 31 < 10 e
Hanford o 26 103 28 1k 23 < 10 LAk
200 Tast Area L7 2283 345 180 © 52 20 16
200 West Aves 59 ‘5060 338 2127 86 16 A8
Redox Comstruction Area Q0 5168 615 o129 . 1461 18 1
Wehluke Slope - 299 1€3 14 10 = 36 < 10 <10
Goose Rgg Hill 92 12ho0 240 22 = 62 12 10
Rettlesnake Mountain 61, b7 15 2 20 10 <10 .
Benton Gap . 70 ©o1l b 3~ - - om -
Off Area Sampling - N
Pagco, Ringold, Eltopia, _

Mesa Ares 82 105 22 5 - 58 <10 .10
Yekima Barricade to

Tllensburg 17T 26. 7 5 16 -1l £ 10
Patterson Fexrry to Kiona 7 16 6 ——— = - .- .
Hanford, Moses Lake,

Connell Area 32 18 5 — - - —~—
Lewiston, Baker, Walle Walla ) )

Pendleton Ares 69 3 3 = - -- <10 T

The highest average activity density of I-131 on vegetation measured during
thie period was 1.9 x 10-3/pc/gram i a small reglon located irmediately outside
the 200 West Area gatehouse., The meximum individual activity demsity of I-131 on
vegetation was also noted at this location on e sample which showed 1,3 x 1072
)uc/gram. The area in which the higher measurements prevailed was nearly identical
to the region which has consistently shown the highest deposition of I-131; current

averages represented an increase by a factor of nearly 2 when compared with those
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of the previous quarter when the average activity density of I-131 was 1.1 x 103

/xc/gram. High samples were also obtained at several other locetions inside the'
200 West Area, in the Redox Construction:Area, and in the viecinity of the Batch
Plant; the order of magnitude of these measurements was ‘_'2.0 Yo 5.0 x 107 /Jc/gram.
The average activity density of I-131 at these three locations ranged from 3.4 to
6.2 x 10~ b /m/gra_m with the higher measurements prevailing in the vicinity of the
Redox Construction Area., A five-fold increase was noted in the deposition of
I-131 at the Redox area. A special survey which consisted of obtaining semples at
intervals of 1/2 mile: over an area of 32 square miles which included the 200 East
and 200 West Areas showed that the activity density of I-131 ranged from 1 x 10-3
to 5 x ZJ.O'“3 jlc/gram in an ares spproximately 2.5 miles long and 1.5 miles wide
located due east of the 200 West Area, This area of maximum deposition was elon~
gated toward the southeast in a pattern which correlated favorably with the pre-
valling northwest wind in respect to the point of emission. The results obtained
from this survey represented some of the maximum measurements obtained during the
year 1950, TFigure 4 shows the estimated distribution pattern of the iodine as
determined from this survey.

Weekly samples obtained from representative locations in residential arcas
adjacent to the site showed thet the average activity density of I-131 increased
by a factor of 4 to 7 during the quarter. Again, this increase was most significent
during the month of December at which time the averaée activity density of I-13l on
vegetation at Richland and near the Richland "¥" was on the order of 5 x 1072 _ -
/Jc /gra.m. Quaxrterly averages at locations in the popurlated region ranged from 1.0
to 3.0 % 10"5 /Acfgram in contrast to the previous qua..rte_r‘s average which barely

exceeded the sensitivity limit of the analyses (3 x 1.0-6 nc/grem.) The maximum

measurement in residential communities was L.4 x 10“1" /Jc/gra.m on a sample collected
in Richlend during December. Figure 5 1s presented as a graphic portrayal which
shows the increase in activity density of I-131 at several residential commmities

and includes the trend of the cooling period and increased dissolving for correla-

T dowerefUKFE -
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An estzmtB&Qo—actwi,; mep showing the magnitude and extent of the deposi-
tion and distribution of eight day I-131 on vegetation in the immediate environs
is presented in Figure T . This portrayal represents a composite of individuael
monthly iso-portrayals presented in related publications.(EW-19332,HW-19625,H-9806)
The majority of off arca surveys pérformed during this period were completed
during the early part of the quarter before the adverse weather hindered long dis~-
tance travel. As a consequence, the far majority of results whieh represented
off area monitoring probably indicated measurements which were somewhat lower than
those that apparently prevailed toward the end of the périod. Surveys during Oct-
ober included the region bounded by Pendleton, Oregon; Weiser, Idehoj Lewiston,
Idaho; and Walla Walle Washington; the activity density of I~131 at this time
averaged less than 3 x 10“6/uc/gmm and less ‘than 10 percent of all samples showed
an indication of. trace beta porticle cmission. A week later a survey in the

Connell- Moses Iake region in the state of Washington showed the average activity

density of I-13L1 to be 5 x 10"6/uc/gram inclnding a maximum measurement of 1.8 x 10"5”_,_‘__

/pc/gram obtained near Othello. TFigures 7 and 8 may béfreferred to as sampling
location maps which identify the location of all positive measurements obtained in
these two surveys. The last off arca survey completed during the guerter included
the region between the Yoakimr Barricade and Ellensburg. The activity density from
I-131 averaged 7 x 10"6/pc/gram with maximum measuremenéé on the erder of 2.5 x 10~5
}Jc/gram prevailing in the region immediately adjacent to the plant barricade.

on October 6, 1950, twenty-six samples of various crops and fruits were dol-
lected from yanches along the northwest perimeter of +the Hanford project. The acti-
vity density of I-131 on samples of apples, quince, walnuts, tomatoes end water-
melons indicated. less than 3 x 10'6 }zc/gmm. The highest activity density measured . .
in any sample was on & sample of quince; the cctivity demsity on the skin was
6.8 x 3.0“6 c/grom ond 6.4 x 10-6 ]Jc/gram in the meat, Analyses of severol canta-
loupe obtained from Ford's Ranch during early October indicated the activity density

of I-131 to be less than 3 x 10-6 }n:/gzacm.
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Radiochemical analyscs £.» the cebivity density of mon~volotile emitters on the

vegetation in the environs showed no significant change or trend from previous meas-

urcments. In gefieral, this activity averaged less thon 1 x 10™2 /w Jerom ot 2ll
residential communities and porimeter locations, Mwimum averages were on the order
of 1.3 to0 2.9 % lO'h /‘w/gram with one exceptionally high measurement found on & _
somple obtained from the Redox Area which indicated 1.5 x 10"3 /zc/gram. Similay
measurements performed on samples obtained from off aroa: locations in the states
of Washington and Idcho showed no location to average significantly above the detec-
tion limit of the analyses. Small deviations in the range of 1.0 to 2.0 x 1072
}J.c/grom were assumed to be due to the varied content of the isotope K-40 which

/
occurs naturally in vegetation. = .

SECTION IT

(Please refer to Figures 4, 5, 6, 7, end 8.)
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RADIOACTIVE CONTAMINATION IN THE ATMOSPHERE Ce

SECTION III ~ = R

Various types of monitoring equipment weré employed at representative air
monitoring stations to determine the activity density of beta emitters in the
atmosphere and ailr borne radiation dosage rates. These statlons were located within
the Hanford operating arees and in the residential communltles around the project
perimeter. Several stations were maintained at remote locations in neighboring
states to evaluateé background and natural, activity in the atmosphere, The remote

stations were also employed to evaluate eny activity which may originate from

sources other than the Hanford Works. The more common tjpes of monitoring inclu~
ded porteble type ionization chambers, air filtering devices, recording types of
instruments and air scrubbing devices. 1In addition to the meassurements accomplished
at the fixed stations, various types of portable equipmeﬁt were used at random field
locations in the immediate environs. Porteble eéuipmenf consisted mainly of detach-
able ionization cﬁémbers and manually operated a;3>pumps which Ppropel various vol-

wees of air through filters and scrubbers, A map showing the location of most of

the monitoring stations used during this period mey be referred to in a previous

publication. (EW-18446) )
Averasge radiation dosage rates in the operating areas of the Hanford Works and
in nearby residential communities were determined by evaluating readings from the

Victoreen integrons which were located at all fixed air monitoring stations. One

integron unit was operated in the residential areas and 2 or 3 units were operated

simultaneously in the operating areas. Radlation dosage rates were computed for

8 hour intervals throughout the period October, November, December, 1950; the

average dosage rate per 24 hour period was computed from the accumulated 8 hour

readings at each location., A summary of the .average dosage rates determined in

this manner is presented in Tsble TI. (The values include the measurement of natural ' _

background.)




P

T S USSR v

TABIE T i =
AVERAGE DOSAGE RATES AS MBASURED BY VICTOREEN INTEGRONS
QCTOBER, NOVEMBER, DECEMBER
1950

units of mrep per 24 hours

Location . Number of o ) L Quarterly
units October ~ November December Average
10-B Area — 3 0.k 2.k 0.1 1.0
100-D Aree - 3 * 2.0 0.7 0.9
100-F Area — 3 - 0.3 0.4 0.2
100-H Area - 3 0.3 0.7 - 0.3 0.4
200 West Area 2 G.7 1.2 = 0.3 0.7
200 East Area 3 0.5 0.7 N 0.5 0.6
Riverland L 1 0,1 0.8 _ 0.2 o.h
300 Area 1 0.2 0.5 0.8 0.5
Richland - i 0.8 1.0 0.9 0.9
Pasco - 1 0,9 0.8 o 0.5 0.7
Benton City 1 0.3 0.7 - 0.8 0.6
North Richland North 1 0.3 0.k 0.5 0.k
North Richland South 1 0.7 L7 1,0 1.1
Henford 61k i 0.1 0.5 £0.1 0.2

¥ These readings were volded dﬁ‘é‘ to faulty instrumentation.

A review of the data indicates that at the 14 locations summarized above,
decreages ocourred at 8 stabions and increases were noted_ in 5 instances. The
increases tended to be weighted by the higher readings which occurred during the
month of Wovember. In general, small but significant increases were noted at prac-
4ically all sta‘bions during the middle of the qua.r*ber ;3 these: higher readings were
not associated with any significant chenge in pla.nt opera.tion but were attributed
to meteorological conditions which were accompanied by & considerable amount of fog
over this region during this period. Similar increases have been noted during other
years when fog persists and tends to confine the aerosol activity near the ground
level. Some of the higher recadings noted at 100-B and 100-D duxing November may not
be quite as pronounced as indicated by the data as some question was assigned to
the operating conditions of the instruments in these areas; readings which appeared
questioneble when examining the data were included in the averages in all coses.
With the exception of the November date, the average dosdge rabtes observed during the

remaining months werenot indicative of any change or trend from expected or previous

—

measurenents .




"C" type detachable ionization chambers were exposed at each of the air moni-
toring stations to confirm the recorded data From the Victoreen integrons. Radia-
tion dosage rates were evaluated by using the minimum reoding of two chambers;
erroneous readings which may have been attributed to faulfy chamber construction or
excesslve leakoge were deleted. ‘

TABIE IT

"C" TYPE DETACHABLE IONIZATION CHAMBER MONITORING
OCTIOBER, NOVEMBER, DECEMBER

1950

{(mrep per 24 hours)

Quarterly
Location ) October . November - December Averoge
100-B Aresn - 0.3 0.3 0.4 0.3
100-D Area O.E 0.5 © 0.6 0.5
lOO“F Ar@a - ) Oo 001‘1‘ 00)‘1’ 0.’4‘
200 West Aream 0.4 0.3 0.4 0.k
200 East Area 0.6 0.6 0.6 0.6

The dosage rates computed from the readings of "g" type ionization chambers
during the current period were nearly identical to those observed during the previous
quarter. Maximum deviations noted when comparing the averages Tor the two periods
did not exceed 0.1 mrep/2h hours at any location. Fluctuations on this order of

magnitude were well within the variation expected in the range of natural backe

ground in this region., ‘ : : T

b

The air borne radiation levels at intermediate field locations in the immediate
environs were evaluated from the readings obtained from dctachable "M" and "S" type
lonization chambers. The chombers were exposed on wooden stands about 5 feet above
ground level. Two chambers were used at each location and minimum readings were
used in a menner similar to that used for the " type chambers. The frequency of
reading these chembers voried with location and chamber copacity; normal frequency
was on the order of 2 to 3 readings per week. Table III sﬁmmarizes the regults
obtained from thig nonitoring Drogram at represcentative 1o§ations during the period

October, November, December, 1950,

DECLASSIFIED
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TABLE . IIT - -
. RADIATION TEVEL OBSERVED WITH
"M" AND VSTV P“E“"‘D‘ET’KC"IL{’EI",E"‘"WTZ'T‘ON CHAMBARS T
OCTOBER, WOVEMEER, DECEMBEE . ] -
. 1950 L
units - mrep per 24 hours . .
B L , Quarterly
: Location October ' November -~  December Average =
. 100 Area & Envzrons i - ) - _ [
o Rt. 1, Mile 8 = 0.44 ) 0.562 - 0.67 0.54
. Rt, 2N, Mile 10 — - 0.3% 0.41 - 0.46 0,41
. Rt. 2N, Mjle 5 ~ 0,38 0.42 N 0.47 0.42 (.
y White Bluffs = 0.39 % B 0.45 0.42 ::
Rt, 11 A, Mile 1 0.66 1,05 ) 1.23 0.98 . _
. Honford 614 Building. 0.43 0.50 - 1,23 0,72
. Interseotion Rt, 1 & 4N 0.36 0.41 - 0.47 0.41 P
Banford 101 fres 0,39 0.43 0,49 C 0,44 T
100-H Area ' 0.43 = - 0,43 z 0.48 0,45 o
P-11 irea . = . 0.186 0,44 = 0.45 0.35
100 DR Waterworks 0.56 L 0,52 z —— 0.54 -
Within 5 Miles of 200 Bast . B S i
Rt, 4S, iile 6 - 0.69 © o 0.96 T 1.38 1,00 ° T
. Batch Plant — 0.48 ; 0.78 = 0.02 0.76 -
- R‘bo 11"’A, Mile 6 o 0071 = 0-.84 ; 0:40 ’ 0.65 _h - e
Rt. 3, Mile 1  __ 0.59 ©0.80 = 1.20 0.86
. Metbeorology, 200! 1.26 1.18 = 1,28 1.23 '
- Rt. 45, lMile 2.5 1.15 . 0.79 - 2.58 .81 7 0
Redox Area = 1,20 1.12 - 1.10 1.14 ~ -
Within 10 Miles of 200 Bast : i - - A
Rt, 48, Mile 10 - 0,37 1,28 B 1.69 1,11 7
Rt. 10, Mile 1 . 0,44 o 0.99 - 0.80 0.74¢ e
Rt. 10, Mile 3 0.47 0.67 = 0.88 0.67 o
. Rt, 28, Mile 4 = 1.0° 1,70 = 0,82 1.18 .
- Near 300 Ares ) ' -
Rt, 45, Mile 16 s 0.38 0,53 - 0,95 0.62 o
. Rt, 4S, Mile 22 = 0.40 0.79 - 0.67 0.62 o
T North Richland North 0.26 0.40 2 0,43 0,36
North Richlend South 0.09 0,38 o 0.57 " 0.35 =
. 300 Area 0.50 0.21 .“__- 0.44 0.38 ST
- Cutlying * ) . , -
Richland — 0. %4 0.51 0.53 0,43 .
. Benton City 0.46 - 0.51 _ 0.539 0.45 i -
. A review of the data summerized in Tablé ITI indicates that increases approach-

ing significance oGcurred in the region within a 10 mile radius of the 200 Areos.,

The average radiantion level computed from seven stotions ioca’bed within a 5 mile

radius of the sta.cks was 1.02 mrep/ah hours o.s compared with S\})F%ﬁus avei'age of

nemrenre®  BNGLASSIFER— DECLAD -—p
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.81 mrep/2k hours. Four stations located beyond 5 miles but within 10 miles of the
stacks showed a comparsble increase from o previous 0.69 mrep/24% hours to 0.93

mrep/24 hours. Maximum meosurements were noted at Route 4S, Mile 2.5 (between the -
200 Arces)where the average dosoge rate over the 3 month period was 1.5 mrep/éh
hours; during December, this location showed an average of 2.6 mrep/24 hours. The
latter measurement was one of ‘the highest observed on the site by this method of
monitoring during the year 1950. A review of the data on o month to month basis
indicates that the dosage rates increased rather steadily throughout the period;
December measureﬁ;nts represented o twb,folé increase over October averages in many
cases. The above mentioned increase was not nearly as pronounced in the vicinity of
the 100 and 300 Aiéas although an increcsing trend was indicated at several loca-
tions throughout the period. Averages at several selected locations showed two fold
increases when comparing October date to that of Decembe¥; however, o comparison of
quarterly averages for all locatioﬁs within the immediate environs of the 100 and
300 Areas indicotes no significent chonge. Monitoring at outlying locations in. the
vicinity of Richland and Benton City indicate that the radiation levels were within
the normal fluctuntion of natural background and essentially remoined on the some
order of magnitude as observed during previous quarters.-

The increasing trend obsexved throughout the guarter was attributed to a gen-
eral increase in the amownt of I-131L involvéd in the diégblVGrs (see discussion in
Bection II) and also to the fog which prevalled over the environs during this per-
iod of the year. Similar increases which have been much smaller in magnitude were
observed during tiia season in former years. =

Small air filtering devices through which the air fibw was 2,0 or 2,5 ¢fm were
use? to evalunte the activity density from filterable befa emitters in the atmos-
pnerc; CWS #6 filter paper was used and the ‘exposed arcod of the filter was 1.8
square inches. These small filters were cxposed at a location for a period of one
week after which they were held for several days to allow for decay of the daughter

products of radon and thoron. The counting rotes were determined using thin mico

DECLASSIFIED
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window tubes in which the window thickness varied from 3 to 5 mg/cme. The actual

volume of air passing through a given Pilter was metered by using running time
meters in conjunction with precalibrated motoair pumps. A summary of the results

obtained from the mecsurements performed during the period: October, Novenmber, and

December, 1950 is presented in Table IV. ) -
. : TABLE IV .
. AVERACE FIITERABLE BETA ACTIVITY IN AIR o
- OCTOBER, NOVEMBER, DECEMBER . , o azEr
. _ 1950 . - B
Beta Emitters ~ Average Activity Dengity x 101’* pc /cc
. Locetion . ._. Maximum " Quarterly
. 200 Areas & Vicinity Week October November ‘Decenmber Avergge
| 200 ESE = 537 " 339 218 - 16 2337
' 200 East Tower #16 - 1152 - 97 b7 - 530 -
200 West Gatehouse®. 1639 1556 592 310 b79 i
200 West Tower #1k 978 o7 o 289 391 277
Gable Mountein . 368 135 3 61 S0
Redox Construction Ares 1059 K- § k4o L3 31k
] 2707 EA Twin Scaler #1 1153 e 519 187 377
. 2707 EA Twin Scaler #2 865 - 366 10h 278
. 100 Areas & Vic¢nity o , - : -
. 100-D Area 199 82 . 1iz 77 - 8 -
100-E Area - 178 116 71 Th 86 o
Henford 101 Building 1Ts L] 72 69 61 Sl
Henford 614 Building 607 .24 33 193 9 R
White Bluffs - 199 . 57 103 90 85 '
300 Area 614 Building 84 © 19 16 37 23
Outlying . — —
- Richland L= : 16 . 32 16 19 22 B
- North Richlend - ' 255 T .l2h 49 73 79 L
Pasco - - 48 8 1k 33 19 . o
. Benton City 161 AT 22_ 52 31
Riverland _ T 98 20 5 24 34

* This data does not include the results from the dual scaler unit at this loca‘bion.‘ ‘

A review of the data summerized above indicates a geneTal increase occurred -

. in the average activity density from filterable bets emitters at many locations

. during this period. “The magnitude of this increase varied throughout the project;
two-fold increases Weére noted at many locations in the viciﬁity of the 100 and 200

Areas and in one extreme instance at Pasco the average a.ctinty increased from 1 x '

Y L EE

107 -1k uc/cc to 1.9 x 10 13 c/cc. The maxinum e.ctwity density was observed inside

_ TFCUASSFED
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the separation areas whers QUarYverLy.averages were 5.3 and 4.8 x 10"12/-10/ cc at

locations inside the 200 Bast and 200 West Areas, respectivély. Meximum conditions
over a one week period on the order of 1.0 to 1.6 x 10711 c/cc were observed at
locations near the 200 West Gatehouse and the southeast corner of 200 East Area and
inside the Redox Construction Area, The magnitude of these measurements represented
significent increases over previous data at all locations except at the location lin
the southeast cornmer of the 200 East Area. It is of interest to note that all sta-
tions which show high results were located down wind from the separstion areas
stacks when reviewing in respect to the preveiling wind conditions. (Northwest 39
percent.) The current period represented the third consecutive quarter during
which the maximum acfivity density from filterable beta emitiers prevailed in the
southeast corner of the 200 East Area. Monitoring in the vi%cini"!:y of the 100 Aveas
indicated thaet maximum concentrations existed near Hanford where a result which was
for a one week period showed sn average of 6.1 x 1072 },\c/c;. On an over all
basis, the average activity density in the immediete environs in the 100 Areas was
8.0 x 10-12 ).w/cc. in residential é,re;as , the l;zigheé“t: quar‘bé:_rly average was noted
at North Richland where an average of 7.9 x 10713 ;zc/cc was comparable to

a previous value of 5.4 x 10-43 },10 /cc. This location also showed the maximum meas-
urement for a one week period (2.6 x 10712 }xc/dc.) Small imcresses were also noted
when comparing the results of Richland, Pasco, Benton City, end Riverland; however,
the only significant change wos noted when camparing the Pasco data.

A review of the above data on a month to month éasis igdicatod no gignificant .
trend of change throughout the period. Conslderable variation was noted between the
various locotions fof the different periods and in general was attributed to the
varying meteorological. conditions previously discussed. -

Now alr mom’.‘boring statlicns were established inside théA Redox Construction Ared_
and ot the proposed site of the Semi-Works in the 200 East Area. Preliminaxy measg-
urements indicate thot the activity density from filteroble beta emitters inside the

Redox Area were omong the highest measurcments on the site, whereas the measurements

DECLASSIFED




performed at the Semi-Works indicske thaot the moagnitude of activity is considerably

HW-21566 e

lowver then found at other locations in the 200 East Area.

Specific measurement for the activity dénsity “From I_'-'-l3l was accomplished by
placing caustic scrubbers in series with the air filters at representative locatbions.
The caustic scrubbers consisted of approximately 2 liters of solution which con~
tnined vlt grams of sodium hydroxide and 1.6 groms of sodium carbonate to which a -
spall quontity of Bodium iodide wos added as o carrier, Table V summarizes the
i.gults obtained from the measurement of the activity density of I-131 in the atmos-
phere by this method during the period October, November, ;December , 1950.

TABIR V o
AVERAGE ACTIVITY DENSITY FROM 1-131 DETECTED IN SCRUBRERS o

OCTOBER, NOVEMBER, CDMBER - e
_ 1950, _ e
- Activity Density x 3.0lh pefee T
Maximum 7 Quarterly T
Location o _¥Heek  October November December Avercge
200 Areos & Vwini'hy . ) . .
200 West Gotehouse 2601 . 117L 386 5k 678 .
200 ESE T ‘ 1265 7 817 363 3L 487 - L
200 East Towex #16— 20610 2630 258 660 1395
Gable Mountain = N o3 200 773 T4 122 -
BY-SE = 2330 766 607 — 697
Outlying = = w et
100-H Area. = 177 62 . 29 59 4o
300 Area - 215 104 b2 ho 59
Richland 322 39 24 150 67 o
North Richland 88 ks ~ 8 51 3%
Benton City 75 32 16 33 26" 7

The increase in the activity density of I-131 which was noted toword the lat -

‘ter part of the.previous quarter continued to prevail at nearly all the outlying

monitoring stations, but tended to diminish somewhat at lotations in the immediate

vicinity of the 200 Arecs. The latter fact was most noticeable in the 200 East -

Areo where a stabtion locoted in Guard Tower #16 indicated & decrease from o previoil-sw

average of T.6 x 10~3L uc/cc to o current average activity density of 1.4t x ZLO”J';L

c/ecc. Maximum concentrotions were detected ot this same location in October »

during which period the average activity density from I- 131 was 2.6 x 10"l p.c/oc
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including an average concentrat:.on over a ?iL hour period ﬂof 2.1 x 107 -10 c/cc. In

general, all moaximun measureuwents noted during the quarter were observed during

the month of October.
Weekly ccmcen‘bmmons on the order of 2.2 x 10712 Fe /cc in the 300 Area and

3.2 x 10~12 ),Lc./cc ot Richland during October were nearly 10 times greater than the

average noted during ‘the period July, Augusb, and Septem‘ber. In general, a compari- R

son of the average activ:.ty density from I-l31 in the o:l:mosphere at representative

locations with similar datoe obtained during the same period in 1949 when a bateh of
20 day metal was dissolved at Hanford (EW-17003 & HW-17381) indicates that a number

of present values were higher than those during the previous year. For example, L
during December of 1949, the average activity density from I-131 was 4.6 x 10712
/uc/cc in the southeast corner of the 200 East Arvea os compared with an average of

8.2 x 10712 /Ac/cc during October of 1950.

In Richlond in December the average of 1.5 x 10-12 /.I;/CC represented a five-
fold increase over the overage activity density measured at this location during the
month of December, 1949,

Control sampling wos meintained on o daily basis in the 200 Eost Area for the
purpose of evaluating dcily concontratbions of 8 day iodine in the atmosphere.

Scrubber samples were collected over a 16 hour period from 4:00 P.m. of one day to

8:00 a.m. of the following doy; this interval was representative of the bulk of the
dissolving during any given day. Twenty-two samples obtained in this monner during

October showed the average activity density from I-131 to be 2.6 x 10 /1c/cc wi'th

neximun mensurements as high as 2.1 x 10~+° /ac/cc. Eleven measurcments during the _—
nonth of Noverber which were mode after the installation of the silver reactor indi-
cated an averoge of 2.2 x 10° ).IC/CC s OY roughiy a decreo.se by o factor of 10 when
corpared to pre~reactor moo.surements. Durz.ng the nonth of_Dc-cember s Sonme of the
dissolving was performed in the cell in which the reo.ctor ;a_s Installed and the

remalning botches were dissolved in o cell which did not have & reactor in the off-

gos line., Twelve samples were collected when the silver reactor wos not in use and
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seven were mknEGMSSIElEDor wog in operation. ‘D:fing the periods when the
reactor wos not used, the avercge activity density from I-131 was 8.4 x 1012 c/cc »
excluding one cxtreme moxirmm neasurcerent lof 1.9 x lo"lo./.lc/cc. The next highest
velue in this group of mcasurements was 3.6 x 10-1+ /Ac/éc. Samples collected while
the silver reactor was in use showed an average activity density of 3.7 x 10742 /uc/cc
including a maximum measurement of 1 x 10~L+ /Jc/cc. Théz_is comparison offered the -
first opportunity to evaluate the true efficiency of the silver reactor in respect
to the mean concentration of I-131 in the atmosphere. Pi'elimimry measurements
indicated that the reactor reduced the amount of -131 in the atmosphere by a factor
on the order of two, however, the comparison does not account for the effect of the
variable meteorological conditions st the time the samples were obtained,

Fifty-three portable scrubber samples were obtained to evaluate peak I-131 o
concentrations during dissolving periods in October and November., These samples T

represented a volume of 10 liters of air which was prdpeied manually by means of

a MSA pump through a small scrubber solution which did not exceed a volunme of 50 cc.

The composition of the scrubber solution was identical to that used in the fixed

scrubbers discussed previously. Thirty-four semples obtained during October indi-

cated an average activity density of 3.0 x 1010 c/ce. During November s 19 samples

indicated an average of 3.2 x 10710 ]io/cc including a ma;i_:i.mmn measurement of 2.9

x 1079 }xc/cc. Maximm values ranging from 2.0 to 3.0 x io~10 }10/00 tended to pre-

vall when the sampling locatione were with the separation areas. ILower values on

the order of 10'"13/‘1(: /cc were obtained in the vicinity of Henford and 100-F Area. -
Another means of eveluating the activity density of I-131 during periods of

dissolving consisted of using a large scrubber at a location directly down wind . .

from the separation arca stacks. Fortable mobile equipment was used to establish

the location and provide the power to operate motoair pumps at a rate of 2.5 c¢fm.

The sempling periods for this type of monitoring varied from 30 minutes to 3 hours;

the interval being dependent upon the durstion of the dissolving period along with

the duration of the prevailing wind in a fixed direction. The maximum measurement
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noted when analyzing the results from over T0 samples obﬁéined in this manner indi-
cated that the activity density of I-131 was 1.6 x 10”8/pc/bc for a one hour period
in the 200 East Area. This sample was obtained during a light snow fall while the
dilubion ratio averaged sbout 650:1. The mean wind velocity was 5 mph and the
semple was collecfed about an hour after the dlssolving startup. This sample was
especially high when compared with the remeining measurements. The next highest
measurement noted indicated the activity demsity to be B.é x 100 /Jc/cc. This
value was obtained at g location 6000 feet southwest of the 200 East stack during a
period when the atmospheric dilution ratio was 1500:1 with the wind prevailing from
the northeast at o velocity varying from 20 to 25 mph. VGM readings were 160 of/m
above background at this time. Another sample obtained in a similar manner at a
location about 8000 feet southwest of the 200 West stock gbout 2 hours later indi-
cated a value of T.6 x lO‘lojpc/cc. VGM readings ot this time were 140 c/m above
background. The latter two semples discussed above were obtained about 4 hours
after the stertup of the dissolving operation in the 200 Areas., A review of all
nobile scrubber results excluding the one high result indicated that the mean meos-~
urement was on the oxder of 10710 )w/cc 3 ‘the average activity demsity wos 8.4 x
16710, 6.4 x 10°9, and 3.3 x 107+ /xc/cc during the months of October, November, and
Deceﬁber, 1950, respectively.

The smell air filters which were cobtained from the locations indicated in
Toble IV were radiocautographed cbout a week after they were counted to determine the
nunber of active particles in the atmosphere. These filters were exposed to type K
X-roy f£ilm for 168 hours using a sheet of polythene as the only shield between the
filter and the film. The number of active particles on a filter was determined by
visvally counting the nuwber of darkened spots on the developed film. The sensi~
tivity of this metﬁod of neasurcument as deteimined by control stondards which con-
sisted of small porticles of rvesin which were soaked in activated solutions, was on
the oxrdexr of 5 dis/min/particle. Table VI summarizes the resulis obtained from this

progran for all locations which indicated a detectable number of particles during

DECLASSED w—




o EUSEF) o P
TABLE VI
SUMMARY OF PARTICLE DECOSITINH ON s_.m:m. FILTERS o
T TOCTOBIR, WOV NDER, DECEMBER S
179570 _
Units of 10~3 particles/meterd air sampled
Location __ Total Air . S , : IR
o Sampled October  November December Quarterly
m Aversze Average Average Average .
200 Areas & Vicihity - , — '
ESE Decade Filter 8274 C o977 2.8 6.9 3.2 B
2707 EA #1 _ 1812 -—— 8.3 9.9 9.4 _ 7
2707 Bi #2 = S 2164 . Lo 9.7 3.0 5.5 S
200 East Tower [16 6173 S 7.2 0.9 Bat 4.8 N
200 WEC Decades _ 8573 - 3.9 9.3 843 6.9
WEC Twin #1 = 747 e - 34.8 34.8
YEC Twin 82 ’ 618 p—— - 46.9 46.9
200 West Tower Jﬁls 5144 k1.6 1.2 2.5 1,7 _
200 West TO'WGI‘ 7!]“4.' 8131 ’ 6.5 l—:_g 006 305 i N
Gable Mountain 8430 1,6 ~ 2.1 <0.5 1,3 )
Hanford 101 Building 8994 <0.4 <0.4 0.4 0.1
100~HSE 7367 0.7 <0.4 2.2 1.0
100-D . 9172 " 0.6 0.7 <0.4 0.7
Hanford 614 Building 8891 £0,4 0,4 1.1 0.3
White Bluffs 8930 1 0.4 1.1 1.4 1.2
300 Area Decade _ 7664 C 0.4 1.8 <Q.4 1,2 o
Outlying Locations -
Benton City 6575 < 0.4 £ 0.7 1.7 0.6
Pasco = . 8838__ £ 0.4 0.4 0.7 0.5 -
North Richland North 7177 £0.4 074 <0.5 0.3 N
Riverland 614 Building 9049 0.3 1.4 <C.4 0.4
Richland 614 Building - 6937 £0.5 <04 0.4 0.1

any part of .the pericd October, November, December, 1950,

A review of the sbove surmary indicates that with few exceptions, the nuwber
of partlcles in the atmosphere was well within the orderiof magnitude expected. The
installation of duel eir monitors in the 200 WEC 614 building (near the 200 West
gatchouse) provided a new monitoring location and the results obtained from the
Tirst measurements during Decerber indicated values which were approximately 5 times
grenter than those observed at nearby locations. No assignable cause would account
Tor this- incrcose and continuation of this type of nonitoring at this location will
indicate whether these measurcrents represert mean velues or whether they are out-

standingly high for the period. Generally spenking, the average particle concentra-
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tion in the atmosphero remained on the order of 10-3 particles/met«_ﬁ at locations
in the immedlate environs of ‘the 200 Areas a.nd continued to average less than 1.0
x 10”3 at outlying locations and in resi&ertial commities. R
The mon‘t‘toring program which wag designed for the specific purpose of determin-
ing the active particle concentration in the atnosphere at representative locations
in the environs onid at renmote locations was continued during this period. Iarge
filters of (WS #6 type peper (4" x 7") were used in conjunction with an ailr Tlow of
2 or 10 cfm., The filters were changed at weekly intervals and were exposed within
one week of their removal at locations in the immediate environs and within 2 weeks
of their remova.l a:t antlying locat:.ons in the states of Wa.sh:.ngbon, Ideho, Oregon,
and Montana. These filters were exposed to type K X-ray film for a period of 168
hours using a thin sheet of polythene (.002 inches) as o cushion. The nuriber of
particles deposited on the filters was ée‘bei‘minea‘by counting the nuber of darkened I_,_‘_,
spots on the deve&.oped film. These values were used along with the totel air flow -
as determined by the nurber of netered hours of operetion on a pre-calibrated pump,
to deternmine the concentration of radionctive particles in the otmosphere. Toable VIL
surmarizes the results obtained from this nonitoring progran during the period S
October, November, Decexber, 1950. b
The dote summorized in Table VII indicates that o proboble increase occurred -
in the nurber of active particles present in the atmosphére at many locotions.
Filters which were located at clevotions between 150 ond 400 feét on the Meteorol.ogy
Tower indicate definite increases which approoch o factor of five and represent the
nost significant increases noted during the period for this type of nonotoring.
Other increases appeared at randon locations in the irmediate environs of the 200
Arenas; however, the magnitude of these results was on thé order expected when con-
pared to neasurements obtained during prn.vious periods in the year 1950.
The results obta:.ned from pa.r*b:.cle monitoring inside the 200 Fast and 200 West
B and T exclusion areas at the laboratory buildings indicate that the maximum number

of particles in the aimosphere in the environs of the Hanford Works exist inside the
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Location

200 East Vieinity =
2704 Outside —_
H, I. Garden

BY-SE

BY~NE

llB" Ge.te

222«B Outside

2701 Dutside

2704 Inside —
221=B .
272«B Hall -
222«B Lab,

AT01 Oitside

200 West  Vicinity

2701 Outside
2722° -
# T!l Gate

222-T Outside _

231

South Guard Tower
uUn G’ate

West Guard Tower
2701 Inside

272

272-T Hall

222~% Lab

Meteorology Tower

3t
50!

100t =

1501
200!
2501
300
350!
400!
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TABLE VIT
SUMMARY OF PARTICLE DEPOSITION
T OCTOBER, NOVEMBER, DECEMBER

Units of 1073 particles/meterd

Total Air
Sampled
At

m

nr—————

8,655
9,166
7,969
9,168
8,998
5,073
8,460
9,193
9,061
9,171
7.411
8, 649

8,806
8,651
9,159
9,172
6,845
5,434
5,026
9,138
9,114
8,673
¢,133
9,164

33,116
33,116
26,297
27,083

—— 21,230

19,411
19,410
10,717
13,243

October

November

Quarterly

December
Average Average Average  Average
1.4 0.7 440 2,1
7’2 lol 3'5 490 i
6645 53.8 B77.6 267,7 i
P4 4.8 14.9 Toel o
16.0 1.4 11,3 S0
17.9 12,4 39.8 275
3.7 1.6 13.5 54
?ed 5.8 18,6 8.6 .
10,0 29.4 40,4 2642
29.7 13.1 6642 3648
223,1 720,5 480,86 421.4
P 2,2 12,1 5.4
8,0 6.0 6,4 6.1
19,3 7.8 9.2 12.0
4,8 8.9 6.6 6.7
62.1 12.4 28.4 46,7
3.1 5.7 11,8 6.7
1.2 0.4 73 2.6 77
3.5 2,7 m——— 3e2
1.5 0.7 4,3 2.2
8,7 5.0 24,0 12.7
4.6 8.9 9.6 T7
g§3.9 27.7 169.7 96.1 B
382,0 338.5 490,9 404.5 o
1.8 1,3 1.3 1.6
1,8 1.4 1.5 1.5 ——
P.3 1.6 1.7 1.8 )
40,9 6.3 1.8 16,0
26,4 1.2 1.9 10,0
30.0 3,6 S 2.3 11,0
17,3 1.4 1.9 6.1
.6.9 2,0 * 5.1
1005 401 101 5.3

* Filters representing this period wers lost in process.
The values reported above are determined by dividing the number of particles detected

by the total volume of air passed through the filters,

If no active particles are

found on the filters, a value of one particle is assumed and this is then divided by
the total aiy flow to determine the detection limit of the particular measurement.
Quarterly averages were computed by vsing the total volume of alx and the total num-

ber of perticles and do not represent the mean

ted for the months involved,
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222 huildings, The average nudber of particies exceededla.h particles/meter3 in
room 7 of each of £he leboratory bulldings; filtering umits located in the hallways
which adjoin these rooms showed 0,0k and 0.1 partioles/beter3 at the 222-B and 222-T
buildings, respectively. Monitoring directly outside of these buildings indicated
values on the order of 0.03 to 0.05 particles/meter3. The higher values detected at
each of these locations tend to confirm observations noted in the past; hovever, the
current measurements were indicative of a significent increasse at each area.

Table VIIL summarizes results obtained from the part;cle monitoring program
which was used at locations around the project perimeter, in nearby residential
communities, and at remote stetions in Washington and adjbining states,

A review of the date summarized in Teble VIII indicates that the vesults
obtained during the present period were not indicative of any significant trend or
deviation from prefious measurements. Particle concentrations in the atmosphere were
less than 1.0 x 10“3 particles/heter3 at all remote locations and in all residential
communities during each of the months duringAthé gquarter. Random particles were
detected at the 300 Area and at the 100-D Area; however, ‘the magnitude was well

within normel fluctuations experienced in this type of monitoring.
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TABLE VIII ;
SUMMARY OF PARTICLS DEPOSITION . -
OBER, NOVENB: K, DECEMBER -
Teso
Units of 1073 particles /meter3
Location - Total Air ' . Quarterly
“S-;mnfﬁ,_a October November December Aversges -
Area Locations ﬁf Averame Average Averape - Fourth Third
100-B Ares T — 26452 0.3 0.7 0.6 0.5 0.5
100D Area = 35241 Oy¢ 1.8 T 2.4 1.5 .86
vwhite Bluffs 32810 0.1 0.1 0,7 0.3 0.2
100-F Area - 36414 : 0.1 1.1 T 1,0 0.6 0.6  _
300 Area ~ - 35683 0,6 3.9 -~ 1.3 1.6 0.8
Foster Ranch 21873 - 0.3 ~ 048 0.5 .-
Off Area Locations
Benton City, Wash, 36512 0.1 0.1 0.5 0.2 <0,1 o
Pasco, Wash. 34340 0,1: £0.1 0.4 0,2 0e? L
Richland, Wash. 35853 0.1 0.1 - 042 0.1 <0,1
Boise, Idaho 2051 0.4 0.4 <0.4 0.2 0,2 -
Klemath Falls, Ord, 7108 < 0.5 <049 0,3 <0,2 £.0.2 -
Stampede Pass,; Wash, 12911 <0.31 <0,3 20,3 <0,1 <0,1
Great Falls, Mont, 9525 0,3 <0.,4 20.4 <042 <0.2
Walla Walla, Wash. 12908 0,34 «0,2 Z0,3 0,1 <0,1 . _
Meacham, Ore. - 9294 <0.3" 20,4 «0,4 £0.2 £0.1 _
lewiston, Idaho 12839 0,7 <0.3 Z0.3 <0.,1 £ 0.1 )
Spokane, Wash, 24289 0,1 0.1 «<0,2 20.1 £0.1 .
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SECTION IV
RADIQACTIVE CONTAMINATION IN T@ BANFORD WASTES

The determination of the magnitude and extent of rad:i:oactive contsmination in
Hanford Wagtes was accomplished by obtaining semples of the liguid and solid wastes
material. and aralyzing foy the activity density of the alphe and beta emitters; radi-
ation levels at open waste areas and over the nearby terrain were determined by using
portoble ingtrumentation such as VOMfs and CP meters. The results obteined from
this monitoring progrem for the period October, November, December, 1950 are sum-
marized separately for the 100, 200, end 300 Areas.,

100 AREA WASTES:

Two hundred and sixty-seven samples were obtained fryom the oublet side of the
107 basins at the 5 pile areas of the Hanford Works. The _'methods and techniques
employed in the radiochemical analyses to determine the aotivity density of the
alpha and bete emitters in this waste material were identical to those presented in

previous documents of this series.(m”ao'foo)

A summayy of the results obtalned is
pregented in TPeble I3 this tobulation represcents the activity density during normol
operating periods in the 100 Areas. In every cosc, the somples were analyzed on
the same day that they were collected, thereby eliminating the application of exor-
bitont decay corrections to ‘the counting results,

A general increase approaching o factor of two was noted in the ectivity den-
sity of the beta emitters at all pile areas during this gquerter. This increase was
weighted during the month of December during which period all of the meximum velues
tabulated above were measured, The current increcase in the power levels of the pille
arcas was the only assignoble cause for the increanse in the activity density of gross
beta emitters. A review of the operating data indicates that general increases in
power levels were noted at each of the operating areas HE: ! iaign'&ficant change
occurred when the 100-DR Aren started up during eorly October and reached maximum

power level before the expiration of the gquarterly period.
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RADIOACTIVE CONTAMINATION IN THE JOT BASINS
DURING PERIODS OF NORMAL PITE OPERATION
1950 -
4 Location _ No, Alphe Emitiers Beto Emltters L
Somples Averoge Activity Density Activity Demsity x 10
dis/min/liter _ ne/ee
. Maximum Average
- 100-B Aren " 51 8 , 15.9 6.9
i 100-D Area - 56 8 10.0 5.8
. 100-DR Arco¥ Tl 8 16.1 Ta1
) 100~ Area, 59 8 B 3_300 9.1
S 100-H Area 5k 8 ' - 38.5 Tkt

¥ The 100-DR pile staxted up on October 3,~1§§O; eveluation of the activity density
! from alpho emitters and beta emitters in this effluent water will be included in all
' future reports.

The activity density of alpha emitters averaged less thon 8 dis/min/liter at
each area; however, several spot samples indicoted detectable alpha activity; 3
. somples from the 100-B retention bosin obtained during October showed the aotivity
density from the alphn emitter of plutonium to be 8, 12,-and 25 aisfmin/iiter,
. respectively. Another somple obtained from the 107-D basin indicated slpha activity
from plutoniuwm of 12 d:‘:.s/min/li'ber. Resamples obtained within 24 hours after the
initiol measurement did not confirm the original positive volues and tend to allow
some consideration to the possibility of cross contamination in the laboratory.
Several spot samples were obtained from euch of the 107 yasins for the specific A
neosurement of the activity density from polonium with ail results indicoating less
than 6 dis/min/liter from this source. ‘ -
During the course of a river survey opposite the 100-D Area a leak was observed
bubbling from the 107 effluent pipe which passes through an islond locoted in the
. Columbia River. Rodiochemical onclyses of several samples of this water indicated
thot the activity density of gross beto emitters ranged from 3.0 to 5.5 x lO'“/pc/cc.
The mognitude of this activity correlated favorably with that noted in the basin
. woter (averaged 6.6 x 10'hlpc/cc during November) and indicated thot the source of

the liguid wos an apparent breok in the effluent pipe. Several samples of floating

noterinl were obtained from dormant waters olong the shore of the island; ‘the
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activity density of gross beto cuitters in this solid material was on the order of
6 x 10"% }c/gmm with & range of values between & and 8 x 1072 }tc/gram.

Investigotion of a temporary leck at the 107-H ’oasin;._duri'ng Noverber showed
rodiotion levels on the order of 500 ¢/m (VGM) at points below the spillway and along
the shore of the Columbia River. Seepage was observed as fﬁ:c down stream as 600
feet below the spillway. Radiochemical analyses of samples obtained from various
locations in this region indicated that the activity density of gross betn emitters
ronged from 4.3 x 1076 /uc/cc o 5.5 x 1076 }1¢/cc along the shore of the river be-
tween the 100~-H Area spillway and a :point/a.pproxima'tely 400 feet below the spillway.
The activity density was 3.9 x 10"6 }m/cc about 500 feet ‘éelow the spillway where
the seepage from the basin formed a smell stream flowing inte the river proper. At
points greoter than 600 feet below the spillwny, surfoce samples of the river
obtained near the Benton County shore ranged between 9,9 x 10° )Jc/cc and 2,1 x
107 /Jc/cc. The lotter values did not represent highly significent deviations from
the normal activity density found in the Colimbila River and the possible effect of
this leak wos not observed in samples token from the 100-F Area inlet water. Dowmn
streom sampling did not indicate any significant change from normal anticipated
activity levels. A mud sample collected nbout 350 feet boelow the 100-H Avea spill-
way showed the activity density of beta emitbers to be 6 x 10729 )m/gron‘: this volue
represented an increase by ahout a factor of 5 when cormpored with norxmal
neosurenents, : =

One hundyed and fifty~-three somples were obtained from the sump tonk in the
waste line at the Biology Farm in the 100-F Area. Two répresentative sanples wexe
obtained during each twenty-four hour period. A sanple obbained irmedictely before
flushing represented the normel activity in the sunp, whereas the after f£lushing
samples Indicated the penk concentration emitted to the river when the accumulated
waste is washed into the effluent line., The results obtained frxon the analyses of
these sonmples indicoted that the average nctivity density of I-131 in the sump pre~

vious to flushing was 1.2 X 1072 )s.c/cc. The overage value for the after flushing
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period wos 6.2 x 107° nc/ce.  Maxirmm measurements as indicated in the after flush-
/

ing Bonples showed peck concentrations to be on the order of 5.5 x 10'1‘“ fo/cc. The
above values represent obout & three fold inerease over the averages neasured during
the previous gquarterly period. It was estimgted that approxinately 6 milli-curies
of I-131 were discharged into the Colwbia River on a daiiy basis.

Weekly samples were obtained from a location along the Benton County shore
near the Honford Ferry for the purpose of determining the activity density of I-131
in the Coluribla River. Although neny of ‘these sonples indicated that the activity
density wos below the detectoble limit of 5 x 10~8 )JC/CO , the over all average for
the 3 month period was 8 x 10~9 }_IC/CC. Moximn neasurements were on ‘the order of
1.9 x 10°7 /ac/cc. “!i?his megnitude of activity was in reasonable agreenent with
sinilar measurenents obtoined during Septeuber, 1950, when the average activity
density of I-131 in the Columbin River ot this location was 1 x 10~7 /10/00.

200 AREA WASTES:

Nearly fovr hundred sanples of water and rmud were obtained from various open
woaste zones in and near the 200 Arcas, Taoble IT sumarizes the results obtained
fron the radiochemical analyses for the activity density of alpha and beta enitiers
in these samples, (Refer to Toble IT on the following page.)

The rodioactive contamination necsured in the 200 Areda waste systenms wos cor—
paroble in magnitude to that detected during earlier surveys. With the cxception of
one or two isolated individual measurcments, the results tabulated in Table IT did
not differ significantly from the order of nognitude expected. Two of the beta
neasurenents obtained in sanples from the Ioundry Ditch ond U Swanp (2.4 and 3.1

X 10"6 uc/ce) were éxceptionally high for these locations; however, the inability

to duplicate the meosurenent by resaupling tend to invaelidate these results.
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CONTANH.I\IATION IN T Tﬁ 200 AREA WASTE SYSTEMS
OCTOBER, NOVEMBER, DRCEMBER

) | e———g, -

1950 -
LIQUID SAMPLES N
Location _ No. Alpha Enitters Beta Enitters
Somples Activity Densit . Activity Density x 107
dis?min?liter pe/ee
Maximum Average . Mexin Average
T Swonp E 36 110 8 I 1
U Swarp - 22 39 15 31x <L
Loundry Ditch 2l 250 40 _ 2b% s
231 Diteh 2 - 81 18 A 1 <1
200 E "B" Diteh 34 28 <6 ) 66 :m
200 B "B" Swaxmp 22 17 < 6 27
234-35 Ditch 13 76 hI1Y : 1 l
200 E Retention Pond 46 58 < 6 100 17
200 W Retention Pond 37 9 < 6 o 7
234 Retention Pond 5 70 20 - -
Iaundry Rinse Water 9 1000 . 1300 72 26
SOLID SAMPLES ~  Activity Density x 107
dis?rain?grm - gc(ggo,m
T Swanp 26 970 160 _ 15 5
Isandry Ditch 13 38 ;_ 10 N 16 L
200 E "B" Ditch 3% 7 T TT69 . <6 - 10 120
200 E "B" Swoup 2l 7 <6 260 59
234-35 Ditech A ie 89 b5 2
Iaundyry Lint - 13 690 ; 180 160 31

¥ These resulbts were Tho Maximii resuits Tor The year o.nd were not included in
the average.

Poriodic .! amalyses for the.achbivity density.of the alphe emitter frem uraniu
in waste indicated the majority of results to.be less than k& )zg Ufliter. As in the
past, samples o”bta.ined from the Laundry Diteh indicated signiflcant quantities of
uranivn; individual neesurements showed 33 /ug_‘ U/liter in the water and 130 }tg U/gran
in the mud. Some of this activity wes also noted at the U Swonp in lesser quantites.

In addition to the analyses for alpha enitters by the ether extractlion and the
fluorophotoneter methods, specific measurerents for the activity density of the alphn,
enitter of plutoniun indicoted detectable activity in the T Swamp and 23%-23% ditch.
Moximum meosurenents wexe 550 dis/min/liter and 410 dis/win/grom in the water and
mud from the T Swamp, and 100 disfmin/gran in the nud along the shore of the 234-235
ditch. : =
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Five representative aliquots of composite sa:mples which represen'b o nurber of

smoll samples obtained from cach botch of retention water at the 234235 area showed
the averoge nctivity density of alphs emitters to be 20 dis/min/liter including a
naxinun of 70 dis/nin/liter.

Portoble instrunent surveys (VGM) over open terrnin and elong the edge of open
woste oreas indicated thot radiotion levels on the order of 200 to 500 c/a obove
background prevailed at most locations. In extrene cages s Instrument nonitoring
showed readings of 10,000 ¢/m above backgroumd olong the 200 Bast Area B ditch and
swanp ond 3200 c¢/n above background along the Toundry Diteh in the 200 West Area.
Radlation levels in the vicinity of the 200 North Ares ditches opproached 125 mrep/
hour et the North Ditch. Moxirun reodings at the P and R ditches were 40,000 and
30,000 ¢/, (VGM) respectively, '

300 AREA WASTES:

Table IIT surimrizes the results obtoined from the neasurenent of the activity

density of alpho and beto emitiers in the 300 Areo waste ponds during October,

Novenber, and Decermber, 1950,

TABILE III
RADIOACTIVE CONTAMINATION IN 300 AREA WASTES
OCTOBER, NOVEMBER, DECEMBER
1950

Location No, Bete Emitters ‘ Uha, Emitters

Samples Activity Density x 107 Activity Densit
c/co dia?min?liter 1} U[li‘ber
Mafimum Average

Maximum Average Maximum Average

01ld Pond Inlet :
Liquid 1 . 2k 9 12000 ~ 5000 21000 000

New Pond Inlet
Liquid -1 9 3 5000 1200 3100 970

300 Area Waste - - L=
Line T 61 69 y 6OOQ 1200 3600 T30 )

Activity Density x 103 Activity Density
gczgram dis/min/gram U/gran
01d Pond Inlet: - 10 359 0.5  TB300 "_: ;"Go'o 200 420

A review of the above data indicated very little change or trend when comparing
the results with those measured during the previous quarter, In general, the analy-

ses for the activity density of alphe emitters by the ether extraq'tion method showed
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significant quantities of this activity in nearly every sémple analyzed from the
ponds. This activity was identified as uraniﬁm‘in_nearly'gll cases. -
Forty-seven of the samples thet wers obtained directIy from the 300 Area waste
line were analyzed for the activity density of the alphe emitter from plutonium.
Although a considerable number of these samples indicated this activity to be less
than 6 dis/ﬁin/liter, several isolated samples showed gquantities ranging from 20 to
160 dis/minfliter. The average of all samples analyzed was 10 dis/min/liter. The

latter figure was nearly identical to the aveéage of 11 di;/min/liter which was

Tound during the previogs guarterly period.

The amount of uranium in the two 300 Area waste ponds_was estimated from the
results of surveys performed on December 18 and 19, 1950. ~ The surveys of these two
waste regions included the measurement of the pond area, depth soundings, estima-
tions of the total liquid volume in each of the ponds and the obtaining of liguid
samples ot various depths along with mud somples Tor the é;isequent readichemical.
analysis of the activity density from the alpha cmitters. ALl semples were analyzed
by thelfluorophotometer'method to determine the activity dénsity of the alpha
emitter of uraniumﬂ

Forty water samples and twenty~five mud somples were obtained from the new pond.
These semples were 6btained in a cross-section manner ot intervals of approximately
200 feet across the surface of the pond. Representative depth samples were tokem
below each of the surface sample locations and mud somples were obbained from the
bottom of the pond immediately below these depth samples. iFigure 9 shows the gen-
¢ral lay out of the pond as measured on this date and nlso~indicates the locotion
from which each serles of samples were obtained. The resui%s obtained from the
analyses of 250 cc samples from the mew pond showed no sigﬁificaﬁt difference at
the various depths. On this basis, all results were corbined and an over-all aver-
age activity density for the alpho enitter of uraniun was determined. The average
activity density from uroanium in the water of %he new pondj;as 670/pg U/liter; the
general order of megnitude of the individunl somples rangeé from 300/Pg U/liter to

SR poopE) 0 -

1200 }lg U/1iter.
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The total ligquid volume in the new pond was determiied from the measured areo :
and the results of the depth soundings; this volume on December 18 was 17.8 x 106
gallon. Assuning the average activity density as determined from the analyses of
ko ﬁnter sammﬁbs-to be reasonably representdtive of thei;hoﬁnt of uranium in the
water of the new pond, it was compubted that approxinately 100 pounds of uranium is
in the liguid of the new pond. : : ] C

A further annlysis of the activity density in the water of the new pond showed
& representative pattern when these results were plotted over the area from which
the samples were obtained. The higher activity density from uraniun was found at
and around the inlet where a small region showed the activity to be greater than
900/ug U/liter; the activity denmsity tended?to diminish %rom this maxinum region to
the far extremes of the pond proper where o general level of the order of 600 ng
Ufliter prevniledi An estinoted distributi;n of the acfEQity density fron uraniﬁm
in this water is presented in Figure 10. . =

Analyses of one-gram somples of mud obtained from the locatlons indicated in
Figure 9 showed the average activity density from the alpha enitter of uronium to be
3280/Pg U/gram in the solid material ot the base of the pond., As expected, consid-
eroble variation was observed in the activity density found in the various somples;
the mexinum result was 37,700/pg/gram. An estimation of ‘the total amount of uraniun
deposited at the base of the éond would be extremely difficult due to the wide vario-
tion noted in the .individunl samples and due to the lack of means to measure the
actual depth of the deposition at the base of the pond. - Visual observations indi-
coted that the mud and algne at the bottonm of the new pond did not exceed one inch

in any case ond apparently averaged on the order of 1/2 inch throughout the entire

survey. Most of the mud samples. contained small spounts of sand from the base of

the pond proper.

[

On Decenberx 19, the old pond was surveyed in o manner &sinilar to that described
ebove. The frequency of sampling woas soniewhat reduced béceuse a tule growth pre-

vailed over much of the surface of the old pond. Represéntative sanpling locations
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were estoblished at intervals of approxinmately 200 feet at the locations indicated
on Figure 11 . The extent of the tule growth in the old pond noy also be appraised
from e review of Figure 1l . The liquid volume in the old pond on December 19 was
5.5 x ZLO6 gallon.‘ The average activity density fron the?alpha enitter of uronium
was ?70 }wg/li‘ter ranging from o minimun of gbout 300 jzg U/liter. Assuning the
average activity demsity os computed from the 30 samples™to be representative of
the entire volume, the amount of uraniwi in the water of;the old pond was estimated
to be cbout 27 poi.mds. -

Twenty nud samples obtained from the loca.tioﬁs indic%ted in Figure 11 ghowed
the average activity density from uranium to be 2650 ﬁ/gram. Again, the varia~
tion between individual nud scoples was wic‘ze_; the _maximun? activity density in mud
was 7000 )Lg U/gronm end the minirum was 50 pg U/grom. The total amount of ureniunm
at the base of the pond was not estima‘bed/ due to the wide variation in individual
results and the lack of means of determining the exact deépth of rud deposition at
the base of the pond.

For purposes of evaluating the hozard which would ocdur in the event that the
new pond were drained into the woters of the Columbia River, assuning o river flow
of 600,000 grllons/second, and o drainage interval of eight hours, the activity
density from uranium in the Columbia River at the time that the pond volune is

equally dispersed. in the Colurbia would be less than l.OjJ.g U/liter of river wotar,

SECTTON IV

(Please refer to Figures 9, 10, and1l.)




HW-21866

NEW 300 AREA WASTE POND
K ' DECEMBER 18, 1950 FIGURE~ ©
X ; v 5 - : “ N 57,000

N 568,600

N 86,200

LIQUID VOLUME N POND = t7,8600,000 BALLONS
® SAMPLE LOGATION

SCALE — 400’ COORDINATES
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ESTIMATED DISTRIBUTION OF URANIUM
NEW WASTE POND ——— 300 AREA
DECEMBER 18, 1950 FIGURE— 10O
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LIQUID VOLUME IN POND s 3,500,000
® SAMPLE LOCATION
SGALE — 400 GOORDINATES

OLD 300 AREA WASTE POND
DECEMBER 19, 1950 FIGURE— Il
- . : “l_u _ss.a00
N_88,000
N 54,800
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SECTION ¥ ' S

. RADIOACTIVE ,e;{mmmé’mzom IN THE COLUMBIA AND YAKIMA RIVERS -

~ The determinotion t?%{ctivity density from alpho and beta emitters in the
Columbia River was accomplished by analyzing water samplés from represcntative
locations ot the river. In genercl, weekly somples were obtained frem about 17

. locations between the five pile areas of the Honford Works and the Pasco-Kennewick

Bridge; thisg are&;represents about 50 miles of river. These datc were supplemented

" with spot samples obtained from several dowm strcam loctitions such as McNary Dom ond
Bonneville Dam aﬁé with special studies performed to deﬁ%rming distribution ond dis~
persion patterns< Contro; samp;ing was nqi§tqin§d on a_gaily basis ot o locatigg .
near the Honford ferry and cross section distribution studies were maintained on o i

wveekly basis at the point whore the Ferry crosses the river.

The soarpling technigues ond procedures applied foriihe rediochemical analyses

of gross beta end alpha cmitters were identical to those outlined in previous docu-

(EW-1945k) Periodic measurenents for the activity density of

. nents of this series.
the alpha enitter of uranium wos performed by the lonthanur fluoride method; this
deternination wos completed on at least one’sample fron each location during each
nonth of the quarter and was perforned on cvery somple which indicoted that the
activity density from gross alpha cuitters exceedéd 6 dis/minfliter.

B In contrast to the neasurcrents performed during ﬁhé pravious quarter, the

current data wos obtained during o period in which the river flow was relatively

constant. The pean river flow during the 3'month period was 590,000 gallons/second;

the flow rate varied from o nininmun of 488,000 gallons/second to o maximum of 893,000

i OGS W

gollons/second. The latter two measurencnts represented extreme conditions in res- IE
pect to the over all dota; the normal weekly différencesz%hroughout the period weré‘_ o
on the order of 20,000 to 30,000 gallons/second. A reviéw of the week to week voric-
tion in flow rate (Figure 12) does not indicate any significant trend occurring
throughout the period; however, a comparisog with the meiSurements obtained during

the previous period show that the volume of woter passing down the Colunbia River

DECLASSIFED




during this peri%m IMntly lower than that measured during the period

July, August, and September, 19%0. The naxinum measureci A flow rate during the pre-
vious period was in excess of 4,000,000 gallons/second. _ Tigure 12 summarizes the
trend of the measured flow rate over the six month pericd discussed above.

A tobuloar surmary of the results obtained from the radiochenmical analyses for
the activity density of gross beta emitters at rébresen‘bative locations in the
Colurbic River is presented in Table I. -

- TABIE I - - - o
AVERAGE ACTIVITY DENSTTY OF GRESS BETA EMITTERS

TN THE COLUMBIA RIVER A

OCTOBER, NOVEMBER, DECEMBER

e 71950 . 8
Location z . Activity Density x 10 R

JLls fec — Previous Maximun
October November Decdber Quarter Quarter This
Average Average Average Average Average Quarter

Wills Ranch <5 <5 Z =<5 <5 8

100-B Ares 181 Building <5 15 <5 - 8 <5 Sl

Allard Pumping Station 65 10 23 35 7 132 o
100-D Arca 181 Building 17 ™ 85 — 63 23 119

100-H Arce 181 Building 68 117 135 111 40 152

Below 100-H 167 197 351 239 209 528

100-F Arce 181 Building 92 279 . 278 _262 111 h57 o
Below 100-F - 284 390 | 327 333 139 Ws6 T
Foster Ranch - 86 96 229 2116 28 373 T
Hanford South Bank 356 372 395 Z3™h 159 949 L
Honford Middle ... _ 293 216 4313 2300 67 R
Honford North Bon 95 = 123 | 107 ~110 37 273

300 Area R B 3 153 212 T158 68 268 o
Richland = 113 17 178 131 L5 228 o
Highlonds Pumping Station 80 . 107 96 93 33 165 o
Pasco Bridge gKenn. Side) 60 ™ 76 -~ 70 33 102 o
Pasco Bridge (Pasco Side) 72 86 . 90 — 83 25 166 0 T
Yokime. River Mouth {5 <5 Z5 =<5

<5 <5 . S

A review of the dats summarized in Table I shows tha_.‘c the activity density fron
gross beta enitters increased at all locations during this period. This increasge
wos attributed to 2 factors; nomely, the lower dilution rotio of the Columbia Biv‘e‘ip
to the activity o.émitted at cach of the fivé 100 Arcas, and secondly, the start-up
of the fifth pile area at 100-DR on October 3, 1950. Thé over all effect of the
start-up of the 100-DR Area wos reflected when reviewing the month to month increase | . .

in activity density throughout the quarterly period. These increoses were noted .

 weommnins (0 (GFE)  we—
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during the tirme when the river flow ramained relativelj:éonstant.

HW-21566

Natural background in the Colurbia River as evaluated from samples obtained at .
Wills Ronch above the 100-B Arca showed the average activity density from beta emit- -
ters to be less than 5 x 10-8 efec. As in the past, the maximunm activity density

fron gross beta emitters prevailed along the south bankgﬁt Honford where the average
activity density was 3.7 x 10-?/uc/cc throwhout; the qu;;ter. The moxinmum measure- . -
nent of 9.5 x 10“‘/pc/cc was also obtained at this location. In general, the acti~
vity density froh beto emitters wos on the order of 10f§ c/bc at oll sampling loca-
tions between the 100-D Arca and Richland. A comparisch of the average values
obtained at Richland, Highlands punping station, Pasco and Kemnewick with those
neasured during the previous gquarterly period indicate thot the average activity
density increased by about o factor of 3 at these locations. As indicated by the
general increase in nonthly averages between October and December, the bulk of the
naximm valves summarized in Table I were c¢btained froﬁ%samples collected during
the nonth of Decerber.
The cross~s§ction distribution of activity on the ;urface of the river at the
Honford Ferry location again indicated that the bulk ofjthe oactivity passed the
south ghore; quurterly averages indicated that the actigity density along the south
bonk (3.7 x 10-6 cfcc) was over 3 times greater than thot neasured along the north

bonk (1.1 x 10”6-uc/cc) of the river. . .
The daily results obtained from the measurement of the activity density fronm CoTT

gross beta enitters along the south bank of the river at Honford were analyzed in

respect to the fiaw rate of the Columble River and the iower levels at each of the

operating arcas, Favorable correlations wdére indicated in each of the studies and

vhen tested statistically showed highly significdnt coriélations with operating

conditions at th; 100 Areos and significan% cérfélationﬁ‘with the change of fibﬁ=‘

rate in the Coluribic River. The correlation coéffieicnts obtained from the latter

study were somewhat lower than those observed in a sinilar study several nonths ago;

however, the nognitude of flow change during this period was very suall when couparcd

2
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to the flow rate changes noted during the previous study.

A special Survey was perforied on Decgmber 11, 1955 to deternine if there wos
any correlation between activity neosurcments and the turbidity of.:ferro-floc as
discharged into the Colurbic River when cleaniﬁg the filter basging in the water
purification syé%em at the 100 Areas. This study was sinilar to that performed
during Septenber, 1950, at which time a series of aeriii’photographs indicated a
defined chammelling of the ferro-floc along the south b::m.k of the Coluubio River
(HW’19°h6) A sampling progron was designed whereby dupiicate samples would be
obtained from the surface of the river at several cross-section locations below the ;_
point of admission; these somples were analyzed for iron concentrations, turbidity,
and for the activity density from gross bets emitters. A coordinated progran by
the Power Division of the 100 Areas allowe& the flushing of settling basins 1n tgg_

100-F and 100-H Areacs sinultaneously, thereby extending the ares over which the

survey could be performed. Cross-section sanpling loca£ions were established at -
points 0,1, 0.6, and 2.9 niles below the 100-H Arca and 0.4, 2.3, and 3.3 niles
below the 100-F Aren, ) A -'botal of 213 so.npies we-i'e coll_ected for the eﬁtire siud&;_ “

An onalysis of the results obtoined from each of the threce types of measure-
nents discussed sbove indicated o highly significont correlation between the three
variables at nearly all locations at which measurcble quontities of ferro-floc were
obtained, Table II sumarizes the results of these correlation studics.

The data pregented in Toble IT shows highly significant relationship between
activity and iron at each cross-section location; this felationship indicates that
the activity admitted ot the 100-F ond 100-E Areas essemtially follows the some
pattern as observed for the ferro-floc in the aerial photogrdbhs fron the previous
study. Craphs showing relationship between the activity, turbidity, ond iron hav;A
been published in o previous document, (HW 3'9896):3‘.‘01' each of the cross-section locn~
tions; Pigure 13 which accomponies this docunent is a rébrint of o previously pub-
lished groph and is representotive of the results obtained for each seporate cross-

section study.




PR

-
1

- CUASFED

COLUMBIA RIVER SURVEY CORREIA’I‘ION BESUDI“S
PERFORMED DECEMBER 14, 1950

Miles Below Activity . Turbidity Activity
100-H Arca - to v to - . %o o
Lron Iron - Tarbidity
N 3 T - E T r I
0.1 (36) 0090 11086— h.S) 0080 7.73 Eh.S) 0079 705 hoS)
0.6 é33) 0.92 13.1 (hes) 0.65 L4.76 (h.s) 0,72 5.8 (h.s)
2.9 28) 0.56 3.4 (hys) 0,23 1.23 (h.s) 0.22 1.23 {h.s)
Miles Below ’ )
100~F Avrca
0.h (27) 0.92 11.8 (h.s) 0.7 2,67 (g.s8) 0.53 3.12 éh‘s)
2.3 Plant Side* (17) 0.8 6,02 (h,g) 0.36 1.50 (n.s) 0.29 1,17 (n.s
2.3 Far Side¥ 21) -0.66 ~3.94 (h.s) -0.46 -2.25 (q.8) ~0,15 -0.67 én.s
343 22) 0.55 2,9% (h.s) 0.0 0.18 {n.,s) 0,22 1.0l (n.s

¥ An islond divexrts the Fflow of the river at this location.

The definite_ chmxelling of the ac*bivi'&y ‘below each of the areas nay be
appraised by reviewing Figures 1& and 15 which show the width of the channel at
each of the sampling locations below the 100-F Area, It was interesting to note
‘that the activity chomnel did not follow the estinated choannel from U. S. C. and W
G. 8. soundings, but rather tended to devinte toword the _Benton County shore at o
point about 2 miles below the 100-F Arec., An igland predominotes in the river ot
this location, and the activity tends to follow the shore side rather than adhere to
the main volume of water which passes on the Franklin Colinty side of the island.

Previous indications of this fact have been obscrved during earlier cross-section
studies; however, the current correlation between the ferro-floc ond the activity
at this location tend to establish this fact on a definite basis.

Several depth sanples were obtained at {each of the eéx downgtrean locations
to deternine the mognitude of difference in activity on & verticle plane. With the
exception of the location 0.05 niles below the cffluent pipe at 100-H Arvea, the
results indicated that the cctivity wos unifornly dispersed depthwise. The results
obtoined irmediotely below the 100-H outlet showed a difference on the order of o
factor of 9 between the sanples obtained from the surface ond o depth of two meters

(2.5 x 10~ 6\ 1c/oc on surface and 2.2 x 105 c/ee at two ne-bers.) The difference
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noted when comparing the results from the remeining downstream locations did not
exceed o foctor of 1.5 in any cose. The latber studies cover a range of depths to
9 neters. A graphic comparison showing the variation of the activity demsity meas-
urcnents with depth is presented in Figure 16. B

The sanmples éb'bo.ined fron locations summorized in Tdble I were also analyzed
for the acctivity density of the alpho enitters of uraniun and/or plutoniun,
Although the averdge activity fron these sources was less thon 6 dis/nin/liter over

the entire guarter, several indicotions of trace quantities of alpha emission were
noted in individual sé,mpies. With theA exception of so.mp]:gsA obtained from the 300 |
Area locations, si:'bseqilent sanples did not tenﬂ, o confii_xn detectable activity.
Two sauples obtained near the 300 Areo during October and Novenber indicated 22
and 33 dis/uin/liter, respectively. : - = .

Nearly k00 sanmples of nud were cbtained from locations on the shores of rivers
adjoining the Han_f;rd Works. Sémples,were o‘:b'to,ined fron jo.:}.ong the shore at the o
woters edge and from below the surface of the woter about 5' out from the shore line
each time the location was monitoréd. The results obitoined from the radiochenical -
analyses of These sanmples for the activity density from gross beta enitters during
October, Noverber, ond December, 1950 is presented in Toble IIT, on the following
poge. ) ' -

A comporison of the averages suwmorized in Table IIZEV:’.th those during the T
previous period indicates no significant change or trend. Minor fluctuations noted
on & ponth to month basis were not deemed significant in any case. Moxinunm neas-
urerents obtained @uring the period were alsd well within the normal range of
fluctuations expec;ted for this type of nonitoring. -

Semples from each of the locations sumiarized in Teble IV were anaryzed for the
activity demsity from the alpha emitter of uranium-at a frequency of at' lecadt Bae

analyses per month from each location., The results of these measurements indicated

that the activity density was less than 2 ):g U/grem of mud analyzed.

[
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TABIE IIT ‘ N .
RADIOACTIVE CONTAMINATION IN COL COLUMBIA RIVEB MUD SAMPLES -
B OCTOBER, NOVEMBER, DRCEMBER
1950 R
BETA EMITTERS - ACTIVITY DENSITY X 107
Tocation - o pc/gram Previous Maximun
October November Ddcember Quarter Quarter This
Average Average Average Average Averege Quarter
Wills Ranch, shore K10 1.7 1.2 ‘1.3 1.k 2.2
5% out o 1.2 2.4 1.6 1.8 1.3 5.7
Allard Station, shore 1.9 1.3 1.5 “1.6 1.2 b1
5! out 1.5 ik . 1.5 1.5 1.2 1.9
100-H Area, shore L.k 1.9 - 1.6 1.6 1.7 2.3
5' oyt 1.7 1.4 1.8 1.6 2.0 2,9
Below 100-F% Area, shore 1.7 2.4 2.1 2.9 2.0 2.8
5t out : 1.8 2.0 2.0 2.0 1.6 3.1
Henford Ferry, shore 2.4 1.9 ¢ 2.6 2,3 1.6 5.5 _
5! out = 2.0 2,k 1.9 2.1 1.9 k.6
Below 300 Area, shore 1.7 1.8 1.5 1.7 1.k 2.5
5' out - lo8 h‘s3 lo5 —__2.5 106 9.’4’
Richland Dock, shore 2.1 1.6 1.7 1.8 1.5 3.7
5% out 2.3 2.9 " 1.5 2.1 1.8 5.0
Highland Pumping Sta., shore 1.8 1.2 2.2 =2.0 1.3 5.6
5¢ out 1.9 2.5 2.5 2.3 1.7 5.1
Yekima Horn, shore «1.0 1.1 7 71,0 Z1.0 &1.0 1.4
5! out <l.0 1.0« <1,0 <1,0 1.0 1.2
Pascao Bridge (Kénn. side) 1.5 2.2 ° 1.3 ~1.6 1.3 3.5 o
5% out 1.8 1.6 1.3 “1.6 1.h 2.6
Pasco Bridge (Pasco smde) 1.5 1.6 1.5 1.5 1.k 2.2 :
5! out = 1.9 2.2 1.5 ~1.8 1.3 3.2

Four samples of river water, mud, and algae were obtoined from Bomneville Dam
during the quarter. The activity density from beta emitters in the river water
was less than 5 x 10-8 /m/cc in each sample analyzed., The activity density from
alpha emitters averaged less than 2 dis/min/liter 3 howevc;r , one sample indicated
the activity to beé 4 dis/minfliter. One sample of mud obtained from the base of
the dam showed the activity density from beta emitters to be 2,% x 1077 e /grom;
the remaining measurements were on the order of 1.2 x 1079 /m /erom. Alpha activity
in this mud was less than 6 dis/min/gram in all samples. - One somple of algae
obtained during October indicated the activity density from beta emitters to be

9.1 x 1072 je /grom; this measurcment represented the maximum activity noted in

algae from this location during 1950,
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Weekly samples were obtained from each of the raw wa:ber supplies at the 183

and 283 buildings of the 100 and 200 Arcas. This water originates directly from

the Columbla River at one of the 100 Areas and is transported to the remaining

areas for drinking purposes. These samples:represenm‘thi_water as received from

the river weter export line previous to the final filtration and chlorination in the

consuming arcas. = Radiochemical analyses for the octivity density of gross beta and

alpho emitters in this water w&re performed according to_procedures and techniques

described in previous documents of this series. A review of the current measurementé>

indicates that an over all increa.se‘csccurredl' in the acti\%ity density of beta emit-

ters during this period. Increases by a factor from 3 to 6 occurred in meny in-

stances and were assigned to the decreasc in flow rate of the Columbie River =

(Pigure 12,) which tends to increase this act1v1ty at the pumping source in the

100 Areas. The megnitvde of increase noted during the period was cxpected and

was not deemed significant when compared to the measurements obteined in. this

same three month period during previous years. A summary of the results obtained

from the measurement of the activity density. from bets emitters in raw weter during

s,

=

this period appears in Toble IV.

RADIOACTIVE CONTAMINATION IN RAW WATER - RIVER EXPORT LINE L

OCTOBER, NOVEMBER, DECEMBER _ L

19 5 Q:
BETA BMTTTERS = ACTIVITY DENSITY x 108 o
: , c/cc Ay -
Location B i - = Previous Maximum
October November. Deccmber Qierter Quarter This
Average Average 5 Averoge  Average  Average Q,uo.rter
183 Building 100-B Area <5 <5 L &5 <5 <5 <5
183 Building 100-D Ares, <5 e .19 - <5 26
183 Building 100-H Avea 13 25 - 5T 33 6 150 -
183 Building 100-F Area 65 ks b5 b7 13 73 e
283 Building 200 Fast Area 4 <5 0 g5 =6 5. 21 B
283 Building 200 West Area 1k <5 a5 -1 <5 25 i

The activity density from alpha emitters in samples of raw water obtained from

the above locations aversged less than 6 dis/min/liter at all locations during

this quarter,
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Iwenty-one samples were obtained directly from the raw water retention ponds

in the 200 Areas. The activity density from gross beto emitters in this water
averaged 8 x 10-8 c/bc at the 200 East Area and 9 x 1078 c/cec at the 200 West
Area, Meximum mdasurements were on the order of 2.0 +0.3.0 x 1077 c/ee at each
basin. The activity density from alpha emitters in this water averaged less than

6 disﬁmin/liﬁer throughout the guarter; one sample obtained in the 200 East Area
during the month of October indicated 9 dis/min/liter.

SECTION V

(Please refer to Figures 12, 13, 1k; and 15.)
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CORRELATION STUDY OF RADIOACTIVE GCONTAMINATION

IN COLUMBIA RIVER WITH IRON AND TURBIDITY
FIGURE=I3
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~SECTION VI

RADIOACTIVE CONTAMINATION IN RAINFALL

Quglitative estimations of the activity density from gross bets emitters in the
atmosphere during periods of precipitation were obtainedfby analyzing samples of -
rainfall collected from representative locations on and adjacent to the Hanford
Works. Two hundred and seventy~one raln samples were collected from twenty-seven
monitoring stations during the period October, November;“December, 1950, This
number of sewples wes exceptionally high for the period due to the ebnormal amount
of rainfall during the month of October. The totel of 2f.h6 ‘inches measured during
October exceeded the previous mean rainfall for this three month period. A summery
of the rainfall data as measured at the Meteorology Station near the 200 West Area
is presented in Table Y. Measurements for the previous two years are also included.

TABIE I . — ’ - LT
. PRECIPITATION MEASURED A% HANFORD WOBKS
- OCTOBER, NOVEMBER, DECEMBER _

1950 -
- mits - inches )

uarter
Year October Wovenber . December Total -
1958 . - 0.45 ©0.95 Tl.1L 2.51 3
19ko “0.10 147 0.16 1.73
1950 T2.46 0.55 © 20,97 3.98

A Turther review of previous observations in comparison to the sgbove da?a indi-
cates that the 35 year average rainfall during the 3 monih period was 2.31 inches;
the average rainf;il for ﬁhe month of dct&ber was 0.58 inches. In accordance with
the above rainfall data, the bulk of the samples obtained during the quarterly
period were representative of airborne activity concentrations during October.

The rain saméles were analyzed according to standara procedures and techniques.
used for drinkinngater and river water, In addition to;determining the activity
density from beta emitters in each sample, several samples were also snalyzed for
the activity density from alpha emitiers and spot samples were radicautographed to

determine the présence of rediocactive particles.

AU g —




“w

e

HW-21566

DECLASSFED

he results of the activity density measurement for bets emittefs

summary of

in rain samples 1§ presented in Table IT. -
TABIE II z

ACTIVITY DENSITY FTROM GROSS BETA EMI‘I‘TEBS IN RAIN *
OCTOBER, NOVEMBER, DECEMBER B

1229 -

%ocagggn}g . o  Number A,ctiv:l.ty Density x 106 uc/ec
n ast Area Samples Maximum _ Average

250' East of stack 9 : 35 = K
2000 Fast of stack 10 : 73 11
750t SR of stack 11 61 70
3500t SE of stack . 10 306 T 35
In 200 West Area - L =
1000' Bast of stack ] o -~ 17
T000* Bast of stack 9 135 = 24 T
8000 SE of stack 10 -550 T 76
4900t SE of stack 9 0 21
Redox Area 8 21 7 5
100 Area Environs
100~BSE _ 9 21 3
100-DSW = -9 b5 _ 6
100-FSW neh o A <1
Henford 614 10 1= <1
Henford 101 = 9 1 _ <1
White Bluffs 8 1 <1 i
100-HSE - 9 i <1,
Perimeter Locations _ )
Richland 10 1 <l
Pasco H & R ) - 0 T <1
Benton City 11 3 B <1
Riverland - i1 o 8 1
Noxrth Richland Nor’ch 10 11 B 1
Intermediate Locations -
Route 48, Mile 6 _ 9 i R by
300 Area 614 . B R .3 = <L
200 North 614 - - - 7 7 3
Geble Mountain . 10 ' S5 2
Batch Flant - 9 31 5
622 Building 3k ST - 9

* The measurements summarizcd above represent samples in which the total collected
volume exceeded 10 ml. . _

As indiceted in Table II the average activity density from beta emitters in
rainfall was nearly identical in the 200 East Ares and 200 West Area. The average
actlivity density in all samples collected in 200 Hast Area was 3.2 x 3.0"5 )m/cc 3 in

200 West Area the average was 3.6 x 1079 )w [ec. Moxinmum measurements were observed
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due southeast of the stack in each area and were on the order of 6 x J.O"l" /w/cc.

These measurements represented an increase by about a factor of 10 when compared to

data from the previous. quarter at which time the moximwm meastrement was 5.1 x 10~3
yc/cc. In general, neorly all of the current measurements were higher than those
i

obtained during previous periode; the over all increase was attributed to operating

changes such a8 'I_she increased amount of dissolving and the reduced cooling period

of the irradioted metal.
The averoge octivity density from beto emitters averaged less than 1 x 21.0"6
},10/00 at nearly a._‘.l.l stotions located in the residential:areas and around the project
perimeter., The moximum measurement obtained in the residential areas was at North
Richland where o sample indicated 1.1 x 1077 /lc /dc. B _
Continuation of the rain monitoring progrom in the construction areas at the
Batch Plont and in the Redox Area indicated that the activity in these regions
remained considerobly below that noted around the perimeter of the nearby 200 Areas.
All measurements obtained in the construction region around White Bluffs showed the
6/10/::0, T

The results obtained from the analyses of several selected samples for the

activity density of beta emitbters to be less thon 1 x 107

activity density from alpha emitters indicated negligible activity from this
source, Some of the samples analyzed represented volumes in excess of 5 gallons;
the large volume samples represented the woter-shed from the roofs of buildings in
the 200 East Area, 300 Aren, and Richlond.

Several of the evaporated rain somples which indico.i:ed the activity density
of gross bete emitiers to exceed 1 x .'!.O“l* /xc/cc were radioautographed for a period.
of 168 hours to determine the number of rodionctive porticles in the collected
somple. The results of these measurements indicated that o few radioactive partin
cles (2 or 3 particles per sample) were present. The sqi_nplcs which contained
particles were collected inside the separation areas and the number of particles
found were well within the ronge expected as based on the results of the air

filter . particle monitoring program,

EUSED
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SECTION VII

RADIOACTIVE CONTAMINATION IN DRINKING WATER SUPPLIES AND TEST WELLS

Nearly 1,000 poteble water and test well samples were taken fficon} tl}fz environs
of the Ear;fc;rd Wo‘r_ks d.ﬁr:“mg the period October, November, and December, 1950, ~ Samn-
ling frequenciles at the various locations varied from daily to monbthly 3 the fre=
quency of a given location is based on the probability of ‘the contamin;tion, ‘bhe
hazards involved; and the current trend of the activity densn.ty measuremem.. ﬁ{?%gge

samples were aenalyzed for the activity density of gross beta emitters and for 1;1:1;;‘
i S LR T

activity density of alpha emitters from uranium and/or plutonium by techniqueg out-

lined in HW-20700. Sample volumes were 500 ml. ox 12 liters; the former semple
size was uscd to determine the octivity density of gross bete emitters and aipha.
cuitbers end the lorger volumes were used when increased scensitivity of cmalyseg
was desired. A review of the results obtoined from the measurement of the actiy:.ty
density of alpha emitters in drinking water supplies during this period a}'zowrs no
significant chonge or trend in magnitude when compared with measurements per:t‘o;;med
during the previcus quarter. In general, the wells showing measurable alpha acti-~
vity were nearly _j.den'bico.l to those indicating this activity in the past and wexe
confined to the ﬁichland end Benton City arcas. - o
The maximum activity density from alpho cmitters in drinking woter supplies was
46 dis/min/liter at the Benton City Sgorve well. This well showed an average of 19
dis/min/li’cer wi‘bh uraniunm measurenent by i‘luorophotome‘t?r showing g };la:f_i.pum qu.‘ 2"1.
U/1liter and qp;qve;qge of 10 }.lg U/liter. Other samples from Benton City had an
average activity density of alpha emitters of comparablef’ nmagnitude, Moxinum meag-
urenent obtoined from wells in the Richlond system wog 25 dis/mn/;iter in Well {‘8
In general, the ajrero,gn activity density of o.lpha emltters in the wells of the
Richlond systen ré.nge from 6 o. 1k ais [oin/liter with the nexinur! neasurenent on the
order of 20 to 25._dis/min/liter, Indica‘tions of urc.n:lum were noted in each of 'bhe
Richland .wells, with the ‘average’ é.c'bivity about 5 U/liter and the maximum neqs-

urcrent of 9. U/iiter. 'Toble I swmarizes the locations at which the 500 nl.
X G L Ll -
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semples indicated the activity density from alpha emitters to average above the
dotectable limit of 6 dis/min/liter throughout the quarter.

TABIE I B
ACTITITY DENSITY IN DRINKING WATER N
OCTOBER, NOVEMBER, DECEMBER _ |

1950 -

500 ml, samples Y

Location - No. Tther ?xtraction No. Fluorophotometer
Samples dig/min/liter Samples pg U/liter

Maximum Average i Maximum Average
Richland Well i#2 k 15 8 5 7 5
Richland Well #h 54 23 13 Lo 9 2
Richland Well #12~ 9 25 10 9 8 .5
Richland Well #13° 6 10 . .8 _ 6 T L
Richland Well #14 L 8 6 5 5 L
Richland Well #15_ 3 15 1k 3 8 6
Richland Well #18 6 25 11 6 5 L
Benton City Store Well 12 46 19 11 21 10 N
Benton City Water Co. 12 40 23 - 10 29 17
Pistol Range **‘ 12 13 6 14 8 3

Several individual samples of drinking water Buppligg obtained from locations
other than those listed in Table I above indicated trace quantities of alphae emis-
sion. For the most part, the magnitude of this activity_barely exceeded the sensi~ .
tivity limit of én individual analyses and was not confiymed by resampling. Table
II summerizes the activity measurements for those locations which indicated trace
amounts of alpha emission in 500 ml. samples at any time during the period October,
November, and Decémber, 1950.

In addition to the measurements summarized in Tebles I and II, one hundred and
thirty-six 12 liter samples were analyzed to determine the activity density of alpha
emitters in drinking water. The results obtained from the large volume sempling
program were in very good agreement with the measurements indicated in the smaller »
volume anelyses; detectable activity was indicated in nearly all samples dbtained‘

from wells of the Richland and Benton City systems. A summary of the results of

all large volume semples analyzed during the guarterly period is presented in

i

Teble III. = : -
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TABLE I1 o =

) SUMMARY OF ALFPHA AND B&TA EMITTBRS MBASURED IN WATER SUPPLI:.S
* 500 ml., samples B
OCTOBJR, NOVEMELE, DACEMBER
B 1950 -
Location z No. Alpha BEmitters Beta Emitters
o Samples Activitv Demsity  Activity Density x 108 .
- dis/min/ 13 ter c/oc A
. Meximum iverage Ma x4 munf Average
"y Foster's Ranoh 10 - 6 . . 3. <l <1
j Headgate Well - 13 .6 2_ 21 . <y

.y Richland Well #2 4 15 - 8, <1 1
Richland Well 744 .. 54 23 13- 4 <l
Richland Well &5 _ 12 A 8 . . 4= 1 <1

- Richland Well #12 — = "9 15 - 10 6 <l —

} Richland Well :13 8 10 8. 2 <1 ~
Richland Well #186 _ . . 3 15 14 <Y o1
Richland Well #18 = 6 25 B & <1 <1 o
Tract House J-685 __ 12 12 4= 2 <1
North Richland Well "A" 12 12 4 1 ral
North Richland Well "BY 12 7 - 4= 1 <1
North Richland Well "C" 10 9 - 4 1 <1 )
North Richland Well "D" 8 7 4 3 <1 _

. North Richland Well "E" 12 7 4 2 1

' North Richland Well Durand /5 12 8 4= 2 <1

. Henford Well /2 _ 12 .6 3. 1 <1 o

; Hanford Well 4 10 11 3 1 <1 S
Hanford Well #7 San. 62 9 37 7 <l . e
Hanford Well #7 Rew B R 6 3. 1. <1
Benton City Store . 1° 46 19° 2 <1
Benton City Water Co. 12 40 - 23 2 <L
Cobb'!s Cornsr 12 25 4" 3 3

. fnterprise Well - 1?2 5 27 3 L1 i
Kennewick Highlands 3 3 2" 37 23 ,
Kennewick Standard Station 14 6 3. 7 3 —

$ Kennewick Tell 1l . 1 4 2 1 <1 Tt
Kennewick Well "% 2 6 4. <1 <1

. Riverland —_ 12 . 7 3_ 1 <1,

1, Mld“v&y Well . :5=- 11 6 5_: 2 . _<l o
“%41ls Ranch T 11 8 o Bl 2 <1 -
Columbia Fisld Well pn 10 8 3 1 <1

" Columbia Field Well "B" 12 4 ‘<A 2 <1

- Columbia Field #eIl "CT 12 9 3 <1 <l
P-11 Well . — 14 9 4 <1 £1 B
Richland Well #8 . 13 10 3 6 <1 .

. Segerson's Ranch. 4 6 2 <1 <1 .
Pistol Range = 12. . 13 6 2 <1 '

, 300 Area Sanitary Water .28 12 57 3 <1 b

i White Bluffs Ice House 12 9 3 22 7
Redox Administration Building 1Y 8 3 15 5 B
261 Building Sanitary . 13 11 4 1 <1 )
Clover Igland Raw — 2 2 2= 2 1 -

DECLASSIFIED i
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TABLE IX con'te. o
SUMMARY OF ALPHA AND BZTA EMITTERS MJASURED IN WATER SUPPLIS
OCTUBER, NOVEMBER, D BCEMBRR
19650

500 ml. samples

[N

Location L No. Alpha mitters _ ~ Beta Zmitters
- Sampies Activity Density Activity Denxity x 108
_ ' ' - dis/min/Titer _,/&0/_0'_9_
. Maxinum Average Maximum /° Average
100-B Sanitary 12 A <z 3 il
100-D Sanitary 12 6 3" 7 T2
100-F Sanitary 12 4 <2 29 11
100-H Senitary 12 7 10 g 14 7 B
200 cast Sanitary ~ 14 7 2 7 2
200 West Sanitary 14 9 3 8 3

Richland Durend 7% was maintained as a control sample location throughout the
period. As in the past, the results were used to evaluate the efficienty of labora-
tory procedures and the ability to duplicate sampling techniques. The analyses of
Lo sampleg indicsted the activity density of uranium to Everage B/Pg U/liter wvith a
meximun of 9/pg UYliter; 54 samples analyzed for the activity density of alpha
emitters indicated an average of 13 dis/min/liter including a meximum measurement
of 23 dis/hin/litér. The variation noted between individual measurements was about
on the same order:as that observed at conmtrol locations during previous pexiods and
in general, were not indicative of abnormel deviations in procedures and technigues.

Radiochemicel analyses for the activity density of éfoss beto emitters in

drinking water supplies indicated that this activity did not exceed 5 x :t.o":8 /pe/cc
at any location except those which were directly related to the Columbie River as
their source of supply. Of the six locations which showed measurable activity,
four of them represented drinking water supplies in Hanford Works Opera%ing Areas;
each of these driéking water supplies originated from thé Colunbin River and were
transported to thé Areas via the raw water river export line. The maximum acti%ity
density from beta;emitters in this water was 2.9 x 10~7 c/éc at the 100-F Aren;

the average ab @his same location was 1.1 x 10"7/Pc/cc, Positive averages were also

noted at White Bluffs, 100-H Area, and the Redox Construction Area; the mean

FUSFD o -
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el TABLE IIT . . .
SUMMARY OF ALPHA EMITTERS MuEASURESD IN DRINKING WATER ‘
. 12 liter samples /
LY Activity Density - Units ~ dis mlnéliter
TTTTOCTOGER, WOVEMBER, DECEMBER
ry 1950 —
Location - No. e :
o - Semples Maximum Average )
", Foster's Ranch 3 I S 2 ' o
. Headgate Well 2. 5 - <2 L
. Richland Well #2° 1 T3 = 3 . LT
3 Richland Well ¢ Jg 1 10 - 10
A Richland Well 45 4 10 _ .6
L Richland Well 12 3 17 13
Richland Well A3 1 g 9
. Richland Well 414 3 7 4
) Richland Well #15 1 3 - 3
Richiend Well 418 2 8 = 7
Tract House J-685 3 8 5
Hanford Well 1 _ 3 7 4
Hanford ¥Well 7t - 5 3 <2
North Richland @11 "a™ 3 3 2 _
North Richland Well "(C" 3 5 3
North Richland Well "DV 3 3 = 3
i North Richland Well “E" 4 4 = <2
A North Richland Durand #5 Y 4 = 2
North Richland Pond Inlet 3 4 3
3 Columbia Field Wéll nan 5 3 <2
Columbia Fiold Well "B 5 4 <2
Columbia Field Well "¢V 4 5 2
Richland Well: ff8_ 4 4 <2
Benton City Storas 3 34 ~ 23
Benton City ™ater Co. 3 20 = 9 T
Cobb's Corner 3 8 — 3
g Kennewick Highlands 2 2 = 2 .
Kennewick Standard Station .3 5 = 3
{ Enterprise Well _ 3 2?2 = 8
Riverland 3 3 £2 .
Mydway 2 e = <2 _ .
LY Pistol Rango - 4 - 3 3
v White Bluffs Ice House 4 4 <2

activity density at these locations was 7.0, 7.0, and 530 x 10‘8 }Ac/cc , respectively.

) With the excepbion of measurcments at the Pasco Filter Plant s the only loca- -
tion outside 'bhé_ operating arcas which ghowed positive .z;ctivity density from gross
beta emitters was the drinking wabter in the Kennewick Highlands where the current
average of 2.3 x| 107 c/cc represented a three-fold in%rease over the previous
quarterly average of 7.0 x 10"8 c/cc. The maximum activity noted at this location

was 3.7 x 10 ol c/cc. The mtrﬁﬁ noted when companng these results with thosge

" DECLASSH
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. 1%, 0es
of the previous quarter was attributed to the decremse in flow rate of the Columbia

River during the_period. The drinking water used in the Kemnewick Highlands was
pumped directly from the Columbias River and the magnitude of the activity depends
on the dilution ratio of the Columbia River to the activity density of the beta

emitters in the 100 Area wastes which are admitted to the river at each of the five

100 Areas., - : : B - =

Somples of water and filtering mecdia obtained at the Pasco FPilter Plant indi-
cated that cons}_dera.ble > beta activity was being retained in the solid meterial
in the filters and that detectablr activity was retained in the sanitary water
which was consumed by the residents of Pasco. The activity density of gross beta
emitters in the sanitary water which was snmpled os the vater was leaving the
filter plont indicated an average of 1.7 x 10"7'}10 /cc with moximum measurements
on the order of 3.0 x 10”7 )xc/cc. Twelve samples of sand obbained from the surface
of the filter basins showed the average activity density to be 2.2 x 1072 /ac/gram;
the moximum measurement was 5.5 x 10~2 c/gram. Twelve -samples were obbtained Lrom
the backwash material at the time that the filter beds were being flushed. These
somples contoined vorying quontitics of solid material along with the water which
was used during the flushing process. The samples were ;.f.il‘cered prior to analyses
and separate determinotions of the activity density of gross beta emitiers were
performed. for the- solid moterial and the liguid materizl., The m}erc.ge activity
density in solid material was 2.1 x 10“3 c /gram including o moximum measurement of
7.2 x 10-3 ¢ /gram. The ligquid portion of the somple contained an average of 5.8
x 1071 c/ec with individusl somples as high os L.h x lOf'6 j,xc/cc.

One hundred and forty-five samples were obtained from test wells on and adja-
cent to the project. The majority of these samples were; 500 ‘ml.; hewever, several
12 liter somples were analyzed when the mecsurements indicated activity which
barely excecded the detection 1limit of #maller volume arielyses. The four 300 Aren
wells were the oh_ly test wells which continually inc'tica't‘zed that the acﬁivi'ty density

of alpha emitters was above the detection limit of 6 dis/min/liter. Moximum results

DECLASSIFIED
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indicated 400 ai /mDLQLASSlEIEQple from well #2; this same well showed o

'

quarterly average of 218 dis/min/liter. Wells #1, #3, and #4 showed averages of

99, 48, and 136 @is/min/liter, respectively. Significont quantities of uranium were
found in each of the 300 Area well somples. The amount of uranium cxceeded 200

g U/liter in ex;hreme cases and averaged 132 U/liter at well #2. Uranium meos- -
urements indicated averages of 58, 18, and 61 }g U/liter at wells #1, #3, ond #,
respectively. IR general, these measurements wexe lowe¥ by a factor of 2 when

compared with those obtained during the previous period, This decreasec was cxpected
as the mognitude”of alpha activity found in these wells tends to correlate
with the flow rafe of the Columbia River. Table IV swmarizes the results obtained

from the analyses for the activity density of alpha emitters in the 300 Aren well

systen.
TABLE IV - U
ACTIVITY DENSITY IN TEST WEBLIS
OCTOBER, NOVEMEER, DECEMBER )
1950 -
Alpha ~ Uronivm .
Location I No. Activity Density No. Activity Density
- Samples dis/min/liter Samples U/liter
Moximum Average Moximum A__vera;ge o
300 Area Well #1° 10 170 99 .8 136 58
300 Area Well #2 - 23 418 218. 21 205 132
300 Avea Well #3 19 168 48 18 36 18
300 Area Well #4 9. . 204 136 -9 100 61

In oddition to the measurements summarized above, several individusl sa.mples:
from other test wells periodically indicated trace activity density from alpho
emitters. In general, these results tended to appear at random and were not cone
Tirmed by subsequent resompling. A complete tobulation of the activity density

of alpha and beta emitters at oll test well: locotions which indicated positive

neasurements in a.izy 500 ml. somple during the period appears in Toble V.
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TABIE V
SUMMARY OF ALPHA AND BETA EMITGERS ME}ASIE{ED IN TEST WELLS
OCTOBER, NOVEMBER, DECEMEER

Y : 2;§L249 =
'y 500-ml, sermlés
Location - No. Alphe Emitters = . . Beta Emitters .8
~ Activity Density Activity Density x 107
R dis/min/liter - pe/ee
" Moximum Average Moxim Average
o 300 Area Well #1 10 170 99 - 1 &1
. 300 Area Well #2 23 418 218 _ 3 <1
_ 300 Area Well #3_ 19 168 48 : 2 <1
L3N 300 Area Well #4 9 204 136 2 <1
Snively Rench e _. 1 T _ <1 !
J B-Y Well B 12 12 6 - <1 <1
. Spring #13- = 8 5 2 B <1 <1
Rottlesnake Spring 2 5 3 - <1 <3
200 North Well #5 9 7 L : <1 <l
McGee Well . 12 10 L 2 <L
Ford Well .. 12 19 L 2 <1
Meeker Well 12 k <2 = <l <1

Several of the locations swmarized above indicoted trace quontities of alpha

emission which were somewhat questionoble when compared with previous nmeasurenents

P -

as ‘the outlying wells normally indicate this activity to average less thon 2 dis/
min/liter. Sevefnl 12 liter samples werc obtained from these random locations in
an effort to incrcase the sensitivity of the analyses and thereby determine whether
the initial results were valid. The results cobtoined from the analyses of these
sarples are presented in Toble VI.
The magnitude of the values swrmarized in Table VI do not represent any signifi-
cance'as they do not differ materially from the sensitifity limit of 2 dis/min/liter.
In addition to the sampling from vorious drinking water supplies in the envi~
rons, several samples were obtained from various irrigation outlets and springs
which were used for irrigntion purposes. Radiochemical anelysces indicated thot
the activity of aipha and beta enitters in these sundry supplies did not cxceed

6 dis/min/liter or 1.x IO“S/Pc/oc, respectively.
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TABIE VI-
ACTIVITY DENSITY OF AIJ?HA EMITTERS IN ‘IL’ES‘I' WELLS
QCTOBER, NOVEMBER DECEI‘/BI}B
1950

e —_

12 liter sanples -
Units ~ dis/min/li’ber

Location = - No. -

Sgg‘ ples Moximan Averoge
B-Y Well S 3 ' ' 5 ~ ]
saively Ronch - 1 2 = 2
Rottlesnake Spring 1 2 = 2
Ford Well — L 2 = L2
Meeker Well - 3 8 3
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