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HANFORD RADIOLOGICAL SCIENCES 

HW- 81746 

RESEARCH AND DEVELOPMENT 

ANNUAL REPORT FOR 1963 

ATMOSPHERIC PHYSICS 

Prediction of Environmental Exposures from Sources Near the 

Ground, Based on Hanford Experimental Data - J. J. Fuquay, 

C. L. Simpson, and W. T. Hinds 

Values of peak exposure and standard deviations of 
exposure distributions downwind from a continuous point 
source are presented for 46 Hanford ground source dif- 
fusion experiments. Exposure data were found to order 
in terms of atmospheric stability when plotted as a 
function of the travel time. The crosswind variances of 
the exposure distributions were expressed in terms of 
the travel time and the product of the standard deviation 
of the wind direction distribution and the mean wind 
speed, u Ti, in an equation resulting from G. I. Taylor's 
work in B 921. 

Prediction methods developed from these concepts 
permit extrapolation of the results obtained from short 
releases to much longer release periods. Good agree- 
ment between predicted and observed exposure distri- 
butions were obtained from these models, using 
independent data. 

Int ro duct ion - 
In the summer of 1959, the Green Glow Program was initiated 

at Hanford to obtain diffusion data out to 25.6 km from a ground source 

in stable atmospheres. Details of the experimental design, method of 

zinc sulfide plume generation, supporting meteorological instru- 

mentation, sampling techniques, and method of sample assay have been 

given by Barad and Fuquay. (' ') Diffusion and meteorological data 

obtained in the test series have been summarized by Barad and Fuquay. 
(1.2) 

0028598 



1.2 HW- 81746 

From 1960 through 1962, experimentation continued at Hanford 

extending the testing to periods in which the atmosphere was neutral and 

unstable. 

were conducted with essentially the same experimental techniques as those 

of the Green Glow program. 

most distances was curtailed in the 30 Series program because of manpower 

shortages. 

These tests which collectively are called the Hanford 30 Series 

The collection of diffusion data at the outer- 

The data that were obtained afford the means for a comprehensive 

analysis directed toward relating diffusion parameters to the meteorological 

measurements which were made concurrently. At this time, several results 

have been obtained which suggest a profitable approach in the analysis and 

application of experimental diffusion data. The most significant departure 

from most of the other experimental studies is that atmospheric diffusion 

is viewed as a time-dependent process. 

ordering of data, such as the peak exposure (time integrated concentration), 

is evidenced when these values are plotted as a function of a calculated travel 

time compared to results obtained by considering arc distance as the inde- 

pendent variable. 

Hanford data and has led to the development of a plume growth model in 

which the parameters depend only on meteorological variables. 

are pertinent to many of the applied problems of the day. 

objectives of this paper are: 

Significant improvement in the 

This concept has been the basis for further analysis of the 

These results 

Therefore, the 

to make the Hanford data available to other investigators 

to present pertinent diffusion concepts which have been developed 

at this time 

to demonstrate how these concepts are applied in predicting diffusion. 

The Data 

Of the 66 field tests that were successfully completed in the Green 

Glow and Hanford 30 Series programs, 46 were selected for the analysis. 

Twenty tests were rejected primarily because the lateral dimensions of the 
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mean plume were not sufficiently contained within the sampling grid. 

Rejecting these tests eliminated the necessity for extrapolating data so that 

the final results are not affected by judgments of this kind. 

twenty tests were set aside for later use as independent verification of pre- 

diction methods. 

Ten of the 

Tables 1.1, 1. 2, and 1.3 summarize some of the meteorological 

and diffusion data of the 46 tests that comprise the reliable data. 

Table 1.1 lists the test run number, data of the run and the times 

The Richardson's denoting the beginning and termination of the release. 

number calculated from wind and temperature measurements near the 

source is also given. These calculations were made by a method suggested 

by Lettau ('03) using data collected at the 7 and 50 ft levels of the Hanford 

Meteorology Tower during the period of emission. The final columns contain 

the mean wind speed (mps), the computed standard deviation (deg) of the wind 

direction distribution for the emission period, and the product DOG (rad m/sec). 

The speed and direction data which apply to the 7 ft level were taken from 

strip chart records. 

statistical definition using 20 sec direction averages over the emission period. 

The standard deviation, ue, was computed from its 

Table 1.2 gives the values of the peak exposure, E for each run 

Exposure is often defined as the time- 
P' 

and each arc on the Hanford grid. 

integrated concentration with units of g sec/m . The peak exposure is the 

largest exposure value on the arc and, therefore, defines the centerline of 

the mean plume. The total mass of zinc sulfide, Q(g), released for each 

test is also given. 

3 

.The data presented in Table 1.3 are the standard deviation of the 

crosswind exposure distribution, 0 (m). This statistic, which is a measure 
Y 

of the lateral spread of the plume, has been calculated with the basic are 

exposure data and is summarized for each run and arc distance. 
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TABLE 1.1 

RELEASE TIME, RICHARDSON NUMBER AND oeii 

FOR THE HANFORD GROUND SOURCE DIFFUSION TESTS 

Run 
Number 

5 

6 

7 

8 

9 

10 

13 

15 

17 

18 

19 

21 

22 

23 

25 

26 

30 

31 

32 

33 

34 

35 

38 

40 

41 

42 

43 

44 

45 

46 

50 

51 

52 

53 

54 

55 

56 

51 

60 

61 

65 

66 

67 

68 

69 

70 

Date 

7/8/50 

7/10/59 

I/ 13/59 

1/15/59 

7/18/59 

1/19/59 

7/24/59 

7/31/59 

8/7/50 

8/9/59 

811 1/59 

si I Ii 5s 
8/17/59 

8/ 181 59 

8/25/59 

8/28/59 

2/18/60 

3/11 I60 

3/15/60 

4/22/60 

51 11 160 

7/19/60 

8/12/60 

8/31/60 

9/1/60 

9/7/60 

9/13/60 

9/27/60 

IO/ 12/60 

lO/l8/60 

9/11/61 

5/1/61 

5/12/61 

6/27/61 

71 12/61 

7/18/61 

8/3/61 

8/8/61 

2/9/61 

2/28/62 

7/24/62 

7/25/62 

7 129162 

7130162 

7/31/62 

81 1/62 

Time 
Release 

Began 

2120 

2217 

2201 

2200 

2324 

2201 

2230 

0010 

2130 

2145 

2145 

2108 

2050 

2050 

2210 

2100 

0921 

0955 

0955 

0604 

0522 

0432 

0510 

1405 

1657 

0344 

0522 

0457 

1248 

' 0523 

0515 

1002 

0545 

0550 

0307 

0356 

0545 

0359 

0949 

1115 

2150 

2213 

2227 

2107 

2130 

2141 

Time 
Release 

Ended 

2150 

2247 

223 1 

2230 

2354 

223 1 

2300 

0040 

2200 

2215 

2215 

2138 

2120 

2120 

2240 

2130 

094 I 

1025 

1025 

OR34 

0552 

0502 

0540 

1505 

1727 

0444 

0552 

0557 

1317 

0614 

0545 

1032 

0615 

0611 

0337 

0426 

061 5 

0429 

1019 

I1 46 

2305 

231 3 

2312 

2152 

2230 

Ri 

0.097 

0.049 

0.119 

0.083 

0.112 

0.037 

0.078 

0.241 

0.032 

0.031 

0.011 

0.067 

0.031 

0.018 

0.028 

0.036 

- 0.118 

- 0.027 

- 0.023 

0.005 

0.309 

0. 044 

0.389 

- 0.117 

- 0.015 

0.083 

0.070 

0.057 

- 

- 0,076 

0.086 

0.051 

- 0.229 

- 0.026 

0.021 

0.151 

0.084 

0.108 

0.089 

- 0.010 

- 0.085 

0.054 

0.074 

0.130 

0.048 

0.053 

2356 0.083 

- 
u7: 

m sec-1 

1.7 

3.8 

0.9 

2.3 

2.5 

5.6 

3.3 

1.5 

3.8 

3.9 

5.0 

3. 8 

4.6 

4.8 

4.4 

3. I 

2.5 

3.4 

7.2 

1.8 

1.1 

3.8 

1.4 

4.1 

6.7 

2.1 

1.9 

2.1 

6.3 

1. 6 

3.5 

4.8 

4.1 

3.2 

2.0 

2.3 

0.7 

2.6 

3.0 

4.2 

4. I 

3.0 

1.6 

3.9 

4.5 

2.6 

- 
Oe. 

deg 

3.6 

8.0 

6.6 

4.2 

9.5 

4.7 

7.7 

18.3 

4.2 

5.7 

7.9 

4.5 

5.7 

4.3 

7.9 

5.1 

11.0 

8.5 

6.8 

5.1 

18.3 

9.4 

15.5 

10.5 

4.6 

11.2 

7.1 

11.7 

12.7 

9.5 

8.0 

11.3 

10.0 

5.7 

7.0 

5.4 

10. 6 

4.4 

7.9 

8. 2 

10.9 

17.4 

8.2 

5.5 

13.6 

8.9 

0 

rad mlsec 

0.107 

0.532 

0.104 

0.168 

0.415 

0.459 

0.442 

0.478 

0.277 

0.386 

0.690 

0.296 

0.455 

0.360 

0.607 

0.329 

0.480 

0. 503 

0.857 

0.160 

0.351 

0.623 

0.378 

0. 750 

0.536 

0.410 

0.236 

0.428 

1.399 

0.266 

0.490 

0.946 

0.713 

0.317 

0. 244 

0.216 

0.130 

0.200 

0.414 

0.601 

0.779 

0.912 

0.229 

0.314 

1.066 

0.403 
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TABLE 1.2 -. - 
VALUES OF PEAK EXPOSURE, E~X lo3, FOR ARCS OF THE HANFORD GRID, AND Q~ 

RlUl 

Number 

5 

6 

7 

8 

9 

10 

13 

15 

17 

18 

19 

21 

22 

23 

25 

26 

30 

31 

32 

33 

34 

35 

38 

40 

41 

42 

43 

44 

45 

46 

50 

51 

52 

53 

54 

55 

56 

57 

60 

61 

65 

66 

67 

68 

69 

70 

Arc Distance, m 

2 00 

1067 

2 83 

1399 

1123 

- 

547.1 

462.5 

556.7 

118.6 

1171 

1042 

566 

1521 

1151 

1096 

936 

881.8 

230 

308.2 

280.9 

1070 

387.2 

143.8 

3 96 

581.3 

459.2 

397 

209.2 

309.6 

144.8 

838.2 

478 

341.8 

647.8 

160. 7 

855.6 

719.6 

1612 

1247.01 

725.5 

589.4 

189.3 

36 1 

303.8 

237.6 

3 05 

390. 7 

800 - 
133. I 

19.36 

214 

119.4 

90.66 

34.93 

41.23 

12.61 

90.64 

83.62 

51.15 

140.4 

102 

105.1 

71.01 

110.1 

11.39 

16.93 

16.84 

102.2 

55.44 

11.80 

31.10 

21.62 

40.93 

38.75 

42.34 

27.16 

8.735 

124.2 

53.15 

12.29 

47.71 

16.96 

104.10 

80.95 

291.5 

167.80 

67.24 

10.17 

18.60 

33.82 

29.04 

24. 08 

22.47 

39.03 

1600 

79.28 
- 

4.206 

67 

36. OS 

7. 189 

10.84 

3.747 

1.684 

6.198 

14.79 

10.71 

35.19 

26.95 

27.15 

19.16 

29.73 

1.089 

4.448 

4. 038 

32.47 

4.508 

4.074 

12.390 

11.290 

11.03 

1.754 

31.48 

11.390 

1.682 

10. 860 

4.017 

24.150 

24.550 

40.30 

50.220 

13.350 

3.448 

4.749 

8.589 

9.217 

7.557 

6.156 

12.760 

3200 

ao. 38 

1.435 

7.629 

8.610 

0.2072 

2.593 

0.5742 

0.1909 

0.5440 

1.840 

3.343 

5.854 

7. 475 

5.135 

4.376 

7.387 

0.2800 

1.250 

0.616 

14.50 

7. 231 

1.430 

1.772 

0.732 

2.646 

2.967 

2.639 

a. 460 

0.3837 

8.682 

1.976 

0.335 

3.413 

1.252 

6.153 

5.505 

5.758 

9.114 

6.531 

1.393 

0.895 

2.387 

2.649 

1.014 

2.104 

3.968 

la, BOO 

1.144 

0.4599 

0.2671 

0.7350 

0.07257 

0.8479 

0.2835 

0.7428 

0.5315 

0.5523 

1.041 

0.4557 

0.2935 

0.5854 

0.1194 

0.1863 

0.2557 

0.2068 

as, 600 

0.149s 

0.1869 

0.3305 

0.1158 

0.5578 

0.2892 

0.3133 

0.09671 

0.2092 

ALL 
1728 

1699 

1699 

1699 

1215 

1357 

2360 

3173 

3146 

3631 

3569 

3600 

3569 

3690 

3569 

3569 

728 

1286 

1084 

1042 

886 

279 

471 

1210 

1161 

643 

2 a3 

748 

1240 

972 

1150 

2015 

2485 

446 

6 86 

1340 

1310 

1410 

1046 

2518 

740 

1426 

467 

455 

1241 

911 
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Run 
Number 

5 

6(a) 

7 

8 

9 

10 

13 

16(d 

17 

18 

19 

21 

22 

23 

25(a) 

26 

30 

31 

32 

33 

34(a) 

35(a) 

3n(a) 

40 

41 

42(d 

43 

45 

4ti 

50 

51 

52 

53 

54(a) 

55 

56(a) 

57 

ti0 

61 

65 

Glj(;l) 

67 

68 

69 

70 

Arc Distance, m 

2 00 800 

12 34 

34 127 

37 146 

15 70 

29 108 

18 56 

29 85 

186 

17 56 

15 61 

2a 98 

16 44 

17 51 

17 47 

31 88 

16 41 

26 76 

22 81 

25 a5 

14 43 

55 201 

26 100 

43 191 

27 84 

16 46 

34 130 

21 71 

46 167 

36 146 

27 80 

24 88 

35 137 

28 75 

17 4G 

21 77 

18 61 

36 I26 

13 32 

19 58 

25 87 

40 158 

55 232 

34 

21 65 

41 157 

28 99 

lti00 

64 

202 

215 

161 

- 

94 

I46 

182 

80 

YO 

86 

136 

70 

144 

147 

ti4 

1 s4 

163 

80 

285 

300 

268 

1 86 

I87 

111 

!I0 

144 

121 

295 

54 

!)O 

134 

314 

453 

268 

102 

278 

171 

3200 

I50 

274 

301 

244 

312 

1 G6 

2 26 

474 

261 

345 

310 

217 

145 

171 

175 

122 

257 

410 

240 

89 

926 

1 86 

373 

325 

151 

625 

211 

518 

427 

278 

460 

534 

I78 

1 60 

330 

299 

742 

111 

135 

5 03 

588 

83 5 

381 

I27 

4 46 

’> ‘J !) *- 

12. 800 

715 

527 

618 

460 

1503 

250 

7 82 

6 03 

505 

3 80 

594 

413 

281 

860 

UII 1 

45 I 

1001 

1 832 

!J23 

1280 

25, GOO 

1907 

1657 

1019 

1434 

86 2 

2100 

’ 1600 

?J!Hi 

I054 

1027 

1523 
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.. . 

Travel Time 

For this analysis, the diffusion was considered to depend on the 

time of plume travel. Values of the peak exposures and standard deviations 

of the observed distributions were plotted against time rather than distance. 

The travel time concept is not new. 

spheric diffusion have led to models with time as the independent variable. 

Sutton, (la4) in his book, reviewed the works of G. I. Taylor and 

0. F. T. Roberts, which are examples of this approach. 

were derived from Lagrangian considerations. 

introduced in defining the travel time for experiments with measurements 

made in a fixed reference frame. 

dividing the distance at which the sample was obtained by the mean wind 

speed at the source at the height of release, xl:. 

Many of the classical studies of atmo- 

These models 

There is thus a problem 

In this study, t was determined simply by 

The dependence of diffusion on stability is more marked when the 

data are plotted against time than when the data are plotted against distance. 

Both time and distance relationships have been investigated. 

Peak exposure values which have been normalized for the wind speed 

and source strength stratify well in terms of meteorological parameters by 

using the time concept. 

plotted against travel distance making it difficult to evaluate the effects of 

meteorological variations. The differences that can result from these two 

approaches are emphasized with an example. Data from three of the runs 

are plotted against distance in Figure 1. 1 and against the calculated travel 

time in Figure 1. 2. 

exposure, EpC/Qt (m-2). Because the most significant difference in the runs 

is the stability of the atmosphere associated with them, it is essential that 

this effect be evident in the analysis if useful prediction models are to be 

derived. The relationships shown in Figure 1. 1 do not order with stability. 

Contrary to accepted fundamentals the exposure data for the very stable run 

are less at all distances than those for the slightly stable run. Furthermore, 

at 200 and 3200 m, the stable data lie below those associated with instability. 

Much of the order is lost when these data are 

Represented on the ordinates is the normalized peak 
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In contrast, Figure 1.2 shows the same data plotted as a function of the 

travel time. For any given travel time, the very stable curve yields a 

higher exposure value than that of the slightly stable curve, which in turn 

is higher than that of the unstable curve. These data were selected from the 

sample to demonstrate as dramatically as possible the differences in the 

time and distance concepts. In most cases, the effects are not so pronounced 

as shown, but are still evident, and there is no doubt that the stability depen- 

dence can best be identified for all of the data when travel time is taken as the 

independent vari ab1 e. 

\ 
L 

FIGURE 1.1 

Normalized Peak Exposure, Ep'ii/ Qt, 
Versus Distance for Three 
Diffusion Tests with Differing 
Conditions of Atmospheric St ability 

FIGURE 1.2 

Normalized Peak Exposure, Epi?/ Qt, 
Versus Time for Three 
Diffusion Tests with Differing 
Conditions of Atmospheric Stability 

0028bD5 
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Y 
Lateral Growth, u 

T aylo r 5, identified the mean turbulent eddy energy as the signifi- 

cant meteorological parameter determining dispersion in the atmosphere. 

Assuming that the autocorrelation of eddy motions decreased exponentially 

with time, Taylor showed that the variance of the diffusing matter was 

expressed as 

a2 = At - Aa I- Acre -t/a (1) 

The distribution variance is o ', t is the travel time, and A and a are 

parameters that determine the shape of the autocorrelation function. 

For lateral growth, the ratio Ala - is equivalent to twice the mean eddy 

energy, 2 VI 2. The evaluation of VI 2 would thus - permit the solution of 

Equation 1. 

statistic whereas the meteorological measurements - were made at fixed 

locations. It thus was necessary to approximate v'2 with the wind data 

which were available. 

- 

A problem arises, though, in that v12 is a Lagrangian 

The square of the product of mean wind speed and the standard 

deviation of the wind direction distribution, (oea2, approximates the 

quantity v'2. 
- 

This can be shown by assuming that the eddy fluctuation at 

any instant normal to the mean flow is 

I 1 

v = u tan 8 

The component of the wind speed in the direction of the mean flow is U, 
I 

and 8 is the angular deviation of the direction from the mean at any 

instant. In this reference system, v and are zero. One can substitute 

0 for the tan 8 without serious error for deviations from the mean up to 

- 
t I 

30°. 

Replacing u with G + ut and squaring the equation produces 
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I 11 I I I1 

In determining the average value of vt2 the long term contribution due to 

2uu' is zero because ut can have both positive and negative values. 

Ignoring ua2 as being small with respect to G2, the average is given 

approximately by 
- 

(4 1 2 a c27 =-2 2 
V' U De . 

I II I Ill I I1 I 111 

Equation 3 shows that the parameter of interest for determining 

a is aeG, not u9 alone. 
Y - 

eters using the experimental data leave no doubt that aeu is superior to 

Oe as a predictor. In Figure 1. 3, the ratio a /ae is plotted against the travel 

time. Figure 1.4 shows the ratio a /a u as a function of the travel time. 

The results obtained in comparing the two param- 

Y 

Ye 

10' r 

Ri Limita 

x > 0.08 

0 - 0.08 

0 <o : fx 
X 

. .0. x 
xx 

0% 

0. 
00 *0* x x x .. xx 

: =. x:* fo 

x GX O 0. .. . 
, O 0fg.O. 

O xo .. 

X 

X 

X 

X 

FIGURE 1.3 

Ratio of Plume Standard Deviation to Wind Azimuth Standard Deviation, 
CJ /a Versus Time 
Y 0' 
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c 

a 
I. 

m 
0 

0 

a! 
UI 

. 

ia 
0- . 
h 

0 

00 t 0 

*e 
x O 

Time, seconds 

FIGURE 1.4 
~ 

Ratio of Plume Standard Deviation to the Product Wind Speed 
Times Wind Azimuth Standard Deviation, u Y /uE, Versus Time 

The scatter of the data in Figure 1.3 has been significantly reduced in 

Figure 1.4 by simply accounting for the mean wind speed. 

points are further identified according to the atmospheric stability as 

The data 

0028508 
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measured by the Richardson's number. 

figures. 

be small. 

The legends are included in the 

The effect of stability on lateral growth of the plume appears to 

That Taylor's model was appropriate for representing the experi- 

mental data was initially suggested from the results shown in Figure 1.5. 

The 0 data in the plot are from only those runs in which the crosswind 

exposure distribution was bell-shaped. The runs which are not used are 

identified in Table 1.3 by (a). The data were subdivided into groups 

specified by intervals of u 'ii and averaged. The data points in Figure 1. 5 

are, therefore, the average u values for the interval of ue" shown. The 

lines drawn through the data have a slope near unity at small t and appear 

to approach a slope of one-half at large values of t. 

values for Equation (1). 

Y 

8 

Y 

These are the limiting 

FIGURE 1.5 

Standard Deviation of Plume Width 
as a Function of Travel Time and Wind Variability 

0 0 2.8 b 0 9 
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The solution of Equation (1) is shown in Figure 1.6 where the param- 

eters A and a have been determined from the experimental data. 

estimate of A was readily obtained by solving the equation at large t where 

the constant and exponential terms are small relative to the first term. 

The ratio A/2(ue3 was then used to estimate a. From these rough esti- 

mates, adjustments were made to obtain a good fit to the test data by trial 

and error attempts, which resulted in the following relations: 

A rough 

2 

A = 13 + 232.5 aeii 

A a= 
2(a,~) 

(5) 

Time ,aecond8 

FIGURE 1.6 

Standard Deviation of Plume Width 
as a Function of Travel Time and Wind Variability 

0O28b IO 
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Exposure 

The travel time dependence of the peak exposure normalized to the 

source strength and the wind speed is shown in Figure 1.7. The experi- 

mental data have again been divided into groups which have been jointly 

specified by the Richardson's number, Ri, and the wind variability, o,u. 

The solid lines are the average exposures for the groups. The hatched 

areas define the limits and include all the data from which the averages 

were derived. The intervals of Ri and u8ii that apply to these areas are 

noted. 

Time, secondr 

FIGURE 1.7 

Normalized Peak Exposure, EpC/ Qt, Versus Time 

0028bl I 
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Stratification of exposure data in terms of stability parameters is a 

common procedure in the analysis of experimental data. 

identification of the stability effect has led to the development of usefulpre- 

diction schemes, the range of exposures, which are observed for a given 

stability category, is still quite large. 

further stratification of the data with the parameter ue". 

stability category, the wide and narrow plumes have been separated. 

effect is evident in the stable curves in Figure 1. 7. The averages and 

limits which are shown were derived from data obtained in very stable 

atmospheres. 

only criterion for stratification. 

curves. 

Although the 

This range has been reduced by 

Thus, in a given 

This 

The limits would necessarily be much larger if Ri was the 

This effect is evident also in the unstable 

Predict ion 

The means for predicting exposure distributions have been presented. 

One can calculate 0 from Equation (1) or determine it directly from 

Figures 1.5 or 1,6, if aeC is known. 

obtained from Figure 1.7 by selecting the curve appropriate for the values 

of Ri anda8C, which have been calculated. 

any travel time can be readily calculated with the additional assumption 

that distribution within the plume is normal. 

Y 
The normalized peak exposure is 

The exposure distribution for 

In applied problems, the assumption that crosswind exposures are 

normally distributed is often not valid. 

during the period of emission will result in skewed and multimodal exposure 

distributions downwind. 

been successfully tested at Hanford. 

Trends and shifts in wind direction 

A simple method for handling these situations has 

When trends and shifts in wind direction are observed during the 

emission period, it is necessary to subdivide that period so that the 

frequency distribution of the wind directions within each interval is bell- 

shaped. 

shorter releases, each apportioned its share of the source strength, Q, and 

each centered on its mean wind direction, 8. Because the intervals are chosen 

A long release may thus be considered as two or more successive 

- 
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so that the wind distribution is bell-shaped, there is reasonable assurance 

that assuming the resulting exposure distribution to be normal is valid. 

can calculate Ri, and F3 for each interval and the exposure distribution 

for each is determined from the graphs that have been presented. 

result is obtained by summing the individual solutions for the intervals. 

composite is the exposure distribution which resulted from the actual release. 

This distribution may take any shape even though it was formed by summing 

curves which were normal. 

One - 

The final 

The 

* 

Independent Verification 

Figures 1. 8, 1.9, and 1.10 show predicted exposure distributions for 

a stable run which was not used in developing the methods. 

represented on the ordinate. 

value selected to lie near the center of the distribution. 

nects the observed data. 

was derived through the summing of nine normal curves. 

period for this run was 3 1/2 hr, much longer than any of the tests used to 

derive Fgiures 1. 5 or 1. 7. Considering these complexities, the predictions 

of the positions and magnitudes of the major peaks are, indeed, encouraging, 

even at a distance of 8 mi. 

The exposure is 

The azimuth is given on the abscissa, the'zero 

The solid line con- 

The dashed line is the predicted distribution that 

The emission 

Figure 1.11 compares predicted and observed values of the normalized 

exposures for 11 runs not included in developing the prediction methods. 

comparison was made at 3200 m from the source. 

obtained even though many of the runs were characterized by complex distri- 

butions. The circled datum point represents a planned 40 min run in which a 

trace quantity of elemental 1131 was released near the ground. Prediction of 

the distribution began during the release and was completed shortly after its 

termination to test the adaptability of the procedures for applied problems. 

The 

Good verification has been 

002811 I3 
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FIGURE 1.8 

Comparison of Predicted and Observed Exposures 

HW-81746 

I 
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FIGURE 1.9 

Comparison of Predicted and Observed Exposures 
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FIGURE 1.10 

Comparison of Predicted and Observed Exposures 

HW-81746 

7- 

Comparison of Predicted and Observed Maximum Exposures 
at a distance of 3200 m for 11 Experiments 

LIC.LI mumum. WAIN. 
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Conclusions 

The data definitely indicate that the crosswind variance of a plume 

is not a straightforward power function of time (or distance), but is pro- 

portional to the square of the travel time for times on the order of a few 

hundred seconds and proportional to the first power of time for times on 

the order of thousands of seconds. 

that the standard deviation of wind direction, oe, is not a parameter to use 

for discussion of diffusion results; rather, the product, o,u, the Eulerian 

approximation to Lagrangian crosswind turbulent velocity, is to be used. 

These two results plus the concept of diffusion as a time dependent process, 

not distance dependent, yield a method for comparatively precise pre- 

dictions of exposure distributions from sources near the ground. 

In addition, there is every indication 

Comparison of Results of Atmospheric Diffusion Experiments with 

Calculations from Prediction Models - J, J. Fuquay and C. L. Simpson 

Results of 340 diffusion experiments utilizing a ground 
source and encompassing a wide range of atmospheric 
stabilities are summarized. 
for wind speed and source strength when plotted against 
the travel-time show stratification when stability and 
growth parameters are factored into the analysis. Dif- 
ferences in the results between sites are greatly reduced 
when diffusion is considered time dependent from those 
which result from the distance from source concept. 
general, exposure limits for unstable, neutral, moderately 
stable, and stable meteorological conditions are established, 
which are compar.ed with the predictions from some of the 
diffusion models currently being applied. Whereas, the 
agreement between predicted and observed exposure values 
are good for diffusion in neutral and unstable atmospheres, 
there are significant differences noted in the stable case. 
These differences point to the need to investigate atmosphere 
mechanisms which have not been factored into the models. 
Results of the Hanford model, which attempts to account for 
depletion of the plume through deposition, are presented. 

Peak exposures normalized 

In 

In t ro du c t io n 

In the last 10 yr, there has been a large amount of experimental 

data obtained from diffusion programs in the United States. The emphasis 

0O28b I b 
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has been on studying the environmental contamination resulting from a con- 

tinuous release of material near the ground. This appears to be as logical 

a starting point as any since the results of such experimentation serve to 

satisfy many of the demands of the atomic, chemical, and space industries 

while at the same time present much fewer difficulties in the experimental 

design, requiring less equipment and expense than studies with an elevated 

source. 

Major experimental programs which have contributed to the 

understanding of diffusion resulting from releases near the ground include 

Prairie Grass (O'Neill, Nebraska, 19561, (" 6, Green Glow (Hanford, 

Washington, 1959), 30 Series (Hanford, Washington, 1960-1963), 

Ocean Breeze (Cape Kennedy, Florida, 1961-1962) (Is8) Dry Gulch 

(Vanderberg Air Force Base, California, 1961 -1962), (' ' 8, National 

Reactor Testing Station Series (Arco, Idaho, 1960-1 962) ('' ') and the 

FRT-2 Series (Dugway, Utah, 1960) 

has reached 340, all of which either have been documented or are presently 

being prepared for publication. 

these data as a whole and to gain insight into any differences that there 

might be between them. 

those obtained from prediction models which are now popularly employed. 

lo) The total number of experiments 

There is now the opportunity to examine 

In addition, these results can be compared with 

A priori, differences might be expected between results at the -- 
various sites primarily because of differences in the tracers used, the 

physical characteristics of the surfaces, and the climatological regimes. The 

first two considerations bear directly on the depletion of the cloud through depo- 

sition of material on the surface which it contacts, causing lower air dosages 

than would be expected if deposition were not occurring. The complexities of 

these interactions are not fully understood; and, at the present time, the 

models that attempt to account for them have not been adequately subjected to 

tests. 
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Consolidation of Data from Ma,jor U. S. Dispersion Programs 

The data from the U. S. diffusion programs which represent a wide 

range of atmospheric stabilities where ground exposures were measured in 

some cases to distances of 20 mi from the source deserve further investi- 

gation in order that 

Evaluation of general diffusion models can be made or new 

models developed 

Future experimental programs can be designed to provide 

definitive data based on inadequacies of past programs. 

Table 1.4 summarizes those field programs with respect to tracer 

material and nature of the terrain which are discussed in this paper. 

Test Series 

Prairie Grass (PC) 

Hanford (HI 

Ocean Breeze (OB) 

Dry Gulch(a) 

Dry Gulch 

Fission Products 
Release I 

(B) (DC-B) 

(D) (DG-D) 

(FRT- I) 

National Reactor 
Test Station Serirs 
(NRTS) 

Fission I’roclucts 
Rclease 11 
(FRT-1) 

Tracer 

Sulfur Dioxide 

Zinc Sulfide 

Zinc Sulfide 

Zinc Sulfide 

Zinc Sulfide 

Zinc Sultirlc 
and Fission 
Products 

Fluorescein 

liicliric - I3 I 

TABLE1 4 

SUMMAHY OF TEST SERIES CHARACTERISTICS 

Terrain Vegetation 

Flat Mowed Graea 

Gently Rolling Sage, 1 meter hlgh 

Flat Palmetto, 1/2 meter high 

Flat Brush, 112 meter high 

Rough Terrain Brush, 1/2 meter high 

Grrrtly I4olling Desrrt Sage, 314 meter high 

Gently Rolling Desert Sage. 3/4 meter high 

Location 

O’NeilI. Nebraska 

Richland. Washington 

Cape Kennedy, Florida 

Vandenberg, California 

Vandenberg. California 

Arco. Idaho 

Arco. Idaho 

Dugway, lltah 

(a1 Two grids wcrc used at Vandenberg. 

trees were located on bQth thc B a114 I) cnurses. 

The brush was generally sparac. hut was characterized by rough terraln. A rew 
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Figures 1.12, 1.13, and 1.14 summarize the results of these test 

series averaged in terms of the stability and the horizontal growth of the 

plume. The normalized peak exposure is plotted on a logarithmic scale 

(ordinate) having units of 

abscissa. Identification of the test series is designated by letters corre- 

sponding to those given in Table 1.4, and curves associated with stable 

conditions are given as solid lines; whereas, those conducted when the 

atmosphere was unstable are dashed. 

in each curve is given in parenthesis. 

three figures are the Hanford curves characterizing diffusion in very stable 

and very unstable conditions, and serve here to identify the relative positions 

of the curves in the separate figures. The Hanford curves have been further 

delineated to point up the degrees of stability (i. e., very stable to slightly 

stable , etc. ) thus accounting for six curves on Figure 1.12 with the most 

stable conditions on the right and greatest instability represented by the 

dashed curve on the extreme left. 

basis of the stability (Richardson number) and surface wind direction 

variability (a ,G). 

and time of travel in seconds on the 

The number of experiments included 

The very dark lines on each of the 

Delineation of the curves was made on the 
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FIGURE 1.13 

Variation of Normalized Exposure 
with Time for NRTS and Dugway, Utah 

Variation of Normalized Exposure with Time 
for Cape Kennedy and Vandenberg Air Force Base 

~c.6~ mtcmuam. was*. 
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An attempt has been made to treat the data from other sites in the 

same manner and thus reduce the variance considerably. 

should be viewed, however, with the knowledge that all the available data 

were not consistent; that is where Richardson numbers were available at 

some sites, stability ratios were available at others and, also, the 

parameter au was available (at the time of writing) only for the Hanford, 

NRTS, and Prairie Grass data. Thus the generalizations inferred from 

the figures should be valid, but modification using a consistent set of data 

for all series might eventually enhance these results. The data presently 

available support this premise and independent verificatlon for the NRTS 

data has been made by Slade. (’ ’ 

comparisons, two important features inherent here require further 

amplification. 

These curves 

e 

Before proceeding with the relative 

First, it will be noted that diffusion here is considered to be 

dependent on the time of travel, and not the distance from the source at 

which the sample was obtained. The travel time, t, was computed here 

from the ratio of the distance and the mean wind speed at the release height. 

This concept is consistent with the basic developments of G. I. Taylor and 

improves significantly the intersite comparisons. 

point can be made by examining the average very stable curves for Prairie 

Grass and Hanford. Using the distance-concept, Prairie Grass data indicate 

an order of magnitude higher exposure than Hanford at 200 m; yet, if the 

time-dependency is assumed, the difference is reduced to a factor of four 

with indications that the curves are converging as the travel-time increases. 

A good example of this 

The second significant feature of this summary, which has been 

briefly referred to, is that of classifying the curves with respect to the 

parameter 0 u, as well as some measure of the thermal stability. 

ae is the standard deviation of the wind directions observed over the period 

of emission, and is the mean wind speed in that period. This is an 

Eulerian parameter which is analogous to the Lagrangian quantity ivf2) 

Fuquay, Simpson, and Hinds, (” 12) using I-Ianford data, have shown that 

the horizontal growth, a 

Here, e 

1/2 . 
-- 

is proportional to (rsRz)tP, where p is near unity 
Y’ 
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for small t and approaches 112 for t in the vicinity of 1000 sec - a result 

analogous to the theoretical development by Taylor. 

the Hanford curves presented here with respect to up” is given in this paper. 

The classification of 

If diffusion is considered to be time-dependent and if D# as well as 

a stability parameter is used to classify the data, the exposure differences 

that are observed between test sites are considerably reduced from those 

inferred by other analyses. The agreement shown in Figures 1.12, 1.13, 

and 1.14 is generally good for data from tests obtained under diversified 

conditions and involving differences in experimental technique. 

stable curves at all sites compare reasonably well as do the unstable, and 

if a finer resolution of data can be achieved by growth factors such as 

(o,:), which is suggested here, the indications are that these empirical 

results are consistent. 

diffusion from ground sources have been empirically solved, for this is 

clearly not the case. Channelled flow, for example, will yield results 

which deviate greatly from these averaged curves, making it clear that 

each problem should be analyzed with respect to its peculiarities. The 

studies at Vandenberg clearly demonstrate this. Diffusion data, however, 

that are presented here indicate that the differences that might be expected 

at these sites are on the average not great, giving some hope to develop- 

ing models which are not severely contradicted by the experimental data 

presently available. 

The very 

This is not to claim that the problems of general 

Comparison of Experimental Data with Prediction Models 

Figure 1.15 further summarizes the data into groups that may be 

referred to as very stable, moderately stable, quasi-neutral, and unstable. 

The limits of each of these classes correspond to the range of the data from 

the three preceding’figures. 

the predictions of several of the models which are commonly applied at the 

present time. Of these, the Sutton diffusion model is best known. Cramer’s 

curve, based on the Prairie Grass data, was one of the first to be developed 

from ground source experimental data, and is of interest particularly in the 

The other curves given in Figure 1.15 are 

0028622 



1.26 HW- 81 746 

prediction of diffusion in stable atmospheres. Recently, Pasquill has 

presented a system for prediction based on a summary of experimental 

data and designed for ready application for those dealing with applied 

problems. Two of his curves characteristic of stable and unstable conditions 

are shown. Finally, the Hanford curves are calculated from a model used 

at Hanford for several years that attempts to account for the depletion of the 

cloud brought about by deposition on the surface. Obviously, these repre- 

sent only some of the models presently available. Other models compare 

reasonably well with these and there is no major difference in the exposure 

values for short travel-times. 

I- 
/ I NEUTRAL ' \ 

EXPERIMENTAL 

1 STABLE 

I 1 EXPERIMENTAL , UNSTABLE 1 MODERATELY 

I 

1 
I,, ,I I/ .,I . I *I,,/ 

Io-7!o ' ' ",," 102 IO' I o4 

TRAVEL TIME SECONDS 

FIGURE 1.15 

I' 

Comparison of Experimental Exposure Data 
with Predictions from Several Models 
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Figure 1.15 shows excellent agreement between the predictions of 

Sutton and Hanford for ground releases during neutral and unstable atmo- 

spheres. 
(1. 13) 

conditions is Sutton's model with A. C. Chamberlain's modification 

to account for deposition and a Hanford innovation to extend the results to 

the unstable case. 

This is quite appropriate since the Hanford model for these 

It is in the prediction of ground source diffusion in stable cases 

that large differences between the models, the predictions resulting from 

them, and the experimental data occur. 

The models generally yield predictions of exposure higher than 

those which are observed during stable atmospheric conditions. For 

any travel-time, there is, at least, an order of magnitude difference 

between exposures observed and calculated. 

to result primarily from the horizontal growth of the plume, SO that the 

two experimental zones in Figures 1.15 represent narrow plumes 

(high exposures) and wide plumes (low exposures). 

yield predictions which more closely approximate the higher values. 

Better agreement between the observed and predicted values can be 

obtained by using higher values of the wind speed in the model. 

example, the Sutton predictions agree with the stable experimental data 

when the wind speed at the height of release is 5 m/sec. 

diction in such manipulation, however, for the atmosphere is rarely 

stable when the wind speed is this high near the ground. 

2 m height obtained during the Prairie Grass and Hanford tests show that 

speeds of 2-3 m/sec are expected in moderately stable and very stable 

atmospheres and speeds in excess of 4 m/sec are quite rare. 

This differential appears 

Diffusion models 

For 

There is contra- 

Wind data for the 

Summarv and Conclusions 

The differences between observed and predicted exposures become 
4 

very i.mportant at travel-times beyond 10 sec. This corresponds to 

distances beyond 10 mi, which is the region in which greater demands for 
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prediction are being made. Extrapolation of the Cramer, Sutton, and 

Pasquill curves yield an order of magnitude difference at 10 

because of their relative curvatures, this difference becomes greater as 

the travel-time increases, It is, therefore, important to exercise care in 

the extrapolation of any data which points up the need to reevaluate these 

models that are generally applicable for short travel-times and determine 

whether extrapolation can be justified in light of the experimental data 

presently available. 

to account for deposition. Although the agreement at short travel-times 

between the Hanford model on the one hand and the Cramer and Pasquill 

models on the other is good, the differences in curvature bring about great 

differences beyond 10 mi. 

appears to predict the exposures at the larger distances reasonably well 

although exhibiting the same conservative characteristic of all the other 

models. 

4 
sec; and, 

The Hanford curve results from a model that attempts 

From the evidence at hand, the Hanford model 

Demands are increasing today for predictions to distances 10 to 

100 mi from the point of release, 

to rely on those models which have proved reliable for the short range 

estimates. However, particularly in the stable case, it appears that the 

extrapolation may not be justified, and it is suspected that atmospheric 

mechanisms that are not fully understood must be studied and their effects 

accounted for. 

accounted for as if the cloud were depleted at all heights. 

is a boundary layer phenomenon, depleting the lower layers of the cloud 

and, perhaps, not altering the dosage distribution at higher levels. One must 

appraise the applicability of the dispersion model in relation to the needs of 

the applied problem to be solved to stay within the bounds of scientific 

knowledge. 

To meet such demands, it is attractive 

The effect of depletion of the cloud due to deposition is 

Yet, deposition 
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Dispersion from Elevated Sources - - C. E. Elderkin, W. T. Hinds, 

and N. E. Nutley 

Surface measurements of the atmospheric diffusion 
from continuous point source releases at 56.4 m have 
continued at Hanford with 14 tests performed during 1963. 
Analyses of eight earlier tests compared well with results 
anticipated from a bivariate normal model, but consistent 
deviations from the model are noted. 

Experiments were resumed at Hanford to determine the dispersion 

of airborne tracer material released from an elevated source at 56.4 m. 

Continuous releases have been made ranging from 15 min to 1 hr during 

neutral or unstable vertical density gradients with wind speeds ranging 

from about 4 to 13 m/sec. 

taken along 9 arcs at 4O intervals extending over more than 120’ of 

azimuth centered on the meteorology tower. 

200, 300, 400, 500, 600, 800, 1200, and 1600 m from the source. 

Air samples at 1.5 m above the surface were 

The arc distances were 100, 

During 1963, the second series of elevated source tests, 

comprised of 14 releases, was conducted over this diffusion grid, and 

the data are being reduced for analysis. An analysis of the eight best 

tests of the first series (1962) provided the anticipated as well as some 

unexpected results, and a more detailed study of these tests is continuing. 

For the eight tests, the standard deviation of the crosswind dis- 

as determined from the surface measurements tribution of the plume, 0 

of exposure is shown in Figure 1.16 as a function of distance, x. Except 

for the three widest plumes, the data agree well with the results obtained 

from ground source data at Hanford. The average Green Glow” 0 power 

function regression formula reported in 1960 (a = 0. 28 x ’’ 86), and CJ 

results obtained for daytime releases from a ground source during the 

30 Series program, both compare well with these results. 

Y’ 

II 

Y 

Y Y 

Following the lead of Simpson, Fuquay, and Hinds in their analysis 

and organization of diffusion data as a function of time rather than distance, 
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FIGURE 1.16 

Standard Deviation of Crosswind Exposure Distributions 
Versus Distance for Elevated Source Releases 

5000 
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Figure 1.17 shows u as a function of travel time determined from the 

source height wind speed 
Y 

These data show a definite dependence on 0 u, 
8 

They are in excellent agreement with 
e used as an estimate of i= v'2, where u is the standard deviation of wind 

direction fluctuations in radians. 

ground source u data similarly analyzed. Values of DOG are listed in 
Y 

Table 1.5 along with source height wind speeds and bulk Richardson 

numbers for each of the eight tests. The Q versus time curves demon- 

strate wider plumes with increasing Qe" as expected from G. I. Taylor's 

theory of diffusion by continuous movements. 

Y 

loo0 I 

I- 

/+ ll 

10 

100 I000 

Time, seconds 

20 

. FIGURE 1.17 

Standard Deviation of Crosswind Exposure Distributions 
Versus Travel Time for Elevated Source Releases 
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TABLE 1.5 

METEOROLOGICAL PARAMETERS 

. 

Test 
Number 

10 

11 

13 

14 

15 

16 

17 

18 

FOR EIGHT DISPERSION EXPERIMENTS 
- 

200', 
250'-50' mlsec 

U Ri 

- 0.66 

- 0.78 

4.0 

2.5 

- 0.23 13.0 

- 0.30 

- 0.04 

- 0.07 

7.0 

9.5 

8.4 

- 0.55 8. 9 

- 0.38 8.4 

- 
uo u, 

radian - m / s ec 

1.46 

0. 86 

1.40 

1.06 

1.24 

1.48 

0.91 

1.07 

A plot of the normalized peak exposure, E as a function of 
P 

time in Figure 1.18 was found to organize the data very well. 

maxima, these curves embrace a narrow range, and the limited data in 

this region indicated the decrease of exposure with time is proportional to 

about (t ) 

results from Hanford unstable ground source tests. 

beyond about 3 min travel time after release, ground source diffusion data 

might be used to estimate the surface exposure from a 56.4 m release in 

unst ab1 e conditions with reasonable accuracy. 

Beyond the 

to (t)-2'5. This decrease with distances is comparable to 

It is indicated that 

-2.0 

The maximum value of the axial or peak exposure curves in Figure 1.18 

is shown to consistently decrease in value as the maximum occurs at longer 

travel times. This might be expected from the form of the bivariate normal 

model, which gives at the point of maximum exposure at the surface, - r - 
= H/\/2, and estimates for a 56.4 m release, (EP u/QtImax = 7.34 x 10- % 

(oz/o ); where the ratio,(uz/o ); is assumed constant for all travel times in a 

given test. 

occurred at longer travel times when 0 becomes larger. 

Y Y 
Thus the value of (E E/Qt)max would be expected to decrease as it 

P 

Y 

-. 
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The bivariate normal model also predicts at the point on the surface 

where the crosswind integrated exposure reaches a maximum, oz = H, and 

the constant value (CIEu/Qt)max = 8.57 x However, Figure 1.19 

shows the experimental maximum values decreasing consistently as the 

maximum occurs at increasingly longer travel times. It can be seen in 

Table 1.6 that all experimental values deviate from the bivariate normal 

value of 8.57 x by less than a factor of 2. However, the organized 

deviations indicated in Figure 1.19 suggest a physical mechanism, rather 

than statistical variation, as the cause of the deviations. It should be 

mentioned that normalized crosswind integrated exposures plotted as a 

function of distance lacked the degree of organization seen in Figure 1.19. 

11 

1000 

I I ,,,,I I, ,I, 

211 

FIGURE 1.19 

Normalized Crosswind Integrated Exposure 
Versus Travel Time for Elevated Source Releases 
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TABLE 1.6 

COMPARISON OF MEASURED AND COMPUTED EXPOSURE VALUES 

Test 
Number 

10 

11 

13 

14 

15 

16 

17 

18 

%IE 
Maximum, 

s ec 

92 

130 

72 

93 

110 

112 

a7 

112 

(CIE U/Qt) (uy) CIE 

Maximum, Maximum, 
meters-1 meters z y u /a 

8.5 x 

5.6 x 

15.0 x 

10.5 

8.4 x 

6.9 x 

13.5 

6.1 x 

115 0.49 

98 0.58 

99 0.57 

83 0. 68 

135 0.42 

165 0.34 

72 0.78 

103 0.55 

Calculated Measured 
(E G/Qt) (Ep G/Qt) 

P 
Maximum, Maximum -2 
meters-2 meters 

3.6 4.5 

4.2 2.6 

4.2 7.4 

5.0 6.0 

3.1 2.9 

2.5 '2.5 

4.0 3.0 

5.8 x 8.1 x 

Using the height of release as an estimate of uz at the time when 

CIE "/€+ reaches a maximum, and taking corresponding values of u from 

Figure 1.17, the ratio (a /a 1 was calculated for each test and is listed 

in Table 1.6. 

expression (EP c/Qt)max = 7.34 x 

peak exposures shown in Table 1. 6 along with measured maximum normalized 

peak exposures. 

estimates, but the tests that were most widely over- and under-estimated 

were the same ones that deviated most in the crosswind integrated exposure 

estimate. 

Y 
- 

ZY 
These values were then used in the bivariate,normal 

(az/a 1 to estimate the normalized 
Y 

Again, the measured values are within a factor of 2 of the 

Surface isopleths of exposure were drawn for the tests analyzed thus 

These provide a detailed view of the diffusion pattern at the surface from far. 

which more accurate estimates of the diffusion parameters can be obtained. 

The features of the axial and crosswind distributions of exposure discussed 

above can be determined more completely with a dense sampling of the 

isopleth patterns than with the rather widely spaced field measurements used 

in the first analysis. 
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Plans for future tests include more dense field sampling. 

additional three arcs will be added within the present grid and a limited 

arc at 3200 m, which has been used in a few tests but has yielded no 

definitive results, will be extended. A sampler, measuring instantaneous 

concentrations at a point, has been used in a number of the most recent 

elevated source tests. Its use has been limited primarily to instrument 

operational checks, but, in the coming year, it should be fully integrated 

into the diffusion testing program. Plans are also being formulated for 

sampling from an aircraft. 

dimension in understanding the diffusion from elevated source releases. 

An 

Such measurements should provide a new 

Precipitation Scavenging Processes - R. J. Engelmann 

Rain scavenging efficiencies measured using zinc sulfide 
particles are presented. 
flow patterns thought to exist about raindrops. 
are combined with Hanford raindrop spectra to yield washout 
coefficients in light rains. 

These are compatible with the air 
The efficiencies 

In previous submissions of this report, a method was described 

for measuring precipitation scavenging efficiencies in the outdoors. 

Details of the method, and of the current scavenging research and results, 

may be found in Reference (1.14). 

The experimental method, briefly, consists of the release of a 

fluorescent particulate tracer into the atmosphere, the sampling of its 

concentration in the air using special filters, and the sampling of its 

concentration in raindrops that have fallen through the plume. 

raindrop samplers are described in References (1.14) and (1.15). 

air-sampling system possesses an 

significant for at least the larger particulates. 

The 

The 

anisokinetic sampling error which is 

Wind tunnel work produced a preliminary evaluation of this 

anisokinetic error, (' * 4, and thereby allowed determinations of scavenging 

efficiencies. 

material in the path of a raindrop that is collected and retained. (Since the 

proportion contacting the drop is called the target efficiency, and the 

The scavenging efficiency is defined as the proportion of 

0028b33 



1.37 HW-81746 

proportion of these sticking is called the retention or coalescence efficiency, 

the scavenging efficiency is the product of the two. 

. 

Analysis of the variables involved in the scavenging process pro- 

duces several dimensionless parameters, which are expected to determine 

the target efficiency. 

the impaction parameter. 

collected efficiencies are conventionally correlated to this parameter, which 

is the abscissa in Figure 1. 20. 

For small particles, the most important of these is 

Both predicted target efficiencies and measured 

The impaction parameter, 

is a relationship of the viscosity of the air, the ratio of the raindrop velocity 

and radius, and the product of the square of the particle radius with the 

particle density . 

(1.16, 1. 17) 
In Figure 1. 20, as Curves 3 and 5, are given Langmuir's 

predictions for potential and viscous flows. 

theoretical limits of target efficiencies for small particles and uncharged 

raindrops. 

These curves represent the 

Also entered are the Hanford measurements as Curves 2, 4, and 6. 

These measurements were made in the outdoors with zinc sulfide particulate 4 
I 

,- 

~ - 9. tracers. For comparison, McCully et al's., 8, results for zinc sulfide 
/' 

, / tracers 2330 and 2210 are also given as Curves 1 and 7. McCully attributed 
I 

the difference in these curves to a difference in wettability of the two tracers. 

These data were taken in natural rain, and represent some sort of average, 

over drop size. 

increase of efficiency in the vicinity of K = 10. 

particles in Tracer 2210, and error is more likely in this region. 

McCully's data could be interpreted as showing a rapid 

There are very few 10 p 

Because each drop size has a single value of terminal velocity, and 

the air viscosity is relatively constant, it is possible to plot the efficiency 
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FIGURE 1.20 

Scavenging Efficiencies for Zinc Sulfide Versus K 

2 
as a function of the parameter, a p , as is done in Figure 1.21. 

efficiency versus drop diameter curves is labelled with a value of a p in units 

of microns squared, grams per cubic centimeter. 

Each of the 
2 

The efficiencies for drop sizes of 0.99 and 1.56 mm were directly 

measured in two field tests. 

mined by comparison of the collections of different sized drops from several 

other tests. 

The laboratory measurements of IGnzer and Cobb ('"') are shown as 

Their experiments were conducted 

Langmuir's prediction for 

Efficiencies for other drop sizes were deter- 

the dashed, peaked curve in Figure 1.21. 

with water droplets of 13 p diameter, or a p = 42. 

a p = 42 appears as a dashed curve for comparison. 

measurements by Walton and Woolcock ('. 20) with small waterdrops falling 

2 

2 Also plotted are two 

through clouds of methylene blue particles, with a 2- p - 49 and 789. 

. 
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FIGURE 1.21 
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The predominant features of the zinc sulfide scavenging efficiencies 

are 

The higher efficiencies for the 0.4 mm diameter drop 

Efficiencies greater than 1. 0 with all drops for particles larger 

than 13 p 

A rapid increase in efficiency with particle size in the general 

region of 10 ~1 diameter 

A minimum in efficiency for all particle sizes with drop sizes of 

about 0. 8 mm diameter. 

The author proposes that these features can be adequately explained 

with the classical inertial impaction of particles on the leading side of the 

drops, in addition to wake effects and electrostatic and gravitational forces, 

as follows. 

The flow about a sphere at very small Reynold's numbers has only a 

thin boundary layer, and closes on the downstream side to be effectively 

without a wake. (" 21) As the Reynold's number increases, howe-qer, the 

boundary layer thickens, and a ring vortex forms in the wake. 

increases in the Reynold's number, the vortex gains in size and speed. 

Eventually, vorticity is being introduced to the wake more rapidly than it 

can diffuse, and the vortex breaks off from the obstacle and is carried off 

downstream. 

With further 

Those particles which nearly reach the raindrop as it passes gain 

another opportunity for contact when fluid convergence and electrical 

attraction carry them into this wake vortex. For the smaller raindrops, 

this vortex remains attached to the drop as it falls, and provides a large 

time interval for collection of the particles on the trailing or upper side of the 

drop. 

impact on the trailing side, and the particles have less chance of collection. 

While the ring vortex is attached, particles therein fall with respect to the drop, 

and are attracted toward the drop by electrostatjc forces. The collection of the 

heavier and larger particles is favored. 

For larger drops, the vortex may be shed before the particles can 
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The number of particles subjected to collection is increased when 

the raindrop carries an electrical charge, since all particles are then 

subjected to an attractive force regardless of the fluid flow. 

charges may be effective in drawing into the wake those particles that have 

Even very weak 

narrowly missed the drop. 

The 1. 5 efficiency observed by McCully may be that efficiency that 

can be obtained with inertial and wake effects coupled with the weak electrical 

charges that occur in natural rainfalls. 

It is not necessary to invoke differences in tracers to explain these 

results, since the increase in cfficiency toward 1.5 is observed with 

Tracer 2210, alone, as well as with 2210 and 2330 in combination. Of course, 

this does not exclude the possibility that the' retention efficiency may be less 

than 1.0, and the target efficiency correspondingly greater than the observed 

efficiencies. 

The wake effect argument has further support in that the data for 

zinc sulfide agree with that taken with water particles by Kinzer and 

Cobb, at least in the high efficiency with the 0.4 mm drop. Then, too, a 

contribution in the wake has been mathematically demonstrated by Pearcey 

and Hill"' 22) for smaller drops, and actually observed by Telford, 

et al., 

and, perhaps, even by Walton and Woolcock. 

(1.26) (I, 23' 24) Rosinski and Nagamoto, (' ' 25) Magarvey and Ccldart, 
(1.20) 

Moller's ('* research on larger spheres in water has shown 

separation or shedding of the wake vortices at a Reynold's number of 450, 

corresponding to a raindrop diameter of 1.35 mm. There was some elevation 

of the number by the trough in his experiments. 

shedding occurs from a cylinder is about 75, as inferred from photographs. 
('* 21J 

The Reynold's number where 

28) This corresponds to a raindrop of 0. 5 or 0. 6 mm diameter. 

These diameters do not conflict with the location of the apparent minimum 

eff ci c en cy. 

The efficiencies in Figure 1. 21 have been used with Hanford raindrop 

spectra to calculate washout coefficients for very light rains. These 
. _. 
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are reported below in Table 1. 7. 

storm and pollutant is the proportion of the material washed out per unit 

time. 

The washout coefficient for a particular 

TABLE 1.7' 

WASHOUT COEFFICIENTS. A. 
~~ ~ 

USING VARIOUS SCAVENGING EFFICIENCIES 

IN RAINS OF 0.04 AND 0.55 mm/hr 

A 0.55 m /hr, -r" a2 P, A 0.04 mm/hr, 
Efficiency Source IJ? g/cm sec-1 s ec 

Langmuir 42 1.4 1.9 

Kinzer and Cobb, Water 42 2.2 1.8 

Hanford, Zinc Sulfide 49 1.3 1.2 

Hanford, Zinc Sulfide 97 2.5 2.0 

The research conducted with zinc sulfide treated only a portion of 

the scavenging problem. 

rain, and it would be well to obtain data in natural rainfalls using additional 

tracers. There may be significant changes in target efficiencies with small 

changes in electrical charge, and there may exist differences in retention 

efficiency dependent upon particle "wettability" or upon drop size. 

greater accuracy and proof of theory may come from laboratory measurerlient, 

applicability of the test results to later prediction. 

The data come from only a few tests in artificial 

Although 
- 

measurement made in the field in natural rain removes much doubts as to the - 

Testing in natural rain requires improvement in plume generation - 

techniques. 

of tracer on the rain sample can be reduced, and errors introduced by the 

anisokinetic sampling of the plume in some tests can be reduced or eliminated. 

With improved equipment and experimental designs, dry deposition 

Particularly advantageous would be a portable testing system, which 

could be taken to sites with rain or snow, and easily oriented with the wind 

direction. 
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The scavenging power of snow appears to have been overlooked in 

the literature, and this may be a serious omission. The measurements 

of efficiencies for the variety of individual crystals should, perhaps, be 

preceded by measurements of the bulk washout coefficient, A, for various 

snow classifications and precipitation rates. 

Atmospheric Tracer Technology - P. W. Nickola and M. F. Scoggins 

The Rankin technique for assay of bulk field samples 

The possibility of replacing water 

of airborne fluorescent tracer continued to yield good 
results. 
counts made in 1959. 
with trichloroethane as the carrier for particulate tracers 
during generation is promising. 
rates would be possible. Tests disclose that the effects of 
extreme heat and of solar radiation on Fluorescent Tracer 
2210 were negligible. 
real time sampler disclose an improvement of approximately 
four in sensitivity over the prototype model. 
two field experiments involving tracers other than the 
standard 2210 are presented. 

Recent recounts were in good agreement with 

Larger tracer emission 

Field models of the zinc sulfide 

Results from 

Assav and Control of Routine Field SamDles 

This was the fifth consecutive year in which the "Rankin Counter" 

provided a simple, reliable and accurate assaying procedure for thousands 

of bulk field samples of the fluorescent airborne tracer used by Hanford's 

Atmospheric Physics Operation, This automated assaying device permits 

the examination of more than 300 samples per man day. 

Periodic checks of the stability of this counter continue. Recently, 

20 filters which had been counted in routine fashion in 1959 were recounted. 

The mean value of the 20 recounts was 100. 6% of the 1959 count. 

20 filters recounted, 10 were within the standard deviation computed in 

1959 for recounts of the same filter. 

Of the 

G enerat ion T echniaue 

c 

Most users of the fluorescent particulate tracer technique have 

claimed success in their efforts to disperse the powders in dry form. However, 
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Hanford experienced considerable difficulty in generating an agglomerate- 

free tracer at a consistent generation rate by the "standard" dry generating 

techniques. As a consequence, the Hanford technique has employed a wet 

generating procedure since the 1953 startup. 

Briefly, the generating technique which solved the dry powder 

problems entails the suspension of the fluorescent particles in a large 

container of water, and subsequent regulated dispersal of the atomized 

particle-tracer slurry by means of a conventional insecticide spraying 

apparatus. 

It is assumed that these tiny water droplets evaporate to leave 

individual tracer particles suspended in the atmosphere. To assist in this 

evaporation, hot gases from a combustion chamber are mixed with the water 

droplets at release. 

However, to some degree, there will be inadequate evaporation in 

the cases of high relative humidity of the air, release of larger water 

droplets, and high release rates of water. 14) The seriousness of this 

problem is difficult to determine and will depend upon the type of field test 

conducted. 

slurries other than with water are considered. The solvent, trichloroethane 

1 - 1 - 1, has the desirable characteristics of high density and vapor pressure 

which are required for good evaporation and high release rates. 

nonflammable and does not appear to affect tracer fluorescence. 

putations and tests show that it can be safely used in field programs. 

are continuing. 

To provide more versatility and range of safe operation, 

Yet it is 

Com- 

Tests 

The hot gases into which the atomized generation slurry is injected 

at the instant of generation reach about 300 F. Although no conjecture on 

has been raised in print, investigators have verbally questioned the technique. 

As a consequence, a test was derived to evaluate the heating effect. 

u 

the possible effect of the heat on the fluorescent properties of the pigment J 

-* I 
I 

.I 

Six stainless steel discs were fabricated. These discs had dimensions - 
such that when inserted in the Rankin counter, a face of the disc was in the 
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routine counting position, 

Tracer 2210 were placed on five of the six discs and allowed to dry at 

room temperature. Each disc 

was counted five times in the Rankin counter to determine its expected 

count rate. 

recounted, as is outlined in Table 1. 8. 

as discs A, B, C, and D, but the count rate remained at the background 

rate of 0 to 5 counts/min. 

Several drops of a dilute water suspension of 

The sixth disc was retained as a blank. 

The discs were then strongly heated in a laboratory oven and 

The sixth disc was heated exactly 

For ease in comparison, the postheating counts in Table 1. 8 have 

been normalized with the preheating count rate being considered 100%. 

Each percentage in the table is the result of several Rankin counts. 

The results can be considered as two separate tests. In the first 

test procedure, heating of Discs A through D to 500 F for 4 min gave no 

deleterious effect (98. 770 of preheat count rate compared to 96.6% for the 

unheated control). Subsequent heatings to 1100 F and 1800 F did reduce 

the Rankin count by about 2070. 

were significantly greater than those to which the tracer would be exposed 

in routine generation. 

However, these temperatures and durations 

The second test involved Disc E, the previous control, which was 

heated to about 1800 F for approximately 20 sec. The heating resulted in 

no decrease from the previous control counts. This, again, was a much 

more severe treatment than would be experienced in routine field procedure. 

The results of thes tests would strongly indicate that no loss of 

mass due to tracer heating during generation would be indicated by the 

Rankin counting method. 

Effect of Solar Radiation on Fluorescent Tracer 

Although the generation and assay procedures used in the Hanford 

fluorescent tracer technique are unique, the use of various fluorescent 

particulates in investigations of atmospheric motions is not. 

has been cast on the use of such techniques by Eggleton and Thompson 

Some doubt 
(1.29) 

and others. One of the chief criticisms has been that the particles are likely 

0028b42 
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to lose considerable fluorescence as they are exposed to solar radiation 

during their airborne flight. 

hypothesis for Tracer 2210 and the Rankin fluorescent particle counter. 

An experiment was designed to test this 

Filters were selected from a field run in which the tracer 

generation, field sampling, and filter pickup all occurred during hours of 

darkness. 

assayed on the Rankin counter. 

bright sunlight and recounted several times. 

exposure times and the change in counts after two extended periods of bright 

solar radiation. For ease in comparison, the postradiation counts have 

been normalized with the preradiation count rate considered as 100%. Each 

percentage is the result of three Rankin counts. 

The filters were stored inside an opaque box until they were 

Subsequently, the filters were exposed to 

Table 1.9 indicates the solar 

TABLE 1.8 

EFFECT OF EXTREME HEAT ON TRACER 2210 IN THE RANKIN COUNTER 

giscl: Disc D 

Preheat Count Rates, 8079 6846 291 1 17. 256 
counts I min 

(Normalized to 70) 100.0% 100.0% 100.0% 100.0% 

Discs A. 8, C and D heated to 500 F for approximately 4 mln. 
Disc E not heated. 

Recounts 99.7% 96.5% 100.7% 97.9% 

Diaca A, B, C and D heated to 1100 F for approximately 4 min 
Disc E not heated. 

Recounts 75.4% 72.440 88.9% 81.1% 

Diaca A. B. C and D heated to 1800 F for approximately IO sec. 
Disc E heated (for first time) to 1800 F for approximately 20 sec. 

Recounts 72.6% 70.6% 90.6~ 81. 8% 

TABLE I. 9 

100.0% 

RE. 7% 

79.4% 

80.2% 

EFFECT OF SOLAR RADIATION ON TRACER 2210 IN TllE RANKIN COUNTER 

Filter 1 Filter 2 Filter 3 Filter 4 Filter 5 ----- 
Preradiation Count Rates, 6656 16. 065 35, 541 35,0113 79, 308 

countslmin 

(Normalized to %) 100.0% 100.0uI. 100.0k 100.0% I00.04b 

Filters exposed to bright sunlight for 4. I hr 

First Recount 103. 4% 102.7'70 105. 8% 103.8% 100.0% 

Filters stored in opaque boxes Cor I1 ililys 

Second Iiccuunl 99.5'70 99.7% 103.3'10 101.8% LOO tl% 

Filters exposed to bright sunlight for 3.1 hr 

Third Recount 101.G% 100.7% 103.7% 103.0% 100.6% 

Disc E 

20, 591 

100.0% 

96.6% 
(Control) 

95.4% 
(Control) 

95.7% 

0028'043 



I. 47 HW - 81 746 

.- 

On the basis of this evidence, one may conclude that the Rankin 

counting technique does not indicate less tracer after exposure of the 

filters to sunlight, 

is indicated by the recount of filters shortly after exposure to sunlight. 

the mixture of positive and negative changes after filters were stored implies 

that the filters eventually return to their presunlight counts. With the knowl- 

edge that the Rankin counting system is considered under control when the 

drift about a standard counting rate is 3%, then the preceding conjectures 

can best be replaced by the statement that the effect of sunlight on the count 

rate of Tracer 2210 is negligible. 

counter is riearlylinear when relating mass to count rate, the same state- 

There is even a suggestion that a slightly greater mass 

But 

Since the calibration of the Rankin 

* 

ment can be made for indicated mass. 
- 

Real Time Sampler 

- The prototype of a device capable of monitoring concentration of 

fluorescent pigment on a real time scale has been reported. (1'30) Three 

field models of this sampler were fabricated in 1963. Although the process 

of calibration on these devices was still underway at year's end, it appears 

that the detection limit of the field model is approximately 4 x g/m - 

a concentration 1/5 of that estimated possible with the prototype model. 

- 

3 

0 - 

Although not enough data have been amassed from use of these 
- 

samplers to report in the form of a study, they have been operated success- 

fully during five field diffusion experiments. 

of time the ratio of "instantaneous" concentration (C) to the mean concen- 

tration <E) equalled or exceeded a given value during a field release of 

tracer from an elevation of 200 ft. The data were collected at two distances 

(600 and 1600 m) from the source, and near the maximum 

distance. 

can be generated with the aid of these devices. 

the real time history of concentration resulting from a continuously emitting 

source are presently available in the annals of diffusion meteorology. 

Table 1.10 presents the percent 

... 

for each 

- The data are presented as an example of the type of information that 

A minimum of data specifying 

,e.. 
\ 0028b411 
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TABLE 1.10 

PERCENT OF TIME C/c EQUALS OR EXCEEDS THE INDICATED RATIO 

Ratio 

0 

1 

2 

3 

5 

10 

20 

30 

34.6 

40 

50 

58. 5 

Mult it racer T echnioue 

Percent of Time 

600 m 1600 m 

100.0 

15.8 

10.9 

8.2 

5.2 

2.1 

0.14 

0.039 

0 (Peak C) 

0 

0 

0 

100.0 

22.0 

14. 2 

10.4 

6.3 

2.1 

0.32 

0. 053 

0. 041 

0.022 

0. 006 

0 (Peak) 

Progress toward field capability with a dual atmospheric tracer 

system was minimal in 1963. 

areas, the uncovering of new problems on the way to complete field capability 

with a dual system, and the plain fact that development and demonstration of 

such a system is a formidable task, all contributed to the slow pace. 

The emphasis of effort in the other problem 

- 
Primary effort in new tracer development during 1963 was devoted to 

investigation of the differentiation of two fluorescent pigments in the conventional 

Rankin counter. Differentiation was attempted by pulse height. Problems in 

sensitivity arose due to variation in pulse height from a given pigment from run 

to run. 

the sampling filter and/or distance from the tracer source. 

of multitracer technique depends to a considerable extent on being able to relate 

To a smaller degree, pulse height seems to depend on flow rate through 

Success of this type 
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these pulse height variations to a measurable parameter and thus predict 

them. This work is continuing. 

Despite the obvious limitations of the technique, an experiment was 

carried out in which two fluorescent tracers (2210 and 2267) were emitted 

at different times for separate field collection. Tracer 2267 was emitted 

from a ground level source; the 2210 was emitted from a source at an 

elevation of 200 ft. 

the true areal distribution of each tracer could be ascertained, 

counts from the individual field runs were then combined and reseparated 

by the pulse height analysis technique. 

and 1.23. Isopleths were drawn to equal Rankin count rates. 

.. By assaying the filters separately on the Rankin counter, 

The Rankin 

The results are shown in Figures 1.22 

Trarw 2247 

- - - Crrtnputrd countalrnlll 

- Aclual countslrnln 

c 

FIGURE 1.22 

Computed and Actual Distribution of Tracer 2267 
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Trac ur 22 1 0 

FIGURE 1.23 

Computed and Actual Distribution of Tracer 2210 

The computed areal distribution for Tracer 2267 is in acceptable 

However, there is much poorer agreement with the actual distribution. 

agreement in computed versus actual distribution for Tracer 2210. As could 

be anticipated, the areas of maximum disagreement can and did occur where 

there is a significant mass of one tracer (2267, in this instance) coupled with 

minimal mass of the other (2210). 

count rates higher than 5000 counts/min was indicated for an area in which, in 

fact, there was no Tracer 2210. 

For Tracer 2210, a secondary maximum with 



HW - 81 746 1.51 

Release 

.- 

On July 25, 1963, 120 mcuries of 1131 were released from the 

routine generation site of the Hanford stable diffusion course. 

this release had other primary experimental objectives and the release 

was of a minimal amount for purposes of atmospheric diffusion studies, 

the air samples taken at routine field sampling positions did serve a 

Although 

useful purpose insofar as tracer technology is concerned. 

an opportunity for a rough appraisal of the compatability of a gaseous tracer 

technique with the existing fluorescent particle technique. 

They presented 

The peak exposures of 1131 observed at the four routine sampling 

distances were in excellent agreement with peak ewosures experienced 

with Tracer 2210 under similar atmosphere conditions. Also, on the basis 

of a method for forecasting exposures derived from Hanford fluorescent 

tracer data, 31' a prediction of crosswind distributions of exposure for 

the 113' experiment was made. Figure 1.24 gives, €or 200 m, observed 

and predicted exposure for the 120 mcuries of emitted. Agreement 

is reasonably good. Agreement between predicted and observed is 

considerably less satisfactory at 3200 m from the source (Figure 1,251. 

However, the quantity of 1131 collected on a sampler at the 3200 m 

distance was approaching the detection limit of the samplers used. 

it should be kept in mind that the dotted line is a prediction, and, therefore, 

Also, 

undoubtedly, does not represent the exact distribution of fluorescent tracer 

that would have been observed had it truly been emitted. 



HW- 81 746 

n 

E . 
4: 

E 

t 
J 

FIGURE 1.24 

Crosswind Exposure of 1131 at 200 m from Source 

Arimulh. degrccs 

FIGURE 1. 25 
~~ 

Crosswind Exposure of 1131 at 3200 m from Source 
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RADIOLOGICAL PHYSICS 

Radioactivity in Alaskan Eskimos in 1963 - H. E. Palmer, W. C. HansonP 

B. I. Griffin, and D. M. Fleming 
~ 

During the summer of 1963 people at five villages 
above the Arctic Circle in Alaska were measured for 
radioactivity with a transportable whole body counter. 
The adult people of the interior villa of Anaktuvuk 
Pass showed the highest average Cs" burden, 628 
nanocuries. This is an increase of nearly 50% over 
the summer before. 
1.24 microcuries. 

The maximum burden found was 

Measurements with a portable whole body counter during the 

summer of 1962 showed that Eskimos in northern Alaska had accumulated 

more fallout Cs137 in their bodies than people in the rest of the United 

St at es. (2* ') These high levels resulted primarily from the food chain 

lichen- to - caribou - t o - man. (2'2) Lichens contain more Cs137 than most 

food chain components because their long lifetime permits more accu- 

mulation. New measurements made during the summer of 1963 show 
v 

continued high and generally increased accumulations of Cs137. The 

increases were probably associated with new fallout resulting from 

resimption of weapon testing in 1961. 

Table 2.1 compares results obtained during 1962 and 1963. The 

same counter was used both years; during 1963 the counter was also 

calibrated for Cs13? in children (4 through 14 yr) so more young people 

were measured. 

at the villages visited in 1962. 

Measurements were made at Fort Yukon was well as 

The adult Eskimos (15 vr and older) at Anaktuvuk Pass showed 
Y 

nearly a 50% increase in average body burden of Cs137 over 1962. 

Everyone counted both years had increased with the increases ranging 

from 5 to 11270. 

by people counted at Richland, Washington who contained an average of 

6 nanocuries in 1962 and 12 nanocuries in 1963. 

The average percent increase was less than that shown 

The food chains controlling 

:: Biology Laboratory, Hanford Laboratories 
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the Cs137 in the people of Was'hington are, of course, much different than 

those for the Eskimos. 

of Cs137 found: 1. 24 microcuries. 

A man from Anaktuvuk Pass had the highest amount 

TABLE 2.1 

Cs137 IN PERMANENT ESKIMO RESIDENTS 

OF ALASKAN ESKIMO VILLAGES, nanocuries 

Average for 
Adults 

15 yr and Older 

Average for 
Children 

Maximum 5 to 14 yr 

1962 1963 1962 1963 1963 

Anaktuvuk Pass 421 62 8 790 1240 217 

Kotzebue 138 140 51 8 732 42 

Barrow 52 60 166 177 19 

Point Hope 17 39 119 88 17 

Fort Yukon 34 181 13 

The International Committee on Radiological Protection recommends - 
that the maximum permissible body burden of Cs137 be set at 3.0 micro- 

curies for individuals in the population at large who are not exposed in the 

course of their occupation. 

average levels of Cs137 for groups such as the Alaskan Eskimos. 

No recommendation was made concerning 

Cs134 was again present in the Eskimos. (2'3) In the 10 Eskimos 

containing the most Cs137, the Cs134:Cs137 activity ratio 

0. 012 in 1962 to 0.0067 in 1963; the actual amount of Cs134 decreased by 

2270. 

presumably due to the arrival of new material from tests that started in 1961. 

If the new material contained no Cs134 and if the Eskimos were in equilib- 

rium with the old fallout, the amounts of Cs134 in the Eskimos would have 

decreased by 28%, nearly the percentage observed. 

picked up on an air filter at Richland, Washington in January, 1963, with a 

Cs134:Cs137 ratio of 0.016 may indicate that the fallout in Alaska and in 

Washington came from different tests. 

decreased from 

These figures indicate that the composition of the fallout was changing, 

The fact that Cs134 was 
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The change in the Cs134:Cs137 ratio indicates that the increases 

found at Anaktuvuk Pass were assr-)ciated with new fallout material. It 

is improbable that any significant part of the increases was due to more 

caribou being eaten. 

relatively available at all times of the year because of storage Of 

carcasses in permafrost pits. Furthermore, those people counted 

indicated that they had eaten about the same amount of caribou in 

1962-63 as in 1961-62. The large increase in the Cs137 in the people at 

Point Hope resulted largely from a poor harvest of caribou in 1962 and a 

good one in 1963. The people at Kotzebue were counted about 2 mo later 

than in 1962. Since their diet contains less caribou meat in the summer, 

they had a chance to eliminate some of the Cs137 they contained; earlier 

counting might have shown a significant increase. 

Caribou is a principal item in their diet and it is 

Urine samples obtained during the winter of 1962-63 through the 
137 

U. S. Public Health Service hospital at Fort Yukon were counted for Cs 

The results indicated an average body burden of about 120 nanocuries. 

This was of particular interest because the main meat in their diet came 

from moose, which indicated another food chain of interest. 

reasons the Athapascan Indians at Fort Yukon were counted in 1963. 

period of approximately 4 mo, months in which there was little caribou or 

moose meat in their diet, is presumed to be the cause of the difference 

between the 34 nanocuries observed by counting and the 120 by urinalysis. 

For these 

A 
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Human Uptake of Cs137 from Reindeer Meat - H. E. Palmer 

Humans who eat reindeer meat absorb most of the 
Cs137 it contains. 
of the Cs 137 from the meat. 

Cooking may remove half or more 

Since Laplanders and Alaskan natives have acquired high body 
(2.1, 2.4) 

burdens of Cs137 from eating reindeer, caribou, and moose meat, 

it is desirable to know what fraction of the Cs137 in the meat they eat is 

taken up by their bodies. 

and of the loss of Cs137 from the meat during cooking. 

with reindeer meat purchased at Kotzebue, Alaska that contained about 

7.3 nanocuries of Cs137 per pound of meat. 

This paper reports some measurements of uptake 

The study was made 

The Cs137 content of the meat was measured with the shadow 
137 

shield whole body counter before and after the cooking. The loss of Cs 

from the meat depended on the manner of cooking. 

removed about 60% of the activity. 

Boiling of round steaks 

Roasting: of steaks in aluminum removed 
1 - 

30 to 500/0. Meyer -- et al. (2* 5, found similar losses for Cs134 in beef. 

Studies at the University of Tennessee (2' 6, showed that in boiling meat the 

percentage of Cs134 removed varied with the surface exposed and that 90% 

could be removed from ground beef. Apparently Eskimos use the juices 
~~ - 

that contain the Cs137 lost from the meat in their cooking so that the losses 

are not effective in reducing their body burdens. 

their body burdens might be reduced significantly by not using the juices. 

The results indicate how 

Five people ate two meals each of the cooked meat after it had been 

measured for Cs13?. All excreta were collected from the male .subjects 

for 4 days and measured for The uptake was the ratio of the amount 

retained in the body (the difference between the intake and the excess over 

a normal excretion pattern) to the intake. 

counts before and 4 days after eating the meat. 

determined this way for the female subject. 

counts were used just to confirm the amount of uptake. 

The subjects received whole body 

The amount retained was 

Otherwise, the whole body 

The results are given 

b 

in Table 2. 2. They show that most of the Cs137 in the meat was retained by 
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the body. These uptake values for Cs137 in meat are similar to those 

obtained for Cs137 in other types of food. 

those obtained by Naverst en; (2'7) however, his values were based on 

measurements taken 27 days rather than 4 days after ingestion. 

The values are higher than 

TABLE 2.2 

UPTAKE OF Cs137 FROM MEAT 

Increase in 
Body Burden 

Cs137 Excreted by Whole Body 
Cs137 Ingested, Over Normal, Counting, 

Subject Sex nanocuries n ano c u r i es Uptake, 70 nanocuries 

1 M 8.38 (roasted meat) 0.40 96 7 

2 M 8.16 (roasted meat) 0.27 97 8 

3 M 8.20 (roasted meat) 0.64 92 7 

4 M 6.40 (boiled meat 0.90 86 5 

and broth) 

5 F 8. 27 (roasted meat) > 90 8. 

Determination of the Average Cs137 Body Burden of a Population by 

Urinalysis - H. E. P%mer 

The correlation between the cesium and potassium 
excreted in the urine must be due to a constant daily 
ingestion and excretion of potassium together with a 
slow and constant elimination of cesium rather than to 
any similarity in metabolism. Three Alaskan villages 
and Richland, Washington were studied by urinalysis. 

Last year the existence of a good correlation between the ratio of 

the Cs 137 to the K40 excreted in the urine by Alaskan Eskimos and their 

whole body burden of Cs137 was reported. ('* 8, The correlation is not 

good enough to permit reliable estimation of the body burden from urine 

measurements for a single individual. However, urine measurements 

should be a good way of determining the average burden of a large group 

of people. 

and describes further tests of the correlation, measurements by urinalysis 

This paper discusses the probable reasons for the correlation 

00281058 
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in three Alaskan villages, and measurements at Richland, Washington 

that show a similar correlation probably exists in the rest of the 

United States. 

Although cesium and potassium are chemically similar, their 

Rasoff metabolism by the body is similar only up to a certain point. 

-- et al. (2* found that cesium, like potassium, disappears rapidly from 

the bloodstream and accumulates in the soft tissue of the body with the 

bulk of it going to the muscle tissue. After this initial deposition, the 

metabolic similarity seems to end. The body has a certain potassium 

capacity which is directly proportional to the muscle mass. (2. lo) If the 

potassium capacity is exceeded by the intake of excess potassium in the 

body, this excess potassium is excreted within a few hours. 

since most of the potassium in the body is exchangeable, 

ingested potassium will exchange with the potassium in the cell mass. 

Cesium is present in the diet and the body in only trace amounts, and its 

deposition in the body is different from potassium. Relman (2' 12) showed 

that cesium accumulates in preference to potassium in muscle tissue, and 

that in ratgup to 2/3 of the intramuscular potassium can be replaced by 

cesium. 

cells it very strongly resists exchange with the other alkali metals. 

Mraz et -- a1 (2' 13) suggested that the only way cesium is released from 

tissue is through catabolism. 

met with very little success. (2' 8, The very slow release of cesium from 

tissue is confirmed by the relatively long biological half-life of about 

100 days compared to about 25 days for potassium. 

However, 
(2.11) any 

Once the cesium has been deposited within the muscle tissue 

Attempts to enhance cesium excretion have 

Since the cesium in the muscle tissue exchanges very slowly and the 

potassium exchanges quite rapidly, the correlation between the ratio of 

cesium and potassium in the urine to the body burden of Cs137 must be due 

to constant daily ingestion and excretion of potassium together with elimi- 

nation of cesium proportional to the amount in the body rather than to any 

similarity in the metabolism of the two elements. Taylor et a1 '*) found 
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that the average daily urinary excretion of potassium was 2.2 f 0. 5 g. 

Twenty-four hour urine samples collected from a subject at Hanford for 

10 days gave an average of 3.3 f 0.9 g of potassium per day. Nearly 

constant ingestion of potassium is to be expected in view of the nearly 

constant potassium content of our main foods. The potassium content of 

most meats, vegetables, fruits, and cereals does not vary by more than 

a factor of two. (2'15) The daily urinary excretion of (3~'~~ for an indi- 

vidual is a constant fraction of the total body burden. 
(2.9, 2.14, 2. 16) 

However, this constant fraction (which is related to the biological half- 

life) is not the same for each individual, so the urinalysis method is not 

a generally useful method for estimating individual body burdens of Cs 
137 

The average body burden of a group of people can be determined by 

measuring urine samples or a pooled sample from the group and using 

the potassium content to eliminate the need for 24 hr urine samples. 

Five additional urine samples were collected from Eskimos 

during the summer of 1963. 

1962 results in Figure 2.1. 

The results are shown together with the 

The new results show the same correlation 

as the old. 

inuo 
0 I 

Correlation of Urinalysis and Whole Body Counting 
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The Alaskan whole body counting studies in the summer of 1962 

were made in northern Alaska above the Arctic Circle. 

burdens of c.51'~~ in the more southern area were not known. 

winter of 1962-63 urine samDles were collected from the U.S. Public Health 

The body 

During the 

Service hospitals at Fort Yukon, Tanana, and Bethel. From the CsL3?:K 

ratios in the urine samples, the average body burden of the people in these 

areas was found to be 118, 40, and 65 nanocuries for the regions of 

Fort Yukon, Tanana, and Bethel. A check on one of these results was 

made later when a whole body counter was taken to Fort Yukon. 

average burden determined in July, 1963, was 34 nanocuries. However, 

the people had not been eating caribou meat since February, and about 

4 mo elapsed between the urinalysis and the whole body counts (about two 

biological half-lives) during which the burdens could be expected to decrease 

to this level. 

The 

The International Committee on Radiological Protection recommends 

that the maximum permissible body burden of Cs137 be set at 3.0 micro- 

curies for individuals in the population at large who are not exposed in the 

course of their occupation. 

average levels of Cs137 for groups such as the Alaskan Eskimos. 

No recommendation was made concerning 

As a test of the urinalysis method for groups of people of a dif- 
137 ferent race and living habits and having low level body burdens of Cs 

(about lOtnanocuries), combined urine samples from 450 people living in 

Richland, Washington, were measured and gave a value of 11.5 nanocuries 

for the average body burden. 

of 150 people each; the values from the groups were 11.7, 11.3, and 

11.5 nanocuries. 

the Hanford whole body counter at the same time was 12.5 nanocuries. 

The samples were collected in three groups 

The average burden of 60 Richland people measured at 

These results show that the average Cs137 burden can be estimated 

from the combined urine samples from a group of people. 

should find use in determining the amount of Cs137 in populations which are 

not near a whole body counting facility. 

This method 

The estimates can be obtained 

0028bbl 
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without any inconvenience to the people in the groups, since the samples 

can be easily obtained from hospitals, schools, or universities. 

A Scintillation Counter for In Vivo Detection of Plutonium - B. I. Griffin 

and W. C. Roesch 

A scintillation counter was constructed for -- in vivo 
study of plutonium deposited in the lung. The counter 
detects the X-rays and gamma rays from plutonium's 
uranium and americium daughters. The sensitivity is 
in the range 10 to 100 nanocuries. 

Studies were reported last year of scintillation counters for use in 
(2. 17) 

the detection of the X-rays emitted following the decay of plutonium. 

It was concluded that it is possible to build a large counter suitable for 

-- in vivo detection of plutonium deposited deep in the body, particularly in 

the lungs. This paper describes such a counter that was built and some of 

its characteristics. The counter is not yet in its final form; work is still 

being done on reduction of its background. 

The counter consists of four 6 by 7 by 12 in. boxes suspended to 

permit horizontal and vertical movement and rotation about a horizontal 

axis. Each box contains 13 EMI/US-9514-S photomultiplier tubes. On 

each tube is a NaI(T1) scintillator 1 mm thick by 1.75 in. in diameter. 

The scintillators are cleaved crystals mounted on quartz and covered with 

0. 001 in. aluminum foil. In addition, each scintillator is fastened to the 

phototube and covered with a layer of rubber cut from the finger of a 

surgeon's glove. Each box is covered with a thin layer of Mylar for 

protection and with black paper to prevent light from reaching the photo- 

tubes. 

foil on each phototube. 

High voltage to each tube is individually adjustable. 

in a general purpose, 4 in. thick, lead shield. An angle iron framework 

3 by 3 by 10 ft supports the ceiling and doors (3 by 4 ft opening). 

is laid on 20 gage mild sheet steel bolted to the frame. 

enough to permit counting of people. 

Magnetic shielding is provided by two layers of 0. 01 in. Co-Nettic A 

The anodes of the 52 phototubes are connected. 

The counter is housed 

The roof 

This shield is large 
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Noise from the dark current in photomultiplier tubes and radio- 

activity in surrounding objects are important sources of background in 

X-ray scintillation counting. Last year’s report describes the basis for 

the choice of the low noise, high gain EMI/US-9514-S phototube and of the 

materials surrounding the scintillator. 

Thoraeus filter as aliner for a lead shield. 

with 0.025 in. of cadmium plus, on the inner surface, 0.01 in. of copper. 

It was predicted that the completed counter would have a background 

counting rate in the X-ray channels less than 1.5 counts/min per tube. 

measured background in the empty shield is 1.1 counts/min per tube or a 

total of 56 counts/min. 

It also describes the use of a 

The present shield is lined 

The 

When phantoms made of sugar or water are counted, the background 

is higher because radiation is scattered into the counter. 

only about 5%. 

increase the background between 60 and 180%. 

The sensitivity of the counter, the minimum detectable amount of 

The increase is 

People are both sources and scatterers of radiation. They 

plutonium that can be detected, depends on the position of the plutonium in the 

lung, the isotopic composition of the plutonium and the time since the last 

removal of the daughter products, and the choice of the channels used on 

the multichannel analyzer. Both Pu239 and Pu240 lead to the emission of 

uranium L X-rays. Pu241 is a beta emitter with 13 yr half-life that leads 

to Am241. 

the L X-rays of neptunium; the latter have energies similar tothose of the 

uranium daughters of PuZ3’ and Pu~~O. 

peak from the 60 kev gamma ray at 27 kev in the pulse height spectrum of 

NaI scintillators. The presence of these radiations helps in the detection 

of the plutonium because they may as much as double the number of X- 

and gamma rays per alpha particle emitted. They make interpretation 

difficult, however, because one cannot infer the alpha particle rate from the 

X- and gamma ray counts unless he knows the isotopic composition (seldom 

the case in health physics applications). 

The decay of Am241 produces 27 and 60 kev gamma rays and 

There is also an iodine escape 

0028bb3 
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To get some idea of the counter sensitivity some plutonium placed 

in the lung cavity of a Remab phantom was counted. 

phantom was filled with distilled water and the lung cavity with chipped 

Styrofoam. 

the formula 

The body of the 

The minimum detectable amount was then estimated with 

1 

MDA = (k/S) (b/t)' (1) 

where b is the background counting rate, t is the counting time, S is the 

counting rate per unit activity, and k is a statistical factor conservatively 

taken to be 3 (see Nicholson 2' 18) for a more rigorous discussion of 

such problems). 

compared on the multichannel analyzer, 

ground spectrum. 

mize the minimum detectable amount. 

height range 13.6 to 66.4 kev (Channels 17 to 83 at 0.8 kev per channel). 

It was found that S = 0. 23 counts/nanocurie-min for these channels for 

plutonium recently separated from its daughters but of unknown isotopic 

composition. The background was 330 counts/min for an empty counter; 

in the worst case it might be 2. 8 times this for a man in the counter. 

20 min counting time, Equation (1) gives MDA = 70 nanocuries. 

old plutonium source, the minimum detectable amount was 8 nanocuries. 

Neither of these results is more than indicative because of the lack of 

knowledge of the isotopic composition. Actually, of course, the real 

problem at present is that Equation (1) does not apply because the 

sensitivity is not limited by statistics on background but by variations in 

background from one individual to the next. 

1 

Values of bF / S for different ranges of pulse height were 

Figure 2.2 shows the back- 

It is not obvious what selection of channels will mini- 

The best choice was the pulse 

For 

For an 
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FIGURE 2.2 

Background Counting Rate of Plutonium Scintillation Counter 

Determination of P32 In Vivo - H. E. Palmer 

A transmission proportional counter and a NaI(T1) 
scintillator operated in coincidence for detection of . 

P32 beta rays emitted from the head is better for 
-- in vivo measurements than a bremsstrahlung counter. 
The background is lower and is much less variable from 
person to person. Relatively little shielding is required. 

Several reports have described the determination of P32 in the 

human body by detection of bremsstrahlung. 

bremsstrahlung counter is a 4 1/2 in. diameter by 3 mm thick NaI(T1) 

scintillator with a 0.001 in. thick aluminum window. Body burdens as 

low as 200 nanocuries can be detected with it. 

with this counter placed at the head of a subject containing about 1 micro- 

curie of P32 is shown in Curve A of Figure 2.3. 

however, is not due to bremsstrahlung. An absorber that absorbs beta 

particles but does not significantly absorb the bremsstrahlung produces 

Curve B.when placed between the counter and the subject's head. 

is the true bremsstrahlung spectrum. Curve C, the difference between 

Curves A and B, is the spectrum due to beta rays emitted from the surface 

(2. 19, 2.20, 2-21) The 

A typical spectrum obtained 

Some of this spectrum, 

Curve B 
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FIGURE 2.3 

Bremsstrahlung Count er Sp e ct r a 

the head. The areas under Curves B and C are nearly equal, that is, 

about the same number of counts are obtained from beta particles as 

from bremsstrahlung. 

particles should be investigated. If the background could be reduced 

sufficiently, the minimum detectable amount of P32 might be even lower 

than for bremsstrahlung counting. 

This indicated that counting of only the beta 

Counting of beta rays emitted through the skin may not work for 

other pure beta ray emitters which are metabolized differently than 

phosphorus. 

growth, it is also an essential component of all cells. 

tains several different compounds of phosphorus. 

body is circulated in the blood stream and reaches the surface of the body. 

An isotope such as SrgO which rapidly deposits in bone probably would 

not emit many beta rays from the surface of the body. 

Although phosphorus, like calcium is associated with bone 

The blood con- 

Much of the P32 in the 

To reduce the background during the detection of beta rays a 

transmission type proportional counter was placed in front of the 

bremsstrahlung cqunter. This proportional counter was 1 by 6 by 6 in. and 

0028bbb 
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was divided by ground wire into six small counters, each having a cross 

section of 1 inch The thin windows were 0.008 in. 

Mylar. 

methane. The six anodes were connected together and in coincidence with 

the NaI scintillator. 

analyzed. Inside a good lead shield a large share of the background in the 

bremsstrahlung counter alone is due to relatively high energy gamma rays 

that scatter so as to leave only a little energy in the scintillator. 

coincidence requirement eliminates this kind of background. Beta rays 

from the skin can go through the proportional counter with little trouble 

and are counted nearly as well as before. 

2 and a length of 6 in. 

The counter was operated as a flow counter using 90% argon-10% 

Coincident pulses in the NaI were pulse-height 

The 

The background of this coincidence counter, for 40 to 1000 kev 

pulses in the NaI, was 12 counts/min when operated in the Hanford iron 

room with a phantom headmadeof sugar. With the coincidence circuit 

turned off it was 130 counts/min. Typically, the coincidence rate was 

20 counts/min when counting a subject containing only normal amounts 

of K40 and Cs137. 

and the counter reduced the rate to 15 counts/min. This indicates that 

normal beta background from the head is about 5 counts/min, probably 

from K 

recoil electrons produced by gamma rays emitted from the body. 

background due to higher than normal gamma radiation in a subject can be 

A pressed wood beta absorber placed between the head 

40 
beta rays. The other 3 counts/min are probably due to Compton 

The 

determined with the beta ray absorber over the counter. All normal 

subjects counted so far have had about the same beta ray rate, 4 to 5 

counts / min. 

The counter was calibrated with five subjects containing known 

amounts of P32. 

1.0 count per 20 min per nanocurie of P32 in the body. 

rates was f 15% for the five subjects. 

on two of the subjects who were studied for several weeks; one of the subjects 

The average counting rate at the side of the head is 

The range of 

Figure 2.4 shows the counts obtained 
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was reinjected after 28 days. Their effective half-life for P32 was 10 

. days. This agrees with previous results obtained with the bremmstrahlung 
32 . counter at higher activity levels of P 
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FIGURE 2.4 
32 

Retention of Low Level Burdens of P 

The detection limit for the counter is about 40 or 50 nanocuries 

of P32 at the 9570 confidence level. 

bremsstrahlung counter because the background is lower and shows 

much less variation from person to person. 

This is much better than for the 

The coincidence counter has a higher counting rate over the 

head than over any other body extremity. 

because organs such as the liver concentrate potential interfering 

isotopes such as Zn65. 

as the head is that only that extremity and the counter need be shielded; 

an iron room is not needed. 

shielded with lead 2 in. thick (total weight 1000 lb) was the same as in 

the iron room. 

it feasible to add such a counter to the Hanford Mobile Whole Body 

Counter facility. 

It is not used over the torso 

Another advantage of using an extremity such 

The counting rate with the head and counter 

Such small and lightweight shielding requirements make 
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One reason for developing a sensitive, in vivo counter for P32 was 

to measure people who eat Columbia River fish. 

most P32, and during the fall often reach 2 nanocuries/g, wet weight. 
32 

A person eating 1/2 lb of such whitefish and absorbing 75% of the P 

would acquire a body burden of 350 nanocuries. 

each of whitefish caught in the Columbia River during December, 1963. 

After allowing 1 day for absorption of the P32, the subjects were measured 

with the coincidence counter and showed body burdens of 70 and 110 

Whitefish contain the 
(2.22) 

Two subjects ate 3/4 lb 

nanocuries. 

Ac know 1 edgem ents 

The people with known body burdens of P3’ were provided by the 

University of Oregon Medical School and by Swedish Hospital. 

Shadow Shield Whole Body Counter - H. E. Palmer 

New calibrations for Na24, 1132, and Cs137 were made. 

Differential scanning results 
The discrepancy in measurements of potassium losses of 
kidney patients was resolved. 
for Cs132 are presented. 

Previous reports have described the development and calibration 

of a shadow shield whole body counter. (2* 23’ 2. 24) This paper describes 

further studies of interest. 

The counter was calibrated for NaZ4 so that it could be used to 

determine neutron dose in the event of a criticality accident. 

was 5.1 counts/min/nanocurie. It was also calibrated for in the 

thyroid. 

1132 activity in the air may be many times that of 

immediately following. 

the scintillator of the counter, the sensitivity is 112 counts/min/nanocurie. 

The result 

If fission products are released in a criticality accident, the 

in the hours 

When the thyroid is stationary and centered under 

A new polyethylene phantom body was obtained and tested for use in 

calibration work. 

shadow shield, it gave 0. 504 counts/min per g of potassium. 

of the counter is 0. 502 counts/min/g. 

When it was filled with KC1 solution and counted in the 

The calibration 

However, when a known amount of 
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Cs137 was placed in the phantom, it gave 2070 more counts than the 

calibration would indicate. 

phantoms for calibration is not justified. 

This renews our conviction that the use of 

In a cooperative study with Swedish Hospital, Cs137 calibration 

factors were obtained for people of different body sizes. There seems 

to be a linear relationship between the weight:height ratio and the cali- 

bration factor for ratios in the range 0. 9 to 2. 9 lb/in. 

The counting of patients before and after treatment with an 

artificial kidney was reported last year. (2' 24) Measurements showed 

a typical decrease in potassium of 15 g in a treatment. The analysis 

of the potassium lost to the artificial kidney solution showed only one 

half this amount. 

having a counting calibration different from most of the potassium in 

the body. 

When the body content exceeds this capacity, the excess is excreted 

except in the case of kidney failure when it remains in the extracellular 

fluid. 

differently and therefore counted with a different efficiency than that in 

the muscle cells. A potassium solution placed in the position of the 

heart in a phantom had a counting efficiency about twice that for the 

normal potassium in the body. 

The difference is probably due to the lost potassium 

The cell mass of the body has a definite potassium capacity. 

The potassium in the extracellular fluid is probably distributed 

The use of the shadow shield counter 'in differential scanning 

to study tumor localization and potassium distribution was described 

last year. (2. 24) A study of the distribution of Cs132 in subjects for 8 

days following ingestion was made using just the natural collimation of the 

shadow.shield counter. 

with time at four different positions along the body. These counts have 

been corrected for radioactive decay and the amount excreted from the 

Figure 2. 5 shows how the counting rates varied 

body. After ingestion, the C132 activity decreased in the abdomen and 

upper chest areas and increased in the region of the legs. 

an equilibrium distribution was not reached unit1 about 6 days after ingestion. 

It appears that 
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132 
Changes in Distribution of Cs 

Measurement of Uranium Ore Particle Inhalation by 

Radon Daughter Counting* - R. W. Perkins, 

H. E. Palmer, and B. 0. Stuartf 

** 

+ This paper is presented on page 3.95 

:#:* Radiological Chemistry 

t Biology Laboratory 
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Pulse Shape Discrimination in Fast Neutron Dosimetry - L. L. Nichols 

and W. C. Roesch 

Most of the light energy liberated by neutrons in an 
organic scintillator can be detected and distinguished 
from that produced by gamma rays, but the ratio of the 
light emitted to the neutron dose is not independent of 
neutron energy. 
discuss ed. 

Last year's report (2* 25)disc~ssed the start of studies of the 

application of pulse shape discrimination to fast neutron dosimetry. 

was found later that neutrons from the C(d, n) reaction from carbon contami- 

nation of the Van de Graaff system were distorting the neutron spectra being 

used. 

were remeasured. 

counts due to 1 mrad of neutrons. 

diameter by 1/2 in. thick stilbene crystal mounted on an RCA 7265 photo- 

' 

Methods of correcting for this are 

It 

After reduction of the contamination, many of the pulse height spectra 

The spectra were obtained with a 1 1/2 in. 

Figure 2.6 shows the results. Each spectrum is of the 

multiplier using space charge effects for the pulse shape discrimination. 

output of the shape circuit gated a multichannel analyzer that analyzed linear 

The 
.- 

pulses from an earlier dynode of the phototube. 

adjusted so that the rejection ration for Co60 gamma rays was approximately 

1000 to 1. 

proton pulses for protons of less than approximately 0. 5 MeV. 

The shape circuit was 

Under these conditions the shape circuit will not pass recoil 

In the ideal case of perfect linearity between the energy of the 

recoil particles and the resulting light and perfect discrimination between 

protons and electrons without rejection of any protons, the rate of light 

emission would be proportional to the neutron dose rate. If ni were the 

counting rate of Channel i, this would be proportional to 

I =?in 
lli 

The ideal conditions do not hold. 

energy absorbed, and recoil protons below some energy are not recorded. 

Nevertheless I1 was computed and is shown in Figure 2. 7. 

independent of energy above 2.5 MeV. 

Light emitted is not proportional to 

It is reasonably 

0028b32 
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FIGURE 2.7 
11 

IIJ the "Integrated Light Output, 
of the Pulse Shape Discriminator System 

The low sensitivity at low energy must be compensated for if 

pulse shape discrimination is to be used in instruments for measurements 

of neutron dose rate. 

by manipulation of the shape circuit data for those energies where the 

response is zero. 

heights differently. 

Of course, it will never be possible to compensate 

One way of compensating would be to weight the pulse 

Figure 2. 8 shows 11 - defined by 
2 

1 
2 
- 

(2) Ir = C (i) ni. 
2i 

It is evident that this does increase the response to low energies, but it 

also results in a decreasing response at high energies. Another way of 

weighting the pulses to improve the low energy response is 

m 

i n.. (3) 
1 

=i C n+C 
i=l i i=io+ 1 IC 0 

that isJ to weight all small pulses by the number of some higher channel; 

this is equivalent to simply counting the low energy pulses and integrating 

the larger ones. The result is shown in Figure 2.8 for io = 40 for the 
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data of Figure 2.6. 

curves for 11, I i, and IC in Figure 2.8 are each normalized differently; 

the purpose is just to compare their shapes. 

It extends the flat response down to about 1 MeV. The 

5 

Since the response cannot be improved where it is zero, it suggests 

that some other sort of detector with appreciable response only at low 

energy be combined with the pulse shape discrimination device. 

response of a 4 by 4 mm Li I scintillator moderated with spherical 

polyethylene or boron-loaded polyethylene shields was investigated. The 

best results were obtained with a 2 in. diameter boron-loaded polyethylene 

sphere. Figure 2.9 shows the response of this device, arbitrarily normal- 

ized, and its combination with I1. 

within about f 17% from at least 1/4 Mev on up. 

to the low energies is important. 

The 
6 

The resulting sensitivity is constant to 

The ability to respond 
* 
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FIGURE 2.8 

Modified Outputs of the Pulse Shape Discriminator System 

11 I1 
+ See, for example, Low Energy Fast Neutrons, on page 2.29. 

5 
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Response of Paired Ion Chambers as a Function of Energy - H. A. R. Kent 

Paired ion chambers, tissue- equivalent and tissue- 
equivalent minus hydrogen and nitrogen, possess 
responses as functions of energy for neutrons and photons 
which make them suitable for personnel dosimeters in 
plutonium production facilities. 

Both photon and neutron radiations are expected in plutonium 

For unshielded plutonium, the photon dose 
(2. 26) 

processing plants. 

rate considerably exceeds that from neutrons and is due mostly to low 

energy photons. Quite light shielding, however, results in nearly equal 

dose rates. Under these conditions a pair of ion chambers, 

tissue-equivalent and one similar in composition but containing no 

hydrogen or nitrogen, is expected to function satisfactorily and to make 

a good personnel dosimeter. 

sensitivity of such a chamber pair as a function of energy made to judge 

its usefulness in such plants. 

(2.27) one 

This paper reports measurements of the 

The chambers were identically shaped 560 cm3 cylinders. One 

was made of tissue-equivalent conducting plastic and filled with tissue- 

equivalent gas. 

lined with a 1/16 in thick conducting Teflon liner and filled with C02. 

construction was expected to provide very nearly equal scattering in both 

chamber walls and still make the second chamber relatively neutron 

insensitive. Thechambers were read on a modified Townsend balance 

circuit;(2'28) the readings given in Figures 2.10 and 2.11 are the balance 

voltages required in this circuit. 

The other was made of tissue-equivalent plastic but 

This 

For the neutron measurements, the chambers were exposed 

simultaneously at equal and opposite angles with respect to the beam of the 

Van de graaff. 

long counter. 

by calculation. 

the effects of the gamma rays that were present. 

ments, the chambers were exposed to the K-Fluorescent X-Ray Source. 

Comparison was to the free air chamber calibration of the source. 

At the same time the neutrons were measured with a precision 

Fluxes measured with this counter were converted to dose rates 

The difference in the chamber readings was taken to eliminate 

For the photon measure- 
(2.29) 

0028b17 
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Figure 2.10 shows the results for neutrons. The sensitivity is 

fairly constant above 1 MeV. The neutrons in a plutonium plant are 

expected to have energies in the range 0.1 to 10 MeV. 

a single calibration constant could be chosen that would give results 

accurate to at least f 18%. The decrease in sensitivity at low energies 

is much less than that exhibited by nuclear track film badges. 

For this range, 

I I I I Ill I 

12 

0 

- 

n 
0 

0 

FIGURE 2.10 

Sensitivity of Chamber Difference to Neutron Energy 
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Figure 2.11 shows the results for photons. Not shown are the 

results for radium gamma rays; they are essentially the same as for the 

highest energy shown. 

to absorption in the chamber walls. 

withstand atmospheric pressure during cleaning and filling. 

of energies measured covers the main energies expected in plutonium 

plants. Figure 2.11 shows no unexpected behavior. The decrease in 

response at the very low energies would be a help in discriminating 

against some of the X-rays found near plutonium. 

The decrease in sensitivity at low energy is due 

(The walls were made thick to 

The range 

0 Teflon-lined Chamber 

0 Tissue- eauivalent Chamber 
e - 

0.01 0.1 

Photon Energy, Mev 

FIGURE 2.11 

Sensitivity of the Chambers as a Function of Photon Energy 
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Precision Long Counter Intercomparisons - J. De Pangher:+ and 

L. L. Nichols 

Comparisons of eight different precision long counters 

One counter suffered a small change 
show they can be built to have sensitivities within about 
0.570 of each ofher. 
in sensitivity. 

The precision long counter is a device developed at Hanford 

Several precision long counters were compared to 

(2.30) 

to be accurate and reproducible counter for the measurement of fast 

neutron fluxes. 

v e r if y r ep r o du c ibilit y . 

The following quantities were measured. 

(1) 
count rate of PLC-X for an external source 

count rate of PLC -H-1 for same external source 
and with same BF3 tube 

(2) 
count rate of PLC-X for an internal source 

(x) count rate of PLC -H-1 for same internal source 
and with same BF3 tube 

The symbol PLC-X specified the counter denoted by X. 

is one built at Hanford and chosen to be the standard counter. 

two quantities and the ratio l(X):r(X) should all have the value unity 

if the counters are truly reproducible. 

1 (X):r(X) is the best test for reproducibility. 

Counter H-1 

These 

It is felt that the ratio 

Table 2.3 gives the values of 1(X), r(X), and l(X)/r(X). 

The data for ML-1 (Mound Laboratory) and ANL-1 (Argonne National 

Laboratory) were obtained by comparing them at the respective labora- 

tories with H-3. 

where the counter must be shipped any distance. The remainder of the 

data were obtained at Hanford by direct comparison with H-1. 

Counter H-3 is another one built at Hanford and used 

:* Lockheed Missiles and Space Company 
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TABLE 2.3 

X 

H- 1 

NBS- 1 

H-2 

H-3 

H-4 

L-1 

ML- 1 

ANL- 1 

H-3 

H-2 

COMPARISON OF PRECISION LONG COUNTERS 

1 (X) 

1 :ooo 
0.997 

1.004 

0.990 

0.991 

0.984 

0.987 

0.984 

0.996 

1.003 

r(X) 

1.000 

0.998 

0.997 

0.997 

0.998 

0.992 

0.990 

0.988 

0.995 

0.998 

1 (X) / r(X) 

1.000 

0.999 

1.007 

0.993 

0.993 

0.993 

0.997 

0.996 

1.001 

1.005 . 

.C 

Date”. 

-- 
10-24-60 

10-24-60 

3-9-62 

3-9-62 

3-9-62 

10- 8-62 

12- 23- 62 

3-12-63 

3-21-63 

hstitut ion 

Hanford 

NBS 

Hanford 

Hanford 

Hanford 

Livermore 

Mound Lab. 

Argonne 

Hanford 

Hanford 

Counter H-3 originally gave l(H-3)/r(H-3) = 0.993. It was then 

shipped to Mound Laboratory and to Argonne National Laboratory for 

comparisons. 

had increased by 0. 87’0 to 1.001. 

changed, we compared H-2 with it again. 

Hanford counter, one that had not been out of the laboratory. 

comparison of H-2 with H-1 was within 0.27’0 of its earlier value 

indicating that H-1 was unlikely to have changed. 

change in H-3 is known. It is quite possible that the change resulted 

from deformations produced by exposure to low temperatures during 

shipping between laboratories. 

When the counter was returned to Hanford, the ratio 

To make sure that H- 1 had not 

Counter H-2 is another 

The 

No reason for the 

The first eight values of l(X)/r(X) in Table 2.3 have a standard 

deviation of 0.570. 

The change in H-3 is, of course, disturbing because it means that changes 

can take place and because the effect it had on the results for ML-1 and 

ANL-1 is not known. 

Mound and Argonne, the standard deviation would be increased slightly. 

This means that the counters are quite reproducible. 

If the change occurred before or during the tests at 

~~~~~~ ~ ~~~ - 

‘:’ Chosen at about the middle of the period over which the comparison 

was made. 
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3 - L. L. Nichols, W. C. Roesch, and 

J. G. Pengra:: 

This paper reports the start of a study to assess 
the importance of neutrons in the approximate energy 
range 0.1 to 1.0 Mev in health physics. 

Most neutron sources of interest emit neutrons whose energies 

are higher than about 1 MeV. However, these neutrons are scattered 

and slowed down before they are captured so that there will always be 

lower energy neutrons present. 

to neutrons with energies less than some value. The efficiency of the 

nuclear track film badge personnel dosimeter, for example, decreases 

with decreasing energy below about 1 Mev and is zero below about 0.5 MeV. 

Some neutron detectors do not respond 

This study began as an attempt to estimate the fraction of the neutron dose 

that different neutron instruments might be missing. 

Figures 2.12 and 2. 13 give an appreciation of the problem. They 
(2.3 1) for a 

show the flux density spectra calculated by Ritchie et a1 

slightly moderated neutron source, Figure 2. 12 (the ORNL criticality 

accident), 

accident). These spectra were converted to dose spectra. For 

Figure 2.12, 270 of the dose comes from neutrons with less than 0. 1 Mev 

energy, 11% less than 0. 5 MeV, and 2370 less than 1 MeV. 

the corresponding numbers are 10, 39, and 57%. In both cases, a signifi- 

cant part of the dose comes from neutrons of less than 1 MeV, and if one 

measured all neutrons above 0. 1 MeV, not much would be missed. 

B ramblet t et a1 

and for a well moderated source, Figure 2. 13 (the Vinca 

For Figure 2.13 

(2.32) (2.33) 
and then I-Iankins used a set of five 

different polyethylene spheres to moderate a Li I scintillator to obtain 

information about neutron spectra. 

lianford and calibrated at five different energies. 

Figure 2,14 with the calibration curves of Bramblett 

6 

An identical device was built at 

The results are shown in 

al. The agreement 

c 

:: Whitman College, Summer Professor at the Hanford Laboratories, 1963 

0028b82 
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is not very good. A good part of the original curves were interpolated. 

It is felt that the lack of agreement where comparisons can be made 

makes it undesirable to make a similar interpolation. It is felt that to 

assess the contribution of the low energy neutrons requires a spectro- 

meter that will unambiguously display and evaluate the flux density of 

such neutrons in typical locations. 

concluded that this can be done with a suitable proportional counter 

spectrometer.. Such a spectrometer is now being built. 

After considerable study, it is 

1 1 o2 

Neutron Energy, Mev 

FIGURE 2.14 

Calibration of h phere Spectrometer 
(Solid Lines: Bramblett et al. '' Points and Dashed Lines : Hanford) -- 
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4. -,- 
Fast Neutron Medical Research Facility - W. C. Roesch, K. L. Swinth, 

and L. L. Nichols 

A fast neutron medical research facility employing a 
14 Mev neutron generator such as used for activation 
analysis is being prepared for use by the University of 
Washington. 

C. A. Paulsen of the University of Washington Medical school 

is engaged in research using fast neutrons. 

Hanford's Radiological Physics group would secure the components for 

and assemble an exposure facility that employed a neutron generator 

such as that used in neutron activation analysis. 

dosimetry and assemble the system. 

to the University laboratory. 

It 'was arranged that 

Hanford will also do the 

When completed, it will be moved 

During the summer of 1963 three AEC Radiological Physics 
.II .I. 

Fellowship 

exposure facility for this project. 

produce neutrons for their study. 

made studies preliminary to the design of the neutron 

They used the Hanford Van de Graaff to 

The resulting neutrons had very nearly 

the same energy that those from the neutron generator for the project will 

have (14 Mev). 

generator will produce because the higher energy Van de Graaff beam 

produced more nuclear reactions. The students studied the shielding 

There was more gamma radiation than the neutron 

properties of some nonhydrogeneous materials (copper, beryllium, etc). 

Ordinarily the hydrogen in the shield is what slows the neutrons down 

till they can be captured. It was thought that, at the high energy (14 MeV) 

of the generator neutrons, direct capture reactions might be more efficient. 

The results were not very accurate, but they were conclusive in showing 

that only hydrogeneous materials need be considered. 

The students then measured the degree of gamma-ray contamination 

that could be expected. 

the hydrogen of the shield. 

Neutrons produce gamma rays when captured in 

The measurements indicated that an attempt 

::: University of Washington graduate student 

:$:I: P. C. Nosler, T. J. Powell, and K. L. Swinth 

0028b85 
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should be made to reduce the number of gamma rays. 

design included lithium stearate close to the neutron target. The lithium 

captures neutrons in competition with the hydrogen but does not emit 

gamma rays. 

of the neutrons without gamma emission, but it was not felt that the extra 

expense of enrichment was justified because other reactions (inelastic 

scattering of high energy neutrons and capture of slow neutrons in the 

hydrogen of the body) give an irreducible minimum of gamma radiation. 

The final shield 

6 
Lithium enriched in Li would capture a greater proportion 

Finally, the students measured the neutron spectrum under 

conditions similar to those that will exist in the exposure facility. They 

used pulse height analysis of the scintillations from stilbene to get the 

spectrum; scintillations produced by gamma rays were rejected by 

pulse shape discrimination. Figure 2.15 shows the results. The 

spectra are the pulse height spectra, The energy spectra would be 

slightly different because of the nonlinear energy-pulse height relation 

in stilbene. The spectra contain fewer low 

energy neutrons than calculations indicated. 

made for a uniform, infinite medium. 

an empty tube from the neutron source to the subject. 

fact that neutrons can proceed down this tube without scattering enhances 

their importance relative to those that are scattered in the surrounding 

shielding. 

The peaks are at 14 MeV. 

The calculations were 

In the exposure facility there is 

Evidently the 

Specifications were drawn up for a neutron generator which was 

then purchased by the University. 

Model 9700. 

needed for it were obtained, the necessary structures were fabricated, 

the material is now being assembled at Hanford. 

sketch of approximately what the facility will look like. 

generator sits at the end of a shielding cave; it can be rolled out for 

adjustment and maintenance. 

The one obtained was a Texas Nuclear, 

A shield and exposure facility were designed, the materials 

Figure 2.16 is a 

The neutron 

The subject lies on stands that are also part 
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of the shielding. The stands roll in and out. They can be reversed and 

interchanged to change the orientation of the subject. 

cave isclosed by a rolling door. 

The entrance to the 

Preliminary studies have been made of the dosimetry. 

neutrons apparently will be produced in a thin circular region of the 

target of the generator. It is assumed that they will be produced equally 

throughout this disk and calculations aimed at. finding the most promising 

way of exposing the subject have been made. 

doses up to about 10 rad because the irradiated tissue can be placed far 

enough from the target to eliminate significant inverse square variations. 

For doses up to ten times that, however, the source must be put closer 

to the subject, and then different orientations used to compensate for 

inverse square variations. Completion of this work must await tests on 

the neutron generator to see if the neutrons do come from a uniform, 

circular disk. 

meantime, exposures of thermoluminescent dosimeters are being made with 

The 

There is no problem for 

This cannot be done till the shield is completed. In the 

the Van de Graaff to have the technique under control 

measurements in the facility. 

t n 
I- 

In large moderator bul 
no malerid berverrl 

t /I Outride Larye Muderalor. 
 bout 40 cm ot paraffin I- shielding 

Jvhen required for 

FIGURE 2.15 

Neutron Pulse Height Spectrum from Stilbene Detector 

0028b81 
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Fast Neutron Shielding - K. L. Swinth':' 

HW-81746 

This paper reports measurements of the asymptotic 
transmission, Be-Lt, of small shields of parafin, 
concrete bricks, and wood for 4.5 and 14.5 Mev neutrons. 

In response to continued requests for information about small 

neutron shields, Hanford's Radiological Physics group is gathering 

experimental data on the shielding properties of common materials. 

Measurements are made as the need and opportunity arise. 

mission of paraffin, concrete bricks, and wood were measured to provide 

information needed in the design of the medical research facility for the 

University of Washington. 

The trans- 

.- 
The Van de Graaff provided 14.5 MeV neutrons from the T(d, n) 

A precision reaction and 4.5 Mev neutrons from the D(d, n) reaction. 

long counter measured the neutrons that penetrated the shield. 

counts obtained were divided by the integrated beam current to compensate 

for changes in Van de Graaff output. 

The 

2 
In the first set of measurements the shields were about 4 ft walls 

with the Van de Graaff target and the counter on the center line of the 

wall. Figure 2.17 

shows the transmission curves for 14.5 Mev neutrons. Additional wood 

stacked around the target increased the neutron transmission for small, 

but not for large, shield thicknesses. For thicknesses of wood greater 

than 40 cm, the ratio of the counting rates with and without the shield 

was 2.2 e - O. 026t (t is the thickness in cm). For more than 10 cm of 

paraffin, it was 1. 8 e- 

thicknesses was due to neutrons that were scattered around the shield and 

counted. 

The shields were wood (Douglas fir) and paraffin. 

054t. 
The apparent decreased absorption at large 

In the second set of measurements paraffin and concrete bricks 

were used and an attempt was made to reduce the amount of shielding 

material needed. Figure 2.18a shows the transmission curves for 4.5 and 

::: University of Washington graduate student 
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FIGURE 2.17 

Fast Neutron Transmission 

and 14.5 Mev neutrons for one cross sectional area of the shield. 

Figure 2.18b shows the transmission for two thicknesses of bricks and 

one of paraffin plotted against the inverse of the cross sectional area of 

the shield. 

are multiplied by the ratio, from Figure 2.18b, of the (extrapolated) 

counting rate at zero inverse area to that at the area used in the 

When the asymptotic forms of the curves of Figure 2.18a 

transmission measurements, the results were 1. 9 e - 0.058t and 

1.8 e - 
and 1.5 e 

045t at 14.5 Mev for paraffin and concrete bricks, respectively, 

and 1.5 e - 063t at 4.5 MeV. In the case of the 

14.5 Mev neutrons in paraffin, the agreement with the previous result 

is satisfactory. 
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a. Fast Neutron Transmission 
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Half-Life of Sb124 - D. M. Fleming 

The half-life of Sb124 reported last year (2.34) required correction 

for the presence of Sb125 in the sample. After sufficient time for radio- 

active decay, the percentage activity of the longer lived Sb125 was large 

enough to be measured by counting methods. 

change the half-life from the original value of 60. 20 f 0.01 days. 

The Heat Amplifier - D. M. Fleming and D. 0. Allred 

The correction did not 

' 

The highest heat gain obtained from the heat amplifier, 
along with satisfactorily stable operation, was only about 
three. 

In 1962 Myers and Fleming described (2' 35) a heat amplifier that 

might be used to increase the sensitivity of calorimeters. They showed 

that amplification was possible but had not achieved successful stable 

operation. 

that it appears possible to achieve with stable operation. 

This paper describes a determination of the maximum gain 

Figure 2.19 shows the gains determined as a function of the 

applied voltage for different values of the series resistance, Rs. What 

was actually measured were the thermistor currents with and without a 

heating coil operating in the calorimeter. The gains were determined 

from "load lines" much as in vacuum tube circuit analysis. 

measurements were made with series resistors to confirm the results. 

The steeper the gain curve, the more difficult it is to maintain a stable 

gain. 

results in a run-away behavior. 

achieved was 3.35 with a 10 ohm series resistor. 

A few actual 

When a gain curve does not exhibit a maximum, the instability 

The maximum stable amplification 

In another experiment the heat amplifier was placed in dry ice to 

take advantage of more sensitive thermistor operation at lower tempera- 

tures. The results were similar to those shown in Figure 2.19. 

0028092 
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Heat Amplifier Char act eristics 

The Specific Power and the Half-Life of Pm147 - D. M. Fleming 

The specific power of Pm147 is 0.330 f 0.0007 w/g. 
A preliminary value for its half-life is 2. 68 yr. 

Relatively large quantities of Pm147 became available by 

separation from Hanford wastes. 

to make an accurate calorimetric determination of the power produced per 

unit mass by radioactive decay, the specific power, and of the half-life. 

Advantage was taken of this opportunity 

Two independently prepared samples were supplied by Hanford's 

Each was nominally 1000 curies. Chemical Laboratory. 

form of Pm203. 

an aluminum container which was sealed; decontaminated, and placed in a 

larger aluminum container which was welded shut. 

They were in the 

Each specimen had been prepared by loading the oxide into 

. 
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. 
A radiation calorimeter (2*36) was used for the measurements. 

It was operated isothermally. Temperature of the water bath was kept 

constant to within C. The calorimeter was calibrated electrically 

with a heating coil in the place of the P,m147. Small corrections were 

made for the nonlinearity of the thermistor when comparing the Cali- 

brating power with the power from the Pm 
147 . 

The total powers for the two samples were 0.454 and 0.379 w. 

Dividing by the sample weight and correcting for the radioactive decay 

since the samples were prepared gave for the specific powers 0.331 

and 0.330 w/g with an uncertainty of 0.0007 in both cases. 

The samples have now decayed for approximately 1 yr and are 

being remeasured to provide a determination of the half-life. 

nary data for one sample give a value of 2.68 yr. 

Prelimi- 

Theorv of Measurement in Beams - W. C. Roesch 

The average dose'* rate in a beam of radiation 
smaller than an instrument equals the integral of the 
readings of the instrument in a plane perpendicular to 
the beam divided by the cross sectional area of the beam. 

No matter how small a detector of radiation is made it seems 

there always comes a time when one wished to use it in a radiation field 

that is smaller than it is. Typically the field is a beam emerging from 

a hole in a shield. 

measurement . 

/ 
This paper gives a method for making such a 

Figure 2.20 shows the profile of an instrument. The radiation is 

incident perpendicular to the X-Y plane. The reading of the instrument, 

R, is due to contributions from each part of the detector. Each contri- 

bution is proportional to the intensity of the radiation at that part, I(x, y). 

If the constant of proportionality, which may be different for each part 

of the instrument, is denoted by G(x, y), then 

R = JJ'G(x, y) I(x, y> dx dy. (1) 

:$ "Dose" here means exposure, kerma, or (absorbed) dose for 

equilibrium conditions. 
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Coordinates Used in Theory of Measurement in Beams 
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The instrument is calibrated in a broad beam of uniform intensity, 

in which the dose rate is Xo. The reading of the instrument is made 
IO' 

to equal Xo. 

Xo = Io J J G(x, y) dx dy. (2) 

The position of a beam of radiation is specified by giving the 

coordinates, (XI, y'), of a particular point in the beam. 

the instrument depends on where the beam strikes it. 

The reading of 

When the readings are integrated over the values of (XI, y') for which 

they are not zero, 

/ JR(xl, y') dx' dy' =JJG(x, y) dx dyJ/I(x, y; x', y') dx' dy'. (4) 

The integrals on the right can be separated because the first is Xo/Io 

because of Equation (21, and the second is the average intensity in the 

beam, r, times the area of the beam, A. 

dose rate, x, in the beam, so 

Now, Xo (f/Io) is the average 

x = (l/A) JJ'R(xI, y') dx' dy'. (5) 

The measurement of the average dose rate is made by 

preparing suitable graphs of the readings of the instrument in a plane 

perpendicular to the beam, integrating these readings, and dividing 

the integral by the area of the beam. 

unknown, all that can be obtained from Equation (5) is the product of 

the average dose rate and the area; this may be all the information 

the experimenter really needs. 

If the area of the beam is 
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RADIOLOGICAL CHEMISTRY 

Radio analyt ical Methods 

Application of Multidimensional Gamma Ray Spectrometry - 
R. W. Perkins 

A multidimensional gamma ray spectrometry system 
has been devised that uses the coincidence gamma ray 
decay characteristic of radionuclides along with anti- 
coincidence shielding to provide extremely high sensitiv- 
ity and selectivity. 
of reactor effluent water, fallout, and bioassay samples 
is discussed. 

Its application in the measurement 

In the normal application of gamma ray spectrometry a single 

detector views a radioactive source. The amount of energy which each 

gamma ray loses in the detector is recorded by the spectrometer which 

provides an energy loss, or gamma energy spectrum of these interactions. 

Gamma rays which lose less than their full energy in the detector are, of 

course, recorded in the less than full energy portion (Compton continuum) 

of the gamma energy spectrum. 

nuclides in a complex radionuclide mixture, the Compton events drastically 

reduce both the precision and sensitivity of the measurement of many radio- 

nuclides. 

coincidence shielding techniques. 

In the quantitative measurement of radio- 

Much of this Compton interference can be removed by anti- 
(3.1) 

Radionuclides which emit two or more gamma rays per disinte- 

gration can often be measured with much better precision and sensitivity 

by coincidence counting techniques. 

involve placing the sample between two detectors and with appropriate 

coincidence equipment measuring the conicidence counting rate of the 

characteristic photon energies. 
60 (3.2) in 

direct measurement of trace amounts of CU~~, SC~~, and Co 

Hanford waste streams; however, its selectivity is limited, and it is 

necessary that the sample composition be reasonably well known since other 

coincidence events may cause interference. 

The counting arrangements normally 

This technique is routinely applied to the 

The recent availability of multidimensional pulse height analyzers 

with a large memory capcity have made multidimensional gamma ray 

0028101 
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spectrometry practical. The spectrometry system used in this study was a 

Nuclear Data 4096 channel analyzer used in a 64 by 64 channel grouping 

arrangement in conjunction with two, anticoincidence shielded, 4 in. thick by 

6 in. diameter, NaI(T1) detectors (Figure 3.1). The analyzer unit is supplied 

with an Optikon unit which permits a very rapid readout of the entire memory. 

NaI(T1 ) Anticoincidence 

Sample Location 

NaI(T1) Principal Detectors 
4" Thick x 6" Diameter 

Pure NaI Crystal 

FIGURE 3.1 

Detector System for Multidimensional Gamma Ray Spectrometer 

0028102 
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A Tally paper tape readout is used as a readout for computer calculation. 

The sample to be measured is sandwiched between the 6 in. diameter detec- 

tors. The signals from the two detectors are fed to the separate analog-to- - 

digital converters of the analyzer for energy analysis and from there to the 

memory storage unit. When a single photon interacts with one of the detec- 

tors, the event is stored on either the X or the Y axis of the memory. 

two photons are emitted simultaneously, each interacting with a separate 

detector, the event is stored in an energy-energy plane at a point uniquely 

characteristic of the two energies. The spectra in Figures 3.2, 3.3, and 

3.4 illustrate the manner of storage. With a detection system of this type 

the unique decay characteristic of many radionuclides are readily resolvable 

thus permitting a far greater sensitivity for detection and direct measure- 

ment of many minor radioactive constituents. 

When 

In addition to the much greater selectivity provided by this multi- 

dimensional analysis, a much lower background (100 to 1000 fold lower) is 

obtained. 

It is difficult to present in three dimensions, a pictorial illustration 

of the applications; however, the measurement of Cu64 in Hanford reactor 

effluent water provides a reasonable example. 

spectrum of effluent water is compared with the multidimensional spectra. 

It is evident that where Cu64 cannot be measured from the normal spectrum 

it is easily measured from the multidimensional spectrum. 

prominent peaks are due to Na24, As76, Ga 72 , La140, SC~~, Co60, Sb124, 

and Ba14' cannot be precisely measured directly from the normal gamma 

ray spectra of effluent water but are readily measured from the multi- 

dimensional spectra. 

cascade. 

La140 is measured from its 1. 60 and 0.486 or 0. 815 Mev cascade (Figure 3.3). 

Ba14' is measured from these same peaks after the excess 40 hr La140 has 

decayed. SblZ4 is measured from its 0.603 and 1.69 Mev cascade. Sc46 is 

measured from its 0. 892 and 1.118 Mev cascade (Figure 3.4), and Co60 from 

its 1.17 and 1.33 Mev cascade. 

In Figure 3.5 the normal 

The other 

is measured from its 0. 55 and 0.65 Mev photon 

Ga7' is measured from its 0. 84 and 2.20 or 2.51 Mev cascade. 

The measurement of much of the natural 
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radioactivity in soils is easily accomplished with the multidimensional 

analyzer. The Th232 series back through Th228 can be directly measured 

from 2.61 and 0.583 MeV cascade of T1208 (Figure 3.6). The uranium series 

back through Ra226 is readily measured from 0.607 Mev and 0.77 or 1.12 

Mev cascade (Figure 3.7). 

Channel Number 

FIGURE 3.2 

~u~~ Spectra 
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0 10 20 30 40 50 ' 60 

Channel Number 

FIGURE 3.3 

~al 40 Spectra 
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4-0.892 MeV 

0 
L. 

a 
a 

a 
c 

c 

0 
0 

- 
U 

a 

I 

I I I 

0 10 20 30 40 so 60 

I I 

Channel Number 

FIGURE 3.4 

~c~~ Spectra -. 
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FIGURE 3.5 

Reactor Cooling Water Gamma Ray Spectra 
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FIGURE 3.6 

Thorium Chain Spectra 
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Channel Number 

Uranium Ore Spectra 

FIGURE 3.7 
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The measurement of fallout radionuclides is a very practical appli- 

In air filter samples containing cation of multidimensional spectrometry. 

8 
c,y and 

Mn548 Zr- 9sa and cs137 are me 

from a single spectrum. All of the radionuclides except 

ured with little OF no Compton inter- 

ference by usin the coincidence comth rate of the cascade photons. An 

additional very practical application is in the mdysis of bioassay urine 

samples. 

has been made by this technique and is discussed in this report. 

problem in multidim sional measurements is that 95me of the singbe gamma 

rays which interact with one of the crystals are backscattered and absorbed 

in the second eryst thus pmduchg a si from each deteeetor. These 

The direct measurement of the short and low lived radionuclicks 
** 

A 

events are stored in the ener 

interest. To minimize this interference, lead absorbers are used which 

cover all sf the area between the crystals except where the sample is placed. 

In practice a 6 3/8 ine &meter by 1 in. thick lead absorber with a center 

hole the size of the ple (1 or 2 in. ) is used. This seduces back 

scatter from monog a emitters such and by PO to 180 times 

in various re ions and dso reduces the und counting rate- With 8 

point s63urce aaxnpbe in the 1 ins thick Be ber ad 1 in. center hole 

-energy plane of the memory as coincidence 

d may interfere in the measurement of other radionuclides of 

di 

eled at 45" out to the flat surfaces from the middle 0% the center hole1 the 

CQmthg efficiency of ZnBS and COS' are reduced $0 0.7 and 0.5 (c63irncidewce 

peak) relative to 8 Wrnetnry with no lead absorber and the crystals touching the 

The background reductions which are provided by various thicknesses 

Fi ure 3-8 presents back rounds for 8 diagond 

Figure 3 0 9 presents the background for constant energy 

source. 

of lead absorbers as well as by the anticoincidence shielding of the annulus are 

res 3.8 and 3.9. 

the cQhXC2idenC.e baCkgrOUd 88 B fUnctiOIl Of eqUd 

Ch axis. 

on one axis (0.5 MeV) but a function of energy on the second axis. 

(1 * See '"Fal%ou& Studies, page 3. 5%. 

** see "Bioassay Measurements by Multidimensional Gamma Ray Spectrometry, 

12. 
0 
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Background Measuremr:nts on a Diagonal from 0 to 3 MeV 
with Different Coincidence and Absorber Conditions 

FIGURE 3.9 

askground Measurements at 0.5 Mev on the Y Axis 
and 0 to 3 Mev on the X Axis 
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Although a main advantage of multidimensio&d analysis in gamma 

ray spectrometry is that it permits the direct measurement of many radio- 

nudides which would otherwise require chemicd separations, it also pro- 

vides 8 generally greater sensitivity in the measurement of a11 radionuclide 

mixtures. As an example the increase in sensitivity provided for the meas- 

urement of the cascade gamma emitters cu6' and ~c" and the monogamma 

emitters cs 137 and zn 9m in the presence of disintegrations/rnin of 

~a*~ has been calculated and are recorded in Table 3.1-  he values compare 

sensitivities for measurements ow a single 4 in. thick by 6 in. diameter 

crystal with that for the mu%tidimensional systemo 

TABLE 3. B 

The present detector system, although excellent for multidimensional 

analysis, is not optimum for dabL sample types. If all sources to be 

were of near point source dmewsi8ns, a much lowel- Cowapton region on the 

x and I? ais and in the energy-energy plane could be obtained by extending 

the anticoincidenee shield between the two principal detectors and by rnini- 

mizing the internal crystal cladding. 

Bioassay measurements of urine samples from residents 
of Richland, Washington, by multidimensional gamma ray 
speetscsmetric counting techniques have shown the presence 
of several of the reactor effluent water and fallout 
radionuclides e 
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The direct measurement of natural or artificial radionuclides in 

either whole OF ashed bioassay sarnpaes has had limited application because 

of both the relatively large amounts 0% natur 

their overall low radioactivity levels.  he normal presence of K~~ with 

its characteristic high ener y gamma radiation (1.47 mlev) d9.asticdly 

limits smsitivities for the direct aI.rwna ray spectrsP-saetric measure- 

ment of other trace radionuclides. 

involves the emission of two or more photons in Cascades and the coin- 

cidence measurement of the characteristic photon energies of a given 

radionuclide provides a unique indication of its presence as weal as a 

which 8I-e present ad 

The decay sf most radionuclides 

measure of its abundance. 

samplles, an ultra low back round mu-l.tidimension gamma spectro- 

meier system has been devised. 

For the study of trace radionuePides in bioassay 

This eouwting system is described in detail elsewhere in the 
:k 

r epo rt s 

and pressing them into a flat, standard gwmetric arrmgement for count- 

Sample preparations invo%ve evaporating the sample to dry salts 

ing. 

centrations of ~a~~. 

Hrm preliminary studies it has been possible to measure the COT$- 

~c~~~ eo6', cu6? znG5, ~s~~~, cs13?, and 

TkP2 gfrom the .+as daughter): The radionuclides Na2? sc46, COG? 

~u~~~ and znG5 are present in reactor effluent water and are directly 

available to people through drinking water and indirectly through foods 

irrigated with this water.  he radionuclides ~a~~, ~s~~~~ and ~8%~~ are 

present in fd~out. ~a~~ is produced by cosmic ray spallation of argon as 

we11 as in nuclear detonations. 

and is taken into the body in foods. Studies are presently underway which 

will relate observed levels of these raclionudides in bioassay samples to 

levels in various f~ods, water, and body bur 

~h~~~ is, of course, a natural radionuclide 
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- R. wo Perkins 

BackgWUnd IPeduetion Of Up tQ one order Of Fpla 

has been obtained by a combination of anticsineide 
and bight pipe shielding of the crystd from it% 

The maJor obstacle in the measurement sf trace amounts sf radio- 

nuclides such as those found in environmentd materials is the natural 

background counting rate of the detector. 

three-crystal detector system was obtained For multidimensional gamma- 

ray spectrometry studies md this detector system was made available for 

these backgromd studies. The normal background counting rate seen by a 

pdd6IFl) detector comes from 

Busing the past year an elaborate 

@ Natural radioactivity in the crystal 

e3 Radioactivity in its crystal claddin and its photomultiplier 

The three-detector system was obtained from the Warshaw Chemical 

@ External gamma radiation md cosmic rays. 

JI -P 

Company and has been described in detail with illustrations. 

shows four background measurements made with a 6 in. diameter and 

4 in. thick NaIQ'Iel) detector. 

thick lead shield. 

The next curve down is the back 

between the ~rystal ad its phototube ansf represents about a 20 to 5070 

background reduetion, 

Figure 3.18 

All of the measurements were made in a 4 in. 

round obtained with the pure NaI light pipe 

The top curve is the background from the normal crystal. 

The bottom two curves are background measure- 

ments of this crysta% placed inside the mnulus ad with a second 6 in, 

eter by 4 in. thick crystal above it as shown in Figure 3.10. It is 

evident that the background is reduced simply by the Ha% shielding in this 

arrmgement. When the output pulses from the mnulus and top crystal are 

connected in anticoincidence with the principal detector, a very substantial 

and desirabel reduction is obtained ranging from a factor of 5 to 110 except at 

the K4' peak. It should be pointed out that the background reduction of 20 to 

50% obtained by use of the light pipe is extremely important if one is trying to 

It 
Q See "Multidimensional  amm ma ~ay ~pectrometry, page 3. I. 
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Without 

B Antiesincidence 

Anticoincidene E 

0. OB 

Channel Number 

FIGURE 3. b 0 

Background Measurements of a 4 in. Thick by 6 in. Diameter Crystal 
in a 4 in. Lead Shield 

a 
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uranium Ore Dust Inhabation Studies - T. Ma Beasley 

Sensitive radiochemical techniques have been d~ebped 
for the determination of urmium and thorium in rat tissue 
following inhalation of uranium ore dust. 
yields from spiked samples show good recoveries (> 94$%'0) 
for both UrkXliUgrm md $ho%iUn With excellent d@cOn$ 
from other uranium dau hters e 

exposed rats indicate a significant retention of thorium 
versus urzmium in the rat lungs. 

In conjunction with Ha 

Radiochemical 

Preliminary resu 

y Labsratooy, a study is being 

lowing inhalation of uranium ore. Recent revisions in the recommended 

Maximum Permissible Csneentration in air IMPCair) for uranium ore 

have led to a vdue about P/3 that of the former limit. The new value is 

due iw large part to the assi 

(I x IO-'' microeuries/crn 

part sf the study, thsrium:ur;hwium ratios were desired to determine which, 

23 0 men% of a low MPCai, for Th 

a daughter product 0% u~~~~ AS an initial 
3 

if either, iE3 ~refert3l$iZdhlly SohllubiliZedl and transported from the lung. 

Direct determination of the uranium andl thorium content of animal 
(3 * 38 3. 

is complicated tissues using large area alpha ray spectrometers 

by the presence of ~a~~~ in the uranium decay series. re 3-11 shQws 

an alpha energy spectrum of 300 rnicrogrms of the uranium ore used for 

~i 

_. 

the inhalation study. ile uranium could be quantitatively determined 

from the 4.182 ~ev alpha energy peak, no distinction between ~h~~~ and 

Ra226 is possible from the spectrum. Radiochemical pmcedures are 

necessary, therefore, $0 separate urmium, radium, and thorium from one 

another and from other members of the uranium decay aeries. 

(3.6, 3.7) A review of the radiochemistry sf uranium and thorium 

suggested that the uranium could best be isolated from the thorium and 

radium by liquid-liquid extraction of the uranium by tertiary amines from 

an MCP media. 

P98%fO) while thorium and radium remain in the aqueous phase. Thorium is 

then isolated from the radium by a lanthanum fluoride precipitation %mad 

2-tkenoyltriflur~acetone extraction after the method sf Perkins and 

Urmium is quantitatively extracted into the amine 
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Kalkwarf. '3* '1 ~ina~y, radium can be determined by sensitive gamma-ray 

spectrometric measurements following attainment of secular equilibrium with 

its daughter pr~duets, the latter requiring about 38 days. 

3.2 

2.8 

2.4 

1.6 

1.2 

0.8 

0.4 

0 

zl, 5.482 MeV 

2.8 

100 120 140 60 $0 20 40 0 

Po 

Channel Number 

FIGURE 3.11 

Alpha Energy Spectrum of 300 Micrograms of Finely Ground Uranium Ore 
as Measured in a Fsisch Grid Chamber 



3.18 HW-$1746 

Exp eriment a% 

Ashing of the tissue samples is accomplished using a Tracerlab 

Low Temperature Asher (LTA-580). h the asker, ionized and atomic 

oxygen produced by a high frequency electsoma 

150 c, thus minimizing the formation of refractory compouwds of uranium 

field is used as the 

oxidant. Sample temperatures during the ashing procedure are below 

aRd thorium. DiSSOlU$iOn Of the resulting ash iS With 6M - HNO3. 

Recovery and reproducibility of the procedures used for determining 
233 

the uranium and thorium content of the tissues were tested using U 

u~~~~ and ~h-~a~~~ tracers. 

radium by liquid-liquid extraction using the Porn 

Uranium is separated from the thorium and 

chain tertiary amine, 
II 

7M HCl solution with an equal vs%ume portion of a 205.3 solution of amine 

and stripped from the organic solution with two equal volume portions of 

Q.1M FINOS, and the back extractant is evaporated to dryness under a heat 

lamp. The residue is dissolved in a 2O:% glacial acetic acid-HN03 (conc. 

solution and plated on a 1 I/% in. stainless steel planchet for total alpha 

counting or for alpha energy analysis usin Fsisch Grid Chamber counting. 

Average uranium recoveries of 98.27’0 are obtained using the tracers 

rnsntioned above. 

are also qumtieative. 

Recoveries of macroquantities of uranium (9 to 44 rng) 

Thorium is recovered from the 7M - HCl solution by coprecipitation 

The fluoride precipitate is transferred to a small on lanthanum fluoride. 

beaker me8 taken to dryness under a heat lamp in the presence 0% concentrated 

HC104. 

‘3. ’’ Average t~iflu~oacet~ne in xylene by methods previousby described. 

thorium yields through the procedure are 947‘0, a value which is in good 

agreement with the findings of other investigators using a similiar thorium 

procedure. g3* 

Thorium is purified by liquid-liquid extraction using 2-thewoyl- 

~igures 3.12 and 3.13 show alpha energy spectra of the 

~~ ~~ ~ ~~~~~ 

+ Tricaprylamine, General Mdbs Company, Mankakee, Illinois 
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uranium and thorium fractions which have been separated from the lumgs 

of the experimental animals following inhalation of the uranium ore dust. 

The resolution obtained by direct plating of the isolated fractions is not 

comparable to that obtained from electrodeposited sources but is entirely 

adequate for total alpha counting. 

however, this is due to energy degradation of the u~~~ dpha particles within 

the source, thus contributing to the u~~~ alpha energy peak. uranium which 

has been separated from the ore and carefully plated for alpha energy ilplalysis 

has shown the u238 ad Y2= to be very nearly in secular equilibrium. 

The alpha energy spectrum of the 

uranium fraction would indicate more than in the sample, 

* 

The supernate from the lanthanum fluoride precipitation step and the 

aqueous phase of the 2-$henoylt~.if%uroacetone extraction are reserved for 

gamma-ray spectrometric determinatitiom sf ~a~~~ followimg attainment of 

secular equilibrium with its daughter products 6 

R esult s 

Preliminary results in measuring the thorium to uranium ratios 

indicate that thorium is preferentially retained in the lung. 

threetimes at weekly intervals ad sacrificed 1 week f~llio~ing the last 

exposure showed thorium to uranium ratios sf 1.5 (average of 5 exposed 

animals). 

lowing exposure showed thorium to uranium ratios of 2. '7 (average of 5 

exposed rats). 

Rats exposed 

Rats which were similiarly exposed and sacrificed 8 weeks fol- 

Animals receiving a single exposure of the ore showed thorium 

to uranium ratios ran ing from 1 to 17. The latter experiment could indicate 

a possible 

rapidly from the lun by coughing and ciliary action. Analysis of the excreta 

st 
mass effect" in which the majority of the material is removed 

of these wimiaps showed relatively large amounts of uranium im the feces. 

The disequilibrium between thorium ad uranium in rat lungs at various times 

following exposure is being studied, and the migration of thorium and uranium 

in the experimental animal is being traced. 

1 
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Techniques were developed fo t e introduction ad 
quantitative determination of .mf4+ in a liquid scintillator. 
Total energy absorption allowed absolute standardization of 
~rn149 and contributed to a sensitive bioassay procedure %OF 

analysis of this radioisotope. 
and sample process time %%I es this technique most desirable 

A minimum chemical separation 

for rQU%ine US€?. 

Urine samples were treated to remove colored organic 

611- 2 - ethylhexyl phosphoric acid, The sensitivity of the method 
for a 10 rnin sample count is abut 2 x 10-6 microcuries. 

CQlTlpQne€I%S md findly edracted ht0 the Scin&il%atOr \with 

Significant quantities of the fission product, PIP7 have recently 

been chemically separated and made available for experimental use. 

work was dane to examine useful techniques for liquid scintillation counting 

of Pm 

exposed to the nuclide. 

to minimize exposure and limit the body burden to 60 microcuries in bone. 

This 

147 
and to provide an ana$ytical procedure for monitorin 

For people working with this isotope, it is necessary 
(3.11) 

~rnl~’ presents several pso~ems to efficient co~~ectisn and cietectiom, 

since it is a a low energy beta-emitting isotope (beta maximum is 0.23 Mev). 

Even small. amounts of extraneous material adversely affect application 0% 

147 
6-ray proportional counter techniques. Separation techniques for Pm 

usuallv result in radioactive contamination from other rare earth fission 
I 

products. These problems are less importat whew Pm147 is introduced 

into a liquid scintillatoy where total ener absorption can take place. If 

uranium fuel irradiation times of several months to several years are 

considered together with about a P yr cooling interval, interference can be 

expected in %he high energy beta ray region fr~m the Ce144-pr144 decay 

chain. 

scintillator can be used to allow determination of ~m~~~ without separation 

from these probable contaminants hother advantage of liquid scintillation 

is that an absolute standard of ~m~~~ under these conditions can be obtained 

with little effort. 

A considerable lesser interference can also be expected in the lower 

beta energy region from sm 151 e @- 12) Energy discrimination in the liquid 
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Exp e r im ent al 

Previous work with liquid scintillator mixtures facilitated the groper 

choice sf an efficient scintillator for Prn 14% . $3.13B Standard samples of 

PrnlrB7 were used in IN - HN03. The specific activity was known from half- 

life and mass spectrometric analysis data. A comparison of calibration 

techniques was made by preparing firstr samples- 0% the solution on plates 

for 4 rr8 calibration in a polished aluminum prportiond chamber, and 

second, by extraction of the $m149 into an organic scintillator. Extraction 

was accomplished by diluting PO microliters of the PN - HNOQ solution with 

2 ml of water and introducing 10 microliters of dibutyl phosphate along with 

308 microliters of the ~cintil$at~r. The mixture was shaken for 2 min, ad 

centrifuged; the upper organic phase was drawn off with a micropipette and 

then transferred to a quartz vial for counting in apparatus presiously 

described. "* 14'  his procedure was repeated twice to remove all the ~rn 

Favorabhe extraction took glace at this acid @oncen%ration (pH 3). 

of the Pm147 was removed and counted after the first extraction and 99% after 

14% . 
About 93% 

the second. 

Pm147 Bioassay 
.-- 

Extraction of promethium from urine was accomplished by wet- 

ashiltag in HNOQ followed by treatment with di-2-ethylhexyl phosphoric acid 

(HDEHP). 

faask was treated with 20 ml of concentrated HN03 and the solution boiled to 

near dryness. Several more lesser additions of cwcentrated HNQ3 were 

necessary to decolorize the residue. 

In practice, a sample containing 250 m% of urine in an Erlenmeyer 

The resultant wet-ash residue was 

completely dissolved with a minimum (about 15 ma) sf dilute FINO3 and 

transferred to a 25 ma volumetric flask. 

to change the pH to 3.4. 

used for solvent extraction of the promethium. 

microliters and one of 180 microliters, recovered at least 94% of the radio- 

A dilute solution of NaOH was added 

A 770 solution of MDEHP in the liquid scintillator was 

Three ext.BeactiQnS, two of 150 

isotope after the urine treatment. Each time the vff%umetric flask was shaken 
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for 2 min and then centrifuged. 

a micropipette and transferred to a quartz sample vial, and subsequent 

extractions were combined in the vial. 

in the dark and counted in a liquid scintillation spectrometer. 

The upper organic phase was drawn off with 

The vials were then cooled for 5 min 

Discussion 

Results of Pm147 extraction from varying HN03 concentrations are 

shown in Table 3.2. It is apparent that reasonably reliable pH control was 

necessary to accomplish consistently high solvent extraction performance. 

The effects on counting rate upon addition of HDEHP to the liquid scintillator 

demonstrated that up to 20% may be tolerated without significant loss in 

efficiency . 

A comparison of the specific activity of the Pm147 solution calculated 

from mass spectrometric half-life data, 4 n 8-proportional counting, and 

liquid scintillation counting are presented in Table 3.3. 

between the mass spectrometer and the liquid scintillation methods is 

excellent. The 4rrB -proportional counter results are low by about 570, 

probably due to incomplete correction for sample self-absorption. 

liquid scintillation technique provides a simple precise nuclide 

s t andar diz at ion. 

The agreement 

The 

Results were obtained concerning the accuracy and precision of the 

method for overall Pm147 extraction and counting efficiency for the bioassay 

procedure. Table 3.4 illustrates these results which were obtained from 

urine samples spiked with 25, 500 disintegrations/min Pm 147 . 

The standard deviation was given for each 10 min count. Background 

samples of processed urine were counted for 60 min and are also shown. 

For a 10 min sample count, the sensitivity of the method was 2 x 

curies at the 90% confidence level. 

time for analysis, and very high counting efficiency, this technique compares 

favorably with other methods for Pm 

micro- 

In ease of sample preparation, short 

147 
analysis. 

e 

0028123 
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TABLE 3.2 

147 SINGLE EXTRACTION OF Pm 

FROM HN03 SOLUTION BY HDEHP IN LIQUID SCINTILLATOR 

Extract ion 
Co ef f i c i en t 

147 
Pm 

counts / min - PH 
1.8 250 0.01 

2.2 1350 0.06 

2.5 2450 0,11 

3.4 19, 300 3.1 

4.5 21.000 4.7 

2. a 8100 0. 50 

3.2 15, 800 1.6 

5 -- Excessive Precipitation 

TABLE 3.3 

~m~~~ STANDARDIZATION BY VARIOUS METHODS 

Mass Spectrometry, Liquid Scintillator, 4 np -Proportional Counter disintegrations/ min disintegrations / min disintegrations / an 

2.53 x 10 

2.55 lo4 2.48 lo4 

2.43 lo4 
2. 56 lo4 2.43 lo4 

4 2.5 x 10 
4 

TABLE 3.4 

EXPERIMENTAL COUNTING YIELD 

AFTER PROCESSING URINE 

Over all Sample Net Countslmin Pm 147 Efficiency, 70 

96 1 24, 500 f 50 - 

2 24, 200 * 49 

3 24, 700 f 50 

4 25,000 It 50 

5 24,100 rfr 49 

85 

97 

98 

94 

Background 
Counts / min 

18.0 f 0. G 

19. 6 f 0. 6 

18.2 f 0.6 

19.0 f 0.6 

18.4 f 0.6 
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Reactor Studies 

The Effect of Spokane River Salts on Hanford Reactor Effluent 

Radioactivity - W. B. Silker 

The concentrations of various chemical elements in 

The salt 
the Spokane River and the Columbia River at Hanford 
were measured during the first 6 mo of 1963. 
contributions from the Spokane River were correlated 
with changes in the concentrations of their respective 
neutron activation products in Hanford reactor effluent 
water. 
manganese, lanthanum, uranium, and zinc indicated 
the Spokane River was a significant source of these 
radionuclides. 

Good agreements obtained with arsenic, 

A previous study related the concentration of radioactive materids 

in the effluent water from the Hanford reactors with the concurrent Columbia 

River salt concentrations. (3* 15) It was suggested that the Spring increase 

in the effluent concentration of several radionuclides resulted from intro- 

duction of water from the Spokane River to the Columbia River. 

premise was based on the characteristic flow pattern of the Spokane River, 

which differed significantly from any other upstream tributary and also 

on the great similarity between the shapes of the Spokane River flow curve 

and the radioisotope concentration pattern. 

quantitatively relate these observations, although analyses of scattered 

This 

No data were available to 

samples of Spokane River water did show much higher concentrations of 

certain materials than existed in the mainstream. 

During the first 6 mo of 1963, samples were taken routinely from 

the Columbia River at Hanford and at Little Falls Dam which is located on the 

Spokane River about 25 mi from its mouth. 

from analysis of these samples and the implications drawn from these data. 

This paper describes the results 

All samples were filtered through tared membrane filters with an 

effective pore size of 450 millimicrons, and the amount of filterable material 

:: Not funded by the Division of Biology and Medicine 
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was weighed. 

treatment the water received before its use as reactor coolant. 

water-treatment process is efficient in the removal of particulates of this 

size. Aliquots of the filtered samples were encapsulated in quartz ampules 

and along with ampules of standardized solutions of the elements of interest 

were placed in the thermal flux zone of one of the Hanford reactors. 

a suitable residence time in the reactor, the samples were removed and 

analyzed radiochemically for sodium, copper, manganese, arsenic, uranium, 

lanthanum, iron, cobalt, zinc, and scandium. Quantitative measurement of 

the elemental concentrations was made by comparison of the counting ratio 

of the sample with an aliquot of the standardized solution that was separated 

by the same process as the sample. 

The solids were removed in this manner to simulate the 

The reactor 

After 

All gamma spectral analyses were made with a 400 channel analyzer 

equipped with a 5 by 3 in. NaI(T1) detector. A gamma-gamma coincidence 

counter with two 5 by 5 in. NaI(T1) crystals was used for coincident gamma 

analysis of CU~~, SC~~, and Co 
60 . 

The flow curve of the Spokane River in 1963 (Figure 3.14) shows the 

high degree of flow regulat.ion by the various dams on the river. 

of Columbia River flow is evidenced in Figure 3. 15 which represents the fraction 

of the flow past Grand Coulee Dam furnished by the Spokane River. 

tional flow curve shows little or no similarity to the change in radioarsenic 

concentration in the effluent from the KE Reactor, Figure 3.16, which showed 

a marked increase in late March, 1963. 

what surprising as good correlation existed between these two measurements 

in previous years. One explanation is that the high flow period of the Spokane 

River extended over approximately 2 mo during 1963, while in previous years 

definite peaks occurred during which time the Spokane River furnished as much 

as 30% of the flow through Grand Coulee Dam. 

River on the concentration of reactor effluent radionulcides must result from the 

introduction of the radioisotope parent materials to the water of the Columbia 

River. A plot of the arsenic concentration of the Spokane River corrected for 

The regulation 

The frac- 

This lack of similarity was some- 

Any influence of the Spokane 
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FIGURE 3.14 

Flow Curve of the Spokane River, 1963 

FIGURE 3.15 

Coulee Dam Discharge Furnished by Spokane River, 19 63 

FIGURE 3.16 

Radioarsenic Concentration in KE-Reactor Effluent Water, 1963 
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the dilution of this stream by the Columbia is presented in Figure 3.17. 

It can be seen that excellent correlation exists between this curve and 

the change in reactor effluent radioarsenic concentration. 

contribution of arsenic from the Spokane occurred on March 17, and the 

corresponding peak radioarsenic value occurred approximately 12 days 

later. 

time of water from the mouth of the Spokane River to Hanford. 

is also an indication that an initial peak in the inert arsenic curve which 

occurred on February 10 resulted in an increase in radioarsenic on 

March 7. 

including river flow, relative water temperatures of the Spokane and 

Columbia Rivers, the regulation of river flow by the various dams, and 

the level of the reservoir from which water was taken from Lake Roosevelt 

for passage through Grand Coulee Dam. 

The highest 

This time lag is considered to be representative of the transit 

There 

The difference in transit times is attributed to many factors, 

The manganese, lanthanum, and uranium data revealed a cor- 

responding similarity between the salt contribution from the Spokane 

River and the radioactive daughter concentration in reactor effluent. In 

addition, it appeared thgt a significant fraction of the radiozinc resulted 

from introduction of zinc by the Spokane River, which was not observed 

in previous years. 

1.1, 

FIGURE 3.17 

Columbia River Arsenic Concentration Furnished by the Spokane River 
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The Effect of Filter Flow Rate on Reactor Effluent Radioactivity - 
W. B. Silker andC. W. Thomas 

During the initial period of operation of a Hanford water treatment 2 

pilot plant, the treated water was filtered at a rate of 4.8 gpm/ft of filter 

area. Two months later a second filter was operated which permitted 

filtering at a rate of 8 gpm/ft . The filtered water was used to cool two 

reactor process tubes, one aluminum and the other zirconium, and allowed 

evaluation of the effect of filter flow rate on the concentration of radio- 

nuclides in the tube effluents. 

2 

A comparison of the concentrations of several radionuclides at the 

two flow rates is presented in Table 3.5. 

TABLE 3.5 
~~ 

RATIOS OF RADIONUCLIDE CONCENTRATIONS 

AT HIGHER FILTER FLOW RATE TO THAT AT LOW FILTER FLOW RATE 

24 

56 

76 

Na 

Mn 

As 

Np239 

Cr 

Zn 

La 

51 

65 

140 

cu64 

P32 

Zirconium Tube 

0.61 

1.25 

2.40 

1.71 

0.61 

1.33 

1.71 

2.33 

1.50 
.I 

Aluminum Tube 

0. 69 

1.33 

1. 80 

3.20 

0. 80 

1.20 

1.00 

2.00 

2.50 

Average Ratio 

.O. 65 

1. 29 

2.10 

2.45 

0.70 

1.26 , 

1.35.’ 

2.. 16 

I !2.00 

With the exception of Na24 and Cr51, the higher concentrations if all 

radioisotopes occurred at the higher flow rate. Treatment of thi water 

before passage through the filter was the same during each measure- 

ment period. The increase in activity could therefore be attributed’ 

solely to the rate of flow through the filter. It was concluded that the 
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increased activity at higher filter flow resulted from mechanical fracture 

of the floc particles under increased hydrostatic pressure, which resulted 

in partial filter breakthrough. 

4 gpm/ft 

As76 and P32, both of which are isotopes of biological significance. 

Operation of the filter at a flow rate of 
2 

could provide a factor of two reduction in the concentration of 

The Effect of Deionized Water on Reactor Effluent Activities - 
I. New Tubes and New Fuel Charges - W. B. Silker and C. W. Thomas 

The relations hip between reactor effluent activities 
and tube and fuel jacket surfaces was studied by measuring 
the concentration buildup of radioisotopes in the effluent 
from zirconium and aluminum process tubes cooled with 
deionized water. The experimental results, which were 
described mathematically, indicated that nearly all radio- 
isotope production was associated with the corrosion pr9guct 
on the aluminum components. 
diffused from within the porous aluminum corrosion product, 
and the degree of porosity changed with tube age. 
isotopes were produced primarily on the fuel jacket surface, 
Zd5 was the most notable exception. . 

The buildup of radioisotope concentrations in the effluent from new 

It was postulated that Na 

Most 

zirconium and aluminum process tubes that were cooled with deionized 

water in a Hanford reactor was measured in studies on the mechanisms 

and kinetics of radionuclide production. 

small amounts of the radionuclides were produced on the surface of the 

zirconium tube, indicating that the aluminum tube and fuel element 

surfaces were responsible for the produc''on of the radioactive materials 

found in the effluent water. This production, in general, resulted from 

a sorptio-n-desorption reaction of coolant impurities on the! aqueous aluminum 

corrosion product film and the resultant exposure to the reactor neutron flux 

during this residence period. Some sorption sites were available at the time 

of initial exposure of the aluminum surfaces to the coolant. The number of 

sites increases with time due to growth in the thickness and porosity of the 

corrosion product film. The buildup of the coolant concentration of radio- 

isotopes could be described mathematically by the following equation: 

It was determined that only 

'> 
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(1 -e -at) ; C = a(1 - e + b(1 - e 

where the first term is the radioactive buildup of the atoms sorbed on the 

initially available surface and the second term reflects the contribution 

resulting from the increased porosity with 6 being the porosity growth 

factor. 

The constants a, b, and p were evaluated by least square fit of 

the NaZ4 data from the first fuel charge in the aluminum tube. 

of 0.00987 day-' was determined for 8, which corresponds to a reaction 

half-life of 70 days. The function 0 was determined to be characteristic 

of-the system. By holding 13 constant and determining values of a and b 

for the other radioisotopes by least squares estimation, excellent agree- 

ment between calculated and observed concentrations was obtained for 

short half-life isotopes. 

lived isotopes of P32 and Zn65, which is probably due to the exclusion 

of certain controlling parameters from the mathematical model. Fol- 

lowing each fuel recharge, the effluent Na24 concentration rather 

A value 

A less precise fit was obtained for the longer- 

rapidly attained a new level which was significantly lower than had been 

attained during the previous charge. 

NaZ4 buildup during each fuel charge were evaluated by the method of least 

The constants a and b for the 

squares, and are presented in Table 3.6. 

TABLE 3.6 

SODIUM EQUILIBRIUM CONSTANTS 

First Charge 

Second Charge 

Third Charge 

Aluminum Tube 

a b 

2.46 32.23 

4.94 10.31 

4.75 5.15 

- 
Zirconium Tube 
a b 

2.03 20.56 

1.90 9.15 

- 
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For these calculations the time was assumed to start at zero follow- 

ing each recharge of the tubes. 

values for "a'' for successive fuel charges in the aluminum tube. This 

constant reflects the initial surface area from which the diffusion of Na 

could occur, and indicates that the film on the tube surface increased in its 

capacity to furnish NaZ4 to the effluent water by a factor of 2 during the 

period of operation with the first fuel charge. This increased capacity was 

immediately available for the production of Na24 during the second charge. 

The tube film surface apparently had attained maximum capacity during the 

first period of operation, as a remained relatively constant for the second 

and third fuel charges. 

the constancy of a for both fuel charges. The only aluminum surfaces 

available for NaZ4 production in this tube were the fuel element jackets, 

whose surface had been treated by autoclaving. The fact that a remained 

the same for both periods of operation showed that the same initial surface 

area was presented by both fuel charges, representing uniform preconditioning 

of the fuel elements, 

This assumption does not give constant 

24 

II II 

The inertness of the zirconium tube was shown by 
I1 II 

I1 ff 

The decreased NaZ4 concentrations in the effluent from successive 

fuel charges probably resulted from some factor which influenced the 

effective production capacity of the alumnium corrosion film. 

due to a thinner film, a less porous film, or a film with less sorptive 

capacity and was manifested in a decreasing value of "b" in all subsequent 

fuel charges from both tubes. 

This may be 

Some changes in concentration of the other radioisotopes during 

subsequent fuel charges were observed; however, they were small when 

compared with the sodium behavior. 

tube effluent reverted to the levels measured during the initial fuel charge. 

From the data it was determined that production on the fuel element surface 

was responsible for most of the radioisotopes. 

Zn65 where about 90% was derived from the tube wall. 

marked difference in either the source or deposition characteristic of zinc. 

The activation products in the zirconium 

The notable exception was 

This indicated a 
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The Effect of Deionized Water on Reactor Effluent Activities - 
11. Zirconium and Aluminum Clad Fuel - W. B. Silker and C. W. Thomas 

The relative importance of the aluminum tube and fuel 
jacket surfaces in the production of reactor effluent radio- 
nuclides was investigated. Zn65 was derived primarily 

from the tube; Mn36, Np239, and Ga72 were produced Y40 
equal amounts on the two surfaces; and Na24, As76, La , 
Cu64, P32 and Ni65 production favored the fuel element 
surface. 

Aluminum surfaces are the major production site for radionuclides 

in the Hanford reactor effluent water. To evaluate the relative contribution 

of the tube and fuel element surfaces in the production of radioactive species, 

two successive fuel charges were exposed in zirconium and aluminum tubes 

cooled with deionized water. The first charge, with zirconium clad fuel 

pieces and stainless steel dummy trains, eliminated all aluminum com- 

ponents from the charge string while the second was a standard charge 

with aluminum clad fuel and dummies. 

Table 3. 7 presents data as the fraction of the radionuclide concen- 

tration in the total reactor effluent that was observed in the individual tube 

effluent. 

and reactor operation are minimized in this presentation. 

Any time dependent variations in parent isotope concentrations 

TABLE 3.1 

COMPARISON OF RADIONUCLIDES IN EFFLUENT 

FROM TEST TUBES WITH THOSE IN TOTAL REACTOR EFFLUENT. 

Test Tube/Average 

Tube 4963(Aluminum) Tube 5063 (Zirconium) 
Fuel Cladding Fuel Cladding 

Zirconium Aluminum Zirconium Aluminum 

Na2' 

MnS6 

As76 

Np239 

La14O 

cu64 

P32 

Gal2 

ZnG5 

Ni6' 

0.26 0.70 0.01 0.50 

0. 06 0.08 0.01 0.08 

0.21 0.50 0.06 0. 40 

0.10 0.19 0.01 0.11 

0.08 0.13 0.05 0.13 

0.14 0.25 0.09 0.20 

0.12 2.25 0. 06 1.50 

0. 05 1.20 0.03 1. 50 

0. 13 0.25 0.01 0.15 

0.32 0.90 0.02 0.08 
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The concentrations of the various radionuclides in the effluent from 

the zirconium system dropped to very low values, showing the relative 

incapability of a zirconium surface of acting either as a site for retention and 

irradiation of parent isotopes or as a primary source of activated parent 

isotopes via corrosion or erosion. 

the effluent from the zirconium system resulted from irradiation of coolant 

impurities and the contribution from this source would remain in all tube and 

fuel combinations tested. 

surface and the aluminum tube surface could then be evaluated from the respec- 

tive effluent concentration from the zirconium tube with aluminum clad fuel and 

aluminum tube with zirconium clad fuel. 

Table 3.8. 

It was assumed thst the radioisotopes in 

The contribution of the aluminum fuel cladding 

These comparisons are presented in 

24 

76 

140 

Na 

As 

La 

cu64 
P32 

Ni65 

Mn 

Np239 

Ga 

Zn 

56 

72 

65 

TABLE 3.8 

PRODUCTION SITES OF RADIONUCLIDES 

Aluminum 
C ool in g Aluminum Aluminum Tube and 

Water Fuel Cladding Tube Total Fuel Cladding 

0.01 

0. 06 

0.05 

0.09 

0.06 

0. 03 

0.01 

0.01 

0.01 

0.02 

0.49 

0.35 

0. 08 

0.11 

1.44 

1.47 

0. 07 

0.10 

0. 14 

0. 06 

0.25 

0.15 

0. 03 

0. 05 

0. 66 

0.03 

0.05 

0.09 

0.12 

0.30 

0.75 

0. 56 

0. 16 

0. 25 

2.16 

1. 52 

0.13 

0.20 

0. 27 

0. 38 

0.70 

0.50 

6.13 

0. 25 

2.25 

1; 20 

0.08 

0.19 

0. 25 

0.90 

Good agreement is seen between the summation of the contribution 

of activity from the individual sources and that observed from the all aluminum 

system, which represents the integration of all individual sources reacting as a - 
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single source. 

the only sites available for the retention and production of radionuclides 

and if the tube and fuel element surfaces reacted independently of one 

another. 

This would be expected if the aluminum surfaces provide 

Of the isotopes measured, three were produced in equal amounts 

on the tube and fuel surfaces, one was derived from the tube, and six 

were predominantly formed on the fuel element surface. Zn65 was the 

only isotope measured that was contributed from the tube. 

found that inert zinc concentrations were2 to 10 times higher in samples 

of tube aluminum than in samples of fuel element jacket stock. Previous 

work by the authors 

from a new aluminum process tube remained at high levels after recharging 

the tube with new fuel elements indicative of a permanent source of radiozinc. 

It was concluded that the major portion of the radioactive zinc was formed 

by neutron activation of zinc impurities in the aluminum process tube. 

Its occurrence in the cooling water was either the result of corrosion or 

erosion of the tube surface or diffusion of the zinc through the aluminum 

corrosion film. 

(3.16) 
Perkins 

* 
showed that radiozinc concentrations in the effluent 

0 

The three radioisotopes whose concent rations were contributed 

equally from the tube and fuel element surfaces were Mn56, Ga72J and 

It was noted that only marginal amounts of these radionuclides 

were present in the effluent from the all zirconium system, indicating 

negligible concentration of their respective parents in the cooling water 

supply. perk in^"^ 17) measurements showed that the parent precursors 

of these three nuclides were present in approximately the same concen- 

tration in both the tube and fuel jacket material. 

aluminum components furnished the source of the parent isotopes which, 

after irradiation, were released to the coolant by one of the escape 

mechanisms previously mentioned. 

It is believed that the 

The only difference between these 

~~~~- ~~~ ~~~~ ~ ~~ ~ 

* See "The Effect Deionized Water on Reactor Effluent Activities. 

I. New Tubes and New Fuel Charges, page 3.30. II 
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three isotopes and the radiozinc is their contribution from the fuel surfaces 

as well as the tube aluminum. 

The remaining isotopes showed a decided preference toward 

production on the fuel element; in fact, with the exception of Ni65, all 

were present in a 2:l ratio favoring the fuel element surface. Na24 and 

Ni65, which will be discussed later, exhibited very low concentrations in the 

effluent from the zirconium system, thus minimizing the possibility of the 
64 

cooling water as their source. P32, Cu , 

and La140, were present in significant concentrations in the effluent from 

the all zirconium system, hence the conclusion that the cooling water was 

The other four isotopes, 

the prim'ary source of their precursors. 

radionuclides was interpreted to reflect a more favorable environment for 

The relative production of the 

parent isotope retention on the surfaces of the fuel element. 

The production of Ni65 should obviously be weighted strongly in favor 

of the fuel element surface, as 1% nickel is added to the aluminum alloy from 

which the jackets are fabricated, while specifications limit the nickel content 

of the tube aluminum to less than 0.05oJ0. 

effluht water is interpreted as evidence of corrosion of the fuel jacket 

The occurrence of Ni65 in the 

material, and the radionickel concentration provides a direct measure of the 

instantaneous corrosion rate of the jacket. 

The effluent concentration of Na24 from the zirconium system attained 

only 1% of that observed in the total reactor effluent, but increased markedly 

upon introduction of aluminum components. The relative Na contribution 24 

was 2:l in favor of the fuel element, which correlates well with the ratio of the 

fast neutron flux at the two surfaces. (3* 17) These facts are resolved if the 

major production of Na24 is attributed to the A127 (n, a 

reaction. 

coolant, would vary in concentration with the thickness of the porous aluminum 

corrosion film. The observed contributions of Na24 from the tube and fuel 

element surfaces were proportional to the fast neutron flux at these points; 

Na24 fast neutron 

The radiosodium, which probably diffuses through the film into the 

therefore, the two corrosion product layers must be of approximately the same 

thickness. 
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Concentrations of Radionuclides in Reactor Film - 
C. W. Thomas and W. B. Silker 

Samples of film from downstream dummy fuel pieces 
were collected, separated into the outer surface layer 
containing the hydrous iron oxide and the subsurface 
aluminum oxide layer, and analyzed for the radioisotopes 
common to reactor effluent water. It was determined the 
hydrous iron oxide coating was codeposited within the 
aluminum oxide matrix and still retained colloidal charac- 
teristics. The sorbed cationic radionuclides were loosely 
held to the film and favored the iron oxide rich layer; 
conversely, anionic radionuclides were tightly bound and 
distributed throughout the film. 

Excessive aluminum corrosion and higher than normal concen- 

trations of reactor effluent radioisotopes have been observed when 

deionized water is used as a reactor coolant. 

a test was made to study the radioisotope content of the corrosion film 

on aluminum surfaces. Initial investigations were made on fuel pieces 

downstream of the reactor neutron flux which meant that a resorption 

mechanism was responsible for any radioisotopes associated with the film. 

This film would not necessarily be comparable to that in the flux zone 

since the neutron flux had been known to affect it. 

Due to these observations, 

(3. 18) 

One constituent of interest in the film was the iron oxide common 

to surfaces both in the flux and downstream zones. This iron oxide was 

considered to be the main sorption surface wherein the parent materials 

of effluent activities were held up, activated, and then released to the 

water. The source of iron was the coolant water and the carbon steel 

piping used to transport the water to the reactor. 

During reactor outage on December 26, 1962 downstream dummies 

were obtained from tubes 4963, 5063, 4456 and 4355. Tubes 4963 and 5063 

were aluminum and zirconium, respectively, and used deionized water as 

the coolant; also, tubes 4456 and 4355 were aluminum and zirconium, 

respectively, but used pilot plant process water as the coolant. 

layer of film containing the hydrous iron oxide was removed by physically 

The outer 

0028131 



scraping the surface and was analyzed by standard radiochemical methods 

for radioisotopes normally associated with the reactor effluent water. 

results are presented in Table 3.9. On February 7, 1963, downstream 

dummies were obtained from an aluminum tube using process water and the 

iron-rich outer film was removed by brushing with a camel's hair brush and 

flushing off with water. 

during analyses, consequently, only the iron-rich film and the water were 

Tube 4963 was discharged and a downstream dummy was obtained for film 

study. To reduce possible translocations of radioisotopes from flushing off 

the outer layer of film with water, the film from this dummy was separated 

by first using a damp camel's hair brush to remove the iron-rich outer layer, 

then scraping off the underlying aluminum oxide film. 

were analyzed and the results are presented in Table 3.11. 

These 

The subsurface aluminum oxide layer was lost 

analyzed. These results are presented in Table 3.10. On February 13, 1963, b 

These two fractions 

The iron oxide deposition in these three samples was not a coating 

over the surface but was codeposited within the aluminum oxide matrix. This 

was clearly indicated since in every case the film fraction containing iron was 

composed mainly of aluminum oxide. 

when suspended in water, was highly colloidal (zeta potention of +20 mv) 

indicating the existence of a colloidal condition on the film. (Colloidal iron 

oxide could account for an intense orange coloration observed on the film. ) 

The absence of Na24 in samples from December 26, 1962, and February 7, 

1962, was quite indicative of the mobility of this ion since these samples were 

not removed immediately after shutdown as was the sample on February 13, 

1963. 

factor of 10 lower than expected. 

in the iron and aluminum oxide fractions from Table 3. 11, certain conclusions 
65 60 

were indicated. Fe5' was surface bound as was Zn , SC~~, Ga72, and Co . 
Na24 and P32 were evenly distributed between the two films, a condition 

which was expected for the mobile Na24 ion but not the P32. 

how tightly bound the radioisotopes were to the film was suggested by comparing 

the aqueous phase and the iron film data from Table 3.10. 

In addition, the iron oxide deposition, 

Even this latter sample showed Na24 concentrations which were a 

Comparing the concentrations of isotopes 

An indication of 

These data showed 
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Co6*, CU~~, and NpZ3' were loosely held to the film while 

were tightly bound. 

Table 3.11 data on Tube 4963 are probably due to the differences in exposure 

times to water the dummies had after reactor shutdown. 

Table 3.10 would tend to verify this conclusion. In general, the accumulated 

data indicated cationic species were loosely held and associated with the 

surface film while anionic species were tightly .bound and distributed throughout 

the film. 

and Ps2 

The significant differences between Table 3.9 and 

The data from 

\ 

Reduction of Radionuclides in Reactor Effluent Water: 

Final Reoort on the Effect of Chemical Additives and Coating Materials 

on the Adsorption of Radionuclide Parent Elements in Process Water on 

Aluminum Surfaces - D. E. Robertson and R. W. Perkins 

The adsorption inhibiting effect of many types of 
corrosion inhibitors, standard surface pretreatment 
processes, and coatings were evaluated both in the 
laboratory and in in-reactor tests. The laboratory 
studies revealed a number of potential process water 
additives and coatings as adsorption inhibitors. 
tests showed the coatings to be satisfactory in regions 
downstream from the neutron flux, but they were 
decomposed and unsatisfactory in the neutron flux region 

Reactor 

A major portion of the reactor effluent water radionuclides is 

produced by the neutron activation of parent elements which have been 

adsorbed from process water onto the surface of the aluminum process 

tubes and fuel element jackets. Laboratory and in-reactor studies have 

been made with the aim of reducing effluent water radioactivity by mini- 

mizing this adsorption of parent material. 

of relatively nonadsorbent films could be formed on aluminum surfaces, either 

by the continuous addition of chemical additives to the process water, or by 

pretreatment of the aluminum surfaces with certain protective coatings. 

Laboratory and in-reactor teats have already demonstrated that sodium 

silicate is an effective adsorption inhibitor when added at 20 to 40 ppm as Si0 

to process water. (3' 

It was found that several types 

2 
3. 'O) Laboratory studies have also shown that coatings 
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of organic inks on aluminum surfaces immersed in hot (95 C), stirred, 

process water significantly reduced adsorption of arsenic tracers added 

to the water. (3' 19) The present study has extended the investigation and 

also includes the effect of many types of corrosion inhibitors, standard 

surface pretreatment processes, and coatings as adsorption inhibitors. 

The radionuclides As76 and P32J which are of concern in reactor effluent 

water from a radiological health standpoint, were used as tracers in 

determining the adsorption inhibiting effect of a treatment or coating. 

Process water additives were tested in the laboratory under 

simulated reactor conditions, except no effort was made to obtain a com- 

parable flow rate or a radiation exposure. Of the additives tested, a class 

of proprietary corrosion inhibitors containing organic filming agents were 

the most successful and reduced arsenic tracer adsorption on aluminum 

turnings by factors of about 10 to 80 when used at concentrations of 100 ppm. 

Sodium vanadate reduced phosphorous tracer adsorption by about a factor 

of 3.5 when used at a concentration of 50 ppm. 

The coatings and surface pretreatment processes were evaluated 

by exposing coated or pretreated aluminum coupons to hot, stirred, process 

water containing the radioactive tracer of interest. 

a urea-formaldehyde resin, a fluorocarbon resin, a chlorinated polyether 

resin, a polyester resin, and a silicone resin were the most effective and 

reduced arsenic tracer adsorption by factors of about 190, 90, 7, 10 and 

15,respectively. Aluminum surface treatments by anodizing, electro- 

polishing, or chemical conversion coating were generally unsuccessful in 

that a more adsorbent surface to the arsenic tracers was formed. 

Of the coatings tested, 

An in-reactor study in which pretreated and coated aluminum coupons 

were exposed to reactor effluent water at a location downstream from the 

neutron flux zone, showed significant reductions in the adsorption rates for 

several radionuclides. 
51 

the silicone resins were the most successful and reduced P32, Cr , 

Zn65 and Np239 by factors of about 2 to 4. 

Of the coatings tested, the black organic inks and 

When these coated aluminum 



3.42 . HW-81746 

coupons were tested in reactor tubes in the neutron flux region, no reduc- 

tion in radionuclides adsorption was achieved. 

therefore, unsatisfactory as adsorption inhibitors in the neutron flux regions. 

However, these materials might be considered as coatings for downstream 

piping from a reactor or in recirculation loops where the adsorbed radio- 

nuclides produce local radiation problems. 

have not been evaluated in in-reactor experiments, but laboratory studies 

indicate they would not be superior to silicate. 

These coatings are, 

The process water additives 

Substitution of Polyelectrolytes for Alum in Water Treatment - 
W. B. Silker 

Investigations were made to determine the possibility 
of substituting a positively charged polyelectrolyte for a 
portion of the alum flocculant used in water treatment. As 
much as half of the alum was replaced with a cationic poly- 
electrolyte with no decrease in process efficiency. 
appeared mandatory to make alum and polyelectrolyte addi- 
tions at the same location. 

It 

An effective water treatment process reduces the negative zeta 

potential of natural colloids and suspensoids to a degree which allows mutual 

coagulation. This is generally accomplished by the use of aluminum or iron 

salts, which upon hydrolysis furnish postively charged hydrous oxides to 

neutralize the surface charge of the colloids and enmesh them in the resulting 

flocculant precipitate. 

not only removes solids, but also certain dissolved anionic materials. 

zeta potential reduction could also be accomplished by addition of other 

agents, such as organic polymers containing functional groups that are posi- 

tively charged upon hydrolysis. Possible cost advantages could be gained by 

the use of such a polyelectrolyte, and the gathering power of the high molecular 

weight polymer could produce a more dense floc which would settle and relieve 

the load on the filter, thus resulting in longer filter runs. 

The Hanford treatment process produces a floc that 

The 

Beaker tests indicate that 0. 5 ppm of Cat-Floc (a cationic polyelectrolyte 

produced by Black Laboratories, Inc. , Gainesville, Florida) was effective in 
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reducing the zeta potential of river colloids from -17 mv to neutrality. 

observable coagulation occurred. To accomplish the same zeta potential 

reduction with alum required the addition of 12 ppm. The possibility exists 

that small additions of the polyelectrolyte might successfully be substituted 

for some of the alum coagulant required in water treatment. 

NO 

The feasibility of Cat-Floc addition was tested in a model water 

treatment plant under dynamic conditions. The processes were evaluated 

in their ability to remove radioactive phosphorous which had been added 

to the raw water supply. 

alum addition was made at a level to provide a zeta potential of 0 mv. The 

results are presented in Table 3.12. 

All experiments were carried out at pH 6.6 and 

TABLE 3.12 

THE EFFECTIVENESS OF CAT-FLOC IN WATER TREATMENT 

Addit ion, ppm 
Cat - Floc Addition Cat - Floc Alum P32 Removal. % 

With Alum 0.12 9 97 

2 sec before Alum 0.2 5.5 96.5 

20 sec before Alum 0. 2 5.5 

0 12 ---- 
96-90:* 

96-97 

~ ~ ~ ~~~ ~ ~~~~ ~ 
~ ~ 

:* Very short filter run with rapid breakthrough. Very little floc 

observed. 

It appears feasible to use this material in small concentrations as 

a control agent for reduction of the negative surface charge on colloids. 

Its addition must be made at the same location as the alum for beneficial 

effects, although a down-stream injection may be suitable. 
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The Estimation of Aluminum Corrosion from Reactor Coolant 

Activity Concentration - C. W. Thomas and W. B. Silker 

Studies were conducted to determine the use of effluent 
concentrations of Ga72, Ni65, and Na24 as indices of the 
corrosion rate of a minum reactor components. It was 
determined that Gb3 provideha direct measure of tube and 
fuel jacket corrosion, and i was directly correlated with 
fuel jacket corrosion. Na' values indicated a much higher 
corrosion rate than did occur It was hypothesized that the 
effluent concentration of Na24 provided a measure of the 
thickness of the aluminum corrosion product film. 

An index of the corrosion of aluminum tubes and fuel element cladding 
65 

was provided by the concentrations of Ni 

cooling water. 

additive in the fuel jacket alloy, Ga72 from the gallium impurity inherent 

in aluminum, and Na24 was derived from a fast neutron reaction with 

aluminum. 

effluent concentrations of these isotopes with different parameters of the cor- 

rosion process and to provide a definitive correlation with the actual corrosion 

of the aluminum components. 

, Ga72, and Na24 found in reactor 

Ni65 was formed by thermal neutron activation of the nickel 

In conjunction with other studies, it was possible to relate the 

For this test two process channels in a Hanford reactor were retubed; 

4963 with aluminum and 5063 with zirconium. 

charged with aluminum clad fuel elements and subsequent fuel charges were 

either aluminum or zirconium clad. 

cooled with deionized water. 

the concentrations of Na24, Ga72, and later Ni65 determined. 

Both tubes were initially 

Throughout the test, both tubes were 

The effluent water was periodically sampled and 

From these values, calculation of the corrosion rate was made by 

including appropriate factors for the surface neutron flux, the concentratlon of 

parent material in tube and fuel cladding stock, and the coolant flow rate. 

assumed that the effluent concentration of these isotopes and the aluminum cor- 

rosion product was in the same proportion as the parent material in the film. 

calculated corrosion rate from Tube 5063 represented that occurring on the fuel 

cladding and by subtracting this value from that measured in Tube 4963, it was 

it was 

The 

0028144 
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possible to estimate the corrosion rate of the aluminum tube. For these 

calculations it was assumed the aluminum fuel cladding was corroding at 

the same rate in both tubes. This assumption would seem justified since 

both systems were using a common source for coolant water and operating 

at the same thermal conditions. 

The corrosion rates of the tube and fuel jackets calculated on the 

basis of the three radioisotopes are presented in Figures 3.18, 3.19, and 

3.20. Comparison with results from reactor coupon corrosion tests 

showed the corrosion estimates were valid only for Ga7' and Ni65. It was 

surmised that Na24 estimates reflected some conditions which were char- 

acteristic of the corrosion film, not necessarily the corrosion rate, and 

that the abnormally high corrosion rate calculated on the basis of this 

mobile ion was related to an increasing porosity of the corrosion film 

providing a greater surface area from which Na24 could diffuse. The 

influence of film porosity on the Na24 concentration is developed in another 

report. 
5 

At the start of the test, the corrosion products originated primarily 

from the fuel element jacket; however, within a few days the contribution 

from the tube had increased to a degree that equal amounts were furnished 

from both surfaces. This would be expected since, initially, the only 

significant film surface in the system was on the autoclaved fuel jackets; 

however, exposure to the coolant rapidly created a corrosion film on the new 

aluminum tube surface. 

Ga72 and Na24 indicated the corrosion rate was governed by the loss of 

oxide film from the apparent water film surface area and changes in film 

depth and porosity had little influence in the corrosion mechanism. 

The difference in tube corrosion as noted between 

A reduction in corrosion rate was calculated following replacement 

of the original fuel elements, 

additional reduction in the corrosion rate of aluminum surfaces in both the 

aluminum and zirconium tubes. 

Each successive recharge provided an 

The only significant change during these time 

:: See "The Effect of Deionized Water on Reactor Effluent Activities. I. New 
I1 Tubes and New Fuel Charges, page 3.30. 
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FIGURE 3.18 

24 
Tube and Jacket Corrosion Rates Based on Na 

t 

FIGURE 3.19 

HW-81746 

72 
Tube and Jacket Corrosion Rates Based on Ga 
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65 
Jacket Corrosion Rates Based on Ni 

intervals was the conditioning of the tube surface. 

that some factor concerning the age of the tube was instrumental in con- 

trolling the corrosion rate. The most apparent change with tube age was the 

buildup of the aluminum corrosion film and the surface deposition of hydrous 

iron oxide. 

gested an electrochemical reaction was possibly responsible for the corrosion 

rate change. 

might be attributed to the film loss of localized electroactive areas. 

It was therefore concluded 

This apparent interdependence of the two metal surfaces sug- 

If such was the case, instances of severe localized corrosion 

0028141 
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During operation with a zirconium clad fuel charge it was deter- 
24 

mined that Ga72 and Na 

not impurities in the water. 

this time had decreased by an order of magnitude from that observed from 

the start of the test. 

were derived from the aluminum components and 

The corrosion rate of the aluminum tube by 

To determine whether the Ga72 and Na24 were released to the water 

by dissolution or erosion, samples were analyzed before and after filtering 

through a 100 millimicron filter which was capable of removing particulates 

in the colloidal region. From these results presented in Table 3.13, it was 

quite apparent the release of Na24 was dissolution controlled since essentially 

no sodium was associated with particles. This was not the case for gallium 

where 60 to 7070 of the isotope was associated with particles; thus indicating 

an erosion controlled mechanism. 

of sodium activity with porosity and the gallium activity with the surface film. 

Due to the chemical similarity of gallium and aluminum, and the dissimilarity 

of sodium, it was concluded that the aluminum loss was also mainly from 

erosion and that estimations of corrosion rate using gallium should provide a 

direct corrosion measurement, but the corrosion estimates using Na24 should 

reflect the degree of porosity or thickness of the aluminum corrosion product 

film. 

These data further confined the association 

TABLE 3.13 

ASSOCIATION OF Ga72 AND Na24 WITH PARTICULATES 

Tube 4963, 
7'0 Filtered 

Tube 5063, 
7'0 Filtered 

70 62 
72 

Ga 

24 
Na <2 

During operation with the zirconium clad charge and subsequently with 

the aluminum clad charge, Ni65 concentrations were obtained to determine the 

merits of using this isotope in measuring jacket corrosion. 

from the zirconium clad fuel indicated the concentration of Ni65 from the water 

The data (Figure 3. 20) 

0028148 
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was about equal to the contribution from the aluminum tube and both con- 

centrations were low enough to measure any significant jacket corrosion. 

After recharge of aluminum clad fuel the corrosion estimates based on 

Ni65 compared favorably with those based on Ga72 in Tubes 4963 and 5063. 

The use of Ni65 for estimating jacket corrosion was unique in that tube 

corrosion did not interfere as was the case for Ga72 and Na24. 

previously, the corrosion estimates, from Ga72 concentrations, for tube 

and jacket material, were only possible because of the dissimilarity of the 

two tubes used in the test but now with the association of Ni65 with only the 

jacket cladding it was possible to make these estimations in a single tube. 

As mentioned 

The Effects of High Alum and Low pH on the Corrosion of Aluminum 

Reactor Surfaces - C. W. Thomas and W. B. Silker 

The corrosive effects from either varying the alum 
feed in the process water treatment plant or the pH of 
the reactor cooling water were studied under separate 
half-reactor tests. Alum feeds varying from 6 to 18 pprn 
did not noticeably affect the aluminum corrosion but vary- 
ing the coolant pH from 6. 6 to 7. 0 significantly increased 
the corrosion and was most pronounced on the fuel jacket 
cladding. 

The relative corrosion rates of tubes and fuel element jackets were 

estimated in two half-reactor tests designed to determine the effects of 

high and low alum feed in the water treatment plant and 0 - 
(3.21, 3.22) high and low pH reactor coolant. 

In one test, the coolant for one side of a reactor was treated with 18 ppm 

alum feed while the other side used 6 ppm at pH 6.6. A second test used 

6. 6 PI-Icoolant for one side of a production reactor and 7.0 pH coolant for 

the other side. 

from each side of the reactor were used as indicators of the relative cor- 

rosion and erosion of the aluminum surfaces. 

reactor power level, ion reabsorption, water composition, and flow rate also 

influenced the effluent concentration of these isotopes, the effects should be 

the same in each half of the reactor and any difference noted should result 

from the test conditions. 

Comparisons of theNa24J Ga72J and Ni6’ concentrations 

Although conditions such as 
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The results from the test comparing high and low alum feed in the 

water treatment facilities indicated these conditions did not significantly 

change the corrosion or erosion of the aluminum reactor tubes and fuel 

element jackets. 

The results from the test comparing different pH coolants 

(Figure 3.21) indicated that reduction of the pH of the reactor coolant from 

7. 0 to 6.6 reduced the capacity of the film to furnish Na24 to the effluent 

water. The Ga72 results indicated an immediate reduction in surface film 

dissolution and erosion with pH 6. 6 coolant. 

only during the latter part of the test but if it is assumed that Ni 

trations of the control and test side coolants were similar at the beginning of 
24 

the test period (as were Ga72 and Na 

The Ni65 values were obtained 
65 

concen- 

) these data indicated a very pro- 

* 

6 coolant in reducing the corrosion of the fuel 

I',.Sl pII 

nounced effect of the pH 6. 

jacket material. 
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Environment a1 Studies 

Fallout Studies - R. W. Perkins 

I-IW - I1 1 746 

By use of newly developed multidimensional gamma-ray 
spectrometric counting techniques it has been possible to 
make direct measurements of eleven fallout raWnucli_des on 
air ilters The obssyred cp&fentrpj$ons q5~a",l~5~s137 
Co6', Y88, Zrg5-Nb , Ru I Sb , Sb , Cs , I 

and Ce144 are reported and the significance of their relative 
concentrations is discussed. 

The radionuclide content of the atmosphere has been measured on 

a continuing basis for the past 2 yr as part of a comprehensive study of 

fallout materials. 

in determining the fallout rate and origin of the radionuclides as well as 

determining their availability for uptake by man. 

the minor radionuclides in fallout as well as more precise measurement 

of the major radionuclides has been made possible by use of multidimen- 

s ion a1 gamma- ray spectrometric counting met hods. 

The absolute and relative concentrations are of interest 

The tracing of some of 

8 

Air sampling (3.23) is performed on a continuous basis by use of a 

100 cfm vacuum pump which pulls air through a 5 micron pore size membrane 

filter that is backed up by a charcoal bed for collection of gaseous I13'. The 

membrane filters have been shown to be essentially absolute for fallout radio- 

nuclides. (3'23) After about 10 ft have been drawn through the filters, they 

are counted in an anticoincidence shielded low background counter to deter- 

mine their approximate activity levels. 

or semimonthly basis, pressed into a standard geometry of 1/2 in. thick by 

1 in. diameter and counted on the multidimensional gamma ray spectrometer. 

The air sampling location is on the roof of a building (approximately 15 ft high) 

6 mi north of Richland, Washington. 
Co6', Y88, Zrg5-Nbg5, Ru lo6 , Sb124, Sb125, Cs1341 Cs137, and Ce 144 

recorded in Figure 3.22. 

63 

They are then composited on a monthly 

.L -0- 

54 
, 

are 

The observed activities of Na22, Mn 

The radionuclide Y 88 (3' 24) was recently reported to 

be present on samples of grass near the Euratom Nuclear Center at Ispra, Italy. 

I1 * See "Application of Multidimensional Gamma Ray Spectrometry, page 3. 1. 
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FIGURE 3.22 

Observed Fallout Radionuclide Concentrations 
at Richland, Washington, 

During 1962-1963 
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It was in the form of insoluble particles containing much larger amounts 

of Zrg5-Nbg5 and although its source was not known it did not come from 

the Nuclear Center and presumably came from either nuclear bombs or an 

uncontrolled release from a nuclear establishment. 

Because of smaller air sampling volumes during 1962, Y88 could not 

be detected except during the month of November; however, it was easily 

detectable during 1963 and was measured on samples collected during the 

full calendar year. It is interesting and significant that although Y88 did 

show a peak concentration in May through August, its concentration at the 

end of the year was comparable with that at the beginning. Y88 is pre- 

sumably formed during nuclear testing by an n, 2n reaction on Y8’ and 

since there were no above ground detonations during 1963 (3* 25) it must have 

been injected into the atmosphere during 1962 or before. 

Y88 (105 d) reservoir in the atmosphere decreased by a factor of 12 due to 

radioactive decay during the year, its concentration in air followed a pattern 

similar to Cs137 (30 yr). 

Although the 

The radionuclide Na22 was first reported to be present in the atmo- 

sphere by Marquez (3’ 26) in 1957 who found it in rain water at Rio de Janeiro 

in a concentration of 0. 017 distintegrations/min/liter. 

naturally by cosmic-ray spallation of argon in the atmosphere but may also 

result from the reaction Na23 (n, 2n) Na22 during nuclear weapons testing. 

Its potential value as a tracer of atmospheric circulation has been recognized 

and recently reported measurements for this purpose by Bhandari and 

Rama (3* 27) have shown air cgncentrations ranging from 1 disintegra- 

tion/ min/ lo ft below the tropopause to 460 disintegrations/ min/ 10 ft 

the tropopause. 

about a factor of two higher during 1963 than in 1962. Also the 1963 values 

are about an order of magnitude higher than those reported for troposphere 

measurements before the 1961 atomic tests. 

It is produced 

63 63 
above 

Figure 3.22 shows that the Na22 concentrations in air were 

(3. 27) 

The Cs134 appears to be produced in nuclear detonations mainly by 

The (3.28) an n, Y reaction on Cs133 but is also produced directly by fission. 
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ratio of Cs134 to Cs137 is of particular interest in tracing the Cs134 and 

this ratio is presented in.Table 3.14. The Cs134 to Cs13? ratio has been 

about 0.003 during the past year. 

radionuclide analyses were performed on the dust collected by the large 

fiber elass filters which filter the air inlet to a laboratory building at 

During late 1962 and early 1963 cesium 

v 

Hanford. 

to 0,017. (3’ 28J 3’ 29) It is very significant that the Cs134 to Cs 

The observed Cs134 to Cs13? ratio on these filters was 0.016 
137 

ratios observed on these fiber glass filters were 2 to 4 times higher than 

those found on membrane air filters collected during the same period. 

TABLE 3.14 

cs ‘34 TO Cs137 RATIO DURING 1962-1963 

1962 1963 
4 1 
- CSl3 x 100 cs 34 x 100 

Month 

1/62” 

2/62* 

3/62* 

4/62 

5/62 

6/ 62 

7/62 

8/62 

137 cs 

0. 29 

0. 66 

Month 

0.20 2-B 
3-A 
3-B 

0. 46 

0. 27 4-A 
4-B 
5-A 

0.33 5-B 

0.29 

0.36 
6-A 
6-B 

7-B 
8-A 

137 cs 

0.75 
0.56 
0.40 
0.31 
0.30 
0.29 
0.20 
0.27 
0.30 
0.37 
0.33 
0.32 

9/62 0. 71 7-A 0.36 

0. 83 10162 

11/62 0. 83 8-B 
9-A 
9-B 

12/62 0.32 

0.34 
0.48 
0.31 
0.46 
0.30 

10-A 0.44 
10-B 0.41 
ll-A 1.19 
11 -B 0.47 
12-A 0. 64 
12-B 0.54 

Only small samples were available. 
magnitude. 

:I:::: A and B signify approximately the first and second half of each month, 

Cs134 values give only the order of - 

respectively 

0028354 
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The Cs134 is in a greater isotopic abundance on large atmospheric dust 

particles which are preferentially held by the fiberglass filters than on 
(3. 23) 

small particles which are all removed by the membrane filters. 

This observation is in accord with the methods of formation of the cesium 

isotopes. 

Cs134 is formed directly either by the reaction Cs133 (n, v) Cs134 or as a 

direct fission product. 

Cs137 is a daughter of the rare gas Xe137 (3.8 min), while 

The radionuclides Mn54, Co60 and SblZ4 and apparently most of 

SblZ5 are formed by neutron activations of the cladding or other inert 

material of bombs. Because of their long half-lives all these radionuclides 

except SblZ4( 60 d) will be useful atmospheric tracers for several years. 

The radionuclides in fallout which are concentrated by biological processes 

are being studied as they move through the food chain to man. 

Physical and Chemical Forms of 113' from Fallout and Chemical 

Processing Plants - R. W. Perkins 

Studies have continued on the form of from 
fallout and from chemical separations plant stacks. 
was observed at Hanford that less than 10% of the fallout 
1131 in the gaseous state is present as the elemental 
iodine or as HI. 
is in the form of organic iodides and does not attach 
itself significantly to particulate material at distances 
of several miles from its point of release. 

A knowledge of the physical and chemical forms of 1131 in the 

atmosphere is important in understanding its transport and in assessing the 

potential hazard due to its presence. 

in fallout summarizes much of the work at Hanford through mid 1963 and 

points out that the fraction of 1131 in the gaseous phase during 1962 varied 

from 10 to 90%. Also, the 1131 associated with particulate material was 

mainly in the reduced state as iodides or possibly I2 with a small fraction in 

the IO, form and little or none as IO,. Studies of gaseous 1131 in the atmo- 

sphere showed that less than 10% was present as elemental iodine or HI and 

suggested that most of the gaseous 1131 was in the form of organic iodides. 

It was recently reported that some of the 1131 in fallout is present in the form 

It 

Greater than 50% of the stack gas 

131 (3.23) 
A recently published study of I 

0028155 
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of alkyl iodides (3.30) the major component being methyl iodide. 

1963 no above-ground atomic detonations were reported (3* 25) and the levels 

of 1131 relative to other fission products in the air were very low. 

major source of 1131 in the atmosphere at Hanford is presumably from the 

chemical separations facilities; however, some may have been vented from 

the numerous underground atomic tests in Nevada. 

amounts of 113' from atomic tests this past year has allowed a more careful 

observation of the physical and chemical form of the 1131 which is normally 

released in small amounts from the chemical separations plants at Hanford. 

During 

::: 
The 

The absence of large 

Measurements of the stack gases from the Hanford separations plants 

have shown that the 1131 being released is at least 99.970 in the gaseous state. 

This was established by filtering the stack gases through membrane filters 

(Gelman AM-7, 0.3 microns) followed by charcoal traps and measuring their 

respective 1131 contents. 

To determine the nature of the gaseous 1131, several trapping systems 

Laboratory studies had shown that carrier-free elemental I 
131 

were used. 

or HI could be completely removed from an air stream by passing it at 

0. 2 cfm through a 2 ft long by 2 in. diameter Berl saddle packed column of 

0. 2N NaOH. In experiments with this column the air leaving it was diluted 

1:2 with room air (to reduce thehumidity) and the gases were passed through 

a 6 in. long by 2 in. diameter charcoal bed (6 to 14 mesh) to remove any 

remaining Il3l. 

that the caustic scrubber collected between 30 and 5070 of the 1131, the remainder 

being held by the charcoal. 

upstream from the caustic scrubber all of the 1131 was held on the charcoal trap. 

In studies of the separations plant effluents it was observed 

In experiments where the charcoal trap was placed 

It was thus evident th.at most of the 1131 was in a form other than I2 or HI and 

was presumably present as an organic iodide. 

to further examine the effluent gases, a trap was used which consisted of a 

4 in. long by 2 in. diameter silver mesh bed (1 x 20 mil mesh) followed by a 

4 in. long by 2 in. diameter charcoal trap. Laboratory studies with this trap 

In a second experiment designed 

3 
had shown that carrier-free 12131, and HI131 (at about 100 micrograms/m ) 

were collected with 90 and 9970 efficiencies at linear flow rates of 200 to 400 ft/mi 

It 
::: See "Fallout Studies, page 3. 51 
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'- 

When these traps were used on separations plant effluents at the above 

flow rates, approximately 30% of the 1131 was held by the silver mesh, 

again indicating that the 1131 was in a form other than I2 or HI. 

Small amounts of the organic iodides have been collected in a gas 

train consisting of a magnesium perchlorate drying column followed by a 

toluene (or diethyl ether) scrubber held at -70 C (dry ice in acetone). 
131 

Scrubbing the organic solutions with dilute NaOH did not remove the I 

activity and thus confirmed the assumption that 1131 was present as organic 

iodides. 

solution of the organic iodides and attempts to concentrate the organic species 

on a fractionating column met with limited success. 

studies were not completely definitive because of the very low specific 

activities studied. 

This method of collection did not provide a high specific activity 

Gas chromatographic 

These studies used either silicon or carbowax columns 

and the gases from the columns were collected on charcoal cartridges that - 

were changed periodically during the run. The 1131 activity on these car- 

tridges was very low but did indicate the possible presence of several dif- 

ferent organic iodides. 

on these columns, about half of the activity preceded it and half followed. 

The thermal conductivity output of the chromatograph did show the presence 

of at least 8 organic species that may or may not be associated with the 

radioiodine species. 

specific activity material is planned to obtain definite identifications of the 

major organic iodides present. 

Compared with the rate of movement of butyl iodide 

Gas chromatographic analyses starting with higher 

During a period of above normal 1131 emission from a separations 

plant stack, air samples were collected to determine if rapid changes did 

occur as the material moved away from its point of release. Sampling was 

performed from an airplane by pulling air through a membrane filter (pore 

size 5 micron) followed by a charcoal trap. (3.23) Samples were collected at 

200 to 500 ft by multiple penetrations of the stack plume at distances of 1, 3, 

5, 10 and 25 mi from the source. The 

measured. by taking long counts on highly sensitive gamma ray spectrometric 

equipment. (3* ') The fraction in the gaseous state is shown in Table 3.15. It 

on the filter and the charcoal was 
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is interesting that very little change in physical form occurs over the 

distances measured. 

on 9/3/63 were low and may not represent any change in physical form. 

major change occurs between the stack and the first mile. 

The observed activities at 25 mi on 9/4/63 and 10 mi 

The 

TABLE 3.15 
~~ 

PHYSICAL FORM OF 1131 AT VARIOUS DISTANCES FROM THE SOURCE 

(Sampled from aircraft 9/4/63) 

Distance. mi 

0 

1 

3 

5 

10 

25 

0 

1 

3 

5 

10 

Percent Present as a Gas 

’ 99 

73 

90 

92 

92 

96 f 10% (a) 

(9 /3 / 63) 

’ 99 

82 

82 

81 

58 f 20’70 (a) 

(a) Standard deviation of measurements 

Investigation of the Nature of 1131 in the Atmosphere - 
J. D. Ludwick 

The physical and chemical forms of iodine were investigated 
through air and vegetation sampling downwind from three 1131 
radioisotope releases. 
was dispersed during two separate tests having controlled emissions. 
Air sampling was also conducted subsequent to a Purex release. 
Significant changes in the form of iodine were noted over the distance 
sampled. The iodine released from the controlled tests did not 
indicate chemical or physical adsorption similarity with that from 
Purex. 

Mass sampling was conducted when iodine 
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National Reactor Testing Station (NRTS) Iodine Test 

In the early summer of 1963 about 1 curie of 1131 was released 

under controlled conditions over a prepared course near the NRTS, 

Idaho Falls, Idaho, Samples of air and vegetation were taken downwind 

in rows from five chemical generators. In the generators, radioactive 

iodine and carrier were oxidized from iodide to free iodine and flushed 

out of a weak acid solution with nitrogen at a controlled rate. 

Air samplers were cornpartmentized to collect first, particulate 

on molecular filters, then reactive iodine species on 2 in. of silver mesh, 

and the remaining iodine in a 0. 5 in. depth of activated charcoal. 

selected samplers also had a 6 in. backup charcoal bed to trap further 

iodine and to .estimate the efficiency of the 0.5 in. bed. 

were collected directly in front of the air samplers. 

of vegetation were taken. 

crested cheat grass per sample. 

sectioned into 3 parts containing the approximate fraction, 0.35, 0.31 and 

0.34 respectively, from top to bottom. The average grass height over the 

course was 10 to 12 in. 

Some 

Vegetation samples 
2 

From 0.75 to 2. 0 ft 

This amounted to between 75 qnd 250 g of total 

Each grass sample in the field was 

Tables 3.16 and 3.17 illustrate the air iodine concentrations and 

vegetation deposition observed during this test. Vegetation results indicated 

that 50% of the total activity of iodine deposited on grass could be found in 

the upper section (H) (by weight) and 30% in the middle section (MI, while 

20% was found in the lowest grass section (L). After making observations 

on the eating habits of cows over identical grass plots, it was concluded 

that only the upper and middle grass sections were being eaten and this should 

be considered in making any estimate of their intake. 

sections were used to estimate iodine corrections to be applied to those 

samplers which did not have them. 

distances from generation point. 

downwind; 5 through 8, 329 ft; and Samples 9 and 10 were located 565 ft and 

964 ft downwind, respectively. 

The backup charcoal 

The samplers were positioned at 4 

Samples 1 through 4 were located 164 ft 

An estimate of 25% grass cover was made from 

0028159 
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TAk3L.E 3. 16 

VECLXATION SAMPLE DATA FHOM NHTS IOUINE TIST 

Sample mt~r~curies Crass Weight. g 

1-1. 

I-M 

1-11 

2-L 

2-M 

1-li 

3-L 

3-M 

3-11 

4- L. 

4-M 

I-H 

5-L 

5-M 

5-H 

6-L 

6-M 

6-H 

1-L 

1-M 

?-H 

e-L 

8-M 

0-H 

9-L 

9-M 

9-H 

LO-L 

IO-M 

10-H 

Sample 

I 
I 
I 
1 

2 
2 
2 

4 
4 
4 
4 

5 
5 
5 
5 

F,lIer 
Salver 
Charcud 
Eltimailed Loss 

wlltfr 
Silver 
Charcoal 
Rdckup Charcoal 

Filler 
Sllvrr 
Charcoal 
1.slwtaled llrsr 

ti I.’,lkr 
6 Silver 
8 Charcoal 
6 Erlltnacrd ham 

1 lK,llcr 
1 Eiilver 
1 Cliarcoal 
1 Backup Charcoal 

8 Filler 
8 Silver 
n Charcoal 
n Estimated bss 

9 I.’lltCP 
‘) Srlver 
0 (‘1IPrc”al 
D Dockuti Charcoal 

10 l:,llcr 
10 sliver 
10 L%arcoaI 
IO I~:stII1IPlL‘d LAIS1 

220 

2bO 

650 

2no 

310 

620 

230 

2GO 

I10 

210 

3b0 

130 

I IO 

I20 

230 

I10 

91 

240 

110 

I20 

240 

130 

I eo 
350 

15 

I 10 

2 00 

41 

54 

230 

71.1 

63. I 

l!J I 

30.8 

24.0 

32.2 

32. S 

25.3 

25.0 

55. I 

lY.3 

40. G 

72.8 

sn. 5 

63.6 

44. e 
34.8 

54.5 

63.5 

54.1 

62.4 

53.6 

54.3 

56.2 

68.1 

68.2 

so. n 

12.5 

bO G 

81.5 

TABLE 3. I1 

AIR SAMPLE DATA FHOM NNTS IOUINK TKST 

35 
52 
I4 

2 

+7 
I10 

25 
I 

40 
00 

23 
4 

19 
11 
21 

3 

24 
50 
I8 

3 

31 
50 
23 

2 

Jb 
1Li 
12 
3 

8 
liti 

13 
1 

10 
‘IC1 

11 

x or TUIA 

33.6 
50. 1 
13. 9 

2.2 

25.1 
58.3 
13. 8 

2.2 

20.3 
54.5 
14.0 

2.2 

IT. I 
62.2 
11.5 

1.2 

23. n 
57. I 
18.9 

2.2 

33.4 
44 .I 
“0 I 

2.2 

LB. 2 
55. I 
ILi. 2 

2.2 

I Cfrn 

3 It hlgh 

1 cfm 
3 11 hbgll 

2 CI”, 
1 (1 high 
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observations of the plot. 

was calculated to be present with 13 microcuries between 2 and 3, and 9 

microcuries between 3 and 4. 

Sample 3, Arc 1, and results from this sampler were omitted. 

The generation technique was tested in the laboratory and found to 

Between Rows 1 and 2, 12 microcuries of iodine 

A restriction to free flow was found on 

produce elemental iodine gas which was not collected by membrane filters. 

The air samples showed that there was 20 to 3070 of the activity present as 

particles. This amount did not change significantly with distance from the 

source. Explanation of this may be that only a certain amount of the gener- 

ated iodine is in a very reactive form to attach to particles, or there was a 

local dust source between the generators and the first sampler row which 

added a definite amount of particles to the air stream with which the iodine 

could react. 

About 75% of the gaseous iodine which passed through the membrane 

filters was collected as an active species in the silver mesh section while 

the remaining was collected on the charcoal. 

charcoal proved quite effective in trapping iodine with only 2 to 370 escaping 

this narrow region. No significant change in the chemical or physical form 

was noted for the iodine as it traversed the grid, 

significant variation between iodine sampler component ratios through the 

grid. 

At low rates, the 0. 5 in. 

0 
This was indicated by no 

Hanford Controlled Release 

About 0.15 curie of 1131 was released on a controlled course within 

the large meteorological grid at Hanford. 

heating elemental iodine. 

200 m from dispersal point. 

were collected as well as air samples at ground level and on selected towers 

above the ground. 

purposes of ‘iodine adsorption. 

The iodine was generated by 

Seven grass plots were cultivated in an arc at 

Samples of this grass and other natural vegetation 

A special materials test was also conducted for comparison 

Polyethylene air samplers were manufactured to collect the iodine as 

it traveled downwind from generation point. These allowed collection of 



3.62 1-1 W - 8 1 74 6 

,,ar’ticlcs 011 a membrane filter, followed by a gap to prevent cross- 

contamination and a 4 in. silver mesh cartridge for reactive iodine species. 

The silver compartment was separated from the 2 in. activated charcoal 

section with a charcoal filter pal’er sandwiched between two glass filters 

to prevent contamination. 

remaining forms of iodine except such species as gaseous organic 

compounds. 

The charcoal filter paper will collect most 

Table 3.18 is a summary of data obtained from 1131 assay of grass 

samples taken from the seven 20 x 7 ft plots. 

from left to right as one looks out upon the course from generation point. 

The most northerly of the plots were about 058 degrees. The peak 113’ was 

These plots were numbered 

found on air samples to be about 085 degrees; consequently, all plots missed 

this peak. 

activity was on the upper half of the grass and 1/3 on the lower half. 

is in agreement with the Idaho Falls data which indicated a spread of 

50-30-20 for approximately 1/3 section. 

in Idaho Falls except for the clump nature of that at Idaho Falls. 

all cases the grass from front sections contained more 

rear grass (up to twice as muc?d. 

plot was more toward the high activity region accounting for some left-back 

increased activity. The left-back samples of 5-6-7 are more northerly than 

the left-center samples, probably accounting for unusually high activity. 

131 

The data were averaged and it was found that exactly 2/3 of the 

This 

The grass was very similar to that 

In almost 

than center or 

The left side of any individual grass 

Results of ground and vegetation sampling from downwind of I 

dispersal are included in Table 3.19. The iodine was found predominantly on 

green-type vegetation such as green sagebrush leaves and green live Russian 

thistles. Very little, if any, was observed on the ground and where it was 

found or suspected to have been present, it was obscured by other radio- 

isotopes which have been accumulating for some time. 

adsorbed by sagebrush and Russian thistle was quite comparable; however,. 

the interfering isotopes, which have been collecting on the sagebrush, are 

almost entirely absent on the Russian thistle samples, allowing much greater 

sensitivity for 1131 analysis. 

The quantity of iodine 

This is due to the transient nature of the Russian 
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Relative 
Plot Position 

1 -Front 
1 -Front 

1 -Center 
1-Center 

2 - Front 
2-Front 

2 -Center 
2-Center 

3 -Front 
3 - Front 

3-Center 
3 -Center 

4-Front 
4-Front 

4 -Center 
I 4-Center 

5-Left-Back 
5-Left-Back 

5 - Left - Center 
5 -Left - Cent er 

5- Right-Center 
5-Right-Center 

5- Right - Front 
5- Right-Front 

6-Left-Back 
6-Left-Back 

6- Left-Center 
6 -Left- Center 

6- Right-Center 
6-Right-Center 

6-Right-Front 
6-Right-Front 

7-Left-Back 
7-Left- Back 

7- Left -Center 
7- Left -Center 

7 -Right -Center 
7- Right-Center 

7- Right - Front 

Grass 
Fraction 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOP 
Bottom 

TOQ 
Bottom 

TOP 

Grass Weight, g 

68 
48 

Unweighed 
70 

60 
41 

54 
55 

48 
32 

91 
93 

66 
61 

44 
44 

55 
50 

07 
65 

53 
59 

52 
57 

46 
34 

51 
32 

05 
68 

00 
72 

69 
45 

37 

71 
LOO 

54 

disintegrations] min 

48,400 
15,900 

38,800 
31,300 

63,500 
29,900 

32,000 
19,400 

38,600 
13,300 

34,000 
16.100 

13, 100 

12,100 
4.600 

6.500 
2, 460 

3, 700 
800 

11.800 
0, 700 

9,100 
5,300 

6,200 
2,300 

3,250 
1,000 

2,730 
1,100 

io, aoo 
4.300 

1,700 
540 

1,150 
900 

1,400 
1,500 

1,000 

4. aoo 

1131 

Total Activity, Specific Activity. 
disint egrations /min/g 

710 
340 

450 

1050 
730 

600 
350 

410 

370 
170 

200 
80 

200 
LOO 

120 
50 

40 
13 

220 
150 

180 
90 

000 

130 
70 

64 
30 *b- 

30 
15 

135 
60 

25 
12 

30 

20 
15 

20 

% on Phase 

60 
32 

59 
41 

63 
37 

66 
34 

68 
32 

72 
20 

73 
27 

71 
29 

76 
24 

60 
40 

65 
35 

66 
34 

67 
.-33 

67 
33 

69 
31 

68 
32 

5G 
44 

00281b3 
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thistle and their relatively rapid growth. 

tivity to 3200 m can be anticipated even with this small activity release. 

The results indicate that sensi- 

TABLE 3.19 

IODINE ADSORPTION ON NATURAL DESEHT VEGETATION 

Arc- Aaiinuth Arc-Azimuth 
Pu#~tion Vegelalion Ground Are.. n2 Dismlepral~ons/minlf12 PositLon Vegr(r1ion Ground Area. It2 D~sinlegr~lion~/mln/f12 

2-078 Soil 1 0 3-OU2 SUIl I 0 

2-018 Cheat 1 660 3-0112 Cheat I 0 

2-018 Sage I5 2510 3-001 Same 15 1140 

2-080 sol1 I 

2-ouo Chest I 

2-080 Sage 2 

2-082 sol1 I 

2-082 Cheat I 

2.002 Sage 2 

0 

310 

4400 

360 

2200 

SHY0 

2. on4 Soil I 0 

2 - 084 Cheat 1.5 2440 

2-Otl4 Thrstle I 3490 

2-016 Soil 1 

2-on6 Cheat I 

2 - 086 Thistle I 

590 

4 E20 

4730 

3-081 soil 1 

3-089 Chcvl 1 

3-083 Sage 2 

4-081 all I 

4-081 Cheat 1 

4-081 Thistle 1 

0 

Trace 

0 

0 

0 

0 

4-082 sol1 1.5 0 

4-0U 1:1,c01 2 Trace 

4-082 Thtrtle I 74 

4-OW3 bil 1 

+uu Clleal 1 

4 - 0U:l 'l'hial le 3 

0 

0 

0 

2-081 soli 0.7 Trace 

2-0u1 Cheat I 200 

2-081 Sage 1,s 1030 

-__- -- 
NUL E. Arc# I, 2. 3 and I are ZOO. 400. 1600 and 3200 in. re.peclIuely fruw llic SOUP~~ 

The bulk of air sampling data near ground level is illustrated in 

Table 3.20. Only samples with significant activity were included which were 

located in the prevailing downwind direction. 

of analyses is given and the averagepercent of 1131 on each phase is included 

next to the accumulated phase disintegration rate for the arc. 

samples were utilized on Arc 4 and the last row may not be comparable with 

the rest of the data since the charcoal filters were included. 

The angular location and number 

Two types of 

It is apparent that the particles accumulate iodine as they traverse 

downwind from dispersal point. 

iodine with more particle species as it progresses. 

This can be attributed to the association of 

Evidently, this process of 
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iodine adsorption or reaction with particles is not a very fast one or only 

a certain amount of the iodine was available for this action in the first place, 

The amount that is available may react more quickly initially with no sub- 

sequent reaction such as was observed during the early summer run. 

TABLE 3.20 

Sample Locallon 
(Az,mulh) 

Arc-: 068-114° 

Arc-2 072-llfl 

Arc-3 OM-llW 

Arc-4 090-106° 

Arc-4 Ofl-079° 

103. I 150 

Another interesting point is that the total reactive iodine, adsorbing on 

particles plus that found on silver mesh, changes only slowly with distance 

even though the particle species is rapidly increasing. 

data indicate a slow decrease of reactive iodine with distance. It may pos- 

sibly be that reactive iodine is being converted to organic forms not collected 

by charcoal paper. There may be two forms of iodine: that which is 

collected and remains constant with distance in the charcoal filter and that 

which reacts either with atmospheric chemicals or adsorbs to particles. 

The backup charcoal 

It 
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appears that at longer distances the reactive iodine which appears on the 

silver mesh will eventually change to some other form and this reactive 

fraction will become insignificant. Results from air samples which were 

collected on towers to determine vertical iodine distributions did not lend 

themselves to any systematic conclusions and, in fact, were occasionally 

contradictory. There was some evidence that differences in the samplers 

due to some losses of iodine on an additional glass filter pad present directly * 

behind the front face filter may have contributed to the conflicting results. 

The 

carried out 

data presented in Table 3.21 illustrate the results of analyses 

for 1131 deposited on the artificially prepared surfaces. 

TABLE 3.21 

1131 ADSORPTION ON SELECTED MATERIALS 

Plant A Plant B 

Material Dis int egr at ions / rn in / ft Area Tested, in. 2 

Silver Mesh 1, 274, 800 771, 600 20 

Charcoal Paper 73, 580 81, 620 5.52 (A) 2. 76 (B) 

Silver Metal 

Brass Metal 

Copper Metal 

Charcoal Plant 

Charcoal Sheet 

58, 860 57.080 

32, 480 31,150 

22, 410 28.080 

Base 18, 040 13, 180 

25,360 

16.62 

12.0 

11.08 

17. 3 

84 

Because of the manner in which this experiment was conducted, only the 

metals data can be considered intercomparable. 

as much 1131 as brass and 2.3 times that of copper; brass picked up 1.3 times 

that of copper. than the 

Silver picked up 1.8 times 

The charcoal paper picked up considerably more 

silver metal; however, the sections of charcoal were relatively small and were 

higher than the metals. 

experiments are needed to provide definitive information for the charcoal. 

Consequently, more data are necessary and further 

Much activity was adsorbed by the silver mesh. It was estimated that 

about 20 in. 

however, no estimate has been made on the actual area of thin metal foil in the 

mesh itself. 

of area was encompassed by the mesh as seen from the wind vector; 

r .I 
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Purex Iodine Release 

Iodine samplers identical to those utilized in the previous discussion 

were positioned at 15 ft intervals on a 200 ft meteorological tower located 

3 mi from the Purex stack and also at a point about 1.5 mi and in a different 

direction from the stack near ground level. Samples were collected for 3 

days and each set was run from 8 to 16 hr at a flow rate of 1 ft Imin. 

tower iodine distribution showed that at some time during one of the runs, 

the stack plume had hit the tower below 170 ft with the peak activity at 50 ft. 

The observed activity distribution along the tower (as well as the fact that 

this occurred during an 8 hr sampling and the activity level was much greater 

than preceding and following runs) led to the conclusion that the iodine sampled 

3 The 

b 

came directly from the stack. 

Samples taken at the other station remained sensibly constant in their 

The important 

activity levels and are believed to represent the general iodine concen- 

tration and form present in the vicinity of Purex at that time. 

point here is that this iodine can be assumed to have had prolonged contact 

with the atmosphere and is not directly from the stack. 

sampling stations are shown in Table 3.22. 

Results of these 

TABLE 3.22 

PUREX IODINE DISTRIBUTION IN FIELD SAMPLERS 

Silver 
Front or Charcoal Activated 
Filter Copper Filter Charcoal 

Plume Tower Samples 5% 4670 3 % 467'0 
(Direct Io dine) 

Ground Samples 12% 15% 19% 5 4% 
(Gener a1 Io dine) 

The differences in these samplers probably reflect some real dif- 

The ground samplers ferences in physical-chemical forms of the iodine. 

collect iodine which has travelled through the atmosphere for considerably 

longer times and distances than the tower iodine. In correlating the amount 
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of iodine found on the various phases here with that observed during 

controlled field generated iodine, we find much higher amounts in the acti- 

vated charcoal section, indicating a great deal of nonreactive iodine species. 

Perkins has demonstrated that the stack iodine, in contrast to the I2 dis- 

persed under field conditions, comes out with at least 5070 in a nonreactive 

form; probably as organic iodine compounds. This would explain the very 

large amount of this species collected, even in the direct plume samplers. 

The increase in particle form from 5 to 12% is also readily understandable 

since the iodine collects more and more on particles as it associates with 

dust for a greater time. The drop in the reactive iodine species was also 

observed in controlled field testing; however, part of this species was con- 

verted into a form collected by the charcoal filter paper, a fact not observed 

during controlled iodine emission. Evidently, the iodine, which was in 

contact with the atmosphere for a considerably longer period than in con- 

trolled experiments, encountered other reactable species or reacted more 

slowly with certain atmospheric species whose kinetics precluded significant 

obserable effects in a short controlled experiment. 

:t 

Dual Tracers Utilizing the Fluorescence of Fluorescein and Calcium 

Acetylsalicylate - J. D. Ludwick 

A procedure was developed for the detection of 
fluorescent materials in a study of their possible use as 
atmospheric tracers. New instrumentation, which allowed 
differentiation of excitation and emission spectra, was used. 
This resulted in an analytical method for simultaneous 
analysis of the fluorescent materials, fluorescein and tne 
calcium salt of aspirin. 
reduced to a minimum and as little as 5 x 10-l1 g of 
fluorescein and 3 x 

Cross-tracer interference was 

g of Ca-aspirin was measured. 

Introduction 

Detection of microgram quantities of material is usually a necessary 

analysis requirement when tracers are used to study atmospheric diffusion 

pnenornena. Chemically and radiochemically inactive materials, with known 

;: See "Physical and Chemical Forms of 1131 from Fallout and' Chemical 

Processing PlantsI' page 3.55 



3.69 HW - 81 746 

size distribution and acceptable atmospheric characteristics, which can 

be detected with a sensitivity of less than 1 x 

Dilution factors of about -1 x 10l2 must be tolerated from tracer dispersal 

point to sample collection. Simultaneous distribution of two such tracers 

in an effort to study other effects on wind diffusion compound the analytical 

problem and require two such described materials being compatible with 

each other and capable of being separately analyzed in mixtures. 

addition to these requirements, there must also be a short simple analytical 

method for the many field samples that are necessary for definitive results. 

g per analysis are rare. 

In 

A few fluorescent and phosphorescent materials satisfy many of the 

above requirements and have been investigated for their ability to simulate 

atmospheric diffusion. (3'31) Analytical techniques have been developed in 

this work for emission, collection, and sampling of two fluorescent tracers 

simultaneously dispersed to the environment. 

which has been used in the past was used with a new tracer, the calcium salt 

of acetylsalicylic acid (Ca-aspirin). 

field experiment. The analytical distinction between these two fluorescent 

tracers was based upon their differences in the excitation and emission 

spectra. 

The sodium salt of fluorescein 

These materials have been tested in a 

The field dispersal technique of these materials calls for dissolution 

of a considerable amount of the tracer in water and generation of a fine 

spray through a nozzle. 

properties, it is only slightly soluble in water. 

soluble form of the ester and test its fluorescence characteristics. 

showed that the specific fluorescence of the calcium salt corrected for 

calcium and water of hydration was identical to the aspirin. After dispersal, 

the tracers were collected on molecular filters; consequently, the analytical 

system was developed to tolerate their presence. g 

of fluorescein may be detected in the presence of all normally anticipated 

Ca-aspirin concentrations. 

Although acetylsalicylic acid has good fluorescence 

It was necessary to obtain a 

Tests 

As little as 5 x 

Although no significant cross tracer interference 
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that no adverse chemical reaction takes place between these organic com- 

pounds. 

cent e was measured under the other tracer's excitation-emission-optical 

filter-chemical addition settings. 

presence of cross-tracer could thenbe made. 

results in the range of concern for the tracers. 

Standard solutions of each tracer were prepared, and the fluores- 

The amount of correction, if any, for the 

Table 3.24 illustrates the 

TABLE 3.24 

CROSS TRACER FLUORESCENCE INTERFERENCE 

Concentration Concentration 
of Ca - Aspirin, Fluoroscein, of Fluorescein, Ca - Aspirin , 

g/ ml Units g/ ml Units 

3 120 1 63 

9 x 25 1 x 51 

3 x 22 1 48 

It can be seen that Ca-aspirin will not interfere with analysis of 

fluorescein since 3 x 
-10 

1 x 10 

sary, in a few cases, for the presence of fluorescein when analyzing for 

aspirin since 1 x 

Ca-aspirin fluorescence. 

g/ml shows a fluorescence comparable to only 

g/ml under these conditions. A small correction may be neces- 

g/ml exhibits about 3 x lo-' g/ml comparable 

Discussion 

The most critical analytical criteria involved in the use of more than 

one fluorescence tracer are the spectral absorption and emission exhibited 

by the chemicals. 

absolutely necessary, it is desirable and affords a much more sensitive analysis 

Although complete separation of the individual spectra is not 

system. 

methods of differentiation. 

no fluorescence will be observed. 

Differences in the absorption spectra of the tracers are the most ideal 

Obviously, if one does not excite the second tracers, 

Figure 3.23 illustrates the fluorescence absorption spectra of fluorescein 

(1 x g) and Ca-aspirin (1 x g). The Ca-aspirin spectrum has two 

fluorescence absorption peaks, the one at 300 millimicrons being the most 

.- 0028710 
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efficient. The observed peak at 410 millimicrons is simply the scattered 

excitation light observable, since the emission monochrometer was set at 

410 millimicrons. Fluorescein excites several excitation maxima with the 

one near 490 millimicrons being the most useful. 

peak was observed since the tracer is effective in absorbing light near the 

emission setting of 530 millimicrons. 

it is apparent that excitation of fluorescein at 490 millimicrons will not 

induce fluorescence in Ca-aspirin, and excitation of Ca-aspirin at 300 

millimicrons will induce fluorescein fluorescence to a small extent. 

No significant scatter 

After consideration of these spectra 

250 \ ,- \ 
... 

Wanlengtn. millimicrons 

m 

FIGURE 3.23 
._ 

Flu0 resc enc e Absorption 



3.74 HW- 81746 

The fluorescence emission of fluorescein is illustrated in Figure 3. 24. 

Note the close proximity of the excitation scattered light and the fluorescence. 

When higher concentrations of fluorescein are measured, the scatter peak 

disappears, since more complete absorption of the 490 millimicron light 

takes place. 

x 

.A 

t 
aa 
c 

Y .- 

I - 

200 

FIGURE 3.24 

F1 uo res c ein E miss ion 

The two sections of Figure 3.25 illustrate the emission of these tracers 

and the cross interference of the other under typical analysis conditions and 

for identical quantities of trace materials. Note the interference of fluorescein 

in the Ca-aspirin spectrum when excited with 300millimicron light and the lack 

of interference of Ca-aspirin in the fluorescein spectrum when exciting the 490 

millimicron light. Transmission-type interference filters were used to reduce 
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Cross Tracer Interference 

the fluorescein interference in the Ca-aspirin spectrum by narrowing the 

detection band. In addition, an interference filter was also used when 

analyzing fluorescein to eliminate scattered excitation light and minimize 

certain background light. This latter, random light becomes important 

when smaller amounts of tracers are being measured. Figure 3.26 
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illustrates the effectiveness of these filters in eliminating cross-interference. 

The result is essentially no cross-interference between these two fluorescent 

materials. This makes the Ca-aspirin-fluorescein tracer system an ideal 

system from the analytical standpoint. Quite recently, these tracers were 

dispersed to the atmosphere by pressure generation of their respective 

aqueous solutions in order to determine their air transport characteristics. 
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Evaluation of Field Gamma Ray Spectrometric Measurements - 
R. W. Perkins and H. G. Ricck, Jr. 

The feasibility and value of the direct gamma ray 
spectrometric analysis of the Columbia River and of the 
atmosphere have been investigated. 
have shown that several radionuclides can be measured 
directly in the river and in the atmosphere by use of 
portable gamma ray spectrometric equipment. 

General environmental studies of radionuclide movement in gaseous 

effluent discharged to the atmosphere and in reactor coolants discharged to 

the Columbia River require numerous samples for measurement. Most of 

the measurements are made by collecting the samples at the points of 

interest and returning them to the laboratory for study. 

readily portable gamma ray spectrometric counting equipment prompted a 

short feasibility study of the value of direct field measurements. 

These measurements 

The availability of 

The equipment used in this survey consisted of a 9 3/8 in. diameter 

by 4 in. thick NaI(T1) detector and a portable 400 channel transistorized 

analyzer . 

River Studies 

Gamma ray spectra were measured through about a 1 in. thick fiber 

glass and wood boat bottom with the detector positioned face down 1/2 in. 

above the bottom. 

below the surface of the river. 

approached a total absorption spectrometer and the gamma ray spectrum 

obtained nearly represents the actual photon energies interacting with it. 

Measurements were made near midstream at locations a few miles upstream 

from the Hanford reactors; in individual reactor effluent plumes in the river; 

In this position the face of the crystal was about 2 in. 

The crystal was large enough that it 

at Pasco, Washington, and in the McNary Dam reservoir. The measurement 

upstream from the project served as background for downstream observations. 

In Table 3. 25 the response of the detector at a point 2 mi upstream from the 

first reactor is compared with the normal background of the detector in a 

4 in. thick lead shield. 
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TABLE 3.25 

GAMMA RADIATION FROM THE COLUMBIA RIVER 

UPSTREAM FROM THE HANFORD REACTORS 
- 

(a) 
Energy, Mev Relative Counting Rate 

0.1 25 

0.2 10 

0.3 10 

0.4 7 

0.5 10 

0. 6 9 

0.7 13 

0. 8 18 

0.9 8 

1.0 5 

1.5 4 

2.0 4 

3.0 2 

(a) Observed background on the river divided by that obtained in a 

4 in. thick lead shield 

103-106 
The photopeaks which were most easily discernible were those due to Ru 

Zrg5-Nbg5, and radon daughter radioactivity. 

> 

At locations a few hundred yards below the reactor coolant discharge 

points in the river the activity level was, of course, high and the most easily 

discernible photopeaks were due to C138 (37.3 min) at 2.15 MeV, Mn56 (2.6 hr) 

at 0. 84 and 1. 8 Mev and Na24 (15 hr) at its 2.76 Mev peak. Table 3. 26 presents 

the energy response of the detector relative to background as measured at Pasco 

and at McNary Dam (39 mi and 76 mi respectively downstream from the Hanford 

reactors). 
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TABLE 3.26 

GAMMA RADIATION FROM THE COLUMBIA RIVER 

AT PASCO AND McNARY COMPARED WITH THAT ABOVE 

Energy, Mev 

0.12 

0. 25 

0.5 

0.75 

1.0 

1.5 

2.0 

2.5 

THE HANFORD PROJECT, 7/ 10163 

(a) 
Counting Rate at Pasco(a) Counting Rate at McNary 

10 2 

10 2 

8 2 

8 2 

10 2 

23 4 

4 1.3 

48 8 

(a) Counting rates at Pasco or McNary divided by those upstream from the 

Hanford Project 

The photopeaks most easily discernible at McNary Dam were those due to 

Na24 (at 2.76 MeV) and Zn65 (1.11 Mev). At Pasco the prominent peaks 

were due to Na24 and Cu64 (0.51 Mev). The counting rate of the 2.76 Mev 

Na24 photopeak at McNary Dam was 400 counts/min (8 times background) 

while that due to Zn65 at its 1.11 Mev photopeak was about 100 counts/min. 

From these measurements it was evident that the counting rate of the 2.76 Mev 

NaZ4 peak provided the largest signal to background counting rate and could 

easily be used in field studies of flow time and depletion rates or of dispersion. 

Subsequent measurements from an airplane showed that Na24 (2. 76 Mev peak) 

could be measured reasonably well in the river at elevations of 100 or 300 ft. 

The short (2 mid counts which were made did not permit the identification of 

other radionuclide photopeaks. 

Airplane Measu rem ent s 

The aircraft measurements were more difficult to interpret because it 

was not possible to determine the fraction of the counting rate which was due to 
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the airplane. Twenty minute measurements were taken at 3000, 6000, 9000 

and 12, 000 ft and the relative counting rates at these levels as a function of 

energy are recorded in Table 3.27, 

TABLE 3.27 

RELATIVE COUNTING RATES 

AS SEEN BY A 9 3/ 8 in. BY 4 in. THICK y NaI(T1) 

CRYSTAL AS A FUNCTION OF ENERGY AND ALTITUDE, 7/9/63 

Relative Counting Rates (c/m per 20 kev Channel 

Energy 3,000ft 6, 000 ft 9000 ft 12,000 ft 

0.1 

0.2 

0.5 

0.75 

1430 

750 

220 

150 

1080 1340 

540 6 80 

190 23 0 

120 150 

1.00 55.0 45 56 

2.00 13. 0 12 16 

3.00 (a) 2. 8 5.3 8. 9 

4.00 (a) 2.4 3.7 6. 9 

1600 

86 0 

300 

180 

80 

27 

13. 3 

10.0 

~ ~ ~~ ~ 

(a) Radiation at these energies would result mainly from cosmic rays 

The most prominent photopeaks were those due Ru '03-'06 (0. 5 and 1. 1 MeV), 

Zrg5-Nbg5 (0.75 MeV) and the radon daughter Bi214 (1. 78 Mev). 

measurements the crystal was located in the rear baggage compartment of the 

aircraft. It was positioned face down, 1/2 in. above the floor and was shielded 

on it sides only with 2 in. of lead. At these elevations the contribution from the 

ground would be negligible; however, the contribution from the airplane would 

possibly be responsible for a significant portion of the counting rate. 

measurements indicate that it would be possible to make direct measurements of 

radionuclides at the "natural" fallout levels. 

amount of calibration work (collecting samples and making measurements at the 

same time) but could be a very valuable tool in permitting a direct study of the 

fallout concentration and composition under various meteorological conditions. 

For these 

These 

It would require a considerable 
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Preliminary Measurements of the Adsorption of Reactor Effluent 

Water Radionuclides by Columbia River Water Particles 

L. L. Humphreys and R. W. Perkins 

* 

Experiments were conducted to measure the overall rates of 

, Np 
24 239, Cr51 

absorption of reactor effluent water radionuclides (Mn56, Na 

CU~~, SC~~, Zn65, and La140) by Columbia River water particles. 

were controlled to simulate as nearly as possible actual river conditions 

(constant temperature, rate of mixing, age of reactor effluent water, etc. ). 

The reactor effluent water was filtered through a membrane filter to remove 

radionuclides already associated with particles. These ranged from 0.25% 
140 

for Na24 to 4270 for La . . 

J 

Conditions 

r. 

Initial absorption of soluble reactor effluent water radionuclides onto 

Columbia River water particles is rapid. 

absorption ranged from 0.270 for Na24 to 1470 for La140. 

25 to 4070 of that occurring in 1500 min. 

first minute show a general increase with time but are much slower and 

probably more complex, being affected by river temperature, microorganism 

content, et c . 

In the first minute of contact, 

This absorption is 

The changes which occur after the 

0 

Sediment Studies: Particle Size Separation of Bottom Sediments from 

the McNary Reservoir of the Columbia River 'z - J. L. Nelson and 

L. L. Humphreys 

A wet sieving particle sizing technique was used to 

size bottom sediments from the McNary Dam reservoir. 

The radionuclide contents of the size fractions are reported. 

The quantity of radionuclides sorbed from. reactor effluent on Columbia 
(3. 3 2) River sediments has been shown to vary as a function of particle size. 

However, previously used procedures employing elutriation and sedimentation 

did not give sharp separation of the particle sizes. A wet sieving technique 

was found (by microscope examination) to give a (
(been )on) )Tj
0.03.3 0 0 129.9 0 0 12.4 55s94.6 Tm
((3. )0 199 Tc 
5.6 
1Td
[(sor967 )Tjy.60d0 11.6 999 Tc .3  0 12.1a 0 Td
(of )Tj
y 
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separation than the former methods. 

38, and 20 microns. 

but difficulties were encountered in trying to flow water through them, even 

using a vacuum. 

more effective separation, as reported by other investigators. 

The sieve sizes used were 74, 62, 44, 

Screen sizes of 10 and 5 f 2 microns were also obtained 

The sieves were used individually ratner than as a nest for 
- (3.33) 

Other improvements were also made in the particle size separation 

Washing was done mostly with 95% methyl alcohol to avoid 

An efficient electric 

procedure. 

elution and hydrolysis of nuclides by the wash water. 

mixer was used to attempt to separate soil agglomerates. 

separation of the < 10 micron fraction was desired, a repeated centrifuging- 

decantation method'was used for the finer particle sizes. 

Also, since a 

These particle size separation techniques were used for sediment 

samples taken from the McNary Reservoir in December, 1963. 

were analyzed with a gamma spectrometer and 5 in. well crystal for Co 

Zn65J SC~~, and Cr51. 

The fractions 
60 
, 

The data are given in Table 3. 28. 

TABLE 3.28 

PARTICLE SIZE DISTRIBUTION 

OF RADIONUCLIDE CONCENTRATION IN COLUMBIA RIVER SEDIMENT 
0 

Sample Radioactivity, distintegrations / min/ g 

microns Fraction % CO6O sc46 Zn 65 Cr51 
Size Range, Weight 

> 62 Sand (& Organic) 3. 6 240 231 7534 3374 

38 - 62 Coarse silt 10. 8 157 135 3 263 1487 

20 - 38 Medium silt 28. 9 140 104 3138 2130 

5 - 20 Fine silt 41. 0 118 194 3018 3257 

1-5 Coarse silt 10. 3 221 1000 6324 16, 600 

0.2- 1 Fine clay 5.4 198 1300 7125 20, 720 

These results are averages of data from two slices of the top 3 in. of 

In addition to relatively higher radionuclide concen- bottom sediment core. 

tration in the finer particle sizes it can be seen that the larger particle sizes 

also contain higher nuclide concentrations than the intermediate sizes. This is 
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probably due to sorption by the organic material which would be found 

primarily in the coarsest fraction. 

from the samples before particle size separation. An attempt was made 

to separate the organic fraction with the density gradient technique using 

bromoethanol but it was found that, even with repeated extractions, only a 

small part of the organic could be separated due to its partially decomposed 

Organic material was not separated 

condition in deposited sediments. 

Even though the largest particle size contains a relatively large 

concentration of nuclides, the total quantity in this fraction is low due to 

the low weight of the fraction. This can be seen in Table 3.29 where the 

percent of the total of each radionuclide is shown for each particle size. 

TABLE 3.29 

PERCENT OF RADIONUCLIDES 

IN EACH TOTAL PARTICLE SIZE FRACTION, 

COLUMBIA RIVER SEDIMENT 

Particle Size, 
microns Fraction co 6o 

46 sc 65 
Zn 

51 
CY 

> 62 Sand (& Organic) 5.9 2.8 7.1 2.4 

38 - 62 Coarse' silt 11.6 4.9 9.4 3.3 

20 - 38 Medium silt 27.5 10.1 24.2 12.5 

5 - 20 Fine silt 32.9 26.6 32.9 27.1 

1-5 Coarse clay 15.6 34.8 17.4 34.8 

0.2 - 1 Fine clay 6.5 20.7 9.1 19.9 

The total content of radionuclides is low in the two coarsest size 

fractions and spread over the finer fractions with a relatively greater fine 

particle concentration in the cases of Cr51 and Sc 
46 . 
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Sediment Studies: Isolation of Organic Material from Suspended 

Columbia River Particles'r - L. L. Humphreys 
.I. 

A density-gradient method has been applied to the 
separation of organic material from suspended Columbia 
River particles, 

chlorophyll A" extractions, 28d differesfes in the 
adsorption of Coco, Zn65, Sc , and Cr onto inorganic 
and organic material were determined by gamma ray 
spectroscopy. 

Previous studies 

Extent of separation is determined by 
II 

have indicated a difference in the (3.32, 3.34) 

radionuclide spectrum on organic and inorganic portions of the river sedi- 

ments. To provide better separation of the fractions for analysis, a density 

gradient technique (3* 35) was applied for the isolation of organic material 

held in suspension in the McNary Reservoir. 

Summary 

(3' 36) indicate separation of 7570 of the Chlorophyll A" extractions 

The organic portion separated is 6 to 

It 

living organisms from the matrix. 

10% (by weight) of the suspended sediments sampled in the fall of the year. 

The specific activity of Co 

the inorganic fraction. The other radioisotopes measured (Zn65, Sc 

Cr ), however, were more concentrated in the inorganic fraction. Application 

of the density gradient technique to samples taken with a plankton net (greater 

than 50 microns) indicate these samples are essentially all organic. 

60 
in the organic material was higher than that in 

, and 
46 

51 

The method employed for these separations is an application of the 

gradient -density technique developed by Lammers. (3.35) The two liquids 
5 

used are water and 2-bromoethanol (reagent grade; density is 1.77 glcm ). 

The columns are prepared by pouring 20 ml of the heavier liquid into a 

50 ml conical centrifuge tube. 

and carefully layered over the bromoethanol. 

gradient at the junction, with the upper layer containing the sample. 

then centrifuged for 30 min. 

Lammers are observed; that is, in the bottom of the tube are particles heavler 

The sample is then stirred in 20 ml of water 

This forms a sharp densiry 

The tube is 

After centrifuging, the four zones referred fo by 

;* Not funded by the Division of Biology and Medicine 
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3 
than 1. 77 g/cm 

layers, which has those particles of density greater than 1.0 but less than 

1. 77 g/crn3; and finally, the clear water layer. 

obtained by decanting the top three zones from the heavy soil. The super- 

nate is then diluted with water to decrease the density and the sample 

centrifuged to isolate the lighter (organic) portion of the sample. 

taken with a plankton net remained at the interface (density less than 

1. 77 g/cm ) and were thus organic. 

particles of that size have a high settling rate in water and would be part of 

the "bed load" except in high current. 

Samples thus far separated by this technique are suspended sedi- 

ments obtained from %he river water by pressure filtering (3 * 7' through 

a membrane filter (pore size is 300 millimicrons). 

collected from surface water in the McNary Reservoir. 

organic material which stayed with the inorganic fraction (centrifuged 

down through the bromcethanol layer) could be of two types: organic 

material entrained in or attached to inorganic material, so that the combined 

density is greater than 1. 77 g/cm3; or diatoms which have a large silica 

shell and thus a density greater than the bromoethanol. To estimate the 

amount of organic material in each fraction an extraction was made for 

chlorophyll A". (3' 36) In this procedure, the samples which have been 

then a clear liquid layer; then the junction of the two 

The best separation was 

Samples 

3 
This is reasonable, since inorganic 

The samples were 

It was felt that 

I1 

kept cool and dark and are used as soon as possible ,after sampling are 

contacted with 90% acetone and 10% water. After sufficient time has elapsed 

for complete extraction, spectrophotometric analysis of the acetone solution 

(absorbance at 665 A) is applied to measure the 

which is proportional to the live organic content. 

are given in Table 3. 29. 

0 It 
chlorophyll A" content 

Results from this analysis 

TABLE 3.29 

SPECTROPIiOTOMETRIC: ANALYSIS 

Sample Weight, mg 

Absorbance, 665 A 
.o 

Unseparated Sample Separated Samples -- --- 
Ino rg ani c Organic Aliquot - 

9.3 

0.034 

72. 1 8.2 

0. 073 0.226 
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These data show that 757" of the "chlorophyll A" containing material is 

isolated by one separation step. 

quite reasonable to expect some of this material to have a density greater 

than bromoethanol. Other organic materials (detritus, etc, 1 would be 

expectedto separate more completely. The samples were analyzed on a 

high-sensitivity gamma ray spectrometer (3. ') for-four different radio- 

nuclides. The results are given in Table 3.30 as disintegrations per minute 

per gram of sample. 

Since diatoms have silica shells, it is 

TABLE 3.30 

DISTRIBUTION OF RADIONUCLIDES FROM COLUMBIA RIVER 

SUSPENDED SEDIMENT BETWEEN ORGANIC AND INORGANIC FRACTIONS 

Activity, disintegrations / min / g 

51 
Cr 

65 
Zn 

46 sc 60 co 

Inorganic Fraction 250 2370 2510 57,100 

Organic Fraction 410 900 660 22, 600 

Original Sample 320 2220 3140 56, 100 

The specific activity of the Coli' is higher in the organic fraction than 

the inorganic. (3* 34) The other radionuclides measured have a higher 

activity in the fine inorganic particles. 

Columbia River Sediment and Transport Studies::: - R. W. Perkins 

The fate of radionuclides which are introduced 
into the Columbia River in reactor effluent water is 
of continuing interest. 
in cooperation with the U.S. Geological Survey to study 
the Columbia River transport of these radionuclides, including 
their adsorption, sedimentation, translocation and uptake by 
inorganic and organic detritus. 
description of the more general observations of the study 
whereas the work on sediment particle size analysis and the 
initial changes which occur on introducing reactor effluent 
water to the Columbia River are covered separately. 

A project is presently underway 

This section includes a brief 

::: Not funded by the Division of Biology and Medicine 
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The reactor effluent water which is returned to the Columbia River 

after having passed once through a reactor contains many different radio- 

nuclides. 

materials in the water and are rather short-lived. The fission products are 

normally present in much lower concentrations than the (n,v products. The 

more abundant long-lived radionuclides are Zn65 (243 days) and Cr51 (27 days) 

and are the most easily traced in river water and on suspended sediments. 

The radionuclides SC~~, Co60, Mn54 and the fission products Zrg5-Nb 

Most of these are produced by (n,v ) reactions on the parent 

95 
, 

, ce141 are present in lesser amounts. 
Rul 03- 106 

The fission products in the river are due to both fallout and reactor 

operation. During the past year the fission products zrg5-rng5 have been 

measured in Columbia River water from above the Hanford reactors (near- 

Priest Rapids Dam), in Snake River water just before it enters the Columbia 

River (near Ice Harbor Dam), and in Columbia River water below both the 

reactors and the Snake River influent (at McNary Dam). 

summarized in Table 3.31 and indicate a comparable level of these radio- 

These data are 

nuclides at the three locations. The Columbia River water above the 

reactor area is lower in Zrg5-Nb than at McNary Dam; however, the 

Snake River is at about the.same level as the Columbia at McNary Dam. It 

95 

would therefore appear that during this period of time a large portion of the 

fission products in the Columbia came from fallout. The concentrations of the 

long-lived (n, v ) - produced radionuclides which are introduced by reactor 

operations have not been precisely measured above the reactors and in the 

Snake River; however, indications are that by comparison they are negligible. 

llnle Date 

1;. 7 IO 0 

nr 21 p, 

61 1,) 'I 
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During the course of the Columbia River study the U.S.G.S. has pro- 

vided water samples from sampling locations at the highway bridges at Pasco, 

Washington, Hood River, Oregon, and Portland-Vancouver. These samples 

are filtered immediately on collection through 0.3 micron membrane filters 

and both the filter and water are analyzed. 

measurements of variations in cross sectional and vertical radionuclide con- 

centration, and detailed studies of the bottom material radionuclide content 

will be published later, 

ments are included here. In Figure 3.27 the transport rates of Zn65 and Cr 

for the latter part of 1962 and 1963 at Pasco and Vancouver are presented. 

Although there is some lack in definition because of the long intervals between 

some samples it is evident that a large portion of the radioactivity which passes 

Pasco does not reach Vancouver. Some of the Cr51 loss is due to decay !up to 

about 30%); however, the d5 decay during this river's travel time is negligible. 

It is apparent that the Vancouver radioactivity reaches a maximum which is 

actually higher than that at Pasco during late May when the river is approaching 

its peak flow and the maximum scouring of deposited sediments would be expected 

to occur. In Figure 3.28 the fraction of Zn65 and Cr51 associated with suspended 

particulate material is presented. 

much larger fraction of the Zn65 is associated with particulate material at 

Vancouver than at Pasco. 

presumably by river bottom materials it would be expected that considerable 

losses could occur during its transport to Vancouver. 

associated with particulate material is relatively small but higher at Vancouver 

than at Pasco. 
51 

perhaps best illustrated in Figure 3. 29. In this graph the ratio of Zn65 to Cr 

in filter river water at Pasco and Vancouver are compared for a year period. 

For most periods of the year the Zn65 to CrS1 ratio is a factor of 5 to 10 lower 

at Vancouver than at Portland. 

Zn65 to Cr51 ratio for raw (unfiltered river water) and compares these ratios with 

These studies which included 

* 
Some of the general observations from these measure- 

51 

.L 1- 

These data show that for most of the year a 

Since Zn65 is readily adsorbed by particulates and 

51 
The fraction of Cr 

The change in the physical form of d5 relative to Cr5' is 

Figure 3.30 provides a similar comparison of the 

::: Values are calculated from observed concentrations with no correction for con- 

centration changes produced by diurnal flow variation produced by Pri2st Rapid: 

Dam operation 
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Zn65 and Cr51 Transport at Pasco and Vancouver 
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51 
Fraction of Zn65 and Cr 

Associated with Particulate Material at Pasco, Washington, 
and Vancouver, Washington 
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Zn6' to Cr51 Ratio in Reactor Effluent Water 
and Raw Columbia River Water 

t I 

FIGURE 3.29 

Zn65 to Cr51 Ratio in Filtered Columbia River Water 
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\ 

those reported for the reactor effluent water when it enters the river. During 

most of the year the ratio is much lower at Vancouver indicating a substantial 

loss of z~~~ in transit. 

Analyses of river bottom materials have not been sufficiently extensive 

to define the complete picture of the radionuclide sedimentation areas in the 

river; however, the measurements which have been made indicate that exten- 

sive "permanent" sedimentation occurs only in the reservoir of the McNary 
w 

Dam and in the estuary. The sedimentation in the McNary Reservoir is very 

fine material and of relatively high specific activity. 

river (which we have observed) where the flow is not controlled by reservoirs 

have rock or coarse sand bottom material with low specific activity. The 

river bottom area immediately above Bonneville Dam is also mainly rock and 

coarse sand. The relatively new Dalles Dam has not yet been investigated for 

radioactive sediment buildup. The radionuclide content of typical Columbia 

River bottom material from McNary Dam; Hood River, Oregon; Vancouver, 

Washington; and the estuary are presented in Table 3.32. 

radionuclide concentrations at McNary Dam plus the fact that these deposits 

are known to be deep (a few feet) indicate that this is the major deposition 

area. The estuary has a rather high specific activity particularly in Cr51 and 

is probably second in total activity inventory. 

Those stretches of the 

The relatively high 

TABLE 3.32 

RADIOCHEMICAL ANALYSIS OF TYPICAL BOTTOM MATERIALS 

FROM THE COLUMBIA RIVER, 

disintegrations/min/g 

Location 

McNary Dam 

Hood River 

Vancouver 

Estuary 

46 
sc 

65 
CO6O Zn 51 

Cr 

90 3 000 200 4000 

1-10 400 1-10 100 

0.5 50 0. 5 25 

5 1000 4 75 
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Core sampling equipment has been designed and used for sediment 

buildup studies at the McNary Dam Reservoir. 

diameter by 2 ft (or interchangeable 3 ft) long coring device is used (see 

Figure 3.31). 

core is collected. The core is obtained by dropping the device from about 

20 ft above the bottom of the reservoir, pulling a 2 lb vacuum at the fitting 

between the ball valve and the core and holding this vacuum while the core 

is raised into the boat. 

laboratory where they are sectioned (in 1/2 in. lengths) by cutting them 

with a radial arm saw which uses a jet of hot water. The outer 1 in. annulus 

of each core section is discarded, and the remainder is measured for radio- 
46 activity by gamma ray spectrometric techniques. In Figure 3.32, the Sc , 

For this work a 6 in. 

The coring tube contains a 6 in. lucite pipe in which the 

The cores are quick frozen, and taken to the 

FIGURE 3.31 

Core Sampler 
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OrW,,II 

FIGURE 3.32 

SC~~, Zn65, and Co60 Contents of Core as a Function of Sediment Depth 

Zn65,* and Co6' contents of a core which was collected during December 

1963, are plotted as a function of sediment depth. 

nuclide ratios (and knowing the ratio in which the radionuclides were 

released to the river during the past years) it is possible to calculate the 

age of the sediment at various depths. 

noted on the graph. 

about 10 times that during the 5 yr period of the core formation suggesting that 

a large fraction of the top surface sediments are washed out during Spring high 

flow period. 

year will establish if this is the case. 

By use of the radio- 

The 3 mo age and the 5 yr age are 

It is evident that the deposition rate for the last 4 mo is 

Periodic core measurements at this location during the coming 

0028-192 



11 W - 8 1 7 46 3.95 

Measurement of Uranium Ore Particle Inhalation by Radon Daughter 

Counting - R. W. Perkins, 11. E. Palmer", and B. 0. Stuart 
9;:k 

Preliminary studies have shown that the deposition of 
uranium ore dust in the respiratory system can be traced 
by whole body counting of radon daughters that attach 
themselves to these particles. Measurements at a uranium 
crushing mill showed about 30% retention of inhaled particles 
with approximately equal amounts of activity in the head and 
chest region. 

The inhalation of dust particles in mine atmospheres is a major 
(3.38, 3.39) In 

contributor to respiratory disorder in mine workers. 

studying exposures resulting from the inhalation of uranium ore dust it is 

important to know the relationship between air dust concentration and 

particle sizes, and the location of deposition in the respiratory system. 

This is of interest in estimating exposures to the various regions of the 

respiratory system and also in comparing deposition rates in experimental 

animals with those in humans. 

amounts of ore dust actually deposited in the respiratory systems of uranium 

mine workers cannot be made because of the very low specific activity of 

uranium ore. 

daughter (half life 26. 8 min and less) concentrations are high and these newly 

formed atoms immediately attach themselves to suspended dust particles and 

can serve as a tracer for the dust. Experimental measurements have shown 

that when radon daughters in normal atmospheric air and in membrane filtered 

air are breathed into the human respiratory system that 25 and 75% respectively 

are retained. (3'40) The point of deposition and the fraction retained would 

certainly be a function of particle size and concentration. 

External measurement of the very small 

However, in uranium mines and mills the short-lived radon 

To determine the feasibility of tracing ore dust by measurement of the 

radon daughters the concentrations of ore dust (Ra226), Rn 222 and radon - 
daughters (Bi214, 1.76 MeV) were measured in the atmosphere of the uranium 

~ ~ ~~~ - ~ 

Radiological Physics 

::::: Biology Laboratory 
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ore crushing mill. 

Mining Company at Ford, Washington was selected and measurements were 

made at a location near the bottom of the plant where ventilation was a 

minimum. 

measurements were made by gamma counting of the collected samples. The 

ore dust and radon daughters were collected on membrane filters (2.0 cc pore 

size.'') while the radon was collected on a charcoal bed at -70 C. 

results are shown in Table 3.33 and indicate that the radon daughter content 

of the air might be high enough to measure internal deposition in the respiratory 

system. 

For convenience in this initial study the mill of the Dawn 

This mill handles low grade ore of about 0. 2% uranium. All of the 

.I, 

The observed 

TABLE 3.33 

RADIOACTIVITY AT A POINT OF MINIMUM VENTILATION 
~~ ~ ~ 

IN A URANIUM CRUSHING MILL ATMOSPHERE 

Radionuclide disintegrations/ min/liter 

222 
Rn 107 

52 
Bi2 14 

Ra226 (ore dust) 
0. 024 

A second set of measurements was taken at the mill 1 mo later and 

at this time whole body measurements were made (using the Hanford Whole 

Body Counter) of individuals who had spent about 30 min at the locations 

where the air sampling was being performed. 

to remove external contamination and were in position for a whole body count 

10 min after leaving the mill. Although the radon concentration of the mill air 

was similar to that previously observed, the radon daughter content was about 

1/5 of the former value and whole body counting at these low levels was dif- 

ficult. It was possible, however, to establish that, based on a breathing rate 

of 8 liters/min, about 307' of the inhaled particles are retained in the respira- 

tory system at least for the period of these measurements. Crude collimation 

The exposed individuals showered 

:% The AM-3 (2 LL) filters appear to collect radon daughters quantitatively. 

When outside air is filtered through an AM-3 filter followed by an AM-7 

(6.3 LL) less than 1% of the radon daughter material is collected on the AM-7 

filter 

00281q4 
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measurements indicated that the radioactivity content was distributed in 

approximately equal amounts between the head and the chest region. 

Particle size analysis of atmospheric dust by electron microscopy showed a 

count median diameter of 0. 6 p and mass median diameter of 9. 7 yfor the 

particle range that could be seen (greater than 0. 01 p). Assuming that the 

dust retained on inhalation was of the same particle size as that in the air, 

approximately 0. 8 mg of dust would be deposited in the body during the 

30 min exposure. 

Plans have been made to make a careful study of uranium ore 

inhalation rates in a mine in the southwestern part of Colorado. 

areas the radon concentrations are orders of magnitude higher and the 

relationship between dust concentrations, particle size, and deposition 

location in the body can be measured much more precisely. 

In these 

Determination of Subterranean Water Flow Rates by Measurement 

of the 1133 to 1131 Ratio - D. E. Robertson and R. W. Perkins 

Radioactive tracers are a useful tool in hydrological 
The usefulness of the radioiodine I13I and 1133 studies. 

have been demonstrated in underground water flow rate 
measurements. 

Normal reactor effluent water disposal at Hanford involves hold- 

ing the effluent water in retention basins for 1 to 4 hr before its discharge 

to the river. 

basins are available for use where the radioactivity level of the effluent 

exceeds establishedlimits. These secondary basins are simply large pits 

and it is intended that their water will reach the river by seepage through 

several hundred feet of earth. 

seepage from these basins to the river would provide it is essential to 

know the underground flow rates from these locations. 

In addition to the normal basins, other large secondary 

In estimating the decontamination which 

The feasibility of measuring these flow times by use of the normal 

concentrations of 1131 and 1133 in effluent water has been demonstrated. 

Radiodine is a particularly useful tracer since it is not significantly adsorbed 

on percolating through the soil (3’41 ) and its arrival represents the leading 
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edge of the radioactivity. 

which water is passed before discharge in the river leak sufficiently that 

springs have formed along the bank of the river. 

(8. 05d) to the 1133(21 hr) ratio at the retention basin and at these springs 

has provided a measure of the flow time. The normal concentration of I 

in effluent water is about eight times that of 

Some of the normal effluent water basins through 

131 
A comparison of the I 

133 

and both are of sufficient 

concentration so that standard low level radiochemical plus gamma spectro- 

metric techniques provide an accurate measurement of the at concen- 

trations to less than 1% of its original concentration. 

time intervals of concern (up to 1 wk) and are very useful. 

These levels cover the 

The radioiodine is separated from the samples by a standard CC14 

extraction and AgI precipitation followed by gamma ray spectrometric 

measurement of the 1131 and 1133. From the disintegration rates thus 

determined, the flow time is taken directly from a curve of I 

versus time (Figure 3.33). 

the radioiodine ratios at the basin and in tlie springs. 

133.1131 ratio . 
The travel time is the time difference between 

This technique might also be applicable in other hydrological studies 

such as ground water movement from wells, river flow rates or water diffusion 

rates. 
10 ' 

Ape. Days 

FIGURE 3.33 

A Typical Groundwater 
by Use of the I 

avel Time Determination 
. IL31 Ratios 
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Spectroscopic Determination of Equilibrium Constants - 
W. D. Felix 

A method for the calculation of equilibrium constants 
and specific absorptivities from spectrophotometric 
data is presented for a general complex ion system, 
D+ + A' = DA. Calculations are made from experi- 
mentally determined absorbances of solutions at a number 
of diff eGent concentrations of the nonabsorbing ion, 

Equilibrium constants for dissociation reactions of 

D+ . 

the type 

.(1) 
CDC I 

are often determined spectrophotometrically when DC and C- exhibit 

absorption spectra in an accessible region. 

wavelength is simply given as the linear combination of the absorbances 

of the individual species present 

The absorbance at any given 

A = cc (C') + c (DC) (2) 

where the spectrophotometric cell is assumed to be 1 cm. To determine 

the equilibrium constant from spectrophotometric data, it has heretofore 

been necessary to know at least one of the absorptivities, ci. 

ficult to determine the absorptivities if the individual spectra of the 

contributing species overlap and if it is impossible to isolate at least one 

of the absorbing species from the other. This is normally the case when 

considering the absorption spectra of the equilibrium states of a general 

polyvalent system: 

It is dif- 

DnA 2 D+ + Dnel A- 

A- 
+ 

Dn-l A-ZD + D n-2 
(3) 

However, calculation of absorptivities for both absorbing species and 

the equilibrium constant system present may readily be made by computer 
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techniques from the knowledge of the absorbances of the solutiori at a number 

of different D does absorb in the same spectral 

region as Dn-l A- and DnA). 

+ + 
concentrations (assuming D 

Consider a common case, that of an acid-base indicator system, 

Hf + A- 2 HA 

where A- may be a polyvalent anion. 

absorbing species is guaranteed by the presence of an isosbestic point in the 

spectra. 

The presence of two and only two 

Then at any wave length close to the isosbestic point, 
(3.42) 

of equations may be written for a series of pH's: 

Ai = cA (A-Ii + eHA (HA)i (i = 1, 2, n). 

The following relationships are necessary 

when 

h+K- h+K 

Substituting Equation (7) into Equation (4) and rearranging, we, have 

Aihi = - KCo + cHA h.C - AiK . 

Let W = cA- K, then 

Aihi = W Co + cHAhiCo - AKi . (9) 

The three unknowns W, cHAj and K, may be found from this set of n 

equations by the method of least squares in three dimensional space. 

method was programmed for the IBM 7090 computer. 

The 

0028198 
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.- 

Application to Methyl Red 

The method, as outlined above, was applied to the data of Ramette, 

-- et al. (3' 43) and the results were compared with the results from other 

standard techniques of determining equilibrium constants. Species present 

in solutions of methyl red are related by two equilibrium constants, Q, and 

Q2 

Results are compared as follows, 

Q2 Method 

(Calculated at X = 510) (R amett e) 
4.31 4.0 x Spectrophotometric 

3.9 Solubility 

5.0 Solvent Extract ion 

Absorbance values were not reported close enough to the isosbestic point 

to allow calculation of the equilibrium constant of the Q, system. 

Application of the Method to Tropeolin-0 

Tropeolin-0 is expected to undergo the following sequence of 

react ions 

Of I 

HO aN=N 

I 

111 

0028199 

I1 

so, a- 

IV 
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The order of ionization of the ortho and para phenolic groups has not been 

determined. Using the following notation 

IV + H+* I11 KgpH:10 to 14 

I11 + H+ 

II + H't I K1 pH:O to 1.8 

I1 K2 pH:4 to 6 

the results for tropeolin-0 are reported for a range of wavelengths which 

brackets the isosbestic point for each equilibrium system. 

3 80 

415 

425 

429 

435 

450 

475 

4n8 

500 

- 0.13 1.149 

-_ -- 
- 0.15 3.330 

-- -- 
-- -- 

- 0.61 7.536 

- 0.62 6.780 

-- -- 

2.332 

-- 
1.487 

-- 
-- 
0.988 

0.629 

-- 

5.68 

5.83 

-- 
5.85 

-- 

2.449 

1.811 

-- 
I. 490 

-- 

1.836 

4.016 

-- 

4.507 

-- 

-- -- -- 
12.06 4.058 1.679 

12.08 4.569 1.75 

12.11 4.130 1.788 

-- -- -- 

11.06 3.584 2.125 

12.08 1.412 2.831 

12. 10 O.li!J4 3. LO4 

12. IO 0.258 3.038 

As may be seen from the column of pK values under K3, over the 

relatively wide range of wavelengths used, the variation of the pK's about the 

mean pK value appears to be random. Thus, over the wavelength range used, 

the determination of the equilibrium constant does not appear to be dependent 

on wavelength used. 

Results for K2 and Kg with respect to deviation from the mean pK 

values are good. 

perhaps, to ionic strength differeyces. 

solution is dependent on the ionic strength as well as on the pH. 

pH over the range for which K1 equilibrium conditions held required high acid 

concentrations, such that the ideal conditions of an ionic strength of 0.1 could 

not be met. Also the effect of association of HC1 under low pH conditions was not 

Results for K1 are not as good as for K2 and K3, due in part, 

Control of the 

It is known that the absorbance of a 

considered. 

This method has thus been shown to be an effective, convenient, and 

rapid approach to the determination of equilibrium constants and absorptivities, 



3.103 HW-81746 

Adding to the attractiveness of the method is the general availability of 

digital computers with which the tedious calculations of determinants in 

which eight significant figures must be retained is circumvented. 

Radiation Chemistry 

Evidence for the Reaction of Atomic Chlorine Radicals in Neutral 

Irradiated Solutions - D. R. Kalkwarf 

The presence of chloride ion during the irradiation of 
several neutral aqueous solutions altered the course of the 
reactions induced. 
to a change in ionic strength of the solutions and was 
considered to be an indication of the chlorine atoms. 

This alteration could not be attributed 

Chloride ions can react with hydroxyl radicals produced by the 

radiolysis of water to form chloride atoms via the reaction: 

OH' + C1- -, OH- + C1' (1) 

In acid solutions, this reaction proceeds to such an extent as to signifi- 

cantly alter the radiation chemistry of the system, 
(3.44, 3.45, 3.46) 

however, in neutral and basic solutions, no evidence has been reported 

to indicate that Reaction (1) occurs. (3' 47' 3' 48) In many biological 

systems, chloride ion is present in substantial amounts; for example, in 

human plasma it appears at a concentration of 0.10M. - It is thus of con- 

siderable concern to determine whether Reaction (1) proceeds to a large 

extent during irradiation of neutral, aqueous, chloride solutions, and, if SO, 

how the replacement of hydroxyl radicals by chlorine alters the amount and 

type of damage. 

In the present work, the effect of Reaction (1) during the irradiation 

Various solutes Of neutral solutions was observed in the following manner. 

were allowed to compete with the dye, erioglaucine, for the radicals 

formed in irradiated aqueous solution, and the relative rate constants for the 

competing reactions were evaluated by the method described previously. 

Ethanol, thiourea, and nitrite ion were chosen as representative solutes to 

compete with the dye, and each solution irradiated contained one of these test 

solutes at a concentration of 5 x 10-5M - and erioglaucine at a concentration of 

(3.49) 

0028801 
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6 x 10-6M. 
-3 

-6 x 10 

Na2S04. 

In some of the solutions, the ionic strength was left at 

- M, while in others it was adjusted to 0. 15M - with either NaCl or 

In all cases, the solutions were in equilibrium with air. 

Table 3. 34 shows the "relative rate constants'' obtained assuming 

that the test solute and dye compete only for hydroxyl radicals. 

presence of sodium sulfate, which would not be expected to interpose a new 

radical species into the system, the relative rate constants are experi- 

mentally indistinguishable from those obtained at very low ionic strength. 

This absence of an ionic salt effect indicates that one of the reactants in the 

competition is uncharged, (3' 50) and since the dye certainly is charged, the 

radiation-produced reactant must be UnchargeGevidence, again, that hydroxyl 

radical is this reactive species. 

the apparent relative rate constants are only from one-half to three-quarters 

as large. 

and Reaction (1) is the logical possibility. 

In the 

In the presence of 0.15M - NaC1, however, 

Some reaction is obviously causing a redistribution of products, 

TABLE 3.34 

"RELATIVE RATE CONSTANTS" OF SOLUTES 

WITH HYDROXYL RADICALS AS A FUNCTION OF TEMPERATURE 

AND IONIC STRENGTH 
-%(OH' + Solute) 

k(OH' + Erioglaucine) 

Solute Temperature, C 

Sodium Nitrite 4.5 
25 
45 
65 

25 
45 
65 

25 
45 
65 

Ethanol 4.5 

4.5 Thio u r e a 

1-6 x 10-5M 

0.62 f 0.03 
0.53 f 0.01 
0.44 f 0.01 
0.40 0.01 

0. 17 f 0.01 
0. 14 f 0.01 
0.12 f 0.01 

0. 72 f 0.04 
0.70 f 0.03 
0. 63 f 0.03 
0.59 f 0.03 

----- 

1 = 0.1SM I = O.15M 
in Na2Sq in NaCl- 

0. 61 f 0.03 0.45 f 0.04 
0.55 f 0.03 
0.45 f 0.02 
0. 42 * 0.02 

0. 20 f 0.01 
0.16 f 0.01 
0.12 f 0.01 
0. 096 f0. 005 

0.67 f 0.02 
0.62 f 0.02 
0. 57 f 0.02 
0.49 It 0.01 

0.32 * 0.02 
0.28 f 0.02 
0. 25 * 0.02 

0.13 f 0.02 
0.10 f 0.01 
0.06 f 0.01 
0.044f 0.008 

0.53 f 0.05 
0.46 f 0.04 
0.40 f 0.03 
0.38 * 0.03 



HW - 81746 3.105 

If chlorine atoms are indeed reactants, the values shown in 

Table 3.34 for solutions in 0.15M - NaCl are really a composite of the rate 

constants for reactions of the dye and test solute with both hydroxyl and 

atomic chlorine radicals. 

reaction-rate constants involved may be quite complicated, it appears that, 

since the effect of chloride ions is to allow more dye to decompose for a 

given amount of irradiation, chlorine atoms show more preference in 

reacting with the dye than do hydroxyl radicals. This selectiveness of the 

chlorineatom could, of course, be of great importance in determining the 

major reaction routes in irradiated biological systems. 

Although the exact relationship between the 

The Effect of Temperature on Radical-Capturing Reactions 

in Irradiated Aaueous Solutions - D. R. Kalkwarf 

A variety of ionic and neutral solutes were found to 
compete more effectively with erioglaucine for the 
hydroxyl radicals formed in irradiated aqueous solutions 
as the temperature was decreased. 
differences in activation energies for competing reactions, 
these differences fell within a 3.5 kcal moleq1 range. 

As reported previously, (3*51) the relative rate constants, 

k(OH' + solute) 

Viewed in terms of 

k (OH' + erioglaucine) 

for small molecules such as glycine, alanine, ethanol, and tyrosine 

increase with decreasing temperature. 

to be shown by a wider variety of solutes. 

again measured by the dye-competition method, (3049) and the data are 

collected in Figure 3.34. 

This behavior has now been found 

Relative rate constants were 

As can be seen from this figure, the relationship, 

-(E2- E1)/RT - (constant) e 
k2 -- 

where k = k(OH + solute) 
2 

k = k(OH f erioglaucine) 
1 

E = corresponding activation energies 
2 

0028803 
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(3. 51) 
is supported although other interpretations of the data are possible; 

and activation energy differences could be calculated to the nearest 0.5 

kcal mole 

erioglaucine and hydroxyl radicals is larger, and the values for the other 

reactions are compared in Table 3.35 together with those obtained from 

previous data. 

-1 . In all cases, the activation energy, El, for reaction between 

(3.51) 

These results illustrate the extent to which control of irradiation 

temperature can be used to manipulate reactions in aqueous systems. If the 
c 

0.1 

0.: 

0.1 

0.1 

0.. 

I). 

0. 

0. 
.9 3.0 3. I 3.2 3.3 3.4 3.5 

"02 (ti-], 
T 

FIGURE 3.34 

Relative Rate Constants for Several Solutes 
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TABLE 3.35 

ACTIVATION ENERGIES FOR REACTIONS OF THE TYPE: 

Solute 

Erioglaucine 

Sulfanilat e 

Thiourea 

Phenol 

Tyrosine 

Glycine 

Alanine 

His t i dylhi s t i din e 

Cytosine 

Nitrite 

Ribose 

Ethanol 

SOLUTE + OH' + 

E, kcal mole-' 

El - 0.5 

El - O.'5 

El - 1.0 

El - 1.0 

El - 1.0 

El - 1.0 

El - 1.5 

El - 1.0 

El - 1.5 

El - 2.0 

El - 2.0' 
AET ( 2 - amino ethyl - El - 3.5 

isothiuronium bromide) 
0 

-1 
activation energies of the two competing reactions differ by 3.5 kcal mole 

a change in temperature of 10 Co will alter the ratio of their rate constants 

by about 20%. Temperature variation does not offer as great a control over 

the course of radiation-induced reactions as does, for example, addition of 

other radical-capturing reagents to the system; however, it provides a further 

degree of flexibility to this control which can be put to beneficial use. 

, 

Postirradiation Effects in Aqueous Dye Solutions - 
W. D. Felix and D. R. Kalkwarf 

Evaluation of the reaction-rate constants of tropeolin- 0 
and erioglaucine with hydrogen peroxide showed that these 
reactions are too slow to account for the postirradiation 
bleaching of these dye in aqueous solution. 
irradiation effect is thus attributed to the reaction of relatively 
long-lived organic radicals in the solution. 

Following irradiation, aqueous solutions of either tropeolin-0 or 

This post- 

erioglaucine continue to bleach slowly for as long as several weeks. The 
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extent of these postirradiation effects is very slight as can be seen from 

Figure 3.35; however, it is measurable and provides information on the 

reactivities of intermediates formed during the irradiation process. 

the free radicals formed by the radiolysis of water have lifetimes of less 

than 

primary radicals with solute molecules, such as the dyes, could have 

much longer lifetimes. 

dimerization, disproportionation, or hydrolysis of these organic radicals; 

however, another possible cause could be the slow reaction of the dyes with 

hydrogen peroxide generated during the radiolysis of water. 

these experiments was to decide between these possibilities. 

While 

sec, free-radical products resulting from reactions of these 

Postirradiation bleaching could result from the 

The purpose of 

I .u 

I 

0.5 

0. L 

0.05 

rr 
JJ 

I I U.UI 

0 0.1 u.2 U.J 

FIGURE 3.35 

P os t ir r adi at ion B1 e ac hin g of T ro p eo1 in - 0 and Er io gl aucin e 
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The reactions of hydrogen peroxide with erioglaucine and tropeolin-0 

were followed colorimetrically by allowing the dyes to bleach in the presence 

of excess hydrogen peroxide of analytical grade. Under these conditions, the 

reactions are pseudo first order as shown in Figure 3.36. By varying the 

initial concentration of reactants, the reaction rates were found to be first 

order in dye and in hydrogen peroxide concentrations with a second order 

rate constant of 1 x liters mole-' sec 

erioglaucine and 2 x liters mole sec at 60 C and pH = 12 for 

-1 

-1 -1 
at .25 C and pH = 7 for 

tropeolin- 0. 

1.0 

0.5 

4 

0. I 

FIGURE 3.36 

Dye Bleaching in Excess Hydrogen Peroxide 
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During the irradiation of aqueous solutions of organic solutes, 

hydrogen peroxide is formed with a yield of 3. 54 molecules per 100 ev. 

Using this yield, upper limits for the concentration of hydrogen peroxide 

in the dye solutions immediately after irradiation were calculated and theo- 

retical curves, shown in Figure 3.37, were prepared to describe the amount 

of dye bleaching which could be attributed to reaction with hydrogen peroxide. 

The necessary conclusion reached is that the 

As can be seen from this figure, the actual postirradiation bleaching is b 

preceeding much more rapidly. 

reaction of radiation generated hydrogen peroxide with erioglaucine or 

tropeolin-0 cannot be the primary reaction leading to the bleaching of the dyes. 

Mechanisms proposed to account for the postirradiation bleaching effect must 

therefore include chains of events in which a hydrogen peroxide-dye reaction 

does not become the rate controlling step. 

the dimerization and disproportionation of dye radicals, the reaction of organic 

peroxides spawned from the dye molecules, or the reaction of dye niolecules 

with radical products of the dye decomposition. 

Such reaction steps may include 

Postirradiation Bleaching of 'rropeolin-0 and Erioglaucine 
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Attempted Chemical Protection of Radish Seeds from Radiation 

Damage - D. R. Kalkwarf 

Erioglaucine, which reacts rapidly with hydroxyl 
radicals, was tested as a protective agent in radish seeds 
subjected to radiation damage. 
observed in seed germination trials, although factors which 
may have masked such an observation were noted. 

No protective effect was 

Since discovery of the mutagenic effect of ionizing radiation, opti- 

mistic expectations have arisen that improved varieties of vegetables and 

grains could be obtained by irradiation of currently available seeds. One 

impediment to progress in testing for such improvements has been the loss 

in germination ability of seeds as the radiation dose is increased to enhance 

the probability for mutations. It is conceivable that seeds could be chemi- 

cally protected from the former type of radiation damage while still being 

subjected to the mutagenic effects of irradiation. 

is not only of practical importance but also of more general interest since 

seeds are convenient laboratory models in which to test protective measures 

under conditions which must be considered in many other biological systems. 

Testing such a possibility 

Seeds of the radish plant, Raphanus sativus, germinate easily and 

rapidly under laboratory conditions and were used to test the effectiveness 

of the potent, hydroxyl radical scavenger, erioglaucine, (3.49) as a chemical 

protective agent. 

aqueous 1% solution of erioglaucine for 18 hr, and then the water content of 

the seeds was adjusted to either 1.4 or 20.1% by storing them at room tem- 

perature in atmospheres controlled to maintain water vapor pressures of 

either 0.5 or 17.5 mm Hg at a total pressure of 760 mm Hg. 

radiation was used to irradiate the seeds. 

Samples were soaked in either distilled water or an 

60 
Co gamma 

After irradiation, the seeds were 

placed in groups of ten on blotter paper soaked with 10-3M - potassium 

gibberellat e (3* 52) and stored in covered, plastic petri dishes. 

of seeds that germinated after 7 days was recorded, it having been estab- 

lished that seed which did not germinate in 4 days were not likely to ever 

germinate under the above conditions. 

of the fraction germinated as a function of dose are shown in Figure 3.38. 

The number 

The results expressed as the variation 
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0 
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(1.470 Water in Seeds) 
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FIGURE 3.38 

Variation in Germination Ability of Radish Seeds with Radiation Dose 
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The lack of demonstrable chemical protection in this test prompted 

auxiliary observations on the seeds and consideration of whether protection 

might not be masked by other factors. 

seed plays a critical role in such tests since a protective agent must obvi- 

ously be present at the site where protection is needed. 

erioglaucine is particularly easy to determine because of its intense blue 

color; and although its average concentration in the test seeds was 10-4M, - 

variation in its microscopic concentration was considerable. 

a slight toxic effect of erioglaucine on seed germination can also be noted 

in Figure 3.38, and removal of the compound before germination may reveal 

a protective effect now masked by this toxicity to normal metabolism. 

thus appears the possibility that an altered procedure for introducing the 

compound may prove beneficial. 

Distribution of the additive within the 

The distribution of 

Evidence for 

There 

Kinetic Studies of Organic Radicals Formed in Irradiated 

Aqueous Solution - R, N, Diebel and D. R. Kalkwarf 

Organic free radicals, formed by gamma irradiation 
of aqueous solutions, were studied in a continuous flow 
system which was monitored by an electron spin resonance 
spectrometer. 
found to have half-lives of 15 sec even at room temperature. 

Radicals formed from p-nitroaniline were 

The free radicals formed in irradiated aqueous solutions are 

commonly considered to be very reactive and to have disappeared from the 

solution in a few thousandths of a second after the termination of irradiation. 

This is certainly true for the primary radicals formed from the decompo- 

sition of water, but the reaction of these radicals with solutes usually results 

in the formation of secondary radicals which may or may not be reactive. 

Long-lived radicals in aqueous solution are well known, e. g., peroxylamine 

disulfonate ion (often used for magnetic field calibration in electron spin 

resonance spectrometry), Wursters salts (the oxidation products of the 

N-substituted phenylenediamines), and several semiquinones. It is reasonable 

to suspect that irradiation would produce many other radicals, stable for 

seconds to days, which were not attainable by other chemical methods. This 
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possibility is of keen interest in examining methods for modifying the effects 

of ionizing radiation. If chemical additives capable of forming such stable 

radicals were compatible with living tissue they could serve to slow down, if 

not terminate, the rate that damage was done in the irradiated system. 

Alternatively, if naturally occurring substances themselves form such radicals, 

there is the prospect of chemically treating the system after irradiation to 

modify the eventual amount of damage. 

To explore the production of long-lived free radicals in aqueous 

solution, the apparatus shown in Figure 3. 39 was constructed. Essentially, it 

consists of a closed, flow system in which a solution can be irradiated with 

CO 

electron spin resonance spectrometer. An adjustable volume reservoir in 

the line allows one to alter the time interval before the solution is reirradiated 

and to add or remove chemicals in the system without stopping the flow. 

flow rate through the system can be varied to 125 ml sec allowing a delay to 

0.4 sec between the exit of the irradiator and the electron spin resonance cell. 

60 
gamma radiation and rapidly transferred to an aqueous sample cell of an 

The 
-1 

To test the apparatus, a solution of p-nitroaniline in alkaline, aqueous 

solution was examined since this compound has been reported to yield a free 

radical stable for several seconds in a variety of solvents after electrolytic 

r e du c t ion. (3' 53) In an irradiated aqueous solution, reducing species such as 

hydrogen atoms and solvated electrons are accompanied by oxidizing species 

such as hydroxyl radicals which might oxidize the organic radical back to the 

original nitro compound. 

since the yield of hydrogen atoms and solvated electrons exceeds that of hydroxyl 

radicals in irradiated water by 2070; and substances could be added which selec- 

tively scavenge hydroxyl radicals, thus increasing the organic radical yield. 

Some net production of organic radicals was expected 

A 4 x 10-3M - solution of p-nitroaniline, adjusted to pH 13.0 with NaOH 

and purged of dissolved oxygen with helium gas, was passed through the 

apparatus and found to exhibit the electron spin resonance spectrum shown in 

Figure 3.40A. This spectrum was not attained immediately but increased in 

intensity over a period of 15 min. 

c 

- 
The concentration of radicals finally attained 

OO288 I2 
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Mrter 

FIGURE 3.39 

by Electron Spin Resonance 
Flow System for Gamma Irradiation and Observation of Free Radicals 

-2.003 

FIGURE 3.40 

ESR Spectra of Product Formed During Irradiation 
of p-nitroaniline in 0.1M - NaOH 

A. Nothing else Added B. Ethanol Added 

AIC GI "IC"LL"0. *.I11 
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was estimated to be 1.5 x 10-6M - by comparison with a standard solution 

of the free radical, diphenylpicrylhydrazyl, in benzene. No electron spin 

resonance signal was obtained from the solution at pH 12. 0 nor was any 

signal obtained in the presence of dissolved oxygen. Ethanol reacts with 

hydroxyl radical about fifty times as fast as with hydrogen atoms; and as 

predicted, its presence at a concentration of 1.4 x 10-2M - increased the 

stationary-state concentration of p-nitroaniline radical to 6. 2 x 10-6M. - 

- 

From the spectrum shown in Figure 3.40, one can gain some idea 

The dominant feature is the set of triplets of the structure of the radical. 

separated by 15.3 gauss indicating that the unpaired electron is closely 

associated with a nucleus of spin I = 1 which would split the absorption line 

into 21 + 1 = 3 lines. This nucleus seems to be the nitrogen atom in the 

nitro group since an unpaired electron on the amino nitrogen would also 

show strong coupling with the amino hydrogens which is not evident in the 

spectrum. 

p-nitroaniline gives a very similar spectrum which was identified both by 

polarographic analysis and by theoretical synthesis of the hyperfine, electron 

The free radical generated by electrolytic reduction of 

As the temperature of the flowing solution was lowered, the concen- 

tration of radicals measured in the electron spin resonance cell increased 

as shcwn in Figure 3.41. 

field was kept constant at an electron spin resonance absorption peak, the 

decrease in radical concentration could be followed as a function of time; 

e. g., see Figure 3.42. At'present, the aqueous sample cavity is not ther- 

mostatic so that curves at temperatures other than near room temperature 

are only of qualitative interest. At 20 C, however, the data shown in Figure 3.43 

were obtained, indicating that the radicals were disappearing via a reaction that 

If the flow was stopped suddenly and the magnetic 
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FIGURE 3.41 

Variation in the Steady-State ESR Signal Amplitude 

from 3 x 10-3_M p-nitroaniline as a Function of Temperature 

160 

140 - 

120 - 

100 - 

60 - 

k0 - 
- 

20 - 

r". 
2.0 

0 
1.0 1.5 0.5 

rime ~ftcr Irradiation. mh 

FIGURE 3.42 

Decay of ESR Signal Amplitude from Steady-State Value 
in Irradiated p-nitroaniline Solution 
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FIGURE 3.43 

Decay of ESR Signal Amplitude After Irradiation 
of 3 x lO-3M _. p-nitroaniline Solution at 25 C 

FIGURE 3.44 

ESR Spectra of 

A. Initial spectrum due to air oxidation after air has been purged with 
helium 

B. After bubbling air for 3 minutes. Further exposure to air will 
completely eliminate the ESR signal 

C. Solution from B after thorough purge with helium 

- M. N, N dimethyl p-phenylene diamine hydrochloride 

.IC.Q. "16"L.l.. -..I*. 
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is first order in radical concentration rather than second order. Thus, 

rather than dimerization of radicals, a pseudo first order reaction with 

some ubiquitous solute appears to remove radicals from the solution. 

identity of this solute is undecided; dissolved oxygen cannot be excluded 

from consideration until a more gas-tight system is constructed. 

The 

In addition to p-nitroaniline, aqueous solutions of N, N-dimethyl- 

phenylene-diamine were irradiated in the flow system. 

products from the electrolytic oxidation of this compound have been 

reported in the literature, (3'54) and even air oxidation is sufficient to form 

a pink-colored solution of the radical cation in acid solution, e. g. 

Free radical 

/ N\ 
H3C CH3 

(DMPPD) (DMPPD' ) 

+ 

During irradiation of a 10-3M solution of DMPPD- HC1, no signal was 

Presumably the reducing activity of the hydrogen atoms more than obtained. 

counterbalanced the oxidizing activity of the hydroxyl radicals. 

pected that addition of oxygen to the irradiated solution would remove 

hydrogen atoms by the reaction: 

It was sus- 

€3' + O2 - H02 

so that a net oxidation to DMPPD' could take place. 

complicated, however, by the behavior of the DMPPD' radical with oxygen. 

Figure 3.44 shows that this radical, prepared by air oxidation, combines it1 

some way with dissolved oxygen to give a structure whose electron spin reso- 

nance signal is much more flattened out. Thus, while oxygen may prevent 

reduction of DMPPD' radicals during irradiation, it rapidly reacts with these 

radicals to give a new type of radical whose electron spin resonance signal is 

difficult to distinguish from the noise. Compounds, other than oxygen, which 

react selectively with hydrogen atoms are thus being sought as additivcs to t cst 

these ideas. 

Such a possibility is 
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Electron Paramagnetic Resonance Line Shape - W, D. Felix - --I_--- 

A linear approximation which combines Gaussian and 
Lorentzian forms is applied to the calculation of electron 
paramagnetic resonance (EPR) line shape. The approxi- 
mation is applied to an EPR signal generated by DPPH. 

A difficult problem that the EPR spectroscopist must meet is that of 

obtaining absolute values of the integrated line intensities. 

problem has been outlined elsewhere. (3* 55) The specific problem of interest 

is that of determining the EPR line shape. 

The general 

The shape of the EPR line yields information on the types of inter- 

actions of the various resonance centers. 

is indicative of an homogeneously broadened resonance line whose width is 

inversely proportional to the spin-spin relaxation time, T2. 

determines if a line is Lorentzian by comparing relative line positions of 

the experimental line against the ideal shape at selected intervals. 

however, the line shape is neither truly Lorentzian nor Gaussian. 

A Lorentzian shape, for example, 

Hyde (3- 55) 

Generally, 

The Gaussian form may be written 

where so is the peak height at uo, the midpoint of a symmetrical peak. 

is an experimentally determined parameter, unique to the system. The 

derivative curve 

B 

exhibits symmetric maxima and minima, thus, 

whence 

where amax is the value of u at the maximum or minimum. 
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For the Lorentzian form 
I- 

- 

where C is a constant. Then 

in- "'1. 
C2 

HW-81746 

d2 E 

2 
da 

By setting - = o we have 

0 $ 1 +[i7l]7[ - - +!] I- 
L 

Solving for C and discarding the imaginary case, 

c = 43 (amax-(Jo) 

For convenience, the notation is now simplified. 

at 'rnax' 

Let f'(x) = 1. 000 

(0-0~) = x and a = umaX - go. Hence, 

22 
-x 12a 

5 = g (x) = 1. 65 a e 

for the Gaussian and 

E = l(x) (%)I (1 - -$\ 
for the Lorentzian forms. 

linear combination of the Gaussian and Lorentzian forms, 

Now the derivative curve is written as a 

where r and s are the degree of Gaussianess or Lorentzianess, respectively. 

An experimental curve and the fitted Gaussian, Lorentzian, and 

combination curves are shown in Figure 3.45 for DPPH absorbed on radish 
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FIGURE 3.45 

First Derivative EPR Curve of DPPH Saturated Radish Seeds Compared 
with Gaussian and Lorentzian Derivative Curves and a Linear Combina- 
tion of Gaussian and Lorentzian (LCGL). 

0028820 
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seeds. 

of the calculated curve with the experimental curve at selected points along 

the curves. 

linear combination of the Gaussian and the Lorentzian forms on the left leg 

of the derivative EPR curve. The experimental curve is not symmetrical, 

hence the fit on the right side is poor. 

calculated by fitting the curve to the left leg to half of the moment calculated 

by fitting the combination curve to the right leg. One may also derive a non- 

symmetrical form for the entire curve. 

ducing correction terms such that the Gaussian form becomes 

The corresponding tabular array, Table 3.36, presents a comparison 

As may be seen, the experimental curve is fitted exactly by the 

Thus one must add half of the moment 

b 

The latter method would mean intro- 
(3.56) 

-B(u - u0) 2 
E= bae 

that is, the maximum no longer occurs at uo, but is displaced to 

2 
oo + I (ao 21112). 

The Lorentzian form need also be similarly corrected. 

easier to add the moments of each individual leg. 

In practice 

The significance of the method may now be considered. Let 

(8) 

it is 

f' (x) 

be the experimentally determined signal, i. e., the first derivative signal. 

The number of spins which give rise to this signal is proportional to 

(3' 55' 3' 57) has pointed out that a graphical determination f'(x)dx . Andrew 

of the first moment of the experimental resonance signal is equal to the 

double integral 

2 

The experimental first moment thus obtained graphically, by a moment 

balance or by integration of Equation (7) is compared to the first moment of a 

standard to obtain the spin concentration. 

DO2882 I 
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An Effect of Polyelectrolytes on Hemolysis of Irradiated 

Alligator Red Blood Cells - W. B. Silker 

An inhibition of hemolysis of alligator red blood cells 
following irradiation was observed in solutions containing 
an anionic polyelectrolyte. 

Alligator red blood cells, which undergo hemolysis after absorbing 

a sufficient dose of ionizing radiation, possess a negative electrokinetic 

surface potential. 

human red cells against radiation-induced hemolysis by various agents and 

concluded that the best protective agents were the efficient free radical 

scavengers. 

be influenced by the surface potential of the cell. 

this influence was made by adjustment of the cell wall potential by addition 

of polyel ectrolyt es . 

Kalkwarf has examined the degree of protection afforded 

The resistance of red cells against radiation damage may also 

An attempt to measure 

Three samples of alligator blood, selected because of its stability 

against hemolysis, were diluted 1:lOOO in isotonic saline solution. 

sample was added 1 ppm of a cationic polyelectrolyte; to the second was 

added 10 ppm of an anionic polyelectrolyte; and the third sample was 
60 

untreated. 

facility to a total absorbed dose of about 2 x lo5 rads, while the remainder 

was used as a control to determine the degree of hemolysis in unirradiated 

samples. 

was measured about 10 min after the exposure to the cobalt source, and the 

results are presented in Table 3.37. 

To one 

The samples were divided, one-half being irradiated in a Co 

The electrophoretic mobility of the red cells in both fractions 

TABLE 3.37 

ELECTROPHORETIC MOBILITY OF RED BLOOD CELLS 

Sample 

U n ir r adi at e d 

I r r* adi at ed 

Blood plus Blood plus 
Cat ionic Anionic 

-1 -1 -1 

Untreated Blood Polyelectrolyte Polyelectrolyte 

Mobilitv. u sec v cm 

- 1.20 

0.0 

- 1.08 - 1.90 

- 0.28 - 1. 60 

0028822 
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Red cell hemolysis was measured visually in a hemocytometer cell, 

and the degree of hemolysis was measured by comparison of the irradiated 

and unirradiated samples. 

samples were hemolyzed after sitting for 6 hr at room temperature, the 

degree of hemolysis of the irradiated samples is presented in Figure 3.46. 

It is evident that the sample containing the anionic polyelectrolyte was 

protected against radiation-induced hemolysis of the red cells. 

ment did not define whether this protection was due to maintenance of the 

surface potential of the red cells, or if the anionic polyelectrolyte itself 

acted as a free radical scavenger thus providing protection of the red cells 

by competition for the radiation-induced free radicals. The sample contain- 

ing cationic polyelectrolyte was hemolyzed to a lesser degree than the 

untreated sample and may reflect a degree of protection afforded by this agent. 

Less than 570 of the red cells in the unirradiated 

This experi- 

60 

50 

v1 40 .- 
‘Jl 
x 
0 
- 
E 
s 30 
CI 

E 
Q) 

0 
& 

E 20 

10 

0 

0 Untreated 

0 +I ppm Cat Floc 

A +IO ppm Separan 

1 2 3 4 5 6 7 a 0 

Hours After Irradiation 

FIGURE 3.46 

The Effect of Polyelectrolyte Addition on the Hemolysis of Red Blood Cells 
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CHEMICAL EFFLUENTS TECHNOLOGY 

Soil Chemistry, Geochemistry 

Synthesis of a Clinoptilolite- Like Zeolite’# (4*1) - L. L. Ames, Jr. 

Portions ’of the high-silica, zeolitic or relatively low 
temperature region of several base cation systems were 
investigated. 
was synthesized. 
clinoptilolite-like phase are presented. 

During the study, a clinoptilolite-like phase 
The data pertinent to the synthesis of the 

Starting materials used in the hydrothermal syntheses included 

Davison Silica Gel, silicic acid, LiOh, NaOH, KOH, dried A1(OH)3, and 

silica and alumina gels coprecipitated from mixed solutions of sodium 

metasilicate and sodium aluminate. The Davison Silica Gel, hereafter 

referred to as silica gel, was supplied for use as a drying agent in 14 to 

40 mesh size. Consequently, the 14 to 40 mesh gel was ball-milled to 

pass through a - 325 mesh sieve before use. 

The constituents were added in the desired mole ratios and 

thoroughly mixed in a blender. 

in a 20 ml, silver-lined, Morey-type reactor and raised to the desired 

The mixed starting material was placed 

temperature in a furnace. 

cold water upon removal from the furnace. 

water soluble contents was determined at 25 C. 

were of little interest and were recorded as merely greater than 10. 

Insoluble final products were washed with distilled water, air-dried, and 

examined by X-ray diffraction and with the petrographic microscope. 

Table 4.1 summarizes the hydrothermal experiments used to define the 

The reactor was immediately quenched in 

The pH of the remaining 

Readings higher than pH 10 

conditions of formation of the clinoptilolite-like phase in the system lithia- 

alumina-silica-water. Three starting mixtures were used with similar 

results, although reaction rates were not comparable. The silica gel-dried 

A1(OH)3-LiOH mixture was the slowest to react. Compositions containing 

-. -~ ~ ~ ~~- ~- ~~ 

:: Supported in part by the Division of Biology and Medicine 
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silica-to-alumina ratios as high as 18 yielded the clinoptilolite-like phase 

with the silica gel-dried Al(OH)3-LiOH starting mixture. 

that the final pH of the water soluble contents of the reactor is generally 

indicative of the degree of the reaction that has occurred; i. e., if the LiOH 

has reacted, lithium cations are removed from the equilibrium solution and 

the pH is lowered. 

Note in Table 4.1 

TABLE 4.1 

HYDROTHERMAL DATA 

FOR THE HIGH-SILICA PORTIO! OF THE LITHIA- ALUMINA-SILICA WATER SYSTEM 

Composition of 
Starting Materials Temperature. C Prrssure. pst Duration days Final Pmducl8 

Ethyl Orthomlicate. Ca1cln.d 
Nitraten (SiO2IALZO31 L1201 H20) 

Silicic Acid. Dried A1(OHb3. 

LIOH. H20 ~Si021A1203/L120/H20) 

6/1/0.5/8.S 
8/1/0.6/8.5 
8/ I 11 /a. 5 
8/1/1.5/8.5 
a/iiz/a.s 
8/ 1/3/ 8. S 

IO/ Illl8.5 
101 1/11 8.5 
loll/l/8.s 
14/ 1 I1 18.5 
141111.518.5 

IS/ 11 I / 8.5 
iaiiil. s/n. s 

8111118.S 

811 /I/% 5 
8111118. s 

293 
293 
2 85 
210 
254 
254 
285 
304 
351 
298 
298 

298 
298 

295 

3 00 
260 

1150 
1\50 
1000 

800 
625 
825 
LO00 
1350 
2500 
1200 
1200 

L 200 
L 200 

ii60 

1250 
700 

3 
2 
5 
3 
3 
2 
5 
3 
2 
2 
2 

2 
2 

3 

4 
3 

Little crystallization 
Clinopiilolite-like pha8e 
ClmoptLlolite-like phase 
Clinoplilolile-like pha8e 
$lintrptilolite-like phase 

.S+rclcs A" plus quartz 
Clinopltlolite-like phame 
Clinoptilolitc-like phase 
Some petallie 
I~ltle cry.tallization 
Clinopttlolite-like phase 

I.ritle cry8lalliration 
Clinoplilolitc-like phase 

i'1"S quartz 

plus qlrarti 

Clinopttlol~ie-like phase 

Chnopttlolite phase 
Little crystallization 

Final pll. 
25 C 

' IO 
16 
71 
86 
15 

10 0 
81 
82 

IO 0 
' IO 

8.4 
> IO 

11 

7.4 

7.5 
9.0 
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Other experiments with various starting mixtures and compositions 

are listed in Table 4. 2. 

systems, no clinop t ilolit e - li ke phas es w ere s ynt h es iz ed . 
mordenite, analcime, quartz, and chabazite. Figure 4.1 shows mordenite 

and analcime crystals synthesized from the silica gel-dried A1(OH)3- LiOH 

starting mixture. 

starting materials consisting of silica gel, dried A1(OH)3, LiOH, and NaOH 

yielded only mordenite. 

system containing both lithium and sodium. 

thesized in the above lithium and sodium-containing system exhibited an 

unusual growth habit of radial clusters as shown in Figure 4. 2. 

clinoptilolite-like phase is shown in Figure 4. 3. 

Starting with sodium or potassium-containing 

Products included 

Several hydrothermal experiments with mixed-base 

The clinoptilolite-like phase was not stable in a 

The mordenite crystals syn- 

The 

TAI1I.E 4.2 

HYDROTI4ERMAL DATA FOl1 TllE IIIGII-SI1.ICA POllTION OF SEVWAL RELATED SYSTEMS 

Composition nl Estimated 
Starting U.~tcr!als Trmperature. C Pressure. psi Duration. days Final I’rodurls 

C<ysrcri(,itated GIs. NaWl 8/1:0.5/0 5 2.15 520 2 L.rttlc Mordmttr crvslalliaalton plum itnillrimr 
2 (SiO. I AI 0 /Na20/1IZUI S/l/l/R 5 254 G25 

Il/l/l 5io.5 2’11 I I50 2 Analcime 1 20 

2 
1150 Mord~nite plus analrime 2 

Little crystallization Sklira Gd. Dried AI~OII)3, 8/1/0.5/0.9 245 560 

NaOll (S~U2/A1203/Na20/l120) 
011 /l/8. 5 293 
EllIl.5IR.5 293 1150 2 Analrrme 

lO/I/l/K 5 213 I150 2 Mordcntte 

Finn1 pll. 
25 c -__ 

0025832 
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Mordenite (bladed crystals) and Analcime (spheroids) 
(Grown from the starting composition 8 SiOz. A1203 - Na2O- 8. 5H 0;silica 
gel, dried Al(0H) 
for 2 days; final p% of the equilibrium solution was 7.8 at 25 C) 

and NaOH were used as starting materials & 293 C 

FIGURE 4.2 

Mordenite in an unusual crystal habit (radiating groups) 
(Grown from the starting composition lOSi0 - A1203. Na 0. Li-20. 8. 5H20; 
coprecipitated alumina and silica gels, Lid3.H 0, and 4aOH were used 
as starting materials at 254 C for 2 days; final 6H was 8. 5 at 25 C) 
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FIGURE 4.3 

Synthetic, Clinoptilolite-like Phase 

(Grown from the starting composition 8 Si02* A1203. LigO - 8. 5H20; 

Silica gel, dried A1(OHI3, and LiOH. H20 were used as starting materials 

at 285 C for 5 days. Final pH of the equilibrium solution was 7. 1 at 25 C) 

Some Zeolite Equilibria with Alkali Metal Cations::: - L. L. Ames, Jr 

Cation exchange equilibria for natural zeolites (erionite, 
clinoptilolite, and phillipsite) and the synthetic zeolites 
(Linde AW-300, AW-400, AW-500. 13X, 4A and Norton 
Zeolon) in the systems sodium-cesium, potassium-sodium 
and potassium-cesium are presented along with derived 
thermodynamic data. Gibbs free-energies and enthalpies 
for the various exchange reactions were relatively small. 
Reaction enthalpies diminished as the sizes of the two 
exchanging cations approached one another. Thermodynamic 
data proved to be useful in several cases for interpretation of 
zeolite equilibria but proved to be most valuable when used 
in correlation with other properties of the zeolite exchange 
systems. 

::: Supported in part by the Division of Biology and Medicine 
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The clinoptilolite used in this study was obtained from two different 

locations: Hector, California, and John Day, Oregon. Impurities included 

quartz, feldspar, unaltered glass, secondary halite, and small amounts of 

montmorillonite and calcite (0 to 3 wtyo calcite in selected material). 

Consequently, the Hector clinoptilolite was contacted for 1 hr with 10% 

HN03 to remove calcite and other acid-soluble contaminants before normal 

cation-basing procedure. 

The other clinoptilolite was obtained from the Deep Creek Tuff of 

the John Day Formation, (4' 2, Oregon. The Oregon clinoptilolite was 

relatively free of impurities except for minor amounts of plagioclase and 

unaltered glass. The average Oregon clinoptilolite purity was 9570 or 

greater, as shown by the 2.0 meq/g capacity in Table 4.3. Part of the 

Oregon clinoptilolite was contacted with 10% HN03 to determine the effect 

of acid treatment on cation exchange properties. 

TABLE 4.3 

ZEOLITE PROPERTIES 

Wt% Wt% H2Cl Structural Capacity 
Zeolite -2-2-3 Si0 :Al 0 Binder 25 C Type medg 

Hector Clinoptilolit e 

Oregon Clinoptilolit e 

Nevada Erionit e 

Nevada Phillipsite 

4Axw 

13X 

AW-300 

AW-400 

AW-500 

Zeolon 

8- 10 

8-10 

6 

4 

2 

2.4 

9-10 

6-7 

4-5 

10 

5-15 

5 

5-10 

5-15 

10 

20 

25 

25 

25 

-- 

12 

11 

13 

14 

30 

25 

9 

12 

15 

12 

Clinopt ilolit e 

Clinoptilolit e 

Erionit e 

Phillip sit e 
(Monoclinic) 

A 

Fau j as it e 

Mordenit e 

Erionit e 

Chabaz it e 

Mor denit e 

1.7 

2.0 

2.2 

2.3 

3.9 

3.9 

1.6 

2.0 

2.2 

1.9 

0028835 



HW-81746 4.7 

The erionite and phillipsite used in this study were from 

Pine Valley, Nevada, and averaged 9070 or greater in purity. 

Several synthetic zeolites were obtained as 1/16 in. diameter, 

sodium-based pellets from the Linde Company of Tonawanda, New York. 

Included were 13X, 4AXW, AW-300, AW-400, and AW-500. The Norton 

Company of Worcester, Massachusetts, supplied 1 / 8 in., sodium-based 

Zeolon pellets. Table 4.3 gives some of the pertinent properties of the 

zeolites used in this study. 

Zeolites used in the equilibrium experiments were based with 

saturated, reagent-grade chloride solutions of the desired cations. Zeolites 

already based with sodium were rebased with NaCl solution in several con- 

tacting steps (Ames, 1963). 

distilled water which was tested for chloride ion with AgN03 solution. 

final test for chloride ion was conducted on the distilled water after 2 

days of contact with the zeolite. 

minimum NaCl inclusion. 

The zeolites were thoroughly washed with 

A 

A negative chloride test was indicative of 

Cation exchange capacities were determined by a double tracing 

technique. 

were contacted with a solution containing 0.1N - CsCl plus 0.1NNaCl - plus 

Cs134 tracer to determine cesium removal. 

corrected for the sodium-cesium weight differential, were then contacted 

with a solution containing 0. 1NCsCl - plus 0.1NNaCl - plus Na22 to determine 

sodium removal onto the same zeolites. 

to the study of cesium, sodium, or potassium equilibrium systems was 

assumed to be the sum of cesium plus sodium loading. A higher capacity 

could have been obtained in some instances if capacities were determined 

with smaller size or different valence cations. 

Weighed, sodiurn- bas ed z eolit e samples in polyethylene bottles 

Cesium-based zeolites, 

Total zeolite capacity pertinent 

(4.3) 

At least 2 days of contact in a controlled-temperature shaking bath 

were allowed to assure equilibrium between zeolite and solution. 

activity Na22 and Cs13* were used to trace the equilibrium solution. 

High specific 

Solution- 

002883b 
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22 
to-zeolite ratios were adjusted to yield statistically reliable Cs134 and Na 

counting rates in the equilibriun solution. 

with the untraced cation in the system. 

pot as sium- so dium - Na2 , the z eolit es were originally potassium -based. 

Zeolites were originally based 

For example, in the system 

The amount of traced cation removed from the equilibrium solution 

was assumed to represent the amount of traced cation on the zeolite. Eight 

to twelve points were determined on each isotherm by varying the ratios of 

contacting cations. 

introduced by zeolitic salt inclusion probably were less than 1%. 

determination of equilibrium relationships in the sodium-cesium system at 

a total solution normality of 0. 1 resulted in essentially the same equilibria 

after solution activity corrections, confirming that salt inclusion was not a 

major problem . 

'(. The equilibrium solution was held constant at 1N. Errors 
(4.T) A 

Because the equilibrium solution was lpu', - it was necessary to deter- 

mine mean activities of the two salts. 

varied so that Glueckauf's equation (4' ') could be used to determine mean 

activities. 

KC1, and CsCl used in this study. 

molality rather than normality. 

in the worst possible case at a molality of one-for-one of the salts (CsC1) by 

direct application of molal activity coefficients. Consequently, the molal 

activity coefficients were directly applied to equilibrium solution concentrations. 

The use of mean activity coefficients to correct equilibrium solution cation 

concentrations is a first step in the determination of a rational thermodynamic 

equilibrium constant for the reaction. 

activity coefficients for the cations on the zeolite. (4'6) For example, given 

the reaction for the zeolite phillipsite for which the equilibrium data are 

-, Nazeolite + KsolutionJ the mass 
shown in Figure 4. 5, KZeolite + Nasolution 
action quotient uncorrected for solution activities is (NaZ)(Ks)/ (KZ)(Nas). 

fraction of potassium on the zeolite (K ) is equal to one minus the fraction Of 

Only the ratios of cations were 

Figure 4.4 is a graph of the mean activity coefficients of NaC1, 

Note that concentration is expressed in 

An error of between 2 and 3% was introduced 

It is also necessary to determine 

The 

Z 

0028837 
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1.0 I 
I I I 1 I I I I 1 

I _c1 

I I I I I I I 1 I 1 
0.1 0.2 03 a4 0.5 06 a? ae 0.9 1.0 

O.SO 

Molality 

FIGURE 4.4 

Mean Activity Coefficients 
for NaC1, KC1 and CsCl up to 1 Molal in Concentration 

r: 
0 

c, 
0 
cd 

2 
6" 

Y 

z 
Nas (Fraction of Sodium in the Equilibrium Solution) 

FIGURE 4.5 

25 C Isotherm for the Reaction K, + Na, 4 Na, + Ks with Monoclinic 
Phillipsite (Total equilibrium solution normality was constant at one) 

N% = fraction of sodium on the zeolite 
Nas = fraction of sodium in the equilibrium solution 
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I I I 

sodium on the zeolite (NaZ). The normality of potassium in the equilib- 

rium solution (Ks) equals one minus the normality of sodium in the 

equilibrium (Na )J because the total normality of the equilibrium solution 

is a constant one. 

- 

S 

- 

Figure 4.6 is a graph of sodium and potassium activity coefficients 

on the zeolite computed from Figure 4.5. The activity coefficients may be 

The zeolite was treated as a solid solution of sodium-zeolite and potassium- 

zeolite; and the monoionic end-members, pure sodium-zeolite and potassium- 

zeolite, were assumed to have activity coefficients equal to unity. 

.. 

used to compute an average rational thermodynamic equilibrium constant,K.. 

I 

1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 

- 

f 
- 

0.6 t -I 

FIGURE 4.6 

Activities of Sodium on the Zeolite (fNa 

Potassium on t'he Zeolite (KZ) for Phillipsite 

and Potassium on 
the Zeolite (fK ) versus Sodium on the Z Zeolite (NaZ) and 

0028839 
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The equilibrium constant data are summarized on Table 4.4. The 

exchange reaction is identified along with the temperature. 

gives the derived thermodynamic data. 

Table 4.5 

TABLE 4.4 

ZEOLITE EQUILIBRIUM DATA 

(The notation K, - Cs, means the exchange of potassium on the zeolite to cesium on the zeolite, 

Na, means the exchange of potassium on the zeolite to sodium on the zeolite, 

and Na, - Cs, means the exchange of sodium on the zeolite to cesium on the zeolite. ) 

K, - 

Thermodynamic Equilibrium Constant, K 

Zeolite K, - CS,, 25 C K, - Na,, 25 C Na, - Cs,, 25 C KZ - Cs,, 70 C Na, - Cs,, 70 C 

13X 

4Axw 

AW-300 

AW-400 

AW-500 

Zeolon 

Erionite 

Phillipsite 

Hector 
Clinopt ilolit e 

Oregon 
Clinoptilolite 

0.235' 

0.236 

0.566 

3.20 

4.45 

4.57 

-- 
5.29 

3.68 

-- 

0.674 

0.747 

0.050 

0.083 

0.138 

0.143 

0.091 

0.191 

0.355 

0.323 

1. 814 

39.0 

29.7 

29.2 

32. 9 

26.4 

0.079 51.9 

-- 47.6 

TABLE 4.5 

ZEOLITE THERMODYNAMIC DATA 

0.374 

0.346 

2.78 

20. 8 

13.3 

18.3 

17.5 

13.3 

18. 9 

24.8 

(AGO is the standard Cibbs Free-Energy in cal/mole. AHo is the standard reaction enthalpy in cal/rnole. 
The reactions are identified as in Table 4.4) 

NaZ - Cs, Na, - Cs, K, - Cs, K, - Cs, KZ - NaZ 

AGO. 25 C AGO. 25 c Zeolite AHo, 25 C, 70 C AGO, 25 C AHo. 25 C, 70 C 

13X + 200 + 600 -- + 900 + 200 

4LYW + 300 + 700 -- + 800 + 200 

-- -- + 1800 AW-300 -- -- 
AW-400 - 2800 - 2200 -- - 700 + 1500 

AW-500 - 3600 - 2000 0 - 900 + 1200 

Zeolon - 2100 - 2000 - 500 - 900 + 1100 

Erioni t e - 2800 - 2100 -- -- + 1400 

Phillipsit e - 3100 - 1900 - 200 - 1000 + 1000 

Hector - 4600 - 2300 -- - 800 + 1500 
Clinoptilolite 

Clinoptilolit e 
-- -- Oregon - 2900 - 2300 
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Kinetics of a Replacement Reaction - L. L. Ames, Jr. 

The kinetics of the replacement type of chemical reaction 
were studied in a "shallow bed" apparatus. A proposed kinetic 
model agreed quite well with the experimental kinetic results. 
Replacement type reactions are apparently diffusion controlled. 
The replacement of gypsum to form barite by a BaCl bearing 

CaC12 + 2H20 was chosen for study as typical of the replace- 
ment type reaction taking place in the soil. 

solution, or the reaction CaSOq- 2H20 + BaC12 -, Bas 6- 4 + 

An idealized model of the various processes during the alteration 

of a spherical particle of gypsum crystal to barite by BaCIZ solution is 

shown in Figure 4.7. The gypsum is soluble to some extent in the altering 

solution and contributes Ca2+ and S042- ions. Ba2+ and C1- ions diffuse 

into the gypsum-barite interfacial area between the forward-growing barite 

crystals. The Ba2+ and SO4'- in solution exceed the activity product for 

barite at the ends of the growing barite crystals and barite is precipitated. 

The Ca2+ ions diffuse through the solution between the barite crystals and 

out into the contacting solution. 

Ca2+ diffusion by C1- ions. 

Electrostatic neutrality is maintained during 

FIGURE 4.7 

An Idealized Model for the Replacement of Gypsum by Barite 
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Thus the replacement reaction essentially consists of a very 

irreversible" chemical reaction that is diffusion controlled, 
II 

rapid, 

assuming that the model for the reaction is correct. An interface moves 

through the gypsum particle, separating a region consisting of all BaS04 

from a region consisting of all CaS04. 2H20. A search of the literature 

showed that Crank (4.7) has solved this type of problem with a steady- 

state approximation. 

in a BaCl solution of constant composition, then 
2 

I1 

I1 
If the gypsum particle is spherical and immersed 

2 where D = a Ba2+ diffusion coefficient in cm /sec 

t time since diffusion began in sec 

a = the gypsum sphere radius in cm 

S = the number of Ca2+ sites per unit volume of gypsum 

CB= the number of Ba2+ cations per unit volume of solution 

= the radius of the remaining sphere of gypsum after 

3 in meq/cm 

3 in meq/cm 

r 
0 

reaction time t. 

The apparatus shown in Figure 4. 8 was used to determine D in Equation (1) 

and to obtain the actual kinetics of replacement of gypsum by barite. 

gypsum sample was kept in a BaC12 solution of constant composition by 

assuring that the Ba133 tracer count was the same before and after contact- 

The 

- 

ing the sample. As the Ba133 tracer count slowly increased on the alter- 

ing gypsum bed, the bed activity was continuously monitored and recorded. 

The resulting recording was a smooth curve, except for 2 to 5% background 

fluctuation that eventually leveled off, indicating complete replacement of 

gypsum by barite. 

reasonable Ba133 counting rate. 

Many gypsum spheres (100 mg) were used to attain a 

0028942 
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-STAINLESS STEEL TANK 

FIGURE 4.8 

Experimental Apparatus Used to Obtain the Kinetics of the 
Replacement of Gypsum by Barite and the Time Required 
for Complete Replacement of Gypsum by Barite 

Figure 4.9 shows the rate of replacement of 0. 70 to 1.00 mm 

gypsum spheres by barite. The experimental replacement rate is initially 

faster than the model, perhaps because the crushing necessary to produce 

the gypsum spheres leads to fracturing and increased gypsum surface area. 

In any case, the agreement between experimental and model curves is 

good. It is assumed, therefore, that the model is essentially correct. 



4.15 

; 10 

del Curve 

40 

L 30 

20 

FIGURE 4.9 

HW- 81746 

Experimental and Model Kinetics 
for the Replacement of Gypsum by Barite 

2 
(Bed, 100 mg of 0.70 to 1.00 mm gypsum; D, 1.5 x 
temperature, 35 C; solution, 0.01M BaC12; a, 0. 0425 cm; 13.47 meq 
Ca2+/cm3 of gypsum; total t, 140,mO sec (38.9 hr); CB, 0.02 meq 
B a'+/ c m3 ) 

cm /sec 

Some Zeolite Equilibria with Alkaline Earth Metal Cations - L. L. Ames, Jr. 

Isotherms for the zeolites Linde Type A, natural erionite, 
phillipsite, and clinoptilolite in the systems sodium-strontium, 
sodium - calcium, and strontium- calcium are presented. 
dynamic data derived from the above isotherms indicated that 
reaction enthalpies are very small from 25 C to 70 C. 
relationship was noted between Si02/A1203 ratios and divalent 
cation selectivities. 
B on the zeolite were adequately described by Barrer and Meier's 
case where dlogKc does not equal a constant. 

The clinoptilolite used in this study was obtained from Hector, 

T hermo - 

An inverse 

The above data plotted as log Kc versus cation 

dBz 

California, and averaged 80 to 90% clinoptilolite. Impurities included 

quartz, feldspar, unaltered glass, secondary halite, and small amounts of 

montmorillonite and calcite (0 to 370 calcite). The Hector clinoptilolite was 
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pretreated by contacting for 1 hr with 10% by volume HNOQ to remove 

calcite and acid-soluble contaminants before normal cation-basing 

p r oc edu re. 

The erionite and phillipsite used in this study were from Pine Valley, 

Nevada, and averaged 90% or greater in purity as estimated from thin- 

section examinations and X-ray diffraction patterns. The erionite and 

phillipsite were not, of course, acid treated. 

Several synthetic zeolites were obtained as 1/16 in. diameter, 

sodium-based pellets from the Linde Company of Tonawanda, New York. 

Included were 4AXW (Type A), 13X, AW-400, and AW-500. The 

Norton Company of Worcester, Massachusetts, supplied 1/ 8 in. sodium- 

based Zeolon pellets. properties 

of the zeolites used in this study. 

Table 4. 6 gives some of the pertinent 

TABLE 4.6 

ZEOLITE PROPERTIES 

wt 70 

Zeolite SiO2:Al2O_ - Binder 

Hector Clinoptilolite 8-10 5-15 

Nevada Erionite 6 5-10 

Nevada Phillipsite 4 5-15 

4AXW 

13X 

AW-400 

AW-500 

Zeolon 

2 10 

2.4 20 

6-7 25 

4-5 25 

lo -- 

Wt% H20, Structural Capacity, 
25 C Type meql g 

12 Clinoptilolite 1. 7 

13 Erionit e 2.2 

14 P hillipsite 2.3 
(Monoclinic) 

30 A 3.9 

25 Faujasite 3.6 

12 Erionit e 2.0 

15 Chabazit e 2.2 

12 Mordenit e 1.9 

Zeolites used in the equilibrium experiments were based with saturated, 

reagent-grade chloride solutions of the desired cations. 

with sodium were rqbased with NaCl solution in several contacting steps. 

and CaC12 solutions were used to base the zeolites when required. 

Zeolites already based 

SrCIZ 

The zeolites 

0028845 
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were thoroughly washed with distilled water which was tested for chloride 

ion with AgN03 solution. 

distilled water after 2 days of contact with the zeolite. 

A final test for chloride ion was conducted on the 

Cation exchange capacities were originally determined by a double 

tracing technique. (4'8 

polyethylene bottles were contacted with a solution containing 0. 1N - CsCl 

plus 0.1N - NaCl plus Cs134 tracer to determine cesium removal. Cesium- 

based zeolites, corrected for the sodium-cesium weight differential, were 

then contacted with a solution containing 0. 1N CsCl plus 0. 1N NaCl plus 

Na22 to determine sodium removal onto the same zeolites. 

the sodium-strontium exchange reaction from both directions 

Weighed, sodium-based zeolite samples in 

By tracing 

- 

solution + and Sr85 
(2NaZ2 solution zeolite rr 2Na zeolite + Sr solutiori 

22 
+ Sr 

1, it was shown that the above 
85 

2NAzeolite Sr zeolite + 2Nasolution 
capacity determinations, using sodium and cesium, also were valid for the 

sodium-strontium reactions, an(l that equilibrium was attained. The 

thirteenth anionic site of Type A (4'4) was ignored because no exchange 

could be expected on the above site by divalent cations. 

At least 2 days of contact time in an oscillating, controlled- 

temperature bath were allowed to assure equilibrium between zeolite and 

solution. 

equilibrium solution. 

statistically reliable Sr85 and Na22 counting rates in the equilibrium 

solution. 

system. 

were originally calcium-based. 

the equilibrium solution was assumed to represent the amount of traced 

cation on the zeolite. 

by varying the ratios of contacting cations. 

at a constant given total normality. A determination of equilibrium relation- 

ships in the sodium-strontium system at a total solution normality of 0. 1 and 

1. 0 resulted in essentially the same mass action relationships, confirming 

High specific activity Na22 and Sr85 were used to trace the 

Solution-to-zeolite ratios were adjusted to yield 

Zeolites originally were based with the untraced cation in the 

For example, in the system calcium-sodiurn-Na22, the zeolites 

The amount of traced cation removed from 

Eight to twelve points were determined on each isotherm 

The equilibrium solution was held 

that salt inclusion was not a major problem. 



4. 18 HW- 81746 

Figure 4.10 shows the mean activity coefficients of NaC1, CaC12, 

and SrC12 used in this study. Concentration is expressed in normality 

rather than molality. 

application of molal activity coefficients. 

An acceptably-small error was introduced by direct 
(4.5) 

FIGURE 4.10 

Mean Activity Coefficients Used in the Computations 
of This Paper 

The use of mean activity coefficients to correct equilibrium solution 

For example, given 

cation concentrations is a second step in the determination of a rational 

thermodynamic equilibrium constant for the reaction. 

the exchange reaction, 2 Nazeolite + ”solution Srz eolite + 2Nasolution’ 
uncorrected mass action quotient is 

4 the 
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The general equation for the initial calculation from a given isotherm 

was 
(A~ )n~(~N)nB 

( B~ ) "B A 

Mass action quotient = where, 

BN = concentration of cations A and B in equivalents per liter 

AZ, BZ = equivalent fractions of cation A and B on the zeolite 

nA' nB 
= the number of cations of A and B represented in the 

chemical equation for the exchange reaction of A and B. 

Because the cation concentrations in the equilibrium solution were relatively 

high, it was necessary to determine mean activities of the two cations. 

Salts with a common anion were used so that a simplified Glueckauf's 

equation(4' 5, could be employed to determine activity ratios in the mixed 

cation solutions. To show how Glueckauf's equation was used to compute 

activities in mixed solutions, the example of sodium-strontium will suffice. 

+ 
Let us assume that X1 = Na , X2 = Sr2+, and Y = C1-, a common 

By definition, the mean activity coefficient is describgd by anion. 

1 
+ 

f, = [ f+v . f-v-\ 
(V+) + (v-) 

+ 
where v is the number of cations and v- is the number of anions. 

Consolidating, 

) [fX2 * fY2) 1 /3 fX2 1 x2y] 
xly 

0028848 
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Glueckauf's equation for two salts with a common anion is 

1 "1 (I +*-1'21 

3 
K 

XY a- K1 loglOf xly - K2 loglOf 2 - ----. loglo f [x;y) x y = loglo f xly - 

where I($$) = a mean activity coefficient of NaCl in the presence of Sr C12 

= a mean activity coefficient of SrCl 2 in the presence of NaCl 

SI 

f xly = a mean activity coefficient of NaCl 

fx2Y . = a mean activity coefficient of SrC12 

I = the total ionic strength 

= moles per liter of Na 
x1 

= moles per liter of Sr 
x2 

= x212x2 - x1 1- y) 

2 
K, = XliX2 + y) (XI + yrl 

2 -1 
L 

= 1/2x1x2y(x1 - x2) (xl + y) with 
K3 

x1 = the ionic charge of Na or 1, 

x 2 = the ionic charge of Sr or 2, and 

y = the ionic charge of C1 or 1. 

bstituting Equation (1) into (2) we obtain 

i 
Ii 4x2 

p21- - __ 
I+ lm' = 4 loglo f xly ---- ( K1 loglo fXIY - K2 loglo 

41 
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. 

I 1 1 

with K1 = 8, K2 = 9/2, K3 = 1/2, K1 = 1, K2 = 8/3, Kg = 1/3 and I = 

XI + 3x2 

Cons ol i dating , 

2 

XY 9/2X2 3/4x1- 
-= 4-- 8x2 --jloglOf 2 
fX2 I I I I 

fX1 

1/4X1 - 1/2X2 

1(1 +I- 1/2) 

Letting r = X,/X2, we obtain 

fX2 

(3 1 1- 
rT 

-- 

fX2 

The thermodynamic data derived from the experimental isotherms 

are given in Table 4.7. 

multiplying the 2NaZ - Ca,K by the CaZ + SrZK. 

derived from experimental data. 

computed K values is good. 

Computed Na-Sr results were obtained by 

All other K values were 

Agreement between experimental and 

TAllLE 4.7 

THl?l7MODYNAhllC DATA 

IK is a rational thPrniodynamic equilibrium constarit 

and -Go is a standard Gihbs Five-Energy expressed to the nearcsl LOO cal/lnole. 1 

K 

ZNa, - Ca, Ca, - SrZ 2Naz - SI.~ 2NaZ - SI.~ 

-€'Giiza- -- _-_ 
--- 

--- Z PO~ I I e 

4AXW 17.0 5.31 83.2 90.3 

17x 5. 13 3. 1G I?. 9 16.2 

AW-400 0. 708 0. GO3 0.363 0.427 

A W - 5 VO 0. 724 0.371 0. ZRH 0.269 

Z,.#,l,," 0. G!Ii 0.3LS 0 235 0.218 

Clinc~~>tilolitr 0. 851 1.12 I 2!1 0. 'I53 

Phi I I i 1 ,sit e 0. 163 0.588 0.107 0.036 

l,:r,<,,,,tC 1, 05 0. 7911 0. 7'1,1 0.7'16 

- 

. -.o 

2Naz - Ca, CaZ - Srz -- 
- 1700 - 1000 

- 1000 - IO0 

+ 200 + 300 

4 200 * 600 

b 200 c 700 

+ 100 - 100 

+ 1100 t 3uo 

0 + 200 

2NaZ - Srz 

- 2500 
- inoo 

+ GOO 

+ 700 

t 100 

- 100 

+ 1300 

+ 100 
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dlo Kc 
Barrer and Meier (4' 3, have proposed three cases of +, - 

where Bz is the fraction of cation B on the zeolite in the exchangfe reaction, 

plot of BZ versus log Kc. If -+ - 0, Curve Type 1 of Figure 4.11 is 

2 BZ +As. The condition ofp may be assessed from a 
dlo Kc- z 

*Z + Bs 

Z 

dlogKc is constant but not zero, Curve Type 2 is 
If dB_ 

typical, and K = Kc. 

where Kcl is the value of Kc when BZ = 1.0, Kc is the value of Kc when 

BZ = 0, and C = a constant. If dF is not constant, Curve Type 3 of 

l'igure 4.11 may result, and log K = log Kc - ( dlogKc. 
Z 

3urve Tvw 2 

\ Curve TW 3 

I I I I I I I I L 1 
0.6 0.0 1.0 0 0.2 0.4 

Bz 

FIGURE 4.11 

Some Typical Curves that may Hesult When log Kc is Plotted 
Versus Fraction of Cation B on the Zeolite (EZ) 
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None of the plots of logKc versus BZ obtained during the present 

study yielded constant or zero values for --, with few exceptions. 

The thermodynamic equilibrium constants obtained from the isotherms 

given in this paper are listed in Table 4. 8. 

TABLE 4. a 

A Comparison of the K Obtained from Barrer and Meier's Equation, 

dlog Kc, and an Average log K Obtained 
rK% log K = log Kcl - I 

Kco 

- and fA Values at Several Points on the log Kc by Determining fg 

Versus BZ Curve (Log values are rounded to three places.) 

Z Z 

Barrer's Average 
Log K c1 Log K log K 

KCl 
JKc BZ dlOg KC Zeolite 

Na - Sr 

+ 0.089 + 0.110 Clinoptilolit e - 0. 809 - 0.720 

Phillipsit e - 0.291 - 1.250 - 0.959 - 0.960 

Erionit e - 0,777 - 0.880 - 0.103 - 0.100 

Ca - Sr 

Clinoptilolit e - 0.429 - 0.309 + 0.039 + 0.049 

Phillipsite C = - 0. 690 

Erionit e C= - 0.567 

Ca - Na 

Clinoptilolit e - 0.892 - 0.995 - 0.103 - 0.089 

Phillips ite - 0.405 - 1.186 - 0.781 - 0.788 

Erionit e - 0.821 - 0.810 + 0.011 + 0.021 
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Soil Physics 

Electrical Analog Simulation of the Hanford Ground- Water Flow 

System - J. R. Raymond 

Equipment, techniques, and methods were tested to 
evaluate the feasibility of ground-water flow simulation by 
a large electrical analog model. Resistance test networks 
were constructed to evaluate assembly methods, components, 
and theoretical considerations and to compare analog digital 
techniques. Operational experience with the test models 
allowed evaluation of cost, component applicability, and 
assembly time involved in constructing a full scale project 
analog. Although design and construction of a large (10, 000 
to 14, 000 node) project analog is feasible, numerical solution 
of the ground-water flow system by digital computer techniques 
appears more flexible and less costly. 

A practical way to evaluate complex flow systems is by electrical 

analog simulation. Such methods, which utilize the similarity between 

saturated ground water flow and electrical current flow, are capable of 

simulating extreme complexities in both geometrical shape and conductance 

variation. 

fluid potential is a driving force equivalent to voltage in the electrical 

system. 

use consists of a resistor network with representative voltages applied at the 

various boundaries. 

ability of the discrete soil volume occupying that position. 

each resistor junctioncorresponds to the hydraulic head at that point in the soil. 

Soil permeability is analogous to electrical conductivity and the 

The electrical system that is the most convenient analog for general 

Each network resistor represents the reciprocal perme- 

The voltage at 

Two test analog networks were constructed: 662 node, three-dimensional 

net with three rectangularly connected grid sizes; and an 81 node, three-dimen- 

sional, single grid size net. 

voltages were obtained for comparison purposes. 

cated to evaluate construction costs, assembly methods and techniques, 

hardware, and components. Information was also desired on electrical noise 

problems and accuracy and precision of analog simulatlon. The smaller model 

was designed to delineate mesh coupling errors encountered in the large model 

Numerical (digital computer) solutions for node 

The large analog was fabri- 
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and to evaluate errors associated with simulating a continuum with a 

discrete network. 

used in the networks. Values ranged from 10 kilohms to 787 kilohms. The 

resistors were in 20-hole taper-pin blocks (10 pins on a side with 8 common 

and 2 common), with each block representing a network node. The taper 

pin blocks were mounted on a steel frame by rods that passed through holes 

in each end of the blocks. Figure 4. 12 shows block and resistor configuratiorl 

of a portion of the network. The taper pin technique provided reliable, 

One percent tolerance, 1/2 w precision, metal-film resistors were 

removable terminals. 

FIGURE 4.12 

Taper Pin Blocks and Resistor Configuration 

0028854 
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Node voltage readout equipment consisted of a digital voltmeter, 

600-point crossbar scanner, digital printer, paper tape punch, and a 

storage and control unit. The system has the capability of reading voltage, 

voltage ratio, or resistance. Logging rate was three nodes per second. A 

precision constant voltage power supply was used to supply potential to the 

network. Figure 4.13 shows the readout equipment and the 662-node analog. 

FIGURE 4.13 

662-Node, Test Model Resistance Analog and Readout System 
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Network assembly was fairly straightforward though time consuming. 

Scanning and readout equipment furictioned satisfactorily and all components 

appeared reliable and trouble free. However, use of smaller resistance 

grids adjacent to certain boundaries was desired to give increased detail 

and accuracy. 

boundaries where different size resistance grids were rectangularly coupled. 

These errors can be reduced or eliminated by more sophisticated coupling 

methods (tetragonal coupling, etc. ), but the network design and construction 

problems encountered with such techniques probably preclude their use in 

very large networks. Therefore, a single, compromise grid size should be 

selected to simplify the network. 

.variation and continuum simulation by a discrete network are negligible 

(on the order of 0.03%). An ac noise pickup, an expected problem with 

large networks, was about 5 mv peak to peak. This small alternating 

voltage presents no problem due to the large rejection capabilities of the 

readout system. 

Maximum potential errors of about 10% occurred at 

* 

Voltage errors attributable to resistor 

Node readout to scanner connections were made through seven 100- 

Cable connection makeup took too much conductor cables and connectors. 

time. 

and receptacles, hard wiring of node readout wires directly into the scgnner 

is recommended. 

Considering makeup time and the high cost of 100 conductor plugs 

The cost of the 662 node network, including components, readout 

system and construction time, was approximately $28, 000 with the readout 

system accounting for $23,500. A 10,000 node expandable analog and 

associated readout and auxiliary equipment would cost about $100, 000, based 

on test analog extrapolation. 

methods is expected to provide the same information at less cost and with 

greater flexibility. 

Flow system solution by digital computer 
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A Practicable Method for Measuring Fluid Potentials and Monitoring 

Ground Water Contamination in Various Aquifers - D. J. Brown 

A Hanford-developed computer program was used to 
relate hydraulic potential distributions in sand-filled wells 
with those in wells which have cemented sections. The 
results showed that wells filled with sand yield measure- 
ments which more nearly duplicate the actual conditions in 
the field. 
sand-pack method provide reliable structures for obtaining 
representative samples of the ground water with depth and for 
obtaining measurements of the ground water distribution in 
the various aquifers. 

Piezometer tubes installed in deep wells by the 

Over 400 cased, 8 in. wells have been drilled on the Hanford 

Project. 

potentials. 

create flow patterns which may result in erroneous or incomplete information 

on the status of contamination in the ground water. 

to modify these wells to permit representative sampling of the ground water 

and to obtain the potential measurements which are needed as input data in the 

program to construct a mathematical model of the Hanford flow regime. Such 

modification required that the hydraulic potential distribution within the casing 

be only slightly less than or equal to the potential naturally present in the 

corresponding formations outside the well. 

insure that ground water entering and leaving the well at any point is repre- 

sentative of that in the adjacent formation regardless of the number of aquifers 

penetrated by the well. 

Many of these wells penetrate aquifers having different hydraulic 

Some of the wells tap aquifers of sufficient head difference to 

It was desirable, therefore, 

This potential distribution will 

The method initially used to equalize the hydraulic head within a deep 

well was to seal a number of piezometer tubes inside the casing at selected 

intervals. In that case, the casing was filled with sand in the zones where the 

piezometer tubes were perforated, and the casing sections between tubes were 

cement-filled. In this manner, access to the sealed-off aquifers was provided, 

and reliable samples and head measurements of the ground water were obtained, 

since the movement of ground water up or down the casing was restricted by the 
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cemented sections. 

installation time. 

lation in a well when the tubes were sealed in with cement. 

possibly more reliable method considered was one in which only sand is 

used to seal the piezometers in the well. 

was evaluated by solving a series of three-dimensional cases simulating both 

a sand-filled well and one in which cemented sections were present. 

One problem with this method was the relatively long 

It usually required from 6 to 14 days to complete instal- 

A faster and 

The effectiveness of this method 

The potential distribution in a well filled with sand was evaluated 

for two sets of boundary conditions selected as input to the computer 

program. (4*9) The first set of conditions was chosen as that most repre- 

sentative of the hydrological conditions encountered in wells drilled at 

Hanford. Three cases were run on the IBM 7090 computer, using the first 

set of boundary conditions. 

tribution in the model with no well present. 

for comparison of the results from the sanded-well and the cemented-well 

cases. 

entirely with sand. 

filled with cement and the upper and lower quarters were filled with sand. 

Figure 4.14 is a graphical representation of these cases showing the 

potential variance in the sanded and cemented wells from the calculated true 

potential pattern. 

in sand-filled wells is within 0. 007 ft of the true potential distribution existing 

in the formation outside the well. 

containing the cemented section varied from the true value in the formation by 

0.01 ft. 

The first case determined the potential dis- 

These data provided a standard 

The second case solved for the potential distribution in a well filled 

In the third case, the middle half of the casing was 

The results show that the piezometric head distribution 

The potential distribution within the well 

The second set of boundary conditions was chosen to duplicate some of 

the more extreme hydrological conditions encountered in a few of the deep 

wells at Hanford. 

case was for the naturally-occurring potential distribution (no well present). 

The second and third cases were solved for the sand-filled well and the cemented 

well respectively. 

compared in Figure 4. 15. 

Three cases were solved using these conditions. The first 

The variances determined for these boundary conditions are 

The results again show that potential distributions in 
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wells filled with sand alone are as close to the true potentid values in the 

formation as are those in the wells with the cemented sections. 

case, however, the variance from the true value was about 0. 1 ft for both 

the sand and the cement at one point in the well. This large difference 

occurred in the zones where the upper and lower clay interfaces exist. 

average variance in the second model is probably closer to 0.01 ft. 

In this 

The 

A calculation was made to determine the ratio of head loss in an 

unobstructed pipe to the head loss in a pipe filled with sand. 

equation for head loss in open pipe and Darcy's equation for head loss in a 

pipefilled with sand were equated to obtain the ratios for head loss and 

velocity. 

Poiseuille's 

V1 and h 

V2 and h The 

diameter of the pipe is d, the intrinsic permeability k, the viscosity p. 

the specific weight y, and the length of the pipe .t . From Equation (11, 

designate the velocity and head loss in the open pipe, and 

are the velocity and head loss in the sand-filled pipe. 
L1 

L2 

if V1 = V2 then 

h, 

then 

TI 

"2 32k 
y=F- (3) 

The head loss ratio in the case of the open pipe and the pipe filled with 

sand is 8. 4 x 10". 

cement is 8. 4 x 

effective in dissipating most of the head differences in a well. 

A similar ratio for an open pipe and a pipe filled with 

These ratios indicate that sand alone is extremely 

Some flow of 
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water naturally takes place between the aquifers within a formation. 

more nearly duplicates the actual conditions present in the formation because 

it does not restrict the flow as completely as does cement. 

sand in most cases gives more accurate results than does cement. 

Sand 

Accordingly, 

This study demonstrates that a bank of piezometer tubes installed in 

a well casing, using sand alone to dissipate the hydraulic head difference 

between aquifers, will provide a reliable structure for obtaining representative 

samples of the ground water and for obtaining accurate measurements of the 

potential distribution within the formations. 

\ 

(4.10) 

Investigation of the Disposition and Migration of Gross Gamma 

Emitters Beneath Liquid Waste Disposal Sites - J. R. Raymond 

Wells immediately adjacent to liquid waste disposal 
sites were logged with a gamma scintillation probe to 
determine the penetration depth of radionuclides. Information 
is presented to show contamination magnitude and migration 
changes at several "typical" sites. Well scintillation logs are 
shown to illustrate changed in waste penetration at three waste 
disposal facilities that have different operational histories. 

Depth of penetration and extent of lateral spread of radionuclides 

beneath a waste disposal facility depend upon the volume and type of waste 

discharged and the physical and chemical characteristics of the earth material 

beneath the site. Each facility requires inidvidual study to evaluate the dispo- 

sition of radionuclides in the subsoils. 

near disposal facilities is helpful in determining the degree of vertical and 

Gamma-scintillation logging of wells 

horizontal contaminant spread during disposal and in evaluating continued 

soil drainage and radioactive decay after disposal has terminated. Scin- 

tillation logging has only limiteduse, however, after the entire soil column 

has become highly contaminated. 

Equipment and Techniques 

Three different scintillation probe systems have been used for 10 yr for 

The present system is a third generation evolution from earlier- well logging. 

developed equipment. The system consists of a 4 in. diameter and 13. 5 in. long 
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probe, armored wire line, and surface hoisting and electronic equipment. 

The present system has greater sensitivity and stability than the earlier 

equipment, and more refined hoisting and recording methods are used. 

equipment has a lower detection limit of 2 x 10 

(Ru 

limit is about 150 mr/hr (Ra 

The 

microcuries/cm in water 
-6 3 

- Rh106) and about 0,002 mr/hr (Ra 226) in air; maximum detection 
226) . 

Discussion 

The vertical migration of radionuclides beneath Hanford waste 

disposal sites varies from thin zones directly under the facility to areas 

where the entire soil column is contaminated. 

from a few feet from the edge of the crib, trench, or cavern to several 

hundred feet from the disposal site. 

Horizontal spread varies 

The concentration of radioisotopes in 

the soil varies from barely detectable to beyond the maximum range Of 

the scintillation probe. 

the major disposal sites to delineate fairly accurately the vertical extent 

of subsurface contamination. 

Adequate, monitoring-well coverage exists around 

It 

Three disposal sites were selected to illustrate typical” findings 

for three different operational conditions. 

logs of Well Wll-55 for 1953, 1958, and 1963. This well monitors a 

crib site which received 4.5 x 10 

product wastes from August 1946 to July 1951. 

narrow zone of gross Contamination from about 15 to 35 ft below ground 

surface. The logs for 1958 and 1963 show almost exactly the same con- 

taminated zone. The zone from 35 to 75 ft appears slightly contaminated. 

This log is typical of that for a disposal facility which received relatively 

low-activity density wastes and one which has been out of service for a long 

time. 

facility had been out of service for several years. This supports the belief 

that much of the flow beneath a crib is under unsaturated flow conditions where 

subsequent drainage would be slow. 

Figure 4. 16 shows scintillation 

7 
liters and 18, 000 curies of mixed fission 

The 1953 log shows a 

Very little downward migration of contamination occurred after the 
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__----- 

FIGURE 4.16 

- 
... 
-- 

Probe Results in Well 299-W11-55 

Figure 4. 17 shows scintillation logs of Well E13-6 for 1956, 1958, 

1959, and 1963. Well E13-6 monitors a site with six cribs that received 

4 x 10 liters and 3.2 x 10 gross beta curies of waste from January 1956, 

to December 1957. Three months after the initial disposal, radionuclides 

had penetrated to a depth of about 80 ft. 

discontinued, contamination had moved to 170 ft. Radionuclides migrated 

downward an additional 15 ft the following year. Four years later, in 1963, 

the contaminants had reached a total depth of about 210 ft. 

radioactive decay is apparent on the last trace. 

contamination migration to 225 ft beneath ground surface by 1966. This log 

is typical of that for a site which has been out of service for a moderate 

length of time and has received medium volumes of relatively high activity 

density, high- salt waste. 

7 5 

Four months after site use was 

The effect of 

Data extrapolation indicates 

00288b3 
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Probe Results in Well 299-E13-6 

Figure 4. 18 shows scintillation logs of Well E26-5 for 1958 (three 

logs) 1959 and 1963. 

about 7.6 x 10 

condensate waste from May 1958, to present. 

April 1958, before site use for background information. On May 27, 1958, 

1 wk after disposal started, contamination was present to a depth of 105 ft. 

Radioisotpoes (Ru) had migrated to about 130 ft by June 1958, and the 

entire soil column beneath the crib was contaminated by June 1958. 

the volume and quantity of radioactive material discharged to the crib 

were greatly reduced in late 1959, and the latest log (May 1963) reflects’ 

this reduction. 

large volumes of low level waste and is still in service. 

This well monitors part of a crib that has received 
8. 

liters and about 4500 gross beta curies of tank farm 

The well was logged on 

Both 

These probe results are typical for a site that receives 

00288b4 
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Future Investigation 

Logging of project wells adjacent to disposal sites will be con- 

tinued. Determination of isotopic composition of the contaminants will be 

attempted by use of a multichannel pulse height analyzer Information 

gained from these field studies should be of considerable value in linking 

the results of laboratory tests, which use confined soil columns to evaluate 

the uptake of specific radionuclides, with the observed waste flow patterns 

typical of the true field situation. 
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Soil Parameters Necessary for Solution of Partially Saturated 

Flow Problems - L. G. King 

The solution of problems involving flow through partially- 
saturated porous media requires a knowledge of the three 
interrelated soil parameters: permeability, capillary pressure, 
and mositure content. 
may be expressed as two curves: moisture content as a function 
of capillary pressure and premeability as a function of capillary 

basic equation describing the flow. 

The general equation describing the flow of a liquid through a 

stable porous material which is partially saturated with the liquid is 

It is concluded that the relationships 

pressure. These relationships are shown to arise from the b 

-- a' - div(2grad 6), 

at 

where 8 is the moibture content expressed on a bulk volume basis, 

t is time, k is the permeability 

1-1 is the viscosity of the liquid, and Q is the potential. 

be written 

.I, ,I. 

expressed in length-squared dimensions, 

The potential may 
:: :;; 

where p is the liquid pressure, p is the density of the liquid, g is the 

acceleration of gravity, and z is the vertical space coordinate. 

It is assumed that the liquid wets the solid and that the nonwetting 

fluid occupying the remaining pore volume has a pressure which is constant 

and uniform throughout the system. 

capillary pressure, p,, defined as the difference in pressures between the 

nonwetting fluid and the wetting fluid. 

It is convenient to introduce the 

:: Sometimes called intrinsic permeability 

:::$ The potential is sometimes written p/pg + z which is an expression of 
energy per unit weight; whereas, Equation (2) expresses the potential 
as energy per unit volume. The only difference in the two expressions 
is in units involved; the potential is physically the same. 

00288bb 
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Thus,. for an air-water-soil system the capillary pressure is equal to the 

negative of the water pressure. For soils partially saturated with water, 

the water pressure is actually a negative'value (the air pressure taken as 

a datum), so that the capillary pressure has a positive value. 

Introducing the capillary pressure into Equation (2) and writing 

Equation (1) in Cartesian coordinates gives 

(4) 

The three soil parameters, 8, k, and pc, are related. For 

homogeneous media the relationships may be expressed as 8 = 8(pc) and 

k = (p,) i. e., a curve of 8 as a function of pc and a curve of k as a function 

of pc. 

value problems involving partially saturated porous media. It may appear 

that only one relationship, k k (pC), is needed for steady flow since the 

left side of Eqaution (4) is then zero, and the solution of the resulting 

equation gives pc as a function of space. 

usually lies in the distribution of moisture content. 

giving the distribution of p, is obtained, the curve 8 = B(pc) is needed to 

obtain the distribution of 8. 

These two relationships are needed for the solution of boundary 

However, the practical interest 

Once the solution 

For transient flow, either Bor p 

in Equation (4). (4'11) For pc the dependent variable, the left side of 

Equation (4) is written 

may be made the dependent variable 
C 

For 8 the dependent variable, 

(6) 
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and Equation (4) becomes 

where D is the diffusivity (a function of 0 1 given by 

(7) 

(8) 

From Equations (41, (5), (7), and (8) it is apparent that both curves, 

8 = 8(pc) and k = k(p,), are needed for the solution of a transient flow 

problem regardless of the choice of dependent variable. 

the slope of the 8 = 8(pc) curve must be determined. 

is well known. (4' 12' 4' 13) The theory of Miller and Miller (4. 13) shows 

that the functions depend upon the capillary pressure history but are 

invariant to monotonic time-scale distortions of that history. From this 

theory there are two histories which give unique functions. 

drainage of liquid from completely saturated material and imbibition of 

liquid by dry material. 

scanning curves between these two unique curves. 

Furthermore, 

The fact that hysteresis exists in the two functions, 9(pc) and k(pc), 

They are 

There are, of course, a multitude of possible 

Measurement of Soil Parameters for Partially Saturated Flow - 
L. G. King 

A laboratory program is in progress to measure 
' simultaneously the relationships between the three soil 

parameters: permeability, capillary pressur e, and 
moisture content. Moisture content measurements 
utilize the excellent characteristics of soils having dif- 
ferent degrees of wetness to attenuate the low-energy 
gamma rays from an Am241 source. Simultaneously, 
capillary pressure and permeability are measured by 
more conventional techniques. These data, collected 
for typical project soils, are used as inputs to the 

steady-state" computer program which solved for 
the equilibrium waste-flow patterns beneath ground 
disposal facilities. 

II 
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The relationships between the three partially- s aturat ed flow soil 

parameters , permeability, capillary pressure, and moisture content, for 

both imbibition and drainage are needed as input data to computer programs 

which will evaluate the flow-patterns beneath waste disposal facilities and 

leaking tanks (the transient-flow-program for the latter case has yet to be 

developed). 

enon observed by Childs (4' 14) and explained by Scott and Corey. 

1945, Childs observed that as liquid flowed downward at a steady rate 

through a long vertical column of partially-saturated, uniformly packed 

porous material, the capillary pressure and moisture content were sensibly 

constant over a considerable length of the column. 

column the potential gradient is due only to gravity and is constant. 

the permeability can be calculated if measurements of the outflow rate are 

made. 

are available, then the relationships between the three parameters can be 

determined on the same sample. 

96 

The basis for the discussed method of measurement is a phenom- 
(4. 15) In 

For this region of the 

Hence, 

If methods of measuring the capillary pressure and moisture content 

The measurement of moisture content is made by a gamma-ray 

In this method, the soil sample is absorption technique (Figure 4. 19). 

placed between the source of gamma radiation and the detector probe. 

count rate received at the probe can be correlated to the moisture content 

of the sample (the drier the sample the higher the count rate). 

and Gardner (4' 16) and others have used Cs137 as a source of gamma 

radiation. In this case an 

results for the desirable column size (about 2 in. ID). Also, the low gamma- 

ray energy (0.06 MeV) of permits the use of a relatively high flux with 

only minimum shielding. 

like those described by Scott and Corey (4* 15) except that a rigid porous 

porcelain material is used instead of a flexible porous plastic. 

The 

Ferguson 

source is used to obtain more accurate 

The capillary pressure is measured with tensiometers (Figure 4.19) 

::: See "Soil Parameters Necessary for Solution of Partially Saturated Flow 

Problems, page 4.37. It 
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AMPLIFIER 

DISCRIMINATOR 

SCALAR 

TY PI GAL 

FIGURE 4.19 

Schematic Drawing of Equipment for Measuring Soil Parameters 
for Partially Saturated Flow 

A soil column packer, similar to the one described by Jackson, 

Reginato, and Reeves (4' 17) was built to obtain uniform distribution of 

material within the column. The column, clamped into the packer, is 

continually vibrated while a motorized tremie lays down a helical pattern 

of soil as it rises from the bottom to the top of the column. 

causes rearrangement of soil particles only within 1/4 in. of the surface. 

The measurement method may be outlined as follows: The column 

of dry material from the soil-column packer is allowed to fill with liquid 

until steady downward flow is established. Then the capillary pressure, 

moisture content, and permeability are determined. 

at which the liquid is allowed to enter the column is reduced, steady flow is 

The vibration 

The capillary pressure 

once again obtained, and the above measurements are made. 

curves, 

:I: See "Soil Param'eters Necessary for Solution of Partially Saturated Flow 

Thus, the two 
.I. -8- 

8 = 3 (pc) and k = k(pc), are determined for imbibition by a succession 

11 Problems, page 4.37. 

0028810 



4. 42 MW-81746 

of steady-state measurements at various values of pc. 

making drainage measurements is the same except the material is initially 

saturated under vacuum (4‘ Is) and one steady state condition is produced 

from another by an increase, rather than a decrease, of the capillary 

pressure at which the liquid enters the column. 

The method for 

Analytical Description of Soil Parameters for Partially Saturated 

Flow - L. G. King and A. E. Reisenauer 

Methods were derived for accurately fitting experiment a1 
data for soil permeability and moisture content as functions 
of capillary pressure by equations in closed form. The 
immediate utility of these equations is in the simplification 
of input data used to obtain accurate solutions to steady- 
state, partially-saturated flow problems. Future applications, 
such as those related to transient-state waste flow problems 
(leaking waste tank or pipeline), appear promising. 

An analytical solution of any partially-saturated flow problem 

necessitates description of the relationships between the soil parameters 

by mathematical equations. Even with such equations, integration of the 

partial differential equation describing the flow may be virtually impossible; 

hence, numerical solution methods are usually used. Equations relating 

the soil parameters will greatly simplify the handling of input data and the 

programming for computer numerical solutions. 

Schleusener and Corey (4’ 18) and Scott and Corey (4* 15)approxi- 
.L 

mated the curve‘r k = k (p,) by the equation 

where pd and n are constants for a given soil and capillary pressure 

history, pc is the capillary pressure, and kr is the relative permeability 

defined as the ratio of the permeability at the moisture content considered 

to the permeability at complete saturation. Gardner (4* 19) used the equation 

n 
k = a/(pc + b), 

where a, b, and n are constants. 

(2) 

~ ~~ ~ 

‘I: See “Soil Parameters Necessary for Solution of Partially Saturated Flow 
Problems, I1 page 4. 37. 
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The data (4' 15J 4' show that for drainage of some materials from 

complete saturation, there must exist a finite, and sometimes substantial, 

capillary pressure before any desaturation (and hence permeability reduction) 

takes place, Further increase of capillary pressure causes a gradual and 

then more rapid decrease of permeability, until the curve approaches a 

straight line on a logarithmic plot, 

imbibition curves have a similar shape. 

permeability for a range of capillary pressures will be described by saying 

that the curve has a ''plateau". 

ignores the existence of a plateau. The data (*, 15' 4' 18) show considerable 

deviations from Equation (1) for values of relative permeability from 1, 0 to 

0.1. Recent results of Hanks and Bowers (4'20) show the above range to 

be quite important for transient partially-saturated flow problems during 

imbibition. 

line asymptotically for large capillary pressures. 

~ 

The data of Figure 4. 20 show that 

The phenomenon of constant 
* 

Equation (1) is a straight line on a logarithmic plot and completely 

Equation (2) does describe a plateau and approaches the straight 

The equation proposed here is 
.. 

I' cosh [(pc'pr)q] - 1 I cosh [(P~/P,)~]+ 1 

kr = o (3) 

where 0, tl, and pr are constants for a given soil and capillary pressure 

history. 

not given further significance here. 

.ll 0,- 

The parameter pr is some reference capillary pressure and is 

Figure 4. 20 shows Equation (3) fit to experimental imbibition data. 

The imbibition 

Since drainage curves have a 

.L 
.8, *,. *,. 

These data were measured by the long-column method. 

curves have a plateau for some materials. 

similar shape, they can be fitted equally well. Figure 4. 20 shows that, 

::: See "Soil Parameters Necessary for Solution of Partially Saturated 

Flow Problems, page 4.37. 

:*::: See "Measurement of Soil Parameters for Partially Saturated Flow, 

page 4.39. 

II 

II 
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although the fit is not too good where the slope is changing most rapidly, 

Equation (3) does describe the data for the complete range of capillary 

pressures measured. 

becomes very nearly a straight line with the slope equal to 2n on a logarithmic 

plot and thus approaches Equation (1) asymptotically. 

sure becomes infinite, the permeability approaches zero. 

kr = 0. (Note that for drainage from complete saturation, IJ = 1). 

For sufficiently large capillary pressure, Equation (3) 

As the capillary pres- 

When p, = 0, 

\ 
\ 
\ 

I" 

Exp e rim cn t a1 Dat a fo r I' c I' 1-11 cab i 1 it y 
as a Function of Capillary l'ressure b'it liy Equation (3) 



S = S(p,), where S = Of. The saturation, S, is the ratio 

volume filled with liquid to the total pore volume, and f 

The values of S range between 0 and 1. 

>: 

It is convenient to replace the curve 8 = e(pc) by the curve 

of the'pore 

s theporos 

4.45 HW - 81 746 

tY - 

(4) 

Brooks and Corey (4' 21) propose the equation 

where A, pd and S, are constants. 

the saturation at which the permeability is assumed to approach zero. 

Brooks and Corey (4' 21) approximate Sr as the vertical asymptote to 

the curve S = S(pc) at the large values of pc. 

The residual saturation, s,, is 

The equation proposed here is 

where 6, Y, B, c, and p, are constants depending again on the soil and the 

capillary pressure history. Here, also, po is given as a reference capil- 

lary pressure with no attempt to attach any physical significance to it. 

Figures 4. 21 amd 4. 22 show Equation (4) fitted to experimental 

data. Note that: 

Equation (6) gives a rational way of determining the residual saturation, 

Sr. Figures 4.21 and 4.22 show that these curves also have a plateau for 

some materials. Equation (5) can fit data which either exhibit or lack a 

definite plateau. The deviations for G. E. Number 2 Sand between S = 0. 9 

~~ 
~~~~ ~ ~ 

:: See "Soil Parameters Necessary for Solutions of Partially Saturated Flow 

Problems, page 4.37. - It 
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FIGURE 4.21 

Experimental Data for Saturation 
as a Function of Capillary Pressure Fit by Equation (5) 

FIGURE 4.22 

Experimental Data for Saturation 
as a Function of Capillary Pressure Fit by Equation (5) 

AtC Gt .ICIILlID. WAS# 
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and S = 1 are not of too much concern since these data are not compatible 

with the permeability data shown in Figure 4. 20. 

were measured on a different sample, and the gamma ray technique 

not used. 

(or d O/dpc), necessary for the solution of any transient, partially- 

saturated flow problem. 

often used for numerical data is avoided by use of Equation (5). 

The saturation data .L 

,I- 

was 

Equation (5) is easily differentiated to obtain the slope, dS/dpc 

4. .,. .,. ,,. 
Thus, the laborious graphical differentiation 

The parameters (T , t~, pr , 6, Y, 8, E, and po were chosen with the 

aid of a nonlinear data fitting program, “NELLY, I’ developed at Hanford. 

This program employs a steepest descent method of minimizing the sum 

of the squares of the residuals. 

In-Place Measurement of Permeability in Heterogeneous Soils - 
R. W. Nelson 

An extended sequence of analysis is presented which 
overcomes the computation problems associated with the 
determination of soil permeability distributions in hetero- 
geneous media. 
orthogonal regression met hods, provides the permeability 
through integration of appropriate functions along flow paths 
which are also found from the potential function. 

The potential function, obtained from 

The accurate evaluation of ground-water flow systems requires 

realistic in-place measurement of the permeability distribution through- 

out the region. 

available from earlier work. ‘4* 22’ 4’ 23) The basic theory states that 

A complete theory of measurement for steady flow is 

if the steady ground-water potentials are known throughout the region of 

interest, and permeabilities are known along one irregular surface which 

intersects every stream tube in the flow system, then a unique perme- 

ability distribution everywhere in the system can be obtained. Moderate 

progress has been made in overcoming the computation problem arising 

from the potential distribution being a tabular set of data rather than a 

11 
:: See “Measurement of Soil Parameters for Partially Saturated Flow, 

page 4.39. 

::::I: See “Soil Parameters Necessary for Solution of Partially Saturated Flow 

Problems, page 4.37. 
I1 
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mathematical function. 

flow must be found and appropriate integrals evaluated along those paths to 

obtain the permeability distribution. 

Such a function is needed since the paths of fluid 

The functional fitting and permeability determination steps are 

illustrated in Figure 4. 23. 

data which include the location, x, y, and z coordinates; time, t; and a 

potential observation, cp, for each location. These data are used as input 

to the generalized orthogonal regression program (GENORO) to obtain the 

fitted function. 

methods used by the Upper Atmospheric and Plasma Physics Unit of the 

Bureau of Standards in connection with numerical mapping of the ionosphere. 

The method of fitting generates a set of ortho-normal fitting functions 

(orthogonal with respect to the irregular locations of potential measurement). 

This special class of functions uncouples the unknown coefficient matrix 

thereby permitting the coefficients to be calculated in a stepwise manner rather 

than by inverting an extremely large matrix. 

program was completed recently. 

In the upper left corner, are shown the field 

The logic and methods used in GENORO are adaptations of 

Development of the GENORO 
(4. 24) 

The output of the GENORO program is a set of coefficients which 

gives the equation for the potential, and serves as input to the second 

computer program under development: GENPATH. The latter program uses 

the potential function to deduce the streamlines, (4' 25) and to evaluate 

appropriate integrals needed to get the permeability distribution along each 

flow path. The entire spatial permeability distribution is obtained through 

successive consideration of other flow paths. 

0028811 
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Extension and Simplification of Stream Functions for Flow in 

Heterogeneous Porous Media - R. W. Nelson 

(4.26) for 

heterogeneous media are extended to give simplified 
equations for the velocity, in terms of the stream function 
pair, and for the flux distribution. 
flux equations are directly integrable and are therefore 
simple to use. 

Stream functions are a particularly useful tool in the analysis of 

The stream functions derived previously 

In this new form the 

waste flow in ground water, since they describe the individual paths of 

fluid flow. 

one of the parameters needed for accurately assessing the potential radio- 

Integration along these paths defines the travel time which is 

logical hazard. 

Summary of Background Equations 

Potential Equations: 

div (K grad cn) = 0 

K div (grad cp) + grad K grad cn = 0, 

where, 

K is the hydraulic conductivity or spatial 

distribution of permeability 

ro = + z is the hydraulic potential or 

potential function 
Y 

P - is the pressure head 
‘I 

z is the elevation head. 

Flow Paths: 

Along the path of a fluid particle the convectivity 

derivative of the path function, Y , is zero,. i. e. : 

DI Dt = K grad rp . grad ’! 0. (3) 

0028819 
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Solution of Equation (3) reduces to finding the integrals of the pair 

of differential equations 

having the solutions 

f(x, y, z) = a 

g(x, y, z) = b. 

Equations (5) and (6) make up the adjunct stream function pair with 

the intersections of the f and g surfaces being precisely the stream- 

lines, as illustrated in Figure 4. 24. 

. 

Definition of the velocity vector, - v is 

v = KA(grad f x grad g) (7) - 
where A is a scalar parameter of space, yet to be obtained. 

Stream Surface 
/ / (f 9 constant) 

L 

_. 

Path of 
Stream Surface Fluid Particle 

Stream Surface 
/ / (f 9 constant) 

L 

_. 

Path of 
'eam Surface Fluid Particle 

FIGURE 4.24 

Geometric a1 Interpret at ion of St ream Surfaces 
as Defined by the Function Pair f and g. 
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New Description of Velocity and Results 

Equation (7) expresses the velocity components as a function of the 

adjunct pair and KA; however, it is shown through use of the theory for 

postmultipliers and integrating factors that - v can be expressed in a more 

compact functional form. 

of Golubev, (4* 27) the equation is identically zero. 

By direct calculation or by Theorem 1, page 32 

(8) 
1 

A 
div (- gradcp) = 0 

Equation (8) is the defining relationship for A to be a postmultiplier (see 

Equation (14) page 34, Golubev) (4'27) With Ashown to be a multiplier, a 

new alternative appears. 

g followed by meeting boundary conditions with A, the boundary conditions 

can be included by judiciously selecting A and using one of the independent 

integrals, say f = a, to specify a new second integral, G. Upon comparing 

Equations (1) and (B), a judicious selection of A is the reciprocal of the 

permeability distribution, K; therefor e, 

Rather than using the independent functions f and 

1 
A =R 

and the function defining the new secons integral, G, must be 

(see pages 25-41, Golubev) (4. 27) 

dC =&($ ox 
- 

(9) 

The substitution of K from Equation (9) into (7) gives as the velocity, 

from Equation (lo), 

v = (grad f) x (grad G) . (11) - 
Using Equation (11) the flux, Q, is 

or 

OO2888 t 

Q =J1 

1 

f2 df dG 

(1 2) 
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as contrasted to the earlier result - 

G eolo gy 

River Water Bank Storage and Exchange at Hanford - 

J. R. Raymond and D. J. Brown 

Information is presented on water behavior adjacent to 
fluctuating rivers concerning bank storage and river water 
penetration into ground water aquifers. Methods of investi- 
gation are discussed. Evaluation of storage and exchange 
was carried out for the Hanford side of the Columbia River. 
Total bank storage for a typical year was 2.0 x lo9 ft3 of 
which 3670 was river wa er. 
aquifer was 2.9 x 10 ft . This volume is equivalent to 
only abo t 8 hr river flow, based on an average flow rate 

Total river water in the 
95 

of 1 x 10 '5 ft3/sec. 

Behavior of ground water adjacent to fluctuating rivers, lakes, 

or reservoirs is of interest to the hydrologist for any of several reasons. 

A surface water body may derive most of its flow from ground water 

sources in some instances. In others, the ground water can be almost 

totally composed of water from the surface body. These two conditions 

(or a variety of modifications) may exist in the same region at different 

times, depending on the stage of the surface and ground waters. The 

changing elevation of the surface water may cause changes in ground 

water quality and quantity available for use due to inflow or outflow. 

conversely, the fluctuations may cause similar changes in the surface 

w at er characteristics from ground water discharge. 

Or, 

Knowledge of ground water exchange with varying stage surface 

water can lead to better and more efficient use, conservation, and control 

of both ground and surface waters. 
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Figure 4. 25 shows a vertical cross section of an aquifer and adjacent 

river; b is the aquifer thickness. 

to the river at initial water table and river stage. 

by a distance ho, the water table rises due to the inflow of river water and at 

time t rises by a height of h at x distance back from the river. Therefore, 

we see that a stream fluctuation may produce large variations in magnitude 

and direction of ground water flow. 

The base flow is ground water that flows 

If the river level rises 

Bank storage, the general term used for the river water stored in 

the aquifer during flood stage, is defined as water, both river and ground, 

that is stored in the zone above base flow stage. This is depicted at flood 

stage by the crosshatched zone in Figure 4.25. 

is contributed to the river in addition to the "exchanged" river water in the 

base flow zone. 

At low stage, this water 

e Initial River Stage 
I I 

b = Aquifer Thickness 

FIGIJHE 4.25 

Aquifer and River Cross Section 
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Bank storage and ground and river-water exchange may be evaluated 

Distance of river water penetration into the aquifer can sometimes 

semiempirically from well and river hydrographs where sufficient control 

exists. 

be determined by well water temperature studies when river and ground 

water temperatures differ significantly. 

evaluated by use of the following equations. 

Bank storage may also be 

h/ho = 1 - P(x) 

where h = water table rise at distance x from river 

at time t since river stage was raised a 

dis t anc e ho 

P(x) is the error function erf (xyq4at) sometimes called the 

probability integral, given by: 

a = Kb/S = T/S 

K = coefficient of permeability 

b = Aquifer thickness 

S = Coefficient of storage 

T = Kb 

V= VT 
2 Khob 

./.. 

where V = Total volume of river water in the aquifer at 

time t. 

The aquifer coefficients of transmissibility (or permeability and 

aquifer thickness) and storage must be known. 

the ability of the porous media to transmit water, can be determined by 

pumping tests, tracer tests, and well-water fluctuation observation. The 

Aquifer transmissibility, 

002.8884 
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latter method is particularly adapted for use near fluctuating streams. 

Methods developed by Werner and Noren, (4* 28) Ferris, (4’ 29) or Rowe (4. 30) 

may be used. 

volume available for water transmission is called effective porosity or, 

for water table conditions, the numerically equivalent storage coefficient. 

The coefficient of storage is defined as the volume of water released from 

storage from 1 ft of aquifer when the hydraulic head is reduced 1 ft. The 

storage coefficient can be determined from pumping tests. Effective 

porosity can also be determined from the relationship S = f(m ) where S 

is the effective porosity (or storage coefficient) V the average ground 

water velocity, Q the total quantity of flow through cross section A, and f 

is a temperature correction factor used when the water temperature varies 

from 60 F. 

radioactive isotopes, Q was a measured amount of cooling water discharged 

to the ground, and A was determined by temperature measurements. S can 

vary from about 0. 05 to 0.3 under water table conditions. 

The water occupies only the pore space in the aquifer. The 

2 

In use at Hanford, V was obtained from tracer tests using 

To evaluate the bank storage and river water exchange throughout 

the entire Hanford Project it is first necessary to consider the geo- 

hydrologic changes which occur along this section of the river. 

have shown that there are four distinct regions which differ significantly 

in aquifer characteristics and should, therefore, be evaluated individually. 

Figure 4. 26 shows the reach of the Columbia River from Richland to 

Priest Rapids, with cross sections depicting the major geologic changes in 

the zone where bank storage occurs. 

positions of the river stage which defines the bank storage zone. 

stage (represented by a solid line) is based on an average minimum flow 

rate of 50, 000 ft /sec while the upper stage (represented by the dashed line) 

is based on an average maximum flow rate of 500,000 ft /sec. The geology 

of particular interest in this discussion is limited to the rocks through which 

the ground water percolates at these two extreme stages. The subdivision 

into regions is indirectly based on the geologic changes which are shown in 

Studies 

This figure shows the two relative 

The lower 

3 

3 
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INLAND EDGE OF BANK STORbCE EFFECT 

OLACIOFLUVIATILE DEPOSIT 

R I NQOLD FORMAT ION 

__------ 
on Of 300 Arro 

FIGURE 4.26 

I 

Regional Geologic Changes in Bank Storage Zone 

this diagram. 

gravels of the glaciofluviatile deposit. 

range in size from boulders, several feet in diameter, to fine sand, only 

a few thousandths of an inch in diameter. 

between Region I and Region I1 within the glaciofluviatile deposit. 

amount of silt gradually increases from Region I to Region 11. 

to the increased amount of silt in the glaciofluviatile deposit, sediments 

of the Ringold Formation are present in the lower portion of this zone. 

These materials are predominantly made up of cemented sand and gravel. 

A change also occurs between Regions I1 and 111. 

lying the glaciofluviatile deposit in Region I11 are silt and clay size sediments 

rather than the cemented material found in Region 11. 

Within Region I the rocks are predominantly sands and 

These rather coarse materials 

A gradual facies change occurs 

The 

In addition 

The Ringold beds under- 

The amount of silt 



4.58 HW- 81 746 

in the glaciofluviatile deposit diminishes in Region 111 to that more like 

Region I; however, the sands and gravels show more evidence of sorting. 

Region IV, being the farthest downstream, shows the greatest amount of 

sorting. All of the sediments in RegionIV are glaciofluviatile in origin. 

The bank storage and river water exchange was determined in each 

of these four regions. For example, Figure 4.27 shows the river and well 

hydrographs which were used to calculate the transmissibility for Region I. 

These hydrographs dramatically point out the degree to which the ground 

water table fluctuates in response to the change in river stage. Sufficient 

information was obtained from these data to calculate the transmissibility 

for this region by the Rowe method, and by the time lag and stage-ratio 

methods of Ferris. 

four regions. 

Similar data are available and were used for all of the 

FIGURE 4.27 

Region I River and Well Hydrographs 
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Figure 4.28 is a map of the Hanford Project showing the inland 

boundary of the ground water fluctuation and the portion of the zone, 

delineated by temperature survey, believed to be direct river water 

recharge. Beyond the limit of the hachured line running roughly parallel 

to the river, there is no evidence of water table fluctuation that can be 

attributed to the stage changes of the Columbia River. 

table in Figure 4.28 shows the aquifer characteristics of each of the four 

The enclosed 

regions and those values used to determine the total bank storage. 

??- 

- Inland exten' 
resulting frl 

_____.___ Inland limit of river water movement as 
defined from temperature profiles. 

RFGIONAL AQUIFFR CHARACTERISTICS 

1.0 x 10' 

REGION1 REGIONII REGlONm REGION 

Transmissibility g,d/l, 2.0 x lo6 4 6 x IO' I P x 10' 

Storage Coefficient 0.08 0.01 01 01 

LEGEND 

t of woter-table fluctuations 
om changes in rivef stage. 

j.(iifer Thickness ,, 1 ; 1 2; I 1; 1 7,: 1 
Length of Aquifer 

Permeability ,d,,,2 30 x 10' 40 x  IO^ 4 6 x lo3 I 7 x IO' 

mile$ 

9 

FIGURE 4.28 

Inland Boundary of Ground Water Fluctuation 
and River Water Penetration 
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A breakdown of this total bank storage for the Hanford Project appears in 

Table 4.9 by regions. It appears significant that of the total 2. 0 x lo9 ft3 

of water in bank storage on the Hanford side of the river, only 36170 is river 

water. 

uation of bank storage along this same reach of the Columbia River for the 

Atomic Energy Commission. (4' 31) They determined the total bank storage 

to be 3.4 x 10 ft , which is in good agreement with that determined in this 

study; however, they concluded that approximately 99% of the recharge was 

by river water. It should be pointed out that the bank storage calculated for 

the Hanford side of the Columbia River cannot be used as an estimate for 

storage along the opposite bank of the river because of the completely dif- 

ferent geohydrologic conditions present there. 

In 1961 the U.S. Geological Survey made a reconnaissance eval- 

93 

TABLE 4. M 

REGIONAL. SUMMARY OF BANK STORAGE RENEAlN THE HANFORD I'HO.fL!C'f 

Region I I<egion I1 Region 111 11el;'ioil IV 10l;ll 

Hank Storage. ft3 3.6 x 10" 2.8 x 10 7 6.!) x loQ 9.1 x 10 2 ox lo9 

C~~~urid Water in Bank Storage, f13 1.3 x IOH 1.3 x IO7 5.0 >: 108 1;. 1 x 103 1.3 x 10:) 

River Water in Bdnk Storage. It3 2.3 lo7 j x 10' 1.I) x lo8 :3 x 108 7.3 x lo1{ 

Total IIivcr Water in Aquifer, It3 9.27 x IO" I. 1 x 108 3.8 x 108 1.5 x IO9 2. !I x IO9 

'% Itegiond Bank Storage 3E I) H 71 li 7 li -I 

X of Regional Rank Storage 64 2 zn 33 3 ti 
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Geophysical Seismic Survey Study - R. E. Brown and J. R. Raymond 

A test program demonstrated the applicability and 
advantages in the use of geophysical seismic methods 
in procurement of geological data important in defining 
ground-water flow paths. Characteristics of the post- 
basalt sediments were readily determinable and signifi- 
cant units were traceable. Features below the topmost 
basalt flow were not identifiable or traceable with tech- 
niques tested. 
surf ac e shooting with f ert iliz er - grade ammonium nitrate), 
rotary drilling, and inhole logging of wells for geologic 
control present a fast, dcfinitive and economical combi- 
nation of shallow exploration techniques. 

Refraction seismic methods (using 

A geophysical seismic evaluation study was completed and final 

results are being evaluated to determine the applicability of seismic 

methods at Hanford to determine the geological and geohydrological 

conditions pertinent to the disposal of radioactive wastes. 

techniques, data obtainable, accuracy of the data, and the cost and 

speed of the optimum, production-type survey were desired. 

Usable 

The study differed from normal seismic evaluation studies in that the 

depths to features of interest ranged from about 100 to 1000 ft. 

lies between depths normally explored in engineering seismic studies and 

those involved in petroleum exploration. Moreover, considerable geolog- 

ical data were available to which the seismic data could be related. 

the survey also sought to determine if seismic methods could extend and 

supplement existing geological information obtained from wells. 

Service, Inc. of Dallas, Texas, was chosen to perform the 1 mo field study 

because of their research orientation and advanced data processing and 

evaluation methods. 

That range 

Hence, 

Geophysical 
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Three principal sites were selected where the combinations of 

geological conditions differed appreciably, where locally detailed geological 

information was available, and where the confirmation and extension of that 

detail by new methods were highly desirable. 

In reflection shooting, continuous profiling provided accurate depths 

to basalt when coupled with advanced computer techniques. Work proceeded 

rapidly with predrilled shot holes, although conSiderable drilling was required. * 
The depth to basalt was difficult to determine when it was less than 600 ft. 

basalt flows beneath the uppermost flow were identifiable with techniques that 

could be tried in the time available, because of the thin nature of the flows 

and the numerous interbeds that provided a highly complex layering problem. 

No 

Refraction methods accurately determined the depth to the surface of 

Computer processing of data was not 

Surface shooting with fertilizer - grade ammonium nit rat e proved 

the Ringold Formation and the basalt. 

necessary . 

fully adequate and it eliminated the need of much drilling and the use of 

more expensive explosives. 

were noted in the drilling of "tie" holes, and their properties were deter- 

mined by inwell logging and by uphole shooting. 

ferentiated by refraction shooting, however, because of their lack of 

adequate extent and often thin nature. 

site-to-site appeared to correlate well with the different flows which form the 

basalt surface. 

Separate beds within the Ringold Formation 

They could not be dif- 

Variations in basalt velocities from 

Excellent performance and data were obtained by rotary drilling methods. 

Inwell logging combined with grab samples permitted excellent determinations 

of strata boundaries and indicated the practicability and desirability of use of 

rotary drilling in place of cable-tool drilling in some instances. 

No single method of exploration appears adequately definitive and 

economical, however, for obtaining the geohydrological information that 

Hanford's experience has indicated to be desirable. A combined program of 
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rotary drilling, with inwell logging, for "tiell holes, and refraction seismic 

profiling appears to be the best combination of techniques. 

The seismic results permitted the identification of materials that 

evidently are reworked Ringold Formation sediments intermediate in 

properties between the in-place Ringold sediments and the later glacio- 

fluviatile sediments. 

recent geological history of the area and in delineating old Columbia 

River channels in the Ringold Formation surface that readily transmit 

ground waters. 

detected. This structural identification has a bearing on the possible 

movement of waste products at depth in confined aquifers. 

differentiation of two basalt flows, on the basis of the seismic wave 

velocities, confirmed and validated previous interpretations. The dif- 

ferentiation is important in defining the possible path of movement of 

low-level wastes into the uppermost part of the basalt series and 

potentially beneath land adjoining the Hanford Works. 

That identification is important in resolving the 

The lowest known point on the local basalt surface was 

The apparent 

All aims of the seismic program were achieved and sufficient 

data obtained to permit the planning of a production-type survey if such 

is considered desirable. 

should have direct application in planning and carrying out similar studies 

at existing or potential nuclear plant sites. 

Also, the information obtained from this program 

Radioisotopes as Particulates and Volatiles 

Subisokinetic Sampling of Particles in an Air Stream - G. A. Sehmel 

The errors associated with sampling at filter face 

Data were obtained for 
velocities much below the carrying stream velocity 
(subisokinetic) were studied. 
several subisokinetic flow rates for wind speeds between 
2. 7 and 9 miles/hr. 
of 2 to 25 microns were used. 
used and the flow conditions imposed, a 10 micron diameter 
particle would appear to be present at a concentration as 
high as 2.4 times the actual concentration. Corrections for 
various diameter particles, sampling velocities, and relative 
subisokinetic rates are presented. 

Zinc sulfide particles in the range 
For the collector geometry 
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A true sample of an aerosol-laden air stream will be obtained only 

if the sample is withdrawn parallel to the stream flow and only if the air 

velocity through the aerosol collector is identical to the air stream velocity 

at the sampling point. Sampling with these conditions satisfied is termed 

isokinetic". Additionally, the collector must be highly efficient and create 

In practice 

II 

a minimum of aerodynamic disturbances to the approaching air. 

these requirements are seldom, if ever, absolutely achieved. 

Fluorescent ZnS has long been used as a tracer in diffusion studies 

and more recently for particles in rain washout research. 

considerations have required air sampling rates for this airborne material 

less than isokinetic (subisokinetic); in some experiments, far less. 

purpose of this study to establish correction factors for various particle 

sizes and subisokinetic sampling rates for the ZnS particles used. 

identical membrane filters and the polyethylene holders used in the atmo.- 

spheric diffusion studies were to be employed in these measurements. 

Practical 

It is the 

The 

When the sampling rate is subisokinetic, some air initially in the 

projected area of the filter collector will be deflected around the collector. 

Larger and heavier particles will not be able to follow the air path and 

will impact on the filter. 

will be collected. 

collector in a cylinder of air of diameter equal to the filter diameter would 

be caught on the filter regardless of the amount of air drawn through the 

filter. .Very small particles will follow the air paths because of their very 

low inertia. 

A nonrepresentative number of larger particles 

In the extreme case all large particles approaching the 

The experimental measurement of the sampling error involves 

introducing the particles into an air stream circulating in a closed loop 

duct at a given velocity. 

with its face normal to the stream. 

to the isokinetic rate. 

through which is drawn a sample at a lower flow rate controlled by a calibrated 

At a point downstream a filter in its support is held 

Sampling is started and the rate adjusted 

Adjacent to this sampler is another filter and holder 
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critical orifice in the vacuum line behind the filter. 

is complete, the number of particles in size increments is determined 

microscopically for the two filters. 

particle size is determined. No is the number of particles collected for 

a given size range on the isokinetic sample; N is the number found of the 

same size on the subisokinetic sample. 

method, this ratio should be identical to the ratio of the air flows through the 

After the sampling 

The quantity, N/No, for a given 
~ 

If there is no error in the sampling 

subisokinetic filter, U, and through the isokinetic filter, U. The factor by 

which 

N .uo 
TU 
0 

exceeds one is the correction to 

determined by the subisokinetic 

appear to be high by this factor. 

be applied to the air concentration 

sample. The indicated concentration will 

The isokinetic filter sampler was modified to assist obtaining a 

representative sample. 

rounded back from the inlet to promote smoother air flow around the filter 

and the backing was replaced with a screen support. At the higher wind 

speeds it is impossible to collect at isokinetic velocity through the filter 

area because of the high pressure drop. 

nozzle inlet was provided. 

and must be taken into account. 

The front surface of the filter retaining ring was 

In these situations a tapered 

Some deposition occurs on this inlet nozzle 

Results of the measurements are presented in Table 4.10 in which 

is shown the product 

as defined above. 

The values in Table 4.10 are those from smoothed curves passed 

through the actual experimental data points for the particle sizes cor- 

responding to the globe and circle graticule used. Inconsistencies in the data 
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Particle Deposition and Retention in Vertical Conduits - G. A. Sehmel 

and L. C. Schwendiman 

Available experimental data relating to particle deposition 
were evaluated in an effort to establish agreement with a 
theoretical model or to develop a correlation more accurately 
disclosing the relationship of the deposition constant to the 
several variables. 
model proposed; however, the precision of the data is such that 
critical comparison cannot be made. A.parameter grouping was 
found with which the deposition constant could be better cor- 
related. The parameter group was dominated by the reduced 
stopping distance term, S+ used in the theoretical model. The 
empirical factor by which i+ is adjusted results in the better 
correlation. A possible trend to higher than predicted deposition 
is indicated for very low values of reduced stopping distance, S'. 

Representative samples from gaseous streams containing fine 

The data lend support to a theoretical 

particles of radioactive materials are commonly required in plants which 

process nuclear materials. 

unavoidably long, information on the impaction and deposition of these 

particles is required to interpret the sample results in terms of the con- 

centration in the gaseous streams. 

Since the sample delivery lines are usually 

Identification of the parameters controlling deposition on surfaces 

will contribute also to a better understanding of deposition of airborne 

particles on terrain and vegetation. The retention of particles on surfaces 

is also of interest in evaluating contamination spread and the degree of 

hazard from unusual incidents releasing appreciable quantities of radio- 

active aerosols. 

It is the purpose of this study to determine the quantitative relation- 

ships among the variables governing particle deposition in conduits and to 

establish deposition models which are supported by the data. 

Particulate deposition during turbulent flow has been measured by 
(4.33) 

Friedlander and Johnstone, (4' 32) and by Postma and Schwendiman. 

In both studies, the deposition velocity, K, cm/sec, was determined from 

the average concentration of particles in the gas stream and the number of 
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particles counted on the tube wall. 

mental tube length for tube diameters in the range of 0.54 to 2. 64 cm. 

(4.331, and the data of Sehmel and Schwendiman (4* 34) for total deposition 

of ZnS particles 5 in a'17. 7 length of 9. 68 cm diameter vertical tube were 

reevaluated to determine how well the data available agreed with the model 

proposed by Friedlander and Johnstone. A second objective was to establish 

whether an empirical modification to the equations presented by Friedlander 

and Johnstone would give a better correlation. 

Deposition was measured in an incre- 

In studies during the past year the data in References (4.32) and 

The data available are shown in Figure 4.29, with 7, the particle 

mass transfer coefficient, plotted as a function of S , the reduced stopping 

distance. The deposition velocity, K, is the quotient.of the number of 

particles deposited per unit area per unit time divided by the average con- 
3 

centration of particles per cm . The average air flow velocity is V. The 

reduced stopping distance, S', is defined by the expression, 

+ 

d2 p P f Re2 

40 p D2 
> 

in which d= 

pP = 
f= 

Re = 

P= 

D= 

I-I= 

particle diameter 

particle density 

Fanning friction factor 
Reynolds number for the conduit, - DVP 

IJ 

gas density 

conduit diameter 

gas viscosity. 

The solid line shown in Figure 4. 29 is the K/V predicted from the 

equations of Friedlander and Johnstone. (4* 32) The equations are, for 

'I: U. S. Radium Corporation fluorescent zinc sulfide No. 2210; average 

particle size = 2 microns. 
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for 5 < Sf < 30, 

-- f/ 2 

I 
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(1) 

For S+ between 5 and 30 the experimental K/V falls about a factor, 

of two lower than the values predicted by Equation (2). 

The data points as displayed in Figure 4.29 lend support to the 

equations proposed by Friedlander and Johnstone; however, the low 

precision of the bulk of the data does not permit critical comparison. The 

broken lines shown for two sets of data are drawn in to suggest that at low 

values of S 

the equations. 

deposition constant well above the curve would be required to account for the 

deposition found in the tube. 

for other tubes used, the relatively high deposition may be indicative of a 

dependence on diameter of greater effect than given by Friedlander and 

Johnstone's equations. 

+ 
the actual deposition might be much higher than predicted by 

The deposition in the 9.68 cm diameter tube was such that a 

Since the tube diameter was much larger than 

Others have shown (4* 35J 4' 36) that the deposition constant will 

decrease as particle size decreases until a minimum is reached, then 

increase. An observation of higher than predicted deposition or a trend 

toward constant deposition could be interpreted as an indication that the 

deposition had passed through or was approaching a minimum. 

small particles in laminar flow will deposit very significantly in conduits I 

Transition from turbul'ent to diffusional deposition will require that the 

deposition constant pass through a minimum. 

Very 

An empirical modification to the stopping distance parameter resulted 

in an independent variable yielding a better correlation of the overall data. 

The least squares fit line and its equation are shown in Figure 4.30. 
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Considerable refinement in experimental methods is indicated 

before accurate prediction of deposition constants can be made. 
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FIGURE 4.30 

Mass Transfer Coefficient, K/V, as a Function of eS+ 
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Efficiency of Charcoal for Radioiodine Absorption:? - J, D. McCormack 

The retention of charcoal deteriorates materially 
over a period of 60 days when used on a separations plant 
gaseous stream. Studie on the stream and laboratory 
studies using tracer I13? showed: several organic 
constituents were present in the stream, hexone present 
didn't materially influence the elution of iodine, and methyl 
iodide at levels of 50 to 100 micrograms/gofcharcoal is 
rather easily eluted by passing air through the charcoal. 
The need for carefully evaluating the efficiency of charcoal 
under the conditions to be imposed was emphasized by these 
studies. 

Charcoal is used widely as an adsorbent for in gaseous effluent 

streams because of its high efficiency for retaining molecular iodine under 

a rather wide range of humidities, temperatures, and iodine concentrations. 

Charcoal efficiencies, however, have been demonstrated almost exclusively 

using laboratory-generated iodine vapor with little consideration to the 

effects of actual chemical makeup of the carrying gas stream and the nature 

of iodine in these streams. 

The observation that a newly installed charcoal bed in a plutonium 
131 

extraction plant exhaust rather quickly became very inefficient for I 

removal, prompted studies to help identify the nature of 

and to establish if possible the chemical constituents responsible for this 

lowered efficiency. 

in the stream 

The exhaust stream was sampled in various ways to establish the 

reason for the lowered efficiency. Sampling with charcoal cartridges 

confirmed that the efficiency of charcoal, initially about 90% dropped 

gradually over a 2 mo exposure to about 30%. 

for removing molecular 1131, removed a variable quantity of iodine from 

the stream ranging frequently down to as little as 50%. 

proved much more efficient. 

compounds of iodine were present, likely organic iodides, although direct 

confirmation was not achieved. 

A caustic scrubber, efficient 

Fresh charcoal 

This observation strongly suggested that 

;: Charged in part to the Division of Biology and Medicine 
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Considerable refinement in experimental methods is indicated 

before accurate prediction of deposition constants can be made. 

Class 2M Aluminum 

ZnS 2.11 Steel ripe 
IPalishpl ~nteriar 

FIGURE 4.30 

Mass Transfer Coefficient, K/V, as a Function of $s+ 
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Some nine different organic constituents were collected on charcoal 

from the effluent as judged by chromatographic separation of the desorbed 

materials. Hexone was present to a significant degree, but was shown to 

not be interacting appreciably with 1131 present on charcoal. Nearly all 

the hexone could be desorbed while removing less than 10% of the 1131 on 

the charcoal. The other organic compounds have not been identified. 

The transient retentionof methyl iodide on charcoal was demonstrated 

using Il'l-tagged CH31. Three grades of charcoal upon which small 

quantities (about 50 to 100 micrograms) of methyl iodide were adsorbed 

released the iodine rather quickly when air was passed through the bed. 

An elution half-time of 6 to 8 hr was found. These data discourage the 

use of charcoal for adsorbing iodine in forms other than molecular iodine, 

particularly in applications in which continued 113' releases are anticipated. 

This study has shown clearly that satisfactory application of charcoal 

for removing iodine may not be achieved when the carrying gas contains traces 

of organic materials. 

of the form of the iodine present. 

complex composition and definition of each compound present was not 

achieved . 

The charcoal efficiency is further a marked function 

The stream examined had an unusually 

Particle DeDosition in 90' Tube Bends - A. K. Postma and 

L. C. Schwendiman 

The turbulent deposition of particles in 90' tube 
bends was measured for several flow rates and particle 
sizes. 
or 11 cm, in 1.01 cm inside diameter aluminum tubing. 
Deposition was found to be highly significant (up to 75%) 
for 7 micron particles. Two-micron particles were not 
significantly deposited. Deposit ion increased about 
linearly with air flow. Effects of particle density were 
not determined. 
used proved of great value in this study. 

The bends were formed to an inside radius of 3.8 

The spinning disc aerosol generator 

Particles are carried to the wall in tube bends due to the centrifugal 

force acting on the particle moving in the curved path. In turbulent flow, 
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Figure 4.32 shows more clearly the influence of velocity and 

particle size on deposition in the 90' bend. Deposition varies approximately 

linearly with velocity. 

of no consequence for 2 micron particles of density 1.1. 

were obtained to establish the influence of radius of bend on deposition. 

Deposition is significant for 4 micron particles, but 

Insufficient data 

This brief study emphasized the very significant wall losses which 

occur when relatively short radius bends are placed in lines. 

of bend radius was not investigated to any degree, neither were surface 

roughness or particle density effects evaluated. 

The parameter 

The spinning disc generator proved to be an excellent device for 

preparing aerosols for this study. 
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INSTRIJ MENTATION 

Automatic Monitoring and Recording Methods 

Detection of Air Concentrations of Fluorescent Material for Atmospheric 

Physics Studies - M. 0. Rankin and E. M. Sheen" 

Atmospheric physics field diffusion experiments require 
measurement of airborne particulate concentrations. 
instrument was developed to monitor a scintillating tracer 
material on a real time basis, and three monitors were 
assembled for use in the experiments. The data obtained 
will provide information about the time history of such 
airborne concentrations which contribute to the mean con- 
centration. The developed instrument includes a sampler 
probe where the particles (221 0 fluorescent pigment) are 
exposed to ultraviolet light, a viewing chamber where a 
phototube is used to detect the phosphorescent particles, and 
a recorder. The minimum detectable air concentration wa 
determined, through a series of experiments, to be 4 x 10' 
g/m3. 

An 

7 

Discussion 

An instrument "* ') was developed to measure air concentrations 

of fluorescent particles on a real time basis during atmospheric physics 

diffusion studies. Within the technical limitations of the sampling instru- 

ment, parameters such as source height, meteorological conditions, terrain, 

vegetation, and distance from the source can be related to time-dependent 

variables such as arrival and departure of the contaminant, percent of time 

contaminant is detectable, or peak to mean air concentrations. 

The sampler probe is shown schematically in Figure 5.1. Pigment 

enters a chamber where it is exposed to ultraviolet light from a 100 w 

mercury vapor lamp. 

the phosphorescence is obser7;ed with a multiplier phototube. 

taneous and the integrated anode current of the phototube are presented on a 

The pigment then passes to the viewing chamber where 

Both the instan- 

~~- ~ 

:k In cooperation with P. W. Nickola and M. F. Scoggins of Atmospheric 

Physics 
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dual pen strip chart recorder. A light trap, formed by mating concentric 

circles, is placed between the multiplier phototube and the mercury lamp. 

Air Outlet Hoses to 
Vacuum Pump 
(One Side Each) 

100 w Mercury Lamp 
Air Inlet 

\3 in. OD Aluminurn Tubing 71 Light Trap, 
Aluminum Labyrinth 
Painted with B1 ac kboard P airit 

/ 
Light Tight 
Chamber 

FIGURE 5.1 

Probe of Airborne Fluorescent Particle Detection Instrument 

The disassembled probe, Figure 5.2, shows the lamp, light trap, phototobe 

and a holder for a light source. 

activated self-luminous paint on a retractable aluminum disc to field check 

the phototube gain. The phototube base wiring and current range resistors 

are shown in Figure 5.3. 

resistors R-12 through R-18, and the most sensitive range of the instrument 

is 3 namp/mv. Figure 5.4 shows the complete system as iiiounted in a light 

truck for field operational use. 

147 - The light source (not shown) utilizes Pm 

The anode current is converted to voltage by 

The instrument system uses a gasoline- 
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powered motor generator to supply 110 vac for the operation of the mercury- 

vapor lamp and the recorder. High voltage for the phototube, usually 500 to 

to 1200 vdc, is obtained from a battery-powered, corona-tube-regulated, 

miniature, high voltage supply. 

FIGURE 5.2 

Disassembled Detection Probe 

Calibration of the sampling instruments is accomplished primarily 

during their use in routine field experiments. A filter of a type normally 

used in Hanford atmospheric diffusion studies is exposed as close to the real 

time sampler as practical, i. e., within 6 in. These filters are removed 

and replaced after each "puff" of tracer passes, as is indicated by the real 

time record. A knowledge of the flow rate through the real time sampler 

and the adjacent routine filter, the interval over which the tracer was col- 

lected, and the mass of tracer passing through the real time sampler, as 

determined from the adjacent filter, permits a calibration of the real time 

sampler in terms of mass per unit volume. Since the mass of tracer passing 

through the real time device is the integral of the instantaneous concentration, 

the automatic integrating feature of the recorder has proven to be a valuable 

asset in the calibration. 
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‘r; Strip Chart 
Recorder 1 mv 
1’. s. 

Note: 

R1; 4.7MR, 112 w f 10% 
R2 through R11; 2.2 Mn, 1/2 w f 10% 
R12; 332R, f 170, Position 1, 3 pamp/mv 
R13; 1000Q, f l%, Position2, 1 pamp/mv 
R14; 332R, *l’j%, Position 3, 300 namp/mv 
R15; 10. 0 kQ, f 1% Position 4, 100 namp/mv 
R16; 33.2 kQ, f 170, Position 5, 30 namp/mv 
R17; 100 kQ, f 170, Position 6, 10 namp/mv 
R18; 332 kQ, *l%, Position 7, 3 namplmv 
C1; 0.01 pf, 400 v dc, Mylar 
Multiplier Phototube; EMI-US 953 6 B 

FIGURE 5.3 

Multiplier Phototube Connect ions and Components 
for Particle Detection Instrument 
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FIGURE 5.4 

Particle Detection System Assembled for Field Use 

Experience to date suggests that the chart calibration for concentration 
-7 3 is linear and is about 2 x 10 g/m per chart unit. Full chart scale is 100 

units (10 in. ) A drift in recorded background voltage of about 4 units was 

observed over a period of 75 min; however, the drift was less than 2 units over 

a period of 1 min. If it is concluded that the minimum detectable concentration 

is equal to the short-period range in background, the detection limit of the device 

is 4 x g/m3. The three completed monitors are nearly ready for regular 

operational use during the planned diffusion experiments. 

0028912 
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Automatic Data System for Atmospheric Physics Studies - E. M. Sheen 

and C. A. Ratcliffe 

An automatic data collection and recording system was 
developed for use in atmospheric physics micrometeorolog- 
ical studies regarding air diffusion and particulate transport. 
Wind speed, wind direction, and temperature data are col- 
lected from six stations mounted on an 80 ft portable field 
tower. A 5 sec collection time interval is employed as this 
permits short term analysis and recording of the variables. 
The collected information is digitized and printed and is also 
presented on punched paper tape for use in computer reduction. 
Except for minor difficulties with a commercial digital voltmeter 
used in the system, general field tests, conducted over a period 
of several months, indicated that satisfactory operation could be 
achieved. 

Discuss ion 

Atmospheric physics air diffusion and particulate transport studies 

are conducted and detailed micrometeorological data are required. These 

data are concerned with changes in atmospheric temperature, wind speed, 

and wind direction gradients in the initial 80 to 100 ft of elevation. 

automatic data system was developed for use in measuring and recording 

the desired parameters. 

An 

Figure 5.5 shows the major portion of the electronics system. 

Figure 5.6 is a photograph of an 80 ft portable field tower or mast that holds 

six anemometers, six wind vanes, and six thermocouples at various elevations 

as required for the specific experiments. 

Figure 5.7 is a block diagram of the instrumentation system. In 

operation, the 20 point and 6 point sequencers direct the collection and 

printing of the data. 

of the data to a form required by the incorporated paper tape punch. 

In addition, a 15 point sequencer controls the serializing 

Wind speed data, which arrives at the main instrument in pulse-rate 

form from the specially circuited high performance anemometers, are gated 

and stored in individual registers for 3.5 sec of the normal 5 sec collection 

time interval and then are printed in appropriate sequence. The storage time 
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... Q 1- 

FIGURE 5.5 

Automatic Data System Electronics Instrumentation 

. .. 

FIGURE 5.6 

Portable Field Tower for Atmospheric Physics Studies 
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employed makes the calibration factor between true and indicated wind 

speeds very nearly equal to one. The wind direction data are obtained 

from potentiometers driven by the high performance wind vanes. 

voltages are smoothed by RC networks and are switched in sequence to the 

digital voltmeter for appropriate digitizing. 

information is printed. 

the signals are compared to a reference and amplified and then are digitized 

and printed. 

create identification symbols to be printed with the data. Time information 

is also printed. 

These 

After being digitized, the 

The temperatures are measured by thermocouples; 

The sequencers that control the digitizing and printing also * 

Simultaneously with printing, a "parallel-to-serial" converter changes 

the signals on the several wires to a sequential signal suitable for use by the 

paper tape punch. Included in the sequential signal are appropriate fixed 

signals needed in the data reduction process. 

Since the portabletfield tower and the main electronic instrument 

system are separated by about 500 ft of cable, certain precautions were 

required to avoid degradation of the signal. 

portion, the required reference signal was supplied remotely at the base of 

the tower and the difference signal was brought to the main instrumentation 

in a separate, shielded, twisted pair cable. The reference signal is gener- 

ated by a "bucking" thermocouple that is housed in a constant temperature 

oven and is sequentially switched into each of the measuring circuits. This 

method of connection permits use of copper leads to the main instrument 

since copper-constantan thermocouples were used. 

used were carefully selected to be of a thermally-symmetrical type to avoid 

the introduction of spurious thermally-induced voltages. 

For the temperature measuring 

The switching relays 

The signals from the anemometers required careful processing to 

avoid loss due to cable capacitance and attenuation or contamination by 

adjacent cable pair cross talk". A preamplifier was developed which 

preserved the sinusoidal character of the waveshape and was able to drive 

the cable as a terminated transmission line. 

11 

Signal shaping gates were 

00289 I b 
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developed and used at the receiving end to convert the signal to a form 

suitable for driving the decade scalers. 

A sound-powered telephone was included for communication between 

the main instrumentation and the field tower. 

Solid-state 200 kc/sec logic modules were used to perform the scaling 

and some of the sequencing and logic operations. Both diode and transistor 

AND" and "OR" gates were used. The sequencers were obtained by appro- 

priately connecting binaries and "AND" gates to provide a "ONE" output 

sequentially at the output terminals. Logic levels of 0 to -1 and -10 to -12 

were used for all of the logic circuits. 

to provide regulated f vdc to the card files and relay drivers respectively. 

Separate fused outputs were provided to each card file. 

II 

A single power supply was designed 

The completed system is presently undergoing extensive field tests 

and is being carefully examined for early component failures. 

operational results indicate reliable, satisfactory operation. 

Preliminary 

Radiotelemetering System Improvements - C. A. Ratcliffe and E. M. Sheen 

To achieve improved operational capabilities and reli- 
ability, considerable circuitry development was undertaken 
on the Meteorological Radiotelemetry System with the work 
supported by Atmospheric Physics funds. A thorough system 
study was conducted and specific circuits were than deo.eloped 
to replace those of marginal capability. Major problems- were 
noted with the remote data stations (19) and the resultant develop- 
ment activities were concentrated in this area. One data station 
was, in essence, redesigned to incorporate the desired irnprove- 
ments. Following initial testing of this field prototype, a second 
data station was similarly converted to provide comparative 
data. The basic improvements incorporated included elimination 
of vacuum tube circuits, elimination of most of the original relays 
and other moving parts, development of a three range radiation 
monitoring portion, and incorporation of a simpler and more 
reliable wind direction measurement scheme. 
ing of the field prototype data station has shown satisfactory 
performance over a wide range of ambient conditions, and plans 
were established for thorough in-field testing of both modified 
data stations. The completed system is slated toprovide wind 
speed, wind direction, and radiation level data from various 
Hanford locations. 

Preliminary test- 
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Discussion 

Following careful study of the Meteorological Radiotelemetry 

System, planned developments were conducted to improve operational capa- 

bilities and general system reliability. It was determined from the study 

that general upgrading and modernization approaches would be required, 

especially for the many remote data stations employed in the system. 

The initial development activity was devoted to improvement of the 

remote data stations; one modified station is shown in Figure 5. 8. Because 

of generally unsatisfactory preformance of the original 6 v battery and wind 

charger scheme for supplying power to the data stations, a general conversion 

was made to permit use of 110 v ac line power for all necessary stations. 

regulated power supply was designed and tested over the expected ambient 

conditions. This unit supplies all power for the incorporated circuit modules 

and for the transceiver. The supply is shown schematically in Figure 5.9. 

A 

FIGURE 5.8 

Remote Data Station of Radiotelemetering System 
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1 1 

FIGURE 5.9 

Power Supply Circuitry for Remote Data Station 
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One of the chronic problems in the remote data stations concerned 

the voltage controlled oscillator. 

using feedback control for stability, to replace the original chopper and 

vacuum tube circuitry. The voltage controlled oscillator that was developed 

(Figure 5.10) requires only 0.2 vamp of input current and this minor loading 

does not appreciably discharge the signal storing capacitors. 

also shows the driving amplifiers for the resonant reed relays. 

i\ solid state circuit was developed, 

Figure 5.10 

The original method of reporting integrated wind direction, while 

having theoretical advantages, involved a servo-mechanism, several large 

relays, a power oscillator, and several other moving parts for performance. 

The data, in practice, were of low credibility. 

system involves passive short term smoothing and sends back the sine and 

cosine components separately. The direction angle is determined by using 

a simple conversion chart. 

more frequent call-in, an existing feature. Nearly two subchassis of 

circuit components were eliminated by these changes. 

The new direction reporting 

Longer term smoothing may be obtained by 

The original beta-gamma radiation measurement system integrated 

the electric charge from window-type ion chambers and presented this as 

dose information. Two full scale dose ranges of 100 prads and 1 rad were 

provided, assuming negligible charge leakage. To avoid the problems 

associated with the fragile low-leakage ion chamber system, a 3 channel, 

G. M. tube, count-rate circuit was developed to provide a relative indication 

of background radiation and possible contamination at the data station location. 

A single high voltage supply, C. M. tube, and an amplifier drive the 3-channel, 

count-rate circuit (5. 2, which provides linear (* 1%) voltage outputs from 0 to 

5 v dc for each channel. 

the output at 5 v. 

respectively. 

radiation monitor. 

Count-rates above full scale on any channel saturate 
5 The three channels are 0 to lo3, lo4, and 10 counts/min 

Figure 5.11 shows the circuit diagram for the G. M. tube 

Circuit tests were conducted with the original vacuum tube trans- 

ceiver. However, a solid state unit has been ordered for evaluation and testing 

0028920 
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with the modified data station. 

state transceivers should be installed throughout the system. 

As a part of the modernization effort, solid 

A test circuit was designed and the base chassis rewired to facilitate 

environmental testing of each complete data station before field installation. 

Biology Instrumentation 

An Intrathoracic Pressure Monitor - N. S. Po.rter 

Physiological pulmonary function studies are performed 
at the Biology Inhalation Toxicology Laboratory. 
studies, it is desirable to be able to measure the intrathoracic 
pressure of animal subjects. 
either in the esophagus or in the bronchia itself; typic& pressures, 
in centimeters of water, vary from animal to animal and even 
vary with time in the same subject. A suitable pressure detection 
measuring and recording system was developed to permit satis- 
factory experiments to be carried out. The monitor measures 
thoracic pressure for indefinite periods during the investigative 
work. A small pressure transducer, which is attached to the end 
of an insulated cable, is inserted into the esophagus of the animal. 
Pressure changes are translated into frequency modulated signals 
that are transmitted through the cable to a control unit and dis- 
criminated by appropriate circuitry. 
calibrated in terms of pressure changes in centimders of water 
and recorded with standard recording equipment. 
employs a single transistor in a circuit that requires 8. 4 v dc at 
2.5 mamp or 21 mw. 
circuit continuously for about 900 hr. 

During the 

Measurements must be obtainable 

The changing dc levels are 

The transducer 

The batteries employed can power the 

Discussion 

The intrathoracic pressure monitor was developed to aid in the 

physiological pulmonary function studies conducted with canine subjects at the 

Biology Inhalation Toxicology Laboratory. 

Transducer 

The pressure transducer is a basic Hartley oscillator with a variable 

inductance. A conical ferrite slug, which is attached to a rubber diaphragm, 

moves in and out of the inductor winding with variation of pressure. Figure 5. 12 

is a schematic diagram of the transducer. The changing inductance causes the 

oscillator frequency to change about its center frequency of 200 kc/sec. These 

0028923 
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changes are sensed by the discrimiriator in the control unit that is cable- 

connected to the transducer. Figure 5.13 is a cutaway view, four times 

normal size, of the complete probe. The coil form for the winding is also 

conically shaped. 

provides a linear frequency change over a narrow band width. 

shows the measured relationship of the measured air pressure versus the 

As the core moves in and out, the inductance variation 

Figure 5.14 

recorder reading deflection. eA 2N799 

L - 
Ferrite Core Movement 

2.2 kn 

Coil 

L - 
Ferrite Core Movement 

FIGURE 5.12 

Hart ley Os cillato r P r essu r e Trans duc er 

Void Vent 

Coil - 260T, CT 

Diaphragm 

Ferrite Slug 

FIGURE 5.13 

Sensor Probe (4X) 
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FIGURE 5.14 

Air Pressure Versus Recorder Deflection 

To keep the transducer as small as possible (approximately 5/16 in. 

in diameter) miniature components were used, and the power source as well 

as one capacitor were mounted in the control unit instead of in the transducer 

itself. 

plastic torpedo-shaped cover was placed over that to provide smooth insertion. 

For greater temperature stability, the void inside the coil form is vented to the 

atmosphere through the cable tubing. 

coated with silver conducting paint to provide shielding. 

cable was used to provide greater stiffness to the assembly for easier insertion 

into the experimental animal. 

The diaphragm was attached to the coil form with adhesive and a 

The unit was potted with epoxy then 

Miniature coaxial 

Discriminator and Control Unit 

A modified ratio detector was employed as the frequency modulation 

detector (Figure 5. 15). The circuit output consists of the rectified differences 

between voltages produced across the two resonant tank circuits, one of which 

is tuned slightly above center frequency at 202 kc/sec and the other slightly below 

at 198 kc/sec. The dc voltage output is then proportional to the frequency changef 

0028925 
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generated in the transducer. The only external controls needed are two 

switches, S-1 for on-off control and S-2 to insure prompt starting of the 

oscillator. Diodes D1 and D2 protect the transistor if the batteries are 

accidently inserted backwards. 

approximately 2. 5 mamp during normal operation; hence, the two batteries 

are sufficient for some 900 hr of continuous use. 

. 

The 2N799 transistor circuit draws 

A 

FIGURE 5.15 

Frequency Discriminator and Controls 
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OD er at ion 

The completed monitor (Figure 5.16) was calibrated in the laboratory 

to provide 1 cm of deflection on a strip-chart recorder for a 6 cm change in 

pressure, water equivalent; thus, 1 cm of pressure change (water equivalent) 

equates to 1. 67 mm deflections on the recorder. 

Testing of the transducer was accomplished by inserting the probe into 

the esophagus of an anesthetized experimental animal and observing the 

recorder (Figure 5.17). The results were satisfactory and no apparent side 

effects were noticeable on the animal. 

/- 

FIGURE 5.16 

Intrathoracic Pressure Monitor 
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An Automatic Entomological Species Counter - N. S. Porter and 

E. M. Sheen 

During the study of radiation effects on entomological 
species such as the tribolium casaneum and confusum, it is 
necessary periodically to count colony populations. 
such counts are tedious and time consuming; similarly, photo- 
graphic methods require laborious techniques. An automatic 
counter for performing such tasks was developed for 
Radioecology, Biology Laboratory. The instrument counts 
whole colonies of the species being investigated. 

By hand, 

Discussion 

An automatic entomological species counter was developed to provide 

a simple and automatic means of counting experimental colonies of the common 

flour beetle. 

The counter, a solid state device, comprises a control box, power 

supply, general electronica and an electromechanical register, and a probe 

head which holds the detector assembly. 

focused light bulb directs light through a glass tube into a photocell. 

insects pass from the funnel-type container (above) through the tube, they 

interrupt the light beam changing the current through R9. 

change across R9 operates a voltage comparator circuit, consisting of Q2 and 

Q3, to drive Q1 and operate relay K-1. 

the register one digit. 

the photocell results in K-la deenergizing the register coil and restoring initial 

conditions. 

In the probe head a miniature 

as 

The resulting voltage 

The closure of contacts K-la advances 

After the insect passes, the increased illumination of 

Thus, the register advances one digit for each interruption of the 

light beam and totals the insects passing through the counter. 

The probe head is versatile in that the stoppers holding the glass tube 

can be changed to accommodate insects of varying sizes. 

its operating power from a 115 v, 60 cycle line. 

dc supply furnishes Bt power for the electronics. 

five-decade electromechanical register is isolated from the supply source. 

circuit diagram is shown in Figure 5.18, and Figure 5.19 shows the instrument 

being used to count a colony of the common flour beetle. 

The unit obtains 

An included Zener-regulated 

For safety purposes, the 

The 

c 
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115v 

I 

FIGURE 5.18 

Automatic Entomological Species Counter 

0028930 



5.24 HW- ai 746 



5. 25 HW-81746 

A Glove Box Air Balance Monitor - N. S. Porter 

An instrument was de>- eloped for use at the Biology 
Inhalation Toxicology Laboratory to monitor the negative 
air differential across a glove box. 
filled with black (dyed) ethylene glycol and is mounted 
on a chassis in a photocell light beam. LOSS of air 
balance causes the fluid to interrupt the light beam 
which causes the alarm to operate. 
circuitry is powered by the same 110 v ac source that 
supplies the air balance fans; hence, loss of that power 
also operates the alarm. The alarm is a battery- 
operated variable frequency oscillator and amplifier 
driving a loudspeaker. There is no standby power 
consumption and maximum current drain during alarm 
is only 0.6 mamp. The two mercury cell batteries can 
provide over 3000 hr of alarm time at this rate. The 
manometer will energize the alarm circuit when the loss 
Of air balance differential is as small as 0.1 in. of water 
equivalent. 

A manometer is 

The photocell 

Discussion 

To conduct radioactive aersol experiments in a safe manner in 

glove boxes, a negative air pressure differential must be maintained in 

the box with respect to the outside atmosphere. 

could lead to the exposure of operating personnel to contaminated air. 

Consequently, it is desired to have an air balance monitor which will 

instantaneously alert glove box operators in the event of an air system 

failure. 

Loss of the air balance 

The air balance differential between the glove box and room 

atmosphere is maintained by a suction fan. 

spill trap is connected to the inside of the glove box; the other end is 

open to room atmospheric pressure. 

closed glove box causes the manometer fluid to rise towards the lesser air 

pressure. 

beam path so loss of negative pressure will cause the fluid to return to 

gravity level thereby activating the alarm. 

in Figure 5.20. 

A glass manometer with a 

Energizing the suction fans to the 

The manometer is adjustable and can be raised into the light 

The manometer is diagrammed 

0028932 
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Room 
Pressure 

To Glove Box 

FIGURE 5.20 

Mano m et er - P hot oc ell Ar r an g e m en t 

The circuit diagram is shown in Figure 5.21. The energized photocell 

causes transistor Q-1, a solid state switch, to conduct thereby keeping relay 

K-1 in an energized state. An increase of photocell resistance, caused when 

light is removed from it when air balance is lost, cuts off Q-1 causing the 

alarm to operate. 

110 v ac power to the full-wave rectifier bridge also causes the alarm to 

energize. 

Sensitivity is adjustable with potentiometer P-2. Loss of 

The alarm is energized upon closure of relay contacts K-1B. This 

action applies 8.4 v dc to Q-2, an oscillator whose frequency is adjustable at 

the chassis face with potentiometer P-2. The output signal is coupled to Q-3, 

an amplifier stage which drives the loudspeaker. 

the normal background noise conditions. 

circuit and only 0.6 mamp is drawn from the batteries during normal alarming. 

The volume is adequate under 

No standby current is used in this 
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S-1B TR 233R's 

CE 40 

S-LA 
T-1 

- - 

T-1 Filament Transformer, 6.3 v 
D-1.2.3.4 1N2701 
PC Clairex 603AL 
K-1 Sigma, 22ItJCC-1000-CSPC 
Q1. Q3 2N1270 
62 2N1671 
SPKR UA-1614-A, Rcvr. Sound Powered 

FIGURE 5.21 

Circuit Diagram of Air Balance Monitor 

Once the alarm has been switched on, it can be stopped by turning off the 

power, switch S-1, or by resetting relay K-1. 

is only possible when there is 110 v ac power applied and when the proper 

air balance is being maintained. 

resetting still does not occur by pressing reset switch S-2, either vertical 

adjustment of the manometer is necessary or else the cut-off sensitivity 

potentiometer, P-1, should be adjusted. 

It will be noted that resetting 

When these two conditions are fulfilled and 

A working model of this instrument, illustrated in Figure 5.22 is now 

in use at the Biology Inhalation Toxicology Laboratory. 

during bench tests provided alarm energizing for a loss of air balance dif- 

ferential as small as 0.1 in. of water. 

Careful adjustment 
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Instrumentation for Toxicity Studies of Inhaled Radionuclides - 
N. S. Porter 

Specialized instrumentation is required to obtain 
physiological data during toxicity studies of inhaled radio- 
nuclides at the Biology Inhalation Toxicology Laboratory. 
Data taken during the inhalation experiments include tidal 
volume and respiration rates. These parameters are 
measured with a thermistor-controlled bridge that drives 
a chart recorder under properly calibrated conditions. 
Deposition to the respiration tract has to be measured 
indirectly. To provide accurate measurements, the 
instrumentation was developed to control the flow of 
inspired and expired aerosols through a sliding valve. 
Considerable experimental work has been accomplished 
to date and further refinements have been established for 
future incorporation. 

Discuss ion 

The Inhalation Toxicology Laboratory conducts an extensive program 

to determine toxicity effects of inhaled radionuclides in animals. 

gative procedures require considerable instrumentation to enable the 

scientists to obtain the parameters needed for accurate determination of 

actual deposition and retention. 

amount of the radionuclide in the aerosol, respiration rate, tidal volume, 

the quantity of deposition in the respiratory tract, particle size, amount 

of retention by the animal over a long time period, and the toxic effects of 

the deposition. Techniques are available for obtaining these parameters but 

with varying degrees of success and time factors. The instrument develop- 

ment effort is directed towards finding more accurate and better ways of 

measuring these parameters. Work has been carried out to aid the biologists 

to more reliably determine inhaled tidal volume at the corresponding respira- 

tion rate and to compute the amount of total deposition in the experimental 

Investi- 

The parameters of interest include the 

animal4 

ResDiration and Volume Measurement 

Respiration and volume measurements can usually be made using 

standard pneumograph techniques, particularly if the test animal is anesthetized; 
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however, the experimental animals at Manford are not anesthetized for 

inhalation studies. 

periods of time. 

ments or those made by animal attendants attempting to calm the dogs disrupt 

the pneumographic system. To circumvent this problem, a thermistor bridge, 

shown in Figure 5. 23, was developed to measure inspiration volume through 

the cooling effect. 

self-heating characteristic. 

the passing air.volurne and the resulting signal difference across the bridge 

is recorded. 

family of calibration curves is made. 

for the deposition computations. 

Figure 5. 24. 

Instead, they are trained to use a face mask for extended 

During the experiments, however, nervous and body move- 

The thermistor is operated near the upper limit of its 

During inspiration, . it is cooled in proportion to 

Since thermistor cooling is also dependent upon flow rate, a 

Total tidal volume can then be calculated 

The bridge and transducer are shown in 

M = 20 Millianirneter 
T = VECO .32A50 

Amplifier and Recorder 

FIGURE 5.23 

Therm is t o r Bridge 
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FIGURE 5.24 

Bridge and Transducer Instrumentation 

Inhalation-Exhalation Cont rol Valve 

The total deposition in an animal during the exposure experiment 

can be calculated. 

all inspirations which occurred during the exposure, the volume of 

aerosol the animal has inhaled can be determined. During exposure, 

samples are taken periodically using an electrostatic precipitator to 

determine the aerosol concentration. Second, by multiplying total volume 

inhaled by the aerosol concentration, the total exposure is obtained. 

exhalant from the dog is collected and filtered to remove the remaining 

radionuclide material. The difference between the filtrate and the cal- 

culated amount to which the animal was exposed is the total deposition. 

First, by recording the number and tidal volume of 

All 

There are, however, several inherent sources of error in this 

method and the error magnitude is not known until after the animal is 

sacrificed or dies. 

concentration sampling. dead space in passageways, and incomplete 

separations of inhaled and exhaled aerosol. 

These error sources include the volume calculations, 

The volume problem has been 
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discussed and rgfinements are being made to obtain better sampling. 

improved control valve system has been adapted to improve dead space and 

separation of inhaled from exhaled particles. 

Rochester (50 3, for similar work, was designed for mounting nearer the 

animal than was possible with the flapper valves used previously. The new 

valve is a "break before make" type which greatly reduces the chance of 

inhalant and exhalant mixing. 

solid state circuitry is used throughout as shown in Figure 5.25. System 

operation is described in the block diagram of Figure 5.26. As the dog, seated 

in the animal chamber with the mask strapped to his nose, breathes into the 

system, pressure changes are sensed by the transducer coupled to the mask. 

The transducer frequency modulates an oscillator whose output is discrim- 

inated, amplified, and used to trigger a circuit which in turn operates relay 

K-1 in the emitter circuit of Q-5. 

power to one of the two solenoids which operate the sliding valve in synchronism 

with the breathing pattern of the dog. 

An 

A sliding valve, similar to the one developed at the University of 

Operation control of the valve is electronic and 

This electronic switch alternately supplies 

The experimental results to date have shown promise. By using the 

thermistor bridge, greater accuracies in determining aerosol deposition can 

be obtained by having a record of respiration rate and tidal volume. 

is easily accomplished by using a variable volume/speed respirator to obtain 

calibration curves similar to the one shown in Figure 5.27. 

has not been used with actual animals in inhalation experiments as yet, the 

inhalation-exhalation control valve is expected to improve the reliability of total 

Calibration 

Although the valve 

deposition calculations in future studies. The system, shown in Figure 5.28 in 

a training situation, has already demonstrated reliably that it can follow the 

respiration rates (up to 56 respirations per minute) encountered so far in 

training. Improvement and final detailed testing work will be conducted in 1964. 

11 
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Physiological Data Telemetry - D. P. Brown, N. C. Hoitink, 

N. S. Porter, and J. Ryden 

During biological studies of radiation effects on sheep, 
swine, and dogs, it is generally necessary to monitor 
physiological functions such as temperature, respiration 
rate, and cardiac activity. Provisions must be made for 
continuous monitoring during periods when subjects are 
ambulatory, under direct observation during experiment ation 
or surgery, and in terminal status. The. physiological data 
telemetry system is being developed to provide the required 
information. Miniature solid state circuitry is employed to 
reduce transducer and transmitter size and to minimize 
animal discomfort. Initial experimental effort utilized both 
amplitude and frequency modulated signals at a transmission 
frequency of about 46 kc/sec. Later experiments employed 
considerably higher frequencies to secure more miniaturized 
instrumentation. To date, with the latter system approach, 
successful telemetry of body temperature has been achieved 
using sheep. Progress has been made in using transducers 
in the respiration rate and cardiac activity measurements. 
The experiments completed to date indicate that the system 
will be developed in 1964. 

Discuss ion 

Pathological studies of irradiated animals often require monitoring 

of physiological conditions such as body temperature, respiration rate, and 

cardiac activity. Many such studies are long term during which time the 

condition of the subject might vary from ambulatory to terminal. Further 

experimentation and surgery may also be conducted. At any specific time, 

it is desirable to be able to monitor any or all of the stated physiological 

conditions, typically, when the animal moves normally about its pen and during 

the final stages for the terminal case. 

used to provide a signal alarm in the event of death to alert laboratory personnel 

In the latter event, monitoring can be 

who will perform immediate postmortem tissue analysis. In the terminal case, 

the subject is generally incapacitated and transducer leads can extend directly 

to the readout instrumentation. A similar situation exists during operations 

or experiments while the subject is restrained or anesthetized. However, for 

the more typical case, varying degrees of telemetry are required from the 

ambulatory animals to a fixed receiver for monitoring and recording. 
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A portion of the development was directed toward satisfying the 

requirements for terminal cases and for direct telemetry for the larger 

animals. 

simulated physiological transducers. 

used a solid state transmitter which operated on a carrier frequency of 

46 kc/sec. 

the signal intelligence. 

ting circuits which separate the three information signals of respiration 

rate, heart rate, and temperature. 

The required electronic circuits were developed and tested using 

For this work, the instrumentation 

Both frequency and amplitude modulation were used to convey 

The receiver consisted of amplifiers and demodula- 

Later work was centered around higher frequency, 88 to 108 Mc/sec, 

transmission to miniaturize circuitry. In addition, one of the measurement 

parameters was changed from heart rate to blood pressure to satisfy 

biological study requirements. 

successfully used with a sheep in the field to telemeter body temperature 

information. In addition, promising results were achieved with a respiration 

rate transducer. 

The smaller system was developed and 

Low Frequency Telemetry Development 

This work entailed the use of a 46 kc/sec system for application. 

when telemetry is needed while animals are either restrained or in terminal 

status. 

information from the animal to the readout instruments. The first coil was 

excited by the transmitter and the second, a much larger coil, repsonded to 

the magnetic field produced in the first. 

determined to be feasible while much closer coupling would be typical in the 

actual application. Each coil is tuned to resonance at the 46 kc/sec carrier 

frequency to achieve satisfactory response. The transmitter circuit, shown 

in Figure 5.29, uses an astable multivibrator to generate the carrier fre- 

quency. The output of the multivibrator is changed to a sinusoidal waveform 

by passing it through the low pass filter composed of L, C2, and C3. 

This system utilized inductive coupling between two coils to transfer 

Separation of coils up to 5 m was 
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Thermistor TI is used as the temperature transducer. As the tem- 

perature varies, the resistance of the thermistor changes proportionally. 

The voltage change across the thermistor is coupled through Q,, R,, and 

R6 to the multivibrator which translates it to a frequency change. En this 

manner, temperature changes cause frequency modulation of the carrier. 

For a temperature change of 10 Fo, it was determined that a 6 kc/sec 

change occurred in the carrier, The multivibrator temperature stability 

variations from 75 to 110 F . This was adequate for the planned applications. 

is such that its frequency does not change over 200 cycles for temperature (. 

0 

The signal from the heart beat transducer is in the form of pulses 

which directly amplitude-modulate the carrier frequency by changing the 

base bias of the output driver transistor, Q,. 

The respiration rate transducer signal is used to operate Qs which is 

a transistor switch used to start and stop a 1 kc/sec oscillator, Q,. The 

generated tone is used to amplitude-modulate the carrier frequency at the 

respiration rat e. 

The receiver is composed of an amplifier section and three 

demodulating channels, one for each of the information signals. Temperature 

information is extracted using a diode pump frequency discriminator. 

reference to Figure 5.30 and C9, D,, D2, and R13, the following equation 

applies: 

With 

EfT 

l+fT 
e= 
0 

where 

E is the ac voltage at the collector of Q,, 

f is the frequency 

T is the time constant of Cg and RI3 

eo is the dc voltage across R13. 

By making fT < < 1, the following approximation can be made: 

(1) 

eo% EfT 
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From this equation, it can be seen that E must be constant to insure a 

linear relation between e and f. 

a constant amplitude output for an input above 2.19 v rms. 

itself is not used as an input to the diode pump since the pulse width of the 

trigger circuit output varies with the amplitude of the input signal. With the 

proper value of T to make Equation (2) valid, the capacitor Cg cannot charge 

fully when the pulse width of the trigger circuit decreases to a particular 

value. To remedy this, the output is differentiated and used to activate a 

bistable multivibrator (Q15 and Q16). 

The trigger circuit (Q12 and Q13) provides 

This output 

This multivibrator is operated at an 

of 22. 5 v dc to provide a substantial eo, which is in the mv range. Ecc 

The respiration rate channel is coupled from the first amplifier Q8 

The carrier frequency is eliminated from the respiration in Figure 5.30. 

rate information by use of a parallel tuned circuit, Cl0 and L3 of Figure 5.31, 

resonant at 1 kc/sec. However, the Qof this tuned circuit is such that the 

heart beat rate is not attenuated sufficiently; therefore, a diode pump circuit 

is used to obtain the respiration rate information with the heart beat being 

filtered out by C1 The heart beat signal is coupled from the output of 

Qlo to a detector and two amplifiers. The output signals from all three 

channels drive chart recorders for recording the signal traces. 

my Development 

The transmitter for this system, shown in Figure 5..32, operates in the 

88 to 108 Mclsec frequency band. 

tunnel diode oscillator; and using a 6 in. antenna whip, the transmitted signal 

can be received at 100 ft by a receiver with a sensitivity of 10 uv. Three 

information signals can frequency modulate the carrier frequency and the 

intelligence recovered at the receiver. 

using two simulated signal inputs: 

The carrier frequency is produced by a 

A prototype was successfully tested 

respiration rate and temperature. 

Temperature information is obtained using a thermistor in the fre- 

quency determining network of a transistor oscillator. 

changes the resistance of the thermistor, the frequency changes accordingly. 

As the temperature 
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FM Transmitter 

A transducer, Shown in Figure 5.33, which operates in this manner was 

assembled into a compact epoxy-potted module for direct implantation in 

animal subjects. The transducer output modulates the carrier frequency 

of the transmitter an audio rate. 

For the initial studies, a commercial receiver was used to receive 

the temperature signal. 

commercial frequency counter with print-out capabilities. 

The temperature value was displayed digitally on a 

For field use, a 

GE 
2N2840 
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A respiration rate transducer, shown in Figure 5.34, also employs 

a thermistor as a sensor. 

at approximately 150 C. 

of the animal. 

a varying voltage change across it. 

a 10 kc/sec oscillator off and on, thus modulating the transmitter at the 

respiration rate. The receiver receives 10 kcjsec pulses each time the 

animal breathes. Laboratory tests have been quite encouraging. 

The thermistor operates in a self-heating condition 

It is planned to implant the sensor in the nasal cavity 

The cooling effects of inspiration on the thermistor will cause 

This changing voltage is used to switch 

1002 
22kR 

FIGURE 5.34 

.35 v dc 

Signal Out 

Respiration Rate Transducer 

Field Tests 

The field tests conducted to date have employed the miniature high 

frequency system. 

made using a sheep. 

the back skir, of the sheep. 

animal had been shaved around the implant area, and as a consequence, 

environmental temperature changes affected the transducer response. 

second test, the transducer was used rectally. 

The temperature transducer was calibrated and two tests 

The first test involved implanting the transducer under 

The system appeared to function properly. The 

In a 

Comparison was made with a 
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standard thermometer and the results were within 0.25 Fo of each other. 

During the latter test, the animal was restrained in an aluminum cage 

which caused poor signal transmission. 

come this problem. 

The entire transmitter and its polyethylene mounting weigh approxi- 

mately 25 g and attachment to the animal has posed no probIems. If neces- 

sary, the entire unit could be packaged to fit beneath the skin with only the 

antenna and a battery case projecting. 

used in the field testing. 

Future tests are designed to over- 

Figure 5.35 shows the system as 

FIGURE 5.35 

Telemetry System in Use 
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Dosimetry Instrument at ion 

Experimental Method for Measurement of Neutron Dose - G. F. Garlick 

A technique was investigated for the measurement of 
neutron dose and dose rates over a wide energy range. 
objective was to achieve a composite response correspond- 
ing to that established by the National Committee on 
Radiation Protection (NCRP). Further, it was desired that 
the developed instrument be compact for direct personal 
use and also be applicable for use in general area neutron 
monitoring. The experimental multiple-detector neutron 
dosemeter showed promise in providing a measurement 
of neutron dose and dose rates over an energy range from 
thermal to 10 MeV. A composite sensor system using three 
solid state junction diodes as thermal, intermediate, and fast 
neutron energy detectors was developed. Re ponse over the 
thermal to low kev range is provided by a Li F cover over a 
diode plus a 3 in. diameter hydrogenous moderator. The 
intermediate range, from a low kev value to several hundred 
kev, is monitored by a Rhlo3 foil covered diode plus a cadmium 
cover and suitable moderation. 
spectrum is measured through the use of a U238 foil over the 
third diode. During the experimental tests, appropriate 
weighting functions were applied electronically by line-operated 
instrumentation to the signals from the three detectors. 

measurements with neutron sources, a Van de Graaff 
accelerator, and through specific calculations. Results 
indicated that a neutron dose of less than 1 mrem could be 
measured. 

The 

8 

The fast neutron portion of the 

The composite response curve was determined through 

Discussion 

The measurement of neutron dose over a wide energy range is an 

extremely difficult problem. A method (5' 4, can be employed whereby the 

instrument can count the detected neutrons and in addition utilize appropriate 

weighting factors to provide a particular overall response. 

weighting factors can be determined from information contained in the 

National Bureau of Standards Handbook Number 63. (5' 5, The resultant 

calculations show that in a uniform neutron flux, there should be about 1. 2, 

8, and 40 neutrons counted for energies of 5 ev, 100 kev, and 10 MeV, 

respectively,for each one thermal neutron counted; in other words, if all 

Appropriate 
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neutrons are counted, each 5 ev neutron should have its count weighted 

by 1.2; each' 100 kev neutron by a factor of 8, and so on. 

Neutron dosimetry investigations with moderated detectors were 

carried out at Hanford by DePangher and Roesch. (5' 6J 5' 7, In addition, 

Bramblett et al. (5' 8, studied spherical moderators, and their techniques 

were employed by Hankins. (5* ') The Hanford work made use of moderated 

proportional (BF3) counters, and Hankins used scintillation detectors (LiI) 

with various moderators. It was decided to pursue the dosimetry investi- 

gations using a family of solid state detectors with appropriate foil covers 

and moderators to attempt to achieve a useful dosemeter for use over the 

thermal through 10 Mev neutron energy range. 

To analyze the effect of moderation, calculations and measurements 

were made; however, because of the considerable detail, this information 

will not be presented in this paper. It is planned to describe the experi- 

ments in detail in a formal report, and the report will describe the pre- 

dictions of the flux spectrum within the moderator. 

The moderated neutron flux is dependent both upon the scattering 

angle and the penetration depth. 

spectrum is an extremely difficult endeavor which would require following 

the spatial coordinates of each deflected neutron. This was done by Snyder 

at Oak Ridge National Laboratory for a semiinfinite slab of 30 cm thickness 

using a Monte Carlo program. However, since no analysis of this type has 

yet been carried out for the spherical geometry used, the effect of the 

moderator was predicted for the present investigations by use of empirical 

data and a simplified interpretation of the data to relate the amount of 

The theoretical prediction of the energy 

moderation needed to moderate high energy neutrons to a specific energy 

!such as the resonance cross section energy of rhodium). 

Br amblett, Ewing, and Bonner (5' 8, measured the relative counts 

for a uniform flux as a function of energy, 

Li scintillators for various diameters of spherical moderators. For the 

The data were obtained with 
6 
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present Hanford investigations, the referenced information was used to 

predict the response of the thermal detector. 

to predict the response of the resonance detector, the referenced curves 

were moved up the energy scale by the amount from thermal to the resonance 

detection energy. 

In applying the information 

6 
For the thermal to high ev range, a diode with a Li foil cover and 

The moderator was chosen as a 3 in. a polyethylene moderator was used. 

diameter sphere. 

commercial surface barrier solid state detector was used with the accom- 

panying Li F coated cover. 

This size appears to provide the desired response. A 

6 
A cover using BIO may also be used. 

In selecting the sensor for the resonance energy range, consideration 

was given to the energy of resonance; the resonance integral (the area under 

the resonance portion of the cross section versus energy curve compared 

to total area); the nature of the resulting radioactivity, i. e., half-life; and 
103 11 5 

the energy of the charged particles emitted. Mn55, Rh , Aglo7, In , 

and Aulg7 were considered, and Rh103 was chosen for use since it has a 

short half-life, a high energy beta, and a large resonance integral. 

Using the resonance detector, the number of counts obtained in 1 sec 

can be multiplied electronically by an appropriate factor to obtain a gross 

number related to the desired value as determined by calibration. These 

counts canthen be converted to a voltage and a capacitance can be charged 

with an appropriate RC time constant. 

to the element activity can be sampled and compared with the capacitance voltage. 

The difference of these two voltages can again be interpreted as counts occur- 

ring during the monitoring time. In determining the thickness of the rhodium 

foil, the range of the beta particles must be considered. 

of any beta from rhodium is calculated as 

After 1 sec, the voltage corresponding 

The maximum range 
(5.10) 

= 2.44 MeV. 1.19 g/cm where Emax 2 
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Since the detector is enclosed in a cadmium thermal neutron shield, 

and the rhodium foil is very thin, nearly all of the activation will occur due 

to the resonance cross section since the resonance cross section is several 

magnitudes greater than the epithermal cross section. 

all of the neutrons with the resonance energy will be captured within the 

first few mg/cm2 of the foil and the resulting betas from this activation 

will undergo large self-absorption. The betas resulting from the epithermal 

capture further in the foil will have a higher probability of being counted. It 

is apparent that the choice of the foil thickness will affect the response of the 

For a thicker foil, 

5 

detector. 

To illustrate the dependence of the device response upon the foil 

coverthickness, Table 5.1 shows the percentage of neutrons captured within 

the given distance of penetration for the peak resonance cross section, €or 

the cross section of 100 barns, and for the average cross section (6 barns) 

above resonance. 

TABLE 5.1 

RHODIUM FOIL THICKNESS FOR PERCENTAGE ABSORPTION 
0 

OF NEUTRONS AT THREE ENERGIES OF INTEREST 
2 (Thickness in mg/cm ) 

Resonance Average Neutron Flux 
Absorbed in Energy, 0. 6 to 2.0 ev, Epi r esonance. 

(J = 6 barns Rh Foil, 70 u = 4500 barns u = 100 barns - 

5 1.95 

25 10.9 

50 26. 3 

75 52.58 

95 113.9 

87. 6 

49 2 

1184 

2366 

5125 

1,460 

8,200 

19,743 

39,316 

85,470 

Since the maximum energy beta from the rhodium decay is 2.44 MeV, 

the maximum foil thickness that would give an increase in counts would be 

1. 19 g/cm2 which corresponds to 0.096 cm. It is seen that essentially all 
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of the neutrons at the resonance energy will be absorbed in the first frac- 

tional distance in the foil; whereas, approximately 5070 of the neutrons at the 

100 barn cross section and only 57'0 of the higher energy neutrons will be 

absorbed in the foil. 'For a sharper resonance measurement, a thin foil may 

be used; and for a diffused response, the thicker foil may be used. 

Because of the relatively large penetrating distance of the resulting 

betas from the Rh103 foil, a surface barrier diode detector would be very 

inefficient. The maximum range of these betas is 1.19 g/cm2 or 956.6 LI in 

silicon. For efficient counting, a 1000 p depleted lithium ion drift detector 

was used for the investigations. Since this detector is used only to monitor 

the moderated flux at the resonance energy, a cadmium cover was used to 

eliminate the thermal flux. 

For fast neutron energies, a detector is needed which has a relatively 

constant sensitivity in the region from 1 to 10 MeV. 

threshold fission cross section is needed. 

An element with a 

Am 24 1 , Np237, and 

have fission cross sections appropriate to this requirement. It 

to use either Am241 or Np237 as the active element because of 

activity; hence, for the fast neutron detector, uranium with the 
2 

depleted twenty-fold was used as a 13 mg/cm foil cover. 

is undesirable 

their radio- 
isotope U 23 5 

From the fast neutron capture by U238, the charged particles detected 

are fission fragments. 

any surface barrier detector will adequately detect these particles. The area 

of the U238 foil and detecting junction should be as large as possible for maxi- 
2 mum sensitivity; thus, a 4. 5 cm 

Because of the high ionization and relatively short range, 

surface barrier detector was used. 

Sensitivity . 

Due to both the respective cross sections and the relative numbers of 

neutrons per unit dose,, the fast neutron detector is the limiting element for 

sensitivity. This 

thickness corresponds to the maximum range of the resulting fission fragments. 

For the calculation, a foil thickness of 13 mg/cm2 was used. 
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From the National Bureau of Standards Handbook Number 63, the 

dose rate of 100 mrem per 40 hr corresponds to approximately 18 

neutrons/cm2-sec for the energy range from 1 to 10 MeV. 

2. 59 x 10 neutrons/cm 

dose. 

can be calculated as, 

Approximately 
4 2 

in this energy range are equivalent to 1 mrem 

The flux corresponding to each count from the fast neutron detector 

1 count/sec = Kuf Ncn. 

In this equation, IJ 

0. 6 barns, N is the number of uranium atoms in the assumed thickness of 
2 

13 mg/cm , and K is the probability of counting the fission fragments from 

a single fission event. 

is the fission cross section of U238 which is taken as 
f 

Solving for the flux, 

4 2 
cc, = (5.07 x 10 )/K neutrons/cm 

per one count for each crn2 of detector surface. 

responding to each count is, 

4 

Hence, the dose cor- 

2 - 1.95 mrem/ count 5.07 x 10 neutrons/cm 
2 

Dose = 
K 2.59 x lo4 neutrons/cm2/mrem-cm2 -K 1 cm detector area 

The factor K will account for the diode detector counting fission fragments 

from only one side of the foil and the self-absorption within the foil. 

the ideal case, K will be 0.5. 

detector used can be calculated as, 

For 
2 

The minimum dose sensitivity for the 4. 5 cm 

2- minimum dose =x5 zm (4. 5 cm ) - 0. 865 mrem. 
2 0.5 cm 

The counts from each detector must be discriminated, electronically 

weighted, and summed to record dose and dose rate. 

device to demonstrate the concept, these electronic processes were performed 

using 110 v ac operated instruments. 

For an experimental 

Experimental Evaluation 

The multiple-detector unit was exposed to monoenergetic neutrons 

at the Hanford Van de Graaff facility. The detectors were placed in fluxes 
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where the neutron energy was at discrete values between the available limits 

of approximately 100 kev and 5 MeV; and at each chosen energy, the counts 

from each detector were recorded. 

detectors as they appeared for the testing. 

Figure 5.36 shows the three assembled 

For the various tests carried out, the counts from each detector 

were recorded and compared to the flux as determined by the Van de Graaff 

instrumentation, and the necessary scale factors by which the counts from 

each detector should be weighted were calculated. 

curve for each detector was plotted and then graphically fitted to the desired 

response by multiplying each count by a suitable factor. In this manner, the 

weighting factors were determined as 1. 0 for the thermal detector, 100 for 

the resonance detector,. and 4000 for the fast neutron detector. With these 

weighting factors incorporated, the response of the integrated device is 

shown in Figure 5.37. 

The relative response 

FIGURE 5.36 

Assembled Detectors for Testing 
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Signaling Radiation Dosemeters - D. P. Brown 

The problem of measuring dose to personnel continued 
to receive attention. 
personally carried, miniature, signaling radiation 
dosemeters which employ a recharging type of ionization 
chamber as the sensor. 
improving reliability and uniformity of response of the 
experimental dosemeters to provide a readily-apparent 
audible signal following accumulation of a predetermined 
dose. 
vation point, typically 50 or 100 mr. In addition, a 
number of solid state circuit refinements were incorporated 
alonlf with a method of correctly charging the center rod of 
the pencil" type ionization chamber before use. Other 
work was directed at improving the recharging fiber and 
center rod mechanical assembly to achieve reliable per- 
formance. Several experimental dosemeters were 
assembled and tested with promising results and a model 
was fabricated for use in possible offsite fabrication pro- 
curement of a representative number of dosemeters. 

Development was accelerated on 

The major effort concerned 

The effort centered around a single signal acti- 

Discussion 

Development work was accelerated regarding personally - carri ed. 

miniature radiation dosemeters which employ recharging-type "pencil1' 

ionization chambers (5* 

suitable audible signaling devices. 

as sensors, all solid state circuitry, and 

The ionization chamber, shown in Figure 5.38, employs a 

2.5 x 

Initially, the center rod is charged to the charging potential by a external, 

momentary switch. 

and the fiber will be positioned correctly. As the radiation-caused ionization 

within the chamber discharges the center rod, the difference in potential 

between the rod and the fiber causes the fiber to be attracted toward the rod 

by electrostatic attraction. 

the rod to the charging voltage, where the charge is obtained from a storage 

capacitor. 

in. diameter fiber to recharge the center rod of the chamber. 

The rod and fiber will then reside at the same potential 

When the fiber touches the rod, it recharges 
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During recharging, a pulse is developed which is used to trigger a 

This flip-flop then energizes the alarm circuitry bistable flip-flop circuit. 

consisting of an astable multivibrator audio oscillator and speaker drive 

circuit. 

The input circuitry is a double emitter follower which provides high input 

impedance and reliable alarm triggering. 

Figure 5.39. 

The speaker is a miniature earphone coupled to an exponential horn. 

The complete circuit is shown in 

Alarm reset and alarm test functions are performed by magnetically 

operated glass switches. 

achieve these functions. 

through a glass switch to prevent accidental capacitor discharge and hence, 

disabling of the dosemeter. 

This eliminates the need for opening the case to 

The charge storage capacitor is also charged 

Two experimental dosemeters were fabricated and thoroughly tested. 

One dosemeter was adjusted to cause alarm signal activation following a 

dose accumulation of about 50 mr and the second was adjusted for a 200 mr 

level. 

of f 4 and * 3'70 were obtained for the 50 mr and 200 mr units, respectively. 

As stated, a simple mechanical adjustment within the chamber can provide 

dose value alarm trip points as desired. 

dependence response problems, since the ionization chamber is close to 

the several circuit components (especially the battery), one unit was 

assembled with the pencil chamber mounted in a half-cylinder on the front 

of the dosemeter package. 

comparatively bulky package resulted. Thus, the final model, shown in 

Figures 5.40 and 5.41, had the chamber mounted on the glass-fiber printed 

circuit board. 

performance would be acceptable and it was tentatively planned to use the 

pictured model in offsite fabrication procurement of a representative number 

of dosemeters. Studies and experiments will be continued to effect improve- 

ments in methods of measuring dose to personnel. 

date will be published in 1964. 

Testing indicated that alarm signal activation repeatability values 

To alleviate minor angular 

This method improved the situation; however, a 

The considerable testing accomplished indicated that general 

A report on the work to 
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FIGURE 5.40 

Internal View of Completed Dosemeter 

FIGURE 5.41 

Complete Packaged Dosemeter 
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Contaminated Air Monitoring Techniques 

Airborne Plutonium Detection - D. P. Brown 

Development work was fulfilled on the investigation of 
alpha energy analysis techniques for the detection of air- 
borne plutonium contamination. An experimental system 
was assembled and tested and 
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there is also some energy loss from particles which had to pass through 

dust on the filter or through a portion of the filter itself. 

emitter would exhibit a more or less continuous spectrum of alpha energies. 

Figure 5.42 shows a typical spectrum obtained with a multichannel analyzer 

with thin CsI crystal as a detector. Figure 5.42a is the spectrum for 

plutonium entrapped on a 2 in. diameter Millipore filter and Figure 5.42b is 

a spectrum of a typical radon-thoron background condition. 

shows these spectra superimposed. 

plutonium are occurring at pulse heights where there is relatively little 

contribution from the background. 

adjusted to count the appropriate pulse heights will permit determination of 

the plutonium contribution. There will be some counts due to background 

counted; however, these can be compensated by counting those pulses with 

heights above the plutonium 

in the plutonium channel. 

Thus, each 

Figure 5.43 

It is easily seen that pulses from 

A single channel analyzer properly 

11 
cutoff" and using them to balance the contribution 

(a) (b) 
Plutonium Spectrum Background Spectrum 

FIGURE 5.42 

Typical Alpha Spectra 
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~- ~ 

Sp ec t r a Sup er impos ed 

Figure 5.44 shows a block diagram of the general system used for 

A 2 in. diameter Millipore filter was 

the experiments. 

crystal and a multiplier phototube. 

used with a 5 ft3/min airflow. The construction of the Millipore filter 

tends to prevent the imbedding of alpha emitters in the filter; such imbedding 

considerably affects the energy resolution capabilities of the method. Stan- 

dard commercial pulse amplifier, single channel pulse height analyzer, and 

count-rate-meter instruments were employed for the experiments. 

The detector is a thin (3 mil), 2 in. diameter CsI (T1) 

Disc. Out 

C RM 
Amp. 0-10000 

Balance pF\ Indicator 

Alarm 

CRM 
0-300 

I 
M PHA : :- I: 

FIGURE 5.44 

Block Diagram 
Alpha Energy Analysis Air Monitor 
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It is also possible to employ solid state silicon alpha particle 

detectors in a similar manner as used for the CsI scintillation detector. 

Experiments were carried out in parallel using this alternate approach, and 

commercial surface barrier silicon units were employed. 

detectors provide a considerable improvement in energy resolution which 

slightly simplifies the balancing or compensation problem; however, the 

very small diameters available (3 to 4 cm) materially reduce the filter area 

coverage. A number of such solid state detectors could be used to view a 

large filter; however, because of detector container size and edge effects, 

the effective area covered would be only 30 to 4070. A second alternative 

would be to program one detector to physically traverse, via mechanical 

means, a large filter. This merely adds another item to fail in the system 

and additionally incorporates more complex switching and other circuitry. 

The comparative tests indicated that the scintillation approach was more 

satisfactory at this time. 

The solid state 

For the scintillation energy analysis approach, which is less complex 

and less expensive than the solid state detector approach, the ideal system 

would employ a 5 in. diameter filter, a 15 ft /min air flow, and a 5 in. 

diameter (1 mil thick) CsI crystal detector. 

sensitivity of perhaps 15 MPC-hr which would correspond to the more 

expensive and more complicated dual- det ector coincident -count met hod of 

continuous alpha air monitoring. 

3 

This would lead to a detection 

The system was assembled and operated for approximately 6 mo. 

Periodic testing with Pu239 samples during high radon-thoron level back- 

ground conditions proved the ability of the technique to detect relatively small 

airborne concentrations of Pu as was desired. An equivalent sensitivity 

of better than 40 MPC-hr was achieved, and an increased airflow with a 

larger filter and detector could improve this if required. 

239 

Figure 5.45 shows typical recordings during a high radon-thoron 

buildup. 

min Pu239 source placed on the filter. 

The spike in the Pu239 channel was caused by a 1600 disintegrations/ 

The system detection ability is clearly 
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demonstrated. 

thoron in both channels is quite small. 

piutonium channel is 300 counts/min while that of the background is 

10, 000 counts/min. The difference in levels is corrected in the balance 

control portion of the system. 

is shown in Figure 5.46 where the spike again corresponds to the intro- 

Note that the overall up-scale deflection due to radon- 

The full scale deflection of the 

The difference recording, thus compensated, 
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The thin CsI crystal detector is sensitive to beta particles and gamma 

Therefore for test purposes, the detector 
90 

source of 

rays as well as to alpha particles. 

was subjected to a Co60 gamma field of 2 mr/hr and to a Sr-Y 

2.4 x 10 disintegrations/min. 

was no detectable increase of count rate in either channel. 

Co6* gamma fields of 200 mr/hr, there was enough of an increase of count 

rate in the plutonium channel to cause the instrument to falsely indicate 

plutonium contamination. 

steel shielding for the detector should be used where gamma background dose 

rate may exceed about 5 mr/hr if the stated sensitivity is to be achieved. 

4 With the gamma field and beta source, there 

However, for 

These and other experiments indicate that lead or 
* 

Although the obtained sensitivity was about 40 MPC-hr, a definite 

improvement can be achieved using higher air sample rates and/or by use of 

larger diameter detectors. 

tivities of several alpha air monitors developed at Hanford. 

Alpha Air Monitor (5' 14) provides alarm energizing when the filter alpha 

activity reaches a predetermined level but it has no compensation for radon 
(5.15) uSeS and thoron deposited on the filter, The Dual Alpha Air Monitor 

two detectors which sample separate room air supplies with one supposedly 

free of contamination. The Medium Level Air Monitor (5* 16) measures the 

rate of buildup of alpha activity, and the sensitivity is limited by the maximum 

expected filter buildup rate of radon and thoron, 

provides the best sensitivity; however, it should be noted that Monitor 

while the alpha energy analysis method is not as sensitive, it is considerably 

less complex and less expensive, 

analysis method provides an excellent combination of sensitivity, instrument 

simplicity, and moderate cost for continuous air monitoring. 

Figure 5.47 illustrates the established sensi- 

The High Level 

The Coincident-Count Air 
(5.17) 

For many applications, the alpha energy 

If larger area solid state detectors of acceptable resolution become 

available at less cost, the use of such units should be reconsidered for alpha 

air monitoring. Consideration of all factors indicates that, at this time, the 

scintillation methods are superior. 

0028911 
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