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1. INTRODUCTION 

.... 
A probabil_istic risk assessment of the Hanford 241-AX underground waste storage 

tank is being conducted by PLG, Inc. to evaluate the probability of radioactive 

release. In this study, systems models, event trees, and fault trees are- used to 

determine the risk. EOE Engineering Consultants·is under contract to PLG, Inc. to 

establish the capacity of the tank structure for earthquake loading. For seismic 

excitation, the probability of failure is developed as a function of peak free field 

ground acceleration. 

The 241-AX underground storage tanks are used for long term storage of high level 

radioactive wastes. The tanks have an outside diameter of approximately 79 feet 

and are -about 48 feet high overall. A single-wall tank configuration is used as 

shown in Figure 1. The tank wall thickness varies from 2 feet at the base to 1.25 

feet near the dome. The concrete wall is reinforced with Grade 40 reinforcing steel . 
and the ~oncrete 28 _day design compressive strength was 4000 psi. A steel liner 

was used for the tank _base and wall as shown in Figure 1. In this evaluation, at the 

direction of PLG, the steel liner was assumed to have experienced significant 

corrosion and was not considered as contributing to the seismic capacity of the 

tank. This assumption is believed to have a minimal impact on the fragility 

calculations since the governing failure mode· was found to occur in the unlined 

dome of the tank. A minimum of 6'-1 o• of overburden is placed above the dome. 

·Analysis has previously been conducted to establish both the seismic behavior of 

the tank, as well as investigate the capacity of the tank to withstand internal . 

pressure variations and loading of the ground surface. Reference 1 evaluates the 

seismic capacity at design basis acceleration including the effects of soil-structure 

interaction. Maximum utilization of these exi_sting results was _made wherever 

possible in the current evaluation. As such, most of the effort reported here was to 

obtain estimates of increased tank seismic acceleration than previously evaluated 

and to assure that all results were consistent and in a form readily usable by the 

risk analyst including quantification of expected variabilities. 

,. 
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2. PROBABILISTIC OESCRJfTION OF SEISMIC CAPACITY 

In order to fit into the PRA context, a probabilistic description of the seismic 

capacity of the tank is required. Also, since the seismic capacity is treated as a 

random variable, it is possibl~ for more than one failure mode to significantly 

contribute to the risk. Therefore, several failure modes must be evaluated. This 

section discusses how the capacities are described in a probabilistic form. 

2.1 DEVaOPMENT OF FAILURE PROBABILITIES 

Seismic fragility of the tank is defined as the conditional frequency of its failure for 

a given value of the ground motion parameter (for example, peak ground 

acceleration). Thus, the fragility evaluation is based on the estimation of the 

median ground acceleration value for which the seismic. response of a given 

component exceeds its capacity, resulting in failure. Because there are many 

sources of variability in the estimation of the median ground accele~ation capacity, 

the component fragility is described by means of a family of fragility curves. 

Figure 2 depicts such curves, showing the median (50 percent confidence) curve 

with its shape _governed by randomness variability, (B,.), and showing the reiative 

position of the curve for other confidence levels greater than or less than 50 

percent. The properties Qf the fragility curves and the general approach to .thei_r 

development are defined in previous works (References 2 and 3). Employing the 

characteristics of the lognormal distribution as described in these references, the 

entire family of fragility curves for any mode of failure is defined in terms of a 

median estimate of the ground acceleration capacity, A (Figure 2), times the 

product of randomness and uncertainty variables, 'R and Eu, which have unit 

median values and are lognormally distributed with logarithmic standard deviations 

of~ and Bu, respectively. 

A • A'REt,J (2-1) 

The median ground acceleration capacity, A, is computed as: 

(2-2) 
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where· F equals the median overall factor of safety based on response to the 

reference earthquake, and AR equals the peak ground acceleration of the reference 

earthquake. 
... 

In this study, the guidelines used to estimate the values of ~ and Bu for each 

variable affecting the fragility were based on considering the inherent randomness. 

BR, to be associated primarily with the earthquake characteristics themselves, and 

the !-Jncertainty, Bu, to be associated with lack of knowledge of the model and 

material parameters. Thus, the variability resulting from earthquake response 

spectra shape and amplification, earthquake duration, numbers and phasing of peak 

excitation cycles, together with their contributions to structure ductility and 

response characteristics was attributed to randomness. In general, it is not 

considered possible to significantfy reduce randomness by additional analysis or test 

based on current state-of-the-art techniques. Uncertainty, on the other hand, is 

considered to result primarily from analytical modeling assumptions and other 

knowledge gaps concerning variables such a~ material strength and damping that 

could, in many cases, be reduced by additional study or test. · 

The lognormal distribution can be justified as a reasonable. distribution since the 

statistical variation of many material properties· (References 2 and 3) and seismic 

response variables (Reference 4) may. reasonably be represented by this distribution. 

In addition, the central limit theorem states that a disruption consisting of products 

and quotients of distributions · of several variables tends to be lognormal even if the 

individual distributions are not lognormal. 

2.2 VARIABILITY IN MATER1Al PROPERTIES 

Based largely on information available in the literature (Reference 5) the following 

median strength values and va·riabilities were used for the Grade 40 reinforcing 

bars: 

ay - 48.8 ksi B - 0.10 

Uu - 74.5 ksi B - 0.13 

E -= ·12% B - 0.14 

Normally the concrete is expected to exhibit strengths above the 4000 psi 28 day 

design value. In addition, concrete can be expected to increase in strength with 

2HO ~Onb/plgtmb 3 



I 
time after the 28 day test. Site specific data on the concrete was not available at 

the time of this investigation. Conclusions...reached in the thermal analysis reported 

in Reference 1 were used in formulating concrete properties. Thermal effects were 

reported as degrading over the first 2,000 days of the tank life -such that the 

concrete strength would be 2,450 psi. This was assumed to be a design value and 

the median concrete strength and logarithmic standard deviation were estimated as: 

. 
fc' • 3,450 psi B • 0.22 

In addition to the variabilities in the yield stress and ultimate stress, variability exists 

in the post yield stress-strain relationships, the crack spacing in the concrete and 

corresponding average strain in the reinforcing steel. Since all credible failure 

modes of the tank involve some degree of inelastic deformation, these sources of 

variability must also be accounted for. 

2.3 MOOB.JNG VARIABILITY. 

Uncertainties will exist in the estimated pressure capacities due to differences 

between the analytical idealization of the structure and the real conditions. There 

are numerous possible sources of modeling uncertainties. Examples of the sources 

of modeling uncertainties include: assumptions use~ to develop the_ internal force 

distributions, failure criteria, and the use of empirical formulae. Moreover, since 

they are dependent on the particular failure mode under consideration, they must be 

ev~luated on a case-by-case basis. Bounding analytical assumptions such as 

different boundary conditions can often by used to establish an estimate of the 

modeling variability. However, in many instances, the evaluation of these 

uncertainties would require very ·detailed analysis and/or extensive data which may 

not be available. The tank analysis reported in Reference 1 used conservative 

.design loadings and loading conditions that were not part of the fragility evaluation. 
. -

These incJuded a greater depth of soil overburden, a 100-ton surface surcharge; 

internal pressure equivalent to -6 ·and + 60 inches of water, and a lower-bound 

estimate of lateral earth· pressure. The impact of these model!ing conditions on the 

results presented in Reference 1 was estimated using simplified cJosed form 

solutions for axisymmetric shells. The results of the simplified evatuation were 

used to factor the forces and moments computed in the tank wall and dome in 

Reference 1 . Determination of the critical failure mode relied upon the factored 

4 
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results of Reference 1. Physical and geometric constants used in the simplified 

analysis to evaluate the impact of modeling conservatisms also provided a means to 
. ... 

gauge uncertainty in the modeling of th~ tank.. 

2.4 SEJSMIC FRAGILITY OF THE TANK 

The capacity of the outer concrete shell was evaluated to arrive at a fragility 

associated with a gross leakage from the tank.. The existing soil-structure 

interaction analysis was used as a basis for developing relationships between the 

seismic input and the tank. response. In order to estimate the membrane capacities, 

reinforcing the median failure criteria inclu~ing stress expected at failure and its 

variability must be considered. No credit was taken for the tensile strength of the 

concrete. A failure condition was assumed to occur when the reinforcing steel 

reaches the median yield strength of '.48.8 ksi. 

As previously noted, the seismic fragility is described in terms of a median free field 

ground-acceleration capacity and logarithmic standard deviations associated with 

randomness and uncertainty. By anchoring the median ground acceleration 

capacity to a reference motion, the fragility can then be expressed in terms of a 

series of probabilistic . factors · of safety and their associated logarithmic standard_ . 

deviations. These factors of safety are evaluated for the various parameters that 

affect the strength and response of the structure. 

In the evaluation of the fragility of the concrete tanks, the critical failure mode was 

found to be circumferential tensile failure of the tank dome near the haunch. This 

. failure mode is controlled largely by the horizontal seismic input. Loads from , 

vertical seismic input and hydrodynamic response of the tank contents were found 

to have no impact on the failure mode and only a small impact on the estimate of 

the factor of safety. 

In estimating the median seismic demand, the results from Reference 1 were 

adjusted to reflect a median horizontal ground spectral shape consistent with 

NUREG/CR-0098 (Reference 6) and a median damping ratio of 7% for the 

reinforced concrete tank. Results from Reference 1 wer~ used directly in 

estimation of the factor of safety a_gainst failure under seismic excitation. The 

impact of modeling conservatism was treated separately. Since the failure mode 

occurs in conjunction with ductile flexural response of the tank wall n~ar the 

haunch, additional capacity beyond the static capacity can be accounted for 

2HO 480nb/plgtanita 5 



througli inelastic energy absorption. Table 1 shows .the median factors of safety, 

the corresponding logarithmic standard deviations, and the overall seismic fragility 
. ' . 

parameters for the failure of the reinforc!!d concrete dome. 
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Tab4e 1 

SBSMIC FRAGILITY FOR THE REINFORCED CONCRETE SHELL 
" 

Failure Mode: Hoop Tensile Failure in the Dome 

Strength 1.97 0.0 0.10 

lnelastii:: Energy Absorption 1.68 0.07 0.13 

Spectral Shape 0.97 . 0.25 0.0 

Damping 1 .12 0.0 0.11 

Modeling 1.06 0.4 0.09 

Earthquake Component Comb. 1 .0 0.0 0.0 

3.81 0.26 0.22 

A = 3.81 X 0.25g = 0.95g 

HCLPF a 0.9Se·1.65(0.26 + 0.221 a 0.43g 
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APPENDIXE 
METEOROLOGICAL~ POPULATION DATA 

The Hanford 200 Area joint-frequency dabfor 10 m and 89 mare given in Tables E-1 and E-2, 
respectively. The 10-m data were used for the ground-level releases, whereas the 89-m data were used 
for the elevated releases (fire scenarios). The 16 wind directions start at north and go clockwise across 
the top of the table. The rows are grouped by wind speed starting with 0.89 m/ s and continuing through 
19.0 m/s. Within each wind speed group, the stability classes start at A and go through G. For 
example, the first seven lines correspond to a wind speed of 0.89 m/ s and, proc~g from the first line 
through the seventh line, stability classes A through G. Each wind speed and the associated ·stability 
classes are represented in Tables E-1 and E-2 by sequential groups of seven lines. Thus, the total number 
of entries in the tables is 16 x 8 x 7 = 896. 

The offsite population data are given in Table E-3. They are based on the 1990 census, updated 
to 1992. The data in the table were used for the offsite population estimates (16-80 km). The following 
data, based pn the Hanford site telephone directory, were used for the onsite population ( < 16 km). 

Area Location No. of Workers 
200E 2772 
200-w 1873 
400/WPPSS 1808 
100 N/100 KE/ 100 I<W 485 
Total 6938 

These workers are distributed as shown in Figs. 6-2 to 6-5 in Sec. 6. Workers in other areas are either 
too few in number or at too great a distance to contribute significantly the onsite population dose. 
Actually, the workers in 200 E and 200 W contribute over 95% of the totals in most cases. 



TAB~E-1 

HANFORD 10-METERJOINTFREQUENCY DATA 

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average) 
Created 8/26/92 KR 
8 7 1 1 10.0 

wind speeds 0.89 2.65 4.7 7.15 9.8 12.7 15.6 19.0 
0.36 0.20 0.23 0.26 0.40 0.24 0.17 0.10 0.10 0.06 0.06 0.06 0.10 0.10 0.14 0.22 
0.15 0.13 0.10 0.11 0.16 0.09 0.07 0.03 0.05 0.02 0.01 0.03 0.04 0.05 0.07 0.10 
0.14 0.10 0.09 0.12 0.14 0.10 0.06 0.04 0.04 0.02 0.02 0.02 0.04 0.04 0.10 0.10 
0.87 0.58 0.59 0.59 0.77 0~ 0.43 0.32 0.27 0.19 0.21 0.17 0.40 0.44 0.54 0.55 
~~~~~~~~~~~~~~~~ 
0.23 0.13 0.12 0.14 0.310.23 0.28 .0.26 0.35 0.23 0.22 0.27 0.48 0.36 0.32 0.23 
0.10 0.04 0.08 0.08 0.13 0.13 0.13 0.14 0.17 0.09 0.10 0.09 0.22 0.14 0.14 0.09 
0.69 0.44 0.29 0.32 0.60 0.51 0.45 0.29 0.24 0.12 0.17 0.19 0.25 0.30 0.42 0:48 
0.21 0.15 0.06 0.08 0.16 0.13 0.13 0.09 0.08 0.04 0.03 0.05 0.07 0.09 0.16 0.16 
0.19 0.12 0.06 0.09 0.13 0.13 0.19 0.10 0.06 0.02 0.03 0.05 0.08 0.10 0.19 0.15 
0.84 0.48 0.40 0.33 0.66 0.57 0.75 0.53 0.35 0.18 0.24 0.28 0.69 1.09 1.05 0.77 
0.32 0.17 0.11 0.13 0.31 0.34 0.47 0.52 0.46 0.21 0.29 0.48 1.58 1.68 1.11 0.39 
0.13 0.05 0.05 0.05 0.16 0.21 0.39 0.44 0.45 0.21 0.27 0.46 1.60 1.69 0.82 0.25 
0.04 0.02 0.02 0.03 0.09 0.10 0.20 0.23 0.20 0.08 0.10 0.20 0.82 0.69 0.30 0.08 
0.26 0.24 0.10 0.03 0.08 0.10 0.10 0.13 0.12 0.07 0.14 0.34 0.35 0.35 0.40 0.17 
0.09 0.06 0.03 0.010.030.03 0.04 0.05 0.03 0.02 0.05 0.07 0.10 0.14 0.12 0.06 
0.08 0.05 0.03 0.010.020.02 0.04 0.04 0.05 0.02 0.03 0.06 0.09 0.13 0.12 0.03 
0.32 0.20 0.09 0.04 0.12 0.11 0.25 0.27 0.24 0.13 0.23 0.39 0.83 1.46 0.84 0.21 
0.19 0.09 0.04 0.01 0.06 0.06 0.15 0.25 0.22 0.12 0.18 0.39 1.98 2.50 0.75 0.13 
0.04 0.06 0.01 0.01 0.01 0.02 0.05 0.17 0.14 0.03 0.07 0.20 1.19 1.60 0.32 0.06 
0.010.000.00 0.00 0.00 0.01 0.010.090.07 0.010.020.09 0.56 0.84 0.13 0.01 
0.07 0.07 0.05 0.01 0.00 0.00 0.01 0.03 0.04 0.04 0.11 0.25 0.25 0.25 0.33 0.05 
0.02 0.03 0.01 0.01 0.00 0.00 0.00 0.01 0.02 0.01 0.04 0.08' 0.06 0.07 0.09 0.01 
0.02 0.03 0.01 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.02 0.07 0.06 0.07 0.06 0.01 
0.10 0.10 0.03 0.01 0.00 0.01 0.03 0.07 0.10 0.11 0.25 0.38 0.58 1.14 0.50 0.05 
0.07 0.12 0.010.000.00 0.00 0.010.050.07 0.08 0.17 0.30 0.65 1.75 0.41 0.02 
0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.01 0.02 0.07 0.08 0.03 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
0.02 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.05 0.16 0.10 0.11 0.24 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.02 0.03 0.06 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.05 0.02 0.03 0.05 0.00 
0.02 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.07 0.16 0.24 0.13 0.50 0.29 0.01 
0.01 0.06 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.11 0.15 0.06 0.38 0.11 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.06 0.02 0.02 0.03 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0~00 0.01 0.0'2 0.01 0.00 0.01 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.01 0.01 0.00 
0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.09 0.09 0.03 0.07 0.08 0.00 
0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 ·0.01 0.04 0.02 0.01 0.05 0.03 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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TABLE E-1 (CONTI 

0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.02 0.00 0.00 0.00 
0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.04 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.07 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.03 0.05 0.00 0.00_ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 



TABLEE-2 .... 
HANFORD 89-METER JOINT FREQUENCY DATA 

200 AREA (HMS) - 89 M - Pasquill A - G (1983 - 1991 Average) 
Created 8/26/92 KR 
8 7 1 1 89.0 

wind speeds 0.89 2.65 4.7 7.15 9.8 12.7 15.6 19.0 
0.34 0.16 0.19 0.24 0.38 0.23 0.17 0.10 0.10 0.05 0.05 0.06 0.10 0.10 0.12 0.17 
0.12 0.09 0.09 0.10 0.13 0.09 0.06 0.02 0.05 0.02 0.01 0.02 0.04 0.05 0.06 0.08 
0.11 0.09 0.08 0.10 0.13 0.09 0.07 0.04 0.03 0.02 0.02 0.02 0.05 0.03 0.08 0.07 
0.62 0.40 0.39 0.45 0.610.410.360.28 0.210.160.16 0.110.250.33 0.39 0.39 
0.22 0.16 0.16 0.15 0.30 0.26 0.25 0.28 0.27 0.15 0.16 0.17 0.30 0.30 0.27 0.22 
0.13 0.08 0.08 0.09 0.19 0.19 0.25 0.29 0.32 0.15 0.16 Q.19 0.410.340.27 0.15 
0.07 0.02 0.05 0.05 0.11 0.12 0.16 0.22 0.18 0.08 0.09 0.10 0.31 0.17 0;13 0.07 
057 0.39 0.29 0.32 057 0.49 0.40 0.23 0.20 0.11 0.13 0.13 0.17 0.23 0.33 0.43 
0.18 0.14 0.06 0.09 0.16 0.10 0.11 0.07 0.07 0.03 0.02 0.04 0.05 0.07. 0.14 0.13 
0.17 0.11 0.05 0.09 0.12 0.12 0.14 0.07 0.05 0.01 0.02 0.03 0.04 0.08 0.15 0.14 
0.77 0.42 0.38 0.32 059 0.47 056 0.35 0.27 0.12 0.15 0.22 0.36 056 0.69 0.66 
0.25 0.13 0.15 0.12 0.25 0.22 0.24 0.29 0.29 0.12 0.17 0.25 0.48 055 052 0.26 
0.11 0.06 0.05 0.05 0.14 0.12 0.21 0.19 0.29 0.16 0.16 0.26 059 059 0.35 0.17 
0.05 0.02 0.03 0.03 0.07 0.06 0.09 0.10 0.13 0.06 0.07 0.12 0.43 0.31 0.14 0.07 
0.38 0.27 0.12 0.05 0.13 0.13 0.15 0.15 0.14 0.06 0.14 0.28 0.27 0.29 0.34 0.24 
0.11 0.08 0.03 0.01 0.05 0.06 0.06 0.06 0.03 0.02 0.04 0.06 0.09 0.10 0.12 0.07 
0.10 0.06 0.04 0.02 0.04 0.03 0.06 0.04 0.04 0.02 0.02 0.04 0.07 0.08 0.12 0.06 
0.40 0.26 0.16 0.08 0.19 0.17 0.30 0.25 0.19 0.10 0.19 0.22 055 0.81 0.75 0.34 
0.19 0.10 0.05 0.05 0.12 0.15 0.19 0.21 0.23 0.12 0.16 0.28 0.86 0.82 057 0.24 
0.09 0.04 0.03 0.02 0.06 0.08 0.11 0.18 0.18 0.10 0.12 0.25 0.80 0.91 0.41 0.12 
0.02 0.01 0.01 0.010.02 0.02 0.05 0.07 0.07 0.02 0.04 0.08 0.44 052 0.17 0.03 
0.11 0.12 0.06 0.02 0.01 0.02 0~03 0.08 0.06 0.06 0.09 0.26 0.25 0.25 0.30 0.08 
0.04 0.04 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.03 0.05 0.06 0.09 0.07 0.04 
0.03 0.02 0.02 0.01 0.01 0.00 0.01 0.02 0.03 0.01 0.02 0.06 0.08 0.11 0.07 0.01 
0.20 0.12 0.05 0.01 0.05 0.04 0.11 0.17 0.16 0.11 0.16 0.29 058 0.92 0 . .54 0.11 
0.14 0.07 0.03 0.02 0.04 0.06 0.12 0.16 0.15 0.09 0.15 0.30 1.32 1.32 057 0.12 
0.04 0.02 0.01 0.010.020.02 0.06 0.110.100.04 0.09 0.17 0.8.5 0.90 0.31 0.07 
~~~~~~~~~~~~~~~~ 
0.04 0.04 0.03 0.01 0.00 0.00 0.01 0.01 0.02 0.02 0.07 0.14 0.16 0.15 0.23 0.02 
0.02 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.06 0.04 0.05 0.07 0.00 
0.01 0.02 0.01 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.01 0.04 0.04 0.04 0.05 0.00 
0.08 0.07 0.02 0.010.010.010.040.09 0.08 0.07 0.18 0.27 0.44 0.79 0.32 0.04 
0.07 0.08 0.01 0.01 0.01 0.01 0.06 0.08 0.08 0.08 0.12 0.23 1.08 1.49 0.40 0.04 
0.02 0.02 0.00 0.01 0.01 0.01 0.02 0.04 0.04 0.01 0.02 0.07 0.49 0.62 0.13 0.02 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.01 0.0'2 0.11 0.19 0.03 0.00 
0.010.0'20.010.000.00 0.00 0.00 0.00 0.010.010.040.13 0.09 0.09 0.19 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.02 0.03 0.05 0.00 
0.00 0.01 0'.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.02 0.03 0.04 0.00 
0.03 0.04 0.01 0.01 0.01 0.00 0.02 0.02 0.04 0.08 0.13 0.26 0.33 0.78 0.38 0.02 
0.07 0.10 0.02 0.00 0.01 0.00 0.04 0.04 0.05 0.04 0.10 0.21 0.64 1.63.0.34 0.02 
0.02 0.03 0.00 0.00 0.01 0.01 0.02 0.03 0.02 0.00 0.01 0.04 0.23 0.38 0.06 0.01 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.04 0.09 0.01 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.07 0.04 0.03 0.07 0.00 
0.00 0.00 0.00.0.00 0.00 0.00 0.00 0.00 0.010.000.010.010.010.02 0.02 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.0'2 0.00 0.01 0.0'2 0.00 
0.01 0.03 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.04 0.13 0.14 0.09 0.49 0.21 0.01 
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TABLE E-2 (CONT) 
.... 

0.03 0.06 0.010.000.00 0.00 0.Ql 0.02 0.Ql 0.03 0.10 0.14 0.17 0.74 0.18 0.00 
0.02 0.03 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.06 0.10 0.01 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00 
0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.01 0.01 0.02 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.00 . 
0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.01 0.01 0.00 
0.02 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.12 0.110.080.14 0.07 0.00 
0.02 0.05 0.010.000.00 0.00 0.00 0.02 0.00 0.03 0.07 0.06 0.04 0.17 0.05 0.00 
0.02 0.04 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00 
o.oo 0.01 o.oo o.oo ·o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
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TABI..f E-3 

HANFORD OFF SITE POPULATION DATA 

Population within 80 km of the Hanford 200 Area, 1990 Census (Beck, et al 1991) 
Created 10/21/91 KR. Revised 2/4/92 KR 

Sector Total Direction 
0 0 0 0 0 0 2842 1622 'E7 1144 5845 s 
0 0 0 0 0 0 713 11983 503 738 13937 SSW 
0 0 0 0 0 0 ]..3()3 19589 1132 637 22666 SW r 

0 0 0 0 0 0 1956 5406 16336 7525 31223 WSW 
0 0 0 0 0 0 771 1295 62h9 94203 102538 w 
0 0 0 0 0 0 641 1~ 1189 " 2375 5292 WNW 
0 0 0 0 0 O 548 738 784 aJ9 2879 NW 
0 0 0 0 0 0 544 909 ~6 4979 7308 NNW 
0 0 o · 0 0 0 ~ "822 969 2418 4643 N 
0 0 0 0 0 0 268 1030 5220 17567 24085 NNE 
0 0 0 0 0 0 393 6176 2658 114.5 10372 NE 
0 0 0 0 0 0 423 1217 1652 664 3956 ENE 
0 0 0 0 0 0 452 1373 1416 751 3992 E 
0 0 0 0 0 0~ 1674 Z70 767 3000 ESE 
0 0 0 0 0 0 1141 35519 73156 4918 114734 SE 
0 0 0 0 0 0 2796 8300 2394 5891 19390 SSE 

Population Total 
0 0 0 0 0 0 15519 98749 115061 146.531 375860 

Distance (mi) ( ~ 
0-1 1-2 2-3 3-4 4-5 S-10 10-20 20-30 30-40 40-50 TOTAL ,_ l 

Midpoint (m) . 
805 2414 4023 56.33 7242 12070 24140 40234 56327 72421 r 
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TABLE C-1 
HANFORD TANK FARM DATABASE 
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DC 

DN 

DSSF 

EMPTY 

NCPLX 

PD 

PT 

. ~ . 
Dilute complexed waste. This is characterized by a high content of organic 
carbon, including organic complexants. 

Dilute non-complexed. Low-activity liquid waste originating from T and S 
Plants, 300 and 400 Areas, PUREX (decladding supernatant and miscellaneous 
wastes), 100 N Area (sulfate waste), B Plant, saltwellsi and Plutonium Finishing 
Plant (supernatant). 

Double-shell slurry feed. Waste evaporated just before reaching the sodium 
aluntinate saturation boundary or 6.5 M hydroxide in the evaporator. This form is 
not as concentrated as DSS. 

Has no contents. 

Non-complexed. General waste term applied to all site liquors not identified as 
· complexed. 

PUREX decladding or Neutralized Oadding Removal Waste (NCRW). It is the 
solids portion of the PUREX neutralized cladding removal waste stream, received 
into tanks as a slurry. It is classified as transuranic waste. 

Plutonium Finishing Plant transuranic solids, which originate from West Area 
operations. 

f 

Found within the solids and precipitate below the supernatant is (interstitial) liquid. This is a l 
drainable volume whose quantity is based on either average porosity values for the solid constituents or 
a·ctual data. The column labeled Inter. Llquids indicates the measured or calculated volume. The next 
column, Total Llquids, is the sum of the supernatant volume and the interstitial volume. The resultant j 
amount is also known as the drainable volume. L 

The other major coilStituent of the tanks is solids. Solids have been categorized into three main 1 
groups: double-shell slurry, sludge, and saltcake. These terms are defined as follows. L 

DSS Double-shell slurry. Waste evaporated nearly to its sodium aluminate saturation 
boundary or 6.5 M hydroxide in the evaporator. For reporting purposes, DSS is 
considered a solid. 

Saltcake Results from aystallization and precipitation after concentration of liquid waste, 
usually in an evapora~or. If saltcake is layered over sludge, it is only possible to 
measure total solids volume. In-tank photographs may be used to estimate the 
volume. · · 

Sludge Solids formed during sodium hydroxide (NaOH) additions to waste. Sludge 
usually was in the form of suspended solids when the waste was originally 
received in the tank from the waste generator. In-tank photographs may be used 
to estimate the volume. · 

The column labeled Solids with Interstitial is subdivided into the above three categories. 
The quantity indicated is the volume of solids including the interstitial liquid. The quantity of solids 
without the interstitial liquid volume included is the column labeled Solids. This is the volume 
attributed to solely_ the solids as ii all of the interstitial liquid had been re.moved. 
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The measure of all of the waste in a tank can be found in the column titled Total Waste. This 
is a calculated field in that it is the sum of the Total-Liquids column and the Solids column. In other 
words, the total waste is the sum of all of the liquids (supernatant and interstitial) and all of the 
solids (DSS, sludge, and salt). 

All of the SSTs have been isolated to some degree to minimize the further addition of waste. 
Two degrees of isolation have been established: partj.ally interim isolated and interim isolated. 
Interim isolated (I) means that all of the physical efforts needed to minimize the further addition of 
waste to a tank have been completed. Partially interim isolated (P) means that all of the efforts to 
minimize the further addition of waste to a tank have been performed, except that risers and piping 
needed for tank stabilization have not been isolated. The column titled Isolated indicates which 
degree of isolation has been performed for each tank. DSTs have not been isolated. 

Several parameters other than level are being·monitored for many tanks. One important 
parameter is tank temperature, which translates into heat load. The values for several dates can be 
found in the column titled High Temperature Reading. The associated heat load, if calculated, can be 
found in the column titled Heat Load. 

Many tanks have detectable levels of ferrocyanide (FeCN), and this value is given in the 
column titled FECN. Those tanks that contain greater than 1000 g-mole of ferrocyanide are placed on 
the Watch List. The column titled Watch List with the subcolumn title FECN has an "X" for those 
tanks on the watch list. Other criteria for the Watch List include hydrogen levels above the flamma­
bility limit (denoted by the subcolumn title H2), organic salts (subcolumn title ORG) and heat (subcol­
umn title HEAT). 

Each tank is measured periodically for liquid. This is an important measurement because it is 
used not only to track the inventory of liquid waste at the site, it provides evidence as to whether a 
tank has been leaking. All of the SSTs are measured by one of three different methods, and these 
methods are listed in the column titled Level Measurement. The measurements are taken manually 
(M), automatically (A) or by in~ion (I). The frequency of level measurement varies by tank. The 
frequencies can either be daily (D), weekly (W), monthly (M) or quarterly (Q). 

As the tank volume expands or contracts because of temperature fluctuations or the release of 
gases, a ventilation system maintains the gas space above the liquid volume constant. Two basic types 
of tank ventilation systems are used: an active powered system and a passive "breather filter" system. 
Toe active powered system takes two forms. One system is a portable, skid-mounted system. The other 
is a permanent, piped ventilation system that serve a farm. The following designators are used. 

702-A 

AN 

AP 

AW 

BF 

p 

SY 

Farms A Y and AZ are serviced by ventilation building 702-A. 

Permanent piped system servicing the AN farm. 

Permanent piped system ~cing the AP farm. 

Permanent piped system servicing the AW farm. 

Passive breather filter system. 

Portable, skid mo~ted, active powered system. 

Permanent piped system servicing the SY farm. 

The source of each column of information in Table C-1 can be tracked back to the original 
document via the table of references (Table C-2). 
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Subiect 
Tank type 

Location E/W 
In-service date 

Asze (years) 
Leaker (year) 
Leak size (kgal) 
Stabilized method 
(year) 

Supernatant liquid 
(kgal.) 
Supernatant liquid 
(type) 
Interstitial liquid (kgal.) 
Total liquids (kgal) 

Solids (kgal.l 
DSS 

Sludge 

Saltcake 

Total Solids (kszal.) 
Total Waste (kital.) 
Moisture (%) 

Isolated (5) 

TABLEC-2 
TANK DATA R~CE OiART 

Column• Table(s) Page Comment 
1 Fig B-8 B-15/16 200 type tanks are smaller radius 

circles; double shell tanks (DST) 
are concentric circles; remainder 
are 100 type. 

2 Fig B-8 B-15/16 
3 Fig B-8 B-15/16 Assume the tank was placed in 

service at the end of the 
construction period. 

4 - - Calculated field. 
5 H-1 H-3 to H-6 Column2 
6 H-1 H-3 to H-6 Column3. 
7 H-1 H-3 to H-6 Column 5 is the date source. 

C-5 C-9 thru C-18 Column 4 , first 2 characters for 
the status. 

2,3,4, 5 11, 14, 15, 16 Addition sources for vear. 
BA C-4, S C-6 thru C-18 8th and 6th column respectively. 

8B C-4, 5 C-6 thru C-18 2nd column. 

9 C-4, S C-6 thru C-18 9th and 7th column respectively. 
10 - - Calculated; sum of supernatant 

and interstitial liquid. 

llA C-4 C-6 thru C-8 14th column. Applicable to 
double shell tanks onlv. 

11B C-4, 5 C-6 thru C-18 15th and 12th column 
respectively. 

llC C-4, 5 C-6 thru C-18 16th and 13th column 
respectively. 

u DSS + Slud~ + Saltcake 
13 - - Total solids plus supernatant 
14 - - Total liquids divided by total 

waste, multiplied by 100 
15 D-5, D6 D-9/10, The status is indicated under the 

D-11/12 figure for each tank. 
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TABLE C-2 (CONTI .... 

Subject Column• Table(s) Page Comment 
High temp. reading: 

September 1991(3) 16A 2, 3,4, 5 5-8 2nd column of each. 
December 1991 16B 2,3,4,5 11, 14, 15, 16 2nd column of each. 
July 1992 (1) 16C 9 19-21 Column 6. 

Ferrocyanides (1000g 
mol) 

December 1991 17 2 11 Column 6. 
Heat load (Btu/h) 

December 1991 18A 2,5 11, 16 Column 7 and 6 respectivelv. 
July 1992 (1) 18B 2,5 6, 12 Column 7 and 6 respectivelv. 

Watch lists 
Hydrogen 19A 1 10 Columns 2, 4, and 6. 

Organic salts 19B 1 10 Columns 2, 4, and 6. 
Ferrocyanide 19C 1 10 Columns 2, 4, and 6. 

Heat 19D 1 10 Columns 2, 4, and 6. 
Level measurement (4) 20A,B 1-25 1-349 Column 2 is the method, column 3 

is the frequency. 
Ventilation (5) 21 Hanford D-13/14, D- The designator is located at 4-

Tank Farm 15/16 o'clock on each tank. 
Facilities 
200 West 
and East 

Ventilation (4) .Figures 3- . Volume 2 of JSB These figures depict the 
71, 77, 78, configuration of the ventilation 
79,81 systems for farms AN, AP, AW, 

and SY. 

Notes: 
•Column number of tank data table (TANKLEAK.XLS) beginning with Tank Type. 

All data are from Ref. 2. except as noted in parenthesis. 

·, 
j 
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DATA SOURCES .... 

1. B. M. Hanlon, "Tank Farm Surveillance and Waste Status Summary Report for July 1992," 
Westinghouse Hanford Company report WHC-EP-0182-52. 

2. B. M Hanlon, "Tank Farm Surveillance and Waste Status Summary Report for December 1991." 
Westinghouse Hanford Company report WHC-EP-0182-45 (March 1992). 

3. B. M. Hanlon, "Tank Farm Surveillance and Waste Status Summary Report for September 1991," 
Westinghouse Hanford Company report WHC-EP-0182-42 

4. "Hanford Tank Farm Interim Safety Basis, August 1993," Westinghouse Hanford Company report 
WHC-SD-WM-ISB-001, Revision 1. . 

5. B. M Hanlon, ''Tank Farm Surveillance and Waste Status Summary Report for June 1993," 
Westinghouse Hanforq. Company report WHC-EP-0182~3. 
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APPENDIXD 
SOURCE-TERM RADIOISOTdl7E CONCENTRATION DATA 

A tank-by-tank listing of the radioisotope concentrations used in the source terms is given in 
Table D-1. The source of these data is primarily the WHC Interim Safety Basis docwnent1 and the 
ICF Kaiser Historical Tank Content Estimate documents2,3 with decay corrections to March 1994. 
Screening analyses were performed for both the airborne and groundwater pathways to establish that 
the seven radioisotopes listed in the table would give a satisfactory representation of the doses. 

In cases where data were given for different layers (e.g., supemate and sludge) the value listed 
in the table is the mass weighted average of the different layer concentrations. Ideally, it would be 
desirable to keep track of the separate layer concentrations in developing the source terms; however, 
because such detailed information was available for only about 15% of the tanks, it was not considered 
advantageous to do so. References 2 and 3 contain a much more limited data base, in terms of the number 
of radioisotopes and number of tanks, than Ref. 1. Where data were available from both sources, it was 
usually averaged unless one of the values appeared to be an outlier. · 

As discussed in Sec. 6, the dose modeling was based on source terms and release points from four 
quadrants in the 200 Area of the site. The radioisotope concentrations for each quadrant, based on the 
averages for the tanks located there, are given in Tables D-2 and D-3. As shown by the· statistics in the 
table, there is a large range in the concentration values going into a specific average and the standard 
deviations are frequently large. · · 

As an overall check to see if there was a bias in the 137es and 9<Jsr data comparisons were made 
for tanks' heating rates estimated by Agnew,4 based on temperature records, and rates based on the con­
centrations of those isotopes given in Table D-1. As shown by the results in Table D-4, there is consider­
able variability in the comparisons; however, the average ratio for tanks with data is 0.85, indicating 
that there is not a major global error in the data f~r Sr and Cs . 
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P••Ul/240 l.llE -03 3.41E-OI 3.UE-05 3. ISE -05 . _HQ~·0S __ . 7.37E·0I l .70E -05 l .15E-05 l .51E ·OI 2.HE -05 1.211E:Os l .15E -07 t.:lllE -04 

Am -241 4.47E •0I 2.nE -04 3.llE-05 l .03E-04 2.51E·04 U2E ·04 
h•II l ,l!E -05 -i.uE-ir- , ;iiE:ii" l .41E-04 ui~-o• l .74E -05 
1-tU U0E -07 l .12E·OI 7.72E•II I .0:tE-07 2.58E-07 U:tE-07 

· - ----
11· 101 H-101 ...... ...... &Jl-112 _!!:!!!_. 11-114 11·111 ---- -a,.u 1.47Et00 3.IOE·0I l.14E•OO 1.UE•OO I.HEtOO 3.30Et00 9.45E -0I 1.011;.01 

c, •• ,, 2.39E·02 U0E-02 I .0IE -02 I .OE -02 4.04E -02 1.21Et00 7.05E -02 - I .ISE-02 - ---
Nf•U7 U0E·OI l.41E ·OI t . tlE-01 --r.i2E:Oi- 3.47E-OI 4.HE-01 

Pu•Ul/240 4.00E-04 1.41E •04 7.21E •04 1.HE -04 - 7:iif.a.·- __!:! !! ·04 3.32E·04 4.0:tE -03 - -s:,iE-oi·- . 7,i?~~~~ 
--- -

Am -141 7.17E ·04 1.40E -04 _.J:!IE-03 --- - - 2.72E ·04 -·- -· -- ·- --- -.. ru:o. h•II l .11E·II I .0IE•U 1.17E-1:t ·--···· _ l .lSE-01_, . l .71E •20 - - --- ·-·- - ··------
1-1U ·--,.-.,E :ii·- -,..;E-11·· 5.17E•11 1.92E ·0I -USE•OI-- 1.l•E-tt-

' 

,- ··-, ,--- ' - ' . , 
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97.13557 .. H 6.0 
TABLED-2 

AVERAGE CONCENTRATIONS Qi PRINOPAL RADIOISOTOPES FOR 

AIRBORNE RELEASES BY QUADRANT (Cl/KG) 

.. ~·~· -· I c,.,,, ' ,..n, . ,.,,_,__ _,., 

- I O. Ul7'01.,_I_ I 0 .100190411- 1.~7U-4' •- 0.0001.-11•- 0.000u•J 

'"., I 0.07'7W9Ml(tte< • 0.01HH1S IEtt•• •HIA ,,,,., l . 74tl£•05 i Etre, ,,,,,,. - I 0.01117-'UI- 0.0l7111- 1.2121£-07•- 0.000006"5•- t . '25!i: •01 - : o,_ ' 0•- : . ,,,,, .. I- ... , .. I- ,,,., .. 
o-- I 0.,no?U1 10-..- I 0. 12MU .. 10-- : , .oeu-10 .... - O.OOO:Z,712 :0 .... 1- 0.000J7•• ,.,_ I 0.%23«11,a1v- I 0.01HUUIV- l.17'51-11 IV•- S.CHl•OIIVe,__,_ .. • .~J( -07 

IIWI- I 11.1211NS1hft_,. , .• ,11•2•• .. .,,. .... 1 l.57•7'01 ,-..,,1 .. •• • 1.0ll211CtU,.,, ••••• 7.22317$17 - • • .1UMIMI- I 1.UIIN:MI- I l .U.US:22 1-• 2.•01:M'°'41S--• 2 7190.705 ·- I 2.l?SI- I 0.SSJ&:11CJ21- 1.n9'E•OSI- : 0.00100, ,, , _ 0.0012111, .. _ 
I 01- I OIW_....,.,.. I l .07HE• 121""'- . 1.1717E_'_"' t .S2E•01 - 1 2.ns•- I O.Ul&:11021-- 1.n.-1-os, .... _ 0.00100,, .... _ 0.00,21111 - I • .-1,2,_ , .0011,_,_ : l.251-0SI._ o.-116"1S- 0.0041M7t 

c:- I ,ore- ,o,c- 211C- ,01c-, 29 
-, r2I I 1.121 -, 12) . O.4114'205 iLa,-1 12) 7 .407•E-4'1Lar-1 a, 0.000••·~.,°"• 171 0 .00101 
s-121 1 01- 121 · 0 ••- m1 , ... 31-101- 121 • 2.21ue-o.••-- 121 I 17( •07 

- ~ I 0.1•-~1,._ - ! o.o,e1nM1,._ l9t1W . 1.7S02E-Ol1.- lff"I.I 7 .>-13€-0S •L- 11- 0.00011111 
I : : ' . 

N-1A,.,.._ I : -· ; c,.,,, . . _a, . --- _,., 
I ; - I , . .-s1- i 0.20070UII- . 1.0$.41(-011- 1 o.001u1211- 0.001005$ I .,.., I eHIA IE,.., : IHIA IE"•' •HIA 11" .. I .,,,,. IErre, .,..,. - I o.1oe1- I 0.011-· 2.:zoSE-011- I 0.0001128'1- 0.000013• - I •NIA I- ' 0.2u1- I IHIA I- ' .... ,. I- ,,,,,. 

o ........ I 4.HS1S35710-..t1_, 0.210011 ,o-.. ,,_ I ~.H.32E.ot10 .... tt.,. I 0 ,001M2St 1O.,.t.ah ... 0 .002USJ5 ,,,,,.,..,... I 2• .U175C1l11a,__ 1 O.0717S7071V•"·~ . S. 1221 E• 12111•,_- ' l .77~lE.otlYa1~c. 5.t7t7E-01 
Kun .... I 1S.172'104511(wn•••• : l .111leHSIKurto••• I A.11&0IIU1Kun .. te 1 . ... 120111 t11t11no11• 17 .-219 - 1 l.711070271-• ! 2.IOOlOIOCI-• I 2.JII032711-• I 1.ttlllOISI-• ] .1112'421 - I 21.u 1- I , .... ff .... ,_ I 7.IE-OCI- I 0.00H1HII"-- 0.01275795 ..... _ 

I 2.0E-011w..,_,,, . l .6"E-071WH1- I 5.2'71E•1SI .. ..,_.., i 1.21e-o•,,.. ... ......,"' S.J701c-lJ .. _ 
I- 21.uu•- , ..• , .... ....,,.. ; 0.00000711Wu- 0. ooe121wa1""6ffl I 0 .01275795 

s- I IO.I04432• 1S..,, I 1.0315U0llS- 2.SJ ISE-OSIS- ; 0. 04COS 1'IIS- 0.0J2171l7 
c:.- I UIC- •SIC- 2'IC:- ' ,01c-t ]2 
ur-1 r21 ! 1,.otsat0SI -1 121 O.Nff071Lar-1 12) i 7. 130ll-4'1L-1 l2l : 0.006'1SILM-I 121 • 0 .00504211 - l2l I 7.Nl-oll._ 121 I •->-E•071S- 121 I 1.21-121s- 121 I 2.n1-011s- 121 I t . ,.._.e.11 
-(fl'!f.1 1 1.,12'NISI,._ 115'11.1 : 0.011"47:IIL- (""-! I 1.0$o0SE-071L- l""-1 I 0 .000ICltllL- ft!-1.1 ' 0 .000M725 

I I I : 
' 

--•-1 : I I : -· c.,.u, . ,-,..nl ; I , .. ,,.,... ! .,_,.,., . 

' ; - I 0.10170KI•- I 0.115117$11- I l .22UE-471- I 0 .000:MU21- 0.0002]729 ,,,., : ,,,,, .. IE"•' 0.0ll22• 111E,,•• I ,,,.,,. ,,,,., I 0.0001,, s, 1£ ,,., I .... , .. - I 0.101•- I Q, tl-.,0&011......,. . l .2021E-4tl- I 1.2501£•051- 1.21 I 7£•0$ - : 0.000&:17321- • O .... O .. S07I- I 7.002'1•071- ' IHIA I- • . ,.-u-o, 
o..- I 1.112nsu10-.. - I 0.2"°3l>-10..- 7.%ll:IE•07IO-.. o,_, I 0 .0007$CSIO.. .. - I 0 .0004ll05 .... _ 

I 2.IC1005J71Va,- I 0 .0707T2111Vat- : s .22u1-1J111.,_ I S.TnlE-071¥••-.. I 1.17SJE•07 
K111n-•1 I 21.115:IUIO:~t1 .. ,• I 7.S7•l111710:Wf1"tt I 11 .0CM9211ftluttNtt ' 12.1-UOCMt._..n .. ,, I t .71''5112 -· I 1.041_1_, : 2.~IIU,1-• I l. 717Ql3,&II- I l .lUl7021I-• I 2.110 ..... s ,_ ; 10. wos1- 1.211s.u,1- I ,.,1-u-0.1- I 0 .00,0033'11- I 0.0011n:i,, .. _ 

1.10711-101-- ' 0.00002771- I 5.IUH• ICIW.,_ ,.ue-011- I 1.s.-ru-,, .. _ 
' 10.14051- • 1.211Hl2'1- ' , .,1:11_1 .. _ I O.oo,&0341SI .. ..- 1 o.0011n:i,, - I 27.07-SCIS..,, , l .171UIMIS..,, I I .OIME_I_ I 0.01HIIS:IIS- : 0.00'40U2 

c:.- I OIC:- •IIC:- I ZSIC- ••IC- I 27 
-121 I :1.l0:179:1711 -1 121 1 .Ollur-1 121 ! 1. 121 ti-,~ 121 0 .002$:11~ (2l I o.~7 - f2l I o.~•- l2l : 0 .0007$:1771- l2l I · -••11-121s- 121 I.IUIE-071- !21 I l.7SMl•11 
'--~ I 0.•71210711,._..,.... I 0 .071177171,._ lff"I.I I 2.a:iali-071,._ !fl'lol 0 ."""71M11L- !M'l,i I 0.00011:13' 

: I i I I I I 
--•-1 : : I I I I -· c.-,2, . ,_.n, I I -· I ...... , 

I I I ' - I O.OUMH11- I 0.0,.1331'71- I 7.MtTIE-oll- I •.JONI-OSI- I 7.7112•-,,,., I •NIA ,.,,., I .. ,. ""., I . .. ,. ""., . ,.,. 11- I . ... , . - i 0.003$:11- I 0.01032171•- I 1.21 .. E-OII- I , .n,.e_1_ I 0.000001n - I IN/A I- I IHIA ·- I ... ,. •- · ... , ... ·- I ... , . 
o-.. - I 0 .01771 ... 10-- I 0 .0871117:110..- I 2.oeocl-4710..- I . lMlf-4$10-.. ,_ I 1.JOIE-45 ,.,_ I O.oo,&MS,HIV- I 0 .007177221Va- I • .J71,E-1'111•- l .ffHE-otlV.,_ I 1.S..IE-10 
cwn .. ,. I l .7Sl5"•1111•n .. ,• : s .suou1210: • .,_,. I 15. IIUSUIO:wn-•• s . 1,,na:1110: ... , .. ,. I 1.1150015 -· I 2.ISllU111-• I 2. '7H0472I-• I l .102UC711-• I 2.•1'71152 1S---• I 2.,.-212,2 ,_ I 0 .3141"'- I 0 . J7201U51- I t .170£-071- 0.000lll l- : 5.1101e-05 ..... _ . 1.IOl31•111- I l.'451(•14 1W""'....._.. I 1.aoJff.1s1w .... ~ : 2. 11•u- u 1-- I l .2112£•12 .. _ 

0.,1 .. - I O.l7201 us,..__ I t .170E-47IM- : Q.00Qj111WM......,. S.7101€•05 - I 1.01201ott1S.- 1.Ml271S- I 1.H71E-IS- I 0.0013°'7215- I 0.000ZnlJ 
c:- I 311C- ,,1c-t ; 201C:- I Jl lc-t ' 21 
lu,_.1 12) I 0 . 1151'-- l7l I 0.HCIL•--• l7l I , .oes..e-011ur-1 121 I 0 .0002 .. IL...-I 121 I 0.-.... - f21 I • .4412£-otl- 121 I 1-2tl5E•101- 121 I 1.M17E•,.I- 121 I 2.7l~E-121S_, 121 ! 2.2tt4E·11 
L_,_I I 0.n~wHll~~I , 0_0,-51111L-~ . t . 1ClE-4'1L- r9!t'I.I I 7 ... 11E-051l- '""-1 : , _.,.,u.0, 
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TABLED-3 

AVERAGE ISOTOPE CONCENTRATIONS QF PRINOPAL RADIOISOTOPES FOR UQUID 

RELE..<\..SES BY QUADRANT (CI/KG) 

NE QUADRANT AVERAGES I I ISW QUADRANT AVERAGES ! 
Tc•H I 1-129 I Tc-HI I 1· 129 ! 

I I i I 

Mean 4.83E•04 1Mean 9.54E•07 1Mean 1.04E•04 IMean i 1.90E•07 

Standard Error! #NIA Standard Error #NIA !Standard Error #NIA !Standard Error , #NIA 

Median s.ne-os Median 1.32E-071Mecian 2.80E-07IM.aan I 1.13E·11 

Mode #NIA Mode #NIA !Mode #NIA Mode i #NIA 

Deviation 1.14E-03 Deviation 2.20E·06 jDeviation 1.94E-041Deviation I 3.63E-07 

Variance 1.30E·061Variance 4.85E-12IVarw,ca 3. 76E-08 I Variance ! 1.31E·13 

Kurtosis 1.47E+01 Kunosis 1.16E+01 Kurtosis 3.66E+OO I Kunosis ' 5.06E+OO ' 
Skewness 3.68E+OO Skewness 3.29E+OO l5kewness 2.15E+OOl5kewness I 2.38E+OO 
·Ranoe 5.28E-03 .Rarge 9. 15E-06 Rarge 6.76E-04jRange I 1.35E·06 
Mininun 6.76E-07 Minimum 1.35E-09 Minimum 9. 71 E-20 I Minimum 1.94E·22 
Maximum 5.28E-03 Maximum 9.15E-06 1Maximum 6.76E-04 Maximum I 1.35E•06 

Sum 1.16E-02 Sum 1.81 E-05 !Sum 2.59E·03 15um I 4.75E-06 

Count 2.40E+01 Count 1.90E+01 !Count 2.50E+01 ICount ! 2.SOE+01 

Largest (2) 2.20E-03 Largest (2) 3.81 E-06 Largest (2) 5.54E-04 I Largest (2) I 1.12E·06 
Smallest (2) 1.06E-06 1Smallest (2) I 1.39E·09 1Smallest (2) 3.86E·15 1Smallest (2) 7.72E-18 
Level (95%) 4.56E•O4 I Level (9So/.) I 9.9OE•O7 IL•v•I (95%) 7.6OE-O5ILevel (95•/.) I 1.42E·07 

Sc QUADRANT AVERAGES INW QUADRANT AVERAGES 
Tc•H 1-129 I Tc•H 1-129 1 

I I 
Mean 2.20E-04 Mean I 1 .87E-071Mean 4.42E-05 Mean 9.04E-o6· 
Standard Error #NIA Standard Errcr #NIA Standard Errcr #NIA !Standard Error #NIA 

Median 4.59E-05 Median 3.00E-OS IMedian 6.0SE-06 Median I 1.SOE-08 
Mode #NIA Mode #NIA !Mode #NIA Mode #NIA 
Deviation 5.16E•04 1Deviation 3.54E-07 Deviation 9.17E-05 IDeyiation 2.72E-05 
Variance 2.SSE-07 Variance 1.2SE·13 Variance 8.40E-09Wariance I 7.41E-10 
Kurtosis 1 .59E+01 Kunosis 5.SSE+OO Kurtosis 1.10E+01 Kunosis 1.26E+01 
Skewness 3.79E+OO Skewness 2.49E+OO I Skewness 3.21E+OO Skewness 3.45E+OO 
·Ranoe 2.54E-03 Range 1.28E-06 RanQe 4.09E•04 Range 1.20E-04 
Minimum I 3.74E•221Minimum I 6.29E•2S Minimum · 4.65E-171Minirrum 3.77E-20 
Maximum 2.54E-03 Maximum 1.28E·06 Maximum 4.09E-04 Maximum 1.20E·04 
Sum 6.17E-03 Sum 4.49E-06 Sum 1.11E-03 &.m 2.17E-04 
Count 2.SOE+01 Count . 2.40E+01 Count 2.50E+01 Count 2.40E+01 
Largest (2) 9.94E-04 Largest (2) 1.20E-061Largest (2) 2.32E-~ Largest (2) 4.90E-05 
Smali.st (2) 3.52E-20 Smallest (2) 5.23E·23 1Smallest (2) 2.02E·13 Smallest (2) 1.81E-16 
Level (95%) 1.91 E-04 Level (95%) 1.42E-07 Level (95%) 3.59E-05 Level (95%) 1 .09E·OS 
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AY-101 
AY,102 
AZ-101 
AZ·102 
SY·101 
SY-102 
SY,103 

MM01 
AH-102 
AN-103 
AH-104 
AN-105 
AN•1~ 
AN-107 
AP-101 
AP-102 
AP•103 
AP-104 
AP-105 
AP-106 
AP-107 
AP-108 

AW-101 
AW-102 
AW-103 
AW-104 
AW-105 
AW-108 
T- 101 
T-102 
T-103 
T-104 
T•105 
T-108 
T-107 
T-108 
T-109 
T-110 
T-111 
T 0 112 
T-201 
T-202 
T-203 
T-204 

TY-101 
TY-102 
TY-103 
TY-104 
TY-105 
TY-1~ 
u-101 · 

U-102 
U-103 

97.135!7.1~6~ 
TABLED4 

COMPARISONOFHEATGENERATIONDATAFORTANKS 

I I I i 
Ke.a- i 

Hutllace. 
..,..,. .., Carie ! Ap- T nnp Ilario c..,;~ Hat&.- 8-a-. I I , ~•Carie Ag!MW Tnnp Jucio Carie I c--tn IMcduciznaia Ea&/Tanp.u&. 

T&llk C...1antin I laM<I unm.c. ! utJ'Tmtp. UL 

Table ~l • <R.cl. ~ll I . I Table ~1 • ! (Rn. ~11 

I 811i118 I I I TX-101 16lil 2426 0 .0697286 7 

I 101603 : TX-102 2589 : 1877 1.37957166 

I 106222 i I TX-103 28 I 2139 0.01314783 

I 43Ulil I i I TX•104 10084 : 4634 2. 17605524 

34135 I 48"49 I 0. 727073721 TX•105 353 I 7355 0 .04800408 

1Ulil 10282 i 0.18080958 1 TX-106 432 ! 32.55 0. 13271889 

51721 281i112 1.788902551 TX-107 0 l 2806 1.2601i1E-08 

I 8783 I 8335 I 0.813739171 TX-108 1581 ! 2331 0.861i181982 

I 18258 ! 42728 0.42727051 TX•109 15460 5160 2. 99612403 
3.9785 40179 I 0.989689431 TX-110 7972 ; 8538 0 .933684 7 

I 28035 41722 I 0.871946761 TX-111 2367 ! 4676 0 . .50622327 

19457 42270 0 .48031053 1 TX-112 1192 ! 5292 I 0.225315.57 

13315 9053 1 . 470822051 TX-113 480 3531 0 . 13028037 

I 30888 29194 ' 1 .05795437! TX-114 1191 I ! I 

0 1848 I TX-115 1208 I 2509 0 .481267" 
0 2999 I 9.3215E-081 TX-116 113.5 : : 
0 27011 I 8.0122E-051 TX-117 1543 I ; 

0 3830 2.0318E-07 TX-118 80 I 43.55 ! 0 .01846455 
0 9317 7.916E-081 8-101 33381 I 12134 2. 7510042 

; 0 5438 I 1.3563E-071 8·102 80 I 2083 0 .03818056 

I 0 504 1.4634E-081 8-103 221 I 1757 : 0.12589246 
0 I 45611 1.6142E-07 8-104 229 i 2267 ! 0.10117287 

I 31519 29579 I 1 .06557073 I 8-105 95 I 2052 ! 0.04613808 

I 15 11390 0.0015564 7 1 8-106 44 I 1774 I 0.02507463 
0 11292 8-107 207 I 1655 I 0.12533192 

48352 30018 1 .54414191 I 8-108 780 I 1691 i 0 .46112965 
I 171 9893 0 ;0172519 8-109 205 I 1480 0.1383307 

I 6798 16530 I 0.41128131 I 8-110 3115 3642 I 0.85528007 

I 1 3312 I 0 .000341 1 8-111 14744 5368 I 2 . 7466766 

I 7 I 2448 I 0.002752291 B-112 2701 I 1764 1.53090391 
445 1359 I 0.3277557 8-201 0 I 3452 

i 203 i 3103 I 0.0654125 1 8-202 0 I 709 I 
I 11 i 30011 o.00372084 I 8-203 0 I 446 

i 134 i 2184 0.081489291 8-204 0 I 340 
I 11 2543 o.00430448 I 8Y•101 11909 4005 I 2.97362797 

492 4004 0 . 12287712 BY-102 2501 I 3795 0.65904194 
78 I 2733 · 0.02787518 BY-103 1767 5527 0.31966466 
98 1343 0.073083521 BY-104 8076 6508 I 0.93361586 
3 I 4231 0.00081iM81 8Y•105 22-45 11737 0 . 19126617 
0 ! 3392 BY-106 4497 I 9201 0.488730112 
0 1783 I BY-107 5379 12633 0.42581521 
0 1528 av-1oa 3725 10760 0 .34617402 
0 I 2495 BY-109 2072 6373 0 .3251-4583 
0 1880 1.9989E-051 BY-110 9876 I 8014 1.232291116 

171 2911 0.05a74457I BY-111 12711 '4549 2.79418433 
55 3555 0.0155079 BY-112 4004 5191 0.77129981 

2801 3928 0.H214t111 C-101 2460 81192 0.27362656 
394 2720 0.1«88301 I C-102 37 5410 0.0068211 

538lil 5945 0.90308003 C-103 30133 17360 1.73574667 
291 2215 I o .131275491 C-104 19912 8344 2 .38633749 
89 1 43110 I 0.20302785 1 C-105 11377 19371 0 .43246446 

4394 70-40 0 .624 14773 C-106 83492 345 90 2.4137745 
5423 I 8584 I 0.63180037 1 C--107 945 I 24335 I 0 .0388425 2 

• Conwnion fad0r foe S..0.023 Btu/hr/0;0.016 l!tu/hr/0 loCs. Paga 1 
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TABLE D-4 CONT 

... 
U-10-4 I 1733 I 4291 I 0 .,0386832 • C-108 
U-105 I 40311 i 8-480 I O.H6325-481 C-109 
U-106 I 9112 I 7084 I o.1400a501 1 C-110 
U-107 145 I 6192 I 0.0233•643 ! C-111 
U-108 5581 I 9876 I 0 .56507924 1 C-112 
u-1011 5240 I 7306 I 0. 717220091 C-201 
u-110 I 3306 I 5413 ! 0 .61078884 1 C-202 
U-111 I 230 I 6069 ; 0.0371148'1 ! C-203 
u-112 I 1066 I 2873 ! 0.37110091 C-20-4 
U-201 292 I 3313 I 0.08802182 ! S-101 
U-202 I 292 ! 2140 0.1382893I s-102 • 

U-203 4 I 3814 0.001141171 S-103 
U-204 • I 875 j 0.01125043I S-10-4 

BX-101 130H I 2854 I 4 .934449921 S-105 
BX-102 4595 I 2581 ; 1.78013805I S-106 
BX-103 I 1822 I 4577 0.35'328251 S-107 
BX-104 5933 I 5220 1.13'879071 S-108 
BX-105 1140 I 3111 I 0 .59055801 I S-109 
sx-1oe 749 I 2626 0.28511345 1 S-110 
BX-107 9 I 3297 0.00215171 S-111 
BX-108 19 I 3792 0.011077191 S-112 
BX-109 902 I 2509 0.35969811 I SX-101 
BX-110 13 I 2188 0.005731051 SX-102 
BX-111 315 I 3101 0.101520581 SX-103 
BX-112 I 23 I 2138 I 0 .0108NNI SX-104 

- A-101 12195 I 19009 I 0.641526861 SX-105 
A-102 76825 I 10303 ' 7.456604621 SX-106 I 

A•103 1672 i 7307 0.229111,95 I SX-107 
A-104 51781 I ,4709 1 . 15111176' I SX-108 
A-105 18958 I 124700 0.15202791 1 SX-109 
A-108 17466 I 17700 I 0.98677N61 SX-110 

AX-101 15897 I 19553 0.811135321 SX-111 
AX-102 595 · 1 12114 0.071715971 sx-112 
AX-103 1-4193 I 16925 I 0.838511148I SX-113 
AX-10, 1658, I 1-4516 1. 14249292I SX-114 

I I I SX-115 
I · I 

597 
12351 

16 
1243 
8176 

50 
1 ,4 

77 
43 

19-492 
8077 
21,3 
1u,1 
5423 
1012 
1896 

11696 
7805 
1852 
24092 
55789 
21515 
7024 

32234 
15168 
16994 
Q3116 
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APPENDIXE 
. METEOROLOGICAL AND POPULATION DATA 

The Hanford 200 Area joint-frequency data for 10 m and 89 mare given in Tables E-1 and E-2. 
respectively. The 10-m data were used for the ground-level releases, whereas the 89-m data were USed 
for the elevated releases (fire scenarios). The 16 wind directions start at north and go clockwise across 
the top of the table. The rows are grouped by wind speed starting with 0.89 m/s and continuing through 
19.0 m/s. Within each wind speed group, the stability classes start at A and go through G. For 
example, the first seven lines correspond to a wind speed of 0.89 m/s and, proceeding from the first line 
through the seventh line, stability classes A through G. Each wind spee_d and the associated stability 
classes are represented in Tables E-1 and E-2 by sequential groups of seven lines. Thus, the total number 
of entries in the tables is 16 x 8 x 7 = 896. 

The offsite population data are given in Table E-3. The·y are based on the 1990 census, updated 
to 1992. The data in the table were used for the offsite population estimates (16-80 km). The following 
data, based on the Hanford site telephone directory, were used for the onsite population ( < 16 km). 

Area Location No. of Workers 
200E 2m 
200W 1873 
400/WPPSS 1808 
100 N/100 KE/ 100 KW 485 
Total 6938 

These workers are distributed as shown in Figs. 6-2 to 6-5 in Sec. 6. Workers in other areas are either 
too few in number or at too great a distance to contribute significantly the onsite population dose. 
Actually, the workers in 200 E and 200 W contribute over 95% of the totals in most c~. 

E-1 



TABLEE-1 

HANFORD l~METER JOINT FREQUENCY DATA 

200 AREA (HMS) - 10 M - Pasquill A - G (1983 -1991 Average) 
Created 8/26/92 KR 
8 7 1 1 10.0 

wind speeds 0.89 2.65 (7 7.15 9.8 127 15.6 19.0 
0.36 0.20 0.23 0.26 0.40 0.24 0.17 0.10 0.10 0.06 0.06 0.06 0.10 0.10 0.14 0.22 
0.15 0.13 0.10 0.11 0.16 0.09 0.07 0.03 0.05 0.02 0.01 0.03 0.04 0.05 0.07 0.10 
0.14 0.10 0.09 o.u 0.14 0.10 0.06 0.04 0.04 0.02 0.02 0.02 0.04 0.04 0.10 0.10 
0.87 0.58 0.59 0.59 0.77 0.50 0.43 0.32 0.27 0.19 0.21 0.17 0.40 0.44 0.54 0.55 
0.39 0.26 0.28 0.25 0.46 0.34 0.31 0.30 0.34 0.21 0.25 0.29 0.49 0.44 0.45 0.39 
0.23 0.13 o.u 0.14 0.31 0.23 0.28 026 0.35 0.23 0.22 0.27 0.48 0.36 0.32 0.23 
0.10 0.04 0.08 0.08 0.13 0.13 0.13 0.14 0.17 0.09 0.10 0.09 0.22 0.14 0.14 0.09 
0.69 0.44 0.29 0.32 0.60 0.51 0.45 029 0.24 o.u 0.17 0.19 0.25 0.30 0.42 0.48 
0.21 0.15 0.06 0.08 0.16 0.13 0.13 0.09 0.08 0.04 0.03 0.05 0.07 0.09 0.16 0.16 
0.19 o.u 0.06 0.09 0.13 0.13 0.19 0.10 0.06 0.02 0.03 0.05 0.08 0.10 0.19 0.15 
0.84 0.48 0.40 0.33 0.66 0.57 0.75 0.53 0.35 0.18 0.24 0.28 0.69 1.09 1.05 0.77 

. 0.32 0.17 0.11 0.13 0.31 0.34 0.47 0.52 0.46 0.21 0.29 0.48 1.58 1.68 1.11 0.39 
0:13 0.05 0.05 0.05 0.16 0.21 0.39 0.44 0.45 0.21 0.27 0.46 1.60 1.69 0.82 0.25 
0.04 0.02 0.02 0.03 0.09 0.10 0.20 0.23 0.20 0.08 0.10 0.20 0.82 0.69 0.30 0.08 
0.26 0.24 0.10 0.03 0.08 0.10 0.10 0.13 o.u 0.07 0.14 0.34 0.35 0.35 0.40 0.17 
0.09 0.06 0.03 0.010.030.03 0.04 0.05 0.03 0.02 0.05 0.07 0.10 0.14 o.u 0.06 
0.08 0.05 0.03 0.01 0.02 0.02 0.04 0.04 0.05 0.02 0.03 0.06 0.09 0.13 0.12 0.03 
0.32 0.20 0.09 0.04 o.u 0.11 0.25 0.27 0.24 0.13 0.23 0.39 0.83 1.46 0.84 021 
0.19 0.09 0.04 0.010.060.06 0.15 0.25 0.22 0.12 0.18 0.391.98 2.50 0.75 0.13 
0.04 0.06 0.01 0.01 0.01 0.02 0.05 0:17 0.14 0.03 0.07 0.20 1.19 1.60 0.32 0.06 
0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.09 0.(17 0.010.020.09 0.56 0.84 0.13 0.01 
0.07 0.07 0.05 0.01 0.00 0.00 0.01 0.03 0.04 0.04 0.11 0.25 0.25 0.25 0.33 0.05 
0.02 0.03 0.01 0.01 0.00 0.00 0.00 0.01 0.02 0.01 0.04 0.08 0.06 0.07 0.09 0.01 
0.02 0.03 0.01 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.02 0.07 0.06 0.07 0.06 0.01 
0.10 0.10 0.03 0.01 0.00 0.01 0.03 0.07 0.10 0.11 0.25 0.38 058 1.14 0.50 0.05 
0.07 0.12 0.01 0.00 0.00 0.00 0.01 0.05 0.07 0.08 0.17 0.30 0.65 1.75 0.41 0.02 
0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.01 0.02 0.07 0.08 0.03 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
0.02 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.05 0.16 0.10 0.11 0.24 0.00 . 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.02 0.03 0.06 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.05 0.02 0.03 0.05 0.00 
0.02 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.07 0.16 0.24 0.13 0.50 0.29 0.01 
0.01 0.06 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.11 0.15 0.06 0.38 0.11 0.00 
0.01 0.010.000.00 0.00 0.00 0.00 0.00 0.010.000.00 0.00_0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OQ 0.00 0.00 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.06 0.02 0.02 0.03 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.00 0.01 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.01 0.01 0.00 
0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.09 0.09 0.03 0.07 0.08 0.00 . 
0.01 0.01 0.01 o.oo o.oo o.oo o.oo o.oo o.oo 0.01 o.04 0.02 0.01 o.05 0:03 o.oo 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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TABLE E-1 (CONT) 

.... 
-

0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.02 0.00 0.00 0.00 
0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.04 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.07 o.u 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.03 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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TABLEE-2 ... 
HANFORD 89-METER J_OINf FREQUENCY DAT A 

200 AREA (HMS)- 89 M- Pasquill A-G (1983 -1991 Average) 
Created 8/26/92 KR 
8 7 1 1 89.0 

wind speeds 0.89 2.65 4.7 7.15 9.8 127 15.6 i9.0 
0.34 0.16 0.19 0.24 0.38 0.23 0.17 0.10 0.10 0.05 0.05 0.06 0.10 0.10 0.12 0.17 
0.12 0.09 0.09 0.10 0.13 0.09 0.06 0.02 0.05 0.02 0.01 0.02 0.04 0.05 0.06 0.08 
0.11 0.09 0.08 0.10 0.13 0.09 0.07 0.04 0.03 0.02 0.02 0.02 0.05 0.03 0.08 0.07 
0.62 0.40 0.39 0.4.5 0.61 0.41 0.36 0.28 0.21 0.16 0.16 0.11 0.25 0.33 0.39 0.39 
0.22 0.16 0.16 0.15 0.30 0.26 0.25 0.28 0.27 0.15 0.16 0.17 0.30 0.30 0.27 0.22 
0.13 0.08 0.08 0.09 0.19 0.19 0.25 0.29 0.32 0.15 0.16 0.19 0.41 0.34· 0.27 0.15 
0.07 0.02 0.05 0.05 0.110.120.16 0.22 0.18 0.08 0.09 0.10 0.310.170.13 0.07 
0.57 0.39 0.29 0.32 0.57 0.49 0.40 0.23 0.20 0.11 0.13 0.13 0.17 0.23 0.33 0.43 
0.18 0.14 0.06 0.09 0.16 0.10 0.11 0.07 0.07 0.03 0.02 0.04 0.05 0.07 0.14 0.13 
0.17 0.11 0.05 0.09 0.12 0.12 0.14 0.07 0.05 0.01 0.02 0.03 0.04 0.08 0.15 0.14 
0.77 0.42 0.38 0.32 0.59 0.47 0.56 0.35 0.27 0.12 0.15 0.22 0.36 0.56 0.69 0.66 
0.25 0.13 0.15 0.12 0.25 0.22 0.24 0.29 0.29 0.12 0.17 0.25 0.48 0.55 0.52 0.26 
0.11 0.06 0.05 0'.05 0.14 0.12 0.21 0.19 0.29 0.16 0.16 0.26 0.59 0.59 0.35 0.17 
0.05 0.02 0.03 0.03 0.07 0.06 0.09 0.10 0.13 0.06 0.07 0.12 0.43 0.31 0.14 0.07 
0.38 0.27 0.12 0.05 0.13 0.13 0.15 0.15 0.14 0.06 0.14 0.28 0.27 0.29 0.34 0.24 
0.110.080.03 0.010.050.06 0.06 0.06 0.03 0.02 0.04 0.06 0.09 0.10 0.12 0.07 
0.10 0.06 0.04 0.02 0.04 0.03 0.06 0.04 0.04 0.02 0.02 0.04 0.07 0.08 0.12 0.06 
0.40 0.26 0.16 0.08 0.19 0.17 0.30 0.25 0.19 0.10 0.19 0.22 0.55 0.81 0.75 0.34 
0.19 0.10 0.05 0.05 0.12 0.15 0.19 0.21 0.23 0.12 0.16 0.28 0.86 0.82 0.57 0.24 
0.09 0.04 0.03 0.02 0.06 0.08 0.11 0.18 0.18 0.10 0.12 0.25 0.80 0.91 0.41 0.12 
0.02 0.01 0.01 0.010.020.02 0.05 0.07 0.07 0.02 0.04 0.08 0.44 0.52 0.17 0.03 
0.110.120.06 0.02 0.010.020.03 0.08 0.06 0.06 0.09 0.26 0.25 0.25 0.30 0.08 
0.04 0.04 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.03 0.05 0.06 0.09 0.07 0.04 
0.03 0.02 0.02 0.01 0.01 0.00 0.01 0.02 0.03 0.01 0.02 0.06 0.08 0.11 0.07 0.01 
0.20 0.12 0.05 0.010.050.04 0.110.170.16 0.110.160.29 0.58 0.92 0.54 0.11 
0.14 0.07 0.03 0.02 0.04 0.06 0.12 0.16 0.15 0.09 0.15 0.30 1.32 1.32 0.57 0.12 
0.04 0.02 0.01 0.01 0.02 0.02 0.06 0.11 0.10 0.04 0.09 0.17 0.85 0.90 0.31 0:07 
0.01 .0.00 0.00 0.00 0.01 0.01 0.01 0.04 0.05 0.01 0.01 0.06 0.32 0.46 0.09 0.01 
0.04 0.04 0.03 0.01 0.00 0.00 0.01 0.010.020.02 0.07 0.14 0.16 0.15 0.23 0.02 
0.02 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.06 0.04 0.05 0.07 0.00 
0.01 0.02 0.01 o.oo o.oo o.oo a.op 0.01 0.02 0.01 0.01 o.04 o.04 o.04 o.05 o.oo 
0.08 0.07 0.02 0.01 0.01 0.01 0.04 0.09 0.08 0.07 0.18 0.27 0.44 0.79 0.32 0.04 
0.07 0.08 0.01 0.01 0.01 0.01 0.06 0.08 0.08 0.08 0.12 0.23 1.08 1.49 0.40 0.04 
0.02 0.02 0.00 0.01 0.01 0.010.020.04 0.04 0.010.020.07 0.49 0.62 0.13 0.02 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.010.020.11 0.19 0.03 0.00 
0.01 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.04 0.13 0.09 0.09 0.19 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.02 0.03 0.05 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.02 0.03 0.04 0.00 
0.03 0.04 0.01 0.01 0.01 0.00 0.02 0.02 0.04 0.08 0.13 0.26 0.33 0.78 0.38 0.02 
0.07 0.10 0.02 0.00 0.010.000.04 0.04 0.05 0.04 0.10 0.210.641.630.34 0.02 
0.02 0.03 0.00 0.00 0.01 0.01 0.02 0.03 0.02 0.00 0.01 0.04 0.23 0.38 0.06 0.01 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.04 0.09 0.01 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.07 0.04 0.03 0.07 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0:01 0.00 0.01 0.01 0.01 0.02 0.02 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.01 0.02 0.00 
0.01 0.03 0.00 0.00 0.00 0.00 0.01 0.01 0.010.040.13 0.14 0.09 0.49 0.21 0.01 
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TABLE E-2 (CONTI 
.... . 

0.03 0.06 0.010.000.00 0.00 0.010.020.010.030.10 0.14 0.17 0.74 0.18 0.00 
0.02 0.03 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.06 0.10 0.01 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00 
0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.01 0.01 0.02 0.00 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.00 
0.010.020.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.010.02 0.00 0.01 0.01 0.00 
0.02 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.12 0.110.080.14 0.07 0.00 
0.02 0.05 0.010.000.00 0.00 0.00 0.02 0.00 0.03 0.07 0.06 0.04 0.17 0.05 0.00 
0.02 0.04 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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TABLE E-3 
.... 

HANFORD OFF SITE POPULATION DATA \( -

Population within 80 km of the Hanford 200 Area, 1990 Census (Beck, et al 1991) 
Created 10/21/91 KR, Revised 2/4/92.KR 

Sector Total Direction 
0 0 0 0 0 0 2842 1622 '2:37 1144 5845 s 
0 0 0 0 0 0 713 11983 503 738 13937 SSW 
0 0 0 0 0 0 1303 19589 1132 637 22666 SW 
0 0 0 0 0 0 1956 5405 16336 7525 31223 WSW 
0 0 0 0 0 0 771 1295 62£,9 94203 102538 w 
0 0 0 0 0 0 641 1(87 · 1189 2375 5292 WNW 
0 0 0 o. 0 0 548 738 784 . 009 2879 NW 
0 0 0 0 0 0 544 909 f!76 4'779 7308 NNW 
0 0 0 0 0 0 4.34 822 969 2418 4643 N 
0 0 0 0 0 0 268 l<l30 5220 17567 24085 NNE 
0 0 0 0 0 0 393 6176 2658 1145 10372 NE 
0 0 0 0 0 0 423 1217 1652 664 3956 ENE 
0 0 0 0 0 0 452 1373 1416 751 3992 E 
0 0 0 0 0 0 289 1674 Z70 767 3000 ESE 
0 0 0 0 0 0 1141 35519 73156 4918 114734 SE 
0 0 0 0 0 0 Z796 8309 2.394 5891 19390 SSE 

Population Total 
0 0 0 0 0 0 15519 98749 115061 146531 375860 

Distance (mi) 
0-1 1-2 2-3 3-4 4-5 ~10 10-20 20-30 30-40 40-50 TOTAL 

Midpoint (m) 
805 2414 4023 ·5633 7242 12070 24140 40Z34 56.327 72421 
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