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Introduction 

HANFORD 200 EAST AREA AMBIENT NOx CONCENTRATIONS 
FEBRUARY 1968 THROUGH FEBRUARY 1969 

J. V. Ramsdell 

The Pacific Northwest Laboratory measured ambient concentrations of 
oxides of nitrogen (NOx) in the vicinity of the 200 East Area of Hanford 
from late February 1968 through February 1969 as part of research sponsored 
by the Atlantic Richfield Hanford Company. Alkire (1968) published a 
summary of the data collected prior to July 1, 1968. The remaining data 
were summarized, but were not published. 

This report contains an analysis of the complete data set. The data 
analysis was performed for Rockwell Hanford Operations to document the 
ambient NOx concentrations during time periods when the Purex Plant was 
emitting NOx. It is not intended to represent either current ambient NOx 
concentrations or concentrations during Purex Plant operation in the future. 
However, it does provide a reference for use in comparison of ambient NOx 
concentrations during future periods of Purex emissions with those occurring 
in past periods. It is also of interest to compare the annual average 
concentrations estimated from the measurements with the national primary 
ambient air quality standard for N02, which is 50 parts per billion (ppb) 
annual arithmetic mean (National primary and secondary ambient air quality 
standard for nitrogen dioxide, 1971). 

Nitrogen Oxide Measurements 

Measurement of ambient concentrations of oxides of nitrogen were made 
at three locations along the eastern edge of the 200 East Area using 
colorometric techniques employing the Griess reaction and a modified 
Saltzman reagent (Saltzman, 1954; 1964). In this method of NOx determination, 
air and an aqueous absorbing reagent containing acetic and Sulfanilic acids 
and N-1-Naphthyl-ethy1enediamine Dihydroch1oride are passed through a 
column packed with 4 x 10-3 m glass beads. The Griess reaction results in 
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formation of a pink dye complex if nitrite ions are present. Following 
separation from the air, the reagent is passed through the colorimeter to 
determine the light absorption at a wavelength of 5.5 x 10-7 m. The strength 
of the absorption is a function of the nitrite ion concentration in the 
solution and thus the NOx concentration in the air. Preparation of the 
reagents and computation of the NOx concentration are described by Katz 
(1968, p. 80-86). Alkire (1968) reported a detection limit of 12 ppb for 
the method, and a collection efficiency of 95% for the instrumentation used. 

The data were collected using continuous analyzers (Technicon Auto
analyzers) and strip chart recorders. The strip charts were reduced 
manually by reading the concentration at fixed intervals. Prior to July 1, 
1968 these intervals were 15 minutes and following that date they were 
7.5 minutes. The increase in frequency of reading the strip charts 
correspond with transfer of the responsibility for instrument operation and 
maintenance to the Atmospheric Sciences Department. A 7.5 minute period 
corresponds approximately to the averaging time of the analyzers. Hourly 
average concentrations were estimated by averaging the readings for each 
hour. The maximum concentration each day was also noted. 

In computing hourly average concentrations it was necessary to adopt 
a procedure for treating concentrations below the instrument threshold. 
They were assumed to be zero. As a result, the data set contains a large 
number of hourly average concentrations that are less than the analyzer 
detection limit. These'low concentrations result from averaging zeros with 
concentrations above the detection limit. 

The three sampling locations, shown in Figure 1, were selected to place 
the instruments downwind from the Purex Plant (202-A) and its stack 291-A-1. 
Selection of the locations was subject to the constraints of power avail
ability and shelter. Figure 1 shows the wind rose for 200 ft above ground, 
which corresponds to the height of the Purex stack. The bars point into 
the direction from which the wind blows, i.e., opposite the transport 
direction. 
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FIGURE 1. Sampling Locations for Ambient NOx Measurements Relative 
to Potential NOx Sources with the Wind Rose for the Purex 
Plant Release Height. 
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The A2614-E building was the closest sampling location to the Purex 
stack. About 1100 feet east-northeast of the stack, the A2614-E sampler 
was expected to be within the Purex plume during west-southwest winds in 
neutral and unstable atmospheric conditions. The difference in elevation 
between the A2614-E sampler and the stack exit precludes the likelihood of 
the A2614-E instrument sampling effluent from the Purex Plant stack during 
stable conditions. The B2614-E sampler was located at the southeast corner 
of the 200 E Area about 2700 feet from the stack. Again, the sampler was 
expected to be in the plume primarily during neutral and unstable atmospheric 
conditions. 

The third sampler was initially located in the 622-F building across 
Route 4 South about 4800 feet from the stack. It remained in this location 
until May 6, 1968, when it was deactivated prlor to relocation of the 622-F 
building. On May 21, 1968 the sampler was reactivated in the Southshore 
Hut (SSH), about 100 yards west of the 622-F location. For purposes of the 
analysis, data from these locations have been combined. Because of the 
prevailing wind directions, the 622-F/SSH sampler was the most favorably 
located sampler to measure oxides of nitrogen in the effluent from the 
Purex Plant stack. 

Meteorological Observations 

Supporting meteorological data have been obtained from the routine 
meteorological observations taken at the Hanford Meteorology Station, about 
5 miles west-northwest of the Purex Plant. All meteorological elements are 
recorded hourly at the HMS. In addition, wind speed and direction and 
temperature are measured at seven levels on a 410 foot tower at the HMS. 
The wind rose shown in Figure 1 is for the 200 foot level of the tower 
which corresponds to the height of the Purex Plant stack. The meteorological 
data for the HMS should be representative of the conditions at the Purex 
Plant. However, a wind sensor was operated near ground level at the 622-F/ 
SSH site to confirm representativeness of the HMS wind directions. For 
conditions when the wind direction was well defined, there were no systematic 
differences in direction between the 622-F/SSH sensor and the sensor at the 
HMS tower 200 foot level. 
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Purex Operation 

The majority of the oxides of nitrogen were released from two stages 
of the Purex Process during this period: the dissolver off-gas and high
level waste denitration off-gas. Thus, at any particular time the oxides 
of nitrogen emitted from the Purex Plant stack could have been from either 
the dissolver, or the high-level waste denitration, or both. Also, because 
of the batch processing, there were periods when there were no oxides of 
nitrogen being emitted from the Purex stack. 

Emission rates for the Purex process during the observation period 
have been characterized on a day-by-day basis for comparison with observed 
concentrations l . Four emission levels were defined: off, corresponding 
to a break in the Purex process; low, corresponding to high-level waste 
denitration; medium, corresponding to dissolver operation, and high, 
corresponding to simultaneous high-level waste denitration and dissolver 
operation. Relative magnitudes of the release rates for these categories 
were estimated to be 0, 1, 4.4 and 5.4 respectively. 

The first memo from K. Henry notes that the 244-AR (Stack 296-A-13) was 
also a potential source of oxides of nitrogen. These releases are associated 
with the acidification ,of high-level waste sludge with nitric acid prior to 
processing at B Plant. The release rate was estimated to be significantly 
less than that due to denitration in the Purex process, perhaps a relative 
magnitude of 0.1. Allwine2 considered the 200 E power plants as an additional 
source of oxides of nitrogen. Figure 1 shows the positions of 244-AR, 221-8 
(B Plant), the 200 E power plant and 241-A (tank farm) in relation to the 
Purex Plant. One final source of oxides of nitrogen should be noted, and 
that is vehicular emissions during shift change periods. Route 4 South 
shown along the southern edge of the 200 E Area carries most of the traffic 
to and from both the 200 E and 200 W Areas. These potential sources are 

1) Memoranda from K.L. Henry, Atlantic Richfield Hanford Company, February 
5, 1969 and June 16, 1970. 

2) ~Iemorandum from K.J. Allwine to A.L. Pajunen, Rockwell Hanford Operations, 
July 20, 1979. 
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mentioned because they may explain above background concentrations during 
periods when the Purex process was not emitting NOx' 

Long Term Average Concentrations 

The measured NOx concentrations have been used to compute average 
concentrations for each of the Purex Plant emission conditions. These 
averages are presented in Table 1. Two averages are presented for each 
condition: the highest value was computed assuming that the concentration 
during periods below instrument threshold was 12 ppb, and the lower value 
was computed assuming that the concentration was zero. Table 1 also shows 
the distribution of time in each emission condition. Using these percentages 
and assuming that they represent typical values, the long term average 
(annual average) NOx concentrations have been estimated for eac~ measurement 
location. These estimates are shown in the bottom line of the table. 

TABLE 1. Long-Term Average NOx Concentrations 
in Parts Per Billion (ppb) 

Purex Emission Percent 
Status Occurrence A2614-E B2614-SE 622-F/SSH 

(a ) (b) (a) (b) (a ) 
High 47.7 13.2 2.9 13.0 2.4 13.2 
Medium 16.9 13.0 2.1 12.6 1.5 12.8 
Low 12.9 12.9 2.0 12.5 1.4 12.6 
Off 22.5 12.4 1.1 12.4 1.1 12.3 
Estimated Annual 
Average 12.9 2.2 12.7 1.8 12.9 

(a) Assuming an NOx concentration of 12 ppb when below instrument 
threshold 

(b) Assuming an NOx concentration of 0 ppb when below instrument 
threshold 
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Allwine estimated the annual average concentrations in the 200 E Area 
using the Environmental Protection Agency's COM dispersion model (Busse 
and Zimmerman, 1973). One of the cases that he examined was continuous 
release of NOx (assumed to be N02) from the Purex Plant and 200 E power 
plant stacks. Figure 2 shows isopleths of annual average NOx concentrations 
derived from Allwine1s study. The ranges of annual average concentrations 
estimated- in Table 1 span the average concentrations predicted by Allwine. 

It should be noted that the 622-F/SSH sampling location is on the line 
of maximum predicted concentrations, but somewhat further from the Purex 
stack than the maximum. It should also be noted that Allwine1s results 
indicate that the concentrations at B26l4-SE and 622-F/SSH should be about 
the same magnitude, which they were, and that the concentration at A26l4-E 
should be considerably lower, which it was not. 

The temporal variation of the average NOx concentrations is shown in 
Figures 3a and 3b. Figure 3a shows the variation during periods when the 
Purex Plant was not emitting NOx, while Figure 3b shows the variation 
during periods when it was. In these figures the NOx concentrations have 
been normalized by removing the long-term average and dividing by the 
standard deviation of the diurnal variation to high-light commonality of 
patterns. During periods when there were no emissions from Purex, there 
is a distinct 3-cycle per day pattern with maxima coinciding approximately 
with the shift changes. When the Purex Plant operated in a mode that 
resulted in NOx emissions, the diurnal pattern changed to 2-cycles per day. 
There is still a hint of the effect of the afternoon shift change, but the 
magnitudes of the shift change peaks for B26l4-SE and 622-F/SSH are small 
compared to the peaks of the twice daily maxima. 

Variation of average NOx concentrations with wind direction is shown 
in Figures 4a and 4b. Again the difference between figures is the operational 
status of the Purex Plant. In Figure 4a it was not emitting NOx, while it 
was during the period represented in Figure 4b. In these figures the length 

of each arm extending into the direction from which the wind comes is 
proportional to the average concentration in parts per billion. To reduce 
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the effects of light and variable winds, only those cases with wind speeds 
greater than 4.5 mph have been included in the analysis leading to these 
figures. 

The patterns shown in Figure 4a are consistent with primary sources 
of NOx being the 200 E power plant and Route 4 South. However, there is 
also an indication that there may be an NOx source north of the Purex Plant. 
This indication is found in the patterns for both A2614-E and 622-F/SSH. 

In Figure 4b, all three measurement locations show marked increases 
in NOx concentrations for wind directions consistent with a major source 
at the Purex Plant stack. The pattern at A26l4-E also shows a marked increase 
in concentrations in directions corresponding to releases from 244-AR. These 
releases apparently coincide approximately with releases from the Purex 
Plant. 

Hourly Average Concentrations 

The primary NOx concentration data used in this analysis consist of the 
hourly averages computed from the 7.5 and 15 minute strip chart readings. 
These averages have been organized by measurement location and Purex Plant 
emission status. Table 2 shows the distribution of the observed concentra
tions. As is readily apparent, the vast majority of the time the NOx con
centrations were below the instrument threshold of 12 ppb. The table also 
shows a tendency for the number and magnitude of hours of concentrations 
above the threshold and the magnitude of the concentrations to increase with 
increasing Purex Plant emission level. However, on two occasions hourly 
average NOx concentrations exceeding 50 ppb were measured during periods 
when Purex was not releasing oxides of nitrogen. 

The persistence of periods with concentrations of 20 ppb and greater 
is described in Table 3 for each of the measurement locations. The table 
shows the number of times an NOx concentration equalled or exceeded given 
levels for a fixed period of time. For example, the hourly average con
centration at A2614-E was 20 ppb or greater for 2 consecutive hours on 50 
occasions during the measurement period. The number of occurrences decreases 
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TABLE 2. Distributions of Measured Hourly Average NOx Concentrations 
by Location and Purex Plant Emission Status 

A2614-E B2614-SE 622-F/SSH 
Purex Emission 01 L2 M3 H4 0 L M H 0 L M 
Hourly Average 

(ppb) 
<12 1730 975 1266 3476 1848 724 1238 3269 1776 852 1274 

12 to 19 79 56 58 311 81 46 69 283 81 58 79 
20 to 29 32 34 52 177 30 8 24 119 20 19 33 
30 to 39 1 6 18 27 3 9 26 2 10 
40 to 49 3 3 10 1 8 1 5 
50 to 59 1 4 1 1 7 1 
60 to 69 1 3 
70 to 79 1 
80 to 89 2 

90 to 99 
100 to 109 
11 0 to 120 

10 = no emission 

2L = waste denitration 
3M = dissolver 

4H = dissolver + waste denitration 

H 

3393 
315 
122 

41 
15 
5 
1 
2 
1 
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TABLE 3. Persistence of Periods With 
High NOx Concentrations 

Average Concentration (ppb) 
Location Persistence >20 >30 >40 >50 >60 >70 

(hrs ) 
A2614-E 1 170 65 22 11 8 3 

2 50 7 2 1 
3 19 4 1 
4 7 
5 5 
6 1 

B2614-SE 1 123 43 13 7 
2 44 6 2 2 
3 4 1 1 
4 4 

622-F/SSH 1 127 54 22 7 5 4 
2 46 13 6 3 1 1 
3 11 3 
4 7 

rapidly as either the number of consecutive hours or the concentration level 
increases. The persistence of high average NOx concentrations tends to 
increase with increasing Purex emission levels, however total number of hours 
with measured concentrations above 20 ppb is too few to support a 3-way 
division of the data. 

Allwine estimated the maximum hourly average ground-level concentration 
from the combined releases at the Purex Plant and 200 E power plant stacks. 
He estimated that the maximum concentration during unstable atmospheric 
conditions would be 390 ppb and that during neutral atmospheric conditions 
it would be 120 ppb. Table 4 gives the maximum observed hourly average 
concentrations for each measurement location. These concentrations were 
computed by averaging for periods determined by the clock, i.e., periods 
defined by external considerations. Therefore it is likely they somewhat 
underestimate the actual maximum hourly averages that would have been 
recorded if averaging periods had been adjusted to give maximum values. 
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TABLE 4. Maximum Hourly Average NOx Concentrations 
and the Associated Atmospheric Stability 

Atmospheric 
Location Concentration Stability 
A2614-E 86 ppb Neutral 
B26l4-SE 69 Stable 
622-F/SSH 118 Unstable 

Dates, times and atmospheric conditions associated with all hourly 
average concentrations of 50 ppb and greater are listed in Tables 5 through 
7, along with the Purex Plant emission status. These tables provide 
additional insight to potential NOx emission sources. The wind directions 
and speeds listed are for the 200 foot level of the HMS tower and the 
stability was determined from the temperature difference between 50 and 250 
foot levels of the tower using the stability definitions in the proposed 
revision to Nuclear Regulatory Commission Regulatory Guide 1.23. In this 
system, stability class A corresponds to very unstable conditions and 
class F to very stable conditions. In stable conditions the effluent from 
the Purex Plant stack would not be expected to come to the ground near the 
stack, while in unstable conditions it would. 

Table 5 lists the highest NOx concentrations measured at A26l4-E. It 
is unlikely that all of these concentrations can be associated with releases 
from the Purex Plant stack. In particular, it is highly unlikely that the 
62 ppb measured on 6/9/68 could have come from Purex. The wind direction 
and speed are inconsistent with that source. However, they are consistent 
with a source located in the direction of 244-AR. Similarly, the high con
centrations on 11/30/68, 12/19/68 and 12/29/68 are more consistent with a 
source in the direction of 244-AR than they are with a source at the Purex 
Plant. During the first two of these periods, it is also likely that the 
atmospheric stability would have precluded significant NOx concentrations 
at A2614-E from a Purex Plant sourCE. Finally, atmospheric stability 
considerations make the Purex Plant a questionable source for the NOx 
concentrations measured on 10/16/68, 10/19/68 and 2/19/69, although that 
possibility cannot be ruled out entirely. 
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TABLE 5. Measured Hourly Average NOx Concentrations 
of 50 ppb or Greater at A2614-E 

Purex 
Emission Wi nd 

Date Time Status Direction Stabil it 
(PST 

4/20/68 1500 H 52 S 6 B 
5/31/68 1700 H 56 SW 11 B 

6/08/68 1500 H 66 SSE 3 D 
6/09/68 2000 H 62 NW 21 D 

6/10/68 1300 H 74 WSW 6 B 

1400 H 57 SW 9 A 
6/16/68 0900 H 86 ENE 3 C 

10/16/68 1800 H 83 ENE 9 E 
10/19/68 0500 H 69 NE 4 F 

11/30/68 2200 H 50 NNW 6 F 

12/19/68 2100 L 50 N 13 E 
12/29/68 1100 0 66 NW 8 C 

2/19/69 1100 L 66 Calm 0 E 

The high concentrations at B2614-SE are more clearly associated with 
emissions from the Purex Plant stack. The only exceptions are the con
centration on 1/17/69, which appears to have come from the direction of 
the 200 E power plants, and the 5/19/68 event which might have been due to 
a release at 244-AR. The possibility of the 244-AR release point in the 
latter case is raised because of the atmospheric stability makes a Purex 
release point somewhat questionable. The source of the NOx for the 
2/19/69 events is indeterminate. The low wind speeds and stable atmospheric 
conditions indicate a source near ground level, but elevated release 
points cannot be disregarded. 
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TABLE 6. Measured Hourly Average NOx Concentrations 
of 50 ppb or Greater at B2614-E 

Purex 
Emission Wind Wind 

Date Time Status Concentration Direction SEeed Stabi 1 i ty 
(PST) (ppb) (mph) 

2/28/68 1600 H 56 NE 3 A 
2/29/68 1100 H 55 NW 3 A 
3/19/68 1100 H 54 NE 3 A 
5/19/68 0600 H 54 NNW 10 F 
6/06/68 1000 H 54 N 12 A 
6/16/68 0800 H 52 NNE 3 A 

0900 H 54 ENE 3 C 
9/27/68 1600 M 52 NNE 11 A 
1/17/69 1800 0 52 W 4 D 
2/19/69 1100 L 69 Calm 0 E 

1200 L 54 NE 1 E 

The high NOx concentrations observed at 622-F/SSH are, with two 
exceptions, definitely associated with releases from the Purex Plant. 
These concentrations occur during periods of strong northwest winds. The 
only two periods when the NOx source was questionable were during near 
calm conditions. Under these conditions, the wind characterization at 
the 200 foot level of the HMS tower may be misleading. As a result, 
all of the periods listed in Table 7 may be considered to be consistent 
with releases from Purex. 
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TABLE 7. Measured Hourly Average NOx Concentrations 
of 50 ppb or Greater at 622-F/SSH 

Purex 
Emission Wind Wind 

Date Time Status Concentration Direction S~eed Stability 
(PST) (ppb) (mph) 

4/01/68 1900 H 85 NW 23 D 
2000 H 52 NW 18 D 

4/24/68 2100 H 94 NW 20 D 
4/26/68 2200 H 71 NW 22 E 
4/29/68 1000 H 56 NE 1 D 
6/06/68 0800 H 79 NW 17 B 
6/22/68 2000 H 50 NW 25 D 

8/11 /68 1800 H 118 NW 24 A 
1900 H 114 NW 23 B 

10/04/68 1700 H 55 NW 28 A 
12/03/68 2100 H 62 NW 27 D 

2200 H 55 WNW 24 D 
2/19/69 1100 E 56 Calm 0 E 

Daily Peak Concentrations 

During strip chart reduction the maximum NOx concentration was recorded 
for each day. These concentrations represent averages for periods of from 
5 to 10 minutes. Table 8 contains cumulative distributions of these maxima 
for each sampling location. 

On nine days maxima in excess of 200 ppb were measured. On eight of 
these days the peaks were found at A2614-E, and on the other it was at 
622-F/SSH. The maximum daily peak of 274 ppb occurred at A2614-E on 6/8/68. 

All of the peaks above 200 ppb coincided with simultaneous denitration 

and dissolution in the Purex Process. However, a peak of 242 ppb on 6/9/68 

at A2614-E occurred under strong northwest wind conditions that are 
inconsistent with winds required to transport NOx from the Purex Plant 
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TABLE 8. Cumulative Distribution of Occurrences 
of Daily Peak NOx Concentrations 

Purex 
Emission 
Status 

Peak A2614-E B2614-SE 622-F/SSH Concentration 
(ppb) 0 L M H 0 L M H 0 L M H 

:: 20 38 33 53 148 55 23 48 148 45 25 47 138 
:: 50 6 10 20 76 3 10 58 4 1 16 66 
::100 2 5 27 1 11 1 5 27 
::150 2 13 2 3 
::200 8 1 
::250 2 

Total 79 39 66 170 79 30 59 158 73 31 58 161 

stack to the sampling location. The winds are consistent with a source 
located in the direction of the 244-AR Vault. In addition, peaks of 211 ppb 
on 10/16/68 and 254 ppb on 10/19/68 occurred during relatively stable 
atmospheric conditions when the Purex stack is considered to be a question
able source for the measured NO x' 

The maximum daily peak at 622-F/SSH occurred on 8/11/68. Twice during 
an hour period the short-term average concentration exceeded 200 ppb, and 
the average concentration for the 2 hour period that included these peaks 
was in excess of 100 ppb. 

Conclusions 

Measurements were made at 3 locations in and near the 200 E Area at 
Hanford during the period from late February 1968 through February 1969 to 
assess ambient concentrations of oxides of nitrogen. Annual average con
centrations estimated from the measurements were near or below the 12 ppb 
detection threshold of the instrumentation used. 
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On occasion there were hourly average concentrations that exceeded 
50 ppb. The occurrence of these concentrations tended to be correlated 
with the emission status of the Purex process, although there are clear 
indications that the Purex Plant stack is not the only source of oxides 
of nitrogen. The 200 E power plant and the 244-AR Vault appear to release 
sufficient quantities of NOx to give hourly concentrations in excess of 
50 ppb. The maximum hourly average concentration observed was 118 ppb and 
was observed about 5000 feet southeast of the Purex Plant stack. 

Peak concentrations observed during the measurement period exceeded 
200 ppb. These peaks were short duration representing 5 to 10 minutes 
averages. Again, while the Purex Plant appears to have been the primary 
source for the NOx measured in these peaks, there are indications that 
other sources may also have the potential to give short-term concentrations 
of this magnitude. 
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