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ATLANTIC COAST UNIQUE REGIONAL ATMOSPHERIC TRACER EXPERIMENT (ACURATE)

ABSTRACT

The Atlantic Coast Unique Regional Atmospheric Tracer Experiment (ACURATE)
was conducted to provide a long-range, long-term data set on the regional scale
for air pollution model development and evaluation. ACURATE, which started in
March 1982 and ended after 19 months in September 1983, used Kr-85 emitted
intermittently from the Savannah River Plant (SRP), SC as a tracer of oppor-
tunity. Hourly source emission data are archived on an ACURATE data tape and
listed in an appendix. Surface air samples were taken at five sites along the
Atlantic Coast, located about 300 to 1100 km from the SRP (twice-daily samples
at the four closest sites and daily at the fifth site). A total of 3858
measured concentrations were quality assured and are archived on the data tape.
About 750 of the concentrations were attributed directly to the SRP plume. The
concentration distributions at the five sampling sites are shown. All measured
concentrations are given in an appendix. Upper-air, tower, and surface meteoro-
logical data were also collected during ACURATE and are archived on the data
tape.

1. INTRODUCTION

The Atlantic Coast Unique Regional Atmospheric Tracer Experiment (ACURATE)
was conducted by the National Oceanic and Atmospheric Administration/Air
Resources Laboratory and the Savannah River Laboratory to provide data on the
regional scale for air pollution model development and evaluation. The models
are used for many purposes which include assessing the effects of energy usage
on man and the environment (e.g., acid rain and other hazards evaluation
studies), determining the cost-effectiveness of airborne nuclear waste manage-
ment, and monitoring gaseous releases to the atmosphere. Past tracer experi-
ments on the regional scale, using known emission rates from a source, have
generally been limited to a few individual episodes (e.g., Ferber, et al., 1984)
because of the high costs of sample collection and analysis over extended
periods of time. ACURATE provides air pollution researchers with a unique,
long-term data set of tracer emission rates from a single source, regional-
scale measured tracer air concentrations with plumes attributed to the source,
and meteorology.

This program is an extension to the regional scale of the 2%-year mesoscale
Savannah River Experiment (Telegadas, et al., 1980). ACURATE, which started in
March 1982 and ended in September 1983, used Kr-85 emitted intermittently from
the Savannah River Plant (SRP), SC as a tracer of opportunity. Because Kr-85
is an inert, non-reactive gas, its use as a tracer enables one to study the
effects of atmospheric transport and diffusion free of the complications intro-
duced by wet and dry deposition and chemical transformations. Volunteers at
five sampling sites along the Atlantic Coast, located about 300 to 1100 km from
the SRP, took twice-daily surface air samples (daily at the 1100 km site) using
cryogenic air samplers similar to those used in the Savannah River Experiment.
A total of 3858 measured concentrations over the 19-month sampling period were
quality assured. The SRP plume was observed on about 750 measurements (20%).



Meteorological observations at surface and upper-air stations over the eastern
U.S. were archived during the ACURATE sampling period. In addition, tower winds
at the SRP were spatially averaged and archived as source meteorological data.

2. SOURCE

2.1 Source Site

The Savannah River Plant is a production facility of the U.S. Department of
Energy and is located about 35 km southeast of Aiken, SC. Krypton-85 is inter-
mittently released from plant chemical separation operations through one 62 m
stack in the 200-F area and one in the 200-H area with mid-location at 33.28°N,
81.66°W (see Fig. 1).

2.2 Source Emissions Determination

A model that predicts the hourly rate of Kr-85 vented to the atmosphere
when irradiated fuel is dissolved at the SRP has been developed (Pendergast,
1978). This model was used to calculate the hourly emissions of Kr-85 released
to the atmosphere for each fuel dissolution cycle.

In order to verify the calculated emissions, Kr-85 stack monitoring systems
were installed in both stack areas. A vacuum-pressure pump was used to pump a
fraction of the dissolver off-gas into a flow-through sample chamber. The
sample chamber, which was mounted on a detector, recorded the gamma spectrum of
the gas pumped through the chamber. The off-gas gamma spectrum was then ana-
lyzed for the Kr-85 energy peak. The measured and calculated Kr-85 emission
values agree well.

2.3 Emission Rates

Emission rates for the SRP source are given in Appendix A. A record of
hourly emissions is given for each 12-hour period. The appendix contains a
total of 1158 records starting March 1, 1982 and ending September 30, 1983.
The start of a 12-hour period is identified by an 8-digit date-time number, 2
digits each for year (YR), month (MO), day (DY) and hour (HR-GMT). Thus
82032512 (record #50) denotes the 12-hour period starting March 25, 1982 at 12
GMT. Following the start date-time group are 12 emission rates, in Ci/hr, for
the 12-hour period after start. The remaining columns on the right (the 12-hour
emission rate totals and the histogram) have been added for ease of visual
comprehension and simplicity of comparison with the twice daily (12-hour)
measured concentrations (Appendix B).

FILE 1 on the ACURATE data tape is the source emission file (see Appendix
C). The file contains 1158 records where each record includes a record #, start
date-time identification, and emission rates in Ci/hr for the 12-hour period
after start. A FILE 1 tape dump should exactly match the left-hand portion of
Appendix A below the column headings.
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3. SAMPLING

3.1 Sampling Sites

Five surface air sampling sites along the Atlantic Coast were established
for ACURATE. Table 1 gives the sites (and source), with their identification,
lTocation and distance from the SRP.

Table 1. ACURATE surface air sampling sites (and source).

Sampling Location Distance
Site Code Description °N °W from SRP (km)

Fayetteville, NC FAY Fire station 35.07 78.89 325
Tarboro, NC TAR Water Treatment Plant 35.91 77.55 475
Norfolk, VA NOR Water Treatment Plant 36.85 76.27 635
Salisbury, MD SAL Water Treatment Plant 38.37 75.59 790
Murray Hill, NJ MUR Laboratory 40.68 74.40 1050

Source

Savannah River SRP Production Facility 33.28 8l.66 0

Plant

The ACURATE source and five sampling site locations are shown in Fig. 2.

3.2 Sample Collection and Processing

A cryogenic air sampler (CAS) was installed at each sampling site. The
samplers were operated and monitored on a 24-hour/day schedule by volunteer per-
sonnel. Maintenance was performed by a contractor laboratory at regqular time
intervals and at the request of the site personnel.

The CAS concentrates krypton in the atmosphere from about one part per
million to about one part per hundred. Air is supplied to the sampler by a
compressor at the rate of about 12 liters/minute. Concentration is brought
about by cryogenic fractionation of the incoming airstream. Liquid nitrogen is
used as the source of refrigeration.

The final sample, having a volume of about 1.5 liter (STP), contains most
of the components of the atmosphere that have boiling points higher than that of
oxygen. Atmospheric moisture, carbon dioxide and hydrocarbons heavier than
methane are removed by molecular sieve traps from the airstream before it enters
the cryogenic section of the collector. These latter materials otherwise would
rapidly plug the inside of the fractionating column, since they freeze at much
higher temperatures than the boiling point of liquid oxygen.



Figure 2. ACURATE source (SRP) and ‘the five sampling
site locations.



Four of the CAS units (at FAY, TAR, NOR, SAL) were programmed with a two-
sample-per-day cycle, each cycle having an eleven-hour collection period and a
one-hour sample recovery period. The other CAS unit (at MUR), was programmed
with a one-sample-per-day cycle.

The effective length of the collection period is less than the clock length
by about forty-five minutes to an hour and fifteen minutes. This is the time
required for the column to cool down and reach steady state operation. At the
end of the collection period incoming air flow is cut off. In the sample reco-
very phase the liquid at the bottom of the fractionating column is warmed,
causing it to evaporate. The sample mixture, which consists mostly of oxygen
with higher atmospheric boiling components, is collected in a steel bottle that
has a volume of approximately one liter.

The samples were shipped from the sampling sites to the contractor labora-
tory for further purification and assay. Krypton was isolated from the sample
mixture by preparative gas chromatography to give a highly purified (about
99.98% krypton) final sample. This product was then radio-assayed by Geiger
counting to determine the level of Krypton-85 activity in the sample. The esti-
mated standard deviation of this measurement is about 1%.

Quality assurance procedures were performed on the data to assure that they
orginated from the site and time indicated. Sampling logs kept independently by
site personnel were checked against each sample measurement from the contractor
laboratory. If differences were not resolved, the measurement was discarded.

3.3 Concentrations

The daily and twice-daily measured surface air concentrations during the
entire 19-month ACURATE period for the five sampling sites are given in Appendix
B. Similar to the format of Appendix A (source), a record is given for each
12-hour period for a total of 1158 records. Also, the start of each period is
identified by an 8-digit date-time number F0110w1ng in the table are the
measured concentrations (0.1 pC1/m ) for each of the five sampling sites.
(Records 268 and 628 for FAY shown as 999 due to format restrictions should be
1353 and 1664, respectively.) A zero (0) indicates a missing measurement due to
one of many causes which could include a malfunctioning sampler, a sample lost
in analysis, or an unresolved discrepancy in sample origin or sample time. A
plus following a concentration value indicates the 12-hour sample was continued
beyond 12 hours, a minus indicates the continuation. For example, records 54
through 57 for NOR indicate the 12-hour sample that began at 82032714 (195+)
continues over 36 additional hours (three more 12-hour values shown as 195-) for
a total sample duration of 48 hours. Note that MUR has alternate plus and minus
notation indicating regular daily (24-hour) sampling. One additional code has
been added to the values for completeness. Letters preceding a value indicate a
late sample start; those following indicate a late sample end; A is for one
hour; B for two hours, etc. Thus, record 78 for NOR indicates the measurement
(D190B) started four hours late (April 8, 1982 at 18 GMT) and ended two hours
late (April 9, 1982, 04 GMT) for a total measurement time of 10 hours rather
than 12 hours. A total of 3858 samples (non-zero) were archived for ACURATE.



In order to identify the SRP plume, a concentration background must be
subtracted from the measured concentration values. Since background may vary on
a day-to-day basis by as much as 10% with changing meteorological conditions, it
is often difficult to distinguish between background and a plume at low con-
centration.. To avoid determining variable background, a Background Upper Limit
(BUL) has been estimated for each sampling site above which it seems reasonable
to assume that the SRP plume is contributing to the measured concentration.
Concentration values at or below the BUL usually indicate no presence of the S5SRP
plume, but occasionally may be linked to the plume with caution (an example 1is
discussed later). The BUL was determined by plotting measured concentration
versus cumulative percent on a probability scale and noting that lower con-
centrations (background) lie along a straight line (see Fig. 3). At some point
the plotted values deviate from the line toward higher concentrations. This
deviation from the normal distribution is attributed to SRP pluming and the con-
centration value at the point of deviation is defined as the BUL. In order to
test this technique on an independent data set, a plot is included in Fig. 3 for
twice-daily measurements at the Augusta, GA (AUG) sampling site of the Savannah
River Experiment (Telegadas, et al., 1980). This site was chosen because it had
the most complete sampling record during the 1976- 1977 twice-daily sampling
periods. A BUL value is clearly evident at 16.0 pC1/m

BUL concentrations suggested for the ACURATE sampling sites are given in
Table 2. The increase with increasing latitude is consistent with the known
worldwide increase with latitude of Kr-85 background.

Table 2. Background Upper Limit (BUL) Concentrations
at ACURATE Sampling Sites.

Sampling Site (pCi/m3)
MUR 19.3
SAL 19.2
NOR 19.1
TAR 19.0
FAY 19.0

As an example of determining plume concentration, record 54 in Appendix B for
FAY gives a measured concentration of 19.3 pCi/mg. When the BUL value of 19.0
for FAY (from Table 2) is subtracted from the measured concentration, the
remaining concentration of 0.3 pCi/m3 is attributed to the SRP plume. About 750
of the concentrations were above the BUL and, therefore, attributed directly to
the SRP plume.

Figure 4 shows concentration distributions for the five ACURATE sampling
sites (i.e., measured value minus the BUL value). The distributions include no-
plume (zero) and plume (> 0.1 pC1/m by interval) concentrations. Researchers
can refer directly to Fig. 4 for model evaluation studies.
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The right-hand columns in Appendix B (histogram) are presented as a visual
means of separating the SRP plume from background by subtracting BUL values from
measurements. The vertical axis at each site is aligned with the BUL value. A
":" on the axis indicates a missing measurement. The "0"s on each axis and to
the right reflect measurements above the BUL values and thus SRP pluming (the
distributions shown in Fig. 4); the "X"s on the axis and to the left are best
interpreted as either background or plume. Visual inspection of the plots
should give strong clues. For example, records 22 through 25 indicate no pre-
sence of plume at any of the five sampling sites. Records 52 through 60 indi-
cate plume presence, or probable presence, at sites where symbols are shown just
on or slightly below the axis. Start and continuation codes are also plotted on
the axes for completeness. It should be noted again that visual comparison bet-
ween source emission and receptor concentration can easily be made by aligning
the "HISTOGRAM" portions of Appendices A and B.

FILE 2 on the ACURATE data tape is the measured surface air concentration
file (see Appendix C). The file contains 1158 records (similar to FILE 1) where
each record includes a record #, start date-time identification, and measured
concentrations (with start and continuation codes) at each of the five sampling
sites for the period after start. A missing concentration is coded 0. A FILE 2
tape dump should exactly match the left-hand portion of Appendix B below the
column headings (note that records 268 and 628 for FAY, written as 999, should
be 1353 and 1664, respectively).

4. METEOROLOGY

4.1 Local Meteorological Data

Local meteorological data were obtained from seven instrumented towers
located at the SRP. Each tower is 62 m in height, corresponding to the stack
heights of the source emissions. A turbulence quality vector vane mounted on
top of each tower provided wind speed, direction, and horizontal and vertical
wind fluctuations. In addition, an instrumented television tower (WJBF-TV) 330
m in height located about 15 km northwest of the plant boundary was used to
collect meteorological data. The locations of the television tower and the
seven production area towers on the SRP site are shown in Fig. 1. The local
wind data at the SRP for the ACURATE period March 1, 1982 through September 30,
1983 are three-hour space average means (at 62 m) of wind speed, wind direction,
and the standard deviation of horizontal and vertical wind directions.

4.2 Surface Meteorological Data

The surface meteorological data for the ACURATE period were taken from the
hourly surface observations at 241 NWS stations and averaged over three-hour
periods. These stations are located from 30° to 45°N and 70° to 88°W (see
Fig. 5). The data consist of pressure, temperature, dewpoint, wind direction,
and wind speed.

12
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4.3 Upper-Air Meteorological Data

Twice-daily (00 and 12 GMT) upper-air data were taken from reports at 2U
NWS upper-air stations (see Fig. 5). The data consist of pressure, height,
temperature dewpoint, wind direction and wind speed at the mandatory and signi-
ficant reporting levels.

FILE 3 through FILE 21 on the ACURATE data tape are the archived surface
and upper-air meteorology data (see Appendix C). Each file contains one month
of data. The date/time records are at 3-hour intervals (00, 03, 06 GMT, etc.).
The surface station observations are given at these intervals. It should be
noted that the first record after each date/time sequence is from the SRP giving
local wind data at 62 m in height. The upper-air stations usually report only
twice daily (00 and 12 GMT), so the number of UA records at the intermediate
3-hour intervals will usually have a count of 0. Missing data within a record
are coded -99.
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APPENDIX A

SOURCE EMISSION RATE
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APPENDIX C

ACURATE DATA TAPE



TAPE REQUESTS (Refer to ACURATE Data Tape)

E.[. DuPont & Co.
Savannah River Laboratory
Bldg. 733A-1011

Aiken, SC 29801

Attn: J.F. Schubert

TAPE CHARACTERISTICS

9 TRACK, 6250 BPI, NO LABEL, EBCDIC

RECORD FORMAT = FB
BLOCK SIZE = 8000

FILE 1; Source Emission

RECORD LENGTH = 80
NUMBER OF RECORDS = 1158

~_ RECORD [SPACE] YEAR MONTH ~— DAY ~ HOUR  EMISSION Qﬂffg__::]
(#) (GMT) (CI/HR)
I4 IX 12 12 2 12 1214 ]

FILE 2; Measured Concentrations

RECORD LENGTH = 80
NUMBER OF RECORDS = 1158

MEASURED [MSG
RECORD [SPACE]  YEAR MONTH DAY  HOUR  CONCENTRATIONS DATA1
€2 (GMT) (PCI/M3) 0
14 IX 12— 12 12 S(IX,ALLI3,ALY .

C-1



FILES 3-21; Savannah River Plant (SRP), Surface (SFC), and Upper Air

Station Meteorology (1 file per month)
RECORD LENGTH = 40

RECORD FORMAT

(UA)

14

DATE/TIME NUMBER OF NUMBER OF
[3-HOUR YEAR MONTH DAY HOUR SRP & SFC RECS UA RECS |
INTERVALS] (GMT) - ]
12 12 12 12 14 14
SRP WIND WIND
WIND  WIND  HORIZ VERT [MSG
STA  LAT LON ELEV__ DIR SPD STD DEV_ STD DEV _ DATA]
(3-Ltr)(100°N) (I00°W) (M) — (DEG) (0.IM/S) (0.IDEG) ~(0.IDEG) _ (-99)
A3 15 15 15 4~ 14 I g )
SFC DEW-  WIND WIND [MSG |
STA LAT LON ELEV PRESS  TEMP POINT DIR  SPD  DATA]
(3-LTR) (100°N) (100°W) (M) (MB) _ (0.1°C) (0.I°C) (DEG) (0.IM/S) (-99) |
A3 I5 15 I5 14 15 I5 14 14— B
UA 1D STA AT LON ELEV NBR OF LVLS
(3-LTR) (I100°N) ~ (100°W) (M) o
A3 15 I5 15 13~ T
UA LEVEL DEW- WIND  WIND [MSG N
PRESS  HGT TEMP POINT _ DIR SPD DATA] _
(MB) (M) (0.1°C) (0.I°C) _(DEG) (0.IM/S) (=99 |
14 15 15 15 T

RECORD ORGANIZATION

DATE/TIMEL
SRP

SFC 1

SFC 2

UA ID 1
UA LEVEL 1
UA LEVEL 2

UA ID 2
UA LEVEL 1
UA LEVEL 2

DATE/TIME 2

C-2



'Harch 1985

Changes to:

NOAA Technical Memorandum ERL ARL-130

ATLANTIC COAST UNIQUE REGIONAL ATMOSPHERIC TRACER EXPERIMENT
(ACURATE)

J.L. Heffter
J.F. Schubert
G.A. Mead

Air Resources Laboratory
Rockville, Maryland
October 1984



4.3 Upper-Air Meteorological Data

Four times-daily (00, 06, 12, and 18 GMT) upper-air data were taken from
reports at NWS upper-air stations (see Fig.5) although most of the stations
report only at 00 and 12 GMT. The data consist of pressure, height, tempera-
ture, dewpoint, wind direction, and wind speed at the mandatory and significant
reporting levels.

FILE 3 through FILE 21 on the ACURATE data tape are the archived surface
meteorology data (see Appendix C). Each file contains one month of data. The
date/time records are at 3-hour intervals (00, 03, 06 GMT, etc.). It should be
noted that the first record after each date/time sequence is from the SRP giving
local wind data at 62 m in height. Missing data within a record are coded -99.

FILE 22 through FILE 40 are the archived upper-air meteorological data (see
Appendix C). Each file contains one month of data. The date/time records are
at 6-hour intervals (00, 06, 12, and 18 GMT). Since most of the stations report
only at 00 and 12 GMT, the 06 and 18 GMT data/time records often have the number
of reports and number of records equal to 0.

14



TAPE

TAPE

FILE

REQUESTS (Refer to ACURATE Data Tape)

€.1. DuPont & Co.
Savannah River Laboratory
Bidg. 733A-1011

Aiken, SC 29801

Attn: J.F. Schubert

CHARACTERISTICS

9 TRACK, 6250 BPI, NO LABEL, EBCDIC
RECORD FORMAT = FB

BLOCK SIZE = 8000 (FILES 1-21)

2500 (FILES 22-40)

1; Source Emission

RECORD LENGTH = 80
NUMBER OF RECORDS = 1158

RECORD [SPACE] YEAR MONTH DAY

HOUR EMISSION RATES

(#) (GMT) (CI/HR)
14 IX 12 12 [2 [2 1214
FILE 2; Measured Concentrations
RECORD LENGTH = 80
NUMBER OF RECORDS = 1158
MEASURED [MSG
RECORD [SPACE] YEAR MONTH DAY HOUR  CONCENTRATIONS DATA]
(#) ' (GMT) (PCI/M3) (0)
14 IX 12 12 [2 [2 5(IX,Al,I3,Al)

Cc-1




FILES 3-21; Savannah River Plant (SRP) and Surface (SFC)
Station Meteorology (1 file per month)

RECORD LENGTH = 40
RECORD FORMAT

DATE/TIME NUMBER OF
(3-HOUR YEAR MONTH DAY HOUR SRP & SFC RECS
INTERVALS] (GMT)
12 12 2 12 I4
SRP WIND WIND
WIND WIND HORIZ VERT [MSG
STA LAT LON ELEV  DIR SPD STD DEV_ STD DEV DATA]
(3-LTR) (100°N) (100°W) (M) (DEG) (0.1M/S) (O0.1DeG) (0.IDEG)  (-99)
A3 I5 I5 I5 14 I4 14 14
SFC DEW- WIND WIND  [MSG

STA LAT LON  ELEV PRESS TEMP  POINT  DIR SPD DATA]

(3-LTR) (T00°N) (100°W) (M) (MB)  (0.I°C) (0.1I°C) (DEG) (0.IM/S) (-99
A3 I5 I5 I5 14 I5

RECORD ORGANIZATION

DATE/TIMEL
SRP

SFC 1

SFC 2

DATE/TIME 2
SRP

SFC 1

SFC 2

c-2



FILES 22-40 Upper Air Meteorology (1 file per month)

RECORD LENGTH = 25
RECORD FORMAT

RECORD ORGANIZATION

DATE/TIME1 (CODE=1,WINDS)
ID1

WIND1

WIND2

102

WIND1

WIND2

DATE/TIME1l (CODE=2,TEMPS)
101

TEMP1

TEMP2

102

TEMP1

TEMP2

DATE/TIME2 (CODE=1,WINDS)

c-3

DATE/TIME NUMBER OF NUMBER OF
(6-HOUR YEAR MONTH DAY  HOUR REPORTS RECS CODE
INTERVALS] (GMT) 1=WINDS
12 12 12 12 I4 I5 121 2=TEMPS
ID BLOCK NUMBER OF
STATION LAT LON ELEV LEVELS
(T00°N) _ (100°wW) (M)
15 I5 16 T4 I3
WIND HT DIR SPD
(M) (DEG) _ (0.1M/S)
14 14 I5
TEMP HT PRESS TEMP DEWPT
(M) (M8) (0.1°K)__(0.1°K)
14 14 I5 I5




