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: ENVIRONMENTAL MEASUREMENTS AT THE SAVANNAH RIVER SITE

- WITH UNDERWATER GAMMA DETECTORS '

Westinghouse Savarinah River Company
- Aiken, South Carolina 29808

* Underwater NaI(T1) and HPGe detectors are used in the environmental measurements programs at the
Savannah River Site (SRS). A 229 cm x 10.2 cm Nal(Tl) detector on the Savannah River

* continuously monitors effluent releases from both SRS (DOE) and Plant Vogtle (Georgia Power).
 Correlations with known releases indicate a sensitivity of 4 mBq/l for 58Co with 1500 min spectra;

- such-levels are well below those of hazardous or legal concern. A 30%-efficient HPGe detector has
. appraised radionuclides in SRS cooling pond sediments; ‘the dominant gamma-emitting radionuclide

~ detected was 137¢s, at levels ranging up to 2.0 MBgq/m2. The pond activities were adequately

quantified by 1 min counts with the HPGe detector; resulting contour maps of sediment 137cs

. provided guidance for partially draining the ponds for dam repairs.

The monitoring of waterways connected with the Savannah River Site (Fig. 1) has been an
- ongoing effort since the beginning of operations in the early 1950's. The Savannah River itself has
‘been. a source of cooling water for the five SRS production reactors, now shut down. The
discharged water returned to the river has been closely monitored since startup. SRS operates two
~ separations facilities that also have potential for releases to the river. Directly across the river from
- SRS, Plant Vogtle of Georgia Power initiated nuclear power operations in 1987, and their releases
~ have also’been monitored since startup. During early operations at SRS, ponds were developed to
cool the reactor discharges prior to release to the river. The ponds have also contained inadvertent .
- releases of radionuclides. =~ = . - , S |
Following development in the early 1970's, underwater gamma detectors have monitored the
Savannah River and SRS ponds. Since 1987, an underwater Nal detector has continuously
- monitored the river downstream of the facilities to help distinguish SRS and Vogtle effluents.
- Beginning in 1991, an underwater HPGe detector was used to map radionuclides in pond
- sediments. Due to a need for dam repairs, Par Pond, the largest SRS pond, was lowered by 5.8 m.
Pond C, an adjacent feed pond, was lowered 1.8 m to reduce the differential pressure along a-
causeway separating the ponds. Sediment to be exposed by these lowerings contained
radionuclides released from two SRS reactors about 30 years earlier!. i :

| ' Experimental
Equipment L :

Both the underwater Nal and HPGe detectors aré deployed from pontoon craft using deck
- winches and trap doors. The Nal detector utilizes a pontoon platform permanently moored in the
Savannah River at US Highway 301 Bridge, which is about 50 km downstream of both SRS and
Plant Vogtle. It has a temperature-controlled weatherproof cabin that receives line power from
shore, allowing unattended counting operations over extended periods. The HPGe detector is
deployed from a pontoon boat, which has no cabin or permanent power source; thus, favorable
- weather conditions are required, and power is derived from batteries and/or. a 5 kVA gasoline
generator. Operations for taking measurements with the. HPGe are usually conducted within-a -
normal 8-hr work day. R CI o L

The underwater Nal detector consists of a 22.9 cm diameter by 10.2 cm long Nal crystal, four

photomultiplier tubes, and a high-voltage/preamp unit, all within a waterproof stainless. steel

.



housing. The detector views its surroundings through a thin stainless steel hemisphere, and is
normally 3 m below the water surface but well above the river bottom. The detector recéives
power Via a waterproof cable connected to a 25 VDC supply; the same cable uses an AC coupling
~ to transmit the detector pulses to an amplifier. The amplified pulses are then inputto a
multichannel analyzer (portable COMPAQ computer with ACE™ card). Spectra are stored on -
floppy disk in sequenced 24-hr periods, and then analyzed with the GRABNAI code2. _
- The underwater HPGe detector has 30% efficiency, relative to standard comparison with 2 7.6
“cm x 7.6 cm Nal detector. The detector assembly (dewar and probe) is situated in a screen
-housing, which protects the detector from shocks and defines a detector-to-sediment distance of
12.7 cm. A waterproof tube vents the liquid nitrogen vapors, and another waterproof tube passes
preamp power, HV, and signal cables to the spectrometry electronics on' the deck, The
spectrometry electronics has operated in two modes: initially, standard NIM electronics powered
-the detector and amplified the signals for processing by a portable COMPAQ comiputer with an
 ACE™ card; later, a more compact: NOMAD™ unit replaced the NIM electronics, and a smaller
Dolch computer was used. A typical gamma spectrum was saved on disk after counting one
minute. Because only 137Cs was usually detected, ROI-spectral analysis was normally sufficient,
although some analyses used the GRABGAM code2, = . S '
- While the underwater Nal detector had a sifigle well-characterized location, the HPGe mapping

- studies involved numerous locations, which required coordinate data for deducing the radionuclide

contours of the pond sediment. Various ‘methods were used to obtain site coordinates. A
Magellan™ Global Positioning System unit provided the best information, which was augmented
by correlating mapped contour depths\‘v/ith depth gauge readings at the sites. ' -

- Calibratidns |

Calibrations were deduced for both the underwater Nal and HPGe detectors. As the Nal detector
primarily signals releases that are noticeably above background, only a rough calibration was
- estimated. The HPGe measurements were to appraise historical information about the releases to
the ponds, while providing guidelines for restricting operations where sediment later became
exposed. Thus, a more refined calibration was developed for the underwater HPGe detector. .

. The underwater Nal detector was calibrated for 58Co, which has been-the dominant radionuclide -

- released by Plant Vogtle. (SRS radionuclide concentrations are dominated by 137Cs, which are -
now low and slowly decaying because of significantly reduced nuclear releases from SRS.

activities in recent years), Ultra-low-level gamma spectrometry of water filter samples collected =

- near the Nal detector provided a calibration for the detector3#. Comparing the 24-hr underwater
Nal spectra to these measurements yielded a detection- limit of 4 mBg/l for 811 keV gammas of
- ®Co. Reasonable' efficiency estimates indicate that the sensitivity should be worse by at least a -
factor of five; however; evidence suggests that river particulates continuously collect and wash off
the detector surface, so that much of the activity is concentrated and counted close to the detector3.
The underwater HPGe detector was calibrated for 137Cs, the dominant radionuclide detected in ,
the pond sediment. (The only other radionuclide detected was 90Co, with activity of only ~1% that
of 137Cs).4 The 137Cs calibration was deduced by modeling the efficiency for its 662 keV gammas
relative to that of a point source centered below the detector at the sediment distance. The
calculations used data from ‘ségmented sediment cores to model the density and 137Cs profilesasa
function of depth into the sediment.56 The water above the sediment was also modeled. These data
allowed calculation of the attenuated efficiencies of points within the sediment, which were
averaged relative to the 137Cs profile. Direct measurements ‘with a 137Cs point source provided
normalization of the absolute efficiency for the sediment geometry, yielding a calibration of 630
Bg/m?/cpm. An alternative calibration in units of Bg/kg/cpm was developed for estimating
occupational doses for resuspension and plowing; however, this calibration is functionally
dependent on the depth of sediment contributing to the dose.5 = - o o
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' Resulfs

Underwater Nal spectra (Fig. 2) clearly illustrate 53Co detectlon by its 811 keV gammas Three-
dimensional time plots of Nal spectrd have not dlstmgulshed other man-made radionuclides as
~ readily3. Although some 137Cs is present from SRS sources, it is masked within the multiplet peak
" that contains gammas of 583 keV (2%8T1) and 609 keV (214Bi). During 1987-1992, the 811 keV

_ count rate of 38Co correlated quite well with notable releases reported by Plant Vogtle (Fig. 3).
* An example underwater HPGe spectrum (Fig. 4) includes both $0Co and 137Cs. The spectrum
 illustrates that 137Cs is the dominant gamma-emitting radionuclide in the pond sediment. In
contrast to the Nal spectra, the absence of other gammas shows that 6°Co and 137Cs activities are
significantly larger than sediment natural background. Contour plots of Par Pond and Pond C
(Fig. 5) range in 137Cs activity from 0.0 to 2.0 MBg/m2. The Par Pond contours incorporate 213

.  measurements, and Pond C uses 101; however, Pond C being smaller has a significantly greater -

density of measurements. The Par Pond study benefited from earlier measurements with an
underwater G—M counter' thus, a priori knowledge gulded selection of a smaller number of sites.

Discussion

The underwater Nal detector has trécked Plant Vogtle releases over a 6 year penod‘ quite well
(Fig. 3). The releases correlate with Vogtle data3 of Table 1, which shows the dominance of 58Co.
The results also show that release magmtudes have decreased over the years; this is due to Vogtle

" Tablel A o
- Notable Vogtle effluent releases during 1987-92 along with 1dentxﬁcauons
- (IDs) for correlauon wuh 8Co momtored with the underwater Nal detector
(Fig. 3) - : :

D . ,kDate 51Cr’ ’ 54an 58co 9Fe 95Nb NaI eornments;

A Oc/87 228 008 814 010 020 First possible

B Feb/88 279 026 777 - 021 023  Someeffectof
Mar88 115 014 451 009 012 - Jan/88 release

Oct/88 193 017 452 042 010  Outof service

R 00 010 071 004 003 Novis-Jan/89 |
D Nowsy - o0t 117 o001 ool Beckgronnd W

X Mar/90 128 006 314 004 004 Disk failure*

E Oct90 027 002 189 002 -o.oi | Baekgroundun |

v

Dec/O1 011 001 046 001 003 Lowest5¥Co -

Margmal data (Fig. 3) ‘xm;})ly Naldetected RBco is low relative to the Vogtle release;
- however, water filters near the detector and Vogtle outfall also indicated low
58 Co. suggesting depletion in transport
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~ - improvements in pretreating the discharges. Marginal Nal data for a single release (ID = X)
- implied too little 58Co for reliable detection; low 58Co was also detected in corresponding water
filter samples, suggesting that an interim pretreatment method used only for this release caused
- 8Co depletion in transport. Overall, Plant Vogtle discharges have complied ‘with regulatory
- Tequirements; thus, the underwater Nal has a demonstrated capability for detecting abnormal
trends well before the onset of safety and legal concerns. S S
- The underwater HPGe measurements were found to be consistent with other data concerning
the ponds.>7 Pond inventories of 137Cs have been estimated using historical data on the early
releases and also from recent measurements by the Savannah River Ecology Laboratory (SREL),
operated by the University of Georgia.> The present inventories were obtained from area integrals

of the contour data of (Fig. 5), and these confirm the other estimates, as shown in Table 2.~

o = o ‘:Taybiev2 .
* Comparison of 137CS estimates in sediments of SRS ponds

_137Cs estimated in sediment, GBq

Pond . Historical SREL  Present
Par Pond- - 1300-2200 ~1600 * 1720+270

Pond C - 70260  ~130 148+26

- Subsequently, these results have been used to infer the.137Cs in the floodplain of the creek below
- Par Pond Dam,3 to assist with site evaluations for any future changes in the pond levels, and to
- help screen and smpe the extent of sediment contamination for the exposed areas. -
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