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SUMMARY

Operation of the condenser cooling systems at SONGS involves pumping

large quantities of seawater through the generating station and returning the water

to the local marine environment. Both radioactive and nonradioactive effluents are

discharged into the cooling waters passing through the generating station, and metal

containing strucfirres within the generating station are exposed to erosion and

corrosion via contact with sea water. Although the MRC did not sponsor its own

long-term field research program to study the potential impacts of radionuclide and

metal emissions. several studies of metal and radionuclide concentrations in the

environment were done for the MRC, and other relevant information has been

collected by Southern California Edison (as part of their required monitoring

programs), as well as by other researchers. Because this report is a review of the

available evidence coming from a number of disparate sources, its format differs

from other MRC Technical Reports, most of which have emphasized the analysis of

data collected by the MRC to answer the specific question at hand.

Our review of the available information indicates that the amounts of metals

or radioactive materials released from SONGS are unlikely to cause substantial

ecological impacts on the marine community. This conclusion is based upon

information from MRC-sponsored studies of activity levels and metal

concentrations in the tissues of sand crabs and mussels; measures of metal

concentrations in mussels from the State Mussel Watch Program; reports to the

Regional Water Quality Control Board on SONGS' discharges of metals; and

various reports detailing activity levels in SONGS' effluents and selected marine

organisms from the vicinity of SONGS.
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The State Mussel Watch Program (SMW) has used mussels to monitor the

quality of California coastal waters for over a decade. They established a station

near the San Onofre discharges in 1985-1986. Metal concentrations reported from

the San Onofre station by the SMW were quite similar to concentrations at several

relatively "clean" Channel Island stations and to values at coastal reference stations.

They were also lower than the concentrations in the source material collected at

Bodega Head. Because the metal concentrations seen in the mussels transplanted

near San Onofre were not high in comparison with other stations, SMW

discontinued the San Onofre station after the 1985-1986 transplant. The MRC aiso

transplanted mussels near San Onofre, nvice during 1976-1977 and once in 1986. In

general, the metal concentrations seen in these transplants were not especially high,

and were lower than concentrations above which SMW flags a site for special

attention. Our ability to compare the MRC results with SMW results is hampered

to some degree, however, because most SMW transplants used the California

mussel while the MRC used the bav mussel.

In the trvo MRC mussel studies, mussels were arrayed at varying distances

from SONGS. Only in the 1986 study were stations located upcoast as well as

downcoast of SONGS. The results of both studies indicated that metal (especially

manganese) concentrations declined with increasing distance downcoast from

SONGS. However, in 1986 metal concentrations continued to increase upcoast of

SONGS, peaking in concentration about 4.5 km upcoast of SONGS, near the mouth

of San Mateo Creek. The most striking result from the two transplants during L976-

1977 was that metal concentrations were much higher during the winter transplant

than during the spring transplant. Possible explandtions for the differences include

(a) reductions in metal concentrations in response to the increase in gonad mass in
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the spring, (b) higher metal concentrations in response to higher sediment Ioad

during the winter, or (c) increase in metal concentration in response to the lower

operating status (and thus more intermittent pumping) of SONGS Unit 1 during the

spring period. Although all three of these factors may Partially explain our results,

we believe that only the first one can explain why the concentrations of all assayed

metals were higher in the winter period. During all three transplants the growth

rates of the mussels were lower at the sites nearest SONGS. This effect appears to

be independent of metal concentrations in the mussels, and is probably caused by

suspended sediments in SONGS' discharges interfering with the feeding of the

mussels.

Data on metal concentrations in sand crabs come from a survey in 1982 by

Dr. Adrian Wenner of the University of California, Santa Barbara, a former MRC

contractor, and surveys by the MRC in 1983 and 1986. The one consistent result

from these studies is that manganese concentrations tended to be higher in the

general vicinity about SONGS in comparison with more distant beaches. This area

of higher manganese concentrations may have extended as far as 30 km upcoast and

downcoast from SONGS. Within this region there appear to be several local

ma:rima and the concentrations nearest SONGS were not the highest in the region.

This result is in agreement with the mussel studies, where there was evidence for a

local ma,rima in manganese concentration near the mouth of San Mateo Creek- In

L982 relatively high concentrations of nickel and zinc were seen at the beach 0.4 km

north of SONGS, and the concentration of iron was relatively high at the beaches

0.4 and 1.5 km north of SONGS. In later surveys there was no indication of higher

concentrations of either nickel or zinc near SONGS. Chromium and iron tissue

concentrations were high at the beach 0.4 km north of SONGS in one of nryo
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category of crabs during one of the two surveys during L983. However, similarly

high concentrations were seen in the other category of crabs at a beach 12 km north

of SONGS at the same time. On average chromium concentrations tended to be

higher in the general area about SONGS during 1986. This higher average is due to

the lack of beaches near SONGS at which relatively low concentrations were

detected, rather than from exceptionally high concentrations at some of the beaches

near the generating station.

Concentrations of metals in the seawater and sediments near SONGS have

been sampled by the Southern California Coastal Water Research Project and by

Southern California Edison. The MRC sampled metal concentrations in sand. The

results of these sampling prograrns suggest that metal concentrations in the vicinity

of SONGS are relatively low in comparison with other sites in Southern California,

and do not suggest that there has been a substantial increase in metal

concentrations specific to sites near SONGS after Units 2 and 3 came on line. The

evidence suggesting that there has been no increase in metal concentrations is

stronger for sediment samples than for water column samples since the sediment

concentrations were usually above detection limits and because we expect that

sediment concentrations are, in some sense, an integrated measure of the sediment's

exposure to metals over some time period in the past. Although we are less certain

about whether SONGS has increased metal concentrations in the receiving waters,

the concentrations observed at all times during the period after Units 2 and 3 began

operating (1985 - 1987) were well below current conservative estimates of chronic

toxiciW.
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Reviews of possible sources of metals (in particular chromium) within

SONGS did not uncover sources large enough to lead to significant contamination

of the receiving waters or to chronic violations of effluent limitations established in

SONGS' permits. Review of the concentrations of metals in SONGS' combined

discharges reported by SCE to the Regional Water Quality Control Board showed

that SONGS was usually in compliance with discharge limitations. This is significant

because the discharge limitations are based on estimates of the concentrations at

which chronic exposure to each metal in the receiving waters would lead to adverse

biological effects. Alone, neither the examination of possible sources of metals

within SONGS, nor the review of metal concentrations reported in the combined

discharges convincingly exonerate SONGS as a significant source of metals. Not all

possible sources of metals were considered in the reviews (in particular corrosion

and erosion of metallic surfaces and of surfaces painted with chromium-based paints

were not included), and there were occzrsionally high concentrations of various

metals in the combined discharges. Because the combined discharge is only

sampled once every six months, we can not rule out the possibility that the

occasionally higher concentrations represent high discharges over significant periods

of time. We recommend that the current sampling programbe augmented either by

more frequent sampling or the placement of mussels in the discharge waters,

following standard SMW procedures. However, the discharge monitoring and

reviews of metal sources within SONGS certainly do not suggest that there is a

problem with contamination of the marine environment with metals by SONGS, and

the other sources of information on metal concentrations in the environment

reviewed above indicate that such contamination has not occurred.
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The concentration of radionuclides in beach sediments, effluents, subtidal

sediments and organisms has been routinely monitored by SCE, and the results have

been reported to the Nuclear Regulatory Commission. The MRC evaluated the

concentration of radionuclides in sand crab tissues during one survey during 1986.

Radionuclides are present in detectable quantities in organisms near SONGS, and

in the MRC sand crab survey station-related radionuclides were detected in sand

crabs at distances as far as 10 km from the plant. Nevertheless, the evidence

strongly supports the view that the release of radioactive effluents from SONGS has

not lead to measurable ecological effects on the local marine biota. This conclusion

is based primarily on two observations: 1) maximum estimates of routine

radiological releases from SONGS would result in exposures of local marine

organisms to dose rates approximately L00 times lower than the lowest levels found

to produce any sublethal effects in controlled laboratory experiments; and 2)

measures in tissues of organisms collected near SONGS reveal that generally less

than 10Vo of the total internal specific activity is due to artificial radionuclides

released by the plant" the rest coming from natural sources of radiation.
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1. GENERAL INTRODUCTION

Operation of the condenser cooling systems at SONGS involves pumping

large quantities of seawater through the generating station, and then discharging the

effluents into the local marine environment. Both radioactive and nonradioactive

effluents are discharged into the seawater passing through the generating station, at

various rates and durations. In this report we examine how such changes in the

seawarer concenrations of metals and radionuclides from SONGS might be

impacting the local marine environment. SONGS certainly releases metals since

virtually any structure containing metal and exposed to seawater will exhibit some

corrosion or erosion. Chromium, copper, iron, nickel and titanium are the metals

flagged for special monitoring by the Regional Water Quality Control Board.

Manganese, nickel and zinc were repofted to be in high concentrations in sand crabs

collected at beaches near SONGS in 1982 (Wenner 1982a). More than 100 unstable

radionuclides are probably released by SONGS (Final Environmental Statement for

SONGS Unit 1, 1973) in radioactive effluents. The activity of 19 unstable

radionuclides of particular concern are regularly monitored near SONGS in

sediments, seawater, and the tissues of selected marine organisms.

The format of this technical report differs somewhat from other MRC

reports because the MRC did not sponsor a long-term field research program to

study the potential impacts of radionuclide and metal emissions on the marine

environment. Such an investigation was not launched primarily because the MRC

believed that routine operations of SONGS would not result in ecologically

significant releases of metals or radionuclides into the marine environment (See



SCE & SDG&E l97L for example).r Nevertheless, the MRC did a literature search

for evidence of ecological effects of radionuclide releases on aquatic communities,

and failed to find strong support for such effects, even when sources were releasing

radioactive products at much higher rates than nuclear generating stations. In a

majority report, the MRC concluded that radioactive emissions from SONGS were

unlikely to result in measurable impacts on the local marine biota (MRC L979,Doc.

7e-M).

The MRC also chose not to launch a comprehensive investigation of

potential impacts from substances in SONGS emissions, due to the underlying

philosophy of their analytical approach. Rather than attempting to identify and then

quanti8, all possible causes of adverse ecological effects, which may or may not

acnrally be producing impacts, the MRC adopted the program of attempting to first

identify ecological effects, and then seeking to identiff their specific causes.

However, concen over metal releases from SONGS was renewed after a study

suggested that reproductive patterns in sand crab populations near the station might

be influenced by metallic releases from corrosion within the plant (Wenner L982a;

Siegel and Wenner 1984; see Final Technical Report A: Sand Crabs).

We report on information obtained from a number of sources, which fall into

three broad categories: (1) metal concentrations and radionuclide activity levels in

marine organisms collected near SONGS; (2) metal concentrations and

I On Juo" ?3-n, Lg76,the Marine Review Committee, at the suggcstion of J. Mihursky, the
representative for the environmental groups at that time, held a meeting where a panel of experts on
the enviro"-ental effects of nuclear power discussed the'metals issue". The joint opinion of this panel
was that SONGS was unlikely to be a significant source of metals with the possible exception of copper.
It was recommended that copper not be used 1o 16s gooling system at SONGS. [f this recommendation
were followed, it was 1[engh1 that the program should trot attempt to detect and follow such materials
coming from the plant Qrcnonal communication from J. Mihursky to W.W. Murdoch on6/La/89).

2



radionuclide activity levels in SONGS' effluents, and in seawater and sediments

near the plant; and (3) estimates of potential releases of metals in SONGS'

effluents, incorporating knowledge of plant structure and chemical inputs. We first

describe the relevant findings from tissue concentrations of metals in mussels and

sand crabs. Metal concentrations reported in the large baseline set of data collected

by the State Mussel Watch Program are examined, and contrasted with the values

from MRC studies of metals in mussel tissues (Section 2). We then examine in

detail the MRC studies of metals in mussel tissues (Section 3). Section 4 gives the

results of MRC-sponsored studies on the concentrations of metals and radionuclides

in the tissues of sand crabs. In that section we also consider independent reports on

metal concentrations in sand crab tissues near SONGS, provided by Dr. A. Wenner,

a former MRC contractor.

Researchers have been monitoring metal concentrations in seawater and

sediments at locations throughout the Southern California Bight for a number of

years, and some of these studies collected samples in the region of San Onofre.

Using these data, and seawater and sediment samples collected by SCE near the

generating station, we examine the extent to which SONGS appears to influence

metal concentrations in the local environment, and whether these concentrations

pose a potential threat to marine organisms (Section 5). In Section 6, we examine

measurements of metal concentrations in SONGS' effluents, and evaluate

engineering estimates of potential sources of chromium discharges from SONGS.

Finally, we focus on the possibility that radionuclide releases from SONGS

might produce adverse ecological effects (Section 7). We examine reports by SCE

to the Nuclear Regulatory Commission on radiological releases from SONGS, and



survey the literature for further information regarding

artificial radionuclides into the marine environment.

effects of releases of
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2. STATE MUSSEL WATCH'S MEASUREMENTS OF METAL
CONCENTRATIONS IN MUSSEL TISSUES

2.1 Summary

The State Mussel Watch Program (SMW) has been using mussels to monitor

the quality of California coastal, bay and estuarine waters for over a decade. They

established a station near the San Onofre discharges in L985-1986, providing an

ideal opportunity to contrast the values recorded there with the extensive and

analytically consistent SMW data base. In addition, we compared metal

concentrations detected in the MRC-sponsored mussel studies of. I976-L977 and

1986 with those reported in the SMW data base.

Metal concentrations reported from the San Onofre site by the State Mussel

Watch were quite similar to concentrations at several relatively "clean" Channel

Island stations and to values at coastal reference stations. Mussels from San Onofre

had lower levels for eight of the nine metals assessed, compared with the

neighboring Oceanside site, which is a coastal reference station specifically located

"away from known sources of pollution". Additionally, none of the metal levels

detected at San Onofre by SMW in 1985-1986 were close to the 85th percentile for

the total SMW data collected from L977-7986. This percentile is the level at which

State Mussel Watch flags a site as relatively polluted, and begins tracking that site

more closely.

The values reported in the two MRC-sponsored studies were in general

agreement with those detected near San Onofre by the State Mussel Watch.

Interestingly, some of the chromium values from the 1976-1977 MRC study were



lower than any ever recorded by SMW. The 1986 MRC study showed somewhat

high values for manganese, but the SMW data base reveals that, during roughly the

same time period, even higher levels of this element were present at stations both to

the immediate north and south of San Onofre. It is thus unlikely that the generating

station is the primary source for elevated levels of manganese. In additioq high

concentrations of Mn in the tissues of mussels can result when they are exposed to

high levels of particulates, even when Mn is not particularly elevated in the

environment.

The State Mussel Watch data from 1985-1986 indicated that metal

concentrations in mussels at the San Onofre site were not high relative to other sites

that are monitored, so subsequent monitoring of this station was discontinued.

Although we concur with the finding that the San Onofre region appears relatively

"clean" with respect to metal concentrations in 1985, continued use of mussels as

bio-indicators at this site could provide valuable information regarding the potential

impact of discharges by SONGS on the marine environment, and especially of how

they might change through time.

2.2 Bacl<ground

The State Mussel Watch Program measured metal concentrations in mussels

outplanted at San Onofre in 1985-1986, and has been measuring tissue metal

concentrations in mussels collected at numerous other stations along the entire

California coastline for over ten years. This data base permits us to compare

concentrations of trace metals recorded at stations near SONGS with tissue

concentrations measured elsewhere, and to contrast the concentrations recorded by



the Mussel Watch Program with those collected in the MRC-sponsored outplants

described in Section 3.

Mussels are widely used as bio-indicators because they are a cost-effective

means for monitoring pollutant concentrations in the aquatic environment

(Goldberg et al. L978: Hayes and Phillips 1987). They are well-suited for use as a

bioassay as they are long-lived, and efficient accumulators of toxic substances in

their environment (Stephenson et al.1930). The sessile habit of mussels also makes

them ideal for transplanting to sites where no resident populations are present.

Outplants can be established in areas suspected of having high pollutant

concentrations regardless of whether the appropriate hard substrate for mussels is

naturally available (Hayes and Phillips 1985).

The State Water Resources Control Board (SWRCB) established the

California State Mussel Watch (SMW) as a long-term program for monitoring water

quality in California coastal waters, bays and estuaries. SMW has been routinely

assessing the concentrations of 9 potentially toxic trace metals in mussel tissues from

numerous sites along the California coast since 1977. Currently SMW takes two

types of measurements. The first are taken at a set of coastal reference sites and

resident M. caffimianrs are used in most cases. The second type are taken at "hot-

spots" in areas of suspected contamination using transplanted M. califumianus.

Thirty-one stations were initially established in areas thought at that time to be

distant from point sources of pollutant discharges. Regular monitoring of these 31

stations was discontinued in 1978, but in conjunction with five coastal references

stations, also located away from known sources of pollution and still monitored on

an annual basis, these sites provide a broad baseline of trace metal concentrations in

mussels.



The SMW uses a standardized methodolory in handling and analyzing

pollutant concentrations in its samples (Hayes and Philtips 1985; Hayes and Phillips

1987). This is a distinct advantage in assessing spatial or temporal trends in the

data, since estimates from different laboratories can differ substantially, probably

due to the use of differing analytical techniques (Hayes and Phillips 1986). Details

of the methods employed in the SMW program can be found in their annual reports

(e.g. Hayes and Phillips 1985; Hayes and Phillips 1987). Values reported here are

allin pg/gdryweight.

Two aspects of the studies examined here should be mentioned. SMW

transplants and the majority of the resident population data are tissue

concentrations from Mytihts caffimianru, the California mussel, while the MRC

outplants were Myihts edulis, the bay mussel. This raises the possibility that

differences in metal concentrations between the two studies may arise simply from

intra-specific variability in tissue affrnities for the various metals. We address this

potential confound below (see Stephenson et a|.1980 for a detailed analysis).

A second consideration involves the duration over which transplanted

mussels were deployed in the field. Metal uptake rates can vary widely, a two

month period being adequate for assessing the environmental concentrations of

some metals, while an oulplant duration of six months or more may be necessary for

complete tissue equilibrium to occur for metals such as silver, copper or lead (Hayes

and Phillips 1985). The SMW uses outplants of four to six months, which should be

adequate for most metals. They left mussels at the San Onofre station for 4.9

months.
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We contrast metal concentrations from six SMW stations

concentrations detected bv SMW in 1985-1986 at San Onofre,

concentrations measured by the MRC in its 1976-1977 and 1986 outplant studies

(Tables L and 3). The SMW stations examined here include the two coastal

reference stations within the southern California bight (Royal Palms Beach and

Oceanside), which were located by SMW in order to provide a long term baseline

set of metal concentrations from regions distant from known sources of pollution.

(In spite of this goal, the Royal Palms Beach station is located within several km of

the White's Point sewage outfall.) The two Channel Island sites are presented

because they presumably exhibit metal concentrations indicative of relatively

pristine ocean waters. The station atLaJolla is listed because it is situated near an

MRC sampling location for sand crabs. Data from the Bodega Head site are

included because this was the source site for mussels transplanted to San Onofre.

The individual stations monitored by the MRC in 1976-1977 and 1986 are described

in Section 3, but all were located within 15 km of SONGS.

23 Results

We first examine data collected by the State Mussel Watch Program,

comparing concentrations from the San Onofre station with the program's extensive

data base of metal concentrations from other stations in southern California. We

then contrast the results of the MRC-sponsored mussel outplants with those of the

SMW progam.

with

and

the

with



2.3.1 State Mussel Watch Results

Nine metals were assessed in tissues of mussels outplanted at San Onofre by

the State Mussel Watch Program during 1985-1986 (Table 1). None of the metal

concentrations at the San Onofre station were elevated relative to the other five

sites. In fact, for chromium, lead, mercury, silver, and zinc, concentrations at the

San Onofre station were the lowest" compared with the mean concentrations from

the other stations (Table 1).

Closer comparison of the San Onofre data with other Mussel Watch stations

reveals some interesting points. The Oceanside site is a coastal reference station,

specifically chosen to be distant from known sources of pollution (Hayes and

Phillips L987). Yet, all of the mean metal concentrations in mussels from Oceanside

were higher than those at San Onofre, with the exception of cadmium. For

cadmiunr, the San Onofre concentration was well within the range observed at

Oceanside (Table 1).

The two Channel Island stations were chosen to represent relatively pristine

conditions distant from industrial and urban influences. Concentrations of

chromium, copper, and mercury from San Miguel and Santa Barbara Islands were

quite similar to those found at the San Onofre station (Table 1). This indicates that

for many metals, the concentrations in waters near the generating station were

indeed similar to those found in areas with minimal anthropogenic input. High

cadmium concentrations detected at the island stations probably reflect greater

influxes of more northern waters, which tend to exhibit elevated cadmium

concentrations due to strong upwelling of mid-depth water (Hayes and Phillips

1987). The aluminum concentration at San Onofre appeared elevated with respect
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to the island stations, but was well within the range found at the three other

mainland stations, and substantially lower than the mean concentration at

Oceanside Beach (Table 1). Manganese also appeared slightly higher at San

Onofre than at the islands, but the concentration was below the lowest

concentrations found at two of the mainland stations (Oceanside Beach and Royal

Palms Beach), and roughly equal to the mean concentration from I-a Jolla Beach

(Table 1). The higher concentrations of aluminum and manganese at mainland sites

in comparison with sites at the islands may well be due to the higher particulate load

in mainland coastal waters (Hayes and Phillips 1985).

The State Mussel Watch Program keeps a running tally of metal

concentrations measured at all the stations along the California coast. "Elevated

data levels" (EDL's) are calculated from this extensive data base, and represent the

concentration, for each metal, which equals or exceeds the 85 or 95th percentile of

all measurements collected in organisms of that species and exposure t)?e (Table 2;

Hayes and Phillips 1987). The concentrations for the EDL's in the SMW

Transplanted populations tend to be higher than for the Resident populations

(Table 2), probably because transplants are usually located in areas suspected of

high pollutant concentrations. Metal concentrations in California mussels deployed

at San Onofre, however, were far lower than the 85Vo E,DL for every metal

measured, using either the Resident or Transplanted California population EDL s

for comparison (Tables 1 and 2). Since the Mussel Watch data come from a variety

of sites over a broad range of conditions, the fact that the San Onofre

concentrations do not exceed the 85th percentile of these observations indicates that

the San Onofre station is probably less exposed to metallic pollutants than many

other SMW stations. Although metallic pollution could still be impinging on the

San Onofr e atea, the results presented above suggest that anomalous biological

t 1



conditions seen near SONGS, in comparison with other areas, are probably due to

factors other than unusually high metal concentrations in the environment there.

Further evidence that San Onofre is a fairly "clean" area in terms of metal

concentrations comes from a comparison of the concentrations seen by SMW in

mussels transplanted there, with the concentration of metals in mussels at Bodega

Head, the source site, at the time that mussels were being collected for

transplantation to San Onofre. The concentrations seen at San Onofre were

generally about the same or less than those seen at Bodega Head (Table 1). The

exception was aluminunr, which was higher at San Onofre, but higher concentrations

of aluminum were seen at the other nearby sites in Southern California (Table 1).

2.3.2 Comparison of the State Mussel Watch results with the MRC-sponsored
studies

We examine in detail the evidence for spatial patterns in metal

concentrations from two MRc-sponsored mussel outplants in Section 3. Here we

contrast the data from those studies with concentrations reported by the State

Mussel Watch Program. The MRC outplants used the bay mussel, M. edulis as the

study organism, and metal concentrations in resident bay mussels are generally

higher than those in Resident California mussels (Table 3). For this reason we

believe that when we are forced to make inter-specific comparisons, they tend to be

environmentally conservative ones.

The concentrations reported for individual metals in the three studies-the

7976-7977 and 1986 MRC oulplants, and the 1985-1986 SMW outplant-- were

generally similar, exhibiting a range of concentrations for each metal that could

occur due to natural temporal fluctuations at a station, even when we ignore the fact

L2



that the 1985 Mussel Watch outplant used M. califomianru (Table 3). Values from

the MRC outplants for most of the metals were within the range of concentrations

reported by the SlvtW from the Channel Island and coastal reference stations

(Tables 1 and 3).

The concentration of nvo metals from the 1976-1977 MRC study appeared to

differ somewhat from the concentrations recorded by the SMW at San Onofre

during 1985-1986: chromium concentrations were quite low, and copper

concentrations somewhat high in the MRC outplants relative to the SMW

concentrations (Table 3). Indeed, two of the six chromium concentrations reported

in the 1976-7977 MRC study were lower than any found by the SMW in Mytilus

califomiantu or M. edulis tissues from 125 stations measured over a ten year period

(Hayes and Phillips 1987). The three highest copper concentrations were measured

near SONGS in 1976-1977 (Table 3) at a time when copper was still a component of

that system's cooling system (Section 3). However, these concentrations were all

below the 85Vo EDL for Resident bay mussels set by the State Mussel Watch

(Tables 2 and 3). Such high copper concentrations were not obtained by SMW in

1985-1986 or in the 1986 MRC study (Table 3), perhaps because copper conduits in

the station had been replaced with titanium and concrete by mid-1981. Possible

explanations for the generally higher metal concentrations seen during the "off' than

during the "on" 1976-1977 outplants are discussed in Section 3.

The 1986 MRC outplants were slightly elevated in cadmium, copper,

manganese and zinc, relative to the 1985-1986 SMW data from San Onofre

(Table 3). None of these differences were substantial, however, and the

concentrations for copper, and zinc from the 1986 MRC data closely matched the

concentrations from the Oceanside reference station (Tables 1 and 3). None of the
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concentrations for any of these metals exceeded the 85Vo EDL for Resident bay

mussels (Tables 2 and 3). Although several of the manganese measures in bay

mussels from the 1986 MRC outplant at San Onofre exceeded the SMW's SSVoEDL

for resident Califurnia mussels, even higher concentrations of manganese were

detected by SMW in California mussels from relatively nearby sites. For example,

in 1985-1986, the State Mussel Watch detected 25.77 ttg/g of manganese in

Oceanside Harbor, fl.aa pg/g at Oceanside, and only 6.30 ttg/E at San Onofre.

SMW stations to the north of San Onofre also showed manganese concentrations

higher than 1.0 1tg/gthatyear (Hayes and Phillips 1987).

2.4 Conclusion

The concentrations of nine metals reported by the State Mussel Watch

Program in mussels outplanted at the San Onofre discharges indicated that the area

is relatively clean with respect to metallic pollution. Comparisons of the SMW

concentrations with concentrations recorded from MRC-sponsored outplants also

indicate that the San Onofre region has relatively low concentrations of metals.
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3. MUSSEL STUDIES AT SONGS AND METALS

3.1 Introduction

The MRC funded two mussel studies, one during I976-L977 and a second

during 1986. In the first study, mussels were outplanted at varying distances from

the outfall at Unit 1. In the second study, mussels were outplanted at varying

distances from the diffusers of Units 2 and 3. Only in the 1986 study were stations

located upcoast as well as downcoast of SONGS. Listings of the programs and data

bases used in these analyses can be found in Appendix A

The results of the initial study indicated that mussels grew at a slower rate in

the immediate vicinity of Unit 1's outfall (Kastendiek et a|.1981). The mechanisms

for this reduction in growth rate were not certain (Kastendiek et al. 1981); a similar

reduction in growth was seen when Unit 1 was classified as "off' as well as during

"on" periods. Mussel samples from the longest "on" and "off' outplants were frozen

pending potential metal analyses. At the time of the initial studies, the MRC

considered the release of metals a very unlikely mechanism for impacts on mussels

or other organisms. Consequently, the samples remained frozen until release of

metals from SONGS was suggested as a possible mechanism of impact on sand

crabs. Because of the focus on metals in relation to studies of sand crabs, in 1986

the MRC authorized metal analyses on these stored samples. In addition, a second

study of mussels was undertaken in 1986, and mussel samples associated with this

study were analyzed for metal concentrations.

In this section we examine spatial patterns in metal concentration in relation

to proximity to SONGS, and examine relationships betrveen mussel growth or gonad
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weight, and tissue metal concentrations. In Section 2, we compared the tissue metal

concentrations seen in the MRC studies with those reported from other sites by the

State Mussel Watch program.

3.2 Methods and Study Design

Field methods for both the 7976-1977 and 1986 studies follow those

described in Kastendiek et al., 1981. The 1976-L977 oltplants were done before

State Mussel Watch had determined their standard size range for transplanted

mussels. Consequently, a wide range of initial mussel lengths (30-60 mm) was used

in that study. To avoid confounding the influence of initial size with location, each

individual mussel at a station was matched in size with a mussel at each of the other

stations. During the 1986-L987 study, mussels in a narrower size range (a5-60 mm)

were used. The bay mussel, Mytihts edulis, was used in the MRC studies. In our

statistical analyses of metal concentrations we do not use size as a covariate. This is

because metal concentrations are only available for a composite at each station or

site, not for each individual mussel, and the average sizes used at each site or station

were standardized.

Table 4 provides a description of the nro MRC oulplant studies. For the

L976-L977 study, tissue metal data are available from one "on" and one "off'period,

each lasting approximately four months. During each period, mussels from four

distances downcoast from the outfall of Unit 1, (25,50, 1600, and 12,800 m) were

analyzed (Fig. 1). For each outplant period, composite samples consisted of

approximately 15 mussels coming from a single bag. Thus, for a given period and

distance from the diffusers there is no replication.
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During 1986, a bag of thirty mussels was outplanted at each of three replicate

sites within each of six "general areas" arrayed from approximately 5 km upcoast to

approximately 5 km downcoast of SONGS (Fig. 1). These :ueas were (in order from

upcoast to downcoast): the upcoast portion of San Mateo Kelp Bed (SMKU), the

downcoast portion of San Mateo Kelp Bed (SMKD), the "north bed", a small kelp

bed immediately upcoast of Unit 2 and 3's diffusers (SOKN), the region in the

immediate vicinity of SONGS' diffusers (Diffuser area), the upcoast portion of the

main San Onofre Kelp bed (SOKU), and Pendleton Artificial Reef (PAR). Mussels

were outplanted on September 4, 1986. Half the mussels (15) from each bag were

removed from the field on December 3L, 1986 and 10 of these mussels from each

bag formed a composite sample analyzed for metal concentrations. The values

based on these composite samples from each bag at a site were treated as replicate

observations within each of the six areas. Thus, there were three replicate samples

from each general area, each collected from one of three separate sites located

within a few hundred meters of one another.

Metal concentrations in the composite samples of the mussels were assayed

by SAIC blindly (i.e. without knowledge of the outplant locations). Samples were

analyzed by atomic absorption spectrophotometry, using both flame and graphite

techniques. Accurary of instrumentation was checked by estimating the

concentration of metals in certified reference material (lobster hepatopancreas

tissue) provided by the National Research Council of Canada. Precision of

concentration estimates was evaluated by analysis of three or four separate aliquots

from a mussel sample and from reference materials. Replicate aliquots were

analyzed for one 1976 mussel sample, one 1986 mussel sample and for the reference

material used to determine accuracy for both these sets of samples. Additional
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details on the methods, and the precision and accuracy of these methods is in SAIC

(I987a and b), which are reproduced here as Appendix B.

33 Results

3.3.L L976-L977 Study

During the "off'period, power production was low, and water flow averaged

about half of its ma:rimum capacity (Table 4). During the "on" period, power

production was high, and water flow through the cooling system averaged

approximately 80Vo higher than during the "off' period (Table a). During the "on"

period, the current was predominantly in the downcoast direction (Table 4).

Current measurements were first made by the MRC in February 1977, so no data

are available for the initial part of the "off' period. For the Portion of the "off'

period beginning in February L977, atnents were upcoast and downcoast about an

equal number of the days for which data were available, with the avetage current

only slightly in the downcoast direction (Table 4).

The mean growth rates and metal concentrations from the outplants at the

stations are in Table 5. Spatiat pattenu in metal concentrations were analyzed by

regression against distance from the Unit 1 outfall, with dummy variables included

to allow different means and slopes in the two periods (i.e. ANCOVA see Table 6).

In no case were the slopes significantly different between periods. Metal

concentrations were log transformed. By using log transfonnations we have invoked

a model assuming an exponential decline in concentration with distance from the

outfall.
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The most striking pattern in the results is that metal concentrations were

significantly higher during the "off'period than during the "on" period for six of the

eight metals (the exceptions were Cd andZn, Table 6). For five metals, there were

no significant or nearly significant trends with distance from the outfall (Cd, Cu, Ni,

Pb, Zn; Table 6). For three metals (Cr, Fe, Mn), concentrations declined

significantly (Fe) (p<0.05) or nearly significantly (Mn, Cr) (p<0.10) with increasing

distance from the outfall (Table 6). These results suggest (assuming tissue metal

concentration reflects environmental concentration, see Discussion) that there is a

source of these metals at, or upcoast of the outfall, and perhaps, that more metals

were released from that source during the "off'period than during the "on" period.

Since no metal data were collected from upcoast of the outfall during t976'1977, it

is not possible to distinguish between releases from a source at the outfall or

upcoast of the outfall. Although copper showed no statistically significant trend with

distance from the outfall, and concentrations were similar at all sites, the two

highest concentrations during both periods were at the two stations closest to the

outfall (within 50 meters; Table 5).

Relationships between mussel growth and metal concentration were

analyzedby ANCOVA using metal concentration as a covariate and period ("on" or

"off') as the class variable. A preliminary analysis indicated that slopes were

homogeneous across periods. (No analyses are reported for gonad mass or gonad

index for L976-1977 becatse the estimates of gonad mass are unreliable due to

deterioration of the samples during their long storage.)

Growth rate was significantly and negatively related to tissue copper

concentration, but not to the concentrations of any of the other metals (Table 7). In

these analyses, the effect of Period was also significant only for the analysis against

T9



copper. This effect indicates that for a given copper concentration, growth rate was

different in the trvo periods. This results from the fact that growth rate did not vary

much between the periods while copper concentration did.

3.32 1986 Study

During this study, all three units averaged substantially greater than 50Vo of

capacity in both flow through their cooling systems and in power production, and the

current was predominantly in the downcoast direction (Tabte 4).

Because there was replication within general areas during 1986 these data

were analyzed by ANOVA' followed by a posteion comparisons using the Tukey-

Kramer method. This contrasts with our analysis of spatial patterns for the 1976

outplant, which we analyzed by regression, using a dummy variable for period (see

above).

There was significant variation among general areas in growth rate, gonad

weight, gonad index (gonad weight/total weight), and the tissue concentration of all

metals except zinc (the concentration of nickel was always below detection limits,

and will not be considered further). Note that there can be significant variation

among means even though we cannot distinguish between any two means using

pairwise comparisons.

Growth rate was lowest at the diffusers and the site immediately

(approximately 0.5 km) downcoast from the diffusers (SOKU) (Table 8). Growth

rate did not differ significantly between these two sites, but was significantly less at

each of these sites than at the other four sites. Growth rates at these other four sites
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were not distinguishable from one another (Table 8). Gonad weight only differed

significantly between SMKD and SOKN (Table 8). No pairs of sites could be

distinguished in gonad index (Table 8).

There was a general pattern for metal concentrations to be highest in the

downcoast portion of San Mateo Kelp bed (SMKD), approximately 4.5 km upcoast

of SONGS, and to decline with increasing distance downcoast (Table 8). This

pattern was especially marked for Cr, Fe, Mn" and Pb. Concentrations at the

furthest upcoast site, SMKU, were lower than at SMKD for most metals, and

intermediate in value in comparison with the other downcoast stations (Table 8).

For two metals (Cd and Zn), no pairs of stations could be distinguished statistically

(Table 8). For each of the other five metals, at least one station had significantly

lower concentrations than a station upcoast of it (Table 8). Considering SMKD and

stations further downcoast, there was no case where a downcoast station had

significantly higher concentrations than a station further upcoast. However, only for

Mn was it possible to statistically distinguish concentrations at SMKD from those at

the diffusers (DIFF). The other metals showing the most distinct differences among

stations were Cr and Fe (Table 8).

The biological variables were generally not highly or significantly correlated

with the concentrations of metals in tissues (Table 9). The one exception was the

negative correlation between $owth rate and tissue concentration of Cd (Table 9).

3.4 Discussion

In its early consideration

conclusion that release of metals

of the "metals issue", the MRC reached

bv SONGS was not a mechanism by which

the

the
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Plant was likely to cause ecological impacts. The MRC's more recent concern

regarding metals stemmed largely from an informal report (Wenner 1982a; also see

Wenner 1988) that concentrations of some metals were higher in sand crabs near

SONGS, and that these higher concentrations -ight have adverse effects on the

crabs. The MRC has been particularly concerned with the concentrations of

manganese, irorl and especially chromium, because these are the metals for which

the MRC studies found some indication of higher concentrations near SONGS in

sand crab tissues (Final Technical Report A Sand Crabs).

The results of the MRC mussel studies suggest that there may be a source of

manganese, aod perhaps iron and chromium, near, but upcoilst of SONGS. As

demonstrated in the previous section (Section 2), however, the metal concentrations

found in mussels at the sites most proximate to SONGS are generally low in

comparison with other sites in southern California.

Results from the MRC studies during 1976-L977 and 1986 are consistent. In

both studies, mussel growth was lower in the vicinity of the SONGS outfall or

diffusers. Also, in both studies there was a tendency for the concentration of Mn,

Cr, and Fe to decline with distance downcoast from the SONGS area. The results

from 1986 suggest that the source of metals creating this gradient is likely to lie in

the vicinity of SMKD and downcoast of SMKU, rather than at or in the very near

vicinity of the SONGS outfall or diffusers. The SMKD station is located almost

immediately offshore of the outlet for San Mateo Creek (Fig. 1), and Mn is

associated with stream runoff (Hayes and Phillips 1985), while high concentrations

of Fe are known to be associated with high sediment loads. Thus, San Mateo Creek

is the most likely cause of the obsenred longshore gradient in metal concentration in
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tissues from outplanted mussels. This possibility could be tested by sampling the

water in the creek to determine if Mn concentration is hieh there.

Stream runoff may also explain differences in concentrations of metals in

mussel tissues between the "on" and "off'periods during t976-1977. The "off'

period, when higher concentrations of metals were seen in mussels, ws in the

winter, during a period of higher rainfall and stream runoff than in the subsequent

"on" period (Dixon et aL 1988). An alternative explanation regarding differences in

metal concentrations between the "off' and "on" periods is that metal concentrations

declined from winter to spring in association with the beginning of the reproductive

season for mussels (Simpson 1.979, but see Brown et al. 1982). A third possibility is

that SONGS Unit L released more metals during the "off'period than during the

"on" period. Although higher releases of copper were seen at the Diablo Canyon

power plant following a prolonged period when there was no pumping (Harrison er

al. L980), it seems unlikely that all the metals assayed would respond in this way, as

they would need to, to explain the 1976-1977 results.

The concentration of copper in mussel tissues was higher in the "off'period

of 1976-1977 than during either the "on" period from that study, or in mussels

outplanted near SONGS'outfalls during later studies. Although no significant trend

with distance was detected in the 1976-1977 study, mussels from the two stations

closest to the difftrsers had the highest concentrations of copper during both the "on"

and "off' periods. In Section 2 we noted that these concentrations during the "off'

period were also high in comparison to reference stations away from known sources

of pollutants, although they do not fall among the highest 1.5Vo of the values

recorded for copper in resident populations of bay mussels by State Mussel Watch.

We also found a significant negative relationship between growth rate and tissue
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concentration of copper. It is possible that SONGS Unit t was the cause of these

higher concentrations, but this potential source of copper was removed by mid-1981.

However, lower growth was seen near the diffusers in both the "off' and the "on"

periods of the L976-L977 study, even though concentrations of copper were not

especially high during the "on" period. Furthermore, lower mussel growth was still

seen in the vicinity of the SONGS outfall during 1986, when tissue concentrations of

copper were not especially high. The results from 1986 suggest that the correlation

between gowth and tissue copper concentration in 1976-1977 may be spurious. A

more likely alternative hypothesis accounting for lower growth of mussels

outplanted near SONGS that can explain both the early data and 1986 results as

well, is that seston or sediments in the area of the SONGS outfall interfere with

mussel feeding, and lead to reduced growth rate (Widdows et aL.1979, Kastendiek er

al. L981).
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4. MRC SAND CRAB STUDIES AND METALS

The MRC has conducted a number of studies on sand crabs, and the results

of these studies are reported in detail in Final Technical Report A The conclusion

of that report is that although sand crabs in the San Onofre area tended to be

smaller and to reproduce less successfully than elsewhere, these spatial patterns are

best explained by natural characteristics of the local beaches.

The MRC first became concerned that metallic releases by SONGS might be

adversely affecting sand crabs based on an informal report (Wenner I982a, also see

Wenner 1988) that metal concentrations were high in sand crabs collected at

beaches near SONGS in 1982. As a consequence, metal concentrations were

evaluated in beach sediments and sand crab tissues at several subsequent times.

Details of the methods and results are reported in the Final Technical Report A.

Here, we summarize the data on metal concentrations presented in that report. For

completeness we include tables of the metal concentrations measured in beach

sediments and sand crab tissues at each beach (Tables 10-16).

The data which led to the original report of high metal concentrations in

sand crabs (Wenner 1982a) are reproduced in Table 10. These same data have

subsequently been published (Wenner 1988), although the values for chromium and

cadmium were not included in that publication. Wenner (19SS) concluded, based

on these results, that the concentrations of manganese, nickel, zinc, and iron were

high near SONGS. For nickel and zinc, this conclusion appears to be based on high

values from single samples at a site 0.4 km north of SONGS (Unit 1) (Table 10).

The conclusion for iron seems to be based on high concentrations in two samples

(from 0.4 and 1.5 km north of SONGS; Table 10). Only for manganese is there

25



evidence that the concentrations were higher in a broad area about SONGS. In

Section 6 we note both that there is no known source of significant amounts of

manganese at SONGS, and that manganese is not considered to be a particularly

toxic metal. Of the patterns seen in the 1982 data, however, only that seen in

manganese is consistent with later MRC studies of metal concentrations in sand

crab tissues. In addition, these later studies indicate that the high concentrations for

manganese seen within approximately 7.5 km about SONGS during 1982, do not

appear to be confined to this region. The concentrations seen near SONGS are not

particularly high when considered in the broader context of the beaches in a region

extending up to 30 km from the plant; there appear to be local ma,xima in at least

three different locations within that area (e.g., Tables 15 and 16).

From studies done for the MRC, measures of the concentration of eight

metals in beach sediments are available from 15 or 16 beaches for one time in July

and one time in August during 1983. Metal concentrations in sand crab tissues are

available from most of these beaches for these same time periods, and from 27

beaches during August 1986. A majority of the beaches where metals were assayed

are within 20 km of SONGS, but other more distant beaches were also sampled.

In general, metal concentrations in sediments were low at beaches near

SONGS relative to other beaches, and the concentrations were notably high at

Cabrillo Beach in Los Angeles (Tables 11 and 12). Copper showed an obvious

declining trend going from north to south, starting at Cabrillo Beach. In both

months, manganese was higher at 1.5 km North than at the 0.4 km North station

immediately downcoast, or the next beach sampled upcoast (6.5 km North). This

local ma,rimum is consistent with results from the MRC mussel studies (Section 3).

Neither nickel nor zinc showed indications of taking higher concentrations in
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sediments near SONGS (Tables 11 and 12). In August 1983, a local ma,rimum for

iron was seen at 1.5 km north of SONGS (Table 12). The metal concentrations in

these beach sediments were much lower than is evident in subtidal sediments

(Section 5). This is not too surprising since metal concentrations in sediments are

negatively associated with sediment grain size and, perhaps because of this,

positively associated with depth, with finer sediments occurring in deeper subtidal

areas (Thompson et al. L987).

Metal concentrations in sand crab tissues were not generally higher in the

vicinity of SONGS than elsewhere (Tables 13 - 16). There was no indication of

especially high concentrations of either nickel or zinc. Concentrations of nickel

varied considerably, with high and low concentrations occurring at adjacent beaches

away from obvious sources of the metal (Tables 13 - 15).

There tended to be a preponderance of high values for manganese tissue

concentrations at beaches within roughly 30 kilometers of SONGS, in comparison

with I,a Jolla (Tables L3 - 16). Within this zone, higher concentrations were

sometimes seen near Dana Point (about 15 km north), 1.5 and 0.4 km north of

SONGS, and at Oceanside (25 km South). In one case, the local ma:rimum for

manganese near SONGS was clearly upcoast of the generating station (Table 13).

In only one of the four sets of data (Table 16) is there clear evidence that the local

ma,ximum is centered within a kilometer of SONGS, and not at other beaches only a

few kilometers upcoast. In two other cases (Tables 14 and 15), the highest

concentrations for manganese in the area around SONGS were at 0.4 km North, but

data were not available from other upcoast beaches nearer than 6.5 km North.

None of the concentrations seen within a few kilometers of SONGS, however, were

the highest in comparison with those at other beaches in the general area.
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Chromium and iron tissue concentrations appeared high in one category of

sand crabs collected at the beach closest to SONGS during August 1983 (Table 15).

Chromium tended to be at higher concentrations in the general area about SONGS

during August 1986 (Table 16). The high concentration seen for chromium in 1983

(Table 1.5), however, was no higher than that seen at another beach (for a different

category of crabs) t2 km north of SONGS (Table 1a). In addition, the "high"

concentrations seen for chromium near SONGS in 1986 (Table 16) were lower than

a number of observations in 1983 (Tables 13 - 1.5, see for example Table l'5,

Oceanside).
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5. EFFECTS OF SONGS ON THE CONCENTRATIONS OF METALS
IN MARINE SEDIMENTS AND SEAWATER

5.1 Summarv

Evidence from marine sediments and seawater sampling done by the

Southern California Coastal Water Research Project (SCCWRP), Southern

California Edison Company (SCE), and the Marine Review Committee (MRC),

indicate that SONGS has not substantially modified metal concentrations in the

region.

The two reference surveys done by SCCWRP in 60 m of water show that the

concentrations of seven metals in marine sediments near SONGS are representative

of those found at "uncontaminated" mainland shelf sites. Metal concentrations

found at San Onofre in these studies were also similar to those found at control sites

to the immediate north and south. The concentration of copper in 1985, and zinc in

both 1977 and L985 were somewhat higher in sediments from San Onofre than the

average at the reference sites. However, these concentrations were within the range

observed at other reference sites, and in each case were exceeded by one or both of

the two nearest reference sites (Carlsbad and San Clemente). Because of the depth

at which these sediments were collected we would expect only severe contamination

by SONGS to be detected in them.

Both the SCE measures of metals in seawater and sediments in 15 m of

water, and MRC studies of beach sediments, also fail to implicate SONGS as a

major influence on metal concentrations. Indications that iron concentrations have

increased in seawater samples could easily be due to changes in levels of suspended
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material in the water column due to wave action and run-off from winter storms.

An increase in chromium concentrations in sediments at a 15 meter depth from

1978-1980 to 1985-1987 is evident in SCE data. This increase is seen at both an

impact site near SONGS and a control site approximately 7 km downcoast of

SONGS. Because the increase is slightly greater at the impact site than at the

control site, and because there are no control stations substantially upcoast from

SONGS, we cannot frrrnly rule out SONGS as the cause of the temporal change.

However, the evidence is not compelling that SONGS is the cause, and other

sediment data from 30 and 60 meter depths do not indicate an increase in chromium

concentrations localized near SONGS.

Assessing whether the metal concentrations in seawater prior to 1985 were at

toxic concentrations is complicated by the fact that estimates of metal

concentrations in "clean" seawater have declined through time as analytical

techniques improved. Avoidance of contamination of samples is also a major

problem since metal concentrations in seawater are often extremely low, and near

the detection limit of the analyses. The average concentration of copper in seawater

samples collected by SCE in 1978 to 1980, both in an impact area and in a control

area, were slightly above the current "Conservative Estimate of Chronic Toxicity"

(CECT) developed by the State Water Quality Control Board in 1988. Our

confidence in these data on copper concentrations is reduced because of the high

average copper concentration detected in the control area, very high values

occasionally being detected in both control and impact areas, suggesting possible

contamination, and the general problem associated with overestimation of metal

concentrations in seawater during earlier years. Virtually all metal concentrations

for seawater reported by SCE after Units 2 and 3 began operations were below

detection limits. Unfortunately, the detection limit used for analyses of copper is
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above the CECT. However, we do not suspect that there is currently a problem with

copper contamination from SONGS because copper is not used in Unit 2 and 3's

cooling system, and copper was eliminated from the cooling system of Unit 1 in

1981.

5.2 Introduction

The operation of SONGS could alter the chemical composition of local

marine waters and benthic sediments. This is of concern because such changes

might result in ecological impacts on the marine community, via changes in the food

web due to impacts on plankton composition and abundance, or as a direct result of

toxicity of chemicals to marine organisms at higher trophic levels. We review

elsewhere the evidence for effecs of metals on mussels (Section 3) and sand crabs

(Section 4), and have examined spatial pattems in metal concentrations using

mussels as bio-indicators (Sections 2 and 3). Here we evaluate the available data on

the extent to which SONGS influences the concentrations of metals in local

seawater and marine sediments.

Nuclear generating stations with flow-through cooling systems can potentially

alter the metallic composition of the local marine environment in several ways.

Operation of the cooling system involves pumping large quantities of seawater, and

the occasional release of effluents potentially containing metals into these waters.

In addition, metal concentrations in the cooling waters could be altered by erosion

or corrosion of structural components of the cooling system. When discharged,

these cooling waters could influence the chemical composition of the local seawater

and sediment. Physical structures of the generating station on the beach or

extending into the subtidal area could alter local oceanographic conditions and
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thereby inlluence chemical balances in the local waters and substrate. Construction

tressels for the diffusers were steel pilings, and steel sheet piling was used to enclose

the construAion lay-down pad until 1984. Finatly, the rapid outflow of large

quantities of seawater could exert a hydrodynamic effect that might influence water

and sediment characteristics in the region.

53 Background

We located three primary sources of information regarding metal

concentrations in seawater and sediment from the vicinity of SONGS, including

information from the Southern California Coastal Water Research Project

(SCCWRP), data collected by Southern California Edison (SCE), and an MRC-

sponsored study of metal concentrations in beach sediments near SONGS- We

focus first on the baseline reference surveys undertaken by SCCWRP in1977 (Word

and Mearns 1979) and 1985 (Thompson et at. L987). SCCWRP originally assessed

sediment samples from 71 stations along the southern California coastline. They

were seeking to identiff control or reference sites: areas with metal contaminant

concentrations that reflect "background" conditions (Word and Mearns L979), for

comparison with areas known to be subject to anthropogenic elevations of

pollutants. Since sediment characteristics can vary with depth, they sampled only

along the 60 m isobath. They measured the concentrations of seven metals which

are EPA priority pollutants.

SCCWRP designated 29 of. their stations as control sites that apparently

reflected uncontaminated conditions, and used these sites to calculate mean

"background" concentrations for each of seven metals (Word and Mearns 1979).

The site at Sar Onofre was included among these control stations. A second
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reference site survey was done by SCCWRP in 1985 (Thompson et al.1987), which

resampled many of the control stations from the earlier study. The control stations

mentioned above lie between Point Conception and Imperial Beach (south of San

Diego). We report the mean and range of the concentrations seen, averaged over

all these sites during L977 and 1985 for the 60 m depth sampled in both studies. We

also report individual concentrations from the three reference stations closest to

SONGS: San Clemente to the north, San Onofre, and Carlsbad to the south.

Because of a special concern over chromium concentrations, we also report the

concentrations of chromium at a 30 m depth from all sites sampled in 1985, even

though there are no data from7977 for this depth.

We examined SCE's data on metal concentrations in sediments and seawater

collected from 1975-1980, and 1985-1987. The studies by SCE were conducted to

comply with the Nuclear Regulatory Commission's Environmental Technical

Specifications for Unit 1 and the Preoperational Monitoring Program for Units 2

and 3; and the California Regional Water Quality Control Board's National

Pollutant Discharge Elimination System requirements for Units l, 2 and 3. We

contrast data collected during the 1978-1980 period with data collected in 1985-1987

at the same stations.

The MRC collected data bn metal concentrations in beach sediments from

sites situated at varying distances from SONGS. Samples were only collected during

two months in 1983. These results are also discussed in Section 4, and in greater

detail in the Final Technical Report on sand crabs (Report A).

We examine these studies for evidence that metal concentrations are higher

in the vicinity of San Onofre than elsewhere. When possible, we determine whether
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metal concentrations have increased through time near San Onofre relative to other

locations. We also evaluate whether the metal concentrations detected are likely to

be having toxic effects on the local marine biota.

5.4 Results

The SCCWRP data from 1977 indicated that metal concentrations in

sediments from San Onofre were not elevated relative to the control stations

immediately to the north and south of the area; nor did they differ substantially in

comparison with the mean 'backgtound" concentrations averaged over all sites in

southern California (Table 17). In 1985 concentrations from San Onofre were equal

to or lower than those at the neighboring sites for six of the seven metals assessed

(Table 17). The concentration of chromium was only marginally higher at San

Onofre than San Clemente or Carlsbad in 1985, and well below the marimum

concentrations recorded from other control areas (Table 17).

Although comparisons between the nvo SCCWRP studies should be treated

cautiously (Thompson et al. L987), there are apparently no substantial increases in

metal concentrations at San Onofre between the 1977 and 1985 studies (Table 17).

Three of the metal concentrations at San Onofre declined and four increased

between 1977 asd 1985, but these changes cofid easily reflect natural temporal

fluctuations in metal concentrations since fluctuations of these same magnitudes are

apparent at the other two sites, as well as in the overall mean concentrations from

the reference stations (Table 17). None of the increases at San Onofre were

extreme when compared with the ranges of concentrations seen at the other control

stations representing 'background" conditions ("overall" values from Table 17). The

most conspicuous change was in silver, which showed a major decline in
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concentration at reference stations throughout southern Caiifornia, including the

three sites near SONGS (Table 17). Thompson et al. (L987) offered no explanation

for this large-scale temporal pattern, and we do not know its cause. Other metals

showing smaller, but statistically significant large-scale changes from L977 to L985

were cadmium and lead (decreases); and chromiurn, copper, and nickel (increases)

(Thompson et al. L987).

SCE measured the concentrations of chromium, copper, iron and nickel in

sediments and seawater at varying distances from SONGS from 1975 through mid

1980. They found no evidence of any spatial or temporal patterns in these samples

for copper, chromium or nickel (SCE 1981), and our examination of the data

supports this conclusion. The data collected through the end of 1979 were

portrayed graphically in SCE (1980), and we have included these graphs as appendix

C. Concentrations of iron in seawater samples increased over the duration of their

study, and this is attributed to increases in suspended material due to stonn runoff

and higher wave action (SCE 1981). Since this increase occurred at all sites

sampled, including a control site approximately 7 km from the generating station,

SONGS is probably not the primary source for the elevations in iron. It is worth

noting, however, that the mean iron concentration in seawater from the Unit 1

discharge sampling station was at least twice as high as concentrations from the

other sites (see Appendix C). This station was most nearshore, and so subject to

generally higher turbidity, which would tend to elevate measures of iron in water

samples (SCE 1981). SCE also acknowledged that operation of Unit 1 and

construction of Units 2 and 3 could have contributed to the higher concentrations

via increases in turbidity (SCE 1981). Since the SCE sampling program began after

Unit 1 began operations, it is not possible to evaluate from the data the extent to

which this Unit was responsible for the changes.
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At a different set of stations SCE collected data on sediment and water

column metal concentrations both before (19?8-1980) and after (L985-1987) Units 2

and 3 became operational. In Tables 18 and 1.9 we report their results (15 m depth)

for the station immediately downcoast of the difftrsers of Units 2 and 3, and for the

control station approximately 7 km downcoast.

Although sediment metal concentrations tend to be somewhat higher near

SONGS, this pattern is generally no more pronounced in 1985-1987 than it was in

1978-1980. With the exception of chromium, metal concentrations were not much

different in 1985-1.987 than they were in 1978-1980 (Table 18). Chromium sediment

concentrations were approximately double their 1978-1980 concentrations in 1985-

1987 (Table t8). This increase was seen both at the impact and the control sites' but

percentage-wise, was marginally higher near SONGS. SCE did not sample control

stations substantially upcoast of SONGS at the 15 m depth so we calrnot rule out

SONGS as a source of the increased chromium. However, data collected by

SCCWRP at 30 metdrs depth indicate higher concentrations of chromium upcoast

of SONGS (Fig.2), and at 60 m depth there was a small but significant increase in

chromium in sediments from Lg77 to 1985 throughout southern California

(Thompson et al. 1987). In addition, there was a change in contractor and

methodology used in determining metal concentrations from 1978-1980 to 1985-

1987 (SCE 1986), and this could have contributed to the change in observed

chromium concentrations.

There is no indication in the SCE data that concentrations of metals in

seawater have increased due to the operations of Units 2 and 3 (Table 19)' There is

also no obvious difference in concentration between Control and Impact sites.
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However, the concentrations of metals were often below detection levels in 1985-

1987, and these detection levels were higher than those used in 1978 - 1980.

The MRC-sponsored sfudies of metal concentrations in beach sediments

failed to show any clear patterns with distance from SONGS (Section 4: Tables 11

and 12). Since metal concentrations in sediments decrease with grain size and

increase with depth (Thompson et al. 1987), we cannot directly compare these

concentrations with those collected bv SCCWRP or SCE.

5.5 Discussion

The biological significance of metal concentrations in the waters and

sediments near SONGS depends upon how the organisms in the area respond to

these concentrations. Assessing the toxicity of the metal concentrations measured in

sediments, from the region about SONGS, or in general, is difficult. It seems likely

that the metallic content of sediments will affect burrowing and infaunal organisms

to a greater extent than those living in the water column, and the toxic effects of a

given metal concentration can depend up the grain size of the sediments, their

organic content and many other factors. The toxic effects of contaminated

sediments is now an active area of. research (e.g. SCCWRP 1987). The regulation of

pollutant concentrations in sediments was a high priority issue in the 1987 triennial

review of the Ocean Plan (SWRCB 1988).

To date the State Water Resources Control Board (SWRCB) has not

established standards for metal concentrations in sediments. They are currently

investigating the possibility of applying the "Apparent Effects Threshold" (AET)

method that was developed by EPA for the Puget Sound. This work has included
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sampling of sediment contaminants and infauna" bioassays of the sediments in the

Southern California Bight by SCCWRP, and the analysis of these data along with

data collected by NOAA in San Francisco Bay. The thrust of this method is to

determine concentrations for each contaminant, individually, above which

statistically significant declines in infaunal densities are always detected. Although

the AETs developed so far by EPA are for the Puget Sound, and are probably only

marginally applicable to Californi4 they are far above the concentrations seen in

sediments near San Onofre (see PTI 19SS). However, AET's are not

environmentally conservative contamination limits because they are concentrations

at which effects are always detected. The measurement of sediment toxicity and the

establishment of appropriate regulatory standards based on this information is

clearly necessary for establishing effective protection for the marine biota.

However, the lack of sufficient information on this topic has little impact on our

evaluation of the significance of metal contamination in sediments near SONGS

since the evidence does not suggest that such contamination has occurred.

There have been numerous studies of the responses of marine organisms

subjected to differing concentrations of metals in seawater. In particular, there is a

growing literature on chronic effects of metals in seawater. This literature was

recently reviewed to aid in the revision of the effluent standards in the Water

Quality Control Plan for Ocean Waters of California (SWRCB 1988). This review

considered all marine or estuarine studies that could be found of native North

American species published between 1979 (the last time the standards were

updated) and 1987. They found 326 new studies (some of which evaluated more

than one metal or species) of chronic toxicity of metals in sea water that met EPA

guidelines for appropriate design and methodologr (Stephan et a\.1985). Table 20

gives the geometric mean of the three lowest concentrations at which chronic effects
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were detected (the new CECTs) for each metal, along with the prior CECTs that

were, in part, extrapolated from studies of acute effects. The 1988 revision of the

Ocean Plan established new regulatory requirements for discharges into the ocean,

based on the new CECTs.

Measurement of metallic concentrations in field samples of seawater is

difficult, due to the extremely small quantities of metal generally found in natural

seawater samples. Contamination and differences in analytical techniques can lead

to widely varying estimates of metal concentrations in seawater (Bryan 1984;

SCCWRP L973). Of importance here is that estimates of "natural" concentrations of

metals in seawater have declined as analytical techniques were refined (Bryan

1984).

Virtually all of SCE's values for seawater concentrations of metals were

below detection limits in 1985-1987. Because of the declining trend in recorded

metal concentrations in seawater, we do not place much confidence in comparisons

of metal concentrations recorded by SCE in 1975-1980 with laboratory estimates of

metal toxicities. It is worth noting that the average concentration of copper in sea

water samples during L978 - 1980 exceeded the CECT both at the control and at the

impact locations (compare Table 19 with Table 20). Our confidence in these metal

concentration data is further reduced because of the extremely high copper

concentrations occasionally detected both near and far from Unit 1. For example,

concentrations of 3200 1rg/L (1.5 km upcoast of SONGS), and 100 1tg/l (6.6 km

downcoast of SONGS) (SCE 1981) suggest that there may be a problem with

contamination in these earlv data.
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6. ESTIMATES OF METALLIC RELEASES IN SONGS EFFLUENTS

6.L SummarY

The routine operation of SONGS appears to involve the addition of metals

to the local marine environment. Sampling of effluents indicates that metal

concentrations in SONGS' discharges were usually well below concentration

standards in the National Pollutant Discharge Elimination System (NPDES) permit'

These standards are based on "conservative estimates of chronic toxicity" (CECT)

established by the State Water Resources Control Board (SWRCB).

Values in excess of the regulatory standards are occasionally reported from

SONGS. For example, from 1980 - 1.986, trvo of 19 values for chromium

concentlations in the combined discharges of Units 2 and 3 reported by SCE to the

Regional Water Quality Control Board were above the standards set in the NPDES

permit. One of these values was also high enough that the CECT in the receiving

waters could have been exceeded. Due to the sparseness of the sampling regime,

and lack of replication, however, it is not possible to determine whether these

elevated levels reflect rare and intermittent events, sampling variability, or more

routine emissions. These different possibilities lead to quite different conclusions

regarding the extent of metallic emissions from SONGS, and they cannot currently

be distinguished based on the effluent sampling data. Other information reported

in previous sections suggests that the occasionally high concentrations seen in the

discharges have not led to consistently high concentrations in the receiving waters'

Although a search of available information has not uncovered any substantial

sources of toxic metals within the SONGS facility, we have not been able to obtain
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all the information needed to perform a "mass-balance" analysis, in order to firmiy

rule SONGS out as an important source of such materials. There has been

particular concern over the amount of chromium discharges by SONGS because

preliminary research indicated that there might be an association between unusual

patterns in egg production among sand crabs living on beaches near the station, and

high concentrations of chromium in the tissues of specimens from those same areas

(Section 4). The MRC sponsored two studies which used information on the

chemical and mechanical aspects of operating SONGS in order to evaluate the

station as a source of metallic emissions into the ocean. These repofts encountered

difficulties in accurately assessing the magnitude of releases by SONGS for

chromium as well as other metals. Still, liberal estimates of mass emission

discharges of chromium from chromated systems within SONGS amounr to less

than two metric tons per year. This amount is far below the effluent limitation

requirement specified in the NPDES permits for SoNGS Units 1, 2, and 3. These

studies do not provide evidence that metals are typically released at such high

concentrations that they reach toxic levels in the receiving waters. However, two

potential sources of chromium within SONGS, chromium-based paints and erosion

or corrosion of metal structures containing chromium, were not included in the

calculations.

6.2 Introduction

Concerns about the concentrations of metals contained in SONGS' effluents

arose when some ecological analyses suggested that there might be a relationship

between reproduction in sand crabs and the concentrations of metals in their tissues

(Wenner L982a; Wenner 1982b; Siegel and Wenner 1984; Wenner 1988). The

MRC sponsored studies of metal concentrations in sand crab tissues during 1983
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and 1986, and preliminary analyses revealed possible relationships benveen tissue

chromium, iron, and manganese concentrations, and distance from SONGS

(Section 4; also see Final Technical Report A Sand Crabs). Attention here is

focused on chromium because it is general$ considered the most toxic of these

metals, and several of the systems within SONGS produce chromium-containing

waste products. Since sand crabs from some of the beaches near SONGS also

showed indications of anomalous patterns in egg production" there was concern that

1) elevated concentrations of metals in sand crab tissues might be affecting sand

crab reproduction; and 2) SONGS might be responsible for these higher tissue

concentrations because its effluents contain elevated concentrations of metals.

This report examines how, and how much SONGS might be elevating metal

concentrations in the seawater passing through its cooling system. Here we focus on

attempts to directly quantiry the chemical contents of SONGS'discharges. Our data

come from several sources. First, the MRC sponsored two engineering studies

aimed at identiffing potential sources and magnitudes of metallic discharges from

SONGS. We report their findings, and discuss them in light of additional

information provided by SCE regarding the use of chromated products in SONGS.

Second, we examine metal concentrations in effluent samples collected by SCE from

the discharges and in-plant waste streams of SONGS. These values are taken from

SCE's semi-annual reports to the Regional Water Quality Control Board. Finally,

we review the state water quality regulations, and the resulting limitations placed on

SONGS for discharge concentrations. The estimates of potential metal releases

from the engineering studies are contrasted with those legally permitted by current

governmental standards. We make these comparisons because the standards are
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based upon conservative estimates of toxicity levels (State Water Resources Control

Board 1983, 1988).1

63 Engineering analyses of potential releases of metals from SONGS

The MRC sponsored two engineering studies designed to estimate the

magnitude of metallic releases from SONGS into the local seawater (SAIC 1986'

MHB 1987; reproduced here as Appendix D). Both of these studies focused their

attention on potential releases of chromium, iron, and manganese, for the reasons

described above (Section 6.2). The primary concern was over chromium, generally

the most toxic of these metals (Bryan 1984).

The two engineering reports show huge discrepancies in their estimates of

chromium releases from the station, indicating that information regarding metal

emissions from SONGS in particular, and nuclear generating stations in general, is

not readily available. Indeed, one recent book on the environmental aspects of

nuclear power devoted virtually no space to the subject of non-radioactive, metallic

effluents (Eichholz 1985).

[In the following discussion, concentrations are specified in metric units, and

mass emissions rates are given in U.S. equivalents. This is in agreement with other

usage, in particular the regulatory standards in the NPDES permits.]

SAIC (1986) concluded, using data from water samples collected by SCE in

the vicinity of the outfalls, that chromium releases by SONGS would not

1 N"* standards have recently been adopted (State Water Resources Control Board 1988). However,

these changes do not affect our conclusions. Only the CECT for Ni and Pb decreased substantially,

and the CECT for Cr increased (See section 5).
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significantly elevate local seawater above ambient concentrations for that metal.

This is based on estimates by SCE that Unit 1 will release a manimum of 6 lbs of

chromium per day, into about 504 million gallons of cooling water (SAIC 1986).

This would lead to a concentration of 0.0014 mg/l in the effluents of Unit 1, as

opposed to natural concentrations of approximately 0.00025 mg/l of chromium in

nearshore seawater. Since the longshore current transports huge volumes of water

past the SONGS discharges, further diluting the effluents, SAIC concluded that

releases from Unit 1 would lead to a negligible increase in the chromium

concentration of local seawater. For Units 2 and 3, SAIC uses SCE's estimate of

chromic acid concentrations being 0.003 mg/l at the outfalls, to again conclude that

local chromium concentrations would not become significantly elevated over

ambient seawater concentrations, following dilution of the discharges by

surrounding waters (SAIC 1986). For manganese, SAIC concluded that negligible

amounts (up to a milligram per year) might be emitted in the forms of radioactive

waste products, saMn and s6Mn, and that there were no other known sources of

manganese discharges within the plant. Note that radioactive isotopes of

manganese are decay products from other elements (principally Cr and Fe) and

their presence does not imply a significant source of stable Mn releases from

SONGS. SAIC's (1986) overall conclusion was that "it is not recorlmended...that

[further qualitative and quantitative estimates of metals discharges from SONGS

into the marine environment] be conducted due to the relatively low levels of input

into the ocean."

MHB (1987) used a different approach in estimating potential discharges of

metals from SONGS. They noted that there are three sources of metals in the plant

which might be discharged into the effluents: 1.) chemical additives, used primarily

as anti-corrosion and anti-fouling agents; 2) corrosion and erosion of physical



components of the plant; and 3) concentration and discharge of metals in natural

seawater or municipal waters used by the station. Of these, the first two sources are

considered to be of much greater magnitude than the third, but sufficient

information to develop an estimate of mass emissions are only available for the

chemical additive sources (MHB 1987). MHB's mass emission estimates thus do

not include potential inputs from the other sources of metal.

MHB (1987) provided estimates of mass emissions for chromium, copper,

iron, and manganese, although their report focused on clarifying chromium releases,

for the reasons described above (Section 6.2). they found no evidence for sources

of manganese within the plant. MHB estimated releases of copper and iron at only

6 lbs and 60 lbs per year, respectively. These estimates for copper and iron are

minima, however, based solely on information regarding discharge concentrations in

the steam generator blowdown, i.e. drainage from the steam generator (MHB 1987).

The efficiency of various demineralizing systems, and the extent of corrosion could

both substantially influence the levels of release for these metals, but inputs from

these sources could not be estimated without additional information (MHB 1987).

Sources of chromium within SONGS have included potassium chromate and

chromic acid, which are used within several "closed" systems as corrosion inhibitors,

but could possibly leak into the plant's effluents. MHB obtained information

submitted by SCE to the NRC regarding the chromate concentrations used to

prevent corrosion in these systems. By combining these figures with estimates of

leakage rates into SONGS' flow-through cooling syster& MHB (1987) derived

estimates of annual mass emissions of chromium into the local seawater. They

estimated that SONGS could be discharging anywhere between 5467 and 19,139 lbs

of chromium into the ocean per year, depending on the chromate concentration
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used in the systems. These figures include leakages from the t'wo largest chromated

systems within each of the SONGS units, the turbine plant cooling water system

(TPCW) and the component cooling water system (CCWS). Leakages directly from

these closed systems into the flow-through cooling waters' and indirectly from floor

drains which eventually discharge into the flow-through system, are both included in

this estimate (MHB 1937). However, MHB mistakenly assumed that a number of

closed-loop systesrs within SONGS were chromated, when in fact they were not'z

The only chromated systems within SONGS were the Unit l TPCW and CCWS' and

the Emergency Diesel Generators for Units 2 and 3. With this information' we can

use MHB's estimates to predict chromium releases from SONGS of between 966

and2675lbs/yr.

The MHB estimate of annual chromium releases is based on several critical

assumptions. The calculations use estimates of the mean chromium concentrations

maintained within the systems for effective corrosion inhibition' and of the

mmimumleakage rate of these chromated wastes into plant effluents (MHB 1987)'

we cannot determine whether these values are rePresentative of normal operating

conditions. scE states that chromates are maintained at different concentrations'

depending on the specific cooling system involved.3 In addition, the most substantial

inputs of chromated wastes into SONGS' effluents may not occur ftom chronic

leakages of the closed-loop systems. when repair activities require that a cooling

system be drained, a new batch of coolants may be added (MHB 1987)' or the same

coolants are reintroduced into the system (personal communication from E'S'

Medling, Health Physics and Environmental Group, scE, to BJ' Mechalas

ffiPonsesbySCEtoMRCqueries,whichareincludedinAppendixE.
3 iffi #;;;il;;;;d oo r".poo.". uv sce io rrrnc queries, which are included in Appendix E'
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11/3188). A mass release or spilling of this chromated material into the cooling

waters would lead to a pulse of high concentrations.

Several potential sources of chromium emissions were not included in

MHB's estimate, either because they could not be quantified, or because they are

probably relatively insignificant. Potential inputs from the chromated, closed-loop

Emergency Diesel Generators for Units 2 and 3, which contain a total of about 80

lbs. of chromium (MHB 1987), were not considered, as the systems would have to

be drained numerous times to become substantial sources of chromium releases.

Also not included in the MHB estimate is the potential input of chromium from

corrosion of plant structures. Several of the closed-loop systems are constructed

with alloys, such as stainless steel or inconel, consisting of l5-207o chromium,

although the main" flow-through cooling system itself is constructed of titanium and

concrete. The magnitude of inputs from corrosion and erosion will depend on the

total tonnage of the plant structures containing chromium alloys, and the extent to

which such products could enter the flow-through cooling system. In general,

corrosion rates will be low (probably <0.03 mm/yr; USAEC Final Environmental

Statement for Unit 1,, L973). Another potential chromium source that was not

included in MHB's estimate is that arising from sludges of anti-fouling or anti-

corrosion paints which commonly contain heavy metals, including chromium'

Still, the chromated waste sources considered in MHB's estimate of annual

releases should represent a significant component of the total releases of chromium

from SONGS (MHB 1937). Since several potential sources of chromium within

SONGS were not addressed, it is possible that our update of MHB's estimate of

annual chromium releases is an underestimate. Information provided in reports by

SCE to the RWQCB-SDR, however, indicate that this is probably not the case for
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systems using potassium chromate. Records of the yearly consumption rates of

potassium chromate, the major source of chromated wastes within SONGS,

constitute another estimate of yearly emissions of chromium from the plant. From

1978 to L984, Unit 1., the major source for chromated wastes at SONGS, consumed

roughly 50 lbs. of potassium chromate per year, which would contain about t4 lbs. of

chromium (scE semi-annual effluent reports to the RwQcB-sDR, l'979-1985)'

These data indicate that the mass emissions figure derived by MHB may be a vast

overestimate of chromated waste leakage into effluents. The likely reason for this is

that the leakage rate used by MHB was a maximum rate and not an average rate

estimated during the actual operations of SONGS. We have been unable to locate

information regarding annual inputs of chromic acid to SONGS (MHB 1987), but it

seems that potassium chromate is currently used in its stead. Also, we could not

find information regarding annual chromate additions to the Emergency Diesel

Generators, but ils mentioned earlier, these are almost certainly relatively

insubstantial.

In response to MHB's report (1987), Southern California Edison has

provided further information clari$ing the status of chromium wastes from SONGS,

pafticularly with regard to the disposition of "spent" chromate w:rstes from the

closed-loop systems.4 Paint sludges are classified as hazardous wastes, and are

consolidated and shipped offsite per state and federal regulations. Spent chromated

wastes are disposed of either through discharge into the ocean according to National

Pollutant Discharge Elimination System standards (see Section 6.4), or as hazardous

wastes. If disposed of as a hazardous waste in the.form of "aqueous solvents with

metals" (hazardous waste category 732), the total chromium concentration is not to

4 Th" following informatiou is based on responses by SCE to MRC queries, which are included in

Appendix E.
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exceed 500 parts per million. Thus, even though SONGS typically generates this

type of waste in extremely high volumes and tonnages, only relatively small amounts

of chromium could potentially leak into the station's effluents from this source.

SCE records of chromate disposals in aqueous solvents from 1981-1983 indicate that

a maximum of approximately 30 tons of wastes were disposed of during 1981,

containing roughly 30 lbs. of chromium (assuming the ma:rimum permitted

concentration of 500 ppm of chromium). The chromium contents of wastes in

subsequent years through the present were less than 10 lbs. per year, despite

generally large volumes of wastes (e.g., 26,380 gals. in 1983).

In spite of the information discussed above we are unable to firmly rule out

SONGS as an important source of chromiuul based solely on the known uses of

chromium within the plant. We have been unable to estimate the amount of

chromated paint used in SONGS or how much chromium from this source may

eventually reach the ocean. Although SCE has kept records of how much paint they

purchase, they were not able to provide us with the amount of paint used by

contractors, and it is likely that this is a substantial portion of the total. In addition

we have not been able to estimate the rate of chromium release from the corrosion

or erosion of chromium containing structures within SONGS. Although estimates of

corrosion and erosion rates are available and indicate a loss of less than 0.03 mm/yr

from these surfaces, we can not estimate the mass emissions from this source since

we have been unable to determine the total surface area and chromium content of

stnrctures exposed to such erosion and corrosion.
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6.4 Estimates of metal concentrations in emissions from the SCE
sampling program

Southern California Edison takes water samples of its effluents biannually,

and submits them to a lab for chemical analysis. The concentrations of nine metals

are assessed, including chromium. The results are then reported to the Regional

WaterQualityControlBoard(RwQcB)incompliancewiththeNationalPollutant

Discharge Elimination System (NPDES) permits for Units L, 2, and 3' SCE's

reports to the RWQCB indicate that SONGS is generally in compliance with the

standards set in its NPDES permits, but that occasionally effluent concentration

limits are exceeded for one or several of the metals.

The NPDES permits for SONGS Unit 1 (permit no. CA000L228), and Units

2 and 3 (permit nos. cA0108073 and CA0108181, respectively) stipulate receiving

water concentration limits for each of nine metals. These concentrations were

derived from standards contained in the 1983 Water Quality Control Plan for the

Ocean Waters of California (The Ocean Plan, State Water Resources Control

Board 1983). These were based on studies measuring the acute and chronic toxicity

of the metals in question" and were not changed in 1988 when the standards in the

Ocean plan were revised based on additional information on chronic toxicity (see

below). Three emission concentration limits for receiving waters were specified in

the permits for each metal: an instantaneous maximum concentration' a daily

maximum concentration, and a 6-month median concentration' These values

speciff concentrations following initial dilution of effluents; they are also used to

calculate the allowable mass emissions rates for waters from the combined

discharges and the in-plant waste streams (State Water Resources Control Board

1983; and see NPDES permits). In practice, compliance has been judged by

comparing the concentrations in the combined discharges with the concentrations
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that would lead to a mass emission surpassing the allowable amount. In reports by

SCE starting in mid-1985, measured concentrations have been compared with the

maximum instantaneous concentrations based on the mass emission limits in the

NPDES permit. This instantaneous limit for chromium concentrations which is

applied to water samples from the combined discharges of Units 2 and3 is220 1tg/1.

In comparison, the six month median limit is 22 pg/l and the daily maximum limit is

88 pg/I. These latter two standards have been applied to in plant waste streams of

Units 2 and 3 starting in 1985. Prior to mid-1985, concentrations in the combined

discharges were compared with much stricter standards that were established in the

1976 NPDES permits for SONGS Units L,2, and 3, and no inplant waste stream

standards for metals were in force. These standards for the combined discharges

required that concentrations of chromium in the effluents not exceed S Pg/l50Vo of

the time and not exceed L0 pg/l more than L}Vo of. the time. In general, however,

the detection limit was at L0 1tg/1, thus only allowing comparison with the less

stringent, "more thanl07o of the time" limit.

chromium concentrations reported by SCE to the RWQCB were generally

not higher than the standards to which they were compared. Occasionally, however,

they exceeded the standards. For example, we reviewed records of metal emissions

in samples of SONGS effluents from 1978-L986, and found concentrations ranging

from 3.7 to 400 1tg/l of. chromium in the combined discharges (SCE semi-annual

effluent reports to the RWQCB, t979-L987). While the majority of concentrations

in the combined discharges were 10 pg/l or lower, and well within the current

instantaneous discharge limit of 220 pgfl, occasionally high values indicate that

chromium releases from SONGS may become somewhat elevated under certain

circumstances. Between 1980 and L986, we found two violations of chromium

concentration standards in L9 records. These violations occurred at a time when the
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earlier more stringent comparisons were in force, and only one of them (400 fg/l)

would exceed the current instantaneous standard, or lead to concentrations in

receiving waters exceeding the current "conservative estimates of chronic toxicity"

(CECTs) (see Section 5). However, given that small samples of effluents are taken

only nvice a year, it is impossible to determine whether the occasionally high values

reflect intermittent releases of water with high metal concentration, or are the result

of sampling variability, or are representative of more chronic events. Violations of

standards are generally not flagged in reports to the RWQCB, and there often is no

discussion of the circumstances that might account for the elevated concentrations.

The effluent data do not provide evidence of chronic contamination by high

concentrations of chromium or other metals. However, the current instantaneous

standard for chromium concentration (220 pg/l) theoretically allows the releases to

raise the concentration of chromium in receiving waters to 20 ttg/\, assuming a 10 to

1 initial dilution. This concentration is in excess of the current CECT for chromium

of 18 1rg/1. Since measurements of the combined discharges are taken only once

every six months, a comparison with the six-month median standard (contained in

Table B of the Ocean Plan), as is currently done for samples of the in plant waste

strean! seems more appropriate. In addition, it should be kept in mind that the

CECTvalues do not take into account the possible build up of metals in a local area

via contamination of the sediments (SWRCB 1988).

It is useful to examine potential releases of chromium from SONGS in the

conrext of the mass emissions limitations specified in the NPDES permits. Using

Unit 3 as an example, and assuming normal operational flow volumes, emissions of

chromium in the combined discharge is not to exceed an instantaneous ma"ximum of

2558 lbs/day. For in-plant waste streams, conditions are more stringent, with
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allowances of 256lbs/day for the 6-month median, and a daily maximum of 1023

lbs/day. Considering that our modification of MHB's estimate of chromium

releases from SONGS has an upper value of less than 3000 lbs per year, it appears

that SONGS will probably be well within the limits specified in its operating

permits, unless there are large and unquantified sources of this metal at SONGS. It

is also worth noting that the use of chromate corrosion inhibitors, potentially the

largest source of chromium in the plant, has been phased out over the past few

years.s

) This information is based on responses by SCE to MRC queries, which are included in Appendix E.
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7. EFFECTS OF RADIOLOGICAL DISCHARGES FROM SONGS ON
THE LOCAL MARINE BIOTA

7.1 Surnmary

Under normal operating conditions radiological emissions from SONGS

seem unlikely to produce measurable ecological effects on the local marine biota.

We base this conclusion primarily on two obsewatiors: 1) msimum estimates of

routine radiological releases from SONGS would result in exposures of local marine

organisms to activity levels approximately 100 times lower than the lowest levels

found to produce any sublethal effects in controlled laboratory studies; and 2)

measures in tissues of organisms collected near SONGS reveal that generally less

than LyVo of the total internal activity is due to artificial radionuclides released by

the plant, with the remainder coming from natural sources of radiation.

We present these assessments with several caveats: 1) species can differ

substantially in their response to radiological pollution due to differences in

absorbed dosage and tissue sensitivity; 2) the toxicological effect of contamination

depends on the specific identities of the constituent radionuclides, since these can

emit different tlpes of radiation containing different amounts of energy; and 3) little

work has been done on the biological effects of chronic, low dose rate exposures to

radiation, effects on low fecundity species, synergistic effects of multiple

contaminants, or the effects of exposure for multiple generations. Nevertheless,

because the radiological emissions from SONGS are so much lower than the levels

found to produce adverse effects in past studies, we conclude that there is no reason

to suspect that radiological emissions from SONGS have significant ecological

impacts on the marine biota. In order for our general conclusion to be incorrect,
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the currently accepted estimates of doses and dose rates at which biological effects

occur would need to be off by a very wide margin. If this were the case we would

then expect substantial biological responses to natural variations in activity, and

radiological releases from SONGS would have an additional incremental effect that

might difficult to detect.

T.2Introduction

The routine operation of SONGS results in the production of radioactive

wastes. The vast majority of these wastes are isolated and stored onsite or conveyed

offsite to toxic waste dumps. Some radiological wastes, however, can enter into

SONGS' effluents through leakages and the corrosion of structural components that

have become radioactive due to neutron activation. More than 100 different

isotopes may be released from SONGS, although most of these only in negligible

amounts. Since radiation is known to have harmful effects on living organisms,

releases of radionuclides from SONGS' effluents might potentially affect the local

marine community.

In this section we examine information regarding radiological releases from

SONGS, and evaluate these data in light of several recent reviews of the effects of

radioactive contamination on the marine environment. Our primary concern is in

evaluating whether concentrations of radionuclides released by SONGS are having

ecological effects on the local marine biota, but none of the MRC's studies at

SONGS were specifically designed for this purpose. Moreover, extremely few field

studies have examined the effects of exposure to radiation on natural populations or

communities. This necessitates our adopting a less direct approach to the question

of the effects of SONGS' radiological emissions on marine organisms. While field
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studies are relatively scarce, laboratory studies have assessed the effects of radiation

on numerous aquatic organisms. These studies have the advantages of control of

exposure levels and rates, and control over potentially critical aspects of the

environment, such as salinity, temperature, and dissolved oxygen. I-aboratory

studies also enable the scientist to more sensitively detect a broad range of potential

effects on organisms, including changes in fecundity and mortality, or changes in

genetic and cellular characteristics.

It is possible to extrapolate from the results of laboratory studies on radiation

to the potential effects on organisms in the field. A recent review (Woodhead 1984)

presents estimates of the dose rates of exposures for various marine organisms

arising from background levels of radiation, and additional exposure from diet,

seawater, and benthic sediment sources in the vicinity of several nuclear generating

facilities. We do not have corresponding estimates of exposure rates for marine

organisms living near SONGS. Instead, we contrast the levels of activity in

emissions from SONGS and sediments near SONGS, with the levels found in

seawater and sediments in the region of the nuclear facilities examined in the review

article. Although the dose rate estimates presented in Woodhead (1984) are site-

specifig we feel that the general similarity in emissions levels from the different

nuclear facilities justifies their use as rough approximations of the exposure rates of

organisms near SONGS. These exposure rates can then be compared with those

found to have biological effects in laboratory studies.

We first provide the reader with a brief review of some fundamentals of

radiobiology. Individuals already familiar with this material can skip the section

(Section 7.3) with no loss of continuity. We then present the estimates of

radiological emissions into the ocean for several nuclear facilities, including
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SONGS. These are followed by an examination of activity levels in sediments,

seawater, and the tissues of selected marine organisms from the region of the

nuclear facilities, which are contrasted with levels from more pristine conditions.

These figures can be used to calculate the approximate doses and dose rates of

radiation to organisms living in the vicinity of the facilities. These estimates are

compared with the levels leading to pathologies in organisms in laboratory studies.

Finally, we examine the evidence from field studies for ecological effects of

radiological releases on aquatic communities. We relate these findings to the

likelihood that operations of SONGS will have a measurable ecological impact on

the local marine biota as a result of normal releases of radioactive effluents. By

normal we mean within the parameters set by the relevant permim and operating

licenses, and excluding disaster scenarios of the type experienced at Three Mile

lsland or Chernobyl nuclear generating stations.

73 Some fundamentals of radiobiologr

Exposure to radiation is damaging, in large part, because biomolecules can

become ionized or attain excited states when bombarded by high energy waves or

particles. Biological processes can then become disrupted, leading to a variety of

potential effects, ranging from factors such as higher rates of mutation or

chromosomal breakage, to impaired functioning of organs and organ systems-which

can ultimately influence fecundity and mortality (Anderson and Harrison 1985,

Woodhead 1984, Whicker and Schultz t982).

Radiation can be quantified in a number of ways. The basic unit of activity is

the cuie (Ci), which is a measure of the number of nuclear disintegrations per

second. Each disintegration is accompanied by the release of some form of
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radiation" which can be characterized by several features, including mass' charge,

and energy content. The released particles can vary considerably in mass, ranging

from a particles (helium nuclei) with relatively high mass, to p particles (electrons or

positrons) with relatively low mass, and "f rays (photons) with no measurable mass.

In addition, these different particles each have different ranges of energy content.

Mass, charge, and energy content witl affect the nature of the interaction of the

radiation with matter. The curie does not differentiate among these types and

energy levels of radiation, but provides a general measure of activity. Our measures

of environmental activity levels will be presented as specific activities, i.e., curies per

gram of substance.

We are primarily interested in the effects of the interaction of radiation with

living tissues. Two measures are relevant in quantiffing this extent of exposure to

organisms: dose and dose rate. Dose or dosage represents the amount of radiation

energy absorbed per weight of substance, and is usually expressed inrads, equivalent

to 100 ergs of energy absorbed per gram of tissue. Dose rate is simply the dose per

unit of time, often expressed as dose per hour, day or year. In this report' we

express dose rate in prad/hr.

Most studies of the biological effects of radiation have examined the

implications of varying doses administered as acute exposures. Generally speaking,

damage to tissues will be directly related to the quantity of absorbed radiation or

dose. For a given dose, however, radiation delivered as an acute exposure will tend

to do more damage. Unfortunately, few studies have examined the biological

effects of chronic exposure to low levels of radiation, which would more closely

reflect the pattern of exposure of marine organisms near the outfalls of nuclear

facilities, such as SONGS. Comparison of chronic exposures with results from acute
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exposures could be misleading, even when total accumulated doses are similar'

because organisms may be able to mobilize their immune system' or repair genetic

and tissue damage when exposed to lower dose rates. Such responses would be less

feasible under higher dose rates, where the extent of biological damage would more

severely impair any restorative capabilities of organisms.

Measurement of dose and dose rate to organisms in their environment is not

simple. These quantities will be affected by the organism's shape and size, and a

number of its behaviors, including dietary habits and orientation to substrate. It is

possible to develop mathematical models that take into account some of these

factors, enabling one to convert environmental activity levels into estimates of dose

rates for several categories of marine organisms (Woodhead 1974,1984). Because

these formulae incorporate rather specifically the identities of the different sources

of activity at a given site, the corresponding estimates of doses and dose rates are

site-specific. In addition, these values are calculated for several generalized

categories of marine organisms, and will only roughly approximate the actual dose

rates for specific individual organisms. Quantification of the potential biological

effects of radiation can be further refined by considering the microdistribution of

energy absorption within tissues, and the density of energy transfer (both

incorporated into measures of. rems),but here we will use the more common unit of

exposure, the rad.

Of course, organisms are continually exposed to background radiation arising

from natural sources. Organisms living close to the ocean's surface will be exposed

to "f radiation from cosmic rays (Woodhead 1984). Within seawater, {K is by far the

predominant naturally occurring radionuclide, usually accounting for greater than

g5vo of.the total activiry (woodhead 1984). Natural concentrations of radionuclides
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in the seabed will vary depending on the nature of the underlying strata and local

inputs from terrestrial runoff, but represent a potentially important source of

exposure, especially for marine organisms living on or within the benthos. Finally,

due to concentration factors, organisms and specific tissues within organisms, may

exhibit higher levels of activity than those in the environment. These "concentration

factors" of certain radioisotopes over ambient levels can become especially high

when the elements in question are nutritionally important, or chemical analogues of

essential nutrients that can be taken up by the same biochemical pathways. Such

intemal activity can accumulate due to uptake from seawater and dietary

components, and can comprise a substantial fraction of the organism's total

exposure to radiation (Woodhead 1984).

The world's oceans have received substantial inputs of artificial radionuclides

as a result of atmospheric and underwater detonations of nuclear weapons.

Although activity levels in the ocean from fallout have been generally declining

since the Test Ban Treaty of the mid-1960's (Eichholz 1.985; Whicker and Schultz

1982), they must still be considered as part of the background level above which

contributions by nuclear facilities such as SONGS are to be evaluated.

7.4 Magnitude of radiological discharges from SONGS relative to other
sources

We first contrast the levels of radiological discharges from SONGS with

those from two other nuclear generating stations and a nuclear reprocessing plant

that have been studied intensively for many years (Woodhead 1984). Radiological

discharges from the gas-cooled Bradwell nuclear power plant are due to leaked fuel

products from spent-fuel storage ponds (Woodhead 1984). The Oyster Creek power



plant is more similar to SONGS in that its radiological releases are primarily from

leakage of reactor coolant waters into the condenser cooling waters. Both of these

plants have radioactive emissions on the same order as those from SONGS, and all

three generating stations have emissions/ar below those from the reprocessing plant,

Windscale (now called Sellafield, but we will refer to the plant by its former name

for consistency with earlier studies) (Table 19). We emphasize that the main

purpose of our comparisons of the activity near SONGS with other nuclear

generating stations, and with Windscale, is to indirectly gauge the dose rate that

organisms near SONGS are exposed to. It is not our purpose to argue that the

release of radiation from SONGS is either high or low in comparison with what it

should be for a nuclear generating station of its type. It is thus largely irrelevant

that these other sources of radiation differ in a number of important physical

aspects from SONGS.

Using the minimum estimates of discharges from Windscale and the

maximum estimates of releases from the generating stations, we calculate the total

activity of radiological discharges from Windscale each year to be about 300 times

higher than annual releases from SONGS and Bradwell, and 2,000 times higher than

discharges from Oyster Creek. These figures include contributions from tritium (T),

which is often the most abundant radionuclide released in plant effluents in the

form of tritiated water, HTO. Tritium is believed to be the most innocuous

radionuclide, however, and discharge standards are higher for it (Osterberg 1985).

Active isotopes of noble gases are also a common by-product of nuclear facilities,

but these elements are chemically inert, and generally don't tend to become

bioaccumulated or bioconcentrated (Whicker and Schultz 1982)- By excluding

tritium and other dissolved gaseous releases from the totals, the margin between

radiological discharges from Windscale and the generating stations becomes even
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larger: about 1,000 to 14,000 times more radiation is released per year by the

reprocessing plant, Windscale, compared with the three power plants: Bradwell,

Oyster Creek, and SONGS (Table 19). Again, these margins are conserative, since

we have used the maximum estimates for releases from the nuclear generating

facilities, and the minimum estimate for releases from the reprocessing plant at

Windscale.

The discharges listed on Table 19 must be interpreted in the context of

background levels of radiation, as there are many natural sources of radiation in the

environment (see Section 7.3). Potassium40 (40K) is the predominant F and t

emitter in seawater, tlpically occurring in concentrations of 320 pCi/l (Woodhead

1984). Assuming that SONGS discharges roughly 10tz liters of seawater Per year,

and using a liberal estimate of its total radiological discharges as 15.8 Ci/yr

(excluding tritium and gases: Table 19), this represents an addition of about 15.8

pci/l of artificially produced radionuclides to the entrained seawater, which is

roughly equivalent to an increase in activity of. SVo over the level due to naturally

occurring {C Southern California Edison (SCE) assesses the activity levels in

seawater sampled from locations near the discharges of Units L, 2, and 3, on a

monthly basis (see SCE: Annual Radiological Environmental Operating Reports

(AREORs), submitted by SCE per technical specifications to the Nuclear

Regulatory Commission). Concentrations of naturally occurring sK account for

most of the activity in these samples, and only rarely is there evidence of activity due

to emissions from SONGS.

While SONGS emissions have only an insignificant effect on the activity

levels in seawater, it is possible that plant-related radionuclides may accumulate in

the local sediments and, thereby subject organisms to elevated levels of radiation.
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Southern California Edison measures activity levels in beach sand, benthic

sediments, and tissues of several marine species collected from sites near the

SONGS discharges and from control stations at least 40 km upcoast of SONGS (e.g.,

AREOR 1986). These data indicate that SONGS-related radionuclides are nor

detected in beach sand and comprise only an insignificant component of the total

activity in benthic sediments from stations near SONGS (Table 20). Similar to the

pattern in seawater, naturally occurring, non-station related qoK is by far the most

concentrated radionuclide in both shoreline and benthic sediments, typically

followed in prevalence by naturally occurring isotopes of radium and thorium.

Within the benthic sediments, oCo was the only station-related radionuclide that

occasionally showed detectable concentrations near SONGS, reaching

concentrations roughly the same magnitude as some of the higher measures of

natural activity from 2aTh (Table 20). The ma:rimum values for oCo at the rwo

Unit 1 stations were both recorded in 1981., and almost all the subsequent values

from these stations were below 0.10 pCi/g (see AREOR 1986).

Activity due to station-related radionuclides is consistently evident in the

tissues of marine species collected near SONGS (Table 21; also see AREORs).

There is often a detectable, but relatively small, elevation in the tissue

concentrations of ssCo, oCo, and 137Cs, in organisms collected in the viciniry of the

plant as opposed to control stations elsewhere (e.g. AREOR 1986). Two aspects of

the data are of particular interest. First, activity levels in organisms from near

SONGS are generally similar in magnitude to those in organisms collected near

other nuclear generating facilities, but these are generally all much lower than the

activities in tissues of organisms collected near Windscale (Table 21). Second, the

relative contribution of station-related radionuclides to total tissue activity is quite

small for specimens collected near the three nuclear generating facilities. The
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major component of specific-activity in tissues from these organisms is from

naturally-occurring 4IC

In L986, the MRC sponsored an analysis of radiological activity in sand crabs

collected from beaches at varying distances from SONGS (Table 22; for further

details see Final Technical Report A Sand Crabs, Appendix B). These samples

provide evidence of SONGS' radiological emissions through the presence of nvo

plant-related radionuclides, srMn and oCo. These activity levels are negligible with

respect to the levels for the naturally-occurring roK (Table 22). Actiities measured

by the MRC in sand crab tissues are generally lower than those reported by SCE for

some subtidal crustaceans (Tables 21and22; also see AREORs).

7.5 Estimates of exposure, and effects of radiation on marine organisms

The preceding section has shown that radiological discharges from SONGS

account for only a small proportion of the total activity in seawater, sediments, and

tissues of marine organisms sampled near the station. Naturally occurring

radionuclides, primarily {I! usually account for the majority of the observed

activity. We now evaluate the potential biological effects of the radiological

discharges from SONGS. The evidence strongly indicates that radiological

emissions on the order of those released by SONGS are very unlikely to lead to

measurable ecological effects, or to more than negligible effects on individual

physiology.

Since no studies have directly examined whether radiological exposures

resulting from the operation of SONGS have biological effects, we first attempt to

gauge, at least approximately, the dose rates experienced by organisms living near



SONGS. and then evaluate whether these dose rates are likely to have adverse

effects. Woodhead (1984) presents estimates of the dose rates for several types of

marine organisms living near two nuclear generating stations, Bradwell and Oyster

Creek, and the nuclear reprocessing plant, Windscale (Table 23). Although these

estimates are meant to be specific for the given type of organism at the particular

site, we feel that the general similarity in tissue activity levels (Table 21'), as well as

in the total activity discharged per year (Table 19) at the different sites, justifies our

using the estimates of dose rate from the two nuclear generating stations, Oyster

Creek and Bradwell, as rough approximations of dose rates for organislns near

SONGS.

It is necessary to relate these dose rate estimates to the likelihood of

biological effects. Ideally, we would like to compare the evidence from studies

measuring impacts of chronic, low-level exposures to radiation, similar to those

experienced by organisms living near SONGS. Unfortunately, few studies have

examined how organisms respond to chronic, low-level doses of radiation (Anderson

and Harrison 1985; Woodhead 1984). We thus adopt the environmentally

conservative approach of examining pathologies associated with doses administered

under relatively high (acute) dose rate regimes, which are more likely to have

adverse effects for a given dosage (see Section/.3), as well as from studies of

chronic exposures. The doses and dose rates that have led to adverse biological

effects in laboratory studies are then contrasted with the estimated exposures for

marine organisms near SONGS.
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7.5.1 Estimates of dose rates for marine organisms living near SONGS

The large differences in radiological emissions from the Windscale

reprocessing station compared with the nuclear generating stations (Table 19), are

apparent in the estimates of radiation dose rates experienced by marine organisms

in the vicinity of these different facilities (Table 23). Elevations in exposure to

radiation due to the presence of nuclear generating facilities are very modest,

ranging from a small fraction of the natural background, to a level roughly equal to

the dose rate from background radiation (Table 23). Organisms living near the

reprocessing plant, Windscale, on the other hand, experience dose rates elevated

from 10 to 1000 times over natural background levels.

Woodhead (1984) measured in siru dose rates for plaice from the vicinity of

Windscale by implanting dosimeters into the skeletal muscles of these benthic fish.

The mean dose rate for recaptured individuals was 350 Wad/hr, with some

specimens showing exposures up to 2500 p,rad/hr (Woodhead 1984). These direct

measures of dose rate are within the range of dose rates estimated from

environmental activity levels for benthic fish at that site (Table 23).

The additional dose rates from c and p emitters in the sediments are listed

parenthetically in Table 23, since these will vary widely depending on the

morphology and behavior of the study organism (Woodhead 1984). However, the

estimate of elevation in dose rate from c and F emissions in sediments due to the

two generating stations (<2 prad/hr) is far below the background levels of these

emitters from natural sources in marine sediments (16-191 prad/hr; Table 23). The

potential elevation at Windscale from c and f activity accumulated in the local

sediments as a result of the reprocessing plant can be substantial, however,
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exceeding natural background sediment levels by up to severai hundred times (240-

5950 p,rad,/hr; Table 23).

Given the similariry in discharge levels (Table 19), and in various measures

of environmental radioactivity (Tables 20 and 2l), it is likely that organisms iiving

near SONGS will be exposed to dose rates roughly similar to those from the two

nuclear generating stations (Oyster Creek and Bradwell), and very much less than

those from Windscale. The elevation in dose rate due to emissions from SONGS is

thus likely to be roughly similar in magnitude to the exposure from natural

background radiation. But what is the evidence that the low levels of radiological

discharges from SONGS, or even the much higher releases from Windscale, have an

adverse effect on the local marine biota? We address this question next by

examining results from studies relating radiation exposure to biological effects.

7.52 Estimates of biological effects of radiation exposure experienced by marine
organisms living near SONGS

We now review the evidence for biological effects from exposure to different

doses and dose rates. Most of the information reported here was obtained from two

recent reviews of radiation effects on marine organisms (Anderson and Harrison

1985; Woodhead 1984). Studies have quantified the effects of radiation dose and

dose rate on a number of biological features, including gross factors such as

mortality rate and fecundity, as well as more subtle aspects such as frequency of

chromosomal aberrations and sister chromatid exchange. We focus here on the

Iowest reliable levels of radiation doses or dose rates found to have biological

effects, even if other studies have failed to detect effects at those same e{posure

levels using other organisms. We feel that this cautious and environmentally
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conservative approach is justified by our current lack of understanding of the

detailed mechanisms underlying radiation damage. Much of the work on the effects

of radiation exposure has been done on fishes, which appear to be some of the most

radiosensitive aquatic organisms (Woodhead 1984). Accordingly, we mainly report

results from experiments on fishes, since the radiation levels and dose rates

producing effects are generally lower than those for aquatic invertebrates.

No adverse effects on fishes have been detected at dose rates below 20'000

prad/hr. Developmental defects and lowered fecundity have been documented in

fishes subjected to dose rates of about 21,000 prad/hr and 24,000 ptadfhr,

respectively (Woodhead 1984). Another species of fish exhibited lower numbers of

spermatogonia at a dose rate of 42,W0 prads/hr, although this effect was not

statistically significant (Woodhead 1934). A decrease in gonad size was detected in

one species of fish at a dose rate of 1.20,000 prads/hr, although more or less

complete recovery took place after 30 days of continual exposure (Woodhead 1984).

These results represent the lowest dose rates for which there is evidence of a

biological effect, even though in several cases the findings were not statistically

significant, or damage to the organisms was only transient.

A mmimun4 estimate of the radiation dose rate for benthic fishes from

Windscale, including exposure from sediment sources of c and d emitters, is about

9500 prad/hr (Table 23), which is 2-10 times below the levels that appear to result in

minor damage to the fecundity or mortality of the most radiosensitive species yet

tested. Given the order of magnitude correspondence benveen dose rates at

Windscale and the lowest dose rates at which biological effects have been detected,

we do not think that these results argue strongly against possible effects of radiation

at Windscale. However dose rates at SONGS are much lower. For the Oyster
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Creek nuciear power station, 225 prad/hr is a ma:<imum estimate of the dose rate to

benthic fishes, again including a and F emitters in sediments. This level, which is

probably roughly similar to the corresponding mmimum dose rate near SONGS

(see Section 7.5.1: estimates of dose rates), is 100 times lower than the lowest levels

found to have sublethal effects. Discounting the highly variable contribution from c

and F emitters in the sediments, the margin between the dose rates found to have

effects, and those likely to be experienced by organisms near Windscale and Oyster

Creek (representing an approximation of levels near SONGS), becomes even larger

(Table 23).

Other aquatic organisms, aside from fishes, are also unlikely to be affected by

the levels of radiological emissions from SONGS. A recent review of the effects of

chronic and acute radiation on aquatic organisms concluded that there was no

evidence for significant detrimental effects at the maximum level of discharge from

Windscale, which is reported as L0,000 prads/hr (0.240 rads/day) at the end of the

outfall pipe (Anderson and Harrison 1985). This document includes evidence from

studies examining genotoxic and developmental defects, as well as mortality and

reproductive criteria. Tests on an aquatic snail revealed reproductive changes

induced by continuous exposure to 27,000 prads/hr, but there was no decrease in the

total numbers of eggs produced (Cooley 1973). A recent study of a marine

polychaete detected effects on reproduction after exposure to 21,000 prad/hr (0.5

radlday) for an entire life cycle (Harrison and Anderson L988). This dose rate is

the lowest level for which effects have been detected in an aquatic invertebrate, but

it is still about 100 times higher than the maximum dose rate (including the

maximum possible additions from the highly variable c and f emitters in sediments)

estimated for areas near the nuclear generating facilities (Table 23).
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We have one direct estimate of dose rate for organisms collected near

SONGS. Dr. D. Woodhead, a noted authority on the biological effects of radiation,

estimated the internal dose rate attributable to oCo using the MRC sand crab data

(Table 22; also see Final Technical Report A Sand Crabs, Appendix B). The

estimated dose rate of .012 prad/hr (pers. comm., Dr. D. Woodhead) is far below

typical levels for background radiation (Table 23). Thus, even though operations by

SONGS lead to detectable levels of artificial radionuclides in the tissues of

organisms near the statio& these levels are extremely unlikely to have any adverse

effect on the local marine biota.

The total dose absorbed by organisms is another factor that should be

considered in evaluating potential effects of radiological exposure. For several of

the studies cited above, exposure was chronic, so that the relative magnitude of dose

rates can be used to estimate potential effects among organisms with similar

lifespans. Indeed, for low-level chronic exposures, dose rate is probably more

important than total dose in determining biological impact (Whicker and Schultz

Ig82). As mentioned earlier (Section 7.3), a dose accumulated over a longer time

span will be less deleterious than the equivalent acute exposure. The lowest doses

leading to effects were measured in some of the chronic exposure studies described

above, primarily because acute exposures are rarely delivered at such low total

doses. Fishes show evidence of adverse symptoms from acute exposures starting as

low as 300,000 prads, but there is also a report of change in physiological response

due to a dose of only 20,000 prads (Woodhead 1984). The first of these values is

from a set of studies exhibiting inconsistencies that require clarification, while the

second measure was an estimate of dose rate to a specific organ (Woodhead 1984).

Consistent effects on mortality and fecundity in fishes begin to appear at doses

above 1.6 x 107 prads, although this figure is for acute exposures (Anderson and
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Harrison 1985). Minimum doses having effects on invertebrates begin at even

higher levels. Organisms living near SONGS would require over eight years of.

exposure at the mmimum estimated levels in order to accumulate a total dose of

about 1.6 x 107 prads. While many invertebrates do live this long, it is important to

keep in mind that the figures discussed above are based on an estimate of ma,timum

exposure, and the dose required to produce effects under acute exposure.

7.6 Evidence from field studies for ecological effects of radiation

There are only a small number of field studies in the aquatic environment

that have attempted to directly assess whether local levels of radiation are leading to

adverse ecological effects, i.e., changes in population or community characteristics

such as abundance or diversity (reviewed in Anderson and Harrison 1985; Whicker

and Schultz L982; Woodhead 1984). The scarcity of field work quantiffing radiation

effects is understandable, given the difficulty in accurately assessing dose and dose

rate, even under laboratory conditions, and the generally low exposure levels found

in the natural environment.

We have already reported on some of the results from these studies in

describing the biological effects of varying dose rates (Section 7.5). Some of the

lowest radiation levels leading to effects were detected in field studies of chronic

exposures. Donaldson and Bonham (L96a; 1970; also see Bonham and Donaldson

1966) carried out a series of experiments in which they irradiated salmon eggs and

fry in the laboratory, released these individuals into a river, and measured the return

rates from the ocean and various morphological characteristics of the returning

adults several years later. They found that the minimum dose leading to deleterious

effects was 21.,000 prads/hr, administered for a total dose of 4.0 x 1.07 prads.
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Consistently adverse effects over a broad range of life history characteristics were

not evident, however, until the dose rate was elevated to over 400,000 prads/hr,

administered for a total dose of 8.1 x 1S prads (Woodhead 1984). These are

essentially the only studies directly quantifying an ecological effect of radiation

exposure in the field.

A mzudmum estimate of the exposure rate at Windscale (approx. 10,000

pladfhr, including c and F emitters in sediments) is about one-half the minimal dose

rate (21,000 prad/hr) found to produce deleterious effects in the studies by Bonham

and Donaldson. For the nuclear generating stations, the ma"rimum dose rate

estimate (approx 225 prad/hr) is one hundred times below this level. At the

maximal exposures estimated for Windscale, it would take about 160 days to

accumulate a dose of 4 x 192 prads-the minimum level found to produce deleterious

effects in the studies by Bonham and Donaldson (Woodhead 1984). It would

require over 20 years to accumulate this dose at the ma,rimum exposure levels

estimated for organisms living near the Oyster Creek nuclear power station, which

should be roughly equivalent to exposures near SONGS.

Another set of studies has been done in White Oak l-ake, which received

radioactive wastes from a nearby generating station for many years. We reported

above on the radiation levels found to affect fish (Trabalka and Allen L977), an

aquatic snail (Cooley 1973), and aquatic insect larvae (Blaylock 1966) living in

White Oak l-ake. These organisms showed some adverse effects at dose rates of

about 25,000 prad/hr or slightly higher, relative to control populations in a nearby,

"unpolluted" lake. It is not clear, however, whether the abundance or composition

of these populations have been affected. In addition, these studies did not control

for other, non-radiological differences between White Oak Lake and the control
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lake, either due to the input of nuclear industrial wastes or other conditions. Other

environmental factors, such as water level or water temperature, could also affect

the quality of the habitat in the study lakes, so that biological differences beween

the trvo may not simply be due to the effects of radiation.

7.7 Conclusion

Extrapolating from the few existing studies to the situation at SONGS must

be done cautiously, as numerous factors may influence the outcomes of studies.

These include the sensitivity of the specific organism being studied to low

concentrations of various metals and radionuclides; the duration over which the

study examined for effects; the nature of the effects assessed-- changes in mortality

and fecundity, or more subtle damage such as mitotic aberrations or mutation rate;

the dose rate and total dose administered; and the nature of the radiological source-

- whether it is an a, p, or 1 emitter, its energy level, and particle charge (e.g.

Woodhead 1984). A further problem arises in measuring the absorbed dose, which

can be highly sensitive to organism size, morphology, and habitat preferences. With

these logistic difficulties and complications in a laboratory controlled situation, it

seems clear that accurate assessment of the ecological effects of low level

radiological discharges into the ocean is even more difficult.

Nevertheless, it seems extremely unlikely that the radioactive effluents

released from SONGS lead to measurable ecological effects. We have examined

data on the activity of seawater, shoreline and benthic sediments, and the activity of

tissues of various marine organisms collected from near SONGS, and in the vicinity

of other nuclear facilities. These data reveal that elevations in radioactivity due to

the presence of SONGS and other nuclear generating facilities generally represent
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only a small percentage increase over the concentrations due to natural background

radiation. Studies relating dose rates and doses of radiation to biological effects

also indicate that increased exposures due to emissions from nuclear generating

facilities pose little threat to the health of local marine organisms. There is no

evidence for even sublethal effects of radiation at the levels of release by the

relatively "dirq/" Windscale, and liberal estimates of dose rates in the region around

SONGS are roughly 100 times lower than the lowest levels documented as leading to

sublethal biological effects.

Putting aside the question of biological effects of radiation, the measurement

of activity levels of radionuclides produced by SONGS in the tissues of organisms or

in the sediments has potential for indicating the extent to which a given area is

exposed to SONGS' effluents. This procedure would best be applied to sedentary

organisms, to avoid confounding the spatial extent of the plume with movement of

the organisms being monitored. Care would also need to be taken to ensure that

the uptake rates of radionuclides did not vary spatially in response to other

differences in the environment. These potential difficulties might be avoided by

assaying sediments instead of organisms. However, in practice, activity levels of

artificial radionuclides have usually been below detection limits in sediments, while

station-related radionuclides are often detected in the tissues of organisms collected

near SONGS.
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Table 1

Summary of California State Mussel Watch Program measurtments of trace metal

concentrations in tissues of Mvtitus californianus, from the San Onofic outfall (1985'86)' and

other selected stations within the southern Caltfornia bight (1977{6). The mean and range are

given for dry weight concentrations in pg/g (ppm). Yalues for San Onofrc arc from populations

iutplanted ior 4.9 months. Values for all other sites are from rcsident populations. From Hayes

and Phillips (19E7).

STATION
(SMw No.)

ALUMINUM CADMIUM CHRoMIUM CoppeR MANGANESE

San Miguel Is. E.
(s01)

Santa Barbara Is.
(s04)

Royal Palms
(662)

San Onofre outfall
(744) (Uzt&)

Bodega Head (a/m/8s)

Oceanside Beach
(750)

La Jolla
(832)

17.8
(L1.3-2s.7)

91.5
(31-160)

2L5
(84-5e3)

%7

1373

674
(300-u7e)

246
ge-6n)

9.60
(6.e-12.0)

LL2
(8.s-u.2)

3.t9
QHA\

t.94

6.n

1.55
(0.8-3.1)

2.9'3
(2.6-3.6)

1.50
(1.G1.8)

2.t3
(L.t-2s)

5S
(327-850)

L.42

2.92

L.49
(0.e-2.6)

1.88
(0.e-2.6)

4.r3
Q.2-s.4)

4.63
(4.3-s.0)

8.60
(6.8-10.s)

4.63

5.10

6.90
(s.s-e.e)
6.v2
(4.e-8.0)

2.3
(L.e-2.s)

3.9
(2.3-s.e)

10.0
(6.e--16.5)

6-3

7.0

L4.5
(7.8-24.3)

6.2
(4.5-8.3)

STATION
(sMw No.)

LEAD MERCTJRY SILVER ZtNc

San Miguel Is. E.
(s04)

Santa Barbara Is.
(s01)

Royal PaLns
(6r,2)

San Onofre outfall
(744) (t/z/%)

Bodega Head (e/02l8s)

Oceanside Beach
(7s0)

La Jolla
(832)

2.33
(rJ-2.7)

3.5s
(ze4s)

L0.9
G.6-n.7)

t.26

0.93

L.v3
(1.ffi-3.80)

16.8
(ns-19.7)

0.r23
(.081-.211)

o.1y
(.07e-.187)

0.w
(.14e-.533)

0.072

0.L92

0.L42
(.007-.617)

0.29L
(.le-.45)

0.70
(o.ffi8)

155
(15-1.6)

2.t0
(Ls-2.6)

1.98

0.73
(.40-130)

1.rt
(.8&13)

0.646
(517-.R3)

0.951
(.637-1.43)

6.2
(3.3-e.2)

O.LL2

0.108

0.678
(.180-1.43)

7.24
(4.0-e37)

118
(eGr33)

1zE
(131-173)

250
(170-313)

90.3

83.1

L6
(m-245)

199
(171,-230)
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lable 2

Elevated data levels (EDL's) for metal concentrations detec{ed by the State Mussel Watch Program
from stations all along the California coast, during 1977-86. Values represent the levels (pg/g, dry
weight) which equal or exceed 85Vo or 95Vo of all measurements of that substance collected in
organisms of the same species and exposurt condition.

RestoeNT CALTFoRNIA
MussEts

EDr85 EDL95 (N)

TRANSPT.ANTED CALIFoRNIA
MussErs

EDr.85 EDL95 (N)

RESIDEN'I BAY
MussErs

EDL85 EDL95 (N)CHEMIcAL

Aluminum

Cadmium

Chromium

Copper

Lead

Manganese

Mercury

Mckel

Silver

Zinc

42A52

850

3.31

8.&

9.L7

11.48

0.40

3.82

4.35

231.98

&6.%

10.93

4.61

13.,A

n.v

1.6.91

0.73

4.71

16.89

n0.n

(3m)

(370)

(3?0)

(370)

(370)

(370)

Q64)

(16s)

(370)

(370)

826.80

6.&

3.45

16.30

23.63

35.89

0.40

4.87

0.32

355.26

1302.75 (6s)

8.ss (6s)

7.77 (65)

35.10 (65)

4e.83 (65)

49.68 (6s)

0.67 (63)

7.63 (1e)

0.65 (65)

41e.23 (6s)

6m23

11.14

4-01

1930

10.85

33A9

0.39

< 2 S

0.n

32957

90e.es (3s8)

13.21 (3s8)

6.v (58)

3e.31 (3s8)

22J/. (367')

4s.10 (3s8)

0s2 (34e)

s.72 (81)

1.47 (3s8)

426.86 (3s8)
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Table 3

Metal concentrations in mussel tissues (pg/S dry wL) from the MRC outplants in 1976'77 and 1986'

and the State Mussel Watch Program for 19E5-E6. The MRC outplants werc Bay Mussels (W!lW

9@!i9, and the SMW outplants werr California Mussels G4J(!!Uq californianus). Values for the

MRC 1986 data are means (;l one S.E.). "On" and "off denote dilfercnt time periods at the outplants

in LVI6-LVI7 (see Section 3).

STATION CADMIUM
ON OFF

CHROMIUM
ON OFF

CoPPER
ON OFF

MANGANESE
ON OFF

LEAD
ON OFF

ZINC
ON OFF

1976.77 MRC OINPLANT

25 m south

50 m south

1600 m south

128fi) m south

2.4 23L

2.99 L.72

2.y L.@

3.15 L.74

0.62 r.33

0.66 1.58

0.33 Lg

036 0.66

6.1 L2.0

7.0 732

5.1 8.4

5.8 10.1

7.8 t3.4

83 15.6

4.8 L2.4

5.7 82

0.8 2.26

L.?i L.94

0.93 L.4

1.13 t.4L

85 L26

109 116

78 103

92 96

CADMIUM CHRoMIUM COPPER MANGANESE LEAD ZINCSTATON

1986 MRC OUTPI"ANT

SMKU 3.4!0.16
(-5 krn upcoast)

SMKD 3.64030
(-4 km upcoast)

SOKN 3.410.16
(<0.5 km upcoast)

Diffusers

SOKU

4.6!0.n

4.6!0.41

0.%r0.07

1.5930.03

1.5210.19

1.36s0.09

130t0.05

0.89J0.03

6.54+031

6.45!0.?5

622t0.22

5.94!0.L7

6.M+0.19

5.24 +0.05

11.8i058

18.0a1.05

16.0a0.70

L4.4+0.72

12.7r0.60

9.19056

1.08t0.lji

1.zlo!0.16

1.1140.11

0.89!0.04

0.8110.27

0.60!0.01

L29.3+L'7.5

LL4.3!3.5

120+.4.0

Ln!3.2

r32!21..0

tL2!6.7

(-0.5 km downcoast)

PAR 4.010.31
(-5 km downcoast)

1985.86 SMW OUTPLANT

San Onofre Outfall L.94 4.63L.42

86

6.3 1..3 90.3
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Table 6

Summary of results of ANCOVA for metal concentrations during 1976-1977 MRC
mussel outplants. Distance nas the coviariate and Period ("on" or noll") was the
class variable. Distance x Period rcpresents a test for homogeneity of slopes for the
independent variable Distance during the tryo periods. Entries in the table are F
values (d.f. = l,Tinallcases). *indicatesp < 0.05,tindicatesp < 0.10.

DEPENDENT
VARIABLE

--- SouRcE -----------
DISIANCE PERJOD DISIAI.{CE X PERIOD

cd

Cr

Cu

Fe

Mn

Ni

Pb

7^

0.14

7.4t

0.35

19.86*

4.93r

r.29

0.42

0.74

4.571

19.90*

13.04*

L3.76*

15.15*

13.90*

L6.77*

4.54

L.02

0.63

0.05

3.&

0.75

0.99

2.01

0.70

89



Table 7

Summarl of ANCOYA rcsults for growth rate during the 1976'1977 MRC mussel

outptanti. Metal concentration was the covariate (separate analyses for each metal:

Ca, Cr, Cu, Fe, Mn, Ni, Pb, Zn) and Period nas the class variable' Preliminary

analyses indicated that slopes werc homogeneous across periods. Entries in the

tablearc Fvalues. * indicates p < 0.05.

COVARIAIE
(METAL)

SOURCE
Merel PERIoD

CoNCENTRATION

<0.010.02cd

0.490.46Cr

Cu L2.70* 11.08*

0.320.vFe

Mn L.23 1.10

0.040.01Ni

0.820.85Pb

0.877^ LN

90
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Table 9

Coeflicients of determination (f) of biotogical variables Yersus metal concentrations

for 1986 MRC mussel outplanl In all cases, d. f. = 15. s indicates p < 0'01'

GROWTH RATE GONAD IVTASS GONEO INDEX

cd

Cr

Cu

Fe

Mn

Pb

7n

0.45*'l

0.004

0.07

0.006

0.005

0.05

0.02

0.09

0.05

0.04

0.07

0.06

0.06

0.03

0.14

0.05

0.04

0.03

0.05

0.05

0.007

92



Table L0

Metal concentrations in ppm (from Parker (1985) based on undated data sheets provided to MRC
circa late 19E2). Pismo Beach was sampled on 15 July 1982. Goleta was sampled on 25 August 19E2.
AII other beaches were sampled on 3 August 19E2. Crab sizes arc as follows: S = "Box 23n = 13 mm;
M = "Box2E" = 16mm; L = n>Box 32 = > 18mm.

STATIoN CHROMIUM
S M L

MANGANESE
S M L

NICKEL
S M L

0.4 km N
1.5 km N
6.5 km N
6.5 km N egg-bearing
San Clemente Pier

(-7.s km N)
Goleta Pier
Pismo Beach Pier

0.8

L.2

0.7
0.8

0.7

0.6

0.6

7.4
0.8
0.7
0.7
o.7

0.8

22.4

7.9
1.8
1.4
L.7
1.5

1.8

L3.6

20.8
v.9
15.8 t2.3
19.1
18.0 2L.7

1.5

t.7

1.3

1.4

1.5 1.9
2.0

4.4 4.3 7.r
6.5

ZNC
S M L

IRON
S M L

LEAD
M

STATIoN

0.4 km N
1.5 km N
6.5 km N
6.5 km N egg-bearing
San Clemente Pier

(-7.5 krn N)
Goleta Pier
Pismo Beach Pier

3.3
3.1

4.6 4.1 3.4
3.8

3.4 4.4 5.0

zLt.2
132.t

74s 32.L
62.0

15.9 23.4

32.2 37.0

81.7
t6.9
L1.L L3.6
16.4
L7.5 19.6

L2.7 15.5
18.6

68.2

?6.6

8.7
y.6

19.r.

L4.6

13.62.9 3.2
4.6

2.9

STATIoN CoPPER
M

CADMIUM
S M L

SILVER
M

0.4 km N
1.5 km N
6.5 km N
6.5 km N egg-bearing
San Clemente Pier

(-7.5 km N)
Goleta Pier
Pismo Beach Pier

1.8

0.8

2.9
0.9

0.7

0.6

0.815.6
2^8

11.5
2L5
20.4
19.7
15.7

13.5

24.8

?n.9

1..1
0.6
0.7
0.7
o-7

L.7

14.0

L2.0

7.5

12.0
14.8
12.6 26.9
L3.7
L3.4 14.6

8.5 30.1
' I4.4

L2.0

93



Table 11

lVletal concentration (y,/g dry wt.) in sediments for all beaches during the July 1983 MRC study'

XLOCBCH is the straight-line distance in meters from SONGS. Negative values are North (uPcoast) of the

generating station.

ZNPBNIMnFECUCRCDXLOCBCH

-11.5000

-100000

-79000
(Cabrillo Beach)

-15500

-12000

-6500

-1500

-lCIO

SONGS

1500

6500

12000

18000

25000
(Occanside)

45000

65000
(l-a Jolla)

0.0223

0.0128

0.363

0.0208

0.0158

0.006

0.0105

0.0u725

0.00675

0.006

0.00350

0.00575

0.00500

0.00325

0.00500

0.T2

o.428

2.n

0.109

0.130

0.L12

0.153

0.116

0.085

0.193

0.L67

0.188

0.185

0.192

0.340

0308

0.L97

23

0.m

0.184

0.101

0.173

0.169

l,-
l,*
I 

n'"

l.;

LM

r24

943

IM

98.1

u.4

84.3

79.4

52.0

fi.4

6.6

86.8

118

68.9

50.4

5.15

2.403

v.6

9.42

5.57

4.08

6.43

4.6L

252

456

2.85

2.94

5.50

r.67

1.89

0.62

0.6n

1.18

0.623

0.440

0.699

0.559

0.490

0.87

0.4n

0.603

0.648

0.609

0.632

0.614

1.58

L.52

5.32

0.26r

0.r97

0.373

L.Z7

0.251

0.183

0.183

0.1003

0.2t6

0.242

0.47L

0.94

? o ?

3.02

13.8

L.39

L-%

1.61

1.39

1.13

L.20

1.14

1.13

1..33

1.43

1.4

L.54

94



Table 12

I{etal concentration (pg/g dry wt.) in sediments for all beaches during the August 1983 IVIRC study.

XLOCBCH is the straight-line distance in meters from SONGS. Negative values ar.e North (upcoast) of the

generating station.

XLOCBCH CD CR ZNPBNIMNFECU

-450000

-115000

-L00000

-79000
(Cabrillo Beach)

-15500

-1.2000

-6500

-1500

-400

SONGS

1500

6500

12000

18000

25m0
(Oceanside)

45000

65000
(h Jolla)

0.006

0.0095

0.0120

0.338

0.0215

0.0138

0.0070

0.0075

0.00375

0.00425

0.0053

0.0060

0.00625

0.00675

a.c0725

0.00573

';t
0582 

I
2.46 |

0.0703 I

00s11
0.0e38 

|

o.oseo I
0.0s23 I

0.116

0.0593

I 
0.0e85

1,,*
| 0.178

I oo,
|  0 , ,

0.071:}

0.208

0.23L

0.606

0.2n

0.199

0.133

0.187

O.LLz

0.138

0.115

0.L22

0.091:}

0.r.38

0.106

0.093

r07

99.4

165

tL4.4

93.7

72.9

885

w

53.5

l"
l*"
l*o
| *.u

l,-
I 

t'.n
| *.0

2.03

4.83

3.39

30.8

9.n

556

258

4.52

3.11

2A

2.69

2.54

2.76

4.49

L.76

2.ffi

0.718

0.586

0.336

1.36

0.606

05]:i

0.507

0.519

0.M

| 

0.517

| 

0.483

| 

0.s38

I o.+s+

l,*,
l,.-

,,.I
i 4 8  

|^r:r:l

'oI,!
0848 

I
0.208

0.r97

0.L%

0.145

0.150

0.26

0.358

0.49L

L.4

2.75

3.50

1 A  1t t . t

L.34

1.10

L.52

1.19

1..L2

1.11

1..02

1.81

1 ) )

r.43

1.35

L.78

95



Table 13

Metal concentration (pg/g dry wa.) in sand crab tissue for the "no eggs" cat€orf for all sites during the July
f983 MRC study. XLOCBCH is the straight-line distance in meters from SONGS. Negative values are
North (upcoast) of the generating station.

XLOCBCH cb CN ZNPBNTCU FE MN

-115000

-1.00000

-15500

-12000

-6500

-1500

-400

SONGS

1500

6500

12000

18000

25000
(Occanside)

45000

65000
(Ia Jolla)

1.08

1.09

1.56

L.76

2.62

1.81

L.69

z.4L

2.94

359

2.7L

3.76

2.35

3.38

03?3

0.694

L33

0.615

0.2u

0.5v2

0.306

0.M

0.72L

0.ur

0.nL

0.115

0.308

0.398

ffi

?67

181

1.65

198

lE

t24

110

99.6

73.t

59.7

9 8 5

8L.2

80.1

t07

90.0

?n0

239

135

370

2m

139

L47

853

108

LL1

11:}

103

35.8

15.8

73.7

49.2

38.0

62.L

4.9

31.8

?43

3L.t

37.9

4L3

25.8

18.0

0

2.42

0

0

0.618

0

0

2.09

2,96

0.880

0.76

L.07

0

5.28

L.57

0535

0

0

0.166

0

0

0.478

0.n2

0376

0.068

03t8

0

0.L20

92.4

L02

'71.2

11 )

131

82.4

86.9

85.6

92.1

88.3

81.0

85.1

83.2

92.2

96



Table 14

IVIetal concentration (yg/g dr! wt.) in sand crab tissue for the nno eggsn categora for all sites during the

August 1983 MRC study. XLOCBCH is the straight-line distance in meters from SONGS. Negative values

are North (upcoast) ofthe generating station.

ZNPENIMNFECIJCRXLOCBCH CD

-450000

-100000

-79000
(Cabrillo Beach)

-12000

-6500

-zmO

SONGS

1500

6500

12000

25000
(Oceanside)

45000

65000
(h Jolla)

2.23

2.76

2.34

1.10

2.L8

L.L4

2.L5

3.07

2.2L

2.U6

') i',

0.949

0.?n

1.10

0.551

457

0.491

L.22

2.25

1.91

1.09

0.739

0.242

0.384

76.r

28L

240

249

237

179

183

205

1&3

165

r82

L25

119

L94

4&

228

158

383

386

57r

3L9

w

115

23L

r7.5

16.0

28.3

47.8

%.5

63.2

33.9

39.3

32.5

30.1

2L.3

15.4

0

2.ffi

0

0

0.6L7

0

0

2.n

2.93

0.983

3.3L

0

0

0.796

0

t.07

0.895

0

0.r37

L.28

0

0.224

L.67

0

76.5

110

95.8

95.8

109

95.5

109

L07

109

96.8

L04

88.9

97



Table 15

Metal concentration (W/g d'ry wL) in sand crab tissue for the kith eggs, size 10-14 mm" categorf, for all
sites during the August 1983 MRC study. XLOCBCH is the straight-line distance in meters from SONGS.
Negative values are North (upcoast) ofthe generating station.

XLOCBCH Zlt

-100000

-15500

-6500

-400

SONGS

12000

25000
(Oceanside)

45000

65000
(h Jolla)

0.887

2.LL

2.L8

t.4L

4.93

3.56

6.63

2.W

0.6y

0.618

OK

4.q

0.3%

t.43

L.?n

1.09

n6

2U6

r99

Ly3

2L8

2N

2L7

161

184

153

2X

n9

2y

769

181

45

115

595

36.8

56.7

n.2

4L.l

23.3

2L5

4.L9

0

0

0

0

1.89

352

1.90

0.855

0

0

0

0

2.L3

0.zffi

0536

94.7

88.0

113

110

106

113

L25

109

98



Table 16

Metal concentration (pg/g dry wt.) in sand crab tissue for the "10-13 mmn category
during the 1986 MRC study. )(LOCBCH is the straight-line distance in meters from

SONGS. Negative values are North (upcoast) of the generating station.

XLOCBCH MnFeCr

-17500
-1,1000
-12500
-11500
-10500
-8500
-7500
-6500
-5500
-4500
-1500
-400

SONGS
500

1500
2500
3500
4500
5500
6500
7500
8500
9500

10500
12mo
45000
65000

0.470
1.060
0.542
0.453
0.fiz
0.5,CI
1.360
1.160
0.595
0.543
1.100
0.907

1.200
1.160
0.94
r..190
1.100
1.250
0.67
0.523
0.742
0.875
0.510
1.13
0.636
0.645

55.4
4.8
6t.3
104
6.0
23.7
53.2
3 3 .  I

31.0
?5.2
4.4
&.7

)6.  /

3L.7
6.0
L4.4
25.4
44.2
4L.7
r'7.9
n.L
37.4
&.4
49.8
19.1
L2.0

439
9v
353
232
296
?nt
932
891
JJJ

305
617
296

45
396
235
538
516
535
M
n9
n6
8L7
L79
ffi
329
26

99



Table 17

Concentrations of metals (pg/g dry wt.) in bottom sediments along the 60 m isobath frour 19?7 and
1985. Data were collected by the Southern California Coastal Water Research Project (SCCWRP)
from control stations representing "uncontaminated" conditions. Values rcported for the overall
categories arc Means (min - max).

YEAR&
STATIoN Caoururrr CHRoMIUM CoPPER LEAD NICKEL SILVER ZINc

r977

San Clemente
San Onofre
Carlsbad

1977 overall
(N = 29)

1985

San Clemente
San Onofre
Carlsbad

1985 Overall
(N = 13)

0.2L
0.1
0.33

039
(0.1-1.4)

0.L42
(0.02-0.28)

23
(6543)

25.4
(7.840)

9.1
(28-31)

6.6
Q.7-12)

43
(1.0-e3)

L2
(1.6-35)

48
51
62

I J

61
6

7.7
43
4.6

n
29
23

0.11
0.08
0.10

9.7
10
11

6.7
6.9
93

9.7
11
15

22
22
25

0.13
0.11
0.L7

0.38 42
(0.06-1.7) (e.8-62)

m.o
16.0
L7.O

105
G.+n)

r7 <0.44
13 <0.025
81'3 <0.022

t2.9 0.025 48
(t.L-26) (0.012-0.112) (7.s-73)

100



Table 18

Metal concentrations (ug/gdlry wL) in bottom sediments at 15 m depth at an impact
site just downcoast of the SONGS Units 2 and 3 diffusers, and at a control site -7
km south of SONGS. Data arc from SCE Annual Reports: Marine Environmental
Analysis and Interpretation.

ME'fAL MEAN MIN MAx MEAN MAx

Station J2S (impact) Station Jr2S (control)

1978-1980

Cr
Cu
Fe
Ni
Ti

2L 42
3 6

3900 8200
5 t

400 1080

Cr
Cu
Fe
Ni
Ti

L6.9
4.7

8019.3
7.8

657.2

r.0
t.2

7240
13
L25

23
6.6

11800
9.7

1150

t4.8
3.73

ffi1.1
6.4

593.3

8.3 24
r.7 5.3

4300 8180
3.5 7.9
180 11/10

----- 1985-1987

39.8
6.2

8689
63

73L.L

33
4

6200
< 1
n0

6
7

10100
11

1090

29.9
4.3

6D5.6
5.4

&5.6

101



Table 19

Metal concentrations (mg/l) in rcceiving waters at an impact site iust downcoast of

the SONGS Units 2 andl diffusers, and at a control site -7 krn south of SONGS'

Data ar.e from scE Annual Reports: Marine Environmental Analysis and

Interprrtation.

ME;TAL MEAN MIN MAX MEAN MIN MAX

>0.002 0.0004
0.0065 0.0007
0.1:} 0.04
>0.01 0.0004
<0.1 <0.1

StationJ2S (impact) Station J22S (control)

>0.0026 0.0007 0.006
0.0071 0.001 0.10
0.1:} 0.005 0.26

>0.008 <0.001 0.013
<0.1 <0.1. <0.1

0.00?
0.0r.8
0.30
0.026
<0.1

1978-1980

1985-198i'/

Cr
Cu
Fe
Ni
Ti

Cr
Cu
Fe
Ni
Ti

<0.01 0.001
<0.01 0.001
<0.01 <0.005
<0.01. <0.001
<0.23 <0.01

<0.01 0.ffi2 <0.01
<0.01 0.002 <0.01
<0.01 <0.005 <0.01
<0.01 <0.001 <0.01
<023 <0.01, <0.5

<0.01
<0.01
<0.01
<0.0L
<05

r02



Table 20

Conserrative estimates of chronic toxicity of metals from SWRCB (198E). New
(1988) estimates arr the geometric average of the thnee lowest concentrations where
chronic exposure led to effects. Old (1983) estimates extrapolated from acute
studies in some cases.

1983 VALUE 1988 VALUE

Cadmitrm

Hexavalent Chromium

Copper

Lead

Mercury

Nickel

Silver

Tinc

7.6

L4.6

6.4

26.0

L.6

146.0

56.0

8

18

5

))

0.4

,A

J

51
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Table 23

Concentrations of major radionuclides in organisms sampled near nuclear facilities. Values are expressed as
pCi/g wet weighl ND indicates not detected. -- indicates not measuned. (G) indicates generating facility and
(R) indicates reprocessing facility. The SONGS data arc taken from the Annual Operating Reports of the

Radiological Environmental Monitoring Program, submitted by SCE to the Nuclear RegulatorT Commission,

from 19E1-1986. Values for the other sites arrc from Woodhead (1984), Tables 2-17 to 2'20.

11046 Oruen
PARTICUI-ATES

134Cs 13795 %7;p.- SaMN
esNs

flco'1011

(Narunat )

MOLLUSCS
Oyster Creek(G)
Bradwell(G)

soNGS(G)
Windscale(R)

t o .

2.9'

<02-2.6

2.9'

CRUSTACEANS

SONGS(G) 1.e-3.6

Windscale(R) 2s'

FISHES

Oyster Creek(G) 2s'

Bradwell(G) zs'

SONGS(G) 1&'3.e

Windscale(R) 2s'

025

0.28

<o.wl-2.9

054.12

0.0$432

0.23

0.w
ND

<0.0m4.086

0.6

<0.01

4G3.6

<0.01

2.245

0.069

0.036

<0.01

02-L6

ND

L.4

0.0034.006

r+?6

0.0044.012

t7-52

0.12

o.24

0.0030.059

0.7-23.0

ND

ND

<0.03

4G9t.

<0.03

0.35

ND

ND

<0.03

<0.014.014

<0.014.067

0.424

<0.01

ND

0.38 8.13

<0.074.n -0.1

42 55G115*

0.016-0.36 -0.30

0.016-0.92 21-31-

ND

<0.07

0.081

'estimated valuc from Woodhcad (1984)
+ primarily from Ruthcnium-106
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Table24

Isotope activity levels (pCi/g dry wt) in sand crab tissue during August 1986. Note that activit-v
levels measured on a dry weight basis arc approximately tive times higher than wet weight estimates.
Site designations reprcsent distances north (-) or south (+) of soNGS in meters.

SrzE
CIASs

SrrE 4oK

(NATURAL)

sMn 0co

>  L3mm
-11500
-8500
-75N
-6500

SONGS
2500
4500
6500
7500
8500
9500

10500
12500
65000

1.3
2.L
3.4
3.6

4.0
2-3
3.4
2.2
) )
2.7
2.4
6.0
) )

0
0
0
0

0
0

0.04
0

0
0
0
0
0
0

0.03
0
0

0
0
0
0
0
0

0.06
0
0

1 0 - 1 3 m m
-17500
-12t000
-12500
-11500
-10500
-8500
-7500
-6500
-5500
-4500
-1500
400

0 (soNGS)
500

1500
2500
3500
4500
5500
6500
7500
8500

10500
7m
45000
65000

3.0
3.3
) <
2.6
2.6
2.7
2.4
3.8
2.3
3.2
3.4
2.7
4.2
2.6
3.6
2.L
2.5
3.7
2.9
2.4
2.9
2.9
3.2
2.8
3.0
r.2

0
0.01
0
0
0

0.03
0
0

0.02
0

0.04
0.03
0

0.06
0.04
0.05
0.03
0.03

0
0.04
0.07
0.04
0.07
0
0
0

0
0.02
0
0
0

0.02
0.03
0

0.03
0

0.06
0.04
0.04
0.06
0.06
0.0s
0.05
0.03
0.04
0.03
0.04
0.04
0.05

0
0
0

r07
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FIGURES



Figure 1: Locations of mussel outplant stations during the 1976'

1977 and 1986 MHC studies. The diffusers for SONGS

Units 2 and 3 are indicated by straight lines in the vicinity

of the soKU and DIFF stations.
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Figure 2: Concentrations of chromium in sediments (ppm, dry wt')

from the 30 m isobath, at SCCWRP Reference sites'

(Data are from Thompson et g[. 1987).
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Appendix A. Programs and data bases used in the analyses

of the MRC mussel data (Section 3).



Flow chart for data on current dirrction and SONGS operation used in description of MRC mussel
outplants.

MRC DATA BASES

DBUUTAUG.YRTTHRl

Iv
SAS Programg

Cvr77
1977 current

results

DBUUT.YRS6
YR87

Iv

Getcurr
1985 current

results

DBSONGS.YRT6
YR77
I
V

Onoffmus
Ln6-L977
SONGS

operations

DBSONGS.YRS6
YR87

I
V

Onoff8T
1986

SONGS
operations

Table 4



Flow chart for analyses of 197 6-L977 mussel data.

MRC DATA BASES

DBMUSMET.YRTT
DBMUSGRO.E)(P03

I
v

MUSTTTST
SAS program that
creates intermediate
data base (mean numbers
for each location x time)

Iv
DBMUSALL.YRTT
Intermediate data base

MUSCOVT
SAS Program th31
does regressions of metal
concentration vs. distance
and ANCOVA on grofih rate

I
v

Tables 6 andT

Table 5



Flow chart of analyses of 19E6 mussel metal data.

MRC DATA BASES
DBMUSSAI.YR86
DBMUSSMET.YR86

Iv
MUSS6T5T
SAS program: creates
data base with mean
values for each
field station

Iv
DBMUSALL.YRS6 ->
intcrmediate data
base with station
meansfor each general

I
v

MUSGLMS
SAS Program:
DoesANOVA to
compare stations and
regresses biological
variables
against metals

Iv
Tables 8 and 9

MUSMEANS
SAS progrem:
calculates means

location



Appendix B: Source documents on the methods used

metal concentrations in mussels.

to assay
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I.O INTRODUCTION

This daca reporc "Bulk Analysis of Mussel Sarnples for Trace ltletals" is
subnicced by Science Appl icat ions Internat ional Corporacion (SAIC), La Jol la,
CA co the Marine Review CornmiEtee, Inc. (MRC), Encini tas, Ca. Frozen mussel
(l{ycilus edulis) sarnples rdere received by SAIC on April 7, L987. Samples uere
placed in a freezet (-20-C) and stored frozen unt i l  sample log- in and analysis.
Eighc (8) sanples erere analyzed (Table 1-1).

A description of the analytical nethods and resulcs is presented in Sections
2.0 and 3.0, respect ively.  Data.tape documenEation is included as Sect ion 4.0.

2.0 METHODS

Whole mussel (ttvtilus edulis) sampLes \re!e leceived in the frozen srate. Nexc,
che sanples etere logged in according to standard chain-of-cuscody proeedures by
assigning unique SAIC check-in nr"rmbers as a cross-reference to all MRC sanple
nr.mbers. TLre samples were ftozen unt,il prepatation and analysis.

In order to rniniuizE che possibility of concamination, all labsire used was
cleaned in 3N HNO" for ac least 48 hours, followed by rinsing and soaking in
deionized ltater foi 24 hours. Ihe labware was then allowed to dry, covered
with lab wipers, :rt aabient laboracory temperature. A11 sanple handling and
preparation was carried out i.n a clean bench or polyechylene hood.

Sarnple PreParat ion and analysis is discussed in Sect lons 2.L and 2.2,
respect ively.

2.L Samples Preparat ion (Cd, Cr,  Cu, Fe, Mrr,  Ni,  pb, Zn)

All bivalve (nussel) samples were dissected while stil l partially frozen in
order to ensure mosc of the sample ts removed from the shell.

The dissection proceeded as follows:

The adduccer rnusele lras cu! using a plastie knife, thls allotrs for the mussel
to be opened easily. A11 abyssal hai.rs lrere removed using tefLon forceps. Ttre
gonads rtere removed from the perlpheral of the lndlvldual using a teflon
policeman. Ttre gonad Bass was weighed and recorded. Next, the renaining
muscle rnass ltas fetroved wlth a teflon policenan, weighed and recorded. Afcer
each sanple ltas weighed the muscle tissues were combined for each sarnple
respectively and placed in a clean, labeled polyechylene bottle. llre gonads
ltere conblned for each respective sanple, and stored in a clean, labeled
polypropylene Jar. Fifteen (15) individuals were dissected and measured from
each sanple.

Each lndlvtdual of a sanple was neasured for length ln the folloiwng manner. A
cotal lengch of the shel1 of the individual eras Beasured and recorded. A
groltth lengch of che shell of che individual (deflned as the distance from lst
noEch in shell to the foot of the lndividual) was lueasured and recorded.
(Note: for Bateh #2 there rrere no noeches obsenred, Eherefore, no growch
length Eeasurenent could be made.) 

'The 
Caliper used for measuring shell length

was a Fowler Carbon Fibre Dial Calipers Dial-l5 with a rnininr:m reading of 0.01
lnches.



T a b t c  1 . 1 .

N'ISSEL SA}IPLES TO EE A}IALYZED 8Y SAtC/BAtCh 2 (Spring 1987)

sAtc t0
*

E7131001
87131002
87131003
87131004
87131005
E7131006
E7131007
87131008

ilRC tD
*

(llytitr,ls edrtis)
H - 1 9
lt-20
x-21
n-22
n-23
A-24
r{-25
H-26



Fol lowing Ehe dlssect ions, Ehe gonacts rrere stored in a freezet.  I ' lee whole sofc
Ei.ssues (orinus gonads) were homogenized and a aliquot was eaken Eo a conscanC
dry weighc using a Vircis Unitrap II freeze-dryer. Following the drying
Process, Ehe samples were ground Co a homogenous powder. Next,  Ehe sanples
were digested in the fol lowing manner.

Approxinacely 0.75 g. of dry honogenized sanple was aliquoEed and transferred
to 30 nI ceflon (FEP) screw-cap centrlfuge cubes. Next, a modificacion of che
oxidatlon described by Risby (L979) was perforned. Five nl of double dlstil led
concentlaEed HNO? (G.F. Snith Conpany) sere added co the sanples. The samples
wele then tlghcly eapped and lefc co stand overnighc, in a hood, ac roour
temperature. Ttre next day che samples were loosely capped and heaced in a 95-C
sater bath for 2 hours. Nexc, the tubes were removed,^c,ighcly capped and
placed in an autoclave for 2 hours at a teaperacure of 115-C. Follorcing chis
period, che sample Eubes were removed, cooled, rinsed wich deionized erater, and
blocted dry sith a wiper. Ttre sanples \rere nexc quantitatively Eansferred to
50 nl polypropylene volumetric flasks and brought to volume with deionized
l{il l i-Q water. I^astly, Ehe sanples lrere transferred to labeled 60 nI
polyethylene bottles and stored r.mcil tine for analysis. Sanple nethod blanks
and N.R.C. scandards were prepared in che saoe manner.

2.2 Sample Analyses (Cd, Cr,  Cu, Fe, Mn, Ni,  Pb, Zn)

Samples ltere analyzed by aconic absorpcion spectrophotonecry (AAS) using boch
flane and graphice according to pariulecers outlined in Perkin-Elner (1976 and
L977>. Ttre tnstrurent used is a Perkin-Elner 503 equipped wich airr/CrH, and
N7O/C.,H, burners, 8D HGA-2200 graphiEe furnace, Bf, AS-1 Autosamplef, a
d6uteiiirn (Dr) lanp backgror:nd corrector and a Perkin-Elner 055 recorder. the
D, background corlector was used for all analyses. Sanple calculacions lrere
dEtetnined using the method of standard additons (MOSA). Inscrr:nent operaEing
conditions and par:uecers are sr:mnarlzed tn Table 2-L and 2-2. Sanple blanks
and N.R.C. reference materials sere analyzed in che s€uDe manner as che sanples.
AAS working scandards lrere prepared fron a mixed 10 ppn stock using Fisher 1000
ppu standards. Conputeri.zed data reduction was used for all samples.

3.0 RESULTS

Final sample daca for Cd, Ct, Cu, Fe, Mn, Ni, Pb, Zn concentracions are
presented ln Table 3-1. Sanple precislon and aceuracy data are presented in
Tables 3-Z and 3-3, respecEtvely. fhe precision and eccuracy daca are seIl
wichin acceptable llnits. ShelL length and gonadal and muscle welghcs are
presented ln Appendix A.

4.0 DATA TAPE FOR!{ATIDOCTTMENTATION

DocumenEatlon for the daca tape (subnitted as a separate enclosure) ls
presented ln chls section. Ttre cape replesencs those daca Presented ln Tab1es
3-1 through 3-3.,  Table 1-1 and Appendix A.



Spec i f i ca t ion  fo r  0a ta  Tape c rea ted  6- jg -g7  by  Cynth ia  Aygarn ,  SAIC
for i ' lRC frace feta(s in Hussets Anatysis.

9 - l rack ,  E8COtC,  1600 Bpt
Recordtength = 80 bytes
Etocksize = 80 bytes

There are 5 f i l ,es on the taoe:

Fl.PRll (Trace f4ctal concentrations)
Cotr.rrs Description

1 .

1 - E
1 1 -  1 4
19
22-25
28-32
35-38
41-t t4

47-50
53-57
60-64
67-m

SAIC Sarptc.lD [urbcr
lllc Saqrte ID ltraber
Rcp[icate lD
Cd concentration (ug/g)
Cr concentistion (uglg)
fu concentration (ug/g)
Fe co,rcentration (uglg)
ftln conclntration (uglS)
lli concentration (ug,rg)
Pb concentration (ug,/g)
Zn concentration (ug/g)

z. Fz.PRll (Precision D!r.)
Cottrlrrs Dcscription

1 - E
1 1 -  1 6
19
21 -25

2E-53
36-40
43-45
49-53
56-61
64-68
71.74

SAIC Sarpte tD ilurb.r
Sarpte Dcscription
Repticsta lD
cd
Cr
Cu
FC
lln
I i
Pb

Zn

3 .

fote: Rcpticatc E : l{ean vatuG
F . Stsndard Deviation
G r Cocff icicnt of Variat ion (Z)

F3.PRI (Accuracy 06ta)
Coturrs Descniption

1-2
6-9
t5-  18
25-28
34-36
52-54

Etcmnt
Rcportcd Vatr,c
Reportcd Standard Dcviation
Cert i f ied vatuc
C*ti f  icd Standard Ocviat ion
Pcrcent Rccovcry



Spec i t i ca t i on  f o r  Da ta  Tapc  c rea ted  6 -19 -87  by  Cyn th i a  Ayga rn ,

for  i lRC Trace l ieta ls in Hussets Analysis.

F4.Ptll (tlussel Sarptes)
Cotrmrs ocscription
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I. O INTR.ODUCTION

This daca rePorc "Bulk -Analysis of l {ussel sarnples for Trace Mecals, ,  issubrnicced by Science appl icacions rnEernacional corporacion (SArc),  La Jol1a,CA to che Marine Review Cornniccee, Inc. ( lRC), Encinicas, Ca. Frozen rnussel( l {ycirus edul is) saople; nere received by sArc-on Apri l  l ,  19g7. sampres wereplaced in a freezer ( 'zooc) and scored fr lzen unri l  sanple 1og-in and anarysis.Seventeen (17) saaples vrere analyzed (Tabte l -1).

A description of the- analytlcal nechods and results is presented in secclons2'0 and 3'0 '  resPect ively.  6";"  Eape docr.rmencaclon is included as seccion 4.0.
2.0 METHODS

Il : t :  tser 
(Mvci lus gdrl l is)  sanples were received in che frozen srare. NexE,the sa^trples vtere toggea-in-iEcording to standari chain-of-cuscody procedures byassigning' 'nique iAlc ctreck'ln n'mbers as a cross-reference co arl MRC sanplen,rnbers' Ttre sanpres were frozen uncir. preparacron and analysis.

rn order to uin-ioize the possibility of contaminaci.on, alr labware used sascleaned in 3N 
tor fgt 

"t 
i"""t 48 hours, foliowed by rinsing and soaking indeionized ltaEer foi 24 hours. Ttre labsare was then allowed to dry, covered,wich lab wipers, rr anbienc laborargry c.ip.ii.rrr". AII saople handling andPreParaclon was carried ouc ln a clean blnch or-pory.chylene rrooa.

Sample preparacion and analysis
respecriveLy.

2.L Sanples preparat ion (Cd, Cr,  Cu, Fe, Mn, Ni,  pb ,  Zn)

A11 bivalve (nussel) 
- saaples were dissected while srill partially frozen inorder co ensure nost of the sampre is reuoved fron che sherr.

lhe dissectlon proceeded as follows:

The adduccer suscle was cut usfng a pLastlc knife, this allows for che musselto be opened easily. 
- a1-1 abyssal fiarrs ,.r" r"rored using teflon forceps. TLregonads were removed frou the perlpheral of the lndividual using a teflonpoliceoan' Ttre gonad aass ttas__weighed and recorded. Next, the reuainingmuscle mass was re8oved rich a teflon iofrcenan, welghed, and record,ed. Aftereach sanple rtas welgbed the uuscle cissues were conbined for each sanplerespectively, and placed in a clean, labeled tolyechylene boccie. The gonadswere coubined for each -respeccive sample, iand 

slored ln a erean, labered,poylpropylene Jar. Ten (10) indivtduals-were dissecced and mesured froa eachsauple.

Each indlvldual of a sauple was measured for length ln the folloiwng Banner. Acocal- length of the shell of che tndlvtduai lras Beasuled and recorded. Agrowth lengch of the shel1 of che lndividual (defined as the distance froro lscnotch ln shell co che fooc of the lndivtdualj sas measured and recorded,. TtreCallper used for-aeasurlng sheLl lengch lras a i'owler carbon Flbre DiaI callpersDial- l5 wlch a ninimrrm reiaing of 0.01 inches.

ls  d iscussed ln  Secr tons  Z .L  and 2 .2 ,



I a b t e  1 . 1 .

xussEL SA'{PLES t0 8E AIALyZED 8y SAtc, /8arch I  (spRl lc 1987)

sAtc t0
I

87098001
67t9&,02
87098003
87096004
E709&t05' 
E7o9E0o6
8709E007
E709600E
E70980@
87098010
E709E01 1
E7!9E012
87098013
87098014
87!98015
8709E016
67098017

r{Rc tD
T

(Hyti tus cd/t is)
r - t
r .2
lr-3
x-5
r -6
n-7
lr-6
I -9
H-  10
t { -11
il- t2
il-13
x- ' t4
fr- 15
r{ -15
n-17
r .16



Fol lowing Ehe dissect ions, Ehe gonads were stored in a freezet.  The nuscle
trissue samples were honogenized anci a aliquoE lras caken tro a consEant dry
weighc using a Vircis Unicrap I I  f reeze-dryer.  Fol lowing che drying pro"""",
che sanples trere digested in the following nanner.

Approxinaceiy 0.75 g. of dry honogenized sample was aliquoced, and cransferred
co 30 nl  cef lon (FEP) screw-cap centr i fuge tubes. Nexc, a nodif icacion of che
oxidat ion described by Rlsby (1979) was perforaed. Five nl  of  double dist i l led
concencraced HNOj (G.F. Snith Conpany) were added co che sanples. The sanples
t ere then cighcly capped and lefc co sc,and overnighc, in a hood, ac iogn
temperacure. TLre next day the samples were loosely capped and heaced in a g5oc
rtacer bach for 2 hours. Next, Ehe tubes were removed,^cighcly capped and
placed in an aucoclave for 2 hours at a Eenperacure of 115oC.- Foilooring chis
period, the saople cubes rtere reooved, cooled, rinsed wich deionlzed racei, and
bloceed dry with a wiper. Ttte samples were nexc quancitracively cansferred to
50 nl pollpropylene voh,unetric flasks and brought to volr.uoe with deionized,
Milli 'Q .!tacer. Lastly, the samples rrere Eransferred co labeled 50 nl
polyethylene boctles and stored uncll ctue for analysis. Sanple neEhod blanks
and N.R.C. scandards uerE prepared in Ehe same tranner.

2.2 Sanple Analyses (Cd, Cr,  Cu, Fe, Mn, Ni,  pb, Zn)

Samples etere analyzed by atonic absorption specclophorornecry (AAS) using boch
Ilg" and graphite aceording to pararDecers outlined in Perkin-ELner (1976 and
L977). The instrumenc used is a Perkin-Elner 603 equipped, wlch airlC.H. and
N2o/c2H? burners, Bn HcA-2200 graphice furnace, rn As-t Aurosanpfef, a
dEuceiifin (Dr) lanp backgror:nd correccor and a Perkin-Elner 056 recorder. Ihe
D) backgroun8 corlector tras used for all analyses. Sanple calculacions were
dEcerained using the nechod of scandard addlcons (!{OSA). Insrrunent operacing
conditions and parameters are sr:mmarized in Table 2-L arrd 2-2. Sanple blanki
and N.R.C. reference macerials were analyzed in the same tranner as the sanples.
AAS working standards were prepared froo a nixed 10 ppn stock using Fisher 1000
PPE standards. conpucerlzed data reduction was used for all sampl,es.

3.0 RESULTS

Final sanple data for cd, cr, cu, Fe, Hn, Ni, pb, Zn concentrations are
Presenced in Table 3-1. Sanple preclsion and accuracy daca are presented in
Tables 3'2 and 3-3, rcspectively. Ttre precLsion and accuracy data are well
within acceptable llnlts. Shel1 length and gonadal and nuscLe weights are
presented ln Appendlx A.

4.0 DATA TAPE FORMAT,/DOCT'MENTATION

Docr.uentacion for the data tape (subnitted as e separate enclosure) is
Presenced ln thls seccton. Ttre cape represencs those dace presented in tables
3-1 chrough 3-3.,  Table 1-1 and Appendlx A.



Spec i f i ca t ion  fo r  Data  lap€ c rea ted  6 '2 '87  by  Cynth ia  Aygarn ,  SAIC

f or l{RC Trsc! l , letats in Husscts Anaiysi s.

9 .Track ,  EBCDIC.  1600 BPt
Rccordtength : 80 bytas
8locksize = 60 bvtes

lhcra arc 5 f i tcs on thr tap.:

F1.Ptx ( lrac! l lctat conclntrat ions)
Co( nrc Ocscript.ion

1 .

5-  r2
15 -  r6
zo-23
26-?9
32-36
39-12
45-47
50-53

t7
58.52
65-69
72-75

SAIC Sailpte lD llrfrcr
xRC Safipta lD Xmbcr
Rcoticalc lD
Cd cmcentrltim (ug/S)

cr concentiatim (ug/g)

Cu conc.'ntration (uElg)

Fc concrntrltion (ug./g)

fln corE.ntr.tion (ug/g)

ouat i f i c r  foc  [ i

Li  concmtr.t ion (ug/g)

Pb concmtration (uE/g)

Zn corlc$tration (uElE)

z. F2.PRX (Pr.cir ion Drta)
Coturrg D$cniption

t - E
t 1 - 1 6
t6
21-26
?fr-]/
37-41
44-47
50-54
56
57-61
g-8

71 -E

F3.PRI (Accuracy

Coturr3

SAIC Sarple lD l|J|b.r

Saaplc Dascription

Repticatc tD

cd
Cr
Cu
Fe
lln

ewt i f  i c r  fo r  t l i

T i
Pb

Zn

D!t ! )

ocscription

xota: Rcplicate E : l{can vetuc

F . st.td.rd Dcvirtion

G r Cocff icicnt of vtr i . t ion ( l)

3 .

t - 2
19-22
2E-3'l
38-41
47-49
73-E

Etencnt
Rcportcd Vatue
Reportcd Standard Oeviat ion

Cer t i f ied  Va lue

Cert i f  iGd Stardard Deviat ion

Perccnt Recovery

4



Spcci f icat ion for  oata tap.  crc l ted 6.2-97 W Cynthia Aygafn,  SAIC
for XRC l racc f€rats in t tussets Ana(ysis.

lpaEe 2)

F6.PRll (!'tussct

Cotl.|tns
SanFtca)

D$criprion

1 . 8
19-22

S IC Scttpt. t0 lrrt r
ffiC Saptc lD lutcr

5 . F5.Pil (Tisssc Ilsscs .nd Shctt Lcngth Iersurcnents)
Colutrr Ocscription

2-9
14-17
19.20
24-27
3r-34
ao
45.6E
54-57

SAIC Saqtc tD Xirbcr
,ttc Sa@tc lD Iurbcr
I lndividtt
lot. t  shel l  langrh ( inch.!)
Shctt tength to ltorch (inchc3)
Gonadc (Y/[)

coi.d r.$ (9)
lftJtclc f.3s r/o Goruds (9)
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Iissue ilasses and She(t Length t{easuren€nts

SAIC  HRC

Sarpte # Sanpte il

*
lndividuats

To ta l  She t  t

SheL t Length

Lengrh to llotch
( inches) (  inchcs)

Gonads
| lrl

Gonad Husctc l,lass
l{ass r/o Conads
(vet g) (rer g)

87098001
t!709800t
87098001
87098001
87098001
87098001
87098001
E7098001
8709800.1
87098001

I - 1
H - t
x - 1
i l - 1

i l - l

11- t

r - l
l | - I
i l -1
H - 1

I
2
3
1

5
6
7
8
9

1 0

2.96
2.82
2.60
2.76
2.E8
2.76
2.89
3 .09
2 .&
2.65

2.07
2.3E
2 . 1 2
2 .21
2 .01
2.07
2.27
2.53
2 . 1 0
2.20

4 .91
, . t 1
5 .55
6.89
3 .13
4 . 1 5
5.30
7.25
4.00
4.20

1 0 . 3 7

7.50
7.08
9.40
8.31
7.00
8 . 1 2

1 0 . 1 8

8.99
7.00

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

87098002 H.2 I 3.OO 2.4O Y 5.97 9.63E709800? t4-2 z 2.70 2.31 Y 3.91 6.1667098002 H-2 3 2.55 2.04 Y 3.a7 a.ot87098002 l.|.2 4 2.71 2.20 Y '.r0 7.53E7098002 lt-z 5 2.59 2.04 y 5.50 E.OO87098002 lt.z 6 2.80 2.02 Y 3.5 Z 7.U87096002 n-2 7 2.62 z.Ot Y 4.30 6.5087098002 A-2 8 2.6 2.08 Y 3.61 E.3387098002 r.2 9 2.61 1.80 Y 3.5 2 c.gz67!98002 H-2 10 2.76 2.2E f 3.72 E.57

87098003 x-3 1 2.67 2.05 | 3.72 5.25E7098003 r-3 2 2.67 2.17 Y 3.84 7.1187098003 H-3 3 2.77 2.-11 y 4.17 7.1487098003 H.3 4 2.g2 z.OE Y 0.99 7.8587098003 x-3 5 2.U 2.@ | 4.E7 E.4o87098{t03 il.3 6 2.98 2.$ Y 3.31 s.5267!eEoo3 n-3 7 z.u 1.s7 Y ;:; i ,.ooE709E003 x.! E 2.48 1.95 Y 3.10 6.to87098003 x.3 9 2.62 2.16 | 3.& 7.5987098003 x.3 to 2.72 2.11 | 2.s6 7.09

E709E004
87098004
87098004
87098004
87098004
67096004 H - 5
82198004 il.5
87098004 H.5
8709E004 il.5
E7098004 H.5

87098005 r.6
87098005 lt.6
87098005
E7098005
87098005

lt-5 3
x-5 4
H-5 5

1 z.zt
z z.E5

2.50
2.55
2 .8

5 2.70
2.5E
2.60
2.65
2.43

2.70
2.78
2.49
3.03
2 .8

2.24 Y
2.02 Y
2.08 Y
2.03 Y
2.32 Y
2 .12
2 .14
2 .  t 8
2 .21
1 .81

2 .14
2.2E
1 .96
2.35
2.20

Y
Y
Y
Y
Y

x-5
r-5

4.04
2.82
1.80
1.62
2 .  t 5
3.37
2.89
1 .92
r .85
1 .93

3 . 8 1
4 . 1 2

2 . 1 6
3.E l
3 . 1 9

7.0a
7.90
4.52
5.04
7.18
6.53
7 .17
5.64
4.60
4.03

7.U
7.0E
6.02
6.51
6.43

Y
Y
Y
Y
Y

7
8
9

10

1
2
5
4
5

i l -6
H - 6
r-6

t 2



Tissuc l{sssr! Ind Shclt Length lialsurerEnts (Page  2 )

Con8d3

Y/tl

s^t c tlRc I
Sanp tc l  Sc rp t c f  l nd i v i dua tg

Totlt  Shct t
shet t Largth
LrnEth to lotch
( inche3) ( irrhcs)

Gorud lluscte xass
l.3t r/o Gquds
(uct g) (rct 9)

87098005
87!98005
6709E005
8709800t
8709E005

r-6
fr-6
r-6
n-6
r-6

6
7
E
I

t0

2.52
2.13
e.78
2.50
2.47

t .89
2 .  r0
2.22
2.1a
2.ZO

3.5r
3.69
4 . 1 4
6.42

3.65

6.00
6.82
7.29
6.67
3.97

Y
Y
Y
Y
Y

67!98006
67098006
87!9E006
87098006
87!980(b
87!9E006
87098006
87(B8006
6709E006
87098006

n-7
n-7
r-7
n-?
A-7
r-7
n-7
n-7
n-7
n-7

1
2
3
(

5
6
7
6
I

t0

2.60
2.80
2.72
2.62
2.53
2.54
2.53
2.63
2.59
2.50

2.42
2.24
4.10
e.13
r .9J
2 .U
2.20
2 .16
2.8
2 . r7

4 .U
1 .00
(.49

1 . t  z
3.76
3.38
6.E8
4.t*
t .40
r .66

E.E7
5.65
5.9E
1.32
4.55
6.6E
6.56
6.67
2.80
5 .28

Y
Y
Y
Y

Y
Y

Y
Y
Y
Y

8709E007
6709E007
E7096007
87098007
87!9E007
E7098007
87!96{t07
E7!9E007
87!9E007
87098007

i l -E
x-E
x-6
r-E
T.E
r.8
r-E
r-E
r-E
r-E

I
2
3
4
5
6
7

. 8
9

t0

2.54
2.67
2.5E
2.59
?.e
2.32
2.r7
2.54
2.U
2.10

2 .V
2 .16
2.  r5
2.08
2 .10
1.99
2 .1  |
2.20
zJ2
2.06

2.(2
2.98
6.y
4.89
L.g
t .04
E.4Z
3.38
4 .?1
1.24

3.64
7.24
a .17
5 .61
6.48
3 . 1 8
5.06
5 .  t 6
7.5r
4.90

Y

Y
Y
Y

Y
Y
Y
Y
Y
Y

E7098006
Emg800E
E7!9E006
87!9E006
87098008
87!98006
E709E{t0E
87098008
8709E00E
E709E006

r-9
||-9
r-9
r-9
f,-9
l|-9
t -9
r-9
r-9
r-9

2.8
2.66
2.6
2.45
2.t8
2.5?
2.50
2.37
4.50
2.50

2.00
2.05
2.00
1.95
2.16
2.00
2.00
2.02
2.40
2.OC

3.6
5 .16
3.07
4.t5
t.?0
3.03
1.70
3.61
t .52
4.gl

4.06
7.25
5 .16
5.32
5.71
3.E7
6.E0
..72
5 . 1 t
6.09

t
2
I
1
5
6
7
E
9

t0

Y
I
Y
Y
Y
Y
Y
Y
Y
Y

E7096009
E7098009
E709E009
67!98009
6709E0@
E7!98009
E7098009
8709E009
87098009
67098009

r -10
x-10
x- t0
x- t0
lr- 10
r . t0
x- t0
r.  t0
r .  t0
H -  l 0

3.r0
2.73
2.76
3.09
2.67
2.94
2.55
2.8:t
2.73
2.17

2.35
t .94
2.02
2.v
2.99
2.',17
2.01
2.26
2.41
2 .12

J.2?
3.E3
?.74
5 .  19
6.00
5.54
a.31.
6.70
5.19
3.36

7.60
6 .51
5 .17
7.05
6.92
6.57
6 .5 r
6.55
5.26
5  .01

I
2
3
4
5
6
7
E
9

r0

Y
Y

Y
Y

Y
Y
Y

Y
Y
Y
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Tissue l {asses ard Shett  Length Heasuref i€nts (PaEg  31

sAtc  HRC ,
lo ta l  Shct  L

She( t Lcngth Gonads conad Husc[! t{ass
sarpt. I Sarptc , tndividrats Length to rotch y/tl l{ass r/o Goiadg

( inches) ( inchca) (rct g) (rct g)

E7098010 H.lt | 3.06 2.24 Y  4 . 1 7  6 . 6 387098010 x-tt z
E7098{'10 x.1.1
E7098010 r.tr
E7098010 r.1l 5
E7098010 x-tt
8709E010 r-11
E70980t0 x.tt
87098010 H.tl
E7!980t0 r-il to

87098012 x.l3
87098012 x-13
E7098012 ||.t3
E7098012 r.t3 4
E709E012 r.t3
E7098012 r.t3 6
E7!9E012 r.r3
E7WE0i2 r.l3
87!9EO't2 lt.t!
E?!98012 f,.13 to

2.21 2.09
2.82 2.12

f  6 . U 5.95
Y 4.48 6.65

5.59
5 . 5 6

Y 5.57 7.63
Y  l . t 7  5 . t 2
Y  5 . 1 0
Y 2.63
Y 5.09

6.62
4.78

6.59

5 . 1 E
5.?5

Y 4.17 7.74
Y  1 .8  3 .E0

(.39

5 .  14
3.93

Y 1.35 3.E9

3'

8709&tr l  x-12 1 2.7E 2.17 ,  5 .06 4.59E70980tr x.12 2 3.16 2.30 y 5.93 5.6eE70980'11 r.t? S Z.gt, Z.X | 4.7E 6.3687!9801r H.t? a 2.E2 2.00 v 3.16 1.056709801r ,t.12 t 2.79 2.24 Y 5.8:' 5.01E70980tr x.tz 6 2.52 2.06 y 3.E6 5.2987098011 r.t? ? 2.26 2.Ot Y 2.38 5.r08709E01r x.tz 6 2.68 2.2g y 5.83 5.12E7!9E0il x.te 9 2.6E t.98 y !.9E 5.74E709EOll r.t? 1o 2.E1 2.2O | 6.2E 5.15

4 2.72 2.27
3.04 2.30

5 2.82 2.10
7 z.z5 2.00
E 2.70 2.U
9  2 .55  2 .10

2.71 2.U

2.69 2.09
7 2.73 2. t5
E ?.95 2.25
9 2.m 1.90

Y t.zo
Y 4.50

|  2 .12
|  2.21
Y 2.51

t z.EE 2.01 Y 2.36
2 2.78 2.02 | z.g
I z.tt, 2-03 Y 't .6{t 3.93

2.65 2.13 Y 1.37 3.84
5 3.03 2.31

2.39 2.06

8709E013
E7098013
E709E013
8709E013
87098013
8709E013
87!98013
E7098013
87098013
E7098013

x- t4
r . t4
r . t4
r-14
r.  t4
x -16
r -14
r'r- l6
| | -14
r- 14

2.83
2.77
2.59
2.8
2.50
3.25
2.71
2.70
2.62
2.&

2 .18
2 .16
1.98
2.22
2.20
2.28
1.97
2 .10
l .9E
r.93

5.45
3.42
l.7E
6 .51
3.EE
4.22
1.76
2.96
1.07
2.77

I
2
3
4
5
6
7
E
9

1 0

5.24
5. t6
4 .51
6.43
5.60
5.82
4 .  t 3
5 .  t 4
5.85
5.09

8709E014
87098014
8m9E014
Em98016
87098016

x- 15
lr- l5
r .  l5
i l -  15
H -  1 5

2 .61
2. .9
2 .U
z.u
2.77

1 .98
2 . 1 3
2.37
1.77
2.23

3.63
3.03
2.94
2.32
2.06

5 .59
5 .02
6 .E l
5 . r2
5.63

1
2
3
4
5

Y
Y
Y
Y
Y

I4



Iissua Hass€s ard Shctt Length l{casurer:nts (Page  4 )

Gonads
Y l t

SAIC rRC
Sanptc I Sanptc I

,
tndividgats

lorr l  Shct t
Shct t Length
Lcngth to Lotch
( irches) ( inch.s)

Gon€d Huscta xass

llr3a r/o Conad3
(ret E) (rct 9)

87098014
E71t98016
E7098014
E7098014
67098014

H- 15
x- 15
r- 15
r- 15
x- l5

2.2b
2.69
2.69
2.8
2.57

2.04
1.75
2.19
2.08
1.99

1 .57
t .6E
4.3E
4 .12
3.91

t.7l
3.El
3.92
5.37
6 .€

6
7
8
9

t0

Y
Y
Y
Y
Y

EmgE{n5
E709E015
E7@E0r5
87!9E015
87!98015
87098015
87!98(t15
8rc9E015
67!98015
67!98015

r-  15
r- 16
x-'16
r-16
x- l6
x -16
H-16
r -16

i l-16
r-16

2.87
2.&2
z.g
2.55
2.61
2.71
2.{l
2.37
z.t4
2.78

2.26
2 .12
2 .16
2.  r0
2.03
2. r5
2 . l t
' t.96

1 .91
1.9E

5.60
5.38
4.El
3.54
2.3E
4 .n
4.26
3.56
3.77
3.36

5 .%
3.E7
6 .4
, .6e
4 .52
6.34
7.73
6.EE
5.34
5.3e

t
2
3
4
5
6
7
I
9

10

Y
Y
Y
Y

Y
Y
Y
Y

Y
Y

t!7098016
8709&116
871t96016
87W&t't6
8rc98016
E709E0r6
87!9E016
87!98016
87!9E016
8709E016

[ -  17
x-17
n-17
n-17
n-17
f ,-17
x- t7
r-17
r- t7
r-17

2.n
2.79
2.5t
2.E0
2.37
2.99
2.71
2.rt
3.02
2.&2

1.96
1.99
2.02
2.01
2.00
z.n
2.01
r.?_8
2.26
2.22

4.tE
4.15

3.24
L.41

2.72
2.34
4 .12
2 .12
4.1.7
4.3t

5.63
5.97
5.85
5 .14
t.1,6
6.67
5.92
3 .18
7.25
5.95

t
2
3
4
5
5
7
t
I

10

Y
Y
Y
Y
Y
Y
Y
Y
Y
1

E709E015
87W8015
E7!98( 15
E7!98015
Em9Eor5
8709E015
87098015
E70960r5
E709E015
87W8015

r-15
r -16
r-16
x-16
r -16
r-t6
r- t6
x -16
fr-'16
x- t6

?.6E
2.74
2.90
2.51
3.01
2.69'
2.55
2.t0
2.92
2.61

2.02
2.32
2.2E
2.09
2.OZ
2 . lE
z .M
2.30
2.?2
2. r2

4.19
3.13
3.69
2.37
1.05
4.60
3.83
6 . 1 1
4.50
3.02

5.45
5.41
7.U.
4 .8
6.U2
5.2E
4.r5
6.06
7 .10
4 . t3

I

2
I
a
5
6
7
E
I

10

Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
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Appendix C: Map of sampling locations and metal concentrations

detected in water and sediment samples collected by

SCE from L97S-I979. From SCE (1980).



Figure 2A-2. Location and identification of oceanographic sampling station3.
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SONGS TRACE I4ETALS STUOY: PHASE
? l r F n n r . ^ ? ? A r t  ^ a ? r r r i t l r F  ? i c t l
I l ' l f  U l l i ' l A  I  I U r l  u A  I  n E  n f  l t U  I  / ' r J N

1.0 INTROOUCTION

Many environmental  studies have been performed at  the San Onot-re

Nuclear Generat ing Stat ion (SOl lGS) dur ing the last  20 years.  One such study

conducted  jn  1985 by  SAIC,  under  cont rac t  to  the  HRC,  invo lved chen ica l

ana lyses  o f  mar ine  sed ' iment  and t i ssues  (sand c rabs)  .  .These resu ' i t , s  ind ica ted

relat ively elevated concentrat ions of  Chromium (Cr) and Manganese (Mn).  in

order to assess whether S0NGS represents a potent ia l  source of  Cr,  Mn and,/or

o ther  tox ic  meta ls ,  the  MRC has  ccn t rac ted  SAIC to  conduct  Phase I ,  In fo r ina t ion

Gather ing ,  o f  a  po ten t ia i  two phase program.  Phase I I ,  i f  deened necessary

wou ld  cons is t  o f  mak ' ing  qua l i ta t i ve  and quant i ta t i ve  es t imates  o f  t raca  meta l

discharges from SCIIGS based on ex' is i ing data.  The Phase I  ef for t  was performed

by nuclear,  chemical  and mechanical  engineers and marine chenis ' .s f rom SAIC
(Oakr idge,  TN and La  Jo l la ,  CA) .  Spec ' i f i c  tasks  inc luded a  computer ized

l ib rary  search ,  a  rev iew o f  se1ec ted  re fe rences  per ta in ing  to  the  types  o f

chemicals used or potent ia ' l ly  used by SONGS dur ing p ' lant  operat ions,

ident i f i ca t jon  o f  po ten t ia ' l  sources  o f  meta ' l s  (par t i cu la r ly  Cr  and Mn)

contaminat ion ,  and a  ' l i s t ing  
o f  re fe rences  tha t  may conta in  qua i i ta t i ve  o r

quant i tat ive data for  use in Phase I I  est imates.

This report  presents the resu' l ts f rom the Phase I  study, speci f ical ly

documenting potential contamination sources such as various cooling water

components and 
' low 

vo' lume wastes.  The former sources contain the greatest

discharge vo' lumes and are comprised of  condensor,  component and turbine piant

cool ing water along with the washings from screen, storn drains and seawater

pumps. The low volume wastes are comprised of  f lash evaporator and steam

generator blowdowns, var ious demineral izer systems, rad waste system and other

dra in  sys tems.

Th is  Phase I  repor t  i s  o rgan ized in to  two main  sec t ions :  Poten t ia l

Sources of  Selected Chemical  Contaminants (Sect ion 2.0),  and Data Base Searches

(Sec t ion  3 .0 ) .



?.0 POTENTIAL SOURCES OF SELECTED CHEMICAL CONTAI,IINAilTS

Th is  sec t ion  presents  in fo rmat ion  on  the  repor ts  rev ' iewed to  document
SONGS opera t ions  (2 .1 )  genera l  d ischarge sources  (2 .2 )  and sources  o f  Hn and Cr
(Sec t ion  2 .3 ) .

?. t SONGS OPEMTIONS OOCUHENTATION

This  sec t ion  ' l i s ts  
the  re fe rences  u t i l i zed  to  document  SoNGS opera-

t ions  fo r  th is  Phase I  repor t .  A  rev iew o f  the  SONGS Env. i ronmenta l  Impact
Sta tements  was conducted  to  ' iden t i f y  po ten t ' ia i  uses  o f  compounds conta in ing
chromium,  manganese and o ther  tox ic  meta ls  and l iqu id  e f f luen ts  tha t  migh t
conta i  n  these e l  ements .

The fol  1ow' ing EIS, s were revi  ewed:

o  S0NGS Uni t  .  l r  - {pp ' l i can t ' s  Env ' i ronmenta l  Repor t  0pera t ing  L ' i cense
Stage, August 1972.

o  s0NGS un i t  1 ,  F ina l  Env i ronmenta l  S ta tement ,  October  1973.

o S0NGS Unit  2 and 3,  Draf t  Env' i ronmental  Statement,  November lg7?.

o sONGS 2 and 3,  F ' ina' l  Environmental  Statement,  March 1973.

o SONGS 2 and 3,  Final  Environmental  statement,  Apr i l  1gg1.

The current NPDES permits for  Uni ts 1,  2 and 3 were also obtained for review
from the Ca] i fornia Regional  l later Qual i ty Control  Board.  These consist  of :

0 rder  No.  82-13 ,
for S0NGS 1.

0 rder  No .  85-11 ,
for S0NGS 2.

0 rder  No .  85-13 ,
for S0NGS 3.

NPDES No. CA0001228, }Jaste Discharge Requ'irements

NPDES No. CAO108073, l laste Discharge Requirements

NPDES No. CAO108181, tJaste Discharge Requirements



2.2 GTNEfuAL OISCHARGE SOURCES

Table  I  p resents  the  waste  s t ream d ischarge sources  a ' long  w i th  the i r
d ischarge vo lumes fo r  Un i ts  l ,  2  and 3 .

For  a l l  un j ts ,  the  component  coo l ing  water ,  tu rb ine  p lan t  coo l ing
water,  low volume wastes and sewage treatment p1 ant ef f iuents enter the
once-through condenser cool  ing water stream and the combined f ' lows are
d ischarged to  the  Pac i f i c  0cean th rough the  d ischarge s t ruc tu re  v ia  the
d ischarge condu i t .

} lastes are discharged intermit tent ly and peak f ' lows are jn some cases
greater than ten t imes average f lows. F' lush and hydrotest  water may a] ternaiely
be d ischarged to  0u t fa l ' l s  001 and 002.  Makeup deminera ' l i ze r  i s  a  sys iem connon
to  Un i ts  l ,  2  and 3  and may be  a l te rna te ly  d ' i scharged a t  Out fa l1s  001,  002 or
003. Buj ' ld i  ng sump wastes are di  scharged to an oi ' l  renoval  system that i  s
common to  Un i ts  2  and 3  and may be  a ' l te rna te ly  d ischarged to  0u t fa l l s  002 or
003 .

The once-through condenser cool  ing water contains wasie heat and
res idua l  ch lo r ine ,  and may conta in  meta ' l s  

' l eached 
f rom p ip ing .  Component

cool  i  ng water and turbi  ne pi  ant  cool  i  ng water al  so contai  n i  ng wasr, .e heat and
metal  s 

' l  
eached from pi  p i  ng.

Circulat ing pump bear ings are lubr icated by a once-through f low of
domest ic water,  most of  which is discharged to the condenser cool ing water
discharge stream.

The main purpose of  the f lash evaporator for
demineral  ized water to the steam generator.  Chemical
blowdown is s imi lar  to that  of  the source water (municipal
i t  is  concentrated by a factor of  two. Su' l fur ic acid is
evaporator feed water to control  pH; pH is maintained at  5-8.

Un i t  I  i s  to  supp ly
compos i t ion  o f  the

supply)  except that
added to the f l  ash



TABLE 1. I.IASTE STREAI4 SCURCES AND I4AXIMUH DISCHARGE
VOLUMES AI THE SONGS

::;;:: 
= 

-=:: -=::============================== = =========== =======_===== ====_===== =J.JUKL;.  r  |  (LAyl DISCHARGE VoLUMES (MGDa)
=  =  - g  =  =  - = = ! = = - = - - = " a t ' = - ' = - - - - = - - - - - - - - ! - - t - t - =  

t - r - - = = ,  l r - s - l - r r - -  -  -  - - - r  - - -  s  g  = ,

HiGH VOLUME
= = = = = = = = = = = = = = = - = _ = _ = = 3

0nce- th rough condenser  coo l  ing  water
Component cool  i  ng water
Turb ine  p lan t  co6 l ing  wa te r
Seawater Pumps Bear ing f ' lush water
5con: l  dra ' ins

Screen wash

I t l t ? T  r
u l t l  I  I

- = 3 = = = - g t -

-504

UNITS2&3(each)
= = - - l - - - = ! = - - - - - = =  3

(un i t  2 )
(un ' i t  3 )

1382 .4
24.5
22 .0
0 .  185
6  A 1  ^
u . r J l t |

.  0 .168
7 .2

1 1  7 E

LOI,/ VOLUI4E
== = === == ================
Yard  dra ins
Cf rcu l  a t ing  pump bear . ing  lubr ica t ion
r r  asn evaporator bl  owdown
Sieam generator blowdown
Pl  an t  d ra ' ins
Radwaste systen
Flush, hydrotest  storage tank draindown
Sewage plant ef f ' luent
.Bi  owdown processing system demineral  izer
Makeup denr ineral  iz i r  

-

Bu i ld ing  sumps
Intake structure sumo
Construct ion dewater ing groundwater

Approximate average total  d ischarge
to ocean

HGD -  Mi l l ion  Ga l lons  per  day

0 .087
0 .0? .4
0 .  173
0 .  175
0.022
0 .085

0 .05
0  .33

504 1449



Flush hydrotast  wastewaters are generated pr imari ly dur ing the start-up
phases  o f  Un i ts  2  and 3 .  The source  water  cons is ts  p r imar i l y  o f  den inera l i zed

water  to  wh ' i ch  hydraz ine ,  pH cont ro l  chemica ls ,  c lean ing  agents ,  an t i foam' ing

agents and dyes are added. Dur ing i ts use, th js water may become contaminated

wi th  smal l  amounts  o f  o i ' l  and  grease and suspended par t i c les .  S torage tank

dra indown a iso  cons is ts  p r imar i l y  o f  deminera l i zed  water .  in  some cases ,

chemicals,  such as boron, i l t ry have been added.

Hydrazine and ammonia are used to control  the oxygen concantrat ion and

pH, respect ive' ly,  in the dem' ineral  ized steam generator feedwater.  They forn:

gaseous produc ts ,  ma in ly  n i t rogen,  wh ich  do  no t  s ign i f i can t ly  a f fec t  the

chemical  character ist ics of  the b ' lowdown. Steam generator blowdown is processed

by demi neral  izat ' ion i  n Uni  ts 2 and 3 to recycl  e ccndensate to the steam

generators.  Spent regenerants f rom denineral  izat ' ion (sulphur ic acid and caus'u ' ic

socia) are neutral ' ized pr ior  to discharge. Uni t  I  b ' lowdown js not recycled bui

i s  d ischarged to  the  c i rcu la t ing  water  ou t fa l '1 .

The l iqu id  radwaste  sys tem cons is ts  o f  (a )  the  coo lan t  rad ioac t ive

waste  process ing  sys tem and (b )  the  misce l laneous l iqu id  waste  sys tem.  The

I iquid waste processing system coi lects and treats 
' l  
iquid waste f rom the

chemical  and volume control  system, blowdown discharge, equipment leaks and

drajns,  laboratory drain,  personnel  decontaminat ion showers and f ' loor drains.

Treatment faci l i t ies include a ser ies of  holdup tanks and demineral izers,

f i ' l te rs ,  non i to r  tanks ,  f lash  tank  and gas  s t r ipper .  Un i ts  2  and 3  fac i ' l i t i es

i nc'l ude evaporators. A'l ' l  I i  quid waste di scharged from the coo'l ant radi oacti ve

waste system and the misce' l laneous l iquid waste system are discharged to the

circulat ing water discharge. Pr ior  to release, sampies are analyzed to

deterrnine the types and amounts of  radioact iv i ty present;  on the basis of  these

resul ts the waste is recyc' led for  reuse in the plant,  retained for fur ther

processing or discharged to the ocean via the c i rculat ing water outfal l .

l l i th the except ion of  the intake structure sump, al ' l  drains and sumps

per ta in ing  to  the  convent iona l  por t ion  (nonrad ioac t ive)  f iow by  grav i ty  to  the

o i l y  was te  sump.  Any  o i1  i s  removed by  the  o i l y  was te  f ' l o ta t ion  separa tor  p r io r

to  d ischarge.
5



Figures  I  and 2 ,  reproduced f rom the  app l ican t ' s  env i ronmenta l  jmoac. ,
s ia tements ,  show the  water  use  a t  San Onof re  Un i ts  l ,  Z ,  and 3  w i th  respec t  to
ocean water  in take  and e f f luen ts .  0cean water  i s  used a t  max imum ra tes  o f
350 ,000  ga l lons  per  m inu te  (gpm)  by  un j t  1 ,946 ,000  gpm by  un i t  z ,  and  g4G,000
gpm by  Un i t  3 .

2 .3 SOURCES OF MANGANESE AND CHROMIUM

None o f  the  th ree  un i ts  a re  requ i red  to  mon i to r  fo r  d ischarges
conta in ing  manganese.  There  is  a  minu te  amount  o f  manganese d ischarge resu l t ing
from act ivat ion and corrosion products in the l iquid radwaste stream. Under
wors t  case cond i t ions  o f  a  s team genera tor ' leak ,  7 .8  x  103 uCi /y r  o f  I ' tn -54  and
7.0  uCi /y r  o f  Hn-56 are  es t imated  to  be  re leased (approx ' imate ly  7 .8  x  l0 -1
gms, /y r  and 7 .0  x  10-9  gn /y r ,  respec t ive ' l y ) ,  these leve ls  represent  a  neg i ig ib la
source  o f  Mn.

Tab' les 2 and 3 present the maximum l imits for  a l l  three uni ts for
d ischarges  o f  c r  and o ther  po l lu tan ts  to  the  coo] ing  water  e f f luen t .

The max imum Uni t  I  l im i t  o f  85  lb /day  Chromium us ing  a  d ischarge vo ' lume
e

of  504 x  10"  ga1 ' lons /day  ca lcu la tes  to  a  concent ra t ion  a t  the  d i f fuser  o f  0 .02
ng/1 (ppm). The actual  d ischarge of  Chromium from Unit  I  is  est ' imated to be I-6
1b/day or 0.00024-0.0014 ppm. Actual  f ie ' ld measurements f rom Southern
Cal i fornia Edison Company (1978) l found water column chromium levels ranged from
a year ly average of  0.0007 ppm (away from the outfal ls)  to 0.0015 (near the
outfal ls) .  Ocean concentrat ions of  chromium typical ly range from a low of
0.00016 ppm (of fshore) to 0.00025 ppm (near shore) (cranston and l , lurray,  lgTg') .2
From these da ta ,  a  wors t  case s i tua t ion  wou ld  invo ' l ve  a  d ischarge concent ra t ion ,
w i thou t  cons ider ing  a  zone  o f  i n i t i a l  d i l u t ion ,  (Z ID)  o f  on ly  0 .0014  ppm.  Th is

I  Southern Cal i fornia Edison Annual  0perat ing Report :  San 0nofre Nuclear
Genera t ing  Sta t ion ,  Vo lume I  (1978)

2  Crans ton ,  R.E.  and J . l , l .  Mur ray .  The de term' ina t ion  o f  chromium spec ies  in
natura l  waters .  Ana lv t i ca  Ch imica  Ac ta .  Vo l .  99 .  pp .275-282 ( i978) .
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5-llontb l{oBthlY
l{edlaa Average

isstaa-
DaLly taneous

lhxlrua !{ax1gun
WeekJ.y
Average

Arseaic

Cadslus

F a l q l  F l r r a r . l r r q
a v 9 e 5  v g a  v 4 - b 3

Copper

Lead

VereurT

lllckel

( {  t  r o a

Cyanl.de

PlecolLc CcuFounds

i-roonla (as S)

lb/day

Ib/day

lb/day

lblday

lb/day

Lb/da7

lb/day

lb/day

lb/day

Lb/day

1b/day

lb/day

220

130

85

130

340

2 A
J  ' Y

850

13

5lr0

21C

1 ,300

25 ,000

1 ,200

510

3 !10.

t t v

1 l

3 ' lioo

( U

3  , 100

850

5  , 100

100 ,c00

3  ' 300

1 ,300

l lRn

2 ,000

3 ,400

r 2 n

8 ,  100

2 ,100

13  ,C00

250 ,o0o

Reproduced frou Order !lo. 82-14.



tfBI3 3. r-{n{!s for ColbLsed Dj,selar.ge
La.sts Sorrrees to tle Cool{rg 

'

(Appltcab1e tteo to Unlt 3)

f1.c1 el'l SOtrGS lttrlt 2 I-o-?Last
llater Plosr

D t r a r a f  q * Ilnlts 5-Uoagh l,!ed1an Daliy Maxi":ug

Arsenlc

CaCa1..;a

Chrcalua ( Eexavaleat )

Cogper

Lead

V a l a r r  r r r. . e .  e r .  J

l l lckeL

Silzer

Cya.rlde

A.aoala (expressed as aj,trogetr)

Pheaollc Ccapor:nds
( nonceJ.orinated )

Cblorlnated Pbeaollcs

Aldrla and Dleldrla

Chlordaae aad Related Conpor:ads

DDT asd Derlvatlves

Fnr{ r{ r

Ea?l

Toxapbeae

lbs/day

lbs/day

lbs/day

lbs/day

lbs/day

lbs/day

lbs/day

lbs/day

lbs/day

lbs/day

lbs/day

1bs./daY

lbs/day

lbs/day

lbs/day

1bs/day

lbs/day

lbs/day

lbs/day

675

384

256

407

| , s 1 J

1 1

' ? o

1 ,528

640

76,750

3 ,838

128

0 .26

0 .3  8

0  . 14

0 .25

0 .51

0 .9

3 ,7115

I , J J J

a  A ^ ar r u 4 J

2 '325

4 ,o93

a -
A t

4 A  ^ - -I u , z,:;J

^ a  A

1 t z

9,303

^  - - A
1 t 2 ) o

30?,oco

1 <  ? E i l

512

0 .51

0 .77

0 .25

0 .51

1 .0

1 .7

rReproduced froa Orrder ! Io.  85-11.
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i s  approx imate ly  s ix  t ' imes the  na tura j  concent ra t ion  in  near  shore  seawater .
However ,  cons ' ider ing  the  d ischarge vo lume is  d ' i lu ted  se , re ra l  t ' i i nes  by  the  ocean,
a t  the  d i f fuser ,  the  measurab le  concent ra t ion  above na tura l  le , re ls  shou ' ld  be
neg i ig ib le .

A  s imi la r  chromium s i tua t ' ion  ex is ts  fo r  Un i ts  2  and 3 .  The repor teC
concent ra t ion  o f  chromic  ac ' id  in  the  coo i ing  water  d ischarge js  0 .005 ppm;  th ' i s
' i s  equ iva len t  to  0 .003 ppm chromium a t  the  ou t fa l l .  Once mix ing /d i lu t ion  occurs
with the ocean, i t  is  doubtfu ' l  that  chromium measurements wou' ld be signi f icani ly
above ambi ent 

' level  
s.

In summary there is no known manganese discharge from S0l lGS into the
marine environment.  Chromium d' ischarge is present and has been documen'reC;
however,  the I  evel  s of  chromi um di  scharge from al ' l  3 un i ts  appears  to  be

Therefore,  r l  thougirwhen ccmpared to ambi ent concentrat i  ons.
and quant i tat ive est imates of  metai  s (chromiuin in part icul  ar)

f rom SONGS into the marine environment could be determined (Phase

negl  i  g i  b l  e
qua'l i  tati ve

d i scharges

II) ,  i t  is  not  recommended, at  the present t ime, that  th is study be conducted
due to  the  re la t i ve ly  low leve ls  o f  inpu t  in to  the  ocean.

3.0 DATA BASE SEARCHES

' As part  of  the Phase I  ef for t  to ident i fy and col ' lect  data pertaining

to trace e'lement discharges from S0NGS, ito extensive computer search was

conducted of  four data bases: Energy Data Base (EDB),  0ceanic and Oceanic

absracts tracts, l, later Resources Abstracts and NSC. For each data base a key

word search tvas conducted and all pertinent references recorded. References

speci f ical ' ly  re lated to SONGS that cou' ld be reasonably accessed were reviewed

and incorpora ted  in to  the  Phase I  repor t  (Sec t ions  1 .0  and 2 .0) ;  these

re ferences  inc ' lude  the  SONGS EIS 's  and NPOES.  Orders  l i s ted  in  Sec t ion  2 .0 .

The remaining references, represent ing informat ion and data on other power

plants that  might be comparable to SONGS, S0NGS reports,  and data that  could not

11



be accsssed

sec t i  on .

0 r  wh i ch  m igh i  be  app rop r i a te  f o r  phase  I I ,  a re  p resen ted  i n  i h i s

3.1 ENERGY 0ATA EASE (E0B)

l(91 Words: Oecontaminat ion Aoents

b le  pos tu la ted  tha t  SONGS cou ld  be  a  po ten t ia l  source  o f  manganese (yn)
e f f luen t  j f  the  p lan t  uses  cer ta in  permanganates  in  the .  ma in tenance- re la ted  anc i
exposure- reduc t ion- re la ted  decontaminat ion  opera t ions .  The search  ident i f ied
the use of  such decontarninat ' ing agents in exper imental  programs and rout jne
operat ions in foreign reactor programs. Howe,rer,  the use of  potassium
permanganate  is  be ing  rep laced w i th  the  use  o f  iess  cor ros ive  decontaminat . ion
agents .  No d j rec t  re fe rences  to  the  use  o f  po tass ium permanganate  in  U.S.
reac tor  decontaminat ion  opera t ions  was ident i f ied  in 'EDB.

Several  references may provide addi t ional  infonnat ion on the use of
permanganates for  power reactor decontaminat ion as i t  might apply to S0NGS:

1.  Acc.  No.  84Y0107236,  J .  He]ske,  R.  Jaernst roem, Exoer ience f rom Lov i jsaNuc'l ear Power Stati on concep! ng Ug-qegonlaml ;ai]cn_lFe;mTenffifi;
m@ ffi- eoffinenE,TcEToiTErence on chemistry in power
r tanEs,  Lssen,  F.  R.  Germany,  october  l9g l  ( in  German) .

2-  Acc.  No.  84J0001554,  ! .  v .  Balaban- I rmenin,  a .  L .  Tepl  i tsk i  i ,
Oeactivat ion of Nuclear power plant Equipment witn vvEn-qqd h;; ; i ; ; ; ;
SomefpoGF EnginfTnEl EFiii Fil 

:=;rr''--

Acc.  No.  85C0112764,  J .  C .  l t .  Comley ,  Coo lan t  C i rcu i t  Decontamjnat ion
Fxpgrienge g! IISGHWR, Internationai Con i 'c-on D'econffi lnatio-n oi
Nuc lear  Fac i l i t ies ,  N iagara  Fa l l s ,  Canada,  September  lgg2.

Acc .  No.  85c0094044,  M.  J .  sanders ,  R.  D.  Bond,  use  o f  H ioh-Pressure
kIgI_ !e!tinq -!o Remove the Corrosion DgrosjtTo6-
@- Fffiafv cTFcuiFT6'ew6ik, Ti'mionfi$!'oFiG
l echno logy ,  0 t towa ,  Canada ,  June  1984 .

Acc .  No .  84J0119155,  J .  A ' lexa ,  Mu l t ip le  Use  o f  A lka ] ine  Decon tamina t . ion
So I u t i o n c o n t a i n i n o P o t a s s i um PEffii'at-il il-o vEfrEFl9s-Tfi-c z e eil .-

Acc.  No. 8460063187, J.  Fel l ,  lec, [dca' l  St tLdies in Suooort  of  the
}linfrith SGHWR, Proceedings of The g-tfrTuIeE-FEAling o'iFvyTaG
mm;E, T@; Japan, Harih 1982.

3 .

4 .

5 .

------
S a m D l e s  o r  E h e
ori-Fcmting

5.
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7 Acc.  l lo .  82C0019682,  0oera t ' iona l  Exoer ience and Exoer ime! ta l ' i l o r<  on
the  td in f r i th  Reac to r  Re la t ino  to  Ac t i v i t y  Re ten t ion  on  Coo lan t  C i rcu i t
- - - -Surfaces, Confererrce on i later Chemistry of  Nucjear Reactor Systams 2,
E6ff i6 'uth,  u.K.,  0ctober 1980.

q l . lords: Cr .  Hn .  Cor ros ion ,and Pol lu t ion  a t  Nuc learPower Pl  ants

The search  ind ica ted  tha t  chromic  ac ' id  ( represent ing  a  po ten t ia l  source

of  chromium)  is  used by  the  Japanese as  a  cor ros ion  inh ib i to r .  Very  l i t ' u1e

in fo rmat ion  is  ava i lab ' le  on  spec ' i f i c  e f f luen t  ra tes  per ta in ing  to  Cr  o r  Mn

levels f rom power plant corrosion, al though such corrosion is known to occur.

KerWords:
Reactors

Th is  search  ident i f ied  some re fe rences  . tha t  migh t  name the  rou t ine

chemicals used in decontaminat ion of  nuclear power plant components.  Relevant

informat ' ion may be found in severa' l  references:

Decontaminat ion .  Not  Decommiss ion ino Nuc lear  Power  P lan ts  c rUSA.

I
l .

2.

Acc. No. 85C0112735, C. McCracken, NRC Reou' l  at i  ons and Posi  t ' igns
Concern inq  Oecontaminat ion ,  In te rna t iona i  Conference on  Decontaminat ion
oilffiF FlElTiffi;TTagara Falls, Canada, September 1982.

Acc .  No.  84J0155906,  Iqscc  Prompts  Rec i rcu ' la ! io t !  P ioe  Reo ' lacenent  in
nme"i.in@;ltucieaiEnGTneeFTfr ffi tFn'at-ion'aT-IEnffi oilaG[-T9eC

3.  Acc .  No.  84C0084654,  J .  E .  Lesur f ,  e t  a l . ,  Decontaminat ion  Fo l low inq
Di ' lute Chemica' l  Decontaminat ion,  3rd Internat ional  Conference on b, later
efr'6i-strF'r-TiGlffitems, Bournemouth, u.K., 0ctober 1983.

4.  Acc .  No.  76C0064398,  T .  H.  Ha l1 ,  Un i ted  Nuc ' lear  Indus t r ies ,  Inc . .
prgslrEel 6;i iaiii;. oi-nr-nar GtAit enm;oeFnffi6ilREn-o-
SsTems TechnoIMX ash'Tng ton, D:e;Norembe r i 975 .

l .  Acc .  No.  81C0021363,  B .  Kahn,  Compos i t ion-  and -Heasurgr len !  g I
Ra4i l4q[deg in Liouid Eff luent- f rom Nuclear Power statrons'
i-fi?ffi o f the Ameri c.n soffir'i6[i nETa-tgFl aiilJohn-36i,-vT,

!ry ltords: Liquid l,{astes, I!, qrr. U.S. Nuc'lear Power Plants

This search ident i f ied radioact ive ef f luents;  two references conta' in

po ten t ia l l y  re levant  in fo rmat ion :

13



USA,  Ju iy

? . .  Acc .  No.
Re l  eases ,

Kev  Words :  L iou id

1978 .

-77J0029876:  .  Ig_  U.S. .  Rggg la t ion  on  Rad ioac t ive  Ef f luen t
Radi oprotect' i  on (Francel,mFrEi'chJT-

| r las tes .  Tox ic  Heta ls ,  U .S. Nucl  ear Power P' lants

No add i t iona l  re levant  in fo r rna t ion  was ident i f ied  f rom th is  search .

2 , ) OCEANIC AND WATER RESOURCES ABSTMCTS/OCEANIC ABSTMCTS

Kev Words: Mn, !g Eff luent or Ljoujd rr laste,  Nuc' lear Reactors

Isotopes of  l ' !n,  Cr and other metals are ident i f ied as ef f luent,s
requ i r ing  t rea tment  (us ing  res ' in  beds)  (Reference 3) .

Reference 4 provides a summary of  informat ion f rom env' i ronmenta' l  impact
statements assessing the impact of  radionucl ides re1eased to the environment in
L I IJR 1  iqu id  e f f ' l uen ts .  Typ ica l  re leases ,  us ing  chemica ls  and concent ra t ' ions
presented ' in a waste discharge permit  appl icat ion to EPA for a 1130 M' l r |E nuc' lear
power  p lan t ,  a re  l i s ted  in  Reference 5 .

A reference to accumulat ion of  Mn and Cr in crabs was ident i f ied in
Reference 6.

These and other references include:

74-00657, S. C. Doret ,  €t  i t l . ,  Chgracler1st ' ics of  Condenser Water
Discharse on the Sea Surface (CorrETifio TATUiE?irffi'fr'sffifr'- -
Theory) ,  Mass .  Ins t i tu te  o f  Techno logy ,  MIT-SG-73- lZ ,  June 26 ,  1973.

71-03050 71-20-00165, J.  N. Reeves, Effects of  Thermal Discharge from
the San 0nofre Nuclear Generat ion Stat ion (monitor ing survey),  l later
and Sewase Works,  Chicago, Oecember 1970.

152211 W81-04575,  R.  Couderc ,  e t  a ' | . ,  Ion  Exchange in  Nuc lear  Power
App l ica t ions ,  E f f ]uent  and bJater  Trea tment  Journa ' | ,  September  1980.

095275 !176-04835,  R.  S .  Booth ,  e t  a ' | . ,  N  Rad io loq ica ]  Assessment  o f
Rad ionuc l  ides  in  L iou id  E f f ]uents  o f  [ iqn=F-Tater  Nuc lear  PowEr
ffi n s;-6iR R i E!'e Nfiliia I TI'56t a-:E6'ryfo nNEffi - c764-J u n e IF5.

1.

2 .

3 .

4 .
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o .

Garton, B j  o l  ooi  cal  Ef fects of  Cool  i  nq l iat : i
Ame r j c ai-Tiffiiltfrfth'emic a i-ffi nd{

(May ident i f y  typ ica ' l  re leases) .

035937 W72-02662,  D.  A .  Tennant ,  e t  i l . ,  Seasona l  Var ia t ion  an{
Distribution of 552N. 34 MN. and SlCr in Tisffi iFthffi[ETIn6
FEiffiDTi'a, Te aTlTiFhyTicsli5'uffi t l-ffinE-i 96E-

Eff ' luents
R
0 Nuclear FoGF

7.  085156 W76-04835, S.  Booth ,  !  Comoend ium o f  Rad ionuc ' l  ides  found i !
Effl uents of Nucl ear Powel St.3t' ions.,
t;ffiTr4-S1t;F:ffi lFf

r

043418 l . l72-096t3 ,  R.  R.
BJ owdown, 71st Meet i  ng of
Dal las,  Texas, Februar: t  1972

L i  ou i  d ns .  0ak  R i  dqe  Nar i  onad l

Laborator

1 1 NSC DATA BASE

Kev Words: Water Oual i tv,  San Onofre.Effl uent and Mn. or Cr and

The power  p lan t  a t  Ind ian  Po in t  had two events  w i th  d ischarges  o f  8  lb
and 12 1b, respect iveiy,  of  chromium jn the for:n of  chromates. These releases
were caused by a leak f rom a corroded air  compressor and heat exchanger tube

leakage in the CCI{ heat exchanger,  and may be indicat ive of  the amounts of

chromium d ischarged dur ing  a  ( typ ica l )  fa i lu re .

Thi s search a'l so identi f i  ed the SONGS env'ironmenta'l reports and

responses to quest ' ions dur ing the 
' l icensing 

stage. These references include:

Acc. No. 755E3 -  Appl icants '  Environmental  Report ,  0perat ing License
Stage, Vo' | .  I  and 2.  San Onofre,  Aug. 31, 1972, Southern Cal i fornia
Edison Co. and San Diego Gas and Electr ic Co.

Acc. No. 53091 -  App' l icants '  Environmental  Report ,  Construct ion Permit
Stage (San 0nofre 2 and 3),  July 28, 1970.

Acc. No. 75752 - Draft Environmenta'l Statement by DRL for San Onofre 2
and 3,  Nov. 1972, U.S. Atomic Energy Commission, Directorate of
Li  censi  ng

4. Acc. No. 58094 -  Response to Quest ion 1.8-2AE, Environmentaj
Honi tor ing,  September 15, 1970, Southern Cal i fornia Edison Company.

Qther references of  potent ia l  re1evance to a Phase I I  study address

elements f rom corrosion products of  stainless steel  under pressur ized water

reactor condi  t ions,  and manganese increases in I  obsters at  Mi I  I  stone 2

(References  I  and 2 ,  respec t ive ly ) .

r ' f lK

1.

?.

3 .
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'I
Acc .  l l o .  0C . l0 i ' 0294? .
Ac t i  v i  t v  Bu i  I  duo  i  n
Keac to rs  Pa r t  3 :

Acc.  No.  00X0035746,  J .  M.  Aucharp t ,  J .  F .
I rad ia ted  Fue l  Process ino  Wastb  Us ino- . : , : : : . : . .Comni s s ari at iJ' enErgffi'mi q-FFr;nE{

G.  Sacnse ,  H .  Sch lenk r i ch ,  I n , r es t i qa t i on  on  t he
the Primar.r Qoolan! Circu.i t  oFFFEGffi 'd waiF
Eio raffi tufo nE[sso rr *affi i Ift'TLiioraicivTtuEl es onEL$er.

Cor ros  i  on  P roduc ts
German) ,  May  1980 .

Acc.  No.  0020108290,  Concentrat ion
at Millstone z, NorthffiEfrEFEy
lTzsl---

Kevl . l o rds :  Decon tamina t i on0oera t i  ons

Decontaminat ion  opera t ions  were  fu r ther  inyes t ' iga ted  to  ident i f y
poss ib le  sources  o f  manganese f rom power  p lan t  opera t ions .  Two fo re jgn  language
papers  on  the  use  o f  Mn compounds fo r  decontaminat ion  were  c i .ued,  bu t  Co no t
appear  to  p rov ide  jn fo rmat ion  regard ' ing  such prac t ices  in  the  u .s .

0 rt .

!ro*@ oF PFlnraFv dooTanilTffi1fi

Manoanese Increases  in  Lobs ters
i:-!--HarrToro, Gnneffiut, Noffioer

't
Gaudier ,  Oeccntaminat ion  o f
l lanoanesell offiate.

u u n e  1 i c 9  ( ' l n  F r e n c h ) .

2.  Acc.  No.  00X0031533,  G.  H.  Furn ica,  pecontaminat ion of  Radioact jve
Waters !,y Coorecioitation with Ca(MnO,);E;alffiE;rTfr's
T oEg i Efr'e a n?-[i5oFPF6Ecmn, -EFh:i 

e ( t]pFiffi n-T6Ee .

The key word search on San Onofre and ef f luents ident i f ied se'reral
re fe rences ,  wh ich  inc luded the  env i ronmenta l  impact  s ta tenents ,  re fe rences  on
rad ioac t ive  e f f1uents  f rom opera t ing  nuc lear  p lan ts ,  and the  impacts  o f  San
0nofre on the marine environment.  These references in addi t ion to the
env i ronmenta l  impact  s ta tements  l i s ted  in  sec t ion  2 .0  inc lude:

1 .

2.

3.

Acc. No. 0020098057, San
November 1974.

Acc. No. 0020082682, Honi tor inq of  Radioact ive
I ,  U.5.  AEC, June 1973:--

Acc.  No.  00X0058328,  B.  Kahn,  e t  a l . ,  Env i ronmenta l  Exoer jence wi th
Radioactive Effluents from Operatinq fr'udiEFFower--F1Tffi EFI]
c i n'efinffi ohft;EpE'mler lgz]l

0nofre Techn ica l  Soec j f i ca t ions ,  U .S .  AEC,

Eff l  uents at  San0nofre

4.  Acc .  No .  00X0017552,  I t .  R .  Gou ld ,  J .
Co ls idera t i  ons  i  n  the  Evo l  u t i  on  o f

B.  Hoore ,  Reo iona l  Env i ronmen ta l
and  Ooe ra t i nq  Exoe r i ence  w i t h  t he-+ r mn * Sr;mreri dlToi a T
Env i  ronmenta l  Aspec ts  o f  Nuc ' lear

5o u EE€ rn-'-ellT f o Fn' t a-Eo i Si
Atomic Energy Agen

rn i  a  Ed i  son  Comoany- -A9ency 5ymposlum on
Power  S ta t ions ,  New York ,  August  1970.
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One f inal  reference
concentrat ions of  heavy metals

i den t i f i ed  i n  l lSC  may  be  he lp fu l  j n  desc r ib ing  the

in  seawa te r  (nuc lea r  power  p lan ts  i n  Sweden) :

1. Acc .  No.  00X0137677,  I .  Gustavsson,  Concent ra t ion
the Receiv inq Waters of f  the Nuclear Pff i
$Eoffiptem6EFl97il 

-
of Heavy Meta' l  s i  n
Sweden,  S tockho lm,
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Daie G. Sncencaugn
Ricnard 3. Huccatd

Gregcry C. Mtnor

TEC I-1AI ICA L /.SSC C I ATES
TEC|INICAL CONSULTANTS ON ENERGY & Ti.IE EI\IVIRONMENT

' i '  
RECEIvEI JUI z i  i3t i

i723 Hantiton Avenue-Surte K
San Jose, Caiitonta 95i25

Phone:  (408)  266-2716

Ju l y  24 ,  1987
i-

Mr .  Hans  Kaspe r
Execu t i ve  D i rec to r
Mar ine  Rev iew  Commi t tee ,  I nc .
531  Enc in i t as  B I vd . ,  Su i t e  t 05
Enc in i t as ,  CA  92024

Dear  Hans :

Enc losed  he re in  a re  MHB 's  f  i nd ings  and  conc lus i . ons  on  Phase
I  o f  t he  i nves t i ga t i on  i n to  po ten t i a l  sou rces  o f  t ox i c  ne ta l s
f r om San  Ono f re  Un i t s  2  and  3  (SONGS 2 /3 ) .  The  pu rpose  o f  Phase
I  o f  t he  s tudy  was  p r imar i l y  t o  de te rn ine  whe the r  t ae  ava i l ab le
in fo rma t ion ,  t oge the r  w i th  ou r  know ledge  o f  nuc lea r  p lan t
ope ra t i ons ,  $ ras  su f f i c i en t  t o  iCen t i f y  t he  o r j . g ins  and  ra les  o f
re lease  anC to  i den t i f y  t he  i n fo rma t ion  needed  to  more  p rec i se l y
es t ima te  re leases .  Secondary  pu rposes  were  to  i i en t i f y  oche r
po ten t , i a l  sou rces  and  t o  p resen t  a  r ange  o f  r e l ease  ra tes ,  based
on  t he  ava i l ab le  Ca ia ,  even  i f  i n comp le te .

I n  ou r  e f f o r t s  t o  be  e f f i c i en t r  w€  d i d  no t  dup l i ca t , e  t he  SA I
S tudy  p repa red  fo r  t he  MRC,  Sep tember  1986 .  We d i i ,  however ,
conduc t  add i t i ona l  da ta  sea rches  and  we  spoke  a t  l eng th  w i th  the
regu la to ry  agenc ies  and  ana lyzed  regu la to ry  co r respondence .

Through our  research ef for t r  w€ were abLe to ident i fy
po ten t i a l  sou rces  o f  heavy  me ta l s  and  ca l cu la te  a  range  o f
re lease  ra tes  o f  ch romium,  copper ,  and  i ron .  However ,  much  o f
the  add i t i ona l  i n fo rma t ion  needed  to  re f i ne  these  f i nd ings  i s  no t
i n  t he  pub l i c  doma in  and  i s  he ld  by  SCE.  We d id  no t  ana lyze
rad ioac t i ve  re leases r  ds  they  v re re  ou ts ide  ou r  scope .  These
re leases  a re  con t i nuous l y  mon i to red  and  a re  repo r ted  to  be
re la t i ve l y  m ino r .  I n  o rde r  t o  a r r i ve  a t  a  d i f f e ren t  conc lus ion ,
one  wou ld  have  to  assume tha t  t he 'p lan ts  a re  be ing  oge ra ted
neg l i gen t l y  o r  i l l ega l l y ,  o r  t ha t  sc ien t i f i c  op in ion  on  the
e f fec ts  o f  rad ioac t i v i t y  i s  i . nco r rec t  by  a  w ide  marg in .  we r  o f
cou rse ,  canno t  answer  e i t he r  o f  t hose  ques t i ons  i n  t h i s  l im i ted
s tudy .



Mr .  Hans  Kasper
Ju I y  24 ,  1987
Page Two

Below,  t te  prov ide some background on the technica l  isePues,
f i nd ings  and  conc lus ions ,  and  recommenda t ions .  We w i I I  send  you
a  rev i sed  p roposa l  f o r  comp le t i ng  Phase  I I  o f  t he  p ro jec t  a f te r
you have had t i rne to  rev iew th is  repor t .  I f  you should have any
ques t i ons  rega rd ing  the  con ten t  o f  t h i s  l e t t e r ,  p lease  do  no t
hes i t a te  t o  ca l l .

Very  t ru ly  yours ,

Pe te r  M .  S t rauss

P!, lS: bb
E n c l o s u r e



Backqround

D ischa rges  o f  heavy  me ta l s  i n to  the  mar ine  env i ronmen t  cou ld
o r ig ina te  f rom th ree  sou rces :  t he  d i rec t  add i t i on  o f  che rn i ca l
agen ts  wh ich  con ta in  me ta l s  as  an  ac t i ve  i ng red j .en t  (e .g . ,  an t i -
co r ros ion  agen ts )  i  e ros ion  and  co r ros ion  o f  me ta l s  t ha t  a re  used
in the p lant ;  and,  through the concentrat ion and d ischarge of
na tu ra l l y  occu r r i ng  rne ta l s  i n  wa te r  (e .g . ,  makeup-wa te r  f l ush ) .
The f i rs t  tg to are l ike1y to  be the major  sources of  heavy neta ls
re leased  a t  San  Ono f re .  Fo r  t he  f i r s t  ca tego ry ,  t he re  i s
su f f i c i en t  i n fo rma t ion  i n  t he  l i t e ra tu re  to  fo rm the  bas i s  f o r  an
est imate,  a l though many assumpt ions are maCe and need
ve r i f i ca t i on .  Fo r  t he  second  ca tego ry ,  c r i t i ca l  i n fo rna t i on  i s
he ld  by  the  ope ra to r  o f  t he  fac i l i t y .

The re  a re  I5 r  po ten t i a l  po in t s  fo r  each  Un i t  where  a  re lease
cou ld  o r i g ina te .  These  po in t s  a re  shown  in  a  schena t i c  o f  wa te r
f l ow  fo r  Un i t  3 ,  F igu re  1 . * *  They  a1 l  d i scha rge  i n to  the  once -
th rough  sa l twa te r  coo l i ng  sys ten .  Quan t i t i es  d i scna rged  a re
shown  on  Tab le  I .  The  repo r ted  quan t i t i es ,  and  fo r  t ha t  ma t te r ,
t he  number  o f  po ten t i a l  po in t s ,  we re  no t  cons i s ten t  i n  a l l  o f  t he
documents re ' r iewed.  The Envi ronmenta l  Statement ,  the Appl icat ion
fo r  NPDES Perm i t  by  SCE,  and  the  NPDES Perm i t  va ry  s l i gh t l y .
Quan t i t i es  g i ven  i n  Tab le  I  a re  based  on  MHB 's  bes t  j u igemen t
abou t  t he  reasonab leness  o f  t he  quan t i t i es  and  the  backup  da ta
p rov ided .

*  S i x teen  po in t s  ex i s t  i f  t he  once - th rough  coo lan t  f l ow  th rough
the  condu i t s  and  condenser  i s  cons ide red  to  be  a  sou rce .

* *  Sou rce :  NPDES No .  CA  O I818 l ,  O rde r  85 -13 ,  CA  RWQCB.
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TABTE 1

POSSIBIJ SOURCES OF EEAVY IITETAI DISCHAR@ TO OCEAN

Opera t i on

Main Condenser  Cool inq

Scr.een Wash

Pump Bear ing  F lush

F lush ,  Hyd ro tes t  and
Storage Tank Dra indown

Steam Genera to r

Makeup  Demine ra l i ze r
Sumps

Radwaste Systern

P lant  Dra i .ns

Yard  Dra ins

Intake Structure Sump

Bu i l d ing  Sumps ,
D iese l  Gen .  Bu i l d ing

2 .2  t lGD

0 .5  MGD 0 .5  MGD 3 /

O .  I  MGD 0 .2  MGD

0.2e v tcD 3/  - - -  s /

5.8 r lcD !/  ---  2/

0 .7  MGD O. I1  MGD

O.1O MGD 0 .14  MGD

rTr  a:  i .nran F

Ocean  D ischa rge

Ocean  D ischa rge

Ocean  D ischa rge

Ocean  D ischa rge

Ocean  D ischa rge
Neu t ra l i za t i on

Ocean  D ischa rge

Ocean  D ischa rge

Ocean  D ischa rge
Neu t ra l i za t i on

Ocean  D ischa rge
Neu t ra l i za t i on

Ocean  D i scha rge
Neu t ra l i za t i on

Ocean  D ischa rge
Oi1 Removal

Ocean  D ischa rge

0cean  D ischa rge

Ocean  D ischa rge

Average
Volume

L ,200  t lGD

0 .9 !,tGD

.24  v lGD

0 .4  MGD

llaximum

L/
7.2

2 .4

2/
}4GD

MGD

Blowdown Processing Sys.  600 ! , lGD 0.7 VIGD U

Component  Cool ing 24.5 ! {cD - - -  2 /

Turb ine Plant  Cool ing 22 l , lcD - - -  2 /

Po l i sh i ng  De rn ine ra l i ze r  0 .12  MGD 0 .25  MGD

Footnotes appear  on fo l lowing page.#/



Ooerat ion

Condenser  Hotwel l
Overboard

Sewage Operat ion
(Comnon)

D iese l  Genera to r
Cool ing Water

TAALE 1  ( con t ' d )

Average
Volume tlaximun

0 .18  MGD 7 .2  MGD 2 /

Treatment
.OO7  MGD

Treatment

L/-2/

3/
!/
5 /

9/

--- L/ L/

Ocean Discharge

Ocean  D ischa rge

See Footnote

Mi l l i ons  o f  ga l l ons  a  day .
When system is  fu l ly  d ischarged.
Serves both Uni ts .  .
NPDES AppLicat ion prepared by SCE |  4 /2/82.  Most  l ike ly
represents capaci ty  wi th  in termi t tent  f low.
Maximum not  g iven.  Main condenser ,  comPonent  cool ing,  and
turb ine p lant  cool ing do not  vary substant ia l ly  under  normal
operat ing condi t ions.
The Diesel  Generator  Cool ing Systems are c losed loop a i r -
coo led  ( rad ia to r  t ype ) .  The i r  es t ima ted  capac i t y  i s  3 '200
ga1J.ons of  t reated water .
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The  chen i ca l - s  r epo r te i  t o  be  i n  use  a t  t ne  p i an :  a ra  l i s t ed
i r  Tab le  2 .  Po tass ium c i r romat ,e ,  wh icn  i s  repo r teC  in  seve ra l  NRC
documen ts  i s  no t  r epo r teC .  Whe the r  t h i s  was  an  ove rs i gh t  o r
whe the r  po tass iu :n  c i r romate  has  been  d i scon t i nueC in  c loseC- loop
cco l i ng  wa te r  sys tems  needs  to  be  add ressed .  A l so ,  an t i -
co r ros ion  and  an t i - f ou l i ng  pa in t s  wh ich  may  con ta in  z inc ,
ch romate ,  and  copper  a re  no t  l i s ted .

O f  t he  chemica l s  l i s ted ,  ch romic  ac id  and  po tass ium ch romate
a re  the  mos t  i r npo r tan t  as  heavy  ne ta l  sou rces .  These  chemica l s
a re  used  to  i nh ib i t  co r ros ion  o f  rne ta l  pa r t s .  I nh ib i t i ng
co r ros ion  i s  pe rhaps  the  Ia rges t  s ing le  non - rad io log i ca l
ope ra t i ons  and  ma in tenance  i ssue  fo r  a  nuc lea r  p lan t .  As  was
exper ienced  by  SCE a t  SONGS Un i t  l ,  seve re  co r ros ion  o f  t he  s team
genera to r  caused  seve ra l  yea rs  o f  shu tdown  and  m i l l j . ons  o f
do l l a r s  i n  ex t ra  cos t s .

P ro tec t i on  o f  c losed  rec i r cu la t i ng -wa te r  sys te rns  genera l l y
ca I I  f o r  bo th  h i gh  pH  and  h i gh  i nh ib i t o r  l eve l s . *  W i th i n  a
re l a t i ve l y  na r rov r  pH  range  (8 .5 -9 .5 ) ,  t he  cho i ce  o f  i nh ib i t o r s  i s
sna l l .  Ch romates  have  been  the  mos t  p reva len t  anc  by  fa r  t he
mos t  f l ex ib Ie ,  bu t  env i ronmen ta l  res t r i c t i ons  have  l i r n i t ed  the i r
use .  When  tne : r  a te  usec ,  t hey  a re  app l i ed  a t  concen t ra t l ons  f rom
200  pgm to  as  h i gh  as  1500  ppm as  C rO ,  (Ch rom ic  Ac id ) .  H ighe r
le . . re l s  have  caused  rap id  pump-sea I  f a i l u res ,  and  so  mos t  sys tems
t rea ted  w i th  ch romate  tend  towards  the  l ower  en i  o f  t he  range .

Subs t i t u t es  a re  ava i l ab le ,  w i t h  va ry i ng  deg rees  o f
e f fec t i veness .  The  mos t  common nonch romate  co r ros i cn  i nh ib i t o r
fo r  c losed  sys tems  i s  o f ten  re fe r red  to  as  bo ron  n i t r i t e .  I t
uses  bo rax  as  a  bu f fe r i ng  agen t  t o  ma in ta in  a  pH  above  8 .5 ,  and
usua l l y  con ta i ns  a  va r i e t y  o f  co r ros i on  i nh ib i t o r s .  Howeve r ,
n i t r i t es  feed  bac te r i a l  g rowth ,  wh ich  l ower  pH  leve l s  and
con t r i bu tes  to  s l ime  depos i t s .  A l so ,  a i r  l eakage  occu r ing  a round
pump sea ls  conve r t s  t he  n i t r i t e  t o  n i t ra te .  Mo lyb ia te -based
t rea tmen ts  have  found  recen t  use  w i th  cons ide rab le  success .
o f ten  con ta in  copper -co r ros ion  i nh ib i t o rs  and  occas iona l l y
n i t r i t es ,  a long  w i th  a l ka l i  bu f fe r i ng  agen ts  to  ma in ta in  pH
8 .0 .  The  mo l ybda te  i s  ca r r i ed  a t  l eve l s  o f  t 00 -200  pPn .

*  "Coo l i ng  Wa le r  T rea tmen t ,
Power ,  June  1984 .

"  Soec ia l  Reoo r t .

They

above
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a .

c.

e .

Chemica l *  r

Chrorni.c Acid

Bor i c  Ac id

Na lco  (39  and
2 ,000 )

Su l fu r i c  Ac id

Sodium Hydrox ide

SoCium Hypo-
ch lo r i t e

Ammonia

Calgon CS

i .  Hyd raz ine

Ethy lene Glycol
polymers

TABLE 2

SNIT 2,/3 CIIE!{ICAL DISCIIARGEST

Use

an t i - co r ros ion  agen t

Used in  the pr i rnary systems.
Pr io r  t o  d i scha rge  the  bo ra ted
water  is  t reated to  meet
raCio log ica l  and pH l i rn i ts

an t i - co r ros ion  agen t
con ta in ing  sod ium,  bo ron ,
n i t ra te  anC n i t r i t e

pH con t ro l  o f  demine ra l i ze r
regeneran ts

pH contro l  o f  dern inera l izer
regeneran ts

a lg i c i de

pH coh t ro l

n i t r i t e  based  an t i - co r ros ion
(replaces chronic-based where
sa l twa te r  con tac t  i s  poss ib le )

reducing agent  to  prevent
corros ion

non- ion ic  b iodeqradable
su r fac tan t

D ischa rge
Con t ro l

Con t ro l l ed  to
0 .005  ^g / t

Con t ro l l ed  to
5 to9pH

Con t ro l l ed  to
< I . 0  mg /L

Con t ro l l ed  to
5 to9pH

Con t ro l l ed  to
5 to9pH

Con t ro l l ed  to
0 .4  ng /L

Con t ro l l ed  to
6 to9pH

Not  s ta ted

No t  con t ro l l ed ,
es t ima ted  a t
<0 .34  n rg /L

No t  con t ro l l ed ,
es t ima ted  a t
<0 .  I  mg /L

F

g .

h .

j .

*  Sou rce :  Reg iona l  Wate r  Qua l i t y  Con t ro l  Boa rd ,  Orde r  85 -13 .

* *  Add i t i ona l l y ,  SCE repo r ted  tha t  t he  fo l l ow ing  po l l u tan ts  a re  expec ted  i ^
be  used  ove r  t he  nex t  f i ve  yea rs :  benzene ,  t o l uene ,  I r I r l -
t r i ch lo roe thane ,  ca rbon  te t rach lo r i de ,  and  1 r I -d i ch lo roe thy lene .
Po tass ium Chromate ,  wh ich  i s  used  i n  seve ra l  sys tems  as  an  an t i -
co r ros i ve  agen t ,  i s  no t  l i s ted  i n  t he  pe rm i t .

- 6 -
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k .

1

m.

Chemica l

T r i sod ium
Phosphate

Sodiun
F lou resce in

Rodamine

S i l i con

TAALE 2  ( con t ' d )

Use

used  as  de te rgen t  du r ing
f l ush ings

biodegradable dye used
dur ing  hyd ro tes t i ng

b iodegradab le  dye  used
dur ing hydrotest ing

ant i - foaming agent  used in
con junc t i on  w i th  su r fac tan ts

D ischa rge
Con t ro l

No t  con t ro l l ed ,
es t ima ted  a t
<1 .0  ng /L

No t  s t a ted

No t  s ta ted

No t  con t ro l l ed ,
es t ima ted  a t
<0 .1  ng /L



Three  s j t s te rns  o f  s ign i f i cance  a t  SoNGs repo r :eo17  add
Chroma tes  f c r  co r r cs i on  i nh rb i t i on :  t he  Tu rb ine  PLan t  Coo l i ng
WaEer  Sys ten  (TPCW)  ;  Componen t  Coo l i ng  Wate r  Sys - .3 : I t  (CCWS) ;  and
the Einergenc:r  Diesel  Generator  Cool j -ng Sl ts tem-

The sea-water  s ide of  the TPCW and the CCWS are the largest
d i scha rges  i n to  the  ma in  coo l i ng  sys tens .  Because  o f  t he  vo lume
(combin id 47 ! {GD on each Uni t ) ,  Iow concentrat ions of  chromate
leakage  cou ld  resu l t  i n  l a rge  mass  emiss ions .  Based  on  the  F ina l
Sa fe ty  Ana lys i s  Repor t  (FSAR)  tha t  SCg  submi t ted  to  the  NRC,
these  Sys te tns  use  th romates  (K rCrOr )  a t  concen t ra t i ons  o f  450  +

50  ppm.  I n  SCE,s  subm i t t a l  doz i i t " *nWQCg on  Ap r i l  2 ,  L982 ,  i t  
-

ees l i iUee the rnax j .mum leakage rate for  the Uni t  I  systerns as 4
gpm.  Assuming  tha t  l eak  ra tes  a re  P ropor t i ona l  t o  f l ow ,  Un i t s
172 would have a maximum of  28 gPm (Uni t  I  TPCW and CCWS have
g 'OOO gpm no rma l  f l ow ;  Un i t s  2 /3  comb ined  have  a  f l - ow  ra te  o f
64 ,OOO- -gpm) .  Us ing  these  f i gu res r  e r€  es t , i r na ted  re leases  o f
ch romium in to  the  once - th rough  rna in  coo l i ng  sys ten .

In  adc i t i . on ,  f l oo r  C ra ins  fo r  non - rad ioac t i ve  po r t i ons  o f
Un l t s  ? /3  l ead  to  an  o i l y  was - .e  SumP,  where  o i l y  was te  i s  removed
anC the  re :na in ing  e f f l uen t  i s  C ischa rged  i n to  the  ou t fa l l .  Each
ou | - fa l l  has  a  f l , 6w  ra te  o f  200  gp ln .  i ne  fSen  fo r  Un i t s  2 /3
repor ts  that  smal l  leaks around valves and f i t t ings in  the TPCrI
*o i td  go undetected and would dra in in to the turb ine bui ld ing
Cra inage  sys tems .  SCE 's  Env i ronmen ta l  Repor t  f o r  Un i t  L l
p rega r i c  i ;  Lg7Z ,  repo r ted  a  con t i nuous  p rocess  conce -n t ra t i on  o f
i i r r lma te  i n  t he  f l oo i  d ra in  sumg a t  0 .6  ppm,  w i th  a  f l ow  ra te  o f
60  gpm.  Assuming  l eaks  o f  t he  same concen t ra t i on ,  \ de  were  ab le
to  i ! t ima te  annu lL  re leases  o f  ch romates  f rom f l oo r  c ra ins .

The  Emergency  D iese l  Genera to rs  a l so  have  a  c losed -coo l i ng
wa te r  sys ten .  The re  a re  two  genera to rs  fo r  each  Un i t ,  w i th  a
coo lan t  capac i t y  o f  app rox ina le l y  900  ga l l ons  each .  The  FSAR
repor ts  that  the cool ing systems add Potass ium chromate at
concen t ra t i ons  uP  to  3000  FPm.

The technica l  speci f icat ions for  SONGS requi re that  whenever
repa i r  necess i ta tes  l t r a t  t he  coo l i ng  sys tem i s  d ra ined ,  a  new
balch of  coolant  must  be added.  Beeauie waste coolant  is  most
I i ke l y  c lass i f i ed  as  a  haza rdous  t t as te  (DHS s tandards  fo r
hexavarent  chromium are 5 mg, / r  or  5  pPm) '  there should be records
of  these sh iprnents,  as requi red by law.  An in ternal  SCE memo
(Ar t  Kne ise l  t o  D r .  J .B .  Pa lmer ,  -Heavy  t {e ta l  D i scha rges  f rom San
dno f re r "  3 /L3 /87 ) ,  s ta tes  tha t  t he  was te  coo lan t  i s  s t r i pped
o f f s i t e  i n . comp l iance  w i th  the  Resources  Conserva t i on  and
Recovery Act  tnCnel ,  which is  the enabl ing leg is la t ion for
haza rdous  was te  regu la t i on .  However ,  i n  t ne  t ime  a l l o t t ed  fo r
th i s  s tudy r  w€  hav6  been  unab le  to  con f i rm  th i s  s ta temen t -  The re
is  some q iest ion about  i ts  accuracy because SCE would be requi red
to  no t i f y  t he  U .S .  Env i ron rnen ta l  P ro tec t i on  Agency  _ (EPA)  tha t  i t
i s  a  gen - ra to r  o f  ch romated  coo lan t  was tes .  Tab le  3  l i s t s  t he
wastes repor ted by scE to EPA, and chromates are not  among them.
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I n  a i i i F - i on ,  d ra i ns  f r om the  D iese I  Gene ra to r  Bu r IC ing  emp ty
in to  a  common (un i t s  2 /3 )  o i l  r e :nova l  sys te rn  and  a re  o i . sc i r i r ge i  

'

i n t o  t he  ma j . n  coo r i ng  sys "em.  The re  i s - r i ke r y  t o  be  some
c i rom: .um d i scha rge  due  to  fa i l ed  pump sea ls  an i  m isce l l aneous
pack ings ,  a l t hough  we  canno t  de te rn ine  the  amoun t .

The  ex ten t  o f  t he  d i scha rge  o f  me ta l s  t ha t  have  been  e roded
or  co r roded  f rom the  p lan t  a re  a  func t i on  o f  t he  ma te r ia l s  used
in  !h -e -  p ran t  and  a re  i n f  ruenced  by  a  range  o f  ope ra t i ona l
va r iab les .  r ron ,  s tee l ,  and  o the i  a1 loy i  a re  u ied  ex tens i ve l y
F a r  n i n i n a! \ J !  p . -p r r i s r  pumps ,  s team genera to r  t ub ing ,  condenser  tub ing ,  and
the  tu rb ine  genera to r .  o f  pa r t i cu la r  impor tance  a re  tne  s ieam
genera to r  t ubes  ma ie  o f  a  h igh  n i cke l , / ch romium a l1oy ,  t he  tu rb ine
b races  mace  o f  a l l oy  me ta l s ,  and  i ron  p ip ing  i n  t he  secondary
looF.  Through condenser  hotwel l  overbta la: .ng,  bo i ler  b lowdoin,
denr inerar izer  fa i lure,  or  a  var j .e ty  of  normar and abnor :nal
va r iab les ,  e rodeC and  co r roded  me ta l s  accumu la te  and  cou ld  en te r
the  ma i .n  coo l i ng  sys tem.

Norma l  ope ra t i ona l  va r l ab les  a f fec t  t he  amoun t  o f  co r ros ion
and  e ros ion .  These  i nc lude  the  s ta r tup  coo rcown  cyc re ,  rou t i ne
ma in tenance  and  repa i r ,  and  the  no rmar  p rac t i ce  o f  i i scha rg ing
bo i l e r  b rowdown and  ove rboard ing  the  ho twe l l  ou r ing  s ta rEup .
Abnorna l  va r i ab res  re fe r  t o  a  b roac  range  o f  unp lanned
occu r rances .  These  rnay  i nc lude  tube  l eaks ,  wa te r  hammers ,  and
fa i l u re  o f  den r ine ra l i ze r  t o  cap tu re  co r roded  me ta l s .  A t tached  as
Exh ib i t  I  i s  a  desc r ip t i on  o f  i o rne  o f  t he  abnorma l  even ts  tha t
fcE repor ted to  the NRC which may be r inked to  d ischarges of
heavy  me ta l s .

A  number  o f  cha rac te r i s t i cs  o f  t he  coo l i ng  wa te r  i n f l uence
the  ra te  o f  co r ros ion  wh ich  can  be  con t ro l red  to  some ex ten t .
The  mos t  impor tan t  ones  a re :

o  P resence  o f  O . ;
o  Amoun t  o f  d i ss 'o l ved  and  suspended  so l i ds ;
O  PH;
o  Wate r  ve loc i t y ;
o  Tenpera tu re .

The  p resence  o f  d i sso l ved  oxygen  i s  essen t i a l  t o  t he
e rec t rochemica l  reac t i on  (ox ida t i on ) .  Hyd raz ine  i s  used  to
abso rb  ava i l ab le  oxygen .  D isso l ved  so r ids  a l so  i nc rease  the
e lec t r i ca l  conduc t i v i t y  o f  t he  wa te r .  The  more  d i sso l ved  so l i ds ,
the  g rea te r  t he  conduc t i v i t y .

Suspended  so l i ds  i . n f l uence  co r ros ion  by  e rod ing  o r  ab rad ing
the  me ta l  su r face .  Some pa r t i cu la tes  may  become en t ra ined  i n  the
steam and bornbard the turb ine b lades.
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TABLE 3

SONGS TOXIC WASTEST

EPA
Hazardous
Was te  No .

F0  0 t

F00 5

ul5  9

u226

UI3 3

Te t rach lo roe thy lene '  me thy lene  ch lo r i de '
t r i ch l o roe t y l ene ,  L ,L ,L ,  t r i ch l o roe thane ,
c lor inated f luorocarbons

r  Source:  Not i f icat ion of  Hazardous
EPA Form 8700-12  ob ta ined
In fo rma t ion  Ac t .

Tou lene ,  MEK,  ca rbon  d i su l f i de ,  i sobu tano l ,
pyr id ine

2-Butanone

1 ' l r l '  T r i ch l o re thane

Hydraz ine

Was te  Ac t i v i t y  f o rms ,  U .S .
through Freedom of
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Ac i i i t y  an i  l ow  a l sa l i n i t y  p romo te  co r ros i . on  by  i nc :eas ing
tne  q i sso lu t i on  raEa  o f  t he  base  me ta l .

wa te r  f l ow  inc reases  co r ros ion  by  b r i ng ing  O ,  t o  the  rne ta l
and  ca r ry ing  away  co r ros ion  p roduc ts .  H igh  ve loc iE ies  e rode
meEaI  su r faces  o r  p ro tec t i ve  f i lms .  However ,  when  v ra te r  ve loc i t y
i s  t oo  l ow ,  suspended  so l i ds  nay  accumu la te  on  su r faces  and
inc rease  co r ros i on .

Tempera tu re  changes  cause  co r ros ion  ra tes  to  i oub le  w i th
e r /e ry  25 -50 -de_oree  r i se  up  to  160F .  (Above  150F ,  f u r the r
t , enpe ra tu re  i nc rease  has  reLa t i ve l y  1 ! t t l e  e f f ec t  on  co r ros i on
ra tes  i n  coo l i ng -wa te r  sys tems .  )  Bo th  tempera tu re  and  ac id i t y
a f  f ec t  t he  co r ros i ve  e f  f ec r -  o f  coo l i ng  wa te r  on  me ta l .  Mos t  o f
these  cha rac te r i s t i cs  a re  re levan t  du r ing  the  coo ldown /shu tdown /
s ta r tuP  cyc le .  Oxygen  i s  no re  eas i l y  i n t roduced  in to  the  sys tem;
suspendeC so l i ds  o f ten  re fe r reC  to  as  "h ideou t "  so l i ds  reappear
du r i ng  s ta r t ug ;  wa te r  ve loc i t y  cnanges ;  and ,  o f  cou rse ,
tenpera tu re  changes .  Tab le  4  i n i , i ca tes  how f requen t l y
tenpe :a tu re  changes  may  occu r  a t  San  Ono f re .

I t  i s  reLa t i ve l y  we l l -  Cocumen ted  tha t  i r on  and  cogper
c i scha rges  i nc rease  d ra rna t i ca l t y  du r ing  power  reduc t . i on ,
shu tdowns ,  and  s ta r tup .  The  rna jo r  d i scha rges  a re  be l i eved  to  be
in  the  s team-genera to r  b low iown  and  the  ho twe l l -ove rboa rd  sys tem.
A  recen t  resea rch  p ro jec t  by  EPRI  on  San  Ono f re  (R .eLu rn  o f
H ideou t  Chemica l s  i n  PWR S team Genera to rs  Dur inq  Power  End
Tempera tu re  Reduc t i ons ,  NP-4553)  conc lu ieo  tha t  b lowoown

ica ts  ano  me t ,a l s  i nc rease  app rec iab l y
du r ing  poe re r  reduc t i ons  anC shu tCowns .  However ,  t he  repo r t
s i a teo  t ha t  ouan t i f i ca t i on  was  c , l f f i cu l t .

The  Env i ronmen t  Repor t  f o r  Un i t s  2  and  3  s ta tes  tha t  t he
ho twe l l  i s  equ ipped  w i th  sys te ln  tha t  ove rboa rds  i i r ec t l y  t o  t he
ma in  coo l i ng  sys te ln  du r ing  s ta r tups  un t i l  To ta l  SuspenCed  So l i ds
(TSS)  a re  l ess  than  I  pp rn .  Some o f  t hese  so l i ds  cons i s t  o f  ne ta l
eroded f rom the turb ine and corroded f rom tube sheets,  the water
box ,  and  s team genera to r  t ubes .  An  a r t i c l e  i n  Power  ( "Cor ros ion :
A  Spec ia l  Repor t , "  4 /gZ )  repo r ted  i ron  o r  copper  bu i l dup  i n  PWR
condensa te  measured  app rox ima te l y  250  Kg  and  Copger  measured  40
Kg ,  r espec t i ve l y ,  ove r  41000  hou rs  o r  5  mon ths  o f  con t i nuous
opera t i on .

sCE,  i n  i t s  Un i t  I  App l i ca t i on  to  the  RWQCB,  s ta ted  tha t
i ron  exceeded  l im i t s  (1  ng /L )  du r ing  s ta r tup  by  a  fac to r  o f  t en ,
l as t i ng  up  to  48  hou rs .  SCE repo r ted  tha t  t h i s  occu r rence  takes
p lace  5  t imes  pe r  yea r .  I f  we  assume tha t  t h i s  i s  t rue  fo r  Un i t s
2  and  3  as  we l l  r  dnd  tha t  copper  i nc reases  by  an  amoun t  t 0  t imes
the  da i l y  max i .mum l im i t  ( t o  0 .2  ng /L ) ,  t hen  es t ima tes  o f
"abnorma l  re leases "  i n  b lowdoern  can  be  made .
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TABI.E 4

REDT'CTIONS IN POWER OT'TPT'T BELO9{ 5Og*

Year

1985

198  5

1984

1983

Uni t  1

I

6

I (no po$rer
fo r  1 l  nos )

No Power

uni t  2

9

8

9

(never over
50? power )

unit  3

9

10

20

4 (began
operat ing

9  /83

l 4

L982 2 (no power
fo r  l0  nos)

i  Sou rce :  NUREG-0020  '  L / 82  -  L0 /86 .
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F inC incs  and  Conc lus i ons

Based  on  the  i n fo rn ra t i on  tha t  we  rev iewedr  w€  es i i r na ted -  t ha t
gh ro_n ium d i scha rges  f rom Un i t s  2  and  3  range  f rom 4 .5  thousand
pounds  t ;  f o . :  t t ousand  pounos  pe r  y6a r .  ' ! n t s  i n f6 rna t rbn  r s
lncomp le te  un€ r I  we  ga rT i -a  Teg t€ r -Uncers tand ing  o f  how sgen t
coo lan t  f rom the  d iese l  genera to rs  i s  hand led .  Assung t ions  and
ca lcu la t i ons  a re  a t tached  in  Exh ib i t  2 .

The re  i s  a  subs tan t i . a l  d i f f e rence  be tween  ou r  es t ima tes  o f
ch romium re lease  and  SCE es t ima tes  (merno  f rom Ar t  Kne ise l  t o  J .B .
Pa lmer ,  3 /L3 /87 ) .  S ince  we  have  reques ted  t ha t  SCE responC to
our estimate du5in-o ,L"r.r-e--4-.- l9-8J o-.;6elentation o? the-e
r : .ndtngs,  I  qan-  on ly  conclude that  t r r=,  are reasonaElGl

We were a lso able to  est imate a min imum i ro. -  and copper
d . i  scha rge  f rom s team genera to r  b lowdown fo r  Un i t s  2  and  3 .
Howeve r r  t he  quan t i t i e s  a re  so  sna l l  ( 50  l bs .  and  6  l bs .  pe r
yea r ,  r espec r - i ve l y )  t ha t  t hey  a re  i ns i gn i f i can t .  Un t i l  a  be t t e r
unCers tand ing  i s  ga ined  rega rd ing  ho twe l l  ove rboa rd ing ,  and  the
e f f i c i ency  o f  t he  Cern ine ra l i ze rs  on  the  secondary  s l t s ten ,
mean ing fu l  conc lus ions  canno t  be  d rawn .  l l owever ,  because  we  know
thaE co r ros ion  p rob lems  a re  so  pe rvas i ve  fo r  nuc lea r  power
plants, potential _dischal_o_e_q of ir9-n and -eeqp.gr. nav_lg
s ign i f i can_9 .

We were not  ab le to  draw any conclus ions regard ing other
tox i c  heavy  me ta l s .  O f  pa r t i cu la r  no te  i s  mang ianese ,  o f  wh ich  we
found  no  ev idence  du r ing  ou r  rev iew .

I t  i s  i : npo r tan t  t o  no te  tha t  t he  re leases  i oen t i f i ed  do  no t
exceed levels  permi t ted by the RI , IQCB, a l though the year ly  mass
eniss ions seem high.  On the average,  ern iss ions a ' le  ,c4.Lg! , ! - -eJ
the. -Ree-ionaI Water Quallty Control Bq.a_r3l 's; DejB,igred-levei of
orscharge.  l ' lo re impor t in t ty ,  we touna no ev idence to-supfr iFEne
pre rmr t ted  l eve l s .  L i kew ise r  a l t hough  a  rev iew  o f  SCErs  semi -
annual  moni tor ing repor ts  ind icated chromium exceeded standards
on  a  few  occas ions ,  no  l i nk  has  been  d rawn  be tween  these
exceedances and envi ronmenta l  darnager  and no fo l low-up studies
\ . rere under taken by the RWQCB or  SCE. We draw two conclus ions
f rom th i s :

I )  The  requ i red  mon i to r i ng  p rog ram and  o the r  t e rms  o f  t he
Reg iona l  wa te r  Qua l i t y  Con t ro l  Boa rd rs  Pe rm i t  a re  i n
de f i n i t e  need  o f  improvemen t i  and

2)  The re  i s  no t  enough  in fo rma t ion  a t  p resen t  on  wh ich  one
can  des ign  a  rnean ing fu l  mon i to r i ng  p rog ram.

There  a re  a  few  o the r  po ten t i a l  sou rces  o f  heavy  me ta l '
d i scha rges  w i t h i n  t he  su r rounC ing  a rea .  San  ono f re  Un i t  I
es t ima ted  d i scha rge  o f  ch rom ium i s  be tween  643  l bs .  and  2 ' 352
Ibs .  pe r  yea r  and  pas t  p rac t i ces  nay  have  l e f t  subs tan t i a l
depos i t s  o f  heavy  rne ta l s .  Runo f f  and  s t ream con ta rn ina t i on  f rom



pas t  p rac t i ces  a t  Camp  Pende l t on  may  a l so  have  t e f t  depos i t s  o f
hearry-  meta ls .  The t ! " i ty -  orepared-  an I -n i t ia l  Assessment  SCgCv o! - -
Camp-Pende l ton ,  wnrcn . . rg len t i t r ed  ?9_ -s l  t . e -  wngre  o rsposa l  o f  t ox i c
w i r s r -€5  gooK D lace , - - rnF luCrng  macn ine  snoP o l i o  and  pa rn t  was tes
cv r r  La rn l r t g  sn roma  tes  .

Recommendatiolg

We recommend that  MRC pursue a second phase of  s tudy that  is
des igned  to  more  accu ra te l y  es tab l i sh  the  quan t i t i es  o f  heavy
meta l  d i scha rges  i n  con junc t i on  w i th  des ign ing  a  samp l ing  P rog ram
tha t  w i l l ,  p rov ide  nean ing fu l  resu l t s .  Fo r  examp le ,  t he
rnoni tor ing program needs to  be coord inated wi th  coolCown, /s tar tup
cyc les ,  ma jo r  i epa i r s ,  d ra in ing  coo lan t ,  and  abnor ina l
occu r rences .  I n  aCd i t i on ,  so rne  bas i c  ope ra t i ona l  i n fo rma t ion  i s
needed.  Having open access to  the operators and records at  the
plant  would heip lnswer some of  the basic  operat ional  quest ions
wh icn  i n f l uence  d i scha rge .  These  ques t i ons  i nc lude :

1.  The f requency and durat ion of  hotwel l  overboard ing
a f t e r  s t a r t uP .

2.  when other  hotwel l  overboard ing occurs and why.

3.  l iow of ten turb ine bui ld ing cool ing systen and cornponent
cool ing system are dra ined? What  is  Cone wi th  spent
coo lan t?

4 .  How o f ten  d iese l  genera to r  coo l i ng  sys tens  a re  d ra ined ,
and what  is  done wi th  spent  coolant?

5 .  Has  fu l l - f l ow  condensa te  po l i sh ing  demine ra l i ze r  sys tem
been insta l led (permi t  s t l ted i t  would be insta l led
"somet ime  a f te r  i n i t i a l  ope ra t i on " )  ?  I f  no t ,  wha t  a re
the  e f fec ts?

5.  What  chern ica ls  are current ly  in  use r  a l ld  on which
sys tems?

any abnornaL leaks in  the major  cool ing

acid is  used in  the sewage t reatment

9.  What  are the average system operat ion rates for  Tcws
and CCWS? What  are the design leak rates?

7.  Have there been
sys tem?

8.  How much chromic
system?

10 .

11 .

A re  an t i - co r ros ion  and  an t i - f ou l i ng  pa in t s  used?

What  ma te r ia l s  a re  used  to  p lug  tube  l eaks?
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We also recommend that  ! , lRC moni tor  any invest igat ions the
Navy  i s  do ing  as  a  fo l l owup  to  i t s  I n i t i a l  Assessmen t  S tudy .  A t
the  ve ry  l ea i t ,  i t  p robab ly  i s  go in  u l
backg round  da ta .

We also recommend that SCE be requested to verify and/or
otherwise expla in the apparent  d iscrepancy of  not  repor t ing
i tse l f  as a generator  o f  potass ium chromate to  the EPA, as i t  has
so stated.  In  the absence of  ! {RC having access to  SCE records,
we recommend that  MRC fo l low-up on search of  DHS mani fests .
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HHIBIT  1 : AANORIIIAL SVENTS WHICH IIIAY BE LINKED
TO DISCIIAR@S OF HEAW I{ETAI.S-

UNIT  1

07-3  0 -84
r ,ER 84-0  08-00

05-0  4 -79
LER 79-008-0 I

06 -05 -79
LER 79 -010 -01

05-20-76

07 -30-7 6

10 -12 -80
LER 80 -039 -03

Dur ing extended mode 5 outage observed
co r ro ! i on  o f  s t ruc tu re  re in fo rc ing  s tee l
ra ised concerns that  s t ructure may not  be
ab le  to  mee t  se i sm ic  des ign  c r i t e r i a .
Ex tens i ve  i nspec t i on  i n i t i a ted .

Dur ing maintenance outage 18 Cafect ive tubes
d iscove red  i n  s team genera to r  A .  Caused  by
co r ros ion  o f  a rea  tubeshee t .  De fec t i ve  tubes
p lugged .

Rad iog raphy  revea led  l i nea r  i nd i ca t i ons  i n
steam geneiator  feedwatet  nozzLe iur ing
u ra in tenance  ou tage .  Caused  by  s t ress
ass i s ted  co r ros ion .  Reducers  rep laced  and
we lds  redone .

S team genera to r  B  i nd i ca ted  tha t  s team f l ow
star ted decreasing on s low ramg dur i .ng fu l l
poi.rer operation. Caused by leaking bl-owdown
valve on h igh Pressule l ine to  s team f low
t ransmi t te r .  Leak  co r rec ted .

S team genera to r  rad ia t i on  mon i to r  i nd i ca ted
high act iv i ty  on b lowdown f rom steam
ger ierator  C.  Caused by leak in  one tube in
i t eam genera to r  C .  Tube  exp los i ve l y  p lugged '

Maintenance inspect ion revealed worn thrust
bear ings on a l l  turbochargers on emergency
d iese l  genera to r  I .  Cause  under
inves t i ga t i on .  Bear ings  re tu rned  to
manu fac tu re r  f o r  rePa i r -

*  Th i s  Exh ib i t  i s  no t  i n tended  to  be  i nc lus i ve .  Ra the r ,  i t s
purPose is  to  denonstrate the tyPe.  a ld  form of  in fornat ion
i r f t i i f ,  is  pubJ. ic ly  avai lab le.  A; i  in ferences per ta in ing to  the
potent ia l -  d ischalge of  heavy meta ls .  would requi re a more
thorough evaluat ion of  the event .
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03 -24 -80
LER 80 -012 -03

UNITS 2  &  3

^ 2
u  J - z o - 6 t ,
LER 85 -007 -00

I0 -04 -85
LER 85 -049 -00

0  7 -3  0 -83
LER 83 -089 -03

L2-L4-82
LER 82 -170 -03

10-01-82
LER 82-L25-03

l0 -01-82
LER 82-L25-A3

Dur ing  no rna l  ope ra t i ons  numbe=  2  d iese l
genera to r  f ue l  o i I  t r ans fe r  pungs  G-75A and
G-75 ts  t r i pped  on  cu r ren t  ove r load .  Caused  by
fa i l u re  o f  sump punps  i n  t rans fe r  pump vau l t
due  to  h igh  wa te r  l e ' ze l  i n  vau l t .

Du r ing  co ld  shu tdown  loss  o f  shu tdown  coo l i ng
syste:n f low occurred.  Chased by erroneous
leve !  i nd i ca t i on  i n  t ygon  manomeEer  re f  sca le
and  a i r  bubb le  i n  t vqon  tub inq .

Seven  pac i f i c  sc ien t i f j . c  snubbers  found
f rozen  on  shu tdown  coo l i ng  sys ten .  Caused  by
water  hammer due to  a i r  pockets f rorn
inadequa te  ven t i ng .  Snubbers  rap laced  and
add i t i ona l  ven t i nq  capab i l i t v  w i l l  be  added .

T ra in  B  sa l t  wa te r  coo l i ng  sys ten  f l ow  ra te
Iess  than  requ i red .  Un i t  dec la red  i noperab le
wh i l e  deb r i s  c leaned  f rom t rave l i ng  sc reen
sys tem (TSS) .  Caused  by  TSS ove r load  due  to
h igh  su r f .

Review of  char t  record ings of  RCS cold leg
temperature ind icated heatup-cooldown rate
I im i t s  exceeded  on  th ree  occas ions .

Shutdown cool ing system declared inoperable
when pre-ex is t ing tube leak in  t ra in  A
conponent  cool ing water  system HX aggravated.
Caused by surge tank f i l led wi th  so l id  due to
fau l t y  l eve I  con t ro l  sw i t ch  2LSN-6498 .

Whi le  in  mode 5 w-RCs dra ined to  mid loop
decreasing component  cool ing water  system
surge  tank  l eve l  i nd i ca ted  l eak .  Cause  no t
s ta ted .  N ine  l eak ing  tubes  i n  t ra in  A
shu tdown  coo l i ng  sys tem p lugged .

1 - ' )



EXHIBIT  2 : ESTII{ATE OF CHROTITIT]I{ DISCEARG:E

HIGH SCENARIO

Assumo t i ons :

K , ,C t rO ,  =  500  ppm
L6ak  i a te  a t  Un i t  t  =  4  gpm
Leak  ra te  a t  Un i t s  2 /Z  =  28  gpm
Sys tem Opera t i on  Ra te  =  100?

Ca lcu la t i on  fo r  Un i t  I
e

4  gpm X  60  m/h  X  24  h /d  X  365  d /y  =  2 .1  X  I0  "  gpy  ( l eakage)

F , A
2 .L  X  lO "  gPy  =  7 .9  X  10 "  l i t e r s , /Y

e6
7 .9  x  10 "  L / y  x  500  ng /L  =  3950  x  10 -  l r l r g / y

A - 6
( 3950  x  t oo  ng / y )  x  ( 2 .205  x  1O-o  l bs / r ng )  =  87 tO  Lbs / yea r  K rC rOn*

87 tO  lbs , / yea r  K rCr0n  X  .27  =  2352  lbs /v r  ch ro rn ium*

Ca lcu la t i on  fo r  Un l t s  2 /3

Mu l t i p l y  resu l t s  o f  Un i t  I  by  7  ( l eak  ra te )

7  X  2352  Lbs /y  =  16 ,464  l b l v r  Chromium**

Convers ion Factors

I  mg  =  2 .205  X  1O-5  t bs
I  ga l l on  =  3 .785  L i t e r s
I  par t  per  mi l l ion (ppm) = !  nrg/L
I  pound KrCrOn = 27 percent  chromium

*  Th is  t rans la tes  to  6 .4  l bs , /day r  8?  o f  t he  pe rm i teed  l im i t s  f o r
to ta l  ch ro rn ium fo r  Un i t  L .

* *  Th i s  t rans la tes  to  45  l bs , /day  fo r  each  un i t ,  97  o f  t he
per rn i t t ed  l im i t s  f o r  Un i t s  2  and  3 .

2-L



I ' !ED IUM SCENAR,IO

Assumot ions  Un i t  I

K rCr04  concen t ra t i on  =  300  ppm
L€ak Rate at  Uni t  1  averages 2 gpm
Leak  ra te  a t  Un i t s  2 /3  ave rages  14  gpm
Sys ' ,em Opera t i on  Ra te  =  90?

Ca lcu la t i on  fo r  Un i t  I

( 2  gp rn  X  50  m in , /h r  x  24  h r /day  X  355  days /ypa r )  (90?
t ime )  =  946 ,080  ga l l ons  pe r  yea r  =  3 .6  X  10 "  l i t e r s

3OO ng /L  (3 .6  X  106  L / y )  =  1080  x  106  ^g / y
a

1080  X  10 -  ng /y  =  238L  Lbs /yea t  K rCrgn

238 I  Lbs /y  X  .27  =  643  Lbs /y r  ch romium

Ca lcu la t i on  f o r  Un i t s  2 /3

opera t i ng
Per  yea r

Mu l t i p l y  resu l t s  f rom

7 X 643 lbs, /year

Uni t  I  by seven

=  4  , 5  0 l  l bs . , / v r .  ch rom ium

Convers ion  Fac to rs

t  mg  =  2 .205  X  IO -5  l bs
I  ga l l on  =  J .785  L i t e r s
I  pa r t  pe r  n i l l i on  (ppm)  =
I  pound KrCr0n = 27 percent

I mgrzl
chromium

2-2



BHIBIT  3 : SOSRCAS OF INTOR}IATION

Pub  I  i ca  t i ons

I .  RWQCB Inspec t i on  Repor t s  (1985-87 )

2 .  RWQCB Cor respondence  F i l e

3 .  SCE Form 2C (NPDES)

4  .  NPDES Pern r i t s  f o r  SONGS 1 ,  2 ,  3

5 .  NRC,  Env i ronmen ta l  Repor t ,  San  Ono f re  Un i t  I '

6 .  NRC,  FSAR,  Un i t s  L ,  2 ,  3

7 .  NRC '  Env i ronmen ta l  Repor t s ,  San  Ono f re  Un i t s  2

8 .  NRC,  Compu te r  Search  o f  PDR

L Z  o

t J .

14 .

I f , .

15.

L7 .

L97 2

&  3 ,  L978

9 .  NRC '  Techn ica l  Spec i f i ca t i ons ,  SONGS l ,  2 ,  3

10 .  NRC,  L i cense  Amendmen ts r  SONGS 2  &  3

I t .  EPA,  De ' re lopmen t  Documen t  fo r  E f f l uen t  Gu ide l i nes  fo r  S team
Elect r ic  Power Plants

SAIC Potent ia l  Sources of  Toxic  t ' le ta l  Input  f rom SONGS to
the t lar ine Envi ronment ,  September 1986

SCE, Se:n i -Annual  Moni tor ing Repor ts

SCE,  Ses r i -Annua l  Env i ronmen ta l  Repor t s ,  1982-85

SCE, l {onth ly  Operat ing Repor ts

EPRI,  Return of  l i ideout  Chemicals  in  P$lR Steam Generators
Dur ing Power and Temperature Reduct ions '  NP-4553

EPRI ,  F lush ing  S team Bo i l e r  i s  E f fec t i ve  Me thod  o f  Reduc ing
Sca le -Par t , i c Ie  E ros ion  i n  Bo i l e r ,  RP- l885

19 .  EPRI ,  Condensa te  Po l i she rs  fo r  B rack i sh  Wate r -Coo led  PWRs,
NP-4550 ,  Ju l y  1986

19 .  EPRI ,  P rope r t i es  o f  Co I l o ida i  Co r ros ion  P roduc ts  and  The i r
E f fec ts  on  wuc lea r  Power  P lan ts ,  NP-2506  '  Oc tobe r  1982

20 .  EPRI ,  E lec t rochemis t r y  and  Cor ros ion  o f  A I l oys  i n  H igh
Tempera tu re  Wate r ,  NP-4705 ,  Ju l y  1986
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2L .  Depa r tnen t  o f  Navy ,  I n i t i a l  Assess :nen t  S  EuCy ,  l { a r i ne  Co rp
Base  Can rp  Pend le ton ,  Ca l i f c rn i a ,  P te l im ina ry  Assessmen t  o f
Tox i c  Was te  D isposa l  P rac t i ces  a t  Canrp  Pend ie ton

22 .  Young ,  Jan  and  l - l oo re ,  "Me ta l s  i n  power  P lan t  Coo l i ng  Wate r
D i scha rg€s r "  Coas ta l  Wa t ,e r  Resea rch  p ro j ec t ,  pp .  Z5 -31 .

23.

24 .

Power,  "Protect ing Todays Systems for  Long-Term
EdIEoi r i ry" ,  r . lak ins,  ; ison l  spec iat  nepoi t ,  Agr i l  19g3.

Power r  "Coo l i ng -Wate r  T rea tmen t ' r ,  S t rauss ,  She ldon ,
Pucko r i us ,  Pau I ,  Spec ia l  Repo r t ,  June  1984 .

Peoo le

1 .  Denn i s  Rudd i ,  EPA ,  Wash ing ton ,  D .C . ,  Expe r t  on  S team
Elec t r i c  Power  P lan t  E f f l uen ts

2 .  Che ry l  Leh r ,  EPA  Reg ion  IX ,  I ndus t r i a l  Ass i s tance

3 .  B r i an  Me l z i an ,  EPA  Reg ion  IX ,  Ma r i ne  B io l og i s t

4.  Madonna Narvez,  EPA Region IX,  Revj .ews Moni tor ing Repor ts

5 .  Car la  F i she r ,  EPA Reg ion  X ,  Fo rne r l y  Hand led  San  Ono f re
Wate r  Qua l i t y  Pe rm i t s

Ken  Greenberg ,  EPA Reg ion  IX ,  Env i ronmen ta l  Eng inee r ,  Wa te r
Qua l i t y

7 .  ICa  Tu l l i ve r ,  EPA  Reg ion  IX ,  FO IA

8 .  B ruce  Pos tumus ,  Reg iona l  Wate r  eua l i t y Con t ro l  Boa rd ,  Reg ion
IX ,  Pe rm i t  O f f i ce r  f o r  San  Ono f re

9 .  Warne r  Z ieg le r ,  JRB,  l { c l ean ,  VA ,
Water  Qual i ty  permi t  for  SoNGS

Assis ted EPA in  prepar ing

6 .

10 .  S tan  Ranu lchuck ,  San  D iego  A i r  Qua l i t y
no kno!^r ledge of  chromate-based paints

11 .  ! { i l es  B ryan t ,  Va l spa r  Corpo ra t i on ,  NJ ,

L2 .  A r t  Kne ise l ,  SCE.  Wro te  memo to  Pa lmer
re leases

13 .  Ca thy  F i she r ,  Ca l i f o rn ia  Depar tmen t  o f
(DHS) ,  Tox i cs  D i v i s i on

14 .  An i t a  Fo l l e t t e ,  DHS,  Man i f es t s

15 .  D ianne  Pe r r y ,  Consu l t an t

Managemen t  D is t r i c t  -

Supp l i e r  o f  pa in t

descr ib ing chromium

Hea I th  Se rv i ces



15 .  John  Dav ies ,  skaso l ,  I nc . ,  chem is t  f o r  wa te r  chen t i s t r y  f i rm

17 .  J im  Be tz '  NALCO,  Sa les  agen t  f o r  chem ica l  comPany '
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Appendix E: Responses from SCE to MRC regarding potential

sources within SONGS of metals that could be

released into the marine environment.
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DR. B. J. I,IECHAI.AS

SUBJECT: A Follor-up Cormentary on Chromate Usage at San 0nofre

The l {ar ine Reviev Coruni t tee ( I . {RC) requested l . {HB Technical  Associates,  Inc.
(MHB) to est imate potent ia l  chromate dlscharges to the marine environment near
San Onofre.  l , lHB's est imates of  chronic leakage of  chromium ( in the form of
chromates) to the ocean from Unlt I systems ranged from 543 to 2352 lb/yr, and
from Units 213 ranged from 450' l  to 15,464 lb/yr .  According to HHB, another
potent ia]  source of  chromates that coulr i  be discharged to the ocean lncludes
ant i - foul ing paints rhich have chromates as a minor const i tuent.

Further concern over the chromates usage at San Onofre uas expressed In a memo.
to the l, lRC dated l.tarch 23, 1988. In short, a request tas nade to Edlson to
address l , lHB calculat ions,  and address the handl lng of  hazardous raste
contai  n i  ng chromates.

These lssues  r l l l  be  addressed ind iv ldua l l y  r i th  documenta t ion  there
app l  I  cab l  e .

l . lHB's est imated chronic chromium release rates are grossly overest imated
because o f  lncor rec t  bas lc  assumpt lons  under ly ing  the  ca lcu la t ions .
Ver i f icat lon that the assumptlons uere lncorrect  ras based on actual
operat iona' l  Informat ion.

l . lHB Assoclates,  Inc.  f l rst  assuned that three dl f ferent cool lng rater systems
at each of  the three unl ts are chromated, nanely:  the Turblne Plant Cool lng
Hater System (TPO{), the Coorponent Cooltng l{ater System (CO{), and the
Emergency Dlesel  Generator Cool lng System. In actual l ty,  only the Unl t  I
TPCl l ,  the Unl t  I  CO{,  and the Unlts 2 and 3 dlesel  generators have ever been
chronated. See Attachnent A.

Because the Unlts 213 TPCII  and CO{ have never been chromated, at tent ion t i l ' l
be focused on l . lHB's est lmates of  chronlc chromate leakage from the Unit  I
sys tems.
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I t  vas a ' lso assuned by HHB that the Un' i t  
' l  

systems are chromated at
approx lmate ly  450 ppm,  and leak  a t  a  ra te  o f  4  gpm.  The ac tua ' l  concent ra t ions
useo vari es from systen to system. The 4 gpm I eak rate for Uni t 1 chromated
sys tems l i s ted  ln  cor respondence f rom Ed ison to  the  Reg lona l  Hater  Qua l l t y
Control  Board -  San Dtego Reglon (RIQCB - SDR) represents a maximum leak rate,
as stated, and not one that is go' ing to be rout lnely encountered in plant
operat ions.  In fact ,  the actual  leak rates of  chromates f ron these systems
are dl f f icul t  to detennine. Because of  th is,  chromate usage vas determined by
tracklng the monthly consumption rates.  See Attachment B. For Uni t  ' l

systems, the monthly consumption of  chromates ranged from 0 to 135 lb/yr ,
averag ing  37  lb /y r  f ron '1978 th rough 1984.  Th is  cor responds to  a  oo ten t ia l
re lease ra te  o f  chromium rang ing  f rom 0  to  35  lb /y r ,  averag ing  9 .9  lb /y r
dur ing  th is  same t ime span.

I ' IHB's est lmates of  chronic leak rates,  ranging from 543 to 2352 lb/yr  per
Unt t  I ,  a re  unrea l ts t tc .  Th is  yas  f i rs t  e luded to  ln  the  November  1987 Ed ison
cormunlgue from J.  H. Curran to Dr.  B.  J.  l , lechalas.  In the memo, the chromium
content of the Unit I TPCII ras calculated to be 33.5 lb. The chronium content
of  the Unl ts 213 dlesel  generators ras calculated to be about 25.3 lb.  The
goal  of  the calculat lons ras to shor that  ent l re systems rould have to be
dralned nrany t imes dur lng the course of  the year to reach l lHB's est imated
chron lc  re lease ra tes .  For  l l l us t ra t lon ,  the  50 ,000 ga l lon  Un i t  I  TPO{ ,
chromated at  300 ppm, rould have to be completely drained at  least  19.2 t lmes
per year, or roughly every 2.5 reeks to reach l, lH8's lorer estimated yearly
chronlc release rate of  643 lb/yr  of  chromium. San Onofre ls s imply not run
tn  th is  manner .

The d tspos l t lon  o f  the  uconsumed"  chromates  is  l tm i ted  to  re -use  in  the  p lan t ,
dlscharge to the ocean according to NPDES permit  l tmi tat ions,  or  d isposal  as
hazardous vaste.  Sumarles descr lb lng non-radloact lve ef f luent releases to
the ocean are submlt ted rout lnely to the RI{QCB - SDR. Accidental  spt ' l ls  of
chronates are necessarlly reported to the RIQCB - SDR. The disposal of
hazardous raste at San 0nofre ls governed by San Onofre procedures rhich are
rr l t ten ln conformance r l th Federal  and Calt fornla State requirements.  The
naxlnuar pernr isstble concentrat lon of  chrornlum ln an agueous solut lon ls less
than 500 ppm (category 132). Fron l98l to present, the anpunt of chromlum
dlsposed of ln the fon of aqueous or organlc solutlons (hazardous vaste
categorles 132, 133, and 341) has ranged fron a hlgh of approxlnntely 33 lbs
tn l98l  to less than l0 lb/yr  In subsequent years.  See Attachment C for a
surmary descrlptlon of chronate solutlon dlsposal from l98l through 1984.

Concern has also been ralsed over the use and subseguenTfrsposal  of  palnts in
the fornr of  palnt  s ludge from San 0nofre.  Palnt  ls  c lassi f led as a hazardous
mater la l .  Used pa ln t  l s  conso l tda ted  ln to  a  sh ipp ing  conta iner .  The pa in t
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Attachments (3)
JCL:JJe:0761E

P. H. Penseyres
B. D. l ' letz
E. S. l ' ledl I nq
J.  C.  Les l le -
ESl,l Fl I es
l{E Fl I es
CDl.l

-J- Apr l l  25 ,  ' t 988

conta lner  l s  then c rushed and so l ld t f led  per  S ta te  and Federa l  Regu la t ions .The.shtpplng qonl l !ner,  once f i l leJ,  t i -p ior t i jo  ano sent  to a l lcensedlnci  nerat lon facl  I  l ty .

In sunmaryr tle potentlal release rates of chromlum ln the form of chromatedagueous solutions or palnts to the martne enviionment is at mojt-rnfnimi| l- inais a small fractlgn oi ttre esiimated rei iaie'r i tes provioiJ ui- ixg. sanOnofre.operational data tnotcite-it i t  i i l i - i t ' i iunoi of chromium nay bepotential l l ,  but-not necessari ly, reteaiio io lrr i  oiein i iom sin onofre untt Isvstems' The palnts used at Sai 'Onori i- i ie-Jriposeo of pei si i le and Federal
E9gutations. Thg lmpact of sin onoire-opliai i i i t  on the martne envtronment tsthus considered to be minlrnal r l th-reta;A-i;-;h;omate usage ano otspoii i .  

-



Attachment A

Uni t  I

Unt t  I

Unt t  I

Unt ts  2 /3

Uni ts  2 /3

Uni t  2

Unt t  3

TPO{'

co{'
Dlesel Generators

TPOI (2 sYstems)

CO{ (2 sYstems)

Dlesel Generators

Dtesel Generators

Prlmary Usage of Chromates at S0NGS

Chromated from 1965 to Present'

Chrornated frorn 1966 to t{ay 1984'

ilever chromated, nr91t 
nilr i!-li(hvdrazlne) to I

i;fi;ii;;il'iler- i gez to Present'

i lever chrornated' Hydrazine'to'I983'
fiiii."i*-tniirrteT'uorate) le83 to
present.

ilever chromated' Sane as the Untts 2/3

TPO{.

Rll ::'ll' i,,ili?T:)i3;.,!i'l i'l ;3':'

?lffiit:i i",:?ll':ll'!l'llo*tl"i'31'

rAbbrevl at' lons : TPOi -
col

Turblne Pl ant-Coot !.n9 tta!9.1.:Itttt
iiiii'ii.t. -ool I ng llater svstem
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Attachment B

Chemical  Consumpt ' ion of  Chromates
Un l t  I  ( l bs . )

Jan.

Feb .

Mar .

Apr .

l,lay

June

Ju ly

Aug.

Sep .

0c t .

Nov .

Dec .

r0

I  A7n
g

0

0

20

z5

0

I 979

0

0

0

0

0

0

0

0

0

0

0

0

r 980

0

0

0

0

0

0

0

0

5

0

0

0

I  981

0

0

0

0

0

0

0

0

0

7

5

25

1982

0

0

0

0

25

0

l0

0

0

0

0

r00

I  983

0

0

0

0

0

0

0

0

0

o
0

0

I  984

20

7.9

0

0

0

0
'2

t

l {otes: Dashes - Data not aval lable' - Unlt I CO{ changed to Calgon ln Sep. 1984
Stmi lar  data ls  not  ava l lab le  for  Unl ts  2 /3



_ Date

2114184

217183

zl7l83

2t8 t83

2t8183

9130183

11126183

3116182

3116t82

3116182

7115182

7115182

7 l1 t81

7 l3 l8 r

7n6181 '

9 / l  5 /81  '

Chronate Dl sposal

Anpunt

4000 gals.

5400 gals

5400 gal s

5040 gal s.

5040 gals.

3000 gals.

2500 gals.

2000 gals.

5400 gals.

5400 gals.

5400 gals.

5000 gals.

2.35 tons

50t10 gal s.

2.35 tons

2.62 tons

Records Surmary

Chromates

(5 ppm)

(10  ppm)

(10  ppm)

(10  pPm)

(10 pPm)

(5 PPn)

(5 ppn)

( .02 ppm)

(13 .2  pPm)

(13 .2  PPm)

(.03 PPm)

(7 ppm)

(.su)
(950 ppn)

(.sf,)

(2s00_9!m) _.:

Attachment  C

Hanl fest  #

835-48783

009-1 09642

009-l 09543

009-109544

009-10954s

833-l 5551

833-l 5553

009-105253.

009-104927

009-10800s

009-1 10326

009-09841 3

370-000532

009-099532

37G000533

2l 0-01 4788

rere notrilote: Restrlcted chromlurn concentratlons (less than-500 ppm)
requl red ln  l98 l
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DR. BYRON J.  MECHALAS B. MEq{AIES

SUBJECT:  Commentary  on  the  MHB Techn ica l  Assoc ia tes  Repor t  da ted  Ju ly  24 ,  1987

In  the  sub jec t  repor t ,  sources  and re lease ra tes  o f  var jous  meta ls  a re
d ' i scussed.  The most  impor tan t  heavy  meta l  be i  ng  re leased to  the  mar i  ne
env j ronment  accord ing  to  l , lHB is  chromium in  the  fo rm chromic  ac id  and
potass ium chromate .  The main  sources  o f  these re leases  are  l i s ted  as  the
Uni t  I  Turb ' ine  P lan t  Coo l ing  Hater  Sys tem (TPCI^ I ) ,  the  Component  Coo l ing  Nater
Sys tem (CCl^ lS) ,  and the  Emergency  D iese l  Genera tor  Coo l ing  Sys tem.  Us ing  these
re lease po in ts ,  chromate  concent ra t ions  l i s ted  in  the  FSAR and SCE es t imates
of  leak  ra tes ,  MHB es t imates  the  year ly  d ischarge o f  chrom' ium to  the  ocean
f rom Un i ts  1 ,  2 ,  and  3  to  range  f rom 5 ,144  lbs . / y r .  to18 ,8 . l6  lbs . / y r .  F rom
th is  s tudy ,  MHB recommended tha t  MRC fur ther  inves t iga te  the  use ,  po ten t ia l
genera t ' ion  ( th rough eros ion  and cor ros ion) ,  and d isposa ' l  o f  chromium a t  San
0nofre.

Our  rev iew o f  th is  s tudy  ind ica tes  tha t  MHB's  es t imate  o f  chromium d ischarge
to  the  env i ronment  i s  unrea l i s t i c  and unrepresenta t ive  o f  cur ren t  p lan t
operat i  ng condi  t ' ions .

3!_s.0. f . . -September 1987, the pr imary sources of  chromium include the use of
po tass ium chromates  in  the  Un i t  I  TPCi , l  and  in  the  Un i t  3  d iese l  genera tors .
Tak ing  the  average concent ra t jon  o f  chromates  and the  vo lumes o f  these
sys tems,  the  ca lcu la ted  approx imate  max imum amount  o f  chromium tha t  cou ld  be
d ischarged  to  the  ocean  i s  60  lbs .  A  ca lcu la t ion  based  on  Nat iona l  Po l lu tan t
D ischarge E l im ina t ion  Sys tem (NPDES)  e f f luen t  da ta  fo r  San Onof re  fo r  January
th rough June 1987 ind ica tes  tha t  the  d ischarge o f  chrom' ium to  the  ocean may
have been ac tua l l y  be low 2  lbs .  fo r  tha t  t ime span.  Make-up to  the  Un i t  I
IFCN is  about  I  lb .  on  a  year ly  bas is .  ! , lhen  the  Un i t  I  TPCH is  d ra ined,  the
chromates  are  t rucked o f fs i te  as  hazar rJous  mater ia l .  Nhen necessary ,  the  Un i t
3  d iese ' l  ger re r i r to rs  a re  d ra ined to  a  h !adder  o r  to  d rums temporar i  l y  un t i  I  the
chromates  can be  re in t roduced in to  the  sys tem.

Because  chromium is  c lass i f i ed  as  a  hazardous  mate r ia l ,  San  Onof re  i s  in  the
process  o f  conver t ing  f rom chromate  cor ros ion  inh ib i to rs  to  o ther  cor ros ion
inh ib i to rs .  Convers ion  o f  the  Un ' i t  I  TPCH to  Ca lgon CS is  p lanned fo r
February '1988 .  Convers ion  o f  the  Un i t  3  d iese l  genera to rs  to  Na lco  39M is
schedu led  by  December  1988 .
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I n  summary ,  t he  amoun t  o f  ch rom ium tha t  i s  d i scha rged  f r om San  Ono f re  l o  t he
ocean  i s  cons ide red  t o  be  i ns i gn i f i can t ,  i n  sho r i  t e rm .  I n  t he  l ong  t e rm ,  t he
re iease  o f  ch rom ium i s  expec ted  t o  dec rease  t o  nea r  ze ro  by  1989 .
Acco rd ing l y ,  NES&L  be l i eves  t ha t  f u r t he r  expend i t u re  o f  t ime  and  f unds  t o  t he
ch rom ium i s5ue  i s  unwar ran ted .

J .  M.  CURRAN

JCL:  j j  e :05908

cc :  J .  B .  Pa lmer
E.  S .  Med l ing
J .  C .  Les l ie
ESM Fi  I  es
CDM
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At tachment  B

Chemical  Consunrpt ion of  Chromates
Un ' l t  I  (1bs . )

Jan .

Feb .

Mar .

Apr .

l,lay

June

Ju1  y

Aug.

Sep .

Oct .

Nov.

Dec .

'1978

0

0

20

25

0

I 979

0

0

0

0

0

0

0

0

0

0

0

0

I 980

0

0

0

0

0

0

0

0

5

0

0

0

1 981

0

0

0

0

0

0

0

0

0

7

5

25

I 982

0

0

0

0

25

0

l0

0

0

0

0

r00

I  983

0

0

0

0

0

0

0

0

0

0

0

0

I 984

20

7 .9

0

0

0

0
'2

l0

t

Notes: Dashes - Data not aval lable' - Unlt I COI changed to Calgon In Sep. 1984
Slmi lar  data ts  not  ava l lab le  for  Unl ts  2 /3



0ate

2114184

2t7183

217183

2t8 t83

2t8t83

9/30/83

11t26t83

3116182

3116182

3116182

7 t15182

7 n5182

7 l t  t81

713181

7/ l  5 /81  r

9 / l  5 /81  '

Chromate Dl sposal

Amount

4000 gals.

5400 gals

5400 gals

5040 gal s.

5040 gals.

3000 gals.

25@ gals .

2000 gals.

5400 gals.

5400 gals.

5400 gals.

5000 gals.

2.35 tons

50tt0 Eal s.

2.35 tons

2.62 tons

Records Sumnary

J9hromates

(5 PPm)

(10 ppm)

(10  ppm)

(10  ppm)

(10 ppn)

(5 9Pn)

(5 Ppn)

(.02 PPm)

(13.2  ppm)

(13 .2  PPm)

(.03 PPm)

(7 PPm)

( .s1)

(950 PPn)

(.5i1)

(Z5O039'[D _-

Attachment  C

Hanl fes t  #

835-48783

009-'109642

009-l 09643

009-'109644

009-109645

833-l 5551

833-l 5553

009-105253.

009-104927

009-108005

009-l 10326

009-09841 3

37G000532

009-099632

370-000533

210-014788

not.l lote: Restrlcted chromlum concentratlons (less than.500 ppn) rere
requl red In  l98 l
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DR. BYRON J.  MECHALAS B, ME*ru"ns

SUBJECT:  Commentary  on  the  MHB Techn ica l  Assoc ia tes  Repor t  da ted  Ju ly  24 ,  1987

In  the  sub jec t  repor t ,  sources  and re lease ra tes  o f  var ious  meta ls  a re
d iscussed.  The most  impor tan t  heavy  meta l  be ing  re leased to  the  mar ine
env i ronment  accord ing  to  MHB is  chromium in  the  fo rm chromic  ac ' id  and
potass ium chromate .  .The main  sources  o f  these re leases  are  l i s ted  as  the
Unj t  I  Turb ine  P lan t  Coo l ing  l ^ la te r  Sys tem (TPCI^ | ) ,  the  Component  Coo i ing  Hater
Sys tem (CCHS) ,  and the  Emergency  0 iese l  Genera tor  Coo l ing  Sys tem.  Us ing  these
re lease po in ts ,  chromate  concent ra t ions  l i s ted  in  the  FSAR and SCE es t imates
of  leak  ra tes ,  MHB es t imates  the  year ly  d ischarge o f  chromium to  the  ocean
f rom Un i ts  l ,  2 ,  and  3  to  range  f rom 5 ,144  lbs . / y r .  to  18 ,8 i6  1bs . /y r .  F rom
th is  s tudy ,  MHB recommended tha t  MRC fur ther  inves t iga te  the  use ,  po ten t ia l
genera t ion  ( th rough eros ion  and cor ros ion) ,  and d isposa l  o f  chromium a t  San
Onofre.

Our  rev iew o f  th is  s tudy  ind ica tes  tha t  MHB's  es t imate  o f  chromium d ischarge
to  the  env i ronment  i s  unrea l i s t i c  and unrepresenta t ive  o f  cur ren t  p lan t
opera t ing  cond i t i ons .

i_s_ o. f -September 1987, the pr imary sources of  chromium include the use of
po tass ium chromates  in  the  Un i t  I  TPCH and  in  the  Un i t  3  d iese l  genera to rs .
Tak ing  the  average concent ra t ion  o f  chromates  and the  vo lumes o f  these
sys tems,  the  ca lcu la ted  approx ' imate  max imum amount  o f  chromium tha t  cou ld  bs
d ischarged  to  the  ocean  i s  60  lbs .  A  ca lcu la t ion  based  on  Nat iona l  Po l lu tan t
D ischarge E l im ina t ion  Sys tem (NPDES)  e f f luen t  da ta  fo r  San Onof re  fo r  January
th rough June . |987 ind ica tes  tha t  the  d ischarge o f  chromium to  the  ocean may
have been ac tua l l y  be low 2  lbs .  fo r  tha t  t ime span.  Make-up to  the  Un i t  I
TPCN is  about  I  lb .  on  a  year ly  bas is .  h lhen the  Un i t  I  TPCI4  is  d ra ined,  the
chromates are t rucked of  fs i  te as hazarr jous mater ia l  .  l . {hen necessary,  the Uni  t
3  d iese l  genera tors  a re  d ra ined to  a .  h iadder  o r  to  d rums temporar i l y  un t i l  the
chromates  can be  re in t roduced in to  the  sys tem.

Because  chromium is  c lass i f i ed  as  a  hazardous  mate r ia l ,  San  Onof re  i s  in  the
process  o f  conver t ing  f rom chromate  cor ro .s ion  inh ib i to rs  to  o ther  cor ros ion
inh ib i to rs .  Convers ' i on  o f  the  Un i t  I  TPCh to  Ca lgon  CS is  p lanned  fo r
February  1988 .  Convers ion  o f  the  Un i t  3  d iese l  genera to rs  to  Na lco  39M is
schedu led  by  December  1988 .
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i n  summary ,  t he  amoun t  o f  ch rom ium tha t  i s  d i scha rged  F rom San  Ono f re  t o  t he
ocean  i s  cons ide red  t o  be  i ns i gn i f i can t ,  i n  sho r t  t e rm .  I n  t he  l ong  t e rm ,  t he
re lease  o f  ch rom ium i s  expec ted  t o  dec rease  t o  nea r  ze ro  by  1989 .
Acco rd ing l y ,  NES&L  be l i eves  t ha t  f u r t he r  expend i t u re  o f  t ime  and  f unds  t o  t he
ch rom ium i ssue  i s  unwar ran ted .  

/

htur>4' t't"'
J.  M.  CURRAN

JCL :  j j  e : 0590E

cc :  J .  B .  Pa lmer
E.  S .  Med l ing
J .  C .  Les l ie
ESM Fi  I  es
CDM
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