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COMlVIENTS
Draft Phase H Site Wide Ecological Assessment Report, datedOctober 8, 1995

GENERAL COMMENTS

1. There axe mistakesof seriousmagnitudein the reportconcerningthe presentationof the
data, the analysisof thedata,andthe interpretationof the data.

The report is written without careful attention being paid to the techniques used and agreed
to by all parties which results in serious deficiencies in interpretation of the data. This is
most obvious for the echinoderm test results, where the consultant concludes lower impact
to the developing larvae for the sample SSNC-18 compared to SSNC-19, i.e., the LCs0for
SSNC-19 showed that the pore water for this sample was more toxic. This was observed
even though the chemical concentrations at sample SSNC-18 was higher than those for
SSNC-19. This is the reverse of what would have been expected if the chemistry is causing
the response for this test. The contractor uses this apparent "flip-flop" of chemistry and
response results to state that there is little if any relationship between these two samples and
more importantly, no relationship between the chemistry and the results of this bioassay.
The original sample from SSNC-18 had a salinity that had to be adjusted with the addition
of concentrated brine to perform the bioassay tests, whereas SSNC-19 did not. The

chemistry was apparently completed on the original sample rather than the sample that was
diluted. Comparing the chemistry results from the original sample to the bioassay results
from a diluted sample is not reasonable with the expectation for explaining a cause and effect
relationship.

2. There has been some misrepresentation of data in the report.

There is a progressive loss of severity each time the FETAX data and results were
transferredto subsequentclients. The authors of this documentappear responsiblefor the
misrepresentationof the data produced by The Stover Group that clearly and obviously
shows a significantimpact to mortality (statisticallyand we believe biologically)and to
developmenti.e., malformationof the FETAX larvaeover the duration of the test. More
detail is provided in a specificcomment.

3. The reportcomprisesa bare minimumof informationwith littleor no interpretationof the
potentialrisk, especiallywithinthe frameworkof the ecologicalriskassessmentprocess.

The test resultsare presentedin Chapter9 withfewliteraturereferencesto aninterpretation
of the results. Eisler documentsare cited at least six times and AQUIRE at least once.
However, no data are presented from the citations to bolster the position taken by the
authors. The results are not integratedinto the overall approachwherebythey explain or
attemptto evaluatethe measurementand assessmentendpoints. Nowherein Chapter 9 are
anyresultsof bioassaysmentionedin the contextof addressingthe measurementendpoints.
It is in the characterizationphase that we wouldexpect to see an evaluationof the results
of the bioassaysand the chemistrywith respectto the measurementendpointsinarealextent
andseverityof impact. Oncethis phaseis completed,statementscanbe formulated(through
a weightof evidence)to supportthe level of impactto the assessmentendpoints.
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4. There is a lack of supportive literaturefor an interpretationof the data presented.

There is an overall lackof toxicity literaturepresentedto helpexplain the responsesof the
bioassaydata, except for the publicationLong and Markel (1992) and this report is very
limitedandoften misusedto supporttenuouspositions. In severalsectionsof the document,
there are references to an observed low abundanceof benthic invertebrates except for
dipterans, oligochaetes,and water boatman in the storm water retensionponds. Possible
causes of this situation are offered as "the natural, annual, or seasonalenvironmental
fluctuationsat MFA render the habitat unsuitable for sustainingdiverse populationsof
macroinvertebrates;and macroinvertebratepopulationshave been adversely affected by
exposureto COPECs'. The only possibleexplanationfor this phenomenonis statedin the
next paragraph: "Inthe San Francisco estuary, factors that are expected to influencethe
diversityof macroinvertebratesincludegrain size (SFEI, 1993)(no datapresentedon grain
sizeeffects), sedimentand waterqualitysuchasthe concentrationof ammoniaandhydrogen
sulfide (EPA, 1986a[the only citationpresentedis EPA, 1986, Quality Criteriafor Water
1986],SFEI [againwithoutdata], andABAG, 1991[Associationof Bay Area Governments,
Status and Trends Report on Wetlands and Related Habitats in the San Francisco
Estuary][anothercitationwithoutpresentationof data]). The few citiationsthat are offered
do not relate to your positionbecausethe documentfails to integrate the availabledata into
the text to supportthe positionbeing offered.

SPECIFIC COMMEaNTS

5. Section 2.3.4.2, page 2-11. The criteria for receptor choices are listed here. One criteria
that was in the workplan (page 2-11) is missing, specifically, that the receptor is a key
component within one of the food chains. Was this intentionallyremoved?

6. Section 4.2.2.4, page 4-16, para 4. This paragraph states that the "flux ponds were
constructed for the treatment of industrial waste water'. Please describe the treatment
technique performed here. Also, physically describe the ponds. Were they lined or
unlined? What is NASA's schedule for completionof closing the ponds? Once the closure
of the ponds is complete, what will be done with the land? Is the intention of the
remediationto improve the quality of the habitat?

7. Section 4.3. This section is very well written. It provides a clear summary descriptionof
a difficult technical subject.

8. Section 5.1, page 5-2. It stateshere that only certainCOPECswerechosen for figures
becausetheyare likelytobe representativeof contaminationfromanthropogenicsourcesand
knownbioaccumulators. This reduceddata set shouldbe increasedto include all COPECs
on figures.

9. Section5.2.5, page5-11, first bullet. Manganeseappearstobe the onlymetalsCOPECthat
does not havedata for .5 to 3 feet. What is the reason for this?

10. Section 5.7, page 5-20 through 5-22. The conceptualsite model presentedhere does not
_' consider the following factors which would profoundly influence the rate of flow of

groundwaterfrom the Northern Channel to the salt ponds:
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a. Potentialfor underflowbeneaththe levee. It is standardpracticeto quantifyseepage
beneatha barrier, suchas a damor a leveeduring the designphase. The conceptual
model presented here assumes no underflowor seepage, a situationthat could not
exist unless the leveewas fled to an aquitard at depth. It is recommendedthat the
Navy perform a flow-netanalysis of seepage beneath the dam on the basis of the
design of the leveeand the hydrogeologiecharacteristicsof its foundation. See the
attachment to these comments from Groundwater by Freeze & Cherry for an
elementarydiscussionof this concept.

b. (i) Potential for discontinuities,such as dessicationcracks or root holes, that would
act as conduits for groundwaterflow and contaminanttransport; (ii) potential for
piping where upwardseepageat the toe exceeds downwardforces of groundwater
flowthrough the dam. It is recommendedthat the conditionof the leveebe inspected
to determineif discontinuitiesexistor if slope failuresarepresent thatwould indicate
piping.

c. There is a possibilityfor error in the assumptionof the hydraulicconductivityof the
levee materials. If possible, (i) test the hydraulic conductivityin the laboratory
through the collectionof soil cores; (ii) confirm the lab test throughcomparisonof
UnifiedSoil ClassificationSystemtexture to publishedconductivityvalues and; (iii)
perform tracer tests to further confirm (i) and (ii).

Until theseissuescan be addressed,the assertionthat "the migrationof theseCOPECspose
an insignificantriskto the salt pond sediments"canonly be consideredan unsubstantiated
hypothesis.

11. Chapter 6 was intended to present the dose calculations to be used with the yet to be
determinedTRVs in the HQ calculations. Why were these not provided?

12. Section6.2.3.3, page 6-12, para 2. Sentence2 states "For the COPEC metals that were
detected...". Please list these metals,as done for the metalsthat were not detected.

13. Section6.3.7. This sectionappearsto be a wellbalanceddescriptionof uncertainties. We
appreciate the fact that opinionswere left out and only facts includedin this section.

14. Section9. This chapterprovidesa verb_ descriptionof the datawith regard to thepotential
effectsof COPECson the habitatandreceptors. In order to providea visualof thepotential
effects, a suggestedimprovementis to providea seriesof mapsof the ecologicalareas (per
receptor) that indicatethesepotentialeffects to receptorsat various sites. Differentcolors
could indicate the gross types of effects: severe, adverse and no adverse effects. For
example,adverseeffectsare unlikelyfor polychaetesin the Navystorm-waterretensionpond
(page9-13). This could be plottedon a polychaetemap with a single color indicatingno
adverseeffect in theNavy storm-waterretensionpond. The samemethodwouldbe repeated
for other areas on the polychaetemap and then repeatedper receptor:

a. AvianReceptors- Black-NeckedStilt, Great BlueHeron, AmericanKestrel,Mallard
Duck

v

b. SpecialStatus Receptors- BurrowingOwls, Salt Marsh Harvest Mouse
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c. SedimentReceptors- polychaetes,echinoderms,FETAX, amphipods

15. Section 9.0, page 9-1. The Navy presents a very limited view of risk characterization (page
9-1, paragraphs one and two) compared to the Risk Forum (OSEPA, 1992) definition: "Risk
characterization uses the results of the exposure and ecological effects analyses to evaluate
the likelihood of adverse ecological effects associated with exposure to a stressor. It
includes a summary of the assumptions used, the scientific uncertainties, and the strengths
and weaknesses of the analyses. In addition, the ecological significance of the risks is
discussed with consideration of the types and magnitudes of the effects, their spatial and
temporal patterns, and the likelihood of recovery. The purpose is to provide a complete
picture of the analysis and results."

16. Section 9.0, page 9-1. Where in the test do the authors compare and contrast the "risk
characterization" to "Hill's criteria for causality'?

17. Section 9.3.1.1, page 9-3, para 2, Polychaetes. Polychaetes were intended for use in
evaluating the potential for bioaccumulation, not acute effects. See comments in
correspondence, Appendix A, page 3, Polychaete Bioaccumulation, where a lengthy
discussion is related to the question of "to depurate or not depurate" regarding the
"polychaete bioaccumulation assay."

18. Section 9.3.1.1, page 9-3, para 2, Polychaetes. The statement is made that, "The lack of
observed bioaccumulation [for certain contaminants] suggests that the COPECs may not
bioavailable [i.e., capable of being detected in tissues of the particular receptor]'. Because
a contaminant is not detected in the tissue levels does not suggest that the COPECs are not

_p, bioavailable. Many compounds thatare bioavailable are not bioaccumulative, but very toxic.

19. Section 9.3.1.2, page 9-3, Echinoderm. The authors state, "...a significant portion of the
adverse effects observed was not attributableto the COPECs." The echinoderm test results
are discussed in Section 8.4.2.2 where both of these samples from the Northern Channel
were shown to be toxic for both acute and chronic endpoints (shown in percent of total
tested):

SSNC-18 SSNC-19

acute dev. acute dev.
LOAEC 68 34 25 12.5
NOAEL 34 17 12.5 6.25

Clearly, something in the pore water was toxic to the echinoderm larvae, as these resultsare
very dramatic in the individual samples. The differences between these two samples may
be the differences due to the method used to estimate the LCsoand the EC5o,a technique that
does not use a straight line, as was necessary when the data are observed as shown. When
the two adjoining concentrations produce a complete loss of organisms as shown, the method
used to estimate the median value is very important.

_, The linkageto a chemicalcauseis moreproblematic. The datapresentedfor the porewater
and the bulk chemistry (Table 8-5) showa generallyconfusingarray of data. Whetheror
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not one is more toxic than the other is immaterial;however the cause of toxicity must be
relatedto some aspect of the sample. Page 8-8 states that, "A blind duplicatesubmittedfor
SSNC-18 showed excellent agreement". Where are these data reported?

The comparisonof these data and toxicity resultsto amphipoddata from Long and Markel
(1992) may not be appropriate. More relevant data, i.e., echinoderm data, should be
presented. Several questions about these data need to be answered:

a) Are these data validated?

b) What are the chances that the samples were inadvertently switched?

c) Why is SSNC-18 shown with the top concentration at 68% compared to sample
SSNC-19 at 100%?

d) Wasn't SSNC-18 diluted with brine to bring the salinity up to a required test
condition?

e) From what samplewere the chemical measurementstaken? The original, undiluted
sample?

f) Were the chemicals measurements made in the unadjusted sample (for salinity) and

the bioassays performed in the brine adjustedsample?

g) Were any chemical measurementsmade in the diluted series of SSNC-18 or were
_, these dilutions based on nominal concentrations?

h) Whereaxe the ammonia and sulfide data presented7

20. Section 9.3.1.3, page 9-3, FETAX Bioassay. The results of this test actually had 17%
mortality and 11 of the remaining embryos had an average of 13.3% + 6.8%
malformations. The statement that "...no reductionin normal developmentwas observed"
is incorrect and a serious misinterpretationof the test results.

To substantiate this point, consider these events. The FETAX data and results were
presentedto ToxScan asproduced from The Stover Groupas, "The combined mortalityand
malformationrates for sampleRS0015 were 17% and 13.3%, respectively" (page 3 of letter
from Dr. Douglas Fort to Dr. Ray Markel, AppendixF). ToxScan reported the data, "As
a result of exposure to SSWL-22 sediment, there was no significantly decreased embryo
growth nor was there significantly inc_ased larval malformation when compared with
embryos exposed to artificial (control) sediment. Larval mortality was 17% in SSWL-22
and 4 % in the control sediment;thisrepresentsa statisticallysignificant increase in mortality
in sample SSWL-22" (page 14 of the ToxScan Final Report to Montgomery Watson,
Appendix F). Finally, this documentstates on page 9-3 that "A 17 percent reductionin
survival and no reduction in normal developmentwas observed." All three of the reports
from each consulting firm had the data summaries for both mortality and malformations.
The authors of this documentshould have spoken to Dr. Douglas Fort, if there was any

_, question about the interpretation of the test results. There is a progressive loss of severity
each time the information is transferred to each client. The SWEA Phase II author is
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responsiblefor misrepresentationof the dataproducedby The StoverGroupthatclearly and
obviouslyshowsthe significantimpactto mortality(statisticallyand we believebiologically)
and to development,i.e., malformationof the larvaeover the duration of the test.

The citationprovided,Zug (1993)is misrepresentedas presentedin the materialon page9-
3. From page 259 of the cited text, a discussionof populationcharacteristicsincludes a
discussion of survivorship and mortality with respect to a population structure. Four
hypotheticalsurvivorshipcurves are presentedin the textbookwhere it is stated that most
amphibianswith indirectdevelopmentand turtleshaveTypeHI survivorshipcurves, which
isbest representedby a "rectangularconcavecurve" wheremortalityis extremelyhigh, e.g.,
approximately90% or more in the early life stages and then abruptly reverses to low
mortality less than 1% for the remainderof the cohort's existence (Zug, 1993). This -
informationin no waycan be used to suggestthat 17% mortalityand 13%malformationis
"...unlikely to be significantfor frogpopulations." If the mortalitywas as high as 90% for
even a few cohortsof amphibiansat MoffettField and further iner_ by the presenceof
contaminantsthatproducedmortalitiesas highas 17%or more, there wouldbe fewleft after
a few breeding seasons. In our opinion, the FETAX test results are significant and
demonstratea problemfor reproducingamphibiansatMoffettField and thereforewe do not
agree with the interpretationof these data.

21. Section9.3.1.4, page9-4, AmphipodBioassay. We agree with the general statementthat
amphipods exposed to MFA sediments would be expected to have reduced survival. Some
of the observedmortalitylevels, i.e., as low as 44% survival,are significantand therefore
representa realproblemfor the sedimentinfauna.

22. Section 9.3.2, page 9-4, Derivation of MFA NOAECs. Three potential Moffett Field
NOAEC's are presented:

1-amphipodsin the Northern Channel;
2-amphipods in the storm water retention ponds and diked marshes; and
3-polychaetessite-wide.

Thereis little, if anyjustificationforusing polychaetesoveramphipodsfor the evaluation
of sediment concerns at Moffett because these receptors provide a broader more
comprehensiveassessmentopportunity. Furthermore, a single receptor species is seldom
adequate for the evaluationof sedimenthabitats, especiallyin areas that could provide
quality habitat for both resident and migrating wildlife. The measurement endpoint of
mortalityfor sedimentorganismsmust be evaluatedalong with biologicaluptake for food
items utilizing the site. The strategy should include as manypotential prey and resident
sedimentorganismsin an effort to evaluatethe assessmentendpoint, in this case, aquatic
resourcesof wetlands.

It is erroneousto try to justifythe use of polychaetesas "moreappropriate"representatives
of the sedimenthabitatcomparedto amphipodsusinga limnologicaltext (Wetzel, 1983)and
an aquatic entomologytextbook without presentingany data to support this position.
Textbookssuch as "AquaticInsectsof California" (Usinger,1956)and "AnIntroductionto
the AquaticInsectsof NorthAmerica"(MerritandCummins,1984)mayhaveinformation

_, aboutthe distributionof insectsin thesehabitats,whereasa literaturesearchwoulddefinitely
provide relevantliterature.



The statementthat the arnphipodNOAEC"maynot be appropriatebecausethey arebased
on a reductionof amphipodsurvivalthatcouldnot be correlatedwith COPECs"(page9-5,
para3) seemsto becontradictoryto the datapresentedinAppendixF. Someof thesedata,

_' however,are difficultto decipher. Forexample,it is not clearto us how the Spearman's
rankcorrelationwassetupandcompleted.Whatarethe correlationmatricespresentedfor
PAH/SEDIMEN_. With respectto percentsurvivalandvariouscontaminants,there are
severalcorrelationcoefficientsthat appearto be significantat the 0.05 to 0.2 rangeof
probability values. For instance, the Spearman's Rho and the P-value for several
contaminantsare as follows:

Contaminant Rho P-value

copper/AVS -0.505 0.1106
cadmium/AVS -0.591 0.0617
lead/AVS -.568 0.0688
mereury/AVS -.580 0.1551
nickel/AVS -.618 0.0506
zinc/AVS -.441 0.1632
benzo(g,h,i,)perlene -.406 0.1850
pyrene -.420 0.1803
aluminum -.509 0.1074
antimony -.700 0.2252

beryllium -.484 0.1258
magnesium -.452 0.1527
mercury -.530 0.0940.

The mentionof the needto havea "control sedimentnand the inabilityto locate one (page
9-6) has been discussed at our scoping meetings. That is the reason we suggested
performinga dilutionseries in order to establisha chemicalgradientand a response that is
belowtheno observableadverseimpactlevelthatcanbe identifiedalongthis gradient. Both
the NOAECforpolychaetesandamphipodsshouldbe usedin thisassessmentbecausethey
provideinformationthatwill increasethe breadthof evaluationfor the sedimenthabitat.
These data are neededfor differentmeasurementendpoints.

When theseNOAECsarecomparedto ER-LsandER-Ms,they mayor maynotbe greater,
whichonly demonstratesthe site specificnatureof the derivationof these values. If we
wantedtousethe ER-Lsasscreeningbenchmarks,we wouldnothavesuggestedperforming
bioassaysat thistime.

23. Section 9.3.3, page 9-6, Comparisonof MFA Samples to MFA NOAECs. By the
comparisonof the NOAEC,,we canseea rangeof resultsforeachof the metals. Itappears
thatalmostten percentofall of thesampleswere greaterthan thisbenchmarkfor manganese
andnickel; up to almost95 percentof the MFAsampleswere greater than the benchmark
for antimony. The benchmarksshouldbe shownon a distributionmapfor the contaminants
as the resultspresenteddo notprovidea sufficientvisualsummary. Basedon theseresults,
it appears that amphipodswould be impacted (survival) at more than 25 percent of the
samplelocations. Whatamountof area does thisrepresent? Althougha smallernumberof

_' metalsare indicatedto be abovethe NOAECp,whatbody burden is observed and howdo
these levels relate to the potentialfood chain effects?
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It is not appropriateor logical within the risk framework to suggest that a single receptor
shouldbe emphasizedbecauseit presentsa lesserrisk; i.e., the polyehaetevs. the amphipod.
Rather, all important and relevant endpoints, i.e., acute amphipod effects and foodchain

_' effects for the polychaete, must be evaluated.

24. Section9.3.3.1, page 9-8, para 1. "Based on these comparisons, invertebrates more
sensitivethan polychaetesmay be adverselyaffected by metal COPECs in the Northern
Channel. The metalsmost likely to causeeffectsare cadmium,chromium, lead, mercury,
and silver." This is in agreement with our understandingof the correlation coefficients
presentedin AppendixF as presentedabove.

25. Section9.3.3.1, page9-9. In additionto the misuseof the polychaeteNOAEC,the authors
comparethe sampledata for PAHsto ER-Mlevelswhich maynot be protectiveof even 50
percentof the exposedpopulation(depending on the qualityandconfidenceof the ER-M).
Settingprotectionlevels at 50 percent is not sufficientprotectionfor the aquatic resources
(or even terrestrial) at MoffettField.

26. Section 9.3.3.1, page 9-9, para 3. An exampleof an apparent exaggeratedstatement
follows: "Invertebratescannot metabolizePAHs (Eisler, 1987a)." The statementsfrom
Eisler (1987) are, from page 12, "Fish and most crustaceanstested to date possess the
enzymesnecessaryfor activation(Stathamet al, 1976;Varanasiet al, 1980;Fabaeherand
Baumann, 1985), but some mollusks and other invertebrates axe unable to efficiently
metabolizePAHs (Jackimand Lake, 1978;Varanasi et al, 1985)." From page 36 of the
same review, it is stated: "Authorities generally agree that: most species of aquatic
organisms studied to date rapidly accumulate (i.e., bioconcentrate) PAl-Is from low
concentrationsin the ambientmedium;uptakeof PAHs is highly species specific, being
higher in algae, mollusks,and other specieswhichare incapableof metabolizingPAHs;..."
The reviewdoes not make the sweepingstatementthat, "Invertebratescannotmetabolize
PAl-Is." Pleasecorrect this statement.

27. Section 9.3.3.2, page 9-10. The statement is made, "In samples collected from this area of
the Eastern Diked Marsh, the concentrations of copper, lead, mercury, nickel, silver, and
zinc exceeded the NOAECp by up to an orderof magnitude." And the next paragraph notes
that several metal concentrations are above the NOAEC and the F_R-M,suggesting that
"...adverse effects are possible." The text states that, at similar concentrations, reduction
in survival of amphipods and bivalve larvae have been observed and although tittle
informationis availablefor polychaetes, "the expecteddominanttaxa', the "SEM/AVS ratio
(1:3) exceeded one by a small margin." The interpretationof the SEM/AVS ratio may not
be entirely correct, especially when considering the informationpresented in Pesch et al,
(1995), page 133. Ratios of SEM-Cd/AVS reportedin the above cited paper that are less
than 1.0 had mortality less than4 % and for a ratio of SEM-Cd/AVSbetween 1.8 to 44, had
mortalities that ranged from 17 to 100% and was less than 4% for SEM-Ni/AVS ratios
between 1.3 and 40. This is not conclusive evidence that the concentrations of metals found

at MFA should be "considered unlikely" for producing lethal effects at SEM/AVS ratios of
1.3.

The ER-L was exceeded by 85 percent of the samples from the eastern diked marsh for low
_, molecularweight (LMW) PAHs, whereas only three (30 percent) of the samplesexceeded

the ER-L for high molecularweight (HMW) PAHs.
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28. Section 9.3.3.2, page 9-12. The statement is made that, "Based on the potential
concentrationsof PAHs above the ER-M in the Western Diked Marsh, adverse effects to
sedimentinvertebratesare possible." However,no sampleswere abovethe ER-M(NOTE:

_" thisis not thebenchmarkapprovedby EPA). Further, "Basedon the detectedandestimated
concentrationsof LMW and HMW PAHsabovethe ER-Ls in the EasternDiked Marsh,
adverse effects are possible for sensitivebenthic invertebrates." The conclusionis then
stated that because no samples had PAl-Isabove the ER-M, and because "Invertebrates
cannotmetabolizePAHs... [and]PAHs were not detectedin the polychaeteswhichsuggests
that the PAHs were not bioavailable', we shouldnot expecta problem. Please clarify this
discrepancy.

29. Section9.3.3.3, page9-12. Again,theincorrectbenchmark,ER-Mwasusedand wasbased
on a singleNOAEC(for polychaetes). The suggestionis that, "adverseeffectsare unlikely
for invertebrateswith a sensitivitysimilarto polychaetes"however, sensitive invertebrates
suchas amphipods,"may havereductionsin survivalof 30 percent." Later, it is notedthat
problemsmay be expected with antimony, arsenic, chromium, mercury, nickel, copper,
thallium,cadmium,lead, manganese,selenium,and zinc. The statementthat, "No spatial
pattern in the sample locations that exceed the NOAECpor the NOAEC, was apparent"
suggeststhat too few sampleswere takento completelycharacterizethe area. Would it be
possible to complete this sampling effort during the remediation phase of the project?
Finally, the DDTR ER-Mbenchmarkis used to state that adverseeffects to "less sensitive
invertebrates"are not expectedbecausepolychaetesdid not bioaccumulateDDTR, DDTR
was notbioavailable. The final conclusionappearsto be incorrectbecauseit is basedon the
least sensitivesedimentreceptor, the polychaete.

'_, 30. Section 9.3.4, pages 9-14, 9-15. Low abundanceand diversity of invertebratesare not
proof that contaminantsabove critical levels can be eliminatedas potential causes for
toxicity.

The authors offer the following factors that are expected to influence the diversity of
macroinvertebrates:

a) grain size (SFEI 1993);
b) ammoniaand hydrogensulfide (EPA 1986a;SFEI 1993; ABAG, 1991);
c) dissolvedoxygen (Carpelan 1957);
d) changesin salinity (Carpelan1957;Nicholsand Patmatmat 1988);
e) interactionswith algae (USFWS1988);
f) unidentifiedstochasticprocesses(USFWS1988);

The citation,USFWS 1988, is not listed in the Referencessection,but shouldbe presented
to clarify the last two factors.

31. Section9.3.4.2, page9-16. What are the chemicalconcentrationsused in comparingthese
samplesareas with the MFA NOAECs? What is the basis for makingthe statement, "...a
diverseor abundantcommunityof the invertebratesis not expectedprimarilybecauseof low
DO, seasonal lack of water, and lack of a source area for non-insect invertebrates
(MeCafferty1983;Wetzel 1983;ABAG 1991)'? Whenexaminingthe data sheetsfor these

_, samples(AppendixB), the dissolvedoxygen (DO) for the samplestaken are listedas:
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SWWL-22 10.25 mg/l,100%;
SWWL-22 100%;
SWWL-22 10.2 mg/1,100%;

_, SWWL-23 9.55 mg/1;
SWWL-24 9.81 mg/1;
SWWL-25 9.81 rag/l;
SWWL-26 9.81 mg/1;
SWRP-27 100%;
SWRP-27 9.49 mg/1,100%;

It continues to show that DO levels are high and sometimes completely saturated (no low
levels). There is little data presented to justify the statement, "The potential for adverse -
effects is offset by the habitat limitations that will not support a diverse or abundant benthic
invertebrate community." Please correct this statement.

32. Section 9.3.4.3, page 9-17, para 2. The statement, "The responses observed in the
bioassays refute the hypothesis that the lack of invertebrates is due to COPECs'. Limited
mortality shown from Table A-l, Appendix F show the following levels of mortality for the
various bioassay results, SSRP-26 = 54%; SSRP-27 = 41%; SSRP-28 = 56%; SSRP-29
= 50%; and SSRP-30 = 31%. These are hardly limited mortalities. Please explain the
discrepancy.

33. Section 9.3.4.3, page 9-18. The statements made in the second paragraph do not appear to
be based on the data presented in this report and the two citations (McCafferty, Wetzel) have
little relevance to the present study.

34. Section 9.3.5, page 9-20, para 2. The derivation of MFA NOAECs is highly uncertain
because only one definitive test was performed on one sample and that was completed in the
Northern Channel, generally believed to have higher "quality" sediments.

35. Section 9.4.1.1, page 9-21. Algae are not "the most important" receptor for piscivorous
predators, for carnivorous birds, etc. What literature is available to justify a 30% cutoff
point for determining the difference between a minor reduction and a major reduction for
growth of crustaceans?

36. Section 9.4.1.3, page 9-22. A 28 percent reduction in growth of fish is a significant effect
on the receptor and probably the measurement and assessment endpoints.

37. Section 9.4.3.2, page 9-25. The exposure to chlordane and Aroelor-1254 is probably better
characterized by a chronic exposure, not an acute exposure as stated here. Whether or not
the observed values are above the acute level is immaterial for these compounds that are
highly bioaccumulative.

38. Section 9.4.4.2, page 9-26. Statements are made without data to justify them. "DO is
anticipated to be the most important parameter in the Eastern Diked Marsh..." is not true
based on the data presented in this report. The statement "...the observations of abundant
water boatman suggest that lethal effects are unlikely" is at best an unsupported hypothesis
because there were no insect bioassays performed.
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39. Section9.5.1, page9-29. We agreewiththe statementthatCOPECconcentrationsin the
sedimenthaveresultedinadverseeffectsin theNorthernChanneltoalgae,invertebrate,and
fish populations.We do notagreewith the statementthatthe habitatis of limitedvalueto

_w, invertebratesand fishand if the COPECswereremoved,thatthere wouldbe no significant
improvementin the receptors.

40. Section 9.5.2, page 9-29. We agree that the COPECshave the potential to adversely impact
invertebrates in the northeastern corner of the eastern diked marsh. We do not agree that
there is low DO and "unreliable surface water." We do not agree that if the stressors are
removed, that the habitat conditions would still impede and limit an improvement of
invertebrate and fish populations.

41. Section9.5.3, page9-30. We do not agreethat the concentrationsof COPECsin this area
havea low adverse effecton the receptors. We do not agree that only the hardier typesof
invertebratesare the typicalinvertebratesfor thisarea, nor do we agree thatthe removalof
stressorswould not improvethe conditionsfor invertebratesin these areas. We disagree
with the statementthat the overallconditionof these areas is of low qualityand that no
improvementwouldresultfromthe removalof contaminants.

EDITORIAL COMMENTS

42. Section3.3.1, page 3-13. It seemsthat the first sentenceafterthe bulleteditemon thispage
shouldread "The COPECSsadded sincethe Phase I SWEAare presentedin bold print on
Table 2-1".
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AcademicPress New York, 527pp.

12



GROUNDWATER



"" 481 Groundwaeer and Geotechnical P/ob/em$ / Ch. I 0

is significantly less than that shown in Figure 10.11(b).Casagrande notes that
uplift pressuresare actuallymore effectivelyreducedby drainage [Figure10.1l(e)].

_._:( However, the presenceof a drain inducesevengreater leakage from the reservoir
than would occur under natural conditions. It is common practicenow to use an
integrated designwith a grout curtainto reduce leakageand drainage behind the
curtain to reduce upliftpressures.
• The Grand Rapids hydroelectricproject in Manitoba providesa groutingcase

history second to none (Grice, 1968;Rettie and Patterson, 1963).The project
involved25 km of earth dikes,enclosinga reservoirgreater than 5000kmz in area,

_" in a region underlain by highlyfractureddolomites. A grout curtain up to 70 m
.. in depth was emplacedfrom holeson lessthan 2-mcenters over the entire length
_- of the dikes. Grice (1968)notes that the grout curtain reduced leakage through
,, the grouted formation by 83_, but it inducedgreater flowsthrough the underlying

ungrouted rock. He estimate_thatthe grouting program reducednet leakagefrom

_ the reservoir by 63_."; _:.= __

r ... Steady-StateSeepageThroughEarthDams "_-'-
FailUres of earth or rockfill dams can result from excessive leakage, from piping

_.i at the toe, or from slopefailureson the dam face. All three can be analyzed with
g,;- the aid of steady-stateflownets. For those rare situations where an earth dam is _.

constructed on an imperviousformation [Figure 10.12(a)1,the flow net can be
_.. limited to the dam itself. Where the foundation materials are also permeable _ ,..
_,.. [Figure 10.12(b)],the flownet must inc!udethe entire dam-foundation system. _

lo) {b) _ ----:_-._

Figure10,12" Flow nets for a homogeneous, isotropic earth dam on €
(a) impermeable foundation and (b) permeable foundation, r

ii.i

Whileit is recognizedthat a dam cross sectionconstitutesa saturated-unsatu- _- -:.
rated flowregime,it is not commonin engineeringanalysisto considerthe unsatu- |
rated portions of the system.The free-surfaceapproach outlined in Section 5.5 I
and Figure 5.14is almost universallyused.In Figure 10.13,flowis assumed to be I
concentrated in the saturatedportion ABEFA. The water table BE is assumed to
be a flowline.The specifiedheadsare h -= h_on AB and h = z on the seepageface |
EF. The position of the exitpoint must be determinedby trial and error. The flow I
nets of Figure 10.12exemplifythe type of flow nets that result. Engineeringtexts !

t
l



8_

.82 ,ch,o ' .83
C D ,', .... is therefore

z=h, V B_.. '_-,.,.. hydraulic gr

, _!:__ 3._;'_. ....... E __._ 1.0, an impr
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z:O A _,__/////////////////////////////_ F ._,: downst ream

Figure 10.13 Boundary-value problem for saturated-unsaturated flow sys- ,:_ near the fact
tern in earth dam. ods of slope

cable to ear:

on groundwater seepage such as Harr (1962) or Cedergren (1967) provide many To ave
examples of flow nets for earth dams. earth dams,

Let us now consider the question of piping. The mechanism of piping can be 10.14(a) anc
explained in terms of the forces _hat exist on an individual soil grain in a porous reduce hydr
medium during flow. The flow of water past the soil grain occurs in response to illustrates a
an energy gradient. (Recall from Section 2.2 that the hydraulic potential was defined a central cc
in terms of the energy per unit mass of flowing fluid.) A measure of this gradient downstrearr

_, is provided by the difference in hydraulic hzad Ah between the front and back faces age is addec
of the grain. The force that acts on the grain due to the differential head is known of flow thrc
as the seepageforce. It is exerted in the direction of flow and can be calculated permeable.
(Cedergren, 1967) from the expression extension o"

An extensic

F ----pg Ah A (10.15) would be e_

where A is the cross-sectional area of the grain and p is the mass density of water. Transie

If we multiply Eq. (10.15) by Az/Az and let A refer to a cross-sectional area that Slope failur
encompasses many grains, we have an expression for the seepage force during downs in th
vertical flow through a unit volume of porous media with V = A Az = 1. Putting ,_ in the face ;
the resulting expression in differential form yields .;" drawdown,

_. Unless the t
Oh (10.16) - transient dr,

F= pg _--_ ..
slipsurface

_, of the tran._
The seepage force is therefore directly proportional to the hydraulic gradient ;- 10.15(b) she
dh/dz. In areas of downward-percolating groundwater, the seepage forces act in
the same direction as the gravity forces, but in areas of upward-flowing water, they _'_" the presenc_
oppose the gravity forces. If the upward-directed seepage force at any discharge Freeze
point in a flow system [say, at point A in Figure 10.12(b)] exceeds the downward- unsaturatedbe highly d_
directed gravity force, piping will occur. Soil grains will be carried away by the ..,:. rial. Howev
discharging seepage and the dam will be undermined. _ • rated prot_e:

The downward-directed gravity force is due to the buoyant weight of the
_. and Dicker

saturated porous medium. A soil with a dry density Ps = 2.0 g/cm _ has a buoyant _: importance
density (p, = Ps -- P) that is almost exactly equal to the density of water, p = :_ There i
1.0 g/cm_. For this very representative Ps value, the seepage force will exceed the
gravity force for all hydraulic gradients greater than 1.0. One simple test for piping _ and that is" shocks. Ce_
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"_. : is therefore to examine the flow net for a proposed dam design and calculate the =.

_ hydraulic gradients at all discharge points. If there are exit gradients that approach :

f_ 1.0, an improved design is required.
The ultimate failure mode in cases of piping is usually a slope failure on the ;

downstream face. Slope failures can also occur there if the pore pressures created
near the face by the internal flow system are too great. The limit equilibrium meth-

=:._' ods of slope stability analysis, introduced in the previous section, are just as appli-
_ cable to earth dams as they are to natural slopes.°TV,:

• _- To avoid the hydraulic conditions that lead to piping or slope failures in
_ earth dams, dam designers can incorporate many different design features. Figure
_,_ 10.14(a) and (b) shows how an internal drainage system or a rock toe can serve to
- reduce hydraulic heads on the downstream slope of an earth dam. Figure 10.14(c)

illustrates a zoned dam with a downstream shell five times more permeable than
. a central core. One consequence of such a design is a lowered exit point on the

downstream face. If the contrast between core and shell is even greater, and drain-

_ age is added, [Figure I0.14(d)], the internal flow analysis is reduced to consideration
of flow through the core itself. The shell and dra_n act as if they are infinitely

% permeable. Figure 10.14(e) shows the influence of a partial cutoff, or downward

_- extension of the central on flow through permeable foundation material.
core, a

An extension of the core all the way to the basal boundary of the permeable layer
would be even more effective.

TransientSeepageThrough Earth Dams

Slope failures on the upstream face of a dam are usually the result of rapid draw-
downs in the reservoir level. At full supply levels the effects of high pore pressures
in the face are offset by the weight of overlying reservoir water. Following rapid i
drawdown, the high pore pressures remain, but the support has been removed.

_ Unless the transient dissipation of these pore pressures is rapid, that is, unless the
transient drainage of the dam face is rapid, instabilities may develop on the critical
slip surface and sl9Pe failures can occur. Figure I0.15(a) is a schematic illustration i
of the transient response to rapid drawdown in an unzoned earth dam. Figure !
10.15(b) shows the nature of the insurance offered against this type of failure by
the presence of a high-permeability shell, t

Freeze (1971a) pointed out that transient flow in earth dams is a saturated- ["
"t

unsaturated process; and, especially in the case of clay cores, the flow regime may w
_.__ be highly dependent on the unsaturated hydraulic properties of the earthfill mate- _i

rial. However, it is not common in engineering practice to investigate the unsatu- I
rated properties of fill materi.als, so the free-surface approaches of De Wiest (1962) i
and Dicker (1969), which consider only the saturated flow, are of great practical !
importance in the analysis of transient seepage through earth dams.

There is another failure mechanism in earth dams that has transient overtones, i
and that is the triggering of slope failures by liquefaction during earthquake I
shocks. Cedergren (1967) notes that maximum security against liquefaction is !

i


