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CENWS-OD-TS-DMMO     
  
    
MEMORANDUM FOR:  RECORD           February 5, 2013 
  
SUBJECT:  DETERMINATION REGARDING THE SUITABILITY OF DREDGED MATERIAL FROM THE 
GRAYS HARBOR NAVIGATION IMPROVEMENT PROJECT, EVALUATED UNDER SECTION 404 OF 
THE CLEAN WATER ACT, FOR OPEN-WATER DISPOSAL AT THE SOUTH JETTY OR POINT 
CHEHALIS DISPERSIVE SITES, OR FOR BENEFICIAL USE.   
  
A.   Introduction.  This memorandum reflects the consensus determination of the Dredged Material 

Management Program (DMMP) agencies (U.S. Army Corps of Engineers, Washington Departments of 
Ecology and Natural Resources, and the Environmental Protection Agency) regarding the suitability of 
material from the Grays Harbor Navigation Improvement Project (GHNIP) for unconfined open-water 
disposal at the South Jetty or Point Chehalis estuarine sites, or for beneficial use.  The requirements 
for determining the suitability of this material are documented in the “Dredged Material Evaluation and 
Disposal Procedures – Users Manual” (DMMP, 2008a), as amended by updates subsequently made 
through the Sediment Management Annual Review process.   

 
B.   Project Background.  The Water Resources Development Act (WRDA) of 1986 authorized the 

deepening of portions of the Grays Harbor navigation channel to -38 feet mean lower low water 
(MLLW).  However, a subsequent economic analysis could only justify deepening to -36 feet MLLW.  
The channel was deepened to this depth in 1990.  Annual maintenance dredging since that time has 
included up to two feet of advanced maintenance and two feet of overdepth for a maximum dredging 
depth of -40 feet MLLW.   

 
In 2005, the Port of Grays Harbor requested Seattle District to re-evaluate the deepening study to 
determine whether dredging to the authorized depth of -38 feet MLLW could now be justified (plus two 
feet of advanced maintenance and two feet of overdepth for a maximum dredging depth of -42 feet 
MLLW).  The Corps completed a reconnaissance study in 2009 (USACE, 2009), which determined 
there was a federal interest in continuing the planning investigation.   
 
A critical element in completing the economic evaluation of channel deepening is the characterization 
of sediment associated with deepening and determination of disposal options.  Sediment sampling and 
testing were conducted for this purpose in 2012.  This suitability determination memorandum 
summarizes the sediment characterization results and evaluates the suitability of the dredged material 
for in-water disposal and beneficial-use options.   
 
The proposed deepening project includes dredging in South Reach, Crossover Reach, North Channel, 
Hoquiam Channel and Cow Point Reach (see Figure 1).   Nearly 2 million cubic yards of material will 
need to be dredged to deepen the federal navigation channel by two feet.  Approximately 1.7 million 
cubic yards of this material are in the inner reaches that require contaminant testing.  The remainder is 
in South Reach, which would normally only require confirmation of its exclusionary status.   
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C.  Project Summary.  Table 1 includes project summary and tracking information. 
 

Table 1.  Project Summary 
Project ranking  Low/Low-moderate 
Proposed dredging volume 1,973,812 cubic yards 
Proposed dredging depth -42 feet MLLW  (including 2 feet of overdepth 

and 2 feet of advanced maintenance) 
Draft SAP received  February 13, 2012  
Draft SAP returned for revisions February 15, 2012 
Revised SAP received February 19, 2012 
Revised SAP approved February 21, 2012 
Round 1 sampling dates  February 21 to April 11, 2012 
Round 2 sampling dates September 19 to 24, 2012 
Draft data report received  January 14, 2013 
Comments provided on draft report January 29, 2013 
Final data report received February 1, 2013 
DMMP tracking number  GHNIP-1-B-F-326 
Recency Determination 
(7 years due to the generally nontoxic 
nature of the sediment and lack of 
active sources)  

April 2019 

 
 

D. Project Ranking and Sampling Requirements.  The navigation channel has historically been 
divided into outer-harbor reaches (Entrance, Bar, and South Reach) and inner-harbor reaches 
(Crossover Reach, North Channel, Hoquiam Channel, Cow Point Reach, Aberdeen Reach and South 
Aberdeen Reach).  The outer-harbor reaches have been found to meet the exclusionary criteria 
specified in Section 40 CFR 230.60 of the Clean Water Act, consisting mainly of coarse-grained 
material in a high-energy environment, geographically removed from sources of contamination.  As 
such, these reaches are generally not subject to contaminant testing, but do require periodic 
confirmation of their exclusionary status.  The inner-harbor reaches contain larger fractions of fine-
grained sediment and are closer to historical sources of contamination.  Contaminant testing is always 
required in these reaches.  Table 2 includes the estimated dredging volume for each reach.  

 
For DMMP characterization of annual maintenance dredging, the Grays Harbor federal navigation 
channel is normally ranked “low” regarding concern for potential contamination (DMMP, 2008a).  For 
the GHNIP, the ranking and sampling requirements for the inner-harbor reaches were modified to 
reflect increasing concern for contamination in the upstream reaches, as will be explained later in this 
section.    
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South Reach is the only outer-harbor reach included in the GHNIP.  As mentioned previously, it has 
been classified as “exclusionary” by the DMMP agencies for maintenance dredging, which means that 
the only testing required on a periodic basis for maintenance dredging is for grain size and total organic 
carbon.  For the GHNIP, verification was required that the deepening material in South Reach also 
meets the exclusionary guidelines (less than 20% fines and less than 0.5% organic carbon).  
Therefore, the first tier of testing specified in the project sampling and analysis plan (SAP) for South 
Reach included only grain size and total organic carbon.  However, the SAP indicated that should any 
portion of South Reach fail to meet the exclusionary guidelines, it would need to be fully characterized 
as non-exclusionary material.  The DMMP agencies agreed to divide South Reach into dredged 
material management units (DMMUs) of approximately 72,000 cy (see Table 3).  Three samples would 
be taken from each DMMU and composited for analysis.  Initial analysis was to include grain size, 
sediment conventionals and mercury (due to holding-time constraints). The remaining sediment was to 
be archived for potential chemical and biological testing.  
 
The remaining reaches – Crossover, North Channel, Hoquiam Channel and Cow Point – required full 
characterization.  The DMMP agencies agreed that sediment in Crossover Reach and North Channel 
could be considered low-ranked and homogeneous.  The DMMP Users Manual assigns a volume of 
60,000 cubic yards per DMMU in such areas, with each field sample representing up to 8,000 cubic 
yards.  However, based on past dioxin testing results, the DMMP agencies expressed increased 
concern for the deepening material in Hoquiam Channel and Cow Point Reach and classified this 
material as low-moderate and heterogeneous.  This classification requires DMMUs of 48,000 cy and 
field samples representing up to 8,000 cy.  Using these sampling requirements and the volumes 
included in Table 2, the inner-harbor reaches were divided into the DMMUs found in Table 3.  The 
average volume of material in the DMMUs in Crossover Reach and North Channel is 57,704 cubic 
yards, while the average DMMU volume in Hoquiam Channel and Cow Point Reach is 47,702 cy.  To 
better reflect the increasing concern for dioxin as one moves upstream, the size of DMMUs in 
Crossover Reach and North Channel were gradually decreased, rather than being assigned equal 
volumes.  This strategy resulted in relatively large DMMUs near South Reach (exceeding the nominal 
volume of 60,000 cy), with DMMU volumes approaching 48,000 cubic yards in DMMUs near Hoquiam 
Channel.    
 
The most recent site condition surveys were used to locate sampling stations within each DMMU.  Core 
samples were to be collected from a total of 224 sampling locations, allocated to the DMMUs as 
indicated in Table 3.    
 

E. Sampling and Analysis.  Sampling and testing took place in two rounds.  One DMMU (CO7) failed 
biological testing in Round 1 and was split into two subunits in Round 2.  A second DMMU (CP32) had 
conflicting data from chemical and bioassay testing in Round 1, necessitating a second round of 
sampling and testing for that DMMU as well.  The two rounds of sampling and testing are described in 
the following sections. 

 
 1.  Round 1 Sampling and Analysis. 

   
Sampling.  Round 1 sampling and processing took place February 21 to April 11, 2012.  Thirty-six 
DMMUs were sampled, all with a vibracore sampler.  Three samples were taken from each of the 
South Reach DMMUs and composited, while 6-8 samples were taken from each of the inner-harbor 
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DMMUs and composited.   Sectioned cores were kept on ice until they could be processed at a dock-
side facility owned by the Port of Grays Harbor.  Target and actual sampling locations are shown in 
Figures 2 through 10.  Sampling station coordinates, mudline elevations and sampling depths can be 
found in Table 4. 
 
Glacial till was encountered in four of the Cow Point DMMUs, resulting in limited penetration or outright 
refusal (see Figure 11).  Two or more attempts were required at some sampling stations to achieve 
adequate penetration and, in some cases, the sampling stations needed to be moved.  Despite these 
difficulties, sediment samples from the primary layer (i.e. representing the deepening material) were 
recovered at all stations but one (CP34-4).  The glacial till did prevent penetration to the bottom of the 
z-sample (-44 feet MLLW) at numerous stations, but analysis of the z-samples was not required by the 
agencies for the Cow Point DMMUs in Round 1, so this had no repercussions on decision-making. 
 
Physical and Chemical Analysis.  Analysis of the inner-harbor reaches included sediment 
conventionals, grain size and the full suite of standard DMMP chemicals of concern.  Table 5 includes 
the results.  DMMUs CP32 and CP33 both exceeded the DMMP screening level (SL) for benzyl alcohol 
(SL = 57 ug/kg), with concentrations of 100 and 110 ug/kg respectively.  None of the other DMMUs had 
any detected SL exceedances.  However, the reporting limit of 3.4 ug/kg for total chlordane for DMMU 
CO7 exceeded the SL of 2.8 ug/kg.  The two detected and one reporting-limit exceedances of SLs 
triggered bioassay testing for CO7, CP32 and CP33.   

 
The South Reach DMMUs were anticipated to meet the DMMP exclusionary guidelines and were first 
analyzed for grain size, total organic carbon and mercury only (mercury was included due to holding 
time constraints).  However, DMMUs SR1, SR3 and SR4 all had organic-carbon content that exceeded 
the exclusionary limit of 0.5%.  Per the requirements in the sampling and analysis plan, these three 
DMMUs were then subjected to full chemical testing.  While the chemical testing resulted in no SL 
exceedances, the holding time for the bioassays would have expired prior to receiving results from the 
full chemical testing, so a decision was made to conduct bioassays on these three DMMUs 
concurrently with the chemical testing.   
 
In addition to the standard suite of DMMP chemicals of concern, dioxins/furans were analyzed for all 
DMMUs except SR2, which met the exclusionary guidelines for testing.  Results for individual 
dioxin/furan congeners are included in Table 5.  Toxic equivalents (TEQs, with u = ½ detection limit) 
were calculated for each DMMU using the congener concentrations and the toxic equivalency factors 
(TEFs) found in Table 6.  The TEQs (see Table 7) ranged from 0.3 to 10.1 parts per trillion (pptr), with a 
mean of 3.3 pptr.  Hoquiam Channel and Cow Point Reach had the highest concentrations with means 
of 4.8 and 4.6 pptr respectively.  These concentrations are similar to what has been found historically in 
maintenance dredged material from the federal navigation channel. 
 
Chemical Analysis QA/QC.    Stage-4 data validation (EPA, 2009) was conducted for dioxins/furans, 
semivolatiles, PCBs and pesticides.  Stage-3 data validation was conducted for sediment conventional 
and metals analyses.  Data qualifiers assigned during validation have been incorporated into Table 5.  

 
Bioassays.  Biological testing was performed in two batches, with CP32 and CP33 tested in the first 
batch and CO7, SR1, SR3 and SR4 tested in the second batch.  Two reference sediment samples 
were collected from North Bay on April 7, 2012 (see Figure 12).  NB02 was run with the first batch and 
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NB01 was run with the second batch. 
 
The standard suite of three bioassay tests (amphipod mortality, larval development, and polychaete 
growth) was performed.  The DMMP interpretation guidelines for dispersive disposal sites in Table 8 
were used to assess the bioassay results.   

 
Amphipod Mortality.  The 10-day amphipod bioassay was run using Eohaustorius estuarius as the 
test species.  Test results are shown in Table 9.  DMMUs CP32 and CP33 both scored hits under the 
1-hit rule in batch 1.  There were no hits in batch 2. 
 
The negative control and reference sediments met the DMMP performance criteria.  Water quality and 
positive control results were also within their acceptance ranges.  However, an unforeseen variable 
was discovered for the first batch that could have resulted in nontreatment effects.  The clay content of 
CP32 and CP33 was 24.2% and 30.6% respectively.  This was much higher than the clay content of 
any dredged material tested in Grays Harbor in the past, and was therefore unanticipated.  
Eohaustorius estuarius has been documented to underperform in sediment with high clay content 
(DMMP, 2000).  The DMMP Users Manual (DMMP, 2008a) indicates that for sediment with clay 
content higher than 20% the amphipod species of choice is Ampelisca abdita.   
 
Due to the mix-up in species selection, the DMMP agencies allowed the amphipod bioassay to be 
rerun, using Eohaustorius estuarius and Ampelisca abdita in a side-by-side test.  Because the holding 
time had expired for the test material, the agencies were concerned that the chemical nature of the 
dredged material might have changed during storage.  Specifically, the concern was that benzyl 
alcohol, the chemical that triggered biological testing, could have been converted to benzoic acid, 
which is less toxic than benzyl alcohol.  In order to address this problem the archived dredged material 
was tested again for semivolatile organics, including benzyl alcohol.  The chemical testing indicated 
that there had not been a consistent shift in the benzyl alcohol concentrations to lower concentrations.  
The concentration detected in CP32 decreased, but the concentration in CP33 increased.  These 
changes in concentration could easily be attributable to sampling and analytical variability.   
 

 
DMMU 

original benzyl alcohol 
concentration (ug/kg) 

benzyl alcohol concentration 
after storage (ug/kg) 

CP32 100 57 
CP33 110 140 

 
 
The amphipod retest was carried out on unfrozen archived sediment.  It was anticipated that the 
Eohaustorius results would be similar to the first-round results due to the high clay content, with 
Ampelisca exhibiting less toxicity.  However, the results (Table 10) indicated that there were no hits for 
either of the test species.   
 
The negative control and reference sediment met the DMMP performance criteria for the amphipod 
retest.  Water quality and positive control results were also within their acceptance ranges.  Therefore, 
the amphipod retest was considered a valid test by the DMMP agencies.    
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Larval Development.  The larval development bioassay - using Mytilus galloprovincialis - was run with 
two different termination protocols.  The standard protocol involved carefully decanting the overlying 
water at the end of the test so as not to disturb the sediment, while for the resuspension protocol the 
sediment and overlying water were thoroughly mixed at the end of the test and allowed to settle for 24 
hours prior to decanting.   
 
The results are shown in Tables 11 and 12 for the standard and resuspension termination protocols 
respectively.  In batch 1, CP32 scored a hit under the 2-hit rule using the standard protocol but no hit 
under the resuspension protocol.  CP33 had no hit under either protocol.  In batch 2, both SR4 and 
CO7 scored hits under the 1-hit rule for the standard protocol, but under the resuspension protocol, 
SR4 scored no hit at all, while CO7 again scored a hit under the 1-hit rule.   
 
The negative control and reference sediments met the DMMP performance criteria for both termination 
protocols.  Water quality and positive control results were also within their acceptance ranges.   
Therefore, the larval development bioassay was considered a valid test by the DMMP agencies.    
 
Polychaete Growth.  The 20-day juvenile polychaete growth test - using Neanthes arenaceodentata 
as the test species - was also run with two endpoints:  dry-weight (DW) and ash-free dry-weight 
(AFDW).  The AFDW endpoint was officially adopted over the DW endpoint in August of 2012 (DMMP, 
2012).  Therefore, only the AFDW endpoint was used for decision-making.  Results for this endpoint 
are displayed in Table 13.  There were no hits in either batch.   
 
The negative control and reference sediments met the DMMP performance criteria.  Water quality and 
positive control results were also within their acceptance ranges.   Therefore, the polychaete growth 
bioassay was considered a valid test by the DMMP agencies.    
 
Interpretation of Round 1 Bioassay Data.   Tables 14 and 15 summarize the interpretation of 
bioassay data from batch 1 and batch 2 respectively, using the guidelines for dispersive sites provided 
in Table 8.  Given the many bioassay endpoints, with sometimes conflicting outcomes, the DMMP 
agencies needed to use best professional judgment in determining the suitability of the dredged 
material for open-water disposal.     
 
The results for DMMUs SR1 and SR3 were straightforward.  These DMMUs had no exceedances of 
the DMMP SLs and scored no hits in any of the bioassays, so were clearly suitable for open-water 
disposal.   For SR4, the agencies used a weight-of-evidence approach.  There were no SL 
exceedances and it passed the amphipod and Neanthes tests.  It barely scored a hit under the 1-hit 
rule in the larval development test using the standard termination protocol, with combined mortality and 
abnormality just 15.5% greater than reference.  It scored no hit at all when the resuspension protocol 
was used.  SR4 was also 85% sand, which has much less of a tendency to sorb organic contaminants 
than fine-grained sediment.  On the basis of this combination of evidence, the agencies agreed that 
SR4 was suitable for open-water disposal.   

 
The agencies also determined – using a weight-of-evidence approach – that CP33 was suitable for 
open-water disposal.  There were no hits in either larval test or in the Neanthes bioassay.  In the initial 
amphipod test, the wrong test species was used (based on clay content); the grain-size match with the 
reference was poor; and both control and reference performed extremely well.  Despite these 
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handicaps, CP33 barely failed the dispersive disposal guideline in the first round of testing.  In the 
amphipod retest, CP33 passed using both test species. 
 
Decision to Resample and Retest CO7 and CP32.  Based solely on the results from the Round 1 
larval tests, CO7 would have been found unsuitable for open-water disposal.  Due to the size of CO7 
(63,150 cubic yards), the Corps was concerned about the impact this volume of failed sediment could 
have on the viability of the project.  Hence, the Corps petitioned the agencies to allow CO7 to be split 
into subunits for resampling in an effort to determine if the toxicity could, perhaps, be isolated to a 
smaller volume of material.  The agencies agreed to this request, but only allowed CO7 to be split into 
two subunits so as to avoid a possible patchwork of suitable and unsuitable units.   
 
While the weight-of-evidence approach worked well for CP33, the first-round results for CP32 were less 
amenable to interpretation.  For example, the Eohaustorius mortality was 40% for CP32 in the initial 
amphipod test, but only 25% for CP33.  In the Ampelisca test, while the CP32 mortality was not 
significant enough to score a hit, it was statistically different from reference; the mortality for CP33 was 
not statistically different from reference.  Finally, CP32 scored a hit under the 2-hit rule in the larval test, 
while CP33 did not.  Since the Corps was planning to resample and retest CO7 as two subunits, the 
DMMP agencies requested that the Corps also do the same for CP32, so as to gather more definitive 
data on which to base a decision for that DMMU.   

 
A summary of the round-1 results can be found in Table 16, along with the overall interpretation for 
each DMMU. 

 
For the resampling/retesting effort, DMMUs CO7 and CP32 were each divided into two subunits as 
shown in Figures 13 and 14.  The volumes of CO7a and CO7b were 31,593 and 31,557 cubic yards 
respectively.  DMMU CP32 was divided such that CP32a consisted of sediment within the 350-foot- 
wide navigation channel and CP32b consisted of material within the Cow Point turning basin.  The 
volumes of CP32a and CP32b were 22,400 and 25,300 cubic yards respectively.  An abbreviated 
sampling and analysis plan was developed, which included the following requirements: 

- Six cores were to be taken from each subunit. 
- Sampling locations were to provide a good spatial distribution within each subunit. 
- First-round locations were to be used where possible. 
- Testing was to include semivolatiles, pesticides, sediment conventionals and grain size.  
Semivolatiles and pesticides were chosen because it was chemicals in these analytical groups 
(benzyl alcohol and total chlordane) that had detected or reporting-limit exceedances of SL in 
the first round. 
- Bioassays were to include the amphipod test, both the standard and resuspension protocols 
for the larval test, and the Neanthes AFDW endpoint. 
- Due to the high-clay content found in CP32 during the first round of testing, Ampelisca abdita 
was to be used for all samples. 
- Z-samples were to be analyzed concurrently with the primary dredged material samples (P-
samples). 
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2.  Round 2 Sampling and Analysis – CO7 and CP32.   
 

 Sampling.  Sampling took place September 19-24, 2012 using a vibracore sampler.  The 2nd round 
target and actual sampling stations can be seen in Figures 13 and 14.  Table 17 includes the sampling 
coordinates, mudline elevations, sampling depths and compositing information.   Z-samples were also 
collected and tested in Round 2.   

 
Physical and Chemical Analysis.  Analysis of the CO7 and CP32 subunits and their respective z-
samples included semivolatiles, pesticides, sediment conventionals and grain size.  Table 18 includes 
the results.  There were no SL exceedances for any of the subunits or z-samples.   
 
Chemical Analysis QA/QC.    Stage-4 data validation was conducted for the semivolatile and 
pesticide analyses.  Stage-3 data validation was conducted for the sediment conventionals.  Data 
qualifiers assigned during validation are reflected in Table 18.  
 
In the initial analysis of semivolatiles, the analytical lab reported diethyl phthalate concentrations of 360 
and 510 ug/kg respectively for subunit CO7a and its corresponding z-sample.   These results were 
unexpected, as diethyl phthalate had not been detected in any of the Round 1 samples.  The lab 
subsequently reanalyzed these two samples to determine whether the initial results were valid.  Rather 
than test aliquots from the same sample jars used for the initial test, the lab took aliquots from separate 
sample jars.  Further, to increase the rigor of the retest, two independent aliquots were taken from two 
separate jars for each of the two samples, CO7a-P and CO7a-Z.  Diethyl phthalate was undetected in 
both of the CO7a-P samples, with a reporting limit of 48 ug/kg for both samples.  For CO7a-Z, one 
sample had a detected concentration of diethyl phthalate of 53 ug/kg, while in the second sample, 
diethyl phthalate was undetected at a reporting limit of 48 ug/kg.    
 
The data validator reviewed the results from both the initial analysis and re-analysis.  All semivolatile 
chemicals, with the exception of diethyl phthalate, showed consistent results between the initial 
analysis and re-analysis.  In the best professional judgment of the validator, the initial diethyl phthalate 
detections were likely artifacts of the sampling/analytical process, and were not representative of 
CO7a-P and CO7a-Z.  The DMMP agencies accepted this opinion.  The results reported in Table 18 
are the highest concentrations reported for the re-analysis, namely 48 ug/kg (undetected) for CO7a-P 
and 53 ug/kg (detected) for CO7a-Z.   
 
Bioassays.  Bioassays were run concurrently with the chemical analysis in Round 2.  The four 
subunits and associated z-samples were subjected to the standard suite of three bioassay tests 
(amphipod mortality, larval development, and polychaete growth).  The DMMP interpretation guidelines 
for dispersive disposal sites in Table 8 were used to assess the bioassay results.   
 
Three reference sediment samples were collected from North Bay on September 26, 2012 (see Figure 
12).  Wet-sieving at the time of sampling indicated that the percentage of fines in NB13, NB14 and 
NB15 was 48%, 68% and 25% respectively.  Due to contractual constraints, only two of these 
reference sediments could be used for bioassay testing.  Therefore, the analytical lab archived these 
reference samples until the grain-size analysis could be completed for the eight test samples.  When 
the grain-size results for the test samples became available, the DMMP agencies matched the wet-
sieving results for the reference samples to the analytical grain-size results for the test samples and 
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selected NB13 and NB15 for bioassay testing.  These two reference samples were then analyzed by 
the testing lab for grain size and sediment conventionals at the same time the bioassays were under 
way.  The laboratory grain-size results for NB13 and NB15 indicated that the actual fines content of 
these two reference samples was 28.2% and 11.1% respectively, much lower than that predicted by 
the wet-sieving results.  The low fines content for NB15 eliminated this reference sediment as a match 
for any of the test sediments.  Therefore, NB13 became the sole reference sediment used for test 
interpretation.  The results for NB15 are provided in the tables of bioassay results, but were not used in 
test interpretation.    
 
Amphipod Mortality.  The 10-day amphipod bioassay was run using Ampelisca abdita as the test 
species.  Unusually high mortality was encountered, as can be seen in the in Table 19.  An evaluation 
of the water quality results indicated that ammonia was the likely cause.  Table 20 includes the 
overlying and interstitial ammonia data from the test.  Mortality is plotted against overlying ammonia in 
Figure 15.  This figure shows that mortality was strongly correlated with ammonia.  A review of the 
literature indicated that levels of ammonia such as these would be expected to result in toxicity (see 
Table 25).  As a result of the ammonia toxicity, the DMMP agencies set aside the amphipod results for 
Round 2 and based their decision-making on the larval development and Neanthes growth tests.    
 
Larval Development.  The larval development bioassay - using Mytilus galloprovincialis - was run with 
two different termination protocols.  The results are shown in Tables 21 and 22 for the standard and 
resuspension termination protocols respectively.  All four subunits scored hits under the 2-hit rule using 
the standard protocol.  For the resuspension protocol, CO7a, CO7b and CP32b did not score a hit of 
any kind, while CP32a scored a hit under the 1-hit rule.   
 
As for the z-samples, CO7a-Z did not score a hit under either protocol.  CO7b-Z scored a hit under the 
2-hit rule for the standard protocol but no hit under the resuspension protocol.  CP32a-Z and CP32b-Z 
both scored hits under the 1-hit rule for both protocols.   
 
The negative control and reference sediments met the DMMP performance criteria for both termination 
protocols.  The standard water quality parameters (temperature, pH, salinity and dissolved oxygen) and 
positive control results were also within their acceptance ranges.   Therefore, the larval development 
bioassay was considered a valid test by the DMMP agencies.  However, as in the amphipod test, 
ammonia was present at concentrations that would be expected to be toxic, at least for some of the test 
samples.  The effects of ammonia will be discussed in the interpretation section below.    
 
Polychaete Growth.  Results from the 20-day Neanthes growth test are shown in Table 23.  There 
were no hits for any of the samples.  The negative control and reference sediments met the DMMP 
performance criteria.  Water quality and positive control results were also within their acceptance 
ranges.   Therefore, the polychaete growth bioassay was considered a valid test by the DMMP 
agencies.    
 
Interpretation of Round 2 Bioassay Data.   Table 24 summarizes the interpretation of bioassay data 
from Round 2, using the guidelines for dispersive sites provided in Table 8.  Using only the Round 2 
data, all of the samples associated with DMMU CO7 would be suitable for open-water disposal.  The 
only hits were hits under the 2-hit rule in the larval test using the standard termination protocol.  
Because the amphipod results were rejected due to ammonia and there were no corroborating hits in 
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the Neanthes growth test, both subunits and their respective z-samples would pass the dispersive 
interpretation for open-water disposal.   

 
Subunit CP32b-P scored a hit under the 2-hit rule under the standard larval protocol, but no hit under 
the resuspension protocol.  Again, because the amphipod results were set aside and there was no 
corroborating hit in the Neanthes growth test, this subunit would pass the dispersive interpretation for 
open-water disposal.   
 
The results for CP32a-P, CP32a-Z and CP32b-Z were more complicated due to ammonia.  Figure 16 
shows seawater-normalized combined mortality and abnormality (NCMA) plotted against ammonia 
concentrations for all of the larval results from both rounds of testing.  There is a strong statistical 
correlation between NCMA and ammonia.  But correlation is insufficient to determine causality.  The 
literature was reviewed for effects of ammonia on the test species Mytilus galloprovincialis and other 
mussel species.  Table 25 provides the literature findings. 
 
The ammonia concentrations associated with CP32a-P did not appear to be high enough to explain the 
mortality seen in this subunit.  However, the ammonia concentrations associated with CP32a-Z and 
CP32b-Z did appear to be high enough to contribute to the toxicity seen in those two z-samples.  On 
the basis of the strong correlation with ammonia and concentrations high enough in the z-samples to 
contribute to toxicity, the DMMP agencies determined that the sediment that would be exposed by 
dredging of CP32a and CP32b would not be considered degraded relative to the dredged material 
tested.  Ammonia is a naturally occurring chemical in anoxic sediment and would be expected to 
quickly dissipate once exposed to more oxygenated conditions. 
 
As for CP32a-P, the DMMP agencies reviewed other potential nontreatment effects, including fines 
content, clay content and depth of sampling.  There was not a strong correlation with any of these 
variables.  Given that there were no chemicals at concentrations of concern associated with CP32a-P 
and individual nontreatment factors did not appear to be responsible, the toxicity seen in the larval test 
cannot be easily explained by the data in hand.  It is possible that a combination of nontreatment 
factors resulted in the toxicity manifested for this subunit, but without strong empirical evidence, the 
DMMP agencies made an environmentally-conservative call and found this subunit unsuitable for open-
water disposal.  However, the agencies also expressed their willingness to allow additional sampling 
and testing of CP32a-P prior to dredging to determine if it could be disposed at an open-water site. 
 

F. Summary of Rounds 1 and 2.  Results from the two rounds of chemical and biological testing can be 
summarized as follows: 
 Dioxin concentrations were similar to what has been found historically in the federal navigation 

channel.  The limits for disposal in Grays Harbor are 5 pptr for 2,3,7,8-TCDD and 15 pptr for TEQ 
(DMMP, 2008a).  None of the DMMUs exceeded these limits.  Therefore, with regard to dioxin, all 
the DMMUs are suitable for open-water disposal. 

 Most DMMUs did not exceed any chemical screening levels and did not require biological testing.  
Therefore, the majority of DMMUs are suitable for open-water disposal on the basis of chemistry 
alone.   

 DMMUs SR1, SR3, SR4 were subjected to bioassays due to holding-time constraints only, and 
were all found suitable for open-water disposal.  
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 CP33 was found suitable for open-water disposal based on the Round 1 results and a weight-of-
evidence approach. 

 A summary of first and second round results for CO7 and CP32 can be found in Table 26.  The 
second round of sampling was more intensive than in the first round, thus providing a better spatial 
and volumetric representation of the dredged material in these DMMUs.  Therefore, the DMMP 
agencies weighted the results from Round 2 more heavily than the results from Round 1.   

 CO7 scored a hit under the 1-hit rule in the larval test in Round 1, but larval toxicity in Round 2 was 
low. There were no hits in the amphipod or Neanthes bioassays.  The chemistry for this DMMU 
was benign, with only a detection-limit exceedance of the total chlordane SL in Round 1.  The 
DMMP agencies used a weight-of-evidence approach and found CO7 suitable for open-water 
disposal.   

 CP32 was more complicated.  In Round 1, this DMMU scored a hit under the 1-hit rule in the 
amphipod test using Eohaustorius estuarius, but was retested with both Eohaustorius estuarius 
and Ampelisca abdita in an amphipod retest.  There were no hits in the retest.  In Round 2, subunit 
CP32a exhibited toxicity in the larval test that could not be explained by any single nontreatment 
effect.  Therefore, the DMMP agencies found this subunit unsuitable for open-water disposal, but 
will allow the Corps to conduct additional sampling and testing of this subunit prior to dredging.  
Subunit CP32b only scored a hit under the 2-hit rule in the standard larval test in Round 2 and was 
found suitable for open-water disposal.    

 
G. Sediment Exposed by Dredging.  Sediment exposed by dredging must either meet the State of 
Washington Sediment Quality Standards (SQS) (Ecology, 1995) or the State’s antidegradation 
standard (DMMP, 2008b).  A direct evaluation can be made for those z-samples tested for the project.  
From a chemical perspective, all of these samples (CO7a-Z, CO7b-Z, CP32a-Z and CP32b-Z) were 
below SQS.  With regard to the bioassay results, the z-samples for CO7a and CO7b met SQS, while 
the z-samples for CP32a and CP32b had higher combined mortality and abnormality in the larval test 
than exhibited by the dredged material samples.  But, as indicated previously, there was evidence that 
this was due to ammonia.  Because ammonia would be expected to dissipate quickly when exposed to 
more oxygenated conditions, the DMMP agencies determined that any detrimental effects from the 
exposure of sediment underlying CP32 would be short-lived. 
 
In summary, the vast majority of dredged material had no SQS exceedances, and where exceedances 
did occur the biological testing data indicated that the z-layer was not degraded in any significant way 
compared to the dredged material.  In addition, the limited chemical testing of z-samples that was done 
provided evidence that concentrations of chemicals of concern in the newly exposed sediment are 
generally lower than those in the dredged material.  Therefore, the DMMP agencies determined that 
the sediment to be exposed by dredging is in compliance with the State of Washington anti-degradation 
policy. 
 

 H. Beneficial-Use Analysis.  A portion of the material dredged for this project could be used for beneficial 
use.  Examples include beach nourishment at Half Moon Bay/South Beach and Damon Point, and 
creation of shorebird habitat on low-relief islands such as Whitcomb Flats or Sand Island.  Material for 
beneficial use would likely come from South Reach or Outer Crossover Reach.  This material all met 
SQS and would be suitable for beneficial use from a sediment quality perspective.   
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I. Suitability Determination.  This memorandum documents the evaluation of the suitability of sediment 
proposed for the deepening of the Grays Harbor federal navigation channel for open-water disposal.  
The approved sampling and analysis plan was followed and the data gathered were deemed sufficient 
and acceptable for regulatory decision-making under the DMMP.   

 
Based on the results of the previously described testing, the DMMP agencies concluded that all of the 
material from this project, with the exception of subunit CP32a, is suitable for open-water disposal.  The 
total volume of sediment suitable for open-water disposal is 1,951,412 cubic yards. The volume of 
unsuitable sediment is 22,400 cubic yards.   

 
With regard to dioxin, all DMMUs had concentrations below the current guidelines for Grays Harbor of 
5 pptr 2,3,7,8-TCDD and 15 pptr TEQ, and are therefore suitable for open-water disposal.  However, 
during the planning phase for the dredged material characterization, the DMMP agencies agreed that 
should revised dioxin guidelines for Grays Harbor be adopted prior to dredging, that this suitability 
determination could be revisited. 

 
This suitability determination does not constitute final agency approval of the project.  A final decision 
will be made after full consideration of agency input, and after an alternatives analysis is done under 
section 404(b)(1) of the Clean Water Act.   
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Figure 1.  Grays Harbor Navigation Improvement Project.  Samples taken for this characterization were 
from South Reach, Crossover Reach, North Channel, Hoquiam Channel and Cow Point Reach.   

 

ABERDEEN 



620+00

630+00

640+00

650+00

660+00

670+00

680+00

690+00

700+00

710+00

720+00

730+00

47
0+

00

48
0+

00

49
0+

00

50
0+

00

51
0+

00

53
0+

00

54
0+

00

55
0+

00

56
0+

00

57
0+

00

58
0+

00

59
0+

00

60
0+

00

61
0+

00

47
7+

00

49
4+

00

52
0+

00

60
4+

00

629+00

680+00

690+00

710+00

722+00

++

++
++ ++ ++

++
++

++
++

++

++

++

DD
D D D

D
D

D
D

D

D

D

SR4-3

SR4-2
SR4-1

SR3-3
SR3-2

SR3-1
SR2-3

SR2-2SR2-1SR1-3
SR1-2

SR1-1
-38

-36 -34
-42

-32

-30

-40

-28

-26 -24

-44
-46

-22

-50 -48

-76

-20

-6
8

-70

-72 -66

-7
4 -6

2
-6

4

-60
-58

-56

-5
4

-18

-52

-78
-80

-16

-82
-84

-50

-30

-38

-80

-26

-40

-46

-44

-42

-46

-44

-42

-74
-42

-48

-36

-28

-3
8

-40

-40

-44
-40

-46

-38

-4
8

-34

-28

-42

-7
2

-44

-6
4

-16

-44
-50

-18

-20

-48

-36
-48

-40

-48-50

-40

-54

-30
-42

-40-42

-46

-44

-18

-42

-44

-40

-28

-44

-42
-72

-50

-30

-48
-76

-42

-30

-48

-32

-46

-28

-44
-46

-36

-44

-48

-74

-38

-40

-22

-46
-42

-46

-44

-42

-44

-48

-44

-24

-38

-42

-42 -40

-46

-28

-26

-46

-38

-38

-40

-48
-40

-66

Legend
D Actual Core Locations
++ Proposed Core Location

Channel
Actual Depth Relative to MLLW
-40 to -42 MLLW
-42 to -44 MLLW

South Reach

0 1,500 3,000 4,500 6,000750
Feet ±

SR-2

SR-3
SR-1

SR-4

Bathymetric Survey: 24 May 2011

G3ODTDFF
Text Box
Figure 2



700+00

710+00

720+00

730+00

740+00

750+00

760+00

770+00

780+00

790+00

710+00

722+00

++

++

++

++ ++

++

++

++

++

++

++

++
++

++

++

++

++

++

++
++

++
++

++

++

++
++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

D

D

D

D

D

D

D

D

D

D

D

D
D

D

D

D

D

D

D

D

D
D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

CO-10

CO-11

CO-6

CO-5

CO-7

CO-8

CO-9
CO9-8

CO9-7

CO9-6

CO9-5
CO9-4

CO9-3
CO9-2

CO9-1

CO8-7

CO8-6

CO8-5
CO8-4

CO8-3
CO8-2

CO8-8

CO8-1

CO7-8

CO7-7
CO7-6

CO7-5
CO7-4

CO7-3

CO7-2
CO7-1

CO6-8

CO6-7

CO6-6
CO6-5

CO6-4
CO6-3

CO6-2

CO6-1

CO5-8

CO5-7

CO5-5

CO5-6

CO5-4
CO5-3

CO5-2
CO5-1

-32

-34

-30

-28

-36

-26

-24

-38

-22

-40

-20

-18

-42

-16

-40

-18

-4
0

-2
2

-26

-18

-40

-20

-32

-3
4

-42

-36

-22

-2
4

-40

-22

-3
0

-26

-28

-38

-40

-2
0

-40

Legend
D Actual Core Locations
++ Proposed Core Location

Channel
Actual Depth Relative to MLLW
-40 to -42 MLLW
-42 to -44 MLLW

Crossover Channel West

0 750 1,500 2,250 3,000375
Feet ± Bathymetric Survey: 22 June 2011

G3ODTDFF
Text Box
Figure 3



810+00

820+00

830+00

840+00

850+00

813+00

833+00

856+00

869+00

#

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++
++

++

++

++

++

++

++
++

++
++

++
++

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D
D

D

D

D

D

D

D

D

D
D

D

D

CO-10

CO-11

CO-12

CO/NC-14

CO-13

CO13-7
CO13-6

CO13-5
CO13-4
CO13-3

CO13-2

CO13-1

CO12-5

CO12-7

CO12-6

CO12-4

CO12-3
CO12-2

CO12-1

CO11-7
CO11-6

CO11-5
CO11-4

CO11-3

CO11-2

CO11-1

CO10-8

CO10-7
CO10-6

CO10-5

CO10-4
CO10-3

CO10-2
CO10-1

CO/NC14-7
CO/NC14-6

CO/NC14-5

CO/NC14-3CO/NC14-2
CO/NC14-1

CO/NC14-4

-26

-36

-24

-44

-22

-14

-36

-34

-32

-30

-28

-2
6

-24

-22

-2
0

-18

-38

-8

-40

-16

-42

-14

-12

-44

-10

-6

-4

-46 -48

-38

-38

-46

-4
0

-30

-2
6

-44

-38

-28

-38
-38

-4
2

-30

-44

-46

-26

-18

-32

-32

-34

-8

-38

-28

-46

-44

-3
6

-10

-20-38

-40

-3
8

-3
6

-3
8

-38

-44

-26

-16

Range D

Legend
D Actual Core Locations
++ Proposed Core Location
# Navigation Check Station

Channel
Actual Depth Relative to MLLW
-40 to -42 MLLW
-42 to -44 MLLW

Crossover Channel East

0 500 1,000 1,500 2,000250
Feet± Bathymetric Survey: 22 June 2011

G3ODTDFF
Text Box
Figure 4



880+00

890+00

900+00

910+00

920+00

930+00

940+00

950+00

885+00

++

++

++

++
++

++ ++

++
++

++

++

++

++ ++

++
++ ++

++ ++

++++

++ ++

++ ++

++
++

++

D

D

D

DD

D

D

D
D

D

D
D

D

D

D
D D

D D

DD

D D

D
D

D
D

D

NC-18

NC-17
NC-16

NC-15

NC18-7

NC18-6
NC18-5

NC18-4NC18-3NC18-2NC18-1

NC17-7
NC17-6

NC17-5
NC17-4

NC17-3NC17-2NC17-1

NC16-5NC16-6
NC16-7

NC16-4

NC16-3
NC16-2NC16-1

NC15-4

NC15-2

NC15-6

NC15-1

NC15-7
NC15-5

NC15-3

-38-36

-34
-32

-30

-28 -26-24

-22
-20

-18

-40

-16
-14-12-10

-42

-44

-8

-46

-6

-3
6

-40

-26

-36

-8

-40

-10

-14

-40

-10

-24
-20

-42

-30

-6

-42

-18

-38

-18

-38

-44

-42

-40

-14

-3
8

-1
8

-34

-40

-24

-38

-32
-38

-8

-38

-44

-40

-38

-40

-40

-44

-36

-8

-44

-22

-28

-44

-44

-44

-3
0

-34

-18

-32

-40

-12

-44

Legend
D Actual Core Locations
++ Proposed Core Location

Channel
Actual Depth Relative to MLLW
-40 to -42 MLLW
-42 to -44 MLLW

North Channel West

0 750 1,500 2,250 3,000375
Feet ± Bathymetric Survey: 22 June 2011

G3ODTDFF
Text Box
Figure 5



960+00

970+00

980+00

990+00

998+00

++

++

++

++++

++

++

++

++

++

++

++

++

++

++
++++

++

D

D

D

D
D

D

D

D

D

D

D

D

D

D

D
DD

D

NC-20

NC-19

NC-21

NC21-6
NC21-5 NC21-4

NC21-3

NC21-2
NC21-1

NC20-5
NC20-4

NC20-3

NC20-6

NC20-2

NC20-1

NC19-6
NC19-5

NC19-4

NC19-3

NC19-2
NC19-1

-38

-36 -34

-32
-30

-28

-26

-40

-24

-20

-22

-18

-42

-44

-16

-46

-14

-48-50

-12-10
-24

-26

-28

-36

-34
-36

-14

-32

-40

-50

-40

-20

-16

-42

-46

-34

-24

-3
4

-20

-38

-26

-34

-20

-36

-40

-20

-22

-14

-36

-30

-26

-48

-14

-28

-38

-38

-22

-34

-40

-30

-34

-32

-20

-32

-48

-18

-36

-14

-28

-38

-14

-30 -22

-34

-26

-28

-26

-16

-34

-28

-40

-32
-24

-30

-22

-34

-18
-14

Legend
D Actual Core Locations
++ Proposed Core Location

Channel
Actual Depth Relative to MLLW
-40 to -42 MLLW
-42 to -44 MLLW

North Channel East

0 500 1,000 1,500 2,000250
Feet± Bathymetric Survey: 22 June 2011

G3ODTDFF
Text Box
Figure 6



10
10

+0
0

10
20

+0
0

10
30

+0
0

10
40

+0
0

10
50

+0
0

10
60

+0
0

10
70

+0
0

10
14

+0
0

#

++
++

++
++

++

++ ++

++++
++

++

++ ++ ++

++

++

++
++

++
++ ++ ++ ++

++

++

++
++ ++

++++

D
D

D

D
D

D
D

D

DD
D

D D D
D

DD
D

D
D D D

D

D

D

D D

DD

D

HC-23
HC-24

HC-27

HC-22

HC-25
HC-26

HC26-5 HC26-4

HC26-3HC26-2

HC26-6

HC26-1

HC25-6

HC25-5HC25-4HC25-3HC25-2HC25-1

HC24-6
HC24-5

HC24-3

HC24-4

HC24-2HC24-1

HC23-6

HC23-1

HC23-5 HC23-4 HC23-3

HC23-2

HC22-6

HC22-1

HC22-5 HC22-4

HC22-3HC22-2

-38

-36

-34

-32

-30
-28

-26

-24
-22

-20

-18

-16

-14

-8-12 -10

-40

-6

-42

-18
-26

-16

-40

-32

-32

-34

-28

-34
-38 -34

-34

-20

-26

-30

-26

-32

-38

-20

-28

-40
-40

-12

-26
-22

-34

-22
-20

-30

-30

-26

-30

-40

-36

-38
-20

-30-36

-26
-6

-40

-6

-28

-40

-12

-28

-26

-36-24

-18

-40
T3

Legend
D Actual Core Locations
++ Proposed Core Location
# Navigation Check Station

Channel
Actual Depth Relative to MLLW
-40 to -42 MLLW
-42 to -44 MLLW

Hoquiam Reach West

0 500 1,000 1,500 2,000250
Feet±Bathymetric Survey: 22 June 2011

G3ODTDFF
Text Box
Figure 7



10
80

+0
0

10
90

+0
0

11
00

+0
0

11
10

+0
0

11
20

+0
0

11
30

+0
0

11
40

+0
0

11
50

+0
0

11
52

+0
0

11
60

+0
0

++

++ ++ ++

++++

++ ++

++
++++

++ ++ ++
++

++

++
++

D D D

D
D

D

D D

DD
D

D
D D

D

D

D
D

HC-27

HC28-1HC27-3
HC27-2

HC27-1

HC27-6
HC27-5

HC27-4 HC28-6 HC28-5 HC28-4 HC28-3 HC/CP29-1
HC/CP29-2

HC/CP29-3

HC/CP29-4

HC/CP29-5

HC/CP29-6

HC28-2

CP-C1

HC-26

HC/CP-29
HC-28

-36
-38

-34

-32-40 -42

-30 -28
-26 -24

-22
-20

-18

-16

-44

-14

-46

-8

-48

-12
-10 -6

-50
-52

-4

-32

-12

-10
-14

-46

-12

-14

-34

-12

-30

-12

-10

-12

-10

-44

-14

-14

-20

-8

-34 -24

-24

-50

-6

-6
-8

-14

-10

-12

-46

-20

-18

-36
-42

-22

-12 -12

-50 -10

-16

-8

-14

-44

-12

-12
-8

-52

-18

-16

-14

-50

-28

-6

-12

-12

-10

-10

-6
-16 -12

-48

-34

-38

-8

-10-24

-22

-6

-46

-12

-6

-36

-8

-8
-14

-8

-32-26

-32 -14

-12

-10

-44

-32

-6

-22

-30
-26

-6

-16

-16

-46
-24-26-8

-10

-38

-30

-28

-34

-48

-18

-16

-14

-8

-10

Legend
D Actual Core Locations
++ Proposed Core Location

Channel
Actual Depth Relative to MLLW
-40 to -42 MLLW
-42 to -44 MLLW

Hoquiam Reach East

0 750 1,500 2,250 3,000375
Feet±Bathymetric Survey: 22 June 2011

G3ODTDFF
Text Box
Figure 8



11
80

+0
0

11
90

+0
0

11
90

+0
0

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

D

D

D

D

D

D

D

D

D

D

D

D

D D

D

D

D

D

CP-30

CP-31

CP-32

HO/CP-29

CP-32

CP32-6

CP32-5

CP32-4

CP32-3
CP32-2

CP32-1

CP31-6

CP31-5

CP31-4

CP31-3

CP31-2

CP31-1CP30-6

CP30-5

CP30-4

CP30-3

CP30-2

CP30-1

-30

-32

-34

-36

-26

-28

-24

-22

-20

-38

-18

-16

-14

-8

-6
-4

0

-2

-12

-40

-10

-42 -44

-6

-8

-10
-8

-34

-40

-20

-12

-32

-6

-14 -38

-42

-20

-28

-42

-18

-40

-8

-24

-32

-12

-12

-30

-10

-12

-8

-32

-40

-14

-40 -42

-42

-6

-30

-40

-32

-34

-22

-16

-40

-22

-32

-16

-30-18

-36

-26

-20

-38

-8

-40

-6

-38

-10

Legend
D Actual Core Location
++ Proposed Core Location

Channel
Actual Depth Relative to MLLW
-40 to -42 MLLW
-42 to -44 MLLW

Cow Point Reach West

0 250 500 750 1,000125
Feet±Bathymetric Survey: 23 June 2011

G3ODTDFF
Text Box
Figure 9



12
03

+5
8

1230+42

#
++

++

++

++

++

++

++
++ ++

++

++++

++
++

++

++++
++

++
++

++

++++
++

D

D

D

D

D

D

D
D D

DD

D D
D

DD

D

D
D

D

DD
D

CP-33

CP-34 CP-36CP-35

CP36-6 CP36-5 CP36-4

CP36-3CP36-2
CP36-1

CP35-6
CP35-5 CP35-4

CP35-3
CP35-2

CP35-1

CP34-6 CP34-5
CP34-4

CP34-3
CP34-2CP34-1

CP33-6

CP33-5
CP33-4

CP33-3
CP33-2

CP33-1

-32

-30

-22

-20

-18
-24

-26-28

-34

-8
-6

-36

-4
-2

-38

-16

-14

-12

-10

0

-40

-42

-44

-38

-14

-32

-32

-18

-14

-40

-2

-34

-40 -8-36

-18

-22

-16
-14

-22-42

-40

-12

-2

-18

-30

-16

-6-30

-14

-22

-34
-24

-12

-30

-12

-10

-14

-20

-26

-40

-16
-12

-42

0

-14

-12

-10

-40

-38

-30

-38

-36

-40

-6

-34

-40

-6

-24

-32

-28

-26 -20-32

-32

-38 -40

-18

-34-36
-16

-16

-10

-26

-28

-8

-4

-12

-20

-12

T4

Legend
D Actual Core Location
++ Proposed Core Location
# Navigation Check Station

Channel
Actual Depth Relative to MLLW
-40 to -42 MLLW
-42 to -44 MLLW

Cow Point Reach East

0 250 500 750 1,000125
Feet±Bathymetric Surevey: 23 June 2011

G3ODTDFF
Text Box
Figure 10



!(!(

!(
!(

!(!(

!(

!(

!(
!(

!( !(
!(

!(

!

!!
!

!

!

!!

!

!

!

!!
!

!
!!

!

!!
!

(

((
(

(

(

((

(

(

(

((
(

(
((

(

((
(

117
0+

00

1230+00

1220+00

1210+00

12
00

+0
0

119
0+

00

118
0+

00

116
0+

00

-41.6 -41.8

-41.7

-42.0

-41.8

-41.1

-40.5
-41.4

-41.7
-43.8

-42.4
-42.5

-43.4
-42.8

-44.8
-42.1

-43.6
-41.7

-42.7
-42.2

-41.4
-41.4-46.2

-44.1
-45.9
-44.5

-40.9
-40.9

-41.7
-41.7

Terminal 1

Terminal 2

Terminal 4

Rennie Island

Cow Point

-45.9
-45.0

-41.1
-44.5

CP36

CP31

CP35CP33

CP32

CP30

CP34

Legend
no glacial till encountered

!( glacial till encountered

!( refusal

-41.3
-42.5

elevation of till (MLLW)
elevation at refusal (MLLW)

0 250 500 750 1,000
Feet

Ü

CP30 Dredged Material
Management Unit ID

Figure 11.  Glacial Till in Cow Point DMMUs



!(!(

!(
!(!(!(

!(!(
NB15 g9

NB14 g1 NB13 g2

NB02 g1

NB01 g4NB01 g1

NB15 g5

NB13 g1

Grays Harbor

Westport

Ocean
Shores

Hoquiam

Reference Samples

Legend
Reference Samples
!( Fall
!( Spring

Channel±0 7,500 15,000 22,500 30,0003,750
Feet

G3ODTDFF
Text Box
Figure 12



!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

#*

#*

#*

#*

#*

#*

#*

#*

750+00

770+00

CO7a

CO7b

Ü

0 100 200 300 40050
Feet

Figure 13 - CO7 subunits for Round 2

Legend

Survey:  2012gr051
1 May 2012 condition survey

-38 to -39.3

-36 to -38

-34 to -36

-32 to -34

-30 to -32

-28 to -30

-26 to -28

1st-round sampling stations

!( 2nd-round sampling stations

#*



!(!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

#*
#*

#*

#*

#*

#*

CP32a

CP32bÜ

0 100 200 300 40050
Feet

Figure 14 - CP32 subunits for Round 2

Legend

Survey:  2012gr068a
9 Aug 2012 condition survey

1st-round sampling stations

!( 2nd-round sampling stations

-35 to -39.3

-30 to -35

-25 to -30

-20 to -25

#*



Figure 15 - Round 2 Amphipod Mortality vs. Overlying Ammonia
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Figure 16-1.  Round 2 Larval Bioassay - Normalized Combined Mortality and Abnormality vs. Overlying Total Ammonia
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Figure 16-2.  Round 2 Larval Bioassay - Normalized Combined Mortality and Abnormality vs. Overlying Unionized Ammonia
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Table 2 – Calculated dredged material volumes from -40 to -42 feet MLLW 

 
Reach 

depth (ft, 
MLLW) Stations 

Side 
Slope Volume (cy) 

Volume (cy) w/ 15% 
Contingency 

South -40 to -42 463+00 to 715+93 1:5 250,454 288,022 
Crossover -40 to -42 715+93 to 869+00 1:5 516,782 594,299 

North Channel -40 to -42 869+00 to 1005+71 1:3 326,927 375,966 
Hoquiam Channel -40 to -42 1005+71 to 1156+02 1:3 317,484 365,106 

Cow Point -40 to -42 1156+02 to 1227+99 1:3 304,712 350,419 
  

     TOTAL       1,716,359 1,973,812 
 



Table 3.  DMMU stationing and volumes. 

Reach DMMU # 
begin 
station 

end 
station volume 

# of field 
samples 

SR 1 463+00 605+16 72,002 3 
SR 2 605+16 628+97 72,014 3 
SR 3 628+97 679+12 72,003 3 
SR 4 679+12 715+93 72,003 3 
CO 5 715+93 733+62 65,163 8 
CO 6 733+62 750+28 64,162 8 
CO 7 750+28 769+71 63,150 8 
CO 8 769+71 788+39 62,143 8 
CO 9 788+39 806+07 61,124 8 
CO 10 806+07 821+53 60,128 8 
CO 11 821+53 834+07 59,106 7 
CO 12 834+07 844+65 58,089 7 
CO 13 844+65 856+41 57,093 7 

CO/NC 14 856+41 874+10 56,063 7 
NC 15 874+10 895+90 55,073 7 
NC 16 895+90 912+50 54,045 7 
NC 17 912+50 934+26 53,037 7 
NC 18 934+26 952+71 52,033 7 
NC 19 952+71 968+20 51,022 6 
NC 20 968+20 993+07 50,019 6 
NC 21 993+07 1005+71 48,815 6 
HC 22 1005+71 1018+51 47,692 6 
HC 23 1018+51 1034+38 47,702 6 
HC 24 1034+38 1049+44 47,715 6 
HC 25 1049+44 1063+01 47,704 6 
HC 26 1063+01 1075+80 47,701 6 
HC 27 1075+80 1088+30 47,701 6 
HC 28 1088+30 1115+43 47,696 6 

HC/CP 29 1115+43 1165+85 47,689 6 
CP 30 1165+85 1178+91 47,693 6 
CP 31 1178+91 1192+22 47,687 6 
CP 32 1192+22 1198+47 47,700 6 
CP 33 1198+47 1203+58 47,812 6 
CP 34 1203+58 1210+78 47,695 6 
CP 35 1210+78 1219+42 47,669 6 
CP 36 1219+42 1227+99 47,669 6 

   
total: 1,973,812 224 

     
 

CO = Crossover Reach 
  

 
CP = Cow Point Reach 

  
 

HC = Hoquiam Channel 
  

 
NC = North Channel 
SR = South Reach 

   

 

 
 



Table 4.  Sampling Data 

DMMU Station Latitude Longitude

Mudline 
Elevation

 (ft, MLLW)

Acquisition
Depth

(ft, MLLW)

Sample
Length

Acquired (ft)

Z-sample
Length

Acquired (ft)
SR1-1 46.92063 -124.07107 -39.9 -44.0 2.0 2.0
SR1-2 46.92049 -124.07546 -39.8 -43.6 2.0 1.6
SR1-3 46.92019 -124.06274 -38.4 -44.0 2.0 2.0
SR2-1 46.92011 -124.05874 -38.7 -44.0 2.0 2.0
SR2-2 46.92018 -124.05574 -37.4 -44.0 2.0 2.0
SR2-3 46.92139 -124.05098 -39.4 -44.0 2.0 2.0
SR3-1 46.92198 -124.04854 -38.8 -44.0 2.0 2.0
SR3-2 46.92257 -124.04638 -38.4 -44.0 2.0 2.0
SR3-3 46.92324 -124.04408 -39.6 -44.0 2.0 2.0
SR4-1 46.92786 -124.03089 -39.6 -44.0 2.0 2.0
SR4-2 46.92934 -124.02516 -39.9 -44.0 2.0 2.0
SR4-3 46.93113 -124.01937 -39.3 -44.0 2.0 2.0
CO5-1 46.93187 -124.01843 -36.4 -44.0 2.0 2.0
C05-2 46.93252 -124.01756 -32.6 -44.0 2.0 2.0
C05-3 46.93311 -124.01647 -34.0 -44.0 2.0 2.0
CO5-4 46.93361 -124.01591 -32.6 -44.0 2.0 2.0
CO5-5 46.93440 -124.01471 -33.0 -44.0 2.0 2.0
CO5-6 46.93379 -124.01484 -36.9 -44.0 2.0 2.0
CO5-7 46.93313 -124.01578 -37.2 -44.0 2.0 2.0
CO5-8 46.93235 -124.01716 -37.3 -44.0 2.0 2.0
CO6-1 46.93506 -124.01377 -33.6 -44.0 2.0 2.0
CO6-2 46.93571 -124.01280 -33.7 -44.0 2.0 2.0
CO6-3 46.93634 -124.01224 -32.5 -44.0 2.0 2.0
CO6-4 46.93689 -124.01150 -33.4 -44.0 2.0 2.0
CO6-5 46.93726 -124.01078 -34.9 -44.0 2.0 2.0
CO6-6 46.93800 -124.01006 -33.3 -44.0 2.0 2.0
CO6-7 46.93676 -124.01084 -36.9 -44.0 2.0 2.0
CO6-8 46.93512 -124.01294 -37.2 -44.0 2.0 2.0
CO7-1 46.93862 -124.00927 -33.8 -44.0 2.0 2.0
CO7-2 46.93919 -124.00851 -35.7 -44.0 2.0 2.0
CO7-3 46.93994 -124.00770 -34.8 -44.0 2.0 2.0
CO7-4 46.94035 -124.00720 -34.9 -44.0 2.0 2.0
CO7-5 46.94077 -124.00669 -35.1 -44.0 2.0 2.0
CO7-6 46.94114 -124.00599 -36.9 -44.0 2.0 2.0
CO7-7 46.94185 -124.00513 -36.7 -44.0 2.0 2.0
CO7-8 46.94144 -124.00464 -39.7 -44.0 2.0 2.0
CO8-1 46.94252 -124.00419 -37.2 -44.0 2.0 2.0
CO8-2 46.94375 -124.00254 -36.5 -44.0 2.0 2.0
CO8-3 46.94443 -124.00154 -36.6 -44.0 2.0 2.0
CO8-4 46.94503 -124.00083 -36.4 -44.0 2.0 2.0
CO8-5 46.94555 -124.00023 -35.2 -44.0 2.0 2.0
CO8-6 46.94495 -123.99961 -36.7 -44.0 2.0 2.0
CO8-7 46.94386 -124.00136 -38.3 -44.0 2.0 2.0
CO8-8 46.94282 -124.00281 -38.8 -44.0 2.0 2.0

SR1

SR2

SR3

SR4

CO5

CO6

CO7

CO8



Table 4.  Sampling Data 

DMMU Station Latitude Longitude

Mudline 
Elevation

 (ft, MLLW)

Acquisition
Depth

(ft, MLLW)

Sample
Length

Acquired (ft)

Z-sample
Length

Acquired (ft)
CO9-1 46.94637 -123.99899 -35.3 -44.0 2.0 2.0
CO9-2 46.94720 -123.99795 -35.6 -44.0 2.0 2.0
CO9-3 46.94805 -123.99692 -36.3 -44.0 2.0 2.0
CO9-4 46.94858 -123.99591 -37.6 -43.3 2.0 1.3
CO9-5 46.94920 -123.99499 -38.4 -44.0 2.0 2.0
CO9-6 46.94744 -123.99635 -38.7 -44.0 2.0 2.0
CO9-7 46.94675 -123.99726 -36.3 -44.0 2.0 2.0
CO9-8 46.94583 -123.99849 -36.9 -44.0 2.0 2.0
CO10-1 46.94993 -123.99416 -37.5 -44.0 2.0 2.0
CO10-2 46.95053 -123.99349 -36.8 -44.0 2.0 2.0
CO10-3 46.95152 -123.99227 -38.0 -44.0 2.0 2.0
CO10-4 46.95228 -123.99143 -37.6 -44.0 2.0 2.0
CO10-5 46.95192 -123.99041 -36.0 -44.0 2.0 2.0
CO10-6 46.95135 -123.99097 -33.3 -44.0 2.0 2.0
CO10-7 46.95080 -123.99184 -36.1 -44.0 2.0 2.0
CO10-8 46.95020 -123.99262 -37.0 -44.0 2.0 2.0
CO11-1 46.95397 -123.98933 -38.0 -44.0 2.0 2.0
CO11-2 46.95461 -123.98854 -37.5 -43.8 2.0 1.8
CO11-3 46.95507 -123.98786 -37.1 -43.1 2.0 1.1
CO11-4 46.95457 -123.98701 -35.8 -44.0 2.0 2.0
CO11-5 46.95404 -123.98772 -36.3 -44.0 2.0 2.0
CO11-6 46.95339 -123.98865 -34.1 -44.0 2.0 2.0
CO11-7 46.95265 -123.98944 -35.1 -44.0 2.0 2.0
CO12-1 46.95593 -123.98632 -36.9 -44.0 2.0 2.0
CO12-2 46.95652 -123.98594 -36.5 -41.9 1.9 none
CO12-3 46.95708 -123.98527 -35.9 -44.0 2.0 2.0
CO12-4 46.95671 -123.98415 -31.3 -44.0 2.0 2.0
CO12-5 46.95638 -123.98455 -31.1 -43.8 2.0 1.8
CO12-6 46.95575 -123.98539 -32.8 -43.9 2.0 1.9
CO12-7 46.95512 -123.98624 -33.9 -44.0 2.0 2.0
CO13-1 46.95790 -123.98383 -36.9 -44.0 2.0 2.0
CO13-2 46.95895 -123.98245 -39.9 -44.0 2.0 2.0
CO13-3 46.95919 -123.98081 -32.1 -44.0 2.0 2.0
CO13-4 46.95876 -123.98142 -33.0 -44.0 2.0 2.0
CO13-5 46.95830 -123.98209 -33.8 -44.0 2.0 2.0
CO13-6 46.95792 -123.98263 -33.0 -44.0 2.0 2.0
CO13-7 46.95752 -123.98316 -32.8 -44.0 2.0 2.0

CO/NC14-1 46.96053 -123.97877 -38.7 -44.0 2.0 2.0
CO/NC14-2 46.96091 -123.97749 -38.6 -44.0 2.0 2.0
CO/NC14-3 46.96128 -123.97535 -38.2 -44.0 2.0 2.0
CO/NC14-4 46.96075 -123.97681 -34.5 -44.0 2.0 2.0
CO/NC14-5 46.96051 -123.97791 -35.3 -44.0 2.0 2.0
CO/NC14-6 46.96002 -123.97900 -32.1 -44.0 2.0 2.0
CO/NC14-7 46.95971 -123.97993 -33.1 -44.0 2.0 2.0

CO13

CO/NC14

CO12

CO9

CO10

CO11



Table 4.  Sampling Data 

DMMU Station Latitude Longitude

Mudline 
Elevation

 (ft, MLLW)

Acquisition
Depth

(ft, MLLW)

Sample
Length

Acquired (ft)

Z-sample
Length

Acquired (ft)
NC15-1 46.96167 -123.97214 -39.2 -43.7 2.0 1.7
NC15-2 46.96204 -123.96944 -40.6 -44.0 2.0 2.0
NC15-3 46.96241 -123.96743 -39.9 -44.0 2.0 2.0
NC15-4 46.96205 -123.96655 -36.6 -44.0 2.0 2.0
NC15-5 46.96197 -123.96848 -38.8 -44.0 2.0 2.0
NC15-6 46.96158 -123.97023 -34.5 -44.0 2.0 2.0
NC15-7 46.96111 -123.97398 -32.5 -44.0 2.0 2.0
NC16-1 46.96292 -123.96440 -38.9 -44.0 2.0 2.0
NC16-2 46.96321 -123.96199 -38.4 -44.0 2.0 2.0
NC16-3 46.96347 -123.96018 -37.6 -43.6 2.0 1.6
NC16-4 46.96285 -123.96034 -38.0 -44.0 2.0 2.0
NC16-5 46.96258 -123.96180 -35.7 -44.0 2.0 2.0
NC16-6 46.96266 -123.96333 -37.5 -44.0 2.0 2.0
NC16-7 46.96226 -123.96506 -36.0 -44.0 2.0 2.0
NC17-1 46.96361 -123.95863 -38.3 -44.0 2.0 2.0
NC17-2 46.96385 -123.95659 -38.0 -44.0 2.0 2.0
NC17-3 46.96393 -123.95487 -39.7 -44.0 2.0 2.0
NC17-4 46.96450 -123.95283 -37.5 -43.7 2.0 1.7
NC17-5 46.96464 -123.95160 -37.6 -44.0 2.0 2.0
NC17-6 46.96317 -123.95707 -39.1 -44.0 2.0 2.0
NC17-7 46.96303 -123.95896 -39.1 -44.0 2.0 2.0
NC18-1 46.96490 -123.95046 -34.6 -43.0 2.0 1.0
NC18-2 46.96492 -123.94892 -38.8 -44.0 2.0 2.0
NC18-3 46.96538 -123.94796 -35.9 -44.0 2.0 2.0
NC18-4 46.96527 -123.94672 -38.9 -44.0 2.0 2.0
NC18-5 46.96578 -123.94570 -34.5 -44.0 2.0 2.0
NC18-6 46.96600 -123.94439 -35.2 -44.0 2.0 2.0
NC18-7 46.96536 -123.94443 -39.0 -44.0 2.0 2.0
NC19-1 46.96590 -123.94310 -38.7 -44.0 2.0 2.0
NC19-2 46.96665 -123.94087 -36.2 -44.0 2.0 2.0
NC19-3 46.96704 -123.93850 -38.2 -44.0 2.0 2.0
NC19-4 46.96644 -123.93822 -38.8 -44.0 2.0 2.0
NC19-5 46.96629 -123.93990 -39.4 -44.0 2.0 2.0
NC19-6 46.96580 -123.94145 -38.3 -44.0 2.0 2.0
NC20-1 46.96874 -123.92895 -39.1 -44.0 2.0 2.0
NC20-2 46.96837 -123.92877 -38.3 -44.0 2.0 2.0
NC20-3 46.96812 -123.93018 -32.0 -44.0 2.0 2.0
NC20-4 46.96775 -123.93135 -31.2 -43.9 2.0 1.9
NC20-5 46.96730 -123.93328 -37.2 -44.0 2.0 2.0
NC20-6 46.96682 -123.93665 -38.9 -44.0 2.0 2.0
NC21-1 46.96899 -123.92736 -37.7 -44.0 2.0 2.0
NC21-2 46.96952 -123.92425 -38.2 -44.0 2.0 2.0
NC21-3 46.96903 -123.92368 -38.1 -44.0 2.0 2.0
NC21-4 46.96882 -123.92498 -39.1 -44.0 2.0 2.0
NC21-5 46.96885 -123.92590 -39.3 -44.0 2.0 2.0
NC21-6 46.96860 -123.92723 -38.5 -44.7 2.0 2.0

NC15

NC16

NC17

NC18

NC19

NC20

NC21



Table 4.  Sampling Data 

DMMU Station Latitude Longitude

Mudline 
Elevation

 (ft, MLLW)

Acquisition
Depth

(ft, MLLW)

Sample
Length

Acquired (ft)

Z-sample
Length

Acquired (ft)
NC22-1 46.96955 -123.92179 -39.8 -44.0 2.0 2.0
HC22-2 46.96942 -123.92052 -38.5 -44.0 2.0 2.0
HC22-3 46.96928 -123.91896 -37.8 -44.0 2.0 2.0
HC22-4 46.96892 -123.91912 -33.8 -44.0 2.0 2.0
HC22-5 46.96907 -123.92050 -34.1 -44.0 2.0 2.0
HC22-6 46.96914 -123.92266 -34.4 -44.0 2.0 2.0
HC23-1 46.96921 -123.91653 -38.1 -44.0 2.0 2.0
HC23-2 46.96940 -123.91547 -39.2 -44.0 2.0 2.0
HC23-3 46.96863 -123.91234 -38.8 -44.0 2.0 2.0
HC23-4 46.96865 -123.91350 -38.5 -44.0 2.0 2.0
HC23-5 46.96874 -123.91492 -38.0 -44.0 2.0 2.0
HC23-6 46.96887 -123.91742 -36.1 -44.0 2.0 2.0
HC24-1 46.96914 -123.90955 -38.4 -44.0 2.0 2.0
HC24-2 46.96907 -123.90838 -38.3 -44.0 2.0 2.0
HC24-3 46.96895 -123.90653 -35.2 -44.0 2.0 2.0
HC24-4 46.96843 -123.90788 -39.2 -44.0 2.0 2.0
HC24-5 46.96840 -123.90981 -37.4 -44.0 2.0 2.0
HC24-6 46.96855 -123.91120 -38.0 -44.0 2.0 2.0
HC25-1 46.96888 -123.90533 -33.8 -44.0 2.0 2.0
HC25-2 46.96878 -123.90426 -34.5 -44.0 2.0 2.0
HC25-3 46.96873 -123.90326 -34.1 -44.0 2.0 2.0
HC25-4 46.96870 -123.90225 -32.4 -44.0 2.0 2.0
HC25-5 46.96864 -123.90108 -32.1 -44.0 2.0 2.0
HC25-6 46.96805 -123.90289 -38.0 -44.0 2.0 2.0
HC26-1 46.96859 -123.89969 -31.6 -44.0 2.0 2.0
HC26-2 46.96838 -123.89775 -34.1 -44.0 2.0 2.0
HC26-3 46.96833 -123.89684 -34.3 -44.0 2.0 2.0
HC26-4 46.96789 -123.89619 -38.3 -43.3 2.0 1.3
HC26-5 46.96779 -123.89748 -38.2 -43.4 2.0 1.4
HC26-6 46.96806 -123.89907 -37.8 -44.0 2.0 2.0
HC27-1 46.96827 -123.89418 -38.5 -44.0 2.0 2.0
HC27-2 46.96830 -123.89315 -38.9 -44.0 2.0 2.0
HC27-3 46.96829 -123.89201 -38.6 -44.0 2.0 2.0
HC27-4 46.96792 -123.89092 -38.9 -44.0 2.0 2.0
HC27-5 46.96774 -123.89280 -39.0 -44.0 2.0 2.0
HC27-6 46.96781 -123.89466 -38.3 -44.0 2.0 2.0
HC28-1 46.96835 -123.88894 -38.1 -44.0 2.0 2.0
HC28-2 46.96841 -123.88754 -38.0 -44.0 2.0 2.0
HC28-3 46.96789 -123.88021 -41.0 -44.0 2.0 2.0
HC28-4 46.96776 -123.88107 -39.6 -44.0 2.0 2.0
HC28-5 46.96779 -123.88673 -40.4 -44.0 2.0 2.0
HC28-6 46.96791 -123.88807 -39.6 -44.0 2.0 2.0

HC/CP29-1 46.96791 -123.87834 -35.3 -44.0 2.0 2.0
HC/CP29-2 46.96799 -123.87647 -38.6 -44.0 2.0 2.0
HC/CP29-3 46.96775 -123.87487 -39.0 -44.0 2.0 2.0
HC/CP29-4 46.96696 -123.86855 -40.6 -44.0 2.0 2.0
HC/CP29-5 46.96570 -123.86155 -38.0 -44.0 2.0 2.0
HC/CP29-6 46.96542 -123.86075 -38.6 -44.0 2.0 2.0

HC25

HC26

HC27

HC28

HC/CP29

HC24

NC22

HC23



Table 4.  Sampling Data 

DMMU Station Latitude Longitude

Mudline 
Elevation

 (ft, MLLW)

Acquisition
Depth

(ft, MLLW)

Sample
Length

Acquired (ft)

Z-sample
Length

Acquired (ft)
CP30-1 46.96468 -123.85753 -36.7 -44.0 2.0 2.0
CP30-2 46.96414 -123.85628 -39.1 -44.0 2.0 2.0
CP30-3 46.96373 -123.85615 -38.1 -43.9 2.0 1.9
CP30-4 46.96414 -123.85731 -37.0 -44.0 2.0 2.0
CP30-5 46.96445 -123.85835 -37.7 -44.0 2.0 2.0
CP30-6 46.96494 -123.85946 -39.1 -44.0 2.0 2.0
CP31-1 46.96336 -123.85411 -37.5 -43.8 2.0 1.8
CP31-2 46.96278 -123.85259 -37.8 -44.0 2.0 2.0
CP31-3 46.96144 -123.85147 -38.9 -44.0 2.0 2.0
CP31-4 46.96208 -123.85247 -39.2 -44.0 2.0 2.0
CP31-5 46.96266 -123.85369 -37.2 -44.0 2.0 2.0
CP31-6 46.96330 -123.85512 -37.5 -44.0 2.0 2.0
CP32-1 46.96132 -123.84924 -38.6 -44.0 2.0 2.0
CP32-2 46.96137 -123.84873 -39.7 -44.0 2.0 2.0
CP32-3 46.96029 -123.84952 -39.2 -44.0 2.0 2.0
CP32-4 46.95992 -123.84992 -35.7 -44.0 2.0 2.0
CP32-5 46.96023 -123.85055 -37.6 -44.0 2.0 2.0
CP32-6 46.96095 -123.85027 -39.7 -44.0 2.0 2.0
CP33-1 46.96086 -123.84764 -37.6 -44.0 2.0 2.0
CP33-2 46.95967 -123.84778 -38.8 -43.8 2.0 1.8
CP33-3 46.95938 -123.84834 -39.7 -44.0 2.0 2.0
CP33-4 46.95904 -123.84886 -38.6 -44.0 2.0 2.0
CP33-5 46.95946 -123.84924 -37.4 -44.0 2.0 2.0
CP33-6 46.96008 -123.84879 -38.5 -44.0 2.0 2.0
CP34-1 46.96046 -123.84660 -37.8 -44.0 2.0 2.0
CP34-2 46.96042 -123.84562 -35.2 -44.0 2.0 2.0
CP34-3 46.96043 -123.84465 -32.4 -42.6 2.0 0.6
CP34-4 --- --- --- --- --- ---
CP34-5 46.95993 -123.84487 -38.9 -44.0 2.0 2.0
CP34-6 46.95992 -123.84586 -40.2 -44.0 2.0 2.0
CP35-1 46.96021 -123.84353 -32.1 -43.1 2.0 1.1
CP35-2 46.96021 -123.84183 -31.6 -44.0 2.0 2.0
CP35-3 46.96032 -123.84099 -32.8 -42.2 2.0 0.2
CP35-4 46.95965 -123.84103 -36.5 -42.5 2.0 0.5
CP35-5 46.95964 -123.84229 -37.1 -41.7 1.7 none
CP35-6 46.95975 -123.84355 -37.5 -43.5 2.0 1.5
CP36-1 46.96033 -123.84000 -32.2 -42.2 2.0 0.2
CP36-2 46.96031 -123.83864 -33.3 -44.0 2.0 2.0
CP36-3 46.96019 -123.83772 -32.2 -41.6 1.6 none
CP36-4 46.95957 -123.83750 -35.9 -42.1 2.0 0.1
CP36-5 46.95952 -123.83876 -37.2 -44.0 2.0 2.0
CP36-6 46.95958 -123.84005 -36.3 -42.8 2.0 0.8

CP36

CP30

CP31

CP32

CP33

CP34

CP35



Table 5-1.   Analytical Results for South Reach: DMMUs 1 - 4 (from SEE, 2013)

Value Q Value Q Value Q Value Q

Total Solids  (%) — — — 89.00 85.20 90.20 74.90
Total Volatile Solids  (%) — — — 1.51 1.35 1.33 2.37
N-Ammonia  (mg-N/kg) — — — 6.73 11.60 3.90 19.80
Sulfide  (mg/kg) — — — 71.00 135.00 2.49 J 51.10 J
Total Organic Carbon  (%) — — — 2.68 0.31 0.98 1.17
Gravel (%) — — — 0.60 0.20 0.20 0.10
Sand (%) — — — 97.30 97.30 99.50 85.10
Silt (%) — — — 2.00 U 2.50 U 0.30 9.70
Clay (%) — — — 0.00 0.00 0.00 5.10
Fines (%) — — — 2.00 U 2.50 U 0.30 14.80

Antimony 150 — 200 6.00 U n.a. n.a. 5.00 U 7.00 U
Arsenic 57 507.1 700 6.00 U n.a. n.a. 5.00 U 7.00 U
Cadmium 5.1 11.3 14 0.20 U n.a. n.a. 0.20 U 0.30 U
Chromium 260 260 — 17.40 n.a. n.a. 17.50 23.80
Copper 390 1,027 1,300 7.00 n.a. n.a. 7.30 15.70
Lead 450 975 1,200 2.00 U n.a. n.a. 2.00 U 3.00
Mercury 0.41 1.5 2.3 0.02 U 0.02 U 0.02 U 0.03 U
Selenium — 3 — 0.60 U n.a. n.a. 0.50 U 0.60 U
Silver 6.1 6.1 8.4 0.40 U n.a. n.a. 0.30 U 0.40 U
Zinc 410 2,783 3,800 33.00 n.a. n.a. 34.00 46.00

Naphthalene 2,100 — 2,400 18.00 U n.a. n.a. 20.00 U 19.00 U
2-Methylnaphthalene 1 670 — 1,900 18.00 U n.a. n.a. 20.00 U 19.00 U
Acenaphthylene 560 — 1,300 18.00 U n.a. n.a. 20.00 U 19.00 U
Acenaphthene 500 — 2,000 18.00 U n.a. n.a. 20.00 U 19.00 U
Fluorene 540 — 3,600 18.00 U n.a. n.a. 20.00 U 19.00 U
Phenanthrene 1,500 — 21,000 18.00 U n.a. n.a. 20.00 U 19.00 U
Anthracene 960 — 13,000 18.00 U n.a. n.a. 20.00 U 19.00 U
Total LPAH 5,200 — 29,000 18.00 U n.a. n.a. 20.00 U 19.00 U
Fluoranthene 1,700 4,600 30,000 18.00 U n.a. n.a. 20.00 U 19.00 U
Pyrene 2,600 11,980 16,000 18.00 U n.a. n.a. 20.00 U 19.00 U
Benzo(a)anthracene 1,300 — 5,100 18.00 U n.a. n.a. 20.00 U 19.00 U
Chrysene 1,400 — 21,000 18.00 U n.a. n.a. 20.00 U 19.00 U
Benzo(a)pyrene 1,600 — 3,600 18.00 U n.a. n.a. 20.00 U 19.00 U
Indeno(1,2,3-cd)pyrene 600 — 4,400 18.00 U n.a. n.a. 20.00 U 19.00 U
Dibenz(a,h)anthracene 230 — 1,900 18.00 U n.a. n.a. 20.00 U 19.00 U
Benzo(g,h,i)perylene 670 — 3,200 18.00 U n.a. n.a. 20.00 U 19.00 U
Total Benzofluoranthenes 3,200 — 9,900 18.00 U n.a. n.a. 20.00 U 19.00 U
Total HPAH 12,000 — 69,000 18.00 U n.a. n.a. 20.00 U 19.00 U

1,4-Dichlorobenzene 110 — 120 18.00 U n.a. n.a. 20.00 U 19.00 U
1,2-Dichlorobenzene 35 — 110 18.00 U n.a. n.a. 20.00 U 19.00 U
1,2,4-Trichlorobenzene 31 — 64 18.00 U n.a. n.a. 20.00 U 19.00 U
Hexachlorobenzene 22 168 230 18.00 U n.a. n.a. 20.00 U 19.00 U

Dimethylphthalate 71 — 1,400 18.00 U n.a. n.a. 20.00 U 19.00 U
Diethylphthalate 200 — 1,200 46.00 U n.a. n.a. 49.00 U 47.00 U
Di-n-Butylphthalate 1,400 — 5,100 18.00 U n.a. n.a. 20.00 U 19.00 U
Butylbenzylphthalate 63 — 970 18.00 U n.a. n.a. 20.00 U 19.00 U
bis(2-Ethylhexyl)phthalate 1,300 — 8,300 23.00 U n.a. n.a. 25.00 U 24.00 U
Di-n-Octyl phthalate 6,200 — 6,200 18.00 U n.a. n.a. 20.00 U 19.00 U

Phenol 420 — 1,200 18.00 U n.a. n.a. 20.00 U 41.00
2-Methylphenol 63 — 77 18.00 U n.a. n.a. 20.00 U 19.00 U
4-Methylphenol 670 — 3,600 37.00 U n.a. n.a. 39.00 U 38.00 U
2,4-Dimethylphenol 29 — 210 17.00 U n.a. n.a. 20.00 U 19.00 U
Pentachlorophenol 400 504 690 180.00 U n.a. n.a. 200.00 U 190.00 U

Phthalates  (µg/kg dw)

Phenols (µg/kg dw)

Chlorinated Hydrocarbons  (µg/kg dw)

Compound SL BT ML
SR-1 SR-2 SR-3 SR-4

Conventionals

Metals (mg/kg dw)

PAHs  (µg/kg dw)



Table 5-1.   Analytical Results for South Reach: DMMUs 1 - 4 (from SEE, 2013)

Value Q Value Q Value Q Value Q
Compound SL BT ML

SR-1 SR-2 SR-3 SR-4

Benzyl Alcohol 57 — 870 18.00 U n.a. n.a. 20.00 UJ 19.00 U
Benzoic Acid 650 — 760 370.00 U n.a. n.a. 390.00 U 380.00 U
Dibenzofuran 540 — 1,700 18.00 U n.a. n.a. 20.00 U 19.00 U
N-Nitrosodiphenylamine 28 — 130 18.00 U n.a. n.a. 20.00 U 19.00 U
Heptachlor 1.5 — — 0.46 U n.a. n.a. 0.48 U 1.80 U
Hexachlorobutadiene 11 — 270 0.46 U n.a. n.a. 0.48 U 0.48 U

Aldrin 9.5 — — 0.46 U n.a. n.a. 0.48 U 3.10 U
Dieldrin 1.9 — — 0.92 U n.a. n.a. 0.96 U 0.96 U
4,4 -DDE 16 — — 0.92 U n.a. n.a. 0.96 U 0.96 U
4,4 -DDD 9 — — 0.92 U n.a. n.a. 0.96 U 0.96 U
4,4 -DDT 12 — — 0.92 U n.a. n.a. 0.96 U 0.96 U

sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT — 50 69
0.92 U n.a. n.a. 0.96 U 0.96 U

trans-Chlordane — — — 0.46 U n.a. n.a. 0.48 U 1.80 U
cis-Chlordane — — — 0.46 U n.a. n.a. 0.48 U 2.00 U
oxy Chlordane — — — 1.80 U n.a. n.a. 1.90 U 2.60 U
cis-Nonachlor — — — 1.80 U n.a. n.a. 1.90 U 1.90 U
trans-Nonachlor — — — 1.80 U n.a. n.a. 1.90 U 1.90 U

Total Chlordane
(sum of cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane)

2.8 37 — 1.80 U n.a. n.a. 1.90 U 2.60 U

Aroclor 1016 — — — 9.10 U n.a. n.a. 9.00 U 9.20 U
Aroclor 1242 — — — 9.10 U n.a. n.a. 9.00 U 9.20 U
Aroclor 1248 — — — 9.10 U n.a. n.a. 9.00 U 9.20 U
Aroclor 1254 — — — 9.10 U n.a. n.a. 9.00 U 9.20 U
Aroclor 1260 — — — 9.10 U n.a. n.a. 9.00 U 9.20 U
Aroclor 1221 — — — 9.10 U n.a. n.a. 9.00 U 9.20 U
Aroclor 1232 — — — 9.10 U n.a. n.a. 9.00 U 9.20 U
Aroclor 1262 — — — 9.10 U n.a. n.a. 9.00 U 9.20 U
Aroclor 1268 — — — 9.10 U n.a. n.a. 9.00 U 9.20 U
Total PCBs 130 38 (2) 3,100 9.10 U n.a. n.a. 9.00 U 9.20 U

2,3,7,8-TCDD — — — 0.138 U n.a. n.a. 0.197 U 0.436 U
1,2,3,7,8-PeCDD — — — 0.153 U n.a. n.a. 0.189 J 0.523 J
1,2,3,4,7,8-HxCDD — — — 0.192 U n.a. n.a. 0.272 U 0.601 U
1,2,3,6,7,8-HxCDD — — — 0.099 J n.a. n.a. 0.059 U 0.305 U
1,2,3,7,8,9-HxCDD — — — 0.214 U n.a. n.a. 0.253 J 1.150 J
1,2,3,4,6,7,8-HpCDD — — — 1.510 J n.a. n.a. 0.804 U 4.860
OCDD — — — 8.980 n.a. n.a. 7.010 25.700
2,3,7,8-TCDF — — — 0.195 J n.a. n.a. 0.081 J 0.163 J
1,2,3,7,8-PeCDF — — — 0.212 U n.a. n.a. 0.055 U 0.069 J
2,3,4,7,8-PeCDF — — — 0.150 U n.a. n.a. 0.048 J 0.131 U
1,2,3,4,7,8-HxCDF — — — 0.182 U n.a. n.a. 0.167 U 0.058 U
1,2,3,6,7,8-HxCDF — — — 0.027 J n.a. n.a. 0.154 U 0.044 U
2,3,4,6,7,8-HxCDF — — — 0.191 U n.a. n.a. 0.020 U 0.072 U
1,2,3,7,8,9-HxCDF — — — 0.121 U n.a. n.a. 0.095 U 0.134 U
1,2,3,4,6,7,8-HpCDF — — — 0.291 U n.a. n.a. 0.208 J 1.280 U
1,2,3,4,7,8,9-HpCDF — — — 0.236 U n.a. n.a. 0.119 U 0.385 U
OCDF — — — 0.541 U n.a. n.a. 0.145 U 1.680 U
J  - The analyte was detected below the reported quantitation limit, and the reported concentration was an estimated value.

U  - The analyte was analyzed for, but was considered not detected at the reporting limit or reported value.

UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value.

n.a. - not analyzed

Notes:

1. 2-Methylnaphthalene is not included in the summation for total LPAH.

2. This value is normalized to total organic carbon, and is expressed in mg/kg carbon.
3.  Value exceeds the DMMP screening level

Miscellaneous Extractables  (µg/kg dw)

Pesticides and PCBs (µg/kg dw)

Dioxins and Furans (ng/kg)  3



     Table 5-2.   Analytical Results for Crossover Reach:  DMMUs 5 - 13 (from SEE, 2013)

Value Q Value Q Value Q Value Q Value Q

Total Solids  (%) — — — 68.90 68.4 68.10 65.70 72.40
Total Volatile Solids  (%) — — — 3.55 3.62 4.15 4.65 3.18
N-Ammonia  (mg-N/kg) — — — 75.50 84.7 89.50 102.00 33.50
Sulfide  (mg/kg) — — — 840.00 J 23.9 557.00 J 638.00 J 455.00
Total Organic Carbon  (%) — — — 1.30 0.729 1.20 1.30 1.06
Gravel (%) — — — 0.20 0.3 0.20 0.10 U 0.60
Sand (%) — — — 73.40 73 73.60 64.90 78.50
Silt (%) — — — 18.50 18.2 17.60 24.90 14.40
Clay (%) — — — 7.80 8.3 8.60 10.50 6.40
Fines (%) — — — 26.30 26.50 26.20 35.40 20.80

Antimony 150 — 200 7.00 UJ 7.00 UJ 7.00 UJ 7.00 UJ 7.00 UJ
Arsenic 57 507.1 700 7.00 U 7.00 U 7.00 U 7.00 U 7.00 U
Cadmium 5.1 11.3 14 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U
Chromium 260 260 — 25.40 23.90 26.00 29.40 26.10
Copper 390 1,027 1,300 20.60 20.70 21.90 25.70 21.30
Lead 450 975 1,200 4.00 3.00 4.00 4.00 3.00 U
Mercury 0.41 1.5 2.3 0.03 0.03 U 0.03 U 0.04 0.03 U
Selenium — 3 — 0.70 U 0.70 U 0.70 U 0.70 U 0.60 U
Silver 6.1 6.1 8.4 0.40 U 0.40 U 0.40 U 0.40 U 0.40 U
Zinc 410 2,783 3,800 50.00 46.00 52.00 58.00 49.00

Naphthalene 2,100 — 2,400 26.00 19.00 U 12.00 J 18.00 J 19.00 U
2-Methylnaphthalene 1 670 — 1,900 24.00 19.00 U 19.00 U 19.00 U 19.00 U
Acenaphthylene 560 — 1,300 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Acenaphthene 500 — 2,000 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Fluorene 540 — 3,600 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Phenanthrene 1,500 — 21,000 12.00 J 19.00 U 17.00 J 16.00 J 10.00 J
Anthracene 960 — 13,000 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Total LPAH 5,200 — 29,000 38.00 19.00 U 29.00 34.00 10.00
Fluoranthene 1,700 4,600 30,000 19.00 U 19.00 U 13.00 J 13.00 J 10.00 J
Pyrene 2,600 11,980 16,000 11.00 J 19.00 U 13.00 J 14.00 J 12.00 J
Benzo(a)anthracene 1,300 — 5,100 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Chrysene 1,400 — 21,000 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Benzo(a)pyrene 1,600 — 3,600 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Indeno(1,2,3-cd)pyrene 600 — 4,400 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Dibenz(a,h)anthracene 230 — 1,900 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Benzo(g,h,i)perylene 670 — 3,200 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Total Benzofluoranthenes 3,200 — 9,900 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Total HPAH 12,000 — 69,000 11.00 19.00 U 26.00 27.00 22.00

1,4-Dichlorobenzene 110 — 120 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
1,2-Dichlorobenzene 35 — 110 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
1,2,4-Trichlorobenzene 31 — 64 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Hexachlorobenzene 22 168 230 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U

Dimethylphthalate 71 — 1,400 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Diethylphthalate 200 — 1,200 48.00 U 48.00 U 48.00 U 47.00 U 48.00 U
Di-n-Butylphthalate 1,400 — 5,100 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Butylbenzylphthalate 63 — 970 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
bis(2-Ethylhexyl)phthalate 1,300 — 8,300 24.00 U 15.00 J 15.00 J 23.00 U 24.00 U
Di-n-Octyl phthalate 6,200 — 6,200 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U

Phenol 420 — 1,200 17.00 J 16.00 J 19.00 U 19.00 24.00
2-Methylphenol 63 — 77 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
4-Methylphenol 670 — 3,600 33.00 J 18.00 J 20.00 J 48.00 38.00 U
2,4-Dimethylphenol 29 — 210 19.00 UJ 19.00 UJ 19.00 UJ 19.00 UJ 19.00 UJ
Pentachlorophenol 400 504 690 190.00 UJ 190.00 UJ 190.00 UJ 190.00 UJ 190.00 UJ

Conventionals

Compound SL BT ML
CO-5 CO-55 (CO5 Dup) CO-6 CO-7 CO-8

Metals (mg/kg dw)

PAHs  (µg/kg dw)

Phthalates  (µg/kg dw)

Phenols (µg/kg dw)

Chlorinated Hydrocarbons  (µg/kg dw)



     Table 5-2.   Analytical Results for Crossover Reach:  DMMUs 5 - 13 (from SEE, 2013)

Value Q Value Q Value Q Value Q Value Q
Compound SL BT ML

CO-5 CO-55 (CO5 Dup) CO-6 CO-7 CO-8

Benzyl Alcohol 57 — 870 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Benzoic Acid 650 — 760 390.00 U 380.00 U 380.00 U 370.00 U 380.00 U
Dibenzofuran 540 — 1,700 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
N-Nitrosodiphenylamine 28 — 130 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Heptachlor 1.5 — — 0.47 UJ 0.47 UJ 0.48 UJ 0.49 UJ 0.46 UJ
Hexachlorobutadiene 11 — 270 0.47 U 0.47 U 0.48 U 0.49 U 0.46 U

Aldrin 9.5 — — 0.47 U 0.47 UJ 0.48 U 0.49 U 0.46 U
Dieldrin 1.9 — — 0.95 U 0.95 U 0.97 U 0.98 U 0.93 U
4,4 -DDE 16 — — 0.95 U 0.95 U 0.97 U 0.98 J 0.93 U
4,4 -DDD 9 — — 0.95 U 0.95 U 0.97 U 0.98 U 0.93 U
4,4 -DDT 12 — — 0.95 U 0.95 U 0.97 U 7.40 J 0.93 U

sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT — 50 69
0.95 U 0.95 U 0.97 U 7.40 0.93 U

trans-Chlordane — — — 0.47 U 0.47 U 0.48 U 0.49 U 0.46 U
cis-Chlordane — — — 0.47 U 0.47 U 0.48 U 0.49 U 0.46 U
oxy Chlordane — — — 1.90 U 1.90 U 1.90 U 2.00 U 1.80 U
cis-Nonachlor — — — 1.90 U 1.90 U 1.90 U 3.40 U 1.80 U
trans-Nonachlor — — — 1.90 U 1.90 U 1.90 U 2.00 U 1.80 U

Total Chlordane
(sum of cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane)

2.8 37 — 1.90 U 1.90 U 1.90 U 3.40 U 1.80 U

Aroclor 1016 — — — 9.50 U 9.40 U 9.70 U 9.90 U 9.30 U
Aroclor 1242 — — — 9.50 U 9.40 U 9.70 U 9.90 U 9.30 U
Aroclor 1248 — — — 9.50 U 9.40 U 9.70 U 9.90 U 9.30 U
Aroclor 1254 — — — 9.50 U 9.40 U 9.70 U 9.90 U 9.30 U
Aroclor 1260 — — — 9.50 U 9.40 U 9.70 U 9.90 U 9.30 U
Aroclor 1221 — — — 9.50 U 9.40 U 9.70 U 9.90 U 9.30 U
Aroclor 1232 — — — 9.50 U 9.40 U 9.70 U 9.90 U 9.30 U
Aroclor 1262 — — — 9.50 U 9.40 U 9.70 U 9.90 U 9.30 U
Aroclor 1268 — — — 9.50 U 9.40 U 9.70 U 9.90 U 9.30 U
Total PCBs 130 38 (2) 3,100 9.50 U 9.40 U 9.70 U 9.90 U 9.30 U

2,3,7,8-TCDD — — — 0.689 U 0.642 U 0.588 U 0.853 U 0.521 U
1,2,3,7,8-PeCDD — — — 0.931 J 0.961 J 0.944 J 1.150 J 0.600 U
1,2,3,4,7,8-HxCDD — — — 2.100 2.070 1.820 J 2.900 1.650 J
1,2,3,6,7,8-HxCDD — — — 1.000 J 1.100 J 0.818 J 1.100 J 0.604 J
1,2,3,7,8,9-HxCDD — — — 0.302 J 0.303 J 0.242 J 0.315 J 0.206 J
1,2,3,4,6,7,8-HpCDD — — — 14.000 14.000 10.200 14.500 7.640
OCDD — — — 75.900 84.600 59.100 84.200 45.100
2,3,7,8-TCDF — — — 0.839 J 0.794 J 0.521 J 0.774 J 0.350 J
1,2,3,7,8-PeCDF — — — 0.168 J 0.135 U 0.132 J 0.186 J 0.085 J
2,3,4,7,8-PeCDF — — — 0.219 U 0.308 J 0.248 U 0.291 J 0.152 J
1,2,3,4,7,8-HxCDF — — — 0.037 U 0.143 U 0.079 U 0.139 U 0.077 U
1,2,3,6,7,8-HxCDF — — — 0.042 U 0.046 U 0.029 U 0.047 U 0.024 U
2,3,4,6,7,8-HxCDF — — — 0.154 J 0.168 J 0.146 J 0.257 J 0.108 U
1,2,3,7,8,9-HxCDF — — — 0.265 J 0.220 U 0.230 U 0.268 J 0.121 U
1,2,3,4,6,7,8-HpCDF — — — 0.117 U 0.177 U 0.134 U 0.129 U 0.059 U
1,2,3,4,7,8,9-HpCDF — — — 4.860 4.820 4.150 5.520 2.600
OCDF — — — 5.810 5.980 4.720 J 6.610 2.600 U

UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value.

Notes:

1.  2-Methylnaphthalene is not included in the summation for total LPAH.

2. This value is normalized to total organic carbon, and is expressed in mg/kg carbon.
3.  Value exceeds the DMMP screening level

U  -  The analyte was analyzed for, but was considered not detected
        at the reporting limit or reported value.

Miscellaneous Extractables  (µg/kg dw)

Pesticides and PCBs (µg/kg dw)

Dioxins and Furans (pg/g)  3

J  -  The analyte was detected below the reported quantitation limit, 
        and the reported concentration was an estimated value.



     Table 5-2.   Analytical Results for Crossover Reach:  DMMUs 5 - 13 (from SEE, 2013)

Total Solids  (%) — — —
Total Volatile Solids  (%) — — —
N-Ammonia  (mg-N/kg) — — —
Sulfide  (mg/kg) — — —
Total Organic Carbon  (%) — — —
Gravel (%) — — —
Sand (%) — — —
Silt (%) — — —
Clay (%) — — —
Fines (%) — — —

Antimony 150 — 200
Arsenic 57 507.1 700
Cadmium 5.1 11.3 14
Chromium 260 260 —
Copper 390 1,027 1,300
Lead 450 975 1,200
Mercury 0.41 1.5 2.3
Selenium — 3 —
Silver 6.1 6.1 8.4
Zinc 410 2,783 3,800

Naphthalene 2,100 — 2,400
2-Methylnaphthalene 1 670 — 1,900
Acenaphthylene 560 — 1,300
Acenaphthene 500 — 2,000
Fluorene 540 — 3,600
Phenanthrene 1,500 — 21,000
Anthracene 960 — 13,000
Total LPAH 5,200 — 29,000
Fluoranthene 1,700 4,600 30,000
Pyrene 2,600 11,980 16,000
Benzo(a)anthracene 1,300 — 5,100
Chrysene 1,400 — 21,000
Benzo(a)pyrene 1,600 — 3,600
Indeno(1,2,3-cd)pyrene 600 — 4,400
Dibenz(a,h)anthracene 230 — 1,900
Benzo(g,h,i)perylene 670 — 3,200
Total Benzofluoranthenes 3,200 — 9,900
Total HPAH 12,000 — 69,000

1,4-Dichlorobenzene 110 — 120
1,2-Dichlorobenzene 35 — 110
1,2,4-Trichlorobenzene 31 — 64
Hexachlorobenzene 22 168 230

Dimethylphthalate 71 — 1,400
Diethylphthalate 200 — 1,200
Di-n-Butylphthalate 1,400 — 5,100
Butylbenzylphthalate 63 — 970
bis(2-Ethylhexyl)phthalate 1,300 — 8,300
Di-n-Octyl phthalate 6,200 — 6,200

Phenol 420 — 1,200
2-Methylphenol 63 — 77
4-Methylphenol 670 — 3,600
2,4-Dimethylphenol 29 — 210
Pentachlorophenol 400 504 690

Conventionals

Compound SL BT ML

Metals (mg/kg dw)

PAHs  (µg/kg dw)

Phthalates  (µg/kg dw)

Phenols (µg/kg dw)

Chlorinated Hydrocarbons  (µg/kg dw)

Value Q Value Q Value Q Value Q Value Q

71.70 71.8 62.9 70.3 65.1
3.28 3.7 5.0 3.3 5.0

54.60 58.0 113.0 91.3 68.2
398.00 4.6 791.0 23.9 238.0 J

0.56 1.1 1.6 1.1 1.6
4.80 0.2 0.1 0.1 U 0.1

68.70 71.0 63.0 70.3 65.2
19.00 18.8 24.5 19.8 23.7

7.40 10.1 12.3 9.8 11.0
26.40 28.90 36.80 29.60 34.70

6.00 UJ 7.00 UJ 7.00 UJ 7.00 UJ 7.00 UJ
6.00 7.00 U 7.00 U 7.00 U 8.00
0.30 U 0.30 U 0.30 U 0.30 U 0.30 U

28.70 25.40 30.00 26.80 30.40
24.90 22.60 28.70 24.30 30.00

3.00 U 3.00 4.00 3.00 4.00
0.03 U 0.03 0.04 0.03 0.04
0.60 U 0.70 U 0.80 U 0.70 U 0.70 U
0.40 U 0.40 U 0.40 U 0.40 U 0.40 U

52.00 50.00 58.00 53.00 60.00

20.00 U 11.00 J 16.00 J 18.00 U 27.00
20.00 U 19.00 U 11.00 J 18.00 U 14.00 J
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 15.00 J 18.00 U 20.00
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 11.00 31.00 18.00 U 47.00
11.00 J 19.00 U 12.00 J 18.00 U 18.00 J

9.80 J 19.00 U 14.00 J 18.00 U 19.00
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 11.00 J
20.80 19.00 U 26.00 18.00 U 48.00

20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U

20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
49.00 U 48.00 U 48.00 U 46.00 U 47.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
24.00 U 24.00 U 24.00 U 23.00 U 23.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U

20.00 U 19.00 U 47.00 18.00 U 23.00
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
39.00 U 39.00 U 41.00 37.00 U 80.00
20.00 UJ 19.00 UJ 19.00 UJ 18.00 UJ 19.00 UJ

200.00 UJ 190.00 UJ 190.00 UJ 180.00 UJ 190.00 U

CO-12 CO-13CO-11CO-9 CO-10

  

   

   

  

    



     Table 5-2.   Analytical Results for Crossover Reach:  DMMUs 5 - 13 (from SEE, 2013)

Compound SL BT ML

Benzyl Alcohol 57 — 870
Benzoic Acid 650 — 760
Dibenzofuran 540 — 1,700
N-Nitrosodiphenylamine 28 — 130
Heptachlor 1.5 — —
Hexachlorobutadiene 11 — 270

Aldrin 9.5 — —
Dieldrin 1.9 — —
4,4 -DDE 16 — —
4,4 -DDD 9 — —
4,4 -DDT 12 — —

sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT — 50 69

trans-Chlordane — — —
cis-Chlordane — — —
oxy Chlordane — — —
cis-Nonachlor — — —
trans-Nonachlor — — —

Total Chlordane
(sum of cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane)

2.8 37 —

Aroclor 1016 — — —
Aroclor 1242 — — —
Aroclor 1248 — — —
Aroclor 1254 — — —
Aroclor 1260 — — —
Aroclor 1221 — — —
Aroclor 1232 — — —
Aroclor 1262 — — —
Aroclor 1268 — — —
Total PCBs 130 38 (2) 3,100

2,3,7,8-TCDD — — —
1,2,3,7,8-PeCDD — — —
1,2,3,4,7,8-HxCDD — — —
1,2,3,6,7,8-HxCDD — — —
1,2,3,7,8,9-HxCDD — — —
1,2,3,4,6,7,8-HpCDD — — —
OCDD — — —
2,3,7,8-TCDF — — —
1,2,3,7,8-PeCDF — — —
2,3,4,7,8-PeCDF — — —
1,2,3,4,7,8-HxCDF — — —
1,2,3,6,7,8-HxCDF — — —
2,3,4,6,7,8-HxCDF — — —
1,2,3,7,8,9-HxCDF — — —
1,2,3,4,6,7,8-HpCDF — — —
1,2,3,4,7,8,9-HpCDF — — —
OCDF — — —

UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value.

Notes:

1.  2-Methylnaphthalene is not included in the summation for total LPAH.

2. This value is normalized to total organic carbon, and is expressed in mg/kg carbon.
3.  Value exceeds the DMMP screening level

U  -  The analyte was analyzed for, but was considered not detected
        at the reporting limit or reported value.

Miscellaneous Extractables  (µg/kg dw)

Pesticides and PCBs (µg/kg dw)

Dioxins and Furans (pg/g)  3

J  -  The analyte was detected below the reported quantitation limit, 
        and the reported concentration was an estimated value.

Value Q Value Q Value Q Value Q Value Q
CO-12 CO-13CO-11CO-9 CO-10

20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
390.00 U 390.00 U 380.00 U 370.00 U 380.00 U

20.00 U 19.00 U 19.00 U 18.00 U 19.00 U
20.00 U 19.00 U 19.00 U 18.00 U 19.00 U

0.48 UJ 0.48 UJ 0.48 UJ 0.48 UJ 0.50 UJ
0.48 U 0.48 U 0.48 U 0.48 U 0.50 U

0.48 U 0.48 U 0.48 U 0.48 U 0.50 U
0.95 U 0.96 U 0.96 U 0.96 U 1.00 U
0.95 U 0.96 U 0.96 U 0.96 U 1.00 U
0.95 U 0.96 U 0.96 U 0.96 U 1.00 U
0.95 U 0.96 U 0.96 U 0.96 U 1.00 UJ

0.95 U 0.96 U
0.96 U 0.96 U 1.00 UJ

0.48 U 0.48 U 0.48 U 0.48 U 0.70 U
0.48 U 0.48 U 0.48 U 0.48 U 0.50 U
1.90 U 1.90 U 1.90 U 1.90 U 2.00 U
1.90 U 1.90 U 1.90 U 1.90 U 2.00 U
1.90 U 1.90 U 1.90 U 1.90 U 2.00 U

1.90 U 1.90 U 1.90 U 1.90 U 2.00 U

9.50 U 9.50 U 9.60 U 9.70 U 9.70 U
9.50 U 9.50 U 9.60 U 9.70 U 9.70 U
9.50 U 9.50 U 9.60 U 9.70 U 9.70 U
9.50 U 9.50 U 9.60 U 9.70 U 9.70 U
9.50 U 9.50 U 9.60 U 9.70 U 9.70 U
9.50 U 9.50 U 9.60 U 9.70 U 9.70 U
9.50 U 9.50 U 9.60 U 9.70 U 9.70 U
9.50 U 9.50 U 9.60 U 9.70 U 9.70 U
9.50 U 9.50 U 9.60 U 9.70 U 9.70 U
9.50 U 9.50 U 9.60 U 9.70 U

0.611 J 0.790 J 0.896 U 0.857 J 0.983 U
0.742 J 0.941 J 1.280 J 1.080 J 1.470
1.690 J 2.150 3.010 2.200 0.356 J
0.631 J 0.886 J 1.260 J 0.974 J 1.320 J
0.205 J 0.291 J 0.340 J 0.258 J 3.740
7.550 12.000 14.000 10.500 15.100 J

43.300 78.000 80.400 63.600 89.100 J
0.295 J 0.464 J 0.658 J 0.475 J 0.542 J
0.065 J 0.119 J 0.147 J 0.117 U 0.069 U
0.084 U 0.243 J 0.123 U 0.139 J 0.115 U
0.051 U 0.109 U 0.140 U 0.081 U 0.275 J
0.025 U 0.060 U 0.047 U 0.028 U 0.192 U
0.084 U 0.151 U 0.200 U 0.168 J 0.170 U
0.143 U 0.197 U 0.251 U 0.200 J 0.050 U
0.052 U 0.056 U 0.181 J 0.143 U 5.330
2.150 3.860 5.000 3.910 0.138 U
2.540 J 5.980 5.960 3.790 U 7.230

    

    

     



            Table 5-3.   Analytical Results for North Channel:  DMMUs 14 - 21 (from SEE, 2013)

Value Q Value Q Value Q Value Q

Total Solids  (%) — — — 60.60 62.80 60.10 68.70
Total Volatile Solids  (%) — — — 4.77 5.16 4.99 3.26
N-Ammonia  (mg-N/kg) — — — 81.00 120.00 117.00 58.40
Sulfide  (mg/kg) — — — 262.00 220.00 572.00 32.90
Total Organic Carbon  (%) — — — 1.20 2.24 1.65 1.18
Gravel (%) — — — 0.10 0.10 0.70 0.50
Sand (%) — — — 62.30 46.50 53.90 72.60
Silt (%) — — — 25.80 37.50 31.70 18.60
Clay (%) — — — 11.80 15.90 13.60 8.30
Fines (%) — — — 37.60 53.40 45.30 26.90

Antimony 150 — 200 8.00 UJ 8.00 UJ 8.00 UJ 7.00 UJ
Arsenic 57 507.1 700 8.00 U 8.00 U 8.00 U 7.00 U
Cadmium 5.1 11.3 14 0.30 U 0.30 U 0.30 U 0.30 U
Chromium 260 260 — 31.80 33.50 31.50 27.20
Copper 390 1,027 1,300 34.70 38.40 36.70 27.30
Lead 450 975 1,200 4.00 4.00 4.00 3.00
Mercury 0.41 1.5 2.3 0.04 0.04 0.04 0.03 U
Selenium — 3 — 0.80 U 0.80 U 0.80 U 0.70 U
Silver 6.1 6.1 8.4 0.50 U 0.50 U 0.50 U 0.40 U
Zinc 410 2,783 3,800 63.00 64.00 62.00 55.00

Naphthalene 2,100 — 2,400 12.00 J 15.00 J 17.00 J 19.00 U
2-Methylnaphthalene 1 670 — 1,900 20.00 U 18.00 U 10.00 J 19.00 U
Acenaphthylene 560 — 1,300 20.00 U 18.00 U 19.00 U 19.00 U
Acenaphthene 500 — 2,000 20.00 U 18.00 U 19.00 U 19.00 U
Fluorene 540 — 3,600 20.00 U 18.00 U 19.00 U 19.00 U
Phenanthrene 1,500 — 21,000 12.00 J 15.00 J 26.00 19.00 U
Anthracene 960 — 13,000 20.00 U 18.00 U 19.00 U 19.00 U
Total LPAH 5,200 — 29,000 24.00 30.00 43.00 19.00 U
Fluoranthene 1,700 4,600 30,000 11.00 J 14.00 J 20.00 19.00 U
Pyrene 2,600 11,980 16,000 11.00 J 15.00 J 19.00 19.00 U
Benzo(a)anthracene 1,300 — 5,100 20.00 U 18.00 U 19.00 U 19.00 U
Chrysene 1,400 — 21,000 20.00 U 18.00 U 19.00 U 19.00 U
Benzo(a)pyrene 1,600 — 3,600 20.00 U 18.00 U 19.00 U 19.00 U
Indeno(1,2,3-cd)pyrene 600 — 4,400 20.00 U 18.00 U 19.00 U 19.00 U
Dibenz(a,h)anthracene 230 — 1,900 20.00 U 18.00 U 19.00 U 19.00 U
Benzo(g,h,i)perylene 670 — 3,200 20.00 U 18.00 U 19.00 U 19.00 U
Total Benzofluoranthenes 3,200 — 9,900 20.00 U 18.00 U 19.00 U 19.00 U
Total HPAH 12,000 — 69,000 22.00 29.00 39.00 19.00 U

1,4-Dichlorobenzene 110 — 120 20.00 U 18.00 U 19.00 U 19.00 U
1,2-Dichlorobenzene 35 — 110 20.00 U 18.00 U 19.00 U 19.00 U
1,2,4-Trichlorobenzene 31 — 64 20.00 U 18.00 U 19.00 U 19.00 U
Hexachlorobenzene 22 168 230 20.00 U 18.00 U 19.00 U 19.00 U

Dimethylphthalate 71 — 1,400 20.00 U 18.00 U 19.00 U 19.00 U
Diethylphthalate 200 — 1,200 50.00 U 46.00 U 47.00 U 47.00 U
Di-n-Butylphthalate 1,400 — 5,100 20.00 U 18.00 U 19.00 U 19.00 U
Butylbenzylphthalate 63 — 970 20.00 U 18.00 U 19.00 U 19.00 U
bis(2-Ethylhexyl)phthalate 1,300 — 8,300 25.00 U 23.00 U 24.00 U 24.00 U
Di-n-Octyl phthalate 6,200 — 6,200 20.00 U 18.00 U 19.00 U 19.00 U

Phenol 420 — 1,200 20.00 U 38.00 19.00 20.00
2-Methylphenol 63 — 77 20.00 U 18.00 U 19.00 U 19.00 U
4-Methylphenol 670 — 3,600 79.00 16.00 J 36.00 J 38.00 U
2,4-Dimethylphenol 29 — 210 20.00 UJ 18.00 UJ 18.00 UJ 19.00 UJ
Pentachlorophenol 400 504 690 200.00 U 180.00 U 190.00 U 190.00 UJ

Chlorinated Hydrocarbons  (µg/kg dw)

Phthalates  (µg/kg dw)

Phenols (µg/kg dw)

Conventionals

Metals (mg/kg dw)

PAHs  (µg/kg dw)

Compound SL BT ML
CO/NC-14 NC-15 NC-16 NC-17



            Table 5-3.   Analytical Results for North Channel:  DMMUs 14 - 21 (from SEE, 2013)

Value Q Value Q Value Q Value Q
Compound SL BT ML

CO/NC-14 NC-15 NC-16 NC-17

Benzyl Alcohol 57 — 870 20.00 U 18.00 U 19.00 U 19.00 U
Benzoic Acid 650 — 760 400.00 U 370.00 U 380.00 U 380.00 U
Dibenzofuran 540 — 1,700 20.00 U 18.00 U 19.00 U 19.00 U
N-Nitrosodiphenylamine 28 — 130 20.00 U 18.00 U 19.00 U 19.00 U
Heptachlor 1.5 — — 0.49 UJ 0.46 UJ 0.47 UJ 0.48 UJ
Hexachlorobutadiene 11 — 270 0.49 U 0.46 U 0.47 U 0.48 U

Aldrin 9.5 — — 0.49 U 0.46 U 0.47 U 0.48 U
Dieldrin 1.9 — — 0.99 U 0.93 U 0.93 U 0.97 U
4,4 -DDE 16 — — 0.99 U 0.93 U 0.93 U 0.97 U
4,4 -DDD 9 — — 0.99 U 0.93 U 0.93 U 0.97 U
4,4 -DDT 12 — — 0.99 UJ 0.93 UJ 0.93 UJ 0.97 U

sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT — 50 69 0.99 U 0.93 U 0.93 U 0.97 U
trans-Chlordane — — — 1.40 U 0.46 U 0.83 U 0.48 U
cis-Chlordane — — — 0.49 U 0.46 U 0.47 U 0.48 U
oxy Chlordane — — — 2.00 U 1.80 U 1.90 U 1.90 U
cis-Nonachlor — — — 2.00 U 1.80 U 1.90 U 1.90 U
trans-Nonachlor — — — 2.00 U 1.80 U 1.90 U 1.90 U

Total Chlordane
(sum of cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane)

2.8 37 — 2.00 U 1.80 U 1.90 U 1.90 U

Aroclor 1016 — — — 9.80 U 9.20 U 9.40 U 9.80 U
Aroclor 1242 — — — 9.80 U 9.20 U 9.40 U 9.80 U
Aroclor 1248 — — — 9.80 U 9.20 U 9.40 U 9.80 U
Aroclor 1254 — — — 9.80 U 9.20 U 9.40 U 9.80 U
Aroclor 1260 — — — 9.80 U 9.20 U 9.40 U 9.80 U
Aroclor 1221 — — — 9.80 U 9.20 U 9.40 U 9.80 U
Aroclor 1232 — — — 9.80 U 9.20 U 9.40 U 9.80 U
Aroclor 1262 — — — 9.80 U 9.20 U 9.40 U 9.80 U
Aroclor 1268 — — — 9.80 U 9.20 U 9.40 U 9.80 U
Total PCBs 130 38 (2) 3,100 9.80 U 9.20 U 9.40 U 9.80 U

2,3,7,8-TCDD — — — 1.540 1.230 U 1.680 0.947 J
1,2,3,7,8-PeCDD — — — 1.970 1.660 2.140 1.080 J
1,2,3,4,7,8-HxCDD — — — 0.404 J 0.332 J 0.484 J 2.620
1,2,3,6,7,8-HxCDD — — — 1.480 J 1.280 J 1.620 J 0.882 J
1,2,3,7,8,9-HxCDD — — — 4.610 4.840 5.420 0.280 J
1,2,3,4,6,7,8-HpCDD — — — 15.900 J 12.300 J 16.400 J 10.300
OCDD — — — 86.400 J 64.500 J 84.700 J 60.400
2,3,7,8-TCDF — — — 0.533 J 0.318 J 0.440 J 0.407 J
1,2,3,7,8-PeCDF — — — 0.109 J 0.017 U 0.132 U 0.113 J
2,3,4,7,8-PeCDF — — — 0.193 J 0.068 U 0.140 U 0.156 J
1,2,3,4,7,8-HxCDF — — — 0.305 J 0.152 J 0.310 J 0.088 U
1,2,3,6,7,8-HxCDF — — — 0.219 J 0.023 U 0.138 U 0.048 U
2,3,4,6,7,8-HxCDF — — — 0.176 J 0.190 J 0.152 J 0.148 U
1,2,3,7,8,9-HxCDF — — — 0.066 U 0.010 U 0.090 U 0.194 J
1,2,3,4,6,7,8-HpCDF — — — 4.980 3.330 7.320 0.125 U
1,2,3,4,7,8,9-HpCDF — — — 0.260 J 0.106 U 0.168 U 3.540
OCDF — — — 6.900 4.080 J 7.510 4.270 J

UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value.

Notes:

1. 2-Methylnaphthalene is not included in the summation for total LPAH.

2. This value is normalized to total organic carbon, and is expressed in mg/kg carbon.
3.  Value exceeds the DMMP screening level

J  -  The analyte was detected below the reported quantitation limit, 
        and the reported concentration was an estimated value.

U  -  The analyte was analyzed for, but was considered not detected
        at the reporting limit or reported value.

Miscellaneous Extractables  (µg/kg dw)

Pesticides and PCBs (µg/kg dw)

Dioxins and Furans (pg/g)  3



            Table 5-3.   Analytical Results for North Channel:  DMMUs 14 - 21 (from SEE, 2013)

Total Solids  (%) — — —
Total Volatile Solids  (%) — — —
N-Ammonia  (mg-N/kg) — — —
Sulfide  (mg/kg) — — —
Total Organic Carbon  (%) — — —
Gravel (%) — — —
Sand (%) — — —
Silt (%) — — —
Clay (%) — — —
Fines (%) — — —

Antimony 150 — 200
Arsenic 57 507.1 700
Cadmium 5.1 11.3 14
Chromium 260 260 —
Copper 390 1,027 1,300
Lead 450 975 1,200
Mercury 0.41 1.5 2.3
Selenium — 3 —
Silver 6.1 6.1 8.4
Zinc 410 2,783 3,800

Naphthalene 2,100 — 2,400
2-Methylnaphthalene 1 670 — 1,900
Acenaphthylene 560 — 1,300
Acenaphthene 500 — 2,000
Fluorene 540 — 3,600
Phenanthrene 1,500 — 21,000
Anthracene 960 — 13,000
Total LPAH 5,200 — 29,000
Fluoranthene 1,700 4,600 30,000
Pyrene 2,600 11,980 16,000
Benzo(a)anthracene 1,300 — 5,100
Chrysene 1,400 — 21,000
Benzo(a)pyrene 1,600 — 3,600
Indeno(1,2,3-cd)pyrene 600 — 4,400
Dibenz(a,h)anthracene 230 — 1,900
Benzo(g,h,i)perylene 670 — 3,200
Total Benzofluoranthenes 3,200 — 9,900
Total HPAH 12,000 — 69,000

1,4-Dichlorobenzene 110 — 120
1,2-Dichlorobenzene 35 — 110
1,2,4-Trichlorobenzene 31 — 64
Hexachlorobenzene 22 168 230

Dimethylphthalate 71 — 1,400
Diethylphthalate 200 — 1,200
Di-n-Butylphthalate 1,400 — 5,100
Butylbenzylphthalate 63 — 970
bis(2-Ethylhexyl)phthalate 1,300 — 8,300
Di-n-Octyl phthalate 6,200 — 6,200

Phenol 420 — 1,200
2-Methylphenol 63 — 77
4-Methylphenol 670 — 3,600
2,4-Dimethylphenol 29 — 210
Pentachlorophenol 400 504 690

Chlorinated Hydrocarbons  (µg/kg dw)

Phthalates  (µg/kg dw)

Phenols (µg/kg dw)

Conventionals

Metals (mg/kg dw)

PAHs  (µg/kg dw)

Compound SL BT ML
Value Q Value Q Value Q Value Q

70.00 57.20 64.80 58.40
3.30 5.53 4.22 6.10

96.80 153.00 137.00 171.00
73.40 927.00 166.00 512.00

0.84 1.26 1.09 1.61
0.10 0.10 0.10 0.10

66.80 37.80 58.00 36.20
23.70 44.40 30.70 46.40

9.40 17.90 11.20 17.20
33.10 62.30 41.90 63.60

7.00 UJ 8.00 UJ 7.00 UJ 8.00 UJ
7.00 U 8.00 U 7.00 U 8.00 U
0.30 U 0.30 U 0.30 U 0.30 U

28.40 36.10 32.20 36.90
28.70 53.90 40.10 50.00

3.00 5.00 4.00 5.00
0.03 U 0.04 0.03 0.05
0.60 U 0.90 U 0.70 U 0.80 U
0.40 U 0.50 U 0.40 U 0.50 U

54.00 73.00 63.00 74.00

19.00 U 23.00 20.00 U 70.00
19.00 U 19.00 U 20.00 U 15.00 J
19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 23.00 20.00 U 28.00
19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 46.00 20.00 U 98.00
19.00 U 26.00 9.90 J 33.00
19.00 U 22.00 9.90 J 30.00
19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 19.00 U 20.00 U 12.00 J
19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 12.00 J 20.00 U 18.00 U
19.00 U 60.00 19.80 75.00

19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 19.00 U 20.00 U 18.00 U

19.00 U 19.00 U 20.00 U 18.00 U
47.00 U 48.00 U 50.00 U 46.00 U
19.00 U 19.00 U 20.00 U 18.00 U
19.00 U 19.00 U 20.00 U 18.00 U
24.00 U 24.00 U 25.00 U 23.00 U
19.00 U 19.00 U 20.00 U 18.00 U

19.00 U 25.00 20.00 U 80.00
19.00 U 19.00 U 20.00 U 18.00 U
38.00 U 20.00 J 13.00 J 28.00 J
19.00 UJ 18.00 UJ 20.00 UJ 18.00 UJ

190.00 UJ 190.00 U 200.00 U 180.00 U

    

   

  

  

   

NC-21NC-18 NC-19 NC-20



            Table 5-3.   Analytical Results for North Channel:  DMMUs 14 - 21 (from SEE, 2013)

Compound SL BT ML

Benzyl Alcohol 57 — 870
Benzoic Acid 650 — 760
Dibenzofuran 540 — 1,700
N-Nitrosodiphenylamine 28 — 130
Heptachlor 1.5 — —
Hexachlorobutadiene 11 — 270

Aldrin 9.5 — —
Dieldrin 1.9 — —
4,4 -DDE 16 — —
4,4 -DDD 9 — —
4,4 -DDT 12 — —

sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT — 50 69

trans-Chlordane — — —
cis-Chlordane — — —
oxy Chlordane — — —
cis-Nonachlor — — —
trans-Nonachlor — — —

Total Chlordane
(sum of cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane)

2.8 37 —

Aroclor 1016 — — —
Aroclor 1242 — — —
Aroclor 1248 — — —
Aroclor 1254 — — —
Aroclor 1260 — — —
Aroclor 1221 — — —
Aroclor 1232 — — —
Aroclor 1262 — — —
Aroclor 1268 — — —
Total PCBs 130 38 (2) 3,100

2,3,7,8-TCDD — — —
1,2,3,7,8-PeCDD — — —
1,2,3,4,7,8-HxCDD — — —
1,2,3,6,7,8-HxCDD — — —
1,2,3,7,8,9-HxCDD — — —
1,2,3,4,6,7,8-HpCDD — — —
OCDD — — —
2,3,7,8-TCDF — — —
1,2,3,7,8-PeCDF — — —
2,3,4,7,8-PeCDF — — —
1,2,3,4,7,8-HxCDF — — —
1,2,3,6,7,8-HxCDF — — —
2,3,4,6,7,8-HxCDF — — —
1,2,3,7,8,9-HxCDF — — —
1,2,3,4,6,7,8-HpCDF — — —
1,2,3,4,7,8,9-HpCDF — — —
OCDF — — —

UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value.

Notes:

1. 2-Methylnaphthalene is not included in the summation for total LPAH.

2. This value is normalized to total organic carbon, and is expressed in mg/kg carbon.
3.  Value exceeds the DMMP screening level

J  -  The analyte was detected below the reported quantitation limit, 
        and the reported concentration was an estimated value.

U  -  The analyte was analyzed for, but was considered not detected
        at the reporting limit or reported value.

Miscellaneous Extractables  (µg/kg dw)

Pesticides and PCBs (µg/kg dw)

Dioxins and Furans (pg/g)  3

Value Q Value Q Value Q Value Q
NC-21NC-18 NC-19 NC-20

19.00 U 15.00 J 20.00 U 18.00 U
380.00 U 380.00 U 400.00 U 110.00 J

19.00 U 19.00 U 20.00 U 9.20 J
19.00 U 19.00 U 20.00 U 18.00 U

0.49 UJ 0.49 UJ 0.48 UJ 0.48 UJ
0.49 U 0.49 U 0.48 U 0.48 U

0.49 U 0.49 U 0.48 U 0.48 U
0.98 U 0.98 U 0.96 U 0.96 U
0.98 U 0.98 U 0.96 U 0.96 U
0.98 U 0.98 U 0.96 U 0.96 U
0.98 U 0.98 U 0.96 UJ 0.96 UJ

0.98 U 0.98 U 0.96 U 0.96 U

0.49 U 0.49 U 0.48 U 1.20 U
0.49 U 0.49 U 0.48 U 0.48 U
2.00 U 2.00 U 1.90 U 1.90 U
2.00 U 2.00 U 1.90 U 1.90 U
2.00 U 2.00 U 1.90 U 1.90 U

2.00 U 2.00 U 1.90 U 1.90 U

9.70 U 9.80 U 9.50 U 9.50 U
9.70 U 9.80 U 9.50 U 9.50 U
9.70 U 9.80 U 9.50 U 9.50 U
9.70 U 9.80 U 9.50 U 9.50 U
9.70 U 9.80 U 9.50 U 9.50 U
9.70 U 9.80 U 9.50 U 9.50 U
9.70 U 9.80 U 9.50 U 9.50 U
9.70 U 9.80 U 9.50 U 9.50 U
9.70 U 9.80 U 9.50 U 9.50 U
9.70 U 9.80 U 9.50 U 9.50 U

0.892 U 0.404 U 1.360 0.274 U
1.050 U 0.557 J 1.450 0.364 J
2.740 0.109 U 0.298 J 0.051 U
0.883 J 0.443 J 0.945 J 0.233 U
0.250 J 1.500 J 3.930 0.757 J

10.700 5.350 J 10.800 J 2.490 J
62.200 30.500 J 56.000 J 14.200 J
0.263 J 0.189 J 0.312 J 0.088 U
0.078 U 0.024 U 0.041 U 0.016 U
0.130 J 0.044 U 0.079 J 0.039 U
0.083 U 0.078 U 0.124 J 0.037 U
0.021 U 0.030 U 0.089 J 0.027 J
0.100 U 0.070 U 0.043 U 0.049 J
0.137 U 0.020 U 0.032 U 0.006 U
0.093 U 1.300 J 2.150 0.815 J
2.620 0.052 U 0.089 J 0.008 U
3.760 J 1.990 J 3.180 J 1.090 J

    

    

     



Table 5-4.   Analytical Results for Hoquiam Reach: DMMUs 22-29 (from SEE, 2013)

Value Q Value Q Value Q Value Q Value Q

Total Solids  (%) — — — 64.20 65.00 64.90 69.50 58.70
Total Volatile Solids  (%) — — — 4.44 4.31 4.46 3.51 7.39
N-Ammonia  (mg-N/kg) — — — 127.00 95.70 111.00 81.80 165.00
Sulfide  (mg/kg) — — — 585.00 478.00 n.v. 5 107.00 J 656.00
Total Organic Carbon  (%) — — — 1.29 1.21 1.09 1.09 1.72
Gravel (%) — — — 0.10 0.10 U 0.10 0.10 0.10 U
Sand (%) — — — 58.60 57.50 57.30 74.40 42.90
Silt (%) — — — 29.50 30.20 30.60 18.20 42.50
Clay (%) — — — 12.00 12.40 12.00 7.30 14.70
Fines (%) — — — 41.50 42.60 42.60 25.50 57.20

Antimony 150 — 200 8.00 UJ 8.00 UJ 7.00 UJ 20.00 UJ 8.00 UJ
Arsenic 57 507.1 700 8.00 U 8.00 U 7.00 U 20.00 U 8.00 U
Cadmium 5.1 11.3 14 0.30 U 0.30 U 0.30 U 0.70 U 0.30 U
Chromium 260 260 — 33.00 30.60 30.80 37.00 40.00
Copper 390 1,027 1,300 40.30 38.00 38.50 46.40 57.30
Lead 450 975 1,200 4.00 4.00 4.00 7.00 U 5.00
Mercury 0.41 1.5 2.3 0.04 0.04 0.03 0.03 U 0.05
Selenium — 3 — 0.70 U 0.70 U 0.80 U 0.70 U 0.80 U
Silver 6.1 6.1 8.4 0.50 U 0.50 U 0.40 U 1.00 U 0.50 U
Zinc 410 2,783 3,800 67.00 63.00 63.00 72.00 76.00

Naphthalene 2,100 — 2,400 18.00 J 19.00 U 19.00 U 19.00 U 18.00 J
2-Methylnaphthalene 1 670 — 1,900 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Acenaphthylene 560 — 1,300 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Acenaphthene 500 — 2,000 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Fluorene 540 — 3,600 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Phenanthrene 1,500 — 21,000 20.00 19.00 U 19.00 U 19.00 U 16.00 J
Anthracene 960 — 13,000 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Total LPAH 5,200 — 29,000 38.00 19.00 U 19.00 U 19.00 U 34.00
Fluoranthene 1,700 4,600 30,000 25.00 13.00 J 11.00 J 19.00 U 26.00
Pyrene 2,600 11,980 16,000 22.00 12.00 J 11.00 J 19.00 U 21.00
Benzo(a)anthracene 1,300 — 5,100 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Chrysene 1,400 — 21,000 10.00 J 19.00 U 19.00 U 19.00 U 10.00 J
Benzo(a)pyrene 1,600 — 3,600 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Indeno(1,2,3-cd)pyrene 600 — 4,400 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Dibenz(a,h)anthracene 230 — 1,900 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Benzo(g,h,i)perylene 670 — 3,200 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Total Benzofluoranthenes 3,200 — 9,900 15.00 J 19.00 U 19.00 U 19.00 U 17.00 J
Total HPAH 12,000 — 69,000 72.00 25.00 22.00 19.00 U 74.00

1,4-Dichlorobenzene 110 — 120 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
1,2-Dichlorobenzene 35 — 110 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
1,2,4-Trichlorobenzene 31 — 64 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Hexachlorobenzene 22 168 230 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U

Dimethylphthalate 71 — 1,400 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Diethylphthalate 200 — 1,200 48.00 U 47.00 U 48.00 U 47.00 U 48.00 U
Di-n-Butylphthalate 1,400 — 5,100 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Butylbenzylphthalate 63 — 970 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
bis(2-Ethylhexyl)phthalate 1,300 — 8,300 24.00 U 23.00 U 24.00 U 15.00 J 15.00 J
Di-n-Octyl phthalate 6,200 — 6,200 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U

Phenol 420.00 — 1200.00 48.00 13.00 J 30.00 19.00 U 20.00
2-Methylphenol 63.00 — 77.00 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
4-Methylphenol 670.00 — 3600.00 19.00 J 16.00 J 13.00 J 38.00 U 30.00 J
2,4-Dimethylphenol 29.00 — 210.00 19.00 UJ 19.00 UJ 19.00 UJ 19.00 UJ 19.00 UJ
Pentachlorophenol 400.00 504.00 690.00 190.00 U 190.00 UJ 190.00 UJ 190.00 UJ 190.00 UJ

Conventionals

Compound SL BT ML
HC-22 HC-23 HC-73 (HC23 Dup) HC-24 HC-25

Metals (mg/kg dw)

PAHs  (µg/kg dw)

Phthalates  (µg/kg dw)

Phenols (µg/kg dw)

Chlorinated Hydrocarbons  (µg/kg dw)



Table 5-4.   Analytical Results for Hoquiam Reach: DMMUs 22-29 (from SEE, 2013)

Value Q Value Q Value Q Value Q Value Q
Compound SL BT ML

HC-22 HC-23 HC-73 (HC23 Dup) HC-24 HC-25

Benzyl Alcohol 57 — 870 19.00 U 19.00 U 19.00 U 19.00 U 16.00 J
Benzoic Acid 650 — 760 380.00 U 380.00 U 390.00 U 380.00 U 380.00 U
Dibenzofuran 540 — 1,700 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
N-Nitrosodiphenylamine 28 — 130 19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
Heptachlor 1.5 — — 0.49 UJ 0.50 UJ 0.49 UJ 0.49 UJ 0.48 UJ
Hexachlorobutadiene 11 — 270 0.49 U 0.50 U 0.49 U 0.49 U 0.48 U

Aldrin 9.5 — — 0.49 U 0.50 U 0.49 U 0.49 U 0.48 U
Dieldrin 1.9 — — 0.98 U 0.99 U 0.98 U 0.98 U 0.96 U
4,4 -DDE 16 — — 0.98 U 0.99 U 0.98 U 0.98 U 0.96 U
4,4 -DDD 9 — — 0.98 U 0.99 U 0.98 U 0.98 U 0.96 U
4,4 -DDT 12 — — 0.98 UJ 0.99 U 0.98 U 0.98 U 0.96 UJ

sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT — 50 69
0.98 UJ 0.99 U 0.98 U 0.98 U 0.96 UJ

trans-Chlordane — — — 1.10 U 0.50 U 0.49 U 0.49 U 0.86 U
cis-Chlordane — — — 0.49 U 0.50 U 0.49 U 0.49 U 0.48 U
oxy Chlordane — — — 2.00 U 2.00 U 2.00 U 2.00 U 1.90 U
cis-Nonachlor — — — 2.00 U 2.00 U 2.00 U 2.00 U 1.90 U
trans-Nonachlor — — — 2.00 U 2.00 U 2.00 U 2.00 U 1.90 U

Total Chlordane
(sum of cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane)

2.8 37 — 2.00 U 2.00 U 2.00 U 2.00 U 1.90 U

Aroclor 1016 — — — 9.50 U 9.90 U 9.90 U 9.80 U 9.60 U
Aroclor 1242 — — — 9.50 U 9.90 U 9.90 U 9.80 U 9.60 U
Aroclor 1248 — — — 9.50 U 9.90 U 9.90 U 9.80 U 9.60 U
Aroclor 1254 — — — 9.50 U 9.90 U 9.90 U 9.80 U 9.60 U
Aroclor 1260 — — — 9.50 U 9.90 U 9.90 U 9.80 U 9.60 U
Aroclor 1221 — — — 9.50 U 9.90 U 9.90 U 9.80 U 9.60 U
Aroclor 1232 — — — 9.50 U 9.90 U 9.90 U 9.80 U 9.60 U
Aroclor 1262 — — — 9.50 U 9.90 U 9.90 U 9.80 U 9.60 U
Aroclor 1268 — — — 9.50 U 9.90 U 9.90 U 9.80 U 9.60 U
Total PCBs 130 38 (2) 3,100 9.50 U 9.90 U 9.90 U 9.80 U 9.6 U

2,3,7,8-TCDD — — — 1.710 1.300 U 1.540 1.000 2.000
1,2,3,7,8-PeCDD — — — 2.130 1.840 J 1.930 J 1.210 J 2.900 J
1,2,3,4,7,8-HxCDD — — — 0.492 J 4.560 4.560 2.960 7.400
1,2,3,6,7,8-HxCDD — — — 1.840 J 1.310 U 1.530 J 0.913 J 2.290
1,2,3,7,8,9-HxCDD — — — 5.200 0.305 U 0.317 U 0.300 J 0.747 J
1,2,3,4,6,7,8-HpCDD — — — 20.800 J 17.100 18.000 11.200 27.400
OCDD — — — 121.000 J 97.800 105.000 62.000 154.000
2,3,7,8-TCDF — — — 0.766 J 0.592 U 0.665 J 0.211 U 0.599 J
1,2,3,7,8-PeCDF — — — 0.163 U 0.144 U 0.179 U 0.082 U 0.180 U
2,3,4,7,8-PeCDF — — — 0.238 J 0.292 J 0.325 J 0.172 U 0.255 U
1,2,3,4,7,8-HxCDF — — — 0.335 J 0.149 U 0.153 U 0.085 U 0.163 U
1,2,3,6,7,8-HxCDF — — — 0.226 U 0.051 J 0.049 U 0.041 U 0.142 J
2,3,4,6,7,8-HxCDF — — — 0.232 U 0.211 J 0.205 J 0.085 U 0.234 J
1,2,3,7,8,9-HxCDF — — — 0.081 J 0.267 J 0.291 J 0.111 U 0.360 J
1,2,3,4,6,7,8-HpCDF — — — 5.880 0.161 U 0.232 J 0.100 U 0.252 U
1,2,3,4,7,8,9-HpCDF — — — 0.278 J 5.280 5.700 2.760 6.790
OCDF — — — 8.630 6.820 7.220 3.300 U 12.200

UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value.

Notes:

1.  2-Methylnaphthalene is not included in the summation for total LPAH.

2. This value is normalized to total organic carbon, and is expressed in mg/kg carbon.
3.  Value exceeds the DMMP screening level

4.  nv = no value.  Sulfides were not taken for blind field replicates

U  -  The analyte was analyzed for, but was considered not detected
        at the reporting limit or reported value.

Miscellaneous Extractables  (µg/kg dw)

Pesticides and PCBs (µg/kg dw)

Dioxins and Furans (pg/g)  3

J  -  The analyte was detected below the reported quantitation limit, 
        and the reported concentration was an estimated value.



Table 5-4.   Analytical Results for Hoquiam Reach: DMMUs 22-29 (from SEE, 2013)

Total Solids  (%) — — —
Total Volatile Solids  (%) — — —
N-Ammonia  (mg-N/kg) — — —
Sulfide  (mg/kg) — — —
Total Organic Carbon  (%) — — —
Gravel (%) — — —
Sand (%) — — —
Silt (%) — — —
Clay (%) — — —
Fines (%) — — —

Antimony 150 — 200
Arsenic 57 507.1 700
Cadmium 5.1 11.3 14
Chromium 260 260 —
Copper 390 1,027 1,300
Lead 450 975 1,200
Mercury 0.41 1.5 2.3
Selenium — 3 —
Silver 6.1 6.1 8.4
Zinc 410 2,783 3,800

Naphthalene 2,100 — 2,400
2-Methylnaphthalene 1 670 — 1,900
Acenaphthylene 560 — 1,300
Acenaphthene 500 — 2,000
Fluorene 540 — 3,600
Phenanthrene 1,500 — 21,000
Anthracene 960 — 13,000
Total LPAH 5,200 — 29,000
Fluoranthene 1,700 4,600 30,000
Pyrene 2,600 11,980 16,000
Benzo(a)anthracene 1,300 — 5,100
Chrysene 1,400 — 21,000
Benzo(a)pyrene 1,600 — 3,600
Indeno(1,2,3-cd)pyrene 600 — 4,400
Dibenz(a,h)anthracene 230 — 1,900
Benzo(g,h,i)perylene 670 — 3,200
Total Benzofluoranthenes 3,200 — 9,900
Total HPAH 12,000 — 69,000

1,4-Dichlorobenzene 110 — 120
1,2-Dichlorobenzene 35 — 110
1,2,4-Trichlorobenzene 31 — 64
Hexachlorobenzene 22 168 230

Dimethylphthalate 71 — 1,400
Diethylphthalate 200 — 1,200
Di-n-Butylphthalate 1,400 — 5,100
Butylbenzylphthalate 63 — 970
bis(2-Ethylhexyl)phthalate 1,300 — 8,300
Di-n-Octyl phthalate 6,200 — 6,200

Phenol 420.00 — 1200.00
2-Methylphenol 63.00 — 77.00
4-Methylphenol 670.00 — 3600.00
2,4-Dimethylphenol 29.00 — 210.00
Pentachlorophenol 400.00 504.00 690.00

Conventionals

Compound SL BT ML

Metals (mg/kg dw)

PAHs  (µg/kg dw)

Phthalates  (µg/kg dw)

Phenols (µg/kg dw)

Chlorinated Hydrocarbons  (µg/kg dw)

Value Q Value Q Value Q Value Q Value Q

59.80 61.90 60.00 60.70 56.90
5.14 5.76 6.63 4.75 5.90

148.00 74.90 74.70 82.40 113.00
441.00 874.00 n.v. 5 735.00 1390.00

1.81 1.51 1.59 1.53 1.68
0.20 0.40 0.40 0.30 0.60

49.90 60.30 59.30 59.40 43.40
36.80 27.20 27.60 29.10 40.00
13.00 12.30 12.80 11.10 16.10
49.80 39.50 40.40 40.20 56.10

8.00 UJ 8.00 UJ 8.00 UJ 20.00 UJ 8.00 UJ
8.00 U 8.00 U 8.00 U 20.00 U 8.00 U
0.30 U 0.30 U 0.30 U 0.80 U 0.30 U

36.70 37.10 36.40 38.00 33.00
51.60 49.00 51.20 51.60 40.30

5.00 5.00 5.00 8.00 U 4.00
0.05 0.04 0.03 U 0.04 0.04
0.80 U 0.80 U 0.80 U 0.80 U 0.70 U
0.50 U 0.50 U 0.50 U 1.00 U 0.50 U

76.00 72.00 75.00 79.00 67.00

15.00 J 30.00 22.00 15.00 J 22.00
19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 12.00 J 19.00 U 19.00 U
19.00 U 19.00 U 9.40 J 19.00 U 19.00 U
12.00 J 49.00 20.00 17.00 J 16.00 J
19.00 U 19.00 U 13.00 J 19.00 U 19.00 U
27.00 79.00 76.40 32.00 38.00
18.00 J 76.00 J 23.00 J 23.00 24.00
15.00 J 63.00 J 22.00 J 22.00 23.00
19.00 U 41.00 J 19.00 UJ 19.00 U 19.00 U
19.00 U 41.00 J 19.00 UJ 19.00 U 19.00 U
19.00 U 34.00 19.00 U 19.00 U 19.00 U
19.00 U 16.00 J 19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
19.00 U 16.00 J 19.00 U 19.00 U 19.00 U
19.00 U 72.00 J 10.00 J 19.00 U 12.00 J
33.00 359.00 55.00 45.00 59.00

19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U 19.00 U 19.00 U

19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
47.00 U 48.00 U 47.00 U 47.00 U 48.00 U
19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
17.00 J 24.00 U 24.00 U 23.00 U 24.00 U
19.00 U 19.00 U 19.00 U 19.00 U 19.00 U

18.00 J 24.00 33.00 52.00 36.00
19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
15.00 J 39.00 67.00 37.00 18.00 J
19.00 UJ 19.00 UJ 19.00 UJ 19.00 UJ 19.00 UJ

190.00 UJ 190.00 U 190.00 U 190.00 U 190.00 U

HC-28 HC/CP-29HC-57 (HC27 Dup)HC-26 HC-27

  

   

   

  

    



Table 5-4.   Analytical Results for Hoquiam Reach: DMMUs 22-29 (from SEE, 2013)

Compound SL BT ML

Benzyl Alcohol 57 — 870
Benzoic Acid 650 — 760
Dibenzofuran 540 — 1,700
N-Nitrosodiphenylamine 28 — 130
Heptachlor 1.5 — —
Hexachlorobutadiene 11 — 270

Aldrin 9.5 — —
Dieldrin 1.9 — —
4,4 -DDE 16 — —
4,4 -DDD 9 — —
4,4 -DDT 12 — —

sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT — 50 69

trans-Chlordane — — —
cis-Chlordane — — —
oxy Chlordane — — —
cis-Nonachlor — — —
trans-Nonachlor — — —

Total Chlordane
(sum of cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane)

2.8 37 —

Aroclor 1016 — — —
Aroclor 1242 — — —
Aroclor 1248 — — —
Aroclor 1254 — — —
Aroclor 1260 — — —
Aroclor 1221 — — —
Aroclor 1232 — — —
Aroclor 1262 — — —
Aroclor 1268 — — —
Total PCBs 130 38 (2) 3,100

2,3,7,8-TCDD — — —
1,2,3,7,8-PeCDD — — —
1,2,3,4,7,8-HxCDD — — —
1,2,3,6,7,8-HxCDD — — —
1,2,3,7,8,9-HxCDD — — —
1,2,3,4,6,7,8-HpCDD — — —
OCDD — — —
2,3,7,8-TCDF — — —
1,2,3,7,8-PeCDF — — —
2,3,4,7,8-PeCDF — — —
1,2,3,4,7,8-HxCDF — — —
1,2,3,6,7,8-HxCDF — — —
2,3,4,6,7,8-HxCDF — — —
1,2,3,7,8,9-HxCDF — — —
1,2,3,4,6,7,8-HpCDF — — —
1,2,3,4,7,8,9-HpCDF — — —
OCDF — — —

UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value.

Notes:

1.  2-Methylnaphthalene is not included in the summation for total LPAH.

2. This value is normalized to total organic carbon, and is expressed in mg/kg carbon.
3.  Value exceeds the DMMP screening level

4.  nv = no value.  Sulfides were not taken for blind field replicates

U  -  The analyte was analyzed for, but was considered not detected
        at the reporting limit or reported value.

Miscellaneous Extractables  (µg/kg dw)

Pesticides and PCBs (µg/kg dw)

Dioxins and Furans (pg/g)  3

J  -  The analyte was detected below the reported quantitation limit, 
        and the reported concentration was an estimated value.

Value Q Value Q Value Q Value Q Value Q
HC-28 HC/CP-29HC-57 (HC27 Dup)HC-26 HC-27

14.00 J 19.00 U 24.00 12.00 J 11.00 J
380.00 U 390.00 U 380.00 U 370.00 U 380.00 U

19.00 U 19.00 U 19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U 19.00 U 19.00 U

0.48 UJ 0.50 UJ 0.49 UJ 0.46 UJ 0.48 UJ
0.48 U 0.50 U 0.49 U 0.46 U 0.48 U

0.48 U 0.50 U 0.49 U 0.46 U 0.48 U
0.97 U 0.99 U 0.98 U 0.92 U 0.96 U
0.97 U 0.99 U 0.98 U 0.92 U 0.96 U
0.97 U 0.99 U 0.98 U 0.92 U 0.96 U
0.97 U 1.50 UJ 0.98 UJ 0.92 UJ 0.96 UJ

0.97 U 1.50 UJ 0.98 UJ
0.92 UJ 0.96 UJ

0.90 U 0.50 U 0.49 U 0.99 U 1.50 U
0.48 U 0.50 U 0.49 U 0.46 U 0.48 U
1.90 U 2.00 U 2.00 U 1.80 U 1.90 U
1.90 U 2.00 U 2.00 U 1.80 U 1.90 U
1.90 U 2.00 U 2.00 U 1.80 U 1.90 U

1.90 U 2.00 U 2.00 U 1.80 U 1.90 U

9.60 U 9.60 U 9.60 U 9.50 U 9.90 U
9.60 U 9.60 U 9.60 U 9.50 U 9.90 U
9.60 U 9.60 U 9.60 U 9.50 U 9.90 U
9.60 U 9.60 U 9.60 U 9.50 U 9.90 U
9.60 U 9.60 U 9.60 U 9.50 U 9.90 U
9.60 U 9.60 U 9.60 U 9.50 U 9.90 U
9.60 U 9.60 U 9.60 U 9.50 U 9.90 U
9.60 U 9.60 U 9.60 U 9.50 U 9.90 U
9.60 U 9.60 U 9.60 U 9.50 U 9.90 U
9.6 U 9.6 U 9.6 U 9.5 U 9.9 U

1.210 U 3.240 1.370 1.770 0.993 U
1.730 J 4.440 1.690 2.220 1.280
3.760 0.866 J 0.287 U 0.548 U 0.264 U
1.280 J 3.370 1.380 J 1.940 J 1.120 J
0.407 J 11.300 J 3.970 J 5.270 3.120

15.700 40.000 J 16.900 J 19.400 J 10.800 J
102.000 233.000 J 111.000 J 108.000 J 63.100 J

0.368 J 0.800 J 0.547 J 0.508 J 0.260 J
0.131 U 0.199 U 0.020 U 0.125 J 0.097 U
0.228 U 0.270 J 0.157 J 0.155 U 0.107 U
0.091 U 0.495 J 0.270 U 0.225 U 0.311 J
0.084 J 0.371 J 0.215 J 0.191 J 0.180 J
0.211 J 0.232 U 0.276 J 0.247 U 0.111 U
0.261 J 0.099 U 0.022 U 0.036 U 0.083 J
0.201 U 9.210 7.050 4.520 3.370
4.680 0.411 J 0.138 U 0.233 J 0.155 U
7.980 16.700 8.700 7.580 5.930

    

    

     



            Table 5-5.   Analytical Results for Cow Point:  DMMUs 30 - 36 (from SEE, 2013)

Value Q Value Q Value Q Value Q

Total Solids  (%) — — — 57.6 54.4 52.2 47.8
Total Volatile Solids  (%) — — — 6.9 7.0 7.9 8.4
N-Ammonia  (mg-N/kg) — — — 179.0 157.0 210.0 115.0
Sulfide  (mg/kg) — — — 501.0 920.0 509.0 70.2
Total Organic Carbon  (%) — — — 1.6 1.9 2.0 2.4
Gravel (%) — — — 0.1 0.1 0.6 5.9
Sand (%) — — — 23.8 19.7 25.5 15.3
Silt (%) — — — 51.7 57.0 49.6 48.2
Clay (%) — — — 24.5 23.4 24.2 30.6
Fines (%) — — — 76.2 80.4 73.8 78.8

Antimony 150 — 200 8.00 UJ 9.00 UJ 10.00 UJ 10.00 UJ
Arsenic 57 507.1 700 8.00 U 9.00 U 10.00 U 10.00 U
Cadmium 5.1 11.3 14 0.30 U 0.30 U 0.40 U 0.40 U
Chromium 260 260 — 38.40 40.10 44.00 48.00
Copper 390 1,027 1,300 61.90 65.00 71.60 82.80
Lead 450 975 1,200 6.00 6.00 6.00 7.00
Mercury 0.41 1.5 2.3 0.05 0.06 0.05 0.06
Selenium — 3 — 0.80 U 0.90 U 0.90 U 1.00 U
Silver 6.1 6.1 8.4 0.50 U 0.50 U 0.60 U 0.60 U
Zinc 410 2,783 3,800 77.00 83.00 86.00 93.00

Naphthalene 2,100 — 2,400 19.00 32.00 30.00 49.00
2-Methylnaphthalene 1 670 — 1,900 19.00 U 10.00 J 12.00 J 13.00 J
Acenaphthylene 560 — 1,300 19.00 U 19.00 U 19.00 U 18.00 U
Acenaphthene 500 — 2,000 19.00 U 19.00 U 19.00 U 18.00 U
Fluorene 540 — 3,600 19.00 U 9.40 J 14.00 J 18.00 U
Phenanthrene 1,500 — 21,000 23.00 28.00 30.00 27.00
Anthracene 960 — 13,000 19.00 U 19.00 U 19.00 U 18.00 U
Total LPAH 5,200 — 29,000 42.00 60.00 60.00 76.00
Fluoranthene 1,700 4,600 30,000 32.00 35.00 33.00 30.00
Pyrene 2,600 11,980 16,000 28.00 33.00 27.00 28.00
Benzo(a)anthracene 1,300 — 5,100 10.00 J 19.00 U 19.00 U 18.00 U
Chrysene 1,400 — 21,000 12.00 J 13.00 J 13.00 J 13.00 J
Benzo(a)pyrene 1,600 — 3,600 19.00 U 19.00 U 19.00 U 18.00 U
Indeno(1,2,3-cd)pyrene 600 — 4,400 19.00 U 19.00 U 19.00 U 18.00 U
Dibenz(a,h)anthracene 230 — 1,900 19.00 U 19.00 U 19.00 U 18.00 U
Benzo(g,h,i)perylene 670 — 3,200 19.00 U 19.00 U 11.00 J 18.00 U
Total Benzofluoranthenes 3,200 — 9,900 20.00 24.00 20.00 21.00
Total HPAH 12,000 — 69,000 122.00 105.00 104.00 92.00

1,4-Dichlorobenzene 110 — 120 19.00 U 19.00 U 16.00 J 18.00 U
1,2-Dichlorobenzene 35 — 110 19.00 U 19.00 U 19.00 U 18.00 U
1,2,4-Trichlorobenzene 31 — 64 19.00 U 19.00 U 19.00 U 18.00 U
Hexachlorobenzene 22 168 230 19.00 U 19.00 U 19.00 U 18.00 U

Dimethylphthalate 71 — 1,400 19.00 U 19.00 U 19.00 U 18.00 U
Diethylphthalate 200 — 1,200 47.00 U 47.00 U 47.00 U 46.00 U
Di-n-Butylphthalate 1,400 — 5,100 19.00 U 19.00 U 19.00 U 18.00 U
Butylbenzylphthalate 63 — 970 19.00 U 19.00 U 19.00 U 10.00 J
bis(2-Ethylhexyl)phthalate 1,300 — 8,300 24.00 U 24.00 U 24.00 U 23.00 U
Di-n-Octyl phthalate 6,200 — 6,200 19.00 U 19.00 U 19.00 U 18.00 U

Phenol 420 — 1,200 130.00 120.00 56.00 100.00
2-Methylphenol 63 — 77 19.00 U 19.00 U 11.00 J 18.00 U
4-Methylphenol 670 — 3,600 26.00 J 30.00 J 42.00 66.00
2,4-Dimethylphenol 29 — 210 19.00 UJ 19.00 UJ 19.00 UJ 18.00 UJ
Pentachlorophenol 400 504 690 190.00 U 190.00 U 190.00 U 180.00 U

Metals (mg/kg dw)

PAHs  (µg/kg dw)

Chlorinated Hydrocarbons  (µg/kg dw)

Phthalates  (µg/kg dw)

Phenols (µg/kg dw)

Conventionals

Compound SL BT ML
CP-30 CP-31 CP-32 CP-33



            Table 5-5.   Analytical Results for Cow Point:  DMMUs 30 - 36 (from SEE, 2013)

Value Q Value Q Value Q Value Q
Compound SL BT ML

CP-30 CP-31 CP-32 CP-33

Benzyl Alcohol 57 — 870 26.00 35.00 100.00 110.00
Benzoic Acid 650 — 760 110.00 J 150.00 J 210.00 J 380.00
Dibenzofuran 540 — 1,700 19.00 U 19.00 U 19.00 U 18.00 U
N-Nitrosodiphenylamine 28 — 130 19.00 U 19.00 U 19.00 U 18.00 U
Heptachlor 1.5 — — 0.47 UJ 0.48 UJ 0.47 UJ 0.49 UJ
Hexachlorobutadiene 11 — 270 0.47 U 0.48 U 0.47 U 0.49 U

Aldrin 9.5 — — 0.47 U 0.48 U 0.47 U 0.49 U
Dieldrin 1.9 — — 0.95 U 0.97 U 0.94 U 0.97 U
4,4 -DDE 16 — — 0.95 U 0.97 U 0.94 U 0.97 U
4,4 -DDD 9 — — 0.95 U 0.97 U 0.94 U 0.97 U
4,4 -DDT 12 — — 0.95 UJ 0.97 UJ 0.94 UJ 0.97 UJ

sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT — 50 69
0.95 UJ 0.97 UJ 0.94 UJ 0.97 UJ

trans-Chlordane — — — 1.60 U 1.20 U 1.50 U 1.90 U
cis-Chlordane — — — 0.47 U 0.48 U 0.47 U 0.49 U
oxy Chlordane — — — 1.90 U 1.90 U 1.90 U 1.90 U
cis-Nonachlor — — — 1.90 U 1.90 U 1.90 U 1.90 U
trans-Nonachlor — — — 1.90 U 1.90 U 1.90 U 1.90 U

Total Chlordane
(sum of cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane)

2.8 37 — 1.90 U 1.90 U 1.90 U 1.90 U

Aroclor 1016 — — — 9.40 U 9.90 U 9.30 U 9.60 U
Aroclor 1242 — — — 9.40 U 9.90 U 9.30 U 9.60 U
Aroclor 1248 — — — 9.40 U 9.90 U 9.30 U 9.60 U
Aroclor 1254 — — — 9.40 U 9.90 U 9.30 U 9.60 U
Aroclor 1260 — — — 9.40 U 9.90 U 9.30 U 9.60 U
Aroclor 1221 — — — 9.40 U 9.90 U 9.30 U 9.60 U
Aroclor 1232 — — — 9.40 U 9.90 U 9.30 U 9.60 U
Aroclor 1262 — — — 9.40 U 9.90 U 9.30 U 9.60 U
Aroclor 1268 — — — 9.40 U 9.90 U 9.30 U 9.60 U
Total PCBs 130 38 (2) 3,100 9.40 U 9.90 U 9.30 U 9.60 U

2,3,7,8-TCDD — — — 0.321 U 2.710 2.680 0.415 U
1,2,3,7,8-PeCDD — — — 0.376 U 3.930 3.560 0.532 U
1,2,3,4,7,8-HxCDD — — — 0.016 U 0.655 U 0.707 J 0.140 J
1,2,3,6,7,8-HxCDD — — — 0.422 J 2.950 2.520 0.463 J
1,2,3,7,8,9-HxCDD — — — 1.010 J 9.830 7.890 1.240 J
1,2,3,4,6,7,8-HpCDD — — — 7.490 J 35.000 J 25.500 J 5.760 J
OCDD — — — 55.800 J 210.000 J 129.000 J 34.600 J
2,3,7,8-TCDF — — — 0.111 U 0.804 J 0.839 J 0.158 J
1,2,3,7,8-PeCDF — — — 0.011 U 0.166 J 0.221 U 0.011 U
2,3,4,7,8-PeCDF — — — 0.018 U 0.267 U 0.301 J 0.066 J
1,2,3,4,7,8-HxCDF — — — 0.109 J 0.507 J 0.476 J 0.050 U
1,2,3,6,7,8-HxCDF — — — 0.059 U 0.370 U 0.353 J 0.050 J
2,3,4,6,7,8-HxCDF — — — 0.052 U 0.529 J 0.287 J 0.040 U
1,2,3,7,8,9-HxCDF — — — 0.018 U 0.105 J 0.127 J 0.017 U
1,2,3,4,6,7,8-HpCDF — — — 2.650 9.610 6.920 1.740 J
1,2,3,4,7,8,9-HpCDF — — — 0.020 U 0.396 J 0.285 U 0.064 U
OCDF — — — 4.940 18.000 11.900 3.220 J

UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value.

Notes:

1.   2-Methylnaphthalene is not included in the summation for total LPAH.

2. This value is normalized to total organic carbon, and is expressed in mg/kg carbon.
3.  Value exceeds the DMMP screening level

Pesticides and PCBs (µg/kg dw)

Dioxins and Furans (pg/g)  3

J  -  The analyte was detected below the reported quantitation limit, 
        and the reported concentration was an estimated value.

U  -  The analyte was analyzed for, but was considered not detected
        at the reporting limit or reported value.

Miscellaneous Extractables  (µg/kg dw)



            Table 5-5.   Analytical Results for Cow Point:  DMMUs 30 - 36 (from SEE, 2013)

Total Solids  (%) — — —
Total Volatile Solids  (%) — — —
N-Ammonia  (mg-N/kg) — — —
Sulfide  (mg/kg) — — —
Total Organic Carbon  (%) — — —
Gravel (%) — — —
Sand (%) — — —
Silt (%) — — —
Clay (%) — — —
Fines (%) — — —

Antimony 150 — 200
Arsenic 57 507.1 700
Cadmium 5.1 11.3 14
Chromium 260 260 —
Copper 390 1,027 1,300
Lead 450 975 1,200
Mercury 0.41 1.5 2.3
Selenium — 3 —
Silver 6.1 6.1 8.4
Zinc 410 2,783 3,800

Naphthalene 2,100 — 2,400
2-Methylnaphthalene 1 670 — 1,900
Acenaphthylene 560 — 1,300
Acenaphthene 500 — 2,000
Fluorene 540 — 3,600
Phenanthrene 1,500 — 21,000
Anthracene 960 — 13,000
Total LPAH 5,200 — 29,000
Fluoranthene 1,700 4,600 30,000
Pyrene 2,600 11,980 16,000
Benzo(a)anthracene 1,300 — 5,100
Chrysene 1,400 — 21,000
Benzo(a)pyrene 1,600 — 3,600
Indeno(1,2,3-cd)pyrene 600 — 4,400
Dibenz(a,h)anthracene 230 — 1,900
Benzo(g,h,i)perylene 670 — 3,200
Total Benzofluoranthenes 3,200 — 9,900
Total HPAH 12,000 — 69,000

1,4-Dichlorobenzene 110 — 120
1,2-Dichlorobenzene 35 — 110
1,2,4-Trichlorobenzene 31 — 64
Hexachlorobenzene 22 168 230

Dimethylphthalate 71 — 1,400
Diethylphthalate 200 — 1,200
Di-n-Butylphthalate 1,400 — 5,100
Butylbenzylphthalate 63 — 970
bis(2-Ethylhexyl)phthalate 1,300 — 8,300
Di-n-Octyl phthalate 6,200 — 6,200

Phenol 420 — 1,200
2-Methylphenol 63 — 77
4-Methylphenol 670 — 3,600
2,4-Dimethylphenol 29 — 210
Pentachlorophenol 400 504 690

Metals (mg/kg dw)

PAHs  (µg/kg dw)

Chlorinated Hydrocarbons  (µg/kg dw)

Phthalates  (µg/kg dw)

Phenols (µg/kg dw)

Conventionals

Compound SL BT ML
Value Q Value Q Value Q

53.9 56.1 54.4
7.3 7.1 7.8

102.0 150.0 82.2
247.0 879.0 797.0

2.0 1.5 2.2
5.1 32.5 42.5

32.2 20.9 16.5
46.0 31.2 27.4
16.8 15.3 13.6
62.8 46.5 41.0

9.00 UJ 20.00 UJ 9.00 UJ
9.00 U 20.00 U 9.00 U
0.40 U 0.90 U 0.30 U

41.80 42.00 39.90
66.90 61.90 62.40

6.00 9.00 U 6.00
0.06 0.06 0.06
0.90 U 0.90 U 0.90 U
0.60 U 1.00 U 0.50 U

82.00 83.00 80.00

23.00 17.00 J 20.00
9.60 J 19.00 U 19.00 U

19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U
25.00 22.00 50.00
19.00 U 19.00 U 9.60 J
48.00 39.00 79.60
31.00 30.00 58.00
26.00 26.00 63.00
19.00 U 19.00 U 24.00
12.00 J 19.00 U 24.00
19.00 U 19.00 U 23.00
19.00 U 19.00 U 9.60 J
19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 13.00 J
18.00 J 13.00 J 30.00
87.00 69.00 244.60

19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U

19.00 U 19.00 U 19.00 U
48.00 U 47.00 U 48.00 U
19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U
24.00 U 19.00 J 16.00 J
19.00 U 19.00 U 19.00 U

40.00 22.00 23.00
19.00 U 19.00 U 19.00 U

110.00 20.00 J 24.00 J
19.00 UJ 19.00 UJ 19.00 UJ

190.00 U 190.00 UJ 190.00 UJ

  

   

    

   

  

CP-34 CP-35 CP-36



            Table 5-5.   Analytical Results for Cow Point:  DMMUs 30 - 36 (from SEE, 2013)

Compound SL BT ML

Benzyl Alcohol 57 — 870
Benzoic Acid 650 — 760
Dibenzofuran 540 — 1,700
N-Nitrosodiphenylamine 28 — 130
Heptachlor 1.5 — —
Hexachlorobutadiene 11 — 270

Aldrin 9.5 — —
Dieldrin 1.9 — —
4,4 -DDE 16 — —
4,4 -DDD 9 — —
4,4 -DDT 12 — —

sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT — 50 69

trans-Chlordane — — —
cis-Chlordane — — —
oxy Chlordane — — —
cis-Nonachlor — — —
trans-Nonachlor — — —

Total Chlordane
(sum of cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane)

2.8 37 —

Aroclor 1016 — — —
Aroclor 1242 — — —
Aroclor 1248 — — —
Aroclor 1254 — — —
Aroclor 1260 — — —
Aroclor 1221 — — —
Aroclor 1232 — — —
Aroclor 1262 — — —
Aroclor 1268 — — —
Total PCBs 130 38 (2) 3,100

2,3,7,8-TCDD — — —
1,2,3,7,8-PeCDD — — —
1,2,3,4,7,8-HxCDD — — —
1,2,3,6,7,8-HxCDD — — —
1,2,3,7,8,9-HxCDD — — —
1,2,3,4,6,7,8-HpCDD — — —
OCDD — — —
2,3,7,8-TCDF — — —
1,2,3,7,8-PeCDF — — —
2,3,4,7,8-PeCDF — — —
1,2,3,4,7,8-HxCDF — — —
1,2,3,6,7,8-HxCDF — — —
2,3,4,6,7,8-HxCDF — — —
1,2,3,7,8,9-HxCDF — — —
1,2,3,4,6,7,8-HpCDF — — —
1,2,3,4,7,8,9-HpCDF — — —
OCDF — — —

UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated 

Notes:

1.   2-Methylnaphthalene is not included in the summation for total LPAH.

2. This value is normalized to total organic carbon, and is expressed in mg/kg carbon.
3.  Value exceeds the DMMP screening level

Pesticides and PCBs (µg/kg dw)

Dioxins and Furans (pg/g)  3

J  -  The analyte was detected below the reported quantitation limit, 
        and the reported concentration was an estimated value.

U  -  The analyte was analyzed for, but was considered not detected
        at the reporting limit or reported value.

Miscellaneous Extractables  (µg/kg dw)
Value Q Value Q Value Q

CP-34 CP-35 CP-36

53.00 24.00 32.00
280.00 J 380.00 U 150.00 J

19.00 U 19.00 U 19.00 U
19.00 U 19.00 U 19.00 U

0.47 UJ 0.49 UJ 3.80 UJ
0.47 U 0.49 U 0.48 U

0.47 U 0.49 U 0.48 U
0.93 U 0.98 U 0.95 U
0.93 U 0.98 U 1.40 U
0.93 U 0.98 U 0.95 U
0.93 UJ 0.98 U 0.95 UJ

0.93 UJ 0.98 U
0.95 UJ

1.10 U 1.00 U 0.99 U
0.47 U 0.49 U 0.48 U
1.90 U 2.00 U 1.90 U
1.90 U 2.00 U 1.90 U
1.90 U 2.00 U 1.90 U

1.90 U 2.00 U 1.90 U

9.40 U 9.70 U 9.60 U
9.40 U 9.70 U 9.60 U
9.40 U 9.70 U 9.60 U
9.40 U 9.70 U 9.60 U
9.40 U 9.70 U 9.60 U
9.40 U 9.70 U 9.60 U
9.40 U 9.70 U 9.60 U
9.40 U 9.70 U 9.60 U
9.40 U 9.70 U 9.60 U
9.40 U 9.70 U 9.60 U

0.859 U 1.960 2.450
1.030 2.710 J 3.430 J
0.165 U 6.830 7.760
0.784 J 2.500 2.760
2.430 0.664 J 0.827 J
9.570 J 31.900 36.800

58.000 J 197.000 227.000
0.177 U 0.709 J 0.728 J
0.031 U 0.202 U 0.262 J
0.058 U 0.461 U 0.565 U
0.147 J 0.208 J 0.180 U
0.089 U 0.136 U 0.087 U
0.068 U 0.289 U 0.345 U
0.009 U 0.456 J 0.436 U
2.660 0.372 U 0.411 U
0.082 U 10.700 11.500
4.920 16.900 21.500

    

     

    



Table 5-6.   Analytical Results for North Bay Reference Sediments (from SEE, 2013)

Value Q Value Q

Total Solids  (%) — — — 73 58.70
Total Volatile Solids  (%) — — — 2.36 4.14
N-Ammonia  (mg-N/kg) — — — 11.4 9.56
Sulfide  (mg/kg) — — — 10.7 J 112.00 J
Total Organic Carbon  (%) — — — 1.15 0.79
Gravel (%) — — — 0.1 U 0.20
Sand (%) — — — 91.3 60.00
Silt (%) — — — 5.5 28.20
Clay (%) — — — 3.1 11.60
Fines (%) — — — 8.6 39.80

2,3,7,8-TCDD — — — 0.146 U 0.415 U
1,2,3,7,8-PeCDD — — — 0.236 U 0.702 J
1,2,3,4,7,8-HxCDD — — — 0.111 J 1.230 U
1,2,3,6,7,8-HxCDD — — — 0.201 U 0.722 J
1,2,3,7,8,9-HxCDD — — — 0.449 U 0.214 U
1,2,3,4,6,7,8-HpCDD — — — 3.510 9.470
OCDD — — — 22.100 54.600
2,3,7,8-TCDF — — — 0.195 J 0.380 J
1,2,3,7,8-PeCDF — — — 0.054 U 0.110 U
2,3,4,7,8-PeCDF — — — 0.042 U 0.244 J
1,2,3,4,7,8-HxCDF — — — 0.065 U 0.087 U
1,2,3,6,7,8-HxCDF — — — 0.044 U 0.023 U
2,3,4,6,7,8-HxCDF — — — 0.043 U 0.136 J
1,2,3,7,8,9-HxCDF — — — 0.129 U 0.171 J
1,2,3,4,6,7,8-HpCDF — — — 0.971 U 0.104 J
1,2,3,4,7,8,9-HpCDF — — — 0.303 U 3.250
OCDF — — — 1.340 J 3.500 U
J - The analyte was detected above the reported quantitation limit, and the reported concentration was an estimated value.

U - The analyte was analyzed for, but was considered not detected at the reporting limit or reported value.

NB 040712 02
Compound SL BT ML

NB 040712 01

Dioxins and Furans (ng/kg)

Conventionals



Table 6.  Toxic Equivalency Factors (TEFs) for PCDDs and PCDFs1 

 CONGENERS 
TOXIC 

EQUIVALENCY 
FACTOR (TEF) 

Dioxins 

2,3,7,8-TCDD 1 
1,2,3,7,8-PeCDD 1 

1,2,3,4,7,8-HxCDD 0.1 
1,2,3,6,7,8-HxCCD 0.1 
1,2,3,7,8,9-HxCDD 0.1 

1,2,3,4,6,7,8-HpCDD 0.01 
OCDD 0.0003 

Furans 

2,3,7,8-TCDF 0.1 
1,2,3,7,8-PeCDF 0.03 
2,3,4,7,8-PeCDF 0.3 

1,2,3,4,7,8-HxCDF 0.1 
1,2,3,6,7,8-HxCDF 0.1 
2,3,4,6,7,8-HxCDF 0.1 
1,2,3.7,8,9-HxCDF 0.1 

1,2,3,4,6,7,8-HpCDF 0.01 
1,2,3,4,7,8,9-HpCDF 0.01 

OCDF 0.0003 
1 World Health Organization Human and Mammalian TEFs,  
  from van den Berg et al. (2006) 
 
PCDD = polychlorinated dibenzo-p-dioxins 
PCDF = polychlorinated dibenzofurans 
T = tetra 
Pe = penta 
Hx = hexa 
Hp = hepta 
O = octa 

 
 



Table 7.  Dioxin/Furan Toxic Equivalents (TEQs)
Reach DMMU Sample ID TEQ1 Units

South Reach 1 GHNIP SR1-P 0.3 ng/kg
South Reach 3 GHNIP SR3-P 0.4 ng/kg
South Reach 4 GHNIP SR4-P 1.0 ng/kg

Crossover 5 GHNIP CO5-P 2.0 ng/kg
Crossover 6 GHNIP CO6-P 1.8 ng/kg
Crossover 7 GHNIP CO7-P 2.5 ng/kg
Crossover 8 GHNIP C08-P 1.0 ng/kg
Crossover 9 GHNIP C09-P 1.8 ng/kg
Crossover 10 GHNIP CO10-P 2.4 ng/kg
Crossover 11 GHNIP CO11-P 2.5 ng/kg
Crossover 12 GHNIP CO12P 2.6 ng/kg
Crossover 13 GHNIP CO13P 2.9 ng/kg

CO/NC 14 GHNIP CO/NC14P 4.6 ng/kg
North Channel 15 GHNIP NC15-P 3.2 ng/kg
North Channel 16 GHNIP NC16P 5.0 ng/kg
North Channel 17 GHNIP NC17P 2.7 ng/kg
North Channel 18 GHNIP NC18P 1.6 ng/kg
North Channel 19 GHNIP NC19-P 1.1 ng/kg
North Channel 20 GHNIP NC20 P 3.6 ng/kg
North Channel 21 GHNIP NC21 P 0.6 ng/kg

Hoquiam Channel 22 GHNIP HC22 P 5.1 ng/kg
Hoquiam Channel 23 GHNIP HC23 P 3.5 ng/kg
Hoquiam Channel 24 GHNIP HC24 P 2.8 ng/kg
Hoquiam Channel 25 GHNIP HC25 P 6.5 ng/kg
Hoquiam Channel 26 GHNIP HC26 P 3.3 ng/kg
Hoquiam Channel 27 GHNIP HC27-P 10.1 ng/kg
Hoquiam Channel 28 GHNIP HC28-P 5.1 ng/kg

HC/CP 29 GHNIP HC/CP29-P 2.5 ng/kg
Cow Point 30 GHNIP CP30-P 0.6 ng/kg
Cow Point 31 GHNIP CP31-P 8.7 ng/kg
Cow Point 32 GHNIP CP32-P 8.0 ng/kg
Cow Point 33 GHNIP CP33P 0.8 ng/kg
Cow Point 34 GHNIP CP34P 2.0 ng/kg
Cow Point 35 GHNIP CP35P 6.4 ng/kg
Cow Point 36 GHNIP CP36P 7.8 ng/kg

North Bay Ref 1 --- GHNIP NB 040712 01 0.3 ng/kg
North Bay Ref 2 --- GHNIP NB 040712 02 1.3 ng/kg

Blind Field Splits
Reach DMMU Sample_ID TEQ1 Units

Crossover 5 GHNIP CO5-P 2.0 ng/kg
Crossover 5 GHNIP CO55-P 2.0 ng/kg

Hoquiam Channel 23 GHNIP HC23 P 3.4 ng/kg
Hoquiam Channel 23 GHNIP HC73 P 4.6 ng/kg
Hoquiam Channel 27 GHNIP HC27-P 10.1 ng/kg
Hoquiam Channel 27 GHNIP HC57-P 4.1 ng/kg

ng/kg = nanograms/kilograms (parts per trillion)
1TEQs calculated with u = 1/2 detection limit



USACE GHNIP 
DMMP Suitability Determination – DY2013 

 
 
 
Table 8.  DMMP Solid Phase Bioassay Performance Standards and Evaluation Guidelines. 

 
 

Bioassay 

Negative Control 
Performance Standard 

Reference 
Sediment 

Performance 
Standard 

 
Dispersive Disposal Site 
Interpretation Guidelines 

 
Nondispersive Disposal Site 

Interpretation Guidelines 

   1-hit rule 2-hit rule 1-hit rule 2-hit rule 
Amphipod MC ≤ 10% MR - MC ≤ 20% MT - MC > 20% 

and 
MT vs. MR SS (p=.05) 

and 

MT - MC > 20% 
and 

MT vs. MR SS (p=.05) 
and 

   MT - MR > 10% NOCN MT - MR > 30% NOCN 
Larval NC÷I ≥0.70 NR÷NC ≥ 0.65 NT ÷ NC < 0.80 

and 
NT/NC vs. NR/NC SS (p=.10) 

and 

NT ÷ NC < 0.80 
and 

NT/NC vs. NR/NC SS (p=.10) 
and 

   NR/NC - NT/NC > 0.15 NOCN NR/NC - NT/NC > 0.30 NOCN 
Neanthes growth MC ≤ 10% 

and 
MIGC > 0.38 

MR ≤ 20% 
and 

MIGR÷MIGC ≥ 0.80 

MIGT ÷ MIGC  < 0.80 
and 

MIGT vs. MIGR  SS (p=.05) 
and 

MIGT ÷ MIGC  < 0.80 
and 

MIGT vs. MIGR  SS (p=.05) 
and 

   MIGT/MIGR < 0.70 NOCN MIGT/MIGR < 0.50 MIGT/MIGR < 0.70 

M = mortality, N = normal larvae, I = initial count, MIG = mean individual growth rate mg/individual/day) 
SS = statistically significant, NOCN = no other conditions necessary, N/A = not applicable 

Subscripts:  R = reference sediment, C = negative control, T = test sediment  



USACE  GHNIP
Suitability Determination, DY13

Table 9.  Round 1 Amphipod Results - Original

Sample ID Replicate
Initial
Count Survivors

Percent
Survival

Percent
Mortality

Mean
Percent
Mortality Hit/No Hit

CP32 1 20 9 45 55
CP32 2 20 10 50 50
CP32 3 20 11 55 45
CP32 4 20 13 65 35
CP32 5 20 17 85 15
CP33 1 20 18 90 10
CP33 2 20 11 55 45
CP33 3 20 13 65 35
CP33 4 20 18 90 10
CP33 5 20 15 75 25
NB 02 1 20 20 100 0
NB 02 2 20 19 95 5
NB 02 3 20 18 90 10
NB 02 4 20 20 100 0
NB 02 5 20 15 75 25
control 1 20 19 95 5
control 2 20 20 100 0
control 3 20 20 100 0
control 4 20 20 100 0
control 5 20 20 100 0
SR1 1 20 20 100 0
SR1 2 20 20 100 0
SR1 3 20 20 100 0
SR1 4 20 19 95 5
SR1 5 20 20 100 0
SR3 1 20 19 95 5
SR3 2 20 19 95 5
SR3 3 20 18 90 10
SR3 4 20 20 100 0
SR3 5 20 20 100 0
SR4 1 20 19 95 5
SR4 2 20 20 100 0
SR4 3 20 20 100 0
SR4 4 20 19 95 5
SR4 5 20 19 95 5
CO7 1 20 20 100 0
CO7 2 20 14 70 30
CO7 3 20 17 85 15
CO7 4 20 15 75 25
CO7 5 20 20 100 0

NB 01 1 20 19 95 5
NB 01 2 20 20 100 0
NB 01 3 20 19 95 5
NB 01 4 20 20 100 0
NB 01 5 20 20 100 0
control 1 20 20 100 0
control 2 20 20 100 0
control 3 20 20 100 0
control 4 20 19 95 5
control 5 20 20 100 0

X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)

No Hit

No Hit

No Hit

---

---

XX

XX

---

---

No Hit

Ba
tch

 2

40

25

8

1

Ba
tch

 1

1

4

3

14

2

1



USACE  GHNIP
Suitability Determination, DY13

Table 10.  Round 1 Amphipod Results - Retest of CP32/CP33

Sample ID Replicate
Initial
Count Survivors

Percent
Survival

Percent
Mortality

Mean
Percent
Mortality Hit/No Hit

CP32 1 20 15 75 25
CP32 2 20 19 95 5
CP32 3 20 18 90 10
CP32 4 20 16 80 20
CP32 5 20 17 85 15
CP33 1 20 19 95 5
CP33 2 20 14 70 30
CP33 3 20 14 70 30
CP33 4 20 17 85 15
CP33 5 20 15 75 25
NB 02 1 20 19 95 5
NB 02 2 20 16 80 20
NB 02 3 20 19 95 5
NB 02 4 20 16 80 20
NB 02 5 20 18 90 10
control 1 20 18 90 10
control 2 20 18 90 10
control 3 20 19 95 5
control 4 20 20 100 0
control 5 20 19 95 5
CP32 1 20 16 80 20
CP32 2 20 12 60 40
CP32 3 20 18 90 10
CP32 4 20 17 85 15
CP32 5 20 14 70 30
CP33 1 20 18 90 10
CP33 2 20 17 85 15
CP33 3 20 20 100 0
CP33 4 20 20 100 0
CP33 5 20 18 90 10
NB 02 1 20 19 95 5
NB 02 2 20 19 95 5
NB 02 3 20 20 100 0
NB 02 4 20 20 100 0
NB 02 5 20 20 100 0
control 1 20 20 100 0
control 2 20 19 95 5
control 3 20 19 95 5
control 4 20 18 90 10
control 5 20 20 100 0

X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)
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15 No Hit

21 No Hit

12 ---

6 ---
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23 No Hit

7 No Hit

2 ---



USACE  GHNIP
Suitability Determination, DY13

Table 11.  Round 1 Larval Results - Standard Termination Protocol

Sample ID Replicate
Initial
Count

Normal
Survivors

Combined
Mortality and
Abnormality NMCA

Mean
NCMA Hit/No Hit

CP32 1 265 198 67 21.1
CP32 2 265 195 70 22.2
CP32 3 265 200 65 20.3
CP32 4 265 214 51 14.7
CP32 5 265 180 85 28.2
CP33 1 265 195 70 22.2
CP33 2 265 204 61 18.7
CP33 3 265 201 64 19.9
CP33 4 265 216 49 13.9
CP33 5 265 206 59 17.9
NB 02 1 265 244 21 2.7
NB 02 2 265 235 30 6.3
NB 02 3 265 188 77 25.0
NB 02 4 265 244 21 2.7
NB 02 5 265 217 48 13.5

swcontrol 1 265 248 17 1.1
swcontrol 2 265 256 9 -2.1
swcontrol 3 265 249 16 0.7
swcontrol 4 265 255 10 -1.7
swcontrol 5 265 246 19 1.9

SR1 1 245 196 49 13.7
SR1 2 245 190 55 16.4
SR1 3 245 173 72 23.9
SR1 4 245 228 17 -0.4
SR1 5 245 196 49 13.7
SR3 1 245 221 24 2.7
SR3 2 245 249 -4 -9.6
SR3 3 245 212 33 6.7
SR3 4 245 196 49 13.7
SR3 5 245 186 59 18.1
SR4 1 245 160 85 29.6
SR4 2 245 174 71 23.4
SR4 3 245 159 86 30.0
SR4 4 245 168 77 26.1
SR4 5 245 159 86 30.0
CO7 1 245 157 88 30.9
CO7 2 245 135 110 40.6
CO7 3 245 157 88 30.9
CO7 4 245 148 97 34.9
CO7 5 245 138 107 39.3

NB 01 1 245 204 41 10.2
NB 01 2 245 189 56 16.8
NB 01 3 245 191 54 15.9
NB 01 4 245 218 27 4.0
NB 01 5 245 194 51 14.6

swcontrol 1 245 200 45 12.0
swcontrol 2 245 220 25 3.2
swcontrol 3 245 233 12 -2.6
swcontrol 4 245 242 3 -6.5
swcontrol 5 245 241 4 -6.1

X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)
NCMA=normalized combined percent mortality and abnormality=100(1-(# of normals/NS))
    where NS=average of normal larvae counted in seawater controls

21.3

18.5

10.0

0.0
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12.3
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13.5

6.3

27.8

0.0

X

No Hit

---

---

No Hit

No Hit

XX

XX

---

---



USACE  GHNIP
Suitability Determination, DY13

Table 12.  Round 1 Larval Results - Resuspension Protocol

Sample ID Replicate
Initial
Count

Normal
Survivors

Combined
Mortality and
Abnormality NMCA

Mean
NCMA Hit/No Hit

CP32 1 265 238 27 2.1
CP32 2 265 212 53 12.8
CP32 3 265 240 25 1.3
CP32 4 265 203 62 16.5
CP32 5 265 208 57 14.5
CP33 1 265 189 76 22.3
CP33 2 265 228 37 6.3
CP33 3 265 226 39 7.1
CP33 4 265 215 50 11.6
CP33 5 265 204 61 16.1
NB 02 1 265 236 29 3.0
NB 02 2 265 229 36 5.8
NB 02 3 265 232 33 4.6
NB 02 4 265 281 -16 -15.5
NB 02 5 265 247 18 -1.6

swcontrol 1 265 259 6 -6.5
swcontrol 2 265 243 22 0.1
swcontrol 3 265 238 27 2.1
swcontrol 4 265 239 26 1.7
swcontrol 5 265 237 28 2.5

SR1 1 245 242 3 -8.0
SR1 2 245 201 44 10.3
SR1 3 245 165 80 26.3
SR1 4 245 206 39 8.0
SR1 5 245 153 92 31.7
SR3 1 245 177 68 21.0
SR3 2 245 224 21 0.0
SR3 3 245 206 39 8.0
SR3 4 245 212 33 5.4
SR3 5 245 183 62 18.3
SR4 1 245 183 62 18.3
SR4 2 245 210 35 6.3
SR4 3 245 147 98 34.4
SR4 4 245 185 60 17.4
SR4 5 245 183 62 18.3
CO7 1 245 150 95 33.0
CO7 2 245 190 55 15.2
CO7 3 245 146 99 34.8
CO7 4 245 169 76 24.6
CO7 5 245 142 103 36.6

NB 01 1 245 197 48 12.1
NB 01 2 245 198 47 11.6
NB 01 3 245 222 23 0.9
NB 01 4 245 221 24 1.3
NB 01 5 245 215 30 4.0

swcontrol 1 245 245 0 -9.4
swcontrol 2 245 220 25 1.8
swcontrol 3 245 238 7 -6.3
swcontrol 4 245 228 17 -1.8
swcontrol 5 245 189 56 15.6

X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)
NCMA=normalized combined percent mortality and abnormality=100(1-(# of normals/NS))
    where NS=average of normal larvae counted in seawater controls

---

0.0 ---
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13.7 No Hit

10.5 No Hit

18.9 No Hit

28.8 XX

6.0
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9.5 No Hit

12.7 No Hit

-0.7 ---

0.0 ---



USACE  GHNIP
Suitability Determination, DY13

Table 13.  Round 1 Neanthes Results - Ash-Free Dry-Weight Endpoint

Sample ID Replicate
Initial
Count Survivors

Growth Rate
(mg/individual/day)

Mean
Growth Rate Hit/No Hit

CP32 1 5 5 0.59
CP32 2 5 5 0.71
CP32 3 5 5 0.61
CP32 4 5 5 0.62
CP32 5 5 5 0.56
CP33 1 5 5 0.58
CP33 2 5 5 0.62
CP33 3 5 5 0.56
CP33 4 5 5 0.66
CP33 5 5 5 0.63
NB 02 1 5 5 0.79
NB 02 2 5 5 0.88
NB 02 3 5 5 0.76
NB 02 4 5 5 0.88
NB 02 5 5 5 0.70
control 1 5 5 0.69
control 2 5 5 0.71
control 3 5 5 0.76
control 4 5 5 0.75
control 5 5 5 0.53
SR1 1 5 5 0.88
SR1 2 5 5 0.96
SR1 3 5 5 0.80
SR1 4 5 5 0.74
SR1 5 5 5 0.81
SR3 1 5 5 0.84
SR3 2 5 5 0.67
SR3 3 5 5 0.88
SR3 4 5 5 0.77
SR3 5 5 5 0.65
SR4 1 5 5 0.60
SR4 2 5 5 0.56
SR4 3 5 5 0.86
SR4 4 5 3 1.26
SR4 5 5 5 0.65
CO7 1 5 5 0.41
CO7 2 5 5 0.68
CO7 3 5 5 0.76
CO7 4 5 5 0.77
CO7 5 5 5 0.76

NB 01 1 5 5 0.97
NB 01 2 5 5 0.84
NB 01 3 5 5 0.72
NB 01 4 5 5 0.80
NB 01 5 5 5 0.86

swcontrol 1 5 5 0.58
swcontrol 2 5 5 0.62
swcontrol 3 5 5 0.76
swcontrol 4 5 5 0.79
swcontrol 5 5 5 0.74

X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)

Ba
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 1

0.62 No Hit

0.61 No Hit

0.80 ---

0.69 ---

---

0.70 ---
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 2

0.84 No Hit

0.76 No Hit

0.79 No Hit

0.68 No Hit

0.84



Table 14.  Interpretation of Bioassay Results - Round 1, Batch 1

original amphipod (Eohaustorius estuarius):

mean % mortality MT - MC MT - MC > 20? transformation
statistically greater 

than reference? MT - MR MT - MR > 15? interpretation
CP32 40 39 yes arcsin sq root yes 32 yes XX
CP33 25 24 yes arcsin sq root yes 17 yes XX
NB02 8 --- --- --- --- --- --- ---

Control 1 --- --- --- --- --- --- ---

amphipod retest (Eohaustorius estuarius):

mean % mortality MT - MC MT - MC > 20? transformation
statistically greater 

than reference? MT - MR MT - MR > 15? interpretation
CP32 15 9 no NA NA NA NA no hit
CP33 21 15 no NA NA NA NA no hit
NB02 12 --- --- --- --- --- --- ---

Control 6 --- --- --- --- --- --- ---

amphipod retest (Ampelisca abdita):

mean % mortality MT - MC MT - MC > 20? transformation
statistically greater 

than reference? MT - MR MT - MR > 15? interpretation
CP32 23 19 no NA NA NA NA no hit
CP33 7 3 no NA NA NA NA no hit
NB02 2 --- --- --- --- --- --- ---

Control 4 --- --- --- --- --- --- ---

standard larval protocol (Mytilus galloprovincialis):

mean normal count NT/NC NT/NC < 0.80? transformation
statistically less than 

reference? NR/NC - NT/NC NR/NC - NT/NC > 0.15? interpretation
CP32 197.4 0.785 yes none needed yes 0.115 no X
CP33 204.4 0.813 no NA NA NA NA no hit
NB02 226.0 --- --- --- --- --- --- ---

Control 251.0 --- --- --- --- --- --- ---

resuspension larval protocol (Mytilus galloprovincialis):

mean normal count NT/NC NT/NC < 0.80? transformation
statistically less than 

reference? NR/NC - NT/NC NR/NC - NT/NC > 0.15? interpretation
CP32 220.2 0.905 no NA NA NA NA no hit
CP33 212.4 0.872 no NA NA NA NA no hit
NB02 245.0 --- --- --- --- --- --- ---

Control 243.2 --- --- --- --- --- --- ---

Neanthes growth - AFDW endpoint:
mean individual 

growth rate MIGT/MIGC MIGT/MIGC < 0.80? transformation
statistically less than 

reference? MIGT/MIGR MIGT/MIGR < 0.70? interpretation
CP32 0.620 0.904 no NA NA NA NA no hit
CP33 0.610 0.889 no NA NA NA NA no hit
NB02 0.800 --- --- --- --- --- --- ---

Control 0.686 --- --- --- --- --- --- ---

M = mortality, N = normal larvae, MIG = mean individual growth rate mg/individual/day)
Subscripts:  R = reference sediment, C = negative control, T = test sediment
NA = not applicable

X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)



Table 15.  Interpretation of Bioassay Results - Round 1, Batch 2

amphipod (Eohaustorius estuarius):

mean % mortality MT - MC MT - MC > 20? transformation
statistically greater 

than reference? MT - MR MT - MR > 15? interpretation
SR1-P 1 0 no NA NA NA NA no hit
SR3-P 4 3 no NA NA NA NA no hit
SR4-P 3 2 no NA NA NA NA no hit
CO7-P 14 13 no NA NA NA NA no hit
NB01 2 --- --- --- --- --- --- ---

Control 1 --- --- --- --- --- --- ---

standard larval protocol (Mytilus galloprovincialis):

mean normal count NT/NC NT/NC < 0.80? transformation
statistically less than 

reference? NR/NC - NT/NC NR/NC - NT/NC > 0.15? interpretation
SR1-P 196.6 0.865 no NA NA NA NA no hit
SR3-P 212.8 0.937 no NA NA NA NA no hit
SR4-P 164.0 0.722 yes log 10 yes 0.155 yes XX
CO7-P 147.0 0.647 yes log 10 yes 0.230 yes XX
NB01 199.2 --- --- --- --- --- --- ---

Control 227.2 --- --- --- --- --- --- ---

resuspension larval protocol (Mytilus galloprovincialis):

mean normal count NT/NC NT/NC < 0.80? transformation
statistically less than 

reference? NR/NC - NT/NC NR/NC - NT/NC > 0.15? interpretation
SR1-P 193.4 0.863 no NA NA NA NA no hit
SR3-P 200.4 0.895 no NA NA NA NA no hit
SR4-P 181.6 0.811 no NA NA NA NA no hit
CO7-P 159.4 0.712 yes none needed yes 0.229 yes XX
NB01 210.6 --- --- --- --- --- --- ---

Control 224.0 --- --- --- --- --- --- ---

Neanthes growth - AFDW endpoint:
mean individual 

growth rate MIGT/MIGC MIGT/MIGC < 0.80? transformation
statistically less than 

reference? MIGT/MIGR MIGT/MIGR < 0.70? interpretation
SR1-P 0.840 1.200 no NA NA NA NA no hit
SR3-P 0.760 1.086 no NA NA NA NA no hit
SR4-P 0.790 1.129 no NA NA NA NA no hit
CO7-P 0.680 0.971 no NA NA NA NA no hit
NB01 0.840 --- --- --- --- --- --- ---

Control 0.700 --- --- --- --- --- --- ---

M = mortality, N = normal larvae, MIG = mean individual growth rate mg/individual/day)
Subscripts:  R = reference sediment, C = negative control, T = test sediment
NA = not applicable

X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)



Table 16-1.  Summary of data for Round 1/Batch 1:  CP32 and CP33
Parameter/Bioassay CP32 CP33 NB02
% clay 24.2 30.6 11.6
% fines 74.0 78.8 38.7
bulk ammonia (mg/kg) 210 115 9.6
bulk sulfides (mg/kg) 509 70.2 10.7
benzyl alcohol (ug/kg) (SL = 57) 100 110 ---
amphipod (E. estuarius ) XX XX NA
larval - standard protocol X no hit NA
larval - resuspension protocol no hit no hit NA
Neanthes  - AFDW endpoint no hit no hit NA
% clay 28.5 32.2 13.8
% fines 77.8 85.4 42.9
bulk ammonia (mg/kg) 151 93 7.6
bulk sulfides (mg/kg) 233 377 348
benzyl alcohol (ug/kg) 57 140 ---
amphipod (E. estuarius ) no hit no hit NA
amphipod (A. abdita ) no hit no hit NA

overall interpretation/outcome
split and 
resample pass NA

Table 16-2.  Summary of data for Round 1/Batch 2:  SR1, SR3, SR4 and CO7
Parameter/Bioassay SR-1 SR-3 SR-4 CO-7 NB01
% clay 2 0.3 2.2 4.5 1.5
% fines 2.0 0.3 14.7 35.2 9.5
% TOC 2.3 1.0 1.2 1.3 1.2
bulk ammonia (mg/kg) 6.7 3.9 19.8 102 11.4
bulk sulfides (mg/kg) 71 2.49 51.1 638 0.7
number of SL exceedances: 0 0 0 11 ---
cis-nonachlor (ug/kg); SL = 2.8 --- --- --- 3.4 U ---
dioxin TEQ (ng/kg) 0.3 0.4 1.0 2.5 0.3
amphipod no hit no hit no hit no hit ---
larval - standard protocol no hit no hit XX XX ---
larval - resuspension protocol no hit no hit no hit XX ---
Neanthes - AFDW endpoint no hit no hit no hit no hit ---

overall interpretation/outcome pass pass pass
split and 
resample ---

X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)
NA = not applicable

1Cis-nonachlor was originally reported as a probable detect, hence the decision to conduct 
bioassays.  After reviewing the data in more depth and doing some follow-up analysis, the 
analytical laboratory didn't think this was an actual hit, but there was not enough evidence to bring 
the reporting limit down below the SL.
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Table 17.  Round 2 Sampling Data 

DMMU Station Latitude Longitude

Mudline 
Elevation

 (ft, MLLW)

Acquisition
Depth

(ft, MLLW)

Sample
Length

Acquired (ft)

Z-sample
Length

Acquired (ft)
CO7a-1 46.93860 -124.00928 -34.3 -44.0 2.0 2.0
CO7a-2 46.93917 -124.00841 -35.4 -44.0 2.0 2.0
CO7a-3 46.93993 -124.00766 -35.2 -44.0 2.0 2.0
CO7a-4 46.93809 -124.00900 -38.2 -44.0 2.0 2.0
CO7a-5 46.93888 -124.00788 -38.4 -44.0 2.0 2.0
CO7a-6 46.93960 -124.00699 -38.4 -44.0 2.0 2.0
CO7b-1 46.94036 -124.00721 -34.0 -44.0 2.0 2.0
CO7b-2 46.94114 -124.00599 -35.9 -44.0 2.0 2.0
CO7b-3 46.94186 -124.00513 -35.8 -44.0 2.0 2.0
CO7b-4 46.94144 -124.00467 -38.2 -44.0 2.0 2.0
CO7b-5 46.94084 -124.00536 -38.5 -44.0 2.0 2.0
CO7b-6 46.94027 -124.00617 -38.4 -44.0 2.0 2.0
CP32a-1 46.96138 -123.84872 -35.6 -44.0 2.0 2.0
CP32a-2 46.96132 -123.84923 -38.5 -44.0 2.0 2.0
CP32a-3 46.96084 -123.84919 -38.7 -44.0 2.0 2.0
CP32a-4 46.96130 -123.84988 -39.1 -44.0 2.0 2.0
CP32a-5 46.96142 -123.85073 -39.2 -44.0 2.0 2.0
CP32a-6 46.96142 -123.85073 -39.1 -44.0 2.0 2.0
CP32b-1 46.95999 -123.84997 -33.0 -44.0 2.0 2.0
CP32b-2 46.96028 -123.84953 -36.6 -44.0 2.0 2.0
CP32b-3 46.96029 -123.85047 -33.9 -44.0 2.0 2.0
CP32b-4 46.96093 -123.85026 -38.3 -44.0 2.0 2.0
CP32b-5 46.96111 -123.85105 -35.7 -44.0 2.0 2.0
CP32b-6 46.96071 -123.85108 -34.1 -44.0 2.0 2.0

CP32a

CP32b

C07a

CO7b



            Table 18-1.   Analytical Results for Round 2 (from SEE, 2013)

Value Q Value Q Value Q Value Q

Total Solids  (%) — — — 68.4 68.4 69.5 73.7
Total Volatile Solids  (%) — — — 3.6 3.8 3.7 2.3
N-Ammonia  (mg-N/kg) — — — 60.4 55.5 76.2 90.0
Sulfide  (mg/kg) — — — 268.0 262.0 208.0 41.0
Total Organic Carbon  (%) — — — 1.3 1.4 1.0 0.7
Gravel (%) — — — 0.4 0.1 1.0 0.1
Sand (%) — — — 65.9 52.7 57.5 75.0
Silt (%) — — — 23.7 33.4 31.0 17.8
Clay (%) — — — 10.0 13.8 10.6 7.3
Fines (%) — — — 33.7 47.2 41.6 25.1

Naphthalene 2,100 — 2,400 19.00 J 20.00 U 15.00 J 19.00 U
2-Methylnaphthalene 1 670 — 1,900 20.00 U 20.00 U 19.00 U 19.00 U
Acenaphthylene 560 — 1,300 20.00 U 20.00 U 19.00 U 19.00 U
Acenaphthene 500 — 2,000 20.00 U 20.00 U 19.00 U 19.00 U
Fluorene 540 — 3,600 20.00 U 20.00 U 19.00 U 19.00 U
Phenanthrene 1,500 — 21,000 19.00 U 13.00 J 17.00 J 19.00 U
Anthracene 960 — 13,000 20.00 U 20.00 U 19.00 U 19.00 U
Total LPAH 5,200 — 29,000 19.00 13.00 15.00 19.00
Benzo(a)anthracene 1,300 — 5,100 20.00 U 20.00 U 19.00 U 19.00 U
Benzo(a)pyrene 1,600 — 3,600 20.00 U 20.00 U 19.00 U 19.00 U
Benzo(g,h,i)perylene 670 — 3,200 20.00 U 20.00 U 19.00 U 19.00 U
Chrysene 1,400 — 21,000 20.00 U 20.00 U 19.00 U 19.00 U
Dibenz(a,h)anthracene 230 — 1,900 20.00 U 20.00 U 19.00 U 19.00 U
Fluoranthene 1,700 4,600 30,000 13.00 J 20.00 U 11.00 J 19.00 U
Indeno(1,2,3-cd)pyrene 600 — 4,400 20.00 U 20.00 U 19.00 U 19.00 U
Pyrene 2,600 11,980 16,000 14.00 J 20.00 U 15.00 J 19.00 U
Total Benzofluoranthenes 3,200 — 9,900 39.00 U 40.00 U 37.00 U 38.00 U
Total HPAH 12,000 — 69,000 27.00 40.00 26.00 38.00 U

1,4-Dichlorobenzene 110 — 120 20.00 U 20.00 U 19.00 U 19.00 U
1,2-Dichlorobenzene 35 — 110 20.00 U 20.00 U 19.00 U 19.00 U
1,2,4-Trichlorobenzene 31 — 64 20.00 U 20.00 U 19.00 U 19.00 U
Hexachlorobenzene 22 168 230 20.00 UJ 20.00 UJ 19.00 UJ 19.00 UJ

Dimethylphthalate 71 — 1,400 20.00 U 20.00 U 19.00 U 19.00 U
Diethylphthalate 200 — 1,200 48 U 53 46.00 U 48.00 U
Di-n-Butylphthalate 1,400 — 5,100 20.00 U 20.00 U 19.00 U 19.00 U
Butylbenzylphthalate 63 — 970 20.00 U 20.00 U 19.00 U 19.00 U
bis(2-Ethylhexyl)phthalate 1,300 — 8,300 29.00 U 25.00 U 23.00 U 24.00 U
Di-n-Octyl phthalate 6,200 — 6,200 20.00 U 20.00 U 19.00 U 19.00 U

Phenol 420 — 1,200 24.00 26.00 10.00 J 19.00 U
2-Methylphenol 63 — 77 20.00 U 20.00 U 19.00 U 19.00 U
4-Methylphenol 670 — 3,600 16.00 J 40.00 U 25.00 J 38.00 U
2,4-Dimethylphenol 29 — 210 20.00 UJ 20.00 UJ 19.00 UJ 19.00 UJ
Pentachlorophenol 400 504 690 200.00 UJ 200.00 UJ 190.00 UJ 190.00 UJ

Benzyl Alcohol 57 — 870 20.00 UJ 20.00 UJ 19.00 UJ 19.00 UJ
Benzoic Acid 650 — 760 390.00 U 400.00 U 370.00 U 380.00 U
Dibenzofuran 540 — 1,700 20.00 U 20.00 U 19.00 U 19.00 U
N-Nitrosodiphenylamine 28 — 130 20.00 U 20.00 U 19.00 U 19.00 U
Heptachlor 1.5 — — 0.48 U 0.47 U 0.46 U 0.48 UJ
Hexachlorobutadiene 11 — 270 0.96 UJ 0.94 UJ 0.93 UJ 0.97 UJ

PAHs  (µg/kg dw)

Chlorinated Hydrocarbons  (µg/kg dw)

Phthalates  (µg/kg dw)

Conventionals

CO7b-P CO7b-ZCompound SL BT ML CO7a-P CO7a-Z

Phenols (µg/kg dw)

Miscellaneous Extractables  (µg/kg dw)



            Table 18-1.   Analytical Results for Round 2 (from SEE, 2013)

Value Q Value Q Value Q Value Q
CO7b-P CO7b-ZCompound SL BT ML CO7a-P CO7a-Z

Aldrin 9.5 — — 0.48 U 0.47 U 0.46 U 0.48 U
Dieldrin 1.9 — — 0.96 U 0.94 U 0.93 U 0.97 U
4,4 -DDE 16 — — 0.96 U 0.94 U 0.93 U 0.97 U
4,4 -DDD 9 — — 0.96 U 0.94 U 0.93 U 0.97 U
4,4 -DDT 12 — — 0.96 U 0.94 U 0.93 U 0.97 UJ
sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT — 50 69 0.96 U 0.94 U 0.93 U 0.97 UJ
trans-Chlordane — — — 0.48 U 0.47 U 0.46 U 0.48 U
cis-Chlordane — — — 0.48 U 0.47 U 0.46 U 0.48 U
oxy Chlordane — — — 0.96 U 0.94 U 0.93 U 0.97 U
cis-Nonachlor — — — 0.96 U 0.94 U 0.93 U 0.97 U
trans-Nonachlor — — — 0.96 U 0.94 U 0.93 U 0.97 U
Total Chlordane
(sum of cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane)

2.8 37 — 0.96 U 0.94 U 0.93 U 0.97 U

UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value.

Notes:

1.   2-Methylnaphthalene is not included in the summation for total LPAH.

2.  This value is normalized to total organic carbon, and is expressed in mg/kg carbon.

U  -  The analyte was analyzed for, but was considered not detected
        at the reporting limit or reported value.

Pesticides and PCBs (µg/kg dw)

J  -  The analyte was detected below the reported quantitation limit, 
        and the reported concentration was an estimated value.



            Table 18-1.   Analytical Results for Round 2 (from SEE, 2013)

Total Solids  (%) — — —
Total Volatile Solids  (%) — — —
N-Ammonia  (mg-N/kg) — — —
Sulfide  (mg/kg) — — —
Total Organic Carbon  (%) — — —
Gravel (%) — — —
Sand (%) — — —
Silt (%) — — —
Clay (%) — — —
Fines (%) — — —

Naphthalene 2,100 — 2,400
2-Methylnaphthalene 1 670 — 1,900
Acenaphthylene 560 — 1,300
Acenaphthene 500 — 2,000
Fluorene 540 — 3,600
Phenanthrene 1,500 — 21,000
Anthracene 960 — 13,000
Total LPAH 5,200 — 29,000
Benzo(a)anthracene 1,300 — 5,100
Benzo(a)pyrene 1,600 — 3,600
Benzo(g,h,i)perylene 670 — 3,200
Chrysene 1,400 — 21,000
Dibenz(a,h)anthracene 230 — 1,900
Fluoranthene 1,700 4,600 30,000
Indeno(1,2,3-cd)pyrene 600 — 4,400
Pyrene 2,600 11,980 16,000
Total Benzofluoranthenes 3,200 — 9,900
Total HPAH 12,000 — 69,000

1,4-Dichlorobenzene 110 — 120
1,2-Dichlorobenzene 35 — 110
1,2,4-Trichlorobenzene 31 — 64
Hexachlorobenzene 22 168 230

Dimethylphthalate 71 — 1,400
Diethylphthalate 200 — 1,200
Di-n-Butylphthalate 1,400 — 5,100
Butylbenzylphthalate 63 — 970
bis(2-Ethylhexyl)phthalate 1,300 — 8,300
Di-n-Octyl phthalate 6,200 — 6,200

Phenol 420 — 1,200
2-Methylphenol 63 — 77
4-Methylphenol 670 — 3,600
2,4-Dimethylphenol 29 — 210
Pentachlorophenol 400 504 690

Benzyl Alcohol 57 — 870
Benzoic Acid 650 — 760
Dibenzofuran 540 — 1,700
N-Nitrosodiphenylamine 28 — 130
Heptachlor 1.5 — —
Hexachlorobutadiene 11 — 270

PAHs  (µg/kg dw)

Chlorinated Hydrocarbons  (µg/kg dw)

Phthalates  (µg/kg dw)

Conventionals

Compound SL BT ML

Phenols (µg/kg dw)

Miscellaneous Extractables  (µg/kg dw)

Value Q Value Q Value Q Value Q

57.2 63.8 65.7 67.6
6.1 4.4 4.3 3.8

174.0 283.0 184.0 188.0
579.0 290.0 364.0 142.0

1.6 1.0 1.7 1.1
0.4 0.1 0.1 U 0.1 U

38.1 31.9 47.8 42.3
42.8 58.1 36.5 43.0
18.7 9.9 15.9 14.7
61.5 68.0 52.4 57.7

22.00 19.00 U 18.00 U 19.00 U
18.00 J 19.00 U 18.00 U 19.00 U
19.00 U 19.00 U 18.00 U 19.00 U
19.00 U 19.00 U 18.00 U 19.00 U
12.00 J 19.00 U 18.00 U 19.00 U
27.00 11.00 J 14.00 J 12.00 J
19.00 U 19.00 U 18.00 U 19.00 U
49.00 11.00 14.00 12.00
19.00 U 19.00 U 18.00 U 19.00 U
19.00 U 19.00 U 18.00 U 19.00 U
14.00 J 19.00 U 18.00 U 19.00 U
10.00 J 19.00 U 18.00 U 19.00 U
19.00 U 19.00 U 18.00 U 19.00 U
23.00 19.00 U 11.00 J 19.00 U
19.00 U 19.00 U 18.00 U 19.00 U
22.00 19.00 U 11.00 J 19.00 U
15.00 J 38.00 U 36.00 U 38.00 U
84.00 38.00 22.00 38.00

19.00 U 19.00 U 18.00 U 19.00 U
19.00 U 19.00 U 18.00 U 19.00 U
19.00 U 19.00 U 18.00 U 19.00 U
19.00 UJ 19.00 UJ 18.00 UJ 19.00 UJ

19.00 U 19.00 U 18.00 U 19.00 U
48.00 U 47.00 U 45.00 U 48.00 U
19.00 U 19.00 U 18.00 U 19.00 U
19.00 U 19.00 U 18.00 U 19.00 U
24.00 U 24.00 U 22.00 U 24.00 U
19.00 U 19.00 U 18.00 U 19.00 U

32.00 12.00 J 36.00 9.50 J
19.00 U 19.00 U 18.00 U 19.00 U
24.00 J 38.00 U 36.00 U 38.00 U
19.00 UJ 19.00 UJ 18.00 UJ 19.00 UJ

190.00 UJ 190.00 UJ 180.00 UJ 190.00 UJ

19.00 UJ 19.00 UJ 18.00 UJ 19.00 UJ
140.00 J 380.00 U 360.00 U 380.00 U
14.00 J 19.00 U 18.00 U 19.00 U
19.00 U 19.00 U 18.00 U 19.00 U
0.49 U 0.48 U 0.49 U 0.48 U
0.98 UJ 0.96 UJ 0.98 UJ 0.95 UJ

   

    

   

CP32a-P CP32a-Z CP32b-P CP32b-Z

  

    



            Table 18-1.   Analytical Results for Round 2 (from SEE, 2013)

Compound SL BT ML

Aldrin 9.5 — —
Dieldrin 1.9 — —
4,4 -DDE 16 — —
4,4 -DDD 9 — —
4,4 -DDT 12 — —
sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT — 50 69
trans-Chlordane — — —
cis-Chlordane — — —
oxy Chlordane — — —
cis-Nonachlor — — —
trans-Nonachlor — — —
Total Chlordane
(sum of cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane)

2.8 37 —

UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value.

Notes:

1.   2-Methylnaphthalene is not included in the summation for total LPAH.

2.  This value is normalized to total organic carbon, and is expressed in mg/kg carbon.

U  -  The analyte was analyzed for, but was considered not detected
        at the reporting limit or reported value.

Pesticides and PCBs (µg/kg dw)

J  -  The analyte was detected below the reported quantitation limit, 
        and the reported concentration was an estimated value.

Value Q Value Q Value Q Value Q
CP32a-P CP32a-Z CP32b-P CP32b-Z

0.49 U 0.48 U 0.49 U 0.48 U
0.98 U 0.96 U 0.98 U 0.95 U
0.98 U 0.96 U 0.98 U 0.95 U
0.98 U 0.96 U 0.98 U 0.95 U
0.98 U 0.96 U 0.98 U 0.95 U
0.98 U 0.96 U 0.98 U 0.95 U
0.49 U 0.48 U 0.49 U 0.48 U
0.49 U 0.48 U 0.49 U 0.48 U
0.98 U 0.96 U 0.98 U 0.95 U
0.98 U 0.96 U 0.98 U 0.95 U
0.98 U 0.96 U 0.98 U 0.95 U

0.98 U 0.96 U 0.98 U 0.95 U

    



Table 18-2.   Analytical Results for North Bay Reference Sediments - Round 2 (from SEE, 2013)

Value Q Value Q

Total Solids  (%) — — — 67.7 71.4
Total Volatile Solids  (%) — — — 3.4 2.2
N-Ammonia  (mg-N/kg) — — — 5.1 6.9
Sulfide  (mg/kg) — — — 169.0 359.0
Total Organic Carbon  (%) — — — 1.1 1.1
Gravel (%) — — — 0.1 U 0.1 U
Sand (%) — — — 71.7 88.8
Silt (%) — — — 19.3 5.9
Clay (%) — — — 8.9 5.2
Fines (%) — — — 28.2 11.1

U  -  The analyte was analyzed for, but was considered not detected
        at the reporting limit or reported value.

NB13 NB15

Conventionals

Compound SL BT ML



USACE  GHNIP
Suitability Determination, DY13

Table 19.  Round 2 Amphipod Results

Sample ID Replicate
Initial
Count Survivors

Percent
Survival

Percent
Mortality

Mean
Percent
Mortality Hit/No Hit1

CO7a-P 1 20 13 65 35
CO7a-P 2 20 12 60 40
CO7a-P 3 20 12 60 40
CO7a-P 4 20 16 80 20
CO7a-P 5 20 15 75 25
CO7a-Z 1 20 14 70 30
CO7a-Z 2 20 18 90 10
CO7a-Z 3 20 11 55 45
CO7a-Z 4 20 16 80 20
CO7a-Z 5 20 13 65 35
CO7b-P 1 20 17 85 15
CO7b-P 2 20 15 75 25
CO7b-P 3 20 13 65 35
CO7b-P 4 20 8 40 60
CO7b-P 5 20 10 50 50
CO7b-Z 1 20 16 80 20
CO7b-Z 2 20 12 60 40
CO7b-Z 3 20 7 35 65
CO7b-Z 4 20 15 75 25
CO7b-Z 5 20 19 95 5
CP32a-P 1 20 9 45 55
CP32a-P 2 20 7 35 65
CP32a-P 3 20 9 45 55
CP32a-P 4 20 7 35 65
CP32a-P 5 20 8 40 60
CP32a-Z 1 20 3 15 85
CP32a-Z 2 20 0 0 100
CP32a-Z 3 20 1 5 95
CP32a-Z 4 20 2 10 90
CP32a-Z 5 20 1 5 95
CP32b-P 1 20 5 25 75
CP32b-P 2 20 2 10 90
CP32b-P 3 20 9 45 55
CP32b-P 4 20 8 40 60
CP32b-P 5 20 3 15 85
CP32b-Z 1 20 2 10 90
CP32b-Z 2 20 1 5 95
CP32b-Z 3 20 2 10 90
CP32b-Z 4 20 2 10 90
CP32b-Z 5 20 0 0 100

NB 13 1 20 18 90 10
NB 13 2 20 15 75 25
NB 13 3 20 20 100 0
NB 13 4 20 14 70 30
NB 13 5 20 17 85 15
NB 15 1 20 18 90 10
NB 15 2 20 16 80 20
NB 15 3 20 18 90 10
NB 15 4 20 15 75 25
NB 15 5 20 18 90 10
control 1 20 19 95 5
control 2 20 19 95 5
control 3 20 18 90 10
control 4 20 17 85 15
control 5 20 20 100 0

1High ammonia concentrations resulted in the data being rejected by the DMMP agencies

7 ---

60 ---

93 ---

73 ---

93 ---

16

31 ---

15 ---

32 ---

28 ---

37 ---

---



Table 20.  Ammonia Concentrations in Round 2 Amphipod Bioassay
CO7a-P CO7a-Z CO7b-P CO7b-Z CP32a-P CP32a-Z CP32b-P CP32b-Z NB13 NB15 control
Value Value Value Value Value Value Value Value Value Value Value

Bulk sediment ammonia  (mg-N/kg) 60.4 55.5 76.2 90.0 174.0 283.0 184.0 188.0 5.1 6.9 ---
Day 0 overlying total ammonia  (mg-N/L) 4.37 5.10 5.56 5.89 8.60 15.39 12.23 16.31 0.46 0.65 3.21
Day 10 overlying total ammonia  (mg-N/L) 6.52 9.82 10.79 12.94 18.54 33.37 27.81 33.37 0.28 0.00 0.22
Day 0 interstitial total ammonia  (mg-N/L) 27.01 28.73 30.64 44.38 40.32 76.35 66.81 71.58 3.87 4.72 14.13
Day 10 interstitial total ammonia  (mg-N/L) 12.03 17.34 18.97 20.09 26.81 60.61 44.06 51.28 2.42 2.10 3.26
Day 0 overlying unionized ammonia  (mg-NH3/L) 0.325 0.312 0.420 0.440 0.425 0.948 0.756 0.812 0.028 0.039 0.195
Day 10 overlying unionized ammonia  (mg-NH3/L) 0.578 0.882 0.969 1.162 1.087 1.937 1.625 1.526 0.025 0.000 0.013
Day 0 interstitial unionized ammonia  (mg-NH3/L) 0.334 0.446 0.475 1.720 0.166 0.632 0.695 0.756 0.024 0.029 0.109
Day 10 interstitial unionized ammonia  (mg-NH3/L) 0.188 0.340 0.463 0.773 0.135 0.481 0.347 0.638 0.030 0.041 0.032
Amphipod Mortality 32 28 37 31 60 93 73 93 16 15 7

Bold italized text:
Bold italized and shaded text:

Compound

Exceeds DMMP interstitial threshold (DMMP, 2002 - Table 1) for total ammonia (mg/L N) for Ampelisca abdita  = 15 mg/L.
Exceeds DMMP interstitial threshold (DMMP, 2002 - Table 1) for unionized ammonia (mg/L N) for Ampelisca abdita  = 0.2 mg/L.



USACE  GHNIP
Suitability Determination, DY13

Table 21.  Round 2 Larval Results - Standard Termination Protocol

Sample ID Replicate
Initial
Count

Normal
Survivors

Combined
Mortality and
Abnormality NMCA

Mean
NCMA Hit/No Hit

CO7a-P 1 269 197 72 23.5
CO7a-P 2 269 211 58 18.1
CO7a-P 3 269 190 79 26.2
CO7a-P 4 269 215 54 16.5
CO7a-P 5 269 204 65 20.8
CO7a-Z 1 269 210 59 18.5
CO7a-Z 2 269 187 82 27.4
CO7a-Z 3 269 224 45 13.0
CO7a-Z 4 269 206 63 20.0
CO7a-Z 5 269 211 58 18.1
CO7b-P 1 269 221 48 14.2
CO7b-P 2 269 185 84 28.2
CO7b-P 3 269 220 49 14.6
CO7b-P 4 269 224 45 13.0
CO7b-P 5 269 152 117 41.0
CO7b-Z 1 269 205 64 20.4
CO7b-Z 2 269 211 58 18.1
CO7b-Z 3 269 194 75 24.7
CO7b-Z 4 269 192 77 25.5
CO7b-Z 5 269 198 71 23.1
CP32a-P 1 269 200 69 22.4
CP32a-P 2 269 226 43 12.3
CP32a-P 3 269 214 55 16.9
CP32a-P 4 269 170 99 34.0
CP32a-P 5 269 200 69 22.4
CP32a-Z 1 269 195 74 24.3
CP32a-Z 2 269 183 86 29.0
CP32a-Z 3 269 193 76 25.1
CP32a-Z 4 269 189 80 26.6
CP32a-Z 5 269 204 65 20.8
CP32b-P 1 269 205 64 20.4
CP32b-P 2 269 204 65 20.8
CP32b-P 3 269 182 87 29.3
CP32b-P 4 269 209 60 18.9
CP32b-P 5 269 209 60 18.9
CP32b-Z 1 269 147 122 42.9
CP32b-Z 2 269 205 64 20.4
CP32b-Z 3 269 176 93 31.7
CP32b-Z 4 269 159 110 38.3
CP32b-Z 5 269 176 93 31.7

NB 13 1 269 237 32 8.0
NB 13 2 269 232 37 9.9
NB 13 3 269 257 12 0.2
NB 13 4 269 243 26 5.7
NB 13 5 269 220 49 14.6
NB 15 1 269 243 26 5.7
NB 15 2 269 238 31 7.6
NB 15 3 269 238 31 7.6
NB 15 4 269 230 39 10.7
NB 15 5 269 200 69 22.4

swcontrol 1 269 288 -19 -11.8
swcontrol 2 269 253 16 1.8
swcontrol 3 269 271 -2 -5.2
swcontrol 4 269 234 35 9.2
swcontrol 5 269 242 27 6.1

X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)
NCMA=normalized combined percent mortality and abnormality=100(1-(# of normals/NS))
    where NS=average of normal larvae counted in seawater controls

---

10.8 ---

0.0 ---

21.6 X

25.2 XX

21.7 X

33.0 XX

7.7

21.0 X

19.4 No Hit

22.2 X

22.4 X



USACE  GHNIP
Suitability Determination, DY13

Table 22.  Round 2 Larval Results - Resuspension Termination Protocol

Sample ID Replicate
Initial
Count

Normal
Survivors

Combined
Mortality and
Abnormality NMCA

Mean
NCMA Hit/No Hit

CO7a-P 1 269 224 45 8.9
CO7a-P 2 269 225 44 8.5
CO7a-P 3 269 233 36 5.3
CO7a-P 4 269 258 11 -4.9
CO7a-P 5 269 232 37 5.7
CO7a-Z 1 269 179 90 27.2
CO7a-Z 2 269 222 47 9.8
CO7a-Z 3 269 218 51 11.4
CO7a-Z 4 269 238 31 3.3
CO7a-Z 5 269 205 64 16.7
CO7b-P 1 269 215 54 12.6
CO7b-P 2 269 175 94 28.9
CO7b-P 3 269 203 66 17.5
CO7b-P 4 269 221 48 10.2
CO7b-P 5 269 177 92 28.0
CO7b-Z 1 269 179 90 27.2
CO7b-Z 2 269 202 67 17.9
CO7b-Z 3 269 225 44 8.5
CO7b-Z 4 269 207 62 15.9
CO7b-Z 5 269 223 46 9.3
CP32a-P 1 269 205 64 16.7
CP32a-P 2 269 165 104 32.9
CP32a-P 3 269 198 71 19.5
CP32a-P 4 269 201 68 18.3
CP32a-P 5 269 211 58 14.2
CP32a-Z 1 269 202 67 17.9
CP32a-Z 2 269 204 65 17.1
CP32a-Z 3 269 146 123 40.7
CP32a-Z 4 269 207 62 15.9
CP32a-Z 5 269 185 84 24.8
CP32b-P 1 269 194 75 21.1
CP32b-P 2 269 196 73 20.3
CP32b-P 3 269 192 77 22.0
CP32b-P 4 269 196 73 20.3
CP32b-P 5 269 233 36 5.3
CP32b-Z 1 269 125 144 49.2
CP32b-Z 2 269 196 73 20.3
CP32b-Z 3 269 207 62 15.9
CP32b-Z 4 269 196 73 20.3
CP32b-Z 5 269 204 65 17.1

NB 13 1 269 253 16 -2.8
NB 13 2 269 229 40 6.9
NB 13 3 269 240 29 2.4
NB 13 4 269 237 32 3.7
NB 13 5 269 209 60 15.0
NB 15 1 269 252 17 -2.4
NB 15 2 269 248 21 -0.8
NB 15 3 269 256 13 -4.1
NB 15 4 269 218 51 11.4
NB 15 5 269 239 30 2.8

swcontrol 1 269 237 32 3.7
swcontrol 2 269 262 7 -6.5
swcontrol 3 269 238 31 3.3
swcontrol 4 269 241 28 2.0
swcontrol 5 269 252 17 -2.4

X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)
NCMA=normalized combined percent mortality and abnormality=100(1-(# of normals/NS))
    where NS=average of normal larvae counted in seawater controls

4.7 No Hit

13.7 No Hit

19.4 No Hit

15.8 No Hit

20.3 XX

23.3 XX

1.4 ---

0.0 ---

17.8 X

24.6 XX

5.0 ---



USACE  GHNIP
Suitability Determination, DY13

Table 23.  Round 2 Neanthes Results - Ash-Free Dry-Weight Endpoint

Sample ID Replicate
Initial
Count Survivors

Growth Rate
(mg/individual/day)

Mean
Growth Rate Hit/No Hit

CO7a-P 1 5 5 0.64
CO7a-P 2 5 5 0.74
CO7a-P 3 5 5 0.66
CO7a-P 4 5 5 0.63
CO7a-P 5 5 5 0.89
CO7a-Z 1 5 5 0.57
CO7a-Z 2 5 5 0.63
CO7a-Z 3 5 5 0.63
CO7a-Z 4 5 5 0.63
CO7a-Z 5 5 5 0.78
CO7b-P 1 5 5 0.68
CO7b-P 2 5 5 0.87
CO7b-P 3 5 5 0.68
CO7b-P 4 5 5 0.64
CO7b-P 5 5 4 0.64
CO7b-Z 1 5 5 0.76
CO7b-Z 2 5 5 0.55
CO7b-Z 3 5 5 0.58
CO7b-Z 4 5 5 0.67
CO7b-Z 5 5 5 0.65
CP32a-P 1 5 5 0.64
CP32a-P 2 5 5 0.57
CP32a-P 3 5 5 0.58
CP32a-P 4 5 5 0.76
CP32a-P 5 5 5 0.58
CP32a-Z 1 5 5 0.65
CP32a-Z 2 5 5 0.63
CP32a-Z 3 5 5 0.53
CP32a-Z 4 5 5 0.68
CP32a-Z 5 5 5 0.60
CP32b-P 1 5 5 0.67
CP32b-P 2 5 5 0.64
CP32b-P 3 5 5 0.65
CP32b-P 4 5 5 0.63
CP32b-P 5 5 5 0.79
CP32b-Z 1 5 5 0.85
CP32b-Z 2 5 5 0.57
CP32b-Z 3 5 5 0.63
CP32b-Z 4 5 5 0.68
CP32b-Z 5 5 5 0.86

NB 13 1 5 5 0.68
NB 13 2 5 5 0.72
NB 13 3 5 5 0.74
NB 13 4 5 5 0.65
NB 13 5 5 5 0.72
NB 15 1 5 5 0.77
NB 15 2 5 5 0.71
NB 15 3 5 5 0.69
NB 15 4 5 4 0.81
NB 15 5 5 5 0.63

swcontrol 1 5 5 0.39
swcontrol 2 5 5 0.64
swcontrol 3 5 5 0.62
swcontrol 4 5 5 0.69
swcontrol 5 5 5 0.63

X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)

---

0.60 ---

0.72 ---

0.62 No Hit

0.62 No Hit

0.67 No Hit

0.72 No Hit

0.70

0.71 No Hit

0.65 No Hit

0.70 No Hit

0.64 No Hit



Table 24.  Interpretation of Bioassay Results - Round 2

amphipod (Ampelisca abdita):

standard larval protocol (Mytilus galloprovincialis):

mean normal count NT/NC NT/NC < 0.80? transformation
statistically less than 

reference? NR/NC - NT/NC NR/NC - NT/NC > 0.15? interpretation
CO7a-P 203.4 0.790 yes none needed yes 0.134 no X
CO7a-Z 207.6 0.806 no NA NA NA NA no hit
CO7b-P 200.4 0.778 yes none needed yes 0.145 no X
CO7b-Z 200.0 0.776 yes none needed yes 0.147 no X
CP32a-P 202.0 0.784 yes none needed yes 0.139 no X
CP32a-Z 192.8 0.748 yes none needed yes 0.175 yes XX
CP32b-P 201.8 0.783 yes none needed yes 0.140 no X
CP32b-Z 172.6 0.670 yes none needed yes 0.253 yes XX

NB13 237.8 --- --- --- --- --- --- ---
NB15 229.8 --- --- --- --- --- --- ---

Control 257.6 --- --- --- --- --- --- ---

resuspension larval protocol (Mytilus galloprovincialis):

mean normal count NT/NC NT/NC < 0.80? transformation
statistically less than 

reference? NR/NC - NT/NC NR/NC - NT/NC > 0.15? interpretation
CO7a-P 234.4 0.953 no NA NA NA NA no hit
CO7a-Z 212.4 0.863 no NA NA NA NA no hit
CO7b-P 198.2 0.806 no NA NA NA NA no hit
CO7b-Z 207.2 0.842 no NA NA NA NA no hit
CP32a-P 196.0 0.797 yes none needed yes 0.153 yes XX
CP32a-Z 188.8 0.767 yes none needed yes 0.182 yes XX
CP32b-P 202.2 0.822 no NA NA NA NA no hit
CP32b-Z 185.6 0.754 yes none needed yes 0.195 yes XX

NB13 233.6 --- --- --- --- --- --- ---
NB15 242.6 --- --- --- --- --- --- ---

Control 246.0 --- --- --- --- --- --- ---

Neanthes growth - AFDW endpoint:
mean individual 

growth rate MIGT/MIGC MIGT/MIGC < 0.80? transformation
statistically less than 

reference? MIGT/MIGR MIGT/MIGR < 0.70? interpretation
CO7a-P 0.712 1.197 no NA NA NA NA no hit
CO7a-Z 0.646 1.085 no NA NA NA NA no hit
CO7b-P 0.699 1.175 no NA NA NA NA no hit
CO7b-Z 0.641 1.077 no NA NA NA NA no hit
CP32a-P 0.625 1.050 no NA NA NA NA no hit
CP32a-Z 0.620 1.041 no NA NA NA NA no hit
CP32b-P 0.675 1.134 no NA NA NA NA no hit
CP32b-Z 0.717 1.204 no NA NA NA NA no hit

NB13 0.704 --- --- --- --- --- --- ---
NB15 0.721 --- --- --- --- --- --- ---

Control 0.595 --- --- --- --- --- --- ---

M = mortality, N = normal larvae, MIG = mean individual growth rate mg/individual/day)
Subscripts:  R = reference sediment, C = negative control, T = test sediment
NA = not applicable

X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)

         data rejected due to high concentrations of ammonia



Table 25.  Literature Values for the Effects of Ammonia on Amphipods and Mussels

Reference NOEC EC50/LC50 Species
Phillips, 2005 0.09 mg/L unionized EC50 = 0.120 to 0.231 mg/L unionized Mytilus galloprovincialis

0.044 mg/l unionized
2.190 mg/l total

Gardiner, 1996 --- EC50 = 0.7 mg/L unioinized Mytilus galloprovincialis
LC50 = 0.156 mg/L unionized

LC50 = 3.050 mg/L total
LC50 = 0.83 mg/L unioinized

LC50 = 49.8 mg/L total
LC501= 0.60 to 1.90 mg/L unioinized

LC501 = 59.9 to 164 mg/L total
195% confidence interval

Burgess, 2003
---

Ampelisca abdita

---

M
us

se
ls

Am
ph

ipo
ds Kohn, 1994 Ampelisca abdita

---

Batley, 2009 --- Mytilus galloprovincialis

Batley, 2009 Lampsilis cardium



Table 26-1.  Summary of chemistry and bioassay data for CO7

Round 1
CO7 CO7a-P CO7a-Z CO7b-P CO7b-Z

COCs > SL chlordane DL none1 none1 none none
amphipod (E. estuarius) no hit --- --- --- ---
amphipod (A. abdita ) --- ammonia2 ammonia2 ammonia2 ammonia2

larval - standard protocol XX X no hit X X
larval - resuspension protocol XX no hit no hit no hit no hit
Neanthes - AFDW endpoint no hit no hit no hit no hit no hit

P = primary sample (i.e. the -40 to -42 foot dredged material sample)
Z = z-sample (i.e. the -42 to -44 foot sample from the material that will be exposed by dredging)
X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)
NA = not applicable

2Results from this bioassay were set aside due to nontreatment effects from high ammonia concentrations.

Table 26-2.  Summary of chemistry and bioassay data for CP32

CP32
amphipod 

retest CP32a-P CP32a-Z CP32b-P CP32b-Z

COCs > SL benzyl alcohol none1 none none none none
amphipod (E. estuarius) XX no hit NT NT NT NT
amphipod (A. abdita ) NT no hit ammonia2 ammonia2 ammonia2 ammonia2

larval - standard protocol X NT X XX X XX
larval - resuspension protocol no hit NT XX XX no hit XX
Neanthes - AFDW endpoint no hit NT no hit no hit no hit no hit

P = primary sample (i.e. the -40 to -42 foot dredged material sample)
Z = z-sample (i.e. the -42 to -44 foot sample from the material that will be exposed by dredging)
X = hit under the 2-hit rule (minor hit)
XX = hit under the 1-hit rule (major hit)
NT = no test; this test was not run

2Results from this bioassay were set aside due to nontreatment effects from high ammonia concentrations.

Round 2

Round 1 Round 2

1CP33 was also subjected to the amphipod retest.  Despite having a higher concentration of benzyl alcohol than in the original test 
(both concentrations were > SL), it too had no hits in the retest. 

1Diethyl phthalate was detected at concentrations above the screening level, but not detected in a subsequent retest. 
The data validator determined that the initial detection was likely an artifact and not an actual screening level 
exceedance. 



CENWS-OD-TS-DMMO     
  
    
MEMORANDUM FOR:  RECORD            May 2, 2013 
  
SUBJECT:  APPLICABILITY OF THE DMMP SUITABILITY DETERMINATION FOR THE GRAYS 
HARBOR NAVIGATION IMPROVEMENT PROJECT, DATED FEBRUARY 5, 2013, TO THE REALIGNED 
FEDERAL NAVIGATION CHANNEL.   
  
A.   Introduction.  This memorandum reflects the consensus determination of the Dredged Material 

Management Program (DMMP) agencies (U.S. Army Corps of Engineers, Washington Departments of 
Ecology and Natural Resources, and the Environmental Protection Agency) regarding the applicability 
of the suitability determination for the Grays Harbor Navigation Improvement Project to the realigned 
federal navigation channel. 

 
B.   Grays Harbor Navigation Improvement Project (GHNIP).  The Corps of Engineers is in the process 

of evaluating the economic costs and benefits associated with deepening the inner harbor reaches 
from the current maintenance depth of -36 feet mean lower low water (MLLW) to the full authorized 
depth of -38 feet (plus 2 feet of advanced maintenance and two feet of overdepth for a maximum 
dredging depth of -42 feet MLLW).  The inner harbor reaches covered by the study include South 
Reach, Crossover Reach, North Channel, Hoquiam Channel and Cow Point Reach.  As part of the 
study, the sediment that would be dredged in deepening these reaches was fully characterized under 
the Dredged Material Management Program.  The DMMP suitability determination for the deepening 
project was finalized on February 5, 2013 (DMMP, 2013). 

 
C. Realignment of the Federal Navigation Channel.  Independent of the GHNIP, the Corps evaluated 

the benefits of realigning the federal navigation channel to take advantage of deeper water along 
portions of the waterway (USACE, 2013).  Realignment would reduce the annual maintenance costs for 
the channel by reducing the volume of material requiring dredging.  The reaches affected by the 
realignment include South Reach, Crossover Reach and North Channel.   

 
D. Applicability of the GHNIP Suitability Determination to the Realigned Channel.  The DMMP 

agencies evaluated potential impacts of the proposed channel realignment on the GHNIP suitability 
determination by reviewing an overlay of the realigned channel on the boundaries of the GHNIP 
dredged material management units (DMMUs) and associated sampling locations (see attached 
figures).  The agencies concluded that the sampling conducted for the GHNIP is sufficiently 
representative of the realigned channel and no additional sampling or testing will be required.  The 
following factors were considered in reaching this conclusion: 

 
• The changes to the channel alignment are relatively minor.  There is no reason to believe that 

the sediment within the realigned channels is any different than that in the present channel. 
• Less material will need to be dredged to deepen the realigned channel so the sampling 

requirements calculated for the original alignment are more than adequate to cover this lesser 
volume.   



• At least one of the GHNIP sampling stations in each DMMU falls within the realigned channel. 
• All the DMMUs falling within the area of realignment were found suitable for open-water 

disposal. The only GHNIP material found unsuitable for open-water disposal is located in Cow 
Point Reach, which is not affected by the realignment. 

E. References. 

DMMP, 2013. Determination Regarding the Suitability of Dredged Material from the Grays Harbor 
Navigation Improvement Project, Evaluated under Section 404 of the Clean Water Act, for Open-Water 
Disposal at the South Jetty or Point Chehalis Dispersive Sites, or for Beneficial Use. Prepared by 
David Fox (Corps) for the DMMP agencies. February 5, 2013. 

USACE, 2013. Conceptual Design for Federal Deep Draft Channel Realignment in South Reach to 
Hoquiam Reach, Grays Harbor, Washington. Memorandum for Record prepared by David Michalsen, 
P.E., March 3, 2013. 

Coordination with regard to this determination was coordinated with Laura Inouye (Ecology), Erika Hoffman 
(EPA) and Celia Barton (DNR) by the undersigned. 

s/}3 
Date 

Copies furnished: 

Erika Hoffman, EPA 
Laura Inouye, Ecology 
Celia Barton, DNR 
Marc Horton, Port of Grays Harbor 
Josh Jackson, CENWS-PM-CP 
Dave Michalsen, CENWS-EN-HH 
John Hicks, CENWS-OD-TS 
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CENWS-OD-TS-DMMO     
  
    
MEMORANDUM FOR:  RECORD           January 3, 2014 
  
SUBJECT:  APPLICABILITY OF THE DMMP SUITABILITY DETERMINATION FOR THE GRAYS 
HARBOR NAVIGATION CHANNEL OPERATION AND MAINTENANCE PROJECT, DATED FEBRUARY 
9, 2012, TO THE REALIGNED FEDERAL NAVIGATION CHANNEL AND POST-DEEPENING 
CONDITIONS.   
  
A.   Introduction.  This memorandum reflects the consensus determination of the Dredged Material 

Management Program (DMMP) agencies (U.S. Army Corps of Engineers, Washington Departments of 
Ecology and Natural Resources, and the Environmental Protection Agency) regarding the applicability 
of the suitability determination for the Grays Harbor Navigation Channel Operation and Maintenance 
Project (GH O&M) to the realigned federal navigation channel and post-deepening conditions. 

 
The GH O&M project is periodically evaluated by the DMMP agencies for sediment quality.  The most 
recent evaluation occurred in 2011/2012 (DMMP, 2012).  Twenty-eight dredged material management 
units from Crossover Reach, North Channel, Hoquiam Reach, Cow Point Reach, Aberdeen Reach and 
South Aberdeen Reach were evaluated and found suitable for open-water disposal or beneficial use.   

 
B. Realignment of the Federal Navigation Channel.  The Corps evaluated the benefits of realigning the 

federal navigation channel to take advantage of deeper water along portions of the waterway (USACE, 
2013).  Realignment would reduce the annual maintenance costs for the channel by reducing the 
volume of material requiring dredging.  The reaches affected by the realignment include South Reach, 
Crossover Reach and North Channel.   

 
C. Applicability of the 2012 GH O&M Suitability Determination to the Realigned Channel.  The 

DMMP agencies first evaluated the applicability of the 2012 GH O&M suitability determination to the 
realigned channel by reviewing an overlay of the realignment on the boundaries of the 2012 GH O&M 
dredged material management units (DMMUs) and associated sampling locations (see attached 
figures).  The majority of the sampling stations fall outside the realigned channel, so from a geospatial 
perspective would not be considered representative of the realignment.  The agencies next considered 
other factors, including the following:    

 
• The changes to the channel alignment are relatively minor.  There is no reason to believe that 

the sediment now residing in the realigned channel is any different than that found in the 
present channel.  There is also no reason to believe that sediment accreting in the future in the 
realigned channel will be any different than that which would accrete in the channel without 
realignment. 

• The DMMUs falling within the area of realignment have consistently been found suitable for 
open-water disposal in past O&M testing cycles.   

• Less material will need to be dredged to deepen the realigned channel so the sampling 
requirements calculated for the original alignment are more than adequate to cover this lesser 
volume.   
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After consideration of all factors, the agencies concluded that the 2012 GH O&M characterization is 
sufficiently representative of the realigned channel and no additional sampling or testing will be 
required until the expiration of the recency/frequency period for the O&M project in November 2018.   
 

D.   Applicability of the 2012 GH O&M Suitability Determination to a Deepened Channel.  The Corps 
of Engineers is in the process of evaluating the environmental impacts and economics associated with 
deepening the inner harbor reaches from the current maintenance depth of -36 feet mean lower low 
water (MLLW) to the full authorized depth of -38 feet (plus 2 feet of advanced maintenance and two 
feet of overdepth for a maximum dredging depth of -42 feet MLLW).  The inner harbor reaches covered 
by the Grays Harbor Navigation Improvement Project (GHNIP) include South Reach, Crossover Reach, 
North Channel, Hoquiam Channel and Cow Point Reach.  The sediment that would be dredged in 
deepening these reaches was fully characterized under the Dredged Material Management Program 
(DMMP, 2013).  Approximately 99% of the material was found suitable for open-water placement.  Only 
22,400 cubic yards, in one DMMU in Cow Point Reach, was found unsuitable for open-water 
placement.  

 
The DMMP agencies evaluated the applicability of the 2012 GH O&M suitability determination to the 
maintenance material that would be dredged in the years following deepening.  As with the realignment 
discussed in the previous section, there is no reason to believe that sediment accreting within a slightly 
deeper channel would be any different than the sediment that would accrete in the absence of the 
deepening project.  From that perspective, the 2012 GH O&M evaluation is completely applicable to 
post-deepening maintenance dredging.   
 
The only concern is in regard to the unsuitable DMMU (CP32a).  If CP32a were to be completely 
removed (with upland disposal) during the deepening project, then the agencies would have no 
concern about material dredged in this area during future maintenance dredging.  However, since the 
completeness of removal will not be known until a post-deepening bathymetric survey is completed, the 
DMMP agencies reserve the right to require additional sampling and testing within the CP32a footprint 
prior to the first maintenance dredging cycle following deepening.  A determination whether or not to 
trigger this requirement will be made by the agencies after review of the post-deepening bathymetry.   

 
E.   References.    
  

DMMP, 2013.  Determination Regarding the Suitability of Dredged Material from the Grays Harbor 
Navigation Improvement Project, Evaluated under Section 404 of the Clean Water Act, for Open-Water 
Disposal at the South Jetty or Point Chehalis Dispersive Sites, or for Beneficial Use.  Prepared by 
David Fox (Corps) for the DMMP agencies. February 5, 2013.   

 
USACE, 2013.  Conceptual Design for Federal Deep Draft Channel Realignment in South Reach to 
Hoquiam Reach, Grays Harbor, Washington.  Memorandum for Record prepared by David Michalsen, 
P.E., March 3, 2013. 
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CENWS-OD-TS-DMMO 
    
MEMORANDUM FOR:  RECORD       February 9, 2012 
 
SUBJECT: DETERMINATION ON THE SUITABILITY OF PROPOSED FEDERAL OPERATION AND 
MAINTENANCE DREDGED MATERIAL FROM  GRAYS HARBOR, WASHINGTON (PN: CENWS-OD-TS-NS-38)  
EVALUATED UNDER SECTION 404 OF THE CLEAN WATER ACT, FOR OPEN-WATER DISPOSAL AT THE 
SOUTH JETTY AND POINT CHEHALIS DISPERSIVE DISPOSAL SITES, AND AT THE SOUTH BEACH AND 
HALF MOON BAY BENEFICIAL USE SITES. 
 
1. The following summary reflects the consensus determination of the Dredged Material Management Program 

(DMMP) agencies (U.S. Army Corps of Engineers, Washington Departments of Ecology and Natural Resources, 
and the Environmental Protection Agency) on the suitability of routine operations and maintenance dredged 
material from Grays Harbor, Washington (Figure 1) for unconfined open-water disposal and beneficial use.   
 
Table 1.  Project DMMP Tracking Details 

PUBLIC NOTICE: CENWS-OD-TS-NS-38 
SAP submitted:  
 

October 24, 2011 
 

SAP approved November 2, 2011 
(verbal authorization) 

Sampling dates:   VanVeen Grab                               November 4-19, 2011 
(28-DMMUs, 223 stations) 

Data characterization report submitted:  
 

February 8, 2012 
 

Recency Determination:     Low Concern (7 years)                                           November 2018 
DAIS reference number:     GRAYS-1-B-F-319 

 
Table 2. Project Synopsis 
 
Time of Proposed Dredging Annually, 16 July through 14 February except during fish windows  
Proposed Disposal Sites Point Chehalis and South Jetty open-water dispersive sites; Half Moon 

Bay (HMB) and South Beach nearshore beneficial use sites, and HMB 
direct beach nourishment, as needed and approved 

Sediment Ranking  Low 
Project last dredged Annually 
 
 

2.  Background.  Maintenance dredging of the federal navigation channel is performed annually.  However, 
sediment characterization is only done on a periodic basis.  In June 1995, the Grays Harbor Dredged Material 
Management (Interagency) Study Group prepared a manual entitled Dredged Material Evaluation Procedures 
and Disposal Site Management Manual, Grays Harbor and Willapa Bay, Washington (GHDMEP), which 
provided guidance for federal maintenance dredging and other dredging projects in Grays Harbor and Willapa 
Bay.  The federal navigation channel was ranked as a “low” concern for sediment contamination.  A low-ranked 
project requires testing every 5 to 7 years under the GHDMEP frequency guidelines.  Rather than conduct 
sediment characterization for the entire maintenance project every 5 to 7 years, the GHDMEP included 
provisions to allow sampling and testing of a portion of the federal project every other year.  In this way federal 
expenditures for sediment characterization could be spread more evenly over multiple years, resulting in more 
uniform funding requirements from year to year. 
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3. From 1996 to 2010, the federal navigation channel was divided into three subareas, with rotating 
characterization. Every other year, approximately 500,000 to 600,000 cubic yards of sediment from 
approximately one-third of the navigation channel was fully characterized.  The Corps of Engineers prepared a 
programmatic sampling and analysis plan (PSAP) every six years to cover the rotating sediment characterization 
within that time span.  A PSAP was last prepared in 2006, covering the years 2006 through 2011.  A PSAP 
addendum (PSAPA) was prepared every two years, containing details of the sampling and analysis plan for that 
particular sediment characterization rotation.  The last required testing rotation under the 2006-2011 PSAP 
occurred in the summer of 2010. 
 

4. While the rotating sediment characterization approach was successful in spreading federal expenditures more 
evenly over multiple years, the overall cost of characterization was higher due to repeated mobilization and 
contracting costs.  The rotating characterization also forced more frequent updates of environmental 
documentation with attendant cost implications.  Therefore, the Corps of Engineers has decided to alter the 
previous testing paradigm and characterize the entire federal project from Crossover Reach to the South 
Aberdeen Reach in the same year. This would also extend the recency from six to seven years, which is the 
recency period for Low ranked projects. 

 
5. Testing results from previous sediment quality characterizations can be found in suitability determinations for 

dredging years (DY) 1993, 1994, 1996, 1999, 2001, 2005, 2008, 2009, and 2011.  During that period, all material 
was found suitable for estuarine open-water disposal at the Point Chehalis and South Jetty sites, and for 
beneficial use at the Half Moon Bay and the South Beach beneficial use sites, and for HMB direct beach 
placement.  These suitability determinations can be found on the Corps’ Dredged Material Management Office 
website at: 

 
http://www.nws.usace.army.mil/PublicMenu/documents/DMMO/USACE-GH-O&M-DY93-SDM.pdf 
 
http://www.nws.usace.army.mil/PublicMenu/documents/DMMO/USACE-Grays-Harbor-DY94-SDM.pdf 
 
http://www.nws.usace.army.mil/PublicMenu/documents/DMMO/USACE-Grays-Harbor-DY96-SDM.pdf 
 
http://www.nws.usace.army.mil/PublicMenu/documents/DMMO/USACE-Grays-Harbor-DY99-SDM.pdf 
 
http://www.nws.usace.army.mil/PublicMenu/documents/DMMO/USACE-Grays-Harbor-DY01-SDM.pdf 
 
http://www.nws.usace.army.mil/PublicMenu/documents/DMMO/GHO&M-05-sdm.pdf 
 
http://www.nws.usace.army.mil/PublicMenu/documents/DMMO/GH-DY08-
Outer_Harbor_Exclusionary_Determination.pdf 
 
http://www.nws.usace.army.mil/PublicMenu/documents/DMMO/2008-GH_O&M.pdf 
 
http://www.nws.usace.army.mil/PublicMenu/documents/DMMO/USACE_Grays_Harbor_SDM_DY09.pdf 
 
http://www.nws.usace.army.mil/PublicMenu/documents/DMMO/2011-GH_SDM_final.pdf 
 
 

6. Sampling and Analysis Plan.  The sampling and analysis plan (SAP) was submitted for DMMP review on 
October  24, 2011, and was verbally approved on November 2, 2011 with minor revisions.  

 
7. DMMU Allocation.  Based on historical dredging records, average annual dredging volumes range 

between 1.5 to 1.8 million cubic yards (mcy)/year, with an average volume around 1.65 mcy/year.  
Previously, the federal project was evaluated by characterizing approximately 1/3rd of the federal 
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project every two years, so that the entire project was characterized every six years.  Using this 
methodology, approximately nine dredged material management units (DMMUs) were characterized 
every two years from 1996 to 2010.  This year, in order to characterize the entire project, 28 DMMUs of 
approximately equal length (~0.5 miles) were distributed within the federal channel from Crossover 
Reach to South Aberdeen Reach (See Table 3 and Figure 1).  The purpose of using equal-length 
rather than equal-volume DMMUs is to facilitate the analysis of sediment quality trends (e.g., dioxin) 
over time throughout the federal channel from Crossover Reach to South Aberdeen Reach.  It is 
envisioned that the same DMMU boundaries will be used in future characterization efforts.  
 

8. Specifically, the 28 DMMUs (all composites) were divided among the reaches along the 13.5 mile inner 
harbor navigation channel as indicated below.  Eight grab samples were collected and composited from 
each of the 28 DMMUs, for a total of 224 sampling locations.  The most recent bathymetric survey data 
were used to locate representative sampling stations within each DMMU.   
 
Crossover Reach (Stations: 715+93 to 862+49):  6 DMMUs (C1-C6) 
North Channel Reach (Stations: 862+49 to 1005+71):  5 DMMUs (C7-C11) 
Hoquiam Reach (Stations: 1005+71 to 1156+02):  6 DMMUs (C12-C17) 
Cow Point Reach (Stations: 1156+02 to 1227+99):  3 DMMUs (C18-C20) 
Aberdeen Reach (Stations: 1227+99 to 1315+86): 3 DMMUs (C21-C23) 
South Aberdeen Reach (Stations: 1315+86 to 1448+04): 5 DMMUs (C24-C28)  
 

Table 3.  DMMU Allocation for DY 2012 Grays Harbor Maintenance Dredging 

Channel Reach Channel Width 
(feet) 

Channel Depth (ft) 
(without advanced 

maintenance or overdepth) 
Channel Length 

(miles)  # of DMMUs 

Bar* 1000 46 1.0 NA 
Entrance/Point 

Chehalis* 600 – 1000 28 – 46 4.0 NA 

South* 350 36 4.3 NA 
Crossover 350 36 2.8 6 

North Channel 350 36 2.7 5 
Hoquiam 350 36 2.8 6 

Cow Point 350 36 1.4 3 
Aberdeen 200 30 1.5 3 

South Aberdeen 200 30 2.3 5 
Totals (non-exclusionary): 13.5 28 
Totals (exclusionary + non-exclusionary): 22.8  
Average DMMU channel length in miles: 0.48 
*No Test (exclusionary); NA = not applicable 

 
 
9. Sampling.  The sampling commenced on November 4, 2011 and was concluded on November 19, 2011 after 

encountering several weather days precluding sample collections. Sampling with a VanVeen grab sampler was 
accomplished at 223 of the 224 stations, and composited into 28 DMMUs (8 samples/DMMU composite, except 
DMMU-AB-C23, which had 7 samples). Difficulties in finding a suitable replacement station for AB-C23 not 
already at -40 ft MLLW prevented locating the eighth sample for this DMMU. This deviation from the SAP was 
coordinated with the DMMO/DMMP and verbally approved,   Appendix 1(a-c) and Figures 2-7 provide 
background information regarding estimated dredging per reach and station keeping sampling and depth data 
and locations for each station and DMMU. The data characterization report was submitted to the DMMP 
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quality assurance/control review on February 8, 2012. The DMMP agencies concluded, after reviewing the data 
validation report, that the data were acceptable for decision-making using best professional judgment. 
 

10. Standard Chemicals of Concern Testing Summary.  The Agencies’ approved sampling and analysis plan was 
followed and quality assurance/quality control guidelines specified by PSEP and DMMP were generally complied 
with.  A summary of standard list of CoCs analysis results is provided in Table 4, and demonstrates that all 
chemicals were quantitated as either detected or undetected below DMMP SL guidelines.  
 

11. SMS Guidelines Comparison.  Data from all twenty-eight DMMUs were carbon-normalized as appropriate and 
compared with Sediment Management Standards (SMS) Sediment Quality Standards (SQS) guidelines, to 
assess suitability for beneficial uses Table 4. All the materials evaluated were quantitated (detected and 
undetected) below SQS guidelines. Therefore, all the material evaluated was found to be suitable for beneficial 
use relative to SMS guidelines.  However, SMS does not include guidelines for dioxins. Thus, the DMMP has 
modified the beneficial use finding, based on best professional judgment, in the Suitability section below 
(paragraph 20). 

 
12. Dioxin Testing Results Summary.  Table 5 provides the results of the validated dioxin/furan testing results for 

the twenty-eight DMMUs, which depicted concentrations ranging from  0.68 pptr-TEQ (NC-C7)  to a high of 11.8-
pptr-TEQ (HO-C16)  (U = ½ detection limit) with an average concentration of 3.62 pptr-TEQ. Analysis of dioxin 
concentrations in the reference sample (GH-S7) depicted a concentration of 4.03 pptr-TEQ (U = ½ detection 
limit). 
 

13.  Dioxin Interim Interpretative Framework.  The existing DMMP dioxin guideline in place for Coastal 
Washington is 15 pptr-TEQ for interpreting dioxin data. The twenty-eight DMMUs evaluated were all quantitated  
below the existing guideline of 15.0- pptr-TEQ, and all the maintenance dredged material within the Federal 
channel in Grays Harbor is suitable for open-water disposal at either of the Estuarine Dispersive sites, and for 
use at an appropriate beneficial use site (see paragraph 20 below) based on these dioxin testing results. 

 
14.  Confirmatory Biological Testing.  The standard suite of three bioassay tests (amphipod toxicity, bivalve larval 

mortality/abnormality, and juvenile polychaete growth) was performed on sediments chosen for confirmatory 
testing. All biological testing was performed by Northwest Aquatic Science (NAS), of Newport, Oregon, in 
compliance with standard bioassay protocols (PSEP 1995). The DMMP agencies selected two confirmatory 
biological testing DMMUs, one within North Channel Reach, and the second within Aberdeen Reach after 
reviewing the previous testing history within each of the reaches (Table 6). No toxicity has been observed during 
previous confirmatory testing of Grays Harbor O&M material. The DMMP agencies selected two stations from 
two reaches subjected to the lowest frequency of confirmatory toxicity testing.  The two stations selected were 
North Channel:  DMMU-NC-C10 (39.2  % fines) and Aberdeen: DMMU-AB-C21 (60.3 % fines).  Subsequently, a 
reference sample was collected at reference area station GH-S7 (Figure 8) based on wet sieving results from 
the twenty-eight DMMUs (Appendix 1c). The reference sample was ultimately quantitated at 87.5 % fines, 
which differs markedly from the two confirmatory testing DMMUs. The disparity was not realized until after 
testing was completed. The testing results below were compared with both reference sediments and negative 
controls to evaluate the suitability of these two DMMUs relative to dispersive interpretation guidelines. 
Comparison with negative control provides a more conservative interpretation, and the higher fines fraction in the 
reference sediment coupled with the negative control comparison provides a more conservative evaluation.  



Table 4. DMMP Characterization Results Summary for USACE Grays Harbor Navigation Project - DY2012 Characterization
      DMMP    SMS Guidelines XR-C1 XR-C2 XR-C3 XR-C4 XR-C5 XR-C6 NC-C7

Unit SL ML BT Unit SQS CSL Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ
DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS

Metals dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm
Antimony mg/kg dw 150 200 - -- -- 7.0 U 7.0 U 7.0 U 7.0 U 7.0 U 9.0 U 7.0 U
Arsenic mg/kg dw 57 700 507.1 mg/kg 57 93 7.0 U 7.0 U 7.0 U 7.0 U 7.0 U 9.0 U 7.0 U
Cadmium mg/kg dw 5.1 14 11.3 mg/kg 5.1 6.7 0.3 U 0.3 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U
Chromium mg/kg dw - - 267 mg/kg 260 270 21.5 21.3 20.3 19.4 20.9 U 29.0 19.9
Copper mg/kg dw 390 1300 1027 mg/kg 390 390 13.5 13.6 15.1 13.1 14.5 29.5 9.8
Lead mg/kg dw 450 1200 975 mg/kg 450 530 3.0 3.0 3.0 U 3.0 U 3.0 4.0 3.0 U
Mercury mg/kg dw 0.41 2.3 1.5 mg/kg 0.41 0.59 0.03 U 0.03 0.03 U 0.03 U 0.04 0.04 0.03 U
Selenium mg/kg dw - - 3 mg/kg -- -- 0.70 U 0.70 0.70 U 0.7 U 0.70 U 0.8 U 0.7 U
Silver mg/kg dw 6.1 8.4 6.1 mg/kg 6.1 6.1 0.40 U 0.40 0.40 U 0.4 U 0.40 U 0.5 U 0.4 U
Zinc mg/kg dw 410 3800 2783 mg/kg 410 960 47.0 47.0 42.0 41.0 46.0 U 60.0 41.0
PAHs
Naphthalene µg/kg dw 2100 2400 - mg/kg-OC 99 170 20.0 0.40 U 14.00 0.16 U 19.00 1.33 U 20.00 0.99 U 9.40 0.64 19.0 1.58 19.0 2.38 U
2-Methylnaphthalene µg/kg dw 670 1900 - mg/kg-OC 38 64 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 J 13.0 1.08 J 19.0 2.38 U
Acenaphthylene µg/kg dw 560 1300 - mg/kg-OC 66 66 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Acenaphthene µg/kg dw 500 2000 - mg/kg-OC 16 57 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Fluorene µg/kg dw 540 3600 - mg/kg-OC 23 79 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Phenanthrene µg/kg dw 1500 21000 - mg/kg-OC 100 480 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 20.0 1.67 19.0 2.38 U
Anthracene µg/kg dw 960 13000 - mg/kg-OC 220 1200 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Total LPAHs µg/kg dw 5200 29000 - mg/kg-OC 370 780 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 9.40 0.64 U 52.0 4.33 J 19.0 2.38 U
Fluoranthene µg/kg dw 1700 30000 4600 mg/kg-OC 160 1200 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 J 18.0 1.50 J 19.0 2.38 U
Pyrene µg/kg dw 2600 16000 11980 mg/kg-OC 1000 1400 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 9.40 0.64 U 18.0 1.50 J 19.0 2.38 U
Benzo(a)anthracene µg/kg dw 1300 5100 - mg/kg-OC 110 270 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 J 19.0 1.58 U 19.0 2.38 U
Chrysene µg/kg dw 1400 21000 - mg/kg-OC 110 460 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Benzo(a)pyrene µg/kg dw 1600 3600 - mg/kg-OC 99 210 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Indeno(1,2,3-cd)pyrene µg/kg dw 600 4400 - mg/kg-OC 34 88 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Dibenzo(a,h)anthracene µg/kg dw 230 1900 - mg/kg-OC 12 33 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Benzo(g,h,i)perylene µg/kg dw 670 3200 - mg/kg-OC 31 78 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Total Benzofluoranthenes µg/kg dw 3200 9900 - mg/kg/OC 230 450 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Total HPAHs µg/kg dw 12000 69000 - mg/kg-OC 960 5300 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 9.40 0.64 U 36.0 3.00 J 19.0 2.38 U
1,4-Dichlorobenzene µg/kg dw 110 120 - mg/kg-OC 3.1 9 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 J 19.0 1.58 U 19.0 2.38 U
1,2-Dichlorobenzene µg/kg dw 35 110 - mg/kg-OC 2.3 2.3 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
1,2,4-Trichlorobenzene µg/kg dw 31 64 - mg/kg-OC 0.81 1.8 20.0 0.40 U 20.00 0.23 J 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Hexachlorobenzene µg/kg dw 22 230 168 mg/kg-OC 0.38 2.3 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Dimethyl phthalate µg/kg dw 71 1400 - mg/kg-OC 53 53 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Diethyl phthalate µg/kg dw 200 1200 - mg/kg-OC 61 110 49.0 0.98 U 50.00 0.57 U 48.00 3.36 U 50.00 2.46 U 47.00 3.18 U 49.0 4.08 U 47.0 5.88 U
Di-n-butyl phthalate µg/kg dw - - - mg/kg-OC 220 1700 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Butyl benzyl phthalate µg/kg dw 63 970 - mg/kg-OC 4.9 64 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Bis(2-ethylhexyl) phthalate µg/kg dw 1300 8300 - mg/kg-OC 47 78 24.0 0.48 U 25.00 0.29 U 24.00 1.68 U 25.00 1.23 U 24.00 1.62 U 32.0 2.67 23.0 2.88 J
Di-n-octyl phthalate µg/kg dw 6200 6200 - mg/kg-OC 58 4500 20.0 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Phenol µg/kg dw 420 1200 ug/kg 420 1200 16.0 J 36.00 U 19.00 U 20.00 U 13.00 U 19.0 U 100.0
2-Methylphenol µg/kg dw 63 77 - ug/kg 63 63 20.0 U 20.00 U 19.00 U 20.00 U 19.00 J 19.0 U 19.0 U
4-Methylphenol µg/kg dw 670 3600 - ug/kg 670 670 39.0 U 40.00 UJ 38.00 U 40.00 U 38.00 U 69.0 38.0 U
2,4-Dimethylphenol µg/kg dw 29 210 - ug/kg 29 29 19.0 UJ 20.00 U 19.00 UJ 19.00 UJ 19.00 U 19.0 UJ 19.0 UJ
Pentachlorophenol µg/kg dw 400 690 504 ug/kg 360 690 200.0 U 200.00 U 190.00 U 200.00 U 190.00 UJ 190.0 U 190.0 U
Benzyl Alcohol µg/kg dw 57 870 - ug/kg 57 73 20.0 U 20.00 U 19.00 U 20.00 U 19.00 U 19.0 U 19.0 U
Benzoic Acid µg/kg dw 650 760 - ug/kg 650 650 390.0 U 400.00 U 380.00 U 400.00 U 380.00 U 390.0 U 380.0 U
Dibenzofuran µg/kg dw 540 1700 - mg/kg-OC 15 58 20 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
N-Nitrosodiphenylamine µg/kg dw 28 130 - mg/kg-OC 11 11 20 0.40 U 20.00 0.23 U 19.00 1.33 U 20.00 0.99 U 19.00 1.28 U 19.0 1.58 U 19.0 2.38 U
Hexachlorobutadiene µg/kg dw 29 270 - mg/kg-OC 3.9 6.2 0.49 0.010 U 0.48 0.005 U 0.48 0.03 U 0.49 0.02 U 0.48 0.03 U 0.5 0.04 U 0.5 0.06 U
Heptachlor µg/kg dw 1.5 - - -- -- 0.49 U 0.48 U 0.48 U 0.49 U 0.48 U 0.5 U 0.5 U
Aldrin µg/kg dw 9.5 - - -- -- 1.2 Y 0.48 U 0.48 U 0.49 U 0.48 U 0.5 U 0.5 U
Dieldrin µg/kg dw 1.9 - - -- -- 0.99 U 0.96 U 0.96 U 0.98 U 0.95 U 1.0 U 1.0 U
4,4'-DDE µg/kg dw 16 - - -- -- 0.99 U 0.96 U 0.96 U 0.98 U 0.95 U 1.0 U 1.0 U
4,4'-DDD µg/kg dw 9 - - -- -- 0.99 U 0.96 U 0.96 U 0.98 U 0.95 U 1.0 U 1.0 U
4,4'-DDT µg/kg dw 12 - - -- -- 0.99 U 0.96 U 0.96 U 0.98 U 0.95 U 1.0 U 1.0 U
Total DDT(sum of 4,4'-DDD, 4,4'-DDE & 4,4'-DDT) µg/kg dw 69 50 -- -- 0.99 U 0.96 U 0.96 U 0.98 U 0.95 U 1.0 U 1.0 U
trans-Chlordane µg/kg dw - - - -- -- 1.3 Y 0.48 U 0.48 U 0.49 U 0.48 U 0.5 U 0.5 U
cis-Chlordane µg/kg dw - - - -- -- 0.49 U 0.48 U 0.48 U 0.49 U 0.48 U 0.5 U 0.5 U
oxy Chlordane µg/kg dw 2.0 U 1.90 U 1.90 U 2.00 U 1.90 U 1.9 U 2.0 U
cis-Nonachlor µg/kg dw 2.0 U 1.90 U 1.90 U 2.00 U 1.90 U 1.9 U 2.0 U
trans-Nonachlor µg/kg dw 2.0 U 1.90 U 1.90 U 2.00 U 1.90 U 1.9 U 2.0 U
Total chlordane µg/kg dw 2.8 - 37 -- -- 2.0 U 1.90 U 1.90 U 2.00 U 1.90 U 1.9 U 2.0 U

Chemical Name
Guidelines
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Table 4. DMMP Characterization Results Summary for USACE Grays Harbor Navigation Project - DY2012 Characterization
      DMMP    SMS Guidelines XR-C1 XR-C2 XR-C3 XR-C4 XR-C5 XR-C6 NC-C7

Unit SL ML BT Unit SQS CSL Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQChemical Name
Guidelines

Aroclor 1016 µg/kg dw - - - -- -- 9.90 U 9.70 U 9.60 U 9.80 U 9.60 U 9.5 U 9.9 U
Aroclor 1242 µg/kg dw - - - -- -- 9.9 U 9.70 U 9.60 U 9.80 U 9.60 U 9.5 U 9.9 U
Aroclor 1248 µg/kg dw - - - -- -- 9.9 U 9.70 U 9.60 U 9.80 U 9.60 U 9.5 U 9.9 U
Aroclor 1254 µg/kg dw - - - -- -- 9.9 U 9.70 U 9.60 U 9.80 U 9.60 U 9.5 U 9.9 U
Aroclor 1260 µg/kg dw - - - -- -- 9.9 U 9.70 U 9.60 U 9.80 U 9.60 U 9.5 U 9.9 U
Aroclor 1221 µg/kg dw - - - -- -- 9.9 U 9.70 U 9.60 U 9.80 U 9.60 U 9.5 U 9.9 U
Aroclor 1232 µg/kg dw - - - -- -- 9.9 U 9.70 U 9.60 U 9.80 U 9.60 U 9.5 U 9.9 U
Aroclor 1262 µg/kg dw - - - -- -- 9.9 U 9.70 U 9.60 U 9.80 U 9.60 U 9.5 U 9.9 U
Aroclor 1268 µg/kg dw - - - -- -- 9.9 U 9.70 U 9.60 U 9.80 U 9.60 U 9.5 U 9.9 U
Total PCBs µg/kg dw 130 3100 - mg/kg/OC 12 65 9.9 0.20 U 9.70 0.11 U 9.60 0.67 U 9.80 0.48 U 9.60 0.65 U 9.5 0.79 U 9.9 1.24 U
Total PCBs mg/kg OC - - 38 0.20 0.11 0.67 0.48 0.65 U 0.79 1.24
Dioxin (TEQ: see Table 4 for congener specific results) ng/kg 0.95 0.80 1.53 1.06 1.36 3.64 0.68
 Total Solids % 67.3 68.4 69.6 70.9 65.2 55.1 70.5
 Total Volatile Solids % 61.2 67.6 68.6 49.1 65.6 5.0 2.0
 Total Organic Carbon % 5.01 8.77 1.43 2.03 1.48 1.2 0.8
 Total Ammonia mg/kg 2.72 2.63 2.4 2.15 2.79 15.4 4.1
 Total Sulfides mg/kg 13.7 12.6 7.82 5.78 12.0 2.2 1.4 U
 Gravel % 0.1 0.1 0.1 0.1 0.1 0.1 0.1
 Sand % 89.1 87.3 84.4 89.1 82.6 62.6 94.8
 Silt % 6.5 7.6 9.8 6.6 11.0 24.8 2.6
 Clay % 4.3 5 5.9 4.3 6.5 12.6 2.6
 Fines (percent silt + clay) % 10.8 12.6 15.7 10.9 17.5 37.4 5.2
 Eohaustorius estuarius hits: (NH, 2H, 1H)
 Mytilus galloprovincialis hits:  (NH, 2H, 1H)
 Neanthes arenaceodentata hits:  (NH, 2H, 1H)
 Bioassay Determination: (Pass/Fail) NA NA NA NA NA NA NA
 BTs exceeded: Y/N N N N N N N N
 Bioaccumulation conducted: Y/N N N N N N N N
 Bioaccumulation Determination: (P/F) NA NA NA NA NA NA NA
 ML Rule exceeded: Y/N N N N N N N N
 PSDDA Determination: (Suitable/Unsuitable) Suitable BU Suitable BU Suitable BU Suitable BU Suitable BU Suitable Suitable
 DMMU Volume: cy 60,000 60,000 60,000 60,000 60,000 60,000 60,000
 Rank (Low = L, Moderate = M, Low-Moderate =LM, High = H) L L L L L L L
 Mean Grab sampling depth (cm) cm 10 10 10 10 10 10 10
 DMMU ID: XR-C1 XR-C2 XR-C3 XR-C4 XR-C5 XR-C6 NC-C7

Legend:
VQ = Validation Qualifier

    U = undetected at reporting limit
    J = Estimated value, less than reporting limit, and/or QC parameter out of Control limits

NA = not analyzed
SL = screening level
BT = bioaccumulation trigger
ML = maximum level
DDD = dichlorodiphenyldichloroethane
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane
DMMP = dredged material management program
DMMU = dredged material management unit
dw = dry weight
ww = wet weight
HPAHs = high molecular weight polycyclic aromatic 
hydrocarbons
LPAHs = low molecular weight polycyclic aromatic 
hydrocarbons
OC = organic carbon normalized
PCBs = polychlorinated biphenyls
RL = reporting limit
SVOCs =  semi-volatile organic compounds

   NH = No Hit; 2H = Two Hit Failure; 1H = One Hit Failure
   BU = Suitable for Beneficial Use
   Denotes DMMUs subject to Confirmatory Bioassay testing



Table 4. DMMP Characterization Results Summary for USACE Grays Harbor Navigation Project - DY2012 Characterization
      DMMP    SMS Guidelines

Unit SL ML BT Unit SQS CSL

Metals
Antimony mg/kg dw 150 200 - -- --
Arsenic mg/kg dw 57 700 507.1 mg/kg 57 93
Cadmium mg/kg dw 5.1 14 11.3 mg/kg 5.1 6.7
Chromium mg/kg dw - - 267 mg/kg 260 270
Copper mg/kg dw 390 1300 1027 mg/kg 390 390
Lead mg/kg dw 450 1200 975 mg/kg 450 530
Mercury mg/kg dw 0.41 2.3 1.5 mg/kg 0.41 0.59
Selenium mg/kg dw - - 3 mg/kg -- --
Silver mg/kg dw 6.1 8.4 6.1 mg/kg 6.1 6.1
Zinc mg/kg dw 410 3800 2783 mg/kg 410 960
PAHs
Naphthalene µg/kg dw 2100 2400 - mg/kg-OC 99 170
2-Methylnaphthalene µg/kg dw 670 1900 - mg/kg-OC 38 64
Acenaphthylene µg/kg dw 560 1300 - mg/kg-OC 66 66
Acenaphthene µg/kg dw 500 2000 - mg/kg-OC 16 57
Fluorene µg/kg dw 540 3600 - mg/kg-OC 23 79
Phenanthrene µg/kg dw 1500 21000 - mg/kg-OC 100 480
Anthracene µg/kg dw 960 13000 - mg/kg-OC 220 1200
Total LPAHs µg/kg dw 5200 29000 - mg/kg-OC 370 780
Fluoranthene µg/kg dw 1700 30000 4600 mg/kg-OC 160 1200
Pyrene µg/kg dw 2600 16000 11980 mg/kg-OC 1000 1400
Benzo(a)anthracene µg/kg dw 1300 5100 - mg/kg-OC 110 270
Chrysene µg/kg dw 1400 21000 - mg/kg-OC 110 460
Benzo(a)pyrene µg/kg dw 1600 3600 - mg/kg-OC 99 210
Indeno(1,2,3-cd)pyrene µg/kg dw 600 4400 - mg/kg-OC 34 88
Dibenzo(a,h)anthracene µg/kg dw 230 1900 - mg/kg-OC 12 33
Benzo(g,h,i)perylene µg/kg dw 670 3200 - mg/kg-OC 31 78
Total Benzofluoranthenes µg/kg dw 3200 9900 - mg/kg/OC 230 450
Total HPAHs µg/kg dw 12000 69000 - mg/kg-OC 960 5300
1,4-Dichlorobenzene µg/kg dw 110 120 - mg/kg-OC 3.1 9
1,2-Dichlorobenzene µg/kg dw 35 110 - mg/kg-OC 2.3 2.3
1,2,4-Trichlorobenzene µg/kg dw 31 64 - mg/kg-OC 0.81 1.8
Hexachlorobenzene µg/kg dw 22 230 168 mg/kg-OC 0.38 2.3
Dimethyl phthalate µg/kg dw 71 1400 - mg/kg-OC 53 53
Diethyl phthalate µg/kg dw 200 1200 - mg/kg-OC 61 110
Di-n-butyl phthalate µg/kg dw - - - mg/kg-OC 220 1700
Butyl benzyl phthalate µg/kg dw 63 970 - mg/kg-OC 4.9 64
Bis(2-ethylhexyl) phthalate µg/kg dw 1300 8300 - mg/kg-OC 47 78
Di-n-octyl phthalate µg/kg dw 6200 6200 - mg/kg-OC 58 4500
Phenol µg/kg dw 420 1200 ug/kg 420 1200
2-Methylphenol µg/kg dw 63 77 - ug/kg 63 63
4-Methylphenol µg/kg dw 670 3600 - ug/kg 670 670
2,4-Dimethylphenol µg/kg dw 29 210 - ug/kg 29 29
Pentachlorophenol µg/kg dw 400 690 504 ug/kg 360 690
Benzyl Alcohol µg/kg dw 57 870 - ug/kg 57 73
Benzoic Acid µg/kg dw 650 760 - ug/kg 650 650
Dibenzofuran µg/kg dw 540 1700 - mg/kg-OC 15 58
N-Nitrosodiphenylamine µg/kg dw 28 130 - mg/kg-OC 11 11
Hexachlorobutadiene µg/kg dw 29 270 - mg/kg-OC 3.9 6.2
Heptachlor µg/kg dw 1.5 - - -- --
Aldrin µg/kg dw 9.5 - - -- --
Dieldrin µg/kg dw 1.9 - - -- --
4,4'-DDE µg/kg dw 16 - - -- --
4,4'-DDD µg/kg dw 9 - - -- --
4,4'-DDT µg/kg dw 12 - - -- --
Total DDT(sum of 4,4'-DDD, 4,4'-DDE & 4,4'-DDT) µg/kg dw 69 50 -- --
trans-Chlordane µg/kg dw - - - -- --
cis-Chlordane µg/kg dw - - - -- --
oxy Chlordane µg/kg dw
cis-Nonachlor µg/kg dw
trans-Nonachlor µg/kg dw
Total chlordane µg/kg dw 2.8 - 37 -- --

Chemical Name
Guidelines NC-C8 NC-C9 NC-C10 NC-C11 HO-C12 HO-C13 HO-C14

Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ
DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS
dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm

7.0 U 8.0 U 8.0 U 7.0 U 7.0 U 8.0 U 9.0 U
8.0 8.0 U 8.0 7.0 7.0 U 8.0 U 9.0 U
0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U

29.0 26.4 34.6 26.6 28.4 32.5 32.9
30.6 25.4 44.1 23.3 29.4 42.2 38.8
4.0 3.0 4.0 3.0 U 3.0 4.0 4.0

0.03 U 0.03 U 0.04 U 0.03 U 0.03 U 0.04 U 0.04
0.7 U 0.8 U 0.8 U 0.7 U 0.7 U 0.8 U 0.9 U
0.4 U 0.5 U 0.5 U 0.4 U 0.4 U 0.5 U 0.5 U

59.0 54.0 69.0 55.0 60.0 72.0 68.0

19.0 1.06 U 19.0 1.19 U 25.0 1.47 18.0 1.50 U 10.0 0.77 J 11.0 0.73 J 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 11.0 0.65 J 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 17.0 1.00 J 10.0 0.83 J 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 53.0 3.12 J 10.0 0.83 J 10.0 0.77 J 11.0 0.73 J 19.0 1.06 U
19.0 1.06 U 9.6 0.60 J 17.0 1.00 J 9.2 0.77 J 19.0 1.46 U 9.6 0.64 J 12.0 0.67 J
19.0 1.06 U 19.0 1.19 U 21.0 1.24 10.0 0.83 JQ 19.0 1.46 U 12.0 0.80 J 12.0 0.67 J
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 12.0 0.71 J 18.0 1.50 U 19.0 1.46 U 9.6 0.64 J 19.0 1.06 U
19.0 1.06 U 9.6 0.60 J 50.0 2.94 J 18.0 1.50 U 19.0 1.46 U 31.2 2.08 J 24.0 1.33 J
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
48.0 2.67 U 48.0 3.00 U 48.0 2.82 U 46.0 3.83 U 47.0 3.62 U 48.0 3.20 U 48.0 2.67 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
20.0 1.11 J 22.0 1.38 J 29.0 1.71 23.0 1.92 U 25.0 1.92 B 24.0 1.60 U 24.0 1.33 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 U 13.0 J 18.0 J 11.0 J 19.0 U 19.0 U 9.7 J
19.0 U 19.0 U 19.0 U 18.0 U 19.0 U 19.0 U 19.0 U
38.0 U 12.0 J 26.0 J 37.0 U 11.0 J 20.0 J 67.0
19.0 UJ 19.0 UJ 19.0 UJ 18.0 UJ 38.0 U 19.0 U 39.0 U

190.0 U 190.0 U 190.0 U 180.0 U 190.0 U 190.0 U 190.0 U
19.0 U 19.0 U 19.0 U 18.0 U 19.0 U 19.0 U 19.0 U

380.0 U 380.0 U 390.0 U 370.0 U 380.0 U 380.0 U 390.0 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
19.0 1.06 U 19.0 1.19 U 19.0 1.12 U 18.0 1.50 U 19.0 1.46 U 19.0 1.27 U 19.0 1.06 U
0.5 0.03 U 0.5 0.03 U 0.5 0.03 U 0.5 0.04 U 0.5 0.04 U 0.5 0.03 U 0.5 0.03 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
1.0 U 0.9 U 0.9 U 1.0 U 1.0 U 0.9 U 1.0 U
1.0 U 0.9 U 0.9 U 1.0 U 1.0 U 0.9 U 1.0 U
1.0 U 0.9 U 0.9 U 1.0 U 1.0 U 0.9 U 1.0 U
1.0 U 0.9 U 0.9 U 1.0 U 1.0 U 0.9 U 1.0 U
1.0 U 0.9 U 0.9 U 1.0 U 1.0 U 0.9 U 1.0 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U
1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U
1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U
1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U
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Table 4. DMMP Characterization Results Summary for USACE Grays Harbor Navigation Project - DY2012 Characterization
      DMMP    SMS Guidelines

Unit SL ML BT Unit SQS CSLChemical Name
Guidelines

Aroclor 1016 µg/kg dw - - - -- --
Aroclor 1242 µg/kg dw - - - -- --
Aroclor 1248 µg/kg dw - - - -- --
Aroclor 1254 µg/kg dw - - - -- --
Aroclor 1260 µg/kg dw - - - -- --
Aroclor 1221 µg/kg dw - - - -- --
Aroclor 1232 µg/kg dw - - - -- --
Aroclor 1262 µg/kg dw - - - -- --
Aroclor 1268 µg/kg dw - - - -- --
Total PCBs µg/kg dw 130 3100 - mg/kg/OC 12 65
Total PCBs mg/kg OC - - 38
Dioxin (TEQ: see Table 4 for congener specific results) ng/kg
 Total Solids %
 Total Volatile Solids %
 Total Organic Carbon %
 Total Ammonia mg/kg
 Total Sulfides mg/kg
 Gravel %
 Sand %
 Silt %
 Clay %
 Fines (percent silt + clay) %
 Eohaustorius estuarius hits: (NH, 2H, 1H)
 Mytilus galloprovincialis hits:  (NH, 2H, 1H)
 Neanthes arenaceodentata hits:  (NH, 2H, 1H)
 Bioassay Determination: (Pass/Fail)
 BTs exceeded: Y/N
 Bioaccumulation conducted: Y/N
 Bioaccumulation Determination: (P/F)
 ML Rule exceeded: Y/N
 PSDDA Determination: (Suitable/Unsuitable)
 DMMU Volume: cy
 Rank (Low = L, Moderate = M, Low-Moderate =LM, High = H)
 Mean Grab sampling depth (cm) cm
 DMMU ID:

Legend:
VQ = Validation Qualifier

    U = undetected at reporting limit
    J = Estimated value, less than reporting limit, and/or QC parameter out of Control limits

NA = not analyzed
SL = screening level
BT = bioaccumulation trigger
ML = maximum level
DDD = dichlorodiphenyldichloroethane
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane
DMMP = dredged material management program
DMMU = dredged material management unit
dw = dry weight
ww = wet weight
HPAHs = high molecular weight polycyclic aromatic 
hydrocarbons
LPAHs = low molecular weight polycyclic aromatic 
hydrocarbons
OC = organic carbon normalized
PCBs = polychlorinated biphenyls
RL = reporting limit
SVOCs =  semi-volatile organic compounds

   NH = No Hit; 2H = Two Hit Failure; 1H = One Hit Failure
   BU = Suitable for Beneficial Use
   Denotes DMMUs subject to Confirmatory Bioassay testing

NC-C8 NC-C9 NC-C10 NC-C11 HO-C12 HO-C13 HO-C14
Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ

9.7 U 9.5 U 9.5 U 9.4 U 9.6 U 9.6 U 9.7 U
9.7 U 9.5 U 9.5 U 9.4 U 9.6 U 9.6 U 9.7 U
9.7 U 9.5 U 9.5 U 9.4 U 9.6 U 9.6 U 9.7 U
9.7 U 9.5 U 9.5 U 9.4 U 9.6 U 9.6 U 9.7 U
9.7 U 9.5 U 9.5 U 9.4 U 9.6 U 9.6 U 9.7 U
9.7 U 9.5 U 9.5 U 9.4 U 9.6 U 9.6 U 9.7 U
9.7 U 9.5 U 9.5 U 9.4 U 9.6 U 9.6 U 9.7 U
9.7 U 9.5 U 9.5 U 9.4 U 9.6 U 9.6 U 9.7 U
9.7 U 9.5 U 9.5 U 9.4 U 9.6 U 9.6 U 9.7 U
9.7 0.54 U 9.5 0.59 U 9.5 0.56 U 9.4 0.78 U 9.6 0.74 U 9.6 0.64 U 9.7 0.54 U

0.54 0.59 0.56 0.78 0.74 0.64 0.54
3.57 2.87 4.5 2.4 1.57 3.61 4.24
65.4 58.2 57.4 66.9 65.3 60.4 50.3
3.5 4.0 5.0 3.0 3.3 4.4 5.2
1.8 1.6 1.7 1.2 1.3 1.5 1.8
8.5 7.5 11.2 11.4 13.1 13.5 20.4
1.8 1.5 U 325 1.6 U 23.6 1.8 U 9.3
0.1 0.1 0.2 0.1 0.1 1.0 0.2

76.3 74.9 60.4 85.2 82.3 64.4 55.3
15.6 15.3 25.4 9.0 11.3 23.9 33.5
8.0 9.8 13.8 5.7 6.1 10.6 11.1

23.6 25.1 39.2 14.7 17.4 34.5 44.6
NH
NH
NH

NA NA PASS NA NA NA NA

N N N N N N N
NA NA NA NA NA NA NA
N N N N N N N

Suitable Suitable Suitable Suitable Suitable Suitable Suitable
60,000 60,000 60,000 60,000 60,000 60,000 60,000

L L L L L L L
10 10 10 10 10 10 10

NC-C8 NC-C9 NC-C10 NC-C11 HO-C12 HO-C13 HO-C14



Table 4. DMMP Characterization Results Summary for USACE Grays Harbor Navigation Project - DY2012 Characterization
      DMMP    SMS Guidelines

Unit SL ML BT Unit SQS CSL

Metals
Antimony mg/kg dw 150 200 - -- --
Arsenic mg/kg dw 57 700 507.1 mg/kg 57 93
Cadmium mg/kg dw 5.1 14 11.3 mg/kg 5.1 6.7
Chromium mg/kg dw - - 267 mg/kg 260 270
Copper mg/kg dw 390 1300 1027 mg/kg 390 390
Lead mg/kg dw 450 1200 975 mg/kg 450 530
Mercury mg/kg dw 0.41 2.3 1.5 mg/kg 0.41 0.59
Selenium mg/kg dw - - 3 mg/kg -- --
Silver mg/kg dw 6.1 8.4 6.1 mg/kg 6.1 6.1
Zinc mg/kg dw 410 3800 2783 mg/kg 410 960
PAHs
Naphthalene µg/kg dw 2100 2400 - mg/kg-OC 99 170
2-Methylnaphthalene µg/kg dw 670 1900 - mg/kg-OC 38 64
Acenaphthylene µg/kg dw 560 1300 - mg/kg-OC 66 66
Acenaphthene µg/kg dw 500 2000 - mg/kg-OC 16 57
Fluorene µg/kg dw 540 3600 - mg/kg-OC 23 79
Phenanthrene µg/kg dw 1500 21000 - mg/kg-OC 100 480
Anthracene µg/kg dw 960 13000 - mg/kg-OC 220 1200
Total LPAHs µg/kg dw 5200 29000 - mg/kg-OC 370 780
Fluoranthene µg/kg dw 1700 30000 4600 mg/kg-OC 160 1200
Pyrene µg/kg dw 2600 16000 11980 mg/kg-OC 1000 1400
Benzo(a)anthracene µg/kg dw 1300 5100 - mg/kg-OC 110 270
Chrysene µg/kg dw 1400 21000 - mg/kg-OC 110 460
Benzo(a)pyrene µg/kg dw 1600 3600 - mg/kg-OC 99 210
Indeno(1,2,3-cd)pyrene µg/kg dw 600 4400 - mg/kg-OC 34 88
Dibenzo(a,h)anthracene µg/kg dw 230 1900 - mg/kg-OC 12 33
Benzo(g,h,i)perylene µg/kg dw 670 3200 - mg/kg-OC 31 78
Total Benzofluoranthenes µg/kg dw 3200 9900 - mg/kg/OC 230 450
Total HPAHs µg/kg dw 12000 69000 - mg/kg-OC 960 5300
1,4-Dichlorobenzene µg/kg dw 110 120 - mg/kg-OC 3.1 9
1,2-Dichlorobenzene µg/kg dw 35 110 - mg/kg-OC 2.3 2.3
1,2,4-Trichlorobenzene µg/kg dw 31 64 - mg/kg-OC 0.81 1.8
Hexachlorobenzene µg/kg dw 22 230 168 mg/kg-OC 0.38 2.3
Dimethyl phthalate µg/kg dw 71 1400 - mg/kg-OC 53 53
Diethyl phthalate µg/kg dw 200 1200 - mg/kg-OC 61 110
Di-n-butyl phthalate µg/kg dw - - - mg/kg-OC 220 1700
Butyl benzyl phthalate µg/kg dw 63 970 - mg/kg-OC 4.9 64
Bis(2-ethylhexyl) phthalate µg/kg dw 1300 8300 - mg/kg-OC 47 78
Di-n-octyl phthalate µg/kg dw 6200 6200 - mg/kg-OC 58 4500
Phenol µg/kg dw 420 1200 ug/kg 420 1200
2-Methylphenol µg/kg dw 63 77 - ug/kg 63 63
4-Methylphenol µg/kg dw 670 3600 - ug/kg 670 670
2,4-Dimethylphenol µg/kg dw 29 210 - ug/kg 29 29
Pentachlorophenol µg/kg dw 400 690 504 ug/kg 360 690
Benzyl Alcohol µg/kg dw 57 870 - ug/kg 57 73
Benzoic Acid µg/kg dw 650 760 - ug/kg 650 650
Dibenzofuran µg/kg dw 540 1700 - mg/kg-OC 15 58
N-Nitrosodiphenylamine µg/kg dw 28 130 - mg/kg-OC 11 11
Hexachlorobutadiene µg/kg dw 29 270 - mg/kg-OC 3.9 6.2
Heptachlor µg/kg dw 1.5 - - -- --
Aldrin µg/kg dw 9.5 - - -- --
Dieldrin µg/kg dw 1.9 - - -- --
4,4'-DDE µg/kg dw 16 - - -- --
4,4'-DDD µg/kg dw 9 - - -- --
4,4'-DDT µg/kg dw 12 - - -- --
Total DDT(sum of 4,4'-DDD, 4,4'-DDE & 4,4'-DDT) µg/kg dw 69 50 -- --
trans-Chlordane µg/kg dw - - - -- --
cis-Chlordane µg/kg dw - - - -- --
oxy Chlordane µg/kg dw
cis-Nonachlor µg/kg dw
trans-Nonachlor µg/kg dw
Total chlordane µg/kg dw 2.8 - 37 -- --

Chemical Name
Guidelines HO-C15 HO-C16 HO-C17 CP-C18 CP-C19 CP-C20 AB-C21

Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ
DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS
dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm

8.0 U 10.0 U 10.0 U 10.00 U 10.00 U 10.00 U 10.00 U
8.0 U 10.0 U 10.0 U 10.00 U 10.00 U 10.00 U 10.00 U
0.3 U 0.4 U 0.5 U 0.40 U 0.50 U 0.60 U 0.40 U

31.9 40.0 40.0 36.00 41.00 42.00 37.00
36.1 69.3 64.6 49.10 55.30 57.90 52.10
4.0 6.0 6.0 5.00 7.00 8.00 6.00

0.03 0.05 0.06 0.04 0.06 0.07 0.04
0.8 U 1.0 U 1.0 U 1.00 U 1.00 U 1.00 U 1.00 U
0.5 U 0.7 U 0.7 U 0.60 U 0.80 U 0.80 U 0.60 U

66.0 83.0 82.0 76.00 85.00 87.00 79.00

11.0 0.79 J 19.0 0.79 U 20.0 0.74 23.00 1.25 15.00 0.60 J 20.00 0.71 24.00 1.04
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 15.00 0.82 J 20.00 0.80 U 20.00 0.71 U 11.00 0.48 J
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
9.5 0.68 J 19.0 0.79 U 29.0 1.07 22.00 1.20 27.00 1.08 22.00 0.79 41.00 1.78

19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
20.5 1.46 J 19.0 0.79 U 49.0 1.81 60.00 3.26 J 42.00 1.69 J 42.00 1.50 J 76.00 3.30 J
19.0 1.36 U 19.0 0.79 U 26.0 0.96 16.00 0.87 J 23.00 0.92 21.00 0.75 41.00 1.78
19.0 1.36 U 19.0 0.79 U 24.0 0.89 Q 18.00 0.98 JQ 31.00 1.24 Q 22.00 0.79 Q 38.00 1.65 Q
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 11.00 0.44 J 20.00 0.71 U 14.00 0.61 J
19.0 1.36 U 19.0 0.79 U 9.6 0.36 J 11.00 0.60 J 16.00 0.64 J 11.00 0.39 J 18.00 0.78 J
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 15.00 0.60 J 20.00 0.71 U 20.00 0.87 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 24.00 0.96 20.00 0.71 U 24.00 1.04
19.0 1.36 U 19.0 0.79 U 35.6 1.32 J 45.0 2.45 J 66.0 2.65 J 32.0 1.14 J 214.0 9.30 J
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
47.0 3.36 U 48.0 2.00 U 48.0 1.78 U 49.00 2.66 U 50.00 2.01 U 50.00 1.79 U 49.00 2.13 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
24.0 1.71 U 24.0 1.00 U 24.0 0.89 U 35.00 1.90 B 31.00 1.24 B 31.00 1.11 B 60.00 2.61 B
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
19.0 U 13.0 J 13.0 J 20.00 23.00 32.00 22.00
19.0 U 19.0 U 19.0 U 20.00 U 20.00 U 20.00 U 20.00 U
22.0 J 15.0 J 24.0 J 35.00 J 42.00 37.00 J 29.00 J
38.0 U 38.0 U 19.0 UJ 19.00 UJ 20.00 UJ 20.00 UJ 20.00 UJ

190.0 U 190.0 U 190.0 U 200.00 U 200.00 U 200.00 U 200.00 U
19.0 U 21.0 12.0 J 20.00 U 15.00 J 27.00 11.00 J

380.0 U 380.0 U 380.0 U 390.00 U 400.00 U 400.00 U 390.00 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
19.0 1.36 U 19.0 0.79 U 19.0 0.70 U 20.00 1.09 U 20.00 0.80 U 20.00 0.71 U 20.00 0.87 U
0.5 0.03 U 0.5 0.02 U 0.5 0.02 U 0.48 0.03 U 0.49 0.02 U 0.50 0.02 U 0.48 0.02 U
0.5 U 0.5 U 0.5 U 0.48 U 0.49 U 0.50 U 0.48 U
0.5 U 0.5 U 0.5 U 0.48 U 0.49 U 0.50 U 0.48 U
0.9 U 1.0 U 1.0 U 0.97 U 0.98 U 0.99 U 0.97 U
0.9 U 1.0 U 1.0 U 0.97 U 0.98 U 0.99 U 0.97 U
0.9 U 1.0 U 1.0 U 0.97 U 0.98 U 0.99 U 0.97 U
0.9 U 1.0 U 1.0 U 0.97 U 0.98 U 0.99 U 0.97 U
0.9 U 1.0 U 1.0 U 0.97 U 0.98 U 0.99 U 0.97 U
0.5 U 0.5 U 1.2 Y 0.48 U 0.49 U 0.50 U 0.51
0.5 U 0.5 U 0.5 U 0.48 U 0.49 U 0.50 U 0.48 U
1.9 U 2.0 U 1.9 U 1.90 U 2.00 U 2.00 U 1.90 U
1.9 U 2.0 U 1.9 U 1.90 U 2.00 U 2.00 U 1.90 U
1.9 U 2.0 U 1.9 U 1.90 U 2.00 U 2.00 U 1.90 U
1.9 U 2.0 U 1.9 U 1.90 U 2.00 U 2.00 U 1.90 U
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Table 4. DMMP Characterization Results Summary for USACE Grays Harbor Navigation Project - DY2012 Characterization
      DMMP    SMS Guidelines

Unit SL ML BT Unit SQS CSLChemical Name
Guidelines

Aroclor 1016 µg/kg dw - - - -- --
Aroclor 1242 µg/kg dw - - - -- --
Aroclor 1248 µg/kg dw - - - -- --
Aroclor 1254 µg/kg dw - - - -- --
Aroclor 1260 µg/kg dw - - - -- --
Aroclor 1221 µg/kg dw - - - -- --
Aroclor 1232 µg/kg dw - - - -- --
Aroclor 1262 µg/kg dw - - - -- --
Aroclor 1268 µg/kg dw - - - -- --
Total PCBs µg/kg dw 130 3100 - mg/kg/OC 12 65
Total PCBs mg/kg OC - - 38
Dioxin (TEQ: see Table 4 for congener specific results) ng/kg
 Total Solids %
 Total Volatile Solids %
 Total Organic Carbon %
 Total Ammonia mg/kg
 Total Sulfides mg/kg
 Gravel %
 Sand %
 Silt %
 Clay %
 Fines (percent silt + clay) %
 Eohaustorius estuarius hits: (NH, 2H, 1H)
 Mytilus galloprovincialis hits:  (NH, 2H, 1H)
 Neanthes arenaceodentata hits:  (NH, 2H, 1H)
 Bioassay Determination: (Pass/Fail)
 BTs exceeded: Y/N
 Bioaccumulation conducted: Y/N
 Bioaccumulation Determination: (P/F)
 ML Rule exceeded: Y/N
 PSDDA Determination: (Suitable/Unsuitable)
 DMMU Volume: cy
 Rank (Low = L, Moderate = M, Low-Moderate =LM, High = H)
 Mean Grab sampling depth (cm) cm
 DMMU ID:

Legend:
VQ = Validation Qualifier

    U = undetected at reporting limit
    J = Estimated value, less than reporting limit, and/or QC parameter out of Control limits

NA = not analyzed
SL = screening level
BT = bioaccumulation trigger
ML = maximum level
DDD = dichlorodiphenyldichloroethane
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane
DMMP = dredged material management program
DMMU = dredged material management unit
dw = dry weight
ww = wet weight
HPAHs = high molecular weight polycyclic aromatic 
hydrocarbons
LPAHs = low molecular weight polycyclic aromatic 
hydrocarbons
OC = organic carbon normalized
PCBs = polychlorinated biphenyls
RL = reporting limit
SVOCs =  semi-volatile organic compounds

   NH = No Hit; 2H = Two Hit Failure; 1H = One Hit Failure
   BU = Suitable for Beneficial Use
   Denotes DMMUs subject to Confirmatory Bioassay testing

HO-C15 HO-C16 HO-C17 CP-C18 CP-C19 CP-C20 AB-C21
Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ

9.6 U 9.6 U 9.8 U 9.70 U 9.80 U 9.70 U 9.60 U
9.6 U 9.6 U 9.8 U 9.70 U 9.80 U 9.70 U 9.60 U
9.6 U 9.6 U 9.8 U 19.00 Y 9.80 U 9.70 U 9.60 U
9.6 U 9.6 U 9.8 U 19.00 Y 9.80 U 9.70 U 9.60 U
9.6 U 9.6 U 9.8 U 9.70 U 9.80 U 9.70 U 9.60 U
9.6 U 9.6 U 9.8 U 9.70 U 9.80 U 9.70 U 9.60 U
9.6 U 9.6 U 9.8 U 9.70 U 9.80 U 9.70 U 9.60 U
9.6 U 9.6 U 9.8 U 35.00 9.80 U 9.70 U 9.60 U
9.6 U 9.6 U 9.8 U 9.70 U 9.80 U 9.70 U 9.60 U
9.6 0.69 U 9.6 0.40 U 9.8 0.36 U 35.00 1.90 9.80 0.39 U 9.70 0.35 U 9.60 0.42 U
0.69 0.40 0.36 1.90 0.39 0.35 0.42
3.22 11.83 3.86 6.34 10.48 10.6 7.23
63.4 45.6 40.4 45.2 34.8 32.8 43.5
4.4 7 7.7 6.62 8.61 9.2 6.84
1.4 2.4 2.7 1.84 2.49 2.8 2.23

12.8 56.8 57.7 17.4 25 11.3 18.9
2.2 22.6 571 368 5.32 3.46 8.33
0.1 0.1 0.1 0.2 0.1 0.1 0.4

67.1 22.8 16.8 42.4 14.2 8.7 39.6
22.8 53.5 57.5 40.5 59.3 63.9 42.7
10.2 23.5 25.7 16.9 26.2 27.4 17.6
33.0 77.0 83.2 57.4 85.5 91.3 60.3

NH
NH
NH

NA NA NA NA NA NA PASS
N N N N N N

N N N N N N N
NA NA NA NA NA NA NA
N N N N N N N

Suitable Suitable Suitable Suitable Suitable Suitable Suitable
60,000 60,000 60,000 60,000 60,000 60,000 60,000

L L L L L L L
10 10 10 10 10 10 10

HO-C15 HO-C16 HO-C17 CP-C18 CP-C19 CP-C20 AB-C21



Table 4. DMMP Characterization Results Summary for USACE Grays Harbor Navigation Project - DY2012 Characterization
      DMMP    SMS Guidelines

Unit SL ML BT Unit SQS CSL

Metals
Antimony mg/kg dw 150 200 - -- --
Arsenic mg/kg dw 57 700 507.1 mg/kg 57 93
Cadmium mg/kg dw 5.1 14 11.3 mg/kg 5.1 6.7
Chromium mg/kg dw - - 267 mg/kg 260 270
Copper mg/kg dw 390 1300 1027 mg/kg 390 390
Lead mg/kg dw 450 1200 975 mg/kg 450 530
Mercury mg/kg dw 0.41 2.3 1.5 mg/kg 0.41 0.59
Selenium mg/kg dw - - 3 mg/kg -- --
Silver mg/kg dw 6.1 8.4 6.1 mg/kg 6.1 6.1
Zinc mg/kg dw 410 3800 2783 mg/kg 410 960
PAHs
Naphthalene µg/kg dw 2100 2400 - mg/kg-OC 99 170
2-Methylnaphthalene µg/kg dw 670 1900 - mg/kg-OC 38 64
Acenaphthylene µg/kg dw 560 1300 - mg/kg-OC 66 66
Acenaphthene µg/kg dw 500 2000 - mg/kg-OC 16 57
Fluorene µg/kg dw 540 3600 - mg/kg-OC 23 79
Phenanthrene µg/kg dw 1500 21000 - mg/kg-OC 100 480
Anthracene µg/kg dw 960 13000 - mg/kg-OC 220 1200
Total LPAHs µg/kg dw 5200 29000 - mg/kg-OC 370 780
Fluoranthene µg/kg dw 1700 30000 4600 mg/kg-OC 160 1200
Pyrene µg/kg dw 2600 16000 11980 mg/kg-OC 1000 1400
Benzo(a)anthracene µg/kg dw 1300 5100 - mg/kg-OC 110 270
Chrysene µg/kg dw 1400 21000 - mg/kg-OC 110 460
Benzo(a)pyrene µg/kg dw 1600 3600 - mg/kg-OC 99 210
Indeno(1,2,3-cd)pyrene µg/kg dw 600 4400 - mg/kg-OC 34 88
Dibenzo(a,h)anthracene µg/kg dw 230 1900 - mg/kg-OC 12 33
Benzo(g,h,i)perylene µg/kg dw 670 3200 - mg/kg-OC 31 78
Total Benzofluoranthenes µg/kg dw 3200 9900 - mg/kg/OC 230 450
Total HPAHs µg/kg dw 12000 69000 - mg/kg-OC 960 5300
1,4-Dichlorobenzene µg/kg dw 110 120 - mg/kg-OC 3.1 9
1,2-Dichlorobenzene µg/kg dw 35 110 - mg/kg-OC 2.3 2.3
1,2,4-Trichlorobenzene µg/kg dw 31 64 - mg/kg-OC 0.81 1.8
Hexachlorobenzene µg/kg dw 22 230 168 mg/kg-OC 0.38 2.3
Dimethyl phthalate µg/kg dw 71 1400 - mg/kg-OC 53 53
Diethyl phthalate µg/kg dw 200 1200 - mg/kg-OC 61 110
Di-n-butyl phthalate µg/kg dw - - - mg/kg-OC 220 1700
Butyl benzyl phthalate µg/kg dw 63 970 - mg/kg-OC 4.9 64
Bis(2-ethylhexyl) phthalate µg/kg dw 1300 8300 - mg/kg-OC 47 78
Di-n-octyl phthalate µg/kg dw 6200 6200 - mg/kg-OC 58 4500
Phenol µg/kg dw 420 1200 ug/kg 420 1200
2-Methylphenol µg/kg dw 63 77 - ug/kg 63 63
4-Methylphenol µg/kg dw 670 3600 - ug/kg 670 670
2,4-Dimethylphenol µg/kg dw 29 210 - ug/kg 29 29
Pentachlorophenol µg/kg dw 400 690 504 ug/kg 360 690
Benzyl Alcohol µg/kg dw 57 870 - ug/kg 57 73
Benzoic Acid µg/kg dw 650 760 - ug/kg 650 650
Dibenzofuran µg/kg dw 540 1700 - mg/kg-OC 15 58
N-Nitrosodiphenylamine µg/kg dw 28 130 - mg/kg-OC 11 11
Hexachlorobutadiene µg/kg dw 29 270 - mg/kg-OC 3.9 6.2
Heptachlor µg/kg dw 1.5 - - -- --
Aldrin µg/kg dw 9.5 - - -- --
Dieldrin µg/kg dw 1.9 - - -- --
4,4'-DDE µg/kg dw 16 - - -- --
4,4'-DDD µg/kg dw 9 - - -- --
4,4'-DDT µg/kg dw 12 - - -- --
Total DDT(sum of 4,4'-DDD, 4,4'-DDE & 4,4'-DDT) µg/kg dw 69 50 -- --
trans-Chlordane µg/kg dw - - - -- --
cis-Chlordane µg/kg dw - - - -- --
oxy Chlordane µg/kg dw
cis-Nonachlor µg/kg dw
trans-Nonachlor µg/kg dw
Total chlordane µg/kg dw 2.8 - 37 -- --

Chemical Name
Guidelines AB-C22 AB-C23 SA-C24 SA-C25 SA-C26 SA-C27 SA-C28 Reference: GH-S7

Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ
DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS DMMP SMS
dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm dry wgt mg-oc-norm
20.00 U 20.00 10.00 U 20.00 U 10.0 U 20.0 U 20.0 U
20.00 U 20.00 U 10.00 U 20.00 U 10.0 U 20.0 U 20.0 U
0.60 U 0.60 U 0.60 U 0.60 0.4 U 0.7 U 0.7 U

36.00 29.00 U 35.00 35.00 38.0 33.0 35.0
51.40 42.30 47.00 54.60 U 57.9 48.7 48.8
6.00 U 6.00 6.00 U 6.00 U 6.0 7.0 U 7.0 U
0.03 U 0.03 U 0.03 U 0.02 0.06 0.03 U 0.03 U
0.60 U 0.60 0.60 U 0.70 U 1.0 U 0.7 U 0.7 U
1.00 U 1.00 U 0.90 U 1.00 0.7 U 1.0 U 1.0 U

77.00 64.00 U 71.00 73.00 82.0 73.0 75.0

19.00 1.30 U 20.00 2.02 19.00 1.79 U 19.00 0.67 UJ 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 11.0 0.39 J 9.3 0.55 J 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 J 19.00 1.79 U 19.00 0.67 U 11.0 0.39 J 9.3 0.55 J 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 12.0 0.43 J 9.3 0.55 J 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 12.0 0.43 J 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 B 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 BJ 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 38.0 1.34 BJ 24.0 0.86 J 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
48.00 3.29 U 49.00 4.95 U 46.00 4.34 U 46.00 1.62 U 48.0 1.71 U 47.0 2.76 U 48.0 3.20 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
24.00 1.64 U 26.00 2.63 U 23.00 2.17 U 27.00 0.95 U 36.0 1.29 B 23.0 1.35 U 24.0 1.60 B
19.00 1.30 U 20.00 2.02 B 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 U 20.00 U 19.00 U 19.00 U 14.0 J 19.0 U 19.0 U
19.00 U 20.00 U 19.00 U 19.00 U 19.0 U 19.0 U 19.0 U
38.00 U 39.00 U 37.00 U 37.00 U 14.0 J 37.0 U 38.0 U
19.00 UJ 20.00 U 19.00 UJ 38.0 U 37.0 U 38.0 U

190.00 U 200.00 UJ 190.00 U 190.00 U 190.0 U 190.0 U 190.0 U
19.00 U 20.00 U 19.00 U 19.00 U 9.6 J 19.0 U 19.0 U

380.00 U 390.00 U 370.00 U 370.00 U 380.0 U 370.0 U 380.0 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
19.00 1.30 U 20.00 2.02 U 19.00 1.79 U 19.00 0.67 U 19.0 0.68 U 19.0 1.12 U 19.0 1.27 U
0.47 0.03 U 0.48 0.05 U 0.48 0.05 U 0.48 0.02 U 0.5 0.02 U 0.5 0.03 U 0.5 0.03 U
0.47 U 0.48 U 0.48 U 0.48 U 0.5 U 0.5 U 0.5 U
0.47 U 0.48 U 0.48 U 0.48 U 0.5 U 0.5 U 0.5 U
0.94 U 0.95 U 0.96 U 0.97 U 1.0 U 0.9 U 1.0 U
0.94 U 0.95 U 0.96 U 0.97 U 1.0 U 0.9 U 1.0 U
0.94 U 0.95 U 0.96 U 0.97 U 1.0 U 0.9 U 1.0 U
0.94 U 0.95 U 0.96 U 0.97 U 1.0 U 0.9 U 1.0 U
0.94 U 0.95 U 0.96 U 0.97 U 1.0 U 0.9 U 1.0 U
0.47 U 0.48 U 0.48 U 0.48 U 0.5 U 0.5 U 0.5 U
0.47 U 0.48 U 0.48 U 0.48 U 0.5 U 0.5 U 0.5 U
1.90 U 1.90 U 1.90 U 1.90 U 1.9 U 1.8 U 1.9 U
1.90 U 1.90 U 1.90 U 1.90 U 1.9 U 1.8 U 1.9 U
1.90 U 1.90 U 1.90 U 1.90 U 1.9 U 1.8 U 1.9 U
1.90 U 1.90 U 1.90 U 1.90 U 1.9 U 1.8 U 1.9 U
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Table 4. DMMP Characterization Results Summary for USACE Grays Harbor Navigation Project - DY2012 Characterization
      DMMP    SMS Guidelines

Unit SL ML BT Unit SQS CSLChemical Name
Guidelines

Aroclor 1016 µg/kg dw - - - -- --
Aroclor 1242 µg/kg dw - - - -- --
Aroclor 1248 µg/kg dw - - - -- --
Aroclor 1254 µg/kg dw - - - -- --
Aroclor 1260 µg/kg dw - - - -- --
Aroclor 1221 µg/kg dw - - - -- --
Aroclor 1232 µg/kg dw - - - -- --
Aroclor 1262 µg/kg dw - - - -- --
Aroclor 1268 µg/kg dw - - - -- --
Total PCBs µg/kg dw 130 3100 - mg/kg/OC 12 65
Total PCBs mg/kg OC - - 38
Dioxin (TEQ: see Table 4 for congener specific results) ng/kg
 Total Solids %
 Total Volatile Solids %
 Total Organic Carbon %
 Total Ammonia mg/kg
 Total Sulfides mg/kg
 Gravel %
 Sand %
 Silt %
 Clay %
 Fines (percent silt + clay) %
 Eohaustorius estuarius hits: (NH, 2H, 1H)
 Mytilus galloprovincialis hits:  (NH, 2H, 1H)
 Neanthes arenaceodentata hits:  (NH, 2H, 1H)
 Bioassay Determination: (Pass/Fail)
 BTs exceeded: Y/N
 Bioaccumulation conducted: Y/N
 Bioaccumulation Determination: (P/F)
 ML Rule exceeded: Y/N
 PSDDA Determination: (Suitable/Unsuitable)
 DMMU Volume: cy
 Rank (Low = L, Moderate = M, Low-Moderate =LM, High = H)
 Mean Grab sampling depth (cm) cm
 DMMU ID:

Legend:
VQ = Validation Qualifier

    U = undetected at reporting limit
    J = Estimated value, less than reporting limit, and/or QC parameter out of Control limits

NA = not analyzed
SL = screening level
BT = bioaccumulation trigger
ML = maximum level
DDD = dichlorodiphenyldichloroethane
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane
DMMP = dredged material management program
DMMU = dredged material management unit
dw = dry weight
ww = wet weight
HPAHs = high molecular weight polycyclic aromatic 
hydrocarbons
LPAHs = low molecular weight polycyclic aromatic 
hydrocarbons
OC = organic carbon normalized
PCBs = polychlorinated biphenyls
RL = reporting limit
SVOCs =  semi-volatile organic compounds

   NH = No Hit; 2H = Two Hit Failure; 1H = One Hit Failure
   BU = Suitable for Beneficial Use
   Denotes DMMUs subject to Confirmatory Bioassay testing

AB-C22 AB-C23 SA-C24 SA-C25 SA-C26 SA-C27 SA-C28 Reference: GH-S7
Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ Result Result VQ
9.50 U 9.50 U 9.60 U 9.60 U 9.9 U 9.8 U 9.6 U
9.50 U 9.50 U 9.60 U 9.60 U 9.9 U 9.8 U 9.6 U
9.50 U 9.50 U 9.60 U 9.60 U 9.9 U 9.8 U 9.6 U
9.50 U 9.50 U 9.60 U 9.60 U 9.9 U 9.8 U 9.6 U
9.50 U 9.50 U 9.60 U 9.60 U 9.9 U 9.8 U 9.6 U
9.50 U 9.50 U 9.60 U 9.60 U 9.9 U 9.8 U 9.6 U
9.50 U 9.50 U 9.60 U 9.60 U 9.9 U 9.8 U 9.6 U
9.50 U 9.50 U 9.60 U 9.60 U 9.9 U 9.8 U 9.6 U
9.50 U 9.50 U 9.60 U 9.60 U 9.9 U 9.8 U 9.6 U
9.50 0.65 U 9.50 0.96 U 9.60 0.91 U 9.60 0.34 U 9.9 0.35 U 9.8 0.58 U 9.6 0.64 U
0.65 0.96 0.91 0.34 0.35 0.58 0.64
1.58 0.84 1.37 1.35 7.76 1.21 1.26 4.03
76 71.3 77.9 71.7 42.5 67.6 71.1 38.8

2.99 2.41 3.51 3.05 6.5 3 2.7 8.12
1.46 0.99 1.06 2.84 2.8 1.7 1.5 2.26
2.47 1.05 1.58 2.67 18.6 5.9 2.5 65.2
55.3 1.27 1.32 2.92 3.6 1.5 1.6 2270
3.5 9.6 25.3 38.3 0.1 0.6 4.8 0.2

88.2 86.5 70.0 49.2 40.2 87.1 89.2 12.3
4.9 15.2 2.5 8.0 40.5 7.3 3.4 60.2
3.5 11.4 2.2 4.5 19.0 4.9 2.6 27.4
8.4 26.6 4.7 12.5 59.5 12.2 6.0 87.5

NA NA NA NA NA NA NA
N N N N N N

N N N N N N N
NA NA NA NA NA NA NA
N N N N N N N

Suitable Suitable Suitable Suitable Suitable Suitable Suitable
60,000 60,000 60,000 60,000 60,000 60,000 60,000

L L L L L L L L
10 10 10 10 10 10 10 10

AB-C22 AB-C23 SA-C24 SA-C25 SA-C26 SA-C27 SA-C28 Reference: GH-S7



Table 5. Dioxin/furan Summary for USACE Grays Harbor Navigation DY2012 DMMP Characterization

WHO (05)
XR-C1 XR-C2 XR-C3 XR-C4 XR-C5 XR-C6 NC-C7 NC-C8

Analyte TEF ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ
2,3,7,8-TCDD 1 0.33 U 0.165 0.43 U 0.215 0.618 U 0.309 0.443 U 0.2215 0.487 U 0.2435 1.23 J 1.23 0.301 U 0.1505 1.29 1.29
1,2,3,7,8-PeCDD 1 0.44 J 0.44 0.51 U 0.255 0.814 J 0.814 0.536 J 0.536 0.691 J 0.691 1.5 J 1.5 0.354 J 0.354 1.57 1.57
1,2,3,4,7,8-HxCDD 0.1 0.15 U 0.0075 0.18 U 0.009 0.149 U 0.00745 0.116 U 0.0058 0.125 U 0.00625 0.313 U 0.01565 0.0899 U 0.00070347 0.334 J 0.0334
1,2,3,6,7,8-HxCDD 0.1 0.55 J 0.055 0.56 J 0.056 0.562 U 0.0281 0.444 J 0.0444 0.651 J 0.0651 1.37 J 0.137 0.342 J 0.0342 1.14 J 0.114
1,2,3,7,8,9-HxCDD 0.1 1.15 J 0.115 1.22 J 0.122 1.84 J 0.184 1.19 J 0.119 1.29 J 0.129 3.11 J 0.311 0.688 J 0.0688 3.45 0.345
1,2,3,4,6,7,8-HpCDD 0.01 6.4 0.064 6.34 0.0634 7.72 0.0772 5.24 0.0524 8.1 0.081 15.3 J 0.153 3.24 0.0324 11 0.11
OCDD 0.0003 33.3 0.00999 37.6 0.01128 52 0.0156 30.6 0.00918 46.8 0.01404 94.6 J 0.02838 19.9 0.00597 59.6 0.01788
2,3,7,8-TCDF 0.1 0.25 U 0.0125 0.26 U 0.013 0.194 J 0.0194 0.251 J 0.0251 0.293 J 0.0293 0.513 J 0.0513 0.176 U 0.0045144 0.187 U 0.00935
1,2,3,7,8-PeCDF 0.03 0.06 U 0.0009 0.04 U 0.0006 0.0514 U 0.000771 0.0252 U 0.000378 0.067 J 0.00201 0.0978 U 0.001467 0.0156 U 1.1443E-05 0.0398 U 0.000597
2,3,4,7,8-PeCDF 0.3 0.11 U 0.0165 0.09 U 0.0135 0.0968 U 0.01452 0.0839 U 0.012585 0.131 U 0.01965 0.222 U 0.0333 0.0762 U 0.00126873 0.0815 U 0.012225
1,2,3,4,7,8-HxCDF 0.1 0.15 J 0.015 0.08 U 0.004 0.124 U 0.0062 0.0964 U 0.00482 0.158 J 0.0158 0.337 J 0.0337 0.0411 U 0.00069254 0.133 J 0.0133
1,2,3,6,7,8-HxCDF 0.1 0.12 J 0.012 0.08 U 0.004 0.112 J 0.0112 0.0813 U 0.004065 0.12 U 0.006 0.25 J 0.025 0.043 U 0.0005375 0.0915 U 0.004575
2,3,4,6,7,8-HxCDF 0.1 0.13 J 0.013 0.07 U 0.0035 0.0964 J 0.00964 0.0829 U 0.004145 0.161 J 0.0161 0.405 J 0.0405 0.0841 J 0.00841 0.177 J 0.0177
1,2,3,7,8,9-HxCDF 0.1 0.04 U 0.002 0.04 U 0.002 0.0397 U 0.001985 0.0477 U 0.002385 0.0463 U 0.002315 0.0898 U 0.00449 0.0395 U 8.8678E-05 0.0517 J 0.00517
1,2,3,4,6,7,8-HpCDF 0.01 2.17 0.0217 2.55 0.0255 2.58 0.0258 1.89 J 0.0189 3.69 0.0369 7.01 J 0.0701 1.54 J 0.0154 2.97 0.0297
1,2,3,4,7,8,9-HpCDF 0.01 0.06 U 0.0003 0.09 J 0.0009 0.0865 U 0.0004325 0.0678 U 0.000339 0.0759 U 0.0003795 0.18 U 0.0009 0.0332 U 0.00001494 0.109 U 0.000545
OCDF 0.0003 2.24 J 0.000672 2.59 J 0.000777 4.36 J 0.001308 2.49 J 0.000747 4.02 J 0.001206 7.73 J 0.002319 1.42 J 0.000426 4.83 J 0.001449
Total TEQ (u = 1/2): 0.95 0.80 1.53 1.06 1.36 3.64 0.68 3.57
Total TEQ (u=0): 0.75 0.28 1.16 0.81 1.08 3.58 0.52 3.55
TOC (%) 5.0 8.8 1.4 2.0 1.5 1.2 0.8 1.8

Legend:
LQ = laboratory qualifier
U = undetected at reporting limit
J = Estimated value, less than reporting limit, and/or QC parameter out of Control limits
XR = Crossover Reach

NC = North Channel
HO = Hoquium Channel
CP = Cow Point Reach
AB = Aberdeen Reach
SA = South Aberdeen
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Table 5. Dioxin/furan Summary for USACE Grays Harbor Navigation DY2012 DMMP Characterization

WHO (05)

Analyte TEF
2,3,7,8-TCDD 1
1,2,3,7,8-PeCDD 1
1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01
OCDD 0.0003
2,3,7,8-TCDF 0.1
1,2,3,7,8-PeCDF 0.03
2,3,4,7,8-PeCDF 0.3
1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-HxCDF 0.1
2,3,4,6,7,8-HxCDF 0.1
1,2,3,7,8,9-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01
OCDF 0.0003
Total TEQ (u = 1/2):
Total TEQ (u=0):
TOC (%)

Legend:
LQ = laboratory qualifier
U = undetected at reporting limit
J = Estimated value, less than reporting limit, and/o
XR = Crossover Reach

NC = North Channel
HO = Hoquium Channel
CP = Cow Point Reach
AB = Aberdeen Reach
SA = South Aberdeen

NC-C9 NC-C10 NC-C11 HO-C12 HO-C13 HO-C14 HO-C15 HO-C16

ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ
1.06 1.06 1.63 1.63 0.97 J 0.97 0.96 U 0.48 1.35 U 0.675 1.48 U 0.74 1.07 1.07 4.14 4.14
1.2 1.2 1.89 1.89 0.928 J 0.928 1.05 U 0.525 1.81 1.81 1.98 1.98 1.21 1.21 5.34 5.34

0.302 J 0.0302 0.555 J 0.0555 0.173 U 0.00865 0.3 U 0.015 0.48 J 0.048 0.71 J 0.071 0.405 U 0.02025 1.01 J 0.101
0.899 J 0.0899 1.47 U 0.0735 0.807 J 0.0807 0.91 U 0.0455 1.82 J 0.182 2.29 0.229 1.47 J 0.147 3.37 0.337

2.4 0.24 4.93 0.493 2.02 0.202 2.54 0.254 4.03 0.403 5.51 0.551 3.35 0.335 12.8 1.28
10.8 0.108 17 0.17 8.19 0.0819 10.4 0.104 18.7 0.187 26.7 0.267 15.7 0.157 34.9 0.349
66.8 0.02004 96.8 0.02904 49.7 0.01491 61.7 0.01851 114 0.0342 196 0.0588 96.9 0.02907 214 0.0642
0.29 J 0.029 0.335 J 0.0335 0.227 U 0.01135 0.34 J 0.034 0.33 U 0.0165 0.68 J 0.068 0.464 J 0.0464 0.388 J 0.0388

0.112 J 0.00336 0.0912 U 0.001368 0.112 U 0.00168 0.07 U 0.00105 0.11 U 0.00165 0.15 U 0.00225 0.103 J 0.00309 0.134 U 0.00201
0.0519 U 0.007785 0.168 U 0.0252 0.129 U 0.01935 0.13 J 0.039 0.21 U 0.0315 0.25 J 0.075 0.178 J 0.0534 0.226 J 0.0678
0.144 U 0.0072 0.234 U 0.0117 0.189 U 0.00945 0.13 U 0.0065 0.3 U 0.015 0.42 U 0.021 0.318 J 0.0318 0.284 U 0.0142
0.152 U 0.0076 0.174 U 0.0087 0.151 J 0.0151 0.12 U 0.006 0.28 J 0.028 0.33 U 0.0165 0.259 J 0.0259 0.202 U 0.0101
0.226 J 0.0226 0.299 U 0.01495 0.175 J 0.0175 0.05 U 0.0025 0.33 J 0.033 0.49 J 0.049 0.338 U 0.0169 0.0795 U 0.003975
0.0751 U 0.003755 0.0278 U 0.00139 0.0526 U 0.00263 0.05 U 0.0025 0.09 U 0.0045 0.06 U 0.003 0.053 U 0.00265 0.0574 U 0.00287

4.14 0.0414 5.54 0.0554 3.54 0.0354 3.9 0.039 13.3 0.133 9.83 0.0983 6.93 0.0693 7.11 0.0711
0.182 U 0.00091 0.208 J 0.00208 0.0996 U 0.000498 0.07 U 0.00035 0.33 U 0.00165 0.35 U 0.00175 0.259 J 0.00259 0.412 J 0.00412
5.51 0.001653 7.45 0.002235 3.83 J 0.001149 4.95 U 0.0007425 12.2 0.00366 14.2 0.00426 8.7 0.00261 22.3 0.00669

2.87 4.50 2.40 1.57 3.61 4.24 3.22 11.83
2.85 4.36 2.35 0.49 2.86 3.45 3.18 11.80
1.6 1.7 1.2 1.3 1.5 1.8 1.4 2.4



Table 5. Dioxin/furan Summary for USACE Grays Harbor Navigation DY2012 DMMP Characterization

WHO (05)

Analyte TEF
2,3,7,8-TCDD 1
1,2,3,7,8-PeCDD 1
1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01
OCDD 0.0003
2,3,7,8-TCDF 0.1
1,2,3,7,8-PeCDF 0.03
2,3,4,7,8-PeCDF 0.3
1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-HxCDF 0.1
2,3,4,6,7,8-HxCDF 0.1
1,2,3,7,8,9-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01
OCDF 0.0003
Total TEQ (u = 1/2):
Total TEQ (u=0):
TOC (%)

Legend:
LQ = laboratory qualifier
U = undetected at reporting limit
J = Estimated value, less than reporting limit, and/o
XR = Crossover Reach

NC = North Channel
HO = Hoquium Channel
CP = Cow Point Reach
AB = Aberdeen Reach
SA = South Aberdeen

HO-C17 CP-C18 CP-C19 CP-C20 AB-C21 AB-C22 AB-C23

ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ
1.23 1.23 1.89 1.89 3.13 3.13 3.03 3.03 2.22 2.22 0.63 U 0.315 0.33 U 0.165
1.58 1.58 2.59 2.59 4.07 4.07 4.15 4.15 2.82 2.82 0.8 0.8 0.42 J 0.42

0.442 J 0.0442 0.64 U 0.032 1.33 J 0.133 1.25 J 0.125 0.94 J 0.094 0.27 U 0.0135 0.14 U 0.007
1.62 J 0.162 2.74 0.274 4.56 0.456 4.74 0.474 2.95 0.295 0.66 J 0.066 0.48 U 0.024
3.73 0.373 6.31 0.631 10.1 1.01 10.5 1.05 7.36 0.736 1.68 J 0.168 0.95 J 0.095
17.8 0.178 34.5 0.345 63.3 0.633 64.9 0.649 38.2 0.382 6.34 0.0634 6.64 0.0664
117 0.0351 224 0.0672 469 0.1407 428 0.1284 245 0.0735 36.7 0.01101 36.2 0.01086

0.577 J 0.0577 0.8 J 0.08 1.49 0.149 1.54 0.154 0.92 J 0.092 0.18 J 0.018 0.08 J 0.008
0.12 J 0.0036 0.23 J 0.0069 0.36 J 0.0108 0.4 U 0.006 0.26 U 0.0039 0.17 J 0.0051 0.05 U 0.00075

0.198 U 0.0297 0.31 J 0.093 0.52 J 0.156 0.61 J 0.183 0.349 J 0.1047 0.16 U 0.024 0.05 U 0.0075
0.374 J 0.0374 0.6 J 0.06 0.99 J 0.099 1.31 J 0.131 0.72 J 0.072 0.21 J 0.021 0.13 J 0.013
0.29 J 0.029 0.45 J 0.045 0.88 J 0.088 0.89 J 0.089 0.58 J 0.058 0.22 J 0.022 0.04 U 0.002
0.37 U 0.0185 0.67 J 0.067 1.15 J 0.115 1.27 J 0.127 0.79 J 0.079 0.22 U 0.011 0.05 U 0.0025

0.102 U 0.0051 0.14 U 0.007 0.26 U 0.013 0.36 U 0.018 0.341 J 0.0341 0.18 J 0.018 0.03 J 0.003
7.65 0.0765 13.7 0.137 25.7 0.257 26.2 0.262 14.8 0.148 2.02 0.0202 1.15 J 0.0115
0.3 U 0.0015 0.56 J 0.0056 0.96 J 0.0096 1.02 J 0.0102 0.73 J 0.0073 0.3 J 0.003 0.07 J 0.007
8.39 0.002517 21 0.0063 42.2 0.01266 37.8 0.01134 20.8 0.00624 3.96 J 0.001188 1.01 U 0.0001515

3.86 6.34 10.48 10.60 7.23 1.58 0.84
3.81 6.30 10.47 10.57 7.22 1.22 0.63
2.7 1.8 2.5 2.8 2.2 1.5 1.0
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Table 5. Dioxin/furan Summary for USACE Grays Harbor Navigation DY2012 DMMP Characterization

WHO (05)

Analyte TEF
2,3,7,8-TCDD 1
1,2,3,7,8-PeCDD 1
1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01
OCDD 0.0003
2,3,7,8-TCDF 0.1
1,2,3,7,8-PeCDF 0.03
2,3,4,7,8-PeCDF 0.3
1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-HxCDF 0.1
2,3,4,6,7,8-HxCDF 0.1
1,2,3,7,8,9-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01
OCDF 0.0003
Total TEQ (u = 1/2):
Total TEQ (u=0):
TOC (%)

Legend:
LQ = laboratory qualifier
U = undetected at reporting limit
J = Estimated value, less than reporting limit, and/o
XR = Crossover Reach

NC = North Channel
HO = Hoquium Channel
CP = Cow Point Reach
AB = Aberdeen Reach
SA = South Aberdeen

SA-C24 SA-C25 SA-C26 SA-C27 SA-C28 Reference: GH-S7

ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ ng/kg-dw LQ TEQ
0.489 J 0.489 0.478 U 0.239 2.67 2.67 0.657 U 0.3285 0.509 U 0.2545 1.01 1.01
0.58 J 0.58 0.71 J 0.71 3.04 3.04 0.77 U 0.385 0.747 J 0.747 1.72 1.72
0.12 J 0.012 0.18 J 0.018 0.804 J 0.0804 0.247 J 0.0247 0.092 U 0.0046 0.634 U 0.0317
0.48 J 0.048 0.6 J 0.06 2.8 0.28 0.788 J 0.0788 0.461 U 0.02305 1.81 J 0.181
1.27 J 0.127 1.56 J 0.156 7.18 0.718 2.1 0.21 1.24 J 0.124 3.62 0.362
4.47 0.0447 6.75 0.0675 35.3 0.353 7.79 0.0779 4.97 0.0497 21 0.21
26.2 0.00786 39.1 0.01173 240 0.072 44 0.0132 28.2 J 0.00846 115 0.0345

0.139 U 0.00695 0.162 J 0.0162 0.774 J 0.0774 0.189 U 0.00945 0.119 U 0.00595 0.836 J 0.0836
0.0451 U 0.0006765 0.0526 U 0.000789 0.242 J 0.00726 0.0498 U 0.000747 0.0614 U 0.000921 0.442 U 0.0001989
0.0824 J 0.02472 0.09 U 0.0135 0.354 J 0.1062 0.119 U 0.01785 0.0475 U 0.007125 0.466 J 0.1398
0.0726 J 0.00726 0.121 J 0.0121 0.672 J 0.0672 0.111 J 0.0111 0.103 U 0.00515 0.588 J 0.0588
0.0608 J 0.00608 0.0877 U 0.004385 0.488 J 0.0488 0.0915 J 0.00915 0.098 U 0.0049 0.499 J 0.0499
0.0707 U 0.003535 0.17 J 0.017 0.706 J 0.0706 0.135 J 0.0135 0.104 U 0.0052 0.607 J 0.0607

0.03 U 0.0015 0.0448 U 0.00224 0.226 J 0.0226 0.0378 U 0.00189 0.138 U 0.0069 0.266 U 0.0133
1.3 J 0.013 2.08 J 0.0208 13.3 0.133 2.47 0.0247 1.37 J 0.0137 7.27 0.0727
0.06 U 0.0003 0.0955 J 0.000955 0.49 J 0.0049 0.14 U 0.0007 0.0934 U 0.000467 0.374 J 0.00374
1.68 J 0.000504 2.65 0.000795 19.7 0.00591 3.05 J 0.000915 1.9 U 0.000285 8.76 0.002628

1.37 1.35 7.76 1.21 1.26 4.03
1.36 1.09 7.76 0.46 0.94 3.99
1.1 2.8 2.8 1.7 1.5 2.26

       Mean (U = 1/2): 3.63
   Mean (U = 0): 3.39
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Table 6. Biological (confirmatory testing) History – Grays Harbor O&M. 
Date Crossover North Channel Hoquiam Cow Point Aberdeen S. Aberdeen 
1992    2   
1994   2    
1996    2   
1998 1     1 
2001    1  1 
2005    1 1  
2008  1 1    
2009     1 1 
2011   1 1   
2012*   1   1  

Totals: 1 2 4 7 3 3 
*Current characterization 
 

 
15. Grays Harbor disposal sites are dispersive sites, which under DMMP guidelines require more conservative 

bioassay data interpretation than non-dispersive sites, due to the inability to monitor disposed dredged material 
over time. 
 

16. Protocol Adjustments. The Corps chose to evaluate protocol adjustments to the sediment larval 
bioassay and the Neanthes growth bioassay by running side-by-side tests with project sediments. The 
DMMP recommended this step to evaluate methods to reduce false positive responses. Protocol 
adjustments (SMARM 2010) were: 
 

Bivalve Larval Development test: The sediment larval bioassay was terminated by two different methods, 
with data from both methods being reported. The first method was the usual PSEP termination 
procedure of decanting and subsampling the overlying test water with no agitation. The second 
termination procedure (“resuspension”) specifies agitation of overlying water and sediment, with  
subsequent settling for approximately 24 hours prior to decanting and subsampling the overlying test water. 

 
Neanthes Growth test: The Neanthes growth bioassay breakdown procedure was modified as 
follows: after recording dry weight of worms at the end of the test period, the dried material was 
subjected to oxidation in a muffle oven to determine the ash free dry weight (AFDW). Both dry weight and 
AFDW were reported in the final report. 

 
17. Bioassay Test Performance.  Negative control and reference sediments met DMMP performance criteria for 

both the larval and amphipod tests (Table 7). For the Neanthes growth test, the mortality performance standard 
was met for both the control and reference sediments, as was the mean individual growth (MIG) rate 
performance standard for the negative control. The reference sample failed to meet the mean individual growth 
rate standard relative to control with the standard protocol, but met the standard with the AFDW protocol 
adjustment. The DMMP agencies accepted the AFDW protocol adjustment as valid for evaluating the Neanthes 
reference sediment performance using best professional judgment (BPJ). 
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Table 7.  Bioassay Test Performance Summary 
Bioassay  Negative Control 

Performance 
Reference Sediment 

Performance 

Amphipod Mortality: 
(Eohaustorius estuarius) 

Standard MC < 10% MR – MC < 20% 
Actual MC = 0% MR – MC = 1.8% 

Bivalve Larval: 
(Mytilus galloprovincialis) 

Standard MR   -  MC    >  70% NR/NC > 0.65% 
Actual MR   -  MC    = 91.7% NR/NC = 0.926% 

Juvenile Neanthes Growth: 
(Neanthes arenaceodenta) 

Standard MC < 10%; MIGC > 0.38 MR < 20% & MIGR/MIGC > 0.80% 
Actual MC = 0%; MIGC = 0.66 MR = 0%; MIGR/MIGC = 0.72% 

AFDW = 0.91% 
M = mortality, N = normal larvae, MIG = mean individual growth rate mg/individual/day), AFDW = ash free dry weight 
Subscripts: R = reference sediment, C = negative control 
 
 
Table 8. Amphipod 10-day Mortality Bioassay*. 

 
Station 

 
% Fines 

 
% Clay 

Amphipod 
(E. estuarius) Mortality (%) 

DMMP Pass/Fail 
(dispersive 
guidelines) Mean sd 

Control -- -- 0.0 0 n/a 
Reference: GH-S7 87.5 27.4 1.8 0.8 n/a 
NC10 39.2 13.8 1.0 1.2 Pass 
AB21 60.3 17.6 0.0 0 Pass 

*MT – MC > 20%; and MT vs NRSS (p = 0.05), and MT – MR > 10% 
 n/a = not applicable, R = reference sediment, C = negative control sediment, T = test sediment;  
 SS = statistically significant 
 
Reference toxicant: Ammonium Chloride, 96 hr survival (EC/LC50): 183 mg NH3-N/L;  
Lab Historical Control Range (Mean + 2SD):  44.9 – 297 mg NH3-N/L 
 
 
Table 9. Bivalve Larval Bioassay Results Summary* 

 
Station 

 
% 
Fines 

 
% 
Clay 

Sediment Larval 
(M. galloprovincialis) 

NCMA (%)

Re-suspension 
(M. galloprovincialis) 

NCMA (%) 

 
DMMP 
Pass/Fail* 

Mean sd Mean sd 
Control -- -- 0.0 8.9 0.0 4.5 n/a 
Reference: GHS7 87.5 27.4 7.4 5.4 8.2 4.6 n/a 
NC10 39.2 13.8 1.2 8.8 2.6 4.6 Pass 
AB21 60.3 17.6 0.6 6.2 8.3 5.7 Pass 

* NT ÷ NC < 0.80, and NT/NC vs. NR/NC SS (p = 0.10), and NR/NC – NT/NC > 0.15 
  Dispersive Guidelines; NCMA =normalized combined percent mortality; n/a = not applicable, 
  R = reference sediment, C = negative control, T = test sediment, N = normal larvae,  
  SS = statistically significant 
   
  Reference toxicant: Copper Sulfate Normality (EC/LC50): 10.8 µg/L;  
  Lab Historical Control Range (mean + 2SD):  9.42 – 12.3 µg/L 
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Table 10. Neanthes Juvenile Growth Bioassay Summary*. 
 
 
Station 

 
% 

Fines 

 
% 

Clay 

 
% 

Mortality 

Conventional Protocol 
(Dry weight) 

Test Protocol 
(Ash-Free-Dry Wgt.) 

 
DMMP 
Pass/Fail* MIG 

(mg/ind/day) 
MIG
% of 
Cont. 

MIG 
% of 
Ref. 

MIG 
(mg/ind/day) 

MIG 
% of 
Cont. 

MIG 
% of 
Ref. 

    Mean Sd Mean Sd    
Control -- -- 0 0.99 0.11 -- -- 0.66 0.08 -- -- n/a 
Reference: 
GHS7 

87.5 27.4 0 0.71 0.11 0.72 -- 0.60 0.09 0.91 -- n/a 

NC10 39.2 13.8 0 0.68 0.12 0.69 0.96 0.56 0.11 0.85 0.93 Pass 
AB21 60.3 17.6 0 0.62 0.09 0.63 0.87 0.53 0.07 0.80 0.88 Pass 

* MIGT ÷ MIGC < 0.80, and MIGT vs. MIGR SS (p = 0.05), and MIGT/MIGR < 0.70 
  Dispersive Guidelines; n/a = not applicable, MIG = mean individual growth rate (mg/ind/day),  
  R = reference sediment, C = negative control, T = test sediment, SS = statistically significant 
   
Reference toxicant: Ammonium Chloride, 96 hr survival (EC/LC50): 242 mg NH3-N/L;  
  Lab Historical Control Range (mean + 2SD): 137-273 mg NH3-N/L   
 
 

18.  Bioassay Testing Results. The amphipod (Table 8) and bivalve larval (Table 9) bioassays both passed 
dispersive guidelines with no hits in comparison to reference sediment and negative control. The resuspension 
protocol for the bivalve larval test did not appreciably alter the test results, and both sets of results passed 
DMMP dispersive guidelines. The Neanthes results are displayed in Table 10. Comparison of test results with 
reference sediment using the AFDW protocol adjustment indicate the Neanthes  results pass the DMMP 
dispersive guidelines compared to both reference sediments and control sediments.  
 

19. Past problems with the Neanthes reference sediment not meeting performance standards using the standard 
protocol has been an issue over multiple years of testing of material for the federal project in Grays Harbor. 
Application of the AFDW protocol adjustment appears to remedy the reference performance problem, which is 
the result of differential retention of control and reference sediments in the guts of exposed worms. In this case, 
the control sediment generally contained much coarser grain sizes compared to the reference sediment.  
 

20. Suitability for Unconfined Open-Water Disposal and Beneficial Use.  In summary, the testing results for the 
28 DMMUs (including all DMMP COCs and dioxins/furans), and after comparison to DMMP and SMS guidelines, 
and confirmatory toxicity testing of two DMMUs, indicate that all 1.65 million cubic yards of material 
characterized is suitable for open-water disposal at the South Jetty and Point Chehalis dispersive sites.  Based 
on agency best professional judgment regarding acceptable dioxin concentrations in beneficial use material, only 
exclusionary material from the Outer Reaches (including Bar, Entrance, Point Chehalis, and South Reaches), 
and material from the first five DMMU’s from Crossover Reach (XR-C1 through XR-C5) may be used at 
approved beneficial use (nearshore and onshore) sites. 
 

21. This memorandum documents the suitability determination for the characterized dredged material at the Grays 
Harbor O&M project for unconfined open-water disposal at Grays Harbor dispersive disposal sites and at 
appropriate beneficial use locations. However, this suitability determination does not constitute final agency 
approval of the project. A dredging plan for this project must be completed as part of the final project approval 
process. A final decision will be made after full consideration of agency input, and after an alternatives analysis 
is done under Section 404(b)(1) of the Clean Water Act. 
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SUBJECT: DETERMINATION ON THE SUITABILITY OF PROPOSED FEDERAL OPERATION AND 
MAINTENANCE DREDGED MATERIAL FROM  GRAYS HARBOR, WASHINGTON (PN: CENWS-OD-TS-NS-38)  
EVALUATED UNDER SECTION 404 OF THE CLEAN WATER ACT, FOR OPEN-WATER DISPOSAL AT THE 
SOUTH JETTY AND POINT CHEHALIS DISPERSIVE DISPOSAL SITES, AND AT THE SOUTH BEACH AND 
HALF MOON BAY BENEFICIAL USE SITES. 
 
 
Concur: 
 
 
 
___________   ________________________________________________ 
Date     David R. Kendall, Ph.D., Seattle District Corps of Engineers 
 
 
 
___________   ________________________________________________ 
Date     Justine Barton, Environmental Protection Agency 

 
 
 

___________   ________________________________________________ 
Date     Laura Inouye, Ph.D., Washington Department of Ecology 
 
 
 
___________   ________________________________________________ 
Date     Celia Barton, Washington Department of Natural Resources 
  
 
Copied furnished: 
John Hicks, Chief of Navigation 
Elizabeth Chien, Navigation Project Manager 
Justine Barton, EPA 
Laura Inouye, Ph.D. Department of Ecology 
Celia Barton, DNR 
DMMO file 
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4401 Latona Ave NE 
Seattle, WA 98105 

Figure 2-1 Crossover Reach Dredged 
Material Management Units. Planned and 
Actual Sampling Locations 
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Figure 2-2  North Channel ReachDredged 
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Figure 2-3. Hoquiam Reach Dredged 
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Figure 2-4. Cow Point Reach Dredged 
Material Management Units. Planned and 
Actual Sampling Locations 

 

Grays Harbor Maintenance Dredging 
Sediment Characterization 

Grays Harbor, WA 

G3ODTDRK
Text Box
5.



 

Science, Engineering and the Environment, LLC 
4401 Latona Ave NE 
Seattle, WA 98105 

Figure 2-5 Aberdeen Reach Dredged 
Material Management Units. Planned and  
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Figure 2-7. Grays Harbor Reference 
Station GHS7 Sampling Location in 
North Bay  

 

Science, Engineering and the Environment, LLC 
4401 Latona Ave NE 
Seattle, WA 98105 

Grays Harbor Maintenance Dredging 
Sediment Characterization 

Grays Harbor, WA 

G3ODTDRK
Text Box
8.



Grays Harbor Sampling and Analysis Plan 
Federal Navigation Channel – Grays Harbor, WA 

 

Date: February 7, 2012 1-6 

Table 1-3 Estimated FY11 and into Future Years Maintenance Dredging Program by Reach 

Reach 
Volume 

(cubic yards)1 
Sediment 

Type 
Dredge 
Type 

Channel 
Dimensions2 

Disposal 
Area(s) 

Work 
Closures 

Work 
Scheduled 

S. Aberdeen ~55,000 
Semi-decadal silt / sand Clamshell -32 ft MLLW  

200-300 ft wide 
South Jetty or 

Point Chehalis3 
15 Feb to  
15 July 

16 July to 
14 Feb 

Elliott Slough 
Turning Basin/S. Aberdeen ~60,000 biennially silt / sand Clamshell -32 ft MLLW 

350-550 ft wide 
South Jetty or 

Point Chehalis3 
15 Feb to 
15 July 

16 July to 
14 Feb 

Cow Point/Aberdeen ~750,000 
annually sandy silt Clamshell -36 ft MLLW 

350-550 ft wide 
South Jetty or 

Point Chehalis3 
15 Feb to 
15 July 

16 July to 
14 Feb 

Cow Point 
Turning Basin 

~215,000 
annually sandy silt Clamshell -36 ft MLLW 

350-950 ft wide 
South Jetty or 

Point Chehalis3 
15 Feb to 
15 July 

16 July to 
14 Feb 

Hoquiam ~150,000 annually sandy silt Clamshell -36 ft MLLW 
350 ft wide 

South Jetty 
or Point Chehalis3  

15 Feb to 
15 July 

16 July to 
14 Feb 

North Channel ~175,000 annually silty sand Clamshell -36 ft MLLW 
350 ft wide Point Chehalis None August to 

14 Feb 

Inner Crossover ~375,000 annually silty sand Clamshell -36 ft MLLW 
350-450 ft wide Point Chehalis None August to 

14 Feb 

Outer Crossover ~235,000 annually silty sand Hopper4 -36 ft MLLW 
350 ft wide Point Chehalis No hopper 

after 31 May April and May 

South Reach ~190,000 annually sand Hopper4 -36 ft MLLW 
350-450 ft wide 

Point Chehalis or  
Half Moon Bay 

No hopper 
after 30 June April to June 

Entrance/ 
Point Chehalis ~685,000 annually sand Hopper -40 ft to -46 ft MLLW 

600-900 ft wide 
South Jetty or Half Moon Bay or  

Point Chehalis 
No hopper 

after 31 May April and May 

Bar Channel ~260,000 
as needed sand Hopper -46 ft MLLW 

900 ft wide 
South Beach or South Jetty or  

3.9-mile ocean site 
No hopper 

after 31 May April and May 

Notes: 
1 Volumes are averages, plus one standard deviation, computed on the last 10 years’ dredging records, thus the actual volumes dredged may differ from those in the table. 
2 Depths shown are authorized depths and do not include 2-ft advanced maintenance or 2-ft overdepth tolerance. Exceptions: South Aberdeen Reach has 0-ft advance 

maintenance and 1-ft over-depth tolerance. Elliott Slough Turning Basin has 3-ft advance maintenance for half of the channel (inside bend). Widths shown are those of the 
channel bottom, and do not include extra width at channel bends. 

3 Adverse weather/wave relief site. 
4 Clamshell required after May 31 (Outer Crossover) and June 30 (South Reach). 
ft = feet; MMLW = Mean Lower Low Water
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Table 2-2 Actual Sampling Locations 
Crossover Reach 

DMMU 

Station Location 
1 2 3 4 5 6 7 8 

Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. 
XR-C1 46 55.92084 N 124 01.13178 W 46 55.98146 N 124 01.02887 W 46 56.02189 N 124 00.97304 W 46 56.05980 N 124 00.92395 W 46 56.08484 N 124 00.89120 W 46 56.12217 N 124 00.84198 W 46 56.14596 N 124 00.80933 W 46 56.17305 N 124 00.77245 W 

XR-C2 46 56.20119 N 124 00.73509 W 46 56.22518 N 124 00.70271 W 46 56.25460 N 124 00.66078 W 46 56.28405 N 124 00.62423 W 46 56.31510 N 124 00.57982 W 46 56.34572 N 124 00.53777 W 46 56.38097 N 124 00.49109 W 46 56.41887 N 124 00.44257 W 

XR-C3 46 56.50423 N 124 00.32801 W 46 56.55197 N 124 00.26227 W 46 56.58999 N 124 00.21401 W 46 56.59144 N 124 00.11472 W 46 56.66284 N 124 00.11501 W 46 56.66448 N 124 00.01640 W 46 56.73451 N 124 00.01657 W 46 56.74060 N 123 59.92343 W 

XR-C4 46 56.81442 N 123 59.91201 W 46 56.82354 N 123 59.80748 W 46 56.88500 N 123 59.81789 W 46 56.88377 N 123 59.72590 W 46 56.95359 N 123 59.72698 W 46 56.95625 N 123 59.62762 W 46 57.02597 N 123 59.63003 W 46 57.02881 N 123 59.53312 W 

XR-C5 46 57.07778 N 123 59.46680 W 46 57.11421 N 123 59.41801 W 46 57.15125 N 123 59.37208 W 46 57.18704 N 123 59.31836 W 46 57.22310 N 123 59.27368 W 46 57.26010 N 123 59.22335 W 46 57.29634 N 123 59.17249 W 46 57.33277 N 123 59.12383 W 

XR-C6 46 57.37195 N 123 59.07182 W 46 57.40325 N 123 59.03285 W 46 57.42849 N 123 58.99557 W 46 57.46646 N 123 58.94617 W 46 57.50227 N 123 58.89715 W 46 57.53803 N 123 58.84865 W 46 57.56027 N 123 58.80990 W 46 57.58550 N 123 58.74667 W 

North Channel Reach 

DMMU 

Station Location 
1 2 3 4 5 6 7 8 

Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. 
NC-C7 46 57.60802 N 123 58.68006 W 46 57.64037 N 123 58.60760 W 46 57.65339 N 123 58.52092 W 46 57.66047 N 123 58.45045 W 46 57.66976 N 123 58.38078 W 46 57.67855 N 123 58.30746 W 46 57.68857 N 123 58.23601 W 46 57.69685 N 123 58.16410 W 

NC-C8 46 57.71029 N 123 58.04689 W 46 57.76095 N 123 57.93687 W 46 57.73802 N 123 57.86067 W 46 57.78705 N 123 57.77762 W 46 57.76552 N 123 57.67178 W 46 57.80907 N 123 57.58903 W 46 57.78660 N 123 57.4957 W 46 57.82978 N 123 57.44919 W 

NC-C9 46 57.79886 N 123 57.40164 W 46 57.83971 N 123 57.37661 W 46 57.85447 N 123 57.28169 W 46 57.87110 N 123 57.19307 W 46 57.88719 N 123 57.10103 W 46 57.90464 N 123 57.00735 W 46 57.91998 N 123 56.91546 W 46 57.93785 N 123 56.82287 W 

NC-C10 46 57.95283 N 123 56.72792 W 46 57.92228 N 123 56.63969 W 46 57.97880 N 123 56.58735 W 46 57.94645 N 123 56.49714 W 46 58.00643 N 123 56.42732 W 46 57.98299 N 123 56.30788 W 46 57.98938 N 123 56.25309 W 46 58.00810 N 123 56.17122 W 

NC-C11 46 58.05720 N 123 55.87097 W 46 58.06932 N 123 55.81213 W 46 58.08482 N 123 55.73093 W 46 58.09297 N 123 55.67222 W 46 58.10513 N 123 55.61330 W 46 58.11477 N 123 55.54296 W 46 58.11778 N 123 55.47914 W 46 58.12351 N 123 55.42151 W 

Hoquiam Reach 

DMMU 

Station Location 
1 2 3 4 5 6 7 8 

Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. 
HO-C12 46 58.12402 N 123 55.38881 W 46 58.12790 N 123 55.31861 W 46 58.13110 N 123 55.24913 W 46 58.13296 N 123 55.16663 W 46 58.12865 N 123 55.08068 W 46 58.12541 N 123 55.01163 W 46 58.12050 N 123 54.91241 W 46 58.11716 N 123 54.82906 W 

HO-C13 46 58.11164 N 123 54.75173 W 46 58.10844 N 123 54.67406 W 46 58.10472 N 123 54.60019 W 46 58.10133 N 123 54.52976 W 46 58.14407 N 123 54.45762 W 46 58.14036 N 123 54.38275 W 46 58.13741 N 123 54.31268 W 46 58.13643 N 123 54.23947 W 

HO-C14 46 58.13136 N 123 54.16644 W 46 58.12883 N 123 54.09533 W 46 58.12563 N 123 54.02566 W 46 58.12256 N 123 53.95275 W 46 58.11821 N 123 53.87907 W 46 58.11385 N 123 53.80150 W 46 58.10932 N 123 53.69127 W 46 58.11123 N 123 53.62076 W 

HO-C15 46 58.11012 N 123 53.54590 W 46 58.11019 N 123 53.50968 W 46 58.11123 N 123 53.47397 W 46 58.11092 N 123 53.40082 W 46 58.11098 N 123 53.34118 W 46 58.06347 N 123 53.30467 W 46 58.11206 N 123 53.27336 W 46 58.11112 N 123 53.19217 W 

HO-C16 46 58.06115 N 123 52.89749 W 46 58.06633 N 123 52.82406 W 46 58.06661 N 123 52.77624 W 46 58.06588 N 123 52.71727 W 46 58.06508 N 123 52.66469 W 46 58.06792 N 123 52.60823 W 46 58.06458 N 123 52.54507 W 46 58.05524 N 123 52.44744 W 

HO-C17 46 58.04008 N 123 51.83763 W 46 58.03628 N 123 51.81574 W 46 58.03582 N 123 51.80366 W 46 58.04104 N 123 51.84959 W 46 58.04617 N 123 51.89535 W 46 58.04251 N 123 51.86261 W 46 58.03821 N 123 51.82638 W 46 58.03397 N 123 51.79095 W 

Cow Point Reach 

DMMU 

Station Location 
1 2 3 4 5 6 7 8 

Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. 
CP-C18 46 58.37352 N 123 48.43653 W 46 58.41552 N 123 48.38972 W 46 58.40425 N 123 48.32210 W 46 58.46204 N 123 48.22951 W 46 58.45024 N 123 48.15165 W 46 58.49501 N 123 48.08978 W 46 58.49901 N 123 47.99404 W 46 58.53704 N 123 47.89880 W 

CP-C19 46 58.53092 N 123 47.86050 W 46 58.55335 N 123 47.80465 W 46 58.56622 N 123 47.75834 W 46 58.58533 N 123 47.69130 W 46 58.60362 N 123 47.62358 W 46 58.61625 N 123 47.55540 W 46 58.62794 N 123 47.49393 W 46 58.65699 N 123 47.48240 W 

CP-C20 46 58.65319 N 123 47.24964 W 46 58.65696 N 123 47.15365 W 46 58.63674 N 123 47.06134 W 46 58.60482 N 123 47.00185 W 46 58.57830 N 123 46.97733 W 46 58.54871 N 123 46.95375 W 46 58.52531 N 123 46.93355 W 46 58.53045 N 123 46.79483 W 
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Table 2-2 Actual Sampling Locations 
Aberdeen Reach 

DMMU 
Station Location 

1 2 3 4 5 6 7 8 
Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. 

AB-C21 46 57.63338 N 123 50.16070 W 46 57.64376 N 123 50.11127 W 46 57.65486 N 123 50.05839 W 46 57.66718 N 123 50.00039 W 46 57.68292 N 123 49.92848 W 46 57.70400 N 123 49.84232 W 46 57.73848 N 123 49.75397 W 46 57.73540 N 123 49.63015 W 

AB-C22 46 57.79600 N 123 49.59880 W 46 57.77958 N 123 49.54342 W 46 57.83989 N 123 49.49504 W 46 57.85988 N 123 49.39593 W 46 57.92349 N 123 49.33927 W 46 57.94464 N 123 49.23790 W 46 58.01129 N 123 49.17568 W 46 58.04048 N 123 49.06230 W 

AB-C23 46 58.08920 N 123 49.03269 W 46 58.08957 N 123 48.96916 W 46 58.13515 N 123 48.94786 W 46 58.13847 N 123 48.88034 W 46 58.18803 N 123 48.84780 W 46 58.18868 N 123 48.78763 W No sample collected. See text 46 58.35280 N 123 48.48332 W 

South Aberdeen Reach 

DMMU 
Station Location 

1 2 3 4 5 6 7 8 
Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long. 

SA-C24 46 58.37352 N 123 48.43653 W 46 58.41552 N 123 48.38972 W 46 58.40425 N 123 48.32210 W 46 58.46204 N 123 48.22951 W 46 58.45024 N 123 48.15165 W 46 58.49501 N 123 48.08978 W 46 58.49901 N 123 47.99404 W 46 58.53704 N 123 47.89880 W 

SA-C25 46 58.53092 N 123 47.86050 W 46 58.55335 N 123 47.80465 W 46 58.56622 N 123 47.75834 W 46 58.58533 N 123 47.69130 W 46 58.60362 N 123 47.62358 W 46 58.61625 N 123 47.55540 W 46 58.62794 N 123 47.49393 W 46 58.65699 N 123 47.48240 W 

SA-C26 46 58.65319 N 123 47.24964 W 46 58.65696 N 123 47.15365 W 46 58.63674 N 123 47.06134 W 46 58.60482 N 123 47.00185 W 46 58.57830 N 123 46.97733 W 46 58.54871 N 123 46.95375 W 46 58.52531 N 123 46.93355 W 46 58.53045 N 123 46.79483 W 

SA-C27 46 58.45175 N 123 46.81939 W 46 58.35569 N 123 46.84526 W 46 58.28389 N 123 46.78112 W 46 58.20799 N 123 46.75812 W 46 58.16310 N 123 46.74560 W 46 58.12635 N 123 46.73397 W 46 58.08558 N 123 46.72216 W 46 58.04214 N 123 46.70653 W 

SA-C28 46 58.02563 N 123 46.70009 W 46 57.99167 N 123 46.69009 W 46 57.94272 N 123 46.67031 W 46 57.89768 N 123 46.63615 W 46 57.86133 N 123 46.60883 W 46 57.80458 N 123 46.56408 W 46 57.74472 N 123 46.56221 W 46 57.71651 N 123 46.47682 W 

Reference Station 
GH S7 47 00.34937 N 124 05.79166 W --- --- --- --- --- --- --- --- --- --- --- --- --- GH S7 

 

 

 
 



Grays Harbor Sampling and Analysis Plan 
Federal Navigation Channel – Grays Harbor, WA 

 

Date: February 7, 2012 2-10 

Table 2-5 Depths of Collected Grab Samples (MLLW) 

Crossover Reach 

DMMU 
Depth of Sampling Location (-ft MLLW) 

1 2 3 4 5 6 7 8 
XR-C1 32.70 30.20 25.40 23.81 23.41 22.51 22.75 23.71 
XR-C2 24.60 25.50 26.90 28.37 29.90 31.60 33.28 34.00 
XR-C3 36.24 35.86 35.82 39.02 35.00 36.58 34.80 37.04 
XR-C4 37.66 37.92 36.20 38.36 36.82 38.59 36.30 37.87 
XR-C5 36.85 36.23 35.44 34.37 34.53 34.95 30.17 27.66 
XR-C6 28.87 30.01 30.47 30.02 26.76 26.97 29.37 28.07 
North Channel Reach 
NC-C7 24.86 32.63 32.03 32.15 31.67 33.25 33.83 35.21 
NC-C8 35.55 38.37 36.05 38.70 38.75 37.76 38.50 36.75 
NC-C9 39.90 37.90 37.98 36.28 33.76 30.89 33.10 35.50 
NC-C10 34.37 46.20 34.89 36.29 36.60 39.50 39.40 39.51 
NC-C11 27.19 24.73 26.15 21.56 24.11 26.52 26.27 28.37 
Hoquiam Reach 
HO-C12 26.99 28.15 30.32 31.88 32.85 34.51 36.17 36.83 
HO-C13 35.70 36.30 36.29 37.72 33.66 33.23 32.35 30.28 
HO-C14 31.75 30.14 31.55 30.06 30.56 29.98 28.94 28.02 
HO-C15 29.86 29.78 28.38 28.67 31.26 38.57 33.80 37.20 
HO-C16 34.88 36.53 32.17 31.11 31.16 33.76 35.40 38.17 
HO-C17 36.61 37.12 36.70 36.46 35.99 37.47 36.57 33.91 
Cow Point Reach 
CP-C18 36.80 34.00 32.60 30.80 29.60 28.60 28.30 31.60 
CP-C19 29.40 30.40 33.00 35.70 34.10 27.30 31.60 33.20 
CP-C20 30.20 21.30 19.60 20.00 25.60 27.90 28.40 29.20 
Aberdeen Reach 
AB-C21 22.80 21.10 20.50 21.80 22.70 25.05 27.30 30.70 
AB-C22 27.70 30.30 31.90 30.20 32.00 31.50 36.10 32.20 
AB-C23 33.43 32.69 32.28 32.78 32.37 33.67 see text 33.97 
South Aberdeen Reach 
SA-C24 33.14 36.38 31.74 32.60 33.50 34.35 32.42 33.93 
SA-C25 33.91 33.78 33.58 33.60 33.92 34.44 38.27 35.13 
SA-C26 32.50 29.46 29.17 26.17 23.65 20.62 21.69 30.63 
SA-C27 32.60 31.33 31.83 29.96 29.78 29.92 28.66 26.40 
SA-C28 35.80 36.20 27.56 27.38 24.44 26.69 27.56 29.14 
Reference Station 
GH S7 15.50 — — — — — — — 
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Table 2-6 Results of Field Grain Size Estimates 

DMMU 
Field Grain Size Estimate   

DMMU 
Field Grain Size Estimate 

Percent Sand Percent Fines  
 

Percent Sand Percent Fines  
Crossover Reach 

 
Cow Point Reach 

XR-C1 82 18 
 

CP-C18 18 82 
XR-C2 83 17 

 
CP-C19 20 80 

XR-C3 82 18 
 

CP-C20 10 90 
XR-C4 80 20 

 
Aberdeen Reach 

XR-C5 74 26 
 

AB-C21 31 69 
XR-C6 53 47 

 
AB-C22 88 12 

North Channel Reach 
 

AB-C23 98 2 
NC-C7 92 8 

 
South Aberdeen Reach 

NC-C8 64 36 
 

SA-C24 90 10 
NC-C9 59 41 

 
SA-C25 75 25 

NC-C10 46 54 
 

SA-C26 16 84 
NC-C11 81 19 

 
SA-C27 80 20 

Hoquiam Reach 
 

SA-C28 89 11 
HO-C12 81 19 

 
Reference Station 

HO-C13 54 46 
 

S7 29 71 
HO-C14 48 52 

 
  

 
  

HO-C15 64 36 
 

  
 

  
HO-C16 21 79 

 
  

 
  

HO-C17 19 81         
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WESTERN WASHINGTON                                                                                        Grays Harbor 1

KEY : BLUE =Common;
GREEN =Uncommon; 
YELLOW =Harder to find, usually seen 
annually;
ORANGE =Rare, 5+records;
RED =Less than 5 records; 
BLACK =extirpated; 
GRAY =Introduced; 
LAVENDER =Hypothetical.

2009 A
O

U
 50 order

G
rays H

arbor Date first seen Observers Location Other notes
Total County birds 0 385

Pecentage seen 0 62.34%
COMMON NAME(below) 1 240
Fulvous Whistling-Duck 1
Taiga Bean-Goose 2
Greater White-fronted Goose 3 1 2/28/10 Charlie Wright and his dad Ocean Shores STP 24 geese
Emperor Goose 4
Snow Goose 5 1 1/11/10 Mike Marsh Brady/Wenzel Loop area, Elma
Ross's Goose 6
Brant 7 1 3/13/10 John & Vesta Letos in bay south of Bill's Spit, O.S.
Cackling Goose 8 1 1/1/10 Dianna Moore golf course, O.S.
Canada Goose 9 1 1/1/10 Dianna Moore golf course, O.S.
Mute Swan 10
Trumpeter Swan 11 1 1/1/10 Dianna Moore Quinault Resort property
Tundra Swan 12 1 3/14/10 Grace & Ollie Oliver Monte-Brady Rd 2 birds
Whooper Swan 13
Wood Duck 14 1 4/25/10 Ruth Sullivan Acosta-Third, across from Bottle Beach SP breeding pair
Gadwall 15 1 3/20/10 Matt Bartels Hoquiam STP               
Falcated Duck 16
Eurasian Wigeon 17 1 1/31/10 Vicki Schmidt in bay south of Bill's Spit, O.S.
American Wigeon 18 1 1/1/10 Dianna Moore Perkin's Pond, O.S.
American Black Duck 19
Mallard 20 1 1/1/10 Dianna Moore my yard OK…I feed them corn in my driveway
Blue-winged Teal 21 1 4/30/10 Tim O'Brien, Bruce LaBar, Alan Richards, etc Ocosta-Third, across from Bottle Beach SP GH Shorebird Festival field trip, Tokeland/Grayland/Westport
Cinnamon Teal 22 1 4/25/10 Ruth Sullivan north of Brady 1 duck
Northern Shoveler 23 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Hoquiam STP
Northern Pintail 24 1 3/20/10 Bill & Charlotte Byers off O.S. North Jetty
Garganey 25
Baikal Teal 26
Green-winged Teal 27 1 1/1/10 Dianna Moore Quinault Resort property
Canvasback 28 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Hoquiam STP
Redhead 29 1 12/29/10 Ruth Sullivan, Jim Pruske, Lonnie Somer inside Hoquiam STP fence
Ring-necked Duck 30 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Hoquiam STP
Tufted Duck 31 1 4/30/10 Bob Stallcop, Dave Richardson Hoquiam STP 1 female
Greater Scaup 32 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Hoquiam STP
Lesser Scaup 33 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Hoquiam STP
Steller's Eider 34
King Eider 35 1 2/28/10 Charlie Wright and his dad in bay behind O.S. STP Since 7/2/2009; also seen on CBC 12/29/2010.
Common Eider 36
Harlequin Duck 37 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Oyehut Game Range, O.S.
Surf Scoter 38 1 1/1/10 Dianna Moore North Jetty, O.S.
White-winged Scoter 39 1 1/1/10 Dianna Moore North Jetty, O.S.
Black Scoter 40 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Oyehut Game Range, O.S.
Long-tailed Duck 41 1 2/28/10 Charlie Wright and his dad in bay off the Ocean Shores STP 3 ducks
Bufflehead 42 1 1/1/10 Dianna Moore Marina area, O.S.
Common Goldeneye 43 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Hoquiam STP
Barrow's Goldeneye 44
Smew 45
Hooded Merganser 46 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Hoquiam STP
Common Merganser 47 1 1/1/10 Dianna Moore Outflow area nr Discovery Inn, O.S.
Red-breasted Merganser 48 1 1/1/10 Dianna Moore Outflow area nr Discovery Inn, O.S.
Ruddy Duck 49 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Hoquiam STP
Mountain Quail 50 1 10/30/10 Khanh Tran Above Newman Crk Rd, N/O Elma 2 groups
Scaled Quail 51
California Quail 52
Northern Bobwhite 53
Chukar 54
Gray Partridge 55
Ring-necked Pheasant 56 1 3/7/10 Lonnie Somer & Jim Pruske in water just east of O.S. STP 1 bird
Ruffed Grouse 57 1 1/12/10 Linda Orgel & R.D. Grunbaum their property, O'Leary Creek off Hwy 105
Greater Sage-Grouse 58
Spruce Grouse 59
White-tailed Ptarmigan 60
Dusky Grouse 61
Sooty Grouse 62 1 3/27/10 Dianna Moore along the Moclips Hwy btwn Hwy 109 & Hwy 101 3 birds in separate places on the shoulder
Sharp-tailed Grouse 63
Wild Turkey 64
Red-throated Loon 65 1 3/20/10 Matt Bartels Oyehut Game Range, O.S.
Arctic Loon 66
Pacific Loon 67 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Oyehut Game Range, O.S.
Common Loon 68 1 1/1/10 Dianna Moore Oyehut Game Range, O.S.
Yellow-billed Loon 69
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Pied-billed Grebe 70 1 1/1/10 Dianna Moore Outflow area nr Discovery Inn, O.S.
Horned Grebe 71 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Oyehut Game Range, O.S.
Red-necked Grebe 72 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Westport Marina
Eared Grebe 73 1 12/29/10 Bill Tweit's group Westport GH CBC
Western Grebe 74 1 1/1/10 Dianna Moore North Jetty, O.S.
Clark's Grebe 75 1 10/30/10 Ruth Sullivan Ocean Shores Marina
Shy Albatross 76
Laysan Albatross 77 1 8/28/10 Ryan Shaw, Michael Donohue, Bruce LaBar Westport Pelagic trip 1 bird
Black-footed Albatross 78 1 5/22/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 47 birds
Short-tailed Albatross 79 1 7/31/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 1 bird
Northern Fulmar 80 1 5/22/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 3 birds in separate places on the shoulder
Murphy's Petrel 81
Mottled Petrel 82
Hawaiian Petrel 83
Cook's Petrel 84
Pink-footed Shearwater 85 1 5/22/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 25 birds
Flesh-footed Shearwater 86 1 8/21/10 Bill Tweit, Scott Mills, Bill Shelmerdine Westport Pelagic trip 5 birds
Greater Shearwater 87
Wedge-tailed Shearwater 88
Buller's Shearwater 89 1 8/21/10 Bill Tweit, Scott Mills, Bill Shelmerdine Westport Pelagic trip 2 birds
Sooty Shearwater 90 1 5/22/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 1957 birds
Short-tailed Shearwater 91 1 9/11/10 Pelagic trip-goers (no names given) Westport Pelagic trip
Manx Shearwater 92 1 8/28/10 Ryan Shaw, Michael Donohue, Bruce LaBar Westport Pelagic trip 1 bird
Wilson's Storm-Petrel 93
Fork-tailed Storm-Petrel 94 1 5/22/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 6 birds
Leach's Storm-Petrel 95 1 6/26/10 Bill Shelmerdine & Westport Seabirds Pelagic trip Westport Pelagic trip 22 birds
Ashy Storm-Petrel 96
Red-billed Tropicbird 97
Blue-footed Booby 98
Brown Booby 99
American White Pelican 100 1 6/7/10 John & Vesta Letos btwn Bill's Spit and the Marina off O.S. 15 birds at dusk
Brown Pelican 101 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Westport Marina
Brandt's Cormorant 102 1 5/1/10 Marcus Roening, Faye McAdams-Hands, Diane Yorgeson-Quinn Point Grenville GH Shorebird Festival field trip
Double-crested Cormorant 103 1 1/1/10 Dianna Moore North Jetty, O.S.
Red-faced Cormorant 104
Pelagic Cormorant 105 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels North Jetty, O.S.
Magnificent Frigatebird 106
American Bittern 107
Great Blue Heron 108 1 1/1/10 Dianna Moore irrigation ditch nr my home, O.S.
Great Egret 109
Snowy Egret 110
Little Blue Heron 111
Cattle Egret 112
Green Heron 113 1 4/24/10 Dianna Moore under the boardwalk at the "secondary" marina,. O.S.
Black-crowned Night-Heron 114
Yellow-crowned Night-Heron 115
White Ibis 116
Glossy Ibis 117
White-faced Ibis 118
Turkey Vulture 119 1 3/20/10 Bill Shelmerdine Montesano area 8 birds
California Condor 120
Osprey 121 1 4/6/10 Dianna Moore cell tower behind O.S. City Yard, Ocean Lake Wy. returning to a nest; 4th yr I think; Hoquiam STP osprey seen same day for 1st time of the season
White-tailed Kite 122
Bald Eagle 123 1 1/1/10 Dianna Moore Oyehut Game Range, O.S.
Northern Harrier 124 1 1/1/10 Dianna Moore over dunes, Taurus access, O.S.
Sharp-shinned Hawk 125 1 1/1/10 Dianna Moore my yard
Cooper's Hawk 126 1 2/10/10 Dianna Moore my yard
Northern Goshawk 127 1 8/11/10 Bill Shelmerdine east fork of the Humptulips River "adult, probably male"
Red-shouldered Hawk 128
Broad-winged Hawk 129
Swainson's Hawk 130
Red-tailed Hawk 131 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Hoquiam STP
Ferruginous Hawk 132
Rough-legged Hawk 133 1 1/11/10 Mike Marsh east entrance to Brady Loop, Elma
Golden Eagle 134
Crested Caracara 135
Eurasian Kestrel 136
American Kestrel 137 1 2/28/10 Dianna Moore Satsop Bulb Farm being mobbed by crows
Merlin 138 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels downtown Aberdeen
Eurasian Hobby 139
Gyrfalcon 140 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Hoquiam STP Banded #8 by Dan Varland & party, 3/3/2006
Peregrine Falcon 141 1 1/1/10 Dianna Moore Oyehut Game Range, O.S.
Prairie Falcon 142 1 11/13/10 Tim O'Brien, Jeff Jendro, Russ Koppendrayer SE end of Brady Loop Rd. adult bird
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Yellow Rail 143
Virginia Rail 144 1 3/20/10 Matt Bartels Burrows Rd, Hoquiam
Sora 145 1 4/17/10 Marv Breece Brady Loop
Common Moorhen 146
American Coot 147 1 1/1/10 Dianna Moore Perkin's Pond, O.S.
Sandhill Crane 148 1 4/14/10 Arnie Martin, Jude Armstrong over their house on Chenault Ave, Hoquiam 100 birds flying north
Black-bellied Plover 149 1 1/1/10 Dianna Moore Oyehut Game Range, O.S.
American Golden-Plover 150 1 8/11/10 Jordan Gunn Oyehut Game Range, O.S. seen by several people later that week
Pacific Golden-Plover 151 1 5/10/10 Dan Reiff golf course, Ocean Shores in breeding plumage
Lesser Sand-Plover 152 1 8/26/10 Bob Sundstron, Tom Aversa, Ryan Merrill Oyehut Game Range adult male…first record in the state!
Snowy Plover 152 1 11/6/10 MaryFrances Mathis at the base of Cranberry Beach Rd, Grayland 2 wandered across the road into Grays Harbor County
Common Ringed Plover 153
Semipalmated Plover 154 1 4/17/10 Marv Breece Bottle Beach SP 4 birds
Piping Plover 155
Killdeer 156 1 1/1/10 Dianna Moore Pacific Park, next block over frm my house, O.S.
Mountain Plover 157
Eurasian Dotterel 158
Black Oystercatcher 159 1 5/1/10 Marcus Roening, Faye McAdams-Hands, Diane Yorgeson-Quinn Point Grenville GH Shorebird Festival field trip, 2 birds
Black-necked Stilt 160
American Avocet 161
Spotted Sandpiper 162 1 1/10/10 Dianna Moore Hoquiam River, behind Hoquiam Farmer's Mkt
Solitary Sandpiper 163
Gray-tailed Tattler 164
Wandering Tattler 165 1 4/30/10 Tim O'Brien and field trip group Westport GH Shorebird Festival field trip, Tokeland/Grayland/Westport
Greater Yellowlegs 166 1 4/17/10 Marv Breece Brady Loop several scattered about
Willet 167 1 5/15/10 Blair Bernson Bottle Beach SP 1 bird
Lesser Yellowlegs 168 1 7/26/10 Ruth Sullivan, Carol Riddell Oyehut Game Range, O.S.
Upland Sandpiper 169
Little Curlew 170
Whimbrel 171 1 4/27/10 Dan Varland, Dianna Moore, Sandra Miller on beach north of Quinault Beach Resort
Bristle-thighed Curlew 172
Long-billed Curlew 173
Hudsonian Godwit 174 1 8/8/10 Ruth Sullivan & Carol Riddell Oyehut Game Range pond also seen 8/9 by Tom Schooley & Dianna Moore-many took photos that week
Bar-tailed Godwit 175 1 9/25/10 Dennis Duffy & his wife Westport Marina flying with MAGO's
Marbled Godwit 176 1 3/1/10 Gregg Thompson Westport Marina 1 bird
Ruddy Turnstone 177 1 5/12/10 Michael Fleming Bottle Beach SP
Black Turnstone 178 1 1/1/10 Dianna Moore North Jetty, O.S.
Surfbird 179 1 1/18/10 Matt Pike Westport Marina
Great Knot 180
Red Knot 181 1 4/30/10 Tim O'Brien and field trip group Bottle Beach SP GH Shorebird Festival field trip, Tokeland/Grayland/Westport
Sanderling 182 1 1/1/10 Dianna Moore on beach, Taurus Ave access
Semipalmated Sandpiper 183 1 5/15/10 Ruth Sullivan Oyehut Game Range, O.S.
Western Sandpiper 184 1 1/1/10 Dianna Moore on beach, Taurus Ave access
Red-necked Stint 185
Little Stint 186
Temminck's Stint 187
Least Sandpiper 188 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Oyehut Game Range, O.S.
White-rumped Sandpiper 189
Baird's Sandpiper 190 1 8/10/10 Dan Reiff Oyehut Game Range, O.S.
Pectoral Sandpiper 191 1 8/10/10 Dan Reiff Oyehut Game Range, O.S.
Sharp-tailed Sandpiper 192
Rock Sandpiper 193 1 1/18/10 Matt Pike Westport Marina
Dunlin 194 1 1/1/10 Dianna Moore Oyehut Game Range, O.S.
Curlew Sandpiper 195
Stilt Sandpiper 196 1 8/13/10 Evan Houston, Khanh Tran Oyehut Game Range, O.S. seen by several people later that day
Buff-breasted Sandpiper 197 1 9/11/10 Igor Uhrovic Oyehut Game Range, O.S.
Ruff 198 1 9/2/10 Wilson Cady, Barry Woodruff Oyehut Game Range juvenile
Short-billed Dowitcher 199 1 4/17/10 Marv Breece Brady Loop and Ocean Shores at park nr golf course 4 birds
Long-billed Dowitcher 200 1 4/30/10 Tim O'Brien and field trip group Bottle Beach SP
Jack Snipe 201
Wilson's Snipe 202 1 1/1/10 Dianna Moore center divider, Ocean Shores Bl at Pacific Ave., O.S.
Wilson's Phalarope 203
Red-necked Phalarope 204 1 5/15/10 Ruth Sullivan beach in front (south) of Oyehut Game Range, O.S. 75 birds!
Red Phalarope 205 1 5/22/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 2 birds
Black-legged Kittiwake 206 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Westport Marina
Red-legged Kittiwake 207
Ivory Gull 208
Sabine's Gull 209 1 5/22/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 56 birds
Bonaparte's Gull 210 1 5/2/10 Mary O'Neil, Cecilia Pinkal Westport
Black-headed Gull 211
Little Gull 212
Ross's Gull 213
Laughing Gull 214
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Franklin's Gull 215
Black-tailed Gull 216
Heermann's Gull 217 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Westport Marina
Mew Gull 218 1 1/18/10 Matt Pike Westport Marina
Ring-billed Gull 219 1 4/13/10 Dianna Moore beach at Ocean Lake Way access, O.S.
Western Gull 220 1 1/1/10 Dianna Moore power pole nr my house, O.S.
California Gull 221 1 5/1/10 Marcus Roening, Faye McAdams-Hands, Diane Yorgeson-Quinn Point Grenville GH Shorebird Festival field trip
Herring Gull 222 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Westport Marina
Thayer's Gull 223 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Westport Marina
Iceland Gull 224
Lesser Black-backed Gull 225 1 8/19/10 Mike & MerryLynn Denny Grayland Beach photos on Flickr site
Slaty-backed Gull 226
Glaucous-winged Gull 227 1 1/1/10 Dianna Moore Pacific Park, next block over frm my house, O.S.
Glaucous Gull 228 1 1/18/10 Matt Pike Westport Marina 1st cycle bird
Great Black-backed Gull 229
Least Tern 230
Caspian Tern 231 1 4/17/10 Marv Breece Bottle Beach SP
Black Tern 232
Common Tern 233 1 6/26/10 Scott Mills, Bill Shelmerdine, Mike Donohue Westport Pelagic trip 1 bird
Arctic Tern 234 1 7/10/10 Bruce LaBar, Bill Shelmerdine, etc. Westport Pelagic trip 2 birds
Forster's Tern 235
Elegant Tern 236
South Polar Skua 237 1 5/22/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 1 bird
Pomarine Jaeger 238 1 7/31/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 2 birds
Parasitic Jaeger 239 1 5/22/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 1 bird
Long-tailed Jaeger 240 1 5/22/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 2 birds
Common Murre 241 1 4/27/10 Dianna Moore, Sandra Miller North Jetty, O.S. 1 flying
Thick-billed Murre 242
Pigeon Guillemot 243 1 5/1/10 Marcus Roening, Faye McAdams-Hands, Diane Yorgeson-Quinn Point Grenville GH Shorebird Festival field trip
Long-billed Murrelet 244
Marbled Murrelet 245 1 6/26/10 Scott Mills, Bill Shelmerdine, Mike Donohue Westport Pelagic trip
Kittlitz's Murrelet 246
Xantus's Murrelet 247
Ancient Murrelet 248
Cassin's Auklet 249 1 5/22/10 Bill Tweit, Scott Mills, Ryan Shaw Westport Pelagic trip 6 birds
Parakeet Auklet 250
Whiskered Auklet 251
Rhinoceros Auklet 252 1 5/1/10 Marcus Roening, Faye McAdams-Hands, Diane Yorgeson-Quinn Point Grenville GH Shorebird Festival field trip
Horned Puffin 253 1 6/26/10 Scott Mills, Bill Shelmerdine, Mike Donohue Westport Pelagic trip
Tufted Puffin 254 1 5/1/10 Marcus Roening, Faye McAdams-Hands, Diane Yorgeson-Quinn Point Grenville GH Shorebird Festival field trip
Rock Pigeon 255 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels downtown Aberdeen
Band-tailed Pigeon 256 1 1/1/10 Dianna Moore woods next to Ocean Shores Interpretive Center
Eurasian Collared-Dove 257 1 1/1/10 Dianna Moore my yard, O.S.
White-winged Dove 258
Mourning Dove 259 1 4/14/10 Dianna Moore Satsop Bulb Farm, Satsop 2 in a tree
Yellow-billed Cuckoo 260
Black-billed Cuckoo 261
Barn Owl 262 1 1/7/10 Steve Hallstrom, Cecilia Boulais Their farm/barn near the Chehalis River off S. Fork Rd. Resident
Flammulated Owl 263
Western Screech-Owl 264 1 12/21/10 Roger Moyer, Jerry Swena Elma Gate Rd. just west of Oakville
Great Horned Owl 265 1 2/19/10 Dianna Moore in woods behind O.S. Interpretive Center being mobbed by crows
Snowy Owl 266
Northern Hawk Owl 267
Northern Pygmy-Owl 268 1 10/30/10 Khanh Tran Above Newman Crk Rd, N/O Elma
Burrowing Owl 269
Spotted Owl 270
Barred Owl 271 1 1/7/10 Dianna Moore my yard, O.S.
Great Gray Owl 272
Long-eared Owl 273
Short-eared Owl 274 1 10/30/10 Khanh Tran Brady Loop Rd
Boreal Owl 275
Northern Saw-whet Owl 276 1 12/21/10 Roger Moyer, Jerry Swena Elma Gate Rd., just west of Oakville
Common Nighthawk 277
Common Poorwill 278
Black Swift 279
Vaux's Swift 280 1 4/30/10 Tim O'Brien and field trip group Grays Harbor NWR headquarters parking lot several birds flying over buildings and STP
White-throated Swift 281
Ruby-throated Hummingbird 282
Black-chinned Hummingbird 283
Anna's Hummingbird 284 1 1/1/10 Dianna Moore feeders in my yard, O.S.
Costa's Hummingbird 285
Calliope Hummingbird 286
Broad-tailed Hummingbird 287
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Rufous Hummingbird 288 1 3/1/10 Kathleen Wolgemuth her back porch feeder, O.S. a male
Allen's Hummingbird 289
Belted Kingfisher 290 1 3/9/10 Dianna Moore on power line, Grass Creek NW of Hoquiam
Lewis's Woodpecker 291
Acorn Woodpecker 292
Williamson's Sapsucker 293
Yellow-bellied Sapsucker 294
Red-naped Sapsucker 295
Red-breasted Sapsucker 296 1 3/20/10 Matt Bartels south of Elma
Downy Woodpecker 297 1 1/19/10 Dianna Moore in yard behind O.S. Animal Hospital
Hairy Woodpecker 298 1 12/29/10 Ruth Sullivan right side of boardwalk at GHNWR GH CBC
White-headed Woodpecker 299
Am. Three-toed Woodpecker 300
Black-backed Woodpecker 301
Northern Flicker 302 1 2/12/10 Dianna Moore my yard, O.S.
Pileated Woodpecker 303 1 3/20/10 Matt Bartels county line, Cloquallum Rd, Elma
Olive-sided Flycatcher 304 1 5/15/10 Dianna Moore power line in front of my house, O.S.
Western Wood-Pewee 305 1 5/28/10 Dianna Moore in willows in lot next door to me, O.S.
Yellow-bellied Flycatcher 306
Alder Flycatcher 307
Willow Flycatcher 308
Least Flycatcher 309
Hammond's Flycatcher 310
Gray Flycatcher 311
Dusky Flycatcher 312
Pacific-slope Flycatcher 313 1 5/23/10 Tom Schooley, Sheila McCartan, Dianna Moore The Weatherwax Property, O.S.
Cordilleran Flycatcher 314
Black Phoebe 315
Eastern Phoebe 316
Say's Phoebe 317 1 8/16/10 Paul Hicks behind STP, western side of Oyehut Game Range, O.S. immature bird
Vermilion Flycatcher 318
Ash-throated Flycatcher 319
Variegated Flycatcher 320
Tropical Kingbird 321 1 10/9/10 Bill Shelmerdine Westport marina
Western Kingbird 322
Eastern Kingbird 323
Scissor-tailed Flycatcher 324
Fork-tailed Flycatcher 325
Loggerhead Shrike 326
Northern Shrike 327 1 3/20/10 Bill Shelmerdine east end, Wenzel Slough Rd. Elma 1 adult bird
White-eyed Vireo 328
Bell's Vireo 329
Yellow-throated Vireo 330
Cassin's Vireo 331 1 8/11/10 Bill Shelmerdine Humptulips Ridge in a flock of migrating passerines
Blue-headed Vireo 332
Hutton's Vireo 333 1 3/20/10 Matt Bartels Burrows Rd, Hoquiam
Warbling Vireo 334
Philadelphia Vireo 335
Red-eyed Vireo 336
Gray Jay 337
Steller's Jay 338 1 1/1/10 Dianna Moore my yard, O.S.
Blue Jay 339
Western Scrub-Jay 340 1 1/10/10 Dianna Moore downtown Hoquiam
Pinyon Jay 341
Clark's Nutcracker 342
Black-billed Magpie 343
American Crow 344 1 1/1/10 Dianna Moore my yard, O.S.
Northwestern Crow 345
Common Raven 346 1 1/1/10 Dianna Moore flying over my house, O.S.
Sky Lark 347
Horned Lark 348 1 2/6/10 Knut Hansen, Tommy Pedersen Westport 5 birds
Purple Martin 349 1 4/29/10 Tim O'Brien 8th & Levee St, Hoquiam
Tree Swallow 350 1 2/19/10 Dianna Moore O.S. Marina
Violet-green Swallow 351 1 3/20/10 Bill Shelmerdine Wenzel Slough Rd area, Elma
N. Rough-winged Swallow 352 1 4/17/10 Marv Breece Brady Loop
Bank Swallow 353
Cliff Swallow 354 1 4/17/10 Marv Breece Brady Loop
Barn Swallow 355 1 4/17/10 Marv Breece Brady Loop
Black-capped Chickadee 356 1 1/1/10 Dianna Moore my yard, O.S.
Mountain Chickadee 357
Chestnut-backed Chickadee 358 1 1/1/10 Dianna Moore my yard, O.S.
Boreal Chickadee 359
Bushtit 360 1 1/28/10 Dianna Moore along Duck Lake Dr, O.S.
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Red-breasted Nuthatch 361 1 1/6/10 Dianna Moore my yard, O.S.
White-breasted Nuthatch 362
Pygmy Nuthatch 363
Brown Creeper 364 1 12/29/10 Arnie Martin, Mary O'Neill North Hoquiam GH CBC; also seen on Satsop CBC 12/27 but don't know where in Area 3
Rock Wren 365
Canyon Wren 366
Bewick's Wren 367 1 1/1/10 Dianna Moore my yard, O.S.
House Wren 368
Winter Wren 369 1 2/11/10 Dianna Moore my yard, O.S.
Marsh Wren 370 1 3/12/10 Dianna Moore across street from my house, O.S. Spring song
American Dipper 371 1 5/1/10 Mary O'Neil, Diane Schwickerath Lake Quinault trail Field trip participants and guides during GH Shorebird Festival
Golden-crowned Kinglet 372 1 1/1/10 Dianna Moore my yard, O.S.
Ruby-crowned Kinglet 373 1 3/24/10 Dianna Moore my yard, O.S.
Blue-gray Gnatcatcher 374
Northern Wheatear 375
Western Bluebird 376
Mountain Bluebird 377 1 3/20/10 Bill & Charlotte Byers O.S. STP 1 male
Townsend's Solitaire 378 1 5/1/10 Mary O'Neil, Diane Schwickerath Quinault South Shore field trip shorebird festival field trip
Veery 379
Gray-cheeked Thrush 380
Swainson's Thrush 381 1 5/1/10 Mary O'Neil, Diane Schwickerath Quinault South Shore field trip shorebird festival field trip
Hermit Thrush 382 1 1/1/19 Dianna Moore my yard, O.S.
Dusky Thrush 383
Redwing 384
American Robin 385 1 1/1/10 Dianna Moore my yard, O.S.
Varied Thrush 386 1 1/1/10 Dianna Moore my yard, O.S.
Gray Catbird 387
Northern Mockingbird 388
Sage Thrasher 389
Brown Thrasher 390
European Starling 391 1 1/1/10 Dianna Moore Pacific Park, next block over frm my house, O.S.
Siberian Accentor 392
Eastern Yellow Wagtail 393
White Wagtail 394
Red-throated Pipit 395
American Pipit 396 1 4/17/10 Marv Breece Brady Loop too many to count
Bohemian Waxwing 397 1 11/29/10 Keith Brady West Fork Satsop River approx 12 birds
Cedar Waxwing 398 1 5/29/10 Dianna Moore across from North Bay Park, O.S. this bird was foraging on the ground!
Phainopepla 399
Blue-winged Warbler 400
Golden-winged Warbler 401
Tennessee Warbler 402
Orange-crowned Warbler 403 1 1/1/10 Dianna Moore behind McDonald's, O.S.
Nashville Warbler 404
Northern Parula 405
Yellow Warbler 406 1 5/11/10 Michael Fleming in willows along Paulson Rd, Hoquiam
Chestnut-sided Warbler 407
Magnolia Warbler 408
Cape May Warbler 409
Black-throated Blue Warbler 410
Yellow-rumped Warbler 411 1 1/1/10 Dianna Moore my yard, O.S.
Black-throated Gray Warbler 412 1 5/1/10 Marcus Roening, Faye McAdams-Hands, Diane Yorgeson-Quinn Point Grenville GH Shorebird Festival field trip
Black-throated Green Warbler 413
Townsend's Warbler 414 1 2/7/10 Drew Wheelan along Marine View Dr. O.S.
Hermit Warbler 415
Blackburnian Warbler 416
Yellow-throated Warbler 417
Prairie Warbler 418
Palm Warbler 419 1 9/18/10 Ruth Sullivan Damon Point campground, O.S.
Bay-breasted Warbler 420
Blackpoll Warbler 421
Black-and-white Warbler 422
American Redstart 423
Prothonotary Warbler 424
Ovenbird 425
Northern Waterthrush 426
Kentucky Warbler 427
Mourning Warbler 428
MacGillivray's Warbler 429 1 4/29/10 Tim O'Brien Elma Satsop Foothills
Common Yellowthroat 430 1 4/17/10 Marv Breece Brady Loop
Hooded Warbler 431
Wilson's Warbler 432 1 5/1/10 Mary O'Neil, Diane Schwickerath Quinault South Shore field trip shorebird festival field trip, also seen on the Point Grenville field trip same day (4 birds)
Yellow-breasted Chat 433
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Green-tailed Towhee 434
Spotted Towhee 435 1 1/1/10 Dianna Moore my yard, O.S.
American Tree Sparrow 436
Chipping Sparrow 437
Clay-colored Sparrow 438
Brewer's Sparrow 439
Vesper Sparrow 440
Lark Sparrow 441
Black-throated Sparrow 442
Sage Sparrow 443
Lark Bunting 444
Savannah Sparrow 445 1 4/11/10 Dianna Moore Marine View Dr at Greenview Ave, O.S.
Grasshopper Sparrow 446
Le Conte's Sparrow 447
Nelson's Sparrow 448
Fox Sparrow 449 1 1/1/10 Dianna Moore my yard, O.S.
Song Sparrow 450 1 1/1/10 Dianna Moore my yard, O.S.
Lincoln's Sparrow 451 1 4/25/10 Ruth Sullivan Hiram Rd., Brady
Swamp Sparrow 452
White-throated Sparrow 453
Harris's Sparrow 454
White-crowned Sparrow 455 1 1/1/10 Dianna Moore my yard, O.S.
Golden-crowned Sparrow 456 1 1/1/10 Dianna Moore my yard, O.S.
Dark-eyed Junco 457 1 1/1/10 Dianna Moore my yard, O.S.
Lapland Longspur 458 1 9/17/10 Terry Little Oyehut Game Range, O.S. I flew overhead
Smith's Longspur 459
Chestnut-collared Longspur 460
Rustic Bunting 461
Snow Bunting 462
McKay's Bunting 463
Summer Tanager 464
Scarlet Tanager 465
Western Tanager 466 1 6/8/10 Dianna Moore The Point on The Weatherwax Property, O.S. male
Rose-breasted Grosbeak 467
Black-headed Grosbeak 468 1 5/25/10 Dianna Moore my yard, O.S. male in breeding plumage at a feeder (female showed up 5/30)
Lazuli Bunting 469 1 4/27/10 Deborah McConnell/USFS Biologist South Shore Rd, Lake Quinault verified by Bill Shelmerdine; seen by members of field trip to Lake Quinault on 5/1.
Indigo Bunting 470
Painted Bunting 471
Dickcissel 472
Bobolink 473
Red-winged Blackbird 474 1 1/1/10 Dianna Moore my yard, O.S.
Tricolored Blackbird 475
Western Meadowlark 476 1 1/3/10 Marv Breece, MaryFrances Mathis, Matt Bartels Oyehut Game Range, O.S.
Yellow-headed Blackbird 477
Rusty Blackbird 478
Brewer's Blackbird 479
Common Grackle 480
Great-tailed Grackle 481
Brown-headed Cowbird 482 1 5/18/10 Dianna Moore my yard, O.S.
Orchard Oriole 483
Hooded Oriole 484
Bullock's Oriole 485
Baltimore Oriole 486
Scott's Oriole 487
Brambling 488
Gray-crowned Rosy-Finch 489
Pine Grosbeak 490
Purple Finch 491 1 1/1/10 Dianna Moore my yard, O.S.
Cassin's Finch 492
House Finch 493 1 1/1/10 Dianna Moore my yard, O.S.
Red Crossbill 494 1 8/26/10 Tom Aversa, Ryan Merrill Burrows Rd, Hoquiam
White-winged Crossbill 495
Common Redpoll 496
Hoary Redpoll 497
Pine Siskin 498 1 5/1/10 Mary O'Neil, Diane Schwickerath Quinault South Shore field trip shorebird festival field trip, 15 birds
Lesser Goldfinch 499
American Goldfinch 500 1 3/20/10 Matt Bartels south of Elma
Evening Grosbeak 501 1 4/17/10 Marv Breece Brady Loop large flock
House Sparrow 502 1 1/1/10 Dianna Moore McDonald's parking lot, O.S.

County list last updated: 503
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Coastal Zone Management Act Consistency 
Determination 

Grays Harbor Navigation Improvement Project Supplemental Environmental 
Impact Statement, Grays Harbor County, Washington 

1. Introduction  

Pursuant to the Coastal Zone Management Act (CZMA), 16 United States Code (USC) 1451 et seq., 
Federal agencies’ activities are required to be carried out in a manner that is consistent to the 
maximum extent practicable with the enforceable policies of the approved state Coastal Zone 
Management Programs. The Shoreline Management Act (SMA) of 1972 (Revised Code of Washington 
[RCW] 90.58) is the core of authority of Washington’s Coastal Zone Management Program. Primary 
responsibility for the implementation of the SMA is assigned to local government.  

The proposed action is to deepen the federal navigation channel in Grays Harbor from the channel’s 
currently maintained depth of ‒36 feet mean lower low water (MLLW) to its legislatively authorized 
depth of ‒38 feet MLLW and to place the excavated dredged material at the South Jetty aquatic 
dispersive site and the South Beach and Half Moon Bay nearshore nourishment sites via bottom-dump 
barge; direct placement at the Point Chehalis Revetment Extension mitigation site would be 
accomplished by hydraulically pumping the dredged material via a floating/submerged pipeline. The 
existing Point Chehalis aquatic dispersive site would be temporarily shifted 1,000 feet to the north 
northwest.  This shift produces less sedimentation in the navigation channel and less accumulation 
above authorized channel depths over the course of dredged material placement.  This placement site 
shift would not increase the size of the site and would be a temporary one time shift intended to take 
advantage of deeper water and more dispersive hydrodynamics. Material determined to be unsuitable 
for unconfined aquatic disposal (approximately 22,400 cubic yards) would be mechanically dredged and 
transported for upland placement at the former Hoquiam waste water treatment lagoon. The proposed 
action also includes subsequent annual maintenance of the deepened channel for a period of 50 years.  
Prior to subsequent maintenance dredging cycles, the Corps would contact the DMMP agencies to 
determine whether additional sediment testing in Cow Point Reach Dredged Material Management 
subunit 32a is required.   The proposed action would employ similar methods to those used under 
baseline conditions (maintain the navigation channel at -36 feet MLLW), and these methods would be 
employed on the same schedule and at the same intensity (i.e. number of work hours per day) as occurs 
under baseline conditions. The entire 6 month work window would likely be used in the inner harbor 
reaches. Equipment would be the same except that a long reach excavator may be used in hardpack 
areas of Cow Point and a hopper dredge with pump ashore capability would be used to place material at 
the upland Point Chehalis Revetment Extension mitigation site (when feasible). An additional clamshell 
dredge would be utilized.  
 
The background and authorization of the proposed action originated over a century ago. Congress 
initially authorized construction and maintenance of the navigation channel principally through the 
River and Harbor Act of June 3, 1896 (29 Stat. 202, Ch. 314) and through the River and Harbor Act of 
August 30, 1935 (49 Stat. 409, Ch. 831); as subsequently amended, among others, by the River and 
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Harbor Act of March 2, 1945 (Public Law 79-14) and the River and Harbor Act of September 3, 1954 
(Public Law 83-780).  

Dredging of the navigation channel to a depth of −38 feet MLLW was originally authorized as the 
Navigation Improvement Project by Congress in Section 202 of the Water Resources Development Act of 
1986 (Public Law 99-662) in November 1986.  The Corps’ General Design Memorandum for the Grays 
Harbor Navigation Improvement Project documented detailed post-authorization engineering, 
environmental, and economic studies, which found justification for dredging to a depth of −36 feet 
MLLW at that time. The economic analysis in the 1989 General Design Memorandum was based on the 
timber industry and log vessels that, at that time, did not need depths of −38 feet MLLW. 

In 1990, the Corps completed the deepening of 3.8 miles of upstream channel (Aberdeen Reach), 
and the widening of the Cow Point Turning Basin to 950 feet. In 1991, the Corps completed the 
deepening of 19.7 miles of downstream channel (Bar Channel to Cow Point Reach), and the 
widening of the Cow Point Turning Basin to 900 feet.  The accompanying Letter Reevaluation Report 
has reached a recommendation that deepening the channel to its legislatively authorized depth of -
38 feet MLLW is economically and environmentally justified. 

2. State of Washington Shoreline Management Program 

Primary responsibility for implementation of the SMA has been assigned to local governments. The 
determination of this action’s consistency with the CZMA is based on review of Washington’s Coastal 
Zone Management Program (Washington State Department of Ecology 2001), the Washington 
Administrative Code (WAC) SMA Titles, and the policies and standards of the adopted Grays Harbor 
County Shoreline Management Master Program, City of Westport Shoreline Management Master 
Program, and the Grays Harbor Estuary Management Plan. Applicable sections of each plan are 
presented below, with the Corps’ consistency indicated in bold italics. 

3. Grays Harbor County Shoreline Management Master Program 

Grays Harbor County implemented the SMA through the preparation of a SMP, adopted on June 3, 
1974 (Resolution #7419) and updated on 5 April 2002. Dredging and open-water placement of 
dredged materials are addressed in the plan. The applicable portions of this SMP are addressed 
below. 

Chapter 2. Shoreline Management Policies, Activity Policies, 6. Dredging: 

(a)  Dredging should minimize damage to existing ecological values, natural resources and the river 
system of both the area to be dredged and the area for deposit of dredged materials and shall 
also minimize water quality degradation. 

Consistent. Ongoing coordination with public agencies, Tribal Nations, and the public has 
resulted in dredging timing and methods and dredged material placement locations that 
minimize ecological and environmental impacts. Seasonal work restrictions and 
established work windows and gear type (clamshell dredging only in the inner channel 
reaches) would continue to be utilized.  Evaluation of aquatically placed dredged material 
for suitability of unconfined aquatic disposal under the Dredged Material Management 
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Program (DMMP) ensures that State water quality standards will not be degraded; 
unsuitable materials will be placed in a confined upland location as outlined in the Grays 
Harbor Navigation Improvement Project Supplemental Environmental Impact Statement 

(b) Spoil deposit sites in water areas should be identified in cooperation with the Washington State 
Department of Natural Resources (DNR) and Washington Department of Fish and Wildlife 
(WDFW). Depositing of dredge material in water areas should be allowed only for habitat 
improvements, to correct problems of material distribution affecting adversely fish and shellfish 
resources, or where the alternative of depositing material on land is more detrimental to 
shoreline resources than depositing dredge material in water areas. 

Consistent. The Point Chehalis and South Jetty placement sites are DNR-managed, public, 
multiuser unconfined open water dredged material placement sites. The temporary Point 
Chehalis site shift was coordinated through the multi-agency Dredge Material Management 
Program (DMMP). 

The upland site chosen for the 22,400 cubic yards of unsuitable material is a portion of the 
former Hoquiam waste water treatment lagoon. Placement of dredged material on land 
could be more detrimental to shoreline resources. The minimum volume of dredged 
material will be removed from the littoral system for upland placement:  only that material 
found unsuitable for aquatic disposal.  All remaining dredged material will be returned to 
the littoral system and either placed at dispersive locations or in nearshore or immediate 
upland locations for beach nourishment and shoreline stabilization.  

Placement of the dredged materials would correct problems of material distribution 
associated with the South Jetty and Half Moon Bay. Dredged material from the outer 
channel reaches would be placed at the Half Moon Bay nearshore nourishment site as 
needed to offset erosion of the shoreline, protect the beach from winter erosion, and to 
maintain existing beach and shoreline profile. Half Moon Bay is a high-energy environment 
subject to erosion. The nearshore nourishment site is used for placement as bathymetric 
conditions permit (i.e., when the bay is deep enough for the bottom dump barge to 
navigate). Since spring 2002, Half Moon Bay has been deep enough to allow access for 
placement. Approximately 2 million cubic yards of material has been placed in this site 
since spring 2002. An average of 187,554 cubic yards of material has been placed at the 
Half Moon Bay Nearshore nourishment site annually since 2000.  Of the material that 
cannot be accommodated at the upland mitigation site or the nearshore nourishment 
beneficial reuse sites, the maximum volume of aquatically deposited material will be placed 
in the South Jetty site, in order to help stabilize the jetty toe.  The remainder of material will 
be placed in the shifted Point Chehalis aquatic site, which is a dispersive location.  The 
purpose of the Half Moon Bay nearshore nourishment site is to maintain a stable beach 
profile west of the Point Chehalis revetment extension and to ensure that the armor stone 
toe of the revetment extension is not exposed. Also, sandy material from the outer harbor is 
placed on the revetment extension (i.e. direct upland nourishment), in accordance with the 
requirements for stable beach slope and revetment toe burial of the Point Chehalis 
Revetment Extension Project Inter-Agency Mitigation Agreement (U.S. Army Corps of 
Engineers 1998).  
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This upland Point Chehalis Revetment Extension mitigation site is located above the mean 
higher high water (MHHW) elevation (+9 feet at this location), but sand is subsequently 
expected to erode from the site into Half Moon Bay through natural processes. 

 

(c). Dredging of bottom materials for the single purpose of obtaining fill material should be 
discouraged. 

Consistent. The purpose of the proposed action is not to obtain fill material. The purpose of 
the proposed action is to deepen the navigation channel to its authorized depth of ‒38 feet 
MLLW to improve the efficiency and reliability of marine navigation. 

(d). Ship channels, turning and moorage basins should be identified and no new such areas should 
be prepared or used without sufficient evidence that existing channels and basins are 
inadequate. 

Consistent. Only the existing navigation channel and turning basin areas would be dredged. 
No new areas would be created. The dredging would better accommodate current vessel 
traffic for existing Port tenants and commodities and would alleviate tidal delays and light 
loading which occurs due to the existing insufficient channel depths at all stages of the tidal 
cycle.  

(e). The use of dredge spoils for purposes other than landfill is encouraged. 

Consistent. Dredged materials would not be used as landfill. Dredged materials would 
replenish the littoral drift cells and be used beneficially for beach nourishment. The 22,400 
cubic yards determined unsuitable for open water placement would be placed upland in the 
former Hoquiam waste water treatment lagoon.  The purpose of this upland placement is to 
permanently remove it from the aquatic environment. 

Chapter 2. Shoreline Management Policies, Natural System Policies, 3. Estuary: 

(a) Because of poor flushing action in the upper harbor during summer low flows, any necessary 
dredging, spoiling, and filling should be scheduled during high flow seasons. 

Consistent. The proposed action would not occur in the upper harbor.  The furthest 
upstream reach to be dredged under the proposed action is the Aberdeen Reach. To avoid 
dredging during times of the year when migrating salmonids are present in the upper 
harbor and to comply with regulatory fish windows, dredging would sometimes occur 
during the low-flow summer months.  

Chapter 2. Shoreline Management Policies, Natural System Policies, 8. General: 

Excavation, including dredging of channels and marinas, removal of sand or gravel for construction 
of roads or fills, excavation of drainage ditches and grading should be controlled to minimize 
removal of vegetation and cemented surface soil layers; release of sediment into water; removal of 
fertile soils, deepening of water where this would have adverse impacts on habitat; breaking the seal 
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of an aquifer; change or blockage of current; smothering of underwater habitat; reduction of tidal 
flushing action or reduction of water depth where this would be adverse to production of desirable 
plant and animal life, or would stimulate undesirable forms; undesirable changes in shoreline 
configuration; reduction of floodwater capacity of a riverine floodplain; elimination of fertile marsh 
habitat or creation of navigational hazards. 

Consistent. No vegetation would be removed during dredging and placement operations, as 
only existing navigation channel and placement areas would be disturbed. Dredging and 
placement operations would result in temporary, localized increases in turbidity; however, 
timing restrictions would minimize the potential for impacts to federally listed and 
commercially important species. The proposed action would only occur in the existing 
navigation channel, designated aquatic placement sites, or the shifted Point Chehalis aquatic 
site discussed previously, so baseline habitat, river current, and tidal flushing conditions would 
not be significantly changed by deepening the channel by 2 feet.   

Direct beach and nearshore nourishment placement would not result in undesirable changes in 
shoreline configuration but rather help maintain a stable beach profile west of the Point 
Chehalis revetment extension and ensure that the armor stone toe of the revetment extension is 
not exposed. Dredged material placement at the Half Moon Bay Nearshore Nourishment site 
also helps maintain the existing beach profile waterward of the Point Chehalis revetment 
extension. Annual monitoring of Half Moon Bay direct upland beach nourishment site would 
help determine when that site might receive dredged materials. No wetland or marsh habitat 
would be affected by the proposed action. Navigational hazards would be reduced by the 
proposed action. 

Chapter 2. Shoreline Management Policies, Amenity Policies, 3. Archeological 
Areas and Historic Sites: 

(a) Where possible local government should consult professional archeologists to identify areas 
containing potentially valuable archaeological data, and to establish procedures for salvaging 
the data. 

Consistent. Professional archaeologists provided technical advice during the planning 
phases of the Grays Harbor Navigation Improvement Project. Beginning in 1976, the Corps 
conducted cultural resource and environmental review of Grays Harbor navigation channel 
and dredged material placement sites in support of the 1982 Grays Harbor Navigation 
Improvement Project Environmental Impact Statement (EIS). The Corps also conducted an 
overview of Native American use of Grays Harbor during this period. The Corps conducted 
additional cultural resources studies in 1989 in support of Section 106 review and the 1989 
supplemental to the 1982 EIS. Those studies included a literature search for underwater 
shipwrecks in the navigation channel. In 1988, a side-scan sonar investigation was 
conducted in the navigation channel; no shipwrecks or other underwater cultural resources 
were identified (Larson et. al.1989).  

Other cultural resource investigations that were conducted within 1 mile of the navigation 
channel include a reconnaissance survey for a Corps gravel and cobble placement project at 
Half Moon Bay, an assessment for a proposed resort, an investigation for the City of 
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Westport’s wastewater treatment facility, a reanalysis of the Newskah Creek Fish Trap, an 
assessment of the Port of Grays Harbor Industrial Road Improvement Project, and an 
investigation for the Washington State Department of Transportation State Route 520 
Pontoon Construction Project. Six archeological sites have been identified either within 1 
mile of the Area of Potential Effect (APE) for the proposed action or during previous Corps 
cultural investigations for other elements of the Grays Harbor and Chehalis River 
Navigation Project.  

Based on the previously conducted cultural resources investigations, the Corps has 
determined that the prior research and field investigations were adequate to identify 
historic properties. No archaeological sites or other cultural resources have been identified 
within the APE. On May 16, 2013, the Corps sent a Determination of Effects letter with a 
finding of no historic properties affected to the Washington State Historic Preservation 
Officer (SHPO). The SHPO responded on May 22, 2013 only agreeing with the project’s APE.  
On May 24, 2013 the Corps re-sent the Determination of Effects letter.  The SHPO responded 
on May 28, 2013 agreeing with the Corps determination of no historic properties affected.  

(d) The National Historic Preservation Act of 1966 and Chapter 43.51 RCW are hereby adopted as 
policies of this Master Program and their administration and enforcement is encouraged. 

Consistent. The Corps has determined that the proposed work complies with the National 
Historic Preservation Act. Based on the previous cultural resources investigations that have 
been conducted, the Corps has determined that the prior research and field investigations 
were adequate to identify historic properties.  

No archaeological sites or other cultural resources have been identified within the APE. On 
May 16, 2013, the Corps sent a Determination of Effects letter with a finding of no historic 
properties affected to the SHPO. The SHPO responded on May 28, 2013 agreeing with the 
Corps determination of no historic properties affected.  

Chapter 4. Shoreline Environment Designation Map, Activity Policies, 2. Channel 
Strip: 

The Urban Strip running through the Harbor is intended to follow existing channel lines. The 
purpose is to allow channel dredging and maintenance. 

Consistent. The navigation channel is designated as an Urban Environment area, and dredging 
is a permitted use (Chapter 20 of the SMA, Urban Environment Regulations). 

Chapter 22. Conservancy Environment Regulations, 3. Conditional Uses 

Consistent. The Point Chehalis, South Jetty, and Half Moon Bay nearshore placement sites are 
located within areas designated as Conservancy Environment. Dredged material placement is 
not listed as an approved use in the Conservancy Environment. However, Chapter 22 of the 
Shoreline Management Plan identifies dredging as a permitted conditional use subject to other 
provisions. 
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4. Westport Shoreline Management Master Program 

The City of Westport implemented the SMA through preparation of a SMP (Title 17- Westport 
Zoning Ordinance, Chapter 17.32), adopted April 28, 1998. The Half Moon Bay nearshore and direct 
beach placement sites and the South Beach placement site fall under the jurisdiction of this plan. 

The beach along Half Moon Bay is designated as Urban Shoreline (Recreation and Parks use Zone). 
The South Beach placement site falls with the Conservancy Shoreline Environment. Landfill, defined 
as replacement of shoreland areas removed by wave action or the normal erosive processes of 
nature, is a conditional use on an urban shoreline [17.32.055 (8)(D)]. Bankline erosion control, 
shoreline protective structures, and landfills are conditional uses in the Conservancy Environment 
[17.32.050(2)(F)]. 

Relevant Landfill Guidelines [17.32.055 (8)(D)] 

(1) Shoreline fills or cuts should be designed and located so that significant damage to existing 
ecological values or natural resources, or alteration of local currents will not occur, creating a 
hazard to adjacent life, property, and natural resources systems. 

Consistent. The potential for adverse impacts on salmonids, forage fish, and Dungeness 
crab associated with dredged material placement at the Half Moon Bay site would be 
reduced and/or avoided through implementation of timing restrictions. The Corps would 
avoid placement at the Half Moon Bay direct upland beach and nearshore sites during times 
of the year when these areas are extensively used by these species. The 22,400 cubic yards 
determined unsuitable for open water placement would be placed upland in the former 
Hoquiam waste water treatment lagoon, permanently removing it from the aquatic 
environment. 

(2) All perimeters of fills should be provided with vegetation, retaining walls, or other mechanisms 
for erosion prevention. 

Consistent. The sands placed on the beach at the Point Chehalis Revetment Extension 
mitigation site are erodible by design. The erosion of this material maintains a stable beach 
profile west of the Point Chehalis revetment extension and ensures that the armor stone toe 
of the revetment extension is not exposed, thereby maintaining fish and wildlife habitat in 
Half Moon Bay. The 22,400 cubic yards determined unsuitable for open water placement 
would be placed upland in the former Hoquiam waste water treatment lagoon, 
permanently removing it from the aquatic environment. The lagoon is fully bermed. 

 

(3) Fill materials should be of such quality that it will not cause problems of water quality. Shoreline 
areas are not to be considered for sanitary landfills or the placement of solid waste. 

Consistent. The origin of the clean sands placed at the nearshore and Point Chehalis 
Revetment Extension mitigation sites is the outer reaches of the navigation channel. 
Placement and erosion of this material would not degrade water quality. 
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(4) Priority should be given to landfills for water-dependent uses and for public uses. In evaluating 
fill projects and in designating areas appropriate for fill, such factors as total water surface 
reduction, navigation restriction, impediment to water flow and circulation, reduction of water 
quality, and destruction of habitat should be considered. 

Consistent. The project will not place materials in upland locations for the primary purpose 
of fill.  The dredging and placement of dredged materials supports safe and efficient water 
dependent use of the navigation channel and the Port of Grays Harbor. Direct upland beach 
nourishment would not degrade recreational use of Half Moon Bay nor limit public access 
to the beach. Water-related activities in Half Moon Bay are not expected to be degraded as a 
result of direct upland beach nourishment. The purpose of beach nourishment is to keep the 
revetment extension buried under sand, while maintaining a stable, gently sloping adjacent 
beach.  

Dredging is discussed in section 17.32.055 (8)(E): 

2.  Use of dredge spoils for protective areas and to restore areas of high erosion is appropriate. 
Depositing of dredge material in water areas should be allowed only for habitat improvement, to 
correct problems of material distribution adversely affecting fish and shellfish resources, or 
where the alternatives of depositing material on land is more detrimental to shoreline resources 
than depositing it in water areas. 

Consistent. The South Beach and Half Moon Bay Nearshore Placement sites are beneficial 
use sites intended to keep high-quality sands in the littoral system to ameliorate the effects 
of ongoing erosion along South Beach and in Half Moon Bay. 

Dredged material from the outer channel reaches would be placed at the Half Moon Bay 
nearshore nourishment site as needed to offset erosion of the shoreline, protect the beach 
from winter erosion, and to maintain existing beach and shoreline profile. Half Moon Bay is 
a high-energy environment subject to erosion. The nearshore nourishment site is used for 
placement as bathymetric conditions permit (i.e., when the bay is deep enough for the 
bottom dump barge to navigate). Since spring 2002, Half Moon Bay has been deep enough 
to allow access for placement. Approximately 2 million cubic yards of material has been 
placed in this site since spring 2002. An average of 187,554 cubic yards of material has 
been placed at the Half Moon Bay Nearshore nourishment site annually since 2000.  Of the 
material that cannot be accommodated at the upland mitigation site or the nearshore 
nourishment beneficial reuse sites, the maximum volume of aquatically deposited material 
will be placed in the South Jetty site, in order to help stabilize the jetty toe.  The remainder 
of material will be placed in the shifted Point Chehalis aquatic site, which is a dispersive 
location.  The purpose of the Half Moon Bay nearshore nourishment site is to maintain a 
stable beach profile west of the Point Chehalis revetment extension and to ensure that the 
armor stone toe of the revetment extension is not exposed. Also, sandy material from the 
outer harbor is placed on the revetment extension (direct upland nourishment), in 
accordance with the requirements for stable beach slope and revetment toe burial of the 
Point Chehalis Revetment Extension Project Inter-Agency Mitigation Agreement (U.S. Army 
Corps of Engineers 1998).  
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This upland Point Chehalis Revetment Extension mitigation site is located above the MHHW 
elevation (+9 feet at this location), but sand is subsequently expected to erode from the site 
into Half Moon Bay through natural processes.  

 

Placement of dredged material on land would be more detrimental to shoreline resources. 
The minimum volume of dredged material will be removed from the littoral system for 
upland placement:  only that material found unsuitable for aquatic disposal.  All remaining 
dredged material will be returned to the littoral system and either placed at dispersive 
locations or in nearshore or immediate upland locations for beach nourishment and 
shoreline stabilization.   

5. Grays Harbor Estuary Management Plan 

The Grays Harbor Estuary Management Plan is a coordinated regional comprehensive plan designed 
to guide land and water use activities in the Grays Harbor estuary and the surrounding shoreline. It 
was approved in January 1986 and is implemented through the Grays Harbor County SMP, the 
master programs of local jurisdictions, and the Washington State SMA. Dredging, open water 
placement and direct/nearshore nourishment at Half Moon Bay are under jurisdiction of the Grays 
Harbor Estuary Management Plan. 

The federal navigation channel, open water placement sites, and the Half Moon Bay Nearshore 
Nourishment placement site are located in Management Unit 44, a special unit that included all the 
water area not included within any other designated management unit. The management objective 
for the Unit 44 Planning Area is to protect areas for purposes that directly use or depend on natural 
systems (p. 112). Activities that occur in these areas should be compatible with natural systems in 
order to maintain the carrying capacity and biological productivity of the bay. Special conditions are 
imposed on Unit 44 to ensure that activities are carried out in a manner that does not reduce or 
degrade these estuarine resources. 

Relevant Special Conditions 

1. Activities in Unit 44 will be compatible with the natural system. For example, areas of 
significant fish and wildlife habitat will be managed to ensure continued biological 
productivity. Where consistent with resource capabilities, high-intensity water-dependent 
recreation, dredging, and other water-dependent uses will be allowed. Thus, those uses that 
depend on the water area (e.g., shipping and fishing) and the activities that support those 
uses (maintenance dredging, navigation aids, etc.) are considered appropriate to the 
Management Unit. 

Consistent. Dredging is considered an allowed use in this special management unit. The 
proposed action would improve the efficiency and safety of water dependent uses in the 
Grays Harbor estuary. 

8.  EPA-authorized in-water dredged material placement sites are allowable in this 
management unit consistent with meeting all designation criteria. 
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Consistent. The Point Chehalis and South Jetty placement sites are DNR-managed, 
public, multiuser unconfined open water dredged material placement sites.  The shifted 
Point Chehalis aquatic site has been evaluated pursuant to CWA section 404(b)(1) for 
use as an aquatic disposal site for dredged material, and its use has been coordinated 
with the DMMP, of which the EPA is a member. 

The Point Chehalis Revetment Extension mitigation site is located in Management Unit 40, which is 
an area designated as Conservancy Managed. Unit 40 is intended for public recreational uses (p. 
108). 

Consistent. Direct beach nourishment would not degrade public recreational use of Half Moon 
Bay nor limit public access to the beach. The purpose of beach nourishment at this site is to 
keep the revetment extension buried under sand, while maintaining a stable, gently sloping 
adjacent beach. Water related activities in Half Moon Bay are not expected to be degraded as a 
result of beach nourishment. 

Bankline erosion control, defined as a type of fill designed to preserve the existing bankline or to 
protect the bankline from erosion (page 15), is an allowable use in Management Unit 40. Relevant 
general policies for bankline erosion control (page 24) include: 

1. Materials to be used shall be of non-erodible quality that will allow long-term stability and 
minimize maintenance. Some erodible materials may be used when it can be demonstrated 
that fish and wildlife uses will be enhanced. 

Consistent. The sands placed on the beach at the Point Chehalis Revetment Extension 
mitigation site are erodible by design. The erosion of this material maintains a stable 
beach profile west of the Point Chehalis revetment extension and ensures that the 
armor stone toe of the revetment extension is not exposed, thereby maintaining fish and 
wildlife habitat in Half Moon Bay. 

2. Riprap/bank stabilization procedures shall be confined to those areas where active erosion 
is occurring or new development or redevelopment requires protection from maintaining 
the integrity of upland structures or facilities. 

Consistent. No riprap placement is part of the proposed action. Sandy dredged material 
would be placed in this area only. 

3. Only clean materials may be used. Materials which could create water quality problems or 
which will rapidly deteriorate are not permitted. 

Consistent. Only clean oceanic sands would be placed on the beach. Erosion of this 
material would mimic natural erosion processes and would not degrade water quality. 

4. Minor modifications of the bankline may be allowed on a case-by-case basis. These 
alterations shall be for the purpose of stabilizing the bankline, not for the purpose of 
developing new upland areas. 
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Consistent. Sands would be placed to maintain the current shoreline configuration; no 
new upland areas would be developed. 

5. Under no circumstances shall bankline erosion control be initiated for the purpose of 
gaining developable uplands from existing water areas. 

Consistent. Sands would be placed to maintain the current shoreline configuration; no 
new upland areas would be developed. 

6. All projects shall be constructed in a manner to minimize turbidity in adjacent waters. 

Consistent. Temporary, localized increases in turbidity may result from placement of dredged 
materials for nearshore nourishment in Half Moon Bay; however, placement at this site has 
been designed in a manner that would minimize and/or avoid the potential for adverse effects 
on salmonids, forage fish, and Dungeness crabs. Implementation of timing restrictions avoids 
placement of materials during times of the year when Half Moon Bay is used extensively by 
these species. The Corps was issued a 50 year Clean Water Act Section 401 Water Quality 
Certification/Modification (WQC) from Ecology for the Point Chehalis Revetment Extension 
Project in August 1999 (WQC- Order #TB-98-02) which implemented the Point Chehalis 
Revetment Extension and Half Moon Bay Inter-Agency Mitigation Agreement, dated October 
1998.  This included upland dredged material placement at the buried revetment extension 
mitigation site. In accordance with that WQC, the Corps would allow the hydraulically placed 
dredged material to dewater, and would control the discharge of effluent from the Point 
Chehalis Revetment Extension mitigation site in order to minimize the amount of suspended 
sediment released into Half Moon Bay. 

In addition, the Corps was issued a Clean Water Act Section 401 water quality certification 
(WQC) from Ecology for continued maintenance dredging and disposal in February 2012 (WQC- 
Order #8992) for the current maintenance dredging program.  The WQC included water quality 
monitoring with a mixing zone of 600 feet downstream/down current from in-water activity.  

 

9. The outer slope of the bankline after completion of the erosion control will not exceed a 
slope of 2:1. 

Consistent. The purpose of nearshore and direct upland beach nourishment in Half 
Moon Bay is to maintain a stable beach profile of 60H:1V. 

10. Use of vegetation for bankline stability is required where technically applicable and should 
be in conjunction with structural forms of erosion control. Vegetation shall be self-
sustaining and soil stabilizing and compatible with natural shoreline vegetation. 

Consistent. The sands placed on the beach would be erodible by design. The erosion of 
this material would maintain a stable beach profile thereby maintaining fish and 
wildlife habitat in Half Moon Bay. Natural colonization by Dunegrass may occur after 
placement, depending on the rate of subsequent erosion. 
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6. Conclusion 

Based on the preceding evaluation, the Corps has determined that the proposed project complies 
with the policies, general conditions, and general activities specified in the Grays Harbor County 
SMP, City of Westport SMP, and the Grays Harbor Estuary Management Plan. The proposed action is 
consistent to the maximum extent practicable with the State of Washington Shoreline Management 
Program. 
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CLEAN WATER ACT SECTION 404(b)(1) EVALUATION 
GRAYS HARBOR NAVIGATION IMPROVEMENT DREDGED MATERIAL DISPOSAL 
GRAYS HARBOR COUNTY, WASHINGTON 
 
1. Introduction. The purpose of this document is to record the Corps’ evaluation and findings regarding 
this project pursuant to Section 404 of the Clean Water Act (CWA). This document covers disposal of 
dredged material at the following locations within the waters of the U.S. as part of the Grays Harbor 
Navigation Channel deepening to -38 feet below Mean Lower Low Water (MLLW): 
 

• South Jetty Dispersive Site 
• South Beach Beneficial Use Site 
• Half Moon Bay Beneficial Use Site 
• Point Chehalis Revetment Extension Mitigation Site 
• Point Chehalis Dispersive Site – Shifted Location 

 
The information contained in this document reflects the findings of the project record. Specific sources 
of information included the following: 
a. Grays Harbor, Chehalis and Hoquiam Rivers, Washington Channel Improvements for Navigation 
Interim Feasibility Report and Final EIS, dated September 1982. 
b. Grays Harbor, Washington, Navigation Improvement Project Final EIS Supplement, dated February 
1989.  
c. Dredged Material Evaluation and Disposal Procedures User Manual, dated July 2013. 
d. Revised Crab Mitigation Strategy Agreement Evaluation Report and Environmental Assessment, 
dated September 1998. 
e. Point Chehalis Revetment Extension and Half Moon Bay Inter-Agency Mitigation Agreement, dated 
October 1998. 
f. South Jetty Breach Fill Maintenance Final Environmental Assessment, dated February 2004, and as 
supplemented in December 2004 and November 2005. 
g. Supplemental Environmental Assessment and Biological Evaluation for the South Jetty Breach Fill 
Maintenance, dated August 2010, and as supplemented in August 2012. 
h. Fiscal Years 2012 through 2018 Maintenance Dredging and Disposal, Grays Harbor and Chehalis 
River Navigation Project, dated September 2011, and as supplemented in November 2013. 
i. 404(b)(1) Evaluation (see below) 
j. Public Interest Review (see below) 
 

This document addresses the substantive compliance issues of the Clean Water Act 404(b)(1) Guidelines 
[40 CFR §230.12(a)] and Public Interest Factors [33 CFR §320.4 as reference]. 

 

2. Description of Proposed Discharge. 

Placement of the material dredged from the navigation channel typically occurs only at designated 
placement sites; however, this project will involve a previously unused area immediately adjacent to the 
Point Chehalis Site. Typical disposal is as follows: Two Washington State Department of Natural 
Resources (DNR) public, multi-user, unconfined open-water dredged material placement sites are 
located directly adjacent to the navigation channel. These are the South Jetty and the Point Chehalis 
dispersive sites. Both sites are located on state-owned aquatic lands and managed by Washington DNR. 
In addition, material dredged from the sandy outer harbor reaches of the channel is periodically used for 
direct upland placement at the Point Chehalis revetment extension mitigation site (when feasible) at the 
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Point Chehalis Revetment Extension Mitigation Site, nearshore nourishment at the Half Moon Bay 
Beneficial Use site, and nearshore nourishment at the South Beach Beneficial Use site. 

The Evaluation assesses placement volumes associated with deepening the channel, over and above 
those volumes assessed in the 404(b)(1) Evaluation dated September 2011 and appended to the FY 
2012-18 Maintenance Dredging EA; this Evaluation also assesses incremental volumes to be dredged 
during maintenance episodes over a post-construction period of 50 years.   

The determination of which placement site is used during the course of maintenance dredging is based 
on a variety of factors. For both the inner and outer harbor reaches, placement is determined based on 
the source of the dredged material, the depth of each aquatic placement site, the amount of material 
already present at the placement sites, and weather/wave conditions at the time of placement (see 
Figure 1 for reaches and placement sites). For the inner harbor reaches, material is typically deposited at 
the South Jetty Dispersive site, unless there are adverse weather/wave conditions or the South Jetty site 
is full, in which case placement typically occurs at the Point Chehalis open water (dispersive) placement 
site. For the outer harbor reaches, some of the dredged materials may be placed at three beneficial use 
sites: Half Moon Bay Beneficial Use nearshore nourishment site (offshore of Half Moon Bay), Point 
Chehalis Revetment Extension (upland) direct beach nourishment site, and South Beach Beneficial Use 
nearshore nourishment site. Remaining material is typically placed in the South Jetty or Point Chehalis 
sites. Factors that determine which placement sites are used for the outer harbor reaches include the 
presence of commercial crab pots in a placement site and/or access lane (for South Beach), the amount 
of material present (for Half Moon Bay), as surveyed annually, and results of pre-disposal Dungeness 
crab surveys (for both Half Moon Bay and South Beach). 

The one difference in material placement proposed for this Federal action, compared to the O&M 
dredging program, is to shift the Point Chehalis placement site by 1,000 feet to better accommodate the 
volumes that would be placed for regular maintenance dredging and the deepening all occurring in the 
same year. This shift is needed to meet the total capacity required for material placement. The total 
quantity of dredged material that will be produced during channel deepening is 1,972,000 cubic yards. 
Adding this to the 2,090,000 cubic yards of material from O&M dredging from those same reaches from 
South Reach to Cow Point comes to approximately 4.06 million cubic yards, placement of which would 
be required in the available dredged material placement sites in the channel deepening construction 
year.  In addition, a volume increment of 107,000 cubic yards would need to be dredged and placed with 
each subsequent annual maintenance episode, over and above the volumes assessed in the 404(b)(1) 
Evaluation of September 2011. 

3. Project Purpose and Need. 

The purpose of the proposed action is to improve efficiency and reduce navigation transportation costs 
of deep-draft vessel navigation in Grays Harbor by deepening approximately 14.5 miles of the 27.5-mile 
navigation channel. Deep-draft ocean-going vessels transit the navigation channel to safely reach and 
leave the Port. The inner harbor reaches of the navigation channel are limited by depth and cannot 
accommodate large vessels with drafts exceeding −36 feet MLLW at all tidal stages. The Port has 
requested deepening the channel up to the legislatively authorized depth (an additional 2 feet deeper 
than present conditions) to better accommodate existing vessel traffic for Port tenants and 
commodities.  

The purpose of the material disposal component of the project varies by location. Some sites provide for 
beneficial re-use of material, and others are merely dispersive sites that allow sediment to be removed 
from the navigation channel yet remain within the local nearshore littoral ecosystem. Disposal locations 
must be strategically selected to meet the need for disposal of material resulting from channel 
deepening as well as all O&M dredged material within a single dredging year. These purposes are used 
in the analysis of impact avoidance and minimization. 
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4. Availability of Less Environmentally Damaging Practicable Alternatives to Meet the Project Purpose. 
The Supplemental Environmental Impact Statement discusses three alternatives that the Corps analyzed 
for the proposed dredging action. These are as follows: 

Alternative 1 (No Action): Continue Channel Maintenance of −36 Feet MLLW: The No Action Alternative 
provides the baseline conditions for comparing the potential effects of the two action alternatives. 
Under Alternative 1, the Corps would continue routine maintenance dredging of the navigation channel 
to a depth of −36 feet MLLW within the South, Outer Cross-over, Inner Cross-over, North Channel, 
Hoquiam, and Cow Point Reaches and the Cow Point turning basin, and placement of the dredged 
materials at two open-water placement sites, two beneficial beach nourishment sites, and the Point 
Chehalis revetment extension mitigation site (when feasible). The upland Point Chehalis Revetment 
Extension mitigation site was filled in 2002 with sand from the navigation channel described in the 2011 
EA.  A hydraulic pipeline is typically used when placing outer harbor materials at the upland Point 
Chehalis Revetment Extension mitigation site. A hopper dredge full of a sand and water slurry docks at 
the existing rock dock at Firecracker Point and pumps the slurry through a pipeline to the stockpile site. 
Firecracker Point is a jetty extension located on the southeastern side of the southeastern entrance to 
the Westport Marina. Booster pumps are required to pump the slurry 1.7 miles across-town. The 
temporary pipeline was installed in 1994, and is buried along the road that generally crosses the 
Westport peninsula from Firecracker Point to Half Moon Bay. The slurry of sand and water is discharged 
to the area in front of the buried revetment. A sand berm/perimeter dike separates the discharge area 
from Half Moon Bay. The slurry of water and sand temporarily ponds in the placement site, and water is 
conveyed via effluent pipe into Grays Harbor at the exposed rock revetment near Groin A. A water 
quality monitoring plan implemented in accordance with an approved Water Quality Certification issued 
by Ecology (WQC# TB-98-02). The material placed at the Point Chehalis Revetment Extension Mitigation 
Site would be expected to subsequently erode through natural processes, with a portion of the material 
entering the intertidal zone and thus the littoral system.  Alternative 1 does not meet the proposed 
action’s purpose and need of improving navigational efficiency and reliability, and reducing navigation 
costs. 

Alternative 2: Deepen Channel to −37 Feet MLLW: Alternative 2 would involve deepening the navigation 
channel one foot to -37 feet MLLW, requiring dredging 1,031,000 cubic yards of sediment in addition to 
routine maintenance quantities. Because the deepening proposal assumes the channel is at -36 feet 
MLLW prior to any deepening work, annual maintenance dredging would be required in the same year 
as the deepening dredging. Maintenance dredging volume in the reaches proposed for deepening is 
2,090,000 cubic yards. Thus, total volumes dredged for both maintenance and deepening to -37 feet 
MLLW in the construction year requires an estimated 3,121,000 cubic yards (volumes from maintenance 
work plus the additional incremental volume for Alternative 2). Annual maintenance dredging 
requirements would increase following construction by an estimated 48,336 cubic yards. The Corps 
would modify methods for dredged material placement and placement sites to address material 
determined unsuitable for open water placement, and would temporarily shift the Point Chehalis 
placement site to better accommodate the greater quantity of material. A small quantity of material 
(13,500 cubic yards) is unsuitable for open-water disposal due to toxicity expressed in the sediment 
larval bioassay. This material would require upland disposal (at the former Hoquiam wastewater 
treatment lagoon). Dredging for Alternative 2 would occur over approximately six months for the inner 
harbor reaches, approximately 1.5 months longer than routine maintenance dredging, and would occur 
within the same seven-month dredge window as routine dredging. The duration of dredging for the 
outer harbor reaches would be approximately one month, the same duration as routine maintenance.  

Alternative 3: Deepen Channel to −38 Feet MLLW: Alternative 3 would involve deepening the navigation 
channel two feet to -38 feet MLLW, requiring dredging 1.972 million cubic yards of sediment in addition 
to routine maintenance quantities. As with Alternative 2, annual maintenance dredging would be 
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required in the same year as the deepening dredging. The total volumes dredged for both annual 
maintenance and deepening to -38 feet MLLW in the construction year require an estimated 4,062,000 
cubic yards. Annual maintenance dredging requirements would increase following construction by an 
estimated 107,000 cubic yards. The Corps is proposing the same material placement modification for 
Alternative 3 as for Alternative 2 – primarily the temporary shift of the Point Chehalis placement site. A 
slightly larger quantity of material (22,400 cubic yards) than in Alternative 2 is unsuitable for open-water 
disposal due to toxicity expressed in the sediment larval bioassay. This material would require upland 
disposal (at the former Hoquiam wastewater treatment lagoon). Dredging for Alternative 3 would 
involve a second dredge working simultaneously, would occur over approximately six months for the 
inner harbor reaches (the same as Alternative 2), approximately 1.5 months longer than maintenance 
dredging under baseline conditions (Alternative 1), and would occur within the same seven-month 
dredge window as routine maintenance dredging. The duration of dredging for the outer harbor reaches 
would be approximately one month, the same as under Alternatives 1 and 2.  

Findings.  The Corps rejected Alternative 1 because it would not meet the project purpose and need to 
improve navigational efficiency and reliability, and reduce transportation costs of deep-draft vessel 
navigation. Alternative 2 was not preferred because it would not maximize the economic efficiency of 
safe transit of the deepest draft vessels that presently transit the Grays Harbor Navigation Channel. 
Alternative 3 (dredging down to ‒38 feet MLLW) best accommodates existing vessel traffic for Port 
tenants and commodities, alleviates large-vessel restrictions imposed by insufficient channel depths, 
and enables maximum improvement in efficiency for large vessels with drafts exceeding −36 feet MLLW, 
within the parameters of the existing legislative authorization. Alternative 3 would generate additional 
dredged material, which would be placed at the same placement sites used during maintenance 
dredging, plus a temporary shift in location of the Point Chehalis Dispersive Site. While the placement of 
dredged material under Alternative 3 would cause temporary degradation in the aquatic environment, it 
is the only practicable alternative that maximizes economic improvement within the parameters of the 
project purpose and need.  The absence of lesser environmentally damaging practicable alternatives for 
the aquatic discharge of dredged material is further discussed in section 6.



Grays Harbor Navigation Improvement Project: Clean Water Act Section 404(b)(1) Evaluation  5 
 

 
Figure 1. Grays Harbor Navigation Channel maintained reaches, segments proposed for deepening, and material placement sites. 
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5. Significant Degradation, Either Individually or Cumulatively, To the Aquatic Environment 
a. Impacts on Ecosystem Function.  Dredged material placement will disturb habitat at the Grays Harbor 
navigation channel designated placement sites. The dredged material placement will be localized to 
previously disturbed areas except for the shifted location of the Point Chehalis site. The new area of 
placement is immediately adjacent to the previously used site and has all of the same physical and 
biological characteristics that make the standard site a viable material placement site, which includes 
the depth and relatively high rate of dispersive hydrodynamics. The disturbance period will be of short 
duration at each location (where and when the dredge is operating for a temporary impact at each site). 
Relatively quiet underwater noise levels associated with placement will be well below disturbance 
thresholds used by the National Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service 
(USFWS) to identify potential adverse effects on fish, diving birds, and marine mammals. Low-mobility 
aquatic invertebrates common to Grays Harbor can typically recolonize areas of disturbance; these 
disturbance episodes will not coincide with high-use habitat areas used by juvenile salmonids and 
sturgeon. Impacts of placement operations on salmonids, forage fish, and Dungeness crabs will be 
reduced and/or avoided through implementation of timing restrictions. Due to these measures, impacts 
on these economically important resources will not be significant either individually or cumulatively.  

b. Impacts on Recreational, Aesthetic, and Economic Values.  No significant adverse effects on 
recreation, aesthetics, or the economy are anticipated from the channel-deepening proposal, nor have 
these types of effects occurred during previous routine dredging operations.   

Findings. The Corps has determined that there would be no significant adverse effects to aquatic 
ecosystem functions and values. The proposed action will not cause significant degradation, either 
individually or cumulatively to the aquatic environment. 

6. Appropriate and Practicable Measures to Minimize Potential Harm to the Aquatic Ecosystem. 
a. Impact Avoidance Measures.  
To avoid impacts to the aquatic ecosystem, the Corps has recently instituted a minor channel re-
alignment from South Reach to Hoquiam Reach, to take advantage of greater scour from river and tidal 
currents. The scour is expected to reduce the volume of material accumulating and is expected to 
significantly reduce dredging and material placement needs from this portion of the navigation channel. 
The location of the re-alignment would reduce dredging in Dungeness crab habitat and would thus avoid 
and reduce impacts on crab.  

For another means to avoid aquatic impacts, the Corps investigated opportunities for upland disposal. 
The total quantity of material that will be placed by implementing the preferred alternative is 4,062,000 
cubic yards. Placing material upland at the Point Chehalis Revetment Extension mitigation site would 
only provide disposition for an additional 200,000 cubic yards. This alternative is not practicable for the 
merely 200,000 cubic yards, which is only 5% of the total quantity of material that will be dredged and 
placed in the construction year. Furthermore, placement at the mitigation site would come at significant 
additional expense compared to open water placement. For example, at Willapa Bay, a recent contract 
averaged a unit cost of $14 per cubic yard to pump material from an offshore borrow site to an upland 
placement site. Comparatively, the contract unit cost for placement at the existing open water sites 
averages approximately $5 per cubic yard. No other upland opportunities appear to be available as 
placement locations for the dredged material to avoid aquatic disposal. No shoreside real estate at the 
Port of Grays Harbor is available, and no entities have expressed need for marine-derived sediments in 
upland applications. Additionally, upland alternatives are infeasible from a comparative cost perspective 
because upland sites are further from the source of the material, would involve mechanical dredging 
and pumping to a shoreline location, with likelihood for a need for double-handling the material to 
transport to an offsite location away from the shoreline. In most expensive scenarios, entirely distinct 
and separate dredge and pipeline equipment would need to be mobilized.  
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Implementation of timing restrictions avoids potential impacts of dredged material placement to 
juvenile salmonids. No inner harbor dredging will occur during the outmigration period, March 1 
through June 14. For the protection of bull trout (Salvelinus confluentus), a species listed as threatened 
under the Endangered Species Act, the Corps does not dredge the Elliot Slough, South Aberdeen, Cow 
Point, and Hoquiam reaches between February 15 through July 15. This timing restriction, designated by 
USFWS, is protective of bull trout foraging in the lower portion of the Chehalis River watershed 
(subadults and adults moving into and out of the estuary).   

b. Impact Minimization Measures.  
Minimizing impacts in dredge material placement can occur through beneficial reuse of material. For 
beneficial re-use opportunities, material dredged from the sandy outer reaches of the channel would be 
used for direct upland beach and nearshore nourishment at Half Moon Bay, and nearshore nourishment 
at South Beach. The present capacity at the South Beach Beneficial Use Site is approximately 2.5 million 
cubic yards. However, there are logistical and operational constraints, which limit the amount of 
sediment that can be placed at South Beach. Typically, the only dredges that can safely place material at 
South Beach due to that site’s exposed location are large class hopper dredges such as the Essayons. The 
Yaquina is a small class hopper dredge that is more sensitive to weather, and would lose significant 
dredge production to transit time by placing material at South Beach. Finally, the contract bottom dump 
scows that transport dredge material from the inner harbor typically operate in the harshest weather 
window (i.e. from October to February) and will not cross the bar to place material at South Beach. As 
the Essayons’s time is shared among all West Coast Districts, the dredging at Grays Harbor is typically 
performed in April and May, which can be subject to adverse weather limiting use of the South Beach 
site. In 2013, the Essayons was able to place approximately 478,000 cubic yards at SBBUS, or roughly 
53% of the total volume dredged from the Outer Harbor Reaches by the Essayons and Yaquina. On 
average, outer harbor dredging has totaled 1.1 million cubic yards per year. Thus it is assumed South 
Beach could practicably only receive 750,000 cubic yards in one dredge year leaving a balance of 4.06 
million cubic yards to be placed at South Jetty, Point Chehalis, Half Moon Bay, and the Point Chehalis 
Revetment Extension mitigation site. Even if the Corps used the Point Chehalis revetment extension site, 
this site would reach capacity with a one-time placement of 200,000; the Half Moon Bay nearshore site 
has capacity limitations as well. Through maximizing the use of identified and implemented beneficial 
reuse opportunities, the Corps is minimizing disturbance of aquatic habitat. 

Among the aquatic placement options, to avoid impacting new areas that have never received 
placement of dredged material, placement would continue to occur at the designated placement sites 
(Figure 1). According to the 1982 EIS for channel deepening, disposal sites were carefully selected to 
minimize environmental impacts as much as possible given the project’s economic criteria (U.S. Army 
Corps of Engineers 1982).Two Washington State Department of Natural Resources (DNR) public, multi-
user, unconfined open-water dredged material placement sites are located directly adjacent to the 
navigation channel. These are the South Jetty and Point Chehalis placement sites, located on state-
owned aquatic lands and managed by DNR. Use of these dispersive sites ensures that the material 
remains in the longshore drift cell.    The South Jetty site can pose a navigation hazard in heavy seas due 
to its proximity to the rock jetty and prevailing wind and waves.  The site is used unless there are 
adverse weather/wave conditions or the site is full, then the Point Chehalis site is used.  The Point 
Chehalis aquatic site is important because it is relatively protected and deep enough to allow for 
placement when adverse weather conditions can preclude the use of the other sites.  Unless site 
conditions were ideal throughout the dredging process, the shifted Point Chehalis aquatic site or 
another relatively protected site would be needed to potentially accommodate the entire construction 
year dredged material (4.06 million cubic yards). 

The Corps recently completed a dredged material placement site capacity analysis for the Point Chehalis 
placement site to estimate short-term and long-term fate of channel deepening sediments and 
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subsequent annual maintenance sediments that could be deposited at this site (Hayter et al. 2012). 
Based on sediment transport modeling and Sedflume analysis conducted ( Demirbilek et al. 2010; Hayter 
et al. 2012) it was determined that placing all dredged material within the current Point Chehalis Site 
boundaries may pose an adverse risk to navigation and O&M dredging costs. The unique grain size and 
other characteristics of dredged material derived from channel deepening make those sediments likely 
to accumulate within the placement sites at a faster rate than recently accrued material derived from 
maintenance dredging, based on historical trends of O&M material (Hayter et al. 2012). The federal 
navigation channel passes through the site and mounding of material can result in loss of channel depth 
and width without proper site management. Through wave and hydrodynamic modeling, as well as 
sediment transport modeling, the Corps’ conclusion from these analyses is that the most strategic 
placement of dredged material is to shift the Point Chehalis Disposal Site by 1,000 feet to the north-
northwest, without increasing the total area of placement (Figure 2). This shift produces less 
sedimentation in the navigation channel and less accumulation above authorized channel depths over 
the course of dredged material placement (Hayter et al. 2012). As a result of the site capacity analysis, 
the Corps would place dredged material at the Point Chehalis placement site per this recommended 
shift. This placement site shift would not increase the size of the Point Chehalis Site and would be a one-
time shift to take advantage of deeper water and more dispersive hydrodynamics.  The 1982 analysis 
found that the South Jetty and Point Chehalis sites were determined to be the most effectively 
dispersive sites available for material disposal (U.S. Army Corps of Engineers 1982). Additionally, Hayter 
et al. (2012) modeling showed that the shifted footprint of the Point Chehalis site would be the most 
dispersive location for material placement. While there may be opportunity to place 200,000 cubic yards 
of material at the Point Chehalis Revetment Extension, this is not guaranteed. Therefore, given that no 
practicable upland alternative exists for the remaining 3.86 to 4.06 million cubic yards, there is no 
remaining aquatic beneficial use capacity, and the designated sites at South Jetty and South Beach, and 
Half moon Bay nearshore will first be utilized to their full capacity, and as practicable, then aquatic 
disposal at the shifted, highly dispersive Point Chehalis site (with material remaining in the longshore 
drift cell) is the least environmentally damaging of the practicable alternative aquatic opportunities for 
placement of material dredged under Alternative 3 during the construction year. 
 
Impacts of dredged material placement through hydraulic transport at the Point Chehalis Revetment 
Extension mitigation site include confining initial placement to above the high tide line, and control of 
return water to Half Moon Bay to ensure minimization of discharge of suspended dredged material in 
accordance with WQC TB-98-02. 
 
c. Compensatory Mitigation Measures.  
The Corps has placed oyster shell in crab rearing areas as compensatory mitigation for Dungeness crabs 
entrained and killed by hopper dredges used in Grays Harbor, based on quantification of the Dredge 
Impacts Model, and has been participating in the Crab Mitigation Work Group (Work Group) initially 
convened for the channel deepening that occurred in 1990. The agencies of this Work Group include the 
Washington State Department of Ecology, the Washington State Department of Fish and Wildlife, the 
U.S. Environmental Protection Agency, Quinault Indian Nation, the U.S. Fish and Wildlife Service, and the 
National Marine Fisheries Service. The Corps reconvened the Work Group in July 2012, and continues to 
pursue an adaptive management approach to manage impacts due to dredging operations in Grays 
Harbor. The primary concern lies with the use of hopper dredges; effects to crabs from dredged material 
placement has had very few direct studies, but is assumed not as detrimental as entrainment due to 
crab ability to mobilize away from disturbance and their ability to endure burial, although maximum 
depth and duration of burial survival have not been definitively determined. Mitigation for Dungeness 
crab impacts will be coordinated with the Working Group in order to better define actual population 
impacts and appropriate, cost-effective, and productive measures of mitigation. 
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The beach nourishment program is considered a net benefit to the nearshore structure and function and 
does not require compensatory mitigation.   

Findings. The Corps has determined that all appropriate and practicable measures, including impact 
avoidance, minimization, and mitigation, have been taken to minimize potential harm to the aquatic 
ecosystem.  There are no practicably available placement alternatives that would be less 
environmentally damaging and still meet the project need for disposition of dredged material. 

 

Figure 2. Proposed shift 1,000 feet north-northwest of Point Chehalis Dispersive Site. 
   
7. Other Factors in the Public Interest. 
a. Fish and Wildlife. The Corps has coordinated with State and Federal agencies, as well as the 
Quinault Indian Nation, to assure careful consideration of fish and wildlife resources. The Corps will 
assure full compliance with the Endangered Species Act prior to project implementation.   

b. Water Quality. The most recent Washington Department of Ecology Water Quality Certification for 
maintenance dredging and material placement was valid through June 2019. The Corps will obtain 
another Water Quality Certification prior to undertaking the proposed action. The Corps will abide by 
any conditions in the Water Quality Certification to ensure compliance with state water quality 
standards when conducting activities involving the discharge of dredged material into waters of the 
United States.  
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c. Historic and Cultural Resources. Based on the previous cultural resources investigations, the Corps 
has determined that the prior research and field investigations were adequate to identify historic 
properties. No archaeological sites or other cultural resources have been identified within the area of 
potential effect of the project. On May 28, 2013, the State’s Historic Preservation Office (SHPO) agreed 
with the Corps determination of no historic properties affected. Since the proposed dredging is confined 
to the removal of sediments within the previously dredged channel boundaries, no submerged cultural 
resources are anticipated to be affected by the proposed action. 

d. Activities Affecting Coastal Zones. The Corps has determined that this work is consistent to the 
maximum extent practicable with the enforceable policies of the State of Washington under the Coastal 
Zone Management Act and has prepared a Coastal Zone Management Act consistency determination for 
the proposed action for review by the Washington Department of Ecology.   

e. Environmental Benefits. Clean, sandy material dredged from the outer reaches will be used 
beneficially to maintain a stable beach profile in Half Moon Bay and to minimize shoreline erosion along 
South Beach, when and if necessary. 

f. Navigation. A minor, temporary disruption of navigation traffic may result from dredging and 
placement operations. The Corps will ask the U.S. Coast Guard to issue a Notice to Mariners before 
dredging and placement operations are initiated. The proposed dredging will deepen the channel to 
improve efficiency of use and safe navigation by the existing deep-draft navigation vessels that frequent 
the terminals of the Port.   

Findings. The Corps has determined that the proposed action is within the public interest based on 
review of the public interest factors. 

8. Conclusions. Based on the analyses presented in project NEPA and ESA documents, as well as the 
following 404(b)(1) Evaluation and General Policies for the Evaluation of Permit Applications analysis, 
the Corps finds that this project complies with the substantive elements of Section 404 of the Clean 
Water Act. 
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Clean Water Act Section 404(b)(1) Evaluation [40 CFR §230] 
 
  Potential Impacts on Physical and Chemical Characteristics (Subpart C) 
 
1. Substrate [230.20]  Substrate at the open water and beneficial use placement sites consists of fine 
to medium sized sand grains of marine origin. Materials placed at the beneficial use and nearshore 
nourishment sites are of similar particle size and shape. Finer river-borne silts from the inner harbor are 
disposed of at the South Jetty and Point Chehalis placement sites. Bathymetric surveys indicate that 
most of the material placed at these sites is rapidly transported seaward along the South Jetty. Most 
dredged material placed at these sites, as well as material placed at the direct beach and nearshore 
nourishment sites, will enter the longshore drift system. 
2. Suspended Particulate/Turbidity [230.21]  Discharge of dredged material at the open water and 
direct beach and nearshore nourishment placement sites will cause a temporary increase in turbidity 
and suspended particulate levels in the water column, particularly in near-bottom water. Sand and most 
silt sink rapidly to the bottom, while a small percentage of finer material is expected to remain in 
suspension. Increases in turbidity associated with placement operations will be minimal (confined to the 
areas in the immediate vicinity of the active dredging and the placement sites during sediment 
placement) and of short duration (i.e., currents disperse any suspended material within hours of 
placement (Simenstad 1988; Nightingale and Simenstad 2001).  
3. Water Quality [230.22]  No significant water quality effects are anticipated (see number 2 above). 
Since placement operations consist of a series of instantaneous, discrete discharges over the dredging 
schedule, any water quality impacts should be short lived (hours) and localized (immediate vicinity). 
Choker Research measured DO levels within dredge-related turbidity plumes at points ranging from 100 
to 150 meters from a dredge operating in the inner harbor reaches. They found DO levels comparable to 
ambient conditions (Phipps et al. 1992). The differential between DO levels in the dredge plumes and 
ambient areas were within 1 to 2 mg/L of each other with most readings above 6 mg/L (Phipps et al. 
1992), which is considered the threshold for excellent marine water quality (WAC 173-201A-210). The 
sediments to be dredged have been tested and approved for open water placement, except for one 
subunit in the Cow Point Reach (CP32a), under the guidelines of the Dredged Material Management 
Program (DMMP) administered by the Corps, EPA, Ecology, and DNR (Appendix A of the SEIS). This 
material will be placed at an upland location.    
4. Current Patterns and Water Circulation [230.23]  The placement of dredged materials will not 
obstruct flow, change the direction or velocity of water flow/circulation, or otherwise change the 
dimensions of the receiving water body. The beach nourishment material will slowly enter the longshore 
drift system as it erodes off the beach over several years. Material placed at the dispersive sites will 
move along the South Jetty.  
5. Normal Water Fluctuations [230.24]  The placement of dredged material from the Grays Harbor 
navigation channel will not impede normal tidal fluctuations. South Jetty and Point Chehalis are 
dispersive placement sites, meaning that rapid seaward erosion of placed material occurs.    
6. Salinity Gradients [230.25]  The placement of dredged material from the Grays Harbor navigation 
channel will not divert or restrict tidal flows and thus will not appreciably affect salt wedge or salinity 
gradients.   
 
Potential Impacts on Biological Characteristics of the Aquatic Ecosystem (Subpart D) 
 
1. Threatened and Endangered Species [230.30]  Pursuant to Section 7 of the Endangered Species Act, 
the Corps prepared a biological evaluation in 2011 for continued routine maintenance dredging of the 
navigation channel through 2026. The Corps also prepared a biological evaluation specifically for the 
proposed channel deepening and subsequent annual maintenance of the deepened channel. The 
biological evaluation concluded that the proposed action was not likely to adversely affect bull trout 
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(Salvelinus confluentus); lower Columbia River Chinook salmon (Onchorhynchus tshawytscha);Upper 
Willamette River Chinook salmon (O. tshawytscha); Columbia River chum salmon (O. keta); eulachon 
(Thaleichthys pacificus); southern green sturgeon (Acipenser medirostris); western snowy plover 
(Charadrius alexandrius nivosus); marbled murrelet (Brachyramphus marmoratus); southern resident 
killer whale (Orcinus orca); eastern stock Steller sea lion (Eumetopias jubatus); and humpback whale 
(Megaptera novaeangliae); and would have no effect on the short-tailed albatross (Phoebastria 
albatross), streaked-horned lark (Eremophila alpestris strigata), Oregon silver spot butterfly (Speyeria 
zerene hippolyta), blue whale (Balaenoptera musculus), fin whale (Balaenoptera physalus), Sei whale 
(Balaenoptera borealis), sperm whale (Physeter macrocephalus), leatherback sea turtle (Dermochelys 
coriacea), loggerhead sea turtle (Caretta caretta), Mexican nesting green sea turtle (Chelonia mydas), 
and Mexican nesting Olive Ridley sea turtle (Lepidochelys olivacea).    

2. Aquatic Food Web [230.31]  Turbidity associated with placement operations may interfere with 
feeding and respiratory mechanisms of benthic, epibenthic, and planktonic invertebrates. Some sessile 
invertebrates in the navigation channel and at the dredged material placement sites will suffer mortality 
from dredge operations. Benthic and epibenthic species characteristic of these sites are typically 
opportunistic species, often small, tube-dwelling, surface-deposit feeders that exhibit patchy 
distribution patterns in space and time. Several studies have found that benthic fauna recolonize 
placement sites quickly (several months), but that the sites may never reach ‘mature equilibrium’ 
because of the frequent dredging (Simenstad 1988; Nightingale and Simenstad 2001). More mobile 
epibenthic organisms are expected to escape the immediate impact area without significant injury. The 
results of testing conducted in accordance with Grays Harbor/Willapa Bay Dredged Material Evaluation 
Procedures has demonstrated that populations of fish, crustaceans, mollusks, or other food web 
organisms will not be significantly affected by exposure to chemical contaminants (Simenstad 1988; 
Nightingale and Simenstad 2001). 

Potential impacts of material placement on salmonids, forage fish, and Dungeness crabs will be reduced 
and/or avoided through implementation of timing restrictions and restrictions on the type of dredge 
equipment (i.e., only clamshell dredging in the inner harbor reaches). The Corps is investigating 
alternative crab impact compensation methods that would be self-sustaining and less costly than the 
current shell placement and monitoring program, and will coordinate with the Crab Working Group 
under the RCMSA. 

3. Wildlife [230.32]  Proposed dredging of the navigation channel would have minimal impact on 
waterfowl, seabirds, shorebirds, and other bird species that may forage or loaf in the vicinity, especially 
when considering the total amount of habitat available in Grays Harbor relative to the amount and type 
of open water habitat affected by placement of dredged material. Birds may forage or loaf in open 
water areas around the navigation channel, or use intertidal mudflats exposed during low tide 
conditions that are within the limits of measurable noise effects. Although these birds may be exposed 
to in-air and underwater noise from dredging activity that exceeds ambient conditions, noise from 
maintenance dredging (i.e., baseline conditions) has not been found sufficient to cause injury or 
behavioral alteration. Analysis of noise levels produced by dredging activity indicates that associated in-
air and underwater noise levels are below the disturbance thresholds used by USFWS to establish 
harassment/injury levels for bird species, including federally threatened and endangered species such as 
marbled murrelets and spotted owls. Because dredging would occur in the navigation channel and 
placement predominately occurs at open water dispersive sites, nesting habitat is not affected. WDFW 
has identified five nesting colonies of seabirds within Grays Harbor. One of these colonies, a small 
pigeon guillemot colony located on the Point Chehalis Jetty, lies near the navigation channel and Point 
Chehalis open water placement site. The noise levels produced by dredging are below disturbance 
thresholds that could cause injury or behavioral alteration in bird species, even at a distance of 50 feet 
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from the source. Consequently, the pigeon guillemot colony and other birds nesting in upland sites near 
the upland placement areas are not affected by dredging and placement activities. 

The presence of dredge vessels and the level of activity and turbidity effects associated with dredging 
may temporarily displace foraging seabirds and waterfowl from feeding habitats in the open water of 
the navigation channel. Considering the annual frequency of maintenance dredging and that dredges 
generally move slowly and the footprint of associated disturbance and noise effects is limited in size, 
some habituation to boat traffic and disturbance likely occurs. Increases in turbidity during dredging and 
consequent reduced visibility or foraging success for diving birds in the immediate vicinity of the dredge 
activities, is localized and dissipates rapidly upon completion of the dredging and/or material placement 
activities. Any such displacement is of short duration and affects an insignificant amount of foraging 
habitat relative to the amount available in Grays Harbor and nearby coastal habitats. 

Noise generated by dredged material placement at the South Beach and Point Chehalis open water sites 
may affect marine mammals such as seals, sea lions, dolphins, and porpoises that may be present in the 
deeper waters of Grays Harbor or near south jetty/Pacific Ocean shoreline. While noise measurements 
of dredging activities are somewhat rare in the literature, dredging is considered to be a low impact 
activity for marine mammals, producing non-pulsed sound and being substantially quieter in terms of 
acoustic energy output than sources such as seismic airguns and impact piledriving (FR 78, 100 30875).  
Noise produced by dredging has been compared to that produced by a commercial vessel travelling a 
modest speed (Robinson et al. 2011, as cited in FR 78, 100 30875).  The NMFS has generally considered 
the effects of dredging on marine mammals to remain below the level of a take (FR78, 100 30875).  
Underwater noise levels produced by maintenance dredging would attenuate to ambient levels within a 
distance of no more than approximately 600 feet.  The species that would encounter dredges in the 
deeper channel waters are expected to be accustomed to marine traffic and capable of readily avoiding 
the dredges.  Therefore, underwater noise impacts of dredging operations at Grays Harbor are expected 
to be minor. 

Potential Impacts to Special Aquatic Sites (Subpart E) 
1. Sanctuaries and Refuges [230.40]  The proposed action will not adversely affect any designated 
sanctuary or refuge area. Bowerman Basin, a wildlife refuge operated by USFWS; two State of 
Washington Wildlife Recreation areas, Oyhut and Johns River; and three DNR Natural Area Preserves: 
Sand Island, Goose Island, North Bay, and Chehalis River Surge Plain are located in Grays Harbor but are 
not in proximity to the navigation channel or dredged material placement sites. No effect to these areas 
is expected to result from the proposed dredging and placement operations. One preserve, Whitcomb 
Flats, is located south of the South Reach of the navigation channel. The proposed action is not expected 
to have more than a negligible impact on Whitcomb Flats because the migration of Whitcomb Flats is 
attributed to large-scale morphological changes.   
2. Wetlands [230.41]  Dredged material will not be placed in wetland areas. Use of the designated 
open water, beneficial use, and beach nourishment placement sites will not alter the inundation 
patterns of any wetlands in the project vicinity. 
3. Mudflats [230.42]  Dredged material will not be placed on mudflat areas. Use of the designated 
placement sites will not alter the inundation patterns of nearby mudflats. 
4. Vegetated Shallows [230.43]  Dredged material will not be placed onto or directly adjacent to 
vegetated shallows.   
5. Coral Reefs [230.44]  Not applicable. 
6. Riffle and Pool Complexes [230.45]  Not applicable. 
 
Potential Effects on Human Use Characteristics (Subpart F) 
1. Municipal and Private Water Supplies [230.50]  Not applicable. 
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2. Recreational and Commercial Fisheries [230.51]  Commercial and sport fishing grounds are located 
near both the navigation channel and the dredged material placement sites. Dredging and material 
placement is timed to avoid critical migration periods for salmonids. Oysters are raised commercially on 
portions of Whitcomb Flats, approximately 3 miles east of the placement areas. The proposed action is 
not expected to affect these oyster operations. Recreational, commercial, and tribal fishing vessels are 
required to avoid the immediate area of dredging and placement equipment for safety reasons. The U.S. 
Coast Guard issues a Notice to Mariners announcing the locations and duration of dredging. The extent 
of placement of material is small and highly localized at any one time and can be easily avoided, 
particularly relative to the extent and area of the navigation channel and relative to the size of Grays 
Harbor available for vessels (particularly at high tide).    
3. Water-Related Recreation [230.52]  Water-related recreation would benefit from direct beach and 
nearshore placement at Half Moon Bay. Nourishment of the Half Moon Bay beach changes the areal 
extent of the various elevation ranges in the bay, with an increase in the shallower profiles. 
Nourishment will cause waves to break further from the beach, providing a higher quality wave for 
surfers as waves will break smoother and over a longer distance. The area available for passive 
recreation activities such as birding, beach combing, and walking will be maintained for such activities 
and as dune habitat for plant and animal species by this beneficial use placement. Westhaven State Park 
is the closest recreational area to the dredged material placement sites, located adjacent to the Half 
Moon Bay placement site and within 1 mile of the South Jetty and Point Chehalis open-water placement 
sites. The dredged material placed at these sites contains clean silt and sand, and does not cause 
negative effects to the park. Additionally, placement of dredged material at these sites slows erosion in 
these areas, which helps to maintain their use for recreational activities.   
4. Aesthetics [230.53]   Dredging and dredged material placement operations will not change the 
appearance of the navigation channel or vicinity of the placement sites. Annual maintenance dredging is 
a regular occurrence for many months of the year in Grays Harbor; work to deepen the channel will only 
slightly lengthen the total duration of dredging and disposal. A second clamshell dredge and barge 
would be used as well. The temporary presence of two clamshell dredges working in the channel would 
represent localized, temporary increases in vessels on the water, as well as temporary and localized 
increases in noise, and turbidity while equipment is operating, but are expected to be minimal. The 
temporary presence of barges and dredges on an active shipping channel would represent a minor 
effect  on aesthetics.  
5. Parks, National and Historic Monuments, National Seashores, Wilderness Areas, Research Sites, 
and Similar Preserves [230.54]  Westhaven State Park is located adjacent to the Half Moon Bay and 
South Beach placement sites. Placement of clean sands at these sites will slow erosion in these areas, 
which is considered a beneficial effect. Grays Harbor hosts other wildlife and recreation areas, but these 
are at a great enough distance from the project to remain undisturbed. 
 
Evaluation and Testing (Subpart G) 
1. General Evaluation of Dredged or Fill Material [230.60]  The dredged material is predominantly 
sand and silt. Sediment from the outer reaches required verification that it meets exclusionary criteria 
specified in 40 CFR 230.60 and is acceptable for open-water placement. The inner reaches required full 
sediment characterization, including testing for chemical contamination because the sediments in these 
reaches contain larger fractions of fine-grained sediment and are closer to historical sources of 
contamination.   
2. Chemical, Biological, and Physical Evaluation and Testing [230.61]    Sediments were tested 
according to Dredged Material Management Program (DMMP) protocol and results were submitted for 
approval for unconfined open water disposal. The results of this testing are detailed in the DMMP 
suitability determination for the proposed action (Appendix A of the SEIS). The 2012 suitability 
determination concluded that all sediment that would be dredged under the proposed action (including 
in the South Reach), with the exception of the 22,400 cubic yards of material from the Cow Point 32a 
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subunit, is suitable for open-water placement. This material will be permanently removed from the 
aquatic environment to an upland placement site.   
Action to Minimize Adverse Effects (Subpart H) 
1. Actions Concerning the Location of the Discharge [230.70]  The effects of the discharge would be 
minimized by using the designated dredged material placement sites that are used for annual 
maintenance dredging of the navigation channel, along with the shifted Point Chehalis Site. The Point 
Chehalis and South Jetty sites are open water, dispersive placement sites. The discharge of dredged 
material at these sites will not disrupt tidal flows, and material will remain in the longshore drift cell. The 
substrate at the Half Moon Bay and South Beach beneficial use/beach nourishment placement sites is 
similar to that being discharged (i.e., coarse marine sands). The beach nourishment will not disrupt tidal 
flows, nor create standing bodies of water. The location and timing of the discharge have been planned 
to minimize effects to marine organisms.   
2. Actions Concerning the Material to be Discharged [230.71]  No treatment substances nor chemical 
flocculates will be added to the materials before placement. The Corps has implemented a minor 
channel re-alignment from South Reach to Hoquiam Reach to take advantage of greater scour from river 
and tidal currents to reduce the volume of material that must be dredged annually. 
3. Actions Controlling the Material after Discharge [230.72]  Methods for reducing the potential for 
erosion, slumping, or leaching will not be employed, as the intent of the action is to keep material in 
littoral transport along the project area. The timing of placement will occur within environmentally 
protective work windows.  The Point Chehalis Revetment Extension Mitigation Site consists of berms 
and dewatering as necessary to control immediate runoff and associated loss of material deposited 
above the high tide line, but placed material is expected to subsequently erode through natural 
processes.   
4. Actions Affecting the Method of Dispersion [230.73]  The placement sites have been selected to 
make use of currents and circulation patterns to disperse the dredged material. At the beneficial use 
sites, material will be distributed widely in a thin layer to maintain natural substrate contours. As part of 
the Corps’ beneficial use of dredged materials, dredged materials are used to facilitate a stable beach 
profile along Half Moon Bay. Initial dredged material placement at the upland Point Chehalis revetment 
extension mitigation site is restricted to 9 feet above MLLW (the mean higher high water line at this 
location), pursuant to the Point Chehalis Revetment Extension Mitigation Agreement (U.S. Army Corps 
of Engineers 1998) to facilitate a more stable beach profile and to avoid nearshore and wetland impacts 
from material placement at this site.   
5. Actions Related to Technology [230.74]  Appropriate machinery and methods of transport of the 
material for discharge will be employed. All machinery will be properly maintained and operated. Ballast 
management plans have been developed for both government hopper dredges operated by the 
Portland District Corps (i.e., the Essayons and Yaquina), which have annual assignments to Grays Harbor. 
They use both water and partial loads of sand as ballast. The management plans were written to ensure 
that operation of the dredges complies with federal and state ballast management laws and regulations. 
When contractor dredges are used, contract specifications require compliance with the Washington 
Ballast Water Management Act (Revised Code of Washington [RCW] 77.120) and federal ballast water 
management regulations (33 CFR 151.2000 et seq.).     
6. Actions Affecting Plant and Animal Populations [230.75]  The timing of the proposed discharge 
operations will minimize the potential for adverse effects to animal populations, particularly Dungeness 
crab and juvenile salmonids. To avoid impacts on bull trout and out-migrating juvenile salmon, the Corps 
does not dredge the Aberdeen Reach, Cow Point Reach, Hoquiam Reach, and turning basins between 
February 15 and July 15. No timing restrictions related to salmonids apply downstream of Hoquiam 
Reach because the estuary is wider downstream of Hoquiam Reach, so a smaller proportion of the 
migratory pathway is affected by sediment plumes. Additionally, the relative distance between dredging 
activities and the shallow subtidal habitat where juvenile foraging occurs is greater.   
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7. Actions Affecting Human Use [230.76]  The placement will not damage aesthetically pleasing 
features of the aquatic landscape. The placement will not increase incompatible human activity in 
remote fish and wildlife areas. Potential impacts on Native American fishing rights, specifically those of 
the Quinault Indian Nation, are minimized mainly by timing and gear restrictions aimed at reducing 
impacts on the target species important to the Tribe (e.g., Dungeness crabs). Impacts on salmon and 
Dungeness crab are minimized by avoiding times when juvenile salmonids and Dungeness crab are 
heavily using the inner harbor and restricting equipment to clamshell dredges in the inner harbor 
reaches. 
8. Other Actions [230.77]  Not applicable. 
 
Application by Analogy of the General Policies for the Evaluation of Public Interest  [33 CFR §320.4 for 
reference] 
1. Public Interest Review [320.4(a)]  The Corps finds these actions to be in compliance with the 
404(b)(1) guidelines and not contrary to the public interest. 
2. Effects on Wetlands [320.4(b)]  No wetlands will be altered by the proposed dredging and 
placement work. 
3. Fish and Wildlife [320.4(c)]  The Corps consulted the U.S. Fish and Wildlife Service and the National 
Marine Fisheries Service to ensure that direct and indirect loss and damage to fish and wildlife resources 
attributable to the proposed work will be minimized.   
4. Water Quality [320.4(d)]  Through incorporation of the previously implemented minor channel re-
alignment, the Corps has reduced the volume of material that needs to be dredged, which will reduce 
the potential for water quality impacts. Timing of dredging and material placement will help reduce 
potential temporary local impacts on fish and wildlife due to water quality. The Corps will abide by the 
conditions of the Section 401 Water Quality Certification issued by Ecology to ensure compliance with 
Washington water quality standards when conducting activities involving the discharge of dredged 
material into waters of the United States.   
5. Historic, Cultural, Scenic, and Recreational Values [320.4(e)]  No wild and scenic rivers, historic 
properties, National Landmarks, National Rivers, National Wilderness Areas, National Seashores, 
National Recreation Areas, National Lakeshores, National Parks, National Monuments, estuarine and 
marine sanctuaries, or archaeological resources will be adversely affected by the proposed work.  
6. Effects on Limits of the Territorial Sea [320.4(f)] The proposed work will not alter the coastline or 
baseline from which the territorial sea is measured for the purposes of the Submerged Lands Act and 
international law.   
7. Consideration of Property Ownership [320.4(g)]  Aquatic dredged material placement is subject to 
the Federal navigation servitude. 
8. Activities Affecting Coastal Zones [320.4(h)]  The proposed action is consistent to the maximum 
extent practicable with the policies, general conditions, and general activities specified in the Grays 
Harbor County Shoreline Management Master Plan, the City of Westport Shoreline Management Master 
Plan, and the Grays Harbor Estuary Management Plan.   
9. Activities in Marine Sanctuaries [320.4(i)]  Not applicable. 
10.  Other Federal, State, or Local Requirements [320.4(j)] The Corps has analyzed the proposed action 
under all applicable Federal, State, and local requirements and documented this compliance in the 
Supplemental Environmental Impact Statement.  
11. Safety of Impoundment Structures [320.4(k)]  Not applicable. 
12.  Floodplain Management [320.4(l)]  The proposed work will not alter any floodplain areas. 
13.  Water Supply and Conservation [320.4(m)]  Not applicable. 
14.  Energy Conservation and Development [320.4(n)]  Not applicable. 
15. Navigation [320.4(o)]  Placement operations are a necessary part of deepening the navigation 
channel for use by deep draft ocean going vessels as stated in the purpose and need for the proposed 
action.   
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16. Environmental Benefits [320.4(p)]  Clean, sandy material dredged from the outer reaches will be 
used beneficially to maintain a stable beach profile in Half Moon Bay and to minimize shoreline erosion 
along South Beach.   
17. Economics [320.4(q)]  The economic benefits of the Grays Harbor Navigation Improvement Project 
are important to the economy of the local community through improvements in efficiency and safe 
navigation within the navigation channel for import and export through the Port of Grays Harbor. The 
Corps finds this project is economically justified.   
18. Mitigation [320.49(r)]  Potential impacts of dredging and placement operations on salmonids will be 
avoided through implementation of timing restrictions. To avoid impacts on bull trout and out-migrating 
juvenile salmon, the Corps does not dredge the South Aberdeen Reach, Cow Point Reach, Hoquiam 
Reach, and turning basins between February 15 and July 15. 
 
To reduce the volume of material that needs to be dredged from the navigation channel, the Corps has 
implemented a minor channel alignment modification from South Reach to Hoquiam Reach to take 
advantage of greater scour from river and tidal currents to reduce the volume of material accumulating 
in these portions of the navigation channel. 
 
To reduce the potential for damage to crab pots, placement of dredged materials at the Point Chehalis 
revetment extension mitigation site and the South Beach placement site is coordinated with commercial 
and tribal crab fishers. 
 
As part of the Corps’ beneficial use of dredged materials, dredged materials are used to facilitate a 
stable beach profile along Half Moon Bay. Initial dredged material placement at the upland Point 
Chehalis Revetment Extension mitigation site is restricted to 9 feet above MLLW (the mean higher high 
water line at this location), pursuant to the Point Chehalis Revetment Extension Project Interagency 
Mitigation Agreement (U.S. Army Corps of Engineers 1998) to facilitate a more stable beach profile and 
to avoid nearshore and wetland impacts from material placement at this site.  
 
The Corps participates in a Crab Mitigation Work Group (Work Group) to evaluate crab impacts and 
mitigation. The purpose of the Work Group is to review the Dungeness crab mitigation plan developed 
for the 1990 deepening project, evaluate crab mitigation efforts to date, and devise a strategy for future 
mitigation efforts. The agreement limits dredging to only the minimal amount necessary for navigation 
needs, regardless of government hopper dredge schedules. The agreement also established credit for 
avoiding impacts on crabs through use of specific dredging methods (i.e., clamshell dredging). The Corps 
last placed oyster shell in the mitigation sites in 2006 and these mitigation efforts through 2011 have 
shown to have produced more adult (harvestable age 2+) crabs (as calculated by the DIM) than have 
been impacted by the deepening and subsequent maintenance dredging (Visser 2012).  The oyster shell 
habitat has been shown to be effective in increasing the density of young of the year crabs (Armstrong 
et al. 1987; Visser 2012) but this may or may not translate into an increase in age 2+ (harvestable crabs). 
Creation of additional intertidal habitat for age 1+ crabs in Grays Harbor could provide a much greater 
benefit to crab populations than oyster shell. The Work Group continues to meet regularly to discuss 
this and additional ways to positively influence mitigation efforts, as needed, in Grays Harbor.  
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State of Washington • Department of Archaeology & Historic Preservation 

P.O. Box 48343 • Olympia, Washington  98504-8343 • (360) 586-3065 

www.dahp.wa.gov 

May 22, 2013 

 

Mr. Rolla L. Queen 

Environmental Resources Section 

Corps of Engineers – Seattle District 

PO Box 3755 

Seattle, Washington 98124-3755 

     

      Re: Grays Harbor Navigation Improvement Project 

      Log No.:  052213-01-COE-S    

       

Dear Mr. Queen: 

 

Thank you for contacting our department.  We have reviewed the materials you provided for the 

Area of Potential Effect (APE) for the proposed Grays Harbor Navigation Improvement Project, 

Grays Harbor County, Washington.  

 

We concur with your definition of the Area of Potential Effect (APE). 

 

We look forward to receiving the report of the results of your identification efforts, your review, 

the results of tribal consultation, and the Determination of Effect.  

 

We would also appreciate receiving any correspondence or comments from concerned tribes or 

other parties that you receive as you consult under the requirements of 36CFR800.4(a)(4).   

 

These comments are based on the information available at the time of this review and on behalf 

of the State Historic Preservation Officer in compliance with the Section 106 of the National 

Historic Preservation Act, as amended, and its implementing regulations 36CFR800.4.   Should 

additional information become available, our assessment may be revised.   

 

Thank you for the opportunity to comment and we look forward to receiving the report on the 

results of your efforts.       

 

Sincerely, 

        
         

       Robert G. Whitlam, Ph.D. 

       State Archaeologist 

       (360) 586-3080 

       email: rob.whitlam@dahp.wa.gov    









 

 

State of Washington • Department of Archaeology & Historic Preservation 

P.O. Box 48343 • Olympia, Washington  98504-8343 • (360) 586-3065 

www.dahp.wa.gov 

May 28, 2013 

 

 

 

Ms. Rolla Queen 

Environmental & Cultural Resources Branch 

Seattle District, Corps of Engineers 

PO Box 3755 

Seattle, Washington 98124-3755 

 

     Re:  Grays Harbor Navigation Improvement Project 

     Log No: 052213-01-COE-S 

 

Dear Ms. Queen:  

 

Thank you for contacting our department.  We have reviewed material you provided for the 

proposed Grays Harbor Navigation Improvement Project, Grays Harbor County, Washington.  

 

We concur with your Determination of No Historic Properties. 

 

We would appreciate receiving any correspondence or comments from concerned tribes or other 

parties that you receive as you consult under the requirements of 36CFR800.4(a)(4).  

 

 In the event that archaeological or historic materials are discovered during project activities, 

work in the immediate vicinity must stop, the area secured, and the concerned tribes and this 

department notified.   

 

These comments are based on the information available at the time of this review and on the 

behalf of the State Historic Preservation Officer in conformance with Section 106 of the National 

Historic Preservation Act and its implementing regulations 36CFR800.  Should additional 

information become available, our assessment may be revised.  Thank you for the opportunity to 

comment and a copy of these comments should be included in subsequent environmental 

documents.    

Sincerely, 

        
         

       Robert G. Whitlam, Ph.D. 

       State Archaeologist 

       (360) 586-3080 

       email: rob.whitlam@dahp.wa.gov    
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REVISED CRAB MITIGATION STRATEGY
AGREEMENT

for the

GRAYS HARBOR CRAB MITIGATION PROGRAM

Grays Harbor Navigation Improvement Project
Grays Harbor, Washington

September 1998

1. INTRODUCTION

The purpose of this Revised Crab Mitigation Strategy Agreement is to establish a long term
agreement among the agencies for further implementation of the crab mitigation effort in Grays
Harbor (described below).  The Grays Harbor Crab Mitigation work group members,
representing their respective agencies, developed this revised crab mitigation strategy to
document the mutually agreed-to revised procedures to attain the long-term goals initially
established for crab mitigation.

The agreement has been prepared, reviewed and accepted by all members of the Grays Harbor
Crab Mitigation Work Group. The agencies, by signing this agreement, concur with and accept
this revised crab mitigation strategy.

Nothing in this Agreement alters any state or federal law or regulation.  This Agreement merely
updates the crab mitigation requirements for the Grays Harbor Navigation Improvement Project
from those previously described or practiced, in a manner consistent with the National
Environmental Protection Act (NEPA).

2. BACKGROUND

Construction of the Grays Harbor Navigation Improvement Project (GHNIP) by the U.S. Army
Corps of Engineers was initiated in 1990.  The project construction included deepening and
widening 23.5 miles of the existing Grays Harbor channel, enlarging existing turning basins, and
deepening existing ship berths.  The deepened and widened channel (completed except for the
last four upstream miles) is now dredged annually to maintain project depths.  The
Environmental Impact Statement Supplement (EISS) completed in 1989 for this project
recognized significant impacts to Dungeness crab.  Mitigation measures were implemented to
offset losses to the crab resource.

The crab avoidance and mitigation programs, as described in the EISS, were based on several
years of research in Grays Harbor.  They were, however, not based on actual dredging or full-
scale mitigation experience.  In the years since project construction, much has transpired:
assumptions basic to the original mitigation calculations and costs have proven incorrect,
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dredging amounts and impacts have varied from those expected, and demand for sediment for
beneficial uses (erosion control) has altered maintenance dredging practices. This revised crab
mitigation strategy is intended to update the Dungeness crab avoidance and mitigation measures
presented in the EISS in order to keep the program relevant to current Corps, sponsor and agency
concerns and to protect and perpetuate the crab resources of Grays Harbor.

The revised strategy was developed by a work group that met several times from 1995 to 1998.
The work group consisted of agency representatives from the Washington Department of
Ecology, Washington Department offish and Wildlife, US Environmental Protection Agency,
Quinault Indian Nation, US Fish and Wildlife Service, National Marine Fisheries Service, and
the Seattle District Corps of Engineers. The purpose of this work group was to review the
Dungeness crab mitigation plan developed for the Grays Harbor Navigation Improvement
Project, evaluate crab mitigation efforts to date, and devise a revised strategy that could be used
for future mitigation efforts.

3. STRATEGY ELEMENTS

The strategy developed was an attempt to balance the cost of Grays Harbor maintenance
dredging and mitigation with the associated risk to the Dungeness crab resource. Maximizing
avoidance of crab impacts during maintenance dredging and minimizing oyster shell mitigation
to replace lost crabs were major objectives of the strategy. Though new methods of mitigation
were considered by the work group, no suitable alternatives were identified. The resulting
strategy refines avoidance and mitigation methods used in the past in light of six years of
biological monitoring, shell placement and dredging experience.

3.1 Impact Avoidance
These strategy elements address maintenance dredging of the Grays Harbor Channel.

1. Credit for Dredging Method Avoidance.  In accordance with the 1989 EISS, only crabs
lost to maintenance of the widened and deepened portion ("incremental maintenance") of
the Grays Harbor Channel are subject to mitigation. Thus, crabs lost during dredging of
historic ("non-incremental") maintenance amounts are not replaced. Non-incremental
amounts are calculated as the mean number of cubic yards (cy) dredged in a given reach
from 1981 to 1989. Any changes in dredging equipment that avoid crab in the
incremental portion also avoid large numbers of crabs usually lost to non-incremental
maintenance. To this end, it is agreed that all crabs "saved" in the non-incremental
yardage by use of a clamshell dredge (instead of a hopper dredge) in Crossover and
South Reaches would be credited against past and present maintenance impacts. This
credit will thus lower the amount of oyster shell mitigation required for the overall
project's incremental impact.

2. Upstream Clamshell Dredging.  All maintenance dredging from upper Crossover Reach
(see Figure 1) upstream will be dredged by clamshell dredge.
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3. Downstream Dredge Timing Avoidance Measures.  Dredging in South and Lower
Crossover Reaches may be done by any method from the beginning of the calendar year
until 31 May. From 1 June to the end of the calendar year, South and Lower Crossover
Reaches will be dredged only by clamshell dredge. Bar and Entrance Channel dredging
will also be completed by 31 May. Dredge timing may be reconsidered based on future
crab population monitoring.

4. Minimal Dredging.  Only the minimal amount necessary for navigation needs will be
dredged, regardless of government hopper schedules.

5. Emergency Dredging.  Dredging designated as an emergency by the District Engineer
will be considered on a case by case basis, following the Code of Federal Regulations
(33 CFR 337.7) approval and coordination procedures. Shell mitigation for impacts
caused by emergency dredging will follow the same guidelines as impacts caused by
non-emergency dredging.

3.2 Oyster Shell Mitigation
These strategy elements apply to mitigation for past and future impacts, both from GHNIP
construction and incremental maintenance.

6. Mitigation Commitment.  Shell placement will be done for impacts remaining from past
dredging, and for any future impacts.

7. Mitigation Plot Assessment.  The production model produced by the University of
Washington (Armstrong et al. 1996) will be used to calculate future mitigation
production. Young-of-the-year crab will be considered "produced" by the shell plots
when they reach approximately 15.5 to 19 mm, or the J4 molt (fourth molt after
settlement). The same model and production unit will be used to recalculate all past
mitigation production.

3.3 Ongoing Efforts
These elements are needed to promote further avoidance measures, and to keep the crab
mitigation effort current.

8. Continued Excluder Development.  As a possible Corps-wide measure to reduce crab
impacts, development of a crab excluder device for hopper dredges will continue until it
is either 1) considered adequate for use and deployed in Grays Harbor, or 2) considered
to be inadequate for sufficient crab avoidance, and not worthy of further development. A
work plan will be provided to the crab working group each year that outlines the specific
studies and objectives that will be completed during the year. Credit for successful crab
avoidance will be based on field trials and determined by the crab work group.
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9. Crab Population Monitoring.  Trawl surveys for population monitoring of crab
abundance began in September 1996 and will take place for at least three years.
Population density information will be compared with assumptions made in the Dredge
Impact Model (DIM), and may be used to reconsider dredge timing (Element 3). The
crab working group will review the monitoring information after three years to decide if
additional monitoring is necessary.

10. Continued Re-evaluation.  The crab working group will continue to meet at least semi-
annually to reevaluate and/or refine this strategy. Additions and/or modifications to this
agreement may be made by the working group via Strategy Implementation Reports
attached to updated project EA's.
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1. INTRODUCTION

The US Army Corps of Engineers constructed the Grays Harbor Navigation Improvement
Project (GHNIP) in 1990. Project construction included deepening and widening 23.5 miles of
the existing Grays Harbor channel (Figure 1), creating larger turning basins and deepening
existing ship berths. The Environmental Impact Statement Supplement (EISS) completed in 1989
recognized significant impacts to Dungeness crab (Cancer magister) due to hopper and pipeline
dredging. It also described a plan for minimizing crab impacts and replacing those crab actually
lost.

The crab mitigation program, as described in the EISS, was based on several years of research in
Grays Harbor. It was not, however, based on actual dredging or full-scale mitigation experience.
In the several years since project construction, much has transpired: assumptions basic to original
mitigation calculations have proven incorrect; costs used to justify oyster shell placement have
risen significantly; dredging amounts and impacts have varied from those expected; and demand
for sediment for beneficial uses has altered maintenance practices. All these factors together
contributed to a large deficit in the crab mitigation program, with crab impacts rising higher than
expected, and crab replacement falling further and further behind.

To address these disparities, representatives from the Seattle District Corps of Engineers,
Washington Department of Ecology, Washington Department of Fish and Wildlife, US
Environmental Protection Agency, Quinault Indian Nation, US Fish and Wildlife Service, and
the National Marine Fisheries Service convened a Crab Mitigation Work Group to evaluate the
mitigation program. The purpose of this work group was to review the Dungeness crab
mitigation plan developed for the GHNIP, evaluate crab mitigation efforts to date, and devise a
strategy that could be used for future mitigation efforts. This Evaluation Report (ER) and
Revised Crab Mitigation Strategy Agreement (RCMSA) are the initial products of this work
group. They are intended to update the Dungeness crab avoidance and mitigation measures in
light of several years of experience, in order to keep the program relevant to current Corps,
sponsor and agency concerns and to protect and perpetuate the crab resources of Grays Harbor.

2. BACKGROUND

2.1 Project Construction
Widening and deepening of the twenty miles of downstream reach, from the ocean bar to Port of
Grays Harbor Terminal 4 at Cow Point, was started in April 1990 and completed in February
1991. Over 8 million cubic yards (cy) of sediment were removed. The four miles of upstream
reach (from Cow Point upstream to 900 feet above the Weyerhaeuser terminal) have not yet been
deepened. Recent charges to the upstream portion of the project have reduced the amount of
upstream dredging planned from approximately 2.1 million cubic yards to approximately 52,000
cubic yards. This dredging is presently scheduled for 1999 or 2000, depending on the availability
of Federal construction funds. Because Dungeness crab are not regularly found in the upstream
reaches of Grays Harbor, no additional crab impacts are expected from construction of the final
portion of the project.
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Mitigation for construction impacts is funded as part of project construction, which is cost-shared
with the local sponsor (port of Grays Harbor), and which is assessed and carried out separately
from impacts due to project maintenance.

2.2 Project Maintenance
The Grays Harbor Navigation Channel is dredged annually to maintain authorized project
depths. The EISS made a distinction between two categories of maintenance dredging:
incremental and non-incremental. Non-incremental maintenance dredging is the average yearly
volume of sediment dredged from the channel prior to project construction. Incremental
Maintenance (IM) is the additional amount of maintenance dredging necessary to maintain the
widened and deepened portion of the channel. In the EISS, crab mitigation was required only for
IM impacts and not for crabs lost to non-incremental maintenance dredging.
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All maintenance dredging, including mitigation for IM crab impacts, is entirely federally funded,
and is assessed and carried out separately from impacts due to project construction.

2.3 Crab Impacts
In the years before project construction, a research program conducted by the University of
Washington (UW) and Battelle Marine Laboratory investigated Dungeness crab densities and
life cycle in the Grays Harbor estuary and nearshore area and the impacts of dredging on crabs.
With this data, the UW developed the Dredge Impact Model (DIM) to predict the number of
crabs entrained and killed during project construction and maintenance (Armstrong et al. 1987).
The DIM incorporates average seasonal crab densities in either upstream or downstream channel
reaches with a calculated entrainment rate, natural mortality, and dredge type to estimate the
number of crabs lost.  During research, crab densities were found to be higher in the outer
reaches of the channel (South, Entrance and Bar) than in the inner reaches (Crossover, North
Channel, Hoquiam and Cow Point). Also, hopper and pipeline dredges were found to entrain and
kill Dungeness crab at a much higher level than did clamshell dredges.

2.4 Crab Mitigation
The Corps addressed the effect of hopper dredging on Dungeness crab by developing both crab
avoidance and replacement measures. These measures were presented in the 1989 EISS and
included scheduling dredging outside the peaks of high crab abundance and placement of
intertidal oyster shell habitat to produce 0+ (i.e. young-of-the-year or YOY) Dungeness crab.

The use of intertidal oyster shell to enhance habitat was based on studies that found higher
juvenile crab densities in shell beds than on mudflats (Armstrong et al. 1987, 1988; Doty et al.
1989; Dumbauld and Armstrong 1987; Dumbauld et al. 1993; McGraw et al. 1988). The oyster
shell serves as refuge for YOY crab, which settle in late spring and remain in the shell for 2-3
months, then leave the intertidal area for subtidal areas in the estuary or near shore (Armstrong et
a1. 1989).

Full scale oyster shell mitigation for Dungeness crab mortalities due to construction dredging
began during 1992. Approximately 10,000 cubic yards (cy) of clean oyster shell were spread
over 8 hectares (20 acres) of intertidal area in two locations in Grays Harbor that spring. Impacts
to crab due to IM dredging began in 1991, and shell plots for IM mitigation have been placed
annually from 1994 to 1997. A shell plot for mitigation of additional impacts due to the 1995
Section 111 Beach Nourishment project was placed in 1998. A total of approximately 35
hectares (87 acres) have been placed for these IM crab impacts to date.

3. PROBLEMS

Many aspects of the GHNIP have changed since the 1989 EISS, and many of the original
assumptions made about dredging practices and oyster shell mitigation have proved to be
erroneous and/or difficult to achieve.
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3.1 Dredging Impacts
Construction dredging and crab impacts were approximately what was expected in the EISS.  For
construction, the DIM predicted that the equivalent number of 2+ crabs lost to dredging would
range from approximately 97,000 to 169,000.  Actual losses, estimated using crab density data
taken monthly during the construction period, were approximately 161,600 age 2+ crabs
(Armstrong et al 1991).

Total incremental maintenance dredging amounts have been approximately as they were
expected in the EISS, but crab impacts have been much higher (Figure 2.)  For IM dredging from
1991 through 1994, the DIM predicted the equivalent loss of 48,000 age 2+ crab.  But actual
losses to IM dredging from 1991 through 1994 reached almost 162,000 2+ crab (Table 1).

6,780 cy

74 ,511

crab7,565 cy   

138 ,602

 crab

CY DREDGED 2+ IMPACTS 

PREDICTED IN EISS

ACTUAL

Figure 2.  IM dredging impacts, 1991-1997.  Although dredging amounts have been only
slightly higher, impacts to crabs have been over twice as high as expected in the EISS.

Several factors have contributed to the high number of crab impacts for IM dredging.  First, the
entrainment rate used in the DIM was changed after the EISS was prepared but before GHNIP
dredging began.  The entrainment rate, or the ratio of available crabs actually picked up with
sediment during dredging, is an important factor in the DIM and significantly affects results
(Conquest 1989).  It was changed based on collection of additional data and analysis by outside
statisticians.  Although the entrainment rate was increased only slightly, this change resulted in
higher crab impacts per cubic yard dredged than was estimated in the EISS, and these increases
have added up over time.  Almost 50% of  the unexpectedly high impacts can be attributed to
this change.
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The second major factor contributing to high IM crab impacts is the season in which outer
reaches of the Grays Harbor Channel have been dredged.  Based on trawl surveys done during
the 1980’s, crab densities--and thus crab impacts--are much higher during the summer and fall
than during the spring in these reaches.  In the EISS, it was assumed that all dredging in South,
Entrance and Bar Reaches would be completed by the end of May, and this was one of the
mitigation measures planned to reduce crab mortalities.  In reality, and for many complex
reasons, most dredging in those reaches has been actually accomplished during summer and fall
months.  These seasonal changes account for most of the remainder of the unexpectedly high
impacts.

Table 1.  Expected and actual IM dredging and crab impacts for maintenance dredging
from 1991-1997.  Crab impacts are as estimated by the DIM.  Negative impacts can occur
with credit given for clamshell dredging (Strategy Element 1).

CY DREDGED
(in thousands)

2+ IMPACTS

YEAR PROJECT
PREDICTED

IN EISS ACTUAL
PREDICTED

IN EISS ACTUAL
1991 O&M 1,140 1,106 13,920 41,610
1992 O&M 1,140 1,932 12,644 50,502
1993 O&M 1,140 958 11,369 31,956
1994 O&M 1,140 682 10,098 12,461
1994 Breach fill 0 600 0 24,978
1995 O&M 740 535 8,827 1,776
1995 Beach nour. 0 6 0 436
1996 O&M 740 1,061 8,827 -1,447
1997 O&M 740 685 8,827 1,744

TOTALS 6,780 7,565 74,511 164,016

Some of the dredging outside of preferred spring months was due to use of dredged material for
erosion protection projects that were not anticipated during planning for the GHNIP.  These
projects included the South Beach and Half Moon Bay Berms, South Jetty Breach, and Westport
Section 111 Beach Fill.  In these cases, dredging schedules were driven by requirements of the
nearshore and beach fills and not by potential crab impacts.  These projects also contributed to
higher impacts in other ways:  they required more material than would otherwise have been
dredged out of the navigation channel, and there were additional impacts due to placement
equipment.

In some cases, dredge scheduling may not make much difference in the total number of crabs
killed, but it can make a big difference in the amount of mitigation required. For the 1994 breach
fill, much of the dredged material was taken out of the South Reach after routine maintenance
had already been done for the year. The following year very little maintenance dredging was
necessary, and over a two year period the amount dredged was as expected. If the dredging had
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been done evenly over the two years, the amounts would have all been non-incremental
maintenance, and would not have contributed to IM impacts. But by dredging the entire amount
in one year, the additional amount was entirely IM dredging, and thus required mitigation.

Other reasons that have contributed to dredging during the periods of high crab abundance
include problems with scheduling of the government hopper dredges, which often are used for
dredging the outer reaches, and the previous belief that oyster shell placement was efficient
enough to increase dredging flexibility over adhering to the timing schedule.

3.2 Shell Supply and Price
In the EISS, the shell purchase and placement cost was assumed to be $12 per cubic yard with a
ready shell supply that would provide adequate competition. Since project initiation, shell prices
have risen dramatically, and shell plot construction has been much more expensive the originally
predicted. Cost for building the shell plots has increased by five to eight times over the predicted
cost.

3.3 Shell Retention and Maintenance
The original mitigation plan assumed that the shell plots would retain a useful life of eight years,
with slightly declining production each year, and with harrowing once after year three that would
recover up to 75 percent of any sunken shell. Monitoring results for the shell plots have shown
that much of the shell sinks into the mud within the first season, much faster than predicted by
the mitigation plan. In addition, harrowing was found during early trials to be infeasible.

3.4 Crab Production on Shell Plots
Based on initial pilot studies, it was estimated in the EISS that each square meter of shell cover
could produce ten 0+ crabs. Studies subsequent to the EISS but prior to the first full scale shell
placement suggested that crab densities had been previously under-reported, and that densities of
0+ crabs on test plots were typically between 30 and 100 crabs per square meter (Armstrong et
al. 1991). Although crab "production" was not defined in the EISS, the Corps and agencies
agreed, based on Armstrong's 1991 study, to assume use by 20 crabs per square meter as the
basis for deciding how much shell to place. The monitoring plan agreed to at the time of the first
shell placement assumed that the total number of 0+ crab estimated to be on the mitigation sites
in August of a given year would be the number of crabs produced.

Crab densities proved to be similar to what Armstrong et al. (1991) had predicted--but only
during the first summer following spring placement of the oyster shell (Figure 3).
Approximately 90% of all crabs produced have been produced in the first year of shell
placement.  In following years, not only did most of the shell either sink or become buried, the
remaining shell produced much lower densities of 0+ crab.  No controlled studies have been
done to determine the cause for this decline in production, but observation and circumstantial
evidence suggest two main reasons.  First, remaining shell is often “silted in,” which may reduce
the three dimensional complexity of the oyster shell and thus much of its habitat value.  Second,
by the year after placement, the shell has often been colonized by the green shore crab
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(Hemigrapsus oregonensis).  These crab inhabit the shell plots year round, and evidence suggests
that not only do they compete with juvenile Dungeness for available habitat within the shell
plots, but settling Dungeness may actually avoid areas already colonized by shore crab (Visser
1997).
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Figure 3.  Production of YOY crab drops off dramatically after the shell placement year.

3.5 Land Base Issues
At project conception, it was assumed that each mitigation plot would produce crab for eight
years, and then could be covered again with another layer of shell, which again would produce
crab for eight years.  It was also assumed that suitable land (i.e., mud flats with firm substrate,
low ghost shrimp densities, and no eelgrass) would be available for any shell plots needed.  With
reuse of existing plots, it was initially believed that only 20 hectares of land would be needed for
the life of the mitigation program.

But with impacts higher than expected, shell placements only producing crab for one year, and a
hesitancy to place new shell on old plots already colonized with shore crabs, the amount of land
necessary for shell placement has skyrocketed.  By 1995, shell had already been placed on 25
hectares of intertidal land; by 1997 that amount has almost doubled. Because shell sank most
rapidly at the North Bay Pacman site, all shell since 1992 has been placed in the vicinity of the
South Channel area that was originally identified as suitable. Private ownership of lands to the
west of this area preclude additional shell placement there; state lands east and north of the
existing area are not easily accessible by placement barges. No other parts of the bay were
originally identified as suitable for shell placement. Though there may be strategies to reuse land,
or to use land not originally identified as suitable, it is clear that available land may be a limiting
factor in future shell placement.
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4. STRATEGY SOLUTIONS

The work group was initially formed because it was clear that the crab mitigation program as
envisioned in the EISS was not working. The strategy eventually developed by the work group
takes into account lessons learned to date in the shell mitigation program and dredging programs.
It is an attempt to balance the cost of Grays Harbor maintenance dredging and mitigation with
the associated risk to the Dungeness crab resource. Maximizing avoidance of crab impacts
during maintenance dredging and minimizing oyster shell mitigation to replace lost crabs were
major objectives of the strategy. Though new methods of avoidance and mitigation were
considered by the work group, no suitable alternatives were identified. The strategy is based on
the following principles:

1. Strategy must address the current mitigation deficit and provide an adequate assurance
of minimizing future impacts to Dungeness crab.

2. Strategy must consider problems within the framework of the mitigation agreements in
the 1989 EISS. These include assessing impacts with the Dredge Impact Model.

3. Dungeness crabs must be protected to at least the level provided in the 1989 EISS.

4. Economic costs must be considered in the strategy.

5. Strategy must be responsive to new scientific information and technical advances.

The strategy has ten elements that are itemized in the RCMSA. This section documents some of
the lessons learned during six years of biological monitoring and shell placement and dredging
experience, and describes how the strategy addresses the problems outlined above.

4.1 Dredging Impacts.
4.1.1  Strategy Elements.  Because construction dredging impacts are already completed, the
strategy elements that address reduction of crab impacts focus on maintenance dredging, as
follows.

Element 1.  Credit for Dredging Method Avoidance.  If a clamshell dredge is used in
Crossover or South Reaches, all crabs "saved" in the non-incremental yardage by not using
a hopper dredge will be credited against past and present maintenance impacts.

Element 2.  Upstream Clamshell Dredging.  All maintenance dredging from upper
Crossover Reach (see Figure 1) upstream will be dredged by clamshell dredge.

Element 3.  Downstream Dredge Timing Avoidance Measures.  Dredging in South and
Lower Crossover Reached will be done by any method from the beginning of the
calendar year until 31 May. From 1 June to the end of the calendar year, South and
Lower Crossover Reaches will be dredged only by clamshell dredge. Bar and Entrance
Channel dredging will also be completed by 31 May. Dredge timing may be reconsidered
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based on future crab population monitoring.

Element 4.  Minimal Dredging.  Only the minimal amount necessary for navigation needs
will be dredged, regardless of government hopper schedules.

Element 5.  Emergency Dredging.  Dredging designated as an emergency by the Corp's
District Engineer will be considered on a case by case basis, following the Code of
Federal Regulations (33CFR337.7) approval and coordination procedures. Shell
mitigation for impacts caused by emergency dredging will follow the same guidelines
as impacts caused by non-emergency dredging.

4.1.2.  Discussion.

Clamshell Dredging.  Of the 3 million cy of maintenance material dredged annually from Grays
Harbor, approximately 65 percent is non-incremental maintenance, and is thus not subject to crab
mitigation. This portion of the current maintenance dredging has been responsible for two-thirds
of the annual crab loss from dredging entrainment, a loss of 8 to 15 thousand adult Dungeness
crab in Grays Harbor each year (US Army Corps of Engineers 1989). Hopper dredging in the
South, Crossover, and North Channel Reaches caused most of these losses. A clamshell dredge
entrains 95 percent fewer crabs than hopper or suction head dredges. It also kills fewer of the
crab that it entrains. Depending on crab size, a hopper dredge can kill up to 86 percent of the
entrained crabs, while a clamshell dredge kills about 10 percent of the entrained crabs.

Use of a clamshell dredge in the outer reaches of the channel has always been the preferred
method of crab impact avoidance. However, clamshell dredging is not safe or feasible in the Bar
and Entrance Reaches, where most of the IM impacts occur. Clamshell dredging is the norm for
upstream reaches (Cow Point and Hoquiam) because of water quality constraints and cost. But,
although clamshell dredging is theoretically feasible in Crossover and South Reaches, hopper
dredging is much lower in cost due to the close proximity of the disposal areas. Also, water
conditions get increasingly difficult for a clamshell dredge to perform as dredging proceeds
towards the more exposed outer harbor. The "credit" concept is an attempt to offset some of the
increased costs of downstream clamshell dredging while avoiding more crabs. Credit is expected
to reduce but not eliminate the need to replace crabs lost by maintaining the navigation channel.

Reduced Dredging.  In the last few years, the amount of dredging needed to maintain project
depths in the outer reaches of the Grays Harbor Channel has declined. This is apparently due to
the stabilization of the navigation improvement project side slopes and to long term coastal
erosion trends, and it is anticipated that needed dredging will continue to decline. This decreased
dredging will greatly reduce crab impacts. However, the clean, sandy sediment found in these
reaches is in great demand for beneficial use projects--primarily near shore and on shore erosion
protection for coastal communities--and in the past there has been political pressure to dredge
deeper than is really needed by ship traffic to obtain these sediments. In addition, the Corps
operates two hopper dredges, and Seattle District in the past has been obligated to use and pay
for these dredges, whether or not the dredging is really needed for the safety of ships using the
channel. Thus, Element 4 of the strategy may seem to be unnecessary, but in fact is an important
commitment in the face of competing priorities.
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4.2 Crab Mitigation.
4.2.1.  Strategy Elements.  These strategy elements address the replacement of crabs lost to
dredging by oyster shell mitigation.

Element 6.  Mitigation Commitment.  Shell placement will be done for impacts remaining
from past dredging, and for any future impacts.

Element 7.  Mitigation Plot Assessment.  The production model produced by the University
of Washington (Armstrong et at. 1996) will be used to calculate future mitigation
production. Young-of-the-year crab will be considered "produced" by the shell plots when
they reach 15.5 to 19 mm, or the J4 molt. The same model and production unit
will be used to recalculate all past mitigation production.

4.2.2.  Discussion.
Commitment.  Prior to work group discussions, the Corps requested a re-examination of crab
mitigation procedures before doing further shell mitigation, due to the unexpectedly high costs
and shell and land limitations. But an analysis done by the University of Washington (Armstrong
et at. 1996) suggested that counting crabs in August probably has underestimated crab
production on the mitigation plots. They developed a model that takes into account multiple crab
settlements over one season, and the assumption that crabs leave the intertidal shell plots for
subtidal areas when they reach the J4 molt. When crab production was reevaluated with the UW
model, it showed that the shell mitigation deficit was smaller than originally calculated. It also
showed that shell mitigation for future impacts could potentially be done at a more reasonable
price, and with less needed land, than originally believed. With this new understanding, the
Corps was able to continue shell mitigation.

Selection of the Production Unit.  During negotiations for this strategy, discussions were held to
determine a "production unit" or a scientific estimate of what size/age crab were to be considered
finished products of the mitigation plots. The "production unit" in this sense was to be the best
estimate of the size/age that YOY crabs moved off the plots into subtidal areas. Based on data
collected by both the UW and the COE, Armstrong et al. (1996) suggested use of either the 13 or
14 molt (the 3rd or 4th molt after YOY crab settle to the substrate). They were unable to select
one molt due to discrepancies in data collection methods, and to apparent interannual variations
in plot use.

Also relevant to this discussion was the size of crab that was presumed "lost" in the DIM. The
group wanted to make sure that crabs replaced equaled crabs lost, at least theoretically. In other
words, replacing l00 J4 crabs with 100 J3 crabs would be under mitigating, or vice versa. It was
decided that the scientific evidence, as well as personal observations by several members of the
group, supported the assumption that most crabs in most years did not leave the intertidal
mitigation plots until the 14 molt. This assumption also corresponded with the average size used
in the DIM for 0+ lost to dredging.

Production Model.  The UW model is basically a simple spreadsheet. The only data needed to
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calculate crab production in a given year is the number of 12 crab (9-12 mm carapace width).
With a calculated mortality rate from 12 to 14, the model returns the number of crabs expected to
live long enough to leave the mitigation plots. These crabs are assumed to be crabs that would
not have survived without the mitigation plots, and that will survive at the same rate as other crab
produced in the estuary, and are thus "produced" by the mitigation.

4.3 Ongoing Efforts.
4.3.1. Strategy Elements.  These elements are needed to promote further avoidance measures,
and to keep the crab mitigation effort current.

Element 8.  Continued Excluder Development.  Development of a crab excluder device for
hopper dredges will continue until it is either 1) considered adequate for use and deployed
in Grays Harbor, or 2) considered to be inadequate for sufficient crab avoidance, and not
worthy of further development.

Element 9.  Crab Population Monitoring.  Trawl surveys for population monitoring of
crab abundance began in September 1996 and will take place for at least three years.
Population density information will be compared with assumptions made in the Dredge
Impact Model (DIM), and may be used to modify this model. Resulting information may
be used for reconsidering dredge timing (Element 3).

Element 10.  Continued Re-evaluation.  The crab working group will continue to meet at
least bi-annually to reevaluate and/or refine this strategy. Additions and/or modifications to
this agreement may be made by the working group via Strategy Implementation Reports
attached to updated project EA's.

4.3.2. Discussion.   

Excluder.  A draghead excluder is a modified draghead on a hopper or suction dredge that acts to
exclude Dungeness crab and other marine organisms from being sucked up by the dredge. There
has been strong support to develop a Corps-wide draghead design that would successfully reduce
or eliminate entrainment of marine animals, and this method of avoidance was favored over
other mitigation during initial GHNIP discussions. However, initial designs either did not
exclude crabs, or could not withstand dredging conditions.

In recent years, the Corps' Portland District has led the development of the modified draghead.
After several years of testing and modifications, a prototype excluder has been field-tested and is
currently being refined. Preliminary results from field tests in 1994 and 1995 showed that the
excluder may reduce crab entrainment (Shaw 1996). The 1994 data showed a reduction in
sandlance and fish. The 1995 data showed that the excluder entrained a lower number of 0+ crab,
fish, and shrimp. However, for an excluder to reduce crab impacts by any appreciable amount, it
must exclude adult and older juvenile crabs as well as 0+ at a fairly high rate of efficiency. The
next stage of excluder development is to construct and test a prototype for the largest
government dredge, the Essayons, and to continue biological testing on that dredge.
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Population Monitoring.  During the 1980's, much work was done to investigate the abundance
and distribution of Dungeness crab in Grays Harbor and near shore areas (Armstrong et al.
1984,1985, 1986; Dumbauld et al. 1987; Stevens and Armstrong 1984), age class distribution
(Armstrong et al. 1985,1986), and seasonal movements (Armstrong et al. 1987). Some of the
main conclusions from those studies include:

1. no reproduction takes place in the estuary;
2. females extrude and carry fertilized eggs entirely near shore;
3. eggs hatch and zoeal larvae and most stages of the megalopal larvae develop near shore,

not in the estuary;
4. advanced stages of the megalopal larvae enter the estuary from May through June;
5. older crab immigrate into the estuary in early summer;
6. significant populations of several juvenile age classes (0+ from megalopal larvae

settlement or 1 + crab immigration) use the estuary for one or two summers of growth;
7. crabs emigrate from the estuary in late summer through fall as relatively large juveniles

approaching sexual maturity (> 1 +); and
8. crab larvae settle and develop to sexual maturity near shore.

This work established that the Grays Harbor estuary is used by Dungeness crab as a nursery
habitat, and that crabs move between the estuary and near shore areas at different life stages.
Little is known about when crabs move into and out of the estuary, whether the navigation
channel acts as a corridor to concentrate crab during this movement, or if the crab move at
certain times based on physical or biological factors. These studies also made it apparent that
dredging during seasons of low abundance greatly reduces crab loss.

However, these studies included very few trawls from the Bar Channel, and none at all from the
Entrance Channel. For the DIM, South Reach data were averaged with the limited Bar data to
estimate densities in all three outer reaches. But these three reaches all have quite different
habitat characteristics, and may be used quite differently by crab. Further efforts to assess crab
abundance; and movements in these areas will allow hopper dredging to be scheduled more
accurately at times when crab impacts could be minimized or avoided, and to make any
necessary adjustments to the DIM.

For this element, crab population data is being collected for the Bar, Entrance and South Reaches
for at least three years. The purpose of the monitoring is to determine the seasonal abundance of
crab (0+, 1+, >1+) in these reaches more accurately throughout the year and over time. Trawls
are conducted monthly except when weather and/or safety conditions prevent them. At least four
trawls are taken in each reach (South, Entrance and Bar) each month; trawls are split evenly (to
the extent possible) between high and low slack tides. Data from the first 2 years of population
monitoring is presently being analyzed, and any adjustments found necessary will be made to the
trawl program. After three years, data will again be analyzed and decisions about whether further
trawl studies are necessary, and if or how to modify dredge schedules, will made by the work
group

Continued Re-evaluation.  Many factors contribute to the need to make this strategy dynamic.
While much is known about crab abundance, distribution, and movement in Grays Harbor, our
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knowledge is still far from complete. Some examples of project uncertainty that may contribute
to changes in this agreement include:

• The DIM has some parameters based on professional judgment and others with large
confidence intervals.

• The estuary is dynamic and may be undergoing changes that could affect Dungeness crab
distribution, abundance, and biology.

• Shell prices or other placement prices could change, making mitigation measures more or
less expensive.

This element proposes to make the strategy dynamic by considering and adjusting the strategy
concepts over time. Issues will be discussed during biennial meetings. Any clarifications,
additions, changes, or amendments will be documented via special report, and attached to an
updated Environmental Assessment (EA). These reports may be prepared by any member of the
work group, although each must be signed by all signatory agencies before taking effect.

5. CALCULATIONS

Many assumptions and details have gone into the calculations that form the basis for this
agreement. In this section, those will be detailed to the extent possible so that all methods are
available for public and agency scrutiny, and so that future calculations can remain consistent.

5.1 Dredging Impacts
The DIM assesses the number of crab of different age groups lost to dredging, and normalizes
these losses to the number of 2+ crab lost. Input includes the number of cubic yards dredged, the
reach dredged, and the method of dredging. Other components that are frequently modified are
crab densities (when real time data is available) and mortality assumptions (when disposal is
other than in open-water sites).

To calculate impacts, only incremental maintenance amounts dredged are entered into the DIM.
Non-incremental maintenance amounts have been calculated by taking the average maintenance
amount dredged, by reach, from 1981-1989. Incremental maintenance is the amount dredged
over these thresholds, by reach, in any given year.

Because dredging can overlap seasons, a decision must be made about which season the
"incremental" portion of the dredging was accomplished. In all calculations to date, incremental
dredging has been spread proportionally across seasons. For example, assume 650,000 cy were
dredged from Cow Point in a given year, with half dredged in winter (January-March) and half
dredged in spring (April-May). The non-incremental amount allowed in Cow Point is 374,000
cy; the remaining 276,000 cy is the incremental portion and must be mitigated for. In this case,
half of the incremental portion (138,000 cy) will be assigned to the winter, and half to the
summer.

Dredging credits are also calculated using the DIM. The total amounts dredged by clamshell (in
Crossover and South Reaches only) are entered in the model as if the dredging was actually done
by hopper. Dredging is assumed to have taken place in the actual season dredged. For example,
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if 250,000 cy are dredged by clamshell in South Reach in July, no losses are tallied because none
of the dredging was incremental maintenance. But the 250,000 cy is entered in the DIM as if this
amount was dredged by hopper in the summer, and the resulting 2+ impacts are subtracted from
the total impacts. When the volume dredged in a particular reach is less than its non-incremental
volume, then the actual dredge volume is used to calculate the credit. When the dredge volume is
greater than the non-incremental volume then the maximum non-incremental volume is used to
decide the credit. Dredging credits are then subtracted from dredging impacts.

5.2 Crab Mitigation
The goal of crab mitigation is to return an equivalent number of crab to the crab fishery as were
lost to it. These “replacement crabs” are not returned to the fishery in the same year they were
lost to it.

To determine the amount of oyster shell habitat required for mitigation, the following steps are
followed:

1. The number of YOY crab needed to replace the adults lost to the fishery is determined
by dividing adults lost by 0.017, which is the estimated natural survival from settlement
to winter of the 2+ year (Armstrong et al. 1987).

2. The number of juveniles needed is divided by the average production to get the number
of square meters of shell cover needed to produce them.

3. The resulting number of square meters is divided by the number of years of shell plot
life.  For 1992 and 1994 placements the life of a shell plot was assumed to be 8 years;
that assumption has been reduced to one year.

4. Result is amount of area needed for oyster shell mitigation.

6. IMPLEMENTATION PLAN

The RCMSA has been implemented according to the attached plan since the beginning of Fiscal
Year (FY) 1997. Status and methods are detailed below.

6.1 Construction
Although no more impacts are expected due to construction dredging, there is still a deficit of
crabs killed during initial construction that have yet to be replaced with mitigation. It was
estimated that approximately 9.5 million 0+ crabs would be needed to replace all crabs lost to
construction. Shell was placed in 1992 to mitigate for those impacts at two sites (Pacman and
South Channel) but, through fall of 1997, only about 3.65 million 0+ crabs have been produced
at those sites (Table 2).

Settlement of juveniles on the shell plots varies greatly from year to year, due to a multitude of
environmental factors that are difficult to predict. Since oyster shell mitigation began, production
of J4 0+ has ranged from 6 crabs m-2 in 1997 to 65 crabs m-2 in 1991. On the 1992 construction
mitigation plots, production was approximately 31 crabs m-2 on the Pacman site and 40 crabs m-2

on the South Channel site. But production has been much lower in recent years on the IM
mitigation plots, leading to caution about assuming that a specific amount of production will
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occur in any specific time frame.

Table 2. Status of construction deficits and mitigation.
0+

Impacts
0+

Produced
0+Remaining

to
Mitigate

Approx. ha
needed

(32 crabs m-2)

Approx. ha
Needed

(19.5 crabs m-2)
9,503,588 3,646,900 5,856,688 18.3 30.0

Because construction accounts need to be finalized within the next few years, it was necessary to
determine an "endpoint" for construction mitigation prior to actual implementation, assuring that
impacts are adequately mitigated while defining an end to the Corps' obligation. To this end, an
initial plan and contingency plan were formulated. The Corps will initially place 20 hectares of
shell over a 2-year period, which will produce the balance of crab mitigation if average crab
production (32 crabs m-2) or better occurs. If there is less than average crab production during the
two years, shell placement on up to an additional. 10 hectares in the third year will complete the
required crab mitigation, irrespective of total production. This contingency plans assumes that
average crab production over the three years will be (19.5 crabs m-2). Though production could
conceivably fall below this target, the work group agreed that this 50% level of contingency was
a reasonable compromise, and that further shell placement beyond 30 hectares would not be
required. If there is higher than average crab production during the initial two years, the required
mitigation will be met as soon as the necessary crab production is achieved. If more crabs are
produced by this placement than are needed to eliminate the construction deficit then the
“surplus” will be credited to the IM deficit.  The Corps reserves the right to adjust annual
placement amounts based on shell availability and other variables within the 20-30 hectare
placement discussed above.  This effort will complete all crab mitigation requirement for GHNIP
construction.

Final crab mitigation will begin in the spring of the fiscal year in which federal construction
funds become available (most likely 2000), will be accomplished with one contract, and will take
up to three years to complete.  After this period, the construction accounts will be closed, and no
additional funding will be required for further shell mitigation or monitoring for construction
impacts.

6.2 Incremental Maintenance.
6.2.1  Dredging.  A two year contract for maintenance dredging was let in 1997 that requires the
contractor to abide by all timing and dredging plant restrictions.  All future contracts and/or
agreements will also require performance in accordance with strategy agreements and objectives.

6.2.2  Mitigation.  Estimated future O&M mitigation requirements are much less than in the past
for three main reasons:  1) reduction in anticipated maintenance dredging in the outer reaches
due to coastal erosion, 2) credit for the clamshell dredging, and 3) the UW formula for measuring
mitigation success.  Table 3 summarizes all maintenance dredging data collected through 1997,
and projects maintenance dredging mitigation requirements until the end of the 50 year project
life.
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Table 3.  Status of IM deficits and mitigation through 1997.

Impact Year
0+

Impacts
0+

Produced
0+ Remaining

to Mitigate
Approx. ha

needed
(32 crabs m-2)

1991-1997 (actual) 9,648,000 6,086,472 3,561,528 11.1
1998-2040 (estimated) 4,023,899 0 4,023,899 12.6

Total 1991-2040 13,671,899 6,086,472 7,585,427 23.7

At a rate of approximately 10 hectares per year, IM mitigation will require another three years of
shell placement.  However, these placement estimates are for planning purposes only and should
not be interpreted as the mitigation commitment.  As always, the remaining mitigation
commitment will be based on the accumulated crab impacts and the number of crab actually
produced by the shell plots.  Placement years will be coordinated with the work group.

6.2.3.  Excluder Testing.  Field testing done in 1994 and 1995 was aboard the Corps dredge
Yaquina, the smaller of 11 the two west coast Corps dredges. But most nearshore dredging,
where the majority of IM impacts occur, is done by the larger dredge Essayons. Since 1995, a
larger prototype of the excluder was built, along with a sampling device for the deck of the
Essayons.  However, planned field sampling in 1996 and 1997 was not accomplished, because
the Essayons was used in areas of low crab abundance. Sampling has again been scheduled for
1998 on the Essayons, and sampling will focus on taking enough samples to test the exclusion of
older crabs.

6.2.4.  Population Trawling.  Monthly trawling samples in the South Reach, Entrance and Bar
Channels began in September 1996, and will continue through September 1999. Data collected
to date are presently being analyzed, to assure that the sampling design is appropriate for the
questions asked, and to identify any early trends.
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GRAYS HARBOR CRAB MITIGATION PROGRAM

ENVIRONMENTAL ASSESSMENT

Grays Harbor Navigation Improvement Project
Grays Harbor, Washington

September 1998

1. INTRODUCTION

The 1989 Final Environmental Impact Statement Supplement (EISS) for the Grays Harbor
Navigation Improvement Project (GHNIP), is hereby incorporated by reference. That document
described the placement of oyster shell for juvenile Dungeness crab (Cancer magister) habitat as
mitigation for crab impacts due to channel dredging. It also described some methods for avoiding
crab impacts during dredging. Environmental Assessments (EAs) addressing plans and
coordination specific to each full scale shell placement were prepared in 1992, 1994, 1995, 1996
and 1997, and those are incorporated by reference. EAs addressing maintenance dredging plans
specific to each year have been prepared annually through 1997, and those are also incorporated
by reference.

Since 1995, an interagency work group has met to evaluate and update the crab mitigation
program. This EA evaluates modifications made by this group to the crab mitigation program,
and includes the workgroup's resulting Evaluation Report and Crab Strategy Agreement. All
references are available at the Seattle District office for inspection and use in connection with
this EA.

2. AUTHORITY

The original Grays Harbor navigation channel was authorized by Congress in the Rivers and
Harbors Act of 3 June 1896. Planning studies for the Grays Harbor Navigation Channel
Improvement Project were initiated under resolutions dated 21 October and 30 December 1957,
of the U.S. Senate Committee on Public Works, and under resolution by the House of I
Representatives' Committee on public Works on 16 July 1958. The final feasibility report and
environmental impact statement (EIS) was completed in September 1982 and approved in May
1985 by the Chief of Engineers, with minor changes in the recommended plan. The Grays
Harbor Navigation Improvement Project was authorized by Congress on 17 November 1986 in
Section 202 of the Water Resources Development Act of 1986 (public Law 99-662). The Record
of Decision for the final EIS was signed on 18 March 1987. The final General Design
Memorandum (DGM) and EIS Supplement (EISS) was approved on 31 March 1989. Copies of
the authorizing documents are on file at the Seattle District office.
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3. PROPOSED ACTION

The proposed action is as described in the Revised Crab Mitigation Strategy Agreement
(RCMSA) attached to this EA, and is intended to mitigate for crab impacts caused by
construction and maintenance dredging of the widened and deepened portion of the Federal
Navigation Channel. The RCMSA describes methods to avoid and minimize crab impacts during
future maintenance dredging. It also describes how crabs not yet replaced for past construction
and maintenance dredging impacts, and crabs unavoidably lost to future maintenance dredging,
will be replaced. None of the actions described in the RCMSA are new to of the Grays Harbor
mitigation program. The RCMSA merely refines methods used in the past in light of six years of
biological monitoring, shell placement and dredging experience.

4. ENVIRONMENTAL CONSEQUENCES OF PROPOSED ACTION

The RCMSA reduces both crab impacts and oyster shell placement below previous levels, thus
reducing environmental impacts of both dredging and mitigation. Environmental consequences
of dredging and placing oyster shell on mud are as stated in previous environmental
documentation. No impacts to threatened or endangered species will result from the oyster shell
placement.

5. COORDINATION

The entire crab mitigation program was reviewed by a group of agency scientists from the Corps,
Washington Department of Fish and Wildlife (WDFW), U.S. Fish and Wildlife Service
(USFWS), Washington Department of Ecology (Ecology), the Quinault Indian Nation
(Quinault), the Environmental Protection Agency (EPA) and the National Marine Fisheries
Service (NMFS). This Crab Mitigation Working Group met several times from 1995 to 1998 to
review dredging impacts and crab production on the mitigation plots, to determine whether the
plan as drafted in the EISS was still the desired method of mitigation. The resulting RCMSA and
Evaluation Report describe future impact avoidance and mitigation requirements consistent with
the evolution of the project.
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Grays Harbor Navigation Improvement Project 
Supplemental Environmental Impact Statement 

Public Information Meeting Summary 

A	public	information	meeting	on	the	Grays	Harbor	Navigation	Improvement	Project	was	held	on	
Wednesday,	December	5,	2012,	at	the	Port	of	Grays	Harbor.	The	meeting	took	place	from	6:30	p.m.	
to	8:00	p.m.	in	the	Port	Commission	chambers	at	111	South	Wooding	Street,	Aberdeen,	Washington.	
Approximately	30	people	were	in	attendance.	Comment	sheets	were	provided	for	the	public	to	
provide	written	comments,	and	a	sign‐up	sheet	was	also	available	for	individuals	to	request	
additional	information	about	the	project.	No	one	provided	written	comments	at	the	meeting,	and	
only	one	person	signed	up	to	request	additional	information	about	the	project.	

The	agenda	for	the	meeting	included	a	presentation	by	the	U.S.	Army	Corps	of	Engineers	(Corps),	
Seattle	District	project	team,	followed	by	clarifying	questions	and	a	public	Open	House.	The	Corps’	
project	team	included	Joshua	Jackson,	Project	Manager;	David	Michalsen,	PE,	Coastal	Engineer;	Scott	
Long,	Economist;	Kevin	McKeag,	Biologist;	and	Don	Kramer,	Planner.		Main	topics	addressed	during	
the	meeting	include	

 Project	Authority,	

 Project	Overview,	

 Dredging	and	Dredged	Material	Placement,	

 Economic	Analysis,	and	

 Environmental	Analysis.	

At	the	end	of	the	presentation,	the	meeting	was	opened	to	questions.		Jessica	Winkler,	Chief,	Civil	
Works	Branch,	responded	to	the	few	clarifying	questions	that	were	asked	following	the	
presentation.	The	question	that	elicited	the	greatest	explanation	and	exchange	of	information	
pertained	to	the	relationship	between	the	Supplemental	Environmental	Impact	Statement	being	
developed	for	this	project	and	the	Grays	Harbor	Long	Term	Management	Strategy.		

Following	the	presentation,	some	members	of	the	public	remained	to	review	the	following	poster	
boards	and	converse	with	the	project	team.			

 Project	Purpose	and	Need	and	Project	Description	

 National	Environmental	Policy	Act	Process	and	Schedule	

 Grays	Harbor	Navigation	Project	Features	

 Representative	Cross	Sections	of	Navigation	Channel	

 Photos	of	Dredging	and	Disposal	Site	Placement	

 5‐Year	Growth	at	Port	of	Grays	Harbor	

Copies	of	the	public	comment	form	(Attachment	1),	PowerPoint	presentation	(Attachment	2),	and	
poster	boards	(Attachment	3)	for	the	meeting	are	included	with	this	summary.	A	21‐page	transcript	
of	the	meeting	is	also	available	(Attachment	4).		
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Attachments 

 Attachment	1,	Comment	Form	

 Attachment	2,	PowerPoint	Presentation		

 Attachment	3,	Poster	Boards	

 Attachment	4,	Meeting	Transcript	–	December	5,	2012	



 

Attachment 1 
Grays Harbor Navigation Improvement Project  

Public Information Meeting 
Comment Form 



U.S. ARMY CORPS OF ENGINEERS – SEATTLE DISTRICT 
http://wqww.nws.usace.army.mil 

 

What topics/issues are you most concerned about regarding deepening of the Grays Harbor 
Navigation Channel? 

 

 

 

What pertinent information would you like to have considered in the analysis? 

 

 

 

What topics would you like to see considered in the Supplemental Environmental Impact 
Statement (SEIS)? 

 

 

 
 

Continue comments on other side. 
 
To receive information regarding the Grays Harbor Navigation Improvement Project, please provide us with your 
contact information: 

Name:____________________________________________________________________________ 
 
Address:__________________________________________________________________________ 
 
Email: ____________________________________________________________________________ 
 

Your comments on the information presented today on the Grays Harbor Navigation Improvement Project must be received by 5:00 PM, 

January 4, 2013, in order to be considered during the development of the Draft SEIS. 

Comments may be provided in the following ways: 

1) Completing a comment form and depositing it in one of the comment boxes during this Public Information Meeting  

2) Mailing your comments and any supporting information to Joshua Jackson at the U.S. Army Corps of Engineers, CENWS‐PM‐CP, 

Post Office Box 3755, Seattle, Washington 98124‐3755 

3) Emailing your comments and any supporting information to: Joshua.L.Jackson@usace.army.mil 

 

Public Comment Form  
Grays Harbor Navigation Improvement Project 

Supplemental Environmental Impact Statement – Public Information Meeting  
Wednesday, December 5, 2012 

  



OTHER COMMENTS:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Joshua Jackson, Project Manager 
U.S. Army Corps of Engineers 
CENWS-PM-CP  
Post Office Box 3755 
Seattle, Washington 98124-3755 



Attachment 2 
Grays Harbor Navigation Improvement Project  

Public Information Meeting  
PowerPoint Presentation 

 



US Army Corps of Engineers 
BUILDING STRONG® 

GRAYS HARBOR NAVIGATION 
IMPROVEMENT PROJECT 

Public Information Meeting 
Aberdeen, Washington 
 
Joshua Jackson, Project Manager 
David Michalsen, PE, Coastal Engineer 
Scott Long, Economist 
Kevin McKeag, Biologist 
Don Kramer, Planner 
5 December 2012 



BUILDING STRONG® 

Outline 
 Project Authority 
 Project Overview 
 Dredging and Dredged Material Placement 
 Economic Analysis 
 Environmental Analysis 
 Q&A 



BUILDING STRONG® 

Project Authority 
The Grays Harbor Navigation Channel Project, 
including maintenance of the Federal Navigation 
Channel and South Jetty, North Jetty, Point 
Chehalis Revetment and Groins is authorized 
principally by: 
 River and Harbor Act of June 3rd, 1896 (29 Stat. 202, Ch. 

314),  
 River and Harbor Act of August 30th, 1935 (49 Stat. 409, 

Ch. 831, House Document 53, 73rd Congress, 1st 
Session),  

 as further amended, among others, by the Water 
Resources Development Act of November 17th, 1986 
(Public Law 99-662).  

 



BUILDING STRONG® 

Project Overview 

 1982 – Feasibility Report and Environmental Impact 
Statement (EIS) completed for channel improvement 
below -30 feet mean lower low water (MLLW) 

 1986 - Congress authorized Navigation Improvement 
Project from -46 feet MLLW (Outer Harbor) to -38 feet 
MLLW (Inner Harbor)  

 1989 - Corps completes General Design 
Memorandum: recommended deepening to full depth in 
Outer Harbor and to -36 feet MLLW in Inner Harbor 

 1989 – Corps Completes Supplemental 
Environmental Impact Statement (SEIS) 

 1990-1991 - Phase I deepening completed 



BUILDING STRONG® 

Project Overview 

 2009 - Reconnaissance 905(b) Analysis and Report: 
Documented Federal interest in continuing evaluation of 
implementing the authorized depth of Inner Harbor to -38 
feet MLLW 

 2012-2014 - Limited Reevaluation Report: Will 
document analysis of current economic benefits and 
costs associated with depths of -37 and -38 feet MLLW 

 2012-2014 – Supplemental EIS (SEIS): Will document 
the scope and purpose of the project, alternatives 
considered, and environmental impacts of those 
alternatives. 
 



BUILDING STRONG® 

Project Overview 
1. Federally maintained channel is 

27.5 miles long 
2. NIP project area covers 14.5 

miles channel  (shown in red) 
3. Initial construction NIP dredging 

up to 4.5 million cubic yards 
4. Dredged material placed in 

designated open water sites or 
upland 



BUILDING STRONG® 

Dredging Definition 

Dredge Definition: 
 1. Any of various machines equipped with 

scooping or suction devices and used to 
deepen harbors and waterways and in 
underwater mining. 
 2. Nautical: A boat or barge equipped with 

a dredge. 
 



BUILDING STRONG® 

Dredging Process 

Clamshell dredge 
35 cubic yard bucket 

Scow (bottom dump)  
barge 



BUILDING STRONG® 

Dredging Process 

Suction head  
and drag arm 

Hopper Dredge 



BUILDING STRONG® 

Dredged Material Placement 

Open water placement via barge Upland placement via hydraulic pipeline 



BUILDING STRONG® 

Existing Open Water  
DM Placement Areas 



BUILDING STRONG® 

Economic Analysis 

 “The role of the U. S. Army Corps of Engineers 
with respect to navigation is to provide safe, 
reliable, and efficient waterborne transportation 
systems (channels, harbors, and waterways) for 
movement of commerce, national security 
needs, and recreation. The Corps accomplishes 
this mission through a combination of capital 
improvements and the operation and 
maintenance of existing projects.” -ER 1105-2-
100, Planning Guidance Notebook 
 



BUILDING STRONG® 

Economic Analysis 

Symptoms of Problems: 
• Physical Condition 

• Traffic Delays 

• Light Loading 

• Lightering 

• Safety Issues 
 



BUILDING STRONG® 

Economic Analysis 
The need for deeper channels: 
   The Evolution of Ships 

New Panamax Post Panamax + Post Panamax Panamax 



BUILDING STRONG® 

Economic Analysis 
National Economic Development (NED) 
Benefits Procedures Deep-Draft Navigation 
Manual 9 Step Evaluation Process: 



BUILDING STRONG® 

Economic Analysis 

Information Gathering: 
 Types 

► Inventory 
► Forecast 

 Uses 
► Defines relevant conditions in planning area under various 

scenarios 
 Historic (support rapid & sustained growth) 
 Existing 
 Base year 
 Most likely future with a project 

► Identify constraints 

 



BUILDING STRONG® 

Economic Analysis 

Existing Annual Transportation Costs: 
 Ship operating costs 

 Origin-to-destination costs 

►Transit costs 

►Delay costs 

 Landside/Port costs 



BUILDING STRONG® 

Economic Analysis 

Port Characteristics: 
 Terminals 
 Berthing Depths 
 Terminal Capacities 
 Port Institutions 
 Master Plan 
 Data source - Port Series & Customs Data 

 



BUILDING STRONG® 

Economic Analysis 

Characteristics for Commodities Affected 
by Delays/Capacity: 
 Population  
 Commodity movement 
 Alternative mode information 
 Trading patterns 

 



BUILDING STRONG® 

Economic Analysis 

Cargo: 



BUILDING STRONG® 

Economic Analysis 
Functional Classification of Maritime Cargo in Grays Harbor 

General Cargo  

Break Bulk 

Sacks  
Cartons 
Pallets 
Bags 

Neo-Bulk 

Lumber 
Woodchips 

Pulp 
Autos 

Bulk Cargo 

Liquid Bulk 

Vegetable Oil 
Bio-fuel 

Dry Bulk 

Grain 
Soybean 

Corn & Feed 
Oil Seed 



BUILDING STRONG® 

Economic Analysis 

Vessel Information: 
 Port vessel fleet 
 Vessel size data 
 Vessel operating drafts 

► limited by general navigation features 
► design versus operating 

 Vessel operating costs 
 Vessel capacity utilization 
 Vessel itinerary 
 Light loading analysis 



BUILDING STRONG® 

Economic Analysis 

Data Inputs: 
 Vessel Calls/Characteristics 
 Commodity/Cargo Handling Volumes 
 Origin/Destination  

 



BUILDING STRONG® 

Economic Analysis 

National Economic Development Costs: 
 Construction costs (Combined Federal and non-Federal 

Costs) 
► General Navigation Facilities 

• Project features – tide gauges, jetties, etc.  
• Dredging and disposal 
• Real estate-upland disposal site 
• Mitigation 

► Local Service Facilities 
 Operation and maintenance costs 
 Interest during construction 
 Associated costs 



BUILDING STRONG® 

Economic Analysis 

NED Benefits – Savings in Transportation 
Unit Costs: 

 Cost Reduction Benefit (same origin-destination and same mode).  
► Reductions in costs incurred from trip delays  
► Increased loads in existing ships 
► Reduction in costs because larger or longer tows  
► Reduction in costs because of using larger ships 

 Change in mode benefits  
 Shift of origin-destination benefits  



BUILDING STRONG® 

Economic Analysis 

Other NED/NER Benefits (Include, but not limited to): 
 Recreation 
 Location or land enhancement by filling with dredged material 

(however, there is no Federal investment in a Corps project that is 
intentionally or effectively a land development project and projects 
generally should not use land enhancement as a large incidental 
benefit) 

 Utilization of unemployed or underemployed labor in various 
markets 

 National environmental restoration (NER) benefits, which are 
generally not monetized but appear in the form of additional acres, 
habitat units, fish counts, or biodiversity indices 

 



BUILDING STRONG® 

Environmental Analysis 

1982 Environmental Impact Statement 
(EIS) and Feasibility Report: 
►This initial study established  
the need for, and environmental  
impacts of, improving the safety 
and efficiency of deep draft  
water in Grays Harbor 

 



BUILDING STRONG® 

Environmental Analysis 

1982 analysis included: 
• 24.3 miles of channel improvement (-30 ft to -38 ft) 
• Replacement of Union Pacific Railroad bridge 
• Mitigation of 4 acres of lost shallow water fish 

habitat 
• Mitigation through dredge modification to avoid 

crab mortalities from dredging 
 1982 analysis concluded that further study was 

warranted for crab mitigation, sediment 
management, and disposal site locations 



BUILDING STRONG® 

Environmental Analysis 

1989 Supplemental EIS (SEIS): 
 Project reduced in scope  
and environmental impacts 
  Presented new information on: 

► Crab ecology & mitigation strategy 
► Ecological considerations of ocean 
 disposal areas 
► Evaluation of sediments 
► Native American concerns 
 



BUILDING STRONG® 

Environmental Analysis 

1989 SEIS project scope cont.: 
 Proposed 23.5 miles vs. 24.3 miles, two turning basins 

vs. four 
 11.3M cy of dredge material vs. 17.1M in 1982 
 Modification of UPRR bridge from swing to lift 
 Mitigation for loss of 2 acres of sub-tidal salmon habitat 

by creation of 4 acres plus 18 acres of buffer zone 
(Junction City area) 

 Placement of oyster shell to mitigate for loses to 
harvestable Dungeness crabs 

 



BUILDING STRONG® 

Environmental Analysis 

New Supplemental  
Environmental Impact  
Statement (SEIS): 
 Supplement 1982 and 1989  
documents 
 Focus on comparative evaluation and environmental 
impacts of the selected alternatives 

 
 



BUILDING STRONG® 

SEIS Alternatives 

 Alternative 1: No Action, continue maintenance 
of -36 ft MLLW 

 Alternative 2: Deepen existing channel within 
some or all reaches to a depth greater than -36 
ft MLLW and less than or equal to -37 ft MLLW 

 Alternative 3: Deepen existing channel within 
some or all reaches to a depth greater than -37 
ft MLLW and less than or equal to -38 ft MLLW 
(fully authorized depth) 

 



BUILDING STRONG® 

Environmental Analysis 

 The new analysis will incorporate new and 
updated information and focus on:  
►Dungeness crab and shellfish  
impacts 
►Dredged material disposal 
►Evaluation of sediments to  
be dredged 
►Native American issues (U & A) 
►Endangered species impacts 

 
 



BUILDING STRONG® 

Environmental Analysis 

 Opportunities for public input and 
comment throughout the NEPA process 
 The draft SEIS is planned for release in  

summer 2013 
 Another public forum is planned for late 

summer 2013  



BUILDING STRONG® 

Biological Analysis 

 In addition to NEPA, a separate Biological 
Assessment, in consultation with 
resources agencies, will address any 
project related impacts to Endangered 
Species Act (ESA) listed species  
 



BUILDING STRONG® 

Listed Species in Grays Harbor area: 
►Coastal/Puget Sound bull trout, lower 

Columbia River Chinook salmon, upper 
Willamette River Chinook salmon, Columbia 
River chum salmon, eulachon, southern green 
surgeon, western snowy plover, marbled 
murrelet, eastern stellar sea lion, southern 
resident killer whale, humpback whale, and 
leatherback sea turtle 

Biological Analysis 



BUILDING STRONG® 

Project Schedule 

2012
Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Public Information Meeting 1
Draft SEIS
Draft SEIS Public Review
Public Meeting 2
Final SEIS, and Record of Decision
Draft Limited Reevaluation Report
Project Approval

2013 2014

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Design and Contracting
Construction

20162014 2015

Feasibility Phase 

Design and Implementation Phase (Dependant on Funding) 



BUILDING STRONG® 

Questions? 

 Written comments/questions may be submitted to:  
 Mr. Joshua Jackson, U.S. Army Corps of Engineers,  
 Seattle District, Civil Works Branch 
 P.O. Box 3755, Seattle, WA 98124-3755 
 joshua.l.jackson@usace.army.mil 

 
 For more information on the project visit: 

 www.nws.usace.army.mil 

 



Attachment 3 
Grays Harbor Navigation Improvement Project  

Public Information Meeting 
Poster Boards 



Purpose and Need Statement 
The Grays Harbor Navigation Improvement Project (Proposed 
Project) is located 50 miles west of Olympia on the central coast 
of Washington. The cities of Aberdeen, Hoquiam, Ocean Shores, 
and Westport surround Grays Harbor.  Based on a General Design 
Memorandum dated February 1989, the deep draft channel was 
deepened to -36 feet mean lower low water (MLLW), two feet less 
than the fully-authorized depth of -38 feet MLLW. The Port of Grays 
Harbor has requested deepening the channel the additional two feet 
to better accommodate current vessel traffic for existing Port tenants 
and commodities.  

The purpose of the Proposed Project is to improve the efficiency 
of deep-draft vessel navigation in Grays Harbor.  The Proposed 
Project is needed to alleviate large vessel restrictions imposed by 
the insufficient channel depths.  Ship transportation in the existing 
upstream channel is limited by depth.  Current depths are inadequate 
to accommodate vessels with drafts exceeding -36 feet MLLW.

Project Description

The U.S. Army Corps of Engineers (Corps) is investigating the 
feasibility of deepening the federal navigation deep-draft channel in 
Grays Harbor from the currently maintained depth of -36 feet MLLW 
to the fully authorized depth of -38 feet MLLW. The deepening would 
occur from the South Reach upstream to Cow Point Reach where 
the Port of Grays Harbor Terminal 4 is located. The Grays Harbor 
Navigation Improvement Project (Proposed Project) would deepen 
approximately 14.5 miles of the 27.5-mile channel.

Currently, the Corps removes an average of 1.2 million cubic yards 
of sediment annually from the channel. The dredged material is 
disposed of at various approved disposal sites, including open-
water disposal at the Point Chehalis, South Beach, South Jetty, 
and Southwest disposal sites, as well as beneficial use for beach 
nourishment at Half Moon Bay. Deepening the navigation channel 
to -38 feet MLLW is estimated to require the initial removal 
of approximately 1.8 million cubic yards, and would result in 
removing approximately ten percent more material during annual 
maintenance dredging. The Corps anticipates continuing to dispose 
of maintenance dredged material at the same disposal sites during 
and after implementation of the Proposed Project.

For additional information about the Proposed Project, visit the Corps’ 
website at http://www.nws.usace.army.mil.

Questions can be directed to Josh Jackson, Grays Harbor 
General Investigation Project Manager, at (206) 764-6583 or 
Joshua.L.Jackson@ usace.army.mil. 

GRAYS HARBOR NAVIGATION IMPROVEMENT PROJECT
PROJECT PURPOSE AND NEED  AND PROJECT DESCRIPTION



Project Schedule

2012 2013 2014

Public Information Meeting

Prepare Draft SEIS

Public review of Draft SEIS

Community Workshop (Aberdeen)

Final SEIS and Record of Decision

 

The U.S. Army Corps of Engineers (Corps) will 
evaluate dredging the Grays Harbor Navigation 
Channel to the previously authorized depth of -38 
feet mean lower low water (MLLW) in a General 
Reevaluation Report and will comply with the 
National Environmental Policy Act (NEPA) by 
developing a Supplemental Environmental Impact 
Statement (SEIS) that will tier from the original 
1982 EIS and the 1989 SEIS. 

The Corps anticipates evaluating in the SEIS three 
dredging alternatives.  Each alternative will be 
analyzed assuming with implementation of the 
Grays Harbor Long-Term Management Strategy 
(LTMS) and without implementation of the LTMS.  

Long-Term Ma  Strategy:  The purpose of the 

operations and maintenance LTMS study is to assess if a breach 

of the landmass adjacent to the south jetty may occur, evaluate 

the threat of adverse impacts on the Proposed Project resulting 

from a breach, and, if action is warranted, assess and recommend 

the most appropriate LTMS of authorized Proposed Project 

features. Pending consideration of comments on the draft 

Environmental Assessment, the preferred alternative includes 

initial placement of dredged sand between Half Moon Bay and 

South Beach to reduce risk of breaching and periodic placement 

of sand thereafter.

Alternative 1 (No Action): Continue annual 
maintenance dredging to -36 feet MLLW

 Continue Annual Dredging to -36 feet MLLW 
with LTMS 

 Continue Annual Dredging to -36 feet MLLW 
without LTMS 

Alternative 2:  Deepen existing navigation channel 
within some or all reaches to a depth greater than -36 
feet MLLW and less than or equal to -37 feet MLLW

 Deepening and then Annual Maintenance 
Dredging to -37 feet MLLW with LTMS 

 Deepening and then Annual Maintenance 
Dredging to -37 feet MLLW without LTMS 

Alternative 3:  Deepen existing navigation channel 
within some or all reaches to a depth greater than -37 
feet MLLW and less than or equal to -38 feet MLLW

 Deepening and then Annual Maintenance 
Dredging to -38 feet MLLW with LTMS 

 Deepening and then Annual Maintenance 
Dredging to -38 feet MLLW without LTMS

GRAYS HARBOR NAVIGATION IMPROVEMENT PROJECT

Draft issued 
(summer)

Final issued 
(spring)

NEPA PROCESS AND SCHEDULE

12/5

45 DAYS

Late summer/
early fall



GRAYS HARBOR NAVIGATION IMPROVEMENT PROJECT
GRAYS HARBOR NAVIGATION PROJECT FEATURES
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Clamshell dredge 
(bucket capacity 
35 cubic yards) 
onto bottom 
dump barge 
(4,000 cubic yard 
capacity) at Cow 
Point near Port 
of Grays Harbor 
Terminal #4 
(February 2009). 
Bottom dump 
barge used for 
direct placement 
at open water 
disposal sites. 
Standard barge 
is used for 
upland stockpile/
rehandling.

The Corps hopper 
dredge ‘Yaquina’ 
has its own bottom 
dump capability. A 
hopper dredge with 
pump ashore can 
be used for direct 
upland placement 
for beneficial use/
rehandling. 

Aerial view of 
hopper dredge  
drag arm.

Direct beach pump 
ashore from a 
hopper dredge via 
a floating pipeline 
(over North Jetty of 
Columbia River onto 
Benson Beach, 2008). 
Note sand berms to 
contain material. 

GRAYS HARBOR NAVIGATION IMPROVEMENT PROJECT
PHOTOS OF DREDGING AND DISPOSAL SITE PLACEMENT



GRAYS HARBOR NAVIGATION IMPROVEMENT PROJECT
5YEAR GROWTH AT PORT OF GRAYS HARBOR

 Growth at the Port of Grays Harbor since 2007 includes 
over $200 million in private investments

 U.S. Army Corps of Engineers will consider existing ship 
traffic and cargo orders in its economic analysis related 
to the deepening of the navigation channel

 Examples of benefits associated with deepening the 
Grays Harbor navigation channel include:

Reduction in ship waiting time – A deeper channel 
would reduce the amount of fuel used and crew 
time spent waiting for the correct tide to enter or 
exit Grays Harbor

Efficiencies in loading – A deeper channel would 
allow ships to sail fully loaded, increasing their 
efficiency

2007

2012
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1            MS. DAVIS:  Thank you, everybody, for your

2  patience.  I know we're starting a few minutes late but

3  we wanted to give folks a chance to come in if they were

4  slowed down a little bit because of the weather.  At the

5  same time, we really want to honor your time and the fact

6  that you made it here in time for us to begin our

7  presentation.

8            AUDIENCE MEMBER:  We're thinking just a few more

9  minutes still.

10            MS. DAVIS:  Okay.  If I could ask you for your

11  patience for a few more minutes.

12            AUDIENCE MEMBER:  Just keep going.  It's only

13  Randy Lewis.

14            MS. DAVIS:  Okay.  Right on cue.

15            AUDIENCE MEMBER:  Now we can start over.

16            MS. DAVIS:  So in a word, it was thank you.  So

17  as we begin, there is coffee to your right there.

18  There's also some cookies.  There's one variety that has

19  some walnuts in it and they have been marked as such in

20  case you have any kind of an allergy.  We want to make

21  sure you stay away from them.

22        So we're here tonight - this is actually a public

23  information meeting and we're here to talk with you about

24  the navigation project.  Our format for the evening is

25  going to be a slide presentation on various aspects of
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1  the project followed by an open house.  We'll have some

2  poster boards up around the room and ask you to take your

3  specific questions about various topics to the people who

4  will be at those particular stations afterwards.

5        As we do the presentation, we're going to work our

6  way through it.  I ask you to hold your questions until

7  after the presentation is complete.  And at that time,

8  I'll take clarifying questions from you regarding any

9  aspect of the presentation itself.  Any questions?  Oh,

10  somebody.

11            AUDIENCE MEMBER:  We have to hold them to the

12  end you said.

13            MS. DAVIS:  Thank you.  Thanks for the reminder.

14  So I'm going to introduce you to Josh Jackson, who is the

15  Project Manager for the Corps of Engineers.  And then he

16  will introduce you to the other team members.  Thank you.

17            MR. JACKSON:  All right, everybody.  Thanks for

18  coming.  Like she said, I'm Josh Jackson.  I'm Project

19  Manager with the Civil Works Branch of the Army Corps of

20  Engineers.  We have Dave Michalsen, who's our Coastal

21  Engineer; Scott Long, who's our economist over here; got

22  Kevin McKeag, our Biologist; and Don Kramer down there is

23  our planner.

24            AUDIENCE MEMBER: Josh, could you try to use the

25  microphone?
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1            MR. JACKSON:  Is that better?

2            MR. CALDWELL:  Makes it easier to sing, too.

3            MR. JACKSON:  You don't want that.  All right.

4  All right.  So tonight we'll talk about project authority

5  and overview.  I'll let Dave talk a little bit about

6  dredging.  Scott will get into our economic analysis.

7  And then we'll let Kevin talk about the environmental

8  part.  One too many.

9        So the original navigation channel was authorized

10  over a hundred years ago, 1896.  Since then we've had a

11  couple of reauthorizations, the latest one being in 1986.

12  And that was the result of the 1982 feasibility study to

13  investigate the deepening of channel.  So the

14  authorization in '86 authorized the channel down to -38.

15  But the '89 general design memorandum only found

16  justification for going to -36, so that's what the

17  channel is maintained at today.

18        So about eight years ago the Port came back to the

19  Corps of Engineers and said, "Hey, we'd like to look at

20  deepening the channel the remaining two feet to the fully

21  authorized -38."

22        So we looked at that and said, "Yeah.  That looks

23  like something that we could do."

24        So this is where we are now, working on the limited

25  reevaluation report, which is essentially the economic
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1  analysis to determine justification and the supplemental

2  EIS on those.  So what we're looking at is only the inner

3  harbor from South Reach here to Cow Point.  So that's the

4  reach we're looking at deepening to -38.  And then this

5  is the outer harbor.  We'd be looking at using existing

6  disposal sites as well as possible upland disposal.

7        Dave.

8            MR. MICHALSEN:  Okay.  So hopefully everyone

9  knows what dredging means.  But just in case you don't,

10  there's two ways, either scooping or hydraulically

11  sucking the sandy treasure, as John likes to put it.

12  This is a picture just right off the T4 here at the port

13  harbor of a clamshell dredge 35-yard bucket and a scow

14  bottom dump barge to the left.  This is mechanical

15  dredging.

16        Here is a hopper dredge.  This is our Essayons

17  hopper dredge.  Hydraulic suction head right here and

18  drag arm which basically extends down to the sea floor

19  and vacuums off sand off the seabed.

20        As far as where the material would be placed,

21  there's two options that are currently on the table.  One

22  is open water placement via scow barge or hopper barge

23  with the bottom dump bins.  This is just a laboratory

24  picture of a scow opening up and the sand going down to

25  the bottom here.
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1        Here is upland placement on a beach for beach

2  nourishment.  There may be options to use dredge material

3  beneficially so we're looking into this as well as other

4  areas for mitigation as part of this project.  And this

5  just shows a hydraulic pipeline here pumping the sand

6  onto the beach.

7        Right here, this is our current open water dredge

8  material placement sites.  We don't like to use the word

9  disposal anymore because it's actually a sandy treasure

10  so . . .  But here we have Point Chehalis open water

11  placement site, South Jetty placement site, and then we

12  have two beneficial placement sites at Half Moon Bay and

13  South Beach.

14        For this project, we're - we'd be using primarily

15  inner harbor sediment, which would be coming in the scow

16  barge so we'd primarily be using this Point Chehalis site

17  and South Jetty site because the scow barges can't get

18  out to the South Beach disposal site - sorry - dredge

19  material placement site.  However, for this project, we

20  would be looking at using material from the outer harbor

21  and placing more of the material in this site to get

22  increased capacity for inner harbor sediment at the

23  estuarine sites.

24        Okay.  Scott, you're going to go over the economic

25  analysis.  Thanks.
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1            MR. LONG:  See if I can get this thing back in.

2  I'm pretty loud so I shouldn't have to carry that around.

3  Plus I have lots of slides with lots of notes on it.

4  Like he said, my name is Scott Long with the Army Corps

5  of Engineers.  And I'm going to be doing the economic

6  analysis for this project.  And today I'm just going to

7  give you a brief overview of how we do our core analysis.

8        Right now you can see up there our economic

9  analysis.  This is the basis.  One of our key missions or

10  the role for the Army Corps of Engineers is navigation.

11  And that is to provide reliable and efficient waterborne

12  transportation for the nation.

13        So what happens is a sponsor comes to us and says,

14  "We have some kind of problem," whether that be a

15  physical conditions, traffic delays, some light loading,

16  maybe some debris, things of that nature.  And they ask

17  us for some help.  And we try to provide that.

18        This isn't necessarily a problem but this is one of

19  the things that plays hand in hand with a lot of these

20  deep draft navigation studies is there's a history of

21  deep draft vessels.  There's a trend for those to get

22  bigger and more efficient over time.  So what's happening

23  is the ships are getting bigger but the channels are

24  staying the same, and some may be getting smaller.

25  Depends on how much O & M is actually taking place;
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1  right?

2        So this is the nine-step process that I'm going to

3  be using or going through with the Corps of Engineers.

4  And it's actually very iterative.  And there's not a

5  single step that is more important than the others.  But

6  some may take a little more time than the others.

7        And as you see, the National Economic Development,

8  NED, when we talk about NED, what I'm talking about is

9  the benefits and contributions to the nation that

10  increase the value of the national output of goods and

11  services.  Another way of putting that is benefit - it's

12  the benefits that accrue to the nation by facilitating

13  commerce.

14        So this is one of the nine-step processes that I'm

15  going to go through.  And that's information gathering as

16  it relates to quite a few of the things that are going on

17  at the port.  So what I'm going to do is look at the

18  inventory and the forecast and see what's actually

19  happening historically, existing conditions, the base

20  year, and most likely future without conditions.  And

21  then I'm going to try to identify some of the constraints

22  that's going on, what the problems are that are happening

23  there.

24        So another thing that we're going to look at is the

25  annual transportation costs as it relates to the vessels,
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1  the origin to destination cost, how much it's going to

2  cost for a ship that goes from the Port of Grays Harbor

3  to maybe China or wherever they go to.  And that's

4  another part of the analysis is figuring out where those

5  vessels are moving to and from, what their drafts - what

6  they're actually moving, what commodities, which will be

7  talked about here shortly.

8        I also look at the port characteristics, the

9  terminals, the berthing depths, the actual capacities,

10  what the master plan of the port is, looking at maybe the

11  10-year plan for the port, figure out what's coming,

12  what's going, what the leases are, what they look like.

13        Some of the data sources that I'm going to be

14  drawing from will be the customs data and we also have

15  our own waterborne statistics center with the Corps of

16  Engineers.  A lot of that data is actually generally

17  about two years old.  So I look to the pilots here at the

18  Port of Grays Harbor to provide a lot of pertinent and

19  valuable information as the study progresses.

20        So the characteristics and commodities, I'm going to

21  be looking at where those commodities are going, the

22  population that's going to be applicable, and then

23  actually look at the actual commodities which I mentioned

24  earlier and determine the types and flows of those.

25        And then what's not listed on here is also the
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1  projection that I'll have to do for projecting the

2  waterborne commerce at the port for the foreseeable

3  future.  This should be sensible.  But I'll also - I'll

4  use whatever data that's available to me to come up with

5  a reasonable and basically look at the future commerce

6  that's going to be happening.  That also goes with the

7  10-year plan or whatever the port has as far as contracts

8  and leases, things of that nature.  I'll also look at the

9  macroeconomic trends and the trends to the nation also

10  globally.

11        From this picture, these are just some of the

12  commodities that are applicable to Grays Harbor.  You see

13  that they're moving a lot of Chrysler Jeeps.  There's

14  lumber.  There's soy bean.  There's feed, a lot of paper

15  products.  So this is just to give you a general overview

16  of what - the types of cargo that are moving.  There's

17  general cargo and there's bulk cargo.  And this just

18  breaks it down, how we're going to view it as break bulk.

19  This is how I would break it down for economic analysis,

20  neo-bulk, liquid bulk, dry bulk.  These are things that I

21  mentioned earlier.  They're also moving vegetable oil,

22  the bio-fuel, grain and oil seed.  I neglected to mention

23  those in the last slide.

24        Again, some more information that I'm going to be

25  gathering will be the vessel information.  I'll need to
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1  know what - the port fleet, the existing fleet, determine

2  what that consists of, what the costs are to move those

3  ships and how they would benefit from a deeper channel.

4  Along with this, I'll look at the actual operating drafts

5  that the ships are moving in and out with and the actual

6  vessel capacity, if they're using their full capacity or

7  not, see if they're light loading.  I'll look at their

8  vessel itinerary.

9        All this is just a big process of data gathering so

10  that I can put the econ together and then run the net

11  benefit cost analysis.

12        This is the summary of some of the key data inputs

13  that I'll be looking for and I've just previously

14  mentioned in the slides before this, where the vessels -

15  what their characteristics are, the commodities they're

16  moving, their volumes, and the origin to destination of

17  those.

18        So for the economic development costs, I will be

19  looking at any and all construction costs that are going

20  to go and be a part of this project, to include tide

21  gauges, jetties, any and all dredging, maybe some real

22  estate you may or may not have to acquire.  I don't think

23  that's applicable to this.  Some of this isn't

24  applicable.  But I try to make this - these slides as

25  applicable to Grays Harbor as possible.  We also have to
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1  take into account the cost of mitigation and any and all

2  O & M costs over the 50-year life of the project.

3        So some of the benefits - this is the good stuff;

4  right - mostly going to be looking at the savings to

5  transportation by using more efficient vessels, more

6  efficient fleet, wouldn't be light loading.  Try to take

7  advantage of that one or two additional feet that's - so

8  that the ships could go to full capacity if possible.  I

9  would also be looking at the change in road benefits,

10  which is the commodities travel, possibly another route

11  that would be a little less costly.  And then I would

12  look at the shift in origin to destination benefits,

13  which is the increase to net revenue for just the

14  commodity producers.

15        Some other economic benefits that are applicable -

16  that may be applicable to this project are recreation

17  benefits, land enhancements, utilization of unemployed or

18  unemployed population.  This is other social effects.

19  Basically we'd be doing a qualitative analysis but - for

20  the other social effects that could actually play into

21  the economic benefits.  And then we'd also look at

22  anything that would be environmental like environmental

23  restoration.  And that would just be a little extra icing

24  on the cake, I think.

25        There's also a possibility for the beneficial use of
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1  dredge material.  It's not on the slide.  But some of

2  that dredge material - which we call it the sandy spoils,

3  treasures - they can be used for construction material or

4  beach nourishment and maybe marsh creation or topsoil.

5  So I'm going to hand it over to the environmental lead on

6  this project.

7            MR. MCKEAG:  Hi.  I'm Kevin McKeag, the Corps

8  Biologist and Environmental Coordinator for this project.

9  Really this project got started, the planning stages

10  environmentally, in the early eighties.  In '82, there

11  was an environmental impact statement published, and it

12  ran into some problems.

13        Let's see here if I know how to do this.  There you

14  go.  All right.  The '82 analysis included 24 - just over

15  24 miles of channel improvement.  And that was taking the

16  channel down to -38 - this is again looking at the

17  environmental impacts of this action - replacement of a

18  Union Pacific Railroad bridge, and the project included

19  mitigation of four acres.  This was lost shallow water

20  fish habitat.  I believe that was up in the turning

21  basins.

22        Mitigation, this is for Dungeness crab actually.

23  The original plan was modification of dredge methods and

24  some of the excluder head to avoid the crab completely.

25  Basically the Corps concluded that we were going to need
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1  some further study on this.

2        So after several studies were conducted on crab,

3  salmon, there was some benthic studies on the disposal

4  sites, and we supplemented the '82 EIS in '89.  And

5  basically the project was reduced in scope and, of

6  course, the associated environmental impacts.  New

7  information from some those studies over the eighties

8  were presented and the crab ecology and mitigation, new

9  strategy was developed on that, some ecological

10  considerations of the ocean disposal areas, new

11  evaluation of the sediments, and Native American concerns

12  were brought forward.

13        So the scope of the '89 supplemental EIS then

14  proposed just over 23 miles of dredging versus the 24

15  from '82.  And there would be two turning basins versus

16  four in the '82 document.  This - the dredge material was

17  going to be reduced from about 17 million to just over 11

18  million cubic yards.  It included the modification of the

19  Union Pacific Railroad bridge was still in there and the

20  mitigation was still in there for subtidal salmon

21  habitat.  And this is where the placement of oyster shell

22  came about for - as a mitigation practice for losses to

23  the Dungeness crabs.

24        So here we are now, and we're looking at another

25  supplemental document.  So this is supplementing - this
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1  will supplement the '82 and the '89 documents.  And the

2  focus is going to be, you know, on the impacts of several

3  selected alternatives.  Basically for this, we're going

4  to look at three alternatives.  The no action will be

5  evaluated, which is the continued maintenance to -36 feet

6  in the channel.  Second alternative would be to deepen to

7  -37.  And the third would be to go to the fully

8  authorized depth of -38.

9        And again, we're going to bring in any new

10  information from . . .  You know, this has been since

11  '89.  Again, there's the gap of several years again.  So

12  we're going to have to focus on Dungeness crab and

13  shellfish impacts.  As in '82 and '89, these again will

14  be the major issues.  Dredge material disposal and again

15  the evaluation of the sediments, Native American issues

16  and, of course, endangered species impacts.

17        During this process, we're going to have several

18  opportunities for public input and comments through the

19  process.  The draft document should be out and ready for

20  release next summer.  And we will - we're going to

21  schedule another public forum probably down here again

22  right after that to again take comments on that document.

23        In addition to the NEPA, we're going to do a

24  biological assessment, and that'll be in conjunction with

25  the services to fulfill our Endangered Species Act
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1  requirements.

2        In the project vicinity here, basically we've got 12

3  listed species.  And of special concern would be the

4  green sturgeon and eulachon and all salmon, so the salmon

5  species primarily in their juvenile life stages.

6        So with that, is it Josh?

7            MR. JACKSON:  Thanks, Kevin.  So like Kevin

8  said, we're at the beginning stages of this.  The next

9  chance for a public comment would be sometime next summer

10  we'd have another public forum.  In the meantime, we'll

11  be drafting that supplemental EIS, drafting our report

12  that we have to work on.  The end goal for this phase of

13  the project would be for a project approval that we

14  expect sometime kind of the middle - early to middle of

15  2014.  Beyond that we'd go into a design phase and

16  construction.  It's all dependent on funding, which is

17  still unknown at this point.

18        So you guys heard a lot of technical information.

19  Kind of just to wrap it up and bring back to the point is

20  that this is an incremental deepening to the authorized

21  38 feet.  So it's an additional one to two feet deeper

22  than the existing maintenance work that's done to -36.

23  That maintenance is done every year.  So in the economic

24  analysis, we're just looking at that increment; is the

25  cost to deepen the channel to -37 or -38, is it offset by
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1  the benefits to the nation, the economic benefits.  And

2  at the same time, in the environmental analysis we'll be

3  doing, we're looking at the incremental impacts above and

4  beyond what has already been identified in those previous

5  documents.

6        And with that, I think are there any clarifying

7  questions for the presentation?

8            AUDIENCE MEMBER: So will this presentation be

9  available on a website so that we could download that?

10            MS. PATRICIA GRAESSER:  Yeah.  I'll put it up

11  probably Friday.  Maybe among.  We're moving offices.

12  But definitely by Monday.

13            MR. JACKSON:  Yeah.  We have a project website.

14  If you go to our district's website, which is - which is

15  here, www.nws.usace.army.mil, you can find the Grays

16  Harbor Improvement Project website.

17            MS. DAVIS:  It's a hot link right on the front

18  page.

19            MR. JACKSON:  On that website, we have the

20  original '82 document and the '89 documents there for

21  your viewing pleasure.  And we'll add in these slides

22  from tonight.

23            MS. DAVIS:  Anybody else have a question?  Okay.

24  Well, then hearing none, I think we'll close this part of

25  the meeting.  This is the information segment.  And we
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1  can move into the open house.  You'll see around you

2  various boards.  And there will be staff there in just a

3  minute if they aren't there already, and they're happy to

4  answer any and all of your questions.  Thank you for

5  coming tonight.  Gary?

6            MR. NELSON:  Yeah.  You know, there's several -

7  there's LTMS out of Half Moon Bay.  You've got several

8  other projects going on.  You have the LTMS at Half Moon

9  Bay South Jetty plus the jetties and the revetments and

10  other aids to navigation.  Do those get considered or

11  brought in in any way to this study?

12            MR. JACKSON:  Yeah, it does.  We'll be looking

13  at . . .  The three alternatives that Kevin mentioned

14  actually get split into two subalternatives each.  So

15  each one will be examined looking at with or without the

16  long-term management strategy project.  So any changes

17  that would come with that would be taken into account.

18            MS. WINKLER:  So we'd look at the -37 foot

19  alternative with the LTMS in place, but we'll also look

20  at that alternative if we were not to construct the LTMS.

21  Since we don't know at this point about funding for LTMS,

22  we would want to evaluate it under both scenarios.  We'll

23  do the same for the -38 alternatives.

24            MR. NELSON:  Well, they're evaluated separately

25  - separately and together.
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1            MS. WINKLER:  Exactly.  We want to acknowledge

2  that there's the potential for either of the alternatives

3  to be constructed or not and look at both of those

4  scenarios for the purposes of this study.

5            AUDIENCE MEMBER:  So are you saying that the

6  LTMS, you've decided on a project that you are actually

7  going to do for that?  Or is that still in the process of

8  developing?

9            MS. WINKLER:  That one's also still in the

10  process.  But in order for us to be as complete as

11  possible in our analysis, we'll take any current

12  information on what that LTMS alternative would look like

13  and use that in our analysis.

14            AUDIENCE MEMBER:  But there should be four

15  alternatives for the LTMS.

16            MS. WINKLER:  But it's also working its way

17  through the analysis process.  And we're just getting

18  started on our study.  So when we're at the point of

19  fully analyzing all of our alternatives, we may have more

20  information about LTMS.

21            AUDIENCE MEMBER: Okay.

22            MS. DAVIS:  Any other questions?  Okay.  Thank

23  you again, everyone.  Good night.

24                                (Presentation concluded at

                               7:15 p.m.)

25
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United States Department of the Interior 

FISH AND WILDLIFE SERVICE 

Washington Fish and Wildlife Office 
510 Desmond Dr. SE, Suite 102 

Lacey, Washington 98503 JUN - 7 2013 

In Reply Refer To: 
OIEWFWOO-2013-CPA-0120 

Evan Lewis 
Seattle District, U.S. Army Corps ofEngineers 
ATTN: Civil Works Branch (1. Jackson, K. McKeag) 
Post Office Box 3755 
Seattle, Washington 98124-3755 

Dear Mr. Lewis: 

Subject: Grays Harbor Navigation Improvement Project, Grays Harbor, Washington 

Fish and Wildlife Coordination Act - Planning Aid Letter 


The U.S. Army Corps of Engineers Seattle District (Corps) is investigating the feasibility of 
deepening the federal navigation deep-draft channel in Grays Harbor, Washington, from the 
currently maintained depth of -36 feet mean lower low water, to the fully authorized depth of -38 
feet mean lower low water. The Corps is preparing National Environmental Policy Act 
documentation in the form of a Supplemental Environmental Impact Statement (SElS). The 
Corps has plans to publish the SEIS and invite public comment on the action during the fourth 
quarter of2013. 

Under authorities established by Public Law 85-624 (72 Stat. 563; August 12, 1958), and as 
subsequently amended by Public Law 89-72 (79 Stat. 213; July 9, 1965), the Fish and Wildlife 
Coordination Act (FWCA; 16 U.S.C. 661 et seq.) provides for the equal and integrated 
consideration of fish and wildlife conservation needs, and requires coordinated planning with 
other features of federal water resource development proposals. Pursuant to our authorities and 
shared responsibilities under the FWCA, the Corps, U.S. Fish and Wildlife Service (Service), 
and Washington State Department ofFish and Wildlife have been meeting since mid-2012 with a 
larger group of interested stakeholders, including the National Marine Fisheries Service, 
Quinault Indian Nation, and local project sponsor (Port ofGrays Harbor), to discuss resource 
issues related to the project. 

In support of furthering the purposes of the FWCA, the Service has prepared the enclosed 
Planning Aid Letter (PAL) for the Corps' use and consideration. The PAL briefly summarizes 



2 Evan Lewis 

the proposed action and alternatives as the Service understands them today, and describes their 
relationship to the larger, surrounding water resource development context. The PAL identifies 
important fish and wildlife resources in the action area, including unique habitats, and briefly 
characterizes the existing (''without project") conditions. The PAL identifies data gaps and 
information needs, targets or prioritizes the collection and synthesis of existing sources of 
information, and provides recommendations for additional studies, field investigations, and 
analyses, all with the purpose of better understanding the baseline environmental conditions, the 
foreseeable effects of the action, and available opportunities for mitigating unavoidable impacts 
to fish and wildlife resources. First and foremost, we intend the PAL to serve as an outline of the 
important fish and wildlife issues, and outstanding questions, requiring further consultation and 
coordinated planning as the Corps completes their SEIS, enters into the subsequent public 
comment period, and makes a final decision. 

The Service hopes and expects that with additional consultation, information sharing, and 
coordinated planning, this PAL will later be accompanied by a FWCA Report. Our expectation 
is that the Report will provide an accurate and reliable description of unavoidable impacts and 
foreseeable damages or losses to fish and wildlife resources ("with project" conditions), and 
make related specific recommendations to the Corps. The Report will summarize findings, 
present the Service's position on the water resource development proposal, and provide 
recommendations addressing the following: design and operational features; alternatives; impact 
minimization and conservation measures; mitigation for unavoidable impacts to fish and wildlife 
resources (including lands to be utilized or acquired for such purposes); and/or, a recommended 
fish and wildlife habitat enhancement or restoration component for inclusion in the proposed 
action. The Report will also recommend methods for documenting and tracking impacts to fish 
and wildlife resources, and a suggested schedule or steps for accomplishing mitigation. 

The Service appreciates the consultation and coordinated planning that has occurred to date in 
support of this Corp action. We look forward to continuing that close cooperation in the months 
ahead. If you have questions, concerns, or a request related to the content of this PAL, or would 
like to otherwise discuss this shared planning effort, please call or write either Ryan McReynolds 
(360-753-6047; ryan_mcreynolds@fws.gov) or Martha Jensen (360-753-9000; 
martha_ljensen@fws.gov). 

Sincerely, 

~n S. Berg, Manager 
Washington Fish and Wildlife Office 

Enclosure 
cc: 

Corps, Seattle, W A (M. Harrington, J. Jackson, K. McKeag, E. Chien) 

NMFS, Lacey, WA (G. Kreitman) 

EPA, Seattle, W A (J. Barton) 

WDFW, Olympia, W A (B. Burkle, H. Reed) 

Quinault Indian Nation, Taholah, W A (1. Schumacker) 


mailto:ljensen@fws.gov
mailto:ryan_mcreynolds@fws.gov


Grays Harbor Navigation Improvement Project, Grays Harbor, Washington 
Fish and Wildlife Coordination Act - Planning Aid Letter 

Prepared for the U.S. Army Corps ofEngineers 

Seattle District, Seattle, Washington 


7 June 2013 


Prepared by the U.S. Fish and Wildlife Service 

Washington Fish and Wildlife Office 


Lacey, Washington 


Introduction 

The U.S. Anny Corps of Engineers (Corps) manages and maintains the Grays Harbor Federal 
Navigation Channel, including the Entrance Channel, north and south jetties, Point Chehalis rock 
revetment, and boat basin at Westhaven Cove Marina, under authorities that include the River 
and Harbor Acts of 1896, 1935, and 1945, and the Water Resources Development Act of 
November 17, 1986 (Public Law 99-662). 

The Corps' Seattle District is investigating the feasibility of deepening the federal navigation 
deep-draft channel in Grays Harbor, Washington, from the currently maintained depth of -36 feet 
(ft) mean lower low water (MLL W), to the fully authorized depth of -38 ft MLL W. The Corps is 
preparing National Environmental Policy Act documentation in the form ofa Supplemental 
Environmental Impact Statement (SEIS). The Corps has plans to publish the SEIS and invite 
public comment on the action during the fourth quarter of2013. 

Under authorities established by Public Law 85-624 (72 Stat. 563; August 12, 1958), and as 
subsequently amended by Public Law 89-72 (79 Stat. 213; July 9, 1965), the Fish and Wildlife 
Coordination Act (FWCA; 16 U.S.C. 661 et seq.) provides for the equal and integrated 
consideration of fish and wildlife conservation needs, and requires coordinated planning with 
other features of federal water resource development proposals. This planning requirement 
extends to actions that would construct and operate navigational features, and actions that would 
modify or supplement plans for previously authorized projects. 

Pursuant to our authorities and shared responsibilities under the FWCA, the Corps, U.S. Fish and 
Wildlife Service (Service), and Washington State Department ofFish and Wildlife have been 
meeting since mid-2012 with a larger group of interested stakeholders, including the National 
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Marine Fisheries Service, Quinault Indian Nation, and non-federal project sponsor (Port of Grays 
Harbor), to discuss resource issues related to the project. 

Purpose and Need: The purpose of the Grays Harbor Navigation Improvement Project is to 
improve the efficiency and reliability of deep-draft vessel navigation in Grays Harbor. 
Navigation along the Grays Harbor Federal Navigation Channel is limited by depth. Current 
depths are inadequate to accommodate vessels with drafts exceeding -36 ft MLLW. Some 
vessels have to be partially loaded or experience tidal delays due to insufficient channel depths. 
The action is needed to alleviate large vessel restrictions imposed by insufficient channel depths. 

Corps navigation improvement projects must be feasible according to engineering criteria, 
economically justified, environmentally acceptable, and sufficient to meet the purpose and need. 
The Corps has indicated, if the current proposal to deepen the navigation channel to the 
authorized depth of -38 ft MLLW meets each of these requirements, it is unlikely that the Corps 
will consider or evaluate channel depths requiring additional authorization. 

Description of the Proposed Action and Alternatives 

The Corps is investigating the feasibility of deepening the federal navigation deep-draft channel 
in Grays Harbor, from the currently maintained depth of -36 ft MLLW, to the fully authorized 
depth of -38 ft MLL W. 

The Corps' Preliminary Preferred Alternative includes dredging and deepening approximately 
14.5 miles of the 27.5-mile-Iong navigation channel, from the South Reach, upstream to the Cow 
Point Reach where the Port of Grays Harbor Terminal 4 is located. This deepening would 
address insufficient channel depths located along South Reaches A and AA, the Crossover Reach 
or Channel, North Channels 1 and 2, Hoquiam Reaches 1, 2, and 3, and Cow Point Reaches I 
and 2. Under the Preliminary Preferred Alternative, no deepening of the navigation channel is 
proposed downstream of the Point Chehalis Reach, or the Entrance and Bar Channels. The 
Preliminary Preferred Alternative includes both the initial channel deepening and subsequent 
annual maintenance dredging to a depth of approximately -38 ft MLL W. 

The Corps' No Action Alternative represents the current operating condition, which includes 
annual maintenance dredging to a depth of approximately -36 ft MLLW. A third alternative 
under Corps consideration includes dredging, deepening, and subsequently maintaining 
approximately 14.5 miles of the navigation channel to a depth of approximately -37 ft MLLW. 
The Corps has indicated that it may also consider a small realignment shift of the navigation 
channel to take advantage of naturally deeper water along the South, Crossover, and/or North 
Reaches and Channels. 

The Corps currently dredges an average of 1.2 million cubic yards of sediment annually from the 
navigation channel. The Corps disposes of the dredged materials at approved disposal sites in 
close proximity, including the unconfmed, open-water disposal sites at Point Chehalis, South 
Jetty, and Southwest. The Corps also uses two beneficial reuse sites, Half Moon Bay and South 
Beach, where suitable dredged materials (fine- to coarse-grained sands) are re-introduced to the 

2 




littoral drift or transport system with the goal of nourishing adjacent beaches and preventing 
shoreline erosion. 

The Corps estimates that deepening the navigation channel to a depth of -38 ft MLLW would 
require an initial dredging and removal of approximately 1.8 million cubic yards of material, and 
would increase the average volume of required annual maintenance dredging by approximately 
ten percent. The Corps expects to continue using the same unconfined, open-water disposal and 
beneficial reuse sites. 

The Corps' past, ongoing, and proposed future management of the Grays Harbor Federal 
Navigation Channel includes: a program ofannual maintenance dredging; a program of open
water disposal and beneficial reuse of dredged materials; maintenance and repair actions taken at 
the North and South jetties, the Point Chehalis rock revetment, and revetment extension; a 
proposed Long-Term Management Strategy (LTMS) for the South Jetty and HalfMoon Bay; 
and, related mitigation. 

Description of the Action Area and Baseline Environmental Conditions 

The Service prepared a Supplemental FWCA Report addressing the Corps' previous 
improvements to the Grays Harbor Federal Navigation Channel (Final Supplemental FWCA 
Report, February 1989). That report provides a reasonably concise and still accurate, general 
description of the setting, and of the fish and wildlife resources that occur within the action area. 
What follows are some ofthe more relevant excerpts (USFWS 1989, pp. 8-lO): 

The "Grays Harbor estuary is located at the mouth of the Chehalis River on the Pacific 
Ocean coastline of southwestern Washington, approximately 110 miles south of the 
entrance to the Strait of Juan de Fuca and 45 miles north ofthe Columbia River. It is the 
third largest estuary in the western United States north of San Francisco Bay. The 
principal rivers entering Grays Harbor are the Chehalis, Humptulips, Hoquiam, Wishkah, 
Johns, and Elk. Precipitation is high, increasing from about 80 inches at the estuary to 
over 220 inches in the higher reaches of the watershed. Peak river discharges occur in 
the winter and are associated with rain storms rather than snow melt. Low flow periods 
occur during the months of August and September." 

"The predominant physical feature of the Grays Harbor estuary is the vast amount of 
intertidal mud and sand flat. Forty two percent (38 square miles) of the estuary is 
intertidal. Numerous shallow channels drain the intertidal zone during ebb tide. The two 
major channels in the estuary lie in an east-west direction. The more northerly ofthese 
has been dredged extensively for navigation purposes." 

The "Fish and wildlife resources of the area are both diverse and abundant. The high 
productivity of the warm, shallow, and expansive estuary creates an area rich in flora and 
fauna. Extensive eelgrass beds of varying densities are located throughout the estuary, in 
addition to expanses of sparsely vegetated intertidal mud and sand flats. At higher 
elevations, tidal marshes input carbon to the system and provide valuable fish and 
wildlife habitat. Major commercial and recreational fin fish species include sole, coho, 
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Chinook, and chum salmon, rockfish, sablefish, lingcod, smelt, and both green and white 
sturgeon. Major shellfish species harvested in the area include razor clams, Dungeness 
crab, oysters, and shrimp. The estuary is utilized by at least 52 species of resident and 
anadromous fish during various stages of their life histories (Proctor et al. 1980)." 

"The Grays Harbor estuary is a major wintering and resting area for migratory waterfowl 
and shorebirds of the Pacific flyway. Black brant, American widgeon, mallard, pintail, 
canvasback, and Canada goose are the major hunted waterfowl species. Spectacular 
concentrations of shorebirds occur in the estuary during annual north-south migrations. 
Peak abundance of shorebirds, composed primarily of western sandpipers and dunlin, 
occur in April and May, with more than one million birds using the estuary during some 
days (Herman and Bulger 1981)." 

"The Grays Harbor estuary supports a great number of other fish and wildlife species ... 
[But] Special attention has been directed toward Dungeness crab, Pacific salmon, and 
lingcod because of (1) their particular commercial and recreational value, and (2) their 
potential for being impacted by the proposed project." 

The Service has responsibility for managing or co-managing a variety of Federal trust resources, 
including sensitive species which are listed or candidates for listing under the Endangered 
Species Act of 1973, as amended (16 U.S.C. et seq.)(ESA), their habitats and designated critical 
habitat, Federal wildlife refuges, and other fish and wildlife trust resources. Within the action 
area, these trust resources include: 

• 	 ESA Listed and Proposed Species; ESA Designated Critical Habitat Most notably, 
Coastal/Puget Sound bull trout (Salvelinus conjluentus, threatened), the marbled murrelet 
(Brachyramphus marmoratus, threatened), western snowy plover (Charadrius 
alexandrinus nivosus, threatened), streaked homed lark (Eremophila aipestris strigata, 
proposed threatened), designated critical habitat for the bull trout and western snowy 
plover, and proposed critical habitat for the streaked homed lark (USFWS jurisdiction); 
also, eulachon (Thaleichthys pacificus, threatened), southern green sturgeon (Acipenser 
medirostris, threatened), several species of threatened and endangered marine mammals, 
and Essential Fish Habitat defined under the Magnuson-Stevens Fishery Conservation 
and Management Act for Pacific salmon, Pacific coast groundfish, and coastal pelagic 
species (NMFS jurisdiction). 

• 	 The Grays Harbor National Wildlife Refuge, located at Bowerman Basin in Hoquiam, 
Washington. 

• 	 Jointly managed tribal, commercial, and recreational fisheries (fin fish and shellfish). 

There are more sources of available information to describe current conditions in the action area 
than can be concisely summarized here. The Corps has, in fact, sponsored or conducted any 
number of their own studies and investigations describing conditions in the action area. 
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Potential Impacts to Fish and Wildlife Resources 

The Corps' past, ongoing, and proposed future management of the Grays Harbor Federal 
Navigation Channel will continue to have significant direct and indirect effects to patterns of 
wave and tidal energy, sediment transport, and erosion in the action area. Content from the 
Corps' Evaluation ofEngineering Structures and Maintenance Measures (ERDC/CHLTR-03-4, 
April 2003), documents some ofthe observed changes and trends caused in part by past actions 
taken (or not taken) by the Corps. 

The Corps' analysis and description of future, "with project" conditions, including the 
description of potential effects to nearshore processes that create and maintain fish and wildlife 
habitat over time, should address comprehensively the influence of past, ongoing, and proposed 
future Corps management and maintenance actions, including: 1) annual maintenance dredging; 
2) annual open-water disposal and beneficial reuse of dredged materials; 3) maintenance and 
repair actions taken at the North and South jetties, the Point Chehalis rock revetment, and 
revetment extension; 4) the proposed L TMS for the South Jetty and Half Moon Bay; and, 5) 
related mitigation. 

The Corps has existing mitigation responsibilities that are a hold-over from previous agreements 
addressing improvements to the Grays Harbor Federal Navigation ChanneL The Service's 
Supplemental FWCA Report identifies some of those responsibilities, or at least the agreements 
that were in place at that time (USFWS 1989). Additional responsibilities are summarized 
within the 1998 Revised Crab Mitigation Strategy Agreement (September 1998), including 
mitigation for "incremental maintenance" of the navigation channel, and the Point Chehalis 
Revetment Extension Project Interagency Mitigation Agreement (October 1998). 

There are a number of unresolved questions related to this planning effort: 

• 	 Dredge impacts to the Dungeness crab (Metacarcinus magister) fishery - For example, 
questions involving proper calibration and use of the Dredge Impact Model, available 
alternative methods for describing and quantifying potential dredge impacts, and the net 
effect of maintenance dredging (and related mitigation) on long-term recruitment to the 
adult crab population. 

• 	 Other, potential "bottlenecks" that may constrain the crab fishery - For example, 

questions about the availability and function of age 1 + intertidal foraging habitat. 


• 	 Mitigation for unavoidable impacts to the crab fishery - For example, questions about the 
long-term success and viability ofthe current Corps approach to mitigation (Le., annual 
placement of oyster shell and creation of refuge habitat for juvenile crab), associated 
costs to the Corps' operation and maintenance budget, and the feasibility and best 
opportunities for alternative, advance or concurrent mitigation in the form of habitat 
restoration and/or enhancement. 

• 	 Impacts to habitat supporting native fish, related mitigation - For example, questions 
about the long-term success ofearlier Corps mitigation completed near Junction City and 
in Half-Moon Bay, and opportunities for mitigating or off-setting potential adverse 
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effects to nearshore habitat functions (including function of the migratory corridor for 
juvenile salmonids and the function of designated bull trout critical habitat). 

• 	 Impacts to habitat supporting ESA-listed and proposed terrestrial species, related 
mitigation - For example, questions about the causes for loss or decline in function of 
currently or historically occupied western snowy plover nesting habitat, the risk of 
additional future habitat loss and/or decline in habitat function for the western snowy 
plover and streaked homed lark, the current role and potential future expanded role for 
beneficial reuse ofdredged materials (including the possibility of additional beneficial 
reuse sites), and opportunities for mitigating or off-setting potential adverse effects to 
habitat functions. 

These questions are important to the planning effort. Ultimately, we hope and expect that 
continued engagement over the months ahead will allow the Corps, Service, and other partners to 
reach broader consensus on future management of the Grays Harbor Federal Navigation 
Channel, and identify the best, most meaningful and practicable alternatives for avoiding, 
minimizing, and mitigating or off-setting impacts to fish and wildlife trust resources. 

Preliminary FWCA Planning Recommendations 

Re: Methodology. A coherent, integrated engineering and environmental analysis will be needed 
in support of the Corps' final decision. The dominant factors responsible for conditions in the 
action area are only partially under the Corps control, or ability to influence. The Service 
recommends that the Corps take an integrated approach when making the relevant engineering 
and environmental considerations: 

• 	 Inventory and description of the current, "without project" conditions. 
• 	 Problem and needs identification. 
• 	 Assessment of engineering feasibility and environmental opportunities. 
• 	 Alternatives fonnulation and refinement. 
• 	 Forecasting and description of the future, "with project" conditions. 

The Corps' final decision will be better and more infonned, will achieve the proper balance of 
objectives (including costs and benefits), and will more likely gain public support if it reflects a 
genuine attempt to integrate engineering and environmental considerations. The Corps' 
preferred alternative should also explicitly include mitigation for unavoidable impacts to fish and 
wildlife trust resources. Mitigation for these impacts is a fundamental problem and need related 
to the Corps' proposed action. 

The Corps' management and maintenance actions affect patterns of wave and tidal energy, 
sediment transport, and erosion in the action area, and have and likely will continue to have 
impacts to nearshore processes that create and maintain fish and wildlife habitat over time. 
Where there are now, or have been, measurable impacts to habitats and habitat functions that 
support fish and wildlife trust resources, the Corps should identify and describe these problems, 
and should seek to fonnulate an alternative( s) that mitigates or off-sets potential adverse effects 
to these habitats. 
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The Corps has questioned the viability of the current approach to mitigating impacts to the crab 
fishery. We agree that there is a need for reassessing and perhaps re-defining the goals and 
methods of that mitigation agreement. However, we also hope and expect that the Corps will 
give fair consideration to the needs ofother fish and wildlife trust resources, including listed 
species, species proposed for listing, and essential fish habitat. 

We support and encourage the Corps to scope, identify, and pursue for inclusion in the preferred 
alternative, a restoration component(s) that meaningfully and substantially off-sets unavoidable 
impacts and long-term effects to nearshore habitat conditions. Our preference is for mitigation 
that broadly improves nearshore intertidal and shallow subtidal ecosystem functions, constructed 
prior to or concurrent with the proposed navigation improvements. In addition, we hope that the 
Corps will consider a possible expanded future role for beneficial reuse of dredged materials, 
including the possibility of additional beneficial reuse sites for the enhancement and protection 
of western snowy plover and streaked homed lark habitats. 

Re: Scope. Current, "without project" conditions are influenced by the Corps' past and ongoing 
management and maintenance actions. Similarly, the Corps' forecasting and description of 
future, "with project" conditions should, to the extent possible, take into account this interplay 
between past, ongoing, and proposed future actions. The physical (Le., hydraulic and 
geomorphic) and environmental characteristics of the action area, including the function of 
nearshore processes that create and maintain fish and wildlife habitat over time, are influenced 
by the Corps' management and maintenance actions in Grays Harbor. The Corps' description of 
future, "with project" conditions should include all of these actions, and should acknowledge and 
address the interplay and overlapping influence of the various activities which the Corps 
oversees in Grays Harbor. 

Re: Sources of Information. The Corps should collect, combine, and synthesize the best 
available sources of information describing both the historic and current conditions in the action 
area. These sources should include prior investigations of the Corps' constructed navigational 
features, management and maintenance actions, and mitigation. With respect to some features 
and/or baseline environmental conditions, only the Corps' engineering and environmental 
planning documents are likely to include the specific details and analyses which are needed to 
accurately describe the setting and current, "without project" conditions. 

Re: Mitigation Responsibilities. The Corps' mitigation for unavoidable impacts to the crab 
fishery has been a topic of lengthy discussion. Current trendlines are good, indicating that the 
Corps' compensatory mitigation has kept pace with the impacts resulting from initial 
construction and annual maintenance dredging of the improved navigational channel. However, 
whether and how the Corps has fully satisfied, or not fully satisfied, their other mitigation 
responsibilities is less clear. The Service recommends and requests that the Corps compile and 
present a thorough accounting of mitigation accomplishments and outstanding obligations, not 
limited to mitigation for unavoidable impacts to the crab fishery. 

In the short-term, the Service sees some value in re-examining current methods for assessing 
dredge impacts to the crab fishery. We also see value in re-examining the approach to mitigating 
these impacts. In the long-term, we are more interested in pursuing the science that will help the 
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Corps make infonned choices about how and where to implement mitigation that broadly 
improves nearshore intertidal and shallow subtidal ecosystem functions for a variety of fish and 
wildlife trust resources. Workshops convened by the Corps have helped to identify unresolved 
questions. We recommend that the Corps plan and execute additional studies and field 
reconnaissance soon, so that improved infonnation is available to infonn the planning process 
and final decision. 

The Service supports the Corps' intent to identify, and hopefully pursue, a more general habitat 
restoration and/or enhancement component for inclusion in the preferred alternative. Mitigation 
which broadly serves to improve nearshore intertidal and shallow subtidal ecosystem functions 
would be our preference. Good ideas have been suggested, including a dike or levee removal 
action and related intertidal habitat enhancements, and restoration of a self-sustaining oyster reef. 
Some of this will require substantial work to scope available opportunities in advance. We 
support beginning that work now and are willing to assist. We hope and expect that mitigation 
improving nearshore intertidal and shallow subtidal ecosystem functions will have benefits for 
all native fish. 

Re: Effects to ESA Listed and Proposed Species, Designated and Proposed Critical Habitat. 
The Service's concerns regarding the Grays Harbor Navigation Improvement Project include 
potential impacts to species and habitats protected under the ESA. The Corps should seek to 
identify and implement restoration components that meaningfully and substantially off-set 
unavoidable impacts and long-tenn effects to nearshore habitat conditions and functions, 
including designated critical habitat for the bull trout and western snowy plover. The Corps 
should consider whether actions could be taken in the action area that would improve habitat 
conditions for listed species and species currently proposed for listing. 

For some time we have advocated for beneficial reuse of dredged material, especially where it 
can be used to protect and improve habitats that are known to support, or which historically have 
supported the western snowy plover and/or streaked horned lark. The Service recommends and 
requests that the Corps compile and present a summary description of open-water disposal and 
beneficial reuse of dredge materials in Grays Harbor. The summary should describe the factors 
or considerations that infonn decisions regarding disposal and beneficial reuse of dredged 
materials, and provide an accounting of recent year-to-year quantities. 

The established beneficial reuse sites in Grays Harbor are currently limited to Half Moon Bay 
and South Beach. Recent history would indicate there has been very little upland placement of 
dredged materials, largely because of technical and financial constraints. 

We hope that the Corps will consider expanding or adding new sites for the beneficial reuse of 
dredged materials, including the possibility of additional beneficial reuse sites on or near existing 
sand islands and spits. We also recommend that the Corps consider the feasibility ofcontracting 
for or obtaining a dredge with pump-ashore capacity. With our FWCA Report we intend to 
scope, identify, and recommend additional sites in Grays Harbor (e.g., Damon Point, Johns 
River, Whitcomb Flats, and Sand Island) where beneficial reuse of dredged material can provide 
significant benefits for ESA listed species and other federal trust resources. 
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Re: Effects to Other Federal Trust Resources. The Service has responsibility for other trust 
resources found within Grays Harbor, including the Grays Harbor National Wildlife Refuge. 
Managers there have expressed their own concerns and desires related to this action. Grays 
Harbor supports very large and regionally significant populations of migratory birds. The 
Service recommends that the Corps make choices and fmal decisions that do no harm to these 
resources. We support and encourage the Corps to scope, identify, and pursue for inclusion in 
the preferred alternative, a restoration component(s) that supports the health and resilience of 
these resources. 

Issues and Outstanding Questions Requiring Further Consultation 

Re: Tribal Participation: Most of the Service's preliminarY FWCA planning recommendations 
have been outlined above. However, in addition to our responsibility for trust resources found 
within Grays Harbor, the Service also has responsibility for cultivating good government-to
government cooperation pursuant to our Department of the Interior Native American Policy and 
related Secretarial Orders. 

The Service appreciates the Corps' good efforts to include the Quinault Indian Nation in this 
planning process. We greatly value their involvement and participation, and are encouraged by 
the level of engagement to date. We hope and expect that the Corps will continue to find 
meaningful ways to engage the Quinault Indian Nation. The Service recommends that the Corps 
and Quinault Indian Nation continue and advance the conversation regarding mitigation options. 

Re: Related Future Actions. During June of last year the Service provided comments to the 
Corps regarding the Grays Harbor Long Term Maintenance Strategy (L TMS) for the South Jetty 
and Half Moon Bay. The Service expressed support for the No Action Alternative/ Current 
Practice, voiced skepticism that a modified diffraction structure is truly necessary, and stated our 
concern that the Corps has not identified an appropriate proposal for mitigating unavoidable 
impacts (Letter to the Corps Re: Public Notice and EA - L TMS for the South Jetty at Grays 
Harbor, Washington, CENWS-PM-ER-12-06; dated June 15,2012). Similar comments were 
sent to the Corps by other interested parties, including the Washington State Department ofFish 
and Wildlife and the U.S. Environmental Protection Agency. 

The Service is also currently reviewing and consulting with the Corps on a proposal to repair and 
restore the protective functions of the existing Point Chehalis rock revetment and system of 
groins. The Service has identified a number of unresolved questions regarding the proposal, and 
has presented those to the Corps under separate letterhead. We hope and expect that the Corps 
will meaningfully address these stated concerns before making a final decision regarding either 
the LTMS (Ref. No. 01 EWFWOO-2012-CPA-0202) or repair and maintenance of the Point 
Chehalis revetment (Ref. No. 0IEWFWOO-2013-CPA-0107). 
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Thank you for the opportunity to engage early in the planning process for the Grays Harbor 
Navigation Improvement Project. We look forward to additional close cooperation over the 
months ahead. Ifyou have any questions about this PAL, would like to discuss our comments or 
recommendations, and/or meet in-person, please contact Ryan McReynolds at (360) 753-6047, 
or Martha Jensen at (360) 753-9000, of this office. 

~en S. Berg, Manager 
Washington Fish and Wildlife Office 

cc: 

Corps, Seattle, WA (M. Harrington, J. Jackson, K. McKeag, E. Chien) 

NMFS, Lacey, W A (G. Kreitman) 

EPA, Seattle, WA (J. Barton) 

WDFW, Olympia, WA (B. Burkle, H. Reed) 

Quinault Indian Nation, Taholah, WA (J. Schumacker) 
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