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November 10, 2004

Ms. Margaret Dutch

WA Dept. of Ecology

P.0O. Box 47710

Olympia, WA 98504-7710

Subject: Marine Sediment Monitoring Program
ARl Job # GU57, GU58

Dear Ms. Duich;

Following is the revised final report for the subject projects. Please review the data and
reports and comment, as necessary. An electronic copy, in Excel format, is included,
per the statement of work.

Thank you for selecting ARI to perform this analysis for you.

Best Regards,
-~ Analytical Resources, Incorporated_
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4611 South 1 34th Place, Suite 100 ® Tukwila WA 98168 ¢ 206-695-6200 ¢ 206-695-6201 fax



B8 Analytical Resources, Incorporated
fAnalytical Chemists and Consultants

Client: Department of Ecology ARI Project No . GU57, GU58

Client Project No.: Marine Sediment Monitoring Program

Case Narrative

Samples were received on July 1 2004, and were in good condition.

2. The samples were tested according to Puget Sound Estuary Protocol (PSEP)
methodology for grain size distribution, with modification for only the silt and clay
fractions, not the full distribution. ' _

3. Because there were 53 samples, the project was divided into 3 batches. One
sample had to be re-run and it was run in a fourth batch. The following samples
were analyzed in triplicate: 21, 96, and 88 Each of the triplicates is reported on
the QA summary included in each batch. The sample that was re-run was run
with a triplicate sample from another client.

4 Samples 288, 252, 2, and 323 were mostly sand and there were not enough
fines in the sample to reach the 5-gram limit for the pipette portion of the
analysis. The balance is limited to 220 grams for the wet sediment and tare, so it
was not possible to increase the sample size enough to reach the 5-gram limit.
The data looks acceptable, but should be carefully evaluated before use.

5 A dissolved solids correction was applied to the pipette data, as requested by

'WDOE. Following the last pipette reading, a portion of the sedimentation water

was centrifuged (to limit the amount of solids) and. then the water was filtered

over a 0.5 um filter to remove particulate material. A 20 ml aliquot of the filtered
water was pipetted into a tare, and was oven dried. The amount of dried residue
was then multiplied by a factor of 50 (as is done in the normal PSEP calculations)
and this value was used the same as the Calgon value in a normal PSEP
analysis. The QA ratio was calculated using only the calgon value, as is

standard. _ |
6. There were no other noted anomalies to the samples or testing.

/ Date: Hl.mz;y

—

Approved by: _ / LAtdll [ A0t
Title: L.abbratory Manager

4611 South 134th Place, Suite 100 » Tukwila WA 98168 ¢ 206-695-6200 * 206-695-6201 fax



Analytical Resources, Inc. — Geotechnical Division — SOP #1107

Measure of Particle Size Distribution
Sediments by PSEP Method

1.0 PURPOSE AND SCOPE

This procedure describes methods, materials, equipment, and special conditions required to determine
particle size distribution data for sediment samples by the PSEP METHOD. Wet sieving separates sample
into two size fractions; particle sizes >#230 sieve and particle sizes <#230 sieve Fipe fractions are further
subdivided using a pipetted technique that depends on the differential settling rates of different particles.

Particle size determinations can either include or exclude organic material. If organic material is removed
prior to analysis, the “true” (i.e , primarily inorganic) particle size distribution is determined. Ifthe organic
material is included in the analysis, the “apparent” (i.e, organic plus inorganic particle size distribution is
determined).

2.0 EQUIPMENT

2.1 Balance (Capable of precision to 0.1mg)
22 Drying Oven — The oven is thermostatically controlled chamber capable of maintaining a uniform and

consistent temperature of 90 +2° C

2.3 Mechanical Sieve Shaker — A mechanical device used to shake and vibrate a nest (stack) of sieves at a
constant rate and energy level to separate a given sample into the individual particle sizes.

2.4 Sieves - A nest of sieves including #4 (4.73mm), #10 (2.0mm), #18 (1.0mm), #35 (0.500mm), #60
(0.250mm}, #120 (0.125mm) and #230 (.0025)

25 Clock — A suitable timing deévice capable of measurements to the nearest second.

2.6 Sedimentation Cylinders and Rubber Stopper

2.7 Desiccator

2.8 25mlin 1/10 Pipette and Rubber Bulb

2.9 Funnel

2.10 Rubber Policeman

211 Tare Dishes

2.12 Wire or Bristle Brush and Wax Paper

2.13 Lab Stand with Clamps

2.14 Lab Tape

2.15 Spoons and Spatulas

3.0 REAGENTS

3.1 10% HYDROGEN PEROXIDE (OPTIONAL) — To make 100ml 10% Hydrogen peroxide solution
dilute 33.3mls of 30% hydrogen peroxide to 100ml.

3.2 1% Solution of SODIUM HEXAMETAPHOSPHATE Na(PO,); — A batch of 1% solution is made by
mixing 40 grams sodium hexametaphosphate Na(PO.); in 1000ml of distilled water. Mix thoroughly
and let stand overnight. Acquire batch weight by drying five separate 10ml aliquots in weighed tares
overnight or until dry and recording weights to the nearest 0.1mg in batch notebook. Average the five
weights and record average in notebook. 1% solution expires in one month.

4.0 DEFINITIONS

41 Test Environment — A fairly constant temperature of approximately 20° C during analysis. Small
fiuctnations in temperature may introduce differences that are of practical significance.
4.2 Sieve Time — Samples will be sieved for 12 minutes.
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Analytical Resources, Inc, — Geotechnical Division — SOP #1107

Measure of Particle Size Distribution
Sediments by PSEP Method

43 Sieves — Sieves are frames that hold wire cloth that has various size openings. The operator will
visually examine the sieves for defects (i.e, tears, plugging, holes) prior to each use. Do not use

damaged sieves.
4 4 Flocculation — The process where finely suspended particles agglomerate and settle out of solution.

5.0 DOCUMENTATION

5.1 PIPETTE GRAIN SIZE ANALYSIS data sheet

6.0 PROCEDURE

6.1 Sample Preparation

611

612
613

6.14
615

6.1.7

Remove the samples from the cooler/refrigerator and allow them to warm to room temperature.
Verify sample ID numbers. Notify supervisor for ID discrepancies.

To remove organic material from sample see 6.2.

Label and pre-weigh two tare dishes, one for total solids portion of sample and one for wet sieving
portion

Carefully homogenize sample to incorporate any overlying watez

Rernove the total solids portion of sample (approximately 25 grams), weigh in labeled tare dish,
and record weight an data sheet to the nearest 0 Img. Dry sample in oven overnight or until
completely dry, cool in desiccator, weigh, and record on data sheet.

Remove wet sieve portion of sample (approximately 40 grams), weigh in labeled tare dish, and
record weight on data sheet to the nearest 0. 1mg. The critical factor for the sample size
determination is the weight of the fine-grained material that will be used for the pipette analysis.
Ideally the total dry weight of fine-grained matetial in the 1000ml-graduated cylinder should equal
approximately 15 grams . Estimate fraction of finet than #230 sieve material along with moisture
content (i.e, if the moisture content is 100%, and the percent finer than the #230 is estimated at
50%, an acceptable sample size could be approximately 80 grams).

Clean workstation when sample preparation is finished Initial and date data sheet.

6.2 Organics Oxidation (optional)

6.2.1
622
623
624

625

Place sample in large beaker (=2000ml)

Add 20 ml of 10% hydrogen peroxide solution and mix thoronghly.

Let sample stand unti! frothing stops.

Add an additional 10ml of 10% hydrogen peroxide solution and mix. Continue adding 10ml
portions of solution until no frothing occurs.

Gently boil sample on hotplate to remove excess hydrogen peroxide. Be careful not to lose any
material during boiling operation, See section 9.0 CORRECTIVE ACTION if a significant

amount of material is lost during boiling operation.

6.3 Wet Sieving

631
632

633
634

635

Labet cylinders with sample number by using lab tape.

Place #230 sieve in funnel over 1000ml cylinder by using lab stands with clamps. Moisten sieve
using a light spray of distilled water.

Add 20-30mls of distilled water in sample tare dish and stir to suspend the fine-grained material.
Pour sample and water onto sieve and gently agitate sieve to scparate fractions. Aggregated
clumps of sediment can be gently broken down with a rubber policeman. For saniple spillage see
9.0 CORRECIIVE ACTION.

Continue washing sample with a fine spray of distilled water until only clear water passes through
sieve. See 9.0 CORRECTIVE ACTION if liquid passes 1000m] mark.
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Analytical Resources, Inc, — Geotechnical Division — SOP #1107

Measure of Particle Size Distribution
Sediments by PSEP Method

636

637

Rinse all remaining material off the #230 sieve back into the tare dish. Place sample in oven
overnight or until dry (usually 12-16 hours).

Clean workstation when wet sieving is finished. Initial and date data sheet

6 4 Sieving the Sand-Gravel Fraction

641
6.42

643
644

645

6456

6.4.7

6438

649

Remove plus #230 material tare dish from the oven and cool in desiccator to room temperature.
Set up a nest of sieves with the coarsest on the top and grading down to the finest on the bottom
over a sieve pan. Clean any dirty sieves with a wire or bristle brush and tap sieve on table with all
edges evenly to remove debris.

Weigh sample and tare dish and record on data sheet to the nearest 0.1mg

Add sample to the uppermost sieve in nest. Use brush to clean entire contents of sample from tare
dish and to gently break up any agglomerations of material that may have formed due to drying,
Place nest of sieves in mechanical sieve shaker and secure with metal lid with cork right side up.
Set shaker arm in down position, set timer for 12 minutes, and start shaker. Close lid. Remove
nest when shaker is finished.

Empty top sieve by inverting over a glossy piece of paper. Run bristle brush over bottom of sieve
to remove all particles. Tap sieve evenly on table.

Carefully pour sample from wax paper into tare dish, weigh to the nearest 0.1mg, and record
weight on data sheet

Repeat 6.4.6 and 6 4 7 with remaining sieves. Empty material retained in pan to the siit-clay
fraction in the cylinder Compare the total weight retained with the original dry weight to ensure
that no material was lost in the sieving process. If weights are significantly different, see section
9.0 CORRECTIVE ACTION. Note large amounts of organic material (e g, wood debris, grass,
shells) or nunusudl material in any size fraction on data sheet,

Clean workstation when work is finished. Initial and date data sheet.

6.5 Pipetting the Silt-Clay Fraction

651

6.5.2
653

654
6.5.5

656

6.5.7

658
659
6.5.10
6.5.11

6.5.12

Add 10 ml of Na(PO-), dispersant to each silt-clay fiaction cylinder and fill to the line with
distilled water. Record batch number of dispersant used on data sheet.

Use rubber stopper and mix suspensions by inverting cylinder end over end mixing completely.
Allow the mixed suspension to stand for 2-3 hours and check for signs of flocculation. See 9.0
CORRECTIVE ACTION if flocculation occurs.

Label and pre-weigh fraction tares to the nearest 0.1 mg and record on data sheet.

Print time stickers aliquot withdrawal located in the ‘1emplate’ folder on the computer. Attach
stickers to the corresponding data sheets.

Use rubber stopper and mix suspensions by inverting cylinder end over end approximately 60
times per one minute For sample spillage see 9.0 CORRECTIVE ACTION.

After 20 seconds, withdraw a 20 m! aliquot from a depth of 20 cm below the surface of the
suspension using a 25 ml 1/10 pipette with rubber bulb. It is critical that the solution be disturbed
as little as possible when the pipette aliquots are taken.

Transfer aliquot to pre-weighed tare and rinse pipette by drawing approximately 20ml distilled
water into pipette and transferring rinse into the same tare.

Withdraw another 20ml aliquot at the depth of 10 cm below the surface of the suspension at the
appropriate time as listed in TABLE ! according to room temperature. For missed pipetting times
see 9.0 CORRECTIVE ACTION.

Dry all aliquots in oven to a constant weight at 90 °C,

Cool dried samples to room temperature in a desiccator, weigh to the nearest 0.1mg, and record on
data sheet.

Keep workstation clean. Initial and date data sheet.

IABLE 1. Withdrawal Times for Pipette Samples
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Analytical Resources, Inc. — Geotechnical Division — SOP #1107

Measure of Particle Size Distribution
Sediments by PSEP Method

4.0 62.5 20 20s 20s 20s 20s 20s 20s 20s
50 312 10 2m Im 1m 1m 1m Im 1m
57s 54s 51s 49s 465 44s

60 156 10 8m Tm Tm Tm 7m Tm 6m
48s 36% 25s 15s 3s 3558
7.0 7.8 10 3Im 31m 30m 20m | 28m | 28m | 27m
Os 11s 268 41s 59s 18s | 39s

80 39 10 2h 2h 2h th 1h 1h 1h
8m S5m 2m 59m S56m | 53m | 5lm

9.0 1.95 10 gh 8h 8h 7h 7h 7h 7h
32m 18m 6m 56m 44m | 3Zm | 22m

10.0 098 10 34h 33h 32h 31h 30h 30h | 2%h
6m 16m 28m 40m 56m | 12m | 30m

7.0 CALCULATIONS

7.1 MOISTURE CONTENT and TOTAL SOLIDS
Total solids content is determined as follows:

Percent Solids= (A -B)Y(100)
(C-B)
Where: A = weight of tare and dry sample residue
B = weight of tare
C = weight of tare and wet sample

7.2 SAND and GRAVEL FRACTION
The sand and gravel fractions of the sample are reduced as follows:

Percent retained (for a given sieve)= C/D * 100

Where: C = cumnlative weight retained for a given sieve
D = total dry sample weight

73 SILT and CLAY FRACTION
The total weight of the phi-sized interval in the 1000ml graduated cylinder is determined

as follows:
Phi weight= S0((E-G)-(F-G))

Where: E = weight of residue in a 20ml aliquot for a given phi
size boundary
F = weight of residue in a 20m! aliquot for next larger
phi size boundary
G = weight of dispersant and dissolved salt in a 20mi
aliquot

8.0 SAFETY
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Analytical Resources, Inc, — Geotechnical Division — SOP #1107

Measure of Patticle Size Distribution
Sediments by PSEP Method

31
32

33
§4

9.1

9.2

93

94

9.5

9.6

97

Lab wear including a lab coat, safety glasses, and gloves should be worn at all time.

Care should be taken not to inhale fine dust while sieving. A dust mask should be worn when
sieving.

The sieve shaker is loud, and the lid should be closed while in operation.

Keep workstation clean at all times Wipe any spills to avoid safety hazards.

9.0 CORRECTIVE ACTION

Sample loss during organics oxidation — See supervisor for sample loss during organics
oxidation. A significant loss of sample may result in a redo.

Sample loss during wet sieving - If sample is spilled on table use distilled water to wash
spillage into tare dish. If sample is lost on the floor, see supervisor. A significant loss may
result in a redo.

Excess wash volume — If wash volume exceeds 1000 ml mark during wet sieving, let sample
evaporate until an accepted volume is reached.

Sample loss during sieving — Attempt to brush spilled sample into tare dish prior to weighing.
1t is extremely important to keep worktables and floor clean prior to sieving in case a spill
occurs.

Sample Flocculation — Flocculation can be recognized by a curdling and rapid settling of
lumps of particles or by the presence of a thick, soupy layer on the bottom of the cylinder
passing abruptly into clear water above. If flocculation occurs, add dispersant in 10 ml
increments until no noticeable flocculation occurs. Record the total volume of dispersant
added on the data sheet.

Sample spillage during cylinder mixing — If tubber stopper is not tight on cylinder and spillage
oceurs, continue pipetting procedure. Note approximate amount of spilled liquid and note on
data sheet.

Missed pipetting aliquots - If withdrawal is missed the suspension may be re-mixed and the
missed aliquot can be taken at the appropriate time. It is not necessary to take the initial 20 mi
aliquot when this corrective action is taken

10,0 REFERENCES

10.1Folk, Robert L., 1978, The Petrology of Sedimentary Rocks, Hemophile Publishing Co,

Austin TX

10 2USACOE 1995, Puget Sound Estuary Protocols, U.S. Army Corps of Engineers, Seattle WA
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Comments on the ARI Grain Size Report — April & June 2004 PSAMP sediment data

Why was sample 56 rerun?
2. Case Narrative 4 - not enough fines in sample to reach 5-gram limit for pipette

pottion of analysis
Comment — we always have a duplicate back-up sample for each. ..if you need
more sediment, we can provide. . .can these 4 be rerun if we give you more
sediment?

3. Dissolved Solids Correction Worksheets — why are the ARI Sample IDs letters,
rather than the ARI numbers used on the other bench sheeis?

4 There is no Dissolved Solids Correction Worksheet with batch 2 — sample 56 —
why not?

5. Batch 3 bench sheets for individual stations — Stations listed as letter code, rather
than client ID #. Please revise to lower confusion level

6. Batch 4 Apparent Grain Size Distribution Summary sheet has both a “Sample
No ” and a “Station No.” column. The Station Numbers are those from the last
batch while I believe the Sample Numbers are the correct Client Numbers for the
4" batch. Please fix this spreadsheet to match othets (i.e., the Station Number
column has our Client Numbers listed in it.

f—y



% Analytical Resources, Incorporated

Analytical Chemists and Consultants

Response to Ecology Comments on April & June PSAMP Sediment Data

Comment #1. Why was sample 56 re-run?
Re_spén'se: Sample_ 56 had a QA ratio outside of our ac'c_:eptable range. ”

Comment #2. Case Narrative 4 — not enough fines in sample to reach 5-gram
limit for plpette portion of analysis. We always have a duplicate back-up sample
for each. ..if you need more sediment, we can prowde .can these 4 be re-run if

we give you more sediment?

Resp()ns_e: No. Within the capacity of the balance, {either 205 or 220
grams) a large enough sample could not be taken to get.to the 5 gram limit 'Our
balance (220 gram capacity) is the largest capacity balance made that goes to
0.0001 g. The weight of the sampie and tare must be below this maximum
capacity. Within an aliquot of this size, there were not enough fines in the

sample.

Comment 3. Dissolved Solids Correction Worksheets — why are the ARl Sample
IDs letters, rather than the ARI numbers used on the other bench sheets?

Response: Using the letter designation is our standard way of doing it. '

Comment 4. T'hefe is no Dissolved Solids Correction Worksheet with batch 2 —
sample 56 — why not?

Response: It was included with set 1. It is sample “A”.

Comment 5. Batch 3 bench sheets for individual stations — Stations listed as
letter code, rather than client ID #. Please revise to lower confusion level.

Response:

Comment 6. Batch 4 Apparent Grain Size Distribution Summary sheet has both
a “Sample No.” and a “Station No.” column. The Station Numbers are those from
the last batch, while | believe the Sample Numbers are the correct Client
Numbers for the 4™ batch. Please fix this spreadsheet to match others (i.e, the

Station Number column has our Client Numbers listed in it.

Response: This sheet has been revised.

4611 South 134th Place, Suite 100 » Tukwila WA 98168 * 206-695-6200 * 206-695-6201 fax



PSEP Grain Size Analysis

Set 1



DISSOLVED SOLIDS CORRECTION WORKSHEET

ARI Sample ID tare # Tare Weight Tarzf\i\;fight (S;E;%S)

A A 1.4191 1.4582 1.955
B B 1.414 1.4437 1.485
c c 1.4283 14613 165
D D 1.4675 1.5017 1.71
E E 1.4185 1.4497 1.56
F F 14117 1.4468 1.755
G G 1.4521 1.4864 1.715
H H 1.4868 15276 2.04

a O 1.4282 1.473 2.24
J J 1.4708 1.5049 1.705
K K 1.4245 1.4582 1.685
L L 1.4451 1.4816 1.825
M M 1.4645 15034 1.945
N N 1.4623 1,505 2135
o1 o1 1.4757 1.506 1.515
02 02 1.4865 15167 1.51
03 03 1.496 1.5239 1,395
p P 1.4703 1.5055 1.76
1.4595 1.995

.1.4994

ANALYTICAL
RESOURCES

@

INCORPORATED
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PSEP Grain Size Analysis

Set 2
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PSEP Grain Size Analysis

Set 3



DISSOLVED SOLIDS CORRECTION WORKSHEET

Sample ID tare # Tare Weight Tarzf‘?:ight Solids
Al At 1.4591 1.4918 1.635
A2 A2 1.4492 1.482 1.64]
A3 A3 1.4159 1.4476 1.585
B B 1.4988 1.5356 1.84]
c C 1.4345 1.4713 1.84
D D 1.5059 1.5358 1.495
E E 1.4376 1.4627 1.255
F F 14343 1.4668 1625
G G 1.4474 1.4807 1.665
H H 1.4488 1.4807 1.595
| ! 1.5031 1.5375 172
J J 1.4802 1.5156 1.77
K K 1.4477 14813 1.68
L L 1.4505 1.4818 1.565
M M 1.4629 1.4886 1.285

ANALYTICAL
RESOURCES

@

INCORPORATED
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PSEP Grain Size Analysis

Set 4



DISSOLVED SCLIDS CORRECTION WORKSHEET

Sample (D tare # Tare Weight Tarzf\g{:ight Solids
N1 N1 1.4446 1.4693 1.235
N2 N2 14102 1.4344 1.21
N3 N3 1.5001 1.5243 1.21
O O 1.446 1.4838 1.89
P p 1.4607 1.4955 1.74
Q Q 1.4811 1.51486 1.675
R R 1.4989 1.5334 1.725
S S 1.4972 1.5246 1.37
T T 1.4921 1.5179 1.29
u U 1.4284 1.4582 1.49
\ 1 1.5083 1.5326 1.215
w w 1.4275 1.4554 1.395
X X 1.5008 1.5261 1.265
Y Y 1.4194 1.4521 1.635
z Z 1.5086 1.5334 1.24
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