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2.4.2.1 Probe and membrane care

If the DO probe is handled carefully, 2 new membrane can endure several days of measurements in waters with
salinities as high as 5 to 10 ppt. Immediately after DO readings begin to drift or appear erratic, consider replacement
of the membrane and probe solution. Follow the manufacturer’s instructions for membrane replacement. Some

safeguards to follow include:

0 Rinse the interior of the DO probe with filling solution at least once before finally filling the
probe and sealing with a new membrane.
Do not stretch the membrane during installation.
Do not touch the working surface of the membrane.
After sealing the new membrane, with the black rubber O-ring, invert the probe and tap it to
confirm that no air bubble has been trapped. If any bubbles or any other foreign matter appear
under the membrane, remove and replace the membrane.

o Leave only a very small amount of membrane overlap at the black O-ring seal, never enough
to reach the cathode (gold ring).

o Thoroughly trim the excess membrane and store the assembled probe in water-saturated air.

2.4.2.2 Probe and sample bottle adapter assembly

Since the probe by itself will not provide the correct air-tight seal with mouth of the test bottle, an adapter must
be rigged to eliminate inadvertent introduction of oxygen into the test sample. As an example, prepare this adapter
by cutting a correctly-sized hole in a plastic cap (Laboratory Products P301 Series). Fit the cap onto the DO probe

so that the probe can wedge snugly and securely into the mouth of the sample jug during DO measurement.

2.423 DO meter calibration
The DO meter should be calibrated using the following steps:

1. From a single reservoir of aerated deionized water, fill two 300-mL BOD bottles. The filling
procedure should conform to the inverted-siphon technique, with at least two-volumes of
turnover, to ensure that the DO in both BOD bottles are equal, and equal to the DO in the

TESErvoir.

2. Immediately "fix" the DO in one bottle using steps 1 and 2 of the Winkler Procedure as
described in Standard Methods.

3. As quickly as possible, measure the DO in the second BOD bottle with the DO probe and

bottle adapter assembly.

If the DO probe reading equals the DO as measured by the completed Winkler test, the DO meter is calibrated.
If the two measurements differ by more than 0.05 mg/L, the DO meter is out of calibration and must be adjusted.
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If the DO meter needs adjustment, assume the Winkler measurement is correct. Subtract the DO probe reading
from the Winkler result. If the probe reading is lower than the Winkler, the adjustment is positive (+) and equals
the "difference” between the two readings. If the probe reading is higher than the Winkler, the opposite is true.

Adjust the DO meter. Then, draw two more samples from the reservoir of aerated deionized water. Immediately
*fix* one bottle for a Winkler test, as before. Quickly measure DO in the second bottle. Compare the adjusted DO
reading to the new Winkler result.

If the new Winkler and the new DO reading agree to within 0.05 mg/L, the instrument is calibrated. If the two
readings do not agree, then repeat the process until DO meter adjustment is not required. At that point, the meter
is calibrated.

The following criteria should be met during the calibration process:

o Carefully protect the sample bottle from inadvertent introduction of oxygen during the probe
insertion step;

[\ Step 3 of the Winkler test should be performed immediately after the probe reading is recorded;
The temperature of all DO samples must be exactly the same;
Clock times and sample temperatures should be recorded in the laboratory test records along
with each DO reading, after each step in the process. Document each step as each step is
taken. Do not work from memory;

0 During a long-term BOD test calibration should be checked at least once every two hours, or
more frequently if any questions arise over proper meter functioning;

0 Whenever DO meter drift is noticed, or whenever calibration is required (for any reason), the
calibration steps described above should be performed; and

o A permanent documentation of all calibration checks, calibrations, and meter adjustments

must be incorporated into the project laboratory record.

2.5 Sample "Set-Up" and Measurement
2.5.1 Set-up time

Once sample handling, preparation, and special treatment have been completed, as described in Section 2.3, the
next step in the uninterrupted procedure is sample "set-up." The set-up time, the official reference time for all
calculations and analyses performed on laboratory results, must be uniquely determined for, and clearly recorded
in the laboratory record for each test. All clock times in the Long-Term BOD Test should be recorded in the

24-hour military convention.

2.52 Sample set-up

After handling, preparation, and special treatment, each test sample will be contained in an eight-liter carboy.
The sample must be free of entrained air bubbles, and its DO must lic between 8.0 and 9.0 mg/L (at 20°C).

If the test sample is cool (<15°C), any mixing should be accomplished by gently inverting the carboy. This

minimizes excessive aeration and prevents bubble formation when the sample adjusts to 20°C.


Jake and Megan
Rectangle

Jake and Megan
Typewriter
74


75

If the test sample is warm (>25°C), mixing can be accomplished by shaking the carboy vigorously for at least 30
seconds. In either case, ensure that initial DO lies between 8.0 and 9.0 mg/L at 20°C, and ensure that gas bubbles
do not form.

Next, pour the properly aerated test sample into each of these four containers:

1 Monitored Bottle. Fill the 0.5 gallon glass jug (example, CMS 147-850) completely, to the top;
2. Reservoir bottle. Fill the 1.0 quart glass jug (example, CMS 031-146) completely, to the top;
3. Nutrient Bottle. Correctly fill a 500 mL nalgene bottle already prepared with H,SO, to "fix"

nitrogen species for subsequent testing. (Consult with the Division for correct preparation steps
for the nutrient bottle and for alternative sample sizes for later chemical subsample.)

4, Salinity Bottle. Fill a 500 mL nalgene bottle and refrigerate. When time permits, allow this
bottle to return to room temperature. Then measure conductivity and temperature in
accordance with the criteria contained in Section 2.4.1. These data will be used to calculate
the salinity correction factor for that test.

Remove any air bubbles stuck to the side of the one-half-gallon monitored bottle by tapping. If the sample is cool
(<15°C), wait one-half to one hour after tapping away the bubbles to be sure no fresh bubbles form as the sample
warms.

Perform the initial DO measurement and close the monitored and reservoir bottles as described in Section 2.5.3
below. If the initial DO exceeds 9.0 mg/L, lower the DO either (1) by waiting and tapping, or (2) by pouring the
sample from the monitored and reservoir bottle back into the eight-liter carboy and agitating. (It may be necessary
to raise the sample temperature to near 20°C to lower the DO to 9.0 mg/L).

After these initial conditions have been met: (1) measure initial DO and temperature in the monitored bottle;
(2) immediately close and seal the monitored and reservoir bottles; (3) record the date and exact clock time in the
laboratory test record along with initial DO and temperature; these entries become a part of the official set-up
conditijons for the entire test; then, (4) place the monitored and test samples side-by-side in the laboratory incubator,
in total darkness, at 20°C + 0.5°C.

253 Test sample measurement
2.53.1 Measurement frequency

Test measurement frequency should be established during the project planning phase by consultation between
the Division project engineer and the laboratory manager. Usually, the samples will be measured at least once a day
for the first seven (7) days, every other day for the next fourteen (14) days, then every third day for the remainder
of the test.
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However, measurement frequency will be established ultimately by the need (1) to properly-define the shape
changes (kinetics) of the "DO remaining" curve (Figure 1), and (2) to detect problems in the test that required
immediate attention.

The next Section 2.6 contains specifications for interim review of results, by the laboratory manager, to detect
problems and/or the need for changes in measurement frequency. During each of the first 5 days of the testing
period, twenty (20) percent of the test samples selected at random should be measured every 12 hours to catch any
problems of sample acclimation as they occur.

2.5.3.2 Measurement procedure

Remove a sample from the incubator not more than ten (10) minutes before starting the DO measurement.
Remove the water seal from the monitored bottle. Protect the sample cap so that its surface contacting the sample
does not become contaminated. If the cap does potentially become contaminated, rinse it thoroughly with deionized
water or replace with a new cap.

Carefully insert the DO probe with adapter into the monitored bottle, turn on the DO probe stirrer and observe
the sample temperature. Record the sample temperature after it has stabilized (this usually takes one to two
minutes).

After recording the sample temperature switch the meter function to "DO". Ensure that the meter salinity knob
has been set to zero. Allow about 45 seconds to elapse before noting the DO reading. Wait an additional 30 seconds
to verify that the DO reading has not drifted. If the DO reading appears stable, record the DO and the clock time.
If the DO reading changes or does not appear stable, repeat the waiting period and re-read. If the meter continues
to change or drift repeat the calibration procedure of Section 2.4.2 and/or examine the meter itself.

When the measurement has been completed, turn off the DO probe stirrer and remove the DO probe. Check
the salinity knob. Rinse the probe, including the monitor bottle cap, with deionized water. Place the probe in the
next monitored bottle or in a holding station of water-saturated air. Be careful not to touch the membrane against
any solid surfaces.

A sample should not be out of the incubator for more than 20 minutes. Any deviations from this limit must be

recorded in the test record. Check the salinity knob frequently.

2533 Sample replacement and measurement closure

During incubation the monitored bottle must be water sealed air tight and be completely full without air-space
at the top. However, sample handling and measurement generally produces a small loss of sample volume which
must be fully replaced prior to re-incubation.

The reservoir bottle for each test provides sample replacement volume. Hence, after DO measurement gently
mix the reservoir by swirling (or inverting) and prevent the introduction of air bubbles. Gently pour or siphon
sample from the reservoir to re-fill the monitored bottle. Do not introduce bubbles into the monitored bottle.

Replace both the monitored and reservoir bottles side-by-side, in the incubator. The measurement is "closed"

when the clock time for re-incubation has been entered in the laboratory record.
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2.5.4 Measurement trouble-shooting

In the Long-Term BOD Test, DO should decrease with each successive measurement. If DO increases with a
subsequent measurement something is wrong; corrective action must be taken. Common sources of DO increase
include: (1) inadvertent reaeration of the sample--laboratory technique is faulty; (2) temperatures not constant at
20°C--laboratory temperature control is faulty; (3) algac growth in the sample bottle has caused oxygen
production--samples have not been kept in total darknmess; (4) DO meter malfunction or faulty DO
calibration--laboratory technique is faulty; and (5) test continuity has been interrupted for some unfortunate reason.

Conversely, even though DO should decrease, the decrease should not be drastic. A problem exists if DO drops
more than 1 mg/L in any 24-hour period during the first 7 days, or more than 1 mg/L in 3-5 days during the
remainder of the test. Causes for drastic drops in DO include faulty laboratory techniques, improper temperature
control, meter malfunction, or interruption of test continuity. Another, more revealing cause might be a
miscalculation in dilution water volume; hence, the raw sample is stronger than expected and has not been diluted
enough.

Thus, both DO increase and sharp DO decrease point to problems with the test that must be investigated and
solved as quickly as possible. Accordingly, each DO measurement, as soon as its recorded, should be compared to
the previous value for that test. Corrective action should be initiated whenever a potential problem has been detected

in the DO profile. Corrective action is the laboratory manager’s responsibility.

2.5.5 Sample Reaeration
2.5.5.1 Reasons for sample reaeration

Test samples should be reaerated: (1) whenever DO is expected to drop below 3.0 mg/L in the monitored bottle
(2) whenever chemical sub-samples are removed from the monitored bottle, and (3) whenever test continuity has
been interrupted, say by an accidental crack in or spillage of the monitored bottle. In all cases, reaeration represents

an "effective re-start” and thus, should be performed carefully.

(a) If dilutions are improperly calculated or if the raw sample strength is high in BOD, then DO
in the monitored bottle can suddenly drop below 3 mg/L. When DO falls that low in the
monitored bottle, the kinetics of oxygen-demanding bacteria can be suppressed or changed in
ways that adversely affect the validity of test results. BOD should be measured in an oxygen-
rich environment, one in which the availability of oxygen does not become a limiting factor in
BOD kinetics. Accordingly, reaeration (replenishing the oxygen supply in the test sample)
occasionally becomes necessary. There are draw-backs, however. Reaeration, by definition,
disrupts test continuity, opens the test to inadvertent errors, and introduces a sudden slug of
oxygen which can pulse BOD kinetics. Drawbacks aside, after each DO measurement the
laboratory technician should examine the existing DO profile. If DO is expected to fall below
3 mg/L before the next measurement, the test sample should be reaerated before replacement

in the incubator.
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®) When chemical sub-samples are removed from the monitored bottle, sample volume must be
replaced from the reservoir. Usually, DO in the monitored and reservoir bottles will be
different. For this reason, without reaeration, the addition of make-up sample will disrupt test
continuity and adversely affect test results. Thus, when chemical sub-samples must be removed,
DO should be measured first in the monitored bottle. Sub-samples can then be removed
carefully. The monitored bottle should be refilled from the reservoir. Next, the test sample
should be reaerated before replacement in the incubator.

(©) Occasionally it becomes necessary to re-start a test after major disruption of test continuity.
Sample bottles can be cracked or broken; samples can be inadvertently left out of the incubator;
laboratories can experience power failures; any number of things can happen. Major test
diSruptions cause major losses in test validity. However, useful information can be salvaged by
re-staring the test immediately after a major disruption has been detected. Test re-starting
requires that the entire test sample be reaerated, and that initial DO and temperature be taken

before sample replacement in the incubator.

2.5.5.2 Reaeration procedure

After recording the pre-aeration temperature, DO, time, and date as described in the typical DO measurement
Section (2.5.3), mix the entire contents of the monitored and reservoir bottles in a clean eight-liter plastic carboy.
Shake the carboy at least 30 seconds. Allow any bubbles to surface. Fill the monitored bottle to the top with
reaerated sample. Pour the rest of the sample back into the reservoir bottle. Confirm that there are no bubbles
remaining in the monitored bottle. If bubbles are present, remove them. Measure and record the post-reacration
temperature, DO, time and date. Finally, "close” the monitored and reservoir bottles and continue incubation.

During the entire reaeration process, the steps and safeguards described in the sections on sample handling and

set-up should be adhered to.

2.6 Test Management, Records, and Results

In water quality modeling for wasteload allocation and NPDES Permit development, the values used for ultimate
BOD can "drive” the ultimate decisions. That is, NPDES Permit limits are strongly influenced by long-term BOD
test results, and wastewater treatment costs can be very high. Therefore, since BOD results can play a crucial role
in expensive engineering solutions, the laboratory results must be able to pass strict tests for defensibility. Successful
defensibility requires constant test management, careful laboratory techniques, complete and unambiguous test

records, and intermediate scrutiny of test results.

2,6.1 Test management

Each long-term BOD test has a life history--a beginning, middle, and end. During these phases, each test
experiences different technicians, multiple procedures and handlings, and a variety of environmental conditions.
Hence, the test sample cannot be left to fend for itself. Instead, continuity and defensibility require consistent

attentive management designed to ensure that each test survives to it’s end with meaningful results intact.
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Prior to the beginning of the laboratory phase, i.e., during the planning process, the project engineer and laboratory
supervisor should meet and agree upon the project management plan. This plan should include provisions for regular
communications between the engineer and laboratory supervisor, and between the laboratory supervisor and his
laboratory personnel. The plan should also include: specifications for regular test monitoring, requirements for
records keeping, identification of responsibilities and those responsible, contingencies for handling problems, and
procedures in the case of emergencies. The project engineer and laboratory supervisor should also meet at intervals
throughout the test period to exchange data, discuss test progress, and solve intermediate problems as they occur.
Records of these meetings become a part of the permanent project record. There is too much at stake with

long-term BOD tests to leave essential items to chance.

2.6.2 Test records
From project test records, one should be able to reconstruct the entire life history of each test sample. This
means knowing who, what, when, where, why, and how; who handled the samples and performed the measurements;

what procedures were carried out, when and under what conditions were they carried out; where was the sample at

all times; why were certain activities carried out; and how were special measures implemented. The project record
also includes the laboratory supervisor’s diary of project events from sample receipt through handling, preparation,
set-up, calibration, measurement, monitoring, review and presentation of final results. In addition to the supervisor’s
diary, two specific types of data sheets should be maintained: (1) those for instrument calibration, and (2) those for

test measurements.

2.6.2.1 Instrument calibration data

All conductivity and dissolved oxygen meter calibrations should be recorded on data sheets for each instrument
designed specifically for that purpose. Proper notations should also be made in the record for each test sample to
show, without ambiguity, which instruments and calibrations apply to that test and when they were performed.
(Calibrations for other chemical tests and instruments become a part of the permanent project record but do not

have their own specifically designed data sheets.)

(a) Conductivity meter calibration. Figure S contains the data sheet for conductivity meter calibrations.
Calibrations should be performed according to the procedures and criteria presented in Section 2.4.1.

) Dissolved Oxygen Meter Calibration. Figure 6 contains the data sheet for DO meter calibrations. As
shown, the date, time, meter number (if applicable), temperature, DO readings with Winkler
measurements, and the resulting meter adjustment should be recorded for each calibration. In addition,
comments should include the reasons for the calibration and a description of the corrective actions taken.

Also, the data sheets for each test should show when during the test DO calibration were performed.
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LABORATORY: AMPLIFIED LONG-TERM BOD TEST METER 1ID:
CONDUCTIVITY METER
CALIBRATION RECORD
CONCENTRATION CONDUCTIVITY |* CORRECTED |INITIALS
DATE TIME |TEMP STANDARD READING CONDUCTIVITY
2400 °C SOLUTION pmho (@ 25%)
LABORATORY QA MANAGER DATE:
* CORRECTION = 1.91% PER DEG.
FIGURE 5
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LABORATORY : AMPLIFIED LONG-TERM BOD TEST JOB NUMBER:
DISSOLVED OXYGEN METER METER 1ID :
CALIBRATION RECORD PROBE. ID :
INITIAL VERFICATION
DATE|| TIME | WINKLER | TEMP | INITIAL METER TIME |WINKLER|TEMP| DO [INIT.
2400| (mg/L) c DO ADJUSTMENTS| 2400 | (mg/L) °C | (mg/L)
(mg/L)
LABORATORY QA MANAGER DATE:
FIGURE 6
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2.6.2.2 Test measurement data

Figure 7 contains the form that should be used to record the DO measurements for each sample. The date,
times, temperature, DO readings, calibration adjustment, reaeration reading, and remarks concerning adjusted DO
readings, chemical subsample removal, and perceived problems should be recorded. NOTE: This form has been
designed for a specific data processing facility and should not be modified without prior approval by the Division.

2.6.3 Test results

BOD kinetics in the laboratory bottle can depend on many variables like bacterial food, available nutrients,
temperature, light, and sample handling techniques. Also, in addition to the assumed first-order behavior of BOD
kinetics, actual bottle reactions may reflect 2nd and higher order kinetics and may comprise multiple BOD reactions
that lag and overlap. Thus, a BOD curve plotted from actual laboratory data may depart, in shape, from the smooth
curves predicted by first-order theory.

Accordingly, one cannot always judge the behavior of a given test simply by looking at a "column” of DO
measurements on the laboratory data sheet. For instance, a DO change of 0.1 mg/L from point-to-point in one
sample can have a meaning different than a 0.1 mg/L change in the next sample. For these reasons, BOD graphs
of each test should be plotted measurement-by-measurement as tests progress. Seeing the growth of BOD in real
time will provide valuable checks on and insights about test progress. Close observation of test results can identify
problems and suggest corrective measures and procedural changes. For example: the "rate” of BOD growth can
help schedule subsequent reaerations; unexpected surges in BOD could encourage an examination of meters and
laboratory controls; an "outlier” should trigger an immediate DO re-measurement and /or meter calibration to adjust
the "outlier” or resolve an undetected problem.

Figure 8 contains a representative plot of typical readings from a long term BOD test. As shown, projection of
the first 8 points would result in a low estimate of the value expected on the 9th reading. Even though the Sth
reading may be valid, it should be checked after recalibration of the meter.

Figure 9 contains a sample sheet of graph paper which can be copied to provide separate graphs for each test
sample. However, any equivalent laboratory-precision graph paper may be substituted.

2.6.4 Final project laboratory results
Complete project results from the amplified Long-Term BOD test include the following:

The laboratory supervisor’s diary and working graphs for each test;
Calibration data sheets for conductivity meters and dissolved oxygen meters;

Complete and unambiguous data sheets for each long-term BOD test; and

L A

Access to calibration files for other tests and instruments used in the project;
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LABORATORY : AMPLIFIED LONG-TERM BOD TEST JOB NUMBER:

MEASUREMENT RECORD DISSOLVED OXYGEN |SAMPLE ID :

INCUBATOR {TEMP DO REAERATED| TIME POST
DATE TIME °C (mg/1) YES/NO 2400 REAERATED | REMARKS | INIT.
: DO
ouT IN (mg/L)
JOB NUMBER: % DILUTION:
SAMPLE ID : DILUTION WATER USED:
SAMPLE DESCRIPTION: INTIAL TEMP °C:
CONDUCTIVITY: € T
: @ 25°C
DATA FILE NAME: CORRECTED CONDUCTIVITY:
FILTERRD : YES NO SALINITY:
INHIBITED: YES NO SCF:
LABORATORY QA MANAGER: DATE:

FIGURE 7
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Each data sheet should be examined and checked by the responsible laboratory manager, then signed and dated
to authenticate the results. All data sheets should be arranged, sorted, and enclosed in a note book or binder to
enhance convenient retrieval of any portion of the project record. The data volume should be transmitted to the
Division under a brief letter report describing (1) the nature of work performed, (2) problems encountered and

corrective actions taken, (3) and items of special note that can affect data analysis and interpretation.
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PART 3: LIST OF EQUIPMENT

ITEM
I. Glass and Plasticware

0.5 gal glass bottles
0.5 to 1 L reservior bottles
1 gal glass or plastic bottles
Sample collection device (Beta Bottle)
10 or 15 L naigene carboy
8 L plastic carboy

for reaeration & composite samples
500 ml. naigene bottles

for nutrient & salinity samples
300 ml. BOD bottles
graduated cylinders
burettes for Winkler
volumetric pipettes
plastic stoppers

26 by 32 mm polyethylene hollow stoppers
erienmeyer flasks
beakers
volumetric flasks

H. Equiprnent
DO meter (YSI modet 57)
self stirring DO probe (5720)

extra membranes & O-rings

conductivity meter
BOD incubator
burette stand and holder
hypodermic needles and syringes
vacuum filter apparatus
Millipore pressure filtration device
No 61631 Gelman glass fiber filters
15 cm Whatman filter paper
refrigerator
water deionizer
botttied air
tygon tubing
snapper hose clamps

SUPPLIER*

Smith Container
Smith Container
Smith Container
Wildco

Scientific Products
Scientific Products

Curtin Matheson Scientific

Cunrtin Matheson Scientific
Curtin Matheson Scientific
Curtin Matheson Scientific
Curtin Matheson Scientific
Curtin Matheson Scientific

Curtin Matheson Scientific
Curtin Matheson Scientific
Curtin Matheson Scientific

Curtin Matheson Scientific
Curtin Matheson Scientific

Curtin Matheson Scientific
Curtin Matheson Scientific
Curtin Matheson Scientific
Curtin Matheson Scientific
Curtin Matheson Scientific
Curtin Matheson Scientific
Curtin Matheson Scientific
Curtin Matheson Scientific
Curtin Matheson Scientific

Curtin Matheson Scientific
Curtin Matheson Scientific
Curtin Matheson Scientific

87
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ITEM
il. Chemicals

H2S04
NaOH
KC! reference grade
2 chloro-6(trichloromethly)pyridine
Na2803
Mn SO4
NaN3
Nai
laboratory-grade starch
salicylic acid
Na2$8203-5H20 for tritant
KH(103)2 for back titration
Kl for standardization
Dilution Water

KH2PO4

K2HPO4

NazPO,-7H20

NH4 Cl

MgSQ4-7H20

CaClp

FeCi3-6H20

IV. Miscellaneous
manicure scissors
aquarium pumps
tubing for air pumps
clock
ice chest
labels
labeling pens
lab notebooks
black garbage bags
nonphosphate detergent
plastic bags
rubber bands

* Listing of supplies does not constitute an endorsement by either the Georgia EPD or Law Environmental, Inc.
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Appendix C
Selected results of preliminary studies
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The following graphs were generated from data obtained in preliminary tests conducted over a
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240 hour period rather than 48 hours. The magnitudes of the results are less than those presented

in the final test but the patterns show that beyond 48 hours the decreasing pattern continues for

both DOC and BOD,
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Raw data from leaching test and subsequent analyses
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COD Solids (mg/L)

CPOM Boat Sample  Boat + Unused Sample COD COD
Type (8) (8) (8) (mg/L) (mg/L/mg)
Wood 1 0.5312 0.003 0.5313 1340 462.07
Wood 2 0.52 0.0017 0.52 954 561.18
Wood 3 0.5395 0.0021 0.5397 1136 597.89
Leaves 1 0.5507 0.002 0.5507 1056 528.00
Leaves 2 0.5271 0.0017 0.5276 485 404.17
Leaves 3 0.5065 0.0014 0.5072 1156 1651.43
Grass 1 0.5575 0.0023 0.5576 1437 653.18
Grass 2 0.5944 0.0026 0.5945 1018 407.20
Grass 3 0.5422 0.002 0.5431 994 903.64

Raw TSS Data (mg/L)
Mass of  Leaching Time (hours)
CPOM Type Sample (air

dried) (g) 1 3 6 10 24
Wood 1 5.6979 o 1 7 5 2
Wood 2 3.0369 6 0 0 2 3
Wood 3 3.2691 0 3 1 3 5
Leaves 1 1.9145 8 2 0 2 4
Leaves 2 1.9656 37 2 2 2
Leaves 3 1.6407 2 2 4 4 0
Grass 1 2.2018 2 0 2 4 6
Grass 2 2.8786 0 3 1 4 3
Grass 3 2.7278 5 3 0 0 2

Raw VSS Data (mg/L)
Mass of Leaching Time (hours)
CPOM Type Sample (air
dried) (g) 1 3 6 10 24

Wood | 5.6979 3 6 6 5 1
Wood 2 3.0369 6 4 5 7 3
Wood 3 3.2691 1 3 3 6 5
Leaves 1 1.9145 7 2 2 3 3
Leaves 2 1.9656 5 7 2 5 1
Leaves 3 1.6407 52 3 4 3
Grass 1 2.2018 5 5 4 4 6
Grass 2 2.8786 0O 5 3 10 3




Grass 3 2.7278 5 3 2 0 1
Raw DOC Data (mg/L)
Mass of Leaching Time (hours)
CPOM Type Sample (air 1 3 6 10 24
dried) (g)
Wood 1 5.6979 43.06 2638 15.05 7.10 1549
Wood 2 3.0369 21.80 771 6.86 492 9.89
Wood 3 32691 2299 1005 495 595 12.58
Leaves 1 1.9145 132.23 72.54 33.14 23.10 34.76
Leaves 2 1.9656 141.11 70.12 32.02 2225 37.62
Leaves 3 1.6407 120.77 59.15 22.59 1690 28.42
Grass 1 2.2018 12395 53.18 2291 16.14 22.63
Grass 2 2.8786 154.88 84.45 39.45 27.31 34.65
Grass 3 2.7278 172.02 66.31 29.10 17.56 23.47
Raw TDN Data (mg/L)
Mass of Leaching Time (hours)
CPOM Type Sample (air
dried) (g) 1 3 6 10 24

Wood 1 5.6979 2.1909 0.6911 0.4644 0.6885 0.7549
Wood 2 3.0369 1.2674 0.4564 0.4677 0.5112 0.4171
Wood 3 3.2691 0.9754 0.4587 0.5938 0.4307 0.3277
Leaves 1 1.9145 4.0393 2.7031 1.6201 1.4078 1.8399
Leaves 2 1.9656 3.9440 2.6220 1.9353 1.1124 1.9905
Leaves 3 1.6407 3.7653 2.4116 0.8854 1.5807
Grass 1 2.2018 8.1647 4.1740 1.8149 1.1136 1.3033
Grass 2 2.8786 8.3016 3.2660 2.2271 3.1146
Grass 3 2.7278 8.2940 6.8945 6.8945 1.7609 1.9936
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Raw COD Data (Unfiltered) (mg/L)

Mass of Leaching Time (hours)

CPOM Sample (air 1 3 6 10 24
Type dried) (g)

Wood 1 5.6979 146 41 24 47 48
Wood 2 3.0369 68 25 34 20 35
Wood 3 32691 73 28 45 31 48
Leaves 1 1.9145 357 213 104 83 095
Leaves 2 1.9656 350 217 99 73 101
Leaves 3 1.6407 345 180 66 64 87
Grass 1 2.2018 312 141 56 37 65
Grass 2 2.8786 391 216 96 70 93
Grass 3 2.7278 399 175 68 38 61

Raw COD Data (Filtered)
Mass of Leaching Time (Hours)

CPOM Sample (air 1 3 6 10 24

Type dried) (g)

Wood 1 5.6979 55 37 30 35 44
Wood 2 3.0369 43 27 20 12 40
Wood 3 32691 32 43 29 31 43
Leaves 1 1.9145 352 213 104 53 79
Leaves 2 1.9656 362 211 93 57 78
Leaves 3 1.6407 322 185 63 50 65
Grass 1 2.2018 286 155 68 45 48
Grass 2 2.8786 390 213 103 96 78
Grass 3 2.7278 386 170 68 68 60
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Raw BODu Data (Filtered) (mg/L)
Mass of Leaching Time
CPOM Sample (air 1 3 6 10 24
Type dried) (g)
Wood 1 5.6979 7538 19.88 6.68 6.87 11.02
Wood 2 3.0369 30.83 9.63 473 422 742
Wood 3 3.2691 2568 11.08 133 4.82 9.32
Leaves 1 1.9145 202.43 99.03 31.43 15.12 36.72
Leaves 2 1.9656 191.78 119.58 17.43 22.62 28.07
Leaves 3 1.6407 192.73 86.78 12.23 15.02 26.37
Grass 1 2.2018 154.83 80.48 20.58 18.27 24.07
Grass 2 2.8786 202.63 121.83 31.63 28.17 35.87
Grass 3 2.7278 206.43 115.08 29.68 18.67 26.17
Raw BODu Data (Nitrification inhibited) (mg/L)
Mass of Leaching Time (hours)
CPOM Sample (air 1 3 6 10 24
Type dried) (g)
Wood 1 5.6979 57.70  18.50 245 6.85 13.05
Wood 2 3.0369 20.20 7.80 0.45 3.75 7.00
Wood 3 3.2691 1890  10.85 1.40 5.55 12.10
Leaves 1 1.9145 201.80 101.90 42.90 14.65  25.05
Leaves 2 1.9656 212.85 85.70 47.00 2345  40.15
Leaves 3 1.6407 193.15 71.95 22.75 13.85 3045
Grass 1 22018 162.80 65.75 19.50 11.95 25.50
Grass 2 2.8786 197.40 115.65 34.80 28.50 35.10
Grass 3 2.7278 197.80  96.85 37.65 14.60  28.95
Raw BODu Data (Unfiltered) (mg/L)
Mass of Leaching Time (hours)
CPOM Sample (air 1 3 6 10 24
Type dried) (g)
Wood 1 5.6979 67.18 22.73 0.33 4.37 9.77
Wood 2 3.0369 26.38 6.48 6.23 1.17 11.92
Wood 3 3.2691 31.33  11.68 6.13 4.32 19.97
Leaves 1 1.9145 192.18 111.13  39.53 19.22 45.12
Leaves 2 1.9656 21248 11148 3133 2427  39.62
Leaves 3 1.6407 188.63 92.68 21.43 16.87  35.17
Grass 1 22018 133.88  71.88 16.78 11.87 12.32
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Grass 2 2.8786 19543 12648 59.83 29.42 4427
Grass 3 2.7278 205.58 91.43 39.83 21.67 29.62
VSS vs. Soluble Total BODu
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BOD/VSS vs. Leaching Time
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Appendix E
First order versus second order plots for parameters analyzed in the leaching tests
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DOC vs Leaching Time (1st Order Approx.)
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TDN vs Leaching Time (1st Order Approx.)
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COD vs Leaching Time (1st Order Approx.)
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Appendix F
Summary data from Thomas Method determination of BOD rate constants.



k (1/day) (base e)
Leaching Time (hours)
CPOM Type 1 3 6 10 24
Wood 0.29+0.06 0.04+0.01 -029+0.59 0.04+0.02 0.03+0.01

Leaves 0.08+0.01 0.01+£0.00 0.02+0.00 0.02+0.01 0.02+0.00
Grass 0.09+0.00 0.01£0.00 0.02+0.01 0.02+£0.01 0.02=+0.00
BODu (mg/L)
Leaching Time (hours)

CPOM Type 1 3 6 10 24
Wood 37.3+£30.6 133+6.5 0.10+£1.6 47+1.9 11.1+4.1
Leaves 2669+32.1 97.6+184 422+174 186+6.6 36.1+9.2
Grass 2446 +£34.8 103.0+31.2 333+123 19.7+11.0 32.5+59

Lag (days)
Leaching Time (hours)

CPOM Type 1 3 6 10 24
Wood 1.96+£2.16 4.62+0.27 235+2.65 3.48+127 237+0.07
Leaves 0.53+0.04 0.85+0.15 2.55+0.46 1.82+036 2.47+0.09
Grass 0.42+0.31 0.08+0.09 1.50+£0.68 1.65+0.25 2.18+0.26
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Appendix G
Photos and summary of Chesapeake Bay water wheel trash collector
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These photos show a self-powered trash collecting system that was installed in the Inner Harbor
of Chesapeake Bay in May of 2014. This is one example of the type of installation that could be
used to collect trash at the discharge locations for the Salt Lake City storm drain system.

These photos were retrieved on June 26, 2014 from

http://www.asce.org/CEMagazine/ArticleNs.aspx?id=23622331108#.U6xSHPIdW VM.
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