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APPENDIX C
INSTRUMENTATION

DATA LOGGER

The water levels in the inflow and outflow flumes were measured and
recorded using a Unidata model 6003 data logger and two model 6521j
capacitive depth probes. The capacitive probes, which have a range of 0 to
1.64 feet, were installed in stilling wells attached two each of the 1.5-foot
H-flumes. The resolution of this water level measuring system is 0.006 feet.
During the sampling period, the accuracy of the water level recordings, based on
comparisons between recorded stage and the stage measured using an
engineering tape, was estimated at plus or minus 0.013. (The affect of this
uncertainty in the measurement of water level in the flume is summarized in
Figure C-1.)

The data logger, which was equipped with an eight-bit processor and 64K
of memory, was programmed to scan system conditions and total flume inflow
every S seconds. Through the use of a free-standing relay module, a S-second
pulse was sent to each of the two automatic samplers when the water level first
reached a predetermined level (0.10 feet), and again each time a specified volume
(40 cfs) had passed through the upstream flume. These signals initiated the
subsample collection.

Date, time, and water level in each of the flumes; accumulated
precipitation; and the number of pulses sent to the samplers; were recorded every
15 minutes. The data logger was uploaded after each storm event.

RAIN GAUGE

Precipitation was recorded at the study site using a Sierra Misco model
2501 tipping bucket rain gauge. Rainfall entering this instrument was recorded
by the data logger in 0.01 inch increments and totaled every 15 minutes.

WATER SAMPLER

Two ISCO brand Model 2700 samplers were used. The Model 2700 is a
portable device designed to collect either twenty-four separate sequential
samples, or a single composite sample from a liquid source. The samples may be
collected at equal time or flow increments. In this study, equal flow increments
were used.
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Figure C-1. Percent Error in Discharge Measurements as
a Function of Stage and Discharge

[] Stage in Flume (feet)
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Sample volumes of up to 990 ml at each sample trigger could be selected in
10 ml increments. The samples were collected and composited together in a 2.5
gallon glass jar. Composite sampling was terminated by using a float shutoff
mechanism when the bottle was full.

The Model 2700 is a programmable unit that is set up using a keypad, a
liquid crystal display, and a series of coded indicator lights. In operation, the
display shows the status of the sampling program; for example, standby or run
mode or the number of composite samples.

The Model 2700 uses the ISCO peristaltic pump system to transport the
sample from the source to the sample bottle. The sample is under pumped flow
at all times; there are no metering chambers or gravity fed internal tubing. The
only materials in contact with the sample are the Teflon tubing suction line, the
polypropylene and stainless steel inlet strainer, the silicone rubber pump tubing
and the sample bottles. Each sampling cycle includes an air prepurge and
postpurge to clear the suction line both before and after sampling.

The sampler is designed to operate over a temperature range of 32 to
120 degrees Fahrenheit. The electronics and mechanisms are housed in a rugged,
watertight, high-impact strength, thick structural foam control unit enclosure.
The sampler is made up of three sections which are held up together by a series of
clasps. These are the cover, center section which contains the control unit, and
the sample bottle tub. The samplers were powered using a 12-volt DC battery.

Water Sampler Programming

In programming the equipment for flow weighted composite sampling,
both the flow meter and the water sampler have parameters that are programmed
into each one of them based on the operating characteristics of the machine.
However, there are three programming parameters that are common to all types
of equipment and are based on storm characteristics. These are the flow quantity
that passes by between each subsample, the total number of subsamples to be
collected during the storm, and the volume of each of these subsamples. All of
these are dependent on the characteristics of the storm to be sampled and the
watershed sampled; how much it will rain, how long it will rain, and how much
runoff will result (is the soiled saturated, how impervious is the watershed).
Since the goal is to collect automatic samples (it rains most of the time when you
are sleeping), it is important that the three programming parameters are broad
enough to cover a wide range of conditions. It is also important to have the
parameters designed for the “average” storm event. The procedure is to estimate
the amount of runoff (volume of the storm in cubic feet) for the average storm
event using any number of rainfall/runoff relationships. In this study we used
the following rainfall/runoff relationship:
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Average Storm Volume (feet)=Average Storm Rainfall Volume (feet) * Area
(feet?) * Runoff Coefficient

After the volume of the average storm event is estimated, it is related to the
three parameters as follows:

Average Storm Volume of Sample
Volume (ft3) = Total Number - Container
Flow Quantity between  of Subamples Volume of Individual

Subsamples (ft3) Samples

This is an indeterminate equation, and therefore in order to solve it, one
parameter must be assumed. From previous sampling studies by Metro and the
City of Seattle, it was found that fifty samples was a representative number for
compositing and so this number was used. Completing the calculations for the
sampling site, the parameter were:

Total number subsamples: SO
Flow quantity between subsamples: 250 ft3
Volume of subsamples: 200ml

After a few storms, the flow files were examined to ensure these parameters
were representative. Minor adjustments were made as needed to collect a
representative sample.

C-6



'APPENDIX D
STORM EVENT HYDROGRAPHS




(sy0) mojg

$0°0

10

S10

<0

YA

£0

Se'0

popsjjop sodwes T+ (s30) 1ojup ye mopy —— reyurey
SINOH
VL €L €1 €1 €1 TL T ¢ T IL IL TI I OL OL O O 6 6
I \//
A A H HHHHHHUHHMHF
+' 4+ + \/
i Wl
+ + / -+ / a\
\ N
g N | - 1/
+ Hl+ / \ + + L +
+ 4 + + /
¥ +

(}3us] 1003 007) 1661 0T 2un 30, ee(] d130j0IpAH

ydeiBoipAH sjemg uonesyoig

$00°0

g = 3
S = S

']
001 X sojdweg Jo # 2% (gour) ey

€00

D-3



papaiop saidmes b (50) 39jup 18 mopy —— leyurey

SINOY
14! v.H 14} tl €l 191 tL A <l <l Al 11 H.ﬂ ﬁ.ﬂ
0 1 ¥
+ + + +
00
e
2
s,
= + \+ 4 + +
10
4
ST0

(m8usy 3003 007) 1661 ‘ST Ang 304 erRQ 0B0j0IpAl

ydeiBolpAH sjems uonesyolg

$00°0

¢10°0

00

£0°0

$€0'0

001 X so[dweg jo # % (gour) urey

D-4



pasojjop sedmes b (s30) 30uy 38 mopy —— Hejurey]

owwwhbbhwwwﬁowm.wmwvvwwm
[ \\M“ . ' 0
+V + 1%
V + |+
+ N N -1 00
Lt / +
§0 - i
+
g | .
B + 1o
& +
I
-1 S1°0
+
1 <0

(8usy 100] 007) 1661 ‘6 I5nIny 304 ere oojoaphy

ydeiBoipAH sjemg uonenyolg

D-5

00T X sojdweg jo # 2 (gour) urey




Pa1sjoD sejdweg + (830) 39ju] 38 MO llejurey

SINOL]
8 LLLLY99IISSSSY Y PVPEEEETTTZITIITO

0 ‘ —— 0
:E (L ::: i
. | =+ - w0
10 1 imllilimii B i
£
) > _ a 1™
70 1 . g
W F +< )= m
" + :
N ia i
+ 3
¥0
t o 1o
) 200

(m8u3] 1003 007) 166T YT 399010 304 IR d30j0IpAL]

ydeiboipAH eemg uoneyolg

D-6



$0°0

10

(s30) Moy

ST0

<0

ps123jj0)) sojdweg + (530) 301U 38 MO[ — [fejurey
SINOH
LT 9L 9T ST ST #1 ¥ € € U U 11 T or o1 6
LT 9T 9T ST ST #1 #I € € U ¢ I 11 0o o1 .m
| |

+N+|+ﬁ +F++% + U U4

PR d/ B\f
44# +

(8us| 300§ 007) 1661 ‘I€ 3990190 304 BIR(] 2180[0IPAL]

ydeiGoipAH s[emg uonesyyolg

100

=
(—~

00

$0°0

001 X sajdweg jo # 2 (gour) urey

D-7



S0°0

(sp0) Moy

10

ST°0

peraio) sajdmeg F  (sp0) sojup 38 mopy —— ejurey

SINOR]

***ﬁuaawaBWWMMVVMMNNﬁﬁoc»*4**ﬁﬁﬁwtuiivuuui##.ﬁ.&..ﬁi
+ 23250688 LL99SSYVEECTTTIT00 4«4

* |

(m3us] 1005 00T) 1661 LT 399WaAON J04 E18(] 0B0|0IPAL]

ydeiBoipAH eremg uonesyoig

100

¥0°0

$0°0

900

001 X sojdweg jo # 2 (gow) urey

D-8



10°0

SO0

900

L0°0

Pa399jj0) sajdmeg +

(830) 19qu] 38 MOJy ——

SINOY
v ¢+ ¢ ¢

wy
v

[A
€ T

lejuiey

< 1
T 1

1

e\
ol

L 1V

[ 17 a9

v ¢ €
L1
1

g

[ =]

(3ua] 3003 00T) 7661 ‘ST Arenuer Jo ereq oojophly

ydeiboipAH sjems uonesnyorg

S00'0

$10°0

00

00T X sajdweg jo # 2 (gour) ey

D-9



$00

10

(s30) molg

$T°0

0

$T0

papsjjop sojdmes = (sp) 101u] 18 mopy —— llejuiey

SINOH

€C 1¢ Iz 07 0T 61 61 8T 8T LI LT 91 9T ST ST +#T #1 €1 €1 TT T¢I IT 11 OT O
¢ 1¢ 12 0T 0T 61 61 81 81 LI L1 I I ST ST ¥1 #1 mﬁ.mﬂ.u.ﬁ < 11 11 01 OF 6

L

(m8us] 3003 001) 7661 ‘€7 Arenuer 10, ere] d180joIphH

ydeibolpAH sjemg uonenuoig

100

€00

00

$0°0

900

001 X sojdweg jo # %» (gour) urey

D-10



0

500

10
T
3

~ ST0
&

0

§20

€0

popsjop soidmes F (50 1oqur se mojg —— lleyutey
SINOYH

S S ¥ € T T 0 0 € €2
S 1A (/ 0 0 ¢ (44
[ ¥ | | | I |
1 1 1 L I

.LL + E HAH

u \H H -

,/ /\\/, /\

T

(W13ua] 3003 00T) 66T ‘LT HoIBIN I04 BIR(T d10j0IpAH

ydeiBoipAH s[emg uonenyorg

10°0

g 3 8
(=7 & (=1
001 X sojduweg jo # 2% (gour) urey

&
=

L00

600

10

D-11



§0°0

10

(s30) molg

0

§T0

£0

S€0

popsfjop soidmes " (530) 30jup 18 mopy —— rejurey]

SINOL]

(1)

o
s O3
g N

)
=)
e |

T 1 T000 omNmNmNmNNNNNNNNNﬁNﬁ.Nﬁ.NﬂWo.N

+  + 4+ T

= H NN

(-

F
|

L

(3us) 1003 001) 2661 ‘91 1dY 304 ere(y o1fojoaphY

yde.ibolpAH sjemg uonenyolg

100

g 8
< (=

001 X sajdmeg jo # % (gour) urey

S0'0

100

800

600

10

D-12



(sp0) moyg

patoafjo) sojdueg (830) 331u1 38 Mo}y llejurey]

SINOH

8 L L 99 § S Vv ¥ € €T TI T 0 0 € € T TC 1T 1T
8 8 L L 9 9 ¢ s, ¥ v € € ¢ ¢ € € W @ 1T 1T
[ | |

; _; + I | *_ “ H o.
/,.. 3 E + - 00

10 \ l_

[ S {]

e
|
=i
<
(—

' -1 00

S1°0

-1 400

70 600
(m8us] 3003 00T) 7661 ‘62 1MAY 104 ErRQ d1B0[0IPAL

ydeiBolpAH sjlemg uonenyoig

D-13

001 X sojdmeg jo # % (gour) urey




