Summary

The purpose of the seven district measurements conducted in the Cary water system over a multi-day
period was to develop information to calibrate a computer model of the water distribution system. The
measurements were conducted over a weekend period and also during normal business hours. The flows
into and out of districts was merged to show the normal diurnal pattern of consumption for the 24 hour
period. The flow rates into and out of the elevated tanks was determined by the level changes in each
tank using the Town of Cary’s SCADA system and pressures measured with data loggers.

The data collected in 1 minute intervals was summarized in data spreadsheets and submitted for review at
the end of the field work. The field data was collected using a Pitometer rod inserted into the water main
and logged using a Pitometer Computer Recorder. Prior to the measurements, the pipe’s inside diameter
was measured. Also recorded was a velocity profile of the pipe’s cross-section.

A summary of the data collected at each of the districts is submitted in this report.
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APPENDIX B - BULK DECAY TESTING RESULTS

TABLE B-1
Warm-Weather Bulk Decay Testing Results —-Cary WTP
Water Quality Model Development

Sample Target Analysis Date Actual Temperature Cl; Residual Cl; Residual Cl; Residual Average Ln Cly/
No. Hours & Time Hours C Measurement Measurement Measurement . oo Cly
Elapsed Elapsed No. 1 No. 2 No. 3
1 0 7/10/09 9:00 AM 0 26.1 4.60 4.90 4.60 4.7 0.00
2 12 7/10/09 9:00 PM 12 24.1 4.40 4.40 4.30 4.4 -0.07
3 24 7/11/09 9:00 AM 24 23.9 4.30 4.10 4.10 4.2 -0.12
4 36 7/11/09 9:00 PM 36 23.8 4.20 4.10 4.10 4.1 -0.13
5 48 7/12/09 9:00 AM 48 23.8 4.10 4.00 4.10 4.1 -0.14
6 72 7/13/09 9:00 AM 72 23.9 3.70 3.90 4.00 3.9 -0.20
7 96 7/14/09 9:00 AM 96 24.1 3.80 3.80 3.70 3.8 -0.22
8 120 7/15/09 6:00 AM 120 241 3.60 3.40 3.80 3.6 -0.27
9 144 7/16/09 9:00 AM 144 23.6 3.40 3.40 3.30 3.4 -0.33
10 168 7/17/09 9:00 AM 168 23.9 3.40 3.40 3.40 34 -0.32
11 192 7/18/09 9:00 AM 192 23.8 3.30 3.40 3.50 3.4 -0.32
12 216 7/19/09 9:00 AM 216 234 3.30 3.20 3.40 3.3 -0.35
Avg Temp 24.0
Max Temp 26.1
Min Temp 23.4
TOWN OF CARY WATER DISTRIBUTION SYSTEM MASTER PLAN REPORT ADDENDUM: WATER QUALTIY MODEL AND ANALYSIS
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APPENDIX B — BULK DECAY TESTING RESULTS

TABLE B-2
Cold-Weather Bulk Decay Testing Results — Cary WTP
Water Quality Model Development

Sample Target Analysis Date Actual Temperature Cl; Residual Cl; Residual Cl; Residual Average Ln Cly/
No. Hours & Time Hours C Measurement Measurement Measurement oo o Cl,
Elapsed Elapsed No. 1 No. 2 No. 3
1 0 2/3/09 9:00 AM 0 9 4.4 4.4 4.5 4.43 0.00
2 12 2/3/09 9:00 PM 12 9 4.3 4.5 4.4 4.40 -0.01
3 24 2/4/09 9:00 AM 24 8 4.4 4.4 4.4 4.40 -0.01
4 36 2/4/09 9:00 PM 36 7 4 4 3.8 3.93 -0.12
5 48 2/5/09 11:00 AM 50 7 4.1 4.2 4.1 4.13 -0.07
6 72 2/6/09 9:00 AM 72 6 3.8 4.1 4.1 4.00 -0.10
7 96 2/7/09 9:00 AM 96 5 3.9 3.9 4 3.93 -0.12
8 120 2/8/09 9:00 AM 120 5 3.9 3.9 4 3.93 -0.12
9 144 2/9/09 9:00 AM 144 5 3.9 4 4.1 4.00 -0.10
10 168 2/10/09 9:00 AM 168 5 4 4.1 4 4.03 -0.09
11 192 2/11/09 9:00 AM 192 6 3.8 3.8 3.7 3.77 -0.16
12 216 2/12/09 9:00 AM 216 7 3.7 3.8 3.7 3.73 -0.17
Avg Temp 6.6
Max Temp 9
Min Temp 5
TOWN OF CARY WATER DISTRIBUTION SYSTEM MASTER PLAN REPORT ADDENDUM: WATER QUALTIY MODEL AND ANALYSIS
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Figure C1 (Appendix C)
Modeling Results of Western PZ Tank Levels and High Service Pumping Station Flow

Year 2010 Maximum Day Design Conditions With New Diurnals
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Figure C2 (Appendix C)

(3) pesH

00:00

12:00

00:00

12:00

00:00

12:00

o o o o
[Tp] < (4] o
O O O O
_ 1 1 1 1 _ 1 1 _lt _'- _ 1 1 1 4_ _ L 1
e )
o L
W n““-l-ll.l-.l.l._l.l
@] - I.l-.l.ll..l._l
- = -
LL SR
c LA
o Rl g
b= Ry i R
Y, L S
N3 ——mzEL e
o) ....If.r........l S
c = e ~a
= T
e ()] I el
S = ..-.\\h g -~
L] 1
oL g & 2 5
% 2 e S
S —ETELLL
= e, iy .
o = 5 4 r\
n n “‘Hb_lo ||.l.l\\
c 8 —spg SRR
o O
— = il
I = r .7 )
- .m , de m 2
- - =
l..%l' LL
m m Illﬂlﬂﬁ_ll.w.lllllll.l % c
o “~ <8
0 = S ¥ 2%
-y e ~ T =
(Ol e)) - - (2] <t
S = o b3 < ©
(%] el e v © >
Q 5} - ~| 2.5 -
28 Pk ¢ -
, - = ©
4 - [ c
c > I.il!-\.v‘“\ - T q S
c © LIRS 1 O IS
a ;L % o}
= B X fa
. I.I-._Ill.._...!:l
N m ———m T -, I......._- w
DI S l....l-.lf”.l.l..... .._........( o
_ . £y )
e ~
[ o e V \‘\ m
23 z S :
— v
LS 29 <
o Cx 1
x
59 |EE g
o L o £
©
& §d it S 2o 3
S = o= Y c I
n 3 52 e ¥ g
o
E> [Tz ST sel ¢ 2
LL \“\ T = =]
(@) i -~ .2 kS
£ = R £3 =
—_ .IFE.I - T O
(] ——mERSL 7 ST >
e e —— ys = ..
3 ToZames ) © g
ey’ T o ! S
M II-..l-ll.hN \\ zZ
_ T T T T _ _’lu_\lr‘ﬂ T _ T T T T _ T T
o o (=] o
o LN o Ln
[T =t < oM

(Aep/lebl sn) mol4

00:00



5.0

w
o
|

Flow (US Mgal/day)

Modeling Results of Southern PZ Tank Level and Control Valve Flows
Year 2010 Maximum Day Design Conditions With New Diurnals
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Figure C3 (Appendix C)
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Figure C4 (Appendix C)
Modeling Results of Western PZ Tank Levels and High Service Pumping Station Flow

Year 2015 Maximum Day Design Conditions With New Diurnals
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Figure C5 (Appendix C)

Modeling Results of Central PZ Tank Levels and High Service Pumping Station Flow
Year 2015 Maximum Day Design Conditions With New Diurnals
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Figure C6 (Appendix C)
Modeling Results of Southern PZ Tank Level and Control Valve Flows
Year 2015 Maximum Day Design Conditions With New Diurnals
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Figure C7 (Appendix C)
Modeling Results of Western PZ Tank Levels and High Service Pumping Station Flow
Year 2025 Maximum Day Design Conditions With New Diurnals
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Figure C8 (Appendix C)

Modeling Results of Central PZ Tank Levels and High Service Pumping Station Flow
Year 2025 Maximum Day Design Conditions With New Diurnals
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Figure C9 (Appendix C)
Modeling Results of Southern PZ Tank Level and Control Valve Flows
Year 2025 Maximum Day Design Conditions With New Diurnals
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Figure C10 (Appendix C)
Modeling Results of Western PZ Tank Levels, HSPS Flow, and Davis Drive PRV Flow
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Elevated Tank

Figure C11 (Appendix C)
Modeling Results of Central PZ Tank Levels, High Service Pumping Station Flow
Buildout Maximum Day Design Condition With New Diurnals

Cary/Apex High Service
Pumping Station Flow

— 650

20 — 610
4 Note: Maximum Day Demand = Average Day Demand x 1.64 =
0 T I T I T I T I T I T I T | T T | T T 600
00:00 12:00 00:00 12:00 00:00 12:00 00:00

Head (ft)



Flow (US Mgal/day)

Figure C12 (Appendix C)
Modeling Results of Southern PZ Tank Level and Control Valve Flows
Buildout Maximum Day Design Conditions With New Diurnals
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CH2MHILL Water Business Group Quality Review Form

Client/Project: Cary Water Distribution System Master Plan and Model

Project No.: 371661

Action

Revised Figures 1.7, 1.10,
and 1.13-16 are in
attached file
RevCalibrationFigures.ppt;
Figures will be included in
final report.

Revised Figures 1.18 and
1.19 are in attached file
RevCalibrationFigures.ppt;
Figures will be included in
final report.

My Sa
Phase: Comments on Sept. 22, 2009 Draft Water Quality Report and R
) Review of Report in Meeting with the Town on Oct. 20, 2009 -
Information to complete CH2M HILL responses to Business
Work Product: h Group
comments on Draft Water Quality Report S
Date: November 19, 2009
Comment
Number Review Comment Response
District Measurement graphs — Please
remove/explain 0-depth data points. It appears | We will remove the 0-depth data points from the graphs as
1 there was a communication glitch just before they are most likely communication dropouts as confirmed
10AM and Bobby Fann indicates that Ridgeview | by Bobby Fann at the meeting. The revised graphs will be
0-depth data point at 9:30 was likely due to in the final version of the report.
taking sample.
Figure 1.19 — Can you show a “Model Closed
Valves” line on this graph like you did for Fig A “Model_no Closed Valves” line will be added to Figure
2 1.20 — 1.237 It looks like the “Model” line is 1.19 and to Figure 1.18 also and will be in the final version
similar to the “Model_no Closed Valves” line in of the report.
the other graphs.
The data showed a good downward trend as expected
although 3 data points are questionable as they showed
the residual increasing over time.
Kelvin explained that the residuals are measured in their
lab on bench-top equipment that is calibrated every day.
There is actually little difference between a 3.8 and a 4.0
Why proceed with such a poor R-square value when measured this way on bench-top equipment. The
3 f . . difference between 3.7 and 4.4 is not considered a large
or cold weather, instead of getting more data? di
ifference.
There was considerable discussion about the slow rate of
chloramine decay.
CH2M HILL will re-run the cold weather K calculations
dropping out the 3 data points that are outliers (at hours
36, 144 and 168) to determine the effect of excluding
these data points, will provide the findings and include the

CH2M HILL re-ran the
cold weather Ky
calculations without the 3
data points. The slope
changed from
-0.0006 to -0.0008. The
R-square increased from
0.622 to 0.883. The small
difference in K, does not
change the original
findings.

Revised Figure 2.3 is in
attached file Rev Fig
2.3.pdf and will be
included in final report.
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revised graph and information in the final version of the
report.

The Town will repeat the cold weather bulk decay tests in
Feb. 2010 just to provide additional data for later
comparison with the 2009 cold weather decay rates. There
was discussion about whether to incubate the cold
weather samples for a longer period of time.

Why adjust Kb for warm weather to -0.0025,
which is nearly double what the data shows?

It is standard practice to adjust values in the model, based
on the starting Ky, developed through the jar tests. The
adjustment made is within the accepted range of
adjustments to Ky,

No Action

Why not calibrate model so that samples from
more outlying areas match?

We selected locations to provide a good cross-section of
water ages and follow IDSE sampling procedures, and did
use many of the IDSE sites for calibration. Model was
calibrated to June 2009 data.

The Town will provide sampling data for July—Sept. 2009
from the approximately 120 sites that are sampled monthly
at the same locations.

CH2M HILL will review the data to determine if the
calibration of outlying locations could be improved using
nearby data points (note that the new data form Cary is all
monthly data).

CH2M HILL reviewed the
new data and did a
comparison at 9 outlying
locations, where the 2008
field average was outside
the model data range (see
attached file Calib Check
with July 2009 data.pdf).
The 2009 data are all
monthly data, and the July
data was used for
comparison because the
model calibration was run
for July. For daily
sampling sites 5, 8, 9, 11,
and 13, nearby monthly
data points were used.
The results show some
improvements at site 5, 8,
15, 16, 21, 23. There is
still a gap at sites 9 and
13 due to the impact of
tank operation and closed
valves at Evans Master
Meter.
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Was CDM's Tracer Study data used in water age
component?

For an actual comparison the model would need
significant changes to match with the old sampling data.
Also, many times, unknown closed valves can create
issues with tracer studies, especially since this was
performed in 2006, and much of the piping has been
updated in the model.

The Town stated that the demands are similar and there
have been no significant changes in operations since that
study.

CH2M HILL will compare the water age data from the 2006
tracer study to the model to determine if the two studies
show roughly the same areas of concern.

CH2M HILL compared the
water age data from the
year 2006 tracer study to
the model (see attached

file CDM Tracer Study
Comparison.pdf for
results). The two studies
show roughly the same
areas of concern with the
highest water age at
Plumtree. The average
water age results are very
close at most of the
locations. The difference
at Old Apex Tank is
caused by the pump
operation.

Is there other data available to confirm where
the model shows poor water quality?

The answers to Comment Nos. 5 and 6 will answer this
question. We used the Town’s provided chlorine and DBP
sampling data.

Same Action as for
Comment Nos. 5 and 6
above

Why use MDD instead of ADD when concerned
with addressing poor water quality?

The CIP was developed using MDD as is the industry
standard and as recommended in the EPA’s water quality
modeling guidance documents. For Cary, the Max Month
or average summer demand is only slightly less than the
MDD.

Kelvin commented that they experience most water quality
problems in the transition period from spring to summer
because the water temperature can increase very quickly
but there is still relatively low demand. Cary does not allow
irrigation on Mondays and the demand on Mondays in the
summer is 15-17 mgd.

All agreed that under Contract Amendment No. 2 SPZ
additional WQ analysis, a scenario of 15 mgd Cary
demand to represent an average summer day will be run
in place of the proposed warm weather existing MDD
scenario

CH2M HILL to complete
under Amendment No. 2
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Table 2-3 — Provide range of values for Field
data, not just avg.

We discussed that a range is seen because the model is
using diurnal curves which causes different demand
patterns at the same location and also models the tanks
as they fill and drain.

CH2M HILL modified
Table 2-3 to add the range
of values for field data for
the daily sampling sites It

9
We will modify Table 2-3 to show the average of the follows the same trends as
modeled conditions for the daily samples only. Some of the average value
the monthly sites had only one data point and monthly comparison. The file
averages will not be shown on the table. Revised Table 2-3.pdf is
attached.
This was the initial value shown in the data provided to
CH2M HILL for the warm weather samples.
Kelvin commented that the typical range is between 4 — Town of Cary approved
Section 3.2 — The chlorine source of 4.7 mg/Lis | 4.5 mg/l. use of 4.25 mg/l as initial
10 gesyond/lfhe high end of the typical range of 4 - At the meeting, the exact value to use was not agreed source concentration by
-~ Mg/L. upon. CH2M HILL proposes to use an initial value of 4.25 email on 11/16/09
mg/l and requests the Town’s approval before initiating
work. All agreed that this work will be in Contract
Amendment No. 2 SPZ additional WQ analysis.
Comments on figures in general — Provide a
legend complete enough to convey the important The figures and legend
11 points in the figure. For example, my The figures and legends will be revised and will be in the . e .
. . . ; will be clarified in the final
understanding is that not all pipes shown the final version of the report. version of the report
figures are actually open in some of the
modeling scenarios.
Figure 3.3 shows water age and Figure 3.4 shows chlorine The figures and legend
12 Fig 3.3 and 3.4 have same title. residual. The figures and legend will be clarified in the will be clarified in the final
final version of the report. version of the report
In the model, the tanks are evaluated as complete mix.
13 Are there any benefits provided by tank mixing? No Action

CFD modeling and field data can be used to evaluate
mixing scenarios if desired by the Town.
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