Storage Tank Assessment

Special Study Protocol
(January 2018)
Overview:

The Storage Tank Assessment Special Study is designed to assess the impact of tank operations on water
quality at a single storage tank and estimate average tank turnover time and mixing performance at all storage
tanks in a distribution system. A continuous chlorine monitor is used to measure chlorine residual at the
inlet/outlet of the “worst performing” storage tank, which is identified based on the water system’s best
judgement and the output of the tank turnover time and mixing estimates (if available at the time of the study).
Tank level data and physical characteristics from all storage tanks in the system will be collected and entered
into a spreadsheet that will be used to estimate average tank turnover time and mixing performance for each
tank. The spreadsheet may also be used to evaluate potential strategies that may improve storage tank
performance and improve water quality.

This special study can be used to accomplish various objectives:

e |dentify the most critical, or worst performing, tanks in the system based on estimated tank operations
(from the tank spreadsheet) and water quality (from the continuous monitor).

e Continuously monitor chlorine residual and water levels at tanks to assess the impact of tank operation
on water quality.

e Determine whether if estimated average tank turnover time or mixing performance may be contributing
to water quality problems in the distribution system.

e Provide data to support the identification and prioritization of efforts (operational changes or capital
expenditures) to address water quality issues based on individual tank performance (if applicable).

The Storage Tank Assessment Spreadsheet.xIsx can be used to support this special study. This spreadsheet has
several limitations (including certain types of tanks) and is the applicability of this spreadsheet should be
determined for each individual tank. For more details, see the Applications and Limitations section on the
Introduction worksheet in the Storage Tank Assessment Spreadsheet.xlsx file.
Hypothesis:
The study hypothesis will be system specific and depends on the study objective (discussed in the Overview
section, above).
Resources:

e Required Personnel:

0 One to two (1-2) investigators
e Required Equipment:

0 One (1) continuous free chlorine monitor with data logger (recording at ten minute intervals or
less) and necessary operation and maintenance materials (continuous free chlorine monitors may
be installed at multiple tanks if available)

0 One (1) hose (length and diameter are site specific), two (2) hose clamps, and one (1)
screwdriver (confirm type)

Electrical power source (AC outlet, batteries, or solar power)

One (1) colorimetric chlorine test kit with necessary instructions and DPD reagents for free
chlorine analysis

0 One (1) computer with Microsoft Excel



0 Storage Tank Assessment Spreadsheet (Storage Tank Assessment Spreadsheet.xlIsx)

o Tank level data (two to three weeks at ten minute intervals or less) from all storage tanks in the
water system that is obtained from SCADA (preferred) or continuous pressure recorder(s)

e Optional Equipment:
0 One (1) large measuring cup to adjust flow rate through continuous free chlorine monitor(s)
0 One (1) hydrant adapter (confirm system thread and diameter; if installed at hydrant near tank)

0 One (1) chain (length is site specific) and one (1) lock (if installed at hydrant near tank) to secure
the monitor.

0 One (1) continuous pressure recorder (if tank level data is not recorded by SCADA/telemetry;
pressure recorders may be installed at multiple tanks if available)

o Data logger software (if applicable)

Approach:
1. Data Collection:

a. Tank Level Data — Tank level data will be needed from each tank that will be assessed. If
SCADA is not available at any tanks of interest, a pressure recorder can be used to collect the
necessary data. If the quantity of available pressure recorders is limited, prioritize their locations
starting with the most critical (i.e., worst performing) tank based on input from the water system.
Tank level data should be representative of normal operating conditions (e.g., without line breaks
or fires), recorded over two to three weeks at ten minute intervals or less, and coincide with
reliable continuous free chlorine data for a minimum of three days. The output of tank level
data is generally in either tabular or graphical form and reported in depth (ft) or volume (percent
full).

b. Water Quality Data — Collect continuous free chlorine residual data from the most critical tank
(i.e., “worst performing”) for a minimum of three days at ten minute intervals or less. If
additional monitors are available, prioritize their locations based on the water system’s best
judgement and/or output from the tank spreadsheet. Depending on the continuous chlorine
monitoring technology, it may take several days for the monitor to stabilize and provide quality
data after it is installed. In general, amperometric technologies may require multiple calibrations
during first few days after installation. Additionally, some continuous monitors are capable of
measuring multiple water quality parameters (e.g., pH, conductivity, temperature). These
“secondary” parameters can provide additional information that can be used to asses storage tank
performance, but these additional parameters are not required. An AC power source will be
needed to power the monitor, unless it is equipped with a solar panel and/or battery. A chlorine
test kit will also be needed to collect grab samples for monitor calibration. Refer to the
manufacturer’s instruction manual for proper installation and calibration procedures.

c. Physical Characteristics — Determine the following physical characteristics for each tank:
i. Volume (MG)
ii. Shape (cylindrical, rectangular, hydropillar, or other)
iii. Tank diameter (ft) or sidewall length (ft)
iv. Inlet/outlet diameter (ft)
v. Maximum operating depth (ft)
vi. Inlet/outlet configuration (“fill-and-draw” or “flow-through”)
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While tank drawings are (ideally) the best place to obtain physical characteristics of storage
tanks, they may not be available; if this is the case, use the water system’s best judgement.

2. Tank Turnover and Mixing Performance Assessment:

a. Complete Section | of the Tank Summary worksheet (see Figure 1) in the Storage Tank
Assessment Spreadsheet.xIsx with physical characteristics of each tank (up to nine). At this time,
determine the applicability of the spreadsheet on each individual tank based on their physical
characteristics. For more details, see the Applications and Limitations section on the
Introduction worksheet.

Tank Summary

Instructions:

1. Enter tank dezign data for each tank inte Section | of the Tank Summary worksheet (user input iz shown in red). Ssction ! of the Tank Summary workshest will be populated after data is
entered into Section ! and the rezpective T: orksheet.

2. Enter the tank levsl data into Ssction | of the T orkzheet(z).

3. If the eatimated turnowver time and/er mixing iz poor, Sections 2 andfor 3 of the Tank workshest will #valuate potential operational strategies andior design strategies to improve tank
performance.

Section |. Physical Characteristics (See Glossary worksheet for details)

Tank#1 Tank#®Z Tank#3 Tank#4 Tank#5 Tank#§ Tank#7 Tank#2 Tank#%
A Hame of Tank| J|Example
B. Wolume (MG) 0.5
If the 5C !telemstery reports tank level in feet answer guestion C, then
anzwe ionz E, F, and G. If the SCADAJ telemet =z not report the tank
level in feet, answer "n” in question C and then answer questions D1, D2, E3, F, ‘ U ser I n put
and G.
- Iz the tank Cylindrical (C}, Rectangular (R}, Hydropillar (H}, or None of &
s these (n}?
M. Does the SCADAJ telemetry report tank level in volume (w/n)? n
0z If SCADAS telemetry iz reported in volume,
< are the tank mixing equations applicable - =e& note 4 (v/n)?
E1 (if eylindricalhydropillar) Tank diameter or 50
! (if rectangular) Longest Sidewall length, D (ft)
EZ. (If rectangular) Shertest Sidewall length, L (ft)
3. (all tanks) Inlet Diameter, d (ft) 1.00
F. (all tanks) Maximum Operating YWater Depth, H (ft) 24
G. (all tanks) Iz the tank operated filkdraw (fd) or flow-through® (ft}? fd
H/D ratio E #DIViD! | #DIviol | ZD0vint | Z00vViot | DIV | #DIVT0E | FD0Vi0 | ZDIVi0Y | #DIViD!
The remaining data is automatically calculated based on the data entered gbove: ' Sprea d Sheet 0 l‘tp ut
Are the turnowver time calculations applicable? yES no | no no | no | no | no no | no | no |
Are the mixing eguations applicable?* yES no | no no | no | no | no no | no | no |

Section Il. Tank Calculations (from Tank worksheets)
If turnover time and/or mixing estimations do not apply fhis sectiof§ may be blank.

Average Turnower Time (days) 4.6 | | | | | | | | |
Mixing Performance Ratic (Meazured/ Desired) 0.41 | | | | | | | | |

Notes:

1. Hydropillar tanks can be approximated as cylindrical tanks depending on their operating range. See Glossary workshest for illustration.

2. In flow-through operaticn water iz simuttaneously coming into the tank and leaving the tank. In fil-draw operatien water can ether be filing the tank or drawing from the
tank at anytime (thiz iz most comman).

3. If the tank operates flew-through the turnowver time calculations are not applicakle.

4. The mixing calculations are applicatle if the tank =hape ig cylindrical, rectangular, lliptical, or a hydropillar AND the tank operates fil-draw. The mixing calculations are N
not applicable if the tank eperates flow-through OR the tank is irregularfy shaped.

A

Figure 1: Screenshot of Summary Worksheet in Storage Tank Assessment Spreadsheet.xIsx

b. Complete Tank worksheet(s) for each individual storage tank (up to nine).

i. Interpret maximum and minimum tank levels of each cycle with corresponding time and
date for all tanks. Tank level data may be found in tabular or graphical form and reported
in depth (ft) or volume (MG, gal., or percent full). For more details on interpreting tank
cycles, see the Data Considerations worksheet.

ii. Enter storage tank level data into the upper portion of Section | of the Tank worksheet(s)
for each individual storage tank (see Figure 2). When entering the data into the
spreadsheet, it does not matter if you start with a minimum or maximum tank level value;
however, you must enter the data in sets/pairs (i.e., if you start with a min level you must
also enter a paired max value). Tank level data may be entered in depth (ft) or volume
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(gallons). For more details on converting tank level data from various formats, see Data
Considerations worksheet.

Example Worksheet

Section I: Data Input - Tank Turnover and Mixing Calculations

Tank Marme: Ezample
Wolume, MG: 0.5
Cylindrical [T], Rectangular
[R]. Hydropillar [H], ar Mone
of the L. &°
nypre heet
wolum®[or 5 full) rather than
lewel? n
[
Tank diameter, B: L
[}
HID ratic: 048
Inlet diameter, d: L
-
Instructions: Enter tank Fill data loblaine from Elanl SCADAI For uF to 15 fill Eeliods. Data innuued bl the user are shown in led._
* me in Level lax Level late +« Time elta Iime m
Ft Ft Days Ft
S22 1907 0. 8.0 i
Si3Mz 003 0.21 164
SiaMz 510 042 124 2
afanz 111 0E7 A
Si3N2 1812 0.9 3
132 2314 17 .
1412 1 142 A 4
14 A7 162 .
1412 19:19 20 i B
1 M 2 15 B
User input i E&@ sne ;
il | 1.1 L el SI5H2N1: 2zl i £
SI6M2 20:26 208 9.2 T
GZ 02T 2 sdamn ade TE
16112 5:28 E | 8 I 2
B2 11:29 )
B 19:31 2 El
T2 0:3: )
T2 B:2: ) 10
THE 113 7
T2 1837 1
1212 1:39
82 740 1 1z
1812 12:41
B2 1743 13
1512 2344
19012 B4 1 14
1A 1147 A 1
192 18:49 0 1 15
aianz 2360 T2 1

Figure 2: Screenshot of Upper Portion of Section #1 of Tank #1 Worksheet in Storage Tank Assessment Spreadsheet.xlIsx

c. Review Assessment Summary on the lower portion of Section | on the Tank worksheet(s).
I. Turnover time is quantified in days: < 3 to 5 days is desired.

ii. Mixing performance is quantified as a ratio (estimated/desired): > 1.0 is desired.



Turnover Time is at a desired level.

Fill periad Lowihin Lewel Highdflax Lewel Wal ab ztart ol added Wolume drawn Bue Tank Vol Mlising ealeulations
of fill cycle during fill zycle during drain cycle during fill zycle Actual Dimension- Feq'd Fill Time | Oraw Time]
“olume Exchangs | less Miging | Yolume Exchange
[Ft] [Ft] (15 [M115] (15 [MG] Fraction [VEF] Tirme Fraction [VEF] [days days
1 1630 18.00 0.28 0.03 0.26 0z .20 0.25 nia 0.4
2 1660 1540 0.24 .03 0.04 0.26 01 020 025 0.2 0.25
3 16.30 1240 b 0z 0. 0. 01z 020 0.8 029 0.2
[} [ [EX] sSNrY [l K] 1020 [ 025 (]
5 1740 1350 horf { el ol el 0z nzn 025 0.38 .21
] 1700 1580 0.25 0.03 0.04 0.26 01 020 025 0.25 0.1
7 1760 13.20 0.26 0.0z 0.02 0.27 0.0a 020 0.8 038 NG
9 16.20 1240 0.25 0.0z 0.04 0.28 012 0.20 028 0.4 0.25
El 1680 1880 0.28 0.03 0.0:3 0.26 0z .20 0.25 033 0.4
it} 16.40 15.20 0.24 0.03 0.04 0.25 01 020 025 0.25 0.1
il 16.40 1280 0.24 0.04 0.03 0.28 015 020 0.8 029 0.23
12 1640 1210 0.24 0.0z 0.04 0.25 o 0.20 028 0.25 0.1
13 1650 1850 024 0.03 0.02 0.26 0z .20 0.25 0.4 0.5
14 16.40 1510 0.24 0.0z 0.03 0.25 010 020 025 0.25 0.25
15 Lo JEg0 020 [0 0.0 [1el:3 [N} 1020 i} 0a 01
Turnover Summar: Mizing Summary
Auvg ¥ol Added in One Fill Period 0.0z MG Avg Min Water Level 16.8 Ft
Aug ¥ol Drawn in One Drain Period ] MG Avg Actual ¥EF o1
Auq Fill Time 027 days Avg YEF Needed for Gogd Mizing | 0.28
[a] al —
Auq Fill Rate il qpm Needed for Good Mizing 47 Ft M IXIng
Mizing Performance Ratio
Avg Oraw Rate a3 gpm [MeasurediDesired) 0.4 — Performance
Inlet Diameter Meeded for Good -
Auvg Duration [Fill + Draw Time] 05 days Mizing I} inches Ratlo
| Avg Flow Rate into tank 0.08 MGD
Aug Tank ¥ol 0.26 (i[5}
Turnower Time 4.6 tays Turnover Mizing is at an undesirable level, use Mizing Analysis
[Step 2] to determine strategies that will increase mizing.
Time

Figure 3: Screenshot of Lower Portion of Section 1 of Tank #1 Worksheet in Storage Tank Assessment Spreadsheet.xIsx

d. (Optional) Estimate the impact of operational changes (i.e.,
maximum tank levels) and/or design changes (i.e., modifying inlet diameter) on turnover time
and mixing using Section Il on the Tank worksheet(s).
operational and/or design changes should be based on water quality data, and not solely on the

estimates generated by the spreadsheet.

Section ll: Turnover Time & Mixing Analysis
Instructions: Five scenarios are For exp with ch tank operations to imp t time. Ezp with | g the both the Maz and Min levels,
only the Min level, and only the Maz level. Modify data shown in red. Do not use this analysis if the turnowver time equauons are not appllcable'
These five are also ilable For g with reducing inlet di to improve mizing. Mote that improving the level change will also improve mizing.
Modify data shown in red. Do not use this analgsls if lhe mizing equallons are not applicable [H/D=1)!
HNo Changes Scenario A Scenario B Scenario C Scenario O Scenario E

Tank diameter 50 50 50 50 50 50 13

3
Inlet Diameter o J.p it
High{Maz Level 71 wser iInput it
Low/Min Level 16.79 N [
HID ratio X T Ty o ey Ty
Actual Level Change 182 200 R 121 192 Xl ]
Dimensionless Mizing
Time 10.20 10.20 10.20 10.20 10.20 1020
Desired Level Change
Meeded for Good 473 438 438 473 236 218 ]
Pressure Drop After
Change in Min Water
Level 08 0.s oo 0.0 08 psi
Fill rate! Pumping rate il bl hil bl hil bl qpm
Diraw ratel consumer
demand i Cnrnarl&h et u nw i gpm
Avg Fill time 0.27 =4 'S @ G UL @AL 053 days
Avg draw time n.zz pek] 043 014 n.a2 0.43 dags
Avg volume added
during Fill 0.0 00z 008 0.0z 002 0.08 MG
Avg Duration [fill 0.50 052 0398 0. 043 0.98 days
Ave Flow Rate 0.08 0.08 0.08 0.08 0.08 0.08 MGD
Ave Tank ¥ol .
Mizing Performance
Ratio
Turnover Time

modifying minimum and/or

It is strongly recommended that any

Figure 4: Screenshot of Section #2 of Tank #1 Worksheet in Storage Tank Assessment Spreadsheet.xIsx

3. Continuous Chlorine Residual Assessment:

a. Combine continuous free chlorine residual data and tank level data collected from the most
critical tank, as shown in Figure 5. The combination of chlorine and tank level data may be used
to determine the impact of tank operations on water quality. For example, the data shown in
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Figure 5 suggests that the tank is poorly mixed because free chlorine residual changed by
approximately 1.0 mg/L during each fill-and-draw cycle.
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Figure 5: Example Continuous Free Chlorine and Tank Level Data

Duration of Study:

The duration of the storage tank assessment study varies depending on the availability of SCADA at all storage
tanks and the continuous chlorine monitoring technology selected for the study. If a pressure recorder and/or a
continuous chlorine monitor that requires an extended period of time to stabilize are used in the study, the
duration of the study may be two weeks, or longer. If the continuous chlorine monitor requires a few hours to
stabilize and a pressure recorder is not required, the duration of the study may be approximately four days.
Additional logistics, such as travel time to the water system for equipment installation and/or calibration should
be considered.

Expected Results:

The results of this special study will be system specific, however it is anticipated that the data will support the
study objective (discussed in the Overview section)

Summary and Conclusions:

This will be system specific, and should be documented once the study is complete.

Full-Scale Implementation:
This will be system specific, and should be documented once the study is complete.
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