Storage Tank Assessment Spreadsheet Guidance
TankSpreadsheet_2013.xls

The purpose of this spreadsheet is to summarize storage tank characteristics, estimate tank turnover time and mixing, and evaluate possible operational strategies that may improve turnover time and mixing.  If operational changes are pursued, they should be made incrementally and supported with increased monitoring to ensure that any adverse effects to hydraulics and water quality are minimized.

This spreadsheet was developed by the USEPA’s Office of Groundwater and Drinking Water’s Area-Wide Optimization Program, which utilizes a facilitated approach to help drinking water systems move beyond regulatory water quality levels to enhance public health protection.
The spreadsheet inputs include tank information (diameter, inlet diameter, shape, height) as well as tank water level data over a period of time.  There are guidelines provided on this worksheet about when the Tank Mixing Assessment and Turnover Time Calculations may, and may not, apply.  Additionally, cautions about applying these calculations are provided.  These include, but are not limited to:
· When the tank inlet configuration, or whether baffles exist, is not known, the estimates will be less accurate
· When the inlet is near the tank wall, the mixing ratio may be overestimated
· If the age of the water entering the tank is excessive, the turnover time will not approximate total water age
· If the temperature difference between the water entering the tank and the bulk water in the tank is significant, the tank mixing ratio may be overestimated (due to buoyancy effects)
· In situations where the tank is not well-mixed or when the mixing calculations cannot be used, the tank turnover time calculations will only indicate the average turnover time of the tank; in these instances there will likely be much older “dead-zones” of water in the tank.
A tank Summary worksheet provides space to enter general information for up to 9 tanks.  Also, on this worksheet, the estimated Tank Mixing and Tank Turnover data are automatically populated (once the tank water level data are entered).  There are 9 worksheets (labeled Tank#1 through Tank#9) for entering tank level data and assessing the impact of (theoretical) operational changes on (estimated) tank mixing and turnover characteristics, as well as a fully populated Example worksheet for reference.  Finally, the spreadsheet provides Glossary and Hints worksheets as references for the user.
The software also looks at distribution tank operations in terms of optimization.  The following optimization goals are incorporated into this software:

	DISTRIBUTION SYSTEM GOALS

	Performance Goals

	Tank Turnover

· Maintain turnover time less than or equal to 5 days at all times or establish and maintain an optimal water turnover rate at each storage facility.
Tank turnover is essential to ensure that fresh water is entering the tank and replacing a specific volume of water within the tank.  This is needed to maintaining water quality within a tank and to minimize the impacts of the tank on the quality of water leaving the tank.

Turnover time is the amount of time that it takes for the volume of the water in a tank to be completely replaced.  For example, if a 1 million-gallon tank draws 20% of its tank volume once per day, the total volume of the tank, or 1 million gallons, will be replaced in 5 days.  In this example, the tank turnover time is equal to 5 days, which meets the goal presented.

	Mixing Performance Ratio
· Maintain good mixing performance ratio (PR ≥1.0) at all times.
In distribution system storage facilities, once tank turnover has been optimized, mixed conditions should be achieved.  It has been shown through studies that the disinfectant residual decays more rapidly under a plug-flow versus a completely mixed scenario.  Although, without proper turnover and sufficient exchange of the volume of water present within the tank, mixing may not show any benefits and may even be detrimental when very poor tank turnover is occurring.

Tank mixing can be measured by calculating the volume exchange fraction or the fraction of water that has been added to the tank during a fill period.  In most tanks, mixing can be improved by increasing the volume added during the fill period or decreasing the inlet diameter (i.e., increasing inlet velocity).  Other mechanical or passive mixers can be utilized to enhance mixing as well.  A mixing performance ratio (PR) is used to assess the actual mixing compared the desired mixing.


Although these goals are incorporated into this software, the system may wish to establish their own system specific goals and incorporate them as part of this software.

It is important to keep system pressure in mind when manipulating tank operations to meet tank turnover goals.  Lowering a tank to a point where pressure issues arise should be avoided.

It is important to note that these are calculations based on theory.  Although they provide a starting point for enhancing tank operations, water quality data should always be used as the basis for determining the extent of impacts of tank operations on water quality.  It is also important to keep system pressure in mind when manipulating tank operations to meet tank turnover goals.  Lowering a tank to a point where pressure issues arise should be avoided.
INSTRUCTIONS

Summary
1. Open the file entitled “TankSpreadsheet_2013.xls”.

2. Ensure that macros have been enabled once opened.  This spreadsheet will only work if macros are enabled!

3. Click on the “Summary” tab at the bottom of the open spreadsheet.
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4 [instructions:
1. Entertank characteristics ito secton | below. Section land Il willbe populated automaicall when data s entered info the tank workshests. NOTE: Data inputted by the user are
shown in red. Data must be entered into section | for the spreadsheet to function.

2. After completing secton | go o the tank worksheets entiled Tank #1°, Tank #2', efc. Enter the operational data n Step 1 of the worksheet. Once the data s entered n Step 1, proceed
to step 2 ana 3, i appropriate.

3. ifthe tank calculatons i Step 1 Getermine that tumover tme and/or mxing is poor, Step 2 and 3 of the tank workshest wil defermine possible ways o mprove tank operations. The.
calculations analyze current operations and develop operationsl solutions to decrease water age and increase mixing i the tank.

Tank Characteristics (See Glossary worksheet for lustrations of Tank Characteristics)
“Data must be entered into this section for the spreadsheet to function.
Do not enter tank dimensions if the tank is NOT cylindrical, rectangular, or hydropilar.
“Hydropillar tanks can be approximated as cylindrical tanks depending on their operating range. See glossary for ilustration.

Tank#1 Tank#2 Tank#3 Tank#: Tank#S Tank# Tank#7 Tank#s Tank#

A Name of Tank
5. Volume (46

[fhe SCADAI telemetery reports tank evel n fest answer queston C, then

ansvier questions E, F, and G. Ifthe SCADAY telemetry does ot reportthe

tank level n feet, answier *n” in question C and then answer questions D1,

17/ |p2.£3.F, and G

c s the tank Cylindrical (C), Rectangular (R}
18 Hydropilar’ (H), or None of these (n)?|
(D Does the SCADAY telemery report tank|
18 levelin volume (yin)?|
oz If SCADAI telemery is reported in volume,
20 are the tank mixing equations applicable - see note  (yin)?)
B (if cyindricalhydropilar/) Tank diameter or

(i rectangular) Longest Sidewal length D (1)

(It rectangular) Shortest Sidewal lngth, L (1)

(al tanks) et Diameter, o (1)

(al tanks) Haximum Operating Viater Depth, H (1)

(altanks) I the tank operated fi-draw (f9) or flow-through” (7|
HID rato)

BRR

|| 8|7

[The remaining data is automatically calculated based on the data entered above:
are the turnover tine caicuations appicabe?” yes
are the mixing equatons appiicable?* yes

Tank Calculations (from Tank Data Input worksheets)
1 data is missing the reason could be that the tank mixing equations may not be applicable or the tank may not be cylindrical, hydropillar, rectangular, or have SCADA
that reports volume rather than level.

Tumover Time (days)
Ming Performance Ratio (Heasured! Desied)
otes:

1. Hydropilar tanks can be approximated as cyindricaltanks depending on theiroperating range. See glossary for lustraton.
2. 1n fiow-through operation water is smutaneously coming into the tank and leaving the tank. In fikdraw operation water s can either be flng the tank or drawing
fromthe tank at any one tim (ths s typical of most tanks).

. 1 the tank operates fow-through the turover time calculatons are not appicabe.

< The ming calcuiations are appicable i the tank shape is cyindrical, rectanguiar, elptical, r a hydropilar AND the tank operates fikraw. The mixing calculatons.
re not applcable if the tank operates flowthrough O the tank s rreguiary shapes.
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4. Enter the Name of Tank and associated tank information as requested in the spaces provided to the right of each of the questions, starting with Tank #1.  If multiple tank operations are being monitored, then complete the data for each additional tank.
[image: image2.emf]Tank #1

A. ExampleBig Tank

B. 0.5 2

C.

c c

D1.

n n

D2.

E1.

50 110

E2.

E3.

1.00 1.00

F.

24 33.5

G.

fd fd

Volume (MG)

Is the tank Cylindrical (C), Rectangular (R),                                       

Hydropillar

1

 (H), or None of these (n)?

Does the SCADA/ telemetry report tank                                         

level in volume (y/n)?

If the SCADA/ telemetery reports tank level in feet answer question C, then 

answer questions E, F, and G.  If the SCADA/ telemetry does not report the 

tank level in feet, answer "n" in question C and then answer questions D1, 

D2, E3, F, and G.

(all tanks) Is the tank operated fill-draw (fd) or flow-through

2

 (ft)?

(if cylindrical/hydropillar/) Tank diameter or                                                  

(if rectangular) Longest Sidewall length, D (ft)

(If rectangular) Shortest Sidewall length, L (ft)

(all tanks) Inlet Diameter, d (ft)

(all tanks) Maximum Operating Water Depth, H (ft)

If SCADA/ telemetry is reported in volume,                                                   

are the tank mixing equations applicable - see note 4 (y/n)?

Name of Tank


5. Based on the specifications provided, the spreadsheet will calculate the height to diameter ratio and determine if the tank turnover and mixing calculations are applicable.

[image: image3.emf]0.48 0.30

The remaining data is automatically calculated based on the data entered above:

Are the turnover time calculations applicable?

3

yes yes

Are the mixing equations applicable?

4

yes yes

H/D ratio


Tank Data Entry

1. Click on the “Tank #1” tab at the bottom of the open spreadsheet.
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2. Using data collected from the system SCADA, or other means (e.g. pressure data logger), for the tank being analyzed, enter the required date, time and level data (in red) for each fill and draw cycle during the timeframe being analyzed.  The spreadsheet can accept a total of 15 fill and draw cycles (30 data points).  When entering the data, each Min Level must be followed by a Max Level.  Errors will occur if; the min level and max level are not alternated or are reversed and the dates and times are not consecutive.  For the best tank analysis, all 30 data points should be provided.
[image: image5.emf]Instructions:  Enter tank fill data (obtained from plant SCADA) for up to 15 fill periods.  Data inputted by the user are shown in red.

Date Time Min Level Max Level Date + Time Delta Time Level Change

Ft Ft Days Ft

04/13/12 4:35 PM 25.70 4/13/12 16:35 0.0 25.7

04/14/12 6:45 AM 29.70 4/14/12 6:45 0.59 29.7

04/14/12 2:50 PM 25.50 4/14/12 14:50 0.93 25.5

04/15/12 6:45 AM 29.50 4/15/12 6:45 1.59 29.5

04/15/12 4:35 PM 25.30 4/15/12 16:35 2.00 25.3

04/16/12 4:20 AM 30.00 4/16/12 4:20 2.49 30.0

04/16/12 8:25 PM 26.70 4/16/12 20:25 3.16 26.7

04/17/12 5:00 AM 30.40 4/17/12 5:00 3.52 30.4

04/17/12 9:35 PM 26.90 4/17/12 21:35 4.21 26.9

04/18/12 7:20 AM 30.20 4/18/12 7:20 4.61 30.2

04/18/12 8:25 PM 26.00 4/18/12 20:25 5.16 26.0

04/19/12 5:20 AM 30.20 4/19/12 5:20 5.53 30.2

04/19/12 7:30 PM 27.40 4/19/12 19:30 6.12 27.4

04/20/12 10:30 AM 30.90 4/20/12 10:30 6.75 30.9

04/21/12 8:00 AM 25.30 4/21/12 8:00 7.64 25.3

04/22/12 11:20 PM 30.60 4/22/12 23:20 9.28 30.6

04/23/12 2:20 PM 25.00 4/23/12 14:20 9.91 25.0

04/24/12 3:25 AM 29.70 4/24/12 3:25 10.45 29.7

04/24/12 8:15 PM 26.90 4/24/12 20:15 11.15 26.9

04/25/12 6:00 AM 30.00 4/25/12 6:00 11.6 30.0

04/25/12 9:10 PM 26.00 4/25/12 21:10 12.2 26.0

04/26/12 6:40 AM 29.70 4/26/12 6:40 12.6 29.7

04/26/12 7:55 PM 25.70 4/26/12 19:55 13.1 25.7

04/27/12 11:10 PM 30.40 4/27/12 23:10 14.3 30.4

04/28/12 8:05 PM 24.30 4/28/12 20:05 15.1 24.3

04/29/12 9:10 AM 28.80 4/29/12 9:10 15.7 28.8

04/29/12 9:05 PM 26.90 4/29/12 21:05 16.2 26.9

04/30/12 5:00 AM 30.20 4/30/12 5:00 16.5 30.2

04/30/12 8:00 PM 26.90 4/30/12 20:00 17.1 26.9

05/01/12 4:50 AM 30.20 5/1/12 4:50 17.5 30.2


3. Once completed, the data is used to calculate the tank turnover and mixing performance ratio for the timeframe analyzed.  If the calculated tank turnover and mixing performance ratio meets the goals provided in the Introduction, the cell will be shaded green.  If they do not meet the goals, then they will be shaded yellow.

[image: image6.emf]                                                                        Turnover Summary

Avg Vol Added in One Fill Period 0.28 MG  Avg Min Water Level 26.0 ft

Avg Vol Drawn in One Drain Period 0.28 MG Avg Actual VEF 0.15

Avg Fill Time 0.59 days Avg VEF Needed for Good Mixing 0.14

Avg Draw Time 0.62 days Avg Measured Water Level Change 4.0 ft

Avg Fill Rate 334 gpm 3.7 ft

Avg Draw Rate 317 gpm 1.07

Avg Duration (Fill + Draw Time) 1.2 days 13 inches

Avg Flow Rate into tank 0.24 MGD

Avg Tank Vol 1.99 MG

Turnover Time 8.5 days

Mixing is at a desired level.

Mixing Performance Ratio 

(Measured/Desired)

Mixing Summary

Turnover time is at an undesirable level, use Turnover 

Time Analysis (Step 2) to determine operational strategies 

that will reduce turnover time.

Desired Water Level Change Needed 

for Good Mixing

Inlet Diameter Needed for Good 

Mixing


4. After a complete set of data is entered and the tank turnover and mixing performance ratio calculated, Step 2 of the worksheet can be utilized to experiment with different tank levels to determine the impact on tank turnover and mixing.  This is done by changing the maximum and minimum tank levels in the spreadsheet in Step 2.  If mixing is an issue, and physical sizing changes to the inlet is being investigated, then this can be altered as well.
It is important to keep system pressure in mind when manipulating tank operations to meet tank turnover goals.  Lowering a tank to a point where pressure issues arise should be avoided.

[image: image7.emf]No Changes Scenario A Scenario B Scenario C Scenario D Scenario E

Tank diameter 110 110 110 110 110 110 ft

0 0 0 0 0 0 ft

Inlet Diameter 1.00 1.00 1.00 1.00 0.50 0.50 ft

High/Max Level 30.03 29.00 30.00 29.00 30.00 25.00 ft

Low/Min Level 26.03 25.00 22.00 26.00 26.00 22.00 ft

H/D ratio

0.27 0.26 0.27 0.26 0.27 0.23

Actual Level Change 4.00 4.00 8.00 3.00 4.00 3.00 ft

Dimensionless Mixing Time 10.20 10.20 10.20 10.20 10.20 10.20

Desired Level Change 

Needed for Good Mixing 3.74 3.64 3.35 3.74 1.87 1.67 ft

Pressure Drop After Change 

in Min Water Level 0.4 1.7 0.0 0.0 1.7 psi

Fill rate/ Pumping rate 334 334 334 334 334 334 gpm

Draw rate/ consumer 

demand 317 317 317 317 317 317 gpm

Avg fill time 0.59 0.59 1.18 0.44 0.59 0.44 days

Avg draw time 0.62 0.62 1.25 0.47 0.62 0.47 days

Avg volume added during 

fill 0.28 0.28 0.57 0.21 0.28 0.21 MG

Avg Duration (fill +draw) 1.21 1.21 2.43 0.91 1.21 0.91 days

Ave Flow Rate 0.24 0.24 0.23 0.23 0.24 0.23 MGD

Ave Tank Vol 1.99 1.92 1.85 1.95 1.99 1.67 MG

Mixing Performance Ratio 

(Measured/Desired) 1.07 1.10 2.39 0.80 2.14 1.79

Turnover Time 8.5 8.2 7.9 8.3 8.5 7.1 days


5. Step 3, at the bottom of the worksheet, is only utilized in situations where a chlorine degradation hold study was done in conjunction with the tank mixing and turnover assessment.  The hold study must be completed in order to determine a chlorine decay rate constant (k).  This section of the worksheet is useful in relating current and proposed tank operations with water quality.
[image: image8.emf]No Changes - 

Estimated Current 

Conditions Scenario A Scenario B Scenario C Scenario D Scenario E

High/Max Level 30.03 29.00 30.00 29.00 30.00 25.00 ft

Low/Min Level 26.03 25.00 22.00 26.00 26.00 22.00 ft

Mixing Performance Ratio 1.07 1.10 2.39 0.80 2.14 1.79

Turnover Time 8.5 8.2 7.9 8.3 8.5 7.1 days

Chlorine Decay Rate 

Constant (determined from 

bottle test) (k) 0.15 0.15 0.15 0.15 0.15 0.15 day

-1

Volume at Start of Fill 

Cycle (Ve) 1.85 1.78 1.56 1.85 1.85 1.56 MG

Volume at end of fill period 

(or at the start of the draw 

period) (Vf) 2.13 2.06 2.13 2.06 2.13 1.78 MG

Avg fill time (Tf) 0.59 0.59 1.18 0.44 0.59 0.44 days

Avg draw time (Te) 0.62 0.62 1.25 0.47 0.62 0.47 days

Maximum time that a water 

parcel stays in a plug flow 

tank (Tmax) 8.8 8.6 8.2 8.5 8.8 7.4 days

Concentration entering the 

tank (from field data) (Ce) 1.10 1.10 1.10 1.10 1.10 1.10 mg/L

Complete Mixing: Minimum 

concentration leaving the 

tank

1, 2

0.47 0.48 0.46 0.48 0.47 0.52 mg/L

Plug Flow:  Minimum 

concentration leaving the 

tank

1, 2

0.30 0.31 0.33 0.32 0.30 0.37 mg/L


6. Repeat steps 1 through 5 for each tank being analyzed.

Refer to the Instructions, Example, Glossary and Hints Tabs for additional guidance or clarification.
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