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ENGINEERING REPORT 

HANFORD FACILITIES TRACER REPORT, 
3 15 WATER mATJYEN'I' FACILITY (ID# 418408) 

WORK ORDER EM480 

.I. INTRODUCTION 

,Historically, water from the Columbia River has been pumped from several 
locations to be used on the Hanford Nuclear Reservation for nuclear reactors, 

processing facilities, steam generation, fire protection, and drinking water. 

Five surface water treatment facilities currently supply drinking water to various 
areas on the reservation which include the 183-N Water Treatment Facility (ID# 
418532); the 183-K Water Treatment Facility (ID# 0177J); the 283-E Water 
Treatment Facility (ID# 41866V); the 283-W Water Treatment Facility (ID# 
001004); and the 315 Water Treatment Facility (ID# 418408) that supplies 
sanitary water for the 300 Area. 

The Surface Water Treatment Rule (SWTR), outlined in the 1986 Safe Drinking 
Water Act Amendments enacted by the EPA in 1989 and regulated by the 
Washington State Department of Health (DOH) in Section 246-290-600 of the 
Washington Administrative Code (WAC) , stipulates filtration and disinfection 
requirements for public water systems under the direct influence of surface water. 
The SWTR disinfection guidelines require that each treatment system achieves 
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I 

I 
I 

predetermined inactivation ratios. The inactivation by disinfection is 
approximated with a measure called CxT, where C is the disinfectant residual 
concentration and T is the effective contact time of the water with the 

disinfectant. . 

According to WAC 246-290-636, "Detemination of Disinfectant Contact Time," 

the water purveyor shall use tracer studies or empirical methods to determine T. 

Empirical methods to calculate T may not be used unless the system components 

are demonstrated to have configurations analogous to components on which 

tracer studies have been conducted and results have been documented. The CxT 
calculations for the Hanford water treatment facilities were derived fiom the total 

volume of the contact basin(s). In the absence of empirical data to support CxT 
calculations, the DOH determined that the CxT values used in the monthly 
reports for the water treatment facilities on the Hanford Site were invalid and 
required the performance of a tracer study at each.facility. ' In response to that 
determination, a tracer study will be performed to determine the actual contact 

I times of the facilities for the CxT calculations. The facility located at 300 Area 
I was selected for study now and studies for other facilities will follow. 

II. S.URIMARY 

A tracer study at two flow rates (Q peak and 0.90* Q peak) was performed at the 
3 15 Water Treatment Facility in accordance with the Guidance Manual for 
Compliance with the Filtration and Disinfection Requirements for Public Water 
Systems using Surface Water Sources (Guidance Manual), and the Disinfection 

- 2 -  05/95 
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Target Flow 

Contact Time Study Plan (CTS Plan), (ref 1 and 2). The CTS Plan was submitted 

and approved by the DOH (ref 3). 

Average Test Theoretical Actual YO Tracer 

Flow Residence Residence Recovered 

Time Time (TI01 
(TI 

The actual detention times at each flow were determined.. Table 1 shows the 

results of the two tracer tests. 

2,400gpm I 2,380gpm I 178min I 102min I 85% 

2,160gpm I 2,127gpm I 199min I 167min I 45% 

The study results were evaluated to provide a means for determining the actual 
residence time (Tlo) at any flow experienced at the 3 15 Water Treatment Facility 
when it is operating under a configuration similar to the configuration during the 
tracer tests. Figure 1 is a graph that was developed from the 315 Water 
Treatment Facility tracer study results. 
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Figure 1: 3 15 Filter Facility T,, determination for any flow (Appendix 4 p. A-C-13) 

In. PURPOSE 

The objective of this report is to outline the results of tracer studies at the 315 

Water Treatment Facility, answer potential questions, give the facility operators 
a tool for determining the actual detention time experienced at the facility under 
various flow conditions, and fulfill the DOH requirement for a Tracer Study 
Evaluation Work Sheet. The worksheet is contained in Appendix E. 

In order to provide the tool, a tracer is tracked in the treatment train and the 
results are analyzed in accordance with the Guidance Manual. The Guidance 
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Manual requires at least one tracer test at a flowrate of no less then 91% of the 

highest flow experienced at that section (ref 1, p. C-2). By conducting tracer 

studies, the detention time for corresponding peak hourly flow conditions can be 

determined. When tracer tests are performed at peak flows, they provide a 

conservative estimate in CxT calculations for flowrates less than or equal to the 

tracer test flowrate (ref 1, p. C-2). 

Ifthe tracer tests are not performed, the facilities will not be in compliance with 
the SWTR and there is an inability to ensure that sufficient contact time has 

occurred for disinfection prior to delivery of the water to the customers. 

IV. DESCRIPTION 

A. PLANOFSTUDY 
The tracer studies are proposed to meet the requirements of WAC 246- 
'290-636, "Determination of Disinfection Contact Time." The 3 15 
Water Treatment Facility tracer study was performed in accordance 
with the Guidance Manual and the CTS Plan. 

The tracer study flowrates are based on the peak hourly flows recorded 
on the SWTR CxT Determination Logsheets that are submitted to the 
DOH. System demand in the future will vary due to source reduction 
and other water conservation measures scheduled for implementation 
on the M o r d  Reservation. The future peak flows are expected to be 
less than the current flowrates at the treatment facility. 
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A tracer study using sodium fluoride was performed on the treatment - 

train typically used at the facility for final disinfection. Of the two most 

common methods of tracer addition employed in water treatment 

evaluations, the step-dose method was selected because the resulting 
normalized concentration versus time profile can be used directly to 

determine the detention time (T1J required for calculating CxT. The 

step-dose method entails introduction of a tracer chemical at a constant 

dosage and monitoring for that tracer at the desired end point. Fluoride 
was chosen as the tracer chemical because it is approved for potable 

water use and is not normally added for water treatment on the Hanford 
Reservation. 

Immediately prior to the test, the background fluoride concentration was 
determined and recorded. Appropriate fluoride injection flowrates were 
calculated after the predetermined flowrates had been established in the 
facility. The sodium fluoride was injected with a Liquid Metronics 
Injector@ @MI) Fluoride saturator and an electronic metering pump. 
The sodium fluoride was injected as close to the point of chlorination 
as possible. The tracer was monitored prior to the first service 
connection with a HACH DW700 Colorimeter at a point downstream 
of the export pump. 

Based on fluoride loss due to alum precipitation and raw water residual 
concentration, fluoride was added at a calculated dosage that would 
result in a residual concentration of approximately 1.5 mg/L in the 
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I facility effluent (ref 1 and Appendix C, p. C-3). Recommended 

fluoride concentsations as low as 1.0 to 1.5 mg/L are practical when the 
raw water fluoride level is not significant. The duration for fluoride 
addition was selected to be twice the theoretical detention times as 

suggested by Hudson (ref 4). 

Sampling occurred at 10 minute intervals until the tracer concentration 

in the effluent exceeded the background levels. Once a concentration 

change was observed, sampling was performed at 2 - 5 minute sampling 
intervals until a steady-state concentration was reached, or twice the 

theoretical detention time had elapsed which proGded data for a well- 

defined plot of tracer concentration versus time. At this point, the tracer 
addition was discontinued. The receding tracer concentration was 

- monitored at reasonable sampling intervals based on overall detention. 
Tracking the receding curve allowed for calculation of tracer recovery. 
Monitoring of the tracer was discontinued when 90% of the tracer was 
accounted for or the fluoride levels reached background. The water 
level, flow, and temperature were recorded during the test. 

B. 300 AREA FILTER FACILITY 
The 300 Area Water Treatment Facility (ID## 418408) pumps raw water 
from the Columbia River. The raw water is treated and supplied to 
various process and domestic users throughout the 300 Area. The water 
system distribution piping in the. 300 Area provides potable and process 
water to less than 214 buildings. The water system consists of a river 
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water pumphouse, the water treatment facility, the water distribution 

system, and two above-ground water storage tanks. The tanks are used 
as storage vessels to supply potable water to the distribution system for 

a short period of time during an emergency. During emergencies and 
maintenance outages, the City of Richland can supply potable water to 

the 300 Area. 

The river water pumps supply raw water to the water treatment facility 
and fish study facilities in the Pacific Northwest Laboratory Life 

Sciences Building 331. The river water pumphouse (312 Building) 
contains two motor-driven vertical turbine pumps and a smaller 

emergency (biology) pump. The two primary pumps are operated 
alternately at one-week intervals. Each of the two river water pumps is 
rated at 10,000 gal/min. 

The 31 5 Water Treatment Facility is supplied water at approximately 
70 psi through a 10-inch line branched fiom the 24-inch raw water line 
downstream of the river pumps. Water treatment consisting of 
coagulation, chlorination, sedimentation, and filtration is accomplished 
at the 315 Water Treatment Facility. A layout of the facility is 
contained in Appendix D. Coagulation occurs at the flash mix chamber 
which contains two upright mixing baffles where the water mixes with 
alum. At the exit of the chamber, chlorine is injected to deter algae 
formations, disinfect the water, and provide residual chlorine in the 
distribution system. The flash mixer overflows a weir into a 

05/95 - 8 -  



WHC-SD-ER548O-ER-001, Rev. 1 

distribution flume. The flume has four 14-inch openings in the bottom, 
spaced to supply water to the center of the entrance of four 

sedimentation basins. The water strikes stilling baffles and continues 

out into the sedimentation basins. 

At the discharge of the sedimentation basins, the clarified water 

overflows a weir into the filter influent flume. Water from this flume 

is fed to the four filter entrance gullets. Preastol 2515, an anionic 
acrylamide copolymer, is sometimes added at the gullets to aid in 

filtration when high turbidity conditions exist in the Columbia River. 

The four filters are designed for a flow of 6 gpm per square foot. Water 
flows from the filter influent gullet into two troughs over each filter. 
The water overflows the troughs onto the top of the filter bed. From the 
bottom of the filter, the water flows into the clearwell. The clearwell 
has a capacity of approximately 70,000 . gallons. Though rarely 

practiced, chlorine can be fed directly to the clearwell from each of the 
filter inlets. Two clearwell pumps supply filtered water to the 300 Area 
distribution grid. 

The 3 15 Water Treatment Facility typically experiences flows less than 
those maintained during the tracer tests, as shown in Table 2. 
Frequently, when lower flows are experienced in the facility, one or 
two filters will be removed from service. 

05/95 -. 9 - 
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Maximum 
Temp (C") 

Average 

Temp (C") 

Average 

Flow (gpm) 

10 15.3 24.0 20.2 

6.2 . . 10.6 19.8 13.2 

763 802 1,112 913 

1. TESTSETUP 
The layout of the 3 15 Water Treatment Facility in Appendix 
D shows the four basins and filters that were utilized during 
the tests. In accordanceyith the CTS Plan, the background 
fluoride concentration was determined by monitoring prior 
to beginning the tests at the sampling point where the 
disinfectant residual is measured for CxT calculations. An 
onsite analysis was performed using a HACH Colorimeter 
and fluoride reagent packs (SPADNS). Background 
monitoring was performed for 30 minutes at 5 minute 
intervals. The background was determined to be 0.4 mgA 
during all tracer tests in the 3 15 Water Treatment Facility. 

When the desired flowrate (2,400 gpm or 2,160.gpm) was 
established, the fluoride feed supplied from a LMI Model 
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28850 Fluoride Saturator was energized and left at a constant 

rate for the duration of the test. Fluoride was added at the 
exit of the mixing chamber leading to the sedimentation 

basins and was monitored from a sample tap off of the 

discharge line from the clearwell. The tracer study was 

performed on the treatment train starting at the exit of the 
flash mix chamber, and included four sedimentation basins, 

four filters, and the clearwell. The combined volume of 
these components is approximately 424,000 gallons 

(Appendix By p. B-3). 

During the 2,400 gpm test on March 6, 1995 (Test l)., tracer 
was added at a rate of 620.8 mumin for 6 hrs. The fluoride 
injector was then de-energized and the receding ciwe was 
tracked for an additional 4 hrs and 55 min until the tank 
storage space was exhausted and the artificially elevated 
flowrate could no longer be. maintained. 

A 2,160 gpm tracer test (Test 2) was attempted at the 3 15 
Water Treatment Facility on March 10, 1995. The results of 
the test were not consistent with estimates of fluoride 
residual. Therefore, a retest was scheduled. 

0 

During the 2,160 gpm test on March 23,1995 (Test 3), tracer 
was added at a rate of 580 d m i n  for 6 hrs and 35 min. The 

-11-  
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March6, 1995 
. (Test 1) 

I 
I 

March 23,1995 
(Test 3) 

fluoride'injector was de-energized and the receding curve 

was tracked .for an additional 5 hrs and 5 min until 
background fluoride concentrations were detected again. 

Target Flow 
Average Test Flow 
Average Clearwell 

Depth 

C. DISCUSSION OF RESULTS 
A twoXlow tracer study (Q peak and 0.90* Q peak) was performed at 

the 315 Water Treatment Facility in the 300 Area, and the actual 
detention time at those flows was determined. Table 3 shows a 

summary of the data taken during the two reliable tracer tests and the 

2,400 gpm 2,160 gpm 
2,380 gpm 2,127 gpm 

10.8 ft 10.8 ft 

corresponding results . 

Normal Clearwell 
Depth 

Average Water Temp 

I I 

10.8 ft 10.8 ft 

5.8 "C 7.9 "C 

Test Date 

Normal Seasonal 
Temp 

6.2 "C 6.2 "C 
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Background Tracer 
Levels 

Tracer Dose 
Alum Dose 

Expected Tracer Loss 

Due to Alum 

Expected Maximum 
Detected Tracer 

Residuals 

Actual Maximum 
Detected Tracer 

Residuals 

Injection Period 
Sampling Period 

Theoretical 
Residence Time (T) 

Actual Residence 
Time (TI*) 

% Tracer- Recovered 

Source: Appendix A. 

0.4 mg/l 

1.21 mgA 

20 mgA 

0.1 mgA 

1.51 mg/l 

1.5 mg/l 

6 hrs 
10.9 hrs 
178 min 

102 min 

85% 

- 13 - 
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0.4 mg/l 

~ 

1.27 mgA 
25 mgA 

0.15-0.2 mg/l 

1.47 mgA 

1.2 mg/l 

6.6 hrs 
11.7 ks 
199 min 

167 min 

45% 
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The March 6,1995 tracer test (Test 1) appears to be a textbook example 

of the step-dose method tracer test. The flowrate during the peak flow 

test averaged 2,380 gpm (-0.8% of the target flow). There was 

apparently some short circuiting with the actual residence time being 
approximately 60% .of theoretical. However, some channeling effect 

(short circuiting) can be expected in the long sedimentation basins that 
have no baffling. The cleanvell is allarge single basin that may 
experience some effects similar to the sedimentation basins. These 

slight short circuiting problems do not appear to be extensive. The 

tracer mass recovery was calculated at 85% and an additional 10% can 
be attributed to alum loss (see Appendices A and C). The calculated 

maximum trace1 residual of 1.5 mg/l was obtained during effluent 
testing. Figure 2, a graph of relative concentration versus time, shows 
that the tracer approached a steady state level'before the end of the 
tracer addition (twice the theoretical detention time). 

The data was evaluated numerically and the correlation coefficient 

indicated a good statistical fit (0.95). Therefore, T,, was determined as 
the solution to an equation based on the straight-line parameters to a 
linear regression analysis of the tracer test data instead of an "eyeball" 
estimate fiom a data plot (ref 1 , p. C-19; Appendix A, p. A-C-4 and A- 
c-5). 
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0.000 I . . . . l . .  . .  l . . . . l . . , .  
0 100' ' ' ' ' w o n  . . ' ' 200' . . . ' 280' . ' ' . JOO' ' ' ' ' JIO' 

I '  
Pigure 2: 3 15 Filter Facility 2,400 gprn tracer test (Source: Appendix A, p. A-C-4) 

The March 23, 1995 tracer test (Test 3) appears to provide an actual 
detention time that is in agreement with Test 1. The flowrate during 

Test 3 averaged 2,127 gpm (-1.5% of the target flow). Compared to 
the results of Test 1, less short circuiting was seen with the actual 
residence time being approximately 84% of theoretical. However, the 
mass of tracer recovered appears to be a lower then the first test. The 
tracer mass recovery was calculated at 45% with an additional 16% 
attributed to alum loss. The calculated maximum tracer residual was 
never reached in the effluent. The maximum detected tracer 
concentration was 1.2 mgA when a concentration of 1.47 mgA was 
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expected. 

The data was evaluated numerically and the correlation coefficient was 

not high enough to indicate a good statistical fit (0.87). As- a result, T,, 

was required to be determined graphically as an estimate from a data 

plot (Appendix A, p. A-C-11). 
. .  

The disparities between the two tests have been examined as follows: 
the alum dosage during Test 3 was slightly higher then during Test 1; 

and the increased alum dosage doubles the fluoride loss that can be 
attributed to alum (see Appendix C). 

e 

The second potential cause of these disparities is the potential 
interference of Preastol 2515. Preastol 2515 is a polymer that is 
sometimes added to the filter beds to enhance filtration. The polymer 
attracts colloidal material through its affinity for charged particles. The 
negatively charged fluoride ions could become adsorbed in the filter 
beds in the presence of this material and never reach the effluent stream. 
The polymer was not in use during the first test and it hadn't been used 
during the previous week Prior to March 10,1995, Preastol2515 was 
introduced to the filter media again. A 2,160 gpm tracer test (Test 2) 

was attempted at the 3 15 Water Treatment Facility on March 10 while 
the polymer was being used. Due to polymer interference, the results 
of Test 2 were not consistent with estimates of fluoride residual; 
therefore, Test 3 was scheduled. When the manufacturer of the polymer 
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(Stockhauser) was contacted, the individual knew of no test to 
determine residual concentrations in a media and did not know the half- 
life of the material. In preparation for Test 3, the filters were 

backwashed every day to flush out as much polymer as possible. 

Nevertheless, the degree of polymer removal is unknown. The lower 

recovery rate for the tracer may be attributed to residual polymer in the 
media. 

Finally, a review of the graph of relative concentration versus time 

(Figure 3) shows that the tracer had not quite reached a steady state 

level before the end of the tracer addition (twice the theoretical 

detention time) during Test 3. However, according to the Guidance 
Manual, "it is not necessary to reach a steady state concentration in the 
exiting water to determine TI,; however, it is necessary to determine 
tracer recovery. It is recommended that the tracer recovery be 

' .determined to identify hydraulic characteristics or density problems" 
(ref 1, p. C-10). Therefore, the TI, determination is still valid for this 

test. 

The TI, values determined iiom these two tests provide conservative T,, 
estimates for any flow less than the tests flows. Averaging the T,, 
analyses will provide conservative estimates of TI, for all flows less 
then or equal to 2,3 18 gpm. 
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300 Area, 315 Filter Plant 
C E O  vs. Time 

Graphical Analysis for TI0 
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Figure 3: 3 15 Filter Facility 2,160 gpm tracer test (Source: Appendix 4 p. A-C-10) 

V. CONCLUSIONS AND RECOMMENDATIONS 

The results of the two flow tracer studies (Q peak and 0.90* Q peak) performed 
at the 3 15 Water Treatment Facility are shown in Table 4. 

’ 
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Flow 

2,380 gpm 

Target Flow 

2,400 gpm 

(Test 1) 

2,160 gpm 

(Test 3) 

Residence Residence Recovered 

Time (T) Time (TlO) 

178 min 102 min 85% 

2,127 gpm 
~~ 

199 min 167 min 45% 

T,, for any flow can be determined by the following equation: 

Ti, Ti, x QdQ 
Where: (ref 1, p. C-3) 

TI, = Detention time at system flow rate 

Q = System flow rate 
Ti,, = Detention time from tracer test 
QT = Flow during tracer test ' 

This equation, when used in conjunction with the results of ';he 315 Water 
Treatment Facility tracer tests, simplifies to the following: 

T,, = 300,00O/Q 

Where: (Appendix A, p. A-8) 
TI, = Detention time at any flow (minutes) 
Q = Flow (gallons per minute) 
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Because of the change in mission at Hanford from weapons production to 

-environmental restoration, the water treatment facilities are expected to continue 
having decreased demands. The high flow tracer study performed at the 3 15 

Water Treatment Facility (ID# 41 8408) would continue to provide conservative 
T,, estimates if fuhue flows do not exceed test flows. 

The March 6 tracer test verified that there were no unfavorable hydraulic 

characteristics or density problems with 95% of the tracer recovered or accounted 

for -when the test was stopped. The March 6 test appeared to provide a reliable 

determination of TI,. The results from the March 23 test were analogous to the 

first test, but such a high recovery was not indicated. However, conditions that 

may have affected tracer recovery should not have impacted the T,, 
determination. The data was not far from a good statistical fit (0.85) and the 
calculated retention time fell in line with the results of the first test. A steady 
state concentration in the exiting water is not necessary to determine TI, which 
would indicate that the T,, determinations from these tests provide a reliable 
means to determine TI, at any flow through the same configuration using the 
average of the two tests. 
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2400gpm 

ICF KAISER HANFORD COMPANY 
Date: 3/6/95 

Average test flow = 2380 gpm (9009 Umin) - Theoretical Resedence Time (T)= 178 min 

, 

315 Filter Plant, 300 Area 2400 GPM Tracer Test 
Background Fluoride Concentration (Baseline)= 0.40 mglL 

Applied Fluoride Dosage (Co) = 620.8 mWmin (1.21 mglL) 
Fluoride loss due to alum - 0.10 mglL (8%) 
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ICF KAISER HANFORD COMPANY 
Date: 3/6/95 

Average test flow = 2380 gpm (9009 Umin) 
Theoretical Resedence Time IT\= 178 min 

' 315 Filter Plant, 300 Area 2400 GPM Tracer Test 
Background Fluoride Concentration (Baseline)= 0.40 mg/L 

Aoolied Fluoride Dosaae IC01 = 620.8 mumin 11.21 molU 
Fluoride loss due  to alum - 0.10 mg/L (8%) 

17:30 
17:45 
18:OO 
1815 
18:30 
18:45 
19:OO 

=z 
J 
0 
I 
v) 
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I m 

P 
03 
0 
I m 

0 
0 
w 

iz 

'p 
7:lO . 430 2366 1.4 1 15 268 
7:25 445 2346 1.3 0.9 13.5 281.5 
7:40 460 2351 1.3 0.9 13.5 295 
735 475 2332 1.2 0.8 12 307 
8:IO 490 2343 1.1 0.7 10.5 317.5 
8:25 505 2342 1 0.6 9 326.5 
8:40 520 2341 0.9 0.5 7.5 334 
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2400gpm 
b 1 I i 

Date: 3/6/95 
Average test flow = 2380 gpm (9009 Umin) 

Theoretical Resedence Time (T)= 178 min 

?I3 COMPANY 
Background Fluoride Concentration (Baseline)= 0.40 mglL 

Fluoride loss due tc  
Applied Fluoride Dosage (Co) = 620.t 

I 

Fluoride Tracer lncrimental Cumulative 

(h:mrn) (rnin) (gpm) (mgfL) (mg/L) (mg-minlL) (mg-minlL) 
Time Timet Timet Flowrate Measured concentration Area Area ClCO 1-CICO Log,o(l-c/co) UT 

19:15 8:55 535 2337 0.9 0.5 7.5 341.5 
19:30 
19:45 9:25 565 2339 0.7 0.3 4.5 352 
20:oo 9:40 580 2341 0.7 0.3 4.5 356.5 
20:15 955 595 2329 0.7 0.3 4.5 361 
20:30 1010 610 2337 0.6 0.2 3 364 
20:45 10:25 625 2336 0.6 0.2 3 367 
21:oo 10:40 640 2328 0.5 0.1 1.5 368.5 
21:15 1055 655 2340 0.5 0.1 1.5 370 

9:lO 550 2345 0.8 0.4 6 347.5 ----- 

Calculated Resedence Time (Tlo) = 102 min Mass Fluoride injected = 3933 g 
Mass Fluoride Recovered = 3333 g 

% Fluoride Recovered = 85% Correlation Coefficient = 0.95 

I 2400 GPM Tracer ' 315 Filter Plant. 300 Area rest 1 
1 alum - 0.10 mglL (8%) 
3 mWmin (1.21 mgk) 
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300 Area, 315 Filter Plant 

Numerical Analysis for Tlo 
2400 gpm 

LOGlo(l-C/Co) VS. t/T 

y = -0.6059X + 0.3005 
R2 = 0.9525 
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.- 

SUMMARY OUTPUT 

Regression Stalislics 
Multiple R 0.9759846 
R Square 0.952546 
Adjusted 0.9514915 
Standard 0.0567451 
ObseNati 47 

ANOVA 
df ss MS F igniticance F 

Regressio 1 2.908591 2.90859095 903.2869 1.991 4E-31 
Residual 45 0.1449004 0.00322001 
Total 46 3.0534913 

Coefficients tandard En f Stat P-value Lower 95% Upper 95%. ower 95.000 pper 95.000% 
Intercept 0.3004406 0.0262357 1 I .4516157 6.3E-15 0.2475993 0.353281936 0.247599304 0.35328194 
X Variable -0.6059094 0.0201602 -30.054732 1.99E-31 . -0.64651408 -0.56530463 -0.64651408 -0.5653046 
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21 60gpm 

315 Filter Plant, 300 Area I 21 60 GPM Tracer Test a -  ICFKAISER HANFORD COMPANY 
Date: 3/23/95 Background Fluoride Concentralion (Baseline)= 0.40 mgR 

Theoretical Resedence Time (T)= 199 min Applied Fluoride Dosage (Co) = 580.0 mllmin (1.27 mgR) 
Average lest flow = 21 27 gpm (8050 Umin) Fluoride loss due to alum - 0.20 mgR. (16%) 
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ICF KAISER HANFORD COMPANY 
Date: 3/23/95 

Average test flow = 21 27 gpm (8050 Umin) 
Theoretical Resedence Time (T)= 199 min 

31 5 Filter Plant, 30.0 Area I 21 60 GPM Tracer Test 
Background Fluoride Concentration (Baseline)= 0.40 mgR 

Applied Fluoride Dosage (Co) = 580.0 mllrnin (1.27 mgk) 
Fluoride loss due to alum - 0.20 mgR (16%) 
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21 60gpm 

ICF KAISER HANFORD COMPANY 
Dale: 3/23/95 

Average lest flow = 21 27 gpm (8050 Umin) 
Theoretical Resedence Time m= 199 rnin 

31 5 Filter Plant, 300 Area I 21 60 GPM Tracer Test 
Background Fluoride Concentration (Baseline)= 0.40 rngL 

Applied Fluoride Dosage (Co) = 580.0 rnllmin (1.27 mgL) 
Fluoride loss due to alum - 0.20 rngR (16%) 

. .  
Mass Fluoride Recovered = 1827 g 

% Fluoride Recovered = 45% Conelation Coefficient = 0.87 
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SUMMARY OUTPUT 

Regression Statistics 
Multiple R 0.935176 
R Square 0.874554 
Adjusted F 0.871885 
Standard E 0.044638 
Observatic , 49 

ANOVA 
df ss MS F Significance F 

Regressioi 1 0.652896 0.652896249 327.6634 8.0381 1 E-23 
Residual 47 0.093651 0.001992582 
Total ' 48 0.746548 

Coeflicienk'andard Err t Stat P-value Lower 95% Upper 95% Lower 95.OOO%Jpper 95.000% 
Intercept 0.258437 0.025607 10.09238966 2.38E-13 0.206921 81 1 0.30995128 0.206921 81 1 0.30995128 
X Variable -0.32549 0.017981 -18.1 014761 8.04E-23 -0.361 663463 -0.2893158 -0.361 663463 -0.28931 577 
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FLU 0 R I D*AT IO N 

CHEMICAL CHOICE 
The three most common fluoridation chemicals are sodium silicofluoride, sodium fluoride and hydrofluosilicic acid. 
This brochure deals with solution feed systems, utilizing the latter two of these chemicals. 

Typical Comrn. Fluoride Chemical Properties Strength Ion Content 

44% NaF powderlcrystals 
’. . clear to yellow 3 0 % 23.7% 

Acid H2SiF6 liquid, pungent 25% 19.8% Hydrofluosilicic . 

odor, skin irritant 22% 17.4% 

Sodium Fluoride white, odorless 90-980/0 

The optimum concentration of fluoride in a public water supply has been set at approximately one part per million 
(1 ppm) according to the U.S. Department of Health and Human Services, Center for Disease Control 1982 Fluorida- 
tion Handbook. Levels may vary. Be sure to check with local health authorities when designing your fluoridation 
system. 

. 
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