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ENGINEERING REPORT

HANFORD FACILITIES TRACER REPORT,
315 WATER TREATMENT FACILITY (ID# 418408)

WORK ORDER ER5480

'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 dnnkmg water to various
areas on the reservation which include the 183-N Water Treatment Facility (ID#
418532); the 183-K Water Treatment Facility (ID# 0177]); the 283-E Water
Treatment Facility (ID# 41866V); the 283-W Water Treatment Facility (ID#
001004); and the 315 Water Treatment Facility (ID# 418408) tﬁat 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 Departmént of Health (DOH) in Section 246-290-600 of the
Washington Administrative Code (WAC) , stipulates ﬁlfration and disinfection
requirements for public water systems undé; the direct influence of surface water.

The SWTR disinfection guidelines require that each treatment system achieves
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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, "Determination of Disinfectant Contact Time,"
the water purveyor shall use tracer studies or émpirical 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 from 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 ménthly
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
times of the facilities for the CxT calculations. The facility located at 300 Area

was selected for study now and studies for other facilities will follow.

II. SUMMARY

A tracer study at two flow rates (Q peak and 0.90* Q peak) was performed at the
315 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
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Contact Time Study Plan (CTS Plan), (ref 1 and 2). The CTS Plan was submitted
and approved by the DOH (ref 3).

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

results of the two tracer tests.

Target Flow | Average Test~ Theoretical Actual % Tracer
Flow Residence Residence Recovered
Time Time (T,,) |
(D '
2,400 gpm 2,380 gpm 178 min 102 min 85%
2,160 gpm 2,127 gpm 199 min 167 min 45%

The study results were evaluated to provide a means for determining the actual
residence time (T,,) at any flow experienced at the 315 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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Detsntion Time va. Flow
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Figure 1: 315 Filter Facility T,, determination for any flow (Appendix A, p- A-C-13)

III. 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).
If the 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. PLAN OF STUDY

The tracer studies are proposed to meet the requirements of WAC 246-
'290-636, "Determination of Disinfection Contact Time." The 315
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 Hanford 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

evaluatio’hs, the step-dose method was selected because the resulting |
normalized concentration versus time profile can be used directly to
determine the detention time (T,) 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 traéer 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® (LMI) 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 DR/700 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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! facility effluent (ref 1 .and Appendix C, p. C-3). Recommended
fluoride concentrations 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
a&dition 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 provided 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 wﬁen 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 315 Water Treatment Facility is supplied water at approximately
70 psi through a 10-inch line branched from 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
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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 approximatel_y 70,000 .gallons. Though rarely
practiced, chlorine can be fed directly to the clearﬁvell from each of the
filter inlets. Two clearwell pumps supply filtered water to the 300 Area
distribution grid.

The 315 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.
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Winter Spring _ Summer Fall

Maximum 10 15.3 24.0 20.2
Temp (C°)

Average | 6.2 . " 106 19.8 13.2
Temp (C°)

Average 763 - 802 1,112 913
Flow (gpm)

TEST SETUP

The layout of the 315 Water Treatment Facility in Appendix
D shows the four basins and filters that Wefe utilized during
the tests. In accordance with 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).

monitoring was performed for 30 minutes at 5 minute

Background

intervals. The background was determined to be 0.4 mg/l
during all tracer tests in the 315 Water Treatment Facility.

When the desired flowrate (2,400 gpm or 2,160.gpm) was
established, the fluoride feed supplied from a LMI Model

-10- ' 05/95




WHC-SD-ER5480-ER-001, Rev. 1

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 tﬁe 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 B, p. B-3).

Duﬁng the 2,400 gpm test on March 6, 1995 (Test 1),.tracer
was added at a rate of 620.8 ml/min for 6 hrs. The fluoride
injector was then de-energized and the receding curve 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 315
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.

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

C. DISCUSSION OF RESULTS

A two-flow 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

corresponding results.
Test Date March 6, 1995 March 23,1995
- (Test 1) (Test 3)
Target Flow 2.400 gpm 2,160 epm
Average Test Flow 2.380 gpm ' 2.127 spm
Average Clearwell 10.8 ft 10.8 ft
Depth
Normal Clearwell 10.8 ft 10.8 fi
Depth
Average Water Temp 5.8°C 7.9 °C
Normal Seasonal 6.2°C - 62°C
Temp
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Background Tracer 0.4 mg/l 0.4 mg/l
Levels
Tracer Dose 1.21 mg/l 1.27 mg/l
Alum Dose 20mg/l . 25 mg/l
|| Expected Tracer Loss 0.1 mg/l _ 0.15-0.2 mg/1
Due to Alum
Expected Maximum 1.51 mg/l - 1.47 mg/l
Detected Tracer
Residuals
Actual Maximum 1.5 mg/l _ 1.2 mg/l
Detected Tracer
Residuals
Injection Period 6 hrs 6.6 hrs
Sampling Period 10.9 hrs 11.7 hrs
Theoretical 178 min 199 min
Residence Time (T)
Actual Residence . 102 min 167 min
Time (T,,)
% Tracer Recovered 85% 45%

Source: Appendix A.
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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 cimﬁtiné) can be expected in the long sedimentation basins that
have no baffling. The clearwell is a~_ large 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 tracer residual of 1.5 mg/l was obtained during effluent
testing, Figﬁre 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). iTherefore, 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 from a data plot (ref 1, p C-19; Af)pendix A, p. A-C-4 and A-
C-5).
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Figure 2: 315 Filter Facility 2,400 gpm 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 mg/l when a concentration of 1.47 mg/l 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). Asa 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).

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, Preastol 2515 was
introduced to the filter media again. A 2,160 gpm tracer test (Test 2)
was attempted at the 315 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; 4

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 T,; hm;vever, 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 T,, determination is still valid for this

test.

The T,, values determined from these two tests provide conservative T,
estimates for any flow less than the tests flows. Averaging the T,,
analyses will provide conservative estimates of T, for all flows less

then or equal to 2,318 gpm.
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300 Area, 315 Fliter Plant
C/Co vs. Time
Graphical Analysis for T10

..............................................................................................................................................

dbocacaoomsoncoconfioosnnconsnocnncodbcosaornosancnmediaccoocnocoocaocad] : cofrononccoconngsFolocoanoancanaancao

dbocooscononcoocodfionoooea B Bocoosacccoccodheaneeas : cood] Y s -

T e S0 M TTY ' T A 350! Ty

Time (min)

Figure 3: 315 Filter Facility 2,160 gpm tracer test (Source: Appendix A, 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 315 Water Treatment Facility are shown in Table 4.
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TABLE 4 Resultsiof Two Tracer Tests 4t The 315 Water Treatment Facility
Target Flow | Average Test | Theoretical Actual % Tracer
' Flow Residence Residence Recovered
Time (T) Time (T,,)
2,400 gpm 2,380 gpm 178 min 102 min 85%
(Test 1)
2,160 gpm 2,127 gpm 199 min 167 min 45%
(Test 3)

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

T =TirxQy/Q

Where:

T,o = Detention time at system flow rate

Q = System flow rate

T,or = Detention time from tracer test

Q; =Flow during tracer test

(ref 1, p. C-3)

This equation, when used in conjunction with the results of the 315 Water

Treatment Facility tracer tests, simplifies to the following:

T,, = 300,000/Q

Where:

(Appendix A, p. A-8)

T,o = 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 315
Water Treatment Facility (ID# 418408) would continue to provide conservative

T,, estimates if future 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 T;;,. 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 shou@d 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 T,, which
would indicate that the T,, determinations from these tests provide a reliable
means to determine T, at any flow through the same configuration using the

average of the two tests.

VI. REFERENCES

1. Guidance Manual for Compliance With The Filtration and Disinfection
Requirements for Public Water Systems Using Surface Water Sources;
U.S. Environmental Protection Agency, March 1991.
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Disinfection Contact Time Study Plan, "300 Area Tracer Study," Rev.
2, prepared by ICF Kaiser Hanford Company, December 1994.

Letter, C.L Riley (Washington State Department of Health) to D.J.
Ortiz (U.S. Dept. of Energy), "Hanford Nuclear Reservation, Surface

Water Treatment Plants Tracer Study Requirements," October 19, 1994. |

Hudson, HE., Jr; "Water Clarification Processes: Practical Design and
Evaluation," Van Nostrand Reinhold Company, New York, 1981.
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NUMBER | SAMPLE | INCLEARWELL | FLOWRATE | anaLysis |  TesTiNG FLUORIDE

#-T (H:MM) (GPN) (H:MM) F) - (MGn)

034 45

3/
327!
3 -7
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ICF KAISER HANFORD COMPANY . -

' oate: }dzs” lencury. /s 7. s 7 Rod
SAMPLES TAKEN BY: 27,776 Lo pe bt 1t Flebee 7 /OIGNITURE: ZDnns S /2,

pumpspPEED: & - S 7 PUMP STROKE: S OZ5
TIME OF INJECTION OF FLUORIDE TRACER: /(3* () ~/472-C) : c
SAMPLE | TIMEOF | WATERLEVEL SYSTEM TIMEOF | TEMP BEFORE | RESIDUAL COMMENTS
. NUMBER | SAMPLE | INCLEARWELL | FLOWRATE | ANALYSIS | TESTING FLUORIDE
#eT (H:MM) (FT) (GPM) (H:1M) ) MG

43
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ICF KAISER HANFORD COMPANY .

oate: 6/ 75

leacury: 3/~ FY/Ze

AR e e

AT

SAMPLES TAKEN BY:

IGNITURE

puMP SPEED: 62~ S50 pUMP STROKE: S © 28
TIME OF INJECTION OF FLUORIDE TRACER: /P 20 —/& /2T
SAMPLE | TIMEOF | WATERLEVEL SYSTEM TIMEOF | TEMPBEFORE | RESIDUAL COMMENTS
NUMBER | SAMPLE | INCLEARWELL | FLOWRATE | ANALYSIS | TESTING FLUORIDE
#T (H:MM) (FN) {GPM) (F - (MG/L)

ORI
E‘

£

e
EoL iy
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LN

a2,

ICF KAISER HANFORD COMPANY R %%iﬁﬁigﬁ%@
oate: 9/ 3/7S lenoury: /s~ Fi/ 7 09 _AAEA
TIME OF SAMPLING I~ 2SO )
SAMPLES TAKEN BY: gop s Ladbouler SIGNITURE: D~y A Lo

SAMPLE | TIMEOF | WATERLEVEL SYSTEM TIMEOF | TEMP BEFORE | RESIDUAL COMMENTS

NUMBER | SAMPLE | INCLEARWELL | FLOWRATE | ANALYSIS | TESTING FLUORIDE

4.8 (H:Mmy (GPH) (H:MM) ) (MG1L) ‘
$4S 495 & HT | SO 1 Q.3

Rev, 0, 311654

WATER LEVEL

IN CLEARWELL SYSTEM

TESTING (*F)

A-A-14
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ICF KAISER HANFORD COMPANY . T Sivais
paTE: Y2 2/7S” lencury: /ST Frre- o 7 _
SAMPLES TAKEN BY:J(M&&M Sk 77 SIGNITURE: D L. N S Cian WM
puMpSPEED: S 670 PUMP STROKE: S QG _ ~
TIME OF INJECTION OF FLUORIDE TRACER: 7' SO— /6°3-S~

SAMPLE | TIMEOF | WATER LEVEL SYSTEM TIMEOF | TEMP BEFORE | RESIDUAL COMMENTS

NUMBER | SAMPLE | INCLEARWELL | FLOWRATE | ANALYSIS | TESTING FLUORIDE

8T (H:MM) FD (GPH) (H:MM) - — Stad Badveader I8y

Rev.0, 11716754
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ICF KAISER HANFORD COMPANY . R e
oate: 34 3/2<” leacury: /s~ Fif7e. /Taa7

SAMPLES TAKEN BY: Jpres Legde o/} bz foe e 27 SIGNITURE

524

Dz L 200 7 27 2 el

PUMPSPEED: S 6 953 PUMP STROKE: _ S. &> 24

TIME OF INJECTION OF FLUORIDE TRACER: 2SS O—/6) 5~
SAMPLE | TIMEOF | WATER LEVEL SYSTEM TIMEOF | TEMP BEFORE | RESIDUAL COMMENTS
NUMBER | SAMPLE | INCLEARWELL | FLOWRATE | AnALysis | TESTING FLUORIDE

(H:MM) (H:MM) (F*)

GiBe

Rev.0, 13736154




ICF KAISER HANFORD COMPANY . Z "fé'iggﬁ;é
e 3BV leacur: . EI G Slar 7 ' . P
LFLES TAKEN oy s om's M/A’af//fv&? 7 SIGNITURE: P2y Fe LA, /- stﬁ - Lo lr
PUMP SPEED: __S656 PUMP STROKE: S O 52
TIME OF INJECTION OF FLUORIDE TRACER: _ TS0 =1, DS

SAMPLE | TIMEOF | ‘WATERLEVEL SYSTEM TIMEOF | TEMPBEFORE | RESIDUAL COMMENTS

NUMBER | SAMPLE | INCLEARWELL | FLOWRATE | ANALYSIS TESTING FLUORIDE

#eT (H:MM) (FT) {GPN) (H:MM) (F) - (MGIL) -

g
™R
1
X
\I\

Rev.0, 11/16/54
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<700 P

A | B | C { D | E F I G H | 1 J K L [ ™
1 |ICF KAI 240
2 Date: 34784 entration (Baseline)= 0.4
3 ge test flow = =AVERAGE(E18:E91) =D3°3.785306 de loss due to alum - 0.1 =J3/)4
4 Theoretical Resedence Time (T)= =1605000/3E$3 oride Dosage {Co) = 620.78 =$1$4*17.6/SES3
X .
| 6] Fluoride Tracer Inciimental Cumulative o
| 7 | Time Timet Timet Flowrate Measuted concentration Area Area CiCo 1-CiCo | Log(1-C/Co) uT
8 (h:mm) {min) {gpm) {mgi.) (mgll) {mg.minll) _{mg-minfl)
| 9 IBackgmund 0355833333 720 0.3 N/A N/A
] 0.389305555 16 0.4 N/A N/A
1 0.402777777 45 0.3 N/A N/A
2 0.40625 73 0.4 N/A N/A
3 0.409722222 . 2028 0.3 0 N/A N/A
4 0.413194444 2240 0.4 [ N/A N/IA
]
] +10.423611111 2404
7 jStart injection]0.430555555 |=B17-$B$17_[O . . []
] 0.4375 =B18-$BS. 0 2359 0.5 [} = =1-J1 =LOG10(K18) |=D18/SE
9 0.444444444 [=B18-5B517 1 X 2354 0.5 =G19*(M019-018) = =11 =LOG10[K19]) |=D16/SES4
0.451388888 |=B20-$BS17 |3 344 .4 =G20*(D20-D18) = =1J20 =LOG10(€20) {=D2/SES4
0.458333333 |=B21.3B517 |4 398 .4 =G214(D21.D020) =| =142 =LOG10{K21) |=
0.465277777 |=B22-583%17 |S0 2408 .4 =G22°(D22.D21) =| =1.J22 =L 0(K22) |=!
2 0.472222222 |=B23.3B$17 |60 j2a11 .4 =G23'(023.032)__|= 21023 |-LOGI0(K23) |=
24 0.479186666 |=B24.38$17 |70 2440 X =G24°(D24.D23) =| =1.)24 =LOG10(K24) |=
| 25 0.486111111 |=B25-$8817 |80 244 0. =G25°(D25-D24) = =G25/$J%4 =1.J25 =LOG10(K25) )=
26 0.493055555 |=D28-$8317 |90 24 ['X =G26*(D26-D25] = =G26/3J$4 =1-4268 __|=LOG10{K26) |=
27 0.5 =B27-38%$17_{100 2433 0. =G27*{D27-D26, =[26+H27 =G27/$J$4 =1-J27__ {=LOG10{K27) |=!
28 506944444 |=B28-38517 1110 2424 0. =G28*(D28.D27) =127+H28 =G20/$J54 =128 |=LOG10(K28) }=!
29 513888888 [=B20-58517 1120 2424 0, =G204(D29-028 =i28+H20 =G20/$J$4 =1.J29 __ jSLOG10{K29) |=
30 0.520833333 |= B$17 {130 2408 0. =| =G304(D30-D20) =[20+H30 =G 3 =1J30 =LOG10{K30) |=
] 0,524305555 |=B831-SB817 {135 413 0.7 =| =G314(D31.D30) =130+H =G31/5J84 21431 =LOG10(K31) |=
2 0.527777777 |=B832-$B$17 {140 434 0.7 =| =G32'(D32.D31) =1314H3 =G32/$J84 21J32 =LOG10{K32) |=
3 0.531250000 [=B3: 7 1145 456 0. =| =G33°(D33.032) =1324H32 =G3/3J84 =1J33 =LOG10(K33) =
34 0.534722222 |=B34-5B517_{150 431 0. = =G34*(D34.D33 =1334H34 =G34/3J$4 21.J34 =LOG10{K34) |=
38 0.538194444 |=B35.$B§17_{155 410 0. =| =G35*{D35.-D34) =134+H35 =G35/3J84 =135 [=LOG10{K35} |=|
36 .541666668 |=B38-38$17 [160 447 0. = =G236°(D36-D35 =|35¢H38 =G36/3J$4 =1-J36 _ [=LOG10{K38) |=
37 .545138888 |=B37-$8317 [165 459 1 =| = {D37-D36) =[364H37 =G37/$J84 =1-37 =LOG10{K37) |=
38 .54861 =B38.8817 1170 432 0.9 = =G38*(D38-D37) =137+4H38 =G38/$J$4 =1.J38 =LOG10(K38) |=!
39 0.55208: =B30.$B$17 |175 418 =| =G39°(D39-D38) =138+H39 =G39/$J54 =1.J39 =LOG10(K39) =
40 0.555555555 |=B40-5B$17 {180 2398 = X =G40°(D40.D39) ={39+H40 =G, JS =1.J40 =LOG10(K40) |=
4 0.559027777 |=B41.88$17 1185 2403 = .4 =G41°(D41-D40) =140+H4 =G41/$J34 a1.J4 =LOG10(K41) {=
4 0.562500000 {=B42-38%17_[190 2408 =F42.0.4 =(G42°(D42.D4 =141+ H42 =GA2/$J$4 =1.44 =LOG10(K42) |=
4 0.565972222 |= $8517_]185 2388 =F43-0.4 =G43%(D43.D4- =142+H4 =G43/5J84 =1-J4 =LOG10(K43) |=
44 0.569444444 = $B$17 1200 . 2388 =F44-0.4 =G44°(D44-D43) =[43+H44 =G44/$J84 =1.J44 =LOG10(KK44) [=
AS 0.572816660 |=B45-$8317 205 2375 =F45-0.4 =G45*(D45-D44) +H45 =G45/$J$4 =1.J45 =LOG10{K45) {=D45/SES4
46 0.576388888 |=B468-SB$17_|210 2380 =F4G-0.4 =G46°(D46.D45) =145+H46 =G46/3J54 =1.J48 =D46/SES4
47 0.578861111 |=B47-$8317_|215 367 . =F47.0.4 =G474(D47.D46) =146 +H4T =347/5J54 =1.147 =D47/SES4
[T 0.583333333 [=B48-$8317_}220 382 .2 =F48.0.4 =G48°(D48.047) =147+H48 =G48/5J54 =1-J48 [=D4B/SESY
43 0.588805555 |=B49-$B$17 [225 384 .2 =F498-0.4 =G49°(D49.D48) =148+H49 =G49/5J$4 =1-449 __ |=LOG10({K48) |=D49/SES4 _{
50 0.690277777 |=850-38%$17 230 383 . =F50-0.4 =G50*(D50-D49) ={49+HS50 =G50/$84 =150 |=LOG10{K50) |=DSO/SES4
51 0.593750000 |=B51.8B$17 |235 2383 .2 =F51.0.4 =G514(D51-D50) =|50+H5 =G51/3J$4 =1.J51 =LOG10{K51) |=DS1/SES4
[ 52 0.597222222 |=B52.3B$17_[240 2386 1.2 =F52.0.4 =G524(D52.D51) =[514HS52 =G52/3J$4 21452 |=LOG10(K52) |=D52/SES4 |
53 0.600694444 |=B53.5B317_|245 2385 .3 =F53.0.4 =G53*(D53.D52) =|52+4H53 =G53/$J54 =1-J53 _ |=LOG10(K53) |=DSIIES4 |
84 604166666 |=B54-$B$17 1250 372 o3 =2F54.0.4 =G54°(D54.053) =I53¢H54 =G54/5J354 =1.J54 =LOG10(KS54) |=DS4/3ES.
85 6076388088 |=B55-SB817 {255 385 8 =F55.0.4 =G554(D55-D54) =I544H55 =G55/$454 =1-J55 * |=LOG10{KS5) [=DSS/SES4 |
56 611111411 _|=B56.88%17_1260 75 g =F56-0.4 =G56°(D56.D55) . =I55+H56 =G56/$4$4 =1.J56 =LOG10{K56) |=DS6/SES4
87 814583333 |=B57.38$17_1265 2360 .2 =F57-0.4 =G57°(D57-DS6) =I56+H57 =G57/5J84 =157 |=LOG10{K57) |=DS7/SES4
58 0.618055555 [=B58-38317_{270 2374 = =F58.0.4 =G58°(D58-D57) =I574H58 =G56/5J84 =158 |=LOG10({K58) |=DS8/SES4
59 0.621527777 {=B59-$8$17 ]275 367 .4 =F59.0.4 =G594(D59-D58) =|58+HS59 =G59/854 =1.J59__ |=LOG10(K59) |=DS9/SES4
60 0.62! =B60-$8$17_{280 358 .3 =F60-0.4 =G60°(D60-D59) =]59+HE0 =GE0/SJS4 =1.J60 =LOG10{K60) |=D6 4
6 0.628472222 |=861.38%17 _|285 2370 K. =F61.0.4 =G61*(DG1-D60) =160+H8 =G61/5.J$4 =1.J61 =LOG10(K61) [=DE1/SES4 |
[: 0.631944444 |=B862.38%17 1200 2389 .4 =F62.0.4 =G62*(D62-D61) =161+H62 =GB2/3J$4 =1.J62 =LOG10{K62) |=DE2SES4 |
|: 0.635416668 |=B63.3B317 ]205 2378 4 =F83-0.4 =G63*(D63-D82) 21624 HB3 =GBYSJS4 =1-J63 =LOG10({K83) |=D63
64 0.638883888 |=B64.$8$17_ 1300 2345 4 =F04.0.4 =G84*(D64-D83) =183+H84 =G0O4/SIS4 =1.J64___1=LOG10{K84) |=DB4/S
63 6423611 =B65-$B$17 1305 2384 4 =F65-0.4 =GB5°(D6S-DB4) =164+HB5 =G65/5J34 =1.J65 =LOG10(K65) 1=DES/SES4 |
66 845833333 |=B66-38317 0 2388 A =F66-0.4 =G66*(D66-DBS5) ={85+¢H66 =G66/$J%4 =1-J868 =LOG10{K68) |=DEB/SES 4
67 652717777 |=B87-38$17_|320 2389 K =F67.0.4 =GB67°(D67-D68) =166+HE7 =GB7/5%4 =187 |sLOG10{K67) |=DE7/SES4
68 650722222 |=B68-$B$17_|330 2368 .4 =F68-0 4 =G68°(D68-067) =l87+H68 =GBB/3JSS =1.J88 __|=LOG10(K68) |=DEB/SESA |
€9 666666668 |=869-5B317 ]340 235 .4 =F69.0.4 =G69*(D6D-D68) =I68+HE69 =G69/3JS4 =1-989 _ 1=LOG10({K69) |=DGY/SESA |
| 7¢ 0.873611111 |=B70-38817 |350 2342 K =F70.0.4 =G70%(D70-D69) =169+¢H70 =G70/5454 =170 _ |=LOG10{K70) |=D70/SE$4 |
| {Feed OFf 0.680555555 |=B71-$B$17 |360 234 .5 .4 =G71*(D71-D70) ={70¢H71 =G71/3J84 =1J71 =LOG10(K71) |=D71/SES4
.687500000 |=B72-38%17 370 2374 A .4 =G72°(D72-D71) =1714H72
7. .697016666 |=B73-58517 |385 2383 .5 .4 =G73%(D73.072) =|724H73
74 708333333 |=B74-38%17 400 2373 .4 .4 =G74*(D74-D73) =173+H74
78 0.718749999 |=B75-8B317 415 2352 K 4 =G75%(D75-074) =1744+H75

"A%Y “100-Y3-08¥SY3-0S-IHM
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2160gpm

A ] 8 | [ ] D | E F | &6 ] H | 1 J K L ]| M
1 JICF KAISER HANF 21€
2 Dale: 34781 centration (Baseline)= 0.4
3 age tes! flow = =ZAVERAGE(E 18:E104) =D3°3.785306 Ide loss dus to alum -~ 0.2 =J3/J4
4 Theoretical Resedence Time (T)= =16050008E$3 da Dosage (Co) = 580 =$134*17.68E$3
5
| 6 | Fluoride } Tracer Incrimental Cumulative
| 7} Time Time t Time t Flowrale  [Measuredoncentratio Area Area GC/Co 1-C/Co |Lop10{1-C/Co) T
8 {h:mm}) {min) {gpm) {mgh) | (mgh) {mg-minA) {mg-minlL)
9 |Background 0.3645633 495 0.3 0 N/A NIA
10 0.368055% 493 0.4 0 N/A N/A
1" 0.3715271 438 0.4 0 N/A N/A
12 0.375 775 0.4 [ N/A NA
13 0.37847% 1318 0.4 ] N/A N/A
14 0.3819444 1567 0.3 0 NIA N/A
15 .
16
17 |Start Injection 0.409722%:817-58317 0 . 0
18 0.416666(=818-38317 |10 2161 0.3 =F18.0.4 |0 =]174H18 =(18/3J$4 =1-J18 |=LOG10{K18] {=D18/3ES4
19 0.4236111=819-38317 |20 2106 0.4 =F19-0.4 [=G19°(D19-D18) [=118+H19 =G19/5J34 =1-J19_|=LOG10{K18) [=D19/SES4
20 0.430555§=820-SB$17 30 2108 0.4 =F20-0.4 |=G20°(D20.D18) {=119420 =G20/3J34 =1.J20 [=LOG10(K20) |=D203ES4
29 0.4375__ |=B21-$B317 {40 2092 0.4 =F21-0.4_|=G21°(D21.D20) |=1204H21 =G21/3454 =1.J21 |=LOG10(K21) |=D21/3ES4
22 0,4444444-522.58817 L@ 2105 0.4 =F22-0.4 |=G22°(D22-D21) |=i2§4H22 u(22/3J84 =1-J22 {=1OG10(K22) {=D22/3E$4
23 0.4513884=823-3B317 |60 2159 0.4 =F23.04 |nG23°(D23.D22) |=1224H23 =623/5J34 =1-J23 |=LOG10{K23) {=D23/3ES4
24 0.4583334=824.38317 {70 2118 0.4 oF24-0.4 1=624°(D24-D23) |=123+H24 =G24/3J34 =1.J24 |=LOG10(K24) [=D24/3E$4
25 0.4652777=825-$B517 {80 2124 0.4 =F25.0.4 |=G25°(D25.D24) |=I244H25 =G25/3J54 =1.425 |=LOG10(K25) |=D25/8E$4
26 0.4722224-826-$8317 |§0 2133 0.4 =F26-0.4 |=G26°(D26-D25) |=I251H26 =G26/3J34 =21-J26_|=LOG10{K26) |=D26/3E$4
27 0.4791666=B27-98317 {100 2123 0.4 =F27.0.4 |=G27°(D27-D26) |=1264H27 =G27/3J34 =1.J27 |=LOG10(K27) |=D27/3E$4
28 0.4861111=8268-8B317 {110 2098 0.4 =F28.0.4 |=G28°(D28.D27) |=1274H268 =G28/3J34 =1-J28 [=LOG10(K28) |=D28/SES4
29 0.4930555=820-$8317 |120 12172 0.5 =F20-0.4 |=G29°(D29-D28) |=1284H20 »G29/3J34 =1-J20 |=LOG10(K29) |=D29/8ES4
a0 0.5 |=B30-38$17_|130 2150 0.5 =F30-0.4 1=G30°(D30-D29) [=120+4H30 =G30/3J$4 =1.J30 (=L OG10(K30) [=D30/SES4
31 0.5034724=B31-$8%$17 {135 2128 0.5 =F31.0.4 {=G31°(D31.D030) |=13041431 =G313J34 =1.J31_|=LOG10(K31) |=D318ES4
32 0.5069444=832-$8317 |140 2128 0.6 =F32.0.4 |«G32°(032.D31) |=1314H32 =G32/3)34 =1.J32 {=LOG10(K32) |=D32BES4
33 0.510416(=B33-$B317 |145 2§18 0.4 =F33.0.4 |=G33°(D33-D32) |=1324H33 =(33/3J34 =1-J33 |=LOG10{K33) |=D333ES4
34 0.5138684=B34-5B317 1150 2160 0.4 =f34-0.4 [=G34°(D34.D33) |=I334H34 =G34/3J34 =1.J34 |=LOG10(K34) |=D34/3ES4
35 0.5173611=B35-§B317 1155 2130 0.5 =F35.0.4 |=G35°(035.-034) |=I344H35 =G35/8J34 =1-435 {=LOG10(K35) 1=D3SHES4
36 0,5208333=B36-$B$17 ]160 2135 0.5 =F36.0.4 [2G36°(D36.D35) (=I354436 =G36/8J$4 =1.J38_ [=LOG10{K36) {=D3BBES4
7 0.5243054=837-$8$17_1165 2146 0.5 =F37.0.4 |»G37°(D37-D36) [=1364137 =G37/3J34 =1.J37_|=LOG10(K37) 1=DITHESS
a8 0.5277774=838-$8317 170 2148 0.5 =£38-0.4 |=G38°(D38-D37) |=I1374H38 =G36/3J34 =1.J38 1=LOG10(K38) |=D383ES4
as 0.53125 |=B39-$B$17 |175 2176 0.6 =F£89.0.4 |=G39'(D39-D38) |=l38+H39 =G39/3J54 =1-439 |=LOG10{K38) |=D39BES4
40 0.5347224=840-38317 |180 " 12184 0.5 =F40-0.4 |=G40°{D40-D39) |w=i394H40 =(40/3J34 =1-J40_|=LOG10(K40) |=D40/3ES4
41 0.538195-841-38317 185 2142 0.5 =F41.0.4 |=G41°(041.D40) [=140+H41 =G41/3.)$4 a1-J41 |=LOG10(K41) |=D41/3ES4
42 0.5416665=842-$B$17 190 2138 0.8 - =F42.04 [=G42°(D42-D41} |=14141442 =G42/3J54 1-J42 |=LOG10(K42) |=D42/3ES4
43 0.5451384=B43.88$17_|195 2165 0.5 =F43.0.4 |=xG43°(D43-042) [=1424H43 =G43/3J54 =1-J43 |=LOG10{K43) [=D43BESA
44 0.5486111=B44-98317 200 2170 0.6 nF44.0.4 |nG44°(D44.D43) [=1434H44 G44/3J34 =1.J44 |=LOG10(K44) |=D44/3ES4 ]
45 0,5520833=B45-$B317_1205 2239 0.6 nF45-0.4 |=GA45°(D45-D44) |=1444H45 =G45/3J34 =1-445 |=10OG10{K45) |=D458E34
46 0.5555555=B846-88817_]210 Igl_lg 0.7 =F46-0.4 |=046°(D46-D45) |=1454H48 =(G46/3J$4 =1.J46 |=1.OG10({K46} |=D46/IESS
a7 0.5590277=B47.38317 215 2063 0.7 =F47-0.4 |=G47°(D47-D46) |=1464H47 =G47/3J34 =1-J47 |=LOG10(K47) |=D47RES4
48 0.5625 [=B48-88817 [220 2071 0.7 cF48-0.4_[=G48°(D48-D47) [=1474H48 =(G48/5J$4 * |=1-J48 |=LOG10(K48) |=D48/3ES4
49 0.585972%:54938517 225 2071 0.7 £F49.0.4 |=G49%(D49-D48) |=1484H49 =G49/3J34 =1-J49 |=LOG10(K49} 1=D49/3ES4
50 0.5694444=850-8B$17 [230 2110 0.7 =F50-0.4 |=G50°(D50-D49) |=149+H50 =G50/3J34 =1.450 |=LOG10{K50) |=D50/3E$4
51 0.5729164=B51-$8317 |235 2200 0.7 =F51.0.4_[=G51°(D51-D50) |=1504H51 =G51/8J84 =1-J51 |=LOG10(KS1) |=D51/8ES4
52 0.5763684=852.$8317 1240 2150 0.8 =F52.04 |=G52°(D52.D51) |=1514H52 =G52/3J34 =1-J52 1aLOG10(K52) |=D52/3E34
53 0.5798611=B53-$8317_|245 2059 0.7 =F53.0.4 |=G53°(D53.D52) |=1524H53 2G53/3J34 =1-J53 [=LOG10{K53) |=D53/3ES4
54 Q.51 =B54-88817 {250 2072 0.7 =F54-0.4 [=G54°(D54-D53) |=1534H54 =G54/3J34 =1.J54 |=LOG10(KS4) |=D54/3E54
55 10.5868054=B55-$8$17 [255 2136 0.7 =F55-0.4 [=G55°(D55-D54) |=1544455 =G55/384 =21-J55 |=LOG10(K55) |=D55/3E$4
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56 l0.5902774-B56-$88$17_[260 2117 0.9 =F56-0.4 |=G56°(D56-D55) |=I55+H56 =G56/3J84 =1-J56 {=LOG10(K56) |=DSE/3ES4
57 0.59375 |=B57-$B317 {265 2107 0.7 =F57-0.4 {=G57°(D57-D56) [=1564H57 =G57/3J34 =1-J57 1=LOG10(K57) |=D57/3ES4
58 0.5972224=B58-38$17_|270 2202 0.8 =F58.0.4 |=G58'({D58-D57) |=1574H58 =G58/3.484 =1-J58 |=LOG10{K58) |=D56/SES4
59 0.6006944=B59-§B317 {275 2105 0.8 =F59-0.4 |=G59°(D59-D58) |=158+H59 =G59/3J34 =1-J59 |=LOG10(K59) |=D59/3ES4 |
60 0.6041664=060-3B317 {280 2100 0.7 =F60-0.4 |=C60°(D60-D59) |=159+H60 =G60/3J34 =1-J60 |=LOG10(K60) |=D60/SES4
61 0.6076384=B61-38317 [285 2086 0.7 =F61.0.4 |=G61°(D61-D60) |=160+H61 =G61/3J84 =1-J61_ [=LOG10(K61) |=D61BES4
62 0.6111111=852-9B317 [280 2101 0.7 =F62-0.4 |=G62°(D62-D61) [=161+H62 =G62/3J34 =1-J62 |=LOG10[K62) |=D6USES4
63 0.6145833=863.-9B317 285 2116 0.9 =F63-0.4 |=G63*(063-D62) |=I624H63 =G63/3J84 =1-J63_{=LOG10(K63) |=D63BES4
64 0.6180554=B64-38317 {300 2109 0.8 =F64-0.4 |=G64°(D64-D63) |=1634164 =G64/3J34 =1-464 |=LOG10(K64) |=DE4RESS
65 0.6215274=865-$8317 |305 2111 0.9 =F65-0.4 {=G65°(D65-D64) [=1641H65 =G65/3484 =1-J65 ]=LOG10{K65) |=D65KES4
66 0.625 «B66-38317_|310 2100 1 =F66-0.4 |=G66°{D66-D65) [=165+H66 =G66/3J34 a1-J66 _j=LOG10{K66) |=D66/SES4
67 0.628472§=867-! B$17_|315 2112 1 =F67-0.4 [=G67°(D67-D66) |=166+H67 =G67/3J34 u1-J67 |=LOG10(K67) |=D67/3ES4
668 0.6319444=B68-3B317 [320 2141 1.1 =F68-0.4 [=G68°(D68-D67) |=1674H68 =G668/3J34 =1.J68 1=LOG10(K68) {=D68RESS
69 0.635416(‘:869-38317 325 2163 1 =F69-0.4 [=G69'(D69-D6B) |=1684H69 =G69/5J54 o1-J69 |=LOG10(K69) |=DES/SESS
70 0.63868884=B70-B$17 |330 2136 1 =F70-0.4 {nG70°(D70-D69) |=1694H70 =G70/3J34 =1.J70 _|=LOG10{K70) |=D70/3ES4
71 0.6423611=B71.88817 [335 2093 1.1 =F71-0.4 |=G71°(D71-070) |=1704H71 =G71/3J84 =1.J71 _|=LOG10{K71) |=D718ES4
72 0.6456334=B72-38317 |340 2136 1 =F72.04 |=G72'(D72-D71) |=1714H72 =G72/3)34 =1.J72 |=LOG10{K72) |=D72/3E$4
3 10.6493054=B73-$B$17_|345 2132 1 =F73.04 |=G73°(D73-D72)_|=1723H73 =G73/3.34 =1.J73_|=LOG10(K73) [=D73/8ES4
74 [0.6527774=B74-88817_|350 2111 1.1 =F74-0.4 |=G74°(D74-D73) |=I73+H74 =G74/8J34 =1.J74 |=LOG10(K74) |=D74/3E34
75 l0.6562499=875-$8$17 |355 2114 0.9 =F75-0.4 [=G75'{075-D74) |xl744H75 =G75/3.34 =1.J756 1=LOG10{K75) |=D758E$4
76 |0.6597223=B76-‘ 8317 {360 2106 )] =F76-0.4 [=G76°(D76-D75) |=1754476 =376/3J34 =1-J76_ |=LOG10(K76) |=D76/3E$4
Y14 |0.6631944=R77-88$17_[365 2128 1.1 =F77-0.4 [=G77°(D77-D76) |=1764H77 =G77/3.484 a1.J77 |=LOG10(K77) |=D77/3ES$4
78 lo.6666664=B78-$8$17 {370 2114 1.2 =F78.0.4 |=G78°(D78-D77) |=i774H78 =G78/3434 a1-J78 |=LOG10(K78) |=D768ES4
79 |0.6701384=B79-$8$17 [376 2087 1.1 =F78-0.4 [~G79°(070-D78) [=i784H70 =(79/3J34 »1-J70 _|=LOG10(K78) |=D79/3ES$4
80 0.6738111=B60-$8$17 {380 2111 1.2 =F80-0.4 |=GB0°(DB80-D78) |=179+180 =(80/3J$4 =1-J80 |=LOG10(K80) {=DBO/SES$4
81 0.6770833=B81-38$17 |385 2112 1.1 =F81-0.4 1=G81°(D81.D80) |=1804181 =G81/3J34 =1-J81 {=LOG10{K81) |=DBISES
82 0.680555=862-38317 (390 2107 1.2 =F82.0.4_|=GB2'(D62-D81) |=1814H62 =G082/3.84 =1.J82 |=LOG10{K82) [=D82SES4
83 |Feed OIf 0.6840274-883-988$17 |395 2143 1.2 =F83-04 |=GB3°(083-D082)_|=1824H83 =G83/3J34 =183 |=LOG10(K63) |=DBI/IES4
84 0.6674994~B84-$B$17_|400 2115 1 =F84-0.4 |=G84°(DB4-DBI) |=183+H84 =G84/3J34 =1.J84 |=LOG10(K84) |=DB4/IES4
85 0.6970164=805-$B$17 [415 2131 1 =F85.0.4_ |=G85°(D85-D84) |=1844H85

86 0.7083333=B86-38$17 ]430 2153 1 =F86.0.4 |=G86°(D86-DBS) |=185+H86

87 0.716750(=B87-$B3$17_|445 2108 1 =F87-0.4 |=G87°(D87-D86) [=186+HB7

08 0.720166(=B88-$B$17 {460 2112 1 =F88-0.4 [=G88°(D88-DBY) |=I187+HE8

89 0.73956834=B89-$B$17 {475 2108 )] =F89-0.4 [=G89°(D69-DBY) |=1884H09

80 0.750000(=B890-$B$17 |490 2088 1 =F90-0.4 |=G80°(D90-D89) |=1894H90

91 0.7604164=B91-$8317_{505 2127 1 =£91-0.4 {=G91°(D81-D90) |=1904H91

92 0.7708333=B92-$8317 520 2131 0.8 =F92-0.4 |=G92'(092-D91) |=1914H92

h:x] 0.781250q=893.3B317 {535 2134 1 =F03-0.4 {=G93°(D93-002) [«I924H93

94 lo.7916664=894-38317 |550 2140 0.8 =F04-0.4 |=G04°(D94-D93) [=I103+H94

95 10.8020839=B95-$B8$17_|565 2140 0.8 =F05.0.4 |=G95°(D85-D94) [=194+HB5

86 0.8125000=896-3B317_|580 2129 0.9 =F06-0.4_|=G96°(D96-D95) |=195+H96

87 0.8220160=B97-$B$17 _|595 2134 0.8 =F97-0.4 [=GB7*(D97-DO6) |=1964HI7

98 0.8333333=808-38%$17 [610 2142 0.6 =F08-0.4 [=G98°(D98-D97) |=1974H98

99 0.843750(=099-$B$17_[625 2126 0.8 =F89-0.4 |=G09°(D89-D88) |=1984H89

100] 0,8611111=B8100-383171650 2131 0.8 =F100-0.4 |=G100*{D100-D84=1994H100

101 0.8645833=B101-$8$171655 2126 0.6 =F101.0.4 |=G101°(D101-D1Q=1100+H101

102 0.875 =8102-383171670 2120 0.4 =£102-0.4 |=G102°(D102-D1({=11014H102

103 0.885416d=8103-38317{685 2126 0.4 =£103-0.4 |=G103°(D103-D10=11024H103

104 10.8958331=B104-$8$17{700 2118 0.4 =F104-0.4 |=G104°(D104-D10=1103+4H104

105] 1 Time (T10) = =((LOG10(0.8)-SC$143)/3C3144)°SES4 Fluoride Injected = =$1$4°395°17.6/1000

106 oride Recovered = =$1$104°$E$3/1000

107, n Coafliclent = =$C$131 oride Recovered = =$13106/31$105

108;

109)

110,
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2400gpm

ICF KAISER HANFORD COMPANY 315 Filter Plant, 300 Area 2400 GPM Tracer Test
Date:  3/6/95 Background Fluoride Concentration (Baseline)= 0.40 mg/L
Average test flow = 2380 gpm (9009 L/min) Fluoride loss due to alum ~ 0.10 mg/L _ (8%)
- Theoretical Resedence Time (T)= 178 min Applied Fluoride Dosage (Co) = 620.8 ml/min (1.21 mg/L)
Fluoride Tracer Incrimental | Cumulative
Time Time t Time t Flowrate | Measured |concentration Area Area CiCo 1-C/Co ]Logye(1-C/Co) T
(h:mm) {min) _(gpm) {mgiL) {mgl/L) (mg-min/L) | (mg-min/L)
]Background 9:30 720 0.3 0 NIA N/A
9:35 1163 0.4 0 N/A N/A
9:40 1451 0.3 0 N/A N/A
9:45 1733 0.4 0 N/A N/A
9:50 2026 0.3 - 0 N/A NIA
9:55 2240 0.4 0 N/A N/A
10:10 . 2404
Start injection 10:20 0:00 0 0
10:30 0:10 10 2359 0.5 0.1 0 0 0.082 0.918 -0.037 0.06
10:40 0:20 20 2354 0.5 0.1 1 1 0.082 0.918 -0.037 0.11
10:50 0:30 30 2344 0.4 0 0 1 0.000{ " 1.000 0.000 0.17
11:00 0:40 40 2398 0.4 0 0 1 0.000 1.000 0.000 0.22
11:10 0:50 50 2408 0.4 0 0 1 0.000 1.000 0.000 0.28
11:20 1:00 60 2411 0.4 0 0 1 0.000 1.000 0.000 0.34
11:30 1:10 70 2440 0.4 0 0 1 0.000 1.000 0.000 0.39
11:40 1:20 80 2441 0.5 0.1 1 2 0.082 0.918 -0.037 0.45
11:50 1:30 90 2411 0.5 0.1 1 3 0.082 0.918 -0,037 0.51
12:00 1:40 100 2433 0.5 0.1 1 4 0.082 0.918 -0.037 0.56
12:10 1:50 110 2424 0.6 0.2 2 6 0.165 .0.835 -0.078 0.62
12:20 2:00 120 2424 0.6 0.2 2 8 0.165 0.835 -0.078 0.67
12:30 2:10 130 2408 0.7 0.3 3 11 0.247 0.763 -0.123 0.73
12:35 2:15) - 135 2413 0.7 0.3 1.5 12.5 0.247 0.753 -0,123 0.76
12:40 2:20 140 2434 0.7 0.3 1.5 14 0.247 0.753 -0.123 0.79
12:45 2.25 145 2456 0.8 0.4 2 16 0.330 0.670 -0.174 0.81
12:50 2:30 150 2431 0.8 0.4 2 18 0.330 0.670 -0.174 0.84
12:55 2:35 155 2410 " 0.8 0.4 2 20 0.330 0.670 -0.174 0.87
13:00 2:40 160 2447 0.9 0.5 2.5 22.5 0.412 0.588 -0.231 0.90
13:05 2:45 165 2459 1l 0.6 3 25.5 0.495 0.505 -0.296 0.93
13:10 2:50 170 2432 0.9 0.5 2.5 28 0.412 0.588 -0.231 0.95
13:15 2:55 175 2416 1 0.6 3 31 0.495 0.505 -0.296 0.98
13:20 . 3:00 180 2398 1 0.6 3 34 0.495 0.505 -0.296 1.01
13:25 3.05 185 2403 1 0.6 3 37 0.495 0.505 -0.296 1.04
13:30 3:10 190 2408 1.1 0.7 3.5 40.5 0.577 0.423 -0.374 1.07
13:35 3:15 195 2386 1.1 0.7 3.5 44 0.577 0.423 -0.374 1.09
~- 13:40 3:20 200 2388 1.1 0.7 3.5 47.5 0.577 0.423 -0.374 1.12
13:45 3:25 205 2375 1.1 0.7 3.5 51 0.577 0.423 -0.374 1.15
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ICF KAISER HANFORD COMPANY 315 Filter Plant, 300 Area 2400 GPM Tracer Test
Date:  3/6/95 Background Fluoride Concentration (Baseline)=  0.40 mg/L.
Average test flow = 2380 gpm (9009 L/min) Fluoride loss due to alum ~ 0.10 mg/l.  (8%)
Theoretical Resedence Time (T)= 178 min Applied Fluoride Dosage (Co) = 620.8 mi/min (1.21 mg/L)
Fluoride | - Tracer Incrimental. | Cumulative
Time Time t Time t Flowrate | Measured jconcentration Area Area CICo 1-C/Co |Logys(1-C/Co) T
(h:mm) (min) {gpm) (mgil) (mgiL) (mg-min/l) | (mg-min/L)

13:50 3:30 210 2380 1.2 0.8 4 55 0.660 0.340 -0.468 1.18
13:55 3:35 215 2367 1.2 0.8 - 4 59 0.660 0.340 -0.468 1.21
14.00 3:40 220 2382 1.2 0.8 4 63 0.660 0.340 -0.468 1:23
14:05 3:45 225 2384 1.2 0.8 4 67 0.660 0.340 -0.468 1.26
14:10 3:50 230 2383 1.3 0.9 4.5 71.5 0.742 0.258 -0.589 1.29
14:15 3:55 235 2363 1.2 0.8 4 75.5 0.660 0.340 -0.468 1.32
14:20 4.00} . 240 2386 1.2 0.8 4 79.5 0.660 0.340 -0.468 1.35
14:25 4:05 245 2385 1.3 0.9 4.5 84 0.742 0.258 -0.589 1.38
14:30 4:10 250 2372 1.3 0.9 4.5 88.5 0.742 0.258 -0.589 1.40
14:35 4:15 255 2385 1.3 0.9 4.5 93 0.742 0.258 -0.589 1.43}
14:40 4:20 260 2375 1.3 0.9 4.5 97.5 0.742 0.258 -0.589 1.46
14:45 4:25 265 2360 1.2 0.8 4 101.5 0.660 0.340 -0.468 1.49
14:50 4:30 270 2374 1.3 0.9 4.5 106 0.742 0.258 -0.589 1.52
14:55 4.35 275 2367 1.4 1 5 111 0.825 " 0.175 -0.756 1.54
15:00 4:40 280 2356 1.3 0.9 4.5 115.5 0.742 0.258 -0.589 1.57
15056 4:45 285 2370 1.4 1 5 120.5 0.825 0.175 -0.756 1.60
15:10 4:50 280 2389 1.4 1 5 125.5 0.825 0.175 -0.756 1.63
15:15 4:55 295 2378 - 1.4 1 5 130.5 0.825 0.175 -0.756 1.66
15:20 5.00 300 2345 1.4 1 5 135.5 0.825 0.175 -0.756 1.68
15:256 5:05 305 2384 1.4 1 5 140.5 0.825 0.175 -0.756 1.71
15:30 5:10 310 2398 1.4 1 5 145.5 0.825]’ 0.175 -0.756 1.74
15:40 5:20 320 2389 1.4 1 10 155.5 0.825 0.175 -0.756 1.80
156:50 5:30 330 2368 1.4 1 10 165.5 0.825 0.175 -0.756 1.85
16.00 5:40 340 2353 1.4 1 10 175.5 0.825 0.175 -0.756 1.91
16:10 5:50 350 2342 1.4 1 10 185.5 0.825 0.176 -0.756 1.96

[Feed Off 16:20 6:00 360 2341 1.5 1.1 11 196.5 0.807 0.093 -1,032 2.02
16:30 6:10 370 2374 1.4 1 10 206.5
16:45 6:25 385 2383 1.5 1.1 16.5 223
17:00 6:40 400 2373 1.4 1 15 238
17:15 6:55 415 2352 1.4 1 15 253
17:30 7:10 . 430 2366 - 1.4 1 15 268
17:45 7:25 445 2346 1.3 0.9 13.5 281.5
18:00 7:40 460 2351 1.3 0.9 13.5 295
18:15 7:556 475 2332 1.2 0.8 12 307
18:30 8:10 490 2343 1.1 0.7 10.5 317.5
18:45 8:25 505 2342 1 0.6 9 326.5
19:00 8:40 520 2341 0.9 0.5 7.5 334
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2400gpm

ICF KAISER HANFORD COMPANY

315 Filter Plant, 300 Area

2400 GPM Tracer Test

Date: 3/6/95

Background Fluoride Concentration (Baseline)=

0.40 ma/L

Average test flow = 2380 gpm (8009 L/min) Fluoride loss due to alum ~ 0.10 mg/L. (8%)
Theoretical Resedence Time (T)= 178 min Applied Fluoride Dosage (Co) = 620.8 mU/min_(1.21 mg/l)
Fluoride Tracer Incrimental | Cumulative
Time Time t Time t Flowrate | Measured jconcentration Area Area CiCo 1-C/ICo |Log;o(1-Ci/Co) vT
(h:mm) (min) {gpm) {mg/L) (mg/L) {mg-min/L) | (mg-min/L)
19:15 8:55 535 2337 0.9 0.5 7.5 341.5
19:30 9:10 550 2345 0.8 0.4 6 3475
19:45 9:25 565 2339 0.7 0.3 4.5 352
20.00 9:40 580 2341 0.7 0.3 4.5 356.5
20:15 9:55 595 2329 0.7 0.3 4.5 361
20:30 10:10 610 2337 0.6 0.2 3 364
20:45 10:25] - 625 2336 0.6 0.2 3 367
21:00 10:40 640 2328 0.5 0.1 1.5 368.5
21115 10:55 655 2340 0.5 0.1 1.5 370

Calculated Resedence Time (T1) = 102 min

Correlation Coefficlent = 0.95

Mass Fluoride injected = 3933 g
Mass Fluoride Recovered = 3333 g
% Fluoride Recovered = 85%
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LOG,(1-C/Co)

0.200 T

0.000

2400 gpm Chart 2

300 Area, 315 Filter Plant
LOG;o(1-C/Co) vs. /T
Numerical Analysis for Ty
2400 gpm
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-0.600

-0.800 -

T

-1.000
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y =-0.6059x + 0.3005
R%=0,9525
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SUMMARY OUTPUT

Regression Slalistics

Mulliple R 0.9759846
RSquare  0.952546
Adjusted  0.9514915
Standard  0.0567451

2400gpm

Observati 47
ANOVA _
df SS MS F____ ignificance F

Regressio 1 2908591 290859095 903.2869 1.9914E-31
Residual 45 0.1449004 0.00322001
Total 46 3.0534913

Coefficients tandard Emr t Stat P-value  Lower95% Upper95%. ower95.000 pper95.000%
Intercept  0.3004406 0.0262357 11.4516157 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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2160gpm

ICF KAISER HANFORD COMPANY 315 Filter Plant, 300 Area 2160 GPM Tracer Test
Date; 3/23/95 Background Fluoride Concentration (Baseline)=_ 0.40 mg/L.
Average test flow = 2127 gpm__ (8050 L/min) Fluoride loss due to alum ~  0.20 mg/L- (16%)
Theoretical Resedence Time (T)= 199 min Applied Fluoride Dosage (Co) =  §80.0 mi/min_{1.27 mg/L)
Fluoride Tracer Incrimental | Cumulative
Time Timet | Timet Flowrate | Measured | concentration | Area Area C/Co 1-C/Co [Log10(1-C/Co)| VT
(h:mm) (min) (gpm) (mg/L) (mag/l) (mg-min/L) | (mg-min/l)
Background 8:45 495 0.3 0 N/A N/A
8:50 493 0.4 0 N/A N/A
8:55 438 0.4 0 N/A N/A
9:00 775 0.4 0 N/A N/A
9:05 1318 0.4 0 N/A N/A
9:10 1567 0.3 0 N/A N/A
Start injection 9:50 0:00 0 0
10:00 0:10 10 2161 0.3 -0.1 0 0 -0.079 1.079 0.033 0.05
10:10 0:20 20 2106 0.4 0 0 0 0.000} - 1.000 0.000 0.10
10:20 0:30 30 2108 0.4 0 0 0 0.000 1.000 0.000 0.156
10:30 0:40 40 2092 0.4 0 0 0 0.000 1.000 0.000 0.20
10:40 0:50 50 2105 0.4 0 0 0 0.000 1.000 0.000 0.25
10:50 1:00 60 2159 0.4 0 0 0 0.000 1.000 0.000 0.30
11:00 1:10 70 2118 0.4 0 0 0 0.000 1.000 0.000 0.35
11:10 1:20 80 2124 0.4 0 0 0 0.000 1.000 0.000 0.40
11:20 1:30 90 2133 0.4 0 0 0 0.000 1.000 0.000 0.45
11:30 1:40 100 2123 0.4 0 0 0 0.000 1.000 0.000 0.50
11:40 1:50 110 2098 0.4 0 0 0 0.000 1.000 0.000 0.55
11:50 2:00 120 2172 0.5 0.1 1 1 0.079 0.921 -0.036 0.60
12:00 2:10 130 2150 0.5 0.1 1 2 0.079 0.921 -0.036 0.65
12:05 2:15 135 2128 0.5 0.1 0.5 2.5 0.079 0.921 -0.036 0.68}
12:10 2:20 140 2128 0.5 0.1 0.5 3 0,079 0.921 -0.036 0.70
12:15 2:25 145 2118 0.4 0 0 3 0.000 1.000 0.000 0.73
12:20 2:30 160 2160 0.4 0 0 3 0.000 1.000 0.000 0.75] .
12:25 2:35 155 2130 0.5 0.1 0.5 3.5 0.079} . 0.921 -0.036 0,78
12:30 2:40 160 2135 0.5 0.1 0.5 4 0.079 0.921 -0.036 0.80
12:35 2:45 165 2146 0.5 0.1 0.5 45| 0.079 0.921 -0.036 0.83
12:40 2:50 170 2148 0.5 0.1 0.5 5 0.079 0.921 -0.036 0.85
12:45 2:55 175 2176 0.5 0.1 0.5 5.5 0.079 0.921 -0.036 0.88
12:50 3:00 180 2184 0.5 0.1 0.5 6 0.079 0.921 -0.036 0.90
12:55 3.05 185 2142 0.5 0.1 0.5 6.5 0.079 0.921 -0.036 0.93
13:00 3:10 190 2138 0.6 0.2 1 7.5 0.158 0.842 -0.075 0.95
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2160gpm

ICF KAISER HANFORD COMPANY

315 Filter Plant, 300 Area

2160 GPM Tracer Test

Date: 3/23/95

Background Fluoride Concentration (Bassline)=

0.40 mg/L

Average test flow = 2127 gpm (8050 L/min)

Fluoride loss due to alum ~

0.20 mg/l. (16%)

Theoretical Resedence Time (T)= 199 min Applied Fliioride Dosage (Co) = 580.0 mi/min _(1.27 mg/l)
Fluoride Tracer Incrimental | Cumulative .
Time Timet | Timet Flowrate | Measured | concentration Area Area C/Co 1-C/Co |Log10(1-C/Co) vT
(h:mm) (min) (gpm) {mglL) (mgll) | (mg-minl) | (mg-minit) .
13:05 3:15 195 2165 0.5 0.1 0.5 8 0.079 0.921 -0.036 0.98
13:10 3:20 200 2170 0.6 0.2 1 9 0.158 0.842 -0.075 1.00
13:15 3:25 205 2239 0.6 0.2 1 10 0.158 0,842 -0.075 1.03}
13:20 3:30 210 2182 0.7 0.3 1.5 11.5 0,237 0.763 -0.117 1.05]
13:25 3:35 215 2063 0.7 0.3 1.5 13 0.237 0.763 -0.117 1.08]
13:30 3:40 + 220 2071 0.7 0.3 1.5 14.5 0.237 0.763 -0.117 1.10
13:35 3:45 225 2071 0.7 0.3 1.5 16 0.237 0.763 -0.117 1.13
13:40 3:50 230 2110 0.7 0.3 1.5 17.5 0.237 0.763 -0.117 1.15)
13:45 3:55 235 2200 0.7 0.3 1.5 19 0.237 0.763 -0.117 1.1 8|
13:50 4:00 240 2150 0.8 0.4 2 21 0.315 0.685 -0.165 1.20]
13:55 4:05 245 2059 0.7 0.3 1.5 22.5 0.237|:- ' 0.763 -0.117 1.23]
14:00 4:10 250 2072 0.7 0.3 1.5 24 0.237 0.763 -0.117 1.256
14:05 4:15 255 2136 0.7 0.3 1.5 25.5 0.237 0.763 -0.117 1.28
14:10 4:20 260 2117 0.9 0.5 2.5 28 0.394 0.606 -0.218 1.30}
14:15 4:25 265 2107 0.7 0.3 1.5 29.5 0.237 0.763 -0.117 1.33
14:20 4:30 270 2202 0.8 0.4 2 31.56 0.315 0.685 -0.165 1.35
14:25 4:35 275 2105 0.8 0.4 2 33.5 0.315 0.685 -0.165 1.38
14:30 4:40 280 2100 0.7 0.3 1.5 35 0.237 0.763 -0.117 1.40
14:35 4:45 285 2086 0.7 0.3 1.5 36.5 0.237 0.763 -0.117 1.43
14:40 4:50 290 2101 0.7 0.3 1.5 38 0.237 0.763 -0.117 1.45
14:45 4:55 295 2116 09| ° 0.5 2.5 40.5 0.394 0.606 -0.218 1.48
14:50 5:00 300 2109 0.8 0.4 2 42.5 0.315 0.685 -0.165 1.50]
14:55 5.056 305 2111 0.9 0.5 2.5 45 0.394 0.606 -0.218 1.53]
15:00 5:10 310 2100 1 0.6 3 48 0.473 0.627 -0.278 1.55]
15:05 5:16 315 2112 1 0.6 3 51 0.473 0.527 -0.278 1.58]
15:10 5:20 320 2141 1.1 0.7 3.5 54.5 0.552 0.448 -0.349 1.60
15:15 5:25 325 2163 1 0.6 *3 §7.5 0.473 0.527 -0.278 1.63
15:20 5:30 330 2136 1 0.6 3 60.5 0.473 0.527 -0.278 1.66
156:25 5:35 335 2093 1.1 0.7 3.5 64 0.552 0.448 -0.349 1.68}
15:30 5:40 340 2136 1 . 0.6 3 67 0.473 0.527 -0.278 1.71]
15:35 5:45 345 2132 1 0.6 3 70 0473 0.527 -0.278 1.73
15:40 5:50 350 2111 1.1 0.7 3.5 73.5 0.552 0.448 -0.349 1.76
15:45 6:55 355 2114 0.9 0.5 2.5 76 0.394 0.606 -0.218 1.78
15:50 6:00 360 2106 1 0.6 3 79 0.473 0.527 -0.278 1.81

l
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ICF KAISER HANFORD COMPANY

315 Filter Plant, 300 Area

2160 GPM Tracer Test

Date:

3/23/95

Background Fluoride Concentration (Baseline)=

0.40 mg/L

Average test flow = 2127 gpm _ (8050 L/min)

Fluoride loss due to alum ~

0.20 mgll. _ (16%)

Theorelical Resedence Time (T)= 189 min Applied Fluoride Dosage (Co) = 580.0 ml/imin (1.27 mgfL)
Fluoride Tracer Incrimental | Cumulative
Time Timet | Timet Flowrate | Measured | concentration Area Area C/Co 1-C/Co |Log10(1-C/Co) T
(h:mm) {min) (gpm) {mg/L) (mg/l) (mg-min/L) | (mg-min/L)

15:55 6:05 365 2128 1.1 0.7 3.5 82.5 0.552 0.448 -0.349 1.83

16:00 6:10 370 2114 1.2 0.8 4 86.5 0.631 0.369 -0.433 1.86

16.05 6:15 375 2087 1.1 0.7 3.5 90 0.552 0.448 -0.349 1.88

16:10 6:20 380 2111 1.2 0.8 4 94 0.631 0.369 --0.433 1.91

16:15 6:25 385 2112 1.1 0.7 3.5 97.5 0.552 0.448 -0.349 1.93

16:20 6:30 390 2107 1.2 0.8 4 101.5 0.631 0.369 -0.433 1.96
Feed Off 16:25 6:35 395 2143 1.2 0.8 4 105.5 0.631 0.369 -0.433 1.98

16:30 6:40 400 2115 1 0.6 3 108.5 0.473 0.527 -0.278 2.01

16:45 6:55 415 2131 1] 0.6 9 117.5

17.00 7:10 430 2153 1 0.6 9 126.5

17:15 7:25 445 2108 1 0.6 9 135.5

17:30 7:40 460 2112 1 0.6 9 144.5

17:45 7:55 475 2108 1 0.6 9 163.5

18:00 8:10 490 2088 1 0.6 9 162.5

18:15 8:25 505 2127 1 0.6 9 171.5

18:30 8:40 520 2131 0.8 0.4 6 177.5

18:45 8:55 535 2134 1 0.6 9 186.5

19:00 9:10 550 2140 0.8 0.4 6 192.5

19:15 9:25 565 2140 0.8 0.4 6 198.5

19:30 9:40 580 2129 0.9 0.5 7.5 206

19:45 9:55 595 2134 0.8 0.4 6 212

20:00 10:10 610 2142 0.6 0.2 3 215

20:15 10:25 625 2126 0.8 0.4 6 221

20:40 10:50 650 2131 0.6 0.2 5 226

20:45 10:55 655 2126 0.6 0.2 1 227

21:00 11:10 670 2120 0.4 0 0 227

21:15 11:25 685 2126 0.4 0 0 227

21:30 11:40 700 2119 0.4 0 0 227

Calculated Resedence Time (T10) = 186 min

Conelation Coefficient = 0.87

Mass Fluoride injected = 4032 g

Mass Fluoride Recovered = 1827 g
% Fluoride Recovered = 45%
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LOG,o{1-C/Co)

2160 GPM Chart 2

300 Area, 315 Filter Plant

LOG¢(1-C/Co) vs. /T
Numerical Analysis for Ty
2160 gpm
0.050 +
0.000 t t }
0.00 0.20 0.40 0.60
-0.050 +
-0.100 +
-0.150 +
-0.200 +
-0,250 +
-0.300 +
-0.350 + _
y =-0.3255x + 0.2584
' R?=0.8746
-0.400 +
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SUMMARY OUTPUT

Regression Stalistics

Multiple R 0.935176
R Square 0.874554
Adjusted F 0.871885
Standard E 0.044638

2160gpm

Observatic 49
ANOVA :

df SS MS F Significance F
Regressiol 1 0.652896 0.652896249 327.6634 8.03811E-23
Residual 47 0.093651 0.001992582
Total = 48 0.746548

Coefficieni<andard Err t Stat

P-value  Lower 95%

Upper 95% Lower 95.000%Jpper 95.000%

Intercept  0.258437 0.025607 10.09238966
X Varjable -0.32549 0.017981 -18.1014761

2.38E-13 0.206921811 0.30995128 0.206921811 0.30995128

8.04E-23 -0.361663463

-0.2893158 -0.361663463

-0.28931577
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T10 315 Filter Plant, 300 Area

FLOW |T10
2127 gpm 167
2380 102
2380 GPM RESULTS . 2127 GPM RESULTS c AVERAGED RESULTS
) FLOW Average
FLOW T10 FLOW T10 T10
2380 102 2380 149 2380 - 126
2200 110 2127 167] - 2164 139
2100 116] - 2100 169 2100 142
2000 121 2000 178 2000 149
1900 128 1900 187 1900 157
1800 135 1800 197 1800 166
1700 143 1700 209 1700 176
1600 152 1600 222 1600 187
1500 162 1500 237 1500 199
1400 173 1400 254 1400 214
1300 187 1300 273 1300 230
1200 202 1200 296 1200 - 249
1100 221 1100 323 1100 272
1000 243 1000 355 1000 299
900 270 ] 900 395 900 332
800 303 800 444 800 374} -
700 347 700 507 700 427
600 405 - ' 600 592 600| . 498
500 486 500 710 500 598
400 607 ) 400 888 400 747
300 809 300 1184 300 997
200 1214 200 1776 200 1495
100 2428 100 3552 100 2990
0 0 0 0
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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 lafter two of these chemicals.

Typical Comm. Fluoride
Chemical Properties Strength lon Content
. Sodium Fluoride white, odorless 5
@ NaF powder/crystals SR S
Hydrofluosilicic *.. clear to yellow 30% 23.7%
Acid  HaSiFg liquid, pungent 25% 19.8%
odor, skin irritant 22% 17.4%

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,
P 3 N
SN -, D .

A —— 8 Post Office Square Acton, MA 01720 U.S.A.
e TEL (508) 263-8800 « TLX 85-1781
ey LIOUID METRONICS DIVISION FAX (508) 264-9172

— MILTON ROY
Catalog Sec. 3.1, pg. 1900
Replaces same of 5/85
B-5 . 1242B 387




Fluorlde Loss'-D":

WHC-SD-ER5480-ER-001, Rev. 1

e to: Addltlon of Alum, Rev. 0




—e = S———— e oo wp oo o © —— -
E——— -

” WHC-SD-ER5480-ER-001, Rev. |

HANFORDO

KAISER ENGINEERS | CALCULATION IDENTIFICATION AND INDEX

Page ! of 3

Dato Novy “’ \gﬁ,,’

This sheat shows the status and description of the attached Design Anslysis sheets.

Project No. & Name EC_OBR"{- Yracor 54\1.1“)

Discipline C\W-u\ WO/Job No. . GQS‘-{X Q: . Calculation No. Eﬂ ; ‘/@ "’(\"OW

Calculation Item Flyactls Loss -.?f'am addkiwa of alum, ~

These calculstions apply tos

Dwg. No, Rev. No.

Dwg. No. - Rev. No.

Other (Study, CDR)

Rev. No.

The status of these calculations is: .

Preliminary éalculuu’ona

Final Calculations

D Check Caslculations (On Calculation Dated )

D Void Calculation (Reason Voided

- )

Incorporsted in Final Drawingn? D Yes No

This calculation varified by independent "check” calculations? D Yos Q No
Original and Revised Calculation Approvals:

Rev. O Rev. 1 Rev. 2
Signature/Date Signature/Date Signature/Date

Originator D> Ed /¢ Vo /sy

Checked by A D,- Beushe 112y

Approved by

Checked Ageainat
Approved Vendor Data

INDEX
Design Anslysis . ’
Page No. Description
Z- Ob‘s-g&i(wﬁ %Sﬁp Tn;,v“s C»-lt.vl‘e.
o 3 J [} -
S Crg yee . R-:.qu"s
KEH 0378.00 {06/92)
c-1




- WHC-SD-ER5480-ER-001, Rev. |

KAISER ENGINEERS Calc. No. EXS80« G- &cH
HANFORDO Revision @)
Client Teg Wi WOMob No.  F&XORBY
Subject Fyupcido  boats A% 19 g&isg Date Nay Ut 1994 8BY Dol O Fole,
A\ii : . Chacked /7 /) Jay  BY eedd /). M__
Location % & 8, q . - Revised By
] l i Pt | | |
| | ! P | !
L ORTECT NG I i L P Pl
VT P || HEEEREREN i 1]
Ll A & hded o Woberl dnedtuent plostsl B0 deduce dhalddrbildny o the |
. P ‘ : i S N O -
— : - - ) ‘ NI .
f !\!u*?r__\a.?_:g.‘.é},-llﬁﬂx&:\-__bg_%-% ‘“’;\_5__.‘_‘& . ___L‘Q:‘Tx {uei .y UQ?JW__GASOPPQJ- ; ‘
et _.;_ Qri:é_ith;_LA&(éﬂ)T}‘_mg\xbhA_tc&* -Q.A__g_'-}. {\@_{A‘MWmS _Cé».ci‘_(v;_q‘i_nl wo Jf\_._\-eie.f‘,__.____
; d it o ! | | H 8 l .
L R f |1 v ! ] A S .
—f—-:,qk;(so;g—wq—ziaigﬁ—}@énoo;};:»—zAX(onB’ +—3¢.5<> H‘sw +»g»¢oz(;), oo e
N ! ;w_:g:izszi:u‘,";,‘{
N P T N I SN I N RN SO N s
._-..L.’.S_m_&,ﬂqaa;v_is_ b:gmg_.@i&g;__fw adeduch Sty axs_fme e st dukachne _dhel
o L L L_L____-__.,___ _4-_,_'__i____,.._:__-*-”_f__',___
,' - ' N i B f

Q—?auv(r &.{‘.’rh% 4)“«&-4.: __‘,"\«J{’ w‘]" {yc. ‘
' . | i |
B '_.1 ! HE ? .

0 Déﬁxam ‘1!\1(3015

el et et
i

|
1
i
i
St
t
|
!

i
P

l

R sy [ S I
P A R cob b st s
: :

t | S .
i { * i T g

m':—c@rrggm\ 0 ; —_

s : $

_ "\'k-m MM g.“e\-'cnb\e. x(um&«a c_ana-a«"rru-hoa in H\m QAl‘f al r{wn. mu\s -e"r

.-,-l —-I ) m——

S Lt D Y

:
T
!
!
:

t’)twv.‘lr l F\’“‘ &u,u;-r,._%ﬁ <<6q.\g-<.~\+ u«e,& to 4-&3'\ 4& m—:.é«ml ﬂuarul.e l-.% -

e e s o cooee oo © e = mm——— ....:......,__-,

-.,;__;,_ h-n:‘u»««,_,_.é-m’mc&\wcmsﬁ__ﬁ_a 0 p?m ..-_E*J%__sn\k Q\%mm_"t_ei‘“\g M\k\.-q.-. QMwa"c_
‘ ' 5 i i

;___O‘I__.Q\UM-_‘.«JA.\‘ hua&i&?__‘u‘_&i\‘)kaﬁ_iht__sﬁld\s._, A _ (.s.\mr ,..@..Acw_]h%{mwi_ EL.\-H' f""'““—

D o:kd; "fhu:’c olwn,_«ié“hm_m ‘Hﬁ-& 5€>D._<v‘t«, Wo’r-v:jr@wl'm\ﬁl'.- ple.v!»r 1o .,L_@._ﬁ‘ém §
T t ’ ; <-—-—-~——-—-,—-»--.
_ %> ; mfem ‘\vJe. w\\L._seJ_Z.épfsm_"f.bc__dQ%gﬁnmmﬂ {(r—:r:tk Jaﬁa.._ - e _:_ k

P Lo §

{

i

! N

7T T T e T 3 PPy = = =
1

§

!

(1), Colp, Maclback sF Pelin Wadee Sustors 1924, péSéa_
c-2

" 54-3300-037 ~ KEH-0037.00 (06/9.

- - 3
s - e, g — e e oo s




WHC-SD-ER5480-ER-001, Rev. 4

KAISER ENGINEERS : : Calc. No. £4S%0- (.- oA

HANFORD . . Ravision S

Client T WH . " WO/Job No.  F ANRRY
Subject  Elosabe; lows cl\\u ¥ &JJJ:hm & Date Now gy BY Du o Z Lo
Al o r . . Checked //,////74 By Ztdy). Bm/w
Location RO ’ . Revised By
| | 'i"i'!f'f!lli.-§i§!l'4'!g5|'5!ff!| |
HRERTEN T T
8 5 6.0 i l l | :
I i

~
>

Pl

1 [}
v y E t 1
il lisa N .
. v H 4.0 = 1
I ‘ i i L. \ ) —
|| i3 ! ] 1
! § e —
! : i 3 N po
AN N, . : .
| W 300 < ' P
1] K RN N ; T
—_— ] .g \ B . \l\ e e e e
by = \ ~ b i
— £ \\\' . i W
L g 2.0 = AN ~ . o bty
T 5 . ~ N\ NEE S i R
! } y Y.. - \ L . St 1 H
[} =3 ™~ \~ | N
Y e i
) ! !
R T £ 1,0 \.\ \\‘§_- - .
to K Sy = x ] ;
) } ] ‘ ‘ \\N \-\‘
' I% i E ~..‘\-~“§: i i
[ 1 1 3 -
B [
t 4 Q
— = ° 100 200 300 a00 500 600, = = - ¢ emmee——
' L
T T TR ALUM DOSAGE - ppm TroTTTT T
2

;! ‘.; . \ i

____:n«,‘ abemu_{ss T Flaﬁ-gl M“_rmsukts_‘??‘o«x Heste cordoctid by Cofp

- —— e e oy —-
aﬁé._?ﬂaﬂ% sag_cn Gé.ﬂ.dw_:wn-/«\ 93.__\/<‘ﬂ¢~§__0~"¢"" ée:ss,s-Q S
! ; : ' ’

el'!i"i:
[

' G

H + - y : B
g n 5 1 i ‘ T g T 1 3 T T -t R 3 . g N 3
y : : C H L f : i a— : : .
- RESULTS: R - et .
. : n n 3 T 5 ; T 2 A ; T g d 5 e
. g " ‘ R i : £ v . : ; '

i
! E ch | J(kq_,__(\kt»-@_ P‘d }_._\Vb chJ-bQ__ﬂ F_i.dx'\'_.e\ l & P‘an mvh al (em Lﬁn"’f\‘\i S SR
]

—_— - Tmoretan e e e ‘___._._.__..

T
i
N ‘, ]
i ::l'i.'. i i i
i 1

___;.cﬁ_ lxxwlebrs.re:éud_:}a_l “1 PP (5 ‘i _/_D_-loss )._mllm~ Z.Oﬂ,-._‘ alum_ das«am .

5 i -.__..__.,__.
.

]

_.___-Jlr-us{_'i'b«‘ Q‘UH w\l\ naL 3!‘%”(13-94&::{- ‘lh-e..__:“u{m{* qié-ec{ {» *}'\tz sbﬂw ar_ _.j-_-:- ‘
i P

———e J"‘"—" .\’NQV 5‘*\?% Thes. '5*\.:'{'!.3_ M “ ‘-‘\)\'.C{ v+ <. P\o«'mw c'? 159%1, - O ’ﬁ')f- Qo lﬁn—;-- ——

! 1

“GNC SL'? QS‘b'-»mc?ﬂ *‘“="'_*‘=" ‘ T LT R
L0 Golp, Banlberk of Pobl Weler Suatens, 9%, p.452. L o
- /. 54-3300-037 ~ KEH-0037.007(06/92'




<<IO.wU-mmmAmo.mm-ooA , Rev. 1




[ S

SEDIMENTATION

BASIN #4
MIXING
CHAMBER
SEDIMENTATION
— BASIN #3
\ w
RAW WATER — g
@ SEDIMENTATION
BASIN #2
SEDIMENTATION
BASIN #1
PRE
CHLORINATION

| FILTER ~ .
B #4
|19 ] -
=z
=z
:
51| FILTER I
— “#3 o
15 oF
wl|>S Q< '
=2 S | EXPORT
Z| .| FILTER RO PP
#2
&
P SANITARY
E . FLOW
| FILTER -
#1 EXPORT
PUMP
CHLORINE
MONITORED
POST
CHLORINATION

. -(1-BASIN IN WINTER,- 2'OR 3 DURING SUMMER)

ICF KAISER HANFORD

ENGINEERING SKETCH

Attachmaent To Or Descriplion:

300 AREA WATER TREATMENT PLANT

[ d by. Sh f Rev
repsed i orenzo 1% -
Cheched by: <

adite
£55480E 1

*A9Y ‘100-Y3-087SY3-AS-JHM

[




WHC-SD-ER5480-ER-001, Rev. 1

S i‘ra-ée' "'Evaluatmn Work Sheet

E-0




- WHC-SD-ER5480-ER-001, Rev. 1~

]

-y reem o e e e —— ————

L % e .enan

80 6o oacs .ng'gfr" Study Evaluatiopn Work Sheet
* Pvaluation bys T. Ambalam . pate: April 3, 1995
. vsilicy Name:DEDT of Ener ‘Richland i .

Treaatment Plant/ -Facility Name: Watrer Treatment Facility . ]
Bagin/Treatment Train Designaticn: %]gggg Flashmixer: Sedementation basins,
Sample Point De:igaatie:b: ample Tap fo? gg%arwgll ischarge line, filter
?195‘: Flow R&;esg ; 214 ' m(Q, Jezk/Tesign Flow [MGD GPD com, clearws

I S : 8 .gpm _ {Qu) Average Flew [MSD/GED/gpm] -
Basin Volumes: 424 1{v) (eubic Zest/gallens) . .
mseorxetical dstentien cimet . -.177.min_ (T) (days/hours/minutes}
. T=V/Q,

stugy £low zate:

O

—

= 2,400 gpm - ap/GED/épml ( =QP)
0= 2,160 gpm  [uep/cep/cpn] (0.90 QP)

o Mulripla Flcw Rate Study: (Egual increments required)

0= ’ [MGD/GPD/gpm] (= Ol
O = i 6D /62D /gen} (> 0.51 Q,)
o . Sincle Flow Rate Study: .
Q= . ' IMGD/G2D/cpr] (> 0.51 Q)
Sasin Watex Level = _10.8 feet (dapth) -
Normal Zasin Wates Lavel = 10.8 feet (depth) *
Water tempexatura: Test Period 42.5-46.2  *rF
' Norzal Tempe:a:u:e'fc: Se..a.so‘.:x 43—-51 °®
Seascnal Vaxziation: Winter Spring Summer Fall
Maximun (*3) 50 59.5 . _75.2 68.4
Averace (°*F) 43.2 51.1 67.6 55.8
Fall (¢TF)}
Tracex Selecticn ) o
Chemical Tracer: Sodium Fluoride pese:1.21-1.27 ppn
1 Notet Reccomanded deciges fox chlozide a 20 ppn LI backgrossd :hlc:i:!c 3evelds sra ¢ 2D pEmy 1
| Reccmzended cozage fex s;.uezzdn 3< Cr <2 PoB; : {

Rtodzmine XT i accepsatle is raxipunm cencexttatiea i3 , 10 ppe, £xinking watey cencentriticn
< 0.3 prbs Oxposure is tzisf end Infraguoze, ©nd trncsT concentritions ehould te 2 prhs

Common C2aces thenicxly 20k reconmanded foxr uze STa Rhodaring Br potassiun peIRanganite; sluns
chlozines a=d sodium cazdemass..

Cemzatibility with potadle vataz uszga :_YES

Backgzeumd levels cf tracexr in raw water: 0.4 PPT;
Feeding equipment & methods: LMI Model 28850 Fluoride saturator
a8s an electronic metering pump

E-1




o miese o

Yes

Test Ewcedurc . _

g Step-cosxz metbod. '

g Slug-dose nethod. .
Tracex addicion & Sampling: . ';--t'.". : .

"ot s

sampling Pericd: :10.9- 11 7H[da.ys/haur=/m.m.taz] (£

g, c2 7% Yas o ".:"No Y

-,

sanpling Frequencys: 2-5 min- . .tccc;;r.able 8] Unacceptabdle U

. Noce:Sampling *cqui-cd evasy 10 b,:mtol Zer £iz3t 30 einttes ox uncil ‘-xdcg:ouad cenecnesaticn
" .. 48 oxccadeds saeplizg evar 2 Yo 5 xirutes during sequized Zor zszalning oampling pexriod:

zacpling cexzinued until rceady-state sfflucit concezzzation i veached beyezd T,

hea‘ th cc:ce*ns. a o° °
Is attluem: tracexr cecncentration limited? Yes R No ©
Maximum level: ‘1.5 Po;

Yow in concentraticn meintained; Flow rates maintained to ensure

concentrations do not excesd 2.0 ppm

step-dcss methods
_ sTraceXx addition = sampling peried? Yes s ] No &
Slug-dose wethod:

Instantanecus injecticn pericd: v, (=3¢ 2% T)

Iz injected mzss dased on basin volume egual to’step-doze level?
Yes o Yo D

.
-

Density cuXwent effects (Mitigaticn effoxta):

Tracer reccvery:

Is alum used in plant treztment? Yes €@ No O
0% tIxcer Tecovery? .. Yeg o Yo R

. -_1;;::, S}'aluaticn; . ’ E\/D Dﬁ—rg

K

Evaluation technicue: gTaphical g numesical

= 300,000/Q
e o-Flow (gpm) zinutes . 74%’9\5/
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