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SUMMARY:

Two experiments were conducted at the Idaho National Engineering Laboratory to
| characterize the subsurface near the Radioactive Waste Management Complex: the Large
Scale Aquifer Test (LSAT) and the Large Scale Infiitration Test (LSIT). The LSAT was an
aquifer pumping test and the LSIT was a vadose zone infiltration and tracer test. Part of the
water produced during the LSAT was discharged into the LSIT infiltration basin, spiked with
tracers, and ailowed to infiltrate. The remainder of the water produced was discharged to
Spreading Area A. The water management system included a pipeline that conveyed water
from the production well to both the infiltration basin and Spreading Area A, and flow meters
for monitoring the quantity of water discharged through the pipeline. The aguifer production
well was pumped at an average rate of 2,837 gallons per minute (gpm) for 35.5 days. Of the
148.3 million gallons produced, 109.7 million gallons were discharged to Spreading Area A,
38.5 million gallons were discharged to the infiltration basin, and 0.1 million gallons were
required to fill the pipeline. A volume balance was calculated for the infiliration basin that
included precipitation, evaporation, and infiitration. Of the 385 million gallons discharged into
the basin and 0.1 million gallons added by precipitation, calculated estimates are that
4.9 million gallons evaporated, 33.3 million galions infiltrated, and 1.8 million gallons remained
in the basin at the end of the experiment. The error of 1.4 million gallons is 3.6% of the
volume of water discharged into the basin. Infiltration rates varied from 297 gpm to 657 gpm,
and averaged 528 gpm for the entire test. Infiltration fluxes varied from 1.42 x 107 gpm/ft* to
2.35 x 107 gpm/ft?, and averaged 1.99 x 107 gpafi®,
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Large-Scale Aquifer Stress Test and Infiltration Test:
Water Management System Operation and Results

1. INTRODUCTION

This Engineering Design File (EDF) describes the operation of and data coliection from the
Water Management System of the Large-Scale Aquifer Stress Test/Large-Scale Infiltration Test.
1t includes water budgets for the production weill and the infiliration basin, and estimales of
infiltration rates.

The Large-Scale Aquifer Test (LSAT) and the Large-Scale Infiltration Test (L3IT) were
complementary ficld experiments conducted during the summer of 1994 by the Applied
Geosciences Unit and the Environmental Restoration Department of the Idahe National
Engineering Laboratory (INEL). Overviews of the experiments are given in Norrell et al. (1994}
and Wylie et al. {(1994). The purpose of these two experiments was to develop data that could be
used for evaluating conceptual models used for simulating subsurface flow and transport at the
Radioactive Waste Management Complex (RWMC) at the INEL, and 10 measure parameter
values needed for subsurface flow and transport modelling.

The LSAT was a high-capacity (3,000 gpm} long-term (36-day) aquiler pumping test. It was
conducted (o determine hydraulic properties of the eastern Snake River Plain Aquifer in the
vicipity of the RWMC. Results are reported by Wylie et al. (1995). The LSAT ficld site is
approximately 0.8 mi south-southwest from the RWMC, Part of the water produced in this
experiment was used 1o conduct a vadose zone tracer test referred to as the Large-Scale
Infiltration Test. The LSIT field site is approximately 1.3 mi south-southeast of the RWMC.,
Figure 1 shows the locations of the facilities discussed in this document,

The LSIT was conducted to measure vadose zone hydraulic and solute transport propertics.
Water from the LSAT production well was ponded at the ground surface in a 600-ft-diameter
basin formed by a circular embankment. Part of the water added to the infiltration basin was
spiked with conservative and reactive dissolved tracers. Changes in water content in the
subsurface and the movement of tracers were monitored. The results are reported in Burgess
{1995), Dunnivant et al. (1994), Newman ¢t al. (1995), Pfeifer et al. (1995), and Porro et al.
{1995). Water in excess of that needed for the LSIT was discharged in Spreading Area A, which
is approximately 1 mi west of the RWMC.

The LSAT and the LSIT were linked by the Water Management System, which conveyed
water from the production well pumped during the LSAT to both the infiltration basin and to
Spreading Area A. The Water Management System is described in Starr and Mecham (1994).
Records of volumes of water discharged through different portions of the water management
system were used for interpreting the LSAT and LSIT test results. In particular, the flowrate of
water from the production well was used for interpreting the pumping test results and the volume
of water discharged into the infiliration basin was used in volume balance calculations for the
infiftration experiment,



The purpose of this EDF is to document the discharge of water from the production well into
the infiltration basin and into the spreading area. Additionally, this EDF contains estimates of
the rate of infiltration that occurred within the infiltration basin. This information will be used in
conjunction with other data to calculate parameter values needed for RWMC flow and transport

simulations.
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Figure 1. Location of facilities invoived with the LSAT and LSIT.



2. WATER MANAGEMENT SYSTEM
2.1 Description

The water management system s illustrated in Figure 2. It includes a pipeline that extends
from the production weil {0 the infiitration basin, and & second Jeg that extends from the
production weii to Spreading Area A. The pipeline is constructed primarily of nominal 16-in.
diameter polyethylene pipe, with nominal 16-in., 10-gauge steel pipe from the production well to
immediately downstream of Tee 1, as well as downstream of Check Valve 2. Valves BF-1, BF-2,
and BF-3 allow the discharge of water through different legs of the pipeline to be controlied.
Pressure gauges P1 through PS aliow the pressure in different portions of the system to be
monitored. Sample ports allow water samples 1o be collecied from the system. Air vents and
drains allow the system to be drained after use. Tracers were injected into the pipeline through
tracer injector/mixers.

Flow Meters T-1, T-2, and T-3 aliow the insiantancous flowrate and the cumulative discharge
through the system to be monitored. T-1 monitors flow from the production well, while T-2 and
T-3 monitor flow into the infiltration basin.

The flow meters are AQUAMASTER brand Model 400R units, and were installed in
accordance with the manufacturer’s specifications. A copy of the installation manual and
programming guide is included in Appendix A. Each meter consists of a sensor in the pipeline
and a display unit. The display units were programmed to display instantaneous flowrate in
1 x 107 gpm and cumulative discharge in 1 x 10° gal. Flowrate is indicated by a liquid crystal
dispiay, while cumulative discharge is indicated by an electromechanical display. Both are driven
by an internal computer, and f{ailure of either indicator does not compromise the operation of the
other. This is important because the cumulative flow indicator in Flow Mecter 1 appears to have
stuck periodically; therefore, cumuiative flow was estimated by integrating the instantaneous
flowrate data. The minimum flowrate that the meters could reliably indicate was approximately
600 gpm. Flow data were manually recorded.

The Water Management System Test Plan specified that system parameters be recorded four
times per day. Readings were usuelly read approximately every 6 hours and whenever the
discharge of water into the infiltration basin was changed by adjusting valve settings. In some
instances, operating parameters were recorded less frequently due to personnel limitations. These
instances do not affect the infiltration calculations because the readings required for the
calculations were collected when the valves were adjusied to change the flowrate into the basin.

The water level (stage) in the infiltration basin was recorded by manual observations of a staff
gauge in the basin, and by an In-Situ brand Hermit 1000C model data logger that recorded data
from a 5-psig pressure transducer. Approximately 7,000 measurements of basin stage werc made
by the pressure transducer-data logger system.
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2.2 Water Management System Operation

The water management system was operated as described in the Warer Management System
Test Plan, Revision 0 (Starr and Mecham 1994). Deviations from the procedures described in the
test plan include the following: (1) in some instances, the system operation data were collected
less frequently than the four-times-per-day frequency specified, and (2) the basin water level was
not maintained at a constant elevation as specified in the test plan, but was varied by alternately
filling the basin and allowing it to partially drain. Deviation 1 did not adversely affect the
interpretation of the expenmental results. Deviation 2 was necessary to coliect the required data
at the infiltration rates that occurred in the experiment. The original operating plan was to fill
the infiltration basin by diverting all water from the production well into it, and then to reduce
the inflow rate to maintain a constant water level in the basin, The infiltration rate would be
calculated from the discharge rate of water necessary to maintain a constant water ievel. This
approach was attempted between July 28 and 29, but was found to be unsuccessful. The inflow
rate necessary to maintain a constant water level was below the flowrate that could be accurately
measured by the flow meters in the size of pipe used. A cyclic operating program was adopted
instead, in which all water from the production well was discharged to the basin without diversion
to the Spreading Area, to raise the water level 10 approximately 4.2 ft. When the basin level of
4.2 ft was reached, all pumped water was then diverted to Spreading Arez A, and the water jevel
in the infiltration basin was allowed to fall to approximately 3.9 ft. When the water level fell to
3.9 ft, the cycle was repeated. This cycle of filling and draining was continued on a daily basis for
most of the duration of the experiment. Infiltration rates were determined from the rate of water
level decline while no water was being discharged into the basin, ie., from the falling Iimbs of the
pasin hydrograph.

The hydrograph of water level in the infiliration basin is shown in Figure 3. It includes
approximately 7,000 measurements of basin stage made by the pressure transducer-data logger
system, and 14 manual observations that cover the periods in which the water level in the basin
was below the height of the pressure transducer. Two exceptions to the daily cyclic pattern can
be seen on the hydrograph. First, the basin was drained after the tracers were added on July 31,
1994, This was done so that the tracer concentration would be approximately constant ang a
pulse tracer input would be accomplished, as opposed to a decaying tracer conceniration that
would result if the water level had been maintained with the resulting dilution of tracer, The
second exception occurred after the pump in the production well was shut off on August 31, 1994,
after which the basin water level declined.

The basin stage shown on Figure 3 is referenced to the staff gauge in the infiltration basin
The zere point on the staff gauge is 1.34 ft above the lowest point in the basin, which was used as
the elevation datum for the calculations described in Appendix D.

Water management system operating parameters were recorded periodically in the field
lngbook and transeribed into a tabular form (Appendix B}, To briefly summarize, water pumped
from the production well was discharged to either the infiltration basin or to Spreading Area A,
depending on the requirements of the infiltration experiment. Typically, either all water was
discharged into the infiltration basin by opening BF-1 and closing BF-2, or sl water was
discharged into Spreading Area A by opening valve BF-2 and closing BF-1 and/or BF-3,
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Figure 3. Infiltration basin hydrograph.

Three occurrences recorded in the field notes warrant elaboration. First, the totalizer in Flow
Meter 2 failed and did not advance after July 28, 1994, although the instantancous fowrale
indicator appeared to function correctly. The dispiay unit of Flow Meter 2 was removed on
August 8, 1994 and replaced on August 16, 1994. The failure of Flow Meter 2 does not
compromise the test because Flow Meter 3 worked properly and measured the discharge through
the same leg of the pipeline, with Flow Meter 2 at the upstream of the pipeline and Flow

Meter 3 at the downstream end. Second, the sensor of Flow Meter 3 was instalied after
discharging 100,000 gal (measured with Flow Meter 1) into the pipeline to flusk out debris that
entered the pipeline during construction. Of this 100,000 gal, 60,000 gal were reguired to fill the
pipeline and the remaining 40,000 gal were discharged into the basin. Therefore, the cumulative
volume of water discharged into the infiltration basin is 40,000 gal greater than the volume
calculated from Flow Meter 3 data. Third, although it was intended that the production well be
pumped continuously, electrical problems caused the pump to stop twice, from 0602 hours to
1502 hours on August 6, 1994, and from 0947 hours to 1847 hours on August 9, 1994, These
shutdowns did not affect the LSIT because they occurred while the basin was being drained after

tracer addition.




3. DISCHARGE CALCULATIONS

This section outlines the methods used for calculating the discharge from the production well,
the discharge into the infiltration basin, and the discharge into Spreading Arca A.

3.1 Discharge from the Production Well

The discharge from the production well was calculated using data from Flow Meters 1 and 3.
Figure 4 shows the observed values of instantaneous flowrate and cumulative discharge measured
by Flow Meter 1. The two data sets are inconsistent in that the measured cumulative volume
pumped {124,920,006 gal} is substantially lower than the cumulative volume estimated by
integrating the instantaneous flowrate values, To estimate the volume pumped from the
instantaneous flowrate data, the average flowrate was assumed to be 3,000 gpm. The product of
3,000 gpm and a pumping time of 35.5375 days {duration of the pumping test minus the pump
down-time) yields a pumped volume of 153,522,000 gal. The measured value is B1% of this
estimated value, which supgests that either the cumulative voiume or the instantancous fiowrate
data s incorrect. The instantaneous flowrate data are thought to be correct and the cumulative
discharge data incorrect based on three lines of evidence. First, the instantaneous flowrate
readings from Flow Meters 1, 2, and 3 are consistent, and both the instantaneous flowrate data
and the cumulative discharge volume from Flow Meter 3 are consistent. Second, the cumulative
flow indicator of Flow Meter 2 failed to advance although the flowrate indicator appeared to
function properly, which is the same failure mode hypothesized for Flow Meter 1, except that
Meter 1 appeared to experience an intermittent failure, Third, cumulative flow data from Flow
Meter 1 during August 17-19, 1994, clearly show alternating periods in which the cumulative
volume display increased and failed to increase, even though the discharge through the pipeline
during this interval is thought to have been constant (Figure 5).

Since the instantaneous flowrate data are though to be correct, the cumulative discharge
through Flow Meter 1 was determined by integrating the instantancous flowrate readings.
Unfortunately, the instantaneous flowrate indicator failed on August 25, 1994. After this failure,
flowrate data {rom Flow Meter 3 were used to calculate the cumulative discharge through Flow
Meter 1. This approach is valid because the discharge through the pipeline at Flow Meter 1 was
the same as that at Fiow Meter 3 while all water was being discharged into the infiltration basin.
Data from Flow Meter 3 were used as a surrogate for data from Flow Meter 1 only while all
water was being discharged into the basgin, but not while water was being discharged into
Spreading Arca A. The data from Flow Meter 3 were modified to compensate for differences in
calibration between the two flow meters, Based on a comparison of flowrates indicated by Flow
Meters 1 and 3 while all water was being discharged into the infiltration basin, the flowrate
indicated by Flow Meter 3 averaged 1.06 times the flowrate indicated by Flow Meter 1.
Therefore, flowrates at Flow Meter 1 after it failed were estimated as the flowrate indicated by
Flow Meter 3 while all water was discharging into the infiltration basin, divided by 1.06.

The cumulative discharge through Flow Meter 1 was calculated as the product of the time-
weighted average flowrate from the start of the pumping test and elapsed time from the start of
the pumping test. The time-weighted average flowratc was calculated to assist in the pumping
test interpretation. Figure 6 and Table 1 shaow the observed instantanecus flowrates, the time-



weighted average flowrate, and the calculated cumulative discharge. The total volume of water
pumped from the production weill based on this data set is 148.3 million gal.

3.2 Discharge to the Infiltration Basin

The instantaneous and cumulative discharge to the infiltration basin, measured with Flow
Meter 3, are presented in Figure 7 and Table 2. The total volume of water discharged to the
infiltration basin is 38.5 million gal, including the 40,000 gal discharged before Fiow Meter 3 was
installed. Flow Meter 3 did not fail during the experiment, and thercfore the data are thought to
be valid.

3.3 Discharge to Spreading Area A |

The total volume of water discharged into Spreading Area A is the difference between the
volume pumped from the production well (148.3 million gal) and the sum of the volumes needed
to fill the pipeline to the infiltration basin (0.1 million gal) and the volume discharged into the
infiltration basin (38.5 million gal), namely 109.7 million gal. The 0.1 million gal needed to fill the
pipeline between the production well and Spreading Area A were assumexd to have been
discharged to Spreading Area A.
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Figure 4. Flowrate and discharge volume measured with Flow Meter 1.
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Figure 6. Flowrate and discharge volume from the test well.
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Figure 7. Fiowrate and discharge volume into the infiltration basin.
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Teble 1. Flowrate and discharge volume from the production well (Flow Meter 1).

Time-weighted Calcuiated Calculated
Elapsed  Observed average cumulative cemulative
Date Time Serial time time Aowrate ficwrale volume pumped  voiome pumped
(midyy (o) (days) {days) (8pm} (gpe {gai) (M gal)
Q7/25/84 11121 345404729  (.0000 3200 3260 0 6.000
0772584  11:25 345404757  (.0028 3000 310G 12400 0.012
0772504 11:26 345404764 G.0035 200 R 15350 0.015
07/2504 1127 345404771 GO042 3000 3056 18300 0.018
07/25/84 1132 345404806  D.0076 2900 300455 33650 0.033
07/25/44 1135 345404826  0.0097 2000 2082 99 41762 (.042
07/25/84  11:39 345404854 00125 2900 29644 53359 0.053
07/25/%4 1150 343404931 00201 30600 295881 85808 0.086
07/725/4 1203 345405021 Q0292 2800 294075 123512 0.124
07/25/94 12:10 345405069 G O340 AL 2913.82 142777 0.143
0772504 1214 345405097  D.0368 3000 2908.97 154175 0.154
072584 1239 345405271  0.0542 2900 2922.14 227927 0.228
07/25/94 12:50 345405347 00618 3000 292557 260376 B.260
07/25/%4 1254 345405375 00646 3006 2928.79 272377 0.272
07/25/54 13:57 345405813 61083 2900 2937.36 438228 0458
0772504 1422 343405986  ©.1257 2906 293222 530732 0.531
0772584 1447 345406160  §.143) 2900 29283 603230 0.603
07/25/94  2An22 34540.8486 03757 23610 2210.78 1574732 1575
07624 OK13 345410090 05361 3060 292351 2256178 2.256
072684  06:09 345412563  0.7833 200 2931.1% 3306382 3.306
07/26/4  10:51 34541.4521 0572 2000 2024.95 4124179 4.124
07726/84 15:39 345416521 131792 3006 2029 2 4973782 4974
07/26/94  23:41 345419868  1.5139 2900 29318 6395684 6396
072194  06:28 345422694 17965 2906 292848 T5I5978 7576
0727394 L4 345424750 20021 29460 2925.56 B434389 8.434
072194 1545 345426563 21833 3000 2921.59 9204343 9,204
072784 1546 345426569 21840 2R00 292758 9207239 9.207
0727094  18:04 345427528 22709 2800 292221 5593615 9.594
072804 0108 345430472 25743 2900 291396 10802050 10.802
O7725/94 06:00 34543.2500 2.7771 230 2005.63 11619614 11.620
0772804 1330 345435625  3.0896 2700 2884.83 12834609 12.835
07/28/94  18:10 345439560 32840 2800 2B16.85 136604624 13.605
0772604 0025 345440174 3 5444 2900 2874 .88 14673388 14.673
07/2984  08:00 345443333  1.8604 3000 288103 16015646 16.016
07/29/54 12:00 345445000  4.0271 2806 2881 21 16711616 16.712
07/29/84  19:52 345448278 43549 2806 2B75.685 18433201 18.033
0773024 01:01 34545.0424 4.5694 294030 2874.45 18913881 18914
07/30/94 0252 345451194 46465 2600 287239 19219161 19.219
073004 02:54 34545,1208 .64 79 2750 281232 1924438 18,224
073004  03:12  34545.1333 46604 2900 287213 19274864 19.275
07/3004 0630 345452708  4.7979 3000 287436 19858953 19.859
073084 1211 345455076 50347 3000 2880.27 20881958 20,852
0730/04 1840 345457778 53049 2606 2883.82 22029501 22.030
07/430/24 1928 345458111 53382 2906 288392 22168693 22.169
0730/ 1940  MS45.81M 53465 2900 288195 22203531 22.204
073184 0008 345460035 55304 060 2886.14 2I9B5219 22 985
0773184 05:41 34546.2368 . 35,7639 3060 2890.75 23993225 23,993
0773194 1217 343465118  6.038% 2900 2853.45 25161441 25.161
0731/84  17:19 345467215  &6.2486 2900 2893.67 26037243 26.037
08/02%24  01:25 34548.0590 75861 30600 2903.6 31718926 31.719
08/32/94  07:54 345483292  7.8563 RIELE 200692 32885986 32.886
08/02/94  12:20 345485139 80410 2900 2907.91 33670690 33.671
ORU294 21:00 345488750  8.4021 2900 29067.57 35178685 35.179
08/03/24  00:11 345490076  8.5347 2900 2007.45 35732561 35.733
0803494 0500  34549.2081 87354 3006 2908.43 36585141 36.585
08X394 13:58 345495819  9.1080 2508 2910.13 38172175 38.172
08/03/04 19:17 345498025 $.3306 2006 2509.89 39097282 392.097
08/04/m84 0130 345500623 5.58% 2800 2508.27 40160300 40.160
08/04/94 0700 34550.2917 G.8187 2000 200691 41100800 4].101
ORO4M4 1235 345505243  10.05)4 2900 290675 2072300 42.072
08/04/94 19:24 345508083 10,3354 3005 200794 43278871 43.279
080584  00:20  34551.0130 105410 3006 290874 44166943 44,167
080584 0640  3d4551.2778 16.8049 2905 29165.72 45287892 45288
08/05/94 11:44 343514880 110160 2900 2910.52 46169579 46,170
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Table 1. (continued}

Time-weighted Caleniated Caiculated
Hlapsed  Observed Average cumuistive cumulative
Drate Time Serigl time time flowrate fiowrate volume pumped  volume pumped

(m/dfyy  (hm) {days) (Gays) (gpm;} (gpm) {gal) {M pgal)
080594  15:40 345516528 111799 3060 2911.09 46853638 46 866
0805494  20:17 345518451 11372 3000 2126 47696728 47.697
080694  DB:01 345522507 117778 3000 201561 49448746 49.449
08064 D602 345522514 ILTTES ) 2015.52 49450135 49,450
OBOG/AE 11:200 345524720 1199463 0 286187 49450252 49.450
08/06/84 1315 245525521 120792 0 25472 94 49450008 £9.450
OBOG/S4 1502 345526264 121538 3 282556 49450126 49450
08694 1503 345526271 121542 2800 2825.48 49451551 49,452
08/06/94  18:01 345527507 12.2778 2800 282523 49950066 49950
080694 1847 345527826 123097 2700 2325 ﬂa 50076482 50.076
080794 D46 345533653 123924 2900 52425703 52.426
DBYImEe 1200 34553.5007 130278 2500 m 1‘? 52081429 52081
O8AN7/94 1810  34%53,7569  13.2840 2000 2824 57 54033112 54.033
0808045 0045 345540313 135583 2900 2826.19 55178534 55.179
080894  06:55 343542882 138153 2800 282564 56233176 $6.233
080894 0946 345544069 13.9340 2806 282641 56711917 56.712
08/0854 0947 345544076  13.9%47 F 22634 56713338 56.713
080884 1337 345545674 140044 0 104,20 56712910 56,713
0B84  18:47 345547826 14.3007 0 275227 56713276 56,713
(8804 18:48 345547833 143104 2900 2715221 56714791 56.715
050884  21:04 345548778 14.4049 2900 2753.18 57106213 57.109
080954 0030 34355.0208 145479 2004 275462 57706534 57.707
080954 0630 345552708  14.7979 2600 2715708 58750618 58.751
080884 1208 343555056  15.0326 2000 2759.31 59730784 59731
D80Rss 1716 345557194 15.2465 3000 27641.98 H063927F1 64639
08/10/94  D1:30 345560625  15.5896 2900 VI56.12 62056628 62.097
08/10/94 06:21 345562646 157917 2908 276783 62040454 62.940
08/10/94  12:27 345565188 16.0438 2R0G 276914 GAGRIT4S 63.984
08/11/94 0310 34557.1319 166590 30080 217395 66544287 66,544
08/11/94 0714 3453573014 168285 2900 7572 67264023 67.264
08/11/94 1306 345575458 17079 2900 271158 GHIR48I7 68,285
0B/11/M4 1719 3455707215 172486 3000 2779.26 65031260 62,011
08/12/94  00:00 345380000 175271 2806 VIRLIB 73194202 70,194
08/12/9¢ 0320  34558.1389 17.5660 2004 278L12 70764175 70.764
0871294  13:00 345585417 188687 3000 YIR5.47 72475144 72475
08/12/94  18:00 345587500 182711 2008 1787.92 73375266 73375
08/12/54 2340 345589861 185132 2560 278998 T43TB07T7 T4.378
08/1%/04  OT16 345593028 188200 W60 283 T5I004T0 75700
081304 1342 245395708 190879 2060 2763.35 T6R19918 76.820
06/13/94  18:08 345597556 192826 3000 1764 RS THE04600 77,605
08/1494 0100 345600417 195687 2906 2797.12 TRA2044 78.820
08/14/84 07:11 343602993 19.8204 3000 2795.41 79914591 79,9158
0871494 0725 345603090 198361 3000 279923 79956634 19,957
0B/14/84 1208  34560.5056 200126 2000 280069 BOT91504 80,792
08/15/84  05:00 345612083 207354 2760 2860.66 A3624907 £3.62%
0B/15/04  11:59 345614993 210264 3000 2861.35 84819275 84.819
08/15/04  13:10 345615486 21.0757 2900 2801.69 850284%0 83.028
08/1504  13:12 345615500 210771 2900 28017 85034397 85,034
08/15/94  18:23 345617660 21.2931 2900 2802.7 85036387 85936
0B/1584 1824 345617667 212058 2900 2802.7 85939390 85939
08/15/94 2245 345619479  21.4750 2900 2R03.52 RHE960572 £6.696
08/16/2¢  O%:00 345621250 216521 2900 2864.3] 87435581 87436
08/16/94  10:00 345624167 21.9437 2800 2804.97 BRS32657 88.633
08/1684  10:07 345624215 219486 2904 280493 88652618 BR.633
08/16/9¢  11:09 345624646 219917 2000 2805.11 88831213 BR.832
08/16/94  12:14 345625097 220168 2000 280331 K9020002 £9,021
081684 1408 345625889 22,1160 2000 280565 89351536 $9,352
08/16/54  14:10 345625903 221174 2800 280565 89357147 £0.357
08/16/94 i8:11 33562.75T6  22.2847 2704} 280523 U183 1 0,020
08/17/94  0L:20 345630556 225826 2ROG 2804.5 $1199536 G1.200
08/1704 0630 345632708 279N 000 2865.4 92058477 92.098
08/17/94¢  08:53 345633701 228972 2960 2R06.03 92520421 92.520
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Table 1. (continued}

Time-weighted Calouiated Calculated
Elapsed  Observed average cumaiative cumuiative
Date Time  Serial time time fiowrale flowrate volume pemped  volume pumped

_(midy}  {(lum) (days) {days) (8pm; (ﬁ?m} {gat} (M gal)
081784  09:00 345633750 229021 2900 92540723 02541
Q8/17/94 12:20 345635139 230410 300C EIHE Lt 9130700 93,131
08/17/94 15:02 345636264 23.1335 2906 2807 51 93508525 93,609
08/17/94 15108 345636285 231556 2900 280762 93617281 03617
08/17/94 18:16 34561,7611 232882 3006 ZROE .43 B4 180700 94.181
0B/1784 2140 335639028 23.429% 3000 2809.59 94792757 04,703
08/18/54  O(:00 345640000 235271 3000 2831038 95212864 95213
08/i1884 0120  34564.0556 23.5826 259080 2810.71 95443901 95440
08/18/94  06:20 345642639 23,7910 3000 281193 96333910 96334
08/18/54 1207 34364.5049 240319 25900 2813351 97357406 97.357
08/18/94 18:32  34564,7722 242993 2800 2813.72 SB454877 o8.455
08/18/94 18:33 345647729 243000 3000 W_13.72 SR45769) 98,458
08/19/94 0045 34565.0313 245383 2900 281515 99554965 09.555
08/19/94  06:35 345652743 248014 2800 281549 106352410 100.552
08/1954 13:15  34565.5521 250192 310G 281698 101732416 101.732
0871954 1913 343658007 253278 2800 2513.29 102788673 HWLTRY
0820594 0500  34566.2083  25.7354 3000 281958 104490815 104,491
08/20/94 13 1) JIH.5486  26.0757 ZHN3 252129 1656365618 105,937
08/2004  15:00  34566.6250 26.1521 00 2821.66 106260894 106.261
08/20/94 1805 33566.7535  26.2806 2900 B2LZH 106806743 1066.807
082184 0530 345672292 26,7562 2900 282367 108703181 168.793
082184 0900 345673750 269C11 2900 282409 109452423 109.402
08/21/94 1212 345675083 27.0354 300} 2824.71 109968785 109969
08721/94 16:58 34567.7069 27.234D 3006 2BIS G8 110826458 110826
082154 17:00 345677083  27.2354 2900 282599 110832502 F10.833
08/21/94 20:27 345678521 273792 00K 182664 111443100 113,443
082194 2030 345678542 27.3812 2960 2826.65 111451983 111.452
08/22/94 00:30 345680208 275479 2860 282679 112135933 1312.136
08/2294 D600 345682500 277171 2900 2826.98 113078373 113076
0822094  10:20 345684306 2793576 3000 2827.78 113843595 113,844
082254  10:35 340684410  27.9681 3000 2827.84 113888428 113 888
082224 1232 34568.5222  28.0493 2500 28282 114233826 114234
08/22/94  15:30 4568.6458 28.1729 2900 282851 114740822 114,750
08/22/94 15:33 245686479 281750 2000 282852 114758713 114.759
(872294 18:11 34568.7576 2B.2847 2900 2828.79 115216617 115.217
082394 0000 345650000 285271 30060 282982 1162456176 116246
0872304 0921 34569.3896 289167 2906 2811.44 117931162 117501
082384 6933 343693979 259250 2508 263146 117935972 117,936
0823504  11:54 345694958 29.0229 3000 2831.86 11835319258 1i8.352
082354 1639 355696938 292208 2900 2RI266 119192667 119,193
08/23/94 1641 245696951 W22 2500 2832.67 119198754 119.199
08/24/94 D024 345700167 295438 30G0 283394 120564309 120.564
0824/94  10:23 34570.4326 299597 3000 2836.25 122361497 122361
082484 1212 345705083  30.0354 2900 2830.534 122683192 122683
082404 1215 345°M.5104 300375 2906 2836.54 122691761 122.692
082494  17:58 3457070486 302757 2900 2R17.04 123686433 123.686
0872404 1821 34570.7646 30,2917 2906 2837457 123752993 123.753
08/25/84 0108  34571.0472 30353743 2600 283627 124872459 124872
082554  (4:40 345711944 307218 2660 2835.14 125423758 125.424
19:07 345727965 313236 2830 2825.18 131687612 131.687

0827/04 1332 345735639 336510 2830 28292 134814209 134.814
08/27/54 18 34573.8021 333292 2925 282955 1325801423 135.801
082994  11:55 345754965 35.0236 2925 2834.16 142938025 142938
083094 1139 345764854 360125 2925 2836.06 147103514 147.104
083054 2 13:06 345765458 360729 2925 283681 147358095 147358
0873025  16:04 345766694  36.1965 2925 2837.11 147878685 147879
oBA0N4 1814 34576.7604 362875 2925 2837.33 148261774 148.262
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Table 2, Flowrate and discharge into the infiliration basin {Totalizer 3).

didn

o Elapsed Observed Observed flow tolal
Date Time Serial time time flow rate

(mAdjy)  (hem) (days) (days) (100 gpm)  {(gpm)  (10% gap) (10° gal)
0772504 12:53 34540 5368 0.06 0 0 5 0.05
012584 12:54 345405375 0,06 ) 3000 5 .65
07/25/94 15:12 A4540.6333 0.16 31 3100 48 048
07125094 19:35 3434{.8021 0.33 31 3100 124 1.24
OIA5/94 20:10 34540,8403 0,37 30 3000 143 141
07725/94 21:10 145408819 (.41 31 3106 159 1.59
07726/94 O0r45 34541.0313 0.56 31 3100 225 225
07726/94 D6:24 34541.2667 0.7% 32 3200 133 331
07726104 131 34541.4521 0.98 31 3100 418 4.18
07726/94 15:39 34541.652] 1.18 32 3200 514 5.14
orLiNg O0:05 34542.0035 1.53 a0 3060 660 6.6
0727194 £06: 46 345422819 1.81 31 31060 T8RS 1.85
07121194 11:42 345424875 2.0 3] 3100 878 8,78
097/27/194 1804 345427528 2.28 0 1] 953 933
0772894 §1:08 34543.0472 257 0 ] 953 9.53
072804 0623 34543.2660 2.79 G o00 968 .68
07/28/94 13:37 25435674 309 10 1000 1612 1012
072894 18:25 34541.7674 3.29 10 1000 1041 1041
07/29/94 D040 34544.0278 355 0 0 1672 1072
0729494 G850 34544.3542 3.88 0 1] 1084 184
0772904 12:20 34544 5139 4014 0 0 1084 10,84
07/29/94 203 34544 8354 4.34 4 O 1108 11.08
07/30/94 G1:01 345450424 4,57 4 00 1135 11,35
0773094 02-52 34545.11%4 4.65 5 500 1144 11.44
073024 02:54 34545 1208 4.65 6 600 1144 11.44
0730/04 £3:12 34545.1333 4.66 0 0 1144 11.44
a7/30/94 6630 34545.2708 4,80 0 0 1144 11.44
O7730/594 1222 345455153 5.04 0 1) 1144 1144
O7/730/94 18:57 345457596 5.32 3z 3200 1225 12.25
07/30/94 128 345458111 5.34 32 3200 1235 1235
073004 19:40 345458194 5.35 0 i) 1230 12.30
0773194 0005 34546.0035 5.53 0 0 1230 12,30
0773194 05-41 34546, 2968 5.76 0 0 1139 1239
07731/94 12:28 34546.5194 6.05 31 3100 {no data entry)
97/3194 17:35 34546, 7326 6.26 0 0 1337 13.37
O8X2/04 g1:12 14548 0500 TAE 0 it 1337 1337
050294 2108 345488750 £.44) 0 { 1331 1337
08/03 /04 13 345400076 K53 4 g 1337 13,37
080354 05:00 3454920483 874 0 b 1337 13.37
080394 13:58 34549.59819 911 ( i 1337 13.37
0803094 =17 345498035 933 0 0 1337 1337
080404 1235 34550.5243 10.05 0 ] 1337 13.37
08/04,/94 19:24 345508083 10.34 0 £ 1337 13,37
080554 00;20 345510139 10.54 0 0 1337 13,37
08/05/94 0640 145512778 10.80 0 ] 1337 13.47
(80594 11:44 34551.4889 11.02 0 ) 1337 1337
0R/05/94 1540 34551.6528 11.18 0 0 1337 13.37
080554 20:17 34551.8451 11.37 0 o 1337 13.37
08/06/54 1120 345524722 12.00 0 0 1337 13.37
08/06/94 13:15 34552551 12.08 0 0 1337 13.37
08/06/94 1801 345527507 12.28 0 0 1337 13,37
D8/06/94 18:47 34552. 7826 12.3} 0 0 1337 13.37
080794 0846 34553.3653 12.8% 1] { 1337 13.37
OB/ /54 12:01 34553.5007 13.03 0 ] 1337 13.37
8707/94 i810 34553.7569 13.28 0 H 1337 13,37
080894 Xr45 345540313 13.56 F 0 1337 13.37
QB804 06:55 345542882 13.82 0 0 1337 13.37
080894 13:37 34554 5674 i4.09 0 0 1337 13.37
08/08/94 2104 34554.8778 14.40 0 O 1337 13.37
GR09/94 0638 345550208 14.55 0 Lt 1337 13.37
08,/09/94 6:30 145552708 14,80 ) 0 1337 1337
OB 12:08 14555.5056 153.03 0 0 1337 1337
08/09/94 17:16 45557194 15.25 0 0 1337 13.37
08/10/94 B1:30 34556.0625 15.59 0 0 1337 13.37
08/10/54 D621 34556.2646 15.79 0 ) 1337 1337
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Table 2. (continued)

- Elapsed Observed Observed flow total
Date Time Sernal tine time flow rate

(midy) () (days) (days) (100 gom)  (gpm)  (10% gai) (10° gal)
08/10/94 12:27 34556.5188 16.05 0 0 1337 1337
08/10/94 2334 34556.9792 16.51 1y W 1337 13.37
08/11/04 03:10 345571319 16.66 0 0 1337 1137
08/11/594 07:14 45573014 16.83 0 0 1337 13.37
08/11/94 13:19 34557.5549 17.08 30 3000 1342 11.42

08/1194 1719 34557.7218 17.25 32 3206 1426 14.2
08/1294 00:00 345580000 17.53 31 3100 1544 15.44
8/12/94 01:00 345580417 17.57 P 26900 1567 15.67
ﬂaﬂm 03:20 34558.1389 17.67 3i 3100 1603 16.03
1310 34538.5486 18.08 1] 3100 1783 17.83
nanzm 18:26 345587681 18.30 30 3000 1881 18.81
08/12/94 23:40 3455898561 18.51 31 3100 1984 19.84
08/13/94 a7 10 345592086 18.83 11 3100 2118 21.18
(8/13/94 1329 343595618 19.09 29 2904 2233 22.33
08/13/94 18:08 14559.7556 19.28 0 0 2242 2242
08/14/94 £1:09 34560.0479 19.58 0 0 2242 22.42
08/1404 4705 345602951 19.82 0 0 2242 22.42
OR/14/94 0730 345603125 19.84 22 2200 2245 22 4%
08/14/94 11:57 34560.4979 20,03 22 22640) 2303 2303
(8/15/04 11:59 34561.4993 2107 { 1] 2358 23,58
G8/15/94 13:10 34561.5486 21.08 0 0 2358 2358

08/15/94 13:20 14561.5556 21.0% 3] 3100 2360 23.6
08/15/94 823 34561.7660 21.29 31 3100 2455 24.55
08/15/94 18:24 145617667 21.29 { 0 2455 24.55
0871504 22:45 345618479 21.47 0 0 2454 24.54
08/16/94 03:00 345621250 21.65 0 0 2434 24.54
08/16/94 10:00 345624167 21.94 0 0 2454 24.54
08/16/94 10:24 345624333 21.96 31 3100 2459 24.59
08/16/94 12:19 34562.5132 22.04 30 3000 2495 2495
O8/16/94 14:03 34562.5854 2211 31 3100 2527 2527
08/16/94 14:10 345625903 2212 0 0 2529 25.29
08/16/94 1811 34562.7576 2228 0 ] 2520 25.2¢
08/17/94 01:20 34563.0556 22.58 0 0 252G 25.2%
08/17/94 06:30 345632708 22.80 0 0 2529 25.29
08/17/94 08:53 34563.3701 22.90 0 0 2529 25,29
08117194 09:13 34563.3840 22.91 30 30040 25313 25.33
08/17/94 12:30 4563.5208 23.05 31 IHN 2353 2593
BR/17/94 15:02 34563.6264 23.15 31 3100 2538 2538
BR/17/94 18:16 34563.7611 23.29 0 0 2641 26.41
08/17/94 21:40 14563.9028 23.43 33 2300 2641 26.41
08/18/94 00:00 145630000 2353 31 3100 2684 26.84
08/18/04 oL 345640558 23.58 0 0 2709 27.09
(8/18/94 06:20 34564 2639 23.79 0 0 27609 2709
08/18/94 12:07 14564.5049 24.03 0 0 2769 2709
08/18/94 18:25 34564,7674 24,29 1] { 219 27.09
G8/18/94 18:39 34564.7771 2430 10 3000 2711 27.11
08/19/94 00:45 34565.0313 24.56 0 1 2827 8,27
08/19/94 0635 34565.2743 24.80 0 0 2827 2827
(8/19/94 1215 34565.5521 25.08 0 o 2827 2827
08/19/94 19-13 34565.8007 25.33 0 0 2827 28.27
0872094 03:00 345662083 25.74 0 0 2827 28.271
0872094 1316 34566.5486 26.08 31 3500 2576 29.76
08720194 18:05 345667535 26,28 0 0 011 30.11
08/21/94 0530 34567.2202 26.76 ] ] 3011 30.11
082194 09-00 14567.3750 26.90 30 3000 3011 10.11
(8/21/94 1212 34567.5083 2104 0 0 3031 30.11
0R21/94 16:58 14567.70669 27123 0 0 3011 30,11
08/21/94 it 34567.7160 27.24 3l 3100 3015 30.15
08/21/04 222 34567 8436 2138 kil 3300 074 3074
0B/21/94 20:30 4567.8542 2138 0 & 3076 30,76
06/22/94 00:30 14568.0208 27.55 0 ¢ 3076 .76
08/2254 (600 34568.2500 27,78 0 { T 30,76
OR/22/94 10:20 14568, 4306 27.96 0 0 76 30.76
08/22/94 1635 14568.4410 2797 31 3100 3078 30.78
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Table 2. (continued)

Elapsed Observed Observed flow tomal
Daie Time Serial time uﬁﬁ flow tate g T
o (idky () (day) (Oays)  (100gpmy  (gpm)  (10%ge  10fgany

082254 12:12 34568.5083 28.04 31 100 3110 3i.1
OB22/54 15:19 34568.6382 28.17 31 3100 3165 31.65
08/2254 15:33 34568.6479 28.18 1] 0 3167 3L67
082254 18:11 34568.7576 28 .28 O 0 3167 31.67
082394  00:00 34569.0000 2853 0 0 3167 31.67
Q823494 09:21 A4569.3806 2892 0 ]} 3167 11.67
0823794 09:33 345603975 28,03 kY 3100 3169 31.69
082304 11:42 14569 4875 2801 31 3100 3208 32.08
082354 16:20 345606868 29.21 31 3100 3297 1297
D8/237/54 16:41 3H569.6951 290 0 0 32990 3299
08,/24,94 00:24 HM5N.0167 20.54 0 0 3200 3299
08/244 10: 15 45704271 2995 0 0 3799 3259
{(35/24/04 1212 457,508 20.04 0 0 1200 22,040
D8/24/94 12:38 A4570.5264 20.05 i1 3100 3306 33.06
082404 1B:11 34570.7576 028 30 3000 409 34.09
08/24/94 18:20 24570.7630 ap2e O 0 411 34.11
0872554  01:08 34571.0472 30,57 0 0 34}1 34.11
OR725/94 04:40 345711944 30.72 0 0 3411 34.11
0B/25/04 0904 2457137718 30.50 D ] 3411 34.11
(8/25/594 12:36 34571.5250 31035 0 4} 3411 34.11
08,2694 19:07 A45T2. TGS 32.32 30 3000 3441 3441
08727504 13:32 34573.563% 13,09 30 3000 1443 1443
082758 19:15 34573.802 1 33.33 31 3105 1506 315,06
0872854 01:58 24574.0816 33.61 & ¢ 1504 35.04
0B28/54 07:30 345743125 3384 0 0 2510 35.1
08/20/04 08:00 345753333 34,86 0 0 3635 3635
0B/29/04 11:55 345754965 3502 31 310¢x 3707 A0
OR/30/04 11:39 14576 45854 36.01 31 3100 3780 178
083054 13:06 34576.5458 36.07 31 3100 3805 B80S
0830594 13:16 34576.5528 3508 Q Q0 3807 a8.07
083024 15:38 345766514 3618 0 0O 3807 AR.07
0830/94 16:04 34576.6604 356,20 31 2100 2812 38.12
08/30/594 18:15 245767604 16.29 0 0 854 18.54
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4. INFILTRATION RATE ESTIMATES

This section outlines the methods used for calculating infiltration rates from the infiltration
basin. Infiltration rates were calculated from the basin hydrograph, evaporation rates, and
precipitation amounts. Figure 8 shows the infiltration basin hydrograph with each falling limb
labeled. The rising limbs of the hydrograph represent periods when water was being discharged
into the basin, and the falling limbs represent periods when water was not being discharged into
the basin. The exception to this is Falling Limb 2, when water was being discharged into the
basin at a low rate.

Infiltration rates were determined using different methods for the falling limbs and rising
limbs. For the falling limbs, the volume balance approach was used, and calculated infiltration
rates are referred to as 'measured’ rates. Falling Limb 2 was excluded from this analysis because
the discharge into the basin was not zero and was not properly recorded. For the rising limbs and
Falling Limb 2, the infiltration rates were estimated from the relationship between stage and
infiltration rate observed for the falling limbs, and are referred to as 'estimated’ rates. “This
approach was used instead of the volume balance approach to avoid errors due to inaccuracies in
the measured volume of water discharged into the basin and because, in some instances, the
observations of Flow Meter 3 needed for volume balance calculations were not made at the
appropriate times,
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Figure 8. Hydrograph failing limbs.

17



4.1 Approach and Governing Equations

The volume balance equation states that the change in the volume of water in the basin
during a period of time 1, -> 1, is equal to the sum of the volumes added (o the basin (discharge
from the pipeline and precipitation) minus the sum of the volumes removed from the basin
{infiltration and evaporation) during t; -> t,. If all components of this expression except the
infiltration volume are known, then it can be solved for the infiltration volume. The equations
used for calculating infiltration rates for the falling limbs are deveioped below.

AVpuo bty = VBaint vm:l (1)

where

AV oy change in the volume of water in the basin during time interval t; ~ ¢,

Vot 4 = volume of water in the basin at time i
8Vgm ., = E Inputs - ¥ Outputs @
ﬁ'v“ bty * {ﬂvnheh ety * ‘ﬁ‘vl'mip t;--t') - (”ivlm: =Y * Avﬁﬂp t,-t._.) (3)
where
AVpes ik, ™ volume of water discharged from the pipeline into the basin during time
interval £y - ¢,
AV o i, = volume of water that entered the basin via precipitation during time interval
w B
AVigi o, = volume of water that infiltrated from the basin during time interval t; - ¢

AVipp1w, = Vvolume of water that evaporated from the basin during time interval t; = ¢,

Solving for AV, 4

Yoy
AV, * ™ AVouintt, * 8 Voimaion * A Viragr o = AVppi, - 4)
Substituting Equation (1),
Vi, Vouiar, ™ Vowiny * 4 Vniso * 8 Veesps oy = 8 Vemey -y, )
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The infiltration rate is calculated as the infiltration volume divided by the Jength of the time
interval.

AVim
» 44 6
Rw Yy ;2 L% tl { }
where

Rioth 1,1, = infiltration rate during time interval t, - €,

The infiltration flux, ie., the volume of water that infiltrated per unit area per unit time, is the
mfiltration raie divided by the wetted area of the basin, which 5 taken to be the same as the
surface area of the basin.

AV g,
o (8
o L~y
A
_ Rm:rt_, (9)
5 A

where A is the surface area of the basin.

The following section describes how the parameters vsed in the infiltration rate calculations
were determined.

4.2 Data Sources

The water ievel, or stage, in the infiltration basin is the primary data source for this
calculation. Stage was measured using an In-Situ Hermit pressure transducer/data logger system,
complemented by manual observations of a staff gauge when the water level was below the
pressure transducer. Figure 9 shows the excellent agreement between the pressure transducer
measurements and the mapual observations, indicating that it is appropriate to combine these two
data sets. A regression line was fit through each falling limb, with the exception of Limbs 2, 5,
and 24, and the maximum and minimum stage for each limb was estimated using these regression
lines. Falling Limb 2 was not analyzed because some water was discharged to the basin during
this time. Falling Limb 5 encompasses the period while the basin was draining after tracer
addition, and inctudes both data collected by the data logger system while the water level was
above the pressure transducer and manual staff gauge observations after the water jevel fell below
the transducer. The portion of Limb 5 that includes the pressure transducer readings was divided
into four equal parts, and each part was analyzed as a separate limb. The portion of Limb § that
includes the manual staff gauge observations was analyzed as a fifth separate limb. Falling
Limb 24 encompasses the period in which the basin was draining after the pump was shut off at
the end of the aquifer test. It was divided into four equal parts and each part was treated as a
separate limb.
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Figure 8. Data logger and manual observations of stage.

Appendix C includes a summary of the regression calculations and the estimated stage for
each limb. The R? values for the regressions ranged from 0.992 to 0.999. (An RZ value of 1
indicates that the regression line accounts for ali of the variation in the data, and a value of 0
indicates that the regression line does not account for any of the variation in the data,) Hence,
the observed R* values show that the regression lines are almost perfect fits to the data,

The volume of water in the basin as a function of stage was used in the volume balance
calculations, and the surface area of water in the basin as a function of stage was used to calculate
precipitation and evaporation volumes from measured precipitation amounts and evaporation
rates, and to caiculate infiltration fluxes from infiltration rates. Both the volume-stage and
surface-area-stage relationships were determined from an elevation survey conducted after the
infiltration basin was constructed. The calculations of the basin volume-stage and area-stage
relationships are documented in Appendix ID. Linear interpolation was used to determine values
between the values tabulated in Appendix D.

A meteorological station was established at the infiltration basin by the National Oceanic and
Atmospheric Administration (NOAA) to coliect data that would allow precipitation amounts and
cvaporation rates to be determined. Appendix E contains a report from NOAA that documents
the daily precipitation amounts and 5-day average evaporation rates at the infiitration basin. For
cases in which a falling limb fell across the boundary between two 5-day evaporation rate values, a
time-weighted average was used as the evaporation rate for that limb. The volume [L?] of water
that evaporated during a falling limb period was calcuiated as the product of the evaporation rate
[L T}, average surface area [L%), and duration of the falling limb [T] (the dimensions of the
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parameter are shown in [brackets]). The average surface area was calculated as the arithmetic
mean of the surface areas at the maximum and minimum stages for the falling limb. The volume

[L* of precipitation was calculated as the product of the precipitation amount [L] and average
surface area [L*]. The volumes of water that evaporated and precipitated are used in the volume
balance calculations.

4.3 Calculations and Resulis

The infiltration rate was calculated using the equations developed in Section 4.1. The
calculations are documented in the spreadsheet in Appendix F. In addition, Appendix F includes
the volume of water that evaporated from the basin during the falling limbs, which is needed for
the water balance calculations.

The measured infiltration rates are illustrated in Figure 10. The horizontal lines indicate the
duration of the falling limb for which the infiltration rate was measured. The first notable feature
is that the measured infiltration rate was smalier the first time the basin was filled (Falling
Limbs 1 and 3-5e) than the second time (Falling Limbs 6-24d). A statistical t-test shows that the
mean of the early data is less than the mean of the later data (P>0.99). The least conductive
layer in this system is the surficial soil, and the increase in infiltration rate over time indicates that
the hydraulic conductivity of the soil increased over time. Although the reason for this has pot
been determined, several explanations can be postulated. First, characteristic curves (water
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Figure 10. Measured infittration rates.
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content--matric potential) for soils are hysteretic, and it is likely that the so0il attained a higher
water content the second time the basin was filled (August 11) than it did the first time it was
filled (July 26). Hydraulic conductivity is a function of water content, with larger values at higher
water contents; therefore, the soil would have been more conductive if the water content was
larger because more air was displaced from soil pores the second time the basin was fifled.
Second, air entrained in the pores could have dissolved over time with a corresponding increase in
water content and hydraulic conductivity. Third, the structure of the soil may have changed due
to carbonate dissolution or decreases in the volume of clay minerals after exposure to water with
a chemical composition different from what it had been exposed to previously, Although the data
necessary to rigorousiy evaluate these alternatives are not available, the concentrations of total
dissolved solids (TDSs) measured in water sampies {rom lysimeters below the basin were
substantially greater than concentrations in samples from the basin, indicating that mineral
dissolution occurred in the subsurface hetween the basin and the lysimeters. Although this does
not prove that dissolution of minerals in soil cccurred, it is consistent with it. This does not
indicate that the other mechanisms did not occur too.

Figure 11 shows that the measured infiftration rates mimic the basin hydrograph, implying that
infiltration rate is a function of basin stage. Figures 12 and 13 show regressions of infiltration
rate against basin stage for the early (before Falling Limb 5) and late {(after Falling Limb 5)
measurements, The regressions have R? values of 0.75 and 0.70, demonstrating the strong
dependence of infiliration rate on stage. The infiltration rate calculated for Falling Limb 23
appears 10 be an outlier, resulting from the very short duration of the limb,

Infiitration occurred during the rising limbs of the hydrograph as weil as during the falling
hmbs. Infiitration rates were estimated for the rising limbs and Falling Limb 2 using the
regression lines presented in Figures 12 and 13 and the average of the minimum and maximum
stage for each limb. The rising limbs while the basin was initially filled and the rising limb that
followed the drainage after tracer addition were both divided into four equal parts for this
calculation. The early data regression {Figure 12} was used to estimate infiltration rates before
Falling Limb 5, and the late data regression (Figure 13) was used to estimate rates after Limb 5.
The infiltration rate estimates are documented in Appendix G. In addition, Appendix G includes
the volume of water that evaporated from the basin during the rising limbs, which is needed for
water volume balance calculations. The measured (falling limb) and estimated (rising iimb)
infiltration rates are shown in Figure 14 and Table 3. Figure 15 shows the time-weighted average
infiltration rate determined from the measured and estimated values through the end of the
pressure transducer data set on September 8, 1994. The time-weighted average infiltration rate
for the entire experiment was calculated from Table 3 to be 528 gpm.

Infiltration flux values calculated by dividing the infiltration rates by the basin surface ares are
tabulated in Appendix H. Figure 16 shows the variations in infiltration {lux throughout the
duration of the LSIT, and the time-weighted average flux. Iafiltration flux values ranged from
1.42 x 167 to 2.35 x 107 gpm/ft?, and the time-weighted average flux for the entire experiment
was 1.99 x 107 gpm/it’.

These infiltration rate and fiux values can be used as input parameters for simulating flow and

transport in this experiment as well as for predictive flow and transport modeling in similar
environments.
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Figure 11. Measured infiltration rates and basin hydrograph.
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Figure 12. Infiliration rate—stage regression: early data.
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Table 3. Measured and estimated infiltration rates,

Deita  Measured Infil-  Estimated Infil.  Productof  Sum of rate  Sum of Average = sum

Line Date Time  Serial time  time tration rate tration rate  rate deita T delta T gelta T (gpm*days)/ sum {days)

Segmeat  (mAdfy)}  (hom) (days) (days) _(gpm) (gpm) (gpm®days)  (gpm°®days)  [days) (gpm)

0-1a 07/25/94 213 3454084 2 0452 365 165 165 ¢.452 365

nsing 07/26/94 0703  34541.29

o-1b 07/26/94 0704 3454129 0394 411 i62 326 0.845 386

rising 072694 1631 3454169

0-1c 0726/4 1820 3454176 0434 456 198 524 1.279 410

rising 0772794 0445 354220

0-1d Ot M50 34542.20 0.451 498 yAn] 749 1.73% 433

rising ON2ims 1540 34542.65

i 07/27/94 1545 3454266  0.469 482 226 975 2199 443
07/28/94  03:00 34543.13

-2 0772804 9305 34543.13 1.631 520 536 1511 3231 468

rising 0772984 0350  34544.16

2 07/29/94  03:55 34544.16 1.61% 323 324 1831 3842 477

Eafting 07729594 iR:35 34544.77

23 07/20/94  18:40 3454478 0347 525 182 2013 4.189 481

tising 073084 0300 3454513

3 07304 0305 34545.13 0.469 486 228 2241 £.658 481
01304 1420 3454560

3-4 0773094 1425 34545.60 0.215 528 134 2354 4873 483

rising 073094 1935 3454582

4 07730/94 1940 34545.82 0.601 510 106 2561 5474 4£6
07/317/94 1605 34546.42

4-5 073184 K13 34546.43 0222 535 it9 2780 3.696 488

rising 07/31/94 1535 34546.65

5a 07731794 15:40 34546.65 2188 537 1174 3954 7.883 S02
0802/94 k10 3454884

St 08/02/9¢ 2010 3454884 2188 546 1194 5149 0871 51t
0805/94  O0:40  34551.03

5¢ 08/05/54 040 3455103 2 2188 476 1042 6190 12259 505
080704 051D 3455322

5d 0807/94 0510 3455322 2188 374 BIR 08 14.4346 485
080994 0941 34555.40

5¢ 080904 1202 3435550 2047 297 607 7615 16.493 462
08114 1300 34557.55

5-6a 08/11/94 1721  3557.72 0326 349 114 7129 16.819 460

rising 08/1294  ¢L:11 34558.05



Table 3. (continued).

b b

Deita  Measured [nfl-  Estimated Infil-  Productof Sumofrate  Sumof  Average = sum

Line Date Tirne  Serial time  time tration rate wation rate  rate deita T delta T delia T (gpm*days) sum (days)

Segment  (mAly) _(bm)  (days)  (days) (gpm) {gpm) (gpra’day) (gpm7days) = {days)

S-6b 08/1294  §1:26 34558.06 0560 426 213 7942 17319 459

rising 081204 1326 3455856 .

5-6¢ 08124 13:41 3455857 G490 310 250 8192 17.809 460

rising 08/13/94  OL:26 24559.06

5-0d 08/1354  0L4l 34555.07 D510 558 390 8492 18319 464

Tisinig 0871344 1356 34559.58

& 08/13/84  H:11 3455959 0.708 601 426 8917 19428 469
08714/ OT:11 3456030

6-7 08/14/94 726 34560.31 0346 614 212 9130 9313 4N

rising 0871494  15:44 3456066

7 08/14/94 15:59 34564167 G865 614 530 660 20238 aT?
08/15/04 IZ 34561.53

78 08/1524  13:29 34561.56 0.198 612 121 9781 20.436 479

tising 08/15/94 1814 34561.76

3 0B/15/4 1829 34561.77 {1646 644 416 10197 21.082 484
08/16/4 0959 34562.42

89 D8/16/%4 10k 14 14562.43 {156 610 95 10293 21.238 485

Hsing 0816/ 13:59 34562.58

g 08/16/9¢  14:4 3456259 6.781 648 506 10799 22019 490
0871704 0859 3456337

9-10 08/17/94  09:14 34563.38 0.229 607 139 10938 22.248 452

rising 08/17/84  14:44 34563.61

10 08/17/4 1459 34563.62 (281 646 183 11120 22,530 494
08/1794  3hd4 34563.91

10-11 o8/1784 2059 34563.92 3,135 624 B4 11204 22665 494

ising 0B/1894  0i:34 3456405

il 08/18/94  01:29 34564.06 0.658 631 4490 11644 23.363 498
08/18594 1814 34564.76

13-12 08/1894  18:29 34564.77 0.260 621 162 11806 23.623 500

rising 08/19/94 0044 34565.03

|34 08/19/54 D639 34565.04 1.167 620 T8 12529 24.790 503
0872094  B4:59 34566.21

12-13 082004  05:14 3456622 1.406 620 252 12781 25,196 507
rising 082084  14:59 34566.62 ;g
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Tabie 3. (continued).

Delta  Measured Infil-  Estimated Infil-  Productof Sum ofraie  Sum of Average = sum

Line Date Time Serialtime  time teation rate tration rate rate deita T defta T detta T  (gpm*days)/ sum (days)
Segment  (miy) (wm)  (dsys)  (days)  (gpm) (m) __ (gpmdays)  (gom*days) (duys)
13 08/20/94  15:14 3436663 1.073 657 105 13485 26.269 513
C 082104 1659 345677
13-14 082194 1714 3456772 0135 615 83 13568 26,405 514
rising 0821094 2029 3567385
14 0872194 20044 3456785 0573 632 362 13930 26978 516
02/04 R29 356844
14-15 08/2294 1044 3456845 0198 613 121 14052 27.176 51
rising 08/22/04  15:29 3456865
15 O8/22/04  15:44 3456866  0.740 B4R 474 14531 21915 521
08/23/94 0929 3456940
15-18 08/3m4 Y4 3456941 0.28] 614 £73 14704 22.196 521
risitig 08/7394 1629 3456969
16 0823/94  16:44 3456970 2 0813 519 503 15206 29.009 524
08/24/94 12:14 357058
16-17 08/24/94 12:29 34570.52 0.240 618 144 15354 29.248 525
rising 08/24/24  18:14 34570.76
17 082404 1829 I570.77 4.760 630 479 15833 .00 528
082504 1x44 3457153
17-18 08/25/94 1259 3457154 0.229 619 142 15975 30.238 528
rising 08/25094  IB:29 34577
18 08/25/94 1344 57178 0.760 610 464 16439 30.998 530
08/26/94 1259 3457254
18-19 0B/26/94 13:14 IS5T255 0,240 615 147 16586 31.238 831
Fising 08/26/24 18:59 457279
9 08/26/094  19:14 3457180 0.760 611 465 17051 31998 533
082704 1329 457356
19-2¢ OR/27/34 1344 57357 0.240 617 148 17199 32.238 533
rising 082704 1929 3457381
20 08/27M4 1344 345V382 049 603 295 17494 32728 535
08/28/94 07:20 3457431
20-21 0872804  07:44 3457432 0.281 633 178 17672 33.009 535
rising 082894 1429  34574.60

21 0872854  14:44 34574.61 0.719 651 468 18140 33.728 538
0872904 0739 3457333 :



Table 3. (continued).

Average

Delia Measured Infil-  Estimated Infii- Productof Sumofeate  Som of 2 S0
Line Date Time  Serial time tilme tration cate tration rate rate ¢delta T deits T delta T (gpm*days) sem (days)
_Sepment  {midfy) {(m)  (daysy = (days) (gpm) _(gpm) (gpm*days) (gpm*daye)  (says) (g

21-22 0R/29/94 014 3457534 0.198 636 126 18265 33.926 538
rising 08/20/94  12:59 3457554

P 08/29/94 13:14 357555 0.781 645 )5 1871 34,7107 541
08/30/4 0759 1457633

2223 083004 O8:14 3457634 0.198 625 i24 18894 34.905 543
rising 08/30/04 1259 34576.54

3 08730/94 i3:34 34576.55 0.104 479 50 18944 35.009 541
08/30/94 15:44 3457666

2324 0830/ 1559 M5T6.67T  0.094 645 &0 19004 35.109 541
rising 08/30/04  18:14 3457616

24a 883054 1829 34576.77 2.164 565 1223 20227 37.267 543
690194 2225 3457893

24b 090194 2225 2457893 2.164 545 1179 21406 39.431 543
090484 621 34581.10

24¢ 0904 /54 g2l A4581.760 2.164 412 B2 22298 41.595 by o
0906594 D617 34583.26

244 0064 0517 34583.26 2.164 372 E05 2310 43.75% 52R
ONRS4 114 3458543

Totsis 43.75% 23303 avg rate: 328
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Figure 15. Time-weighted average infiltration rate.

4.4 Volume Balance Calculations

The volume balance was calculated as 2 check on -thr, calculations and data used to determine
infiltration rates and fluxes,

The volume balance for the infiltration basin was calculated by comparing the inputs and
losses of water to and from the basin. These cajculations apply to the period from July 25, when
water was first placed into the basin, to September 8, when the water level fell below the pressure
transducer.

The volume balance for the infiltration basin is:

38.6 million gal discharged into the pipeline
0.1 million gal to fill the pipeline
38.5 million gal discharged from the pipeline
+ (.1 million gal added to the basin from precipitation
4.9 million gal removed from the basin via evaporation
33.3 million gai removed from the basin via infiltration

]
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Figure 16. Time-weighted average infiltration fux.

+ 1.8 million gal remaining in the basin on September 8

+« l4-million-gal error.

The error 15 the difference between the volume of water added to the basia from the pipeline
and precipitation, and the sum of the losses due to evaporation and ifiltration and the volume

that remained at the end of the test

The 1.4-miliion-gal error is 3.6% of the volume of water discharged to the infiltration basin.
This error probably arises from measurement emrors in all of the parameters used in the
infiltration rate calculations. Factors that could cause the observed error include the measured
volume of water discharged into the basin being smaller than the true volume discharged, and the
calculated volumes of water lost via evaporation or infiltration being larger than the true amounts.
A 3.6% error is acceptable for this type of calculation, If all of the volume balance error s
attributable to the volume of water that infiltrated, the revised infiltrated volume is 333 - 14 =
31.9 million gal. The difference between this value and the calculated inhitration volume is 4.2%,
and the corresponding infiltration rates would also vary by 4.2%. A 4.2% uncertzainty in

infiltration rate values is acceptable.
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5. CONCEPTUAL MODELS FOR THE VARIATION OF INFILTRATION
RATE WITH STAGE

The variation in infiltration rate with basin stage was illustrated in Figures 12 and 13. Two
mechanisms are hypothesized to account for this relationship. The first, suggested by Burgess
{1995), attributes the greater infiltration rate ai higher stage to the presence of basalt at ground
surface, without an overlying soil layer, along a nidge in the infiitration basin. The fractured basait
is more permeable than the soil, and the infiliration rate increases with stage because more basalt
is submerged at higher stage than at Jower siage. This mechanism does not account for the
variation of infiltration rate at stages below which exposed basait would be submerged. Sharp
changes in infiltration rate wouild be expected at stages at which exposed basalt was first
submerged, yet no sharp breaks are apparent in the infiltration rate - stage regression,

An alternative mechanism is suggested here, namely that the variation in infiltration rate with
stage occurs because the hydraulic gradient across the surficial soil layer varies with stage.

The soil is less permeable than the underlying fractured basait; therefore, the infiltration flux

into the subsurface is controlled by the infiltration flux through the soil layer. The dependence of
infiitration flux on stage can be illustrated with a two-layer mode! consisting of a less permeabie

unit (the soil layer) overlying a more permeable unit (the basalt). The vertical flux through the
soil layer is deseribed by the Darcy equation

« g 9H 10
g Kdz {1}

where
q = flux
K = hydraulic conductivity
H = hydraulic head
Z = vertical spatial coordinate
d/d = differential operator.

Hydraulic head consists of two components, pressure potential () and elevation
potential (Z):

H=¢+2Z . (11)

Pressure potential is defined as the pressure in water divided by water density and gravity.
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After water was placed into the basin, the dry soils imbibed water and became saturated. The
transient response is complex, but the steady-state response (after the soil reaches saturation
throughout) is much less complex. For the case of a soil saturated with water throughout, with
water just ponded at the upper surface (i.e., there is a thin film of water at the ground surface)
and a freely draining lower surface, the distribution of hydraulic head and its components is
illustrated by Figure 17. With water just ponded at the ground surface, the water table is at
location 'A' and ¢ = 0 at the soil surface since a water table is defined as a surface at
atmospheric pressure (zero gauge pressure). It is assumed that water can freely drain into the
basalt, which has a highly fractured or rubbly upper surface. Essentially, this implies that water
drips from the lower surface of the soil layer into voids in the basalt. With this assumption, ¢ = 0
at the lower surface of the soil layer and throughout the soil layer. The elevation component of
hydraulic head is simply the height of points 3 and 2 above the elevation datum, point 1. The
values of hydraulic head at points 1 and 2 are oblained by summing the pressure potential and
elevation potential. Since pressure potential is zero, the hydraulic head is equal to the elevation
component,

Elwvallen Above Dolurs

BASALT

o ; . : . + d -

Hydrauiic Head Componenis (Pressure Hecd, fievation Hewd}

Figure 17. Hydraulic head profile with water ponded at the soil surface.
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The hydraulic gradient is equal to the difference in hydraulic head between the top and
bottom of the soii layer divided by the thickness of the soil layer. In this case,

R g ——

Z° 7,-%4 %4-%

¢4 H-H Z-2 (12)

and the flux through the soii layer is

q = 4:% il (13)

The negative sign indicates that flow is downward.

Thus, if water is just ponded at the soil surface, the infiltration flux at steady state is equal {o
the saturated hydraulic conductivity of the soil.

If the depth of ponding increases, , increases in proportion to the depth of ponding, but ¢,
remains zerc. The hydraulic head at the top of the soil layer is described by

H o=y, +2 =d+2 {14)
where
d = depth of ponding.

The hydraulic head at the bottom of the soil layer, H,, is equal to Z,.

Figure 18 shows the hydraulic head profile with different depths of ponding. Note that the
hydraulic gradient across the soil layer increases as the depth of ponding increases. The
relationship between hydraulic gradient and depth of ponding is

i B-H H-&Gra . 4 _,,.d (15)
£ %4-%7 " §-% Z -7 ' b
where

b = thickness of the soil layer, 21 " Zr

The flux through the socil layer as a function of depth of ponding is therefore

... O d 16
q Kdi.. K+ (16}
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Figure 18. Hydraulic head profiles at different ponding depths.

This modei shows that the infiltration Aux has a non-zero value at a ponded depth of zero and
increases linearly with ponded depth. These features are consistent with the characteristics of the
relationship between stage and infiltration rate presented in Figures 12 and 13. In addition, this
model predicts that the infiltration rate is inversely proportional to the thickness of the soil layer.
This physically based model accounts for the observed variation of infiltration rate with stage
without relying on the existence of zones of different permeability at different elevations.

To iflustrate the validity of this modei, the infiltration rate was calculated using reasonable
parameter vajues for the infiltration basin. The hydraulic conductivity of the soil was taken as
7.5 x 107 ms, the thickness of the soil layer was 1.5 m (5 ft), the depth of ponding was 0 to 1.5 m
(0 to 5 ft), and the area of the basin was 6.5 acres. The calculated infiltration rate—stage
relationship is compared to the observed relationship in Figure 19, with the assumption that the
depth of ponding is equal to the stage, The good agreement between the calculated and observed
data indicate that this model provides a reasonable description of the physical sysiem. The values
used do not take intoc account variations in scil thickness and surface topography throughout the
basin, and therefore they should not be taken as representative values for the entire basin.
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6. SUMMARY

Volume balances for the LSAT and the LSIT are shown below. The values are in millions of
gallons.

TEST WELL VOLUME BALANCE

Pumped from test well 148.3
Diverted 10 Spreading Area A 108.7
Discharged to Spreading Area A 109.6
Pipeline storage 0.1
Diverted to Infiltratior Basin 38.6
Discharged to Infiltration basin 3835
Pipeline storage 0.1

INFILTRATION BASIN VOLUME BALANCE

Inputs
Discharged into basin 385
Precipitation 0.1
Total 386
Losses
Evaporation 4.9
Infiltration 333
Total 38.2
Calculated volume in basin at end of test 0.4
Actual volume in basin at end of test 18
Volume balance error 1.4

The rate of infiltration from the basin varied with water level (stage) in the basin, and ranged
from 297 to 657 gpm. The average rate for the entire experiment was 528 gpm. The infiltration
flux also varied with stage and ranged from 1.42 x 103 10 2.35 x 107 gpmfftz. The time-weighted
average infiltration flux for the entire experiment was 1,99 x 107 gpm/ftZ,
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Flow Meter Installation and Programming'auide
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SPECIFICATIONS

INSTALLATION;
Full pipe
Straight run;

2/94

Minimum 10 pipe diameters upstream

Pipe orientattion;

To your conventence,

PIPE SIZES;

5 pipe diameters downstream

top hailf of pipe
2 or 10 o’clock position 1f small sticks are present 1in water,
Horizontal or vertical upfiows

1 1/2 inch to 24 itnch (400R)
1 12 inch to 24 inch (500R)

PERFORMANCE ;

Accuracy: +» or - 2%

Flow range:
Temperature:

PIPE LINE CONNECTION;

170 degrees F
Pressure: 150 PSI

2 inch NPT coupler

CABLE ;

1 to 20 feet per second

2 conductor shieidecd, 24 gauge or larger

1B feet provided

lﬂﬂG_Fﬂet ma x § mum

MATERIALS;
Transducer:

Brass,
impeller: Kynar

shaft: Carbide
Bearings: Ceramic

TOTALIZER;

standard

PVC, optional

Weather resistant cast aluminum enclosure
Rate displayed in Tiquid crystal display
eliectro-mechanical, standard
tiguid crystal,
regettible totai,

Total displayed:

Batiery life:

Environmental temperature range:

Qperational,

Storage,

NCTE: Totalizers can be

Rate
Rate
Rate
Rate

=

pd
=

GPM
GPM
CF&
Litars

—-20 F to 165 F
-40 F to 165 F

gptional
aoptionai
estimated 5 year minimum

to give the following readings:
Gallons

Acre~feet

Acre feet

Cubic Meters



e INSTALLATION LA

The insertion fmpaller meter is designed to be installed 1nte the line with
its rotor at the average flow velocity point. Figure 2 {(page 4] listzs thes
recommended  Inseriion depths for lines ranging from 2 throuagh 40 inch
diameters, #rior fo tnstallation, the instiailer shouid verify +that the
1ine size corresponds te the calibration tag on the side of the totalizer.

1.3 SITE SELECTION

Selecting the correct meter location is critical toc the overall performance
of the flowmetar., We recommend a location that meets this criteria;

A. Allows safe aceess for installation and operating personnel.

B, Frovides a straight, unobstructed run of pipe that 1s equal to at
leagt 10 times the diameter of the pipe on the upstiream side and 5
times the dizmeter of the pipe on the downsiream s$ide of the meter.

C. Provides a full pipe of water at ALL {times during meter operation.

. Ty free of vioient vibrations.

i.2 GSITE PREPARATION

The pipe should be prepared when there is no flow or pressure in the iine,
A 2 174 inch hole should be drilied or cut into the 1ine with a hole saw or
welder, Any slag or large burrs should be removed from the inside and
outside surfacesz of the pinpe. The hole can be anywhere in the upper half
of the pipe, but top mount ifnstallations are usually mest convenient.
EMounting at a 2 or 10 oc'clock position can help to avoid cipgging by zsmall
sticka.) A 2 inch NPT coupler welded squarely on the pipe or saddle mount~
ed over the hole work aguaily well,

1.3  ALIGNMENT

Appiy pipe thread compound to the threads., Screw the transducer threaded
mounting nipple 1nto the NPT coupler and tighten significantly to prevent
jeaks, Loosen the two set screws on the top piate of the transducer with
the allen wrench provided. Insert a screwdriver through the alignment
holes to repozition the transducer tube. Position the tube so that the
arrow on the "FLOW STICKER® points in the direction of the flow and the
screwdriver appears to be aligned with the pipe. {(See Diagram 1 on inside
back cover.} This insures the impeller is properiy aligned In the pipe.
If transducer alignment holes are not directly in 1ine wiih the direction
of flow, the impeller will be incorrectly positionad in the stream flow and
may cause Tncorrect readings., Tighten sel screws.,

1.4 INSERTION DEPTH

To determine the proper insertion depth refer to Figure 2. To obtatn the
installied lenginh refer Lo Figure 1 and do this gcalculation:

6.378% (400R) - T . e .Z5" = 4.925"
Total Stem Lgin., (-~} Inserition Depth (=) Wall thickness (=} Instailed Lgth.
Cimenston Dimension A PDimansion B gimension 0

S11de transducer down until "Dimension 0" ig obtained. Tighten the adjust-
ment nuts, The meter is now operational. (See Diagram 2 on inside back



cover.,)

NOTE: When installing a S500R the same caiculations are performed. however,
the total stem length {Dimension C) s 22.50",

FIGURE 2

GRAINLAND FLOWMETER INSERTION DEPTH CHART

amrn o S sy Sisinyr,

LINE SIZE INSERTION DEPTH

- 5"

e 1.0"

dﬁ 1.5"

B 628"

6" , Fo"

- i < B

10" 1.2"

12" X4

14* 1.6"

16" 1.8

18" 2.,0"
20" 2.25"
24" B

ag” 3 .H5"

36" 4,.00°

40" 4.50"

NOTE ; insertion depths are based on the inside diameters of standard

schedule 40 pipe. For non-standard pipe diameters, divide the 1.0. ¢f your
pipe by 8 +to obtain the insertion depth. See Section & for rescaling
ingtructions. Correct insertion depth 1s c¢critical to meter accuracy.

1.5 MOUNTING THE ENCLOSURE

The screws holding the mounting bracket to the enclosure can be removed by
hand. There are two holes in the mounting bracket so that it can be fas-
tenad +to a wall, panel, post, etc. Once the bracket is securely mounted.
the enclosure can be positioned in the bracket so that 1t 18 convenient 1o
use. {Though the enciosure 1s weather tight, the 1ife of _the Iinstrumenti
will be increased 1f it is placed out of the weather.)

1.6 INSTALLING THE CABLE

The transducer comes with 15 feet of cablie, Up to 1000 feet of 2 conductor
shielded cable can be added. String the cablie from the transducer tc the
location of the housing. being careful to position the cabie so that 11
wiil not be tripped cver, driven over, etc. It fs recommended that the
cable be installed in tubing or conduit to protect it from rodent damage,

1.7 CONNECTING THE WIRES

The wires from the transducer and from the totaiizer are connected by



simply plugging the connecters on the ends of the wires together. Be su
to push them tightly into one another so that they lock into position. The
connectors are designed to fit together in only one position.

NOTE : If step 1,7 is cone prior to transducer installation. a rate will
appear on the rate indicator by manually spinning the ifmpeller for approxi-
mately 6 seconds.

2. TROUBLE SHOOYTING

2.1 NO RATE INDICATED: rotor cicgged by debris, rotor damaged due 1o
mishandling or foreign objects in the flow stream, flow rate below the
minimum range of the meter or bearing failure due to normal wear, or nigh
rate.

2.2 SUSPECTED MEASUREMENT ERROR: meter scaled for different sized line,
incorrect 1installation depth, rotor partially clogged, turbulence 1in the
Tine, or misalignment of the rotor.

2.3 BATTERY INDICATOR BLANK: Battery 1s dead. (1F BATTERY IS REPLACED
BACKWARDS, SEVERE DAMAGE WILL OCCUR TO THE INSTRUMENT.)

2.4 DISPLAY BLANK: when meter 18 not running the display will only show
the good battery indicator. If the meter should be running but no rate is
displayed, refer to section 2.

3, CALIBRATION TO A STANDARD

Ne periodic recalibration is required, however, if the unit 1s to be in-
stalled 1n a line size different from its original calibration, or if &
measurement error has been verified by a compartison to a “standard", the
unit may b= recalibrated in the field.

If the meter is installed in a poor measurement location or into a pipe of
non—-standard inside diameter, measurement accuracy may be degraded. [ f
measurement error s suspected, the unit can bhe compared to a flow measure-
ment "standard” and adjiusted to agree with the "standard". Compare the itwc
flow rates. If adjustment is required, remove the four screws nearest tc
the corners from the face of the totalizer and support the electronic boarc
in one hand. (Do not remove the four inside screwsg) Note the settings of
the rotary switches 51, S2, and S3. As an example, an B8 inch line normally
requires settings as follows: Sl1 set to 4, S2 set to 4, and §S3 set to 1.
If the settings were Lo change to 442, both the flow rate and the totalizer
wou id increase by one part out of 441 or .226%. Adjust the settings unti!
the two fliowmeters are in agreement.

4., ADJUSTMENTS FOR NON-SCHEDULE 40 LINE SIZE

Pages € and 7 are the programming charts which provide rotary switch set-
tings for schedule 40 pipe and provide the initial settings for changind
the general pipe size. (6 idnch to 8 inch, or 2 inch to 12 inch, etc,)

It is very important the correct internal diameter of the 1l1ine be pro
grammed into the meter for accurate readings. The rotary switch setiing!
from the programming charts will be increased or decreased by the sam
percentage change as the cross sectional area of the pipe changes.

EXAMPLE :
Schedute 40, 8 inch pipe has & cross gectienal area of 50.00 sa. 1in. Th
pipe 1n which the meter 18 to be installed has an internal diameter of 8.2

4,



inches.

Lross sectional area = Radius X Radius X 3.14
Radius = /2 of the diameter

For this example: 4,125 X 4.125 X 3.14 = 53,43

The calculations are as foliows!:

Pipa AREA to be installed = £83.43 8q. 1in.

- LR L Aizataasansn.

= 1.068 or 107%

Pipe AREA of scheduie 40 pipe = 50.00 sg. in.

REMEMBER: If the new pipe {s larger than schedule 40 the change will be
greater tham 1. If the new pipe is smaller than schedule 40 the change
will be less than 1.

Now, take the Rotary Switch setting for schedule 40, 8 inch pipe from the
programaing chart, times the percent change which was Just calculated.
This wiil equal the new Rotary Switch setting. EXAMPLE :

Given Rotary Switch setting X Percent change = New Setting
441} X 1.07 = 471.87 or 2472

Finally, turn the Rotary Switches to their new positions. This 1s done by
ingerting the small screwdriver provided into the siocl on the switch and
turning it until the arrow points to the correct number.

By doing these simple calculations, unlimited pipe size possibiiities can
be measured,.

5. REPLACEMENT PARTS

Battery, 3.6 Volt C size, Lithium e 16~51-20~210-000
Totalizer assembly - 24620-01-01
Transducer, Brasgs, 400R Series - FTR~4008

PVC, 400R Series — FTR-400F

Brass, S500R Series e FTR=-5008
Impeller and shaft —— FM~15-100
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" The diagram at right shows i ROTA
how the switches on the E SHI'!.‘CH:ES
flowmeter circuit board are -
numbered: e

Switches numbered S1i, S22, ) sS4
and 33 are Reotary Switches. MECHANICAL COUNTER
awitenes numbered %4 to 519 =
are Dip Switches, ﬂ DIpP
NOTE: DISREGARD THE NUMERALS B SWITCHES
PRINTED DIRECTLY ON THE DIP ARTTERY ) ¥
SWITCHES. e

L A

TO PROGRAM SWITCHES:

board is +to
pipe with

Carresponding

be zset.
inside

wilth

Turn the arrow

each
switch

1] E}“

on

Arn

"S" in the column under a Oip Switch number indicates that switeh 1
the circuit board according to the diagram

SHUT.

Te program, hold

(BATTERY TOWARD BOTTOM:,

Using a small pointed object, depress the

The chart below shows how each switch on the ¢circutt

ihe Rotary Switch settings given are for schedule 40
dizmeters as listed,.

Switch +to the number that appears in the column under the

the line size of your iYnstallation.
Column under a Dip Switch number indicates that switch 1s toe be OPEN.

Raotary
number
in the
A
s to be

above

RIGHT

HAND SIDE of the switches with an "0 for open, depress the LEFT HAND SIDE

of the switches with an "S" for shut. The multipliers for Rate and Total
on varfous 1ine sizes are listed below.
PROGRAMMING CHART:! SWITCH Sisisjisisisis|s 5;5115 SiS{S|S|{SiSiS|s

NUMBER 1{2 31 |4lsi6izinloiei absdisbt1iain]y

SWITCH 2* | 2.087* |3i2]7liojojoloiolojoioio|oicioisicicio

SETTINGS i

FOR 3* 1 3.068" [7(4j2il0ijoloioioloinioioininloistiololio

THESE

L INE 4 ! 4,026 |9j6[zijo{oloiolololoioiolcioiolis]loicio

SIZES.

WITH 6" | 6.065" {2|4i5;{0ojojoiotoloio|oloiniciolsloliolo

THE

FOLLOW- 8 ¢ 7.981* |4j4iitiolojciolojoloioio]lojoioisininlo

ING .

PIPE 1o~ [10,02% |7{1jsiiojojolololoicivloiciciolsioialo

INSIDE

DIAMETER] 12 {11.94° |9leisl|oiolciclololeioioloigiolsioiolo

MEASURE~ -

HENTS 147 [13.12° jij2isilofojojojoiciolojojotofolsicioio
16" 115,00 [iisizljoloiolojoioiciololoiclolsicialo
18~ 116.88" {2i{1]i1iioloigioioioloiololcioioisioiolo
20" j18.81= j2ieizl{oiciclolojoiolololoicioisioigio
24* 122.63" (3|{7istiojoioiclololnlojoloioloisiciolo
30" §30.00* |eielaliolojociojoloiniololoinio|sioiclo
36" 136.00" (gikis||olotaiolololoiciojoioiois|oiolo

'
2* TO 4" LINES DISPLAY: RATE = GPM TOTAL = GALLONS X 100
6= 1O 12" LINES DISPLAY: RATE = GPM X L0 TOTAL = GALLONS X 1000
Page 7 18* YO 36" LINES DISPLAY: RATE = GPM X ‘100  TOTAL = GALLONS X 10000
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STEPS TO INSTALLATION OF 400R /7 S00R TRANSDUCER ON PIPE

ALIGH IN
DIRECTION
OF PIPELINE

A

DIRECTION DF FLOW

SET SCREW

SUGGESTION:
PEE COMBINATION
SQUARE
A DIMENSION D
EXAMPLE FOR 10" SCHEDULE &0 PIPE
8.375" - 3.2" - 25" - 4,925"
TOTAL STEM LENCTH wminus INSERTION DEPTH wminus WALL THICENESS equals INSTALLED LENGTH (dimension B)
CONSTANT VARIABLE YARIAELE YARIABLE
from FIGURE 2 from STEP &
in manual
FiG. 2

Aead Manus! before starting. 9. Tighten set screws.
Selact location w/ 10 Pipe Dismeters upsiream snd & 13, Celculate insertion depth using measurements frorm
down {10 pipe diameters « 10 X the diameter of the Step 4 and Section 1.4 in Manual, {Example in Fig, 2
pipe). far 10" scheduls 40 pipe.)
Cut 2" hola In pipe and remove glag or burrs., 11. Loosen adjustment nuts located on the 3 threaded
Measure 1D of pipe and wall thickness for iater usse, rods.

i 12, Slide transcducer up or down until dimension D is

P s : !

DRAINEL " NS coupier or SHcle-ag el (Do achigved. Dimeansion D; Distance from top piate to top
Screw transducer in coupler or saddie snd tighten. of pipe. (See Fig. 2.)
Loosen the set screws located in the top plste. 13. Tighten adjustment nuts to lock transducer in

Rotate transducer tube so that a screwdriver inserted
through alignment holes will run parallel with the pipe.
Be sure watar flows In direction of errow. {See Fig. 1.}

pasition.



Appendix B

Field Records from the Water Management System
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DATE TME

(WOYY)  (H:M4

O725%4 10:14
072554 1623
072554 1101
0125884 1120
OT25ma 1121
oTRS94 11:22
or/esms 1125
UG 1128
072594 1126
0725094 1128
07554 11:27
0772504 1132
O7r2sns 1134
072594 1135
072594 1135
Ovressa 11:33
Or25G4 1147
o7Reed 1150
072554 1203
0772504 1204
Q72504 1205
072588 12:%0
072554 12:30
072584 1214
o72aned 1238
O7A5%4 1245
072504 12:50
07254 17252
OTr2Ems 1254
0725094 1254
Q2584 1254
0712554 1357
OVRS%4 1357
N7A554 14:22
07r2tmd 1424
072504 1445
0712504 1445
Q72504 14:47
07725894 1512
Q72504 1542
072554 19:15
072594 2008
072504 2010
0Ahe4 20:10
O725ms 2013
OlrasG4 20018
072594 2021
0712504 20:27
0IR5m4 2107
Of5ms 21140
Q7726094 o012
07/26/54 G013
OV/read o4
07604 D045
O7TnReRd 044

SERIAL ELAPSED METER 1 METER 2 METER 3 VALVES PRESSURE STAFF  COMMENTS
TIME TiME RATE TOTAL RATE TOTAL RATE TOTAL BF-1 B2 B#F-3 GAGES GAGE
t § B2 #3 4 #5

{DAYS) (DAYS} (100GPM) (104 GAL) (100 GPM) (1044 GAL} (100 GPM) (1044 GALY (S % OFPEN s} (Seermrmie PHIG >} (FEET)

34540.43 G105 0 13 L is Pro-inst values
34540480 CD& 0 1 0 ]

24540 .46 00 80 a 00

34540 47 L0 o ¢} 00

34540 47 0.00 K/ 13 0 15 Start of pumping test
540 4T 000 0 20 [+

34540 47 0.0 0 50 103

34540 .48 0.00 30 13 0 15

34540 45 ;.06 5 27 0 2

34540 .48 08 pa' ) %3 0 15

A4540 48 oo 30 i3 o 15

34540 48 003 2% 14 L 15

34540 48 001 100 G 100

34540 48 a.m o 15 20 15 Flow to basin
34540.4 o 5 22 20 10

3454049 .01 29 18 29 18

34540 49 3.052 5 28 27 10

3454049 .o 30 b3 30 19

4540 .50 o3 28 23 3t 24

24540.50 o3 100 0 100

4540 50 0403 3 8 27 10

34540 51 003 0 100 100

34540 81 0403 a7 . 0 28 Floww to spreading area
J4540.51 004 30 2% 0 28

S4540.53 .05 o5 34 0 28

3454053 3.06 0 106G 100

245490, 3.08 30 ar 0 6

3454054 008 0 5

34540 54 008 30 B 28 25 Flow to basin
2454054 006 30 5

3454054 008 100 0 100

3454058 211 et 55 X 45

454058 2.1 100 G 100

3484060 013 = 83 29 £2

34540 60 013 5 25 2T fic

34540 61 O 14 4 20 27 16

34540.82 014 100 0 100

24540.62 014 28 M 9 55

3454063 o186 100

3454063 g8 3 43

34540.80 033 31 124

34540 .54 Q.37 100

34540 .84 137 O

3454064 037 30 141

34540.84 037 043

3454085 037 0 30 9 0

34540 85 038 100 a

3454085 o3 29 187 1) 99

24540 B8 o4 052

34540 88 .41 3t 1559

34541.01 G54 : g 30 30 0

454,01 054 3 233 29 29 Totalizer 2 stuck
24541 01 054 100 0 100

2954102 O5e N 225

34541 03 0568 0 {.88



BATE  TIME

MTY) HM)

Qrieemd 0808
OT6/R4 409
072654 08:08
0772684 DEQ4
07/26/94 0624
0r26/84 1050
OT2654 1051
O7/26/94 1854
o764 10:51
OreGS9s 1538
072854 1538
072694 1539
OYR6H84 15358
Q72584 2341
072654 2343
072654 23:43
0772794 0005
rRTod 0005
QTaTas 828
Q7214 OB28
0727985 06828
072754 06545
O7zTed 0846
o7ETad 1124
07284 1134
Q7274 1124
72754 §1:42
072724 1545
07R7a4 1545
Q72784 1545
QTR 1546
072758 1546
O7R7%54 1546
OFE7TRd 1804
072754 1804
orRIAas 1804
QrR?a4 1604
OT0e4 0108
D7/28/94 o008
olasd 0108
Or2854 2108
grRsss 0500
OrRsad 08:00
O728ss D600
Dri2aMsd DB23
072804 0630
Q72804 1327
OrResd 1328
GRS 4 1350
OT2RGaE 1337
O7izesd 1338
oraNsy 1338
Q7284 1352
Or2smd 1810
D7RES4 1812

SERAL
THE

ELAPGED
TIME

METER 1
RATE TOTAL

METER 2
TOTAL

METER 3
RATE TOTAL  BFA9

VALVES
BF.2

aF-3

{DAY'S) DAYS) (100 GPAVG {1074 GAL) (100 GPM) (100 GAL) (100 GPM) (1074 GAL) (< % OPEN —>)

4541 26
35541 .26
3454126
34541.27
3454127
J4541 45
541 45
34541 45
34541.45
34541 65
4541685
34541 65
34541 65
3 89
35541 99
3455199
2454200
34542 .00
34542 27
384227
3454227
2454228
3454228
34542 48
34342 48
3454248
34542 40
3454286
34542 66
342 66
24542 B8
4542 .66
3484266
2454275
3454275
34542.75
A4S
S4543.08
3454306
2434305
34543 .05
3454325
3454325
54325
2454227
3454327
3454356
34543.56
34543.56
3454357
34542 .57
3454357
34543.58
3454376
34543 76

Q.73
G.78
.78
.79
0.73
G958
¢93
088
858
112
118
1.18
115
k-1
152
152
153
153
180
1.BG
180
.81
1.81
2.0
2.0
200
201
218
Z2.13
218
2.18
2.18
218

228
273
226
2587
257
257
257
274
278
278
273
280
3409
308
309
309
310
3140
310
31328
g

26

i

18

27

27

28

283

357

446

T4

614

aaz

759

73

075

1155

30

28

29

0

10

93

184

476

412

522

g

%

31

31

H

0

KX

418

514

ars

1012

1460

104G

100

00

100

100

100

70

300

100

100

100

100

100

100

100

f00

$00

100

104G

100

100

100

100

# 2 L& E 2]

0 X
& K
0 30
4 A
L 0
g 20
i H
& 3
i M
0 22
O 15
0 14

10

0
10

15

i4

10

10

10

10

10

N

3
22

12

1

STAFF  COMMENTS

1.42
1.80

220

282

33
3.68

Flow 1o spreading ates

305

Partiat fiow to basin. Vaive

adistments 0305
0347 not recorded.

384

Totalrer 2 tatec

297
Flew i basin adiusiad ca.
21040, £2,2200 to~E00gpm



DATE TIME

DY} (HM)

072854 18:14
Q72894 1825
Gr2804 18:26
QN84 1835
{72854 2100
BTG4 2200
FI2904 0025
OFrZe94 0025
QF2Sad 0025
0772994 0040
072884 0250
Q7204 0345
§1729/54 0400
07284 D620
9204 0800
O7TZa04 (803
O73594 0804
GIXee4 614
DG 0820
oTRasd 0840
OTR2E04 12:00
aT a4 1202
Qrroad 1204
2904 1220
DIRA9Eq 1221
OIrend 12:22
DTR50d 1240
oIreRd 1852
72004 1852
7504 1952
G7129/94 2040
7504 2003
DG 0108
078004 0104
07/30/84 01:04
araisd 010
QT4 01:14
G794 0252
GTA0MY 0252
o704 0252
O7/30/04 02:52
073004 0254
Q73004 0254
OTF0N04 0254
QTS 254
OFrs0sd 0312
DTS4 0312
G0 03:12
OT7309d 0312
Q730584 6 30
Q7304 06820
Q773094 0830
Q704 0830
OF30Mm4 12:11
OF30M4 12:13

SERIAL  ELAPSED
TiME

QAYS)  (DAYS)

34541.78 225
3454377 S48
24543.77 3.30
34477 .30
24543 88 240
34543 62 344
3454402 354
3454402 354
H44.02 3.54
2454000 355
A4544.12 365
3454416 268
H544.17 283
34544 26 i
24544.53 388
3454434 3486
34544 34 3.36
34544.34 3.BY
3554435 3.58
34544.36 329
34544 50 453
34544 50 403
3454450 403
24544 51 4.04
34bBa4 51 4 .0d
34544 52 4,04
3454453 4.05
34544 82 4.35
34544 82 435
3454483 435
2454484 436
4544 4 336
345435,04 457
3454304 4.57
34545 04 £57
3454504 457
54505 458
3454512 45
3454512 485
34545.12 4£5
34545.12 485
3454512 455
3454512 455
3454512 485
34545.12 485
2454513 4565
34545.13 4,56
3454513 4 55
3454513 4 566
3454527 430
3454527 480
3454527 480
454527 4,80
J4545.51 503
34545 51 S04

TiME RATE

METER 1
TOTAL RATE

<8

29

27

£8

1260

1303

1373

1507

1505

1522

1523

1628

1633
1726

METER 2

&2

METER 3
TOTAL RATE TOTAL  BFA

(100 GPM) (10°4 GAL) (100 GPM (10%4 GAL) (100 GPW (100 GAL)

0

==

1041

1072

1064

1084

11048

1138

1144
1144

1142
1944

VALVES
BF-2

BFE.3

{Cmrees %y OPEN )

10
00
00
100
15
15

15

100

100

100

100

3 &

80
180
X
100

106G

oo

100

103

oo

1k

100

100
100
100

100
100
+00
100

100

100

100

100

100

100
100

100

PRESSURE STAFF  COMMERNTS
GAGES GAGE
#1 e L 5] w4 o]
(Crrrsrsrne PBIG ) (FEET)
4] 4 14 11
405
o 14 14 14 440
Q 21 B 12
S48
Flow o spreading ares
D 10 4 11
0
£102
Fartial flow o basin
L] 12 12 12
0 406
a 13 13 ta
0 412
0 13 13 i3 o 415
o 13 13 13 0 455
Fhow o sproading ares
a [3 21 3 o 413
o 21 21 10 0 £10



DATE

MY}

Q7394
Q7084
QVaLa4
OTss
077504
07/30m4
070
07304
07 X4
OT30s
0773084
0713004
03054
OTIN04
07304
O73v54
X4
07730/
G304
Q7r31/84
07154
07454
OTri/md
07,3194
07151004
013194
O7ime
07124
07154
D7/31/%4
(714
071734
073184
UTRo4
0l3ted
Q7 31io4
Q7731194
of /o4
073154
080254
80284
Qa4
O&02
OBRad
080224
OB/C2/94
US54
0802194
G
00224
OBIC2/94
DRCES4
0BTG04
080354
OB

TIME

HM)

1215
i e,
1223
1225
1227
18:40
1841
18:42
1657
=50
1600
1928
1936
1938
1928
18:40
19:40
19:40
1940
D005
H0058
DO0:0S
00:05
0541
2591
0544
D51
1217
12:18
12:19
1228
12:28
1719
17:20
1721
17:34
1735
2230
2230
01,10
o112
01:42
0128
0128
01:2%
0754
12:20
21:00
21.00
21:00
2100
21:18
0011
0031
o011

SERWAL  ELAPBED
TME TIME RATE

(DAYS)

4545 51
3454552
34345 52
I445.52
3454552
3454578
545,78
3454578
3454579
334579
34545.79
454581
34545 41
24545 81
3454501
3454582

4045 82
24545.02
3454500
34548.00
34548.00
34546 .00
3454624
454824
3454624
352824
3454891
3454651
34546 .51
2454652
34546.52
3454572
M5458.72
3454672
3454673
34546.73
3454694
34546 04
3454805

34548 .05
3454806
3454306
3454806
34544 51
a4548 80
34548 86
34548 .88
34548 88
34548 8%
34349
3454901
34548 01

204
=4
504
S04
S08
D30
.31
3.31
3.
532
932
9.
5.34
234
534
335
535
536
5.35
553
253
5353
233
5.78
5.78
576
.76
a4
554
604
5.0
8.05
&2
£25
525
5.28
528
646
€ 48
7.58
758
755
7155
759
159
186
804
8.4G
840
5.4l
8.40
g4z
853
433
853

METER 1
TOTAL

BEs

29

1838

gL

1856

1839

1593

2180

273
2848
2919

Ay

nNn

METER 2
TOTAL

L= ==

§ 8

METER 3

RATE TOTAL

K H

1144

1225

1236

1228

1238

123%

1337

1337

1337

1337

BF-1

00

100

100

108

VALVES
BF-2

(DAYS) (100 GPM) (10°4 GAL) (3100 GPM) (104 GAL} (100 GPM} (TOMGAL) (< % OPEN —-3)

o0

100

100

120

00

100

100

BF-3

100

100

10

100

100

100

100
100

100

100

0

(Risissiniio. PR insiveeseialy. - PERYY

PRESSURE
GAGES
893 B
21 5 21
30 30 3
30 3 0
n 12 N
H 12 A
3 12 3
kL 30 5
X 0 22
21 2 12
1 e 2
1 14 21
of " 21

STAFF  COMMENTS
GAGE

L+
400
Flow o basin ca. 1400,
NG nobes rocorded,
o0 428
& 4.28
O 4,30
Flow to spreading area
o 427
4] 416
Waler divarted o basin
ca. 1015, Tracer
raction ¢a, 11X,
Flow b spreading aroa
ca. 1540, no notes
raganded.
a 380
bazin draining
g
355
&



DATE  TIME

DY) (H)

C80Ved 0011
OS039 002)
O80N94 0500
03034 0500
080394 0500
£80Vod 0500
OBO0S4 0505
GOV 1350
CROYS4 1358
o054 1358
OE0aAd 13565
H0NSd 1358
DEOGS 1817
oEoVed 19:17
D80VSY4 1918
C80YSd 1918
0804 1928
SAMAE 0130
SRI04M94 0700
SR04 0700
oaDasd 1223
CEO4S4 1235
0804594 1235
080484 1924
OB/G4Dd4 1924
OO 1825
DeASSd 0020
SA0Sad 0020
GROSSY 0020
SAOSA4 0020
0805094 068:40
SRAS94 0640
28/0594 0640
OR/OS84 0640
DEOSHY 1145
DRSS 1144
CARTSSY 1144
DRS04 11:44
OBASMa 1540
DBOSad 1540
{8059 1540
DAOSOL 1544
OROSO4 2030
DBOS94 2010
SaNsed 2017
080584 2017
D394 0850
CHDGS 11:20
OROSIBd 1120
080854 1120
OADES4 1120
DED604 12:44
080694 13:11
Sa06M4 1315
DAnGE4 1315

SERIAL  ELAPSED

TIVE
{DAYS)

Hs40M
354902
34540 21
24549 24
38548 21
34549 74
549 1
3354058
34540 58
24549 58
3454958
34549 58
34549 80
34545 80
34545 80
3454980
A5as el
3455006
3455029
34580 29
34550 52
3455052
3455052
34550, 81
3455081
34550 .01
34551.01
34551 01
3455101
3455101
A4551.28
455128
A4ER] 28
3455128
34551 49
34551.49
34551 40
34551 .49
3455165
355165
34551 48
34551 .68
34551 .84
34551 84
34551 85
14551 85
3455237
4552 47
34552 .47
HES2 .47
34552 47

TME

853
8.54
8.74
&.74
8.74
874
avd
8.10
Bt
311
9.1
g.11
933
833
233
833
8.4
2.58
£.52
%.54
1G.c4
1265
1005
10.34
10,4
10,34
1054
1054
1054
12.54
1580
10.80
$0.80
50.80
1862
11.62
1162
102
4118
1.8
1113
$1.18
1137
1137
1137
.37
11.90
1200
12.00
12.00
1200
12.06
12.08
12.08
12.08

METER 1

RATE TOTAL RATE

.rah!

3561

3747

4022

4152

423

4324

METER 2

3

&g

METER 3
TOTAL, RAYE TOTAL  BFA

(DAYS) {100 GPM) {10°4 GAL) {100 GPAG (10°4 GAL) (100 GPM) (10 GAL}  (Se—oe % OPEN <3}

1337

1337
1337

1337

1337

1337

1337
1337

1337

fRoxt

o

VALVES
BF-2

100

100

166

100

106

106

100G

100

100

100

100

BF-3

100

100

100

¥

(=

PRESSURE
GAGES
(& i
PSIG  —————3}
22 12 ¥
21 12 21
30 H 21
22 23 =
21 2 21
20 21 20
20 21 g
20 2 z2
20 21 21
20 20 20
21 21 21
3 4 &
1] 1] 0

STAFF  COMMENTS
GAGE
(FEET}

348

3.87

288

2.2
262

253

245

234

206
200

Pumgp failed 0602->1502,
T B



DCATE

(HM

QRDEAd 1115
oR0s94 1315
080684 18:01
020854 15014
oRoeed 180
OAINESd 1801
OBAOAMS 18:28
OROSAY 1847
QBTS04 18:47
Da0ESd 18:47
CROSd 10:47
080794 0045
ORTO4 0820
OSCTO4 0858
San?o4 0700
OB0T94 O848
OB754 08:46
OBR7S4 05:45
O8MT/H4 0848
O80TRL 054
00794 1201
ORTTod 12:04
oOTed 12:04
8aheds 1201
OBA70E 12:35
OEAOTE4 1337
G307 1812
ORXTA4 1810
Q80704 18:10
jg:10
ORAITIO4 18:23
MRO70Y 1924
080794 2104
0BO7/94 21:18
QA/0EMd 0040
DOEMd 0045
05084 0045
CAONO4 0855
OROA/S4 D555
DEDATY DASS
CROAD4 13:37
OaDaes 1337
Domaa4 13:37
CBAaad 2104
BROSO4 2104
SR04 2104
RO9094 0030
QRNEA4 0030
OB0S4 0037
ORO084 0034
CA0GSY 0630
ORGEe4 0530
GROS/HEM 0820
050054 0820
aoaed 12:02

METER 2
RATE TOTAL

METER 3
RATE

(DAYS} {100 GPM) (1074 GAL)Y (100 GPM) (10M GAL) (100 GPM} {104 GAL)

4324

4374

4737

47823

4787

4919

SERIAL ELAPSED METER 1
TIME TME RATE TOTAL

{DAYS)

J55255 12.08

IS5 55 12.08 13

345821 12.28

3485275 1228

34552 75 1228

3455275 12.28 8

24552 17 12.30

34552 78 123

34552 .78 12.51

34552 .78 1231 27

Jass52.78 2.5

34553 €3 1256

3455326 12.78

J55329 12.83

55329 12 82

34553 37 12.89

34853 .37 12.88

355337 12.89 29

M55337 12.839

3455337 1250

34553 50 1303

34555 50 13.04

MqE53 50 1303 28

Q4553 50 1303

344553 .52 1305

34553 57 1308

3455378 1328

34553 76 1228

34553.78 1328

34553 T8 1328 25

3455377 13.25

3455351 334

34553 25 1340

34553 .89 13.4%

34554 03 1355

3455403 1355 25

3455403 1356

34854 29 1382

3455529 1382 24

455429 1352

34554 57 1409

4554 57 14.09

3554 57 14.08 4]

34554 B8R 14.40 28

3155488 14 .40

34554 83 14,40

4885 02 14.55 25

455502 14,55

3455502 1455

34555 02 1455

3458527 14.80

3455527 1480 25

458527 14,80

2458527 1480

3455550 1503

o 53
G 54
L+ 599
Lo 559
0 899
H HY9
0 £949
E &9

g 1237
B 137
0 1337
O 1337
0 337
¢ 1337
L 1337
(i} 1337
a 1337
9 1337
¢ EX LT

TOTAL  BF.
[ % OPEN 3}

]
G

i

8o

VALVES
BF-2

100

100

100
100

100

100

100

100

100

100

106

100
100

BF-3

#1

PRESSURE

GAGES

Lr SN

o

LSS

STAFF
GAGE

(i PBIQ ameeiren3]  FRET)

21

21

22

21

21

24

1.88

1.85

160

1.2G

148

105

COMMENTS

Totalizer 2 remeved
Pump failed 024/ -> 1847



1 s il s R BRI o g emee e e

CATE TiME

WD) (HM}

GADSS4 1208
CRO94 1208
DATWE4 1209
DRNE4 1708
OR0a4 1716
oE0984 176
S20%04 1717
CEAODY 0130
CE8AGEY 01:30
CS10Md 0130
080 O 230
ORA0ed 0225
oAMVES 0821
CEAO/DE 0621
081054 0621
GRAT94 0821
A 0828
aaniea 1237
084004 1227
HEMdDy 1227
JaMoed 1227
CE1OWd 1237
CErI0ed 1742
08/1094 18:32
SAN0M4 2330
SRr1{Ngd 2330
D104 23730
SE1ond 2AT7
GEM194 0305
A4 0310
421184 0310
O&111/94 0310
08/11/04 0310
DB/11/94 0714
DR1/94 0714
oari184 014
OBM194 0714
D154 1255
oaH1/94 1300
DaM 184 1308
DAM T4 1309
Gart1/94 1318
A 1/84 1719
C&11m4 1719
81184 1720
3811784 1721
BS54 2100
SR04 2326
SATZAd 0000
G294 D000
{RN294 0000
81294 0000
08284 0100
a1 704 0100
DR 2194 [520

SERIM. ELAPSED METER 1
TIME TIME

(DAYS)

3455551 1503 29 00

34555.51 1503

34555 51 .03

345551 1524

55572 1525 X0 5127

34555712 1525

34556712 1525

34556 08 1559

34556.08 1559 a9 524

34556.08 5.0

4356 .06 15.59

556,10 1563

345H56.26 1578

2435626 1579 25 5283

34556 26 15.78

5626 1572

34556.27 15.80

34066.52 16.05

3455652 16.05 28 5366

34556 .52 1805

34556 52 16.05

3455653 1605

3455674 16286

3455677 16.30

34556.98 16.51

34556 08 16.51

34556 08 1651

3455608 1851

3455713 1885

34557.13 16.68 30 5616

34557.13 16.56

3455713 1666

3455713 18 66

34557.30 15482

34557 .30 16.483

3455730 1683

3455730 1883 i3 5588

34557 .54 17 G7

M5571.54 1707

H537 55 1407 48 S7eR

IS57.55 17.08

455755 17.08

3455772 17.25 0 5881

2455772 1725

34557.72 1725

34557.72 17.25

34557 .68 17.40

34557 .98 1750

J4558.00 1753

2555800 1753 78 5978

34558.00 17.53

34558 00 1753

34558 .04 1757

F4558.04 1257

34558.14 Fas 5037

17.87

METER 2
TOTAL RATE

METER
TOTAL RATE TOTAL  BF

(DAYS} (100 GPM) (104 GAL) (100 GPM) (10°4 GAL) (100 GPM) (104 GAL)

31

1337

1337

137

1337

1337

1357

1337

1337

1342
1420

1544

\i- -1

VALVES

BF-2  &8F.3

[Corem % OPEN —2)

20
20

100

100

100

100

100

100

100

PRESSURE

GAGES

3] ¥2 2 4
[Crmrrirrrrmseee PG

0 20
o 22
o s
Q 2%
b 21
0 2t
it 21
o 22
O X
& 30
¢ a0

2%

8N

b

23

43

22

]
*)

STAFF  COMMENTS
GAGE

(FEET}

G5

066

G.e0

042

ox

024

Flow to bagin
415

.52
1z
126

138



DATE TIME

TV} (HM)

QB 2Rd O30
QA 1S DA20
08/ 254 0320
ognasd 1300
0an 294 13:00
08H2M4 1300
OaHzo4 1310
DaMzed 1800
O&rt27%d 1800
0&/1294 18:00
08'i2324 1826
081294 23:40
O824 2340
08294 23:40
OB 2ad4 2040
081204 2330
oar304 0708
O1¥S4 0710
O/ 384 OT:10
D&M 324 0710
Of'tavsd 0710
oAaMaAed 1320
081384 13:29
CA/1 354 1342
OB/T39E 1342
Of/1ed 1400
Oa/43ed 1808
o384 18:08
0BM13%54 1808
oA 3eds 18:08
oaM3mg 18:38
ORM4d 0100
D&raad 0102
Dan4ns 0102
0aM14m4 0109
ogriasd 0110
087454 08:50
O8/tammd 0705
Ofrsd4ad o708
08/1424 071
DArfaDE 0725
OArt4gd 0725
o544 0725
o8 d4md 0720
08r14m4 1153
0A/1484 1153
paftdsd 1157
D8/t4md 1208
08/14/94 1555
of/14704 1158
faM15ms 0500
oa/1as4 0500
08/15%4 0500
0ari594 0755
O&M 554 9:00

SERIAL  ELAPSED
TME TIME

CAYS)  (DAYS) (100 GPM) {#0*4 GAL) (100 GPM) (10%4 GAL) (100 GPM) {104 GAL) (% % OPEN —orei>)

345506.14
34559.14
3255814
3455854
34558 54
3458 54
4508 55
34558.15
2455875
34558.75
3455877
34558.99
4550 29
34558 98
34558 54
34558 09
34558 30
3453820
34554 .30
347555 )
3455030
3455956
455058
34558 .57
34556857
34558 .58
3455976
3455976
H4558.76
34559.76
345058 78
4550.04
3455004
3455004
34560.05
3456005
345683.78
34560.30
34580.30
34580.30
345500
3456031

3456031

2458031

34560 50
34580 50
34580.50
4560 £1

34560 51

34560 92
34561.21

3458121

348811

34561723
34561 .38

1767
1767
17867
-t
1807
18.G¢
1808
1828
1828
1028
18.30
1851
1851
18.51
18.51
1852
1782
1843
16583
1883
18.83
ji-de
1959
19.10
19.10
=N
1528
228
1828
1928
18.30
19.57
1557
1857
1858
1958
9.8
14H.62
19.52
1883
1284
1584
1994
1564
2002
2002
2009
2003
2003
20.44
2074
2074
2074
26 BE
20.30

METER 1
TOTAL

3

BE

27

6518

6708

7015

7268

METER 2

RATE TOTAL RATE

a1

k1

H

METER3
TOTAL  BF4

1803

1763

1881
1384

2118

24233

24242

2242

2245

2358

a0

100
100

100

100

100

100

106

100

100

100

100

VALVES
BF.2

110G

100

100

100

18

100

100

BF-3

100

10
00

100

100

100

K

100

LU L N B e T TR

PRESSURE STYAFF  COMMENTS
GAGES GAGE
t X *#2 3 E 2
(e PSIG 3} (FEET)
o 30 3 5 1.60
(1] 3 3G 5
1] 20 3% - 250
0 31 31 &
320
375
D 3 31 7
4] H 3% 5 418
Flow to sproading aves
a2 1400
0 21 20 21
412
4] 22 22 23
400
4 2 22 i 390
2200 gpm o basin for
§ hours
L4 2t 22 10
G 21 22 0 4.08
L 4 15 23 408
Conbising Now fo
o 21 28 %5 402 spreading area
397

.05



s aemrn ey e o R O L g e s

DATE TIME SERAL ELAPSED
TE TN RATE TOTAL

oY) HM

081554 D330
oasmd 1159
Janssd4 1158
O8/10a4 1159
OlM5eM 1155
0BHEG4 1218
GafMssy 1230
DE1SS4 1390
DBASS4 1310
DAM58d 1310
OANES4 1310
OR15%4 1312
CRNS0L 1312
03/1584 1342
OB/I5/04 13220
RS54 1220
081594 828
oR/1584 1823
D&1504 1823
DA/ 5Mm4 182
OMI5/84 1824
OB/15/54 1824
081504 1824
081594 1825
081594 22100
0aMsad 245
faMsms 2745
CBNSBq 2245
0a/1594 22045
o644 300
CaM 694 0300
ganesd K00
Daness 0300
O816/54 0840
O16/94 1000
O/16/9d 10:00
081684 10:00
fanesd 00
oaMess 1000
UBTead 10:07
OB/16/84 10:09
Dat6ms 10:10
DEMEBNOY 1024
DE1ES4 109
OAMESd 12:14
OB8/M16/04 12:14
OB/16/8a 1214
oa81end 1219
QANES 1400
816 1400
OBM6D4 1405
OEM684 1407
o469y 1408
oaMEeSd 14:10
OEMES4 1490

(LAYS)

A5G 40
34561 50
2458150
J4581.30
34561.50
34551.51
34551 52
M55 55
34361 .55
34581 55
34551 55
S4551.55
MGG 55
34561 55
348e1 56
4561.58
34551 59
456177
561,77
34581 77
34561.77
34561 77
34s581.17
4581.77
561 92
34561 95
J4561.95
3456195
2458155
MBI
34062 13
4562 13
24562 13
34562 40
2 A2
562 42
34562 42
34562 42
345652 42
4562 42
4562 42
34562 A2
34582.43
34582 46
3456251
ahbe 51
24562 51
345682 51
3856258
3456259
455250
4564 509
34582 59
3456259
562,59

METER 1

METER 2

TOTAL RATE

METER 3
TOTAL  BF1

(DAYS} (100 GPM) (1044 GAL) {100 GPM) ($0°4 GAL) (100 GPM) (1044 GAL)

2092
2103
2103
21.03
2103
21.54
21.05
2108
21 08
2108
2108
2108
2108
2108
2108
21 08
2124
21.29
15
2129
2120
2129
2129
2129
2144
2147
21.47
2147
2147
2165
2165
2185
2185
2193
2124
2194
21.94
2184
2%.95
2485
21.85
2195
2196
2199
2204
22 04
2204
2204
2811
o
1t
2212
2212
212
2242

8

28

7413

7414

578

7713

7715

7734

1756

7785
788

0
o

M

3

1

2358
2358

400

2455
2455

L
2454

2454

2459

2455

VALVES
8F-2

&F-3

(€ % OPEN )

g

100

T

100

100

100

HG

100

10

100

100

100

100

100

100

100

0
0

100

100

100

100
100

100

100

100

#1
i«

PSIG  rremserevan)

¥4

oN

PRESSURE
GAGES
L #3

G 21 12
0 21 12
0 28 29
0 i ¢ 20
0 20 2
0 20 22
0 21 22
o a0 30
0 28 X
4 29 31

L o

o9

STAFF
GAGE

COMMENTS

(FEET)

Flow to basin

188

429 Flow d@Erected o spreading
arsa ca_ 1621
Mo notes regandad,

Flow 1o soreading area
4.20
4.14

4.30

392

Flow i Basin

Mew metar 7 installed

4 68

419

Flow to spreading ares



CATE TRE SERIAL ELAPSED METER 1 METER 2 METER 3 VALVES PRESSURE STAFF  COMMENTS
TME TIME RATE TOTAL RATE TOTAL RATE TOTAL ©F4 B8F2 BF-3 GAGES GAGE
L 4 L s 3 #4 S
VDY) (HM)  (DAYS)  (DAYS) (100GPM) (1044 GAL) {100 GPM (10M GAL) (100 GPM) (10 GAL) (€ BOPEN 3] (€ommrmsscess PSIG > (FEET)
DBEM 1440 2456259 2213 0 2229
DA/15M4 1440 3456259 2212 st 1t m 0
OB/ 1R10 3456278 2228 0 100 100
OMead 1810 3456278 2223 2t 1t 22 0
0811604 1811 3456278 2228 ¢ 2520
ORtaed 1211 MMS62.76 2228 27 7355 0 9
DaNHSE 1818 3456276 P 4§08
DH17/54 D120 3456308 7258 0 106 100
0a17/a4 0120 455006 2258 20 12 2 v ] 308
08117/94 01320 56306 2258 o 259
DRI7/A4 0120 3456306 2238 A 7968 g 19
OM17/04 0630 3456327 2280 20 2 2 0 388
COTOd 0630  BASENT 2280 0 100 100
oarTma 830 458327 2280 4 2529
OB/17/94 D60 456327 2280 0 8002 6 79
0BT 0845 3456338 2289 180
DAIT/S4 0853 3456337 2295 21 12 23 0
08/17/56 0853 3456337 2200 & 2520
DBI17/S4 (851 3456337 2280 6 t0 00
DEH7E4 0853 2 3458337 2250 28 aD1g L [
081754 0300 2456338 2290 29 8019 3 80 Flow to basin
oanTad 0900 23458338 2250 100 G 100
081794 0900 3456338 2290 3 B 10 0
OBT7B4 D913 3456338 2291 0 25
DAM784 0348 56 30 1281 381
0BMTO4 1220 BASE3S1 2304 9 3 0 0
O8/17/04 1220 456351 2304 100 0 100
0874 1220 34563 59 2364 30 878 M 141
OIS 12030 3456352 305 404
OBM7ME 1230 3456352 2305 31 2583
OBMTRE 1458 2 M455362 2315 100 o 100
Q8724 14:58 34563862 2315 L8 X ] o 420
08754 1502 JHS636) 2315 29 8123 X 188
oart7o4 1602 345683.63 2315 3 2538
oUt7H4 1508 3456383 2318 2 12 M 0 420
ORI 1505 2 24568367 315 29 5124 0 180 Flow to spreading srea
08/17/94 1505 3456363 2318 0 100 100
81704 145 BABA3TE 2329 20 12 R b 4t
08 7Ed 1815 3458376 2325 & 100 10
081794 1878 3456376 2338 o 2641
BT 1518 34563.76 Z32% 20 8179 a 190
G754 Z1:40 3456390 2343 408
OB17104 2140 3456390 2343 0 ¢ 100
CETA4 2140 M5 00 2343 8237 190 Flow o basin
0817594 2140 3456390 2343 13 2581
061894 0000 3456400 2353 3N 2884
DRSS D000 F4564.00 2353 100 & 100
OH/104 0000 3456400 2253 0 8242 29 235 Totalizer § stuck
OAM{ 854 D000 24564 .00 2353 3 31 i) 420
OEMBaEs 120 34564 06 234 b 12 28 0 4.32
ORMS84 120 3456406 2358 ¢ 100 100
OR1Aas O 20 3456408 23153 D 2708
enamsd Ot20 3458408 2358 28 242 G 257 Flow 1o spreading alea
DEBY 0620 3456428 2379 2 1 2% 0 4z
CEMERd D620 348428 2373 0 100 100



W e Ty g

B e— s i 2

DATE THBME SERIA ELAPSED

(MOVY) (M)

ouans 0820
021854 0520
cénasd 1201
ofeed 1201
Ty 1207
Da1R94 1207
G8NB8es 1825
081684 1325
DAMESd 1.0
OA/10/94 18232
Ga1aes 1530
O8/18/54 1524
OS894 13:34
anesd 12338
QRO (kAS

O820/0d4 D500
0B20/M4 55:00
020088 0500
GR2008 0500
DA20/84 13:10
O8/20/84 $3:10
Da2ived 13:10
oDRO0B4 1370
0a2084 1500
(2094 1505
DR20%4 1508
DRNS4 1808
0220594 1805
0820084 1805
DE20/048 1805
DEtA4 D530
o21/84 B30
oR21/84 0530
a2154 530
0a21/94 000
2194 0900
0821584 0900
082184 02:00
CAR184 1212
2194 12:12

{DAYS)

3455821
3456821
356621
34566.21
S45086.55
34566 55
34568 55
3456655
34566 83
34506663

34586.75
34566.75
3456675
456675
34587 25
3455723
J4SET23
3456723
455738
34567 34
456758
3456738
34587 51
34567 .51

METER 1
TME TE RATE

TOTAL

METER 2

RATE TOTAL

METER 3
TOTAL  BF1

RATE

VALVES
BF.2

BF-3

DAYS) (100 GPM) (10°4 GAL) {300 GPM) (10°4 GAL) ({IG GPM) (10°4 GAL) (< % OPEN —vb)

3.7
3.7
24.53
24 .03
<4103
2403
2439
2429
24.3)
24 3
2470
24 .30
24 30
24 X
24 56
24 58
2458
<455
24.80
24,80
24 80
24 50
2508
25.08
25,08
205
2533
253
25.33
5.3
2574
25.74
25.74
25.74
28,08
26.08
808
2508
2815
8.18
B8
B
2628
2523
26.28
28.75
£8.76
2818
2578
28.90
268.580
<5.90
2690
27 104
27.04

& i

B8

28

31

8

8

9

842

8259

BIC
8411

5710

3974

9288

4]

8a

®®

257

257

257
257

373

373
373

AT

0

&3

2708

2709

2|27

2827

2827

isih

ann

3011

00

100

Ho

100

100

100

100

100

100

Wa

100

10

100

100

100

100

100

100

100

100

100

100

100

100

100

100

FRESSURE
GAGES
#1 L L #3
i
i 22 11
s 20 1
& 29 29
[ 22 12
o 20 12
LY 20 12
Q 4 11
4] 30 20
) 30 X
0 21 15
() 21 13
o 2 12
0 21 12

r4

STAFF  COMMENTS

GAGE
5

PG snvssr}  (FEET)

24

& B

24

a4

RS

0 409
0 ass
o
0 436
0
¢ 420
0 4.00
G 386
0 4 387
430
0 4 41
0 420
o 41
o 407

Flow to besin

Flow to spreading area

Flow 1o basin

Flow to spreading area

& 1505



DATE

082184
082194
Gir2 o4
O824
08r21/94
0872194
et n
aer2 /94
D8 104
2194
0ar2 194
oarZ104
D2 1194
GAZ1/94
oa2i/sa
oarZ104
08/21/94

Jar2iis4
Jar21rad

12:12
12:12
1650
1658
1858
1658
18:49
17:00
1700
1700
17:11
20020
20:22
20:25

027
20:28
2026

20230

Gai22/94 0010

D2294
QR334
o204

G8/2234
0a/22/94

08722794

CAr22/94

0010
0030
00:30
D035
05:50
0600
0800
06:00
10:20
1020
10:20
10:20
10235
10235
1035
1038
10:44
12:12
12:12
12:12
12:32
15:19
15:18
15:19
15:30
153
1533
1533
1533
1548
1a:n
18:11
18:11
18:11

SERM. ELAPSED
TINE TIME RATE

([DAYS)

34587 51
34567 51
AaE6T. 70
34557 74
24587 74
458771
3456771
3456771
56T 7Y
3456771
34567 .72
34567 85
JASET 85
34567 .85
3455785
56T 85
456785
24567 BS
34567 65
34587 85
34568 01
4568 1
456807
34588 02
3466302
34568 24
Sabeas 25
34568 25
i
34568 43
24565 42
345685 43
34568 43
34568 44
4568 44
345680 &4
24563 44
24568 45
34568 51
34588 51
4568 51
Jq568 52
4588 64
34560 54
4588 654
345685 65
34568 65
JA568.65
4568 63
34563 BS
3456868
34560 .76
34568 78
34563.76
J4558.76

704
2754
2723
723
27.23
2723
4723
£7.24
LT 24
2724
2124
2737
2758
278
278
27.38
27138
27.38
1.8
2738
27.53
2753
2755
2755
TS
27TV
r1.73
2178
27.78
2798
27.96
27.98
2795
27.87
2787
2197
I8
21.87
2804
28
2804
28.05
/A7
2817
28.47
28.17
<8.18
28,18
28.18
2818
28.1%
2878
28378
2828
2628

METER 1

&3

TOTAL RATE

8417

8418

9477

9478

9721

T2

9755

METER 2
TOTAL RATE

DAYS} (OGP (1004 GAL) (100 GPM) [10% GAL) (100 GPM) (1074 GAL)

H

o

8t7

618

518

818

B8

&18

T07
708

METER 3
TOTAL  BF1

N

31

31

L}

N

011

I

IS
074

078

076

3076

2076

3078

3110

165

3167

a7

VALVES

B2 BF3

(€m % OPEH —3)

0

100

100

100

100

100

icG

100

100

106

100

100

00

100

100

106

100

105

105G

100

100

100

100

i 5

100

100

100

PRESSURE

4l L

GAGES

L 5]

]

STAFF  COMMENTS
GAGE
=

(e PSIG ————>) (FEEY)

) 22
o 2
0 M
a 21
0 22
) 22
0 22
0 30
0 30
Q 29
C 22
0 21

i1

&} |

19

13

13

12

k|

H

12

12

23

23

396
o
Flow b basin
a
420
D
G
Flow o spreading anea
0
412
o 400
i 3.80
Flow 1o basin
O
350
2 4 00
4 420
Flow 1o spreading area
0
430
G 42D



DATE TIME

MDY) (M)

ORZVeE 0000
CADNO4 0000
GRZ3e4 0600
823784 000
O82584 09:21
OR2384 0h-H
0a2yed Do
O2Ve4 0521
CBZMRE 0535
CR2394 33
A2V04 D533
OZVSd 0933
J82%04 0942
Da2V94 1142
AV 11:42
OB/Z354 11:42
DAZ2ISd 1154
82354 1629
DARVe4 1629
08/2394 1629
OBV 1639
DAZNId 1541
08238y 1541
OR2Y04 1541
OB23ad 1641
082354 18:50
OBA494 2D:24
OA2494 Q024
182494 D024
OBZ4/094 G024
OB24/54 1015
0B24/84 10:15
OR2494 10:15
082494 1000
08404 1242
oaRdAd 12:12
082404 12:12
OR2494 1212
082484 12:15
Cazama 1218
OB/Z4M4d 1245
DE2404 12-38
082458 1620
OE2458 1758
QAr2aG4 18:10
DR/R4/84 18:10
OB/24/04 18:11
DER4Mad f820
082454 1820
an24s4 18221
OB/25/94 D108
Dor25/ae G108
Dasad 0i0a
DRSS 5108
DA2554 D4:4D

SERIAL ELAPSED
TIME TIME RATE TOTAL RATE TOTAL RATE TOTAL  BF1

(DAYS)

34563.00
3456300
3456806
34555 00
56938
3455938
34569 39
34553 39
34505 40
3456940
569 40
2455540
34563 4)
34569 49
34565 49
3456945
34568.50
3456669
4550 65
345659 £
34569 .55
24558 70
345688.70
34566.10
3455370
456070
3457002
457002
457002
451002
35T A3
34570 43
3457043
3457043
J4570.51
45705
2457051
3457051
3457059
4575
3437651
457053
3457068
3457075
345T0.TR
3457078
3457076
3457076
24570.76
MET0.T78
3457105
J45 05
3457105
2457105
34571.19

£8.53
2853
285%
20.53
892
B892
892
2892
2893
883
28.590
28593
2883
28904
231
oAby
2|2
4821
28.21
i by
922
2522
8232
8.2
29.22
2823
2954
954
2854
289
29.95
5.9
2955
25596
304
30 54
30.04
3004
.04
3304
30,04
3005
30.2%
3028
228
3325
3038
3025
3025
>3.29
3057
3357
3057
3057
3072

30

B %

29

a3 &

METER 1

9951

1007

10108
10110

10244

0303

1035

1038

10440

10441

1055t
10855

METER 2

4]

ob

= =]

708

08

751

a3?
ar

337

8y

837

58

METER 3

0

k)

3t

N

4|

Jiay

3167

268

3297

3209

3290

3308

341

419

HXI

Lt

106

100

VALVES
BF-2

100

100

100

100

100

100

BF-3
(OAYS) (100 GPM} (10° GAL) {100 GPM) (100 GAL) (100 GPM) (10M GAL}  (temm % OPEN —n)

100

100

10

100

100

100

100

100
1060

100

FELLI TRt i

PRESSURE
GAGES

#1 L[4 *3 ¥4

[Bomririnnaeae  [PEEG
o b, 12 23
0 21 12 23
1) 0 20 19
g 30 3 ¢
0 e % g
0 Fe 10 23
¢ 22 15 22
0 20 12 Z2Z
0 20 12 22
& 30 0 G
¢ X 3 2
0 % 12 23
0 23 13 Z3

STAFF
GAGE

(FEET)

COMMENTS

406

3485

Elow to basin
385

400

4.3

Flow to spreaading ares

43

4.20

87

a1

351
Flow to basin

430

430
Fiow o spreading ares
420



DATE

DY)

08725754
Q82504

DB/2T54

TIME

(H:M)

0440
Q40
04:40
06300

1223
1236
1238
12:36
12:46
12:46
12:45
18402
B
18:02
18:10
18:10
18:10
03:45
0345
03:45
13:15
13:19
1318
1323
1323
13ar
1900
19:06
1907
19:07
07:00
12:23
13:30
1332
13:32
1335
19:13
19:15
19:15
1915
0158
0153
01:58
01:58
o722
0730
07130
o720
1430
14:30
14:30
16:00

BERIAL  ELAPGLED

TIME

TIME

METER 1
TOYAL

METER 2
TOTAL  RATE

METER 3
TOTAL BP9

LR LRLE R IRE R

VALVES
BF.2

LML RLETTAN

BF-3

CAYS)  (DAYS) (100GPM)y 1044 GAL) {100 GPM) {10 GAL) (100 GPM) (10° GAL} (<— % OPEN —>)

3457119
34571119
3457118
MET138
24571.38
34571.38
34571.38
3457152
34571 .53
3457153
3457153
345153
34571 .53
3457153
3457175
3457175
M5T1.TS
24571.76
3457176
457176
345T2.16
3457218
3487216
457255
45T 255
3457255
34572 56
3457256
34357256
3457270
J5T.80
34572.80
457280
34573.29
3457352
3457356
3457356
JA573.58
34573 57
2457380
3457380
3457380
3457380
34574108
34574.08
3457408
3457408
345740
3457431
3457431
3457431
3457480
34574.650
34514 60
3457487

30.72
20.72
b1 B
390
LE
30.90
3090
3104
a1.05
H S
A1.0%
3108
3106
3106
3128
28
3.23
2128
a1.28
28
31 68
3188
31.68
Iz .08
e
232.08
208
1208
3209
3232
2R
v
2.5
1282
3304
3339
30
3309
308
3333
3333
3333
333
36

3381

.61

X3 81

3302
3354

3413
3413
3413
3419

10642

10638
o2

10791
10792

10385

16871

11647

113s

11412

11518

11604

28

1038
1039

1039

1038

1008

1134

113

1225
1226

1225

1353

g

K}

11

510

100
100

100

100

100

100

100

100

o9

100
100

146

100

100

108

106

0

100

1060

100
100

100

100

100

100

100

100

100

100

LU L B DT TR FTTY TR T LITER R T T ¥

L2

2 )

PRESSURE
GAGES
2 M ¥

[CNSREN *  EPOC——"

#

21

<0
20

H

13
12

12

Ky

¥e

15

I

£

15
15

12

12

§2

B

10

23
23

i
23

25

STAFE  COMMENTS
GAGE

{FEET)

4,135
4.0C
Flowrate indicabor #1

talled 0800 hours
AFT

Flow 1o basin

4.38

Flow to spreading area
4,30

4 15
382

Fiow to basin

428
Fraw ta spraadling area

408
353

Fiow to basin
306
4.3z

Fiow lo spreading area

4§10
Fiow o basin
Fhowt o spreading arsa

452
450



SERIM.  ELAPSED

TIME
(DAYS)

35753
3457583
3457533
345753
34575 49
H5T5.50
M5TS.50
3457550
3457633
34576 30
34575.33
24576.33
234576.23
J4576.49
24457649
34576 49
34576.48
3457658
34576 55
34576 .55
3457655
3457655
34576.55
34576 55
MGTE S5
2457665
24576 65
2457665
34576.65
3457668
457665
2457665
JA5TEBT
HETE.78
34576.76
J4576.76
34576.75

TIME RATE

3455
2485
3455
34,96
B0z
Skl
"oz
35.02
.85
585
358
3585
DS
B0
3601
3501
3B
¥MeT
3B07
mBor
3807
BLa
k08
3503
3608
2E18
c18
3818
3% 18
3619
3€.14
3619
3670
K35
36.29
36.29
3629

METER 1
TOTAL

11988

12058

12332
12332

12397

12421

12421

2461

12462

12505

METER 2

iy

1334

1427

1428
1428

1504

1527
1527

1527

1575

METER I
TOTAL RATE TGTAL  BF-1

3

M
K}

et

(DAYS) (100 GPM) (10% GAL) (100 GEWY) (104 GAL} (100 GPM) (10 GAL)

70T

arse

F07

3813

VALVES
BF-2

aF-3

{Carnaes Y OPEN ~ome)

100

100
100

100

100

G

100

100

100

100

00

106

100

100

00

100

106

100

100

100

PRESSURE
GAGES
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SERIAL
TEME
(DAYS)

34542 .66

34543.13

544 .16

3456477

$4545.13

34545 .40

34545.82

B4546.42

34546.65

JL54AB , Bh

HONTH

DAY

27

30

30

31

H

HOUR

15

18

14

19

e

15

MINUTE

45

55

&0

G

STAGE

5.981

3.800

&, 163

028

%.150

3.974

4337

'ﬁ‘;!ﬂz

4. 484

53.554

FALLING
LiMB

X

min

max

max

min

A
Sa
min

STAGE
HAT
CFEET)
3.985

3.801

4,139

3.992

4. 156

3.988

4.339

4,102

4,483

3.567

REGRESSION SUMMARY

Regression Output:

Conatant 133%7.13
Std Err of Y Est 0.003303
R Squared 0.996298
No. of Chaervations 124
Pegrees of Freedun 122
X Coefficient(s) -G 3877
Std Err of Coef. 0. 80254
Regression Output;
Constent 8344.75
Std Err of Y Est 0.019821
R Scquared 0.825287
¥o. of Uhservations 177
pegrees of Freedom 175
X Confficient(s) -0, 24145
Std Err of Coef.  0.06G83%8
Regreassion Dutput:
Constant 13017.55
std Err of Y Est 0.003308
R Squared 0.995934
No, of Dbservations 136
Degrees of Freedom 134
X Coefficient(s) “Q.37671
std Err of Coef, 090207
fkegression Output:
Conatant 13635.67
gtd Err of Y Est 0. 001461
R Squared 0. 99575
No. of Observations 164
Degrees of Freedom 162
X Coefficient(s) (. 39459
Std Err of Coef,  0.000639
Regression Output:
Constant 14467 .88
Std Err of ¥ Est 0.005744
R Squared 0.9906352
No. of Observations 63
Degrees of Freedon 630

K Coefficient{s) -0. 41856
€td Err of Coef, 0. 0003541



SERIAL
TIME
(DAYE)

454584
34:551.63

34531.03

34553.322

24553 .22

JAEL5 .40

34555.50
34557.55

34559.5%

34560 .30

MONTH

DAY  MOUR
4 20
5 0
5 0
7 5
7 5
9 9
¥ 12
11 13
13 4
14 7

HIBUTE

iG

10

10

4%

11

11

STAGE

*.59%4

¢.618

2.618

1.707

1.707
0. 503

0.BAD

0.160

4.202
3.879

FALLIRG
LIKZ

ok

min

5c
min

max
1
#in

max

min

STAGE
HAT
¢{FEET)

3.556

2.620

Z2.615

1.704
0.895

0.841

0.1564

4.208

3.682

RECRESSION SiRBtnRY

Regression Outplit:

Lonstant 16792. 14
Std Err of Y Est 0.002947
R Squared 0. 990882
¥o. of Observations 631
Degrees of Freedom 629

X Loefficient(s) 0. 42805
Etd Errr of Coef, o.000185

Regression Output:
Lonstant 14373.8
Std Err of ¥ Est 0.0053254
R Sguared 0.999848
No. of Observations 531
Dagreea of Froedom 629

X Coefficient(s) -0. 41593
&td Err of Coef. G.000205

Regression Output:

Lonatant 1781 .62
Std Err of Y Est 0.0062%2
R Squared 0.99907&
No. of Observetions 454
Degrees of Freedom 452

X Coefficientis) -0, 34085
5td Err of Coef. ¢.000529

Regression Output:

Constant 11432.28
std Err of ¥ Est 0.016324
R Squared 0.995372
No. of Observations 10
Degreed of Freedom i

X Confficient{s} - 33081
Std Err of Coef. 0.207975

Regression Qutput:

Corstant 15944, 92
5td £rr of ¥ £u1 0. 002844
R Squared 0.999143
No. of Observations &7
begrees of Freedom &7

X Coefficientis} -0, 456131
£¢td Err of Coef, 0. 00165
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SERIAL
TIME
(BAYS)
3558047

361 .5%

34561.77

34562.42

34562.59

34563 .37

34563 .62

34363.91

34564 .06

JA584 . 76

HORTH

DAY

14

5

15

16

16

ir

17

ir

18

18

KOUR

15

1<

18

14

14

21

in

MIRUTE

bt

2%

14

59

14

STAGE

L. 287

5.880

4. 227

3.900

4.178

3.788

4,200

4. 067

4.303
3.96%

FALLING
LINE

X

min

3

min

hax
t1H
iy

K
1

min

STAGE
HAY
(FEET)

& 7287

3.819

4.219

3.900

4.176

3.™

&, 206

4. 065

4.299

3.963

REGRESSION SuMMARY

Regression Output:

Conatant 16312.8
8td Err of Y Est 0.002115
R Souared 0. 999693
No. of Observations B4
Degrees of Freedom a2

X Coefficiantis) -0.47188
5td Err of CToef, 0000914

Regression Output:

Constant 17082.12
Std Err of Y Est 0.002213
# Squared 0.999459
Mo, of Gbservations 63
Degrees of Freedom b4

X Coefficienti{s) -0.46%413
Std Err of Coef, 0.0861472

Regression Qutput:

Lonatant 17457, 34
Std Err of ¥ Est 0.002754
f Squsred 0999644
¥o, of Ghservations 76
Degrees of Freedom 74

X Coefficient{s) ~0,. 50497
Std Err of Coef. 6.001382

Regression Output:

Constant 17267
Std Err of Y Est 0.003713
R Squared 0.992802
¥o. of Cboservations 28
fegrees of Frocdom 26

X Confficient{s)  -0.49945
Std Err of Coef, 0. D0234

Regression Output:

Constant 16656 .65
Std Ere of ¥ Est 0. 004494
R Squered 0.997T983
No. of Observations &8
Degrees of Freedom &6

A Coefficient{s) =0,48178
Std Err of Loef. 0.002666



EERIAL  MONTEH DAY HOUGR  MINUTE  STAGE FALLING  STAGE REGRESSION SUMMARY

TIME LIMB HATY
{DAYS) (FEET}
34565.04 8 1% 0 59 4.374  max Regression Output:
12 Constant 16463 .26
14568, 21 8 20 & 8¢ 3.812 nin Std Err of Y Est 0.003437
R Scuarei 0.999557
No. of Observations 113
Degrees of Freedom "
X Coefficientis) G . &7H17
$td Err of Coef, 0. CGEY52
34566.63 8 20 1% 14 4,469  max 4,483 . Regression Cutput:
13 Constant 14782 T4
TLB6T. T B 21 16 5% 31.964 min 3.963 $td Err of Y Est 0.0049632
R Squared 0. 998732
No., of Observations 104
Degrees of Freedom 102
X Coafficient(s) -1, 4B53%
&td Err of Loef. (.2015%&
34547 .06 8 21 20 i 4.189  max 4, 184 Regression Qutput:
14 Constant 17445.23
24568.464 a 22 0 2% 3.806 min 3.895 Std Err of Y Est 0.0019%48
R Squared 0.999448
No, of Observations oh
Degrees of Freedom 19
X Coefficient{s) <. 50455
Std Err of Coaf.  0.0015B4
456866 & 2 15 dole 4.216 max 4.210 Regression OQutput:
15 Constant 17967 .68
345649, 60 & 23 o 29 3.832 min 1.826 Std Err of Y Est 0.005095
R Squared 0. 798009
No. of Observations 72
Degrees of Freedom 0
X Coetficienti(s) -3 51953
s$td Err of Loef. 0.002774
35569.70 B 23 16 &k 4.317 max 4.313 Regression Outpat:
16 Lonstant 17287.8%
34570.51 a 24 t2 71 3.915 min 1.607 Std Err of ¥ st {.00238%
R Squared 0. 999604
No. of Observations TG
Degreee of Freadom 77

X Coefficient(s) “8. 49996
Std Err of Coef.  0.00%152



BERTAL  MONTH

TIME
{DAYS )}

34570.77

34571.53

34571.78

34572.54

34572.80

34573.56

34573.82

34574, 31

34574.61
3A575.33

DAY

24

25

25

27

ar

HOUR

1

12

18

Te

Y

13

1%

14

MINUTE

&b

H

&b

9

STAGE

4.314

3.957

4,284

3.911

4., 214

3.915

4. 287

4.051%

4.528
&, 165

FALLING
LTHE

7
min

max
13
min

%
min

inE

s,
4
fin

STAGE
HAT
(FEET)

4.308

3.92¢9

4.284

3.909

4,265

3.504

& . 284

4.051

6.518

4,164

REGRESSION SUMMARY

Regression Quiput:
Constant
$td €rr of ¥ Est
R Squared
No. of Observstions
Degrees of Freedom

X Coefficient{s)
std Err of Coef.

Regression Quiput:
Constant
Std Err of ¥ Est
& Squarecg
Wo. of Coservations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

Regression Qutputs
Constant
8td Err of Y Est
R Sguared
Ko, of Observations
Degrees of freedom

X Coefficient(s)
Std Err of oef.

Regression Output:
Constant
Std Err of Y Est
R Sguared
Mo. of Observetions
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

Regression Output:
Constant
5td Err of ¥ Est
R Squered
Ho. of Observations
Degrees of Freedom

X Coefficient{s)

Std Err of Loef.  0.002001

~0.4979
0,.001549

-0.49284
G.001%

“0,.47917
0.001499

047554
0.001336

-0, 69269

17217.15
0.003157
0.99921
T4

72

17042.8

0001914
0.999704

74
72

16570.57
0.60287
0.9992%
74

72

16645.57
0.001536
0.99932
&8

&6

17038.99
0.003523
D.99888
70

68



SERIAL
TIME
{DAYS)
34575.55

34376.33

34576.55

24L576.66

5657677

34578.84

54578.85

34581.09

34381.%0

34583, 26

MONTE

DAY

30

8

a

30

HOLUR

13

13

15

18

24

MINUTE

%

4%

14

14

Ta

STAGE

&.425

4,024

4.379

4.336

4,501

3.551

3.528

2.551

2.528

1.69%

FALLING
LIMG

min

X

min

iy,
24 &
&in

24 b
min

26 =

min

STAGE
HAT
(FEET)

4.411

4.018

4496

3.528

3.521

e.527

2.515

1.6%¢

REGRESSION SUMMARY

Regression Quitput:

Constent

std Err of ¥ Est

R Squared

Ko, of Dbsarvetions
Degrees of Freedom

X Coeffictent{s)
Std Err of Coef,

Regression Output:
Conatant
Std Err of ¥ Est
R Squarad
No. of Gohservationi
begrees of Fresdom

X Coefficienti(s)
Std Err of Coef.

Regression Qutput:
Constant
Std Err of ¥ Est
R Squared
No, of Dbservations
Degrees of Freedom

X Coefficient{s)
Std Err of Toef.

gegression QUi :
Conatant
Std Err of Y Est
R Sguared
No. of Cbssrvations
Degrees of Freedom

¥ Coefficientis)
Std Err of Loef.

Regression OQutput:
Conatant
Std Err of ¥ Est
R Squered
Ho, of Observations
Degrees of Freedom

X Coefficient{s)
Std Err of Coaf.

B i o e te B st Bt s i i e e

~§.5026
0.002132

~0.43297
0.015624

-0 . &b658
9.0C052

~0.44402
0. 000428

~0.3817
ﬂ'ar mag

17381.%1
0.004246
0.998671
76
74

14976 .86

o.0oYrer

0.988413
13
3

16140,92
0.00&42
0.999755
200

(1

15857.24
0.004083
0.999602
216
14

13201.13
G.005317
0.99950%
208
206



SER[AL  MONTH DAY AQUR  MINUTE  STAGE FALLING  STAGE
TIME LEME HAT
{DAYS) {FEET)
34583.27 ¥ & & 29 1.690 max 1.696
26 d
34505 .43 9 8 10 16 0.923 min 0.933

REGRESSION SUMMARY

Regression Cutput:

Constant

Std Err of ¥ Est

R Squared

Ha, of Observations
Degrees of Freedom

X Coefficient(s)
5td Err of Coef.

-0.35404
0, 800543

12265.57
0.00468%5
0. 999516
208
206



Appendix D

Basin Volume-Stage and
Surface Area-Stage Relationships
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Appendix D

Basin Volume-Stage and
Surface Area-Stage Relationships

The attached interoffice correspondence from M. AL McQueen to S, L. Barrie describes the
calculation of the basin clevation-volume relationship. Elevations are referred to an arbitrary
datum, and a stage of 0.0 ft lics at an clovation of 1,34 L

To determine the basin volume-stage relationship from the volume-elevation relationship,

linear interpolation was used to calculate values of volume at the desired stages. The interpolated
values are tabulated below.

The surface area-stage relationship was determined from the data reported by McQueen by
dividing the volume of water in an incremental elevation slice by the difference in elevation, and
assigning the resulting average surface area to the midpoint elevation for that shice. Linear
interpolation was used (0 calculate values at the desired stages.

D-3
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*Froveing research gnd gevelopmaent services 1o

INTEROFFICE CORRES| [ [=og7e——for—LRe=1i72

. Date: June 20, 1554
Ta: S. L. Barrie, M§S 3920
From: M. A. McQueen, MS 3504

SubJect: INFILTRATION BASIN INCREMENTAL VOLUME CALCULATION - MAM-01.-34

We were provided 750 geographic points with thelr associated elevations
relative to the lowest point in the infiltration basin. The supplied sample
points were mostly in the interior of the basin although there were a few
on the external side of the berm as wall as four completely outside the
basin. The peoints were mostly uniformly spaced across the basin, however,
sample spacing did vary at some locations In the interior and along the
basin wall, see Figure . Since the sampiing was not of uniform spatial
separation, I decided to model the surface as z triangulated irrveguiar
networkX {TIN] with 1inear interpolation instead of as a lattice. Within.
our modeiing teol there are 3 iimited set of commands for manipulating
TINS., The most important command for our purposes was the VOLUME command.

VOLUME provides the cubic fest of spil from 3 user suppiied base e¢Tevation
value to the top of the sot) surface. Of course this command by itseif did

rot provide basin water volume {nformation. Fortunately, with spme

preprocessing of the points and a few simple calculations I was ablg to

calculate, as requesied, basin voluymes in 3 inch elgvation increments

?Eg§n¥ing}at the bottom of the basin and proteeding to the tep of the berm
- q2eL ;.

The process 1 used for estimating basin water volumes ts as follows:

Remove a]] points externa] to the top of tha barm, see Figurs 2.
Lreate a basin surface model using only thoss peints remaining

after stop I, ses Figure 3.
Determing the planimetric area (A} of the surface mode} from a top

view, see Tigure 4.
fatculate the volume of a quarter foot of height 1n the planimetric

area, see Figure 5. V¥, ., = 2B X A
In quarter foot elevation increments calculate the total volume of
soll {V, ..} above each elevation | to the surfsce of the basin, see

Figure &.
B. Determine the volume of 5011 which was left behind with each quarter

foot elevation increase, see Figure 7.

?: wet_in1 1'1‘ toy T v-__tﬂ_i-l-‘l _
7. Calculate the water volume space in the basin in guarter foot
eievalion incremenis, see Figure 8.

xi'1||l|.|'_|l.t.'|t_+f*t- - i ?n_m " ﬁi_lﬂ_hh‘l

07 o fad P e
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5. L. Barris
June 20, 1994
MAM-01.94
Page 2

8. Caiculata the total basin water voiume at elevation k+l by
summing all of the lower algvation, quarter foot increment,

water volumes determined in stap 7, see Figure 8.
vw_‘!ﬂ_t+1 ta sumluﬁlak {ﬁw_:qmﬁil '

In Table 1 you will find the total basin water volume for each guarter foot
sievation ipterval as well as the values for sach of the other variables

ussd in the process.

You should note that in oreating the initial basin surface used in this
analysis two portions of the surface came to my attention. The first 15 &
Eﬂint with elevation € and ihe second 15 & wedge shagad pertion of the
asin which ap;arentiﬁ was not sampied, see Figure 10. 1 contacted Ken
Beard about this but he had not done the sampliing and was not sure whom to
centact in order to verify the initial sample points and area. UOspending
on what your required basin volume accuracy 15 you might wish to track down
the Initial data and verify that the identified point bsionged in the data
and that the wedge shape area was not ever sampled. Be aware that if the
identified point were removed from the anaiysis the resulting basin water
volume astimate would only detrease by approximately 220 cubic feet. Alse
ba awere thgt the identified point is the only basin sample point at
elevation 0 and thus, if it were removed from the anklysis the requested
guarter fopt water volume cilculations weuld have to be redone.

You should also nota that error anzlysis has not been done t¢ bound the

possible water volume error induced by using the discrete set of basin
points and a TIN {o mode] the continuous surface of the basin. 1f the

possibis 220 cubic feel error mentioned above is of concern to you then I
would suggesi furiher error andlysis. 1If 1 can be of any more help please

let me know.
th

Enclosire
(a5 stated)

ey 6. D. Macham, M5 3820
R. A. Smith, M5 38a0
M, A. McQueen Letter File
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§ 3. % | US DEPARTMENT OF COMMERCE

. e Mational Ocesnic and Atmaspheric Administration
A f ENVIBONMENTAL RESEAACH LABORATCRIES

ARAL Field Research Division
1750 Foote Drive
idaho Fallg, D 83402-4901

October 25, 1994

Dr. Robert Starr

Lockheed (daho Technologies Company
P O Box 1625

ldaho Falls, iID 83415

Dear Dr, Starr,

Attached is the final memo report describing our meteorological measurements for and
calculations of evaporation to support the 1984 | arge Scale Aguifer Stress and
Infiltration Test. The EG&G purchase order {0 us is # C94-170844.

From our measurements and caiculations, we determined that appproximately 39
inches of water + 20% evaporated from the LST pond, while we measured input of G.41
inches pracipitation to the pond. In the report we also suggest three activities to reduce
uncartainty in future evaporation measurements and calculations.

We appreciated the opportunity to participate in the Test and look forward to working
with you on future tests.

Sincersly,

Q%W

C. Ray Dickson, Director
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10-24-94

Report of Precipitation Measurements and Evaporation Caiculations To Support the
Large-Scale Aquifer Stress And Infiltration Test of 1994

David H. George
NOAA-AIr Resources Laboratory
Field Research Division
1750 Foote Drive
daho Falls, idaho 83402

1. Equipment Bescription
All equipment was known good at the time of installation.
Precipitation Gage:

Precipitation was measured with an 8 inch diameter Climatronics heated tipping bucket
precipitation gage. The heaters were not operated as the likelinood of significant frozen
precipitation, such as hail, at the site is very low,

Wind Speed:

Wind Speed was measured with a Met One three cup anemometer identical to those
used in the INEL Metecrological Measuring Network, Specifications are given in Exhibit
1. Wind speed was measured at two meters height above ground to simplify
evaporation calculations.

Data Logger:

Data were acquired at 1 Hz by a Campbell Scientific CR-10 data logger enclosed in a
weather tight cabinet. The CR-10 and its algorithms were identical {0 those used in the
INEL Meteorological Measuring Network., The CR-10 produced a 5 minute averags
wind speed and accumuiated precipitation {otals in each five minute period. CR-10
specifications are given in Exhibit 2.

2. Instailation and Checkout

Wind Speed equipment was installed on g 2 m iripod and the precipitation gage was
placed on the ground on Friday July 15, The precipitation gage was bolted to a 1 ff
square by 2 in thick congrete block and each wind tripod leg was boltedtoa 1 ft
diameter round by 2 in thick concrete block. The tripod cross arm and precipitation
gage were leveled. Dirt bags were place atop the concrete blocks to hold the
equipment in case of unusually strong winds.



Standard NOAAJAIr Resources Laboratory Physical and Safety Audit forms (Exhibit 3, 4
pages) document the instaliation.

The equipment was jocated to the north-northwest of the LTS pond, and about 40 feet
west-northwest of wells CO2C11 and CO2C12 {see Exhibit 4). The first of the attached
photos (Exhibit 5) shows the meteorological equipment installation from the south
looking north from the LST pond toward the RWMC. The seven 360° photos show the
typicai desert vegstaticn and topography of the measuring site.

The equipment was run-in through the weekend, verified for proper operation on
Monday Juiy 18 and declared operational.

3. Calibration Check and Teardown

Equipment caiibration was checked at teardown on Monday September 12 and the
equipment removed. The wind speed sensor starting torque and bearing condition
checked within limits. The precipitation gage calibration was checked with a known
quantity of water and found to require a +14.4% correction, in line with preinstaliation
corrections. Exhibit 6, Semiannual Calibration and Maintenance Form, documents the
result of the calibration checks.

4. Bench Calibration

The pracipitation gage calibration was aiso bench checked after teardown at NOAA/ARL
as bench measurements can be more easily and accurately performed than those in the
field. The precipitation correction was determined to be +16,7 %. This correction factor
was used in data reduction and reporting. Given that only 0.35 in precipitation was
recorded uncorrected from three occurrences during the test period, the difference
betwaen field and bench correction factors yields only 0.01 in difference in total
precipitation. '

5. Measured Precipitation

Four precipitation events occurred during the test period:

Juiy 31 0.13 in corrected
August 10 0.01 in
August 10 0.02 in
August 20 S.cvul

Total Precipitation 0.41 in corrected



6. Evaporation Computations

Evaporation was computed using the empirical relationship developed and published by
de Bruin (1978).

The relationship is given by
LE = [aer-1 ] [ /s + v } (U} (g, - ©)

where L.E is the latent heat flux from & waler surface
« is the empirical Priestly and Taylor constant of value 1.26 (Stewart and Rouse
1977)
v is the psychrometric constant
s is the slope of the saturation vapor pressure-temperature curve
f{u) is an empirical wind speed-height relationship (Sweers 1976)
g, is the saturation vapor pressure
& is the vapor pressure,

Wind speed was measured north-northwest of the Large-Scale Test pond at 2m above
ground, while 2 m temperature and reiative humidity to derive e and e_ (Lowe, 1877)
were measured at the INEL Meteorological Measuring Network tower at RWMC. We
assume the temperature and relative humidity at the two measuring stations shouid be
very similar given the uniform desert surface from the LST pond to RWMC and the
normal occurrence of at least light winds over the area,

5 Day Average Total
Averaging Daily 5 Day
Period Evaporation Evaporation
7118-22 2.0 cmid 3.90 in
7123-27 1.5 2.99
7128-811 1.0 2.91

B8/2-6 g 3.35

8/7-11 1.8 3.64
8/12-16 1D 3.04
8/17-21 1.6 3.13
8/22-26 2.0 3.93
Bf27-30 1.4 3.27
8/31-9/4 2.1 413

8/5-9 1.8 3.62
S/10-11* 1.1 Q.89 * two day period
Total 7/18-9/11 38.76 in



Evaporation was caiculated over 5 day averages, except for the final two days of the
test. Total evaporation for the period July 18 through September 11 was 38.76 inches.
The following table lisis calculated evaporation. Calculated Average Daily Evaporation
was rounded {0 the nearest 0.1 cm. Total 5 Day calculated Evaporation in inches is
computed {0 three decimal piaces and rounded.

These evaporation calculations compare within factors of two to three with actual
gvaporation pan measurements made at the U.S. Department of Agriculture Research
Station at Kimberly, ldaho, about 95 miles to the southwest. The Kimbarly location is in
an irrigated and hence more moist area than the INEL. Review of the Kimberly
indicates that average wind speeads at Kimberly were approximately 75% of the wind
speeds at the LST pond. Both factors indicate increased evaporation at the INEL
versus Kimberly, The wind speed difference alone might account for up to a 60%
greater evaporation rate at the LST pond.

7. Error Estimate:

We believe that the calculated evaporation for the LST site is representative of actual
evaporation within +20% of the true value based on the following considerations:

Wind speed is the driving factor in the evaporation calculations. The 85%
confidence limits of 10 m wind speeds are reporied to be + 10% and are
independent of averaging time for times greater than one day (McMilian, 197 3).

Confidence limits of wind speeds at 2 m are likely 1o be wider than those at 10 m
due to a larger effect of surface friction and roughness.

The vertical wind gradient is also stronger for smaller bodies of water, such as
the LST pond {McMillan, {1973).

Wind speed, temperature and relative humidity were measured at distances
removed from the LST pond rather than directly over the pond.

8. Suggestions for Fufure Evaporation Measures:

1. As a minimum, evaporation should be measured directly with a standard Class A
Evaporation Pan. This includes wind speed measurements over the evaporation
pan surface and eliminates the need for calculations which employ second order

empirically derived relationships.

2. Pond temperature, and near surface air temperature, humidity and wind speed
should be measured directly, and the same empirically derived relationships used

o calculate evaporation.

o g g R B R T R R 5



3. kEvaporsation Pan and empirically based calculated evaporation should be
compared to provide a betier error estimate.

Refarences

de Bruin, HAR., 1978:; A simple model for shallow lake evaparation, J. Appl. Meteor.,
17, 1132-1134.

Lowe, Paul R., 1977 J. Appl. Meteor., 16, 100-103.

McMillan, W., 1973: Cocling from open water surfaces: Final Report, Part 1: Lake
Trawsfynydd cooling investigation. scientific Services Department, CECG Manchester,
No. NW/SSD/RR/1204/73.

Sweers, H.E.. 1976; A nomogram to estimate the heat-exchange coefficient at the air-
water interface as a function of wind speed and temperature, a critical survey of some
literature, J. Hydrol, 30, 375-401.

Stewart, R. B., and W.R. Rouse, 1977 Substantiation of the Priestly and Taylor

parameter o = 1,28 for potential evaporation at high iatitudes. J Appl Meteor., 18, 549-
650.



€l

.-

"

St Tmd Pl s sk el el bl el e et b A eeel et e 0 Bmemd 0 i

oo - m &

s b=

]

s o - e

1.0

1.1

1.2

1

Exhibit 1

5387 WIND SPEED SENSOR

GENERAL INFORMATION

The 5387 Wind Speed Sansor uses a durabla, three-cup anemometsr assembly and
optical link with a 8-slot chepper disk o p.oduce a puised cutpul whose frequency is

propocional to wind speed. An internal heater reduces moisture for extended bearing
iife. This sensor is usually used in conjunction with the 181 Crossarm Assembly and
a transiator module, but may also be used directly with a variely of data loggers.

The Sensor Cable has a quick-connect connector with vinyl Jacketed, shielded cable.
Cabie length is given in -XX feet on the end of each cable part number. A 1953-XX
cable is used with translators having terminal strip connections.

Table 1-1
Model 5397 Wind Speed Sensor Specifications
Perfeumance. Chawgeteristics
Maximum Operating Range 0-60 meters/sec. or 0-125 mph
Starting Speed 27 metarsisec or 0.6 mph
Calibrated Range 0-50 melers/sec or 0-140 mph
Accuracy +1% or 0.15 mph, whichsaver is
greater
Temperature Range . «50°C to +85°C
Respaonse Distance constant less than 5 feet
of flow"

*The distance traveled by the air after a sharp-edged gust has cccurred for the anemomster
o reach 63% of the new spesd.

Electrical Characleristics

Power Reguiremsents 12V DC at 3.5 mA
Qutput Signal 11-volt puise
Qutput Impedance 160 ohms maximumm
Heater Power Aequirement 12V DC at 350 mA

53687 WS 10/80
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Bhysical Characieristics
Weight 1.5 pounds
Finish Anodized aluminum
Mourting Use with 191 Mounting Arm
Cabling 1553-XX Cable

(XX is cabie length in feet)
Oplional Agcessories

a External heater assembly for exireme low temperalure operaticn.
b. lce Skirt for extreme Icing environments.

2.0 INSTALLATION

2.1  Mounrt the cup assembly and secure with the alien head set screw, check 1o see that the
cup assembly rotates freely,

2.2 Instali the sensor In the end of the Model 191 Mounting Arm {the end without the
bushing).

2.3 Tighten the locking set screw. Dg not over-tighten, Apply a small amount of silicone
grease to set screws o prevent freezing in corrosive envirgnments.

2.4 Connect the cable assembly 1o the keyed sensor receptacle and tape it to the mounting
arm.

25 Witing. The cable assembiy contains six wires. Typical wiring hookup is shown in
Figure 2.1, Four of tha wirgs connect 1o the transiaier moduia, the other two wires
are connected o the heater power supply. The healer power supply may be iccated in
the translator or as part of an auxiliary power supply. (Refsr fo system wiring
diagram.)

$387 WS 10/80



Exhibit 2

CR10 MEASUREMENT AND CONTROL MODULE OVERVIEW

Carmpbell Sclentific Ing. provides three documenis 1o aid i understanginng and cperating

the CR1Q:

1. This Overvigw
2. The CR10 QOperator's Manuail
3. The CR10 Prompt Sheet

This Overview introduces the concepts required to take advantage of the CR10's
capabilities. Mands-on programming éxamples start in Section QVS. Working with &

CR 10 will heip the Isaming process, s don't just read the exampies, do them. If you want
to start this minute, ge ahead and try the examples, then come back and read the rest of

tha Overview,

The sections of the Operator's Manual which should be read to complele a basic
understanding of the CR10 cperation are the Prograrmming Sections 1-3, the portions of
the data retrieval Sections 4 and 5 appropriate 1o the method(s) yous are using (see OV6),
and Section 14 which covers instaliation and maintanancs.

Section 6 covars delails of serial communications. Sections 7 and 8 cortain _
programming axampias. Sections $-12 hava detailed descriptions of each programming
instruction, ard Section 13 goes inte detail on the CR 10 measurement procedyres.

The Prompt Sheet is an abbreviated dascription of the programming instructions. Cnce
famnitiar with the CR10, It Is possibla to program It using onfy the Prompt Sheet as a
relerance, consuiting the manuval if further detail is needed.

Read the Selected Cperating Datails and Cautionary Notes at the front of the Manual

before using the CR10,

OV1. PHYSICAL DESCRIPTION

The CR10 is a fully programmable
dataiogger/contralier in a small, rugged, sealed
modula. Programming is very simiar to
Campbell Scientific’s 21X and CR7 dataloggers.
Soma hundamental physical differences are listed
below.

- The CR10 does not have an integral
kayboard /display. The user accasses the
CR10 with the portable CR10KD Kayboard
Cigplay or with a computer or terrninal
{Sectlon GV2).

- Tha CR10 does not have an integral terminal
strip. A removabia wirlng panel, the CR1OWP
(Figure OV1.1-1) performas this function and
attaches to the two Daypa connectors
located at the end of the module.

- The power supply is external to the CR10,
This givas the user a wide range of options
(Section 14) for powering the CR10.

OVi.1 WIRING PANEL - MODEL CR1OWP

The CR10WP Wirng Panel and CR10 dataiogger
rmaka slectrical contact through the two D-type
connectors at the Jeft) end of the CR10.

The Wiring Panel contains a 3-pin Serial 1/O pont
used when communicating with the datalogger
and provides terminais for connecting sensar,
control, and power leads to the CR10. 1 aiso
provides transient protection and reverse polarity
protection. Figura OV1.1-2 shows the panei and
the instructions usad to access the various

tersninals,

Qv-1
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CR10 CVERVIEW

CRIOWP WIRING PANEL

CRIOWP WIRING PANEL BRACZKET

FIGURE OV1.1-1, CR10 and Wiring Parel

OVi.1.1 ANALOG NPUTS

- Tha terminals labeleq 1H to 6L are analog inputs.

Thesa numbers refer to the high and low inputs
io the differenic. channeis 1 through 6. Ina
diferential measurement, the voltage on the H
input is measured with respect to the voltage on
the L input. When making singie-anded
measurements, aither the H or L input may be
used as an independent ¢channel 1o measure
voltage with raspact to the CR10 analog ground
(AG]). The singia-ended channels are numbersd
sequentially starting with 1M, a.g.. theHand L
sicdes of differantial channel 1 are single-ended
channels 1 and 2; the H and L sides of differential
channel 2 are single-ended cha .33 and 4,
ete. The single-ended channel numbers do NOT

appear on the panel,

OV1.1.2 SWITCHED EXCITATION OQUTRUTS

The terminals labeled Et, E2, and EJ are
precision, switched excitation outputs used to
supply programmable excitation voltages for

Qv-2

resistive bridge measurements. UC or AC
excitation at voitages between 250G mV and
+ 2500 mV are user programmabie (Gection S).

OV1.1.3 PULSE INPUTS

The terminals iabeled P1 and P2 are the puise
countar inputs for the CR10. They ars

mable for switch ciosure, high frequency
pulse or low lavel AC (Section 9, instruction 3).

OV1.1.4 DIGITAL |/O PORTS

Terminais C1 through C8 are digital input /Quipt
ports. On powsat-up they are configured as input
ports, commenly used for reading the status of
an extemnal signal. High and low conditions are:
3V « high < 5.5Y; 4.5V < low < {.8V.

Configured as cutputs the ports alfow on/off
control of external devices. A port can be set
high {5V £ 0.1V), set low {<0.1V), toggled or
pulsad {Sections 3, 8.3, and 12).
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FIGURE OV1.1-2. CR10 Wiring Panel/Instruction Acceas

M

OV1.1.5 ANALOG GROUND (AG)

The AG terminails are analog grounds, used as
the reference for singie-ended measurements

and excitation returm

OV1.1.8 12V AND POWER GROUND (G)
TERMINALS

The 12V and power ground {G) terminals are
used to supply 12V DG power to the datalogger.
The extra 12V and G terminals can be used 1o
connect cther devices requiring 12V power.

The G termminals are aiso used to tie cable shields
to ground, and 10 provide a ground referencs for

puise counters and binary inputs. For protaction
against transient voltage spikes, power ground
shouid b "nected to a good earth ground
(Section 14.3.1). .

OV1.1.7 5V OUTPUTS

The two 5V (10.2%) outputs are commonly usaed
10 power peripherais such as the QD1
incrementai Encoder interface, AVW1 or AVW4
Vibrating Wire interface.

The 5V cutputs are common with pin 1 onthe 2
pin serial connector; 200 MA s the maximum

sombined sutput.
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CR10 OVERVIEW

‘OV1.1.8 SERIALI/O gvery execution interval to processed summaries

The 9 pin serial /O port contains lines for serial output hourty, dally, or on longer ar ieguiar
communication between the CR10 and exdomal vy,

devices such as computers, printers, Storage
Modules, etc. This port does NOT have the
sarme configuration as the 9 pin serlal ports
currently used on maay persanal computers.
it has a 5VDC power iine which is used 1o pawer
peripherais such as the SM192 or SM718
Storage Module or the DC112 Phone Modem.

Figure OV2.1-1 represems the measurement,
processing, and data storage sequencs, and the
typas of instructlons used to accomplish these
tasks.

OV2.1 INTERNAL MEMORY

The same 5VDC supply Is used for the 5V The CR10 has 64K bytes of Random Access
outputs on the lower terminal strip. Section 8 Memory (RAM), divided into five areas. The use
contains technical details on serial of the input, intermediate, and Final Storage in
communication. tha measuremsnt and data processing sequence
is shown in Figure OV2.1-1, While the total size
OV1.2 CONNECTING POWER 7O THE CR10 of these three areas remains constant, memory

may be reallocated between the areas {a
accommodata different measuremsnt and
processing needs (*A Mode, Section 1.5). The
size of the 2 additional mamaory areas, system
and program, are fixed. The five areas of RAM
are:

The CR10 can be powered by any 12VRGC
source, First connecs the positlve lead from the
power supply to one of the 12V terminals and
then connect the negative lead to one of the
power ground {G) tarminals. The Wiring Panef

power connection s reverse polarty protected.

o Su-ctltnn 14 Tor detalis on power SUPPIY 1. input Storage - Input Storage hoids the
rasuits of measurements or calculations. The

CAUTION: The metal surfaces of the ;::ﬂ?;?nr che;?dng m?::;a
CR10, CR10WF Wirtng Fanel, and

readings or calculated values. Input Storage
CR10KD Keyboard Display are at the defauits to 28 locations. Additional locations

::: gifﬁf 1323 ulm mggm L can be assigned using the *A Mode (Section
: 1.5}

connect the 12 voit lead first, then
connect tha ground ead.

2. intermediate Storage - Cortain Frocessing
Instructlons and most of the Quiput

CONCEPTS imtarmediate results in Intermediate Storage.
The CR10 must be programmed before It will intermediate storage is automatically
make any measurements. A program consists of accessed by the instructions and cannot be
a group of instructions enterad into a program accessed by the user. The default allocation
{able. The program table is given an execution is 54 locations. The number of locations can
Interval which determines how frequertly that be changed using the *A Mode.
table Is executed. When the table Is executed,
the instructions are exacited in sequencs from 3, Final Storage - Final processed vaiues are
baginning to end. Alter exectting the table, the stored here for transfer to printer, tape, solld
CR10 waits the remaindar of the execution state Storage Mcxiule or for retrieval via
interval and then executes the table again telecommunication links. Values ars stored
starting at tha beginning. in Final Storage only by the Cutput
Processing Instructions and only when the
The interval at which the table is executed Output Flag Is set In the users program.
g;maiyciamrﬂli;aﬁnh:ﬂ at which the Approximately 29,900 locations are ailocated
sensors are measured. The Interval at which to Final Storage on power up. This number
mumnmhmmmmﬂu hmﬂtimmmmstmgah
1able ls axecuted, and may range from samples increased.

Ov-4
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{#EC LRAQGE Scacd AR@Rurp ch 3772ESS #imFieTraTrof T ES

LOCATION _ 4 877 DATE BY Exhifit 3
| SITE APPEARANCE |

1. 1 1s the site clean of weeds and rubbish within a S0° | |
radius of all quvy wiras and tower bases? - i !
f

& is there a fencs esnclosing the %fower and guy wires?
: If yes indicate what tyoe and how tall.

=
-
PR LIRS

[f yes indicate how many and draw an elevation skeich of !
the fence and igwer,

4, Is the fence in good condition?
[f no indicate why, ;

s S

i Are there harb wire strands on top of the fence? ‘
|

(LT

i |
s, [s thers svidence of vandalism? . ;

senure?

&, Were all gates snd climb prevention doors locked and h

: Is theras anti-climp protection installied at least 87
above the last extsrnal projectile?

8. | Indicate what type of fall pratection is in place. h
{ecable or reill : !

If a cable fail protecgtiion i1s used, is the shock
absorber in good condition?

e —— T e e T —— e [0 — e e




¢=3=92
MESONET PHYSICAL AND SAFETY AUDIT CHECKLIST
WIND DIRECTION AND SPEED

ID# LST LOCATIONLAAGE-Scace DATE BY
AL R, TETT

E_ ELEMENT DESIRE OR STANDARD | ACTUAL !
e e e e
| 1. | Height AGL Ol By 2 iy 3% | PTS2
. ! TR X £
2. | Boon Orientation NW-5E i 3;1. :,u:;ﬁuy ;
— A AMoupTED #T0

3. | Boom Length __t>2x Tewer Face | Trese D
i 4. | Boom Condition Secure
o istraighe | —
NOTES!:




H=J=52
MESONET PHYSICAL AND SAFETY AUDIT CHECKLIST
RAINGAGE

ID# £ S 7 LOCATION L4€GE S£caces  DATE | BY
AQout ol TEST

ELEMENT DESIRE OR STANDARD
1. | Groungd sSurfacse Natural Vegetation R
| or Gravel
L. ‘ - CoOFMGCRETIS FPAD
i 2. | Foundation . Concrete ?
| 3. | Opening Diameter &
4 . Horizontal Opening Horizontal Y&s
5. | Height Above 30 cm (12 in) min ' |
| Foundation
j — =rr
| 6. | Height AGL ) 30 cm (12 in} min _
T Distance to Tower o o
EE. Distance to Nearest | > 2x Obstruction
Obstruction - Height
9. Foundation Condition s t
Cracks or chips E
; Settling :
Exrosion
Bolts tight and
:nrrmsia_n_ free
i . 3 - § .
t 10 { conduit Separate signal *;;Hiﬂ:’fﬂi;;“ﬂn
anﬁ’electrmal MO PowER ASAO
Solid HERT REQuIRSD, |
| Connectors i

NOTES:




LOCATION LAAGE SCRLE AQRUIFER. TEST DATE A=/8 ~F 4 BRY Paw P GED2RGS

LIST ALL REPAIRS THAT WEREZ MADE OR ARE RITUHMMENDEI:

Nowu&
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K Exhibit &
APPENDIX 14-2 SEMIANNUAL CALIBRATION AND MAINTEMNAMCE FORM

‘stationRip - TESE Date Start__ /- /1 - T Date End _ 7 ~/~ ~ o
System V773 Time Start Time End
Wind Direction Calibration - Top of tall tovers

Oid\ serialf New serialé#

Wintek transiator serialf _
1. Chachprlentatiun on known point. Correct if off,

©ld value Corrected to
2. This test.will check that the torque is within the .11 oz.in. spec.
3. Remove wind vane and check torgue with calibration counterweight. If

torgque in wind direction unit is great enough to lift cuunterweiqht

past vertical.then replace unit. Make this check with unit in

horizontal pasitiun.

Checked OK __ ;- Replaced unit

\\'\ . -

4. Replace wind vane and check linearity. Using linearity plate, set
the wind vane at 180 degrees. Then step through *0, 45, 90, 135,
225, 270, 315, *360 degrees. Actual values should be within % 5

degraas‘ | 3
180 225 270 315

*360 *0 | 45 30 135
* 0 and 360 only valid on Wintek system.

Checked OX Replaced unit

5. If unit is replaced reorient toc known point.
Wind Pirection Calibration 10/15 meters

old serial# . 5/ New seriald§ _
Wintek translator serial#
1. Check orientation on known point. Correct if off.
014 value Corrected to
2. This test will check that the torgue is within the .11 oz.in. spec.
3. Remove wind vane and check torgue with calibration counterweight. If
torque in wind direction unit is great enough to lift counterweight
past vertical then replace unit. Make this check with unit in
horizontal position.
Checked OK - Replaced unit

4. Replace wind vane and check linearity. Using linearity plate, set
the wind vane at 180 degrees. Then step through *0, 45, 90, 135,
225, 270, 315, *360 degrees. Actual values should be within + 5

degrees.
180 225 270 315

*360 %0 45 30 138

* 0 and 360 only valid on Wintek system.

P2 a7 Yo Sfe E proFEn s AL
Chaecked OK - Replaced unit it_. E&E# dﬂfﬁ}ﬂﬁﬂ o K e S

Al o et &0, AL
5. If unit is replaced reorient to known puigi. =

Priiwcryiva OA7MA Gool€4A8 s




.Station _[Awsc -rEs7 Date _7/r2/9y

0l1d ‘serial# New seriald

Wintek nsliator serial#

1. Thisg tEEini&&%EE;::kthat the torgque is within the ,003 oz.in.
EPEE; et ”

2. Remove cups and c torgque with calibration counterweight.

If torque in wind speed-unit is great enough to 1ift weight past
vertical then replace uniL'“Hake this check with unit in horizontal
position. ~G

Checked OK Replaced unit

0ld serial$ __» New serialf
Wwintek transiator serial# —
1. This tezst will check that the torque is within the ,003 oz.in.
spec.
2. Remove cups and check torque with calibration counterweight.
ITf torgue in wind mpeed unit is great enough to 1ift w31ght past
vertical then replace unit. Make this check with unit in horizontal
position. v
Checked OK L - Replaced unit

Clip calibration thermometer to intake of asperator and compare
reading to keypad reading. Average reading for 5 min, Replace
if error is greater than + 1 degree C.

Thermometer Xeypad
Wintek translator serial$
Difference (Thermometer - Xeypad)

Ciip calibration thermometer to intake of asperator and compare
reading to keypad reading. Average reading for 5 min. Replace
if error is greater than + 1 degree C.

Thermometer _ Keypad
wintek translator serial#

Difference {(Thermometer - Keypad)

Clip calibration thermometer to intake of asperator and compare
reading to keypad reading. Average reading for 5 min. Replace
if error is greater than % 1 degree C. Replace 1f delta T for
lower level is + .1 degree C different than delta T at upper
levels.

Thermometer Keypad __

Difference (Thermometer - Xeypad)




f "w‘% U.6. DEPARTMENT OF COMMERCE

: ¢ | National Oceanic and Avmespheric Administration

X j ENVIRONMENTAL RESEARCH LABORATORIES
Yrgre o

ARL Field Researash Divigion
1750 Foote Drive
idaho Falls, 1D 83402-4801

February 8, 1885

Pr. Robert Starr

Lockhsed idaho Technologies Company
P O Box 1625

idahe Falls, ID 83415

Dear Bob,

Thanks for alerting me to the confusion caused by the evaporation table in the October
25, 1994 meme report for the Large Scale Aquifer Stress and infiltration Test.

This memo addresses twe points which | should have made clear;

; ¥ The data day for evaporation computations was 24 hours beginning at noon July
18, 1995 and ending at noon August 12, 1995, This was not clearly stated in the

report.

2. Computations were made of evaperation {0 include those dates and times. An
arror was mads in preparing the report evaporation table in that the last compiste
midnight to midnight day was August 11, however computations were continued
o noon on the 12th {0 compleie the noon-to-noon computation, thus maiching
the noon July 18 start dateftime.

inciuded with this memo is a copy of the computation summary, not in the

October 25, 1994 report because we didn't believe such detail added to the
report. It indicates the computations were made through noon August 12. We

also verified that computed evaporation was reported correctly.
The report table should therefore be amended as italicized on the next page.

You asked earlier today about the times of precipitation. They were as foliows:

July 31 7 pm through 8.25 pm 0.13 inches
August 10 8:085 pim through 8:10 pm 0..07 inches
August 10 11:55 pm through midnight 0.02 inches
August 20 §.25 pm through 6:40 pm 0.25 inches

Note that aill times are MDT.




.Station L S 7 Date '?/‘-"-j' Pef

A i
Serial$
1. Ramove and clean tipping bucket.
2. Wet down funnel. Reinstall funnel. -
3. Measure 230.0 nl of water intc drip bottle. /5@-©#
4. Drip at a rate no faster than 1 tip/3Csec into funnel. Allow 10 tips
Lo occur.
5. Stop flow of water and measure remaining ligquid.
€. Heasured amount should be between 34.7 and 54.7ml. Check bucket

and fix if incorrect amount.
Number of tips. . LR .

#, O ?’E,..d" ws EC

Amount of water left o2 .78 «/

7 Note: This test checks the tipping bucket calibration of 185.3 ml per
.1 inches of precipitation/ (/2% Gace),

Cld serial#¥ New serial$

System RH Actual RH . {as baszed on dry bulb and wet
bulb) - B

DB _ o — WB

Replace if greater than + 5% error.

Barometrig Calibration
| 0ld serial# New serialg
System value Actual value -

Replace if off by # .043 inches of mercury.

anta: DESIAED Fha.a 2% 04 a:hf”:u?{ﬁf-m}zﬁ:.;—wﬂ%)(z.scf“%”)l; &Z .37 ac

§jgﬂ§£ﬂ[§ﬁ' gFZ.3 F* ;
Po. e = /. 167 e H e F LS OF
] s = 3 ff;?“' _
ET performing maintenance S AN Date </~/2 ity
Engineer reviewing report ' ' p—

QAO -reviewing report L L Date




LST Computed Evaporation Table: Corrected Computalion Dates
5 Day Average Total

Averaging Daily S Day
7118-22 2.0 cm/d 3.90 in
712327 1.5 2.95
7128-8/1 1.5 2.91
8/2-6 1.7 339
8/7-11 1.8 3.64
8/12-16 1.5 3.04
8/17-21 1.6 .13
B/22-26 2.0 3.93
B27-31 1.7 327
9/1-8/5 2.1 4.13
9/6-10 1.8 3.62
or11-12* 1.4 0.89 * two day period
Total 7/18-9M12 38.76 in

# Data and computation days are 24 hours beginning at noon

Please accept my apologies for the confusion caused by the incorrect dates in the
report table.

Yours truly,

David M. George

TOTAL P43



Appendix F

Calculation of infiltration Rates
from Hydrograph Falling Limbs
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Appendix F

Calculation of infiltration Rates
from Hydrograph Falling Limbs

This spreadsheet calculates infiltration rates from falling limbs of the infiltration basin
hydrograph. The structure of the spreadsheet can be understood by reviewing the entries for line
segment 1, which corresponds 10 Falling Limb 1. The first columa contains the line segment
label. The second contains the serial time computed by the spreadsheet {or the beginning and
ending times of the falling limb, and the duration of the falling limb. The next four columns are
the date and time. The seventh column contains the maximum and minimum stage estimated
using the regression line fit through the data. The cighth column contains the surface areas of
water in the basin at the specified stages, and the average of the two areas. The next two
columns contain the evaporation rate in different units, and the eleventh column contains the
volume of water that evaporated from the basin during the duration of this line segment. The
next two columns contain the precipitation amount and volume, which are both zero in this case;
only nonzero values have entries. The fourteenth column includes the volumes of water in the
basin at the specified stages, and the Gfteenth eontains the difference in the two volumes. Note
that this corresponds to the negative of the delia basin volume value (AV) in Equations 1 and 2.
The sixteenth column contains the volume of water that infiltrated, calculated as the difference in
basin volume (Column 15) minus the evaporation volume (Column 11) plus the volume of
precipitation (Column 13). The final two columns contain the infiltration rate in different units,
calculated as the infiltration volume {(Column 18} divided by the duration of the falling limb
{Column 2), with the appropriate units conversions.

F.3



Line Sefisl Month Day Hour Minute Estimated Surface Evaporation Fracipitstion Basin Deita frafil. infiltration:

Segment Tima Stage Arsa Rate Rate Volume Cuantity Volume Volume  Volume — Vohme Rate Rate
(days) {feet) (3 (cmvd) {mvid) (2*3) {in} (3 @3 (M3} &3 (R3dj {gpm)
1 542,68 T 15 4 398 7R 1.50 0590 5400 1055406 40977 43577 G2065 452
34543.13 7 28 3 L+ 3.80 277081 1005420
047 27 TeE2
3 3454513 T X 3 5 416 279651 148 0582 6341 1509806  So2m 43860 a3s68 S8
34545 60 7 O30 14 20 3ss  Z7saoe 1 050405
0.47 Zrea
4 454562 ¥ X 19 40 434 280803 1.48 0.582 8157 160038 67188 850349 90285 514
3454642 ¥ oH 10 5 410 27335 1052843
.60 2T E068
Sa J4546 65 T W 15 40 448 281713 1.51 595 30250 013 3018 1198424 253530 2 226208 103442 537
34548 84 g 2 20 10 35T 2537 945854
218 278545
b 34548 .84 8 2 20 10 356 273308 1.70 0570 25745 S43143 2500874 2NN 105194 =46
34551 03 & S H 40 .62 211737 33269
219 2A43520
Se 34551 03 B 5 0 40 262 2737 1.70 06870 L8046 833269 228725 230678 M7z 476
34553.22 g 7 S 10 1.7 247483 454544
2.19 2259810
>3 34553.22 & 7 5 10 1.70 247236 183 G730 30854 452050 188467 157813 72046 av4
34555.40 8 9 g 41 0.0 2573 253583
219 234805
Se 34555 .50 8 g 12 2 084  ZXT08 185 0728 25953 0.03 523 250866 142364 116923 57133 297
55755 8 H 13 L 016 197531 108302
205 209118
& 34550 .55 8 13 14 1 4.21 27558 154 $.608 10084 1123585 200 81596 116758 501
34560.30 3 14 " 1 363 27t 1031585
0.71 278755
7 4560 67 8 14 15 S8 4249 280454 1.54 0 608 12223 1146010 114434 .?EIEEH 118220 G4
34561.53 B 15 12 44 68 277811 t03158%
0.86 279033
8 3456177 8 15 18 23 4702 279968 1.54 0.608 9125 1126389 85265 80140 124088 544
458 42 é 16 ] L] 350 S48 1037124

0.65 218850



Line Seriat  Month Day  Hour Mimste Estirmated Sudace Evaporation Precipiation Basin {elta indii, infitration

Segment Time Stage Ares Rate Rate Volume Ouantity Volume \olume  Yolume  Volume Rate Rate
{days) {feet) {ft*3) {emyd} (in'd) {r*3) fnj (R*3) ("3 (R*3) {*3) {fr34d} {gpm}
5 34562 .59 8 16 4 T4 418 279650 1.54 0.508 11018 1115183 108534 7518 1248 643
345637 & 7 8 59 379 275588 1006659
078 278338
10 34563 62 & 17 14 59 421 279808 159 0.626 4100 1123585 202 B0 124455 645
34553 51 8 T A 44 407 278827 1084483
0.28 215413
$1 345684 06 & 18 1 29 430 280523 158 0.62¢ 1070 1148823 945848 24818 $29530 3
3H45684.76 g 18 18 14 396 278164 10536835
.70 278344
12 34555 04 a 19 0 59 437 I3 {59 0.626 16085 HEA452 156254 130260 419374 820
34566.21 8 20 4 S8 3. 277130 1012168
1.17 27072
13 34566 63 a 20 5 14 448 201783 1.59 0.826 15670 025 5833 1100424 145580 135752 1286526 657
34567 T g 8 59 306 278184 1063835
t.07 Ireav4
14 345467 86 8 21 2 44 418 279650 138 0828 4330 1115193 78069 88738 123725 832
345068 44 8 22 10 b .90 277748 1037124
057 A78TG
15 4568 66 B 2 15 44 4.21 275858 2.00 0.786 13405 1123585 105848 G2353 12481 545
34568 40 B8 9 2 xR T 1017737
0.74 278583
16 34569 70 g8 23 16 44 431 280893 2.00 Q. 786 14658 1154607 11718 86A5G 118211 B4
34570 51 & 24 12 14 301 277817 10265004
0.81 279205
17 3457077 & 24 18 29 4.1 280593 2.00 0.785 13810 1151627 106148 92738 121298 630
257153 8 5 12 44 3.83 2774956 1045474
076 279275
18 34571.78 8 25 18 44 428 280384 2.00 0788 13801 143218 103306 80405 117573 810
3457254 B 26 12 59 +.91 271817 1000
0.76 2791
19 JET2.80 8 26 19 id 4.27 2804315 1.97 0.775 13708 1140448 103286 89578 147801 551
3457356 8 2T 13 29 390 277748 1037124

0.78 279032



Line
Segment

20

21

242

24b

24d

TOTALS:
{3
(gat)

(1046 gaf)

Serial Month Day Hour Minute

Tine
{days)

34573.82
34574.31
0.49

34574 61
34575.33
0.72

H575.55
34576.33
0.78

3457655
3457666
0.10

J4576.77
HSVRH3

218

3457893
34581.10
2.16

34568110
34583 26
216

3458326
34585 43
216

o w
2%

u o
88

0 W

8%

ge

BE

&%

a1
17

17
14

(faet)
4.28
435

4.52
416

4.4%
4.02

438
4.34

4.50
3.53

3352
233

170
0.83

Estimated Swiace
Stage

Area
(A3)

280384
278738
279586

282064
279531
280808

281253
278580
279937

281033

280803
280843

281923
275077
278504

275001
63622
269312

2h3az2
246307
295155

24738

Rate Volume  Quanity Volume  Wolume

Evaporation
Rate
(cmid) {indd}
§.66 0.654
166 0854
166 0654
166 0.654
278 .68
210 0828
210 0826
1.87 0735

(A*3)
T460

11000

11s

1595

40117

1166

3808551
3.84

{in)

(R*3)

373
o2
0.07

(R"3)

1143215
1078909

12107107
1109606

1179684
1070549

1171256
1180039

1205004
934889

832138
664730

858516

452050

Precipitation Basin Delta
Volume Volume

("3

54306

100

19835

1247

IrN7s

287348

20t

185207

il
(143}
56846

901{n

9726

227

171913

155041

25.50

Infiltration

Rate
(R+3d)

146111

125358

124436

108887

105002

75440

71644

Rate
{gprm}

603

&a1

474

A12



Appendix G

Calculation of Infiltration Rate
Estimates for Rising Limbs

G-1



Line

Segment

013

0-1b

O-1c

0-1d

3

56a

24541 26
0.45

454129
34541 .69
0.38

34541.78
34542.20
0.43

34542 .20
34542 65
0.45

3454313
3454416
1.03

3454416
34544.77
0.61

3454478
3454513
0.35

34545.60
34545.82
0.22

34548 43
34546 65
0.22

34557.72
F4568.05
033

34558 .06
3455856
(.50

—

=t =

N4 H3 B¥

g3

BB

B3

£8

31
3t

11
12

12
12

L Ea

14
18

10
15

®#8d B &8 &8

o8

&2

21
11

a3

Estimated

Stage
(foet)

0.51
1.50

1.50
2.28

236
315

3.16
3.97

a.79
419

4.14
390

4,04
415
397
433

4,10
448

0.67
.44

1.43
2.42

Sisface
Area
{3

210846
242022
226434

242022
258005
250013

250841
27822
266381

271922
278233
275077

27eana
279160
ATEITA

279413
278372
278893

27eM8
279482
275100

280733
275483
279135
281783

215593
235186

238815
261867

Evaporation
Rate

femidy  (infd)
150 0.5%
150 0.590
t50 0580
150 0590
£.49 0.585
148 0582
1.48 0.582
t48 08582
t.48 0582
1.85 0.728
1.81 0.714

Voiume
(o)

S027

6105

13992

4700

2318

7450

infi#tration
Esfirrate
{gpm}

411

525

(R*3rd}

82

79110

25720

100833

100766

161084

101514

03007

LTRSS

Velume
("3

31688

31150

43234

103159

61578

21875

22860

1]e

41044



Line
Segrment

87

75

9-10

10:4%

112

1243

1314

14-15

Serfal  Month {ey Houwr Minude

Time
(cays)
34558 57

3455906
0.49

34558.07
34550.58
0.51

3458001
24560 .56
0.3%

34561.56
34561.76

0.20

34562.43
34562.58
0.16

34563.28
34563 .81
0.23

34563 62
34564.06
014

34564.77
34568503
0.26

34566, 22
34566 62
0.41

34567.72
34567 .85
0.14

34588 45
34568 65
0.20

o 0o

oD o

12
13

13
13

14
14

15
1S

16
16

17
17

17
18

18
19

- §-

21
21

N

'3
18

10
13

10
15

2. ~

Stage
{feet)

2.45
332

3.34
4.21

388
427

3.90
4.21

3.4
4.16

3.80
418
4.08
4,29

396
4,36

381
447

3.908
418

g
422

Estimated Surface

Areg
{3

262375
273443
257908

215500
275858
276749

277611
250315
278963

277748
279898

277817
279551
278684

Zrr061
FE-<H-
e
219725
78164
280043
2796553
277130

2817112
278421

278302
279760
279031

27rsiT
279564
27ERI)

Evaporation
Rate

(cmrd)  (nid)
154 0.608
1.54 0.608
154 0.608
154 .608
154 0.608
157 0617
158 e
156 0626
.59 0.626
1.58 0,626
1.8% 0.743

Wolume
{f1'3)

7157

2796

1978

3798

181

10

Estimate
igpm)

510

G614

612

610

&07

624

621

815

613

(ft*3ed)
95228

11340

115188

117657

117509

116801

120057

112590

115255

118303

118025

Volume
{3

40674

18361

16253

I

16021



Line

Segment

15-16

16-17

17-18

1819

1820

20-24

21-22

prve

2324

TOTALS

(3
(gal)

(10%6 gal)

Serisft Month Day Hour Mimide

Tirwe
{days)

34569 41
34569 69
0.28

34570.52
34570.76
0.24

3457154
577
023

J45T2 55
3457279
0.24

57367
34573.81

3457432
3457460
0.28

34575.34
34575.54
0.20

34576.34
3457654
0.20

34576 67
3457676
0.09

(=

AR

28 BU

33

2

£¥

g8

12
18

12
i8

13
18

13
18

th
ie

28

BE

BE

14
59

Slage
{feet)

3.84
4.3

3.93
4.3

396
4.31

3.90
4.26

4.06
4.52

4.20
446

4.04
4.36

435
450

Estimated Sirfsce

Arsa
(R*3)

7336
280583
270964
277956
280583
2ro74

278184

277748
280245
277887
279170
278857

2820064
280451

281643

278719
27383
280873

281523
281308

Evaporation
Rate

{emvd} (in/d)
200 0.786
2.00 0. 786
2.5 (. 788
200 (.786
168 0 654
1566 0.654
165 0.654
1.68 0.654
1.66 0654

Violume
{R"3}

138

4184

4378

3018

1438

144111

1078095
1.08

Estimate

(gpm)

614

618

619

615

g1y

(frA3schy

118148

115000

115214

118315

TIHP05

121823

2y

120283

124084

Vedume
{fr3)
33228

28510

4254

24228

23807

11631

1041854

7794108
i)



Appendix H

Caiculation of Infiitration Flux Values

H-1



Line

Segment Date
{midy)
0-ta 12504
fising G654
D-1b 7/26/04
rising OV 004
O-1e G7/26/04
rsing  G7727/84
Q1d OYZTId
rising  G7F27/94
1 Q72704
orr2emd
1-2 O7r26/4
nsing  07/29/94
2 Q72984
falling 072904
23 Grraarnd
reing 0773094
3 Q7130094
Q730194
3-4 0730794
Heing  O7/30/94
4 QT/30/94
G7ianm4

Time
(homj

20013
orG3

o704
161

1620
O4:45

04:50
15:40

15:
e300

005
0330

e i
1835
18:40
300

gyos5
14:2G

14725
18:35

19:40
10205

Seria Delta  Surface Area
Time arcl Average

Time
(days)

34540.84
3454128

34541 29
w41 .69

34541 76
3454220

542,20
54265

34542.66
J454313

3543 13
34544 15

JA544.16
454477

J4544.78
H545.13

3454512
34545.60

I4545.60
J4baG. 82

J4545.82
34546 .42

{days)
G452

0.394

0.434

0.451

0.489

1.031

o811

0.347

0.469

0215

0601

{r*2)

210846
242002
225434

242022
250805
250913

260941
271822
266381

292
Fi8233
278a77

278302
277081
ZT7e62

278988
278760
278374

2TH413
2TE3T2
L8893

278718
LT3482
279100

Measurad
Infiftration
Rate (gpm)

482

510

E stimutad
infiftration
Rate {gprm)

385

4119

528

Infétration Fiux
(Infitration Rate/Surface Ares)
(Gpmlt*2)  (om/s) {m/s)
161E-C3 1.08E-04  1.09E08
1.64E-03 t.11E04 1.V1E-06
171603 1.16E-04  1.16E-08
18E-D3 1 236-Dd4  1.23E-08
174E-03  118E-D4  1,18E.08
1.87E03  1.2TE-DM 1.27E-06
188603 127608 1.27E06
188500 128604 128608
174503 11BEDS  1.18E06
189E03  1.28E04  1.26606
182E-03 12404 1.24E08

Tine-Weightad Average
infiltration Flux
(gpit"2}  {emis)
{BIED3 1.00ED4
162603 140804
185603 1.12E-04
168603 145604
LI0E03  1.16E-04
1.76E03  1.19E-D4
17603 L 2E04
1.78E03  121E-D4
1.78E-03  1.21E-04
178603 1L.21E-04
179603  12tE-04

(mis}

1.09E-0B

140806

1.12E-06

113606

1.16E-06

1.19E-06

1 21E-06

121E06

1 21E-D6

1 2IED6

1.21E-06



Line

Segmerd  Date  Time

45
nsing

()

07731/94
Q7731184

0731/94
020254

DB02/94
0B/05/94

DED5/04
080794

QATT/04

O8/11/84

0a/11/94
0814294

OB 2/54
08/12/94

0812794
8134

08/1 384
Da/13/04

DE13/04
O8/14/94

(homy
1015
15:35

15:40
210

20140
00:40

D040
05:10

o510
0a:41

1242
1306

1721
i

0128
1328

1341
0126

0144
1256

1418
a7:14

Serial
Time

{days)

34548 43
34546.65

34546 .65
34548.84

34548.84
A4551.03

4551.03
5532

34553.22
345355.40

34555.950
34557.55

34557.72
HS508.06

34558.06
34558.56

34558.57
34555.06

3455907
34555 .58

3455950
34560.30

Deita

Surface Area

Time  and Average

(cays}
G222

2158

2188

2188

2188

2047

0.326

0.500

0.490

G0

g.708

2

2TN3S
0783
280459

281713
2753
278545

275302
214737
243520

211737
247453
229610

247236
222573
234905

220706
167531
200118

215593
239185
207389

239615
261837
250856

Measured
Infittration
Rate {gpm)

476

374

01

Estimated
Infiliraticn
Rats {gpm)}

535

510

infitration Fis Time Weighted Average
(infiltration Rate/Surface Area) Infiftration Flux
{gpmM*2)  (aw's) {mis) (gem@d)  {ans)
191E03 1XED4 130E08 179603  1.226-04
183803  1.31E04 13108 183603 1.246.04
224503 150604 132506 192603  1.30E-04
JO7ELI  THIEHS  LAEDE  18SE05 1.326-04
150E03 108E04 1DSE-06  1.8SEL3 129604
142E60 Q83605 GBIEDT  1BEO3  1.25E-04
153603 104E-04 $.04E-06  183E03  1.24E-04
170E03  1.4SED4  1.15E-08 182603  1.24E-04
190E03 129604 §29E08  1.83E03  1.24E-04
2126453 144604 14408 18403 1.256.04
216E03 146E04 T46E06  1.85603  1.25E-04

1.22E-06

1.24E-06

1.30E-D6

+.32E-06

1.296-08

1.25E-08

1. 24E-06

1 24E.08

1.24E-00

§.25E-08

t.25E-08



werlle - - -

Line
Segment Date

C {midly)
687 D8/ 14/94
rising ORIT404
T D871 454
081594
78 DRS04
rising 08/15/04
B 0871 554
DR ES4
849 OG04
fising D5/1654
2 0aM16/94
(817704
810 081 794
rising OB/ T7/94
10 o8 Tod
D&/17/594
1011 DR/ T194
rising DR ArGd
11 08/18/04
851454
1112 081804
rising 081554

Time

{hum)
0726
15:44

1958
1444

1328
18:14

18:25
09558

1214
1359

14:14
08:58

09:t4
14:44

1455
2%:d4

2158
Qt14

01:29
1814

18:29
QC44

Sertad Defla  Surface Area
Time and Average

Time

{days)

34560.31
34560.68

34560 .67
34661.53

34561.56
34561.76

34561.77
3456242

34562.43
I4562.58

3456258
34563.37

563,38
G636

34563 62
3456381

34563.92
3456405

J4564.06
34564.76

34564.77
J4565.03

{days)
0,345

0.865

0.198

0.646

0.156

0.781

0.229

0.281

0,136

0.698

0260

("}

2715
280315
278563

280454
277611
27333

77748
475858
<T8823

275068
277748
278858

27T
279551
278684

29650
276988
278338

AL
279680
278376

273598
278927
279413

278995
280454
pai

280523
276164
279344

278164
250843
279553

Mezsimad
Infifration

Rate {gpim)

14

£31

Estimated infiitration Fitox
Infitration {Infifiration Rate/Surface Area)
Rate (gpm) (gomMmrZy  {emis) (mvs)
614 220803 1ASEDE  1.49E-06
220603 149E-04  1.49E.08
512 220603 149E04  1.49E.08
2HMEDY  15TE04 157608
810 219603 149E-04  1.49E-06
233E03  1SBEO4 1.50E06
507 PABE-D3 148604  1.48E06
231ELS 1.5TE-O4 1.57E-06
624 2.23E03 151604 15108
228E03 153604 153608
21 2. 225403 151E-D04 15108

Time-Weighted Average
infitration Fiuoe
{opmM2) {emis}
185603 126604
1B7ED3  $27E-04
$87E00  127E-04
$BEEO3 128604
1.80E03 128804
1.90E-03  §29E-04
199603 126604
181603 130604
1HE03  1.30E.04
192603  131E-04
193603  t31E-04

(mss)

1.26E-08

1 27€-08

| 2TE-06

1.28E-06

1.28E-06

1. 20E-06

1.26€-06

1. 3CE-06

1.30E-08

131806

1.31E08



e e R R R R e e e <l .

Line

Segment  [late

12

1212

13

1314

14

1415

15

1518

16

16-17

17

{midiy)}

08715404

GE21/94

08/21/94
082104

08/21/94

0B/24/04

D8/24/94
DB24/94

08724704

Time
(h.mj}

oo58
0459

0514
14:58

15:14
16:59

17:14
20:29

L0454
1026

1044
1526

15:
0828

0544
1629

1644
1214

1229
1814

18:28
144

Seral Defta  Surface Area
Time TEme  and Average

(days)

34565.04
34568.21

34566.22
34586 .62

34568.63
56771

34567.72
34567 .85

34567.65
569,44

34568 .45
34568.865

34568 .66
34569.40

34569.41
34569.69

34569.70
3457051

34670.52
ME570.76

J5T0.77
H51.53

(days)

1.167

£.406

1.073

0.135

0.573

c188

0.740

0.201

0.813

0,240

0.760

(2

281013
277130
27e072

IrTish
22173
279421

BITES
28164
AT9974

T30
Z79780
2TE0

279690
27748
278718

27787
270068
278893

271o8ns
ivaar
278583

Zri33t
280553
216964

280593
2rist7
275205

27756
QB0
279274

280583
277356
279275

Measurad Estimated Infiftration Filx
fnfitration infRtration (infifration Rate/Surface Area)
Rate {gpm) Rate (gpm} (gomitr  (oms) {m/s)
520 22E03  151E04 1.51E06
820 222EL3 151604 151E06
857 235603 {50604  1.59E06
615 220E03  1.50ED4  L.5OELDS
632 227E03  1.54E-04  154E-06
513 220E03 149804  1.40E.06
549 233803 1 58E-04 1 58E06
614 220603  1.49E-04  1.49E.08
619 222603 1S0E-D4  1.50E-06
£18 221E-03 150804 150606
&30 22503 153E04 153608

Time-Weighted Average
nfiltration Fiux
{gpmA"2)  {omis)
1.94E03 1.32604
1.04EQ3 132604
196603 1.33ED4
1.96E-03 133504
1.976-03 13404
1S7E00  1.34E-04
$.08E03  1.34ED4
1 G8E03 135804
1.99E03 135804
190603 135604
200E03 138604

s}

1.32E-D6

1.32E-08

1. 3BELE

1.33E8-06

1. 34E-06

1.34E-06

1.34E-08

1.35€-06

135506

1.35E-06

1.36E06



-y -
et s et D DR e ¢ 1

Linve

Segment | Date  Time

1718
Tsing
i8
18-19

19

18-20

-

2223

vy}

082554
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