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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 (l.SAT) and the Large Scale Infiltration Test (l.SIT). 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 I.SIT infiltration basin, spiked with 
tracers, and allowed 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 mete(li 
for monitoring the quantity of water discharged through the pipeline. The aquifer production 
well was pumped at an average rate of 2,837 gallons per minute (gpm) for 35.5 days. or 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 infiltration basin that 
included precipitation, evaporation, and infiltration. Of the 38.5 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 gallons 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 f pm for the entire test. Infiltration fluxes varied from 1.42 x 10'3 gpm/ft2 to 
2.35 x 10·3 gpm/ft , and averaged 1.99 x 10·3 gpm/ft2• 
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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) d~cribes the operation of and data collection from the 
Water Management System of the Large-Scale Aquifer Stress Test/Large-Scale Infiltration Test. 
It includes water budgets for the production wen and the infiltration basin, and est.imates of 
infiltration rates. 

The Large.Scale Aquifer Test {LSA1) and the Large-Scale Infiltration Test (LSIT) were 
complementary field experiments conducted during the summer of 1994 by the Applied 
Geosciences Unit and the Environmental Restoration Department of the Idaho National 
Enginee.ring 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 fo( evaluating conceptual models used for simulating subsurface flow and transport at the 
Radioactive Waste Management Complex (RWMC) at the INEL, and to measure parameter 
values needed for subsurface flow and transport modelling. 

The LSATwas a high~pacity (3,000 gpm) long-term (36-day) aquifer pumping test. It was 
conducted to determine hydraulic properties of the eastern Snake River Plain Aquifer in the 
vicinity of the RWMC. Results are reported by Wylie et al. (1995). The ~AT field site is 
approximately 0.8 mi south-southwest from the RWMC. Part of the water produced in this 
experiment was used to 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 l sho\YS the locations of the facilities discussed in this document. 

The I.SIT was conducted to measure vadose zone hydraulic and solute transport properties. 
Water from the I.SAT production well was ponded at the ground surface in a 600-ft-diameter 
basin Conned by a circular embankmen.L 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 et al. (1995), Pfeifer et al. (1995), and Porro et al. 
(1995). Water in excess of that needed for the I.SIT was discharged in Spreading Area A, which 
is approximately 1 mi west of the RWMC. 

The I.SAT and the LSIT were linked by the Water Management System, which conveyed 
water from the production well pumped during the I.SAT to both the infiltration basin and to 
Spreading Area A. The Water Management System is described in Staci.' and Mecham (1994). 
Records of volumes of water discharged through different portions of the water management 
system were U$ed for interpreting the I.SAT and I.SIT 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 infiltration basin was used in volume balance calculations for the 
infiltration eicperiment. 
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The purpose of this EDF is to document the disch.rge of water from the production well into 
the infiltration basin and into the spreading area. Additionally, this EDF contains estimates 0£ 
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 involved with the LSAT and I.SIT. 
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2. WATER MANAGEMENT SYSTEM 

2.1 Description 

The water management system is illmtrated in Figure 2. It includes a pipeline that extends 
from the production weU to the infiltration basin, and a second leg that extends from the 
production well 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 controlled. 
Pressure gauges P l through PS allow the pressure in different portiom of the system to be 
monitored. Sample ports allow water samples to be collected 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 allow the instantaneous tlowrate 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 i.s 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 1<>2 gpm and cumulative discharge in 1 x 104 gal. F1owrate is indicated by a liquid crystal 
di&play, while cumulative discharge is indicated by an electromechanical display. Both are driven 
by an internal computec, and failure of either indicator does not compromise the operation of the 
other. This is important because the cumulative flow indicator in Flow Meter 1 appears to have 
stuck periodically; therefore, cumulative 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 recor<kd four 
times per day. Readings were usually read approximately every 6 hours and whenever the 
discharge o( 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 v.ilves were adjusted 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 lOOOC model data logger that recorded data 
from a 5-psig pressure transducer. Approximately 7,000 measurements of basin stage were 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 Water Management System 
Test Plan, Revision 0 (Starr and Mecham 1994) . .Deviations from the procedures described in the 
te3t plan include the following: (1) in some instance5, the system operation data were collected 
less frequently than the four-ti~·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 experimental results. Deviation 2 was necessary to collect the required data 
at the inftltration rates that occurred in the experi.ment. 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 d~harge rate of water necessary to maintain a constant water level.. This 
approach was attempted between July 28 and 29, but was found to be unauccessful. The inflow 
rate necessary to maintain a constant water level was below the tlowrate that could be accurately 
measu.red 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 to approximately 4.2 ft. When the basin level of 
4.2 ft was reached, all pumped water Wa.ll then diverted to Spreading Area A, and the water level 
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, Le., from the falling limbs of the 
basin hydrograph. 

The hydrograph of water level in the infiltration basin is shown in Figure 3. It includes 
approximately 7,000 measurements of basin stage made by the pressure transducer-data Jogger 
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 apprcromately constant and a 
pulse tracer input would be accomplished, as opposed to a decaying tracer concentration 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 zero point on the staff gauge i.s 1-14 Ct above the lowest point in the basin, which was used as 
the elevation datum for the calculation& described in Appendix D. 

Water management system operating parameters were recorded periodically in the field 
logbook and transcribed 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. ·rypicaUy, either all water was 
discharged into the infiltration basin by opening BF-1 and closing BF-2, or all water was 
discha(ged into Spreading Area A by opening valve BF-2 and closing BF·1 and/or BF-3. 
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'Ibree occurrences recorded in the fleld notes warrant elaboration. First, the totalizer in Flow 
Meter 2 failed and did not advance after July 28, 1994, although the instantaneous flowtatc 
indicator appeared to function correctly. The display unit of Flow Meter 2 was removed on 
August 8, 1994 and replaced on August 16, 1994. The failure of Flow Meter 2 docs not 
compromi&e 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 installed after 
discharging 100,000 gal (measured with Flow Meter 1) into the pipeline to flush out debris that 
entered the pipeline during construction. Of this 100,000 gal, 60,000 gal were required to fiJl 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 I.SIT because they occurred while the basin was being drained after 
tracer addition. 
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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 Area 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 (124,920,000 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 81% of this 
estimated value, which suggests that either the cumulative volume or the instantaneous flowrate 
data is incorrect. The instantaneous flowrate data are thought to be correct and the cumulative 
discharge data incorrect based on three Jines of evidence. First, the instantaneous flowrate 
readings from Aow Meters 1. 2, and 3 arc consistent, and both the instantaneou& flowrate data 
and the cumulative discharge volume from Flow .t.feter 3 are consistent. Second, the cumulative 
flow indicator of Flow Meter 2 failed to advance although the tlowrate indicator appeared to 
function properly, which is the same failure mode hypothesized for Flow Meter l, except that 
Meier 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 fiowTate data are though to be correGt, the cumulative discharge 
through Flow Meter 1 was determined by integrating the instantaneous t1owrate readings. 
Unfortunately, the instantaneous flowrate indicator failed on August 25, 1994. After this failure, 
flowrate data from 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 aame ru; that at Flow Meter 3 while all water was being discharged into the in.filtration 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 basin, but not white water was being discharged into 
Spreading Area A The data from Flow Meter 3 were modified to compensate for differen~ in 
calibration between tbe two flow meters. Based on a comparaon of flowrates indicated by Flow 
Meten 1 and 3 while all water was being discharged into the infiltration basin, the flowrate 
indicated by Flow Meter 3 averaged 1.06 tim~ the flowrate indicated by Flow Meter 1. 
Therefore. flowrates at Flow Meter 1 after il 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 Oowrate Crom the start of the pumping test and elapsed time from the start of 
the pumping test. The time-weighted average fJowratc was calculated to assist in the pumping 
lC$t interpretation. Figure 6 and Table l show the observed instantaneous flowrates, the time-
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weighted average flowrate, and the calculated cumulative discharge. The total volume of water 
pumped from the production well 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 Aow 
Meter 3, are presented in Figure 7 and Table 2. The total volume of water discharged to the 
infiltration basin is 38.S million ga~ including the 40,000 gal discharged before Flow Meter 3 was 
installed. Flow Mete.r 3 did not fail during the experiment, and therefore 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 voJumes 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 assumed 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 5. Cumulative discharge measured with Flow Meter 1, August 17-19, 1994. 
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Figure 7. Flowrate and discharge volume into the infiltration basin. 
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Table 1. Flowrate and discharge volume Crom the production well (Flow Meter 1). 

Time-welgbted C.a!culated Calculated 
Elafl6Cd o~ average cumulative cumulative 

Date Tlmc Serial time lime llowrate l:lowrate \'Olume pumpea volume pumped 
<mtW .. ~~rn) (da~2 (dal!) (3E) (8pm) (gal} (M f!f2 •••• ' 

07/25/94 11:21 34540.4729 0.0000 3200 3200 0 0.000 
01(25/94 11:25 34540.4757 0-0028 3000 3100 12MXl 0.012 
07/25/94 11:26 34540.4764 0.0035 2900 3070 tS350 O.OlS 
07(25/94 11:27 34540.4771 0.0042 3000 3050 18300 0.018 
07/25194 11:32 34540.4806 0.()()76 2900 3004.SS 3305-0 0.033 
<YT/25194 11:35 34540.4826 0.0097 2900 298299 41762 0.042 
07/25/94 11:39 34540.4854 0.0125 2900 2964.4 53359 0.053 
07/25/94 11:50 34540.4931 0.0201 3000 2958.91 85808 0.086 
07(1;5/94 12:00 34540.5021 G.0292 2800 2940.75 123512 0.124 
07125194 12:10 34540.5069 0.0340 2700 2913.82 142777 0.143 
CY1(25!94 12:14 34540.5097 0.0368 3000 2908.97 154175 0.154 
fnf1;5/!>4 12:39 34540.5271 0.0542 2900 2922.14 227927 0.128 
fn/25194 12:SO 34540.5347 0.()618 3000 ms.s1 260376 0.260 

' 07(1;5/94 12:54 34540.5375 0.0646 3000 2928.79 272377 0.272 
07125194 13:57 34540.5813 0.1083 2900 2937.36 458228 0.458 
07/'15194 14:22 34540.5986 0.1257 2900 2932.22 530732 O.S31 
rtl/25194 14:47 34540.6160 0.1431 2900 2928.3 603?30 0.600 
01/'15194 20:22 34540.8486 0.3757 2900 2911).78 1574732 1.575 
fnfU,/94 00:13 34541.0090 O.S36l 3000 2922,Sl 2256178 2..256 
fnf].6f)4 06:09 34541.2563 0.7833 2900 2931.19 3306382 3.306 
0712f,1?4 10:51 34541.4521 0.9792 2900 2924.95 4124179 4.124 
07(U,f94 15:39 3454L6521 1.1792 3000 2929.2 4973782 4.97.( 
<r1fU,/94 23:41 34541.9868 1.5139 2900 29'.U.8 6395684 6396 
07(1:1194 06;28 34542.2694 1.7965 2900 2928.48 1515918 1.516 
fY7trlt94 11:24 34542.4750 2.0021 2900 292556 8434389 8.434 
07/27/94 15:45 34542.6563 21833 3000 2927.59 9204343 9.204 
fn/l7/94 15:46 34542.6569 2.1840 2800 2927.58 9207239 9:11fl 
07/27194 18:04 34542.7528 2.2799 2800 2922.2! 9593615 9.594 
07/1N}4 01:08 34543.0472 2.5743 2900 2913.96 1080"2050 10.802 
07(2$/94 06:00 34543.2500 2.7771 27-00 2905.63 11619614 11.620 
07f18!94 13:3-0 34543,S625 3.0896 Z700 2884.83 12834(.09 12.835 
07/1.8!')4 18:10 34543.7569 3,2840 2800 ZS76.85 13604624 13.605 
07/1.9194 00:25 34544,0174 35444 2900 2874.88 14673388 14.673 
07{1.9194 08:00 34544.3333 3.8604 3000 2881.03 16015646 16.016 
07{1.9194 12:00 34544.5000 4.0271 2800 2881.81 16711616 16.712 
07/29194 19:52 34544.8278 43549 2800 WS.6S 11!033201 18.033 
07/30/94 01:01 34545,0424 4.5694 2900 2874.45 1891.3881 18.914 
07/30/94 02:52 34545.1194 4.6465 2600 2872.39 19219161 19.219 
07/30/94 02:54 34545.1208 4.6479 2700 2872.32 192:24438 19.224 
00/30194 03:12 34545.1333 4.6604 2900 2872,13 19274864 19.275 
07/30/94 ()6,30 34545.2708 4.7979 3000 2874.36 19858953 19.859 
(}7/3-0/94 12:11 34545.S<Y16 5.0347 3000 2880.27 20881958 20,882 
<J7f30/94 18:40 34S45.m8 5.3049 2900 2883.82 22029501 22.030 
07/30/94 19:28 34545.81 11 5.3382 2900 2883.92 22168693 22.169 
07/30194 19:40 34545.8194 5.3465 2900 2883.95 22203531 22.204 
07/31194 00:05 34546.0035 5.5306 3000 2B86.t4 2298S219 22.985 
07/31194 05:41 34$46.2368 • S.7639 3000 2890.75 23993225 23.993 
CY1{31/94 12: 17 34546,SllS 6.0389 2900 2893.45 25161441 25.161 
07/31/94 17:19 34546,7215 6.2486 2900 2893.67 26@7243 26.037 
081mt94 01:25 34548.0590 7.5861 3000 2903.6 31718926 31.719 
08i'02i'J4 07:54 34548.329'2 7.8563 3000 2906.92 32885986 32.886 
08/02/94 12:20 34548.5139 8.0410 2900 2907.91 33670690 33.671 
08J02,94 21:00 34548.8750 8.4021 2900 2907.57 35178689 35.179 
0$,93,194 00:11 34549.0076 8.5347 2900 2907.45 35732561 35.733 
08,()3194 OS:OO 34549.2083 8.7354 3000 2908.43 36585141 36.585 
08,'03!94 13:58 34549.5819 9.1090 2900 2910.13 ggrn11s 38.172 
08/03194 19:17 34549.8035 9.3306 2900 2909.89 39097282 39.097 
08.im/94 01:30 34550.0625 9.58% 2800 2908.27 .W160300 40.160 
08~/94 07:-00 34550.2917 9.8187 2900 2906.91 41100800 41. 101 
OIW4,94 12:35 3455052A3 10.0514 2900 2906.75 42072300 42,072 
08/04l94 19:24 3455<>.8083 10.3354 3000 2907.94 43218871 43,279 
OIWS/94 (».20 34551.0139 10.5410 3000 2909.74 44166943 44.167 
08.<lS/94 -06:40 34551.zns 10.8049 2900 2910.72 45287892 4S.288 
06!1)5194 11:44 34551.4889 11.016'> 2900 2910.52 46169579 46.170 
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Table 1. (continued) 

Tmie-weighted Ollculated Calculated 
Elapsed Observed eve rage cumulativll' cumulallvc 

Dtlte Time Serial lime time flowratc flowrate volunie pumped volume pumped 
~mid~) {11.:m~ (days) {day$) {gpm} <~i (gal} J.M gal2 

08,4)5194 15:40 345Sl.6S28 11.1799 3000 2911.()9 46865638 46.866 
~S/94 20:17 34551.8451 11.37:22 3000 2912.6 47696738 47.697 
08J()6/94 06:01 34552.2507 11.7778 3000 2915.61 49448746 49.449 
08/06t94 06:02 34552.2514 11.7785 0 2915.52 49450135 49.4SO 
08/06194 l 1:20 34SS2.4722 11.9993 0 2861.87 49450252 49.450 
08i06!94 13:15 34552.5521 12.0792 0 2842.94 49450096 49.450 
08,<>6/')4 15:02 34552.6264 12.1535 0 282.~.56 4945012.6 49.450 
08I06l94 15:03 34552.6271 12.1542 2800 2825.48 49451551 49,452 
08I06l94 18:01 34552.1501 122ns 2800 2825.23 49950066 49.950 
~ 18:47 34552. 781.6 12-3097 2700 2825.03 S0076482 S0.076 
08/07194 06:46 34553.3653 12.8924 2900 2823.9 52425703 52-426 
OW'l/94 12:01 34553.5007 13-0278 2800 2824.17 52981429 52.981 
OMJ7/94 18:10 34553.7.569 13.2840 Z900 2824.67 54033112 54.033 
06iU8!94 00:45 34554.0313 13.5S83 2900 2826.19 55178534 5S.119 
~ 06:55 34554.1.882 13.8153 2800 2826.64 56233176 56.233 
08iD8i94 09;46 34554.4069 13.9340 2800 2826.41 56711917 56.712 
08!08!94 09:47 34554.4076 13.9347 0 2826.34 56713338 56.713 
08/08/94 13:37 34554.5674 14.0944 0 2794.29 56712910 56.713 
08~ 18:47 34554.7826 14.3097 0 2752.27 56713276 S6.713 
08/08/94 18:48 34554. 78.13 14.3104 2900 2752.21 56714791 56.715. 
08/08(94 21:04 34554.8778 14.4049 2900 2753.18 57109213 57.109 
O!W9/94 00:30 34555.0208 14.5479 2900 2754.62 57706534 57.707 
08!09'94 06:30 34555..2706 14.7979 2900 2757.08 58750618 S&.751 
08/09'94 12:08 34555.5-056 15.0326 2900 2759.31 59730784 59.731 
08/09194 17:16 34555.7194 1.5.2465 3000 2761.98 60639271 60.639 
08/10/94 01:30 34556.0625 15.5896 2900 2766.12 62096628 62.097 
08/10/94 06.'21 34556.2646 tS.7917 2900 1:167.83 62940454 62.940 
08/10'94 12:27 34556.5188 1611458 2800 2769.14 63983749 63.984 
08/11!94 03:10 34557.1319 16.6590 3000 2773.95 66544287 66.544 
08111/94 07:14 34557.3014 16.8285 2900 '1:175.72 67264023 67.264 
08/11.194 13:06 345575458 17.0729 2900 2777.S 68284837 68.285 
08/11/94 17:19 34557.7215 17.2486 3000 2779.26 60031260 69.031 
08/12/94 ()():<)() 34558.0000 17.5271 2800 2781.18 70194202 70.194 
08/12/)4 03:20 :34558.1389 17.6660 2900 2781.72 70764175 70.764 
08/12194 13:00 34558.5417 18.0687 3000 2785.47 72475144 72.475 
08/12i94 18:00 34558.7500 18.2771 3000 2787.92 73375266 73.37S 
08/12194 23:40 34558.9861 18.5132 2900 2789.98 743780Tl 74.378 
08/13!94 07:16 345593028 18..8299 2900 2791.83 75700470 75.700 
08/13!94 13:42 34559.5108 19.0979 2900 2793.35 76819918 76.820 
06/13194 18:06 34559.1556 19.2826 3000 2794.85 77600i00 77.005 
08/14})4 01:00 34560.0417 19.5687 2900 2797.12 78820044 78.820 
08/14/94 07:11 34500.2993 19.8264 3000 Z799.11 79914591 79.915 
08/14194 (f1;25 34560.3090 19.8361 3000 2799.2l 79956634 79.957 
08114i'>4 12:08 34S60.SOS6 20.0326 2900 2800.69 80791504 80.792 
08/15/94 OS:OO 34561.2083 20.7354 2700 2800.66 83624907 83.62.S 
08/lS/94 11;59 34561.4993 21.0264 3.000 2801.35 84819275 84.819 
06/lS/94 13:10 34561.5486 21.0757 2900 2801.69 85028490 85.028 
08/15/94 13:12 34561.SSOO 21.ont 2900 280L7 85-034397 85.034 
08/15194 18:2.~ 34561.7660 21.2931 2900 2802.7 85936387 85.936 
08/15/94 18:24 34561.7667 21.2938 2900 2802.7 85939190 85.939 
08/lSl94 22:45 34561.9479 21.4750 2900 2803.52 86696052 86.696 
08/16194 03:00 34562.1250 21.6521 2900 2604.31 87435581 87.436 
08/16194 10:00 34$62.4167 21.9437 2800 2804.92 88632667 88.633 
08/16/94 10:07 345624215 21.9486 2900 2804.93 88652618 88.653 
08/16194 11:09 34562.4646 21.9917 2900 2805.11 88832223 88.832 
08/16194 12:14 34562.5097 22.0368 2900 2805.31 89020902 89.021 
08/16/94 14:08 345625889 22.1160 2900 2805.65 89351536 89.352 
08/16/94 14:10 34562.5903 22.1174 2800 2805.65 89357147 89.357 
08/16194 18:11 34562.7576 22.2847 2700 2805.23 90019831 90.020 
08/17194 01:20 34563.0556 22.5826 2800 2804.5 91199536 91.200 
08/17!94 06:30 34563.2708 22.7979 3000 2805.4 92098477 92.098 
08/17/94 08:53 34563.3701 22.8972 2900 2806.03 92520421 92.520 
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Table 1. (continued) 

TI roe-weighted Calculated Calculated 
Elapse.<! OblleNed average cumulative cumulatlve 

Dale Tune Serial time time flowrate flowrate volume pumped volume pumped 
~m/dJYl ~:m2 {days) ~ (gpm~ (gpm~ ~e!2 (M ~I) 

08{17/94 09:00 34563.3750 22.9021 2900 2806.0S 92540123 92.541 
08/17194 12;20 34563.5139 23.0410 3000 2806.92 93130799 93.131 
08/17/94 15:02 34563.61.64 23.1535 2900 2807.61 93008525 93.609 
06/17/94 lS:OS 34563.6285 23.1556 2900 2807.62 93617281 93.617 
08{17/94 18:16 34563.7611 23.2882 3000 2808.4..1 94180700 94.181 
08Jl7/94 21:-40 34563.9028 23.4299 3000 2809.59 94792'757 94.m 
06/18/94 00:00 34564.0000 235271 3000 2810.38 95212864 95.213 
08/18/94 01:20 34564.0556 23.5826 2900 2810.71 95448901 95.449 
08/18/94 06:20 34564.2639 23.7910 3000 2811.93 96333910 96.334 
08/18/94 12:07 34564.5049 24.0319 2900 2813.31 m57406 97357 
08/18/94 18:32 34564.7722 24.2993 2800 2813.72 98454871 98.455 
08/18/94 18:33 34564.7729 24.3000 3000 2813.72 98457690 98.458 
08/19/94 00:45 34565.0313 24.5583 2900 2815.15 99554965 99.SSS 
08/19/94 06:35 34565.2743 24.8014 2800 2815.49 100552410 100.552 
08/19/94 13:15 34565.5521 25.0792 3100 2816.98 J0173Z.416 101.732 
08/19194 19:13 34565.8007 25.32'78 2800 2818.29 102788673 102.789 

. 08/20/94 OS;OO 34566.2083 25.7354 3000 2819.58 104490815 104.491 . 08/20/94 13:10 34S66.5486 26,()757 2900 2821.29 105936618 105.937 . 
l 08/20/94 15:00 34566.6250 26.1521 3000 2821.66 106260894 106.261 ·. 
' . 08!ID/94 18:0S 34566.1535 26.2806 2900 2822.29 106806743 106.807 . ' . 

l 08(Zli94 05:30 34567.2292 26.7562 2900 2823.67 108793181 108.793 
08/21/94 09:00 34567.3750 26.roll 2900 2824.09 1-09402423 109.4-02 ' .. 08/21/94 12:12 34567.5083 27.0354 3000 2824.71 109968785 109.969 ' . 
08/211')4 16:58 34567.7069 2'7.2340 3000 2825.98 110826458 110.81.6 
08/21194 17:00 34567.7083 27.2354 2900 2825.99 110832502 110.833 
08/21194 20;27 34567.8521 rJ.3792 3000 2826.64 111443109 111.443 
08/21194 20:30 34567.8542 27.3812 2900 2826.65 111451983 111.452 
08(1:1/94 00:30 34568.0208 'rl..5479 2800 2826.79 112135933 112.136 
08122194 06:00 34568.2500 27.7771 2900 28.26.98 113076373 113.076 
08/2284 10!20 34568.4306 27.9576 3000 2827.78 113843595 113.844 
08/22l94 10:35 34568.4410 rJ.9681 3000 1.827.84 113888428 113.888 
08f}.'lJ94 12:32 34568.5222 28.0493 2900 2828.2 114233826 114.234 
08/12/94 15:30 34568.6458 28.1729 2900 2828.St 114749822 114.750 
08/22i94 15:33 34568.6479 28.1750 2900 282852 114758713 114.759 
08!Z1l94 18:11 34568.7fl6 28.2847 2900 2828.79 115216617 tl.5.217 
08/l3l94 00:00 34569.0000 28.5271 3000 2829.82 116246176 116.246 
08123!)4 09:21 34569.3896 28.9167 2900 2831.44 117901162 117.901 
08/23,")4 09:33 34569.3979 28.9250 2900 2831A6 117935972 117.936 
08/23194 11:54 34569.4958 29.0229 3000 2831.86 118351925 1J8.3S2 
08/23/94 16:39 34569.6938 29.2208 2900 2832.66 119192667 119.193 
08/23/94 16:41 34569.6951 29.2222 2900 2832.67 119198754 119.199 
08/24/94 00:24 34570.0167 29.5438 3000 2833.94 1Z0564309 120.564 
08/24/94 10:23 34570.4326 29.9597 3000 2836.2$ 122..%1497 122361 
08/24/94 12:12 34570.5083 30.0354 2900 28.36.54 122683192 122..683 
~4 12:15 34570.5104 30.0375 2900 2836.54 122691701 122.692 
()8fZ4,94 17;58 34570.7486 30.2757 2900 28l7.04 12.~3.1 123.(186 
08!24/94 18:21 34570.7646 30.2917 2900 2B37.07 123752993 123.753 
08/2S/94 01;08 34571.0472 30S743 z.600 2836,27 124872459 124.sn 
06/25/94 04:40 3457l.1!M4 30.7215 2600 2835.14 125423758 125.424 
08(1.6/94 19:07 345727965 323236 2830 2829.18 131687012 131.687 
08(}:1{94 13:32 34573.5639 33.0910 28..10 2829.2 134814209 134.814 
08/1:7194 19:15 34573.8021 33.3292 2925 2829.SS 135801423 135.801 
08/'l9/94 11:55 34515.4965 35.0236 2925 2834.16 142938025 142.938 
08/30/94 11:39 34576.4854 36.012$ 2925 2836.66 147103514 147.104 
08/.30/94 13:06 34576.5458 36.0729 2925 2$36.81 147358095 147.358 
08/30/94 16:04 34576.6694 36.1965 2925 2837,ll 147878685 147.879 
08/30/94 18:14 34576.7604 36.2875 2925 2837." t4826tn4 148.262 

13 
.. 

' ' . ..... .. . . "' .• 



Table 2. Aowrate and discharge into the infiltration basin (Totalizer 3). 

Elapsed Obsem:d Observed flow total 
Date Tune Serial time time flow rate 

( lo' gal) (106 fl') (!Ml,.Y) (h.m) (_days) (days) (100 spm> {gpm) 
07/25/94 12:53 34540.5368 0.06 0 0 5 0.05 
07/25/94 12:54 3454-0.5375 0.06 30 3000 s 0.05 
07/2S/94 15:12 34540.6333 0.16 31 3100 48 0.48 
07125/94 19:15 34540.8021 0.33 31 3100 124 1.24 
07/2S/94 20:10 34540.8403 0.37 30 3000 141 l.41 
07/2S/94 21:10 34540.B8i9 0.41 31 3100 159 1.59 
07/U/94 00:45 34541.0313 0.56 31 3100 Z25 2.25 
01126/94 06:24 34541.2667 0.79 32 3200 331 331 
07126/94 10:51 34541.4521 0.98 31 3100 418 4.18 
07{26f)4 15:39 34541.6521 1.18 32 3200 514 5.14 
07/Z7/94 OO:OS 34542.0035 1.53 30 3000 66() 6.6 
07/Z7/94 06:46 34542.2819 J.81 31 3100 185 7.B5 
07/Z7/94 11:42 34542.4875 2.01 31 3100 878 8.78 
07tn/94 16:-04 34542.7528 2.28 0 0 953 9.53 
07fJ.8194 01:08 34543.0472 2.51 0 0 953 9.53 
(f]/28194 06:23 34543.2660 2.79 9 900 968 9.68 
07/'W94 13:37 345435674 3.09 10 1000 1012 10.12 
G71'W94 18:25 34543.7674 3.29 10 1000 1041 10.41 
07/29/94 00:40 34544.0278 355 0 0 1072 10.72 
07/29/94 08:30 34544..3542 3.88 0 0 1084 10.84 

. 07129/94 12:20 34544.5139 4.04 0 0 1084 J0.84 ·. . ()J/29/94 20:03 34544.8354 4.36 9 900 1108 ll.08 
07/30/94 01:01 34545.0424 4.57 9 900 1135 11.35 
07/30/94 02:52 34545.1194 4.65 5 500 1144 11.44 
07/30/94 02:54 34545.1:208 4.65 6 600 1144 tJ .44 
07/30194 03:12 34545.1333 4.66 0 0 1144 l l .44 

· . 07/30/94 06!30 34545.2708 4.80 0 0 1144 11.44 . 
' 07(30/94 12:22 34545.S153 S.04 0 0 1144 11.44 

0700/94 18:57 34545.7896 5.32 32 3200 1225 12.25 
0713-0/94 19:28 34545.8111 S.34 32 3200 1235 1235 
<¥7/30/94 19:40 34S45.8194 5.35 0 0 1239 12.39 
07/31/94 00:05 34546.0035 5.53 0 0 l'.n9 12.39 
07/31,94 05;41 34546.2368 S.76 0 0 1239 1239 
07/31194 12:28 34546.5194 6.05 31 3100 {no dau1 entl)'} 
07/31/94 17:35 34540.7326 6.26 0 0 1337 13.37 
08.i0'2!94 01:12 34548.0500 7.58 0 0 1337 13..37 
osmt'J4 21:00 34548.8750 8.40 0 0 1337 13-~7 
O&Q3/94 00:11 34549.0076 853 0 0 1337 13.37 
08/03/94 05:00 34549.2083 8.74 0 0 1337 13.37 
08~3J94 13:58 34.549S8l9 9.11 0 0 1337 13.37 
08/03,94 19:17 34549.803..~ 9..33 o· 0 1337 13.37 
~ 12;35 34550.5243 10.0S 0 0 1337 13.37 
OIW4/94 19:24 34550.8083 10.34 (} 0 1337 13.37 
08ft>S/94 00;20 34551.0139 10.54 0 0 1337 1.3.37 
08ft)5/94 06;40 34551.2778 lo.80 0 0 1337 13.37 
OM>S/94 11:44 34551.4889 11.02 0 0 1337 13..37 
~/94 15:40 34551.6528 11.18 0 0 1337 13.37 
08JOS,-;l4 20:17 34551.8451 11.37 0 0 1337 13.37 
08/06/94 11:2D 34552.4722 12..00 0 0 1337 13.37 
08/06/94 13:15 34552.5521 12.08 0 0 1337 13.37 
08/06/94 18:01 34552.7507 12.28 0 0 1337 13.37 
08/06/94 18:47 34552.7826 12.31 0 0 1337 13.37 
08/07/94 08:46 34553.3653 12.89 0 () 1337 13.37 
08J(Y7J94 12:01 34553.5007 13.03 0 0 1337 13.37 
08ml94 18:10 34553.7569 13.28 0 0 1337 13.37 
08J08194 00:45 34554.0313 13.56 0 0 1337 13.37 
~ 06:55 34554.2882 13.82 0 () 1337 13.37 
otWS/94 13:37 345545674 14.09 0 0 1337 13.37 
08i1>8/94 21:04 34554.8778 14.40 0 0 1337 13.37 
08/09/94 00;30 34555.0208 14.S5 0 0 1337 13.37 
08/09/94 06:30 34555.2708 14.80 0 0 1337 13.37 
08/09/94 12;08 34555.5056 15.03 0 0 1337 13.37 
08J09/94 17:16 34555.1194 15.25 0 0 1337 13.37 
08/10/94 01:30 34556.0625 15.59 0 0 1337 13.37 
08/10!')4 06:21 34556.2646 lS.79 0 • 0 1337 13.37 
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Table 2. (continued) 

Blap&ed Obllerved Observed flow tOtal 
Da.te Time Serial lime time flow rate 

~10" gal} (rn/cty) {!l:mJ (days) (C!a>:S) (100 gpm) (gpm) (lo" gal) 
. 

08/10/94 12:27 34556.5188 16.05 0 0 1337 13..37 
08{10194 23:30 34556.9792 16.SI 0 0 1337 13.37 
(18}11194 03:10 34557.1319 16.66 0 0 1337 13.37 
(18}11194 07;14 34557..3014 16.83 0 0 1337 13-~7 
08/11194 13:19 34557.5549 17.08 30 3()00 1342 13.42 
08/11/94 17:19 34557.7215 17.2S 32 3200 1420 14.2 
08/12,«}4 00:00 34SS8..0000 17.5~ 31 3100 1544 15.44 
08/12194 01:00 34558.0417 17.57 Z9 2900 1567 lS.67 
08/11/1)4 03:20 34558.1389 17.67 31 3100 1603 lG.03 
{)8/12,4)4 13:10 34558.5486 18.08 31 3100 1783 17.83 
08/12194 18:26 34558.7681 18.30 30 3000 1881 18.81 
08/12/94 23:40 34558.9861 18.51 31 3100 1984 19.84 
08/13194 07:10 34559.2986 18.~ 31 3100 2118 21.18 
08/13.194 13:29 345595618 19.09 Z9 2900 2233 22.33 
08/13.194 18:08 34559.1556 19.28 0 0 2242 22.42 
08{14194 01:09 34560.0479 19.58 0 0 2242 22.42 
08/14f,14 07:05 34560.2951 19.82 0 0 2242 22.42 
08/14194 07:30 34500.3125 19.84 22 2200 2245 22.45 
08/14194 11:57 34560.4979 20.03 22 2200 2303 23.03 
08/lS/94 11:59 34561.4993 21.03 0 0 2358 23.58 
08/15194 13:10 345615486 21.08 0 0 2358 23.58 
08/lS/94 13:20 34561.5556 21.0S 31 3100 2360 23.6 
08/15/94 18:23 34561.7660 21.29 31 3100 2455 24.55 
08/15/94 18:24 34561.7667 21.29 0 0 2455 24.5S 
08/1.S/94 22:45 34561.9479 21.47 0 0 2454 24.54 
08{16194 Ol.-00 34562.1250 21.65 0 0 2454 '24.54 
08/l6f)4 10:00 34562.4167 21.94 0 0 2454 24.54 
08/16194 10:24 34562.4333 21.96 31 3100 2459 24.59 
08/16/94 12:19 34562.5132 22.04 30 3000 2495 24.95 
08/16/')4 14:03 34562.Ss.54 22..11 31 3100 2527 25.27 
08/16/94 14:10 34562.5903 Z2.12 0 0 2529 2S.29 
08/16/Sl4 18:11 34562.7576 22.28 0 0 2529 25.29 
08/1719' 01:20 34563.0556 22.58 0 0 2529 25.29 
08/17/!M 06:30 34563.2708 22.80 0 0 2.S29 25.29 
08/17194 08:53 34563.3701 ZZ.90 0 0 2529 25.29 
08/17194 09;13 34563.3840 22.91 30 3000 2533 25.33 
08/17194 12:30 34563.5208 23.05 31 3100 2.'i93 25.93 
08/17194 lS;02 34563.6264 23.15 31 3100 2538 25.38 
08/17194 18:16 34563.7611 23.29 0 0 2641 26.41 
08117194 21:40 34563.9028 23.43 33 3300 2641 26.41 
08/18/4)4 00:00 34564.0000 2.1.53 31 3100 2684 26.84 
08(18,94 01:20 34564.0556 23.58 0 0 2709 'Il.09 
08/18/94 06:2() 34564.2639 23.79 0 0 2709 1:1.09 
08/18/94 12:07 34564.5049 24.03 0 0 2709 27.09 
08/18194 18:25 34564.7674 24.29 0 0 2709 Z7.09 
(18}18/94 18:39 34564.7771 24.30 30 3000 2711 27.11 
08/19194 00:45 34565.0313 24.56 0 0 2827 28.'Z'l 
08/19/94 06:35 34565.Z743 24.80 0 0 2827 28.27 
08/19/94 13:15 34565.5521 25.08 0 0 1m 28.21 
08/19/94 19:13 34565.8007 25.33 0 0 2827 28.27 
08l2o,.94 05:00 34566..2-083 25.74 0 0 2827 28.27 
08/20/94 13:10 34566.5486 26.08 31 3100 2976 29.76 
OS(U)/94 18;05 34.566.7535 26.28 0 0 3011 30.1 1 
08/ll/94 05:30 34567.2292 U,.76 0 0 3011 30.11 
08/.21194 09:00 34567.3750 26.90 30 3000 3011 30.11 
08/Zl/94 12:12 34567.5083 Z7..o4 0 0 3011 30. l 1 
08/ZI~ 16:58 34567. 7069 27.23 0 0 3011 30.11 
08/ll/94 17:11 34567.7160 27.ZA 31 3100 3015 30.15 
08/21194 20:22 34567.8486 27.38 31 3100 3074 30.74 
08/21/94 20:30 34567.8542 27.38 0 0 3076 30.76 
08fl2/94 00:30 34568.()20$ 27.55 0 0 3076 30.76 
08/2:U94 06:00 34568.2500 27.78 0 0 3076 :30.76 
08/22/94 10:20 34568.4306 27.96 0 0 3076 30.76 
osmt94 10:35 34568.4410 27.97 31 3100 3078 30.78 
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Table 2. (continued) 

Blai*d Obsetvcd Observed flow total 
Date Tl.nJ.c) Serial time time flow rate 

(lo' Jtll) !1<>6 gal) ~m/dly) (b_;ml ~ (clap) (100 JP!!!) <gpm) 
08{22./')4 12;12 34568.5063 28.04 31 3100 3110 31.l 
()8f12l)4 15:19 34568.6382 28.17 31 3100 3165 31.65 
08{1:1/94 15:33 34568.6479 28.18 0 0 3167 31.67 
08f2:2J94 18:11 34568.7576 28.28 0 0 3167 31.67 
08/23/94 00:00 34569.0000 28.53 0 0 3167 31.67 
08/23/94 09:21 34509.3896 28.92 0 0 3167 31.67 
O!V23/94 09:33 34569.3979 28.93 31 3100 3169 31.69 
08/23/94 11:42 34569.4815 29.0l 31 3100 3208 32.08 
08/].3/94 16:29 34569.6868 29.21 31 3100 3297 32.97 
08/23/94 16:41 34569.6951 29.22 0 0 3299 32.99 
08/.24/94 00:2.4 34570.0167 29.54 0 0 3299 32.99 
08/24/94 10;15 34570.4271 29.95 0 0 3.299 32.99 
06/24/94 12:12 34570.5083 30.04 0 0 3299 32.99 
06/24/94 12:38 34570.5264 30.0S 31 3100 3306 33.06 
08/24/94 18:11 34570.7576 30.28 30 3000 3409 34.09 
08/24194 18:20 34570.7639 30.29 0 0 3411 34.11 
06!25/94 01:08 34571.0472 30.57 0 0 3411 34.11 
08/2S/94 04:40 34571.1944 30.72 0 0 3411 34.ll 
08/15194 09:04 34571.3778 30.90 0 0 3411 34.ll 
08/25/94 12:36 34571.5250 31.05 0 0 3411 34.11 

- 08/26,'94 19:01 34572.7965 32.32 30 3000 3441 34.41 . 08/1.7/94 13:32 34573.5639 33.09 30 3000 3443 34,43 
08/27/94 19:15 3'4573.8021 33.33 31 3100 3506 35.06 
08/W)4 01:58 34574.0819 33.61 0 0 3.)04 35.04 
08/281'94 07:30 34574.3125 33.84 0 0 3510 35.l 
08/29194 08:00 34575.3333 34.86 0 0 3635 36.35 
08/29/94 ll:SS 34575.4965 35.02 31 3100 3707 37.07 
08/30194 11:39 34576.4854 36.01 31 3100 3780 37.8 
08/30/94 13:06 34576.5458 36.07 31 3100 3805 38.0S 
08!30194 13:16 34S76.SS28 36.08 0 0 3807 38.07 
08/30194 15:38 34576.6514 36.18 0 0 3807 38.07 
08/30/94 16:04 34576-6694 36.20 31 3100 3812 38.12 
08/30/94 18:15 34576-7604 36.29 0 0 3854 38.54 
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4. INFILTRATION RATE ESTIMATES 

This section outlines the methods used for calculating infiltration rates from the infiltration 
basin.. Infiltration ra~ 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 bydrograph 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 ~ Falling Llmb 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 infl.ltration 
rates are referred to as 'measured' rates. Falling Llmb 2 was excluded from this analysis because 
the discharge into the basin was not zero and wa8 not properly recorded. For tbe 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 wed instead of the volume balance approach to avoid errors due to inaccuracies ia 
the measured volume of water discharged into the basin and because, in some Instances, the 
observation:> of Flow Meter 3 needed for volume balance calculations were not made at the 
appropriate times. 
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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 ti ·> ~is equal to the sum of the volumes added to the basin (discharge 
from the pipeline and precipitation) minus the sum of the volumes removed from the basin 
(infiltration and evaporation) during t1 ·> t2• 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 developed below. 

where 

AV Biiia i.~i, = change in the volume of water in the basin during time interval t1 - t2 

where 

= volume of water in the basin at time i. 

- volume of water discharged from the pipeline into the basin during time 

interval t1 .. t2 

(I} 

(2) 

(3) 

= volume of water that entered the basin via precipitation during time interval 

ti - l:z 

= volume of water that infiltrated from the basin during time interval t1 .... t2 

= volume of water that evaporated from the basin during time interval t1 - t2 

Solving for AV lldll c.-1t , 

(4) 

Substituting Equation (1), 

(5) 
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The infilti:atlon rate is calculated as the infiltration volume divided by the length of the time 
intetVaL 

(6) 

= infiltration rate during time interval t 1 - tz. 

The infiltration flux, i.e., the volume of water that infiltrated per unit area per unit time, is the 
infiltration rate divided by the wetted area of the basin, which is taken to be the same as the 
surface area of the basin. 

(8) 
q .. 

q = (9) 

where A is the surface area of the basin. 

The following section dcscribe8 how the parameters used in the infiltration rate calculations 
were determined. 

4.2 Data Sources 

The water level, or stage, in the infiltration basin is the primacy- data source for thls 
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 traOllduccr 
measurements and the manual 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 
th~ time. Falling Limb 5 encompasses the period while the basin was draining after tracer 
addition, and includes 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 level 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 5 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 9. Data logger and manual observations of stage. 
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Appendix C includes a summary of the regression calculations and the estimated stage for 
each limb. The R2 values for the regressions ranged from 0.992 to 0.999. (An R2 value of 1 
indicates that the regression line accounts for all 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 R2 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 calculate infilt.ra.tion tlWtes 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 
relatiowbips are documented in Appendix D. Linear interpolation was used to determine values 
between the values tabulated in Appendix D. 

A meteorological station w11$ established at the infiltration basin by the National Oceanic and 
Atmospheric Administration (NOAA) to collect data that would allow precipitation amounts and 
evaporation rates to be dctennined. Appendix E contains a report from NOAA that documents 
the daily precipitation amounts and 5-day average evaporation rates at the infiltration 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 fL 3:J of water 
that evaporated during a falling limb period W3S calculated as the product o[ the evaporation rate 
{L 1 1}, average surface area (L2J, and duration of the falling limb (T] (the dimens1ons 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 
[L3J of precipitation was calculated as the product of the precipitation amount [L) and average 
surface area [L2}. The volumes of water that evaporated and precipitated are used in the volume 
balance calculations. 

4.3 Calculations and Results 

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 Crom the basin during the falling limbs, which is needed (or 
the water balarn:e calculations. 

The measured infiltration rates arc 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 
~ that the measured infiltration rate was smaller the flnt time the basin was filled (Falling 
Limbs l 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 &oil, and the increase in infiltration rate over time indicates that 
the hydraulic conductivity of the soil increased over time. Allhough the reason for this has not 
been determined, several explanations can be pouulated. First, characteristic curves (water 
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Figure 10. Measured infiltration rates.. 
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content-matric potential) for soils are hysteretic, and it is Hkely that the soil 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 roil pores the second lime the basin was fiJled. 
Second, air entrained io 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 o( clay minerals after exposure to water with 
a chemical composition different from what it had been exposed to previously. Although the data 
necessary to rigorously evaluate these altei:natives are not available, the concentrations of total 
dissolved solids (TDSs) measured in water samples from Iy.simeters below the basin were 
substantially greater than concentrations in samples from the basin, indicating that mineral 
dissolution occurred in the subsurface between the basin and the lysimeters. Although this does 
not prove that dissolution of minerals in soil occurred, it is consistent with it. Titis does not 
indicate that the other mechanisms did not occur too . 

Figure 11 shows that the measured infiltration 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 R2 values of 0.7S and 0.70, demonstrating the strong 
dependence of infiltration rate on stage. The infiltration rate calculated for Falling Limb 23 
appears to be an outlier, resulting from the very short duration of the limb. 

Infiltration occurred during the rising limbs of the hydrograpb as well as during the falling 
limbs. Infiltration rat~ were estimated for the rising limbs and Falling Limb 2 using lhe 
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 
calcuJation. 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. Jn addition, Appendix G includes 
the volume of waler that evaporated from the basin during the rising limbs, which is needed for 
water volume balance calculations. The measured (falling limb) and estimated (rising limb) 
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 
{or 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 area are 
tabulated in Appendix H. Figure 16 shows the variations in infiltration flux throughout the 
duration of the l.SIT, and the time-weighted average flux. Infiltration flux values ranged from 
1.42 x 10-3 to 2.35 x 10·3 gpm/ft2

, and the time-weighted average flux for the entire experiment 
was 1.99 x 10·3 gpm/ft2• 

These infiltration rate and flux values can be used as input parameters for sin1ulating 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 13. Infiltration rate-stage regression: late data. 
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Figure 14. Measured and estimated infiltration rates. 
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Table 3. Measured and estimated infiltration rates. 

Delta Measured lnfd· Estimated lnfU. ProdlJ(;t of Sum ot rate sum of Avuage = sum 
Une Date Tune Serlal lime time tration rate ttatioo rate rate delta T delta T delta T (gpm•days)I sum (days) 

Segment (~ {h:m) ~days) (~) ••• {e) ~) ~·~) (~•days) (days,2 (p) 
0-la 
rising 

0-lb 
rising 

0-tc 
rising 

O.ld 
ri&ing 

l 

1-2 
riM!lg 

2 
falling 

2-3 
risillg 

3 

3-4 
rising 

4 

4-5 
rWng 

Sa 

Sb 

5c 

5d 

Se 

S-6a 
rising 

07{25/94 
(f7f1f,/94 

(f7f1f,f94 
07f1f,/94 

07/')b/94 
07al/94 
07/Z7/94 
07/27194 
07/27194 
Cf1f]Bf94 

<T1!2Bl94 
07/29194 
<T1{29194 
07/29194 
07/29/94 
Cf7/30/94 

00/30/94 
EY7/30/94 

20:13 
07:03 

07:04 
16;31 

18:20 
04;45 

04:50 
15:40 
15:45 
03:00 

03:05 
03:50 
03:55 
18:35 

18:40 
03:00 
03:05 
14:20 

34540.84 
34541.29 
34S4l.29 
34S4l.69 

34S41.76 
34S42.2fJ 

34S42.20 
34S42.65 
3454266 
34543.13 
34543.13 
34S44.16 

34544.16 
34544.77 
34544.78 
34545.13 
34545.13 
34545.60 

0.452 

0.394 

0.434 

0.4S1 

0.469 

l.IJ31 

0.611 

0.'347 

0.469 

07~ 14:25 34545.60 0.215 
07/30/94 19-.35 34545.82 

07/30/94 
07131194 
07(31194 
071311'>4 
07(31/94 
08J02/94 
08.W.l94 
08/1}5l'M 

0&'05/94 
08/07/94 

08/01194 
08,1)9194 

08,1)9/94 
08/111')4 

08/11194 
08/11;94 

19:40 
10:05 
10:15 
!5;35 

15:40 
20:10 

20:10 
00:40 

00:40 
05:10 
05:10 
09;41 

12:02 
13:09 
17:21 
01:11 

34545.82 
34S~.42 

34546.43 
34546.6S 

34546.65 
34548.84 

34543.84 
34SSl.03 

34551.03 
34553.22 
34553.22 
34SS5.4ll 

34555.SO 
34557.55 
34557.72 
34558.0S 

0.601 

o.m 

Z.188 

2.188 

2188 

2188 

2047 

0.326 

-482 

486 

510 

537 

.546 

476 

374 

m 

365 165 165 0.452 365 

411 162 326 0.845 386 

456 198 524 1.279 410 

498 225 749 1.131 433 

226 975 2.. {91.) 443 

S20 S36 151 1 3.231 468 

52.'l 3W 1831 3.842 477 

525 182 2013 4.189 481 

228 2241 4.6S8 481 

S28 114 2354 4.873 483 

306 2661 S.474 486 

S3S 119 2'780 5.696 488 

1174 3954 7.883 soi 

1194 5149 10.071 511 

1042 6190 12.259 .sos 

818 7008 14.446 48.5 

(Hf 7615 16.493 402 

349 . 114 7729 16.819 ~ 
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Table 3. (continued). 
------------

Delta Measured lnfil· Estimated Jnfll. Product of Sum at tale Sum of AYCnlge = sum 
Line Dllle nme Serial time time ttation rate l('llti<>n rate rate delta T ddtaT delta T (gpm•<1ay5)1 sum (days) 
Se~t (in,U/y) !ll:m} .. ~ (~'S) (gpm) (gpDJ2 ~-~} • i~~·days) (days) ~~ 

• S-6b 08/1:1/)4 01:26 34558.06 0500 426 213 7942 17319 459 
rising 08/12194 13:26 34558.56 

5.6c 08/12194 13:41 34558.51 0.490 510 25() 8192 17.80'} 460 
rising 08/13194 01:26 34559.06 

5-64 08/13194 01:4l 34SS9..o7 0.510 588 300 8492 18319 464 
rising 08/13'>4 13:56 34559.SS 

6 08/13194 14:11 34559..59 0.708 001 426 8917 19.028 469 
08/14194 07:11 34$60,30 

6-7 08/14.94 07:26 34560.31 0346 614 212 9130 19.373 471 
rising 08/14/94 15:44 34$60.66 

7 08/1.(/94 15:59 34SC50.67 0.865 614 530 9660 20.238 477 
08/15194 12:44 34S6l.53 

7-8 08/l5f.>4 13:29 34561..56 0.198 612 121 9781 20.436 479 
rising 08/151'>4 18:14 34561.76 

8 08/15/')4 18:29 34561.17 0.646 644 416 10197 21.082 484 
~ 08/16194 ®:59 3456242 

8-9 08/16i94 10; 14 34562.43 0.156 610 95 10293 21.238 485 
risiog 08/16/')4 13:59 34562.SS 

9 08/16194 14:14 34S62.S9 0.781 648 506 10799 22.019 490 
08/17194 08:59 34563.37 

9-10 08/17/')4 09:14 34563.38 0.229 tilr7 139 10938 22.248 492 
rising 08/171')4 14:44 34563.61 

10 08/17194 14:59 34563.62 0.281 646 182 11 120 22..530 494 
08/17fl4 21;44 34563.91 

10.11 08/17/94 21:59 34563.92 0.135 624 84 11204 22.665 494 
rising 08/18/')4 01:14 34564.0S 

II 08/18194 01:29 34564.06 0.698 631 440 11644 23.363 498 
08/18!>4 18:14 34564.76 

11-12 08/18194 18:29 34564.77 0.260 621 162 11806 23.623 500 
ri$ing 08/191'>4 00:44 34565.03 

12 08/19194 00:59 34565.04 1.167 620 723 12.~29 24.790 sos 
08/}.0/')4 04:59 34566.21 

12-13 08/20!.)4 05:14 34S66.22 0.406 620 2S2 12781 25.196 5f17 
rising 08!20f.>4 14:59 34566.62 



Table 3. (continued). 

Delta Measured Infil. E&timated lnfil- Product of Sum of rate Sum of Avuage = sum 
Unc Date Time Serial time time lratloo rate tralion rate rate delta T delta T delta T (gpm~)f sum (<lap) 

Seeet (mid~) (h:m) (days) (Clays) (gpro). (?) ~gpm·dazs) <p•days) • (days) JeJ ' 
• 13 08/1.()rJ4 15:14 34566.63 1.073 651 705 13485 26.269 513 

08/21194 16:59 34567.71 

U-14 08/21194 17:14 34567.12 0.135 615 83 tl568 1.6..405 514 
rising 08(lW4 20:29 34567.85 
14 08/'ll/94 20:44 34S67.86 0.573 632 362 13930 26.978 516 

08n.2l94 10:29 3456&.44 
14-15 08fWj4 10:44 34568.45 0.198 613 121 14052 27.176 517 
rislog fJ8ln/94 1S:29 34568.65 

15 08fnl94 15;44 34568.66 0.740 648 479 14531 27.915 521 
('ijflJ,194 09:29 34569.40 

lS-16 08J'Z3194 09:44 34569.41 0.28J 614 173 14704 28.196 521 
rising 08/13/94 16:29 34569.69 
HI 08/13f)4 16:44 34569.70 0.813 619 503 15206 29.009 S24 

08/2.4/')4 12:14 34S70..Sl 
16-17 08124194 12:29 34570.52 0.240 618 148 15354 29.248 525 

N rising 68124194 18:14 34570.76 -..) 

17 08/2.4194 18:29 34570.77 0.760 630 479 lS833 30.009 528 
08/2.Sl94 12:44 34571.53 

17-18 08/lJ/'14 12:59 34571.54 0.229 619 142 15975 30.238 528 
rising 08/2.S/'14 18:29 34571.77 

18 08/25194 18:44 34571.78 0.760 6 10 464 16439 30.998 530 
08/UfJ4 12:59 34572.54 

18-19 08/U/94 13:14 34572.55 0.240 615 147 16586 31.238 531 
rising 08(/iJ/94 18:59 34572.79 

19 08f1f,fJ4 19:14 3451280 0.760 611 46S 17051 31.998 533 
08/1:1"'4 13:29 34573.56 

19-20 08(l;Tf}4 13:44 34573.57 0.240 617 148 17199 32.238 533 
rising 08(.(1194 19:29 34573.81 
20 08(.(1194 19:44 34573.& 0.490 603 295 17494 32.728 535 

08/28/94 07:19 34574.31 

20-21 08/W)4 07:44 34574.32 0.281 633 178 17672 33.009 535 
rising f18/l2,/94 14:29 34574.60 

21 08/28J94 14:44 34S74.61 0.719 651 468 18140 33.728 538 
fJ8/Z!J194 07:59 34575.33 
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Table 3. (continued). 

Delta Measured. lllfil. F.slimated Infil· Product of Sum of rate Sum of A....:rage • sum 
tine Date Time Serial time time tratkl!ll rate tnu:ioo rate rate clelta T delta T della T (gpm•days)I sum (days) 

Se~nt irnld6'> ~b:mJ (~ ~daysl <E!!2 - (p.n) <E!!·c1ay52 ce·~~ _!days) !gpm) 
• 21·22 08(1!)/94 08;14 34575.34 0.198 636 126 18265 33.926 538 

riling fJM.9194 12:59 :l451554 
22 08/1.9194 13:14 3451S.S5 0.781 646 sos 1877() 34.7()'7 541 

08/30194 07:59 34576.33 

22-23 08/30'94 08:14 34576.34 0.198 625 124 18894 34.905 541 
rUiog 08/3()'94 12=59 3457654 

23 08/30/94 13:14 34576.55 0.104 479 50 18944 35.009 541 
08/30194 15:44 34576.66 

23-24 08l30i94 15:59 34576.67 0.094 645 (,0 19004 35.103 541 
rislag 08{30f94 18:14 34576.76 

24a 08(30194 18:29 34576.77 2.164 565 1223 2fflZ1 37.U.7 543 
09~1/94 22:25 34578.93 

24b 09101194 2?:25 34518..93 2..164 S4S 1179 21406 39.431 543 
09JU4194 02:21 34581.10 

24( 09iU4/94 02:21 34581.10 2.164 412 692 22298 41.595 536 

tit 09~/94 06:17 34583.26 
24d 09~/94 06:17 34583.26 2.164 372 805 23103 43.759 528 

CYJ/08194 t(};14 34585.43 
Totals: 43.759 23103 avg rate: 528 



700 -- --.. .. -~. ... ~ ..... -600 
:-_ -· ---

"""" -E 500 - --Q. -Ol -..__... 

~ 400 
-+-ro 

a:::: -
§ 300 ·-

t 
t ..... 

ro .... ..... -I+= 200 c 
t 
T -

100 
-- Measured -- Estimated - Average 

0 -J-HH-i-t-!-t-!--H--++++++-+-+-++-t--t-t-HH-i-+-t·++-+++++++++-+-t--t-!-HH-1-H 

07125 08/04 08/14 08/24 09/03 09/13 
Date 

Figure 15. Time-weighted average infiltration rate. 

4.4 Volume Balance Calculations 

Tue volume balance was calculated as a check on the calculations and data used to determine 
infiltration rates and fluxes. 

The volume balance for the infiltration basin was calculated by comparing the inpuui and 
]OS&e$ of water to and from the basin. These calculations apply to the period from July 25, when 
water was first placed into the bas.in, 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 
• 0.1 million gal added to the basin from precipitation 
• 4.9 mjltion gal removed from the basin via evaporation 
• 33.3 million gal removed from the bas.in via infiltration 
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Figure 16. 'nme--weighted average infiltration flux. 

• 1.8 million gal remaining in the basin on September 8 
• 1.4-million-gal error. 

09/13 

The error is the difference between the volume of water added to the basin from the pipeline 
and precipitation, and the sum of the losses due to evaporation and infiltration and the volume 
that remained at the end of the test. 

The 1.4-million-gal error is 3.6% of the volume of water discharged to the infiltration basin. 
This error probably arises from measurement errors in all of the parameters used in the 
infiltration rate calculatloJl$. 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 iDfiltratjon being larger than the true amounts. 
A 3.6% error is acceptable for this type of calculation. If all of the volume balance error is 
attnbutable to the volume of water that infiltrated, the revised infiltrated volume is 33.3 - 1.4 = 
31.9 million gaL The difference between this value and the calculated infiltration volume is 4.2%, 
and the corresponding infiltration rates would also vaty by 4.2%. A 4.2% uncertainty 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 at higher stage to the presence of ba.-.alt at ground 
surface, without an overlying soil layer, along a ridge in the infiltration basin. The fractured basalt 
is more permeable than the soil, and the infiltration rate increases with stage because more basalt 
ii submerged at higher stage than at lower stage. This mechanism does not ac.count for the 
variation of infiltration rate at stages below which exposed basalt "-"Ould be submerged. Sharp 
changes in infiltration rate would be expected at stages at which cxpo11ed basalt was firnt 
submerged, yet no sharp breaks are apparent in the infiltration rate - stage regression. 

An alternative mechanism is suggested here, namely that tbe 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 tbe underlying fractured basalt; therefore, the infiltration aux 
into the subsurface is controlled by the infiltration fluic through the soil layer. The dependence of 
infiltration flux on stage can be illustrated with a two-layer model consisting of a less permeable 
unit (the soil layer) overlying a more permeable unit (the basalt}. The vertical flux through the 
soil layer is described by the Darcy equation 

dH 
q "" -K

dZ 

where 

q = flux 

K = hydraulic conductivity 

H =hydraulic bead 

Z = vertical spatial coordinate 

d/d = differential operator. 

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

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 
tramient response is complex, but the steady-state response (after the soil reaches saturation 
throughout) is much I~ complex. For the ease of a soil sa1urated with water throughout, with 
water ju.st ponded at the upper aurface (i.e., there i:; a thin filn1 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 surf.ace, the water table i.s at 
location 'A' and • = Oat 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 bas a highly fractured or r:ubbly upper surface. Essentially, this implies that water 
drips from the lower surface of the soil layer into voids in the basalt. With this assumption, 1jl = 0 
at the lower surface of the soil layer and throughout the soil layer. The elevation component of 
hydraulic bead is simply the height of points 3 and 2 above the elevation datum. point 1. The 
values of hydrauli<: head at points 1 and 2 are obtained by summing the pressure potential and 
elevation potential. Since pressure potential is zero, the hydraulic head is equal to the elevation 
component. 
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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 soil layer divided by the thickness of the soil layer. In this case, 

dH -= 
dZ 

~ - Zi = ---"--- = 1 
~ -Zi 

and the flux through the soil layer is 

q .. -KdH = -K dZ . 

The negative sign indicates that flow is downward. 

(12) 

(13) 

Thus, if watei is jllSt ponded at the soil surface, the infiltration flux at steady state is equal to 
the saturated hydraulic conductivity of the soil. 

If the depth of ponding in.creases, 1"1 increases in proportion to the depth o( ponding, but • 2 
remains zero. The hydraulic head at the top of the soil layer is described by · 

(14) 

where 

d = depth of ponding. 

The hydraulic head at the bottom of the soil layer, H2, is equal to Zz. 

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 

where 

b = thickness of the soil layer, Z1 • Zz. 

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

dh q = - K - .. -K (1 
dL 

+ d) . 
b 

.. 
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Figure 18. Hydraulic head profiles at different ponding depths. 
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This model shows that the infiltration flux 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 physicaJly 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 illustrate the validity of this model, the infiltration rate was calculated using reasonable 
parameter values for the infiltration basin. The hydraulic conductivity of the soil was taken as 
7.5 x 10·7 mis, the thickness of the soil layer was 1.5 m (5 ft), tbe 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 rat~tage 
relationship is compared to the observed relationship in Figure 19, with the assumption that the 
depth o[ 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 system. The values 
wed do not take into account variations in soil 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 fort.he I.SAT and the I.SIT are shown below. The values arc in millions of 
gallons. 

TEST WELL VOLUME BALANCE 

Pumped from test well 

Diverted to Spreading Area A 
Discharged to Spreading Area A 
Pipeline storage 

Diverted to Infiltration Basin 
Discharged to Infiltration basin 
Pipeline storage 

148.3 

109.7 
109.6 

0.1 

38.6 
38.5 

0.1 

INFILTRATION BASIN VOLUME BALANCE 

Inputs 
Discharged into basjn 
Precipitation 
Total 

Losses 
Evaporation 
l:illiltrllti<>n 
Total 

Calculated volume in basin at end of test 
Actual volume in basin at end of test 
Volume balance error 

38.5 
0.1 

38.6 

4.9 
33.3 
38.2 

0.4 
1.8 
1.4 

The rate of infiltration from lhe basin varied with water level (stage) i.n the basin, and ranged 
from 297 to 657 gpm. The average rate for the entire experiment was 528 gpm. The iofiltratjon 
flux also varied with stage and ranged from 1.42 x 10·3 to 2.35 x 10·3 gpm/ft2. The time-weighted 
average infiltration flux for the entire experiment was 1.99 x io·3 gpm/ft2• 
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Appendix A 

Flow Meter Installation and Programming Guide 

A-1 
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.. 

INSTALLATION 

MANUAL w1th PROGRAMM ING 

GUIDE 

''Reading the instructions insures 
good results.' ' 

·::~~· · . 
. .';; : •',flt.t:~ 

·• ·~ ··~~ 

AOUAMl\STER !$a Olvlslon of JENNINGS, INC., Clay Center, Y.S 67432 
Ph. 913-632-3101 or 1-800-247-7698 Fl\X 913- 632-5660 



_________________ . .,_w·--------~----w ___________ .., 
FlGURS l 

SIQW. CABLE ---t 

ADJUSTMENT NUTS 

Threaded Mounting 
Nipple 

IMPELLER 

.. 

. ,. 

~·--··METER HEAD 

LE'I'TER D 

LETTER C 

LE'CTER A 



• 

SPECIFICATlONS 

INSTALLATION; 
Ful1 p1pe 
Straight run: 

M1n1mum 10 p1pe d1ameters upstream 
5 pipe d1ameters downstream 

Pipe orientation; 
To your conven1ence, top half of p1pe 

2./94 

2 or 10 o'clock pos1t1on if small st1cks are present 1n water. 
Hor1zonta1 or vertical upflows 

PIPE SIZES: 
l 1(2 1nch to 24 1nch (400R) 
l 1/2 1nch to 24 inch CSOOR> 

PERFORMANCE: 
Accuracy: + or - 2~ 
Flow range: l to 20 feet per second 
Temperature: 170 degrees F 
Pressure: 150 PSl 

PIPE LINE CONNECTION; 
2 1nch NPT coupler 

CABLE: 
2 conductor shielded, 24 gauge or larger 
15 feet provided 
1000 feet max1mum 

MATERIALS; 
Transducer: Brass, standard 
Impe 11 er: Kynar 

PVC, optional 

Shaft: Carbide 
Bearings: Ceramic 

TOTALIZER; 
Weather resistant 
Rate displayed in 
Total displayed: 

cast alum1num enclosure 
l1qu1d crystal disp lay 
electro-mechanical. standard 
11qu1d crystal, opt1ona1 
resett1b1e total, optional 

Battery 11fe: estimated 5 year m1n1mu m 
Environmental temperature range: 

NOTE: 

Operational, -20 F to 165 F 
Storage, -40 F to 165 F 

Tota li zers can be programmed 
Rate = GPM Total = 

to g1ve 
Gallons 

the 

Rate = GPM Total = Acre-feet 
Rate "" CFS Total "" Acre feet 
Rate = Liters Total - Cub1c Meters -

l . 

following read1ngs: 



l, INSTALLATION • • 

The 1nsert1on 1mpe11er meter 1s designed to be 1nsta11ed into the l1ne with 
1ts rotor at the average flow velocity point. Figure 2 <page 4) lists the 
recommended 1nsertion depths for lines ranging from 2 through 40 inch 
d1ameters. Pr1or to 1nstallat1on. the 1nsta1ler should ver1fy that the 
line s1ze corresponds to the calibration tag on the s1de of the totalizer. 

1.1 SITE SELECTION 

Select1ng the correct meter location 1s cr1t1cal to the overall performance 
of the flowmeter. We recommend a locat1on that meets this criteria: 

A. Allows safe access for 1nstallat1on and operating personnel. 
B. Provides a straight. unobstructed run of pipe that 1s equal to at 

least 10 t1mes the d1ameter of the pipe on the upstream s1de and 5 
times the diameter of the pipe on the downstream s1de of the meter. 

C. Provides a full pipe of water at ALL times during meter operation. 
O. Is free of violent v1brat1ons. 

1.2 SlTE PREPARATION 

The pipe should be prepared when there ts no flow or pressure 1n the line. 
A 2 1/4 1nch hole should be dr111ed or cut 1nto the ltne w1th a hoie saw or 
welder, Any slag or large burrs should be removed from the inside and 
outside surfaces of the pipe. The hole can be anywhere in the upper half 
of the pipe. but top mount insta1lations are usually most convenient. 
(Mounting at a 2 or 10 o'clock position can he1p to avoid clogging by small 
st1cks.) A 2 tnch NPT coupler welded squarely on the pipe or saddle mount
ed over the hole work equally well. 

1.3 ALIGNMENT 

Apply pipe thread compound to the threads. Screw the transducer threaded 
mounting nipple into the NPT coupler and tighten s1gn1f1cant1y to prevent 
leaks. Loosen the two set screws on the top plate of the transducer w1th 
the allen wrench provided. Insert a screwdriver through the alignment 
holes to reposition the transducer tube. Position the tube so that the 
arrow on the wFLOW STICKER~ points in the direction of the f 1ow and the 
screwdriver appears to be aligned with the p1pe. (See 01agram 1 on 1ns1de 
back cover.} Th1s insures the 1mpe1ler 1s properly aligned in the p1pe. 
If transducer alignment holes are not d1rectly 1n line w1th the d1rect1on 
of flow, the 1mpeller w111 be incorrectly pos1t1oned 1n the stream flow and 
may cause 1ncorrect readings. Tighten set screws. 

l.4 INSERTION DEPTH 

To determine the proper insertion depth refer to F19ure 2. To obta1n the 
installed length refer to F1gure 1 and do this calculat1on: 

6.375" C400R> 
Total Stem Lgth. 

Dimension C 

S11de 
ment 

transducer 
nuts. The 

•• 

- 1.2· -
(-} Insert1on Depth (-) 

01mens1on A 

.25" = 
Wall thickness C=> 

01mens1on e 

4.925" 
Installed Lgth. 

01mens1on 0 

down unt11 •01mens1on O" 1s obta1ned. Tighten the adjust
meter 1s now operational. <See Diagram 2 on 1ns1de back 

2 . 



cover. J 

NOTE: When 1nsta111ng a 500R the same calculations are performed, however, 
the total stem length (01mens1on Cl 1s 22 .50". 

FIGURE 2 

GRAINLAND FLOWMETER INSERTION DEPTH CHART 

LINE SIZE INSERT JON DEPTH 

2" .SK 
3" l.O u 
4" l. 5 .. 
5" .625" 
6~ • 75" 
8" 1 . o· 

10" 1 . 2. 
12" 1.4~ 

14" 1.6" 
16" 1 • 8 .• 
18" 2.0" 
20 ~ 2 . 25" 
24" 2 . 75 " 
30" 3,55• 
36 ff 4.00" 
40 " 4.50" 

NOTE : Insert1on depths are based on the 1ns 1de diameters of sta ndard 
schedule 40 p1pe. For non-standard pipe diameters. divide the I.O. of your 
p1pe b y 8 to obta1n the 1nsert1on depth. See Section 5 f or resca1 1ng 
instructions. Correct 1nsert1on depth 1s crttical t o meter a ccuracy. 

1.5 MOUNTING THE ENCLOSURE 

The s crews hold1ng the mount1ng bracket to the enclosure can be removed by 
hand. There are two holes 1n the mount ing bracket so that 1t c a n be fas 
tened to a wa ll , panel, post, etc . Once the bracket 1s securely mounted, 
the e nclosure can be pos1t1oned 1n the bracket so that 1t 1s convenient to 
use. ( Though the enc l osure 1s weather tight, the 11fe of . the 1nstrument 
w111 be increased 1f it 1s pl aced ou t of the weather.) 

1.6 INSTALLING THE CABLE 

The transducer comes with 15 feet of cable. Up to 1000 feet of 2 conductor 
sh1 e lded cable c a n be added. Str1ng the cable from the transducer to the 
l ocation o f the hous1n9 , be i ng careful to pos 1t1 on the cable so that 1t 
wi ll not b e tripped over, driven over , etc. It 1s recommended that the 
cable be 1nsta11ed 1n tub1ng or condu1t to protect it from rodent damage. 

1.7 CONNECTING THE WIRES 

The w1res from the tra nsduc er and from the totalizer are co nnected by 

3 • .. 

" • ' ' ' ••• • " " " "" , , ' . "" ' ' ' ' • ' t • ' " '" ' ' ' ' 



s1mp1y plugging the connectors on the ends of the w1res together. Be su1 
to push them tightl y into one another so that they lock 1nto pos1tion. The 
connectors are designed to f1t together 1n only one pos1 t1 on. 

NOTE: If step l, 7 1s done pr1or to transducer 1nstal lat1on. a rate w1 ll 
appear on the rate indicator by manua l1y sp 1nn1ng the 1mpe11er for approx 1-
mate1y 6 seconds. 

2. TROUBLE SHOOTING 

2.1 NO RATE INDICATED: rotor clogged by debr1s, rotor damaged due 
m1shandl1ng or foreign objects 1n the flow stream, flow rate below 
m1n1mum range of the meter or bearing failure due to normal wear, or 
rate. 

to 
the 

high 

2.2 SUSPECTED MEASUREMENT ERROR : meter scaled for d1fferent sized 11ne, 
incorrect 1nsta1lat1on depth, rotor part1ally clogged, turbulence in the 
line, or misalignment of the rotor. 
2.3 BATTERY INDICATOR BLANK: Battery 1s dead. ClF BATTERY IS REPLACED 
BACKWARDS, SEVERE DAMAGE WILL OCCUR TO THE INSTRUMENT.> 
2.4 DISPLAY BLANK ; when meter 1s not runn1ng the display w111 only show 
the good battery indicator. If the meter should be runn1ng but no rate 1s 
displayed, refer to section 2. 

3. CALIBRATION TO A STANDARD 

No per1od1c reca11brat1on is requ i red, 
stalled 1n a line size different from 
measurement error has been ver 1f 1ed by 
un1t may be recal1brated 1n the field . 

however, 1f the un1t 1s to 
its original ca1 1brat1on, or 

be 1n-
1f a 

the a compal"1son to a "standard", 

If the meter 1s insta lled in a poor measurement location or 1nto a p1pe of 
non-standard inside diameter, measurement accuracy may be degraded. I f 
measurement error is suspected, the unit can be compared to a flow measure
ment " standard• a nd adjusted to agree with the "standard''. Compare the twc 
flow rates. If adjustment is required, remove the four screws nearest t c 
the corners from the face of the totalizer and support the e1ectron 1c boaro 
1n one hand. <Co not remove the four inside screws) Note the settings of 
the rotary switches Sl, S2, a nd S3. As an example, an 8 inch 11ne narmal l > 
requires settings as follows; Sl set to 4, S2 set to 4, and S3 set to 1. 
If the settings were to change to 442, both the flow rate and the total1zer 
would increase by one part out of 441 or .226~. Adjust the settings unt1 1 
the two flowmeters are 1n agreement. 

4 . ADJUSTMENTS FOR NON-SCHEDULE 40 LINE SIZE 

Pages 6 and 7 are the programm1ng charts which provide rotary switch set
tings for schedule 40 pipe and provide the 1n1t1a1 settings for chang1 n! 
the general p1pe s1ze. <6 1nch to 8 1nch, or 2 1nch to 12 1nch , etc.) 
It 1s very important the correc t internal d1ameter of the line be pro · 
grammed into the meter for accurate read1ngs. Th e rotary sw itch sett1n9 1 
from the p rogramming charts w11l be 1ncrea sed or decreased by t he sam1 
percentage change as the cross s ecti onal area of t he p1pe changes. 

EXAMPLE: 
Schedule 40, 8 1nch p1pe has a cross sectional area of 50.00 sq. 1n. Th· 
p1pe 1n wh1ch the meter 1s to be installed has an internal diameter of 8. 2 '. 

4 . 
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1nches. 

Cross sect1onal area= Rad1us X Radius X 3.14 
Radius = l/2 of the diameter 

For th1S example : 4.125 X 4.125 X 3.14 m 53.43 

The calculations are as follows : 

P1pe AREA to be installed 53.43 sq. in. 
= 1.068 or 1071. 

Pipe AREA of schedule 40 p1pe "' 50.00 sq. in. 

REMEMBER: If the new pipe 1s larger than schedule 40 the change will be 
greater than 1. If t he new p1pe 1s smaller than schedu l e 40 the change 
w11l be less than 1. 

Now. take the Rotary Sw1tch setting for schedule 40, 8 inch p1pe from the 
programming chart. t1mes the percent change wh1ch was just calculated . 
Th1s w11l equal the new Rotary Sw1tch setting. EXAMPLE: 

G1ven Rotary Switch setting 
441 

X Percent change = New Sett1ng 
X 1 .07 = 471.87 or 472 

Finally, turn the Rotary Sw1tches to their new pos1t1ons. Th1s 1s done by 
1nsert1ng the small screwdriver provided 1nto the slot on the sw1tch and 
turn1ng 1t unt11 the arrow points to the correct number. 

By doing these s1mple calculat1ons, un11m1ted p1pe s1ze poss1b111t1es can 
be measured. 

5. REPLACEMENT PARTS 

Battery. 3.6 Volt C size, L1th1um 
Totalizer assembly 
Transducer. Brass, 400R Series 

PVC. 400R Ser1es 
Brass. 500R Series 

Impeller and shaft 

•• 

. . 

---
------
---
---
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15- 51-20-210-000 
24620-01-01 
FTR-4000 
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The d1a9ram at right shows 
now the sw1tches on the 
flowmeter circu it board are 
numbered: 

~! 

S1 

SJ 

ROT I\ RY 
SWI't'CHES 

Sw1tches numbered Sl, S2, 
and S3 are Rotary Switches . 
Switches numbered S4 to Sl9 
are D1p Switches. 

I ~~~~~ ax1<rtR I S1 

• -
NOTE: DISREGARD THE NUME RALS 
PRINTED DIRECTLY ON THE DIP 
SWITCHES. B.\TrEllY 

,., 
:;J 

.i:: 
Ul 
: 

Sl9 

DIP 
SWITCHES 

TO PROG RAM SWITCHES : The chart below shows how each sw itch on the c1rcul t 
board 1s to be set. The Rotary Sw1tch settings given are for schedule 40 
pipe w1th 1ns1de diameters as listed. Turn the arrow o n each Ro ta r y 
Switch to the number that appears in the column under the switch number 
corresponding with the li ne s1ze of your 1nstallat1on. An ··o·· fn the 
column under a 01p Switch number 1nd1cates that sw1tch is to be OPEN. An 
· s· fn the column under a 01p Sw1tch number 1ndicates that sw 1tch 1s to be 
SHUT. To program, hold the c1rcult board accorct1n9 to th e diagram above 
I BATTERY TOWARD BOTT0~1}. Us1n9 a smal 1 pointed obJect, depress the RiGHf 
HAND SIDE of the sw1tches with an ·o· for o pen, depress t h e LEFT HAND SIDE 
of the switches w1th an ~ s · for shut. The multlpl1ers for Rate and Tota l 
on ~arious line slzes are listed below. 

PROGRAMMING CHART: SWITCH s s s s s s s 

Page 7 

.. 

NUMBER 1 2 3 4 5 6 7 

ID 
SWITCH 2· 2.067" 3 2 7 0 0 0 0 
SETTINGS 
FOR 3• 3 .068' 7 4 2 0 0 0 0 
TH£SE 
LINE 4" 4,026" 9 6 
SIZES . 

z 0 0 0 0 

WITH . 6" 6.065 " 2 4 5 0 0 0 0 
THI! 
FOLi.OW- e· 7,961" 4 4 1 0 0 0 0 
lNG 
PIPE · 10 · 10.02• 7 l e 0 0 0 0 
fNSIOE 
OIAMETER 12· 11.94" 9 9 9 0 0 0 0 
MEASURE-
11ENTS 14" 13.12· 

• 
1 2 5 0 0 0 0 

16" is .oo· l 6 3 0 0 0 0 

18" 16.88" 2 1 1 0 0 0 0 

20· 1a.e1 · 2 6 2 0 0 0 0 

24" 22.63" 3 7 a 0 0 0 0 

30" 30.00" 6 6 4 0 0 0 0 

36 " 36.00 " 9 5 6 0 0 0 0 

2• TO 4" LINES OISPLAY: RATE • GPM 

6 " lO 12" LINES DISPLAY! RATE • GPM X 10 

14" TO 36 " LJNES DISPLAY: RATE• GPM X ' 100 

s s 
8 9 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

s s s s s s s s s s 
l 1 l 1 1 l l 1 l 1 

" • ? 3 ... <I : I\ 7 " Q 

0 0 0 0 0 0 s 0 0 0 

0 0 0 0 0 0 s 0 0 0 

0 0 0 0 0 0 s 0 0 0 

0 0 0 0 0 0 s 0 0 0 

0 0 0 0 0 0 s 0 0 0 

0 0 0 0 0 0 s 0 0 0 

0 0 0 0 0 0 s 0 0 0 

0 0 0. 0 0 0 s 0 0 0 

0 0 0 0 0 0 s 0 0 0 

0 0 0 0 0 0 s 0 0 0 

0 0 0 0 0 0 s 0 0 0 

0 0 0 0 0 0 s 0 0 0 

0 0 0 0 0 0 s 0 0 0 

0 0 0 0 0 0 s 0 0 0 

TOTAL • GALLONS X 100 

TOTAL • GALLONS X 1000 

TOTAL • GALLONS X 10000 



. . 
STEPS TO tNSTALLATION OF 400R I 500R TRANSDUCER ON PIPE 

At.1Cll I M 
DlREC'TlOM -...._ 

.OF Pll'&.lNE 

~RECTION Of fl.OW 

SET SCREW 

FtG. 1 

TOP or 
PIJ>E 

SUGGtSTION1 
USE roillillATIOU 

SQUARE 

1>IHEllSIO!t I> 

EUHl'U: FOR 10" SCHEDULE '0 PIPE 

6.375" 1.X' 
TOT.U. STJl4 L£N<ml •in11• UISERTIOff DEPTH 

COllSTAHT VARI AB!.£ 

tr"" fIGVRE 2 
in .. n11el 

.25'f 
.. tn11a WALL TIIICJ:NESS 

VARI,\BLE 

f ro. STEP 4 

-
e~11•l• 

4.925" 
INSTALLEI> LENGTH (dtmensio~ D) 

VARIABLE 

FIG. 2 

1. Read Manual before starting. 

2. Select location w/ 10 Pipe Diameters upstream and S 
down (10 pipe diameters .. 10 X the diameter of the 
pipe). 

3. Cut 2" hole In pipe and remove slag or burrs. 

4. Measure ID of pipe and wall thickness for later use . 

5. Mount 2" NPT coupler or saddle squarely over hole. 

e. Screw transducer in coupler or aaddle and tighten. 

7. Loosen the set screws located in the top plate. 

8. Rotate transducer tube so that a screwdriver Inserted 
through alignment holes wlH run parallel with the pipe. 
Be sure water llow:p In direction of arrow. !See Fig. 1.1 

... - . . . .. . .. . . . . . . . . 

9. Tighten set screws. 

10. Calculate insertlon depth using measurements from 
Step 4 and Section 1.4 in Manual. (Example in Fig. 2 
for 10" schedule 40 pipe.) 

11 . Loosen adjustment nuls located on 1he 3 threaded 
rods. 

12. Slide transducer up or down until di1nension D is 
achieved. Dimension 0: Distance from top plate to top 
of pipe. (See Fig. 2.) 

13. Tighten adjustment nuts to lock transducer in 
position. 



Appendix B 

Field Records from the Water Management System 

-
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' 
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0.-.TE TIMI! SERIAL ELAPSEO METER 1 MET'ER2 METER3 VAl.VES PRESSURE STAFF COMMENTS 
TIME TIME RATE TOTAL AATE TOTAL RATE TOTAL Ill'· ! BF-2 81'-3 GAGES GAGE 

• 1 #2 13 '4 #S 
(Mll'.VY') (H;M) (PAYS) (CAYS) (IOO GPM) (10'-<IGALJ (IOO GPM) (10"4 GAL) ( IOOGPM) (10l'4GAL) (<-- .. OPEN->) (<-- • PSIG >) (FEE1) 

07~ 10;14 34540.43 -0.05 0 13 0 15 ~values 
07115194 I 0:23 3"4S40.43 -0.04 0 Q 0 0 
07125o'lM 11:01 ~.~ -0.01 80 0 100 
0712:!5/M 11:20 3«>4Q;f7 -0.00 0 ea 100 
0712S/94 j 1 :21 34540.47 0.00 3'2 13 0 15 Slaitof ~ lo$t 
07/2S/94 11 :22 34$(().47 0.00 0 20 () • 07125194 1t :23 34S40.47 0.00 0 !iO 100 
07n:MM 1t :25 34540.4& 0 .00 so 13 0 15 
CfTl'ZSl94 11:26 34$40.48 0.00 5 27 0 27 
07125194 11:26 34$40.48 0.00 29 13 0 15 
07f25/i4 11 ::C7 34540.48 0.00 30 13 0 15 
0712!W4 11:32 ~M OJ)1 29 1.i 0 15 
07~ 11:3'1 3450.48 0.01 100 0 100 
07~ 11:35 ~.4& 0.01 49 1S 29 15 A::iw to basin 
0712MM H~ 34540.48 0.01 !S 22 20 10 
07~ 11:39 345-40.49 0.01 29 16 29 16 
07125194 1 f :43 3'4S-40.49 0.02 5 28 27 10 
0712!!194 11 :so 34540.49 0.02 30 19 30 19 
07125.'!M 12:03 34540.50 0.03 23 23 31 24 
07125194 12:04 34540.50 0.(13 100 0 100 
0 712S/lM 12:05 34540.50 0,03 5 26 27 10 
07125194 12:10 3640.51 0.03 0 100 100 
07125194 12:10 3640.51 0.03 27 25 0 26 ~to~-
07/2511M 12:14 34540.51 0.04 30 26 0 26 
071'2N94 12:39 34540.53 0.()5 29 34 0 26 
0712$1&4 12:49 34540.53 0 .06 0 100 100 
07125194 1:2.:50 :3-4540,53 0.06 30 3 7 0 26 
07125194 12:$3 :)4$40.$4 0.06 0 s 
07fl!5!94 12:54 34540.54 0.06 30 38 28 26 Flow to basin 
07!.l!l/94 12:54 3640.54 O.ll6 30 5 
07125194 12:54 34540.54 0.06 100 0 100 
07125194 13:57 34540.58 0.11 29 5e 30 45 
07f.2S/94 13:57 34540.58 0.11 100 () 100 
07125194 14:22 3-4540.60 0.13 29 63 29 52 
07125,94 14:24 34540.60 0.13 5 29 27 10 
07'25194 14:~ 345-40.61 0.14 4 29 27 10 
07125194 t 4:46 34540.62 0.14 100 0 100 
071251!M 14:47 3'640.52 0.14 29 71 29 5$ 
071251!M 15:12 34540.63 0 .16 100 
07125194 15:12 34540.63 0.16 31 48 
0712&'94 19:1 s 34540,80 0.33 31 124 
07!2MM 20:08 34540.84 0.37 100 
07/2.5/94 20:10 34540.64 0.37 0 
07/'2!)/9.4 20 :10 34540.84 0.37 30 141 
07~ 20:13 34540.84 0.37 0 .43 
07rzst9.4 20: {9 34540.85 0:37 0 30 29 0 
0712!!194 20:21 34540.85 0.38 100 0 
07125194 20:22 34540.85 0.38 29 167 JO 99 
07125194 2J;07 3454(),88 0.41 o.s;z 
0712!5.94 21:10 34540.88 0.41 31 159 
07/21l/94 00:12 34541 .01 0.$4 0 30 30 0 
07 /26194 00:13 34541.01 0.54 30 233 29 99 T<>lalizet 2 SIUck 
()7126194 00:14 34541.01 0.54 100 0 100 
07126194 00:-45 34541.03 0.56 31 225 
0712&'94 00:45 345-11 .03 0.56 0 0 .88 



.... ,. . . ,, . . . .... .. 

MT'E TIME SERW.. ELN'SEO METERf METER2 METER3 VAL.\IES PRESSURE STAFF COMMENTS 
TIME TIME RATE TOTAL AATE TOTAL AAtt TOTAL BF-1 81'·2 BF-3 ~s cw;E 

11 ~ 13 .. 15 
(JMl/V) (H:M) (CAYS} (CAYS) (100GPM) (10"4 ~) (100 Gf'M) (11NGAI..) (100GPM) (1QA4GAL) (<-'II.OPEN-"') ( PSlG } <Fe:E!J 

01128/'J4 ()6:()$ 3454126 0.78 0 30 30 0 
07126194 06:()9 341541 .24 0.78 29 m 30 99 
07/26194 08:09 34541.26 0.78 100 0 100 
(f/121S/94 Oll.24 34541.27 0.79 0 1.42 
0712ei'9<1 08:24 34541.27 0.79 32 331 

- 0712$94 10:l!O 34541.45 0..98 0 30 :!& 10 0 1.80 
' 07126$4 1o:51 34541.45 0.98 100 0 100 . 

07/;26.'9o4 10:51 34541.45 0.98 29 357 28 I~ 
07126/!M 10:51 34541 . ..S 0.98 31 418 
07~ 15:311 34541.65 1.18 0 30 29 10 0 2.20 
0712&'94 15:39 34541.65 1.18 :JO 446 29 276 
07/26194 15:39 :M541.es 1.18 32 514 
07f26194 15~ 34541.llS 1.18 100 0 100 
07126194 23:41 34541.99 1.51 29 579 29 412 
07f2611M 23:4!1 34541.99 1.52 0 31 30 10 
0712f!194 23:43 3-CS41.99 1.52 100 0 100 
07127194 00:05 34542.00 1.53 30 600 
tn/27194 00:06 34542.00 1.53 0 2.82 
07'27194 06:28 34542.27 1.80 0 30 30 ll 
07127194 0628 34542.27 1.!0 '.29 $ 14 29 533 
07$194 08:28 34542.27 1.80 100 0 100 
071271&4 06:• 34542:18 1.41 31 m 
01127/911 08:48 3'1&1n.28 1.81 0 3,32 
07121194 11 :24 3-4542.<lll 2.00 100 0 100 
07127194 11 :24 S4542.48 2.00 0 30 29 10 0 3.63 
07127194 11:24 34542.-48 2.00 29 682 29 622 
07127194 11:42 34542.49 2.01 31 878 
07127194 15:45 34542.156 2.18 0 30 29 10 
01m194 1s:..s 3454;?.68 2.18 30 758 29 699 
07127194 15:45 34542.6'6 2.18 100 0 100 
0712719.f 15:-46 34542.66 2.11) 28 759 0 689 Flow ID SJlleadlng ar~e 
07121194 15:48 34542.00 2.18 0 100 
071'1.7194 15:'46 34542.66 2.18 0 31 10 31 
011):7194 18:04 34542.75 228 0 100 100 
07121194 18'°4 34$42.75 2.28 28 799 0 E89 
07127194 18:04 34542.75 2.28 0 95'3 
07(21194 16:04 34542.75 2.28 0 31 10 31 0 3.95 
07fW9.4 01 :Ile 34543.05 2.57 0 22 10 22 
07/28194 01~ 34543.05 2.57 29 112() 0 sag 
071'1.819.f 01;08 3643.05 257 0 100 100 
0712&'94 01 :Oe 34543.ll'S 2.57 0 953 
07128194 06:00 34$43.25 2.18 27 973 8 689 Pallial !low lo basin. Val\o'e 
07128.'94 06:00 34543.25 2.78 70 30 100 ad~030S-
07128194 06:00 34543.25 2.78 0 15 15 12 0 034'1 not•~-
01128194 06;23 34543.27 2.79 9 9811 
07128.194 06:30 34543.27 2.80 0 3.84 
07128194 13:27 34543.56 3.09 0 14 14 11 
07128194 13:28 3-4543.56 3.09 100 :JO 
07m.'34 13:30 ~3.56 3.09 27 um; 10 699 Totatacr2 t.ttocl 
07~ 13:37 ~.57 3.00 10 1012 
07128194 13:33 34543.$7 3.10 100 
07128/lM 13:311 34543.57 3.10 0 
07128194 13:52 345'13.58 3.10 3 .97 
07f28/94 18:10 34543:76 328 28 1155 10 699 Flow lo baoin adjusla<I <a. 
071215194 I 8 :12 34543.76 3.29 100 30 21 oo. Q .2200 t<>-!500gpm 



();I.TE TIME SERIAL ELAPSED METI:Rt METER 2 METER3 VAL.YES PR£SSIJRE STAFF COMMENTS 
TIME TIME RATE TOTAi.. RATE TOTAL RATE TOTAL 81'· 1 8F-2 BF-3 GAGES GAGE 

• 1 '2 13 ,.. 16 
(MOY) (l'l;M) (OAYS) (DAYS) (100GPM) (10'-4 GM.) (100 GPM) l11>'-4 GAL.) (100GPM) {10"4 GAi.) {<- 'II. OPEN -->) ( PSIG ) (FEET) 

0712&94 18:14 34$43.76 3.29 0 14 14 11 
0712MM 18:25 34543.77 3.29 10 1041 
0712JW4 18:26 34543.77 3.30 100 
071281!M 18~ 3'4543.n 3.30 4.05 
07128/!M 21 :00 34543.88 3.<IO 100 <15 100 

~ 0712&94 22:00 34543.92 3.4'1 100 !SO 100 
07129194 00:25 3&14.Q2 3.5-4 0 14 14 14 4.IO 
011211194 00'.25 3454-4.02 35"4 100 ~ 100 
07129'9<t 00:2$ 34SM.02 3.54 29 12!!0 5 699 
07129194 00:40 3454<1.03 3.55 0 1072 
071211<94 02:50 34544.12 3.65 100 80 100 
07'2el!M 03:45 34544.16 3.68 15 100 100 
07129194 04:00 34544.17 3 .69 0 100 100 
\17/29/IM 0821> 3'1544.26 3.79 15 100 100 
07129194 08:00 3454-1.33 3.86 30 1303 0 699 
07129194 08:03 34544.34 3.86 15 100 
01129194 08:04 34544.34 3.86 0 21 8 12 
07129194 08:14 34544.34 3.87 100 
07129194 06:30 34544.35 3.88 0 1064 
07~ 08:40 ~.38 3.69 4.05 
07/2Q'94 12:00 ~4.50 4.03 28 1373 0 899 Fi- to spnoodl~ area 
07/2Q1M 12:02 34544.SO 4-03 0 100 
07129''94 12:04 34544.SO 4.ll3 0 10 4 11 
0712Q94 12:20 34544,51 4.04 0 1084 
07129194 12:21 34544,SI 4.04 100 
{]1f')!N94 12:22 34544.52 4.D4 0 
0712eo94 12:40 34544.53 4.05 4.02 
07/29194 19:5Z 34544.83 4.35 ?8 1507 6 699 Porl!al llow lo basin 
0712:9194 19-..52 34544.83 4.35 0 12 12 12 
07129194 19~ 34544.83 4.35 100 3S 100 
07129194 20:03 34544.8.4 4.36 0 4.06 
07129194 2o:ol 34544.8-4 4.36 9 1108 
rtl/3CJ94 01 :01 34545.D4 4.5'7 0 13 13 13 
071»'94 01:01 34545.04 4.57 29 1595 8 699 
0713G'!M 01:01 34$45.04 4 .S7 100 35 100 
0713Cl'94 01;01 34545.04 4.57 9 11.35 
07f.lO'!M 01:14 345-45~ 4.58 0 <l.12 
07136'94 02:52 34545.12 4 .65 100 ~ 100 
071'31l19-4 02:52 34545.12 4.65 ~ 1622 6 699 
01/30/94 02;52 345'45.12 4.65 0 13 13 13 0 4.1S 
0713()'94 02:52 3-4545.12 4.65 s 1144 
07./30'94 02:54 34545.12 4.65 6 11<14 
OTJ30IM 02:54 34545.12 4.65 0 13 13 13 0 4.15 
fJ713CJ1$4 02~ 345-45.12 4 .65 27 1623 s 899 
07/JOl94 02:54 34545.12 4.65 100 100 100 
07/'.lCl'lM 03:1.2 34545.13 4.66 29 1626 0 699 flow "' "f)roadit>g area 
0713-0194 03:12 34~5. 13 4,66 0 100 100 
07 IYJl9.4 0.3: 12 34545.13 4.~ 0 21 21 9 0 4.15 
07/30r.M 03:12 ~.13 4.66 0 1144 
07J30.l!M 08;30 34545.27 4.60 0 1144 
0'1130l&-4 06::!0 ~27 4.80 0 21 21 10 0 4.10 
07t:llll94 06:30 34545.27 4,80 0 100 100 
07~ 06:30 34545.27 4.80 30 1~ 0 eae 
01~ 12:11 34~5.51 5.03 30 1728 0 699 
07J30.l!M 12:13 34S45.51 5.04 0 100 



.... . .. 

DATE 11ME SERIAL ELN>SEO MElER1 ME'TEA2 M£TER3 VAl.VES l'flESSl)IU; STAFF COMMENTS 
TME TIME RATE 'TOTAL RATE TOTAL RATI: TOT>L BF·1 BF·2 BF-3 GAGES GAGE 

. 11 12 '3 ... '5 
' (DAYS) (100 Gf'M) (10''4 GAL) (100 GPM) (1~ GAi.) (100 Gf'M} (1~ GAL) . (M'OiY) {H:M) (DAYS) (~ ,._OPEN ->) ( PSIG ) (FEET) 

07/30/94 12:15 34545.51 5.04 0 21 5 21 
07/3QllM 12:21 34545.52 5.04 0 1144 
07/30r'!M 12:23 34$45.52 5.04 100 
07/:!(1$f 12'25 ~S? 5.1)4 0 . 

5.05 ' 07/:llOIEM 12:27 34545.52 ... oo ' • 01/XW4 1 &:'40 34645.78 5.:!0 29 1838 30 6S9 Flow lo blltin e.. 1400. 
07/30r.J4 18:•1 34545.7& 5.31 100 0 No ""'*' r.oorded. 
07/3Q.llM 18:"2 34545.7& 5.31 0 30 30 5 
07130194 18:57 345<!5.79 5.32 3l 122!1 
o7f.DD4 1 e:M 3"4545..79 5.32 100 0 100 
07/30/94 19-.00 ~.79 5.32 0 4.26 
07/30/94 19:28 34545.81 5.34 32 1235 
07/l0/94 1928 3454S.81 5.34 29 um ~ 689 
07/30/94 19:28 34545.81 5.34 100 0 100 
07/30/94 19:28 34$45.81 S.34 0 30 30 0 0 4.28 
0 7fJIJl&.4 19:4() 34545.112 5.35 0 31 12 31 0 4.30 
07f.!Q.'94 19-AO 34545.e:! 5.35 0 1Zle 
07r.l0!94 19:-40 345A5.82 5.35 29 1956 0 699 flow to .,,....il"ll ateo 
0713C1194 19:-40 ~S.82 5..35 0 100 100 
07131194 00.05 34546.00 5.53 0 1239 
07131194 00~ 34546.00 5.53 30 1939 0 699 
07/31194 00:05 34546.00 5.53 0 100 100 
OT/31'94 00:05 3-IS46.00 5.53 0 31 12 31 0 ' .27 
07131/lM 05:41 34546.24 5.76 0 31 12 31 0 , .16 
07131194 05:41 34546.24 5.78 0 100 100 
07131194 05;41 3-4546.24 5.76 30 1993 0 699 
07131194 05:41 34546.24 5.76 0 1239 
07131194 12:17 34546.51 8.04 29 2092 29 S99 wabtr dM!ted lo basin 
07/31!94 12:18 34$46.51 6.04 100 0 ea. 1Cll5. Tr-
07131194 12:19 34546.51 6.0<I 0 30 30 5 ~ca.1130. 
07131194 12:28 34546.52 6.05 31 
07131194 12:28 34546.52 6.05 100 
07131194 17:19 34546.72 6,25 Z9 2180 0 699 flow Ii> sprudlng aroa 
071311'94 17:20 34548.72 625 

. 
0 100 ca. 1540, no,,_ 

07131194 17:21 34546.72 6.25 0 32 10 22 reoo«led. 
071311'94 17:34 :34546.73 6.26 100 
071311'94 17:35 ~.73 6.26 0 1337 
07131194 22:30 34546.94 6.M> 0 100 100 
07131194 22:30 34546JM e.46 0 21 22 12 
OM>2J94 01:10 34548.()5 7.58 0 3.90 
~ 01:12 34548.05 7.58 100 
08I02l94 01 : 12 34548.05 7.SS 0 1337 
08I02J9;I 01 '.25 3'4548.06 7.59 0 22 0 22 
00/02194 01~5 34548.00 7.59 0 100 
08/02194 01 :25 ::14548.06 7.59 30 2733 0 699 basil> draining 
O!l/02194 07:54 34548.33 7.86 30 28-46 0 699 
06l02194 12:20 3454a.51 8,04 29 2919 0 699 
08i02l$4 21 :00 34548.85 8.40 I) 21 11 21 0 
oel02/94 21 :00 34548.85 8.4a 0 1337 
06I02l94 21:00 34548.68 8.~ 29 3075 0 699 
08/02194 21:00 34S4a.88 SAO 0 ·100 100 
06I02J!M 21 :19 34548.89 8.42 3.55 
06lll3J94 00:11 3~9.C1 8.53 29 3127 0 699 
OEW3l94 00: 11 34549.01 8.53 c 1337 
Oll/03.'94 00:1 1 34549.01 8.53 0 21 11 21 0 



DATE TIME SERIAL El.APSEO METER1 METER 2 METER3 VALVES PRESSURE STN'F COMMENTS 
TllAE TIME RATE TOTAL RATE TOTAi. RATE TOTAL llF-1 111'·2 llf-3 GAGES GAGE •1 12 113 ,... '5 

(Ml'OI\') (H;M) (OAYS) !Oo'YS) {100 GPM) (1~ GAL) {100 GPM) (10"4 GAi..) (100 GPUl (10"4 GAL) (<-- % OPEN -» (< PSIG I (l'EET} 

06ID3$4 00:11 34$49.01 9.53 0 100 100 
08I03l9<t 00:23 34$49,02 8.54 3.<48 
06I03l9-4 05:00 3454921 8.74 0 13:)7 
08/03l9'4 OIS:OO 34549.?1 8.74 0 22 12 22 
08/03l!M 05:00 ~.21 8.74 30 3211 0 999 
08/03/IM 05:00 3454921 8.74 0 100 100 

~ 

O&'OMM 05:05 3'1$.49.21 8.74 3..40 
~ 13:SO 34$49.511 9 .10 3.50 
08I03llM I 3:5e 34549.511 9.11 0 21 12 21 0 
Cl&OW4 13:58 ~.511 9.11 29 3365 0 69$ 
OBm/94 13:58 34$49.Sll 9.11 () 100 100 
08IOOl94 13:58 34S49.58 9.11 0 1337 
~ 19:17 345$.SO 9.33 0 1337 
OIW3l94 19: 17 345-49.80 9.33 29 3e7 0 699 
~ 19:18 345C9.80 9.33 so 100 0 
06I03l94 19:19 ~.80 9.33 0 30 31 Zf 0 
~19:28 34S49.81 9.34 3.17 
Olll04l!M 01 :30 34550.00 9.59 28 3661 0 699 
08I04/9.4 07:00 :M550.29 9.$2 29 36S2 0 699 
08/0oW4 07:00 ~.29 9.82 22 23 22 
~ 12:23 34550.52 10.04 0 21 21 21 0 2.86 
0&!04$4 12:35 34550.62 1()..0IS 0 '"7 06/04.'!M t 2::35 $o!S50.52 10.05 29 3747 0 899 
06I04i94 19:24 3'1560.81 10.34 30 3856 0 699 
06I04J94 19:24 3-4500.81 10.34 0 1337 
08I04i9' 19:25 34550.81 10.34 0 20 21 20 0 2.n 
08I05l94 00:20 34551 .01 10.54 0 20 21 21 0 2.62 
Cl8IO!il94 00:20 34551.01 10.54 50 100 0 
OM:lS/94 00'.20 34561.01 10.5C 30 3949 0 899 
OMl5l94 00:20 3-4551.01 10.3-4 0 1~7 
06/QS/94 06:.CO 34551 .28 10.80 0 20 22 22 0 2.53 
08.'05l94 06:40 3-4551 .211 10.80 50 100 0 
~09:40 34551.28 to.so 29 ~022 0 699 
08IOSl94 00:40 34551.28 10.80 0 1337 
0&'05.94 11 =~ 34551.49 11.02 50 100 0 
08/05l94 11 :44 3e"SL49 11.02 29 AOS3 0 899 
~11~ 34~1.49 11.02 0 1337 
OSl<iet94 11 =~ 34!551.'49 11.02 0 20 21 21 0 2.45 
OMl5$4 15:4() 341551 .95 11.18 0 1337 
08I05l94 15:40 34551.95 11.18 .3() 4152 0 899 
OlllOS/94 15:40 34551 .95 11.18 0 20 io 20 0 2.34 
Olll05llM t5:~ 34551.116 11.18 50 100 0 
OMl5l94 20:10 34551,84 11,37 O · 21 21 21 0 2.29 
08.'05.94 20:10 34561 ."4 11.37 85 100 0 
~'94 20:17 ~1.85 11.37 0 1337 
Q6.'0Sl94 20:17 34551.85 11.37 30 4230 0 800 
06I06lll4 08:50 34552.37 11.90 2.06 
08I06l94 11:20 34552.47 12.00 70 100 0 
OMl6l94 11 :20 34552.47 12.00 0 3 4 3 0 2.00 
OMJe/94 11 :20 ~.47 12.00 0 1337 
OMl6l94 11 :20 34552.47 12.00 0 4324 0 699 Pump failed 0002-> 1502. 
OOIOe/94 12:44 34552.53 12.06 1.98 
06i0&'94 13:11 3-4552.55 12.06 6S 100 0 
08Al6l9'4 13: 15 34552.55 12.0S 0 0 0 0 0 
~ 13:15 34552.!S<I 12.08 0 1337 



·····-··. . .... . ' ...... .. ...... """"""""""""""'""\"\' . 

DATE TIME SER1Al a»SED METER! METER2 METER3 V.-L.VES PRESSllm: ST~F COMMENTS 
TIME TIME RAT£ TOTAL RATE TOTAi. RATE TOT#L 81'-1 BF-2 BF-S GAGES GAGE 

#t 12 I;) .. #S 
\Ml[Vt) (H:M) (OAYS) (OAYS) (100 GPM) (10'<! GAL) (100 GPM) (10"<! GAL) (IOOGPM) (1~ GAL) ("-- % OPEN ->) ( PSIG ) (FEET) 

08I06l9"4 13.15 34552.56 12.08 0 
~ 13:15 34552.55 12.06 0 4324 0 eS9 
OM)6/94 18:01 34552.75 12.28 () 100 0 
08.'0Ell9<C 18:01 34552.75 12.28 0 1337 
08I06llM 18:01 ~2.75 12.28 0 28 0 28 

~ 08/06/94 18:01 34S52.7S 12.28 28 <1379 0 699 
08IOEW4 !8:2e '4552.77 12.30 1.88 
08IOSl!M 16:47 34652.78 12.31 0 100 0 
OMJ6,94 18'47 ~.78 12.31 0 28 0 28 0 
OMl6'94 18:47 34552.79 12.31 27 -43l!l5 0 699 
08IOSIM 18:47 3455Z.18 12.31 0 1337 
08.'!l7194 00:-45 34553.03 12.56 0 21 0 22 0 1.42 
08l071!M 06:20 34553.26 12.79 

t ·°'° 06'07194 0&:55 34553.29 12.82 0 20 0 22 0 
08/07.94 07:00 3-4553.29 12-82 50 100 
0&'07194 08:-46 34553.37 12.89 0 21 0 22 0 
w:rr~ 08:46 34553.37 12.8$ 0 100 0 
()8.07/94 08:46 34553.37 12.89 29 "488 0 699 
08l07194 ()4;46 3"4553.37 t2.S9 0 1337 
06/07/lM 08:54 34553.37 12.90 1.65 
08/0719<1 12:01 34553.50 13.03 0 1337 
Oll/D7194 12:01 3-4$3.50 13.03 0 20 0 21 0 1.60 
015/07/94 12:01 34553.SO 13.03 28 4544 0 699 
oat07/94 12:01 34553.SO 13.03 0 100 0 
08/07194 12:35 34553.S2 13.05 50 100 0 
08/07194 t 3:37 ~.57 13.09 () 0 0 0 0 1.20 
08/0719-1 18:10 34553.78 13.28 0 1337 
OOll)7/94 18: 1 () 34553.76 13.28 0 100 0 
08/07194 18:10 34553.76 13.28 0 20 0 21 0 
OM17/94 16:10 34553.76 13..Z8 2S 4650 0 699 
08/07194 18:23 34553.77 13.29 I .4'9 
o&m/94 19-24 34553.81 13.34 50 100 0 
08/07194 21 :04 34553.ell 13.'40 0 22 0 24 0 
OSIQ7194 21:16 34553.89 13.41 1.05 
08I08l94 00:40 34554.03 13.55 0 100 0 
08I06l94 00:45 3'1554.03 13.56 29 4737 0 6911 
06ID8l!M 00:45 3<1554_03 \3.56 0 1337 
oeto6l94 06:55 3'155429 13.82 0 1337 
08I06/9o4 06:SS 34554.29 13.82 28 47$2 0 699 T otallzet 2 tenlowd 
06I08l94 00:55 34554.29 13.&'2 0 100 0 
O&tl8l94 13:37 34554!ST 14.09 0 13.37 Pu"'p fail«! 0947- > 1847 
OMllW4 13:37 34554.57 t-4.09 0 
08IQtJ94 13:37 34554.57 14.09 0 4767 
08i06l94 21 ;04 3'CS54.86 14.<40 29 4856 
OMl6l94 21 :04 34554.85 1-4.40 0 100 0 
000&94 21 ;04 3'4554.~ 14..CO 0 1337 
08iWl!M 00:30 34555.02 14.55 29 4919 
08/09/94 00:30 34555.02 14.SS 0 1337 
08I09l94 00:32 34555.02 14.S5 0 100 0 
0&00/94 00:34 34565.02 14.55 0 21 0 2J 
~ 06:30 34555.27 14.80 0 ·100 0 
0&00194 06:30 34555.27 f 4.60 29 4960 
OIW9l9o4 06:30 34555.27 14.80 0 1337 
oeJ()9.1M 06;30 34555.27 14.80 0 21 0 22 0 
Oll/09l9"C I 2:o2 34555.50 15.0J 0 22 4 n 0 0.$.1 



0.0.TE TIME SERIAL E1..APSEO Mf:ttR 1 METER2 METER3 VALVES PMS$Ufl£ STAR' COMMENTS 
TIME TM R:.\TI! TOTAL RATE TOT.Al. RATE TOTAL Bf'-1 BF.:Z 81'-3 GAGES GAGE 

f 1 12 '3 ... f5 
(tNOIY) (H:M) (DAYS) (Ol\VS) (IOOGPM) (10'4G.AL.) (100GPM) (1D"-4GAI..) (lOOGPM) (11>'4QAIJ (<-- .,. OPEN ->) ( PSIG >) (FEEn 

O&l>9llM 121)8 34565.51 15.03 29 5039 
<l&OMM 12:oa 34555.51 15.03 0 1337 
OMl9l94 12:09 345115.51 15.03 0 100 0 
DelOM4 17:06 34555.71 15.24 0 20 2 22 0 0.7& 
OMl9l94 17:16 3'CS55.72 15.25 30 5127 
OBI09llM 17:16 3'1555.n 15.25 0 1S37 

' OMl9l1M 17:17 34555.72 15.25 0 100 0 
Ollt10llM 01 :30 3<1556.06 15.59 0 !Ml 0 
oet10llM 01 :30 34556.06 15.59 29 !5243 
06/fMM 01:30 34556.0ll 15.59 0 1337 
ClettM<! 01:30 ~.()8 15.59 0 22 3 22 0 
oet1!119'4 02:25 34556.10 15.63 o.ee 
oeNQllM 06:21 34556.2e 15.79 0 1337 
OBl1MM OS:21 ~.26 15.79 29 5283 
O!l/10t1M 08:21 34S56.26 15.79 0 l2 4 25 0 
08110t1M 06:21 ~.26 15.79 0 98 0 
Olll'I0/94 06:26 34556.27 15.80 0.60 
08/1!)19.c 12:27 34556.52 16.05 0 21 21 ZI 0 
Ollt10/94 12 :27 34556.52 18.05 28 5366 
08/10/!M 12:27 34556.52 16.05 20 100 0 
08110llM 12:27 3"556.SZ 16.0S 0 1337 
08f1CllM 12'37 3'!55&.53 16.05 0.48 
06!1~ 17:'42 34566.74 16.26 0.42 
06'10/94 18:32 34556.n 16.30 0 21 Z2 Z3 0 
08f100.. 23:30 3-4556.98 16.51 0 1337 
08!10/94 2S:30 34556.98 16.$1 0 21 22 23 0 
06/1 ()19.4 23:30 34556.98 16.51 20 100 0 
06/10194 23:37 34556.98 16.51 0.38 
08111194 03;05 ~7.13 16.1!16 0.30 
08/1 1194 03:10 34557.13 16.66 30 5616 
O<l/11194 03:10 34557.13 16.e6 0 1337 
08/111114 03:10 345157.13 16.66 20 100 0 
08/11194 03:10 34557.13 16.66 0 21 22 23 0 
08/11194 07:14 34557.30 16.83 20 100 0 
08IU.194 07:14 3'4557,:)() 16.$3 0 22 22 22 0 0 .24 
oert 1194 07:1-4 34557.30 16.83 0 1337 
0&'11194 07:14 34557.30 16.1!3 29 5588 
06/11194 12'59 345S7.54 17.07 20 100 0 
08/11194 13:00 34557.54 17.07 100 0 100 

I 08/11194 13:06 34557.56 17.07 29 5788 Flow to .,.,$in I 
i 08111194 13:09 34557.55 17.08 0 30 30 0 0 0.16 

08f11194 I 3:19 34557.~ 17.06 30 1342 

l oe.'11/94 I 7:19 34557.72 17.2$ 30 5861 
oet11/94 17;19 3'1557.72 17:25 32 1-420 
06/11 l!M 17:20 34557.72 17.25 100 0 100 l 06/l 1194 17:21 3'1557.72 17.25 0 30 30 5 0 0.62 

' 08/11194 21 :00 34557.88 17.40 1.02 ' I 
08tt 1194 23:2tl 34557.96 17.SO 1.26 ' 
08/12194 00:00 34558.00 17.53 31 1544 
08112J9~ 00:00 34558.00 17.53 28 5978 
Olll12J9.C ooro ~5511.00 17.53 0 30 30 5 0 
08/12l!M 00:00 34558.00 17.53 100 0 100 
08!12194 01 :00 34558.04 17.57 29 1567 
08/12194 01:00 34558.04 17.57 1.39 
!)8112/9<1 03:20 34558.1~ 17.67 29 eo.37 



.......•. ' •• ... ,...................... . . ' •" •" \I " •••••••••••••• . • """ 

DATE TM: SERIAL ELAPSED METER1 METEl't2 METER3 VAl.llES PRESSl.f!E STN'F COt:IMEN"l'S 
TIME TIME RATE TOTAL RATE TOTAL RATE TOTAL BF·1 BF-2 BF-3 GllGl:S GAGE 

II #2 '3 ,.. ~ 
(M'OIYl (H;'M) (DAYS) (DAYS) (100 GPM) (10'4 QAI.) (100 Gf'M) (10'4 GAL} (100 GPM) (f«>'-' GAL.) (- ~ OP£N ->) ( PSIG ) {F'EE"l) 

C>e/12194 03:4t.I 34$8.14 17.Q 0 30 31 5 1.60 
OIV12$4 03:20 34568.14 17.67 100 0 100 
0&'12194 1!:':20 34553.14 17.67 31 1«l'J 
Olll12194 13;1)0 34558.54 19.07 30 8202 
08/12194 13;00 345511.54 18.07 0 30 30 5 0 

- 08/12194 13;00 34568.5' 18.07 100 0 100 
()811~ 13;10 34558.55 18.08 31 1783 
D8112194 18:00 345!58.75 18.28 100 0 100 
08112194 14.00 34558..75 18.28 30 8U8 
oen 2194 1 e:00 3455&.75 18..26 0 30 31 5 0 2..eo 
0$112194 1&.'.28 34559.77 18.30 30 1881 
()6112194 23;.CO 34558.99 18.51 31 1984 
08/12194 23:.CO 3455&.99 18.51 29 6387 
oe/12194 23:<1() 34568.99 18.51 0 31 31 8 0 
08/12194 23:<!0 34553.99 18.51 100 0 100 
0&'12194 23:!0 3"$58.99 18.52 3.20 
OM:W4 G7'°8 34559.30 17.82 3,75 
08/13194 07:10 34559.30 18.83 0 31 31 7 0 
06/13$41 07:10 34559.30 18.113 31 2118 
06.'13194 07:10 34559.30 18.83 100 0 100 
08/13194 07:16 34559.30 16.83 29 6519 
08/13194 13:20 :M559.56 1aoe 0 31 31 5 0 4 .18 
08/1~ 13:29 345511.SS 19.09 29 2233 
0&'1:!194 13:'4'2 345159.57 19.10 100 0 100 
06/13194 13:4i 3455&.57 19.10 29 6630 Fk:H< to spr~no ''"" 
08/13194 14:00 34559.58 19.11 100 100 0 @ 1400 
oen 3194 1 a:oe 34559.76 19.26 0 2242 
08f13$4 1 a:oe 3'4559.76 19.28 0 21 20 21 0 
Oll/'13194 18:0a 345SS.7ll 19.211 100 100 0 
08113194 18:00 34559.76 19.28 30 6'706 
06/1m4 16:36 34559.78 19.30 4.12 
()6.114194 01:00 34560.04 19.57 29 6625 
0&!14194 01 :02 34560.04 19.57 0 22 22 23 0 
0&'14194 01 :0:2 3'4560.04 111.57 100 100 0 
08/1~ 01:0!1 34560.05 19.58 0 2242 
0811.w4 01:10 34560.05 19.56 4.00 
06/14194 09:50 34560.28 19.81 0 21 22 2, 0 3.90 
08/14194 07:05 34560.30 19.82 0 n~2 
08/14.94 07:05 34580.:lO 19.62 100 100 0 
08114'9' 07:11 ~.30 19.83 30 &930 22()() !Jj)ln lo~ fol 

oen 4194 oT:2S 34560.31 19.8-4 :lO 6933 fl llou!1; 
oetl.u94 01:~ 34560.31 19.&4 0 21 22 10 
08/1'4$4 07:25 34$60.31 19.34 100 18 100 
06.l14194 07:30 34580.31 19.64 22 2245 
0&114194 U:S3 34560.50 20.02 0 2 1 22 0 0 4 .09 
()6114194 11 :53 34580.50 20.02 100 18 100 
08/14.'94 11:57 34560.50 20.03 22 2303 
oe/14/94 12:08 34560.51 20.03 29 7015 
08/14194 15:$5 34560.51 20.03 0 2358 0 100 0 
06/1 <4194 21 :58 34560.92 20.~4 0 21 15 23 0 .ol.06 
08!15194 05:00 34561.21 20.7~ 27 7298 Continuing now 1o 
08/15.'9<1 05:00 3'1561.21 20.74 0 21 u 25 0 4.Q2 s,oreadif1!1-
08/15194 05:00 34561.21 20.7~ 0 100 
06/1 S.~ 07;55 34S61 .33 20.86 3S7 
08/15.194 09:00 34561.38 20.90 3.95 



....... 

~TE TIME SERIAL EVJ>SEO METER1 METER2 ME:TER3 \/M..VES ~ STIFF COMMENTS 
TIME TIME RATE TOTAL RATE TOT.Al RATE TOTl\L BF-1 flF-2 BF-3 GAGES GAGE 

IJ1 12 13 ~ 15 
(Ml'Or'I') (H:M) (1)1.YS) (Of.YO) (100 GPM) (10'4 GAL) (100 GPM} (10'4 GAL) (100 GPM} (10'4 GAL) (<- ~OPEN ->) (< PSIG ) (FEET) 

08f1519"4 09:30 :M561."40 20.92 0 2358 0 
OBfl&'IM 11:59 3'C561.li0 21.<l3 0 100 0 
06'1!!194 11~ ~1.50 2!.03 0 2358 
08/IS/94 11:59 34561.50 21.03 30 7393 
08/1 Sl!M 11 :ll'9 34$1.50 21.03 0 21 12 22 0 

' 08f15194 12:18 345$1.51 21.0oll 3.89 
08/1!1/!M 12:30 ~.52 21.05 3.49 
08115'94 13:10 345Sl .55 21.08 ~ 7-413 
O&'IMM 13;10 34561.SS 21.08 0 2358 
08/15194 13:10 34!561.55 21.D8 0 100 100 
08/15/!M 13:\0 34$1..55 2Ul8 0 21 12 22 0 
08115194 13:12 34561~ 21.08 0 29 29 0 0 
08/1&94 13:1 2 34561.SS 21.08 100 0 100 
08/1$'94 13:12 34561.55 21.oa 29 7414 flowlobnn 
08115/!M 13:20 3-4561.56 21.08 31 2360 
08/15.'94 13:20 34561.56 ;21 .06 3.68 
05/15.l!M 1$:28 34561.59 21.21 429 flow di'ec.1lld ID sprt111dtog 
0&'15194 18'23 34561.n 21.29 29 7503 -ca. 1620. 
06111l/94 18:~ ~1.n 21.29 100 0 too No"'*" reccrn.d. 
08/15194 18:23 34561.71 21.29 31 2455 
08/151&4 18:24 34$1.77 21.29 0 245S 
08/15/!M 18:24 3456'1 .n 21.29 100 100 0 
08/f~ 18:24 34561 .77 21.29 29 7503 AowlO $9<Udlng -
08/1!5194 18:25 34561.77 21.29 0 2(l 20 20 0 ~.20 
08/15194 22:00 34561.92 21.44 4.14 
06/1!5194 22:45 34561.95 21.47 '29 7578 
oall 5194 22:-45 34561.95 21.47 100 100 0 
06"15194 22:<15 34:i61.95 21.A7 0 20 22 22 0 
08/15194 22:45 34561.86 21-47 0 2~ 
08lt6/9AI 03:00 3'1562.13 21.6$ 0 20 22 22 0 4.10 
08tt MM 03:00 34562.13 2l.6S 0 24S4 
08/16194 1)3:00 34562.13 21.65 100 100 0 
08/16/!M 03:00 34562.13 21.65 29 762» 
06/1~ 09:40 34562.-40 21.93 3.92 
08/16194 10:00 34562.42 21.!M 0 245-4 
08/16194 10:00 34562.42 21.94 28 7713 
08/16194 10-.00 34562.-42 21 .94 100 100 0 
08/18194 10:00 34,562,42 21.lM 0 Z1 22 22 0 

• 08/16194 10:03 34562.42 21.95 100 ; 00/16194 10:07 3'1562.42 21.95 29 7716 Flow IO basin ' ' 08/16/9.( 10:09 34562.42 21.95 100 0 100 

I 
08116194 10:10 34562.42 21 .95 0 30 30 0 0 
08/16194 10:'24 34582-43 21.96 31 2-459 
08/16/lM 11:09 34582.46 21.99 29 7734 28 25 New maier 2 instalkd 
08/16194 12:14 34562.(;1 22.04 100 0 100 l 06/16/94 12:14 3A!i62.51 22.04 0 28 30 0 0 4.05 i 08/16194 12:14 34562.51 22.04 29 7756 29 <18 • 
06'18194 12:19 34562.51 22.04 30 2495 
06/t!S$4 14:00 3$2.58 22.11 ~ .19 
06/16194 14:03 34562.59 22.11 31 2527 
c>e(t&'IM 14~ 34562.59 22.11 100 . 0 100 
08/16194 14:07 3-1562.59 22.12 0 29 31 a 0 
08/16'94 14 m JA562.S9 22.12 29 nas 28 79 
()8116194 14:10 3-4562.59 22.12 0 100 100 
06/1'5194 14:10 3-4562.59 22.12 28 77&6 0 79 Flow to opreading .,.... 
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CATE lltE SERW. El.N'SEO METERt r.ETER2 MEIERS VALVES PRESSURE STN"F COMMENTS 
TIME TIME RATE TOTAL RATE TOTl\I. RATE TOTAL BF·1 llF'-1 BF-3 GAGES GM>!: 

fl f2 l"3 14 ., 
QllOff) (H:M) (Oii.VS) {PAYS) {100 GPM) (10"-4 GAi.) (100 GPM) (1 Cl'.C GAjJ (1 00 GPM) (t!>'4 GAi.) (<--- ,. OPEN ->l (< PSIG ~) \FEET) 

08/16194 14:10 34562m 22.12 0 2529 
O&ll6194 14:10 ~.59 22.12 0 31 11 22 0 
08/16194 18:10 34562.76 22.28 0 100 100 
08/16194 14:10 34562.'78 222.!I 0 21 11 22 0 
08/1&94 18:11 34$62.78 22.28 0 2529 
08/1&94 18:11 ~ .. 78 22.28 27 7&55 0 79 

~ 

08/16\'!M 1 a:1 a 34!562.76 22.29 •.oe 
08/17i94 01:20 ~.oe 22.58 0 100 100 
08/1719C Ol~ 3«553.06 22.58 0 ::io 12 22 0 3.96 
08/17194 01~ 34S63.06 22.511 0 2$29 
oe.'17194 01 :20 3<C563.06 22.58 28 7968 0 79 
08/17194 06:30 ~27 22.80 0 20 12 2S 0 3.00 
oett 7t9'1 06:30 ~.27 22..80 0 100 100 
06/17194 06:30 345e327 22.80 0 2529 
08/17194 06:30 34563.27 22.80 30 8002 0 79 
08/17194 08:45 34583.38 22.89 3.80 
08/17194 06:53 34563.37 22.90 0 21 12 23 0 
08/17194 0&:53 s.4563.37 22.90 0 2529 
061171$4 09:53 34563.37 22.90 0 100 100 
08/17194 06:53 3'563.37 22.90 28 8019 0 79 
08/17194 09:00 34MJ.38 22.SO 28 eo19 30 eo Flow to bosin 
Cle/17194 09:00 34563.38 22.90 100 0 100 
08/17194 09;00 ~.38 22.90 0 30 30 10 0 
0&'17194 09:13 3-4!563.38 22.91 30 2533 
Ge/17194 09:18 3't563.39 22.91 3.81 
06/11194 12:20 345'6-3.51 23.04 0 29 31 0 0 
08117J94 12:20 34563.51 23.04 100 0 100 
08/17194 12:ZO 34563.51 23.04 30 8078 31 141 
08/17194 12:30 34563.52 23.0S 4.04 
08117194 12:30 34563.52 23.0S 31 2593 
OB/1 7194 14:56 34563.62 2:3.15 100 0 100 
08/17194 14:!56 34563.82 23.15 0 29 30 0 0 4.20 
O&l17J94 15:02 34563.1$3 23.15 29 5123 30 189 
oal17194 1sm 34563.63 23.15 31 2538 
08/17194 IS;~ ~.63 23.16 0 22 12 23 0 4.20 
06!17194 15:05 34563.83 :23.16 29 8124 0 190 Flow to Spreading llta 
oe/17194 15:()6 34563.63 23.f6 0 100 100 
08!17194 18:15 34563.76 23.29 0 21 12 22 0 4.14 
08/17194 18:15 34563.76 23.29 0 100 100 
08/17194 18:111 34563.76 23.29 0 2641 
06/17194 18:16 34563.76 2329 30 8179 0 190 
0&/17194 21 :40 34563.90 23.<43 4.08 
0&/17194 21:40 34$83.90 23 . .f3 0 0 100 
08/17194 21:40 34563.90 23.43 8237 190 Row IO ti&sln 
08/17194 21 :40 345$3.90 23.43 33 2641 
08/16194 QO:OO 34564.00 23.53 3! 2611-4 
0018194 0000 34584.00 23.53 100 0 100 
08/18194 00:00 34004.00 22.53 30 8242 29 23S T ola!izer I $1UCk 
W18194 00:00 3456<1.00 23.53 0 ~ 31 0 4.20 
08/18194 01 :20 34564.0tl 23.58 0 25 l:Z 28 0 4.32 
QS.118194 01 :20 3'1564.00 23.56 0 100 100 
08/18/9.1 01 :20 34564.06 23.58 0 2709 
0&'18194 01:20 3'4564.06 23.58 29 5242 0 257 Flow IO Sj)<eadirig 1<ea 
!le/18194 00:20 3'4564.26 23.79 0 22 12 25 0 4.20 
0!/18194 1)$:2() 34564.26 23.79 0 100 100 



. .. . ............ . " .. 
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DATE TME SERW. E!.APSEO METER1 METER2 ME'ffiR' VAllll:S PRESSURE STAFF ~NTS 
TME TlME RATE TOTAL RATE TOTlll. RA'IC TOTAL. BF-1 flF-2 BF-3 GAGES ~ ,, '2 113 "' tS 

(MiOl'f) ~:M) (DAYS) (DAYS) (fOOGPM) (1~GAI.) (100GPM) (10-.CG>J.) {100GPM) (10'4GAI.) (<-"OPEN->) (< PSIG ) (l"EE'T) 

Ollltlll!M 06:20 3'1564.26 23.79 0 2709 
08/111/!M Ql:20 3'4564.26 .23.79 30 8242 0 251 
0811MM 12:01 3"4564-50 24.03 0 22 11 24 0 4.09 
08/1 &94 12:01 34564.SO 24.03 0 100 fOO 
0811MM 12:07 :M1564.!:i0 2.f.Q3 29 8299 0 257 

- 08/18194 12:07 34564.50 24.03 0 2709 
Oll/15$4 18:25 ~n 24.29 0 2109 
08/181!M 18:25 3"45&1.77 24.29 0 20 11 22 0 3.9$ 
08118194 111:30 ~.17 24.30 0 100 fOO 
08/11!194 18:32 3-1584.77 24.30 28 &410 0 257 
08/U!194 18:33 34564.n 2<1.30 30 8'111 30 257 Flow to basin 
0811 &'94 18:34 345&C.T7 2<1.30 0 29 29 0 0 
08/18/!M 18:34 3'1564.n 24.30 100 0 100 
08/18.94 18;3& 34564.78 24.30 30 2111 
0&'19"94 00:45 345615.03 24.56 29 8496 0 m Flo\tl to $111eading -
oe/19194 00:45 $4565.03 2<1.5$ 0 2827 
08l19194 00:50 34565.o3 2<1.56 0 100 100 
08/1"4 OO:SO 34585.1)3 2<1.56 0 22 12 25 0 4.36 
08/111194 0&.35 345ES.27 24.80 0 20 12 25 0 
08/19194 08".35 34565.27 24.80 0 2827 
06/18194 06:35 34!565.27 24.80 28 8522 0 37;} 
08/1919<1 06.'35 ~565.27 2'.80 0 100 100 
08/19194 13:15 34565.55 25.08 0 20 12 24 0 4.20 
08/19194 13:15 34565.55 25.06 0 21127 
08(19194 13:15 34565.55 25.08 31 l!009 0 373 
08/19194 13:15 34565.55 25.06 0 100 100 
06/19/!M f9:13 3'4565.80 25.33 28 0710 0 373 
08/19194 19:13 3-4565.80 25.33 0 U27 
06/19194 19:15 34565.80 25.33 0 100 100 
08/1M4 19:15 3"565.80 25.33 0 21 11 24 0 4.00 
06/20/!M OS:OO 3"568.21 25.74 30 3343 30 3 7:1 Flow to ~sin 
OB/20r'!M 05:00 3456a.21 25.74 0 30 30 0 0 3 Jl8 
08/20/94 05:00 34566.21 25.74 100 0 100 
~ 05:00 34566.21 25.74 0 2327 
0$/20/94 13:10 34566.55 28.08 0 30 30 0 0 4.36 
08/20/94 13:10 34566.55 28.08 100 0 100 
08l2M4 13:10 34566.Sli 26.08 31 Z978 
~ 13:10 34:566.51S 25.o& 29 8940 29 521 

~ 
05l20llM 15:00 34566.63 26.15 30 8974 29 554 Flow!<> •P<ffdlll\) ~ 
08/20/!M 15;05 34566.63 28.18 0 HlO 100 C!! 1505 

' 
0&'20l94 15:05 3'4S66.63 26.18 4.50 
Ol!l20l94 18:05 3-4566.75 26.28 29 9023 0 55'1 
08l20f9<I 18j)S 34566.75 26.2& 0 100 100 
O!ll20i94 18:05 ~.?S 26.28 0 ~1 15 2i 0 4.41 ; 
08l20l94 18:()5 3456&.75 26.28 0 3011 i 08121$4 05:30 34567.23 26.76 0 100 100 

1 Ol!/21194 05:30 34567.23 26.76 29 9213 0 55'1 . 
0&'21194 05:30 3'4567.23 ' 26.7& 0 3011 
08/21194 OS:30 34567.23 26.76 0 21 15 25 0 4.20 
Ol!/21194 09:00 34567.38 26.90 0 100 100 
08/21194 09:00 34567.38 28.90 29 9288 0 554 
08/21/!M 09:00 34567.36 26.90 0 3011 
08/21/!M 09:00 34567.3& 26.90 0 Z2 12 23 0 4. t 1 
08/2 ! /!M 12:12 34567..!51 21.IJ4 0 21 12 22 0 ~.1)7 

08/21194 12:12 34567.51 27.04 30 9337 0 654 



OATE TIE SERIAi. El.APSEO METER 1 METER'2 METER3 VALVES PRESSURE STAFF COMMENTS 
T1i.E TIME RATE TOTAL RATE TOTAL AATE TOTAL 8"-1 BF-2 BF-3 GAGES GAGE 

tl "2 J3 .. '5 
(M/Of'() (H:M) (DAYS} (IY\Y$) (fOO GPM) (10-4 CAL) (100 GPM) (10"4 GAL) (100 GPM) (10"4 GAL} (<- '!l.CPEN --->) ( PSIG >) (FEET) 

08/21194 12:12 34567.51 27.04 0 100 100 
0&"21194 12:12 34567.51 27.04 0 3011 
06/21/94 1 S:l50 34587.70 27.23 3-56 
0&"21194 16:54 3"4567.71 27.23 30 IM17 0 554 
061'21194 1 S:M 34567.7! 27.23 0 3011 
OS/21194 1 S:Sll 34567.71 27.23 0 100 100 

~ 06/21194 16:M 34567.71 27.23 0 21 11 Z2 0 
oer.!1194 17:00 3'567.71 27.24 29 IM18 29 555 Flow to basin 
08f21.194 17:00 3'567.71 27.24 100 0 100 
0&'21194 17:03 34!167.71 27.24 0 Z9 29 0 0 
08/21/94 17: ti 34567.72 27.24 31 3015 
1)1)121194 20'.20 34567.85 V.37 4.20 
06(21194 20:22 34567.85 27.38 31 3074 
08/21194 20'.25 34561.85 27.38 100 0 100 
08/21./94 20'.25 34567.115 27.38 0 31 31 0 0 
O!l/21194 20:27 34567.85 27.35 30 94n 31 617 
08121/94 20'.28 3"4567,115 27.311 0 100 100 
oe/21./94 20:29 34567.8!5 27.36 0 21 19 215 0 
Oll/21194 2C>:30 34567.85 27.38 29 9478 0 618 Flaol IO Sf"8"ding -
08121194 20:30 3CM7.85 27.3$ 0 3076 
08/22/'M 00:10 34568.01 27.SS 0 100 100 
OS/2219'4 00:10 34566.01 27.53 0 22 13 25 0 
08ml94 00:30 34S66.02 27.55 28 9546 0 618 
08/22/94 00:'.lO 34008.02 27.55 0 3076 
O!!J22l94 00:35 34008.02 27.55 4.12 
06122J94 05:50 34!i63.24 27.17 0 22 13 2l5 0 4.00 
oe/22194 OEl:OO 34500.25 27.78 0 100 100 
oetnl94 oe:oo 34568.25 27.78 0 3076 
Q6l22l$4 06:00 ~.25 27.78 2'9 9643 0 618 
08/22194 10:20 345611.-43 27.98 0 100 ioo 
08/22/!M 10:20 34568.43 27.96 :30 9121 0 618 
08t22l94 10:20 34568.43 27.913 0 22 12 23 0 3.90 
oei22l94 10:20 34568.43 27.96 0 3076 
08/22/!M 10:35 34Sall.44 27.97 JO sn1 30 618 Flow to basin 
08/22194 10:35 34568.44 27!11 100 0 100 
<Je/22/9;4 I 0:35 3456$.44 27.97 0 30 31 0 0 
08/22194 10:35 3-4668.44 27.97 31 3078 
oe/22194 10:44 34568.45 21.rn 3.00 
06l22l94 '2:12 345&6.51 28.04 100 0 100 
08/22/IM I 2:12 345U.SI 28.04 31 31 10 
08/22194 12:12 3456e.51 28.04 0 30 31 0 0 4.00 
oe/22194 12:32 3456&.52 ~8.05 29 9755 30 653 
08/22/94 15:19 345613.1$4 28.17 0 ~ 30 0 0 4.20 
08IZ2l94 1 15: 19 34564.64 28.17 100 0 100 
08/22194 15:19 34588.64 2&. t7 31 3185 
()6122/94 15:30 :)4566.65 28.17 29 9e07 30 707 
08/22llM 15:33 34568.65 28.18 29 9608 0 708 Flow to s~diog """ 
08l22l94 15:33 34568.65 28.18 0 100 100 
oal22194 15:33 3-4568.SS U .16 0 3167 
08/22l94 15:33 34568.65 28.18 0 22 12 25 0 
08l22l$4 15:48 34568.66 28.19 4.1.0 
()6122194 18:11 34588.78 28.28 0 100 100 
00!22194 18'1 I 3'568.78 28.28 0 3187 
0&?2194 l&. 11 34568.76 28.28 0 21 12 23 0 4.20 
OMtlJ94 18:11 3'4568.711 28.28 29 9853 0 708 



... :., .......... . .... , .. ,.... " 

CMTE TIME SERW.. El.APSED METER 1 METER2 METCR3 VALVES ~ STAFF COMMENTS 
TIME TME RATE TOTAL RATI: TOTAL RATE TOTAL 131'-1 8F·2 81'-3 GAGES ~ 

fl n n ... r,; 
(MIM') (H:M) (DAYS) (DAYS) (100Gf'M) (10"4GAI..) (100GPM) (IO"<t<MI..) (IOOGPM) (t0"4GAI..) (<- % ClPEN -->) ( PSIG >} (FEET) 

08/nlM 00:00 3"451l8.00 28.53 0 31111 
Oll/23194 00:00 34$9.00 28.53 JO 9951 0 70ll 
08fl3llM 00'°° 3<1SE&.OO .28.53 D 22 12 25 0 4.05 
08/23194 00.00 345611.00 28.53 0 100 100 
OS/23l!M 09;21 34569.39 28.92 0 3167 .. 08/23$4 09:21 ~.38 28.92 29 ~ 0 708 

0&'23/94 ~· 3-C569.39 a92 0 100 100 
~ 09:21 34569.39 28.92 0 21 12 23 0 3.as 
Oll/'23"<M 09:33 34569.40 28.93 100 0 100 
06/23/M 09:33 ~.40 28..93 0 30 30 15 0 
08l2l'94 o&:33 34569.40 28,93 31 ,,69 
Q6l2'l94 09:33 34599.40 28.93 '29 9986 JO 708 F1ow lo .basil\ 
08/2"'94 09:<12 3"45E9.«I 28.93 3.e5 
0&'2l'94 11:42 34569.49 29.01 31 3208 
06/23/lM tt:.Q 34569.49 29.01 100 0 100 
08/2:v94 11 :"12 34569.49 29.01 0 30 31 0 0 4 .00 
0&'23$4 11 :54 34569.50 29.02 30 10027 30 7S1 
~ 16:29 34569.69 29.21 100 0 100 
06/23/!M 1$:29 34569.69 29.21 31 3297 
08/2319-4 16:29 34569.69 29.21 0 30 30 0 0 4.30 
06l23i94 16:'9 34569.69 29.22 29 10109 )() 637 
oal23l!M 16:41 345e9.70 29.22 29 10110 0 837 Aowlo~tr .. 
OSl23llM 16;41 3-4569.?0 2922 0 3~ 
OS/23194 16:41 34569.70 29.22 () 100 100 
00/23/94 16:41 3'1569.70 29.22 0 21 10 23 0 
08/2319-4 18:50 ~.70 .29..23 4.31 
0812~ 00:24 3-4570.02 29.54 0 3299 
O!l/2'4t!M 00:24 34$70.02 29.54 30 10244 0 837 
08/24194 00:2~ 34570.02 .29.54 0 22 15 22 0 4.20 
08/2.W4 00:24 34570.02 a9.54 0 100 100 
08/24194 10:15 34570.43 29.95 0 3299 
08/2'4.'94 10:15 34570.43 29.95 0 21) 12 22 0 3 .97 
08/24194 10:15 34S70.43 29.95 0 100 100 
06!24194 10:23 34570.43 29.a6 30 10303 0 8l7 
00/24194 12:12 34570.51 30.04 0 2l) 12 22 0 3,91 
Ollr.24194 12:12 34570.51 30.0ol 0 3299 
08/24194 12:12 34570.51 30.1)4 29 10335 0 837 
06.'24194 12:12 34570.51 30..()4 0 fOO 100 
Oer.!419-4 12: IS 34570.51 30.04 100 0 100 

' 08/24194 12:15 3"4570.51 30.04 0 3() 30 0 0 3.91 
l ()8(24194 12:15 34570.51 30.().4 29 10336 30 838 f1ow 10 basin 

f 
08/24194 12:3& 34570.53 30.05 31 3306 
08/.2"'94 16:20 34510.611 30.21 0 100 0 
0&'2.4194 17:58 3'1570.75 30.28 29 10440 30 !Ma 

i 08n4"1M 18:10 34570.78 30.28 0 :lO 31 0 0 4.30 ' 0&'2o4194 18:10 34570.76 30.28 100 0 100 ! 
' 08/2~ 18:11 34570.76 30.28 30 3409 ' 08/2.c/94 l lt.2.0 34570.76 30.29 0 21 f2 23 0 .. ~ 

08fl4/!M 18'.20 34570.711 J0.29 0 3411 
D812.W.C 18:2 I 34570.76 30.~ 29 10441 0 948 Flow lo Sprfld i/111 aroe 
08/25/94 01 u 34571,05 30.57 0 3411 
08/25/94 Q1 :o& 3-4571 ,05 30.57 0 23 13 23 0 4.20 
08/25/!M 01 ;1)8 34571.0S 30.57 0 100 0 
O&l251S4 (ti :<la 3-4571.05 30.57 26 10551 0 948 
06/2:!194 04:40 34571 .19 30.n 26 10!5&1 0 948 
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n-.TE TIME SERW. El..APSEO METER 1 METER2 METER3 VALVES PRESSURE STN'F COMMENTS 
TIME TIME RATI:' TOTAL RATE TOTAL RATE TOTAL 111'·1 8F·2 BF-3 GAGES GAGE 

fl f2 f3 14 ., 
1 

(MIOIY) (H:M) (DAYS) (OAVS) (100 GPM) (10"4 GAi.) (100 GPM) (10"' GAL) (100 GPM) (10'4 GAL) (<-~OPEN->) ( PSIG ) {FEET) 

~ <l':.40 34571.19 30.n 0 34t1 
0625/94 04:40 34571.11> 30.n 0 100 0 

o&'25l94 °''"'° 34571 .19 30.n 0 ?2 13 23 0 4.15 
08l2Sll>4 09:00 34571~ 30.91) 0 100 tOO 
Olll25l9' 09:00 34571.38 30.90 0 21 12 0 4.00 

~ 08!2$194 09:l)ol 34571.38 30.90 loe.12 0 948 f\iwo• lndlcalor fl 
0&'251114 Ol>D-4 3457L38 30.90 0 3411 falltd 0800 hours 
~ 12:23 34571.52 31.04 0 21 12 2:3 0 3 .97 
~ 12:36 34571.53 31.05 0 100 f 00 
O!ll2Sl94 12:36 34571 .53 31.0S 0 .3411 
08/25/94 12:36 34571.53 31.05 10098 0 948 
06l25l94 12:"6 34571.53 31.0G 0 29 JO 12 
0$'2Sl!M 12:46 34571.!13 31.0G 10702 25 9.a ~tobesin 
08/25$4 12)46 34571.53 31.06 100 0 100 
O&l25ISM 1&112 34Sll .75 31.28 100 0 100 
Q&"ZMM 18:02 34571 .7!5 31.28 0 '° 31 12 0 4.30 
Olll25l&4 18:02 34571.TS 31.28 10791 26 1008 
0&/25194 16:10 34571.76 31.2ll 10192 0 1039 Flow to spr•adlng •rn 
08l25llM 111:10 34571.78 31,28 0 21 12 22 0 4.30 
08r.l5l!M ta: 10 34571.76 31.28 0 100 100 
08l26l!M 03:45 3457'2.t6 31.68 0 100 100 
0&'2&'94 03:45 3"C572.18 31.88 1oi885 · o 1039 
0&'26"(M 03:~ 34:1n.16 31.88 0 29 15 32 0 -4.15 
~ 13:15 34512.SS 32.04 0 28 12 30 0 3.92 
Oll/2&'94 13:19 34572~ 32.08 0 100 too 
Q8.l2$94 13: 19 34sn.ss 32.08 10971 0 1~ 
08f26/94 13;23 3'1sn.se 32.08 0 30 31 10 
08n6l94 13:23 34Sn.se 32.08 100 0 100 
0&'2&$4 13:27 345n.56 :iz.os f0973 28 100$ F1Qw lo bain 
oet26l9<C 19:00 34Sn.79 32.32 0 100 100 
oe/2IW4 19:()6 345n.so 32.32 0 36 37 0 0 4.28 
08l26lll4 19'.07 34572.80 32.32 11007 26 1t34 FIOw II> lp<9\'ldit!f1 area 
08/26/94 19:07 34572.eo 32.32 30 3«1 
06/27194 07;00 34573.29 32.82 0 20 15 23 0 .(,()6 

0&'27194 12:23 34$73.52 33.04 0 20 15 23 0 3.98 
06/27~ t 3:30 34573.56 33.09 100 0 100 
08l2 7194 , 3:32 34573.56 33.09 :3() 3443 
0«.127 l!M 13:32 3457.).56 33.09 11315 1134 Flow lo basi!1 
08127194 13:35 3457357 33.0$ 0 32 32 10 0 3.96 
08/2719<4 19:13 34573.80 33.33 0 28 10 23 0 4,30 
06/27194 19:15 34573.80 33.33 0 100 100 
08!27194 Hk115 34573.80 33.33 11412 2& 1225 Flow to IS!><eading "'" 
08"27194 19:15 34$73.80 33.33 31 3506 
08/26194 01 :58 .34574.08 33.Ell 11519 0 1225 
06/2819-4 01 :58 34574.08 33.61 0 22 3 25 0 
08/2519.( 01 :56 34574.08 33.61 0 3508 
08/26/94 01 ;58 34574.08 33.61 0 100 100 
06/2819-4 07:22 34574.31 33.&3 0 ~I 12 2S 0 4.10 
OS/28194 07c:JO 34574.31 33.84 lf604 0 12.25 Flow lo basin 
oer.!MM 07:30 34574.31 33.84 0 3510 
OSl2&'M 07:30 3"4574.31 33.8-1 100 . 0 100 
()8128/M l-4:30 34574.60 34.13 ~ 1353 1'1- lo Sl'(eadi~ ar ... 
08/21W<l 14:30 34574.00 34.13 0 100 too 
08/28/!M t 4:30 34574.00 34.13 4.52 
08l2MM 18:00 34574.87 34.19 4,50 



'" ' "" . 

~TE TM SERIAL ELAPSED METER1 METER2 METER3 VALVES PRESSURE STAFF COMMENTS 
TIME TIME RATE TOTAi. IV-TE TOT>J.. RATI: TOtAI.. BF-1 Bf'-2 !lf"1 GAGES GAGE 

'1 12 "3 ,4 #5 
(M'lYf) (H:M) (DAYS) (DAYS} (IOOGF'M) {10"4 GAL} (tOOGPM) (10"4GAL) (tOOGPM) (IOA<IGAL) (<-- % OPl!N ->) ( PSlC >) (FEET) 

08l2:9l9C 08:00 3'1575.l) 34.86 too 0 100 
D&'2MM 08:00 3"575-33 3U6 0 22 13 28 0 4.20 
08l29l!M OS:OO 34575.33 3'Jl6 0 3635 
08l2W94 08:00 3"575.33 3"1.86 11988 0 1354 Flow to basin 
Olll29l9.\ 11 :S2 3<1575.~ 35.02 0 29 :lO 10 0 4.47 

~ oet2Sl94 t 1 :SI) 34575.!IO 35.02 0 100 100 
06/2Q'94 1 t ~ 3457$.50 35.(12 1ZQ58 t-427 flowto~atu 

08l'2Q'9.4 11 :SS 34575.50 35.02 31 37ff1 
Oet30l94 07:50 34578.33 35.85 0 2.0 20 :zo 0 4 .10 
~ 07:50 34578.33 35.85 0 100 100 
D8/30l!M 07:.50 3'578.33 35.85 12332 0 1428 
08/3Ql94 07:51 3457$.33 35.!5 12332 28 1'428 Row to .basin 
08l3MM 07:51 34578.33 35.85 100 0 100 
08l30llM 11 :39 3"4578..49 36.01 0 :io 31 0 0 4.30 
06l3lll94 11 :39 3<1(178.-49 36.01 100 0 100 
08l30l94 11 :39 34578.<$ 36.01 31 3780 
08l30l9o4 11 :39 34576.49 36.D'I 12397 28 1504 
08/3Q'94 13:06 3'1578.55 38.07 31 3805 
08/»'!M 13:06 34578.55 36.07 () 30 31 0 0 4.40 
oet30l!M 13:06 3'1578.55 36.oT 100 0 100 
0&'3Q94 13:08 34578.56 YJJJ7 12421 24 1527 
~ 13.16 34578.55 38.08 0 21 12 71 0 4.«I 
O(ll:IQ/94 13:18 3'578.55 36.0S 12421 0 1527 Flc>w to spreacllog ..... 
06!»'94 13:16 34576.115 36.08 0 3807 
O&r30l94 13:16 34576.55 3608 0 100 100 
OOl3Ql9<I 15:38 34576.65 36.18 0 3801 
~ 15:38 3'4576.65 36.1& 12~1 0 1~7 
08l!)QllM 15:38 34576.65 36.1& 0 21 10 22 0 4..38 
08l3CW4 15::38 3«>76.65 36.18 0 100 100 
06l30l9-4 15:48 34576.88 36.19 0 30 30 0 0 4.38 
oetJOl9.4 15:48 34576.66 36.19 1246'2 27 1527 F,,,.., to basin 
08/30/94 15:48 3'1578.66 38.19 100 0 100 
08/30/94 16:04 34578.87 36.20 31 3812 
08/3()'94 18' 15 34576.76 38.29 12505 0 1575 End <>f pumping !&$t 

08l30l94 1&:15 ~76.76 36.29 0 0 12 0 0 4.52 
08.l30l94 1&:15 3'1576.78 36..29 0 3854 
08l3G'!M 18:15 34576.76 38.29 0 0 100 
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Appendix C 

Falling Limb Regressions 
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SElllAL MONTI! DAY 111 llUTI' STAGE FALL!llG STAGE Rftll!ESSIOll $\AllMARY 
TUE LIMB Ho\T 

(DA'fS) (FEET) 

34542.66 7 27 is 45 3.981 max 3.963 ftevreosion OUtput: 
1 Conatant 13397.tl 

34543. 13 1 2lS 3 0 3.800 min 3.801 Std Err of Y Est 0.003303 
It Squam o.~ 
NO. of Observat f ons 124 
DOGf'HS of Freedom 122 

X Coefflclent(s) ·0.38773 
Std Err of Coef. 0.00214 

34544.16 7 29 3 55 4.163 118)( 4,139 RegrHt t on output: 
2 Const1nt 8344.75 

34544.n 7 Z9 18 35 4.0Z8 m-in 3.992 Std Err of Y Est 0.019821 
R Squared 0.825287 
No . of tlbservat Ions 177 
oeareea of fr•~ 175 

X Coefflcient<s> -0.24145 
Std Err of ~f- 0.008398 

34545.13 7 30 3 5 4 .150 1118)( 4.156 Regression Output: 
3 constant 13017.55 

34545.60 7 30 14 20 3.9T4 inln 3.980 Std err of Y Eat 0.003306 
R Squared 0.995934 
Mo. of ObservatlCl'IS 136 
Degreff of Freedom 134 

X Coefficfeflt(&) -0.37671 
Std Err of Coef. o.OOZ079 

34545. 82 7 30 19 4.337 11\aX 4.339 Regression output: 
4 toostant 13635 .67 

34546.42 7 31 10 5 4.102 111;n 4.102 Std Err of Y Est 0.001461 
R Squoir<!d 0.99957'5 
110. of Obs.ervations 164 
OC9~6 of f reec1<91 162 

X Coefflelent(s) -0.39459 
Std Err of Coef. 0.000639 

34546.65 7 31 15 40 4.4811 IJlllX 4.443 Re;ressfon output: 
5a Cons tent 14467.U 

34548.114 8 2 20 10 3.554 111i n 3.567 Std Err of Y E&t 0. 005144 
R Squar~ 0.999532 
No. of Observat f ons 612 
D911rees of Freedoca 630 

K Coefficient(s) ·D.41866 
Std Err of Coef, 0.000361 

' . 



SERIAL llOICTH IJAY "CUit MlNUTc STAGE FALLl~G STAGE REGRESS I ON SUJWtY 

TIME Liiii HAT 
(DAYS) (fffT> 

3454$.84 8 2 20 10 3 .554 ...... 3.SS6. Regl'fts ion OUtputt 
5b Conatant 14792.16 

:54551.03 a 5 0 40 2.6111 11ln 2.620 Std Err of Y Eat 0.002947 
R $qU9Nd 0.999882 
•o. of Obeervatievl8 631 
D~rees of FreedO!ll 629 

x toefflci~t(s) ·0.4280S 
Std Err Of Coef. 0.000186 

34551.03 8 5 0 4ll 2.618 ax 2.615 Resireasion output: 
Sc: Ccinstant 14373.6 

34553.ZZ 8 7 5 to 1.707 11in 1.705 Std Err of Y Est 0.0032S4 
R scµlred o.999848 
No. of Obtlervations 631 
ll41i1rff!I of Freedcm 6Z9 

x Coe:fflcient(S) ·0.41593 
Std Err of toef. 0 .000205 

34553.22 8 7 5 10 1.707 lllX 1.ro4 Regression OJtp.rt 1 

5d COrl9tant 12781 .62 
34555.40 8 9 9 41 0.903 min 0.895 Std Err of Y Est 0.006Z9Z 

R scµlred 0 . 999076 
No. at Observations 454 
1>e9re.i: of Fraadcm 45Z 

X Coeffici.nt(s) -0.369116 
Std err of Coef. 0.000529 

34555.50 8 9 12 2 0.840 max 0.841 ResiresslOll OUtput: 
5e Constant 11432.za 

34557 .55 8 11 13 9 0.160 min o. 164 Std Err of Y Est 0.016324 
R ~red 0.995372 
llO. cf Dbservat ions 10 
Oegren of Freedom 8 

X Coefflcient<s) ·0.33-081 
Std Err of toef. 0.007975 

34559.59 8 13 14 11 4.202 IMX 4.208 Regression Output: 
6 COl'l$tant 15946.92 

:54560.)0 a 14 7 11 3.879 min 3.882 Std Err of j Est 0.0028« 
R Squered 0.999143 
No. of Obaerv1tion& 69 
Deorees of F ,.eedom 67 

X Coefflclont(s) -0.46131 
Std Err of Co.f. 0.00165 

.. 
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SERIAL MOllTH 
Tli'IE 

CPAYS) 

34S60.67 

34561.53 

34561.n 

34562.42 

34562.59 

34563.37 

34563.62 

~563.91 

34564 .06 

34564. 76 

a 

8 

8 

8 

a 

8 

8 

a 

8 

6 

OAY 

14 1S 

15 12 

15 18 

16 9 

16 14 

17 8 

17 14 

17 21 

18 1 

18 18 

·' 

MI ME ST AGE FAl.l. l NC ST AGE 
LIMB HAT 

<FEET > 

59 4.287 .. JI 4.287 
7 

44 3.880 min 3. 879 

29 4 .'127 lll&X 4.219 
8 

59 3.900 111in 3 .900 

14 4. 178 lllOX 4.176 
9 

59 3.788 l!lin 3.791 

59 4.200 max 4.206 
10 

4.067 min 4.065 

29 4.303 Illa)( 4.299 
11 

14 3.965 111i n l.963 

REGltESSIOll SllllARY 

iesr HS j an Output: 
CO!Wtant 16312.8 
Std Err of Y Est 0.002115 
R S<Jlared 0.999693 
Mo. of Obeervations 84 
DetJNte$ of Freedcln 82 

x C:O.ff lclent(a) ·0.47186 
Std Err of Coef. 0.000914 

Regron;s ion OUtput : 
Con.tent 1708.2.12 
Std Err cf Y Est 0.002213 
R ~red 0.999459 
No. of Observation$ 63 
Deorees of rreedcal 61 

X Coefficient(•) ·0.49413 
Std Err of Coef. o.0014n 

Regression output: 
C-c>nat.nt 17457.34 
Std Err of Y Est O.oo.?~ 
It Squared 0.999446 
llo. of Observat Ions 76 
Dl>Qrees of Freodonl 74 

X Coeffictent(c) ·0.50497 
Std Err of Co.f. 0.001382 

Regression output: 
Constant 17267 
Std Err of Y Est 0.003713 
R ~red 0.992802 
No. of Cb>ervet ione 23 
Degrees of fr'<Odolil 26 

X Coefficient(a) ·0.49945 
Std Err of toef. G.00834 

R.,gre11aion output: 
Constant 16656.65 
$td Err of Y E•t 0.004495 
R Squared (1.997983 
llo. of ~rvations 6a 
Petre es of F ,..edola 66 

X Coeffielent(e) ·0,48178 
Std Err of COtrl. O.OOZ666 



SER I Al. MONT I! 
TIME 

(DAYS) 

34565. 0. 

l4566.21 

34566.6.3 

34567.71 

34567.86 

34568.44 

34568.66 

34569. 40 

34569. 70 

34570.51 

II 

8 

a 
8 

8 

8 

8 

8 

8 

8 

DAY 

19 0 

20 4 

20 15 

21 16 

21 20 

22 10 

22 15 

23 9 

23 16 

24 12 

" 

lllN\ITE STAGE fAlLl llG STAGE 
L 1118 MAT 

(FEET) 

59 4.374 l!llllC 

12 
59 3.812 iain 

14 4.469 lll&X 4.483 
13 

59 3 .964 11l n 3.963 

44 4.189 RlllX 4.1114 
14 

2Q 3 . 896 min 3.895 

44 4.l16 -~ " .210 
15 

29 3.832 .,in 3.826 

44 4.317 l!ll!IX 4.313 
16 

14 3.913 nti n 3. 907 

REGllESSI Oll S\IMllARY 

Regression output: 
eon.tal\t 16463.26 
Std Err of Y Est 0. 003437 
R Squared 0 . 999S57 
No. of Observetl<11111 113 
oeor- of freedcln 111 

X Coe1tlclent(8) · 0.47617 
Std Err of coet. 0.000952 

Regress i en Ou.tP-lt : 
COl'\Stertt 16182.74 
Std Err of Y Est 0.004963 
R Squared 0.998952 
No. of ObservetiOf\S 104 
D4!ilrees of Freedoln 102 

x C<Mtff f cient(s ) ·0.48539 
Std Err of Coef. 0,001556 

Regression output: 
constant 17445.~ 
Std Err of Y Est 0.001996 
R Sq.Jared 0.999468 
No, of Obeervstions 56 

De9reea of frndcal 54 

X Coefffc;ent(s) ·0.50455 
Std Err of Coef. 0 .001584 

Regression Output; 
ConctN>t 17'967.08 
Std err of Y Est O.OOS095 
R SCJMred 0.998009 
No. of Observet fons 72 
OegrffS of FrMdo!R 1l) 

X Coeffic ient(•) · 0.51963 
Std Err of Coef. (),002774 

Regress ion ()Jtput: 
Conatant 1na1.89 
Std Err of Y Est 0.00Zle9 
R Squered 0 ,999606 
No. of Ob6erv11t lons 79 
Degree• of f reedolll 77 

x Coeff;~ient(&) · 0.49990 
Std Err o f Coef. 0.001132 



SERIAL l!OMTll DAY aWR Mlll\ITf. STAGE fALL!llG STACE REGRESSIOll SUtt!ARY 
TIME lll!S HAT 

(OAYS) (FEET> 

34570.n 8 24 111 29 4.314 max 4. 308 Regre9&ion output: 
17 Const•nt 1n11 .1s 

34571 . 53 8 25 12 44 3.937 111!n 3.929 Std Err of Y Eat 0 .003157 
R Squared 0.99921 
No. of Obs~atloru; 74 
Degrees of Fre•~ n 

x Coeftlciet1t(a) ·0.4979 

' std err of coe1'. 0.001649 

34571.78 8 25 18 44 4.284 ll&X 4. Z84 Regres• i on Olltput : 
18 conatwit 17042.8 

34572 .54 8 26 12 59 3.911 • In 3.909 Std El"r of Y Eat 0.001914 
R ~rad 0.999704 
llO. of ObeervatlON 74 
Degrees of Fr~ n 

X Coofficlent(t) -0.49284 
- Std Err of Coef . 0.001 -

~572.80 8 26 19 14 4.274 inax 4.266 RegrH$ I on output: 
19 Com tent 16570.57 

34573.56 8 27 13 29 3 .915 111ln 3.904 St d Err of Y Est 0.00281 
R Squared 0.999296 
No. of Observation. 74 
Oevrees of F reedcit 72 

x Coefficient{s) · 0.47917 
Std Err of Coef. 0.001499 

34573.82 8 27 19 44 4.Z87 ll8X 4.284 llegresa ion Output: 
20 Cons tent 16445.57 

34574. 31 11 28 7 4.051 111111 4. 051 Std £rr of Y Est 0.001536 
R Squared 0.999S2 
!lo. of Dll6«Vet i ons 48 
Deg reea of f reedolD 46 

~ Coefficient(s) ·0.47554 
Std Err of C0t:f. 0.001536 

34S74. 6J s 28 14 44 4.528 111$)( 4. 518 Regress I oo Output: 
21 Constlr'lt ,7038.99 

34575.33 8 29 7 59 4.165 1111 n ".164 Srd Err of Y Est 0.003523 
R Squared 0.99888 
llo. of Obttrvatl ona 70 
Degree. of Freedal 68 

M C0<>fficlentCs) ·0.49269 
Std Err of Coef. 0.002001 



Scl!IAL MONTH DAY lnlR MINUic SlAGC FALLINll STAGe REGttESSIOll SUIOIARY 
TIME llllB HAT 

(DAYS) <FEET) 

3-1575.55 8 Z9 13 14 4.425 llSll 4.411 Reeresslon output: 
2Z CON tent 17381.91 

34576.33 8 30 7 59 4.024 111ln 4.018 Std Err of Y Est 0.004246 
It Squared 0.99e671 
llo. of Observ•tle>n5 76 
Dl!lll"ff9 of Freccloft 74 

X Coefficient<•> ·0.5026 
Std Err of coef. 0.002132 

34576. 55 8 13 14 4.379 11111)( Regreas I on output : 
23 Cooatant 14974.86 

34576.66 8 JO 15 44 4.336 min Std Err of Y Est 0.001707 
R ~red 0.986413 
No. of Obeervat Iona 11 

. Oegr.es of FtcedOlll 9 . 

. · 

X Cocfflcient(S) ·0.43297 
Std Err of Coe1. 0.015624 

34576. Tl 8 30 18 29 4.501 11181( 4.496 Regress f °" Output: 
24 • Constant 16140,92 

34578.34 9 1 20 14 3.531 111in 3.528 std Err of Y Est 0.00442 
I squared 0.999755 
No. of a:iservat Ions 200 
Degrees of FreedCGI 198 

X Coefftclent(sl ·0.46668 
Std Err of Coef. 0.00052 

34578.115 9 1 20 3.528 lll8lt 3.521 Ret1reeslon OUt~: 
24 b Conatant 15357.24 

34581.09 9 4 z 14 2.531 1111 n 2.527 Std Err of V Est 0.004083 
A ~red 0.999802 
No. of Observation& 216 
Degr~s of fre.dclm 214 

X Coeffic!ent(a) ·0.44402 
Std Err of Coef, 0.000428 

34581. 10 9 4 z 29 2.528 SMJ( Z.515 Regression ~tput: 
24 c Const•nt 1321l1.13 

34583.26 9 6 6 14 1.695 111in 1.692 Std Err of Y Eat 0.005317 
It Squared 0.999509 
No. of Observations ZPS 
Oegr1es of FreedOG 206 

x Coaffieient<s> ·0.3a167 
Std Err cf Coef. 0.000589 

. ' 



SERIAL J«lNTfl OAY HOOR lllNUTE ST.AGE FALLING STA/it 
T!llE llMB HAT 

(l>AYS) CfEET> 

34583.27 9 6 6 Z9 1.690 QI)( 1.696 Regre$slon OUtput; 
24 d Const.nt 12245.57 

345M.43 9 8 10 14 0.923 min 0.933 Std Err of Y Est 0.004898 
R Squared 0,999'>16 
Ho. of Observat1°"9 208 
o.iirl!ff of freedOlll 206 

X Coefftcient(a) -0.:S;t;Olo 
Std Err of Ccef • 0.000543 
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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 A McQueen to S. L. Barrie describes the 
calculation of the basin elevation-volume relationship. Elevations are referred to an arbitrary 
datum, and a stage of 0.0 ft liea at an elevation of 1.34 CL 

To detennine 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 detennined 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 slice. Linear 
interpolation was used to calculate values at the desired stages. 

D-3 
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J'~EGB.G Idaho 

.. Prowt:/i?g research end tfeve/Qpl17ent serviees to ; 

INTEROFFICE CORRESI 

Date: 

To: 

From: 

June 20, 1994 

s. L. Barrie, MS 3920 

M. A. HcQueent MS 3904 
. 

Subjeet: INFILTRATION BASIN INCREMENTAL VOLUME CALCULATION · HAM-01-94 

We were provided 750 geographic points w1th their associated elevations 
relative to the lowest point in the infiltration basin. The supplied sample 
po1nts were mostly 1n the interior of the basin although there were a few 
on the external side of the berm as well as four completely outs1de the 
bas1n. The points were mostly uniformly spaced across the basin, however, 
sample spacing did vary at some locations 1n the interior and 1long the 
basin wal1, see Figure 1. Since the samp1ing was not of uniform spatial 
separation, I decided .to model the surface as a triangulated irregular 
network (TIN) with linear 1nterpolat1on instead of as a lattice. Within 
our modeling tool there are 1 lim1ted set of commands for manipulating 
TINS. The most important col!Vlland for our purposes was the VOLUME command. 

VOlUME provides the cubic feet of so1l from a user supp111d base e~evation 
value to the top of the so11 surface. Of course this command by itself did 
not provide basin water volume 1nfol"lltat1on. Fortunately, with some 
preprocessing of the points and a few s1mple calculations I was able to 
calculate, as requested, basin volumes in 3 1nch elevation increments 
beginning at the bottom of the bas1n and proceeding to the top of the benn 
(6.9 feet). 

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

1. 
2. 

3. 

4. 

5. 

6. 

7. 

Remove all points exte~"al to the top of the berm, see Figure 2. 
Create a basin surface model using only those points l"!main1ng 
after step 1, see figure 3. 
Determine the planimetric area (A) or the surface model from a top 
v1ew, see figure 4. 
Calculate the vo1ume of a quarter foot of height 1n the plani111ttric 
area. see Figure 5. V, ._ = .25 x A 
Jn quarter ,oot elevation increments calculate the total volume of 
soil {V."" 1) above each elevation 1 to the surface of the bas1n, see 
Figure o. -
Detenn1ne the vo1ume of so11 which was le~ behind w1th each quarter 
foot elevatton increase, see F19ure 7. 
v. ~, ... , • v. '"'I • V, tot 1+1 
Ci1cu1ate tile-water-volume space in the basin in quarter foot 
elevat1on increments, see Figure 8. 
Vw ut 1+1 • v. - • Y. 101 ,., 

- - • 111111 • 

•• 
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8. C11culata the tota1 basin water volume at elevatton k+l by 
summing all of the lower elevation. quarter foot increment, 
water volumes determined in step 7, see Figure 9. 
Y..,_t~~+1 • Sum..oiok [V..,_.C\.1.,..11 · 

Jn Table l you will f1nd the total basin water volume for each quarter foot 
elevat1on interval as well as the values for each of the other variables 
used 1n the process. · 

You should note that 1n craat1ng the 1n1tial bas1n surface used in this 
analysis two portions of the surface came to tn.Y attention. The first 1s a 
point w1th elevat1on O and the second 1s a wedge shaped portion of the 
basin whtch apparently was not sampled, see Figure 10. I contacted Ken . 
Beard about this but he had not done the sampl1ng and was not sure whom to 
contact in order to verify the initial saniple points and area. Oepend1ng 
on what your required basin volume accuracy 1s you might wish to track down 
the initial data and vertfy that the 1dent1fied point belonged 1n the data 
and that the wadge shape area was not ever sampled. Be aware that if the 
identified point were remGved from the analysis the result1ng bas1n water 
volume estimate would only decrease by approximately 220 cubic feet. Also 
be aware that the ident1f1ed point 1s the only bas1n sample point at 
elevation O and thus, if 1t were removed from the analysis the requested 
quarter foot water volume calculations would have to be radone. 

You shou1d also note that error analysis has not been done to bound the 
possible water volume error induced by using the d1scrate .set of basin 
points and a TIN to model the continuous surface of the basin. lf the 
.possible 220 cubic feet error mentioned above 1s of concern to you then I 
would suggest further error analysis. If I can be of any more help please 
let me know. 

cb 

Enc 1 osul"a 
(as stated} 

ec: G. D. Mecham, MS 3920 
R. A. Smith, MS 3860 
M. A. McQueen Letter File 
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Elevation Cylinder sou Basin Basin Mid- Mid-
Volume Vol Vol Vol Slice Slice 
Above Above MJove Below Surface Surface 
Elev Elev Elev Elev Area Area 

(fl) (ft.113) (ft"3) (ft"3) (ft"3) (ft"2) (acres) 

0 .00 2121808.1 512381.4 1609427 0 0 0.00 
0 .25 2048642.3 -439222.2 1609-420 7 26 0.00 
0.50 1975476.5 366111 .5 1609365 62 220 0.01 
0.75 1902310.7 294473.8 1607837 1590 6112 0.14 
1.00 1829144.9 239316.<4 1589829 19598 72034 1.65 
1.25 1755979.1 206008.6 1549971 59456 159432 3.66 
1.50 1682813.3 180603.1 1502210 107216 1910<41 <4 .39 
1.75 1609647,5 158341.8 1-451306 158121 203618 4.67 

I 2.00 1536481 .7 138094.1 1398388 211039 211672 4.86 
2.25 1463315.9 119661 .5 1343654 265772 218933 5.03 

r 2.50 1390150.1 103207.1 1266943 322484 226846 5.21 
2.75 1316984.3 88852.4 1228132 381295 2352« 5.40 

I 3.00 1243818.5 76468.0 1167351 442076 243126 5.58 
3.25 1170652.8 65640.7 1105012 504415 249354 5.72 r 

~: 3.50 1097467.0 56266.7 10<41220 568206 255167 5.86 
3.75 1024321.2 48037.2 976284 633143 259745 5.96 ' . . 
4.00 951155.4 40803.B 910352 699075 263730 6.05 
4.25 877989.6 34475.5 843514 765913 267350 6.1'4 
4.50 80'4823,8 28978.5 775845 833581 270675 6.21 
<4.75 731658.0 24104.8 707553 901874 273168 6.27 
5.00 658492.2 19720.7 638771 970655 275127 6.32 
5.25 585326.4 15792.7 569534 1039893 276951 6.36 
5.50 512160.6 12297.8 499863 1109564 278684 6 .40 
5.75 43899.4.8 9236.6 429758 1179669 280418 6.44 
6.00 365829.0 6612.B 359216 1250211 282168 6.48 
6.25 2926632 4430.2 288233 1321194 283933 6.52 
6 .50 219.497.4 2692.7 216805 1392622 285713 6 .56 
6.75 1'46331 .6 1404.0 144928 1464499 287508 6.60 
7.00 73165.8 566.4 nsgs 1536827 289313 6.64 
7.25 0.0 0.0 0 1609427 290398 6.67 

.. 



Staff Elevation Surface Surface Basin Basin Surfaoe Basin 
Gage Area Area Volume Volume Area Volume 

(ft) (ft) (ft"2} (acres) (ft"3) (gal) (E3 ft"2) (E3 ft" 3) 

0 0 0.00 0 0 0 0 
0.04 8.39936 0.00 1 8 0.0084 0.00106 
0.14 38.028 0.00 4 28 0.03803 0.00369 
0.24 115.628 0.00 6 47 0.11563 0.00633 
0.34 193.228 0.00 26 198 0.19323 0.02643 
0.44 1752.31 0.04 48 363 1.75231 0.04847 
0.54 4109.11 0.09 306 2290 4.10911 0.30619 
0.64 10067.7 0.23 917 6862 10.0677 0.91743 

. 0.74 ~36.1 0.84 1529 11434 36.4361 1.52867 
' O.M 62804.6 1.44 8073 60385 62.8046 8.07281 

0.94 94757.2 2.18 15276 114266 94.7572 15.2762 
1.04 129717 2.98 25975 194296 129.717 25.9755 
1.14 161329 3.70 41919 313552 161.329 41.9187 
1.24 173972 3.99 57862 432807 173.972 57.8619 

0.0 1.34 186616 4.28 76650 573341 186.616 76.6499 
0.1 1.44 194311 4.46 95754 716240 194.311 95.754 
0.2 1.54 199342 4.58 115361 862902 199.342 115.361 
0.3 1.64 204101 4.69 135723 1015208 204.101 135.723 
0.4 1.74 207323 4.76 156085 1167514 207.323 156.085 
0.5 1.84 2105-45 4.83 177171 1325243 210.545 177.171 
0.6 1.9<4 213560 4 .90 198339 1483674 213.56 198.339 
0.7 2.04 216464 4.97 219796 1644077 216.464 219. 796 
0,8 2.14 219408 5.04 241690 1807839 219.408 241.69 
0.9 2.24 222573 5.11 263583 1971600 222.573 263.583 

;· 1.0 2.34 225738 5.18 286188 214D689 225.738 286.188 
' . 1.1 2.« 229029 5.26 308873 2310370 229.029 308.873 . 

1.2 2.54 232389 5.33 331893 2482563 232.389 331.893 
1.3 2 .64 235717 5.41 355418 2658526 235.717 355.418 
1.4 2.7<4 238870 5.48 378942 2834489 238.87 378.942 
1.5 2.84 242022 5.56 403176 3015757 242.022 403.176 
1.6 2.94 244745 5.62 427489 3197615 244.745 427.489 
1.7 3.04 247236 5.68 452050 3381336 247.236 452.05 
1.8 3.14 249703 5.73 476986 3567853 249.703 476.986 
1.9 3.24 252028 5.79 501921 3754370 252.028 501.921 
2.0 3.34 254353 5.84 527380 39-44800 254.353 527.38 
2.1 3.44 256357 5.89 552896 4135665 256.357 552.896 
2.2 3.54 258189 5.93 578596 4327900 258.189 578.596 
2.3 3.64 259984 5.97 604571 4522189 259.99"4 6o.4.571 
2.4 3.74 261578 6 .01 630545 4716<479 261.578 630.545 
2.5 3.84 263172 6.o.4 656878 4913451 263.172 656.678 
2.6 3.9-4 26<&671 6.08 683251 5110720 264.671 683.251 
2.7 4.04 266119 6.11 709769 5309073 266.119 709.769 
2.8 4.14 267549 6.14 736504 5509051 267.549 736.504 
2.9 4.24 268880 6.17 763239 5709029 268.88 763.239 
3.0 4 .34 270210 6.20 790273 5911245 270.21 790.273 
3.1 4.44 271323 6.23 817341 6113710 271.323 817.341 
3.2 4.54 272321 6.25 844508 6316921 272.321 844.508 
3.3 4.64 273286 6.27 871825 6521251 273.286 871 .625 
3.4 4.74 274069 6.29 899142 6725581 274.069 899.142 
3.5 4.84 274853 6.31 926635 6931229 274.853 926.635 
3.6 4.94 275601 6 .33 954148 7137024 275.601 954.148 
3.7 5.04 276331 6 .34 981733 7343365 276.331 981 .733 
3.8 5.14 277061 6 .36 1009428 7550524 277.061 1009.43 
3.9 5.24 277748 6.38 1037124 7757684 277 .748 1037 .12 
4.0 5.34 278«1 6.39 1064975 7966010 278.44, 1064.97 

•• 
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Staff Elevation Surface Surface Basin Basin Surface Basin 
Gage AI ea Area Volume Volume Alea Volume 

:. (ft} (ft) (ft"2) (acres) (ft'l3} (gal} (E3 ftA2) (E3 ft' 3) 
' -
' - 4.1 5.« 279135 6.41 1092843 8174'465 279. 135 1 092.84 . 
' . 4.2 5.54 279829 6.42 11 20761 8383439 279.829 1120.78 
'· . 4.3 5.64 280523 6.« 1148823 8593192 280.523 1148.82 ·. 

4.4 5.74 281223 6 .46 11768f5.4 6802945 281.223 11 76.86 
i 4.5 5.84 281923 6.47 1205064 9013S76 281.923 1205.06 . 
l 
i 4.6 5.94 282627 6.49 1233280 9224938 282.627 1233.28 
;· 4.7 6.a. 283333 6.50 1261568 9436527 283.333 1261.57 i-

4.6 6 .14 284040 6.52 1289961 9648909 284.04 1289.96 
4 .9 6 .24 284752 6.54 1318354 986 1291 284.752 1318.35 
5.0 6 .34 285484 6.55 1346908 10074871 285.464 1346.91 
5.1 6 .'64 286180 6.57 1375479 10288585 286.18 1375.48 
5.2 6.54 286898 6.59 1404122 10502835 286.898 1404.12 
5.3 6.64 287617 6.60 1432873 10717692 287.617 1<t32.87 
5.4 6.74 288338 6.62 1461624 10932948 288.338 1461 .62 
5.5 6.84 289060 6.64 1490537 11149219 289 .06 1490.54 

' 5.6 6.94 289595 6.65 1519469 11365625 289.595 1519.47 
f 
f 5.7 7.04 290029 6.66 1548443 11582355 290.029 1548.44 
' 
' 
' ' 
' -
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Figure E~2a. Panorama looking north (a), clockwise through south (d) to north-northwest (g). 
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Dr. Robert Starr 
Lockheed Idaho Technologies Company 
PO Box 1625 
ldahO Falls, ID 83415 

Dear Or. Starr, 

U.S. DEPARTMEi'.IT OF COMMERCE 
National Ocaanle and Atmospheric Administ:Mttion 
ENVIRONt./IENTAL RESEARCH LABORATOrUES 

ARL Field Research Division 
1750 Foote Drive 
Idaho Falls. !D 83402·490 1 

October 25, 1994 

Attached is the final memo report describing our meteorological measurements fo·r and 
calculations of evaporation to support the 1994 Large Scale Aquifer Stress and 
Infiltration Test. The EG&G purchase order to us is# C94-170844. 

From our measurements and calculations, we detennined that appproxtmately 39 
inches of water ± 20% evaporated from the LST pond, while we measured input of 0.41 
inches precipitation to the pond. In the report we also suggest three activities to reduce 
uncertainty 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. 

Sincerely, 

f2 ~ 
C. Ray Dickson, Director 

•• 
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10-24-94 

Report of Precipitation Measurements and Evaporation Calculations 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 

Idaho Falls, Idaho 83402 

1. Equipment Description 

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 likelihood 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 Meteorological 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 to those used in the 
INEL Meteorological Measuring Network. The CR-10 produced a 5 minute average 
wind speed and accumulated precipitation totals in each five minute period. CR-10 
specifications are given in Exhibit 2. 

2. Installation and Checkout 

. 
Wind Speed equipment was installed on a 2 m tripod and the precipitation gage was 
placed on the ground on Friday July 15. The precipitation gage was bolted to a 1 ft 
square by 2 in thick concrete block and each wind tripod leg was bolted to a 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 . 

1 
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Standard NOAA/Air Resources Laboratory Physical and Safety Audit forms (Exhibit 3, 4 
pages} document the installation. 

The· equipment was located to the north-northwest of the l TS pond, and about 40. feet 
west-northwest of wells C02C11 and C02C12 (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 
typical desert vegetation and topography of the measuring site. 

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

3. Calibration Check and Teardown 
. 

Equipment calibration 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°1.i correction, in line with preinstallation 
corrections. Exhibit 6, Semiannual Calibration and Maintenance Form, documents. the 
result of the calibration checks . 

. 4 . Bench Calibration 

The precipitation gage calibration was also bench checked after teardown at NOANARL 
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 
between 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: 

July 31 
August 10 
August 10 
August 20 

0. 13 in corrected 
0.01 in 
0.02 in 

Total Precipitation 0.41 in corrected 

2 
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6. Evaporation Computations 

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

The relationship is given by 

where LE is the latent heat flux from a water surface 
a is the empirical Priestly and Taylor constant of value 1.26 (Stewart and Rouse 
1977) 
y 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) 
es is the saturation vapor pressure 
e 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 relative humidity to derive e and es (Lowe. 1977} 
were measured at the INEL Meteorological Measuring Network tower at RWMC. We 
assume the temperature and relative humidity at the two measuring stations should be 
very similar given the uniform desert surf ace from the LST pond to RWMC and the 
normal occurrence of at least light winds over the area. 

5 Day Average Total 
Averaging Daily 50ay 
Period E vaoorati2.rl Ev_aQOtation 

7/18-22 2.0 cm/d 3.90 in 
7123-27 1.5 2.95 
7/28-8/1 1.5 2.91 
8/2-6 1. 7 3.35 
8!7-11 1.8 3.64 
8/12-16 1.5 3.04 
8/17-21 1.6 3.13 
8/22-26 2.0 3.93 
8127-30 1. 7 3.27 
8/31-9/4 2.1 4.13 
9/5-9 1.6 3.62 
9/10-11 .. 1.1 0.89 .. two day period 

Total 7/18-9/11 38.76 in 

3 
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Evaporation was calculated 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 lists calculated evaporation. Calculated Average Daily Evaporation 
was rounded to the nearest 0.1 cm. Total 5 Day calculated Evaporation in inches is 
computed to three decimal places and rounded. 

These evaporation calculations compare within factors of two to three with actual 
evaporation pan measurements made at the U.S. Department of Agriculture Research 
Station at Kimberly, Idaho, about 95 miles to the southwest. The Kimberly location Is in 
an irrigated and hence more moist area than the INEL. Review of the Kimberly 
indicates that average wind speeds 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 95o/o 
confidence limits of 10 m wind speeds are reported to be± 10o/o and are 
independent of averaging time for times greater than one day (McMillan, 1973). 

Confidence limits of wind speeds at 2 m are likely to be wider than those at 10 m 
due to a larger effect of surf ace 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 froJn the LST pond rather than directly over the pond. 

8. Suggestions for Future 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 surf ace 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 
to calculate evaporation. 

4 

.. 



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

References: 

de Bruin. H.A.R .• 1978: A simple model for shallow lake evaporation. J. Appl. Meteor., 
17, 1132-1 134. 
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Sweers, H.E., 1976: A nomogram to estimate the heat-exchange coefficient at the air
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Exhi bit l 

5397 WIND SPEED SENSOR 

GENERAL INFORMATIOO 

The 53~Z Wim:I Speed SQClS.Qf uses a durable, 1hree·eup anemometer assembly and 
optical fink with a 8·slot chopper disk 10 p.·oduce a pulsed output whose frequency Is 
proportional to wind speed. An Internal heater reduces moisture for extended bearing 
life. This sensor is usually used In conjunction with the 191 Crossarm Assembly and 
a translator module, but may also .be used directly with a variety of data loggers . 

The S.ensor Cable has a quick·connect connector with vinyl Jacketed, shielded cable. 
Cable length is given in ·XX feel 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 

ei:rtormcoce Qhacar;terlsli~ 

Maximum Operatlng Range 
Starting Speed 
Calibrated Range 
Accuracy 

Temperature Range 
Response 

0-60 meters/ sec. or 0-1 25 mph 
.27 meters/sec or 0.6 mph 
0-50 meterS/sec or 0· 100 mph 
±1% or 0.15 mph, whichever Is 
greater 
-50°C to +85°C 
Distance constant less than 5 feel 
of flow" 

•The di$tance traveled by the air after a sharp-edged gust has occurred for tile anemometer 
to reach 63% of the new speed • 

Electrn.ar Cbaractertstic:s 

Power ftequlrements 
Output Signal 
Output Impedance 
Heater Power Requirement 

12V DC at 3.5 mA 
11 ·volt pulse 
100 ohms maximum; 
12V DC at 350 mA 

5397 ws 10190 
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2.0 

2. 1 

2.2 

2.3 

2.4 

2.5 

Pbysica! S::tl aracteclstlcs 

Weight 
Finish 
Mounting 
Cabling 

. 1.5 pounds 
Anodized aluminum 1 

Use with 191 Mounting Arm 
1953-XX Cable 
(XX is cable length In feet) 

a External heater assembly .for extreme low temperature operation. 
b. Ice Skirt for extreme Icing environments. 

INSTAUATION 

Mounl the cup assembly and secure with the alien head set screw, che<:k to see that the 
cup assembly rotates freely. 

Install the sensor In the end of the Model 191 Mounting Arm (the end without the 
bushing}. 

Tiohten the locking set screw. Do not cver-liatlten. Apply a small amount of silicone 
grease to set screws to prevent freezing in corrosive environments. 

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

Wiciaa . The cable assembly contains six wires. Typical wirinQ hookup is shown in 
Figure 2· 1. Four of the wires connect to the translator module, the other two wires 
are connected to the heater power supply. The heater power supply may be located in 
the translator or as part of an auxiriary power supply. (Refer lo system wiring 
diagram.) 

\ 

5397 WS 1 OJSIO 

·' 

• 



Exhibit 2 

CR10 MEASUREMENT ANO CONTROL MODULE OVERVIEW 

Campbell Scientific Inc. provide$ lflree documenrs 10 aid i11 undersranoin'] ~~;d operating 
the CR10; 

1. This Ovetvlew 
2. The CR10 Operator's Manual 
3. The CR10 Prompt Sheet 

This Overview lmroduces lhe CDnCepl3 required to lal<e advantag& of the CR 1o·s 
capabilities. Hands-on programming examples $tart in Section OV5. Working with a 
CR 10 will help the learning process, so don·t /u:u read the examples, do them. If you want 
to statt this minute, go ah&ad and tty lh6 examples, then come back and read the rest of 

theOveNfew. 

The s.x;tions of the Operator's ManJJSf which should be read to complete a basic 
understanding of the CR 10 operation are the Programming Sections 1·3, the portions of 
the data retrieval Sections 4 and 5 appropriate to the method(s) you are using (see OV6), 
and Section 14 which cove~ installation and maintenance. 

Section 6 covers details of serial communications. Secti011s 7 ttnd a conwn . 
programming examp/4$. Sections 9-12 have detailed descriptions Q/ each programming· 
instruction, and Section 13 fJOIJS Into derail on the CR 10 measurement procedures. 

The Prompt Sheet Is an abbreviated description of the programming in$lr/Jctions. Once 
familiar with the CR 10, It Is possible to program It using only the Prompt Sheet as a 
refertllJCa, conSlJiting the manual II further detail is needed. 

Read the Selected Oparating Details and Cau11on;uy Notes at the fr0nt of the Manval 
before using the CR10. 

OV1. PHYSICAL DESCRIPTION 

The CR10 Is a fully programmable 

• The power supply is external to 1he CR to. 

datalogger /controller In a small, rugged, sealed 
module. Programming la very slmiar to 
Campbell Scienrlflc's 21 X and CR7 dataloggel'$. 
Some fundamental physical differences are listed 
below. 

• The CR10 does noc have an Integral 
keyboard/display. The user accesses the 
CR 10 with the portable CR1 OKO Keyboard 
Display or with a computer 01 terminal 
(Section OV2). 

The CR10 does not have an Integral tennlnal 
strip. A removable wirlng pane. the CRtOWP 
(Figure OV'. t • l) performs this function and 
attaches to the two 0-type connectot-s 
located at the enct of the module • 

. ' 

. . . ..,. . . . 

This gives the user a wide range ol options 
(Section 14) for powerlno the CR 10. 

OVl.1 WIRING PAHEl. ·MODEL CR10WP 

The CRlOWP Wiring Panel and CR10 data!ogger 
make electrical contact through the two D·type 
connectors at the Qeft) end of the CR 1 o. 

The Wiring Panel contains a g..pin Serial 1/0 port 
used when communicating with the dataJogger 
and provides terminals for connectbig sensor, 
control, and power leads to the CR10. II also 
provlc:les transient protection and reverse polarity 
protection. Figure OV1.1-2 shows the panel and 
the Instructions used to access the various 
terminals. 

OV-1 
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CA 10 OVERVIEW 

Cft10WP WIRING PANtl. SRACl<ET 

' 

P/N 4107 

FIGURE OV1.1·1. CR10 and Wltlng Panel 

ov1.1.1 ANALOG 1NPUTS 

· The terminals labelec.: 1H to 6L are analog inputs. 
These numbers rel..r to the high and low lnpvtS 
to the differen:;:.; channels 1 through 6. In a 
differential measurement. the voltage on the H 
Input is measured with respect to the V<lltage on 
the L input When making single-ended 
measurements. either the H or L Input may be 
used as an independent channel to measure 
voltage with respect to the CR10 analog ground 
(AG). The slngi&-ended channels are numbered 
sequentially starting with 1 H; e.g., the H and l 
sides ot differential channel 1 are Slngl4Hnded 
channels t and 2; the H and L sides of dlfferentlal 
channel 2 are singl...ended cha . __ _. 3 and ~. 
etc. The singltHnded channel numbers do NOT 
appear on the panel. 

OV1.1.2 SWITCHED EXCITATION OUTPUTS 

The tennlnals labeled E1. E2, and E3 are 
precision, switched excitation outputs used to 
supply programmable excitation voltages for 

·' 
OV-2 

resistive bridge measurements. !JC or AC 
excitation at vottages between ·2500 mV and 
~ 2500 mV are lJSe( programmable (Section 9). 

OV1.1.3 PULSE INPUTS 

The terminals labeled P1 and P2 are the pulse 
counter inputs for the CR10. Th&y are 
programmable for swttch dosure, high frequency 
pulse or low level AC (~Ion 9, Instruction 3). 

OV1.1.4 DIGITAL 1/0 PORlS 

TermJnals C1 through C8 are digital Input/Output 
ports. On pow8f'-op they are conflQured as Input 
ports. commonly used for reading the status of 
an external signal. High and low conditions are: 
3V < high < s.sv: -0.sv < low < o.av. 

Configured as outpUts the ports allow oo/ otf 
control of external deviees. A polt can be set 
high (5V± 0.1V), set low {<0.1V), toggled or 
"pulsed {Sections 3, 8.3, and 12). 

• 
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CR10 OVERVIEW 

SDllAL 1/0 

al'GCbt r .. !l4oeld!1 - &dlatJOll (),tpit 
Ttl~m~ 

lnfut,,,.lput IMWctloM 
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~-- - it.low) M (T~ Slo 1199 llllldul .. l'rtlW) 
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.1 AHAL::IO fl~ 
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AGURE OV1.1-2. CA 10 Wiring Panel/lnstructlon Acces1 

OV1.1.5 ANALOG GROUND (AG) 

The AG terminals are analog groundt , used as 
the reference for slngie-ended measurements 
and excitation return. 

ov1. 1.a 12V AND POWER GROUND (G) 
TERMINALS 

The t2V and power ground (G) temilnals are 
u::ied to supply 12V DC power to the datalogger. 
The extra 12V and G terminals can be used to 
connect other devices requiring t2V power. 

The G terminals are also used to tie cable shields 
to ground, and to provide a ground reference. fOf 

•• 

pulse counters and binary Inputs. For protection 
agalnlt transient voltage spikes, power ground 
should b .,nected to a good earth ground 
(Se<:tlon 14.3.1 ) • . 

OV1.1.7 5VOUTPUTS 

The two SV (±0.2%) outputs are commonly used 
to power periphetals such as thi! 001 
lnc;rernental Encoder Interface, AVWt or AW/4 
Vibrating Wire Interface. 

The 5V outputs are common with pln 1 on the 9 
pin s.erlal connecior; 200 mA Is the maximum 
combined output 

OV-3 
.. ' ................................................. . 
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CR10 OVERVIEW 

. ov1.1.a SERIAL 1/0 
The 9 plo serial 1/0 port contains lines for seria! 
communication between the CR10 and extemat 
d8\llces sueh as computeni. printers, Storage 
Modules. etc. This port does NOT haw the 
same configuration as the 9 pin sertal ports 
currently used on many petSOnal computers. 
It has a 5VOC power line whleh Is used to power 
peripherals such as the SM192 or SM716 
Storage Module ct the OC112 Phone Modem. 
The same 5VDC supply ls used for the 5V 
outputs on the lower terminal strip. Section 6 
contains technical details on serial 
communlcallon. 

ov1.2 CONNECTING POWER TO THE CR10 

The CR10 can be powered by any 12VCC 
source. First connect ihe posillve lead from the 
power supply to one of the t2V terminals and 
then connect the negatllle lead to one of the 
power ground (G) terminals. The Wiring Panel 
power cormectton Is reverse polarity protected. 
See Section 14 for details on power supply 
connections. 

CAUTION: The metal surfaces of the 
CR10, CR 1 OWP Wiring Panel, and 
CR10KD Keyboard Display are at the 
same potential as power ground. To 
aV('Jid shorting 12 voits to ground, 
connect the 12 VOit lead flrst, then 
connect the ground lead. 

OV2. MEMORY ANO PROGRAMMING 
CONCEPTS 
The CR 1 o must be programmed before It wlll 
make any measurements. A program consists rA 
a group of lnstructlOns entered Into a program 
table. The program table Is given an execution 
Interval which detennlnes how fretjuenlty that 
table Js executed. When the tal:>le Is mcecuted • 
tti. Instructions are executed In sequence from 
beginning to end. After executing the table, the 
CR 1 O waits the remalnd&r of the execution 
Interval and then executes the table again 
startlno at the beginning. 

The Interval at which the table Is executed 
generally detennlnes the 1nt...-al at wtilch the 
sensors ara measured. The Interval at which 
data are stOl'ed Is separate from how often the 
table Is executed. and may range from samples 

•• 
OV-4 

'11/&ry execution Interval to processed summa.rtes 
outpUt hourly, daily. or on longer or Irregular 
Intervals. 

Figure OV2. 1-1 repments the measurement. 
processing, and data $torage sequence. and the 
types of i0$truCtlons used to accomplish these 
tasks. 

OV2.1 INTERNAL MEMORY 

The CR10 has 64K bytes of Aandooi Access 
Memory {RAM). dMded Into five areas. The use 
of the Input. Intermediate, and Final Storage In 
the measurement and data processing sequence 
Is shown In Figure OV2.1·1. While the total sae 
at these three areas remains constant. memory 
may be reallocated between the areas to 
accommodate different measurement and 
processing needs ("'A Mode. Section 1.5). The 
size of the 2 additional memory areas. system 
and program. ara flxad. The fNa areas of RAM · 
are; 

1. Input Stor11ge - Input Storage holds the 
results of measurements or calculatlons. Tha 
"6 Mode ls used to view input Storage 
locations for checking current sensor 
raacllngs or calculated values. Input Storage 
defaults to 28 locations.. Additional 1oca1ions 
can be asatgned using the *A Mode (Section 
1.5). 

.2. lntennedla1• Storage - Certain Procassing 
Instructions and most of the Output 
Processing Instructions maintain 
Intermediate results in Intermediate Storage. 
Intermediate storage is automatically 
aeol$Sed by !ha Instructions and can11ot be 
accessed by the US8f'. The default allocation 
ls 64 locations.. The number of locations can 
be changed uslng the "A Mode. 

3. Anal Storage - F!f'l81 processed values are 
stored h8f9 for transfer to printer. tape. solld 
state Storage Module or for retrleYal via 
telecommunlcatlon links.. Values are stored 
In Anal Storage only by the Output 
Processing Instructions af1d only vmen the 
Output Flag ls set in the users program. 
Approxlmately 29,900 locations are allocated 
to Anal Storage on power up. This number 
Is reduced Jf Input or lmennedlate Storage ls 
Increased. 
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~rpe;t. _,7?2S"S> f 111.JF''-Tlt-ATroP 2 €SJ 

DATE BY Ex~ ibit 3 
I .IV e" t.4 I\.« t!"- '°'~ "-'6 - -
LOCAT ION 1- s r 

---..-~~~~~~ 

SiTf, C.P P!;ARANC~ 

I 
) • 
I • 

' ls t.he site clean of weeds and rubb ish within a SO ' ! L • l . 

r ad ius of a 11 ouv wires and towe r bases? I • 
• l 

t 2. I • there fence enclosing the tower and guy wires? l iS a • 
!f ves indicate what and • • 1 • . . 

' f tyoe now 'a I . I • 
i l 3. l Are t he re ba rb wire strands on t op of t he , ., 
! rence. 

of I I If yes indi cate how many and draw an elevat ion sketch I 
j the Fence and tower. : 
I , 
i 

I 
• 

4. I Is the • • aood condit ion? i ! renc: 1n • - I I I f no indicate whv. I ! 
• - I ls there • • , 

vandalism? • 
~- eviaence or 

• • I • , j Were a 11 ga tes and cl imb preven tion door s 1ocked ar.d I o. 
I . secure? I 
! 

I 
I 

! 7 . Is there ant i -cl imo protection instal l ed at 1 east S' I 
• 

above the 1 ast gxterna l projectile? • 
' 

s. !nd'\ cate wh at type of fa ll protect ion • place . I 15 in 
(cable or rc:i 1) I ' 

I 
i 

I I 9. If cabi e fa)l pro tecti on used, th e ' ·' I ( a l s 1 s Sl'lOCi< 

! absor be r in good cond i ti on ? 
' 

NOTES: 

" . . ' 
·' . 
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6-3-92 

MESONET PHYSICAL AND SAFETY AUDIT CHECKLIST 

WIND DIRECTION AND SPEED 

DATE BY ID# /..ST LOCATION~A"-~4"'"~Sc<11'-e" 
AOt:l•I" rtt. rl'rr ----

ELEMENT DESIRE OR STANDARD ACTUAL 

l. Height AGL te !ft• ~9" fi(l!~'Z M ,4.1~"' T'&f Yz. II , 

2. Boom Orientation NW-SE 
·~.,.....) '1 3 z• IS"L• T/l.t.16 

( 1r•°r V"'IAl ... ,...•P) 

3. Boom Length >2X Tower Face 
"1 /A >t "u µ T1 o 4 'rD ,... 
TAIP"'P 

4. Boom condition Secure . 

Straight: 

·' 

• • •••• , .. " ' ' "" •• •• t • ' ' '" , ... ••• ' ' ' ' 
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MESONET PHYSICAL AND SAFETY AUDIT CHECKLIST 

RAINGAGE 

IO# t. ST LOCATION L..QIC.Ct~ ~c4'-t!!' 
A<;iu ' F~flt. r1rsr 

DATE BY-----

ELEMENT 
• I DESIRE OR STANDARD ACTUAL 

l. 

2. 
. 

3 • 

4. 

5. 

6. 

Ground Surf ace 

Foundation 

Opening Diameter 

Horizontal Opening 

Hei ght Above 
Foundation 

Height AGL 

7. Distance to Tower 

8. 

9. 

10 

Distance to Nearest 
Obstruction 

Foundation condition 
Cracks or chips 
Settling 
Erosion 
Bolts tight and 
corrosion free 

conduit 

·' 

Natural Vegetation 
or Gravel 

concrete 

Horizontal 

30 cm (12 in} min 

30 cm {12 in) mi n 

> 2x Obstruction 
Height · 

Separate signal 
and electrical 
Solid 
Connectors 

• 

e ,, 

I 

. . 

, . 

,410 Co,p Du '.,- f 
TE~Po 11'>'.srA4."11trT· ,..- , 
/VO po- 6'/C A-S ,;.lo 
l'fe11tr ftt!"~.,,~1111.::>, 



OATE t- is -'I~ 

' ·s- Al' \.. ! J ~ 

.. 



' Exhibit 4a J - - -p -- EOINllM -.. B ,,. ..... 
/ ..... 

/ ' 0 / ...... 
...... / OllClt Ml , c 

/ COICl2 NI 
COICU JU 

\. / 
I \ 

N; \ 

I \ D 

I \ 

I \ 
I ·. 

EJIH~A-I l!H II• KCllC'IV. 
EOCNlllJ ·. lllCllCll f E i Al~ M.IC11Cll 

111.CllCU 
.!: 
' I I . 
i 

\ I ;: 

' =· \ I • . 
\ 

IF ; 

-~ 
L \ ·. 

I ' . 
:. \ I 
'· ' / 

' / 
K' / G 

" / 

' / ...... 1!09NllA 1K / ..... l!OINllU .,.. 
H - -J - - .. --

I 

• 180' - proC>e - (4• .,...:) (N) 

• 180' nellln>n l!foOe wefl9 (4" SUlef) (N) 

• 13S' bldclilleO hOles (4' open llOie) (F} 

~ 0 Clusb!r of 3 wellt, alt atJow 180' (C} 8 < 4• P'YC. pendiv test or SolonitQ 
"' 

O.Olllr of ~ wells, - below 1lle (C) 
intertled (Jl'l!ldirv ~uil>le melhocl) 

300tt 
~ Ack« llolM to 13S' • 180' (I' .,....c;) (A) 

¢ Open I« pacl<en (f) 

• Aq\Me< _. (Q) 

. ' 
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Exhibit 6 
APPENDIX 14-2 SEMIANNUAL CALIBRATION AND MAINTENANCE FORM 

Date Start (1 - I t - 'l '/ ___ _..._....._...__ Date End ·j: - 1 ;... • -, '/ 

System R in S Time Start Time End 

Wind Pir~ction ~alibration - t2P ot tall -towers 

Old' serial# New serial# 
Win~~k translator serial# 

1. Chec~orientation on known~-p-0~1-n~t-.-..,,c~o-r-rect if off, 
Old va1·~ corrected to -----

2. This tesb,_will check that the torque is within the .11 oz.in. spec. 
3. R8l!love wind vane and check torque with calibration counterweight. If 

torque in w~nd direction unit is qreat 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. Usinq linearity plate, set 
the wind vane at lSO 'deqrees. Then step through •o, 45, 90, 135, 
225, 270, 315, *360 degrees. Actual values should be within ± 5 
degrees. '·-. 

180 ,- 225 •,, 270 315 
.-

•360 / 
' -

.,---...-.,-* .O' and 360 
-

,' 

•o __ .,,.....~ 
only valid. 

45 90 ---
on Wintek system. 

135 

Checked OK ~-~----- Replaced unit -------~~ 

5. If unit is replaced reorient to known point. 

Wind Direction Calibi:ation 10/ 15 meters 
. 

Old serial# ~~ · ':>" / New serialt 
Wintek translator serial#~....,. ..... --~~--~ 

l. Check orientation on known point. correct if off. 
Old value Corrected to 

2. This test will check that the torque is within the .ll oz.in. spec. 
3. Remove wind vane and check torque with calibration counterweight. If 

torque in wind direction unit is great enough to lift counterweight 
past vertical then replace unit. Make this cheek 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 • o , 45, 90, 135, 
225, 270, 315, *360 degrees. Actual values should be within ± 5 
degrees. 

180 225 270 315 
' 

*360 •o 45 90 135 ---

* o and 360 only valid on Wintek system. 
(Ip,.,- ltAO /!i.'tofc €1U /µTIS1t,tvl9t.. 

Checked OK Replaced unit &iiEd12. e,o /P6'4 01= ~rts..., 
P/'f, <- ""/'l-e o e c ~ l't- GJO. /I~~ s. If unit is replaced reorient to known point. 

p , A. tF e rcw.., ,t>~ r~ l#ICl<I f'6A,..~LC 

,, 
• 
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. 
Hing §~~eg Calibrati2n - Tgp of tall tow§r 

Old s~ial# New serialt 
Wintek't-: nslator serial# 

1. This test l check that_,..t~h-e__,..t-o_r_qu~e-..ls within the ,003 oz.in. 
~ spec. ~ · .. 

2. Re~ove cups and ·c ·· ck torque with calibration counterweight. 
If torque in wind spe~~t is great enough to lift weight past 
vertical then replace uni~."'Ma.ke this check with unit in horizontal 
position. ~. 
Checked OK Replaced unit 

Wied Spetd Qalibtati2n 10/15 metex§ 

Old serial# .3:~~ New serial# 
Wintek translator serial# 

1. This test will check that_,.th.,....e_,.t_o_r_qu~e is within the .ooJ oz.in. 
spec. 

2. Remove cups and check torque with calibrati on counterweight. 
rt torque in wind speed unit is great enough to lift weight past 
vertical then replace unit. Make this check with unit in horizontal 
position. r 

Checked OK ~ / Replaced unit~~~--~-

?emperatu;e Calibration - TQR of tall towers 

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

Thermometer ... Keypad 
Wintek translator serl.al# ~------~~ 
Difference (Thermometer - Keypad} 

tgmpgr~tyre ColibJ::otion 1Q(15 matt's 

Clip calibration thermo~eter to intake of asperator and compare 
reading to keypad reading. Average reading for 5 =in. Replace 
if error is greater than ± 1 degree c. 

Thermometer Xeypad 
Wintek translator serial# ------
Difference (Thermometer - ~eypad) 

Tenmgraty'e CAlipr~i9D a mete'a 

Clip calibration thermometer to intake of asperator and coMpare 
reading to keypad reading. Average reading for 5 min. Replace 
if error is greater than ± l degree c. Replace if delta T for 
lower level is± .l degree C different than delta T at upper 
levels. 
Thermometer Keypad ~~~~~~ 

Dif!erence (Thermometer - Keypad) 

•• 
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U.8. DElllAATMElllT OF COMMERCS 
lh&ion•( Oc•••lc •ml Aamo.,...,.ic ~tion 
ENVIRONfo'!ENTAL AYEAFQi LA&OAATOR/i.& 

ARL Fleld ~esearch Oiv!$ion 
1150 Fool• Drive 
Idaho Falls, ID 8$402·4901 

Februaty 6, 1995 

Or. Robert Starr 
Lockheed Idaho Technologies Company 
P 0Box1625 
Idaho Falls, 10 83415 

Dear Bob, 

Thanks for alerting me to the confusion caused by the evaporation table in the October 
25, 1994 memo repcrt for the Large Scale Aquifer Stress and Infiltration Test 

This memo addresses two points which I should have made dear; 

1. 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 lhe 
report. 

2. Computations were made of evaporation to Include those dates and times. AA 
error was made in preparing the report evaporation table in that the last complete 
midnight to midnight day was August 11, however computations were continued 
to noon on the 12th to complete the noon.to-noon computation, thus matching 
the noon July 18 start dat91time. 

tncJuded 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 neon 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 follows: 

July 31 
August 10 
August 10 
August20 

7 pm through 8:25 pm 
9:05 pm through 9:10 pm 
11 :55 pm through midnight 
5:25 pm through 6:40 pm 

Note that all times are MOT . 

. ' 

0.13 inches 
0 .. 01 inches 
0.02 inches 
0.25 inches 



. Station L. ST Date "L't.f 'i''f 
B,a~n Gage ~alib~ation 

Seri al# 

1. Rel!love and clean tipping bucket. 
2. Wet down funnel. Reinstall funnel. -
3. Measure ~o ml of water into drip bottle. 1so-o,../ 
4. Drip at a rate no faster than l tip/30sec into funnel. Al low 10 tips 

to occur. 
5. Stop flow of water and measure remaining liquid. 
6. Measured amount should be between 34.7 and 54.7ml. Check bucket 

and ffx if incorrect amount. 
Number of tips. --· __ l ..... c...,._? ------ -

f 1 f ;;J. ~ I ~ e:;. :rz - I u.S £(;> Amount o water e t __ tJ::;....._._,_= ________ -:r~--

*' Note: This test checks the tipping bucket calibr ation of 185.3 ml per 
.1 inches of precipitation/ (1t.."G4c; e ). 

Relatiy!: Humigity C~J. ,i.bratio.n 

Old serial# __________ _ New serial# 

Systell! RH ~-~---
bul b) -· 

Actual RH ----· (as based on dry bulb and wet 

- . 

OB WB 

Replace if greater than ± 5t error. 

Barometri~ ~ali~~ation • 

Old serial#_......._~~~---- New serialf __________ __ 

system value Actual value 

Replace if off by± . 043 inches of mercury. 

comments; F"-<.J.,, e>"' t;44e;; t!J, t "X 7r{'+1 .. )-zp.S"l"'-1,.,)(t. $<f "'j/, ... )~: &Z,J f'e::c.. 

;;. /, IL/ 'f o.<t. + ' "'· 'f /o ,:;., ,,_~~.::.rr .. ;GI 

ae_.cH r.::::'rr; /fo,...f "/"~1L1<1~<-~-:=" r"'·'- ,.,/«>t!'p 
et.7?-

?- . " ::: I . I " ":f ,,, 11-
§igpatures; 

ET performing maintenance 
_ .. /;~ 

r . ' . .,;. / ,;. 
· -•--===ierk e; Date 

0 l -· 
Engineer reviewing report Date· 

' 
QAO • • · reviewi ng report .. Date 

" 

•. 
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LST Computed Evaporation Table: Corrected Computation Dates 

5 Day Average Total 
Averaging Daily 5Day 
Eedod# cvaporatioo EvaRQratioo 

7/18-22 2.0 cm/d 3.90 in 
7123--27 1.5 2 .95 
7128-8/1 1.5 2.91 
812"'6 1.7 3.35 
817- 11 1.8 3,64 
8/12-16 1.5 3.04 
8/17-21 1.6 3.13 
8122-26 2.0 3.93 
8127-31 1.7 3.27 
911-915 2.1 4.13 
916-10 1.8 3.62 
s111-1r 1.1 0.89 • two day period 

Total 711 8-9/12 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 H. George 

. ' 

TOTAL P.03 
.. ... ' .. ... .. '' ............. . '"' .. 
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Appendix F 

Calculation of Infiltration Rates 
from Hydrograph Falling Limbs 



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 to Falling Limb 1. The first column contains the line segment 
label. The second contBins the serial time computed by the spreadsheet for the beginning and 
ending times of the falling limb, and the duration of tbe 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 eighth column contains the surface areas of 
water in the basin at the specified st~, and the average o( the two areas. The next two 
columns contain the evaporation rate in different uajts, 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 fifteenth contains the difference in the two volumes. Note 
that this corresponds to the negative of the delta basin volume value (AV) in Equations 1 and z. 
The sixteenth column contains tbe volume of wate.r 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 16) divided by the duration of the falling limb 
(Column 2), with the appropriate units conversions. 

F-3 
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Une 
$egmeol 

1 

3 

4 . 

Sa 

Sb 

Sc 

Sd 

Se 

6 

7 

8 

Se!1a1 
111118 
(days) 

34542Jl6 
34043.13 

0 .47 

34545.13 
34545.60 

0.47 

~-a2 
~-42 

0.60 

34546.65 
34548.84 

2.19 

34548.84 
34.551 .03 

2.19 

34551.03 
34553.22 

2.19 

34553.22 
34555.40 

2.19 

34555.50 
34557.55 

2.05 

34559.59 
34560.30 

0.71 

~.67 
34561.53 

0 .86 

34561 .77 
345112.42 

0 .65 

Month 0..,. Hour Minute 

7 27 ts 45 
7 2fl 3 0 

7 30 3 5 
7 30 14 20 

7 30 19 40 
7 31 10 5 

7 31 15 40 
8 2 20 10 

8 2 20 10 
8 s 0 40 

8 s 0 40 
8 7 5 10 

8 7 5 10 
8 9 9 41 

e 9 12 2 
8 11 13 9 

8 13 14 11 
8 14 7 11 

8 14 15 59 
8 15 12 44 

8 15 16 29 
a 16 9 59 

Elltimated Surface Evaporation 
Stage Area Rm> Rste 
(fftt) (ll-'3) (cmfd) [«Vd) 

3.98 278302 1.50 0.590 
3.llO 277061 

2n662 

• .16 279551 1.-48 0.582 
3.98 Z78302 

Z11927 

4.34 280603 1.48 0.582 
-4.10 279135 

219969 

4.-46 281713 1.51 0.596 
3.57 Z7S3n 

278546 

3.56 275302 1.70 0.670 
2.62 211737 

243520 

2.62 211737 1.70 0.670 
1.71 247483 

229610 

1.70 247236 1.83 0.720 
0.90 222573 

23-4905 

0 .84 220706 1.85 0.728 
0 .16 197531 

209119 

4 .21 2'79896 1.54 0.606 
3.88 277611 

278755 

4.29 280454 1.54 0.608 
3.88 277611 

279033 

4.22 279968 1.54 0.606 
3.90 2m48 

27886e 

.,. ,. ""'""""''·"' '' 

Precipit31ion Basin Delta lnfil. lnftltnllio<I 
Volume Quantity V<*.rne Volume VC!Nme Volume Rale Rate 

(11•3) (In) (ft"3) (11"3) (lt'3) (ftA3) (lt'31d} (gpm) 

6400 j~ '499n 43577 92965 482 
1009426 

6341 1109606 50201 43600 93568 486 
1059405 

8157 1160009 67196 59039 96265 511) 
1092843 

30250 0.13 30\8 1199424 253530 226296 103442 !)37 

945894 

29745 943143 25007-4 230129 105194 5-46 
683269 

28046 6832!59 22872.5 200079 91732 476 
454544 

30654 452050 188467 157613 7204() 374 
263583 

2.S953 0.03 523 250666 142364 116923 57133 297 
108302 

10004 1123585 92000 81996 115759 001 
1031585 

12223 11"6019 < 1-4434 102211 116220 614 
1031565 

9125 1126389 69265 80140 12400! 644 
1037124 



Une Serial Month Oay HOl!r Minllle Es!imated Surlaee EvapOl'8!ion Preciphtion Baslll o• lnfit fnliltratlon 
Segment rrne Stage Area Rate Rare Volume Ql.lilfdy Volume Volume V®me Volume Rate Rate 

(day$) (fee(} (ftA3) (cm'd) (Wd) (11•3) (lr1) (n.•3) {11•3) (ft"3) (!t"3) (ft•31d} (gpm) 

~ 9 34562.5'9 8 18 1<4 14 4.18 279e90 1.S4 0.606 11018 1115193 106534 97516 124821 646 
34063.37 8 17 8 59 3.79 276988 1006659 

0 .76 278339 

10 34563.62 8 17 14 59 421 279896 1.59 0.62E> 4100 112'3585 39102 35002 124453 646 
34563.91 8 17 21 44 4-07 27FNZT 1084483 

0 .26 279413 

11 34564.06 8 18 1 29 4.30 280523 1.S9 0.626 10 170 1148623 949ell 84818 1Z1530 631 
34564.76 8 18 16 14 3.96 278164 1053835 

0.70 2793+4 

12 34565.04 8 19 0 S9 437 281013 1.59 0.626 1E985 1168452 156254 139269 119374 62) 
34566.21 8 2.0 4 59 3.81 277130 101 2196 

1.17 279072 

13 345156.63 8 20 15 14 4.48 261783 1.59 0.626 15670 0 .25 5833 1199424 145569 135752 1265:2S 657 
34567.71 8 21 !6 59 3.96 276164 1053835 

1.07 279974 

14 34567.86 8 21 20 44 4 .18 VfJf!IXJ 1.59 0.626 4330 1115193 78069 &fT39 12f7:16 632 
34566.44 8 22 10 29 3.$1() 2m46 1037124 

0.57 278719 

15 34566.66 8 22 \5 44 4.:n 279698 2.00 0.7e5 13495 tt23565 105846 92353 124871 648 
34569.40 8 23 9 29 3.83 Xll"l.67 101m1 

0.74 278583 

16 3456910 8 23 16 44 <l.31 280593 2 .00 0 .786 14859 1151627 1117 18 96859 119211 619 
34570.51 8 24 12 14 3.91 277817 1039909 

0.81 279205 

17 34510.n 8 2<I 18 29 <1.31 280593 2.00 0.786 13910 1151627 106146 92ZJ8 121299 63() 

34571.53 8 25 12 44 3.93 2n956 1045479 
0.78 279275 

18 34571.78 8 25 18 44 4.28 280.'.l84 2.00 0.788 1J901 1143215 103306 89405 117573 810 
34572.54 8 2e 12 59 3.91 W817 10~ 

0.76 279101 

19 3<15n .ao 8 '2e 19 14 4.27 280315 1.97 o.ns 13706 114041() 103286 69578 117001 611 
34573.56 & Z1 13 29 3.90 Z17748 1037124 

0.76 279032 



~ 

Urie 
Segment 

20 

21 

Z2 

23 

24 • 

24b 

24<: 

24d 

TOTA.LS; 
(lt3) 
{gal) 

(1!>'6 gal) 

Serial 
Time 
(days) 

34573.62 
34574.31 

0 .49 

34574.81 
34575.33 

o.n 
34575.55 
34578.33 

0 .78 

~8.55 

34576.66 
0.10 

34578.n 
34576.93 

2.18 

34576.93 
34581 .10 

2 .16 

34561.10 
34563.26 

2 .16 

34583.26 
34585 . .C 

2.16 

.... ' .. .. 

Malilh Day HC</r Minute Estimated Surface 
Sta.ge Aln 
(fee() (lt'3) 

a 'l1 19 44 4.2& 280384 
a 28 7 29 4.05 278788 

279586 

a 23 14 44 4.52 282064 
8 29 ., 59 4.16 2795S1 

280008 

8 29 13 14 4 .4f 281293 
8 30 7 59 4.02 278560 

Z7W37 

a 30 13 14 4.38 281083 
8 30 15 44 4.34 280803 

280943 

8 30 18 29 4.50 281923 
9 1 22 25 3.53 2751J77 

276500 

9 1 22 25 3.52 275001 
9 4 2 21 2.53 263622 

269312 

9 4 2 21 2.51 263322 
9 6 6 17 1.69 246967 

255155 

9 6 6 17 1.70 247236 
9 8 10 14 0.93 222889 

235063 

" . . .. .... ... . .. . .. ...... . .... .. . 

Evapomioll 
Rate Rate 

(cinld) (ln/d) 

1.66 0.654 

1.tl6 0.654 

1 .66 0.654 

t .tl6 0.654 

1.75 0.6S9 

2.10 0.826 

2.10 0.826 

1.67 0.735 

VoMnll 
(11"'3) 

7.SO 

ttooo 

11919 

1595 

34580 

4011 7 

36006 

31166 

509096 
3806551 

3.81 

PTecipftatian 
Quantlly Volume 

(in) (ft'J) 

9373 
70121 

0.07 

Basin 
VQ4ume 
(ft•J) 

1~432f5 
1076909 

1210707 
110960G 

11796&4 
t070!>4G 

1171256 
1160039 

1205()6.I 
934889 

932138 
664790 

659515 
449594 

452050 
26.5843 

Del1ll 
Vl>4ume 
(11"3) 

64306 

101101 

109135 

11217 

270175 

Z67348 

209921 

186207 

lnlll. 
Vol\Jme 
(lt'3) 

56846 

90101 

g1216 

9622 

235595 

227231 

171913 

155041 

3406562 
25499450 

25.50 

lnlilttation 
Rate Rate 

(ft' lid) (gpm) 

118111 603 

125358 651 

12<!430 646 

92372 479 

108867 5e5 

105002 545 

79440 41 2 

71644 m 
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Appendix G 

Calculation of Infiltration Rate 
Estimates for Rising Limbs 

G-1 

... , 



line Serial Moolti 02')' HO\JI' Minllle Estlmaled ~ Evapomlclo lnflllrallon 
Sf.gment rune Stage Area Rate voruin. Estlm<ll& Volume 

(~) (feel) (ft-'3) (cmld) (ln/<l) (ft"3) (gpm} (11'3fd) (11"3) 

0-1• 34540.84 7 25 20 13 0 .51 210846 1.50 0.590 !':1117 365 70182 31689 
' 34541.29 7 2tl 7 3 1.SO 242022 

0.45 226434 

0-1b 3-4541.29 1 26 7 4 I .SO 242022 1.50 0.590 4858 411 79110 31150 
34541.69 7 26 16 31 2.29 259605 

0.39 250913 

0-tc 34541.76 7 26 18 20 2.36 260941 1.50 0.590 5684 456 8Tn5 3eo75 
34542.20 7 v 4 ~ 3 .15 271822 

0.43 266381 

0-ld 34542.20 7 ZT 4 50 3.H!i 27192:2 1.50 0.590 6105 496 95780 43234 
34542.65 7 27 15 40 3.97 278233 

0.45 21StJn 

1·2 345<43.13 7 28 3 5 3.79 276968 1.49 0.585 13992 520 100033 103159 
34544.16 7 29 3 50 4.19 Zlf1760 

1.00 178374 

2 34544.16 7 29 3 55 4.14 279413 1.48 0.582 8266 523 100766 61579 
34544.n 7 29 18 35 3.99 2783n 

0.61 278893 

2-3 34544.78 7 29 18 40 4,04 276719 1.48 0.582 4700 525 101084 3'5099 
34545.13 7 30 3 0 4.15 279482 

0 .35 279100 

3-4 34545.'50 7 30 14 25 3.97 278233 1.48 0.582 2918 5.28 101614 21B75 
34$45.82 1 30 19 35 4.33 280733 

0 .22 279483 

4-5 34546.43 7 31 10 15 4.10 279135 1.48 0.582 3019 535 103007 22860 
34$46.65 7 31 15 35 4A8 281783 

0.22 280459 

S.6a 34557.72 8 II 17 21 0.67 215593 1.85 0.728 4503 349 67152 21918 
34566.05 8 12 1 11 1.41 ?..39185 

0 .33 227389 

5-6!> 34558.06 8 12 I 26 1.43 239615 1.81 0.714 7459 42& 62089 41044 
34556.56 6 12 13 :26 2.42 ~1897 

0.50 2ti0856 



" .. .. .. '"' ..... ' "" " 

Line Serial Month Oay Hoor Minute E$tllmted Su-me Evaporation lnflltratlon 
$egm(!!ll T1me Stage Aree Rate V00me E~e Vol\Jrne 

(days) (feel) (11"3} (cm/d) (infd') (ft-'3) (gpm) (11"3/d) (ft•3) 

5.f)c; 34558.57 a 12 13 41 2 .45 262375 1.54 0.608 6648 510 96226 48091 
' 34559.06 a 13 f 26 3.32 273443 

0.49 267909 

s.&I 34559.07 a 13 I 41 3 .34 273599 1.54 0.608 7157 588 113140 57749 
34559.58 6 13 13 56 4 .21 279!196 

0.51 276749 

$.1 34560.31 8 14 1 26 3.88 277611 1,54 0.006 4888 614 11&188 AI0674 
34560.86 8 14 15 44 427 280315 

0.3S 278963 

7-IJ ~1.56 8 15 13 29 3 .90 2m4B l.54 0.608 2196 612 117857 23326 
34561 .76 8 15 16 14 4 .21 279698 

0.20 218823 

8-8 34562.43 8 16 10 14 3.91 277817 1.54 0.606 2206 610 117509 1636! 
34562.58 8 16 13 59 4.16 279551 

0.16 2786&4 

9-10 34563.36 8 17 9 14 3.60 277061 l.57 0.617 3280 eo1 116801 ~ 
34563.61 8 17 14 44 4 .18 279690 

0.23 Z78376 

10.\1 34563.92 6 17 21 59 4.06 278996 1.59 0.626 1976 624 120057 16258 
34564.05 8 18 1 14 4.29 280454 

0 .14 219715 

11-12 34564.n 8 16 18 29 3.96 2713164 1.59 0.626 3798 621 119590 31143 
34565.03 8 19 0 44 4.36 280943 

0 .26 279553 

12-13 34566.22 8 20 5 14 3.81 277130 t.59 0.626 5912 620 119259 ~ 
34566.62 8 20 14 59 4,47 281713 

0.41 279421 

13-14 34567.72 e 21 17 14 3.98 278302 1.59 0.6"26 1971 615 116309 16021 
~-85 8 21 20 29 4, )9 Z7976'l 

0.14 279031 

14-15 34568.415 8 22 10 44 3.91 277817 1.89 0.743 3419 613 I !8025 23359 
;)4568.6.5 8 22 15 29 4.22 279968 

0.20 278893 



" 

llne 
~nl 

15-16 

16-17 

17-18 

1&-19 

19-20 

20-21 

21-22 

22-23 

23-24 

TO'TALS 
(ft3) 
(gal} 

(1 OA6 gal) 

~ Month 
Time 
(dayS) 

34559.-41 8 
34569.69 8 

0.28 

34570.52 8 
34570.76 8 

0.24 

:J.4571.54 8 
34571 .77 8 

0.23 

3457255 8 
34572.79 8 

o .. 24 

34573.57 8 
34573.81 8 

0.24 

34574.32 8 
34574.60 8 

0.28 

34575.34 8 
34575$4 8 

0.20 

34576.34 8 
34576.54 8 

0.20 

34576.67 8 
34576.76 8 

0 .09 

Olly Hour Miriute ES!imeted 
Stag& 
(feet) 

23 9 44 3.84 
23 16 211 4.31 

24 12 29 3.93 
24 18 14 4.31 

25 12 ~ 3.96 
15 18 29 4.31 

26 13 14 3.90 
26 18 59 4.26 

TT 13 44 3.9'2 
17 19 29 4.29 

28 1 44 4 .06 
28 14 29 4.52 

ig 8 14 4 .20 
29 12 59 4.-46 

30 8 14 -4-04 
30 12 59 4.3G 

30 15 59 4.35 
30 18 14 4.50 

~ 
Area 
(11-'3) 

Z77336 
2130593 
270064 

277956 
280593 
279274 

278164 
280593 
279378 

zrr748 
280245 
Z78!HT 

277887 
280454 
279170 

ZT8657 
282064 
280461 

2'79829 
281643 
280736 

278719 
250943 
279831 

250873 
281923 
281396 

Ewpcralion 
Rate 

(cmld) (irVd) 

2.00 0.786 

2.00 0.766 

2.00 0.786 

2.00 0.766 

L66 0.654 

1.66 0.654 

1.66 0.654 

1.66 0.654 

1.66 0.654 

Volume 
(ft•J) 

5139 

4383 

41$14 

4378 

3645 

4299 

3028 

3018 

1438 

144111 
1078095 

1.08 

................ '""""\"'"""" 

lnliib'ation 
E~ 

(gpm) (11'3fd} 

614 118149 

618 119000 

819 119214 

615 118315 

617 118705 

633 121829 

636 122417 

625 120289 

645 124064 

Vllllme 
(lt"3) 

33229 

28510 

27320 

28346 

26440 

34264 

24228 

23807 

11631 

1041854 
1794109 

7.79 



Appendix H 

Calculation of Infiltration Flux Values 

H-1 

" 
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' " \I " '"' ' 

Lkle Serial Oelll Surface Area M9a$ured Eslil111lec! lnfilrdcn FUt Tlme-~Ave .. 
Segment O;de Tome Time Time and Average lnliltnllicn WlftlllliOtJ (lnfil!raflon RateJSudace Area) lnllltnClon Fhllt 

{mldty) (h:m) (day$) (days) (ft'-2) Rate(~) Rllle (gpm} (gpm/11'2) (Cf11/s} (IM) (gpmlft"2) {an'a) (rrh) 

().11 07'25194 20:13 34540.84 0.452 210646 365 1.61E-03 1. Ol'IE-04 1.09E--06 l.61E--03 1.00E-04 1.00E--06 

" rising 07126194 07:03 34541.29 242022 
226434 

0.1b 07126194 07:04 3-4541.29 o.394 242022 411 1.6"'E-03 1. I 1Er04 L 11E--06 1.62E-03 t.10E-04 1.10E.OO 
rising 07t2fll94 16:31 ;,4541.69 259805 

250913 

O. lc (jff1Sl94 18:20 34541."76 0.434 260941 -456 1.71E-03 1.16E-04 1.16E..()6 f .6SE-03 1.12E-04 l .12E-06 
rising 01fZlf94 04:45 34542.20 271822 

2.66381 

0.1d rtll'ZT/94 04:50 34542.20 o.451 271922 <100 1.81E-03 t .23E-04 1.23E-o6 1.69€-03 1.15E-04 1.15E..o6 
riling 07/ZT/94 15:AIO 34542.65 278233 

'Z19J77 

1 07/27194 15;"5 34542.66 0.469 '278332 482 1.74£-03 1.1SE-04 1.18E-06 1.70E-03 1.16E-04 1.16£..()6 
07f'2B/94 03:00 34543.13 277061 

'ZT7682 

1-2 0712MM 03:05 345'43. 13 1.031 27e988 520 1.81E-03 1.2TE-04 1.27E-06 1.76E-03 1.19E-04 1.19E-OO 
rising 117 l'JfiJ/94 03:50 34544.16 Z197f!IJ 

278374 

2 07129194 03:55 ~.16 0.611 279413 523 1.88E--03 l .27E-04 1.27E-06 1.77E-03 1.21 E-04 t21E-06 
falltng ffl/'8194 16::35 345<!4.77 278372 

278893 

2-3 07129194 Hl;-40 3454-4.78 0.347 278719 525 1.88E-03 1.28E-04 1.2.eE-06 1.78E-03 121E41 1.21E.OS 
~ 07/30/94 03:00 34545.13 279482 

279100 

' 3 07/30/94 03:05 34545.13 0."'611 279551 486 1.74E-03 1.IBE-04 1.t8E-06 1.78E-03 t.21E4' l .21E-06 
• 

t 07/30/94 14:20 34545.«l 278302 
'D89Z1 

1 
! 

3-4 07/3004 14:25 34545.60 0.215 278233 528 1.89E-03 1.28E-04 1.281:.00 1.78E-03 t.21E-04 t.21E-06 
rising 07/31J194 19:35 3<1545.82 280733 

279483 

4 07fYJ/94 19:40 34545.82 O.lSOI 200803 S10 1.62E-03 1.24E--04 1.24E.-06 1.711E-03 121E-04 t.21E..OS 
07131.l!M 10:05 34546.42 279135 

. 

279969 



. . . .... , .. ... ... . ... ~ .. . ......... :········ ............................... .. 

Lint $eri;il Oell8 SUffl!OeArea Mea$\lred Estimated fl\fiftrallon Flux T1111&-Welghted Awrage 

~ Oate Time Time Time andA~age lnfiltr 9tioo lnfllll"alion (lnfi11111tion Rate/Surt.ce Area) ll'lfilb lliloo FIUIC 
(midi'() (!Y.m} {days) (days) (11-'2) Rate(gpm) Rate(gpm) (gpm/tl'2) (Qn/a) {mis) (gpmllt'2) {CITII&) (m's) 

4-6 07131194 10:15 34546.43 0.222 279135 535 1.91 E-03 1.:JOE-04 1.30E-06 1.79E-03 1.22E-04 1.22E..o6 

" ~ 07131194 15:35 34546.65 21)1763 
280459 

5a 07131194 15:"40 34546.65 2.188 281713 537 1.931:-03 1.31E-04 1.31E-06 1.83f,;-03 1.24E-04 1.24E-06 
08/02194 20:10 34.548.84 27531'7 

278545 

5b OM>2J94 20:10 34$48.84 2.188 275302 546 2.24E-03 1 .~E-04 l.52E-06 1.92£-03 1.30E-04 1.30E-0$ 
08/05/94 00:40 ~1.03 211737 

243520 

5c ~ 00:-40 3-4551.03 2.188 211737 476 2.07E-03 1.41 E-04 1.41E-06 1.95E-03 1.32E-04 l.32E-06 
06/07~ 05:10 3'4553.22 247~ 

229610 

5d OBml!M 05:10 34553.22 2.188 247236 374 1.59E-03 l.08'E-04 1.08£-06 1.89E-03 1.29€-04 1.29E-06 
OIW9l94 09:41 34555.<IO 222573 

234005 

5e OIW9l94 12:02 34555.SO 2.047 220706 '197 1.42£-03 9.63E--OS 9.63E-07 1.83E-03 1.25E-D4 1.25E-06 
06/11.194 13:09 34557.S.S 197531 

209119 

5-.ea 06/11194 17:21 34557.72 0.326 215593 349 1.53E.ro 1.CME-04 l.CME-06 1.83E-03 124E-04 1.24E..OO 
rlsing 08tt2S4 ()1:11 ~.06 '239185 

2273&9 

!>$ 08/12194 01:2S 34556.06 0.500 239815 426 1.70E-03 1.ISE-<M 1.ISE-06 1.82E-03 1.24E-04 t.24E-06 
nm; 06/12194 13:26 34558 .. 56 261897 

250856 

~ 08/12194 13:41 34558.57 0.490 262:375 510 1.90E.o3 1.29E-04 L29E..Q6 l.83E-03 1.24E-04 1.24E..OO 
r1sing 08/13$4 01:26 34559.06 273443 

267909 

~ 08/13.94 01:41 34551>.07 0.510 273599 586 2.12E-03 1.44€-04 1.44£-06 1.64E-03 1.25E-04 1.25£..00 
r1sing 08113194 13:56 34559.58 279898 

2767-49 

6 08/13194 14:11 34559.59 0.708 2791)96 $)1 2.16E-03 1.<461:-04 1.46E.OS 1.e5E-03 l.25E-04 t.25E.OS 
08/14194 07:11 34560.30 2n611 

278755 



' ' " ' "'" ... ' .. '"""·" 

line Serial Oella Surface Area Meawred Estimated lnfillrallon Ault: i....We4gtted Average 
Segment Oale nme Tll!lfl rme and A~ lnfilrallon ln111ralion (lnfittlalloo ~~ Arlli;i} 1nfdtl'allon Flux 

(IM1/'/J (h:m) (da'/$) (days) (ft'2} Rat& (gplll) Rate(gpm) (gpm/11"2) (em's) (mts) (gpm'ft"~ {emfs) (mis) 

6-7 08/14194 07:26 3'45e0.31 0.346 277611 614 2.20£-03 1A9E-04 1.49E-06 1.a5E-03 1.26€.-04 1.261!-08 

' risng 08114/94 15:"'4 34500.66 280315 
278963 

7 08/1"'94 15:59 34560.67 0.665 2ll04S4 614 2.20E-03 1.49E-04 1.49E..()6 1.87E-03 l.27E-04 1.27E..Q6 
08/15194 12:44 34$61.53 277611 

279033 

7-3 08f15194 13:29 34561 .56 0.196 Z1714B 612 2.20E-03 1.'49E-04 1.49E-06 l.87E-03 1.27E-04 1.27E-06 
rtslng OS/15194 18:14 34561.76 279696 

271!823 

e 06/15t114 18:29 34501.77 0.646 279968 644 2.31E-03 1.57E.o4 1.SlE--06 t .88E..Q3 1.28E-04 1.28E..()6 
08/1&'94 09:59 34562.42 Z77748 

278858 

~ 08/1~ 10:14 34562.43 o.1se 277817 610 2.19E-03 1.49E-04 1.49E.o& 1.89E-03 1.2!!€-04 1.2eE-06 
rlsng 06/1&94 13:59 34562.$8 279551 

27136&4 

9 08/16194 14:14 34562.$9 0.781 279690 648 2.33E-03 1.58E-04 1.58E..()6 1.90E-03 1.29£..().4 t.29E-06 
Q&.117194 08.-59 34563.37 276988 

278339 

9-10 08117194 09:14 345133.38 0.229 277061 !'1)1 2.18E..()3 1.48E-04 1.48E-06 1.91E-03 l.29E-04 I .29E-06 
rising 08/17194 14:44 34563.61 279690 

Z1S376 

10 08/17194 14:59 345e3.S2 0.281 Z79696 646 2.31E-03 1.57£-04 1.57E.Q6 f .91E-03 l .30E-04 I .30E-06 
08/17194 21:44 ~.91 Z7f!JiJZ1 

279413 
I 

l 10.11 08/17194 21:59 34563..92 0.135 278996 624 2.23E-03 1.51E..Q4 1.51E..o6 1.91E.OO 1.30E-04 1.30£-06 

·1 
rising 08.'18194 01:14 34564.05 280454 

'ZN725 

11 oa/18/94 01:29 34564.06 0.698 280523 631 2.26E-03 1,53E-04 1.53E-06 l .92E.Q3 1.31E-04 1.31E-06 ·: 
! 08/1Ml4 18:14 34564.76 278164 

279344 

11-12 08/111194 18:29 34564.77 0.2«! 278164 621 2.22E-03 t .51E-04 1.51 E.Q6 1.93E.OO 1.31E-04 1.31E-06 
rising ()8(1Q'94 00:'44 34565.03 280943 

279553 



' 

l 

' ' I 
! 
~ 
' • 

line 
Segrnenl 

12 

12·13 
rishg 

13 

13-14 
rising 

14 

14-15 
rlslng 

15 

1$-16 
!lslng 

16 

16-17 
rising 

17 

Oale 
{mldly) 

08/19194 
08l'20l94 

~ 
Cl8l2(ll94 

~ 
08121194 

08121194 
08/21/IM 

00/21/94 
o&'22/94 

oarnJ94 
08/22'94 

00/22194 
08l23l!M 

O!JIZW4 
oet23J94 

08l'23l94 
08/24'9-4 

06/24'94 
06/24194 

08/2.w.4 
08l25l94 

rlllle 
{h;m} 

00:59 
04:59 

05:14 
1Al:59 

15:14 
16:59 

17:14 
20:29 

20:44 
10:29 

10:44 
15:29 

15:44 
09:29 

09:44 
16:29 

16:44 
12:14 

12:29 
18:14 

18:29 
12:44 

Sertal 
T1me 
(days) 

34565.04 
3456&.21 

34566,22 
34566.62 

34566.63 
34567.71 

34567.72 
34567.85 

34567.86 
34566.44 

34568.45 
3456&65 

34566.66 
34569.-40 

34569.41 
345e9.69 

34569.70 
34570.51 

34570.52 
34570.76 

34510.n 
34571 .53 

Oeb 
Time 
(days) 

1 .167 

0.400 

1.073 

0.135 

0.513 

0.198 

0.740 

0.281 

0.813 

0.240 

0.760 

Strlace Area 
and A~ 

(11'2} 

261013 
277130 
279072 

277130 
281713 
279421 

261783 
278164 
279974 

:278302 
279760 
279031 

279690 
2m48 
278719 

277817 
279968 
278893 

279898 
211267 
278583 

277336 
280593 
2789&4 

280593 
'Z17817 
279:l05 

zngoo 
280093 
279274 

280093 
277956 
279275 

Measured 
lnllllraticn 

Rate (gpm) 

620 

657 

632 

646 

619 

630 

••• \ ••••• > ••• : .............. . .. ..................... """""'""""'""'·" . 

lnlillmion ~ 
{li'lfilb atloo Rm/Surface Mia) 

Estimllled 
lntlltrltlon 

Rate (gpm) {!lpln'lt'2) (emfs) (m'$) 

2.22E..ai 1.51E-04 1.51 E-06 

6:;:o 2.:22S-03 1.SIE-04 1.51E-06 

2.35€-03 1. !illE.-04 1.59E-06 

615 2.20£-03 1.SOE-04 l.50E-06 

2.27E-03 1.54E-04 1.54£-06 

613 2.20E-03 1.49£-04 1."9E-06 

2 .33£-03 1.t'lOE-04 l.58E...o6 

614 2.20£-03 1.49£-04 1.49E..OS 

2.22E..OO 1.50E-04 1.SOE-06 

618 2.21E-03 1.tSOE-04 1.50E-06 

2.2SE-03 1.53£..()4 1.SJE-00 

Trne-Welgtded AvereQe 
Infiltration Flulc 
(gpm/ft'2) (cnvsl 

1.94E-03 1.32E.o4 

1.94E-03 1.32E-04 

1.96£-03 1.33£-04 

1.96£-03 1.33E-04 

1.97E-03 1.34£-04 

l .97E-03 1.34E-04 

1.00E-03 1.34E--04 

1.98E-03 1.35€-04 

1.99E-03 1.35E-04 

1.99E..OO 1.3SE-04 

2.00E-03 1.36E-04 

{ml&) 

1.32E...OS 

1.32E-06 

1.33E-06 

1.33E-06 

1.34E-06 

1.34E-06 

1.34E-06 

1.35£.()6 

1 .3SE-06 

1.35E-06 

1.36E-06 



" ·' ,, 

Une Serial Deb Surrlace Area ~ed E$llmallld lnfiltratioo FIWt Time-Weighted Avenge 
Segment Dale Time 'Time Time and AYefllge lnlllrallon lllfl!ltalion (lnflftfatlol> Rate/Sun- Ania) lnfiftr:ation Ftu>c 

(rrMl'f) (h:m) (day$) {days) (ft•2) Rale(gpm) Rate (gpm) (gpm/ft"2) (em's) (mis) (lp!Vft•2) (cm/s) (mis) 

17·18 oei'2SllM 12:59 34571.54 0.229 278164 619 2.22.E-03 1.51E-04 1.51£--06 2.00E-03 l .36E-04 1.36E-06 
• rising OeJ:2!V94 18:29 34571.77 200593 

279378 

16 06/25.'94 18:44 34571.76 D.760 2803&! 610 2.19€-03 1.48E-04 1.48E-06 2.00E-03 1.3&E-04 l.36E-06 
0&'2tli94 12:59 34572.54 'lnBf 7 

279101 

16-19 OBr.16194 13:14 34572.55 0 .240 7J1748 615 2.20E-03 1.50E-04 1.SOE--06 2.00E-03 1.3GE-04 1.36E-06 
rising 0026'94 18:59 3"4512.19 280245 

278997 

19 ~ 19:14 34572.80 0.700 260315 611 2.19E-03 l.49E-04 I .49E.-06 2.0IE-03 1.36E-04 1.36£...()6 
oea7194 13:29 34573.56 Trn46 

279032 

1&-20 oet27.194 13:44 34573.57 0.240 271887 617 2.21 E-03 1.50E-04 1.SOE-06 2.0tE-03 1.37E-04 1.37£-06 
rising 08127194 19:29 34573.81 2804.54 

279170 

20 08/Xf/94 19:44 34573.62 0.'490 280384 603 2.16£-03 1.'46E-04 1.46£-06 2.01E-03 1.37E-04 t.37E-06 
08'2tW4 07:29 34574.31 276788 

279586 

20-21 OBr.28194 07:44 34574.32 0.281 278857 633 2:26E-03 1.53E-04 1.53E-06 2.01E--03 1.37E-04 t .37E-06 

~ 08/2Bl94 1-4:29 3'574.60 282064 
2ll046't 

21 Oll/28.94 14:44 34574.61 0.719 282064 6$1 2.32E-03 1.57E-04 1.57E--06 2.02E-03 1.37E-04 1.37E-06 
'" 06!29.94 07:59 34575.33 279551 
' 
• 280808 
i • 

;' 
21-22 08l29>'94 06:14 34575.34 0.196 279829 636 2.27E-03 1.54E-04 1.5<1E.-06 2.02E-03 1.37E-04 t .37E-06 
rising 06'29>94 12:59 34575.54 281643 

280736 

1 22 06l29i94 13:14 34575.55 0 .781 281293 646 2.31E-03 1.57£-04 1.57E-06 2.03E-03 1.38£-04 1.38E-06 
08/3004 07:59 34576.33 27&580 

1 'Z7W37 
' 

22-23 08/30/94 08:14 34576.34 0.196 278719 625 2.23E-03 1.52E-04 1.52E4l6 2.03E-03 1.38E-04 l.36E.OO 
~ 08l30l94 12:59 34576.54 2809<!3 

279631 



' 

j 
l 

1 

Une 
Segment 

23 

23-24 
rising 

24& 

24b 

24c 

24d 

Dllte 
(m/d/y} 

D8l30,l94 

06l30i94 

06./30/94 
08/30/94 

06l30l94 
09.'01194 

09l01194 
09/04'94 

09/CMl'94 
OMl6l94 

OQI00'9.4 

09loei94 

Time 
(h:rn) 

13:14 
15:~ 

15:59 
18:14 

18:29 
22:25 

22:25 
02:21 

02:21 
00:17 

06:17 
10;14 

Serial 
Time 
(days) 

34576.55 
3'576.66 

34576.67 
34576.76 

34576.77 
34576.93 

34578.93 
34581.10 

34581.10 
34583.26 

34583.26 
3'4585.43 

Della 
Time 
(days) 

0.104 

0 .094 

2.164 

'2.. 164 

2.164 

2.164 

SUrface Area 
and Average 

(lt"2) 

281083 
280803 
280943 

280873 
281923 
281396 

281923 
275'fT7 
278500 

2'15001 
263622 
269312 

263322 
246967 
255155 

247236 
2226&9 
235063 

Measured 
tnfiltr.l!loll 

Rt.le (gpm) 

4711 

565 

545 

412 

372 

Estimllled 
lnfillnflon 

Rate(gpm) 

645 

... ,. ....... .\ ... ! .... ~............... .... • .. .... ...... ·····••\'""\" ...... , •• ' • 

h1flltation Flult 
(ll!lilba!lon R11le.tSurlace Area) 
(gpmlrt"2) {cm/'S) (mis) 

1.71E'.-03 1.16E-04 l .t6E..o6 

2.29€-03 1.56E-04 f.SllE-06 

2.03E-03 1.38E.()4 1.38!.()6 

2.02E-03 1.37£.()4 l.37E--06 

1.62E-03 1.IOE-04 1.10£-0fl 

t.SSE--03 1.07E-44 1.07E.(16 

Tlme-W~ A...erage 
tnfif.liltlon Fil.CC 
(gpmlft'-2) {emfs) 

2.03E.c3 I .38E-04 

2.00E-03 1.36E-04 

2.03E..Q3 1.38E-04 

2.03€-03 1.38E-04 

2.01E-03 1.36£-04 

1.99E-C3 1..35E-04 

(mis) 

t .38E--06 

1.3EIE..OO 

1.38E-06 

1.38£--06 

1.36E-06 

1.35E'.-06 
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