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LD INTRODUCTION

The Marana High Plams Effluent Recharge Project (MHPERP) 15 a demonstration recharge project
developed by the Fima County Regronad Flood Control Distnict (PCRFCD) in cooperation with the
Bureau of Reclamaton (BOR ), Arizons Water Protection Fund (AWPF), Cortaro-Marana Imigation
District (CMID), and the Town of Marana. The project is located in Section 33 of Township 11
South, Range | | East in the Avra Valley sub-basin of the Tucson Active Management Area (Figure
1), It is one component of a regional water resource, flood control, environmental protection and
enhancement, and recreation program (the Northwest TAMA Replenishment Program) that is
sponsored by more than a dozen local, state, and federal entitics.

MHPERFP is designed to investigate the feasibility of recharging treated effluent into the local
groundwater aquifer, while simultancously investigating wildlife habitat opportunities associnted
with recharge facilities. The ovemall objectives for the project, as identificd in the final
Environmental Assessment (BOR, 1998), include the following:

Te recharge spproximately 600 scre-feet of water per vear while determining what
infiltration rates can be maintained in basins hoving side slopes vegetated with emergent
plants and riparian trees, and in basins fully vegetatod with native grusses tolerant of periodic
inundation;

To provide trails, descriptive literature, and interpretive signs descnbing the pilol project
operation. Trails at the effluent pilot project site may eventually be linked 1o o longer river
tral network that is scheduled to be built along the Santa Cruz River;

To revegetate the area outside the recharge basing with plants that will improve wildlife
habitat value and, once established, could survive if the recharge sctivities cease,

To charactenize wildlife, squatic macroinvertebrates, and vepetative resources associsted
with an important effluent-dominated stream; and

To dentify and monitor any biological effects that may result from establishing other habatat
types that are now rare fo the arca (e.g., marsh, grassland), and increase the acrnl extent of
Apanian vegetation,

The MHPERP facility is comprised of one settling basin (equalization basin) and four spreading
basins (recharge cells), totaling 388 acres of recharge anea (Figure 2). A comprehensive description
of the MHPERP and the related monitoring plan was provided 1o the Arizona Department of Water
Resources (ADWR) in support of the Constructed Underground Storage Facility (USF) Permit
Apphication for the project filed in October 1999, |n addition to the USF Permit (Mo, 71-563876),
the facility has an Aquifer Protection Permit (No. P-103195) from the Arizona Department of
Environmental Quality (ADEQ) that authorizes the discharge of treated effluent into the agquifer.

Operations began in February 2003 and, in accordance with Sections 2 and 3 of the USF Permit, this
is the fifth annual report for the MHPERP. This report includes all of the data that was collected
during the 2007 Calendar Year,



1.0 FROJECT OPERATIONS
1.1 Waler Delivery

Water 15 delivered 10 the MHPERP via the “oxbow™ channel, a remnant channel of the Santa Cruz
River from when the fiverbed was less incised and the channel mesndersd back and forth across the
floodplain. A berm consisting of streambed materials is used 1o divent some of the effluent flowing
down the muin channel of the Santa Cruz River into the oxbow channel. Sources of the effluent
discharges are the Roger Road Wastewater Treatment Plant and the Ina Road Wastewater Treatment
PMant, which are located approximately 15 miles and 10 miles upstream of the diversion structure
respectively.  The efflucnt flows down the oxbow channel for abow one mile before reaching the
MHPERP.

A constructed wet well collects the oxbow channel flows and two non-clogging. submersible pumps
convey the effluent through an 8«inch line into an equalization basin. The equalization basin is wsed
to provide a more constant source of available effluent for recharge, and 1o help serve as a setiling
basin for remaoving particulate materinls that could clog the recharge cells. A level sensor is installed
in this basin to automatically tum the pumps on and off based on levels within the oxbow channel
and the equalization bosin. From the equalization basin, the effluent passes through o 16-inch
isolation valve ino the main distibution line, which feeds into each of the four recharge cells
through motarized butterfly valves. A level sensor is installed at each cell to automatically open and
chose the valves based on pre-set water levels. The valves are closed manually, using an electronic
switch, by the daily operator when the cells are scheduled for a drving cyele

Delivenies 1o MHIFERF are based on the daily cycle of discharges from the treatment plants 1o the
Santa Cruz River, Peaks in water levels at this site normally occur in the lnte moming and early
evening hours. Deliveries to the facility are impacted by slorm water events in the Santa Cruz River
that demolish the carthen diversion structure used o divent flows into the oxbow channel.
Mualfunctioning pumps, faulty valve controls and flow meters, and basin mnintenance can also
disrupt delivenies to the recharge cells. Details of all the delivery imerruptions for Calendar Year
2007 are provided in Section 6.0 {Facility Inspections and Maintenance) of this repont,

22 Inflow YVolumes

Water deliveries into the MHFERFP lacility ane measured using & Magnetflow® Mag Meter installed
within the main line that runs from the pumps to the equalization basin.' Deliveries into each of the
recharge cells are measured using an American Sigma 950 Flow Meter oquipped with an
arca/velocity sensor installed within the outlet pipe feeding invo each cell. The meters measure flows
om a continuing hasis, record the data every minute, and compile the data into daily 1otals. The daily
totals are read on-site by the facility operator, who compiles the data onto o daily log sheet. The
daily log sheets are transmitted 1o PCRFCD staff on a weekly basis.

Ly lhﬂfl‘l:lfﬂ“mﬂwmm‘hﬂrﬂnﬂ#!ﬂ.m?-utmmml.nmﬁimhmm
Meter aupuippesd with an armvelocity probe. This flow meter was teplacod bovasss e probe malfuncionod s § was G4l
tax matrrtain and caldegle. Appeadin F gives the specifleatans of Lthe nos moicr



Appendix A contains the monthly recharge accounting repons for Calendar Year 2007, Column 2
of the Monthly Accounting Repont (Appendix A) indicates the daily delivered volume to the
equalization basin, which is used for temporary storage of the water before it is directed into the
recharge cells. Columns 3-6 show daily volumes delivered 1o each of the recharge cells, Column 7
shows the total daily volume delivered 1o the project, which is simply the sum of the inflows into
each of the recharge cells. The difference between Column 2 and Column 7 indicates an
approximate amount of effluent lost through infiltration and evaporation within the equalization
basin.

The total water volume delivered to MHPERP for Calendar Year 2007 15 368,90 acre-feet, of which
329,70 nere-feet was delivered to the recharge cells. Water volumes stored for recharge by month
are as follows: January — 59.08 AF, February -23.74 AF, March -22.56 AF, April - 15,86 AF, May -
16,95 AF, June 44.22 AF, July — 2536 AF, August - 0,00 AF, September — 5.31 AF, October -
41.36 AF, November 38.38 AF, and December — 33.68 AF. A wtal of 141.19 AF of the water
delivered during this Calendar Year was stored for and recovered by CMID, who has both o Water
Storage Permit (No. 73-563876.0100) and a Recovery Well Permit (No. 74-568133) for this facility.
The remaining water, which iotaled 18851 AF, was stored for the Pima County Regional
Wastewater Reclamation Department (formerly Fima County Wastewater Monagement), who has a
Water Storage Permut (No, 73-5623876.0200) for the Facility.

1.3  Evaporation/Evapotranspiration

Column 8 of the Monthly Accounting Report displays the calculated evaporation volumes for
Recharge Cells 1-3.  These calculntions are based on the Cooley Method (1970) wsing the
“"Maximum Curvie”, as approved by ADWR (Appendix B),

Column 9 shows the daily evapotranspiration volumes for Recharge Cell 4. These valumes are
calculated using the daily reference evapotranspiration values determined by the Arizona
Meteorologacal Network (AZMET) ot their Marans weather station { Figure 3). AZMET determines
reference evapotranspiration (ETo) using a modification 1o the Penman Equation developed for the
Californin lrrigation Management Information System (CIMIS). An explanation of the

used in this computation is provided in Appendix €. Mo multiplication factor was used in the
calculation of reference evapotranspiration (ETo) for the MHPERP because there are no available
crop coefficients for the native vegetation in this region.”

24  Recharge Volumes

Column 11 in the Monthly Accounting Report displays the sdjusted net recharge volume for the
facility, which is the sum of the dailly velumes delivered 1o the recharge cells less the
evaporation evapotranspiration losses. Wet recharge for the facility duning the 2007 Calendar Year is
31946 AF. Monthly and cumulative recharge volumes for each recharge cell and for the 1otal
project are displayed in Figures 8 though 9.

: mmﬁmﬂmHMImﬂrlﬂ'H]l!I-i!lrdﬂLl.ﬂilq.-m Yook of e
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thems caloalatod ai the AZMET aathon.



A0 HYDROLOGIC MONITORING

Hydrologic monitoring of the facility includes measurement of on-site and off-site groundwater
levels and direct observation of basin water levels. The on-site monitoring network consists of one
moniter well and one piczometer, both measured monthly using adepth sounder (Figure 4). Off-site
monitoring consists of monthly water level measurenents for three monitor wells: SC-00, 010 and
AVMW-1 (Figure 4).

3.1 Basin Water Levels

Water levels within the equalization basin are expected 1o fluctizate from one to five feet shove the
bottom elevation of 1.984 fect above mean sea level. Water depths in each of the recharge cells are
expected to fluctuate from three o twelve inches during the wet cyeles, Water levels sensors within
the basins are programmed to sutomatically open and close the motorized butterfly valves 1o
maintzin these ranges. Basin water levels are observed visually on a daily basis to insure that the
sensors are working properly.

31  Regional Groundwater Levels

Groundwater levels are measured for four monitoring wells, one on-site (HP-1) and three off-site
(SC-09, SC-10 and AVMW-1). HP-1 is measured monthly by FORFCD personned using an electric
sounder. Wells SC-09 and SC- 10 are also monitored on a monthly basis by PCRFCD staff using an
electnc sounder. 'Well AVMW.1 is measured monthly by the Central Arizona Water Conservation
District (CAWCD) using both an avtomatic datlogger and a manually operated electric sounder,
PCRFCD has an agreement with CAWCD to obtain the data collecied from the AVMW-1 well.

Tahle 1 contains the water level data collected for the on-site and off-site monitor wells, Al of the
monitor wells have alert levels of 20 feet below land surface. Alert levels for the monitoring wells
wiere not exceaded dusing the 2007 Calendar Year. The water level in the on-site monitoring well,
HP-1, rose almost five feet in 2007 (from 186.3 fieet below land surface to 1814 feet below land
surfoce). This rise is mainly attributed to large sources of upgradient, Central Arizona Project water
recharged at the Lower Santa Cruz Recharge Project.

33 Perched Groundwater Occurrence

Table 2 contains the monitoring data for the one piczometer (HP-2) used to aseess perched water
conditions. This cighty-foot deep well was dry during the entire 2007 Calendar Year, The alert
levels for this well are set ot 20 feet below lund surface.

4.0  INFILTRATION RATE ASSESSMENT

The average daily and monthly infiliration rates for cach of the recharge cells during the 2007
Calendar ¥ ear are displayed in Appendix . Infiltration rtes were estimated using the “volumetric™
method, which is simply the total daily inflow divided by the wetted acreage.

The total wetted acreape used to calculate the infiltration rate is determined using the level sensor on
the area/velocity flow meter combined with known topography of the recharge cell bottom. Data
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downloaded from the flow meter is used 1o determine average daily water levels in the recharge cells,

Rating curves, caloulated using topography of the site, are used to estimate the percentage of wetted
ared in each recharge cell. The percent wetted area is then multiplied by the total hasin acreage o
calculate the wetted acreage. Daily visual estimates are also provided by the facility operator as 2
check.

The average monthly infiltration rates for the annual reporting period ranged from 0.1 1 fect/day (Cell
3, March) to 3.4 fect/day (Cell 2, December). A graph of the average monthly rates is displaved in
Figure 10. Infilirtion mtes were fairly high in Jonuary, as o continued resull of the basin
cleaning/disking that occurred in November 2006, Infiltration gradually reduced over the next six
months, as more and more fine grained sediment and organic material settled 1o the bottom of the
recharge cells. After six weeks of downtime from washout of the diversion berm, the recharpe cells
were cleaned and nipped in September. Recharge Cells | and 2 experienced higher infiltration rates
through December as a result of the deep ripping. Infiltration rates in Recharge Celdls 3 and 4 did not
increase as sharply nor lost as long as in Cells | and 2,

50  WATER QUALITY MONITORING
£ Water Quality Sampling Activities

The Aquifer Protection Permit requires water quality samples to be collected and analyzed on a
monthly basis for nutrients (Nitrogen constituents), and on a quarterly basin for total metals and
Volatile Organic Compounds (VOCs). Samples are collected from the source water inflow and from
moniter well HP-1. Nitrogen forms are monitored more frequently becawse of the high nitrogen
content in effluent water, and the potential for recharge to increase the nitrogen content in the local
aguifer through leaching of nearby agricultural seils. Water quality sampling at the MHPERP also
servies as a tool for studying nitrogen transformations in riparion and aguatic ecosystems, to
determine if nitrogen levels can be reduced through the wetland recharge process.

52  Chemical Analyses Results

Table 3 summarizes the results from sampling taken during the 2007 Calendar Year, Samples were
taken at the oxbow channel, when flowing, and o monitoring well HP-1." Sampling for nitrogen
constituents was performed on a monthly basis, while sampling for Total Metals and VO was
performed quarterly.  There were no analyies reported above the alert levels set by the Auquifer
Protection Permit for this facility.

6.0  FACILITY INSPECTIONS

Inspections of the facility equipment and functions are required by the Aquifer Protection Permit on
a weckly basis. The facility operator st MHPERP performs inspections on o daily basis while
collecting data for PCRFCD, transmitting any problems or required maintenance through the daily
logs delivered on a weekly basis to PCRFCD. PCRFCD staff is contacted immediately for any

: The oubow chufse] was not samplad in July, Aupest md Sepiember den to no flow or the combinations of effluem
with sigem maler, Well HP-| was not sampled in Jaby, Aupet and Sepcenber de b the pump breaking down as! the pipe
rupl ol
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alarms or serious problems concerning the facility equipment, PCRFCD performs weekly
mvestigations of the facility to insure quality of the data collected and note any genernl maintenance
needs,

Table 4 lists the problems that occurred throughout the 2007 Calendar Year and the solutions
performed o resolve them. Facility downtime in 2007 was mostly attributed to the storm water
cvents from July 25" through August 27, Minor disturbances to water deliveries occurred from
inoperable pumps and metorized control valves, along with maintenance to the main flow meter
(FMeq).

7.0 CONCLUSIONS

The volume of water stored at the MHPERP for Calendar Year 2007 is 319.46 AF. This is almosi
double the 1otal from last year, and is approximately 50 AF higher than the previous high observed in
2003, However, it is shill aboul 280 AF short of the yearly permitted total for the rechurge facility
(600 AF).

Monitoring of operations has shown no exceedences of water quality standards or water alert levels
ut the project site. Cff-site monitoring showed no negative impacts to surrounding operation from a
water level perspective. Recharge at MHPERP increased significamly with regular maintenance
performed on the recharge cell bottoms. Although there were a few interruptions to water deliverics
throughout the year, the presence of fine grained materials in the cell bottoms is believed 1o be the
most |ikely reason for the lower-than-expected recharpe ot this site.

The current USF permit expired on Seplember 26, 2007, In June 2007, PCRFCD staff submitted an
application to extend the USF permit for MHPERP by twenty years and to mdify the recharge cells
in order to enhance the facility's recharge capacity. This permit application is <till under review as of
the date of this report, with PCRFCD in the process of responding to questions provided by ADWR
staff. FCRFCD continues to operate the recharge facility under the old permit conditions while the
new permit application is bang processed.
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FIGURE 1
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FIGURE 2
Facikity Map
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FIGURE 5
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
Cell 1 - 2007 Monthly and Cumulative Recharge
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FIGURE 6
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
Cell 2 - 2007 Monthly and Cumulative Recharge
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FIGURE 7
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
Cell 3 - 2007 Monthly and Cumulative Recharge
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FIGURE 8
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
Cell 4 - 2007 Monthly and Cumulative Recharge
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FIGURE 9
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
Total Project - 2007 Monthly and Cumulative Recharge
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Marana High Plains Effluent Recharge Project
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TABLE 1
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
ON-SITE AND OFF-SITE MONITOR WELL LEVELS

CALENDAR YEAR 2007
Wy
Morstoring Vel ID: SC00 Morstoring Yell 10 SC-10 Whsralrrg YWipk D1 AT
Cascastral Location: D 11-11) Jcbe JCadasiral Location Df11-11) 3bch |Cadastral Location: EN12-11) Jcbb
Redsrencs Point Eley 190141 Redurencn Point Ele . 1677 85 Asdermrce Poinl Eley 2014.7
Depsh 1o | 'Waber Level Dugen in | Woler Level Depeh o | Walar Lovel
Dals |~ omter | Elvation U | e | Elevetion Dote | oo |  Eleveson
TTWAMT | 18300 Traa.an LASE00T | 18622 irai.6" 1242007 | 193,60 1A B0
1307007 | 194,43 1796.08 L2007 | 18763 1700 Frzaod? | 18140 1833 60
AMHF00T | 19541 i T, D dMAGT | 19058 178731 LRI00T | 1TRS0 183520
SEG00T | 1941 AT 20 0T 15804 176805 SHSF0OT | 1THED 1A S
AT 163,38 188,13 WESE0T | 18888 A TES00 BHAA0OT | 18030 1H3 &0
BNTE0OT | 19367 79T, 74 RATRR00T | 187 2% 1% B4 FTARGOOF | 17780 1R3E &
WEROOT | 18aAT 100 24 WHAROT | 18508 17e2.81 BEVI0T | 17480 1635 &
10RI00T | 190,17 1BO1 24 TNZRR00T | 183.58 AT 31 BRI TRAGOT | 1TIED 1841140
t RSO0 | 188,42 RO S 1T | &1 a7 176 22 10 AAGT | 17360 18410.10
12 VREOT | 87 AT B0 24 12FF1RA00F | 18038 17a7 51 2007 | 182,70 1B32 00
A DE00T | 187 30 11 F.40
1
Orsae Vel 'I Note: All depths to water are measursd in feet; all
Moniaring Wl 10 HP-1 water level elevations are measured in feet above soa
Cadasiral Location D{11-11) Xacame leval.
Ralarancs Poind Eley.: 108517
Chate Chmprti by | Vadisr Larwnd
il Elreamuen
w2007 | 18630 1708 87
ZRARNT | 18580 1 TEAT
L2007 | 1hd0a 1 TEE 13
AT00T | 18925 1795 52
smvz00r | 18820 1706.87
B A00T | 1BAUEN 170034
fan0T | 1aR00 1Ta7 AT
a1 raoor | 18583 1790.34
REAFNIT | 18302 1801 25
0 AA00T | 18875 180342
112000007 | 182,22 150205
VRE0G00T | 181.40 1803 77
—— — .

Pima County Flood Conitrol District 218008



MARAMNA HIGH PLAINS EFFLUENT RECHARGE PROJECT

TABLE 2

ON-SITE PIEZOMETER WATER LEVELS
CALENDAR YEAR 2007

Date Measured | Depth o Water | Mound Height ET;::;'"
11172007 DRY & 80 Mone MNIA
2262007 DRY & 80r MNoms WA
A14/2007 DRY @ 80 Mo NI
4192007 DRY @& 80 MNona NIA
SRA00T DRY & a0r MNons WA
BM22007 DRY §) 80 Mong MIA
TH02007 DRY @ 80 None NIA
B TR2007 DRY & 80 Mo WA
WZR2007 DRY i 80" None NI,

10/162007 DRY @ B None NIA
117202007 DRY & B0 None NIA
1 2202007 DRY & B0 N WA

* Referance elevation for well por is 10846, TS leed (above sea leval].

M/A = Mot applicable

Pima Cownty Flood Conirol Disdric

2182008



TABLE 3
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
WATER QUALITY SUMMARY: CALENDAR YEAR 2007

Samnple Date and Locatas
Water

Jan{it | Feb-07 | Mar7 | AprdT | Mlaydd | JuniT | JOT | AogO7 | Sepli7 | Ocka? | Wowdil | Dectr |

ot hitragen 30 S0 20 0 o | TR 270 | MoEvent | MaEvent | 273 BES M0

a5 M | T 3T 43 | 36 | 589 | TR ] Mg Evenst | Mo Evert T3 BES <21

ol Mircagen {THN) | =0 | =0 =0 | F3@o | Mo 195 180 |MoEwent| NoEvers| 2000 <03 340
d E 5 = el | ke - 1 -

- o Event | Mo Evest | C0CT | Mo Event | Mo Evenst | 00043 | Mo Event | Mo Event | Mo Evere | 000047 | No Event | No Event
s gt | o Event [ Mo Event | 006 | Mo Event | MoEvert | (058 | Mo Eventt | Mo Evert | Mo Event | 0.00T | No Event | Mo Ewent
Foamam pmgt § W Evend | Mo Evenl | <0001 | Mo Event | Mo Evet | <3007 | Mo Evert | Mo Evens | Mo Event | <0.001 | Na Event | Na Event
e Ho Event | Mo Evend | 00011 | MoEvent | MoEvent | 0D0T | Mo Evens | Mo Evers | Mo Eventt | 00074 _| Mo Event | Mo Event |
f=ac ot | dc Event | Mo Event | 2.0619 | Mo Event | Mo Everd | 0.0023 | Mo Evert | Mo Ever | Mo Evert | 0.0027 | Mo Event | Mo Event
ooy Jrgt | o Event | Mo Evesl | <0000 | Mo Evend | Mo Evers | < 0,003 | Mo Event | Mo Event | Mo Eventt | < 0.033 | Mo Event | No Event |
E;:rn =gt | Mo Eveni | Mo Evest | <2001 | Mo Event | Mo Everst | <0001 | No Eventi | Mo Evert | No Evertt | <0.001_| No Ewent | o Event

Jmgt | Mo Evest | MNoEvesd | 0004 | Mo Event | Mo Evers | 0.0034 | Mo Event | Mo Evert | MoEvert | 00043 | Mo Event | No Event
ey ot | Ho Event | Mo Eved | < 00007 | Mo Event | Mo Everd | « 000002 | Mo Event | No Evert | Mo Event | < 0.0002 | Mo Event | Mo Event
[Eeberem it | Mo Evel || Mo Evvend | <2002 | Mo Everst | Mo Everst | < 0007 Ma Event | No Event | No Eventt | < 0002 | Mo Event | hig Event

e vl | e Everst | N Bt | Mo Bt | Mo Everst | < 0001 | Ma Event | MNa Event | Ma Event | Mo Evert | heo Ewprd | b Ecanl

y = = ! — E | L ] ) :

Mo Eversl | Mo Everdl | <0001 | NeSvent | MoEvent | <0001 | NoEvent | No Event | Mo Event | < [LD0Y | No Event | Ko Ewend
oarbon tetrachaoride Jegt I MoEvest [ MoEverd ] <16 |[MoEvernt|MoEvent| <10 |NoEwvent|NoEvent| MoEwent| <10 | hoEvent| o Event
o Chcrvorotenrens Bt [ o Evend | Mo Evers | <0.001 | Mo Event | Mo Event | < (0.007 | No Event | Mo Event | Wo Event | < 0001 | o Ewend | o Everd
[pera-Ochiorobenoee o | Mo Evert | NoEverst | <0.001 | NoEvent | MaEvent | <0001 | Mo Event | No Evert | No Ewent | <0001 | Ko Event | Ko Event
1 F-Dachioreshaces | E=H Mo Everdl | Mo Evers 10 |MoEvent| NoEvert| <140 o Evert | NoEwvert | NoEwert| <10 ko Ewend | Wi Ewsnit
1. 1-Dachiontetrens fogt IMoEverd | MNoEverd| <10 |MoEvent|MaEvent| <10 [MoEvent | NoEwert|NoEwent| <10 | WoEwent | No Event
fos—1 2-Dachicepettrpens gt [MoEvert | MoEvent| <15 |MNoEvent|MoEwvent| <10 |MoEwent| MoEwent|NoEwent| <30 | Ko Ewent| o Event
frans-1 T-Dachicrettjiene feot [MoEwr | MoEverd| <10 |MoEvert|MoEvent| <10 [MoEvent| MoEwent | MoEwent| <10 | ho Ewent | Ko Ewenl
1.2-Dersoroprnsans Jogt |MoEvert | MoEvert| <10 |MoEvent|MoEvent| <10 |MoEwent|NoEwent|MoEwent| <10 | NoEweni| NoEvest
ErEnT feot [ MoEved [ MoEverd| <10 |MoEvernt|MNoEvent| <10 [MoEvent| MoEwent| NoEwent| <10 | o Event | Ko Evenl
[Monochiorobenzena foot [McEvert | MoEvers| <©10 |MoEvent|MoEwvent| <10 |MoEveni| MoEwent| NoEwenl| <10 | Mo Ewend | Mo Ewend
ST TETsE: | E=0 Mo Evinel | No Everst 10 |MoEvent| NoEvent| <10 MoEvent | NoEvent | NoEwenl | <10 ko Ewend | hin Ewanl
Terachicmethylere gt |MoEvent | MoEvert| <10 |MNoEvent|MoEvent| <10 |MoEwvent|NoEwent| MoEwent| <10 | NoEwent | No Event
[Toiomne Jugt [MoEverst|MoEvert| <10 |[MoEvent|MoEvent| <310 |MoEvent|MoEvent[WoEwent| <10 | No Ewent | ko Event
1.1, - Trichiomethane Jog! Mo Evet | NoEvent| <10 |MNoEvent|MoEvent| <0 |hoEwent| NoEwveni| MoEwent| <10 | WoEweni | hio Evend
1,1,2- Trachcemathane Jogt [MoEverd | NoEvent| <10 |[MoEvent|[MoEvent| <0 | WoEwent| NoEwent| MoEwent| <10 | o Ewent | o Evest
Er-:lwm-rﬁr- Jegt [ McEvert | NoEvert| <10 |MoEvent|MoEwent| <10 |hoEwent| NoEwent| WoEwent| <10 | o Eweni | bo Even
rinaiomethanes fiotal THMS| fegt [MoEvent | NoEver| <10 |MoEvent|MoEwent| <80 |[NoEwenl| MoEwert [ WoEwenl| <10 | Ko Ewenl | Ko Evenl
e fog* [MoEwrt|[MoEvert| <10 |[MoEvent|MoEvert| <10 |MoEwent | NoEwent | NoEwerl| <10 | WoEvent | Wo Ewenl]
[pheras [ Tiontal)s fozt || Mo Event | Mo Evend cF] |MoEvent| MoEwent| <210 Wiy Ewerd | Mo Ewend | NoEwent | <20 by Evmnl | Mo Ewend

i (et = Mo Earrie s Tk o Sow @ Sourse W or Boresy Wl =E- T porep B el Doeesbes
" Tia hebmaer o e T Pirp-Plira-A sius T phoue Profecion P b, PO121 R

Parrsa County Food Conbrol iDesinc Fage 1 of 2 2102008



TABLE 3
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
WATER QUALITY SUMMARY: CALENDAR YEAR 2007

Sampee Dane a~d Locaton ]
Monitor Wel AP-Y
JarHl? Feb7 {17 e il e il ST JuEIT S T O-07 ] Dec-0T
el Ngrogen 28 40 24 as 50 ] B0 | MoEvent | Mo Ewe 35 3% 36
s H 28 21 24 EX EX 6l AT | MoEvent | NoEvert ] 38 A5 e |
o Webogen (TN, « 13 i <13 13 ] <13 2.3 MoEvent | MoEvers] <83 < 13 <13 |
Mo Ewenl | NoEvers | 00008 | MoEverd | MoEvest | 00022 | MoEvers | Mo Event | NoEvent | O00E2 | Mo Event | Wo Evenit
[Faum NoEwerl | WoEwe | D16 | MoEver | MoEverd | 0.05 | MoEvent | MoEwvent | NoEverd | 0.13 | No Ewent | o Event
[Ceetrim WoEwenl | HoEvesl | <0001 | Mo Evers | Mo Everdt | <0007 | MoEvent | Mo Event | NoEvent | <0003 | No Eveni | Ko Ewend
[ hromis KoEwerd | MoEvwst | 30011 | Mo Evers | MoEvet | <0001 | NoEvert | NoEvert | NoEvert | <0007 | Mo Ewent | Mo Ewent
== WoEvenl | MoEvert | 00055 | MoEver | Mo Event | < 0.007 | Mo Evers | ho Event | Mo Evert | < (L0017 | Mo Ewent | o Event
Protmony Wo Evenl | MoEvesl | <0003 | Mo Evert | Mo Everd | <0.003 | Mo Event | Mo Event | Mo Event | <0003 | No Event | Wo Event
[Bayma o Evert | MoEveet | <0001 | MoEvert | MoEvent | < (007 | Mo Ever | No Event | Mo Evert | <0.008 | Mo Ewent | No Ewenl
ok Wo Event | Mo Ever | GOGHS | Mo Everd | Mo Evers | 00031 | Mo Evert | Mo Evert | No Ever | 00033 | Mo Ewent | Mo Event |
M=oy Hes Ewenl | Mo Eversl | < 00002 | Mo Everd | Mo Everst | < 0.0002 | Mo Event | Mo Event | Mo Event | < 0.0002 | Mo Event | Ko Ewent |
| Soidr eI WoEwenl | NoEvers | <0008 | Mo Evers | MoEvent | <0007 | MoEvent | Mo Event | NoEvent | < 0000 | ko Ewent | ko Ewest |
i WoEvesl | NoEverst | <0001 | NoEvert | MoEvent | <0007 | NoEwvent | Mo Event | Mo Event | <000f | Mo Esant | Wo Event |
HoEvert | MoEverst | <0001 | NoEvers | MoEvent | <0007 | Mo Event | WoEvent | Mo Event | <0001 | Ko Ewent | Wo Ewenit |
tebrachiorcs Mo Ewend | Mo Evers < 113 Mo Evers | Mo Ewverd < 1.0 Mo Ewent | Mo Ewent | ko Event « 1.0 o Ewent | Wo Ewant ||
e k) hoEvenl | NoEverd | <0001 | NoEvert | NoEvent | <0007 § Mo Ewent | hio Event | o Event | <000 | Ko Eveni | Ho Ewent
Fa-[:nt-:mu-- WoEvest | NoEvert | <0001 | MoEvers | NoEvent | <0007 | NoEwent | NoEwent | No Event | <0001 | Mo Event | No Evenl
1 2-Dachicroethane MoEves |MoEvet| <10 |MNoEverd| MoEvent| <850 | NoEwveni| NoEweni | MoEweni| <10 | NoEwsnl | WoEwenl
[, Drchicrmetriens MoEved |[MoEvert| <10 |MoEvert |MoEwert| <10 | MoEwent| NoEweni | NoEwent | <10 | NoEweni | WoEwenl |
fos-1.2-Dichiceattniane HoEve! | MoEvert| <10 |MNoEvent|MNoEwent| <30 |MNoEwent| KoEwent| HoEwent]| <10 | hoEwent | Ko Evenl
fr=ns- 1 2 -Oachioreltione MoEvent |MoEvert| <10 |MoEvers| MoEvent] <0 [ MoEwent | NoEwent | NoEwent| <10 | Ko Ewent | Ko Evenl |
|7 2 Dehioropmpare Mo Bl | Mo Event < 11 Mo Evers | MoEwnt | <080 Mo Event | ho Event | ho Event = 0 Wo Ewent | Ko Ewent
| e MHoEvenl | MoEvert| <10 |MoEvent| MoEvent] <10 | MoEwvent| hoEweni| NoEwent| <10 | W Ewesl | Wo Ewesdt
fMonccriombensere Mo | MoEvet| <14 MoEvert | NaEwent | <10 Mo Ewent | hio Ewenl | Ko Evenl w £ ho Eweni | o Evesi
| S MoEvest | MoEvet| <10 |MoEvent|MoEwvent| <80 | NoEwent| NoEvent| NoEwenl| <10 | WoEwent | ko Ewest
T efrachicroetylene HoEves | NoEvert | <10 MoEwvert | NoEwent | <10 Fia Ewent | Mo Ewent | Ko Ewenl w10 Hin Ewenl | Mo Bl
| e MoEves | MoEvwem| <14 MoEvers | NoEwent | <10 Mo Evert | Wo Event | ko Event = 1.0 Wo Evenl | Ho Evesl
&1 1-Tnchiceoethans MoEves | NoEverg| <10 |MoEvent] MoEwent] <10 | MoEweni | NoEwent| MoEwent| <10 | Wo Evenl | o Evest
1,1 2-Tnchiceoetrans MoEveni | MoEvent | <10 |MNoEwent] MoEweni] <80 | WoEweni| NoEwent | WoEweni| <10 | WoEweni | Ho Ewensl
T rachicroettyiesme: N Mot | NoEvent | <10 MoEvent | MoEwent | <10 | Ko Ewent | Hio Evenl | Ho Ewent = 1.0 Ho Ewenl | (Ho Ewenl
T sihusicrraitane s (Sokad THlly | Mo Evere | Mo Event <14 Mo Event | Ko Event <10 | WoEwenl| Ko Ewsnl | Ko Ewsnl =10 o Event | Ho Evwant
f<irp Criorce MoEvet | MoEvert ] <80 [MNoEwvert [ MoEwert| <t0 | NoEweni| NoEwent | HoEwent| <10 | WoEweal | Ho Evest
Putenes (Tokl) MoEverd | NoEwere | =20 [ MoEverd| WoBEwent| <20 | WoEwenl| HoEwesl | HoEwenl| =20 | Mo Ewanl | Mo Evesl
P B 0 ol il ien il fognaier; (= B 5
T T Meroomn 8 SoL i beiraee birns bl
Pima County Flood Confrol Desinc Fags 2 of 2 2 19 00E



TABLE 4

MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
FACILITY INSPECTIONS: PROBLEMS AND RELATED SOLUTHONS

CALENDAR YEAR 2007

| Date Problens Solution

| January 2007 Well HP-I pump rate is diows from [0 gallons por minute to 4 Well pump was inspected and the winmg reamranged to brng
gallons per minule pump rale back up to § galloss por minute, which s stall low.

Gilbert Pamp (contractor) replaced ball valve for pump,
which is now running a1 25 gallons per manste (Marnch 6,
2007 |

Janusry 2007 | Mosonzed valve controd switch will oaly open ead chose the Vahve was opened and closed By the daily operator based on
| valve; valve will not sstomatically open and chose with the levid | water levels in the basin through the month of Jasuary, The
| sensor based om water levels in the basin. valve contreld switch was repained in February 2007.

Febraary 2007 | Pump #2 will not run in “auto” mode; Pump £1 berns off at high | Electrician found a loose jumper connection in the winng, 5o |
water level in Equalization Basin, but neither pump wall 1um pumps will now nan in “awo™ mode (February 21, 2007)
hack on af the low level.

Febnaary 2007 Flow meters were pushed out of the pipes in Recharge Cells 2, 3 | Flow meters were set back mto the papes and hondied 1o the
and 4. pipes with silsoon cement.

February 2007 Water beved sensors in Recharge Cells 2 and 3 will ot closc the | Valves were opened and closed by the Daily operstor
valve o1 the high water levels. throsgh the month of April. The water bevel sensoes were

replaced in May 2007 wiring for the sensor in Recharge Cell
| 3 was reconfigured 10 aflow for proper operation.

March 2007 Rochange oclls are geming very weody | Recharpe ocll mamtenance was performed by Pima Coenty |

| Operations Divisson i Aprill 2007,
Many 2007 Pumps will not operste ogether in “auto™ mode | Relay swisch for pumps was replaced im May 2007 1o allow |
' fior aulomatic operztion of the pumps.

June 2007 Valve controls in Rechange Cell 3 ane not funciroaing; level Valve conirols were repaired on June 27, the vaihve was
sensor did not close the valve at the high level, so there was | opened and closed by the daily operator prioe 10 the repair
onverflow nto Cell 2 on June 1. | work.

June 2007 Elextrical panels and maintenance road are being inendated with | Youth coews utilized 1o dlear wends 10 alllow for betier access
rammblewotls s quail bush. _ along the roadway and o the dlectrical pamels.

July 2007 Dyversion berm washed oot by stonm wster on July 25, 2007 Dhvversson berm repaired the week of Asgust 27

July 2007 Flow: meter at Influent Lift Station (FMeq) is not operating | A pew flow meter (Magnetilow® Magz Meter) was mstalled m

properiy | velocity meter is stack al 1.5 feet per second)

| October 2007 Bows. o Sepoemsber and earty October were

FENLA DDAUINTY FLOCHD CONTROL DISTRICT

JIRRTO0E

FAGE | OF 2



TABLE 4
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
FACILITY INSPECTHONS: PROBLEMS AND RELATED SOLUTIONS
CALENDAR YEAR Ti7

| Date Problem Solwtion

| estimabed wiing pumg capaciy {420 galions: por minste] and the
pamp numniege tme {nead om the amached metery

| Assgust 2007 Well HP-1 pamp is not pumping Pump repaired and new well pipes installed on Otober 1.
| Doy

- Avzgust 2007 Recharge cells are very wosdy | Recharge cells were cleaned of vegetation and npped with
| tiller on the week of September 17, 2007.

December 2007 | Valve controds in Recharge Cell 3 se not functioning; level | Tha valve for Recharge Cell 3 has been closed for December
sensor did not close the valve 3t the high level, so there was | 07, The valve can be opemed and closed marssally if
overflow into Recharge Cell 2 on December 1. | noedod. Stafl will look into making repairs to the valve

sensor im Calendar Yesr 2008

| December 2007 | Pump 52 will not run in ~sstc™ mode; Pump £1 tums off at high | The pumps are being opersted manually
waber level in Equalizatnon Basin, bt nerther pramsp will bum
back om at the low level.

" The pormp cxpacey was coafimmed by B new fhos meter afier £y inlata Puemps et praspag o 3 rate of spptooamstch 320 galions per e b ren wopeErmriy,
PIMADOUNTY FLODD OONTROL EHSTRICT PAGE 208 2
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APPENDIX A
MARAMNA HIGH PLAINS EFFLUENT RECHARGE PROJECT
MONTHLY ACCOUNTING REPORT

JANUARY 2007
1 2 a 4 5 § 7 B g 10
Project | celit | caz | ceits | cens Toksl E":""""""" Caicuisted [ et
Day e’ inFlow inflow inflow Infles hﬂ-u"i Mok " ET Voluma' | Recharge
(AF) [AF) IAF) (AF) (AF) A (AF) LAF)
(AF) AF) |

] 309 0.54 0.56 0.36 1.08 2 55 .01 0.01 2.53
7 309 0.61 0.75 0.23 0.48 207 o.01 0.01 205
] 304 0.62 1.76 0.00 0.01 730 0.0z 0.00 237
4 3,00 0.85 Kk 013 0.00 1.15 0,02 0,00 1.13
5 109 050 1.08 051 1.1 A 80 002 0.00 3.48
8 270 0.45 112 0.38 027 222 0.0z 0.01 FEL)
7 1 86 0.43 1.00 0.ar 0.00 1.80 0.0z .01 1.77
8 260 .45 0ot 021 076 | 233 0.02 0.01 2.30
] 109 062 1.35 0,00 0.82 278 0.02 002 275
10 309 0,55 1.13 0.85 032 785 002 0.02 281
11 308 0.76 161 0.65 000 302 i 2 0.0 .58
12 251 060 1.11 0.3 1.01 311 0.02 0.01 307
13 1.808 D44 0.54 0,00 O.AT 1.85 002 001 162
14 1.86 D.42 0.02 0,00 0.40 183 .02 0.0 1.81
15 1.86 042 083 0,00 040 1.84 0.01 0.0 1.81
16 67 048 054 0.78 0.26 2.44 0.02 0.0 241
17 3.00 0.66 1.72 0.71 0.00 300 0.02 0.01 306
8 3.00 055 0.72 037 1.08 272 0.02 0.01 2 68
10 1.82 048 0.57 0.00 0,00 1.05 0.02 0.00 1.08
20 0.00 021 0.00 0.00 D 28 0.40 0.02 0.01 0,486
21 1.31 0.40 0.00 0.00 053 102 0.01 0.00 101
22 263 0.38 058 0Bd D27 .08 0.01 0.00 207
73 300 000 214 0.78 0.00 292 0.02 0.0 7 8O
24 2.20 0.00 0.62 0.35 0.00 0ar 0.02 0.00 0.05
25 1.66 0.00 0.01 0.00 0.00 .01 0.02 0.00 .01
26 1.66 0.52 065 0.01 0.01 (]
27 0.00 0.25 050 0.01 0.01 0.57
28 0.00 002 0,05 0.01 .01 0.03
20 203 043 1.52 0.01 0.01 1.50
an 300 0.26 783 .02 0.00 281
n 729 0.00 1.05 0.0z 0.00 1.03
Totm | 70,48 11.52 50.08 0.53 I 024 | 588

1 Tolal nflcry D Tred Dopanlzaio Dasin

2 Tokal inflers inlo Ira 1echarge ol (1-4)

3 Cabviwied Fectamns Cele 1-] unrg B Cooley Wslrod with “Wasimasn Curss™ | FITOL
4 Cakuigied lor Bachargs Call 4 iming ADNE T data {WMarmng St

Pima Courty Fiood Control District 211852008



APPENDIX A

MARAMA HIGH PLAINS EFFLUENT RECHARGE PROJECT

MONTHLY ACCOUNTING REPORT
FEBRUARY 2007
1 E- F | & 5 i T B ¥ [¥]
Project Call 1 Call 2 Call 3 Call 4 ".Lﬂ. Em Calculnpad MEl
Day | inflow' | infow | inflow | inflow | inflow “:}' gt _J“"" ET Voluma® | Recharge
(AF) wn | oam | AR (AF] "’ﬂﬂ (AF) [AF)
; T8 G00 | 003 | 003 | 000 "'"%;3'_"' 50198 3 o0 T
2 [ 087 003 018 0.5 1.53 0.024n 00102 1.45 |
k| 1.1 0.3 0, O 0.l 018 054 00128 00133 051
i | o058 D27 | 000 | 000 | 005 | 032 0.0065 00116 0.30
5 | 000 000 | 085 | 031 | 000 | o0ee 0.0254 00127 062
s .00 (ER 0,61 QT 0. Co 1.38 002 0, G0 1,35
rd L] 0 0¥ 0.0 027 0.0 {28 0027 0 0000 0.z2r
B | 000 | o000 | o000 | 00z | 000 | o062 0.0081 0.0000 301
i) .00 0.0 0.0 .0k i, Ol (1K} 07T 0, Ce0e0e <0109
10 ih.[H 1000 0¥ 0.CoF 0, el 0. W 0 02 0,000 0.6
11 0 W0 o0 00 0,00 0, ey (i W] 00000 0. 300 0,00
2] 000 | 000 | 000 | 000 | 000 | 000 0.0000 0.0000 500 1
13 1.13 0.B3 [EEEA] 0.0dF (AN 083 0 0034 0, Celh0HG 0.E3
14 1. 86 049 0.0 oar 0, el | 1,86 00138 0,000 1.85
5 ] 186 | 034 | 142 | om | 000 | zor 00251 0.0000 704
18 186 033 104 .54 (FEE 1.8% 02T 0 D0 1.E8
17 040 [1 s | 055 0.25 0Oy 1.03 00274 0 0000 100
8 | 000 | 010 | 009 | 008 | 000 | 025 00268 3.0000 D22
@] 123 | 038 | 045 | 036 | 000 123 00252 0 0000 3 20
20 1.88 ikt k57 04T 0.0 1.78 Ll i rdit i 0 0000 1.75
il 1.6 021 1.4T (1 g | 000 1.8 002 TS 00000 1.85
22 | 147 | 018 | 068 | 000 | 0.00 0.4 00276 0.0000 DB
x| 0,40 .15 i, OO .00 LEE L] 015 $U0FTY 00000 iz
24 0, 0xF 0.13 0. Ch 0L00 (i 1R} 013 0a2M 00000 .10
| 75 | 040 | 042 | 000 | 000 | 000 TKF] 0.0228 00000 010
i 1.0 027 .00 .48 1.2 24T 00252 00T eEs 243
27 186 0.23 0.00 0.00 0.35 058 0.0155 0.0248 054
Fas) 185 013 0, ol aFT 080 1.50 0.0149 _ﬂ.ﬂ‘lﬁ 1.46
[Total] o428 | se6 | 873 | 570 | 365 | 2374 05222 01132 7310
| Tioms enfhing e80Tl eonait b B
2 Totsl rfiow i T mcharge ceis (1-4)
4 Laicuiaied tor Hechargs Calls 1] uneng the Coobey Rlalirod with "Wlasinoss Cuna® [1000)
i E-:h-udumuwn-ﬂualuh;ﬁﬂl:‘rm4m-u$m|
Pima County Fiood Cordrol Dessnct 292008



APPENDIX A
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT

MONTHLY ACCOUNTING REPORT
MARCH 2007
f F 3 i 5 f T ] ) o 10
Tatal Catcutated
Progect Cadl 1 Call 3 Cali 3 Call & Recharge | Evaporation | Calculated bl
Wfiow' | Iflow | Imflow | inflow | Inflow | bnflow’ Volume' | ET Volume' | Recharge

Dhary [AF] | {AF) | {AF] [#AF] [AF] | (AF) {EF) (AF) 18F)

1 .89 0,12 0,00 0.00 0.61 0.73 0.0215 0.0185 060

2 .49 0.09 0.00 0.00 0.00 0.08 00212 0.0205 0.05

3 0.98 010 0,00 0.00 087 077 0.0206 0.0267 072

4 0.00 0,10 0,00 .00 a.00 0.10 0.0186 0.0226 0.06

(I .80 0.11 0,00 Q.00 0.50 .70 0.0186 0.0238 0,68

fi 1.11 0.04 0,00 063 0.06 07T 00212 00244 0.72

7 0.93 009 0,00 0,00 058 067 00215 0.0256 0.62

A .54 009 [ 0,00 0.70 Q.78 00212 0.0246 0,74

] 0.28 0.11 000 0.00 0.21 0.32 00206 00246 0.27
10 0.93 0.10 0,00 0,00 067 07T 00206 00256 072
11 0,00 0.08 0.00 0,00 0.16 0.24 0.0186 0.0277 0.19
12 1.51 0.10 000 n.72 0.63 1.45 00212 00267 140 |
13 0.40 0.08 089 0.00 opd | 109 0.0305 0.0285 085 |
14 1.01 .10 000 0,0 0,60 Q.70 00258 0.02ar neEs ||
15 1.07 0.049 0.00 000 0.35 0.44 0.0203 0.0315 0.3
16 0.40 0.08 0.00 0.00 0.00 .08 0.0200 00297 0,03
17 1.13 0.07 0.00 0,00 iE] 0,50 0.0178 0.0308 0.85
18 0,00 .00 .00 .00 0,00 0.00 00148 0.0318 .05
19 1.86 0.11 1.46 047 0,02 2.08 0.0275 0.030% 2.00
20 1.66 0.03 0.60 023 056 102 0.0329 00277 1.76
21 .86 I_ .00 027 012 i 24 063 00280 00170 058
22 1,08 .00 239 0.03 000 242 0.0206 00128 238
23 1.13 0.00 0.64 0.00 0.00 064 0.0301 0.0087 0.60
2 .83 0.0 0.00 0,00 i0.B3 .63 i 026 00203 058
25 0.00 .00 .00 0.00 0.00 0.00 0.0289 00213 0.05
20 0.54 0.00 0.00 0.00 0.76 0.78 0.0264 00218 0.1
27 I' .00 0.0 0.00 .00 .00 .00 0.0217 003658 0,06
2B 000 .00 0,00 [1i1] .00 000 i0.0049 =003

| 2z 1,86 0,00 1.03 0.44 0.65 212 0.0135 7 08

30 1.86 0.00 0.84 0.11 0.00 095 0.0280

1 028 0,00 000 0.00 0.00 0.00 0.0280

otal | 2609 1.73 B12 275 0.06 268 | O

1 Totsd il irsis) @ pgualieniior hagin

2 Total i o e rochargs oslls [ 1-4)
1anmm1.3mmmmmumwl1m|
i Ceicuisted for Anchirgs Call 4 uaieg ATMET dats {Marana Slasion)

Pima County Flood Control District 2Ma2008



APPENDIX A
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
MONTHLY ACCOUNTING REPORT

APRIL 2007
1 S| 4 5 6 7 a & 10
Total Cadculated
Projact Call 1 Call 2 Call 3 Cali i | Recharge | Evaporation | Calculabed Hai
inflew’ | Infow | Inflow | Inflow | Inflow | Bafow’ | Volume' | ET Volume'| Rechargs
Dy {AF) (AF) (AF) (AF) {AF) [AF) {AF) {AF) (AF)
1 1.30 OO0 | 118 | 000 | 000 | 118 603 0.00 T.15
2 1.24 0,00 0.5 .00 0.00 0.98 0.03 0,00 065
[ 3 0,63 0,00 057 .00 0.00 057 0.03
4 0.0 0,00 21 0,00 0.00 0.21 0.03
5 0.73 0,00 .36 .00 .00 0.36 0.02
& 0,17 0,00 .98 0.00 .00 0 98 0%
T 0.00 0.0 .26 0,00 0.00 0.26 .03
B 000 | 000 0.11 0,00 .00 0.11 0.02
G 0.00 0.00 .05 0,00 .00 0.05 .02
i 0.85 0.00 0.58 0 00 000 | 058 0,02 0,00 058
1M | 145 0.00 1.18 0,00 [0 1.18 0.03 0,00 1.15
12 1.18 0.00 0.7% 0,00 0.00 0.75 0.03 0,00 0712
13 0.00 0.00 0.00 0,00 .00 .00 0,02 0.00 -0.02
14 0.00 0.00 0.00 0.00 0, 0 1,0 .01 0.00 0.0t
15 .00 0.00 0,00 000 .00 0.0 0.00 0.00 0.00
16 .00 .00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
17 0.00 0.00 0,00 0.00 0.00 0,00 0,00 .00 0.00
18 .00 .00 0.00 0.00 0,60 0,00 0,00 0.00 0.00
18 048 0,00 i 40 .00 000 000 (i) .00 000
20 1,56 0.41 0.00 .00 1.37 1.79 0.01 .03 174
21 1.30 0.33 0L00 0.00 0,64 (X 0.01 0.02 0.93
22 062 0.11 0,00 0.0 0,04 0.14 0.01 Q.03 0.10
23 1.08 0,13 .00 .00 1.07 1.20 001 .03 116
I 24 0,00 0.08 0,00 0.00 0.05 0.14 0.01 0.03 .10
25 0.53 0.10 (.00 0,19 0.0 0.49 0.02 0.0% .44
26 1.24 I 0.11 .00 0.26 1.14 1.52 0.03 0.03 145
| 082 0.62 0.00 0.26 0.0 0,89 0.03 0.04 0.82
e 1.8 1.72 .00 0,03 0.50 .25 0.03 0.02 219
) g2 1.47 .04 0,02 {106 1.56 0,03 0.03 1,40
30 0.00 0,50 .00 0,01 .19 0.7 0.02 0.03 0,65
Tolm] 19.14 | 560 | 7.21 | 0.77 ¥ 18 86 .58 Da3 | 1785 |

1 Tobal mficw inin T spirrion basin

& Toded mfiosy il e feohatge oslls (14

¥ Caboudatesd Recrams Cala 1-) uaing B Cocley befhod with “Wamesum Curss™ {19704
4 Colziated lor Ancharge ol 4 using ASWE T data | Marans Siso)

Fima County Flood Control Desdrcd S0 008



APPENDIX A
MARAMNA HIGH PLAINS EFFLUENT RECHARGE PROJECT
MONTHLY ACCOUNTING REPORT

MAY 2007
12 3 4 5 67 B9 10
Project | cait1 | cen2 | cena | cona | T E':“'“"“:“ Calculated Met
Day | Inflow’ | Inflow | Inflow | Inflow | Inflow 'I Mm ‘ll'ull ET Volume' | Recharge
I B U G R ﬂ' (AF) (AF)
1 000 0,00 n m |ETE 0.0 064 0.03 D03 | O&r |
2 0,00 0.00 0.02 0.01 0.02 0.02 0.03 0.03
3 031 0.00 n.m 0.00 0.02 0.0z 0.02 0.04 004
] 1.08 0,00 0,0 (A} i34 0.B4 0.02 004 0.7Te
5 0.00 0.00 0.00 0.00 0.02 0.0z 0.02 0.04 003
B 0.00 0.00 0.00 0.00 0.02 002 0,07 0.03 003
T 151 018 0.00 0.00 0.74 D02 0.02 0.03 087
B 1.68 0,06 0,00 0.00 0.0 008 0.02 0.03 0.03
] 185 0.08 0.00 0.00 0.04 011 002 0.04 0.06
I 10 D.43 010 0.00 0,00 0,80 D0 0.02 004 0. 54
11 1.25 0.13 000 0,00 0.0z 0.4 02 QL0 0. 0
12 0.53 0.08 0.00 0.00 0.04 D13 0.0z 004 007
13 0.00 B.10 0.00 D.00 0.08 1.07 0.0z D04 1.02
14 1.28 027 0.00 [ 0.05 0.70 0.03 004 0 62
5 0.83 [KE 0.00 0.07 006 024 0.03 D04 0.17
18 .46 n.0g (] 0.0 0.08 023 003 0,03 0.16
T 0.64 D11 0.00 0.08 0.73 090 0.03 0.04 0.&3
18 0.52 0.08 0.00 0.07 Doz | 017 003 0.04 0,10 I
(L] 0.00 10 0.4 007 o.10 027 04 04 030
20 0.00 0.22 000 019 0,B5 1.256 0.03 0.04 (K |
21 1.16 031 0.00 024 0.49 1.04 004 0.04 08s7 |
72 1.80 021 0.00 1.06 .43 1.71 0.04 0.04 163
23 0.00 0.14 0.00 0.01 0.08 023 0.04 0.03 0.15
24 1.24 013 0.00 0.0 0.0% 0.22 0.04 0.04 014
75 0.46 0.11 0.00 0.02 1.03 1.15 0.04 0.04 1.07
25 boo | oos 0.00 0.07 000 R 0.04
27 0.00 0.09 0.00 0.05 0.0 015 0.04
28 D.00 0.10 0,00 014 0.07 0.2 0.04
20 124 0.15 0.00 0.09 0.22 048 0.03
30 0.45 0.14 000 0.0 .76 0,00 0.04
E] 152 0.20 000 1.14 0.22 1.56 0.04
otal | 2048 EEL 000 350 572 | 1608 R

1 Torkad il il el e el D

T Tols inficw inko T recharge cels (1-4)
3 Cabcuiated for e eduaiiration hasin snd Recrurge Cals 1-3 ising the Codley Mathod sith *Maokmom. Cures” | 58700
4 Lalouisted lor Aechargs Call 4 wseg ATMET dala (Ulampne Slasion|

Pima County Flood Control District

2192008



APPENDIX A
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
MONTHLY ACCOUNTING REFORT

JUNE 2007
1 2 3 4 5 B T i o 10
Total
Project | Celi1 | Cell2 | Celld | Celld |Recharge| Calculsted | Calculated Nt
Day | infiow’ | inflow | inflow | inflow | Inflow | Inflow’ | EV Velume® | ET Volume® | Recharge
{AF) (AF} (AF} (AF} (AF} (AF) {AF) {AF) [AF)
1 1.86 i3 000 ] i, T 005 00 2.38
2 1.8 .21 .16 1.41 0.83 I‘ 2.1 0.07 0.02 2 B2
3 1.86 021 0.32 066 029 1 68 007 0.04 1.57
4 1.86 i 1.81 0,0 0.3 -4 .08 .0 2.29
5 1. 588 i34 .55 0,05 0.85 1.83 i3.08 [T 1.7
& 1.62 0.37 0.99 0,00 0.26 162 .08 0.05 1,560
T .08 0.27 .04 000 0.34 0,65 0.08 0.04 054
i 1.686 (1] 134 i, 0.2 1.78 .08 i 04 1,68
0 1.31 .26 .04 0.2 1.20 1.72 .08 .04 160
10 1.66 0,30 1.22 024 018 1.04 i 0l 0.04 182
11 0.88 020 .08 018 0.2 067 .08 i0.03 057
12 1.31 28 1,00 .15 .36 1.5 .08 i) i0ak 1.64
13 1.24 .32 .15 [F3 0,36 1.03 0.08 .04 062
14 1.31 0.34 1.12 017 0,86 2.50 .08 0.04 738
15 1.08 [T .10 017 .20 083 i0.08 0.0 [VF:§]
1 1.56 0.40 .65 .16 036 1.57 .08 i, 0 1,46
17 1.56 .40 0.67 015 033 1,565 0,0l 0,04 1.43
18 1.66 035 022 015 1.15 1.68 0.08 0.05 1756
19 1.8 [ED 1.14 0.14 .30 1.04 .08 .04 182
20 1.08 .38 0.7 0.18 .35 1.10 0. .04 0.08
I Z1 088 0.37 045 021 028 131 0.08 0.04 110
X2 188 042 0.85 0.18 .20 i.74 .08 .0 1.62
=] 1 84 0.42 0.20 07 0.96 1.75 0.08 .04 163
24 0.08 0.40 051 .20 .24 198 0,08 0.04 1.24
25 1.88 0.41 0.6 0.22 .23 - 0.08 0.04 1.6k
2 1.08 .31 0.14 0.21 0.29 0.0 0.08 0,04 083
27 0.98 0.31 0.29 0.26 .22 1.089 0.07 0.04 008
28 186 031 1.00 0,18 01,60 240 0.07 0.04 228
29 188 0.2 0,10 a7 0.12 0,60 0.08 .04 0.57
30 188 0,35 0.21 0.17 0.10 .84 0.08 0,04 072
Tolw | 4650 | pEd | 1843 | B42 13117 FEET 2 % 118 | 4427
1 Tolal infiosy b e BquUaRasor hasis
T Tioked il e Ml il canlls [ 1-4)
1 Calevdaber for tha sdqualization hasn s Pechama Cela 1-3 using the Cooley bsfod sith "Waskmam Corva® | 100
4 Cadiidabed for Racherps Coll 4 using ATMET (Warmna Siabon) dais
Fima I:-D:.lr'lly' Flood Cordrod Destnct Pk i ]



APPENDIX A
MARAMNA HIGH PLAINS EFFLUENT RECHARGE PROJECT
MONTHLY ACCOUNTING REFPORT

JULY 2007
1 2 3 4 5 (] F 8 g 10
Project | Call1 | Caliz | Coilz | coma | T8 | SHCUSEC | caiculated | et
Day | Inflow" | Inflow | Inflow | Inflow | Inflow nf n. ‘r' 1 | ET Volums®' | Recharge
(AF) (AF) (AF) {AF) (AF) (AR} (AF) (AF) {AF)
1 186 0.38 1.15 015 017 1.85 .07
3 1.86 033 0,43 0.17 1o 109 007
3 1.86 0.40 042 0.17 0.03 102 0.07
4 1.08 0.30 0.34 017 0.00 081 0.08
5 0.77 0.41 0.30 0.15 0.15 .10 0.06
B 1.88 0,41 1.08 014 024 ] 0.07
T 185 0.35 0.3z 017 1.03 186 0.07
B 0.77 0.28 0.34 0.14 0.03 079 0.07
] .88 0.20 0.98 0,14 0.00 1 41 007
10 1.08 EE o7 012 0.06 D48 .07
11 062 0.16 0.00 .14 018 0.40 B.07
12 0.00 0.28 0.00 0.13 017 ET] B.07 _ _
13 077 0.20 0,15 017 .14 015 D07 D03 064
14 1.08 0.27 0,40 022 0.08 107 007 D03 0.67
15 186 0.25 1,00 0.20 000 | 148 .07 .00 138
16 .54 021 042 021 0.00 075 0.07 b.0a 0.67
[T 062 0.20 018 0.20 0.00 0.57 0.07 000 050 |
18 1.86 025 102 0.25 0.00 163 0.07 B.00 1,45
jb) 1.88 0.25 038 0.21 0.0 a5 007 0L0a 0.7a
20 1.38 D.24 053 021 0,00 099 0.07 D00 0,61
21 1.08 022 D85 .17 0.00 125 0.07 0.00 1.8
27 0.77 018 | 032 D17 O 007 0.00 DA7
23 .54 018 L L 0.2 0,00 .83 [T .00 .76
24 0,00 012 0.18 0.15 D00 0.45 0.07 0.00 0.8
25 0.00 0.00 0.00 D00 D00 0.00 007 0.00 007
26 0.00 0.00 0.00 0.00 000 0.00 0.07 0.00 0.07
27 0,00 0.00 0.00 0.00 D.00 0.00 0.06 0.00 0.08
i 0,00 0.00 0.00 0.00 0L00 0.00 0.04 0.00 0.04
i) 0.0d .00 ifh.000 000 000 0, Gl .04 i3.00 -0.04
30 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
31 0,00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 007
Tols | 27 84 643 1148 | 4.8 331_| 2536 I 22 B5

1 Tokal infiow irdo the eguakraton Saain

4 Tobal infary 0 e ecPaipgs oalls | 1=E)

3 Cabolaie fof Pe ppaallewion Bann and Recharge Colls 1-3 gaing the Coofry NMethod with Rgemies Cune® (1970]
4 Calcuiaied kot Rechamges Sl 4 uaing ATVEET dasa [Marana Stakon|

PMima County Fiond Control Destnct 2192008



APPENDIX A
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
MONTHLY ACCOUNTING REPORT

AUGUST 2007
1 2 3 4 5 6 T A 9 1o
Project | Celit | conz | conz | cens “_E":F_ :mm" Caleulated Nt
Day Inflos’ EnFlow inflow Inflcrs Inflers Infow® 3 ET Volume"' | Recharge

(AF) wF | AR | (AR | (AR e “:;;" [AF) (AF)
1 0,00 0,0y 0,00 .00 0.00 i0h.0H] .00 i0.040 000
2 0,0 0. 00 0,00 .00 0.00 0,00 .00 .00 0,00
3 0,00 0,00 0.00 0.00 .00 .00 .00 .00 0.00
4 0.00 0.00 0.00 0.00 .00 .00 .00 .00 000
5 0.00 0,00 0,00 .00 0.00 .00 0.00 .00 0.00
& 0,00 0,00 0,00 0.00 .00 .00 .00 i1, 0 0.00
T 0.00 000 0,00 0.00 0.00 0.00 0,00 .00 0.00
8 0,00 0,00 0,00 .00 .00 .00 0.00 0.00 0.00
| & 0.00 0,00 0,00 0.00 .00 .00 .00 1,00 0.00
I 10 0.00 0,00 0,00 0.00 0.0 .00 0,00 0.00 0.00
11 0.00 0,00 0,00 0.00 0,00 0,00 .00 Q.00 0.00
12 000 0.0 0,00 0,00 0.00 Q.00 .00 .00 0.00
13 .00 .00 0,00 0.00 .00 0.00 0,00 0,00 .00
14 0.00 .00 000 0,00 0.00 1,0 0,00 0,00 Q.00
15 0,00 000 0,00 0,00 0,00 0.00 .00 0.00 .00
18 .00 0.00 0,00 0,00 0.00 0.00 0,00 000 | 000
17 0.00 0.00 0.00 000 0.00 0.00 0,00 0,60 .00
18 0.00 0.00 0.00 0.00 0,00 0,00 0,00 0.00 0.00
18 000 iu0a .00 0.0 (] 000 00D (1.0 0.0
20 .00 .00 .00 0.00 0,00 0,00 0,00 0,00 0.00
21 0.00 0,00 0.00 0.00 0,00 0,00 0,00 0,00 0.00
2 .00 0.00 0.00 000 0,00 0,00 0,00 000 01.00
3 0,00 .00 .00 0,00 0.00 0,00 000 0,00 0,00
24 0,00 .00 .00 0.00 0.00 000 0.00 .00 0.00
25 0.00 0.00 0,00 .00 0,00 0.00 .00 0,00 0.00
24 0,00 i 4 .00 .00 0,00 0,00 0,00 0.00 0,00
2 0,00 .00 .00 0.00 0.00 0,00 0.00 000 0.00
28 0,00 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00
28 0.0 0, 0 0.0 .00 .00 .00 .00 000 0,0
30 0,00 0,00 0,00 0.00 0,00 .00 .00 .00 0,00

1] 0,00 0.00 0.00 0.00 0.00 0.00 0.00 .00 um_l

Tolm | 000 .00 0.0 .00 0.00 0.00 0.00 0. J

1 Tty evlow il B a2l 2 s D

2 Tobal inflerw o P fachirgs call [1-4)

3 Cakizigier kor e equalizafon basn ardd Becharge Calls -1 using e Cooley Meties st Mmoo S [175]

4 Covigied lor Racharpe Col 4 imiryg ATMET [Maming Sivsoe) dile

Fama County Flood Coniral Disirict

211872008



APPENDIX A
MARAMNA HIGH PLAINS EFFLUENT RECHARGE PROJECT

MONTHLY ACCOUNTING REPORT
SEPTEMBER 2007
1 2 a 4 5 B 7 a g 0
Project | cellt | celz | celd | ceta | Visked E‘:""“"""" Caicuiated Nat
Day | inlow | inflow | inMow | nflow | Infow "I "'H"""' ';"""l it | BT vokime | Recherge
{&F) {AF) {AF) [&F) | &F] (AF] (AF) [#&F] (AF]
T | 000 | ooo | ooo | oop | oo0 | o000 G.00 .00 .00
] 0,00 0.00 0.00 0.00 D.00 0.00 .00 0.00 000
3 0.00 000 000 0.00 .00 000 0.00 .00 Do0
i 0.0 00 0.0 0,0 0.0 .00 .00 i0.00 000
5 0.0 0,00 0,00 0.00 .00 0.00 0.00 0.00 0.00
B D00 000 o.00 D00 | 000 0.00 0.00 .00 D00
7 .33 ) 000 a7 | 011 BT 0.00 0.00 ET;
B 1.84 0.3 (.0 0,44 .48 1.26 .01 .01 1.23
] .80 D63 0.00 D0 | 083 157 0.02 0.02 153
0 .86 055 | 000 007 008 158 .03 0.03 153
11 LR .18 000 02 [ .53 0.0z 0.03 [T
12 0.00 0.00 D.00 Bo0 | 000 0.00 0.0t 0.0 001
13 D.00 000 D.00 D.00 0.00 0.00 0.00 0.00 0.00
1d 0.0 000 000 LR 00 0. Q.00 0.0 000
15 .00 0 i .00 000 0.0 0.0 0.00 0,00
18 0.00 000 0.00 D00 0.00 0.00 0.00 .00 0.00
17 000 0.00 0.00 B.00 0.00 0,00 0.00 0,00 0.00
18 0.00 0.00 0.00 0.00 0.00 000 0.00 .00 0.00
18 .00 00 .00 .00 .00 0.0 0.0l .00 (i)
0.00 0.00 0.00 ) 0.00
.03 0.0 0.0 000 0.0
0.00 0.00 0.00 000 0.00
0.00 .00 000 000 0.00
.04 0.0 0.0 0.0 0.0
0,00 0.00 000 B.00 0.00
0.00 B.00 000 000 0.00
0.00 B00 0.00 0,00 0.00
0,0y .00 .00 0.0 0.00
0.00 0.00 B.00 B.00 0.00
0.00 D00 000 00 6.00
FXT] B3 7] 1] 514
1 Tolal rficew nin T equairason basr
2 Todml iy i) B Plohleges ol [ )
¥ Calpudated dor the aguaksation basn @ Mechangs Cely 1-) unerg e Cooley Wafhod with “Waweran Curss™ [(TET)
4 Caltdated dor Ancharges Call d imng ATMET (Marana Siabon) dats
Pirna County Flood Control District 21008




APPENDIX A
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT

MONTHLY ACCOUNTING REPORT
OCTOBER 2007
1 2 3 i 5 o T 8 g o
| Total
Project | Cell1 | Cellz | Cold | celld | o 0 | Calculated | Calculated Mt
Day | inflow" WnBow | Mefow | lnfiow | lelow | y | EVVolume® | ET Volume® | Recharge

i(AF) 1&F] {#F] [AF) {8F) {&F) [ [#F) {AF)

| 188 | o000 | 05 0.00 000 .65 0.00 0.00 I |
F] 186 0.00 1.31 0.00 0,00 1.3 0.00 0.00 1.31
3 1.86 0.00 1.28 0.00 0,00 1.29 0.00 0 00 1.29
4 186 0.00 1.25 0.00 0.00 1.25 0.00 0.00 1.24
5 186 0,00 1.28 0.00 0.00 1.28 0.00 0.00 1.27
] 1.86 0.00 188 0,00 0.00 1.88 o.01 000 187
7 062 0.00 004 0,00 0.00 004 0.00 0.00 0.0
=] (h.0H) .00 .00 0LOD 000 [rX ] 000 0.0 .00
a 0.00 0.00 0.00 0,00 D00 D00 0,00 0.00 0.00
10 0.00 000 0.00 0,00 0.00 0.00 0.00 0,00 0.00
11 0.00 D00 0.00 0.00 0.00 0.00 0,00 0,00 0.00
12 0.77 0.00 041 0.00 0.00 041 0.00 0.00 0.40
13 1.86 0.00 1.57 D00 0.00 157 D.01 0,00 1.56
14 1.8 0.00 2.25 0.00 0.00 226 0.02 0.00 2.24
15 1,80 0.00 1.90 0.00 0.00 189 002 0.00 1.97
16 1.56 0.00 1.80 0.00 0.00 1.80 0.02 0.00 187
17 1.79 0.00 068 0.00 0.00 098 0.02 0.00 0.5
18 179 I 0,00 1,46 0.08 0.00 1564 0.0z 0.00 162
16 .79 0.00 1.01 037 0.00 228 0.03 0.00 3 95
20 1.79 0.00 2.03 0.41 0.00 243 0.03 0.00 2.40
I 1.79 0,00 1,67 0.45 0.00 212 0.03 0.00 2.00
22 182 0.00 1.74 0.28 0.00 202 0.03 0.00 1.00
23 185 0.00 187 .01 0,00 1,80 0.02 0.00 1.85
24 1.85 (il 1.14 0,00 000 1.14 .02 .00 1.12
25 185 .00 1.51 0.46 [/X¥H] 1.87 .03 0.0 1.04
20 1.85 0.00 1.37 0.16 0.00 1.83 0.03 0.00 1.50
77 1.85 0.00 137 0.0 0.00 14T 0.03 0.00 1.44
28 1.85 0.00 1.35 0.0 0.00 1.44 003 | oo 141
] 1.85 0.00 1.24 0.08 0.00 Y] 0.03 0.00 1.a0
30 1.85 0.00 124 0.09 II:IHI:H:I 1.33 0.03 0.00 130
T 1.86 0.00 1.07 0.05 1.12 0.03 0.00 1.09

[ Total | 4736 0.00 38 02 T | EE 2155 0.51 0,00 4105 |

§ Tomal wiburm iks B uaksabon Dasn

& Total infios intg the rechags oally | 1-4)

4 Calniaind for Fa souairrbon Basin and Aechags Cale 1-3 usng B Conley Mafrod Wity Wasmom Curss™ | 18P0}
# Cainuiaind bof Recrage Call 4 uaing ATRET data from fhe Tucson Staion. modifed lor T b e

Pima County Flood Control Destnct 282008



APPENDIX A
MARAMNA HIGH PLAINS EFFLUENT RECHARGE PROJECT

MONTHLY ACCOUNTING REPORT
NOVEMBER 2007
1 2 3 4 5 B 7 8 g 10
I Project | Cellt | Cetiz | Cold | cCelld Tl Calculated | Calculated Net
Dy Infloe" IrPiarw Irrfiarw InFlow infow !, EV Volume®' | ET Volume® | Recharge
[AF) {AF) {AF) [AF) (i) fres [AF] [#F} [AF)
1 108 | o000 1.08 0.10 0.00 1.17 002 0.00 1.15
Z 187 1.06 1.08 012 0.75 3.0 0.02 0.00 708
3 104 0 65 0.45 013 0.6 1.82 0.01 0.0z 1.79
4 1.64 0.70 0.52 0.17 0.65 205 0.01 0.02 201
5 1.89 0.95 0.81 0.15 023 214 o0z | ooz 210
& 1.85 004 083 019 0.00 208 0.02 0.00 204
7 168 0.74 1.589 0.19 0.00 2.52 0.02 0.00 Z 50
8 1.02 0.73 1.42 0.20 0.00 2 36 0.03 0.00 233
o 1.80 052 0.61 0.17 0.39 1.70 0.03 0.00 1.67
10 1.81 081 000 0,147 i 5 1.73 0.01 001 1.70
11 1.9 058 0.00 0.17 0.43 1.18 0.01 0.02 1.16
12 1.9 0.45 0.00 0.09 0.65 1.19 0.01 0.01 1.7
13 134 0.44 0.00 0.07 0.00 052 0,01 0.02 0.40
14 1.81 45 .00 0.08 0. 1.33 0.4 ooz 1.29
15 1.37 0.44 0.00 0.08 0.0 0.52 0.01 0.02 0.49
16 0.00 D44 0.00 0.08 0.73 1.25 0.01 0.02 1.22
17 1.86 45 .00 0,10 .02 057 0.0 oo2 i0.54
18 1.86 0.45 0.00 0.10 0.68 1.24 0.01 0.02 1.21
19 0.15 0.44 0.00 0.06 0.03 0.54 001 0.02 0.50
20 1.78 0 46 0.00 0.07 0.64 1.18 0.01 0.02 1.14
21 0.32 0.44 0.00 0.06 0.0 0.51 0.0 0.02 0.48
22 0.00 0.47 0.00 0.03 0.58 1.06 0.01 0.02 1.03
23 0.68 0.49 0.00 0.12 0.01 0.81 0.0 0.0 0.50
24 1.83 0. 46 .00 .08 .53 1.06 0.0 001 1.04
25 1.83 0.45 0.00 0.00 0.00 0.45 0.0 0.0 0.43
26 182 | 045 0.00 0.00 0 55 1.00 0.0 0.0 0.08
27 0.a1 .48 0.0 000 .00 i0.48 0. 0o 0.46
28 1.70 0.47 0.00 0.00 0.78 1.25 0.0 0.0 1.22
20 0.70 0.47 0.00 0.07 0.78 1.31 0.02 0.0 1.29
30 0.15 0.50 0,00 0.06 0.00 0.56 .02 0.00 0,54
otal | 43.13 l 16.10 | B.51 2.0 1086 | 3A 34 050 | 038 | a3 |
1 Tole o ot T Bousis et Dk
§ Tolal rsficey il ha rechargs cosls [1-4)
¥ Caboalated for fha squalrabon bassn s Rechargs Tells 1= sy thi Coobiry Mahoad sith "Wasimam Corv™ [ 10009
d Cadudssed bor Rschards Call 4 imisd ATMET (Wimna Stator) cals
Fima County Flood Conrol District Hiarp008




APPENDIX A

MARAMNA HIGH PLAINS EFFLUENT RECHARGE PROJECT
MONTHLY ACCOUNTING REPORT

DECEMBER 2007
i 2 3 4 5 B 7 8 g 10
Total | alculated |
Project | Cell1 | Cell2 | Celld | Celld |Recharge | Evaporation| Calculated Mot
Day | infiow' | inflow | Inflow | inflow | Inflow | Inflow’ | Volume® |ET Volume® | Recharge
{AF) [AF} {AF} (AF) (AF) {AF) (AF) | (AF) {AF)
L 3.07 0.09 0.00 2.19 0.20 47 0.01 0.01 246
2 297 0.87 0.00 2.15 0.42 323 0.01 0.01 321
3 1.47 0.00 0.00 0.55 0.00 087 0.01 0.01 0.84
4 1.58 0.50 0.00 0.7 082 210 Q.01 0.0 2.08
5 0.30 0.18 0.00 0.04 0.10 0.30 0.01 0.01 0.28
[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
a 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
g 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lk 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 0.00 0.00 0.00 0.00 000 0.00 0.00 .00 .00
17 1.45 0.08 0.00 0.15 0.08 0.31 0.00 0.00 0.31
18 212 0.52 0.00 0.56 0.35 1,44 0.0 0.00 1.43
18 2.3 0.95 0.00 0.31 0.70 1.6 0.0 0.01 1,95
20 1.85 1.03 0.00 0.35 0.59 .86 0.01 0.01 1.4
21 1.80 1.01 0.85 0.35 0.58 2 50 0.0 0.01 789
22 183 [ 0.60 1.20 0.24 Q2r 2.30 0.01 0.01 2.8
23 183 0.48 1.08 0.00 0.26 1.82 0.01 0.01 180 |
24 1.93 0.42 0.83 0.00 0.32 1.57 0.01 0.0 1.55
25 183 0.31 0.50 0.00 0.22 104 .01 0.01 1.02
26 1.89 0.58 0.77 0.00 0.24 1.58 001 | 0.0 1.57
27 1.42 0.32 0.91 0.00 0.37 1.60 0.01 0.0 155
28 1.34 0.27 1.0 0.00 0.35 182 0.0 0.0 1.61
20 1.34 0.72 0.72 0.00 0.20 1.74 0.01 0.01 1.72
30 1.34 085 0.58 0.00 0.25 1.48 0.01 0.0 1.47
31 1.31 0.48 060 0.00 029 1.38 0.0 0.0 1,35
Lletal | 3855 | o8% | o8 T8 | B73 | 3368 018 018 | 5.4 |
1 Tl sy b - SO EaA TS50, Tl
2 Toisl infice il tha rechengs sl | E-3)
3 Calrrsiata for tha scroiration teen snd Fechams Cals 1) wng e Coobey blisPod wilty "Waasam Dorea® | 1000}
4 Cainudated for Rechangs Call 4 wming ATMET [llarwa Saalon ) dits
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ARIZONA DEPARTMENT OF WATER RESOURCES
HYDROLOGY DIVISION

TECHNICAL BULLETIN

Justification for using the Cooley Method Mazimum Curve as the standard method for
cabculating cvaporation losses at open-air underground storage facilities.

The Hydrology Division recommends using the Cooley Method with the Maximum Curve when
calculating evaporative losses for spreading batans. This recommendation was derived for the
following reasons:

. Thucmlqmuﬁmdhwmﬂminmm daily evaporation rates and adpustment
factors are fixed and do not change over ime. This allows for a very ssmphified ealculation
mzthod that is identical from yeoar to year. 5

=  The Cooley method is easy to use and can be adopted by a widhe range of permitisss and
Eacilities. Especially as it relates to the collecting, reporting, and reviewing of the data and
calecintions. This has proven 10 be a benefit for pew facility operaton and changes in
af the wmsiﬁmmlﬁﬂwhmﬂidﬂmmwm
a duration of twenty years or longes for some facilities

s The conststency of the Coaley Method makes it eagy for the Department 1o review and verify
ealewlation parameters when reviewing & pew application and'or determining long teom
storage credits.

= The Cooley Method can be used without the Department demanding extrancous monitonog
cost. The information nequired such as, wea/dry siatus of the basin{s) and the volume of
water digcharped are cummently required in the USF permit for credit calculations and
infiltration calculstions.

=  The Cooley Method unlike other empirical methods wis designed specifically for Anzona

s  (ther methods of dstermining cvaporation can be very accurate, however, they are relatively
mu,m;ﬁri;iﬂmﬂwtmwﬂﬂﬂ:ﬁ:ﬂ:ﬁmnmm i obitain evaporation
values. In Hydrology's experience the difference between these methosls and Cooley is

igible. This is especially troe given the relstively small meio of evaperation to the total
urmount of water recharpsd.

» ‘The dailv cvaporation rates and adjustment factors, determined by Cooley, are used by the

Arizona Department of Environmensal L;n-ﬂw{hDEt}En;iuaa{n; Bulletin No. 12). Thus
having consistency between slalc apencaes.

R LA T B ! Bl TTh- s it feceres 2o Sepieshi §. FOI




Justification for Using the Maximumn Curve of the Coolzy Methiod

Using the maximuss evaporation rate cabculates evaporative Joss less than the Class A pan

iom ctats and greater than the normal evaporation curve. This procduces 2 value that
aasures that all Jossss have been pocoketed for when calculating anpual storage credits but s
Ol DVET comsErvalive.

Eh.uﬁ.pnndluwnmnfﬂwm-mmmdhprquin;lhcmhyMnhm The
comections used in Class A pan calculations were calibrated to open waler suriaces,
mymmh:m@ﬂﬂngmmmm“mbﬂum
mwmgmhmmthminmw“m
mﬂmmuﬂinmm operations typically corin very shallow water (2
1o 3 feet) that heatls up fasrly rapidly, thus increasing evaporative losses. Therefore, using the
evaporation values calibrated Fnlup:n-mwn:-ndidmiwuuldm:hﬂhun:lh:mm&u
losses tn & spreading basin, The maximum evaporation rate more accurnely estimates the
mwhuuhhmmmutﬂﬁwmbudm_

Suctor is not taken into account when using the normal values of evaporation, b is
:nnw_wudfmmmnphtmimmnwﬂmmmuutuhdm

Aftschmenti:

Evaporation from Open Water Surfaces in Anizona, K-R. Cooley, 1570
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SIGURE 10. EVAPORATION ADJUSTMENT FACTORS
FOR ARIZONA
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FIGURE 9. MAXIMUM, MORMAL AND MINEMUM DALY EVAPORATION
AND AVERAGE MONTHLY EVAPORATION FROM DPEN
WATER SURFACES (Adjustment Foclor = 1.00)
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TABLE 3.3 MONTHLY MAXIMUM, NORMAL, AND MINIMUM OPEN
WATER EVAPORATION AMOUNTS FOR ARIZONA

(UNADIUSTED)
EVAPORATION (IN)

MONTH MANIMUM NORMAL

J= 01 cays) 36 e '3
Feb (26) 2 = Y
Mar (31) 6.5 o o
Apeid (30) 8 o4 -
May (31) 103 . ¥
Tune (30) 114 2 v
Tuly 31) 11.8 ia 1
August (31) 10.5 2.0 s
Oct (31} 70 ﬂ T
Nov (30) 4 v 2 e
Dee (31) a = e
TOTAL yid g i

7.6 ) (60 ) R

From: Cooley, 1570
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THE UNIVERSITY OF ARIZONA ,

Cooperative Extension

STANDARDIZED REFERENCE
EVAPOTRANSPIRATION

A NEw PROCEDURE FOR ESTIMATING REFERENCE EVAPOTRANSPIRATION IN ARIZONA

Introduction

The Arizona Meteorological Network (AZMET) has
provided daily values of reference evapotranspiration
(ETo) for a number of southern Arizona locations for
more than 15 years. ETo is a computed meteorological
parameter that provides an estimate of environmental
evaporative demand and serves as a critical input vari-
able for most scientifically based irrigation scheduling
systems. ETo is also used to estimate evaporation from
water bodies and evapotranspiration (ET) from rain-fed
ecosystems.

While there is general agreement among agronomists,
irrigation engineers and meteorologists that ETo is a
useful environmental parameter, there has been less
agreement on how to compute ETo. And all too often
the computational procedure for ETo varies from region
to region and sometimes within a region. Use of mul-
tiple ETo computation procedures within a region can
generate biases in ETo that result from the computation
process, not any true differences in environmental evapo-
rative demand. Figure 1 provides graphic evidence of
this computational bias by presenting the total ETo for
Tucson in 1996 as computed using the published ETo
procedures for the public weather networks operating
in Arizona (Brown, 1998), California (Snyder and Pruitt,
1985), and New Mexico (Sammis, 1996). It is important
to note that the same meteorological data were used to
generate the ETo data in Figure 1; only the computational
procedures differed. These results provide clear evidence
that lack of a standardized computational procedure for
ETo can lead to confusion and perhaps serious mistakes
when one is involved in activities such as irrigation
scheduling, estimating consumptive use of vegetation,
water rights litigation (especially across state lines), and
development of crop coefficients (adjustment factors that
convert ETo to crop ET).

2600

2400
_ 2200

>‘ -
~
£ 2000 |
£ 1800
s |
2 1600
" 1400
1200

1000

AZ CA

NM

Figure 1. Reference ET (ETo) for Tucson for calendar year 1996 as
computed using the published procedures for the public weather

networks in Arizona, California, and New Mexico.

Over the past decade, scientists have recognized the
problems and frustrations associated with non-stan-
dardized ETo computation and have formed national
and international committees to address this issue. The
American Society of Civil Engineers (ASCE) developed

s
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a special Task Committee (TC) in 1999 to develop
a standardized procedure for computing ETo. The
ASCE TC has issued its recommendations (Walter et
al., 2004) which are to be published in 2005. AZMET
participated in the ASCE TC and began generating ETo
values using this ASCE Standardized ETo procedure in
2003. The purpose of this report is to first review the
computation procedure recommended by the ASCE
TC; second, provide specifics on the computation
procedure AZMET will employ; and third, summarize
how the new standardized ETo procedure and the
original AZMET ETo (EToa) procedure compare across
months and locations.

Standardized Reference
Evapotranspiration Definition

The ASCE TC defined reference evapotranspiration as
“the ET rate from a uniform surface of dense actively
growing vegetation having specified height and sur-
face resistance (to transfer of water vapor), not short of
soil water, and representing an expanse of at least 100
m of the same or similar vegetation.” This definition
leaves open the option of having more than one refer-
ence surface (differing height and surface resistance)
and reflects the view of the TC that standardized com-
putation procedures were necessary for two reference
surfaces: 1) a short crop similar to clipped grass and
2) a tall crop similar to full-cover alfalfa. The recom-
mended abbreviations for ETo computed for the short
and tall crops using the standardized procedures are
ETos and ETrs, respectively (see Table 1 for list of ET
abbreviations used in this report).

The need to have procedures for two reference
surfaces reflects the history of ET research in the U.S.
Two crops — cool-season grass and alfalfa — have
been used as reference surfaces for ET estimation for
several decades. The TC recommendations allow us-
ers with a strong preference for one reference surface
or another to continue using their preferred surface.
An important reason for recommending two surfaces
pertains to crop coefficients (Kcs) — the adjustment
factors used to convert ETo to estimates of ET for a
specific type of vegetation. Kcs will differ for the two
reference surfaces since alfalfa typically uses more
water than grass when both are grown under reference
conditions. Over the past 30+ years, Kcs have been
developed for use with ETo computed for both grass
and alfalfa reference surfaces. The TC recommenda-
tion to allow for two reference surfaces allows local
users to continue using the Kcs and reference surface
they are most comfortable with.

The University of Arizona

ABBREVIATION | EXPLANATION

ET Evapotranspiration

Evapotranspiration of a
Elc particular crop or vegetation

type

Reference Evapotranspiration
in general

ETo

Standardized Reference
Evapotranspiration for Short
Reference Crop

ETos

Standardized Reference
Evapotranspiration for Tall
Reference Crop

ETrs

Standardized Reference

ET: e
5% Evapotranspiration in general

Reference Evapotranspiration
as computed by AZMET in
past years

EToa

Table 1. Abbreviations related to evapotranspiration that are
contained in this report.

Standardized Reference ET
Equation

Generalized Form of Standardized Equation

The ASCE TC standardized procedure for comput-
ing reference evapotranspiration is based on the
Penman-Monteith Equation and more specifically
on simplifying the version of the Penman Monteith
Equation recommended by ASCE (Jensen et al., 1990).
The recommended general computation procedure is
provided below:

0408A(Rs— G) +y ?;nuz(es — eq) o

A+y (1+ Caus)

ETsz =

Where:

ETsz = standardized reference crop
evapotranspiration (mm d!or mm h)

A = slope of the saturation vapor pressure-
temperature curve (kPa °C?)

Rn = Calculated net radiation at the crop surface (MJ
m?2dlorM]m?h')

G = Soil heat flux density at the soil surface (M] m?
d?'or MJ m?2h)

2 Cooperative Extension



y = psychrometer constant ( kPa °C?)

Cn=numerator constant that changes with reference
type and calculation time step

T = mean daily air temperature measured at 1.5 to
2.5 m above ground level (°C)

Uz = mean daily wind speed wind speed measured
at 2 m above ground level (m s™)

€s= saturation vapor pressure measured at 1.5 to 2.5
m above ground level (kPa)

€. = mean actual vapor pressure measured at 1.5 to
2.5 m above ground level (kPa)

Ca = denominator constant that changes with
reference type and calculation time step

Equation 1 represents a generalized equation that
can, with appropriate use of constants, handle differ-
ent reference surfaces; different computational time
steps; and slight variation in the measurement height
of certain meteorological measurements. Note that
standardized reference ET when described in this
generalized form is given the abbreviation ETsz.

Standardized Equation To Be Used By
AZMET

AZMET will utilize the standardized procedure for a
short reference crop computed using a daily compu-
tational time step. The appropriate equation for this
version of the standardized procedure is provided
below:

0408AR» +v u(es — ea)

900
71+273 )
A+v(1+034u-)

ETos =

Where:

ETos = standardized reference crop
evapotranspiration for a short crop in mm d!

A = slope of the saturation vapor pressure-
temperature curve (kPa °C?)

Rn = Calculated net radiation at the crop surface in
MJ m?d!

y = psychrometer constant ( kPa °C)

T = mean daily air temperature measured at 1.5 m
above ground level (°C)

U2=mean daily wind speed measured at 2 m above
ground level (m s?)

€s= saturation vapor pressure measured at 1.5 m
above ground level (kPa)

The University of Arizona

€. = mean actual vapor pressure measured at 1.5 m
above ground level (kPa)

A comparison of Egs. 1 and 2 reveal some significant
differences. One notable difference is the change in
abbreviation for reference ET. The ASCE task force
recommended using the abbreviation ETos for short
crop standardized reference ET. Another important
difference among the two equations is that the nu-
merator and denominator constants in Eq. 1 are set
equal to 900 and 0.34, respectively which represent the
appropriate constants for the short reference crop and
daily computational time step. Finally, one will notice
that Eq. 2 no longer contains the soil heat flux variable
(GinEq. 1). Soil heat flux is typically very small over
a period of 24 hours (heat that flows into soil in day is
lost back to the surface at night) and thus is set equal
to zero in the standardized equation when the daily
computation time step is used.

The reason AZMET chose to use reference ET com-
puted for a short reference crop is to provide continuity
with past AZMET ETo data. AZMET has used a 0.08-
0.15 m tall cool season grass as its ET reference surface
since the inception of the network in 1987.

The time step for ETsz computation was another
factor addressed by the ASCE TC. Time step refers
to the time interval over which the ETsz computation
is made. The TC recommended standardized proce-
dures for two computational time steps — hourly and
daily. The daily computational time step has been
used for many decades, in part because most older
meteorological data sets consisted of daily summaries.
The advent of automated weather stations in the late
1970s led to an increase in the number of hourly data
sets that could be used to compute ETo. Past research
suggests the ETo computation is more accurate when
the computation time step is hourly as opposed to
daily or longer (Tanner and Pelton, 1960, Van Bavel,
1966), particularly in regions where meteorological
conditions vary in an asymmetric manner each day
(e.g., coastal locations with fog or sea breeze; certain
mountain areas subject to sudden changes in wind or
cloudiness each day). One of the objectives of the TC
was to recommend a standardized procedure where
the computational time step did not greatly impact the
resulting ETsz value. The TC did conduct an evalu-
ation of the impact of time step on the resulting ETsz
value (Itenfisu et al., 2000). The evaluation found that
ETsz computed using the hourly and daily time step
was generally within 2% across a large number of
locations (including Arizona).

AZMET chose to use the daily time step computa-
tion model for the following reasons: 1) meteorological
conditions in Arizona do not generally exhibit serious
asymmetric tendencies over the course of a day; 2) daily

Cooperative Extension
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ETos, mm/day
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EToa, mm/day

Figure 2. Reference evapotranspiration as computed using the
ASCE standardized procedure (ETos) versus reference evapotrans-
piration computed using procedure employed by AZMET. The
line represents the least squares regression line ( ETos = 0.03 + 0.95

x EToa; 12 = 0.96).

meteorological data are easier to estimate than hourly
data when data are missing due to instrument failure
or station maintenance; and 3) AZMET questions the
accuracy of nighttime net radiation (Rn )estimates re-
quired to estimate ETos on an hourly timescale.

Data Required To Compute ETos

Both meteorological and non-meteorological data are
required for the computation of ETos. The required
meteorological data include: 1) daily solar radiation
(MJ m? d%), 2) mean daily vapor pressure (kPa), 3)
mean daily wind speed (m s™), and 4) maximum and
minimum air temperature for the day (°C). All of the
required meteorological data are collected by AZMET
weather stations. Required non-meteorological data
consist of elevation above sea level and latitude for the
locations providing the meteorological data (AZMET
weather station locations).

The meteorological data required for computation
of ETos must be converted into the specific variables
required in Eq. 2. Multiple procedures are available
for making these required conversions. The ASCE
TC reviewed many of the recommended conversion
procedures and made recommendations on the best
procedures to use based on the kind and quality of
available meteorological data. The specific procedures
and/or equations employed by AZMET to generate
these required variables are presented in the Appendix
to this report

The University of Arizona

Comparison of Standardized
Reference ET with Original
AZMET ETo

Alogical question for users of ETo data would be how
does the new standardized procedure (ETos) compare
with the original AZMET ETo (EToa) data. To answer
this question, AZMET computed daily ETos for the
period 1 January 1998 through 31 December 2001 (4
years), then compared the monthly, seasonal, and
annual totals of ETos against similar totals of EToa
for locations presently served by AZMET weather
stations.

ETos and EToa were highly correlated across all
locations served by AZMET. The data presented in
Figure 2 are representative of the general relationship
between ETos and EToa. While ETos and EToa are
highly correlated, values of ETos generally run lower
than EToa. This lower bias of ETos is clearly evidentin
Tables 2 and 3 that present monthly, seasonal, and an-
nual totals of ETos and EToa for all locations presently
served by AZMET weather stations. Also included in
Tables 2 and 3 are ratios of ETos to EToa for the vari-
ous time scales.

Annual totals of ETos were 3-17% lower than similar
totals of EToa depending on location (Table 3). The
lowest ratios of ETos to EToa occur where wind flow
is generally low (e.g., Waddell, Phoenix Encanto, and
Phoenix Greenway). The highest ratios occur at loca-
tions exhibiting fairly high wind speeds (e.g., Marana,
Parker).

The monthly and seasonal ratios presented in Tables
2 and 3 reveal that the lower bias of ETos (relative to
EToa) is not constant over time. Higher ratios typi-
cally occur during windy months and months with
higher dew point temperatures (e.g., summer monsoon
months). Lower ratios commonly occur when dew
point and wind flow are low.

Converting Past EToa to ETos

Long time users of AZMET data may have databases
and spreadsheets that contain values of EToa gener-
ated in past years. Users interested in converting
EToa data into reliable estimates of ETos may use the
ratios presented in Tables 2 & 3. The simple conversion
process uses the following equation:

ETos = Ratio * EToa 3)
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Table 2. Mean monthly values of reference evapotranspiration for all AZMET station sites for the period 1998-2001 computed using the ASCE
standardized (ETos) and original AZMET (EToa) computation procedures. Monthly ratios of ETos to EToa are provided in columns labeled “Ratio.”

LOCATION JANUARY FEBRUARY MARCH APRIL MAY JUNE

ETos | EToa | Ratio | ETos | EToa | Ratio | ETos | EToa | Ratio | ETos | EToa | Ratio | ETos | EToa | Ratio | ETos | EToa | Ratio

(mm) | (mm) (mm) | (mm) (mm) | (mm) (mm) | (mm) (mm) | (mm) (mm) | (mm)
Aguila 72.6 80.5 0.90 | 77.8 90.1 0.86 125.4|147.2] 0.85 171.1| 198.5] 0.86 | 241.6|273.0| 0.89 261.4| 289.3] 0.90
Buckeye 74.3 83.8 0.89 | 84.7 96.1 0.88 134.0|151.7] 0.88 180.2| 207.0] 0.87 | 240.5]270.0] 0.89 251.0| 276.2} 0.91
Bonita 69.8 79.0 0.88 | 82.8 94.2 0.88 126.3| 146.6 | 0.86 167.5| 197.2] 0.85 | 222.8| 256.6| 0.87 228.1| 247.6] 0.92
Coolidge 73.5 78.4 0.94 82.2 90.4 0.91 124.6 | 140.4] 0.89 174.5| 197.5] 0.88 247.41 269.4| 0.92 253.7] 271.7§] 0.93
Eloy 69.4 771 0.90 | 81.1 91.3 0.89 125.7]1 146.0| 0.86 173.5] 204.2] 0.85 | 241.6| 274.7] 0.88 254.0] 277.5] 0.92
Harquahala 65.7 76.6 0.86 | 73.9 87.7 0.84 124.5]1 148.0| 0.84 166.8] 198.2| 0.84 | 220.9| 253.1] 0.87 246.7| 272.4] 0.91
Litchfield Pk. 66.8 75.7 0.88 | 77.5 88.4 0.88 126.1]| 144.3| 0.87 173.5]| 202.5| 0.86 | 238.7| 270.1] 0.88 263.1] 287.7] 0.91
Maricopa 63.3 72.5 0.87 | 80.0 89.7 0.89 126.0| 143.6 | 0.88 175.01 199.1] 0.88 | 244.0]267.5] 0.91 261.3| 280.4] 0.93
Marana 90.2 89.5 1.01 98.9 102.2 0.97 144.91157.5] 0.92 184.2| 206.2] 0.89 | 251.8|274.1]0.92 264.6| 277.3] 0.95
Mohave Val. 80.7 87.0 0.93 | 87.3 94.6 0.92 145.8| 164.6 | 0.89 191.8| 214.9] 0.89 257.81278.6 | 0.93 257.4) 275.2] 0.94
Paloma 72.9 79.6 0.92 | 84.8 94.9 0.89 131.1|149.5] 0.88 173.5] 200.0] 0.87 | 234.4| 259.8] 0.90 255.8] 276.2] 0.93
Parker 72.5 78.4 0.93 | 80.9 90.1 0.90 134.7 ] 153.2| 0.88 192.1| 211.4] 0.91 263.8] 280.9| 0.94 281.5] 288.9] 0.97

Phoenix Encanto| 54.5 | 65.6 0.83 | 67.5 | 80.7 10.84 |111.8|133.6] 0.84 | 153.6] 185.3| 0.83 | 209.9] 247.0| 0.85 | 228.2| 262.3] 0.87

Phoenix Greenway | 51.1 69.8 0.73 | 65.4 | 83.5 |0.78 | 108.6| 134.3 ] 0.81 149.7]| 182.8]| 0.82 | 205.3| 245.3] 0.84 | 226.0| 261.4] 0.86

Queen Ck. 61.7 |]66.0 0.93 | 74.8 | 81.9 | 0.91 117.91131.0] 0.90 | 159.9] 182.3] 0.88 | 214.9]| 240.3] 0.89 | 227.0| 249.1} 0.91
Roll 64.5 | 80.5 0.80 | 76.9 | 92.4 | 0.83 | 128.4| 153.6| 0.84 | 174.8] 204.8] 0.85 | 222.5| 251.6] 0.88 | 234.2| 258.4} 0.91
Safford 74.8 | 80.8 0.93 | 92.4 | 100.8] 0.92 | 139.4| 156.8| 0.89 | 187.0] 211.8] 0.88 | 250.8| 274.1] 0.92 | 252.7| 264.5] 0.96
Tucson 68.6 | 80.8 0.85 | 82.4 | 94.6 | 0.87 | 128.0| 151.2] 0.85 | 166.3] 196.0] 0.85 | 224.3| 258.1] 0.87 | 235.4| 258.3] 0.91
Waddell 54.0 | 76.2 0.71 67.3 | 86.2 | 0.78 | 111.4] 136.8] 0.81 156.1] 192.3| 0.81 217.8]| 262.6] 0.83 | 236.4] 276.2] 0.86
Yuma Mesa 69.7 | 85.2 0.82 | 80.2 | 95.8 | 0.84 | 129.4| 155.0] 0.83 | 168.7| 199.6] 0.85 | 217.6| 247.7] 0.88 | 238.8| 261.8] 0.91

Yuma N. Gila 71.6 | 84.2 0.85 | 80.2 | 94.3 | 0.85 | 127.5| 151.3] 0.84 | 170.2] 199.0] 0.86 | 211.8| 239.7] 0.88 | 229.0] 251.2] 0.91

Yuma Valley 83.9 | 94.5 0.89 | 90.5 | 103.3] 0.88 | 135.1] 158.7] 0.85 | 181.3] 207.9] 0.87 | 230.5] 254.1] 0.91 259.3]| 278.5§ 0.93
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Table 2 continued. Mean monthly values of reference evapotranspiration for all AZMET station sites for the period 1998-2001 computed using the ASCE
standardized (ETos) and original AZMET (EToa) computation procedures. Monthly ratios of ETos to EToa are provided in columns labeled “Ratio.”

LOCATION JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER
ETos | EToa | Ratio | ETos | EToa | Ratio | ETos | EToa | Ratio | ETos | EToa | Ratio | ETos | EToa | Ratio | ETos | EToa | Ratio
(mm) | (mm) (mm) | (mm) (mm) | (mm) (mm) | (mm) (mm) | (mm) (mm) | (mm)
Aguila 249.1] 259.6] 0.96 | 218.3]222.3] 0.98 | 184.0] 199.0] 0.92 | 138.3] 153.7] 0.90 | 90.5 100.6] 0.90 | 75.5 |82.3 ] 0.92
Buckeye 236.8] 245.5] 0.96 | 225.3|226.9] 0.99 | 188.6} 200.6] 0.94 | 137.9]153.6]/ 0.90 | 86.3 | 97.8 | 0.88 | 70.9 |79.3 ] 0.89
Bonita 192.3] 194.1] 0.99 | 179.3]185.2] 0.97 | 166.7] 180.4] 0.92 | 125.9] 140.8] 0.89 | 82.3 | 94.2 | 0.87 | 66.3 | 77.1 | 0.86
Coolidge 217.71 219.4] 0.99 | 198.3]200.8] 0.99 | 166.0§ 172.9] 0.96 | 128.0] 138.5] 0.92 | 83.5 | 89.2 | 0.94 | 71.9 |75.4 |0.95
Eloy 236.1] 237.6] 0.99 | 219.0)221.7] 0.99 | 177.3§ 192.1] 0.92 | 130.3|147.1]10.89 | 78.5 | 93.6 | 0.84 | 65.3 | 73.0 | 0.89
Harquahala 249.6] 260.8] 0.96 | 231.2]1234.9]0.98 | 182.7] 199.1] 0.92 | 127.6]| 148.5]1 0.86 | 77.7 | 93.4 | 0.83 | 68.6 |78.6 | 0.87
Litchfield Pk. 246.8] 257.5] 0.96 | 219.2|228.3] 0.96 | 172.5] 192.0] 0.90 | 121.4]138.1] 0.88 | 74.7 | 86.8 | 0.86 | 60.9 | 69.0 | 0.88
Maricopa 247.6] 249.7] 0.99 | 223.6225.1] 0.99 | 182.8] 192.9]/ 0.95 | 128.1]141.9/0.90 | 73.6 | 84.4 | 0.87 | 58.9 |66.1 |0.89
Marana 220.2)1 216.1] 1.02 | 209.6 ] 204.4] 1.03 | 193.4§ 194.1] 1.00 | 152.9]155.2]1 0.99 | 107.9] 107.5] 1.00 | 82.6 |83.7 | 0.99
Mohave Val. 233.5] 244.3] 0.96 | 211.0)217.2] 0.97 | 169.0§ 184.8] 0.91 131.0]144.1]1 0.91 | 89.0 | 97.6 | 0.91 | 91.8 |99.8 | 0.92
Paloma 241.401 247.8]1 0.97 | 213.41213.9]1.00 | 174.4] 183.4] 0.95 | 129.5]142.7]1 0.91 | 81.4 | 90.8 | 0.90 | 69.4 |72.9 ]0.95
Parker 276.1] 275.7] 1.00 | 224.0] 224.4] 1.00 | 194.2§ 202.2] 0.96 | 144.8] 156.7] 0.92 | 88.4 | 97.7 | 0.90 | 75.3 |82.2 | 0.92

Phoenix Encato] 223.8 243.3] 0.92 | 207.0| 222.7] 0.93 | 161.3] 185.7] 0.87 | 108.7] 131.2] 0.83 | 63.3 | 79.8 | 0.79 ]| 49.9 |61.7 ] 0.81

Phoenix Greenway | 221.2] 240.3] 0.92 | 206.2] 222.1] 0.93 | 158.1| 185.7] 0.85 | 106.8] 137.0] 0.78 | 60.3 | 85.6 | 0.70 | 47.0 | 66.4 | 0.71

Queen Ck. 219.7] 222.5] 0.99 | 205.8|207.9] 0.99 | 169.2] 179.5] 0.94 | 117.9]131.1]1 0.90 | 72.5 | 82.2 | 0.88 | 57.3 | 63.2 | 0.91
Roll 234.1§ 246.0] 0.95 | 222.2]230.5] 0.96 | 180.8) 193.5] 0.93 | 129.9] 143.3]1 0.91 | 74.8 | 84.3 | 0.89 | 63.8 |77.5 ] 0.82
Safford 205.5]) 203.4] 1.01 | 178.21177.7] 1.00 | 161.8] 170.0] 0.95 | 125.7] 136.0] 0.92 | 80.3 | 88.5 | 0.91 | 68.9 | 72.4 | 0.95
Tucson 201.1§ 205.2] 0.98 | 192.1]197.9] 0.97 | 168.8) 183.8] 0.92 | 123.6] 143.1]1 0.86 | 77.6 | 92.0 | 0.84 | 64.1 |77.3 ] 0.83
Waddell 225.6] 250.7] 0.90 | 199.0| 220.2] 0.90 | 156.2] 188.8] 0.83 | 107.5] 140.2] 0.77 | 61.9 | 88.8 | 0.70 | 48.8 | 71.0 | 0.69
Yuma Mesa 241.0) 252.4] 0.95 | 217.6| 224.6] 0.97 | 174.9] 191.3] 0.91 | 129.3] 150.2] 0.86 | 83.4 | 98.5 | 0.85 | 75.1 | 90.5 | 0.83

Yuma N. Gila 249.3] 254.1] 0.98 | 233.6| 233.6] 1.00 | 182.9] 193.5] 0.95 | 133.6] 148.3] 0.90 | 82.7 | 92.8 | 0.89 | 74.6 | 85.5 | 0.87
Yuma Valley 266.8] 276.3] 0.97 | 240.2] 241.8] 0.99 | 203.7§ 212.8] 0.96 | 148.8] 162.9] 0.91 | 96.1 104.1] 0.92 | 89.0 ] 97.9 ] 0.91
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Table 3. Seasonal and annual means of reference evapotranspiration for all active AZMET monitoring sites for the period
1998-2001 as computed using the ASCE standardized (ETos) and original AZMET (EToa) procedures. Ratios of ETos
to EToa are provided in columns labeled “Ratio.”

WINTER SPRING SUMMER FALL ANNUAL
LOCATION (Dec. - Feb.) (Mar. - May) (Jun. - Aug.) (Sep. - Nov.)

ETos | EToa | Ratio ETos | EToa | Ratio | ETos | EToa | Ratio | ETos | EToa | Ratio | ETos | EToa | Ratio

(mm) | (mm) (mm) | (mm) (mm) | (mm) (mm) | (mm) (mm) | (mm)
Aguila 225.91252.9]0.89 538.11618.7|0.87 | 728.8| 771.2| 0.94 |412.81453.3]0.91 | 1905.7| 2095.9] 0.91
Buckeye 229.9]259.2] 0.89 554.71628.7|0.88 | 713.1| 748.6] 0.95 |412.8|452.0]10.91 | 1910.5/2088.2| 0.91
Bonita 218.9]250.3 0.87 516.61600.4|0.86 | 599.7| 626.9] 0.96 |374.91415.4|0.90 | 1710.2| 1892.9] 0.90
Coolidge 227.6|244.2|0.93 546.5|607.3|0.90 | 669.7|691.9]0.97 |377.5|400.6|0.94 | 1821.3| 1944.0] 0.94
Eloy 215.8|241.4] 0.89 540.8 | 626.4|0.86 | 709.1| 735.3] 0.96 |386.1|432.8(0.89 | 1851.9)2035.7| 0.91
Harquahala 208.2|242.9 0.86 512.2|599.3|0.85 | 727.5| 768.1] 0.95 | 388.0|441.0|0.88 | 1835.9| 2051.2] 0.90
Litchfield Pk. 205.2|233.1]0.88 538.3|616.9|0.87 | 729.1| 773.5] 0.94 |368.6|416.9|0.88 | 1841.3| 2040.4] 0.90
Maricopa 202.21228.3| 0.89 545.01610.2|0.89 | 732.5| 755.2] 0.97 |384.51419.2|0.92 | 1864.2| 2012.8] 0.93
Marana 271.71275.4] 0.99 580.91637.8|0.91 | 694.4| 697.8| 1.00 |454.21456.8|0.99 | 2001.2|2067.6] 0.97
Mohave Val. 259.81281.4] 0.92 595.41658.110.90 | 701.9| 736.7| 0.95 | 389.01426.5|0.91 | 1946.2| 2102.4| 0.93
Paloma 227.1|247.410.92 539.0]609.3]|0.88 | 710.6| 737.9| 0.96 |385.3|416.9]0.92 | 1862.0| 2011.3] 0.93
Parker 228.71250.7 | 0.91 590.6 | 645.510.91 | 781.6| 789.0]| 0.99 | 427.4]|456.6|0.94 | 2028.4| 2141.6| 0.95
Phoenix Encanto | 171.9]208.0| 0.83 475.3]565.9|0.84 | 659.0| 728.3| 0.90 |333.3|396.7|0.84 | 1639.6| 1898.7| 0.86
Phoenix Greenway | 163.51219.7 | 0.74 463.6562.4|0.82 | 653.4| 723.8] 0.90 |325.21408.3|0.80 | 1605.6| 1914.1]| 0.84
Queen Ck. 193.81211.1] 0.92 492.7|553.6|0.89 | 652.5) 679.5] 0.96 |359.6|392.8|0.92 | 1698.5| 1836.7]| 0.92
Roll 205.21250.4] 0.82 525.71610.01 0.86 | 690.5| 734.9] 0.94 | 385.5]|421.1]0.92 | 1806.9] 2016.3| 0.90
Safford 236.1|254.0| 0.93 577.2|642.7|0.90 | 636.4| 645.6] 0.99 |367.8|394.5|0.93 | 1817.6| 1936.6] 0.94
Tucson 215.1|252.7| 0.85 518.6| 605.3| 0.86 | 628.6| 661.4] 0.95 | 370.0|418.9|0.88 | 1732.2| 1938.2] 0.89
Waddell 170.11233.4| 0.73 485.31591.7|10.82 | 661.0| 747.1] 0.88 | 325.6]|417.8|0.78 | 1642.0] 1989.7| 0.83
Yuma Mesa 225.0]1271.5] 0.83 515.7|602.3] 0.86 | 697.4| 738.8]| 0.94 | 387.6|440.0| 0.88 | 1825.7] 2052.4| 0.89
Yuma N. Gila 226.4]1264.0] 0.86 509.5]|590.0|0.86 | 711.9] 738.9]| 0.96 | 399.2|434.6|0.92 | 1847.0] 2027.4| 0.91
Yuma Valley 263.4|295.7| 0.89 546.9|620.7| 0.88 | 766.3| 796.6] 0.96 |448.6|479.8]|0.93 | 2025.2| 2192.5] 0.92




where Ratio represents the appropriate annual, sea-
sonal or monthly ratio from Tables 2 and 3. Annual
ratios should be used only to adjust annual totals
of EToa. Monthly ratios provide the best means of
converting short term data sets (e.g., daily, weekly or
monthly totals of EToa). Users wishing to obtain ac-
tual computed values of ETos for past years should contact
AZMET. As part of the move to adopt ETos, AZMET will
generate ETos for its entire database which extends back to
1987 at some locations.

Crop Coefficients and ETos

Crop coefficients (Kcs) are used to convert ETo data
into estimates of crop evapotranspiration (ETc). The
simple conversion procedure is as follows:

ETc = Kc * ETo 4)

It is important to note that Kcs need to be matched to
the ETo procedure in order to obtain reliable estimates
of ETc from Eq. 4. To help clarify this point, suppose
one has a turf Kc of 0.75 that is appropriate for use
with AZMET ETo (EToa). To obtain an estimate of turf
water use in Tucson for May one would multiply the
Kc (0.75) times the May EToa value for Tucson (258.1
mm from Table 2):

ETc = Kc * EToa
ETc =0.75* 258.1 mm

ETc =193.6 mm (7.62”)

If, however, this same Kc is erroneously applied to
values of ETos, the same May turf water use estimate
in Tucson would be:

ETc = Kc * ETos
ETc =0.75*224.3 mm
ETc = 168.2 mm (6.62”)

or 25.4 mm (1.0”) less than the correct value. It is clear
from this example that failure to match Kcs with ETo
procedure can lead to significant errors when estimat-
ing water use from vegetation.

Very few Kcs have been validated for use with ETos
in Arizona with the notable exception of turfgrass
(Brown and Kopec, 2000). While a number of research
studies are presently underway (University of Arizona
and USDA-ARS) that should provide validated Kcs
for a number of Arizona crops in the near future, indi-
viduals interested in applying Kcs to ETos must either
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use published Kcs developed in another location, or
adjust existing AZMET Kcs. A good place to locate
Kcs for use with ETos is the publication entitled Crop
Evapotranspiration: Guidelines for computing crop water
requirements which is listed in the Reference section
of this report.

Adjusting AZMET Kcs is a simple process that re-
quires the use of the ratio data in Tables 2 and 3:

Kc, =Kc,, / Ratio (5)

where Kc and Kc , are the crop coefficient values
approprlate for use with ETos and EToa, respectively;
and Ratio is the ratio of ETos to EToa provided in
Tables 2 and 3. In the previous example pertaining
to turfgrass water use for Tucson in May, one would
correct the Kc_ value of 0.75 by dividing by the May
ratio presented in Table 2 (0.87):

Kc, =0.75/ 0.87=0.86

Seasonal ratios of ETos to EToa are provided in Table
3 to assist with adjusting Kc_ for row crops. For ex-
ample, AZMET has recommended using a Kc of 1.12
for full cover cotton when using EToa. The process of
adjusting this Kc for use with ETos at Maricopa would
proceed as follows:

Ke =1.12/0.97=1.15

The value of 0.97 is the summer ratio for Maricopa
(see Table 3).

On a practical note it is important to recognize that ex-
isting Kc_ values will require only minor adjustments
(if any) when used during the summer months. Larger
adjustments will be required in winter where the ratios
of ETos to EToa are generally much less than 1.0.
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Appendix

The procedures and equations used to compute the variables presented in Equation 2 are described in this
Appendix. The variables are presented in the order they are encountered in Eq. 2.

A: Slope of Saturation Vapor Pressure vs. Temperature Relationship

The slope of the saturation vapor pressure versus temperature relationship, A (kPa °C?), is computed using:
A = 2503 exp((17.27T) /(T +237.3)) /(T +237.3)> (A1)

where T is the mean temperature for the day (°C).

Rn: Net Radiation

Net radiation is the net amount of radiant energy available at the surface for evaporating water. Rn includes
both short and long wave radiation and is computed using:

Rn =Rns - Rn1 (A2)

where Rns = net shortwave radiation (M] m? d!) defined as positive in the downward direction (toward earth)
and Rnl = net longwave radiation (MJ m~ d') defined as positive in the upward direction (toward sky).

Net shortwave radiation (Rns) is computed as the difference between incoming and reflected shortwave
radiation:

Rns=Rs - aRs = (1 - a)Rs (A3)

where o = albedo or canopy reflection coefficient which is fixed at 0.23 and Rs = incoming solar radiation (M]
m?2d?).

Net longwave radiation (Rnl) is the difference between upward longwave radiation (Rlu) and downward
longwave radiation from the sky (Rld):

Rni=Riu-Rid (A4)
The daily value of Rnl is computed using;:
Rni=o[(TK*max+TK*min)/2]*(0.34-0.14 Vea)[1.35(Rs/Rso) - 0.35]  (A5)

where Rnl is net long-wave radiation in M m?d?,  ois the Stefan-Boltzman constant [= 4.901 x 10° MJ K* m?
d'], Tk*max is the maximum absolute temperature for the day (K), TK*min is the minimum absolute temperatures
for the day (K), ea is the actual vapor pressure (kPa), Rs is solar radiation (M] m* d*), and Rso is calculated
clear-sky solar radiation (MJ m?d™). The ratio Rs/Rso indicates the relative level of cloudiness must be limited
to 0.3 < Rs/Rso < 1.0. Rs/Rso values <0.30 are set = 0.30; Rs/Rso values > 1.0 are set = 1.0.
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Clear sky solar radiation (Rso) is computed using:
Rso =(0.75 + 2 *10° z)Ra (A6)
where z is the elevation above sea level (m) and Ra is extraterrestrial radiation (M] m2 d™").
Extraterrestrial radiation is computed from earth-sun geometry using:
Ra = (24/7)Gsc dr * [ws sin(g) sin(8) + cos(p) cos(d) sin(ws)] (A7)

where Gsc is the solar constant [= 4.92 MJ m h], dr is relative distance factor (between the earth and sun), ws
is sunset hour angle (radians), ¢ is the latitude (radians), and § solar declination (radians).

The relative distance factor is computed using:

dr =1 + 0.033cos(2x] / 365) (A8)
where ] is the day of the year (1 = 1 January; 365 = 31 December).
The solar declination angle is computed using:

d = 0.409sin((2n] /365) - 1.39)  (A9)
The sunset angle is computed using:

ws = arcos[-tan(¢p) tan(8)] (A10)
v: Psychrometer Constant

The psychrometer constant, y (kPa °C?), is computed using:
v =0.000665 P (A11)

where P is the atmospheric pressure at the weather station site. Atmospheric pressure (kPa) is computed from
the elevation of the weather station site:

P =101.3 ((293 - 0.0065 z) / 293)>% (A12)
where z is the elevation of the weather station above mean sea level (m).

T: Mean Air Temperature

Mean air temperature (°C) is calculated as the mean of the daily maximum and daily minimum air
temperature:

T = (Tmax + Tmin)/2 (A13)
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where Tmax and Tmin are the maximum and minimum air temperatures (°C) as obtained from the weather
station data logger.

U2:Wind Speed

The standardized equation requires the mean daily wind speed measured at 2 m above ground level (agl).
Because AZMET measures wind speed at 3 m agl, wind speed is adjusted to an equivalent value at 2 m agl
using the following:

U2=Us (4.87/In(67.8 zw - 5.42) (A14)

where W is the wind speed measured at 3 m agl and zw is the height of the wind speed measurement (3 m).

€s: Saturation Vapor Pressure

Saturation vapor pressure is computed using:
es = (es(Tmax) + es(Tmin)) / 2 (A15)
where es(Tmax) and es(Tmin) are the saturation vapor pressures (kPa) computed using the maximum and
minimum air temperatures, respectively. Saturation vapor pressure is computed using the following:
es =0.6108 exp((17.27Tex) / (Tex +237.3))  (A16)

where Tex is either Tmax or Tmin (°C) .

ea: Actual Vapor Pressure

The mean actual vapor pressure for the day is computed by the weather station datalogger using simultaneous
measurements of relative humidity (RH; %) and air temperature (Ta; °C ) using:

ea = (RH/100) [0.6108 exp((17.27Ta)/(Ta + 237.3))]  (A17)

Values of ea are computed by the datalogger every 10 s and averaged for the day.

Any products, services, or organizations that are mentioned, shown, or indirectly implied in this publication do not imply
endorsement by The University of Arizona.
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APPENDIX D
MARAMNA HIGH PLAINS EFFLUENT RECHARGE PROJECT

DAILY INFELTRATION RATES
JANUARY 2007
L Cell 1 Cell 2 o Cel 3 _ L Cell 4
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AFPPENDIX D
MARAMNA HIGH PLAINS EFFLUENT RECHARGE PROJECT
DAILY INFILTRATION RATES

FEBRUARY 2007
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APPENDIX D
MARANA HNGH PLAINS EFFLUENT RECHARGE PROJECT

DAILY INFILTRATION RATES
MARCH 2007
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MARAMNA HIGH PLAINS EFFLUENT RECHARGE PROJECT

APPENDIX D

DAILY INFILTRATION RATES
APRIL 2007
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APPENDIX D
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT

DAILY INFILTRATION RATES
MAY 2007
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APPENDIX D
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT

DAILY INFILTRATION RATES
JUME 2007
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APPENDIX D
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
DAILY INFILTRATMON RATES

JULY 2007
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MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT

APPENDIX D

DAILY INFILTRATION RATES

AUGUST 2007
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APPENDIX D
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APPENDIX D
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
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APPENDIX D
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
DAILY INFILTRATION RATES
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APPENDIX D
MARANA HIGH PLAINS EFFLUENT RECHARGE PROJECT
DAILY INFILTRATION RATES
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Magnetoflow® Flanged Meter Installation &
Mag Meter with Model Primo® 3.1 Operation Manual

IMPORTANT !!!! This manual contains important warnings
and information. READ AND KEEP FOR REFERENCE.

i

% BadgerMeter, Inc.
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PROGRAMMING (3.1 Elecironlcs)

Tra Prmo® ampiifas cones preprofpamemed e e Diclery and in
rivonl inlancey will nok apuEp gy SOSlOn Matsphililes Hewver
M yous mill B i thee Rowy Sl Culputs o sead 10 Fegeognam Tha

Pacgramming of Ihe Primo Ampdifsr

This sactin pves step by siep Insinesion &n hine 10 peogies aoch
o thee hurednns of the prolfss Ghi & eusanason ol e checm Bul
mre gwakabin For each o

Fenl, yning & s By Weeseeer, 6oy P il cower B Ba
iruakn ampbiber hoiseg. A e ke sghl comat of the Ut yous wil
pp Bree sguary bufions. These Bollom s wsed 1o padom gl
PepEgaTITEY] proOnctaes

NOTE: The programming buttons have boen placed inside
h“r“urum%
ﬂw#-ﬂﬂmn-‘h

Tl bom' e 1o gl LD cdimplary 0l thar Prma aimepliaer wil Qi i

FrCaph il of Hed frcsgrammang opfiorathepn. Tha My BCrs wil
ey

11 Lirsd Firm Flaln
Pred Ly Totakgar (TOFs o TOTN)
e Linis Totahrar (TOT- or TOT2Y
A Lini Deiplays nvision ol solwarg 0 Easas
in Winbleshoohineg  This bra is alsa
udan] 1o despliy ATy BTOT THES EMGHE
i My i duing cpemion of The meoar

Then rraien deipily Screen will be in ona of tha Sollowing modes. (e
Flow DNrmctsn of il 11 liw sckSional detaal §

UnkDirettibnal Wode

by pressieg the Emer o E Wy (Bolors oey], you will bo 51 S muaen
SUTeT ROIDen. F he sy i dondg wethin b menstes while s ary ol

Fa Fiqparneseng aramalers, B [Hogeam fuen. sikemalcady o
Tl Frutr ety E v ko) B puiraminlds sEeeg Mo, B marled
will b bdiisrg angd [olsiiseg any low thal oomes

Thisio ank ihien man sulimenus. [achon, culpeisSotaly and mes
mramet Ench sulsmenu gred oo 10 Pa pSowng sppiopnse

Factari:

1) Dhstictis |pacid

71 Popan ilarnpbiar

X1 Pamiwird frrdicinn

OudpailaiTetale:
1) Flmsal kirlals
1 Arakg dsdputs
10 Podss onifgnils
4) Froquency
B5 Fiesw ol

Maamirement:

T Ut

I Fuill pciln

Jf Lisws Mgria captashl

A} Errgly jepa dedecion
5} Pl Sinchon

[} Falast

T} B mf

PROGRAMMING OF MEASUREMENT
PARAMETERS

ifren P grompamming submend sOean appeans, notos B rghl
aAifgra on M Bar W8 pioe . Lining tha up T areoew by, (o £an poaitsn
Hi Bives m bond of the ssbrman el you eish i nksimogaie. W
riCErTiTEInG wlaring et T "ot bubimety iveed By
e “tutputsiotah” submonu and inaly the Tacom” sy

Lo th T hey 10 posfion tha = @T0W nEsl 18 "MoasUinTen G
prasd e = hoy. The lolowing sorsen will appaar

UNIT OF MEASURE

Thes i whito ‘v sl gkt the sl oF sansurmment Lo f Hos rale
B e Tl oAaHRE Lo B 7 kiry 1o placo e - @ row noi



b “chareg® wrd press = kiry. Thet sl wnd 0f maasutsmant screen
weill AP

Lisng) the | 64—+ kirgs select the Seadted whi of messues for fie e
ke e

ChaEry

LS. g mente

LIS, el (alona

115 il poshdeiminuts
LHy Ayl pasnceesmramss

i Qalons maite

EEEE3L}I55 ¢

Thi emising totilser salsns Bm sutomatcaly oorennind o B
sapbaniisd 1wl of reARuE

Aher pelectng und of massure ot Rgw mis, Eess Ender, You wil les
tha Iodcing ST b spinchng und of soannn lof T el

Choces am &5 lolow. any euiging vaked on e iosiitots wil
auilomateally ba corwered ims B rew elcind ueil of Massn

L LAst

it Cube =aint

[} LIS padhoiri

MG L5 S galin
TS brjusl jenrat
LS Ruad ungos
el patie
Aczo ol
Cubar ol

Al e EHSAAT N ol mosture selechon, piedd e E ey e
Soliceney SCHMEN Wil 2D

FULL SCALE (MAXIMUM FLOW)

i i charged Tl wndl of mestsrs. T full el of Masrmum S
may aleg nessd 10 D cRanged fo refiech B manimem ficw fnin with
fhem rarwe i ol smsAe This i a very mpcriand pasamelid as @
relates 1o c2iiel paremsbers inpfodng inrgreenty cutpul, low-
Higw cull-off, alars ceipiuts and snatceg sigral cutpula. Al
e Deprred fmow Tl SCak pEting Based on your maion pgn and yss

TEGEE

10

spphealions fequinsmanis, making swo that 0 el sdhees P sug-
peatad Neny emnge ol th maini.

Whesn doer_ prmss eiiler and Wen e - kiry ded Be i pillamee
el capmaear

Thad i M Rl ull SOl (OPRMOWE BS prevsodsly vesiod W oa
i Pl B [ Dwac Bl 5o Chaitege Pl soale paftenn o e g
of Maaasiend CRONGE il MEOESIANY.

Tirws Fisll Sk caan bay chogan in o rango of 00l wp i 304 e & Row

il i AAse(ed b e Bnakog cufpul ns wrl an the legeency sl
vy W 4l sz b pOmbne]. Th soabng i vkl ioe both Nos chechoras

HWOTE: i i fior rain i ecceading Tha full scala solfisg by more
1A 5% @0 #rred b indicabed shai tha selected Pull scals renge
i Encieied. [Terminale T and B}

Oinca el & o, preas E aedd than B - hury and e nee) pae sl
el TR

LOW FLOW CUTOFF

T s B fow Bow cotol] fynchion 1 i wsed 0 assgn @ low S fale
il whath maggaemesd wdll glop, preverhing mosiunsttain e s
‘oakration smor. This parsmales can ba progiamsesd e 0% up
b 10P% cf sasbeechisg] fuil b Thom fils

Piacn (he » arrow naxl o “changs” and e pree ihe = by T
Fiplorwene s will g

Tra faciory sefing W 0% increasing this vakes will feip resend
False rppckngs durny ng fow” conddons dus 10 fed sovemmant s
ta pegr calised by wirahorm o Epe anprpemeniy

Usng the T aed -+ keys sebecl & vakar and then press EMTER

Press = Wy @0 poed well S0 e newl parararlonr



EMPTY PIPE DETECTION

Thas smpey P Selncinn pammaio! whsn progeEmmed 1o be 0N wil
prowichs an simor oy ickorissn § B mater i parkaily Sled with bt
Ths will i show Gn Bty [0 B0 St 00 e dapley

Fipewtion e o rast by "change” and preas tha - kg Tha lofiowing
Borean Wil

MOTE: Tha smpty pipe detection can be calibrated if required
if the fluid conductivily s differest than waler of the mmote
eabile length i significantty changed

Liss Pae T and = kg 40 hum W lestsrs O or OFF Bk daarned

it % i solected, Pl ENTER and thees B -y b 05 10 s meged
pararmaer. | ON & ssleched, [l EMTER and B eliowey scinen

Ta pmecend with calibralion, save VES selecied and hi ENTER
o el Nl LT

Than papse have 40 ba Slod with B e Hat will be rassuned by Ba
mefer A walsy Daherpans O pred SO00 my well e magsoned sl
dinplayed The wales incroases wih decraasisy conducingy,
romaursy cable lengih or sice. For noemal 'sader, e valun houkd
be befweon PhesY and HEmY. Afereards B sigral dfcrenoe
tefwaen 1l srdd omply pepe & defemmenad [y he e valked

Wiy caliteaton @ DodnglFie. N ENTER

Ther swilchirg) Twesholl for e crmply oo Oelecion 1 shen fhe
ML signal Tl ppe” phs ypsienesss vakes & ososeded [1e
w B0 e 100 ) T rmas e ke fod tha sseiching thuyesokd
W AL S00D My

¥ fall pepo Calbrabon wain is FapPar Wan J000mY, ploase oorsao
CofiMPTer D I RSl

Bl iR 10 PN (MR BOAET

FLOW DIRECTION
Tt P Chreielty D D [ Ograeraryand B 0 0 Bi=chnpcional modos.

Filaca iha > nexl 10 “champs” ahd presa B — koy, Des of the
o] (7] srmanm will So0mir;

Lind-chipesional i0asines e New only in o dintotion (Tieew deecton
[ P dhetecter kabel). 1 P sl i Mowirsg i iha opposte dvecton,
tha oouninr will Fcheats Jens o6 Dhe deplay Bnd no oufputs. Both
tHakie=E ChA B uSad B8 FeRDTESn CouiridE i Thes meodo. Tha
misireE ahe SRt mE "TOTI1" el TOTE

Thi Ea-rincttrill Sy maasos D o s bom Socens. The
tesl olaizar [TOT &) i mbsduring in th lonemd e dicecton and
i mascrond (otadines [TOIF), M iwiries deacthicn & chistg of Row
drection i ndcated via (ha T Seectisn rling

MMmmuhlﬂlﬂIﬂ“rﬂr.H EMTER. This
e SCrEEn BT telene e wahel erdered]. Thes vabui o8 S0 @l tha
iy ab FI00 m do allowr SO VN @ RS [Rpet Dleciaen
io slvmirane tho polenial for lades “enply pepl Sagnals® v W ol
reECEREany hor Ten vakar io b changed



Reley Weing Termunals

Tigs imgpae Bifay

] 1 |28V s vitami

[:IEI 12 = Farman
50T P, B Lo}

L@ 10— Racwass

syt T andl <= Sy sl whaph Tosy Sesciee maode you amn
ol press ENTERL b fhe = uoy o g 6 fa ol pammeator

FILTER DANMPENING

Trin feahiro & b dampeveng of 8 cetpul sigrals and Bow wie
ey Treg Bancrenn bups nd ¢t oo tha [ aSg=e

Trw Baciory satting i 1. B you cobce oo moch beck @d ferth
cacilafion of T Aow i indkcalion, ForpEss e vakas ECHTE-
Bty kil B chepdary 15 mice griable Vone Chisies o 1 thodsgh & or
“racive. " To changs Fa Mo velus plsco e aimos nes o "chongs”
arsd prasa the —= by The olioeieg sorean will sfos

Lisirigg tha T anel -+ kil Selact e doiliod B valus e Ban
piosa ENTERL i - hoy i g o |&#) patamalor of s submons

ERROR LIST (MESSAGES)

That e leill s the progiam mem edcales the Wl B e g
&1 harvw Dccurned and he bsguency ol sach The s of all
RATICIN) i grodaribid Can Do readl i Ba T L -
Courdar.” Thel D0 EERET o vk POLEdS powsd Gk

L up B > with ‘chasgn® pnd bl Ba = koy Thia will bring up
i 15l pires. Corlirun hilting tha = kry o foggie hough B st
B mimeed Fal cocured. wiih 81 beang Thae mroad rpoord imed prad e
ey - mElEET R

Ay #ivod i Fekiilod v the £ Feliy &8 woll g deglayed on
b o thee LCDR inpdey. Th el W noamally closed! gunng
ol opaEton gnd s opened when an enod ooOEe

Cirer Pgplay

=
M 'mumhwr
| | » Riaain

|—————

Miow it Ha == kepy poain sl e will Ba al Hee scroee for claaing
all [ orior bl wploermistion

Fiol Enlet bn Dhede @eed thi lodonyang Seesem will apssar At D"

&n woiviem Bl e poasibis enpi el Causiy cin ba lours) m
iy Trinalobi-ifuiiotay] Riscliis

Mo lel @rdi® beice ared pis edl b B0k & S SUETLD BLrPeh

PROGRAMMING OF OUTPUTSTOTALS
PARAMETERS

Thit Fadaf Silereini i ol ol

Froah Wef Mdish Sulbeiiig scideh, paadien he > st 1o Ba *putpate
foinie” slemeival and prass thio =0 ey

Thee toloweng screen will apEspar

RESETTING OF TOTALIZERS
This parsswrier i ubed ¥ sl fher o [he iolaliien in em

12



Line up ha » & changs and i - Wy

Pross T of — hifys il you Tad the Type ol BRERog oulpil 1l pie
Mo e o P« vl i T ol rer i R 0 eset Bl - ki and Sy amuee Fur loloweng ST
thatl lolslipor will noa indicala TRONE *

11 Slawirnd] b rosad he o doiakrgr, iopedl tha =g B

The "TOTI" wmtakizer 0 i Life-chéinctional Ro oo, can bo mest
EabarTuity

The inlowsnyg is e sy connections dagrem for mriomsl resel

External resatling
et I_@ 16 "'t ] NOTE: Tre Mo valcs i bmdisd ko 105% of e programmad 1l
Tm-'“ Bk amba 1) Mes wadies m oecooded, Gn sl arne el apgal
! o H LCD deplary iny bi-drechon operabion, e B diipclion s
I_@ 14 wahealied vt Bow dowcon oley. T Soliowing diagram: -

Tatey e et Bor e srakg oupid sgna

Wihien inisched, bl Endesr. Hl ~ fry b go b Bl sl pasmemiier Anmicg oulpet {nctive)

ANALDG OUTPUTS | -
Then paramerion is for sakection of B duabied Shaleg culpul and @ 3= hﬁﬁm
ale castewson § reguree @

| 3
| 1 7% AL <800 Ohms

Gy psa Farww wbesiad the oo, proas: tha CHTCA kg b saleci
Hhal pariscular cafpa] Yo will Taen B o tha calbegion soran. Yo
sfssukd calilxate Ba anaiog nuipul aller Fog haeee & connecied i poae
PLE o char] regoniet

T lollomang e o opbors avalable e T Snaiog sAgl aeges

o B 20 i,
0 b 20 i
& by T -t
@y 10 =l

Press the <chry 8l the “chaege® ns P foliwng scren wil apgsar

13



ki ion i w bact dewrixd, Bl DN TR agam o getl & B olicaryg
i ism

Thin b an impartant remieder 1o maks sure hal @ tha meter
h-tﬂq“hnn_nu_ﬂhwh
manisal eperation while pefermineg s calitvmlion process.

i i = by b conlrun and te scrmen will Bpyear

Hoc ] Al et 0 e D T cae e ad clisfl s
[ Tormenats 1 asd 5], you ey uis B T and = Srys 5 calits 518 the
dmd signal lor 0" low. Hil ENTER 10 &aiilvieg.

Fiowy e 20 e sagnad oy Db ocabbraled hor 1009% Row based of
ranuTean v rae S i DeOgTaTHTS].

WOTE: Wihen you sse & diferord analog wmn#

-m.ﬁ"ur-:’ iuu' ﬁ’liliaidl : "'”

#iki ENTER ro coprpbite oo ptasn mred 11 —+ iy [ fain® i iesartee

PULSE OUTPUTS

Thar ity outpul [atimoied wll dolermens ow Samy pubies e
genlony BT, pic wel D el il By Tl SO, CledvedlEr, £l
it il ppo pab i ey OOCiTl et el Do chaplinged o e
totataen. 1, iof ey, v Chooss 100 pulses par galion, than thi
tmpiay obakrery will havvn Taed Seple a%er Ta deceval poam

Moren [hi = Bmgw feed 10 “changs”, Fen Eeks e -~ iy and e
Feebowineg BOA e Wil =il

14

L a1 il - oy by chivgun P vishy 10 Sy dessred puise rmain
This vkl miry Bo sl om 001 & 10,000 gultei'und of maaunm
Murrmnes lagancy of 106HE can not Do anclided. Based o0
rhamsTues Row Rl beffng, B (ogram will nol pereel @ virkss thl
priEeth Tei iy

Popenn DML whan yeg fuve progeermmesd tho desirsd mpma

Ths paramaier is paes wilih, or Hha S chration Bal aach pulsn
will B "0, The S0% seitrg mosns 500% on SM% of. Voo can sol
Hag il in ecrpemanie o B omm from BeG00 eri. Thes faaciceny sarfieng
& 70 me Program Fee parmmabsr o ealch e reguinsd polsa sedih
ol the remols acoasscry Thal wall iecaim tha palen cuipsa. For osipii
in mry AMA devor. sen sleps bolow

Pl gnder ardd the raal sorean iwc

Ties parmmeter panmits chargeng ol the Lolery seiieeg of "Harsaly
Chpeen”™ For tha pedss outpad 1o "MoermaBy Closad © Ahed coerpdets. i
el gra e <= Gy Loe ths e pammsen

WIRING OF AMA UNIT TO MAG METER

AR Waing Hagrem
Fisie Lotind h--.-ln----:- d 113
[ — | AR
P Thigi I-'l-.-. '|-'"'l--|l s | | [Dewice
LT il

Slop 10 Chisoh Io sk 5000 o0 Pl oulpul SPTSNGE e SorTect

peot cifart
Masimismn Fliesy Rt

Ll B SO0 o

(hinaksi Ban 500 g
Lisa. mhn 5500 Cu. FRfman
Oirmaibei Ban 5500 Cu. Pl

Pulss Outged Sefling
1 putssn gt KD or 1000 galsrs
U i pem 1000 gafinnsg
T jmain e 100 (o BOODN Cu, FL
1 s par 500K Cu FL

Swep I Set fudes wedsh o "W me (AR
Swpd St palss brpe B noemally open”



Trw klicennsy deagpas m for otfer e cofvecSom ior pule

enlpuln

I il s 1S e po il o e

P ) I e Myes J;I@T-’—* a0
L@--—._um [i@ W= DR

FREQUENCY OUTPUT

Thin i that 4 el pae perariey . Thit BT Cl IR0 Hiem
S Hr w0 SO00 He o tha Full el Walun |Essspler [ GDD Hr
b b, e e el desplany  EReCabies 10 sCalp smheE, TER

gl A oeorel Ao VED0 Mk

i g change b deseod. na Up » Cursde eith changs aed b < ey

—— max WV DC

——m man & ki

Hil = hurg W el guirmsd
FLOW ALARMS

This parametesy alows T §6TNG o & MENEMUM AR MASTILM
pooDETiEgE (%) of e Fud Soaks liow ralo sihes. Satsngs can D mads
b 1% ncrameprsty Repim [0 1 00M . Tiee s mm sk i e s B
than ®a masemym vaba,

Wiore the = nel % “change” amd press B = bay. Tha lelioswg
sctnen will ajg=ar

15

Whsn P T rd —+ by B0 epdodt B micsitures Sow peicensingo mnd
praad ENTENL B Aallowes) oo will sppeal

Lk Pai 1 And — BImows 10 changs the maaemum Now peroomrisgs
andl peess ENTEFRL

MTES Do oo Sty cotmt; e rebwye i HEHF:

gered wmtil the How rate mbems. ko
Flna Al lielag
@ . #B W (Mar. VoRage]

500 A (Max. Curmenl)

£
LIS

Frms ERNTEH again o refam In siemam) Sorasn

PROGRAMMING OF FACTORS
PARAMETERS

Thay Warg] angd lasl sodberang T ecioen” ooerlssns paraaphern Do
usualy do nol e chargos

FParsas ENTEH el yoai reach B sbemgna screen i nod pirepcly e

Posstsley P = raled 10 (he "IRCIE" Subamieng Sl press Ba = iy
Thit IpS0wing sOteen Wil SppE-

DETECTOR FACTOR (FIELD CALIBRATION)

Thes i thi Defecior lacie sethng 'When 8 maoley wat calleaiet,
it wals mad ogrEnmed ot puramels 55 g e of fal
cakiwaton Esch defecior has As nodssdusd lackoe. Thes delocion

facimn 5 alsa Sohdkied on tha labol of T8 marioe by

Lo L o e i "ot e el by, Tha o b ciplncior Escion s




WEh e paramelis, you can b Rene yoar calibvaiion i meE e
iyl rawl Wy bl B T el iy ol ey o corisen feroaninge:,
yin i oy e delincke Iy o acheeve e dosrsl KoERy

Ervien Tapgh ad moiers aer  aciory caltepied wsg waler. scma-
Tafuins. yonr apecic nainlaton sred e porsraions make § roc-
sary 1o recaidvaie & meinr urcier aciul opeeEing condisang weih ha
Epus] Bwrarg e

Thae lolorwang ewiructions am prossahied io asssi in padomesy @ o
pie cabbrton chech and adustmeet. This HOCED M FINREE
wethae a3 e tank o wssel of Anowe CORSCTY OF i SE00N] PO M
mafafo] i e parar kg

ACCURACY TEST

1 Maco o eyl Gk ool calbaiod voluess o the ouigat of o msles
& e iy eyl e Jeesd R i Sl o el appeopinarien Colbanbed
vl Snco moier SCCUBCY DI YVARY ROITeERPE ST Boe THiE,
ol reocTeTend makeng feel e ol e e o ke ied i
sciusl Dpaabon

oo quaridy ndecaled on dipsly inialirie

Prepaat nin e fare and cooulahe & e e for e 4 IBEin
Parform the joloweng caiculaion 0 Ooleemeno B poranl of
sooEnsy of ha ke

[

Gy, Deffmod n vosse Ohd Dwincior  Mew Debscior
Avemgs Moler Basdng = Fachos Faciar
Exmmpls 1,
N Calicrs

08 Gallons * S8.85  T3AT

i B geampin, Fw moler soowrscy W ow and Mot e e nssesd
By a cablwalion cormecSon
Exampiy 2,

106 Cabort |, gmns - 620

in thil Exampls, ha melor scoorscy s high by 4% and mesd be
reduced Dy & calirabion dmaciamn

Vitaany Fiinlasd with dutecios Incior papmetar, k ENTEF and Thea
B+ by b g b T Fad fadrammeter

Flaon M areow fs? 10 “change® and pries tha = iy, The
Idlowing ROt mevy Wil Bhow

The paiarmeter will come preprogranerasd from S ciey maice:
] M b mdre of M delecior. Howeser, @ youi repiada Ma §nieo
acmpider i Hha i,y ooy neesd B sedenaiaim the padarresio

Hhlery thy pepo daemeler of your Now mailer by using the T esd —
hpyy o malch your melnr s

Wihen compiaia, press Enier

T -2 Ry A Q0 B TR RaYEE DREHTIONT

PASSWORD PROTECTION

This b T CelSmseced ool e Tt This uiid woll B il af 0"
in0 passwed reguited) feom tho ooty B ssivated, shenes jou
el |00 D vy Ol The sulbsrnug, e e will B8k o S pak-
el T

T Estevata T phaswerd, bna up B with “changs® sed) bl = koy

Changss "0° 0 wfry dedred mabad bom 1o BH, H erilor e afla
PR I I N SCreen, you will Shmaps Pave B orfer Ba naw
e I il Fi0 T Bl 1 Bl ddawend i ok o lomgol-
B, & teciory “3XF padawnil vilue can Slis B uled 9 satady he
pasaword enlry Ll mo paassdel B desend, Stange tha wmbee
bk i 0, ek Enls and 5 paidvait will fe et Ba requingd o
e vy ol i salenenes

b EMNTER eaacn e i sl s Dok gl [ rsn Seinoes

LANGUAGE SELECTION

Fha sottware peemals (e seleoiaon of Exgini of Spaieaf lingusgo.
Io charae the Bynguane. seeich off power 10 Prang Spiibed. Wiids
hasidengy th EMTER ey down, ne-pesimd e unt. Hit ENTER 1o gl
in tha iolowing sorean:

Ealec] diswred languings and k TNTER seveml Gmes et masn
Feiti GO GRS



TROUBLESHOOTING

Tha Magnatolow®™ mag el should g you malry yean of mainesancs liee opoision. Hewnver, should i malunchion, e are oeviain g
thisl wa Focommand you Chach. Balor Sonlarsng oul tnchiecal suppen deganmisnt of your laeal Badger® Fapsesaniative

Nobec 11 1 Pesed meascned P g high conseniratnn of ponducien solids, Sepauls may sccurmlnies on The wiemesl bner wals and slocirecdes. Thess
il will Eaime i reduciion of B msldureg oulpul Thus, i S eosmerended i remosn e meinl and inspect (ha ned and slectiodes shee
B monfri, I depnsits are bound, remove Bam with 8 S0 brusk. Aopost Fapecton process seoly B sontin or untd an appoprsss npecton cpca,
Mty kongerh can be stabinted ke The Apecilc afplcaton Somn gonersl Dordons s Inlows

RECOUMENDED ACTION

T e L T T el e S A R — e £

CFeeca pigral calla.

[P ——

FESTTNE W RSP R

Flow & pressnd bal degplary i 00 Hageal cabde nof conrecied

Dtcior moaRAnd oopotddo o H main Tum. delecior by 1807 or sefich lerminal 4% sd 46 or
frw cinchion {en aifow N e namapiale],  efeigtEm W hisdeechonal e

iConl pr pcieon culses declusrgnd

Crecm bl ronnnchans for cimes winng

Priametar srong.

Craaich tha papamean (T,
G0 p BEConrey b el oty el

Prgme it Py Iiee Crasch & mmlor in fully Sled
Mo ceaplsy Mo P ATy papaEp
Foomec powern Chasch poavor vk

Weng cornacions
s Plagrwr

Chasch poweT AOUROLATRE Comnaciom.
Paplecs hima, {2 &mp siow Blow D 5 2 mem)

Flirw i vkl iindnim i s wede)

Mtniifoam Sow Fall SeTig
Detacsor Faciol

Deposis o plecyooes ands e
WCORIBCT [ e roglameTed

Changs SHSng.
(Il b dr Rabad

Chsih fnd ramired digals

Chech sire i ReCessary

Flerew it woiecafren wrifabrie

Fifer vake I low
Cabie imaun
etnsraling nsun

incrrass @ vk sofing.
Mlakn moep cably = phepited arsl ral wiplesg

Rlaks micin maser n properdy grounged o goodd
il grosand.

Man BAE Pl i full ol Tisd
MESD S0l Tied DOaES Madd DORAdn O [tk

Mk g amolles @ ot 0 Chosn 10 s of
slndtncsl merirercn

Chack, ieabon ol yechon mislabion b locabon of
migrl)

7

Ao Facrar wd



ERARDAMESSAGE EXPLANATION

Samn girnersl tondilEns [0 keep m mend Wi ostan connechons o sensed by o sleciiniecs, P olowea BI00 IS LN D Fuscalia
o vy cfimplay (1 4} os vesll s on relay 3. The rolay & closod duteg normsl speraon and is opoesd Dy Gn e ajgsaning.

Tise holowrng amor mESsREES CaN ApEr

ERRAOA MESSALE POSSINLE CALESE RECOMMENDED ACTION
Er D Mo defecior connechon with pmpblae Chasrh dpbector el cabls oonraclin @A socirass withs
e Lilyral
Cowraticteiss Entfwrmivy devrmbley ool et Contad Technical Supgpen
Ll ]
Sopply volage oo krw Crwmns Tpoivsca Sigeed.
Gimanded cods o maion Contart Teotwscal Supgart
Weirhe m dabocioe. Coreay TeotesCifl Supgswt
Eir. Dag been procesiol ougul contial gelecinm Cortaes Techeical Suppar
it wnkrsam Prospam sirer Contact Techwical Supporn
Eﬂ"-'ﬂﬂ'" P iy 1ol B ol Wake wre ol Fappad s m cul Gl system
H Pl o Pois] conaducitnety racaliSraba e pav amsinT
Eir: full scaie Aol Tiow rate is BsDeedng T programerssd Reds e rale B¢ Foisass ihe progiammoed hil scsie
fll sabe vk By mone than 5% Wi
Eir AD-Fangs AO-Commim m esoeedeg sigral lmdy. IChusci; T At OF Tun el ilalasind
Heewr phian i magresal
Edr: Alkdea Eflsakfans ol AD-Corsmeld uningdsahd Cominct Technical Suppoil.

I adgificral pssainros B Mquesl poddo coniadl our TECHHECAL SUFPORT depmtmant o] 1-800-456-5077 or monisc yme os Baoges”

H s vt gl anse s

T

b GEZL

(pad, 5
.-1.F"'r"_"'”'F

~A¥ FE

g

.'_1}! 'Inl;-_._.. ':._rr-_!’f-"'-,_.rl P 'I'ﬁ ....- n'|
i
Daiear g
T Y
_li:""‘"‘:' I':' ] - J‘FJ-
d'.'-.\. *
A=
| & € |"'-":
Aol gy 2
p -



COMPLETE BOARD ASSEMBLY REPLACEMENT

i1 m L 5
!
e | P sure power o Primo® amplilkes i
10 ER—
'Il:"j' i b, iyl me sbecimde, cod mnd dagplay wineg
L 4 plugs. Loosen he screws 51 o 54 e
_,IEE' 53 Py By eemlng Sodand iy
= s - -"‘f 2. Pt now board apsemiiy and masemie
H""'"-u. = - o
=7 - serorw 10 5 B S5 Fleiradal P (0] aring
'ﬂ o plugs
I ET : . 1 Program e new Boant ausembly sifs e
/ 2 | = i . PR Wiy Bacior angl maler pipw
: i
Coil piurg P

i 13

53 Dusgiry g

FUSE ALPLACEMEDNT

Mshn suro peveed Lo Primo smiplificd (s off beford procecdeg.

Fuke by 250 ¥, 2 A (rma-isgl

2
T
8||®

& |
&L



Picase o our wilksin i

www. badgermeler.com
les spacilic conlacts

iy T e B e Fu TR A il . el

Cim o crvimanm AR, POl SITEETES 580 SR
Pisire Liier snanas T8 WIT D PG el OF SRR gaaialr
L RN, R B e e A DuSSlanie) cordractud Sioeion oush

BadgerMeter, Inc.

Pk Bom S0, Miwaukoe W1 SI0040RNE
Tlaghorar {484} I55-0400 | §BFT} 24310410

Fa: (874} 355-T400 | By O 3-0005

WP DO TR D




	title, toc and text.pdf
	figures.pdf
	tables.pdf
	appendix a.pdf
	appendix b.pdf
	appendix c.pdf
	appendix d.pdf
	appendix e.pdf
	Mag Meter Manual, Page 1.pdf
	Mag Meter Manual, Page 2.pdf
	Mag Meter Manual, Page 3.pdf
	Mag Meter Manual, Page 4.pdf
	Mag Meter Manual, Page 5.pdf
	Mag Meter Manual, Page 6.pdf
	Mag Meter Manual, Page 7.pdf
	Mag Meter Manual, Page 8.pdf
	Mag Meter Manual, Page 9.pdf
	Mag Meter Manual, Page 10.pdf
	Mag Meter Manual, Page 11.pdf
	Mag Meter Manual, Page 12.pdf
	Mag Meter Manual, Page 13.pdf
	Mag Meter Manual, Page 14.pdf
	Mag Meter Manual, Page 15.pdf
	Mag Meter Manual, Page 16.pdf
	Mag Meter Manual, Page 17.pdf
	Mag Meter Manual, Page 18.pdf
	Mag Meter Manual, Page 19.pdf
	Mag Meter Manual, Page 20.pdf

	Document Separators.pdf



