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EXECUTIVE SUMMARY

This report summarizes the information obtained during the design, construction and
operation of a ground water monitoring well network. This report also describes the hydrogeology
of the Everglades Nutrient Removal (ENR) project and estimates the component of seepage
underneath the L-7 levee that flows through culverts. Twenty-five monitoring wells were installed
along the L-7 and perimeter levees to gather information of the local hydrogeology and to
measure ground water levels and water quality. Wells were completed to elevations ranging from
-77 to 5.5 feet National Geodetic Vertical Datum (NGVD).

The Surficial Aquifer System underlying the ENR is approximately 200 feet thick and can
be subdivided into four (4) distinct units. A four to five foot layer of organic peat covers the entire
ENR project site. The underlying sand is composed of fine to medium-grained silicates to an
approximate elevation of -5 to -15 feet NGVD. These organic and sandy-soils are separated by a
calcareous mud in places (case hardened cap rock) which varies in thickness from one foot along
the western perimeter to six feet along the L-7 levee. Approximately 25 feet below land surface to
the base of the aquifer, at approximately -200 feet NGVD, is a unit consisting of poorly sorted and
inter-collated sandstone, shells, limestone, calcareous clays, and silts.

Water levels were measured semi-monthly from December 5, 1994 to March 29, 1996 and
monthly from April IS5, 1996 to December 16, 1996. Water levels varied approximately two feet
between the seasonal high and low. The average surface water stage difference between the
WCA-1 and ENR is approximately five feet.

Seepage flow into the ENR project site emerges to the surface along the toe of the L-7
levee between the inflow and outflow pump stations, and is subsequently collected by 21 culverts.
Flow through these culverts was measured semi-monthly from August 19, 1994 to March 3, 1996
and monthly from April 15, 1996 to December 18, 1996. The average of the sum of 47 seepage
measurements from 21 culverts was 7.44 cfs or 4.81 million gallons of water a day.

Although water quality data was collected, and the results tabulated for inclusion in the
appendices, a detailed interpretation and analysis of water quality data is not included in this
report.
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INTRODUCTION

1.1 Background

Ground water moving into and out of the Everglades Nutrient Removal (ENR) project by
way of seepage is a significant hydrologic component controlling the ENR annual water budgets.
In order to assess the magnitude of seepage, a ground water monitoring well network was
required. To meet that requirement, a Technical Memorandum and Scope of Work (Rohrer, 1992)
was developed for the drilling of wells, testing of the aquifer properties and monitoring of water
levels. The monitoring network was designed to determine the vertical and horizontal movement
of ground water between Water Conservation Area 1 (WCA-1), the ENR project and the seepage
canal located on the perimeter of the site. Once the monitoring wells were installed and the water
level data analyzed, twelve (12) steady-state, cross-sectional, two-dimensional models were
developed to evaluate the distribution of seepage. Preliminary results of this modeling effort were
provided to South Florida Water Management District departments responsible for the operation
of the ENR project and to various District consultants and contractors.

1.2 Purpose and Methods

The purpose of this report is to summarize the information obtained during the design,
construction and operation of the monitoring well network, including: 1) the design and
specifications of the ground water monitoring wells, 2) a summary of the temporal ground water
levels collected during the study period, 3) an evaluation of the hydrogeologic setting of the ENR
project, and 4) an evaluation of the distribution of seepage across the L-7 levee. Information from
this detailed study will assist in the design and construction of future Storm Treatment Areas
(STAs) in South Florida.

During the installation of the monitoring wells, geologic data was collected and analyzed
to interpret the geologic control on the distribution and movement of ground water. Ground water
levels were then collected semi-monthly, and seepage emerging at the surface and collected
through 21 culverts along the L-7 levee was measured. Water quality samples were collected on a
quarterly basis for use in interpreting the interaction between surface and ground water, and to
meet permit compliance requirements.

1.3 Site Description

The ENR project is a 3,818-acre experimental wetland constructed for the purpose of
removing phosphorus and other nutrients from agricultural and urban runoff entering WCA-1I
through the West Palm Beach Canal (C-51). The ENR project is the first demonstration-scale
wetland treatment system and is the prototype for Stormwater Treatment Area (STA) technology.
A total of six STAs are being designed and built to treat stormwater runoff from the Everglades
Agricultural Area prior to discharge into the Everglades Protection Area. The experience gained
from the ENR project will assist in optimizing the design and operation of these future STAs.

The ENR project site is located adjacent to the northwestern corner of Arthur R. Marshall
Loxahatchee National Wildlife Refuge WCA-1 (Figure 1). The ENR project (Figure 2) is
enclosed by an irregular 7.5-mile long perimeter levee on the north and west sides, and
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Ipproximalely 5,1 mil]s of levee relferred to as the L-7 lhat separartes WCA 1 from the . NR
project. T'l'he enclosed aren is subdivided Ihy ,a syslcn of internal levees irinto a lIuLlfcr cell and I'our
Irealtmient cells. The buffLri- cll Cdistrihbutes inflowo o two trcatlicrI cells ((ells I and 2), which is
then dircctcd 1to Iwo other cells called polishing cells (cclls 3 and 4). An intcrior levee separates
Celis 1 and 3 froml cells 2 and 4, and also serves as an clcc ti-ic power trlansmijssion con-idor for
Florida Power and ightll. rach cell is tnattainined aIt an op01,l)ial sla.e for pllant growth. Watcr is
delivered to the ENR pro ject in puilses according to a scihedule intritinlded to mnimic the S-5A Punmp
Station. Watcr is drawn into the LNR pr jcc Ifri-om the West Palmn Beach Canal (C-51I) through a
supply canal to the inflow Ipurnp tiation (( 250).

L.and sur-lace is relatively flat il the ENR project with anr average gronrd clevation of 10
feet (NGVD). ThI ie avcrage clevali on of the L-7 levee is 22 I'eel (N(iVD1) ad Ile perimneter levee
is approximnlely 16 feet (NG;VI)).

CEO OGY

2.1 (;General Descripltion of the Geology

'I'he Surficial AqLuifer Systlcm underlying the ENR is ircprted Io be nearly 200 feet Ithick
anld consists of forlrnations ronging in age fromn the Iu-ippei- Miocene to the Pistocene (Millr-,
1988). 'lhe aquifer system is cornpcsed of sand, sandstone, silly rnarl and limestone assigned lo
the Plcistocene aged Fort Ilhompnlson fo mrrlatin, An isasia formlation, arid the Pliocene and
P'leislocene C'aloosahatclice nraarl.

'Ihe general litholog y of the Surficial Aquifer Systerm mderlying the site can he
subdivided into four (4) dislinct types. A four-to-Iive Iool t!hick layer of organic pert covers the
entire ENR site, T'['he underlying sand is composed of fine to rnledium.lm-grai ned silicates, which
extends to an approximate elevation of -5 to -15 feel below NGVD. Betwecn the organic and
sandy soils is usually a layer of calcareous Limud, which in places is lithified to dense liimestone
(cap rock ), ''he thickness of this cap nrock varies trom one fooit, near siles P05 and P()06 locatd in
the western pcrim-ireter levee, to six feet along the L.-7 levee.' The lowermost unit extends from
approximately --30 NGVD to the base of the Surficial aqLuifer at a;pproximiately -200 fcct NRVI)
anrid consists o1 poorly sorted and inter-collateLcd sandstones , shells, irrcstne.. calcareoul s clays.
and sills.

2.1a L-7 Levee

The I,-7 levee is constructed of dredged material excavated from a borrow canal located
adjacent to the levee, The dredged material was placed on top of' the existing peat layer and built
up to the present elevat.ion. Figure 3 shows a hydrogeologic cress section along the length of the
L-7 levee, Cornti nuous c uLttings taken dirn-ing the drilling of monitoring wells P0oI a nd P14 ( 76 and
-412 feet. NOVI), respectfully) show a 2-foot sand thick layer iust below the cap rock bclween -5 to
7 feet NOVD. Gray imrestione contair iinin mollusk shell and fine-grained plrosph ale extends
bcl)iw the cap rock to ;alpproxilmately -35 feet NGVD. Thlis is underlain by tan to gray lirncsltone
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with inter-beddcd sand sa and shlls. It is initercstino Ito nole Ihal diuring drilling, between the cap
rock and the peat layer' located approxin maely 20 feet below the top of the L -7 lcvce (5 feet
NGVD), a void (f approximately 6-8 incills itlliicl w.;s enconi(llore(., T]his void iand he tCape rock is
most likely a result of mild olrl;Tnic acids leached from the peaI, layer, disscalviniig the limeoslone at
the contlc andt redepositing the calcium carlolntiC hitween the peat and the Iimestone to form a
Lca) rwclk. 11 is at this approximate deptlllh hat sc.ep:ge from WCA 1 to the L NR project is
observed.

2.11) Perimetr Levee

Unlike the 1.-7 lcvce, pcal was removed from the flouindation befcre hce pCrirncetr lcvec
was eo(ilstrucit'led.. In addition, the [pCril[eelr Ic vee was consir llc led wvitl a core mallde f'rom crushled

limestorice that w.as pfckced hie'ore the levee was floinecd.

The core of the perielcter lcvee i, cnllslnLcti el of marteriatl excavated from the ad.cjacetl
scepagc canal, wh ichi coonsisted tcd Fort otnsr Ttmipsoin and An;rlstasia !frmlnations. Tlhe
thickness of the Icvee core is gencra ll y 1)-1 : feet, Undellrlyi the cor'e are riced lium- rarined
silicatcs, pooirly sored sandstone, shel]], lie cstonc and calecrcols Ui:lays and s Ils. 'l'he core of the
levee provides slahility and increases the flow pah of seeplag e beneath the perimeter levee by
climinating excessively high gradients. The increased Ilow path redltuccs Ihe aornounl of hiorioniall
seepage tlhat nlay I lowv though the leve. 'The emban kment nltteriiLI is gcnerally comprised of the
organic: soils excavated near the site (Burns & McDonnell 1991 ),

2.2 Geophysical Logging

Wells P01 ,and POS, located on the I.- levee, were gleogphysically loaged by Disuict staff
to verify depths and correlate the various aquifer units betwecn ilic wells. The geotphysical logs of
P0'(I are juxtlaposed on the sr-atigrapil ic sect ion and shown in Figure 4. The geophysical logs most
frequently used lor cvaltuauiion and correlation of aqufler lith[ologic arid fluid charactcrisl.ics were:
Natlurnl (Gammna, Neutron Porosity. 16 to 61 inch Normal Resistivity, and six foot latteruli. The
Natural rGamma log is a tool used to detect natural galmma;l ra;u.icltioru given olf by the layers of
scdirrmert rand rock piresent iin the wall of a well. Geologic fonrmal.ions yior nmally exhibi si milar
signatures within a given areai. The Neutron I'orosit y log shows variation in the hydrogen content
within Ihe fol-mal.ion pore space. It charactcristically aticnuatcs wilh increuas;ed hydrogen onrlcnt,
and, therefore, indicates the presence of water within [he pore spac. ,l..ectric logs (16-64 inch, 6
foot I.,ateral and Spontanrous PoIeniil ) deI teci c'hinges in the COnlltsitionr of tire rock ita.ix antd
formlatiorn ILidCL. In monitoring well PO 1 at piproi irn cly -34 feel NCVI), the lirnestone
lornatlion was divided into upper anid lower z.ones based on ]ithologic characteristics froil
sarnples taken above and below this unit while dril ling anrd he signatures of the logs.
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MONITORING WEL, CONSTRUCTION

The locati( ns of all montitoring wells constructed for this study arc sllown in Figure 2.
'Table I provides well constiruit ion spccifications for each of the monitoring wells installed at the
IENR pnject. 'l'his table also provides latitude and lonlgillud, lotal depth and screened interval
depths in feet. NO VI) for each wecll. Each well screen was packeld witht 6/20 si lica sand. All 2-inch
wells have one foot oF bcnlonile clay b.etwecCn tlhe silicn saind and the portland cement that
completcd the well to Ihe s rlic. TIhe S-inch wells have two feet of clay overlying tle silica sand.
Each wel[ was devcloped iuntil the water was clear inclic;lling the suspended sedinrients were
remroved. Figure 5 shows the t ypical c onstruction of a tnlrrir well in Ithe F;NR project.

3.1 1.-7 Ievee

The: deeper ,: wcIls, PO1 aIind POS (.177.25 and -76,03 feet NGVD) deep, respectively), were
drilled using the lm. rolary method (Appendix A, Figures A..-1 and A-8). The r i.ld us(ed in
drilling w:s an environmelllntally sale. wealer solubl e miLxtlure that ri-caks down in 24 hours, '['his
miuid was used to nnrlini,.e I he inpa:ct ofl lr .e.iduls n(l removed durin \well deveCtmirncnt and Io
preveCnt en vi ronIental damatge.

Monitoring well PIIA was drilled ol the I.-7 lcvee to a depth of -42.43 fI. NGVD
(Appendix A, Figure A 12). This well monitors the deeper, r(lore perneb7 le aiquifer below. This
deeper aquifer was encounlered while drilling tile 100-foo well. Pl4A was drilled by mud rotary
and screened from -).43 fect to -40.43 feell NG VD.

Wells PlOA, P1 2A, and P13A. also kcwated on the L-7 levee, were drilled using the auger
method and compltlcd below the capi ro ck (Appendix A, Figures A-S, A-l(), A-11 ). Monitoring
wells PI0OB, P12B, and P1.3 , also located on the .-7 levee, were completed above the cap rock
and were inl.cnded to intercept the near-surtface water interaction between Ihe EN R procect and the
WCAA I. (approxi matlc]y 10 feet bls). Te bjvetive of these well clusters was to compare Ihe
vertical hydr;lulic gr-adient and the horizontal seepage clktetls Iromn the WC=A.- L. Two 2-inch
diameter wells, P08B .and P11 A&.& (Appenrdix A, Figures A 12 and A-9), were installed along
the L-7 levee and tie Floridac Power and Iight Company (1FPII) access road. Hach of these wells
was Constrllited of threa.cd 2-inch diameter, schedule 'I0 ' VC( casing with 0.020-inch slotted
schedule 40 PVC" screen (Table I).

3.2 Perimeter Levee

Six clisliers ol' two 2-inch diarneler wells (P02A through P07B) were constructed along
the centerline of the pcrimeler levee road. TIhis perimnleter levee road borders the ENR site on Ihe
west and north. Ten- to twelve-foot deep wells designated with the letter B (e.g. PO21B) were
completed into the levee's core ml lateri .L These "core" wells were desigrned to intersect the
potential flow paths exiling the LENR project Ihrough the levee and to verify the hydraulic effects
of the levee core (Appendix A, Figures A-2 thri-ugh A-7).

Wells designated with the letter A were cornpleted into the int.cr-hcdded sand and
limestone forrmalion hbeneath the cap rock layer, approximalely 15 17 feet NGVD, and wcre
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designed to intersect the deeper flow paths below the core in the levee. Each of these wells was
constructed of threaded 2-inch diameter, schedule 40 PVC casing with 0.020-inch slotted
schedule 40 PVC screen.

GROUND WATER HYDROLOGY

4.1 Ground Water Levels

Ground water levels were measured and recorded semi-monthly from December 5, 1994
to March 29, 1996 and monthly from April 15, 1996 to December 16, 1996. The water levels are
listed in tables in Appendix C. Also listed in this table are the head differences between water
levels measured in the 10-foot and 20-foot deep wells, and water level differences between the
stages in the ENR, WCA-1 and seepage canal. Ground water levels and stage elevations were
measured at the same time. Figures 6 and 7 are contour maps showing seasonal effects on water
table elevations below the cap rock for June 15, 1995 and October 10, 1995. During the seasonal
high (October), ground water levels were approximately two feet higher than they were during the
seasonal low along the L-7 levee. This correlated with an increase in stage in WCA-1. The effects
of WCA-1 water levels on the ENR decrease with distance from the L-7 levee along the FPL
power line access road near PI 1A&B. The contours also show that the general direction of ground
water flow is from east to west, primarily because of the higher stages maintained in WCA-1
relative to the ENR.

4.1a L-7 Levee

Monitoring wells, P01A&B, P10A&B, P12A&B, PI3A&B, P14A, and POSB, located
along the L-7 levee, were designed to measure the effects of water levels in WCA-1 on seepage
into and out of the ENR project. Ground water levels in these wells were plotted along with stage
elevations in the WCA and ENR in Figures B- 1, B-9, B-11, B-12, and B-13 in Appendix B. Wells
P01A and P14B were completed to -77.05 feet and -42.43 feet NGVD, respectively. Water levels
measured in these wells are used to determine the interaction between two different flow zones
identified in the Surficial aquifer. Wells P01A and P01B were completed at this same depth and
were used to test the performance of the aquifer. These wells should have the same water level.
However, the historical trend shows that P01B (2-inch observation well) shown in Appendix B,
Figure B-1 is approximately 0.26 feet higher than POIA (test well). This is most likely due to
drilling mud that was not adequately flushed out and clogged the casing screen, thereby reducing
the pressure in the well.

Average annual water levels in the deeper wells are generally lower than water levels in
the shallower wells, suggesting that water in surface and shallow subsurface zones is recharging
deeper zones. Wells P13B, P12B, and P10B monitor water levels above the cap rock, and wells
13A, P12A, and P10A monitor water levels below the cap rock (see Appendix B, Figures B-12,
B-11, and B-9). With the exception of wells P12A&B, water level differences between these
particular wells indicate a hydraulic separation caused by the confining nature of the cap rock.
This may be because the wells do not adequately isolate the cap rock or because the cap rock at
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lhis oc.cation has a highler vertica:l hydrauilic oCllluctivity and is 11ot a;s con solidatcd as it is at other
localions in the LNR project.

4.11) Perimeter I Ivee

Wells Pf2A&H8, P03A&U, PO4A&B, P()5A&.R, and PO7A&B a-c located along the
pcrimclcr levee (see Appcendix I., !igures 13-2, B-3, 13-4, 13 5, 0.7). Wells designatecd with the
letter "13" arc 10-feel in depth and ir-e completed in the core of the perimeter levee with a 2-foot
slotlled screen. These wells were designed In observe how well Ilil levee core material blocks
horizo ll t seepage escaping from the ENR , project inte the scopage canal. Those wells decsignated
wilh the letter "A" '' re completed below tlihe cap rock. Water levels nllcasrlredd in wells PO2A&I ,
P03A& B,d AA&&Bl and P06A&B (Appendix i, Figures B-2. 1-3, 1~ 4, and B-5), are typically
higlher in tihe shallow wells, indicatinu, a pidcloninanlly downward gradienil alone the western
boundlTary.

I:igures B-I and 13 7 (Ap1pcndix I3) ai-e hydrographlls elf wells P04i&B, and PO(7A&B.
Each hydrograph shows that Ihe water level ii the deeper well is hilher I hun I lit of the shillower
well, suggesting thi gloun i d water is sccpi ng upward. I Howevcr, the dii f'erentce in the waterIc levels
is most likely due to the head differencc bctween surfaice water stae in the NRV I project, the
water level in the seepage canall, and the ontilling nature o Ihec levee core that reduces pore
pnCssre which suppresses waler levels ini the sIh.alloweCr wells,

Wells PO2A&I:, P4A&B, and P)7A&B arc localed ad jacent to a distribution canal
(Appendix A, Figuires A-2, A 4, and A-7) thatl was dredged to assist flow in the distribution of
surface water in the LNR. Monthly ground water levels werle plotted along with stl ae eleva tions
in -the IH'NR and WCA and are pi-ovided in Appendix 13., ligur'es B-2, B-l and 1 .7).

It is ineresting to note that water levels tended to decrease in wells P02B, P03B. and
P061 (all complleted in the levee core) durring the scasonal high water level (Octobcr). These
water levels, plotted in Figures 82. 13-3, m1d B-6 (Appendix B), exhibited dramatic fluctuations
independent of the influence of stages in 1the ENR project and the seepage canal , This may he duc
to the scepage canal being shr-ed with the ad Laccnl property owner who is regulaling water levels
to optirrize farrn operations as well ;is the surface water mana lgement practiccs of the ENR
project,.

4.1c IPermeability, Slug and Aquifer Performance Test Methods and Data

'liable 2 lists the wells and intervals cored and tesled along with tlheir con-esponding total
depth of scre-ened interval and mrcthod of drilling. Eighileen splitspoon cor-e samrnples were
selectively collecled dtc uring the drilling of 25 monitoring wells. These samples were analyzed by
Ardaman &. Associates' lab to determine peirncabilitics. The peirrcabilily tests were conducted
on cores taken from citll ier Ihe designated-screened inlerval or tromii a zone that was uniquely
diffcrcnt fr-om other sites based on Ihe ctttings. The meth ods used to deterrine perrcabhili ty are
described as the const at head (CII) and falling head/rising tail (FHRT) melrhods, which were
I)erIormicd in accordance with ASTM D-50 S84. I..iachI samrlnpe was placed in a latex meTnlblranr arid
mnounted in a trirxia!-type perimteler. I;aich saiple was then colnfined urnder an avcr-age isotropic
effective consolidalinm stress of four pounTds per sqluare inlch. arid permlente with cl aicred water



Table 2. Depth of Cored and Tested Intervals of Monitoring Wells Requested in the Statement
of Work.

{ , ' Station Depth of ... Core A ' Screeed 94 UDrlfl .
VNriumber ' . ' i,.r I n ff -tbs Interual3' (f t Intn lq t . , .hi - :

PO1A L-7 Levee(north) 100 no core required 80-100 mud rotary
PO1B L-7 Levee(north) 93 no core required 80-100 mud rotary

PO2A 358+00 21.4 16-18 19-21.3 auger/core
20-22

PO2B 358+00 11.34 6-8 9-11 core
8-10
11-14

PO3A 286+00 22.8 18-20 20-22. 36 auger
P03B 286+00 10.45 no core required 8-10 auger

PO4A 217+00 22.4 18-20 20-22 auger/core
PO4B 217+00 9.45 8-10 8-10 core

PO5A 151+00 27.9 14-16 26-28 auger/core

PO58 151+00 12.22 12-14 10-12 core

PO6A 88+75 20.8 no core required 19-21 auger
POBB 88+75 10.41 no core required 7.5-10 auger

PO7A 30+00 26.5 24-26 24-26 auqer/core
PO7B 30+00 12.14 10-12 8-12 core

POBA L-7 Levee(south) 100 no core required 80-100 mud rotary
PO8B L-7 Levee(south) 96.9 no core required 80-100 mud rotary

PO9A L-7 Levee(middle) 15 0-15 5-15 core

P10A L-7 Levee 21.3 8-10 19-21 auger/core
10-12
13-15

P10B L-7 Levee 15.5 6-8 13-15 core

P11A FPL Easement 26.3 18-20 24-26
24-26

P11B FPL Easement 9.25 8-10 8-10 core

P12A L-7 Levee 23.9 21.5-23.5 21.5-23.5 auger/core
P12B L-7 Levee 18.2 16-18 16-18 core

P13A L-7 Levee 27.5 25-27 23-27 auger/core
P13B L-7 Levee 19.92 0-10 17.5-19.5 core

P14A L-7 Levee 63 22-60 22-60 core
P14B L-7 Lewee 62 22-60 22-60 mud rotary



munder a back pressure of a minjimuml 95 icct per square inch, using average applied hydra:ulic
heads across the sample ranging from .ll I S o I1.81 inches of waLter (Ardl;lm;an, I995), Satisfactory
saturall-.tl ii Of SOmof the samples prior tO permen C til was veri lied by a B-fictor greater Ihn 95)5%.

Slut lsts were also pIcrforlel(d o11 each of the 10 and 20-loot wells, the results of which
are provided in Appendix L). T-Ie slug est procedures followed Ihose outlinccld by . Bouwer and
K.C. Rice, 1976. Water lvel measurlrclmlnls were recorded with a HERMII S1 2000 Data Logcr.
Table 3 lists the wells tsleled and results of lle slug tests and the I .lo-ali-ory permeabljy tests.

abhlec 3. Results of the SInug and Laboratory Pcrmorehiill lests.

Well Depth of Interval
Number Tested

(ft bls)
P02A 19.3- 21.3
P02B 9.34- 11.34

16 - 18

.20 - 22

1P03A 20.36 - 22.36
1P030 8.45- 10.45
P04A 20.36 - 22.36
P04B /.45 -9.15

8-9
10-11

20-21.6
PO5A '25.88 - 27.88
P05B 10.22 1.22

12- 14

14- 16
18- 20
26 - 28

PO06A 18.7- 20.7
P060 8.41 - 10.41

-'07A 24.48 - 26.48

Depth To Water
in Feet
(static)

7 21

7.44
4.42
6.56
0.61

6.93
6.81

7.41
5.99
6 20

Po7H 10.14 - 12.14 6.39
10 - 12 .
24 - 26

PIOA 19,12- 21.12 6.32
P10B 13.5 15.5 5.51

19 - 21

P11A 24.25- 26.25 2.52
PI 1B /.25 • 9.25 2.45

4-6

21-23

P12A 22.86 - 23.86 7.66
P12B 16.2 18.2 7.61

16-18
21.5-23.5

P13A 2;.45 -2/.45 7.70
'13-i 17.92 - 19.92 7.6fR

17- 19
25 -27

Hydraulic Conductivity
Obtained from Slug Tests

(ft/day)
20.16(00
0.0416

149.7600
103.6800
17.2800
0.2390

79.2000
2.0160

6.6240 "
2.3040
47,5200
0.2160

3/.4400

2.5920

35.8560

0.0488

38,4480
0.1291

14.6880
0.283/

Hydraulic Conductivity of Cores
Obtained from Lab Tests

.(ft/day)

0.0179
0.0709

0.0025
0.0002
0.2438

0.0077
0.0011
0.1247
0.0224

0.0164
0.1304

0.0019

0.0031
0.0165

0.0002
0.1190

0.0001
0.0340

~""'



Aquifer performance tests (APT) were conducted by pumping the two deep 8-inch diameter wells
(P01B and P14B) located on the L-7 leee:' Ardaman & Associates also conducted these tests
under contract by the District. The results of the APT are summarized in Table 4. Field data and
slug test plols were performed by Ardaman & Associates, and are provided in Appendix D,
Figures D-1, D-2, D-3, and D-4.

Table 4. Results of Aquifer Performance Test Analyses (from Ardaman & Assoc. 1994).

There is some uncertainty with how these values were analyzed and should be used with
caution. Duplication of analyses with the field data did not replicate the same result that was
reported. The pump used while testing P01A and P14B did not drawdown the water level
adequately in the zone where these wells were completed. The zone of influence from pumping
the well responded as a constant recharge boundary from the WCA-1. This happens when water
from WCA-1 is replacing water pumped from the test well. As a result, the influence of
drawdown measured in the monitoring well 100 feet away was only 0.2 feet.

DIRECT SEEPAGE MEASUREMENTS

5.1 Methodology

Seepage flow into the ENR project emerges at the surface along the toe of the L-7 levee,
between the inflow and outflow pump stations. It is subsequently collected in 21 culverts.
Discharge flow from the culverts were measured every two weeks from August 19, 1994 to April
4, 1996 and monthly from May 15, 1996 to December 18, 1996 (Figure 8). Ground water levels
were also measured during this time period. This was done to assist in interpreting the relationship
between ground water and surface water elevations and to assist in the interpretation of ground

Theis Method

Total Depth Sceened Transmissivity Storativity DepthWell Number Interval(Ft.) (Ft.erval (Ft./min) (unitless) (Ft. NGVD)
(Ft. NGVD)

-50.25 to
P01B 100.25 44.82 .00094 -70.25

-70.25

P14B 62.37 -4.43 to 10.3 .00011 -41.20
-42.3



water flow in the ENR project, Monthly mlcasurmcnnls a.Irc slill collected as required in ihe
tipcri-lihonal permit for the ENR projcct and reporled in the Annual LENR Monitoriing Report.
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Filgure 8. Measured Scepae trorr 21 Culvert.s Located on the 1.-7 i.cvec.

To qLUanlilly Ihe Vo. lune of seepa.gC, tIhree difIcrcnt mnelhotds were examined to determine
the most reliable one for the wide range of I'ows, T'hese methods include: 1) vorlumelric flow
mleasurcnmcnl, 2) cleclromrnagetic flow CmeasLuri mernt, :rnd 3) the flout-flow measurement nmethod,
After extensi ve corrisiM sons, Ihe float flow measuremernct ncthod w:,s chosen because it provided
the mos consistent method for mreas.urin g he lare variable flows. This tcchniqLLc cofnsisls o1
releasing a floaLt at Iti inlet oI' the culvert and measuring 1he lime. (T') Io the float to reach the
(ullle of ithe culvert, denorting I1. as Ihe length of the culvert. 'ile form of thic equ lirln used 10
calculate flow veltcity (V) at the culvelt is expressed as:

V= L/ T

I he wetted, cross-seclional ar-ea was determined for each culvert and mulltiplied by Ihe

velocity to obllain discharge. A correction factor, K, was de fined to relate the surface velocity to
the mean velocity.

Table 5 lists discharge rneasurenments calculatcd fi cach culvert, with Ia col-responding
total of the 2 1 cucrtMs. Discharge calculated from the culvert ranges from a low ol' 0.11 cubic feel
per seclond (dfs) or 0.26 million gall ots per day (mgdl) on Apri 19, 1995 to it hig h of 27.7 c's on
Septcnlcer 19, 1995 or 17.89 mng., 'l'he average surll of 47 intSt LLman;.Ieou seepa[-;]e mneusurement.s
from 21 culverts was 7.44 (cfs).

O Lach b1tr represents the oLm of 2 I :::lIvO l I

10
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Table 5. Discharge Measurements Calculated for Each Culvert.

08/19/94 3.9500 0.095B 0.2280 0,0627 0.0014 0.0703 0,3478

08/30/94 4.0800 0.0575 0,2070 0.0378 0.0034 0.0413 0.2787

09/19/94 4.1300 0.078 04135 0.1228 0.0366 0.1399 0.4176

10/05/94 5,0700 0,2010 1.0110 0.3770 0.6330 0,4150 0.8070

10/18/94 4,8700 0.1893 0.8377 0.4130 0.5252 0.2971 0.8592

11/02/94 5.4400 0.3870 1.1205 0.7281 0.8217 0,3184 0.9724

11/21/94 6.2600 1.2859 1.6412 0.6886 1.5217 0.6746 1.2888

1201/94 5.0400 0.2786 1.1205 0,4303 0.7649 0.2971 0.8009

12/16/94 4.9500 0.6758 0.3184 0.8836 0.5285 0.4596 0,2971

12129/94 5.4300 0.8870 05176 0.9140 0.6283 0.7934 0.3415

01/31/95 5,1300 0,4736 0.2011 0.2918 0.3586 0.1113 0.0843

02/16/96 5.3000 0.4478 0.1463 0.3206 03586 0.0564 0.0000

03/02/95 5.4300 0.7037 0.1351 0.4174 0.4303 0.1335 0.1192

03/20/95 4.9000 0,1319 0,3225 0.0564 0,5236 0,1853 0.1651

03/29/95 4.4200 0.3328 0,0917 0.2845 0.2396 0,0000 0.0399

04119/95 3.8300 0.1781 0.0000 0.0000 0.000 0.0000 0.0000

04/28/95 4.0400 0.2776 0.000 0.,1559 0.0000 0.0000 0.0000

05/16/95 4.1200 0.2586 0.0000 0.0662 0.0000 0.0000 0.0000

06/02/95 4.1900 0.1450 0.0000 0.0698 0.0000 0.0000 0,0000

06/15/95 4.4100 0.2209 0.0000 0,1405 0.0000 0.0000 0.0000

06130/95 3. 800 0.2095 00000 0.0000 0.0000 0 0000 0.0000

07/14/95 4.3600 0.3003 0.0000 0.1593 0.0000 , 0000 0. 0000

07/31/95 4.7300 0.7573 0.0781 0.5236 0.3586 0.1698 0.0843

08/17/95 4.2300 0.5026 0.0205 0.2111 0,0924 0.0000 0.0305

08/31/95 5.6400 1,6697 0.8769 1.1921 0,4488 0.9374 0.2788

09/20/95 5.3700 1,4940 0,4147 1.0358 0.6283 0,9374 0.2011

09/29/95 4.6800 0,8551 0.2047 1.1636 0.3586 0.3531 0.1004

10/19/95 5.9400 1.8934 1.5465 1.6166 0.6068 0.9374 0.4838

10/31/95 5,7000 1,4487 0.8634 1.2574 0,6966 0.4085 0.3199

11/16/95 4.8800 1.0346 0.3628 0,7518 0.5379 0.2171 0.1004

11/30/95 4.8600 0.4899 0.3628 0,8644 0.4404 0.0814 0.1399

12/18/95 4.6300 0.5728 0.3628 0.7885 0.3775 0.3602 0.1938

01/16/96 4.5900 0.5153 0,2145 0.8318 0.5285 0,1486 0.0843

01/31/96 4.3800 0.6809 0.2011 0.8898 0.7282 0.2186 0.1463
02/15/96 5.1300 0,4544 0.0700 0.3782 0.1535 0,0194 0.0362

03/04/96 4.9800 0,3345 0.0331 0.4980 0,0378 0.0163 0.0282

03/15/96 3,9700 0.5340 0.0871 0,8758 0,1535 0.0581 0.0753

03/29/96 4.3400 0.3705 0.0802 0,4731 0.0453 0.0454 0.0082

04/15/96 3.2900 0.0977 0.0000 0.0000 0.0000 0.0000 0.0000

05/15/96 4.0200 0.0560 0.0000 0.0000 0.0000 0.0000 0.0000

08/14/96 5.1100 0.4148 0,1694 0.8318 0.2047 0,3526 0.1004

07/15/96 3,5600 0,1098 0.0059 0.1700 0.0033 0.0000 0.0000

08/15/96 3.9900 0,1270 0.0000 0.2459 0.0000 0.0000 0.0000

09/16/96 4.6400 0.2353 0.1192 0.6157 0.2096 0,3278 0.1287

10/16/96 50000 0.4700 0 2300 0.7200 0, 5900 0.4400 0.1300

11/15/96 4.7600 0.4100 0.1500 0,7000 0.6600 0.2000 0.0900

12/18/96 4.3400 0.1300 0,0500 0.2300 0.0900 0.0700 0.0500

:s. .a" " ' e 23.285 l $ 3 2629



'lbl)I 5. Discharge Mc;asilltr-eents C'aculuteCl for Each CuVLCIl (C(olliTluICd).
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'lable 5. Discharge Measuremetnt Calculated for, Each Culvert (Continued).

08/19/94 3.9500 0.5923 0.0000 0.0000 0.0000 0 1890 0,17 5 3

08/30/94 4.0800 0.4470 0.0000 0.0000 0.0000 0 1074 0.4147

09/19/94 4.1300 0.5176 0.0000 0.0000 0.0000 oO 0,O 5277 0.5575

10/05/94 5.0700 1.0720 0.0000 0.0597 D.0362 1,7160 1,7250

10/18/94 4.8700 0.7401 0. 0000 0.0000 00000 1,4615 1.2470

11/02/94 5.4400 1.0921 0.0000 0.0615 .0413 1,7162 2.0172

11/21/94 6.2600 1.3628 0.0000 0.5176 1 5017 2.2093 1.9167

12/01/94 5.0400 0.8634 0.0000 0.1438 0 0000 1.4802 1.2470

12/16/94 4.9500 0.4143 0.7308 0.0000 0 0000 00000 0.5805

12/29/94 5.4300 0.5144 0.5575 0.0000 00000 0 0000 1.5017

01/31/95 5.1300 0.2527 0.4466 0.0000 0 0000 0 0000 0.3428

02/16/95 5.3000 0.2072 0,4615 0.000 0 0000 0.0000 0.2300

03/02/95 5.4300 0.2310 0.6323 0.0000 0.0000 0.0000 0.1759

03/20/95 4.9000 0.1790 0.0917 0.0000 0.0000 0.0000 0.1505

03/29/95 4.4200 0.1863 0.3654 0.0000 0.0000 0.0000 0.0462

04/19/95 3.8300 0.0552 0.0000 0.0000 0.0000 0.0000 0.0000

04/28/95 4.0400 0,0030 0.1399 0.0000 0.0000 0.0000 0.0000

05/16/95 4.1200 0,0000 0.1399 0.0000 0.0000 0.0000 0.0000

06/02/95 4.1900 0.0000 0,0703 0.0000 0.0000 0.0000 0.0000

06/15/95 4.4100 00000 0,1694 0.0000 0.0000 0.0000 0.0000

06/30/95 3.8800 0.0000 0.4385 0.0000 0.0000 0.0000 0.0000

07/14/95 4.3600 0.063 0.2622 0.0000 0.0000 0. 0000 00000

07/31/95 4.7300 0.2572 0.5846 0.0000 0.0000 0.0000 0, 052

08/17195 4.2300 0.2225 0.8573 0.0000 0.0000 0,0000 0. 038

DB/31/95 5.6400 0.8625 1.0310 0.0000 0.1463 0.1240 2.1563

09/20/95 5.3700 0.6355 0.8592 0,0000 0.0000 0.0000 1.9332

09/29/95 4.6800 0.5227 0.9145 0.0000 0.0000 0.00000000 0.7970

10/19/95 5.9400 1.1380 2.0524 0.0000 0,4466 0.9744 2.9863

10/31/95 5.7000 0.7626 1.5174 0.0000 0.0514 0.1054 1.9332

11/15/95 4.8800 0,5275 0.5481 0.0000 00 00000 0.0000 0.9744

11/30/95 4,86600 0.4833 0.8580 0 0000 0.0000 0.0000 0.5805

12/18/95 4.6300 0.4730 1,1500 00000 0.0000 0.0000 0.6039

01/16/96 4.5900 0.4143 0.7308 0.0000 0.0000 0.0000 0.3714

01/31/96 4.3800 0.4425 0.8634 D.0000 0.0000 0.0000 0.5805

02/15/96 5.1300 0.2960 0.4529 0.0000 0.0000 0.0000 0.0236

03/04/96 4.9800 0.2451 D.6476 D.0000 0.0000 0.0000 00000 0.0040

03/15/96 3.9700 0.2930 0.6746 0,0000 0.0000 0.0000 0.3714

03/29/96 4.3400 0.2800 0.3628 0.00000 0.0000 00000 0.0620

04/15/96 3.2900 0.0080 0.1192 0.0000 0.0000 0.0000 0.0000

05/15/96 4.0200 0.1249 0.0000 0.0000 0.0000 0.0000 0.0000

06/14/98 5,1100 0.4425 0.7454 0.0000 0.0000 0.0000 0.7239

07/16/96 8.5600 0.1208 0,1529 0.0000 0.0000 0.0000 0.0000

08/15/96 3.9900 0.1208 0.1764 0.0000 0. 0000 0.0000 0.0000

09/16196 4.6400 0.3003 0.4317 D.000 0 0000 0.00 0000 0.3294

10/16/96 5.0000 0.4800 0.7700 0,0000 0.0000 0.0000 1.0400

11/15/96 4.7600 0.4100 0.5800 000 0000 0.0000 0. 7300

12118196 4.3400 0.0500 0.2800 0.0000 0.0000 0.0000 0.1400
_________~~.i io.07 J ziO 07 22-35 Q5f$ .



Table 5. Dis:chargt McaIsucr'crmnts :Cak ulatLld for E;ach Culierl ((:onlinled).

Hiuad

Dalu Diflerelnce CuIert GUCUirt CulVtl

WCA - ENR 19 2o 21

08/190-1

08:3011)4

09 19194

10/1:1194

I 1 /12'94

1.2; 1194
12.1/94

12i10/04

01/31-Ub

1;/ '.-195

[; 1/' 9/95

04:1 10/05

04:i0195
00:1009

6ti/1!-4t

I)//14/95

1)//:1i/95
11/1 7/95

(11!/31/95

09/'29 095

10/19105

10/31105

11/15/05

11/301/0
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01/;1619

01131196

12i 15/ ti

u311 !,/96

/14/15/96

05/15106

06/14906

07/1600

08/1500

00/1 6/00

10/1 G060

11/110906

12/181/06

Sum

4 1H(1)

4 1:1!:O1

5 07I01

4 0700

5 4400

0 ?000G

5.03400

.;N:OD

5 4200

4 91./10

4 4200

3 8300

-1.0400

4 12010

4 41)1
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11 :1800

4 :1111i

4 7300
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-1.000
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3./000

,1.8800

4.8600
• '. f lr O
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5 1)l:
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3 910 

4 '14011
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1.0 200
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5.0000

1.37600

4.3.10(0

(1 I110(111

0 I1In6b0

/0 7530
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C; /0845
fl l:i,1H .
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(I 44bh

('1225
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1: 1149

:/1511'

f1 1694

I 17.0
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1 1431
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I) 48 .:1

1: 1406

0 17011

1i 51716
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1 110
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11 3o l:.1

24 t15,?

0. 0000

0 30
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0 53

1 00

1)1

:I (i4

00

01

100

6:1

1 50117

1) 5277

0 6580

0.0C 2

0.7307

0.3183

0.128(r/

0. OD11

D (1445

1 00(03

0 1054

0 055

0.1694

0.0744-

0.4831

2.2003

1 001'7

0 8760

2 1/642

1 5242
U0 s10,h

1 1512

[)H /114

0 22 98

0 2011
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A linear regression model (Figure 9) was developed to predict the component of seepage
underneath the L-7 levee that flows through culverts usii: the difference between water levels
from WCA-1 and the ENR project, and discharge measured from the culverts. In order to provide
this relationship, water levels were collected at the same time seepage discharge was measured

from the culverts. All seepage measurements (47) were used to calculate an R2 = 0.696. The
minimum and maximum head differences ranged from 3.29 ft, to 6.26 ft. The equation: - Head
(ft.) = 4.05 + 0.0846 x Q (cfs) suggests head differences of less than 4.05 feet will not emerge as
direct seepage. It was observed that measured head differences as low as 3.83 feet produced
discharge measurements of 0.41 efs, indicating other variables, along with stage differences
between the WCA-I and ENR project control seepage. The regression curve (Figure 9) illustrates
the wide variability between total discharge from 21 culverts and head differences between the
WCA-1 and the ENR project for the operational period of record. The variation between data
points for head difference and the specific measured discharge rates may he the result of
measurement error.

7.0000

6.0000

5.0000

4.000

3,0000

0 5 10 15 20 25

Measured Discharge In Cubic Feet per Second

Figure 9. Regression of Stage vs. Seepage Discharge from August 1994 to December
1996.



Guardo (1998) pecrformetd additional analysis for estimating seepage underneath the L-.7
levee. His analysis is reported to accurately cslimate seepage flow into Ihe F NIR project as a
function of mean daily stages (feet) in the WCA-1 and thc ENR projectl. IJsing 12 seepage
measurements reported in this repoll from August 19, 1994 to July 16, 1996, ant exponential

equation was developed with a r'= 0.932.

surl'icial SEEP = 0.1446 (Sg W'CA-I 15.0).312 x (St WCA I St ) 2024'2)

Where:

surficial SEEP = surficia;.l seepage into the ENR Project from WCA.-1 (cfs)

Sitg .- =  nican daily stage. in W('A-1 I (It. NG VI))

Stg i -r mean daily stage in tlic ENR Project (It. NG(iVI))

WATER QUAL I'Y

Ground water was sampled qcl1ltlerly from thirteen (1 3) wells from December 7, 1994 to
December 4, 1997. The majority of these wells are completed below the cap rtck :and are 20 feel
in depth, In addition, the 60- )ot deep well (PI14.) and the 100 foot deep well (P011.1) were also
sampled to compare the geochcrnisiry of the wa:ler in the deeper flow zones. The shallower wells
located on the perimeter levee (10 feet) did not yield enough wal.cr to complly with Ihe Qualiy
Assurancc Plan for lthe ENR Waler Quality Monitoring Program. Twenty-seven parameters were
analyzed. A summary for each pararcmter is provided in Appendix I. D)etailed interpretation of
the water qit.tli y analysis is not discussed in this report. I lowever. the water cquality p)arameters, inI
general, have shown little to no significant variation during tihe sampling period for the same well.
Some temporal diffcrcnces were obsertved between wet and dry seasons; but, in general, the
ground wlet-r quality is within the rtainge that has bccn reported in county-wide studies (Miller,
1988).

Preliminary geochemical pattern analyses perforrced indicates the water is a calcitumn-
carbonate type typical of frIesh recharge water (Frazee, 1982). This analysis can he useful in
delermi nng sources of water and in refining estimates of seepage fluxes. Waler in I.he 60i anid 10()-
foot deep wells has higher specific conductivity, calcium, and hardness concentrations than the
20-foot wells, indicating a longer residence time.



CONCLUSIONS

The design and installation of the ground water monitoring well network for the ENR
project has provided valuable data for the interpretation of the hydrogeologic setting and
hydraulic characteristics that influence subsurface seepage. The general lithology underlying the
ENR project indicates the 200-foot thick surficial aquifer can be subdivided into four units. A
calcareous mud that is case hardened in most places (cap rock) separates the peat layer from sand,
sandstone, limestone and shell units of the Fort Thompson and Anastasia formations. The cap
rock also acts as a semi-confining unit, which impedes upward-hydraulic flow from deeper zones.
It also impedes seepage flow between the Water Conservation Area 1 (WCA-1) and the ENR
project. The thickness of the cap rock varies from one foot on the western perimeter to six feet
along the L-7 levee.

Five ground water monitoring wells, located along the L-7 levee, ranging from a depth of
-77 feet to 5.61 feet. NGVD were constructed to intercept seepage flowing from WCA-1 into the
ENR project and to identify zones of higher permeability. A pump test performed on the lower
permeable zone in the surficial aquifer at -77 feet NGVD resulted in a transmissivity of 44.89 ft,z/
min. Transmissivity of 9.37 ft./min was calculated in the upper zone of the surficial aquifer (-
42.43 feet NGVD). Surface water levels in the WCA-1 and the ENR project indicate an average
head difference of 4.68 feet.

Wells located on the perimeter levee were constructed in the core of the levee and below
the semi-confining cap rock (approximately 20 feet bls). Water levels, collected below the cap
rock, indicate a downward gradient with the exception of monitoring wells P04 and P07, which
show slight upward movement of seepage from deeper zones. Slug tests were also performed on
each well; the results are provided in Appendix D. Water levels from the ENR project and the
seepage canal ranged from -2.52 feet NGVD for P07 to 5.79 feet NGVD in well P06.

The component of seepage underneath the L-7 levee, which is collected by the 21 culverts
located along the toe of the 5.2-mile long L-7 levee, was measured every two weeks between
August 19, 1994 to April 4, 1996 and monthly from May 15, 1996 to December 18, 1996.
Discharge ranged from 0.41 to 27.70 cfs or 0.26 mgd and 17.89 mgd. The average of the sum of
47 instantaneous seepage measurements from 21 culverts was 7.44 cfs.

Ground water quality has shown little to no significant variation during the sampling
period for the same well. Some differences have been observed between season's changes; but, in
general, the concentration of ground water parameters is in the range that has been reported in
County-wide studies. Ground water quality in deeper flow paths indicates a longer ground water
residence time based on parameters such as hardness, specific conductivity and calcium.



RECOMMENDAT IONS

, Contin le water levcl arld watlr quclrliiy dtlr col I otion to quantify the co poinents of the ENR

projiCCL watlcr hibtdgei particularly the sccpage comporcnnt :i will help determine the nul r[ent

bll(geOl and thus tho etliciency of the pi rcjict.

2. J.)evelop a thr'ee-clilen si .lnal rm lIelI t) Iifrlher refine the estim ;t os 01 seepatgc,c arid to evaluLiate
the illt:rcllivc impacts from surface wateir and tiie deeper pw rmea hle I'Iow z.ones using th1e d( ala
availablec in this report. The modei shouldc have the capalbili y to eslimlnal e the vertical and
horizontal sCepage .it aL'fIctrs Ithe w ler hilget.'hli sd model shi IdUkiI also provide anT cvalulalton

(1 Ihe ontri-ollin hydraulic cclitionls on other vLrniablcs. I his infloimltion c:n be used by
WLatLcr ranaLIrcs Ito minimii:e Il e n piCt oF' scepage in the .lo;si I arid cL(olnstrLuctionol (I luture

S'A s.

3. Publish the results of 12 cro+ss-section l1 iodcls hll at were dev lped during the course of this
study to doc umelnt t he water bucdet and cstimnates fl1 SLII)SLlI'laC SeC])ige inlo and 0111 O)L t)he
EI.NR prqijcc through the I,-7 .and perinlcer levees.
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APPENDIX A: Hydrogeologic Cross-Sections
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APPENDIX B: Surface Water and Ground Water Level Graphs
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Figure B-7. Ground Water Levels for PO7A & B vs. Surface Water Levels

Figure B-8. Ground Water Levels for PO8B vs. Surface Water Levels
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APPENDIX C: Tabulated Surface Water and Ground Water Levels
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APPENDIX D: Aquifer Performance and Slug Test Analyses
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SE2000
Environmrnlal Logger

10/26/98 15:13

Unit II-ST(O)HPP To l

Solup .;;
------------

Sype
Mode
ID

RolfeorrcU
SG
Linearity
Scale factor
Offset
Deilay MSEC

Slop 0 10/25

Elapsed lme

0

0.0083
0.0166
0.0250

0.0333

0.0416

0.0500

0.0583
0.0666
0.0750

0.0833

0.0916
0.1000
0.1083
0.1166
0.1250
0.1333

0,1416

0.1500
0.1583
0.1666
0.1750
0.1833

0.1916
0.2000

0.2083
0.2166
0,2250
0.2333
0.2416
0,2500

0.2583

I

I

0.2666
0.2750

0.2833

0.2916

0.3000
2 0.3083

0.3166
NPUI 1 0.3250

..... 0. 3333

ewl (F) 0 3500
TOC 0.3666
ENRP02B 0.3833

0.4000
0 0.4166

1 0.4333

0.095 0.4500

20.056 0.4666

0.002 0,1833
50 0.5000

0.5166
12:41:19 0.5333

0.5500
INPUT I 0.5666

0,5833
1.2060 0.6000
1.1610 0.6166

1.1170 0.6333
1.0790 0.6500
1,0340 0.6666
0.9960 0.6833
0.9580 0.7000
0.9260 0.7166
0.8880 0.7333
0.8500 0.7500
0.8180 0.7666
0.7930 0.7833
0.7610 0.8000

0./230 0.8166
0. 7040 0.8333

0.6720 0.8500
0.64 0 0,8666
0.6220 0.8833
0.5900 0.9000
0.5710 0.9166
0.5520 0.9333
0.5260 0.9500
0.5070 0.9666
0.4820 0.9833
0.4690 1.0000
0.4440 1.2000
0.4190 1.4000
0.4060 1.6000

0.3930 1.8000
0.3740 2.0000

0.3550 2.2000

0.3490 2.4000

0. 330

0.317

0.304
0.292

0.272
0.266

0.253
0.241

0.234

0.209

0,190
0.184
0.171

0.152

0.139

0.126

0.114

0.10/
0.095
0.088
0.082
0.076
0.063

0.063

0,057

0.057
0.050
0.050

0.044
0.038
0.038
0.038
0.038
0.025
0.025
0.025
0.019
0.025
0.025

0.025
0.019
0,019
0.019
0.019
0.019
0.019
0.012

0.012

0.012
0.012
0.006
0.006
0.006
0.012
0.012
0.006

2.600

2.800
3.000
3.200

0.006
0.006
0.012
0.012



SE2000
Envronmental Logger
10/26/98 15:17

Unit# TESTOHPP test 4

Setups: INPUT 1

Type Level (F)
Mode TOC
I.D. ENRP03A

Reference
:SG
Linearity
Scale factor
offset
Delay MSEC

Step 0 10/25

0
1

0.095
20.056
0.002

50

13:25:07

Elapsed Time INPUT

0.0000
0.0083
0.0166

0.247
0.184
0.139'

0.0250 0.114(
0.0333 0.082(
0.0416 0.063
0.0500 0.0501
0.0583 0.038
0.0666 0.031
0.0750 0.025
0.0833 0.025
0.0916 0.0191
0.1000 0.019
0.1083 0.0121
0.1166 0.019
0.1250 0.012
0.1333 0.012
0.1416 0.012
0.1500 0.012
0.1583 0.012
0.1666 0.0121
0.1750 0.012
0.1833 0.012
0.1916 0.006
0.2000 0.019
0.2083 0.012
0.2166 0.012
0.2250 0.012
0,.2333 0.012
0.2416 0.019
0.2500 0.012
0.2583 0.012

0.2666 0.0120 2.600 0.006
0.2750 0.0120 2.800 0.006
0.2833 0.0120 3.000 0.012
0.2916 0.0120 3.200 0.006
0.3000 0.0120 3.400 0.012
0.3083 0.0120 3.600 0.006
S i-.i 6 . 0120 3.800 0.01i2
0.3250 0.0120 4.000 0.006
0.3333 0.0120 4.200 0.006
0.3500 0.0120 4.400 0.006
0.3666 0.0120 4.600 0.006
0.3833 0.0120 4.800 0.006
0.4000 0.0120 5.000 0.006
0.4166 0.0120
0.4333 0.0120
0.4500 0.0120
0.4666 0.0120
0.4833 0.0060
0.5000 0.0120
0.5166 0.0120
0,5333 0.0120
0.5500 0.0060

1 0.5666 0.0060
0.5833 0.0120

0 0.6000 0.0120
0 0.6166 0.0060
0 0.6333 0.0060
0 0.6500 0.0060
0 0.6666 0.0120
0 0.6833 0.0120
0 0.7000 0.0060
0 0.7166 0.0120

0 0.7333 0.0120
0 0.7500 0.0120
0 0.7666 0.0120
0 0.7833 0.0120
0 0.8000 0.0060
0 0.8166 0.0120
0 0.8333 0.0120
0 0.8500 0.0060
0 0.8666 0.0120
O 0.8833 0.0120
0 0.9000 0.0060
0 0.9166 0.0060
0 0.9333 0.0120
0 0.9500 0.0120
0 0.9666 0.0120
0 0.9833 0.0060
0 1.0000 0.0060
0 1.2000 0.0120
0 1.4000 0.0120
0 1.6000 0.0060
O 1.8000 0.0060
o 2.0000 0.0120
0 2.2000 0.0060
0 2.4000 0.0060



SE2000
Envronmontal I ogger

10/28/98 16:45

Unit# TES 1I0 IPP Test r

Setups:

Ty:peu

Modo

1.D,

Reficronce

SG
Linearity
Scale factor
oif set

Delay MSEC

Step 0 10/28

Elapsed Time

0.0000
0.0083
0.0166

0.0250
0,0333
0.0416
0.0500

0.0583

0.0666

0.0750
0.0833
(0.0916
0.1000
0. 1083
0,.1166
0.1250
0. 1333
0.1416

0.1500
0. 1583
0. 1666
0.1750
0.1833
0.1916

0.2000
0.2083
0.2166

0.2250
0.2333
0.2416

0.2500
0.2583

I

2.600
2.800
3.000
3.200
3.400

6 3.600
3.800

NPUT 1 4.000
4.200

Leel (F) 4.400
TOC 4.600
ENRPO4A 4.800

5.000
0 5,200
1 5.400

0.036 5.600
10.106 5.800
0.00 6.000

50 6.200
6.400

12:26:46 6.600
6.800

INPUT 1 7.000
7.200

0.661 7.400

0.661 7.600
0.665 7.800
0,661 8.000
0.661 8,200
0.661 8.400
0.665 8.600
0.661 8.800
0.665 9.000
0.661 9.200
0.661 9.400
0.661 9.600
0.661 9.800

0.658 10.000

0.661 11.000
0.658 12.000
0.661
0.661

0.661
0.658
0.661
0.661

0.661
0.661

0.658
0.661
0.661

0.661

0.658
0.658
0.658
0.661

0.601
0.594
0.588
0,578.
0.572
0.562

0.549

0.510
0.530
0.524

0.508

0.502

0.489

0.482

01473
0.466
0.454
0.444

0.434
0.425
0.415
0.409
0.399
0.390

0.380

0,374
0.364
0.354

0.348

0.342
0.332
0.326
0.316
0.310

0.303
0.300
0.290
0.281

0.239
0.204



...S E..... . .. . . ,
'  

.,

SE2000
Enbironmental Logger

10/26198 15:25

Unit# TESTOHPP Test 7

Setups

Type
Mode
ID..

Refere
SG
Lineari

Scale I
offset
Delay

Step 0

El

:r INPUT 1

0.2666 0. 578 2.600 0.038
0.2750 0 559 2.800 0.038
0.2833 0,540 3.000 0.044
0.2916 0,521 3.200 0.038
0.3000 0.502 3.400 0.038
0.3083 0.489 3,600 0.038
0.3166 . 0,470 3.800 0.038
0. 3250 0,451 4.000 0.044
0.3333 0,438 4.200 0.044

Level (F) 0.3500 0,407 4.400
TOC 0.3666 0 .381 4.600
ENRPO4B 0.3833 0' 349 4.800

0.4000 0,330 5.000
nce 0 0.4166 0,305 5.200

1 0.4333 0.286 5.400
ty 0.095 0.4500 0.273 5.600
factor 20.056 0.4666 0248 5.800

0.002 0.4833 0,229 6.000
MSEC 50 0.5000 0,222 ' 6200

0.5166 0.203 C.400
10/25 14:20:47 0.5333 0,i90 6.600

0.5500 0,178 6.800
apsed Time INPUT 1 0.5666 0.171 7.000

0.5833 0.159 7.200
0.0000 1.755 0.6000 0.139 7.400
0.0083 1.717 0,6166 0.139 7.600
0.0166 1.653 0.6333 0.133 7.800
0.0250 1.602 0.6500 0.120 8.000
0.0333 1,545 0.6666 0.114

0.0416 1.488 0.6833 0.101
0.0500 1.443 0.7000 0.101
0.0583 1.399 0,7166 0.095
0.0666 1.348 0.7333 0.089

0.044
0.044
0.044
0.044
0.044
0.044
0.044
0,038
0.038
0.038
0.038
0.038
0.038
0.038
0.038

0.044

S 0.038
0.038
0.038

0.0750 1,297

0.0833 1.259
0.0916 1.221
0.1000 1.170
0.1083 1.138
0.1166 1.094
0.1250 1.062
0.1333 1.017
0.1416 0.985
0.1500
0.1583
0.1666
0.1750
0.1833
0.1916
0.2000
0.2083
0.2156
0.2250
0.2333
0.2416
0.2500
0.2583

0.7500 0.082
0.7666 0.082
0,7833 0.076

0.8000 0.076
0.8166 0.076

0.8333 0.069
0.8500 0.069

0.8666 0.063
0,8833 0.063

0.954 0.9000 0.057
0.922 0.9166 0.057
0.884 0.9333 0.063
0.858 0.9500 0.057

0.826 0.9666 0.057
0.795 0.9833 0.057
0.769 1.0000 0.057
0.744 1.2000 0,044
0.718 1.4000 0.044

0.693 1.6000 0.044
0.674 1.8000 0.044
0.642 1.0000 0.044
0.623 1.2000 0.038
0.597 1.4000 0.038

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

:_::

:



SE2000
Environmental Logger

10/26/98 15:30

Unit# TESTCHPP Tosl

Setups:

Type
Mode
I.D.

ROfOrer;ice

SG
Linearity
Scale factor

Delay MSFC

Step 0 10/25

INPUT 1

Lov:tl (F)

TO()C
ENRP05A

0
1

0.095
20.056

0.002

50

15:24:01

Elapsed Time

0.0000
0.0083

0.0166
0.0250
0.0333
0.0416
0.0500
0.0583

0.0666

0.0750
0.0833

0.0916
0.1000
0.1083
0.1166
0,1250
0.1333
0.1416
0.1500
0.1583
0.1666
0.1750)
0.1833
0.1916
0,2000
0.2083
0.2166

0.2250

0.2333

0,2416
0.2500
0.2583

0.2666 1.999 2.6000 0.34u
0.2750 1,987 2.8000 0.273
0.2833 1.987 3.0000 0.222
0.2916 1.987 3.2000 0.171

0.3000 1.980 3.4000 0.114
10 0.3083 1.968 3.6000 0.082

0.3166 1.961 3.8000 0.063
0.3250 1.955 4.0000 0.063

0.3333 1.955 4.2000 0.057
0.3500 1.942 4.4000 0.044
0.3666 1.930 4.6000 0.050
0.3833 1,917 4.8000 0.044
0.4000 1.904 5.0000 0.031
0.4166 1.892 5.2000 0.031

0,1333 1.879 5.4000 0.019

0.4500 1.866 5,6000 0,019
0.4666 1.853 5.8000 0.012
0.4833 1.841 6.00)00 0.025

0.5000 1 82 6.2000 0.019

0.5166 1 809 6.400) 0.012
0.5333 1.802 6.6000 0.000

(1.5500 1.784 6.8000 0.006

INPUT 1 0.5666 1.765 7.0000 0,006
0.5833 1.752

2.107 0.6000 1.733
2.107 0.6166 1.720
2.095 0,6333 1.701
2.107 0.6500 1.688
2.101 0.6666 1,676
2.101 0.6833 1.663
2.101 0.7000 1.650
2.088 0.7166 1.638
2.095 0.7333 1.612
2.095 0,7500 1.593
2.088 0.7666 1.555

2.088 0.7833 1.536
2.0/6 0.8000 1.511
2.076 0.8166 1.498
2,076 0.8333 1,479
2.076 0.8500 1,460
2.069 0.8666 1.441
2.063 0.8833 1.428

2.063 0.9000 1,415
2.050 0.9166 1.396
2.050 0.9333 1.384
2.044 0.9500 1.358
2.044 0.9666 1.346
2.038 0.9833 1.333
2.031 1,0000 1,314
2.031 1.2000 1.130
2.025 1.4000 0.971
2.025 1.6000 0.831

2.019 1.8000 0.704

2.012 2.0000 0.590
2.006 2.2000 0.501
2.006 2.4000 0.419



0.2666 0.022
SE2000 0.2750 0,022
Enironmental Logger 0,2833 0.022

10. i 8 "i:40 0.2916 0.025
0.3000 0.025

Unitt TESTOHPP Test 4 0.3083 0.022
0.3166 0.025

Setups: INPUT 1 0.3250 . 0.025
------------ --------- 0.3333 0.025
Type LevEI (F) 0.3500 0.025
Mode TOC 0.3666 0.025
i.D. ENRPOSB 0.3833 0.025

0.4000 0.028
Reference 0 0.4166 0.028
SG 1 0.4333 0.028
Linearity 0.036 0.4500 0.028
Scale fact 10,.106 0.4666 0.028
Offset 0.005 0.4833 0.028
Delay MSE 50 0.5000 0.028

0.5166 0,028
Step 0 10/. 11:57:49 0.5333 0.028

0.5500 0.028
Elapsed Tlime INPUT 1 0.5666 0.028

------------ ---- 0.5833 0.028
0.0000 0.914 0.6000 0.025
0.0083 0.670 0.6166 0,028
0.0166 0.561 0.6333 0,025
0.0250 0.545 0.6500 0.028
0.0333 0.542 0.6666 0.025
0.0416 0.465 0.6833 0.025
0.0500 0.385 0.7000 0.(025
0.0583 0.349 0.7166 0,025
0.0666 0.279 0.7333 0.025
0.0750 0.205 0.7500 0.025
0.0833 0.102 0.7666 0.022
0.0916 0.035 0,7833 0.025
0,1000 -0.009 0.8000 0,025
0.1083 -0.028 0.8166 0,022
0.1166 -0.019 0.8333 0,025
0.1250 -0.006 0.8500 0.022
0.1333 0.009 0.8666 0.025
0.1416 0.016 0.8833 0,025
0.1500 0.022 0.9000 0.025
0.1583 0.022 0.9166 0,025
0.1666 i 0.016 0.9333 0,022
0.1750 0.016 0.9500 0.025
0.1833 0.003 0.9666 0.025
0.1916 0.003 0,9833 0.022
0,2000 0.009 1,0000 0.022
0.2083 0.012 1.2000 0.022
0.2166 0.022 1.4000 0.022
0.2250 0.022 1.6000 0.019
0.2333 0.025 1.8000 0.019
0.2416 0.025 2.0000 0.019
0.2500 0.025 2.2000 0.019
0.2583 0.022 2.4000 0.019

2.6000 0.019



0.2666 2.379 2.6000
SE2000 0.2750 2.376 2.8000
Enironmental Logger 0.2833 2.370 3.0000

10/28/98 16;36 0.2916 2.367 3.2000
0.3000 2.360

Uniti 'ITS IOHPP Tost 2 0.3083 2.354
0.3166 2.351

Setups: INPUT 1 0,3250 2.341
------------ ----- 0.3333 2.335

lype Lewl (F) 0.3500 2.319
Mode TOC 0.3666 2.299
I.D. ENRPO6A 0.3833 2.283

0.4000 2.274
Reference 0 0.4166 2.261
SG 1 0.4333 2.255
Sinrlarity 0.036 0.4500 2.239
Scala factor 10. 100 0.4666 2.223
Offset 0.005 0.4833 2.213
Delay MSEC 50 0.5000 2.194

0.5166 2175
Slap 0 10/28 1 1:27:28 0.5333 2 159

0.5500 2.139
Elapsed Time INPLJ 1 0.5666 2.127

0.5833 2 111
0.0000 3.111 0.6000 1.980
0.0083 3.108 0.6166 1,976
0.0166 3.099 0.6333 1.896
0.0250 3.086 0.6500 1.884
0.0333 3 054 0.6666 1 868
0.0416 3,000 0.6833 1.855
0.0500 2.936 0.7000 1.842
0.0583 2.872 0.7166 1.730
0.066 2.817 0.7333 1,721
0.0750 2.753 0.7500 1.708
0.0833 2.686 0,7666 1.698
0.0916 2.673 0.7833 1.689
0.1000 2.629 0.8000 1.679
0.1083 2.581 0.8166 1.673
0,1166 2.565 0.8333 1.663
0.1250 2.558 0.8500 1.551
0.1333 2.514 0.8666 1.538
0. 1416 2.185 0.8833 1,529
0,1500 2.466 0.9000 1.516
0.1583 2.456 0.9166 1.503
0.1666 2.443 0.9333 1.490
0.1750 2.437 0.9500 1.477
0.1833 2.437 0.9666 1.465
0.1916 2.430 0.9833 1.455
0.2000 2.421 1.0000 1,442
0.2083 2,414 1.2000 1.282
0.2166 2.408 1.4000 1.033

0.2250 2.405 1.6000 0.585
0.2333 2.398 1.8000 0,3/1
0.2416 2.395 2.0000 0.284
0.2500 2.389 2.2000 0.230
0.2583 2.386 2.4000 0.185



SE2000 0.2666 3.155
Environmental Logger 0.2750 3.116

10/28/98 16:38 0.2833 3.075
Unit/ TESTOHPP Test 3 0.2916 3.036

INPUT 1

Leel (F)
TOC
ENRPO68

Reference 0
SG 1
Linearity 0.036
Scale factor 10. 0(
Offset 0.005
Delay MSEC 50

Step 0 10/28 11:39:1

Elapsed Time
------------
0.0000
0.0083
0.0166
0.0250
0.0333
0.0416
0.0500
0.0583
0.0666
0.0750
0.0833
0.0916
0.1000
0.1083
0.1166
0.1250
0.1333
0.1416
0.1500
0.1583
0.1666
0.1750
0.1833
0.1916
0.2000
0. 2083
0,2166
0.2250
0.2333
0.2416
0.2500
0.2583

Setups:
------------
Type
Mode
I. ,

INPUT 1 0.5500
......... 0.5666

5.146 0.5833
5.069
4.986
4.906
4.823
4.736
4.659
4,576
4.509
4.438
4.368
4.291
4.221
4.154
4.083
4.013
3.933
3.869
3.785
3.757
3.696
3.629
3.590
3.545
3,497
3,453
3.408
3.363
3,318
3.276
3.235
3.193

0.6000
0,6166
0.6333
0.6500
0.6666
0.6833
0.7000
0.7166
0.7333
0.7500
0.7666
0. 7833
0.8000
0.8166
0.8333
0.8500
0.8666
0.8833
0.9000
0.9166
0.9333
0.9500
0.9666
0.9833
1.0000
1.2000
1.4000
1.-6000
1.8000

0.3000
0.3083
0.3166
0.3250
0-3333
0.3500
0.3666
0.3833
0.4000
0.4166
0.4333
0.4500
0.4666
0.4833
0.5000

0 0.5166
0.5333

1.903
1.855
1.807
1.762
1.714
1.669
1.627
1.586
1.541
1.502
1.461
1.422
1.387
1.348
1.310
1.275
1.243
1.208
1.175
1.143
1.115
1.079
1.054
1.025
0.996
0.685
0.487
0.336
0.230

2.998
2.959
2.921
2.886
2.847
2.777
2.710
2.639
2.575
2.511
2.450
2.389
2.332
2,274
2.217
2.165
2.111
2.053
2.005
1.954



SE2000
Environmental Logger

10/26/98 15:46
Urnil# TESTOHPP Test 18

INPUA 1

Lewel (F)

TOGC
ENRPO7A

Reference
SG
Linearity
Scalo factor
offset
Delay MSEC

Stop 0 10/26

0
1

0.095

20.056

0.002
50

13:16:37

Elapsed Time

0.0000
0.0083

0.0166
0.0250

0.0333

0.0416
0.0500
0.0583
0.0666
0.0750
0.0833

0.0916

0.1000
0.1083
0.1166

0.1250

0.1333

0,1416
0.1500
0.1583

0.1666

0.1750

0.1833
0.1916
0.2000
0.2083
0.2166

0.2250
0,2333
0.2416

0.2500
0.2583

SOtups;

Type
Mode
I.D.

0.2666 0.655

0.2750 0.661
0.2833 0.658
0.2916 0.658

0.3000 0.661

0.3083 0.658
0.3166 0.655
0.3250 0.658

0.3333 0.658

0.3500 0.655
0.3666 0.658

0. 3833 0.658

0.4000 0.658
0.4166 0.655
0.4333 0.655
0.4500 0.655
0.4666 0.655
0.41833 0. 658
0.5000 0.655
0.5166 0.655
0.5333 0.6bb

INPUTi 0.5500 0.652
0.5666 0.652

0.996 0.5833 0.652
1.003 0.6000 0.652
0.996 0.6166 0.652
0.996 0.6333 0.652
0.996 0.6500 0.652
1.003 0.6666 0.649
0.996 0.6833 0.649

0.996 0.7000 0.652

0.996 0.7166 0.649

0.996 0.7333 0.649
0,990 0.7500 0.649
0.984 0.7666 0.649
0.990 0.7833 0.645

0.984 0.8000 0.649
0.984 0.8166 0.645
0.984 0.8333 0.645
0.977 0.8500 0.645
0.977 0.8666 0.645

0.965 0.8833 0.645
0.965 0.9000 0.645
0.958 0.9166 0.642
0.952 0.9333 0.639
0.945 0.9500 0.642

0.939 0.9666 0.9666 642

0.939 0.9833 0.642

0.933 1.0000 0.642

0.920 1.2000 0,636
0.920 1.4000 0.629
0.907 1.6000 0.626
0.907 1.8000 0.620

0,901 2.0000 0.620
0.895 2.2000 0.613

2.4000 0.604

0.2666

0.2750
0.2833
0.2916
0.3000

0.3083

0.3166
0.3250
0.3233

0. 3500

0.3666

0.3833

0.4000

0.4166

0,4333
0.4500

0.4666

0. 4833

0, 5000
3,5166

0.5333

0.6500
0.5666
0.5833
0.6000
0.6166

0.6333

0.6500
0.6666
0.6833
0.7166

0.7166

0.7333

0.0750
0.7666

0.7833

0.8000
0.8166

0.8333
0.8500

0.9666
0.8833
0.9000
0,9166
0.9333
0.9500
9.6660
0.9833
1.0000
1.2000
1.4000
1.6000
1.8000

2.0000

2.2000

2.4000

0.882
0.876
0.869
0.857
0.857

0.850
0.8144
0.838
0.825

0.819

0. 806

0.793

0.780

0.774
0. 755

0.749
0.736
0.723

0,/1 /
0,711
0.704

0.692
0.685
0,679
0.666
0.666
0.660

0.653
0.653
0.641
0.634
0.634

0.628
0.622

0.622
0.615
0.615
0.615

0.615
0.609
0.609
0.609

0.603
0.603
0.596
0.603
0.603
0.596
0.590
0.584
0.584
0.590
0.584
0.590

0.590
0.590

2.6000
2.8000
3.0000
3.2000
3.4000
3.6000

3.8000
4.0000
4.2000

4.4000

4.6000

4.8000

5.0000

5.2000

5.4000
5.6000
5.8000

6.0000
6.2000
6.,40u0
6.6000

6.8000

0.590
0.590
0.584
0.590

0.590

0.590

0.584
0.584
0.590
0.590

0.590

0.590
0.590

0.590

0.584
0.590
0.590

0.584

0.590

0.590
0.590

0.590



U, bl0

SE2000 0.2750
Environmental Logger 0.2833

10/26/98 15:46 . 0.2916
Unit# TESTOHPP Test 18 0.3000

0,3083
Setups: INPUT 1 0.3166

0.3250

Type Level (F)
Mode TOC
I.D. ENRPO7A

Reference 0
SG 1
Linearity 0.095
:Scale factc 20.056
offset 0.002
Delay MSE 50

Step 0 10/: 13:16:37

Elapsed Time

0.0000
0.0083
0.0166
0.0250
0.0333
0.0416
0.0500
0.0583
0.0666
0.0750
0.0833
0.0916
0.1000
0.1083
0.1166
0.1250
0.1333
0.1416
0.1500
0.1583
0.1666
0.1750
0.1833
0.1916
0.2000
0.2083
0.2166
0.2250
0.2333
0.2416
0.2500
0.2583

0.3333
0.3500
0,3666
0.3833
0.4000
0.4166
0.4333
0,4500
0.4666
0.4833
0.5000
0,5166
0,5333

INPUT1 0.5500
0.5666

0,996 0.5833
1.003 0.6000
0.996 0.6166
0.996 0.6333
0.996 0.6500
1.003 0.6666
0.996
0.996
0.996
0.996
0.990
0.984
0.990
0,984
0,984
0.984
0,977
0.977
0.965
0.965
0.958
0.952
0,945
0.939
0.939
0 933
0.920
0.920
0,9070.907

0.901
0.895

0.6833
0.7000
0.7166
0,7333

0.7500
0. 7666
0.7833
0.8000
0.8166
0.8333
0.8500
0.8666
0.8833
0.9000
0.9166
0.9333
0.9500
0.9666
0.9833
1.0000
1,2000

1.4000
1.6000
1.8000
2.0000
2.2000
2.4000

0.642
0.636
0.629
0.626
0,620
0.620
0.613
0.604

1.0000
1.2000
1.4000
1.6000
1.8000
2.0000
2.2000
2.4000

0.590
0.584
0.584
0.590
0.584
0.590
0,590
0.590

U.O U. bbb UV.0 LOO COUU

0.661 0.2750 0.876 2.8000
0.658 0.2833 0.869 3.0000
0.658 0.2916 0.857 3,2000
0.661 0.3000 0.857 3.4000
0.658 0.3083 0.850 3,6000
0.655 0.3166 0,844 3.8000
0.658 0,3250 0.838 4.0000
0,658 0.3233 0.825 4.2000
0.655 0.3500 0.819 4.4000
0.658 0.3666 0.806 4.6000
0.658 0.3833 0.793 4,8000
0.658 014000 0.780 5.0000
0.655 0.4166 0.774 5.2000
0.655 0,4333 0.755 5.4000
0.655 0.4500 0.749 5.6000
0.655 0.4666 0.736 5.8000
0.658 0.4833 0.723 6,0000
0.655 0,5000 0,717 6.2000
0.,655 0.5166 0.711 6.4000
0.655 0.5333 0.704 6.6000
0.652 0.5500 0.692 6.8000
0.652 0.5666 0.685
0.652 0.5833 0.679
0.652 0.6000 0.666
0.652 0.6166 0.666
0.652 0 6333 0.660
0.652 0.6500 0.653
0.649 0.6666 0.653
0.649 0.6833 0,641
0.652 07166 0.634
0.649 0.7166 0.634
0.649 0.7333 0.628
0.649 0.0750 0.622
0.649 0.7666 0.622
0.645 0.7833 0.615
0,649 0.8000 0,615
0,645 0.8166 0.615
0.645 0.8333 0.615
0,645 0.8500 0.609
0,645 0.9666 0.609
0645 0.8833 0.609
0.645 0.9000 0.603
0.642 0.9166 0.603
0.639 0.9333 0.596
0.642 0.9500 0.603
0.642 9.6660 0.603
0.642 0.9833 0.596

0.591

0.58
0.591
0.59
0.59,
0.58
0.58,
0.59'
0.59'
0.59'
0.59'
0.59.
0.59'
0.58
0.59'
0.59
0.58
0.59
0.59'
0.59'
0.59'



0.2666 -0.028
arnirorimental Logger 0.2750 -0,044

10/28/98 16:32 0.2833 -0,048

0.2916 -0.048
Uniti TESTOHPP Tost 1 0.3000 -0.044

0.3083 -0.038

Slups: INPUT I 0.3166 -0.032

0.3250 -0,032
Type Leel (F) 0.3333 -0.032
Modl TOC 0.3500 -0.038
1.D. ENFPO/B 0.3666 -0.041

0.3833 -0.038
Reference 0 0,4000 -0.035
SG 1 0,4166 -0.038
Linearity 0.036 0.4333 -0.038
ScaLe factor 10,106 0.4500 -0.041
Offset 0.005 0.4666 -0.038
Delay MSEC 50 0.4833 -0.038

0.5000 0.038
Sltp 0 10/28 10:58:24 0.5166 -0,03?

0.5333 -0.038
EEapsed Time INPUT 1 0.5500 -0.038

--------- 0.5666 -0.038
0.0000 0.408 0.5833 -0.038
0.0083 0.1401 0.6000 -0.038
0.0166 0.392 0.6166 0.038
0.0250 0.382 0.6333 -0.038
0.0333 0.369 0.6500 -0.038
0.0416 0.347 0.6666 -0.038
0.0500 0.318 0.0833 -0.038
0.0583 0.286 0.7000 -0.038
0.0666 0.247 0.7166 .0.041
0.0750 0.208 0.7333 -0.038
0.0833 0.183 0.7500 -0.038
0.0916 0.167 0.7666 -0.038
0.1000 0.154 0.7833 -0.041
0.1083 0.151 0.8000 -0.038
0.1166 0.147 0.8166 -0.038
0.1250 0.141 0.8333 -0.038
0.1333 0.125 0.8500 -0.038
0,1416 0.102 0.8666 0.038
0.1500 0.080 0.8833 -0.038
0.1583 0.061 0.9000 -0.038
0.1666 0.044 0.9166 -0.038
0.1750 0.035 0.9333 0.041
0.1833 0,022 0.9500 -0.038
0.1916 -0.003 0.9666 -0.038
0.2000 -0.051 0.9833 -0.038
0.2083 -0.083 1.0000 -0.038
0.2166 -0.086 1,2000 -0.038
0.2250 -0.057 1.4000 -0.038
0.2333 -0.035
0.2416 0,019
0.2500 -0,016
0.2583 -0.019



0,.2666 2.991 2.6000 0.292
SE2000 0.2750 2.985 2.8000 0.222
Environmental Logger 0.2833 2.972 3.0000 0.171

10/26/98 15:,44 .: -. 0 2916 2.966 3.2000 0.139
0.3000 2.953 3.4000 0.114

Unit# TESTOHPP Test 17 0.3083 2.940 3.6000 0.101
0.3166 2.928 3.8000 0.088

Setups: INPUT 1 0.3250 2.921 4.0000 0.082
------------ --------- 0.3333 2.909 4.2000 0.069

Type Le'el (F) 0.3500 2.889 4,4000 0.063
Mode TOC 0,3666 2.864 4.6000 0.063
I.D. ENRPtOA 0.3833 2.845
Reference 0 0.4000 2.813

0.4166 2.794
SG 1 0.4333 2.775
Linearity 0.095 0.4500 2.750
Scale factor 20.056 0.4666 2.724
offset 0.002 0.4833 2.693
Delay MSEC 50 0.5000 2.667 -
Step 0 10/26 12:53:55 0.5166 2.642

0.5333 2.616
Elapsed Time INPUT 1 0.5500 2.591

0.5666 2.566
0.5833 2.547

0.0000 3.131 0.6000 2.521
0.0083 3.131 0.6166 2.489
0.0166 3.131 0.6333 2.464

0.0250 3.131 0.6500 2.439
0.0333 3.131 0.6666 2.413
0.0416 3.124 0.6833 2.381
0.0500 3.124 0.7000 2.362

0.0583 3.131 0.7166 2.331

0.0666 3.124 0.7333 2.299
0.0750 3.131 0.7500 2.274
0.0833 3.124 0.7666 2.242
0.0916 3.118 0.7833 2.216
0.1000 3.124 0.8000 2.185
0.1083 3.124 0.8166 2,159
0.1166 3.118 0.8333 2.134
0.1250 3.118 0.8500 2.102
0.1333 3.112 0.8666 2.077
0.1416 3.099 0.8833 2.045
0.1500 3.099 0.9000 2.013
0.1583 3.099 0.9166 1.994
0.1666 3.086 0.9333 1.969
0.1750 3.080 0.9500 1.943
0.1833 3.074 0.9666 1.912
0.1916 3.061 0.9833 1.886
0.2000 3.055 1.0000 1.854
0.2083 3.048 1.2000 1.543
0.2166 3.042 1.4000 1,276
0.2250 3.029 1.6000 1.041
0.2333 3.023 1 8000 0.806
0.2416 3.016 2.0000 0.660
0.2500 3.004 2.2000 0.514
0.2583 2.997 2.4000 0.393



SE2000

Entronmental Logger

10/26/98 15:42

Unitf TIESTO IPP Test

INPUT 1

Leve (F)
TOC
ENRP10B

Reference
SG
I.inearity
Scale factor

Oltsot

Delay MSEC
Step 0 10/26

0
1

0.095
20.056

0.002

50
12:44:34

Elapsed I ime

0.0000

0.0083
0.0166
0.0250
0.0333
0.0416
0.0500
0.0583
0.0666
0.0750
0.0833
0.0916
0.1000
0.1083
0.1166
0.1250

0.1333
0.1416

0.1500

0.1583

0,.1666
0.1750
0.1833
0.1916
0.2000
0.2083

0.2166
0.2250
0.2333
0.2416

0.2500
0.2583

Setups:

Type:

Mode

1. D.

0.2666
0.2750
0.2833
0.2916
0.3000

16 0.3083
0.3166
0.3250

0.3333

0.3500
0.3666
0.3833

0.4000

0.4166
0.4333

0.4500
0.4666
0.4833
0.5000

0.5166

0.5 33
INPUT 1 0,5500

0, 5666
0.5833

0.858 0.6000
0.820 0.6166

0./63 0.6333

0.705 0.6b00
0.661 0.6666
0.616 0.6833
0.565 0.7000
0.527 0.7166
0,489 0.7333
0.457 0,7500
0.426 0.7666

0.394 0.7833
0.362 0.8000

0.337 0.8166
0.311 0.8333
0.286 0.8500
0.267 0.8666
0,247 0.8833
0.222 0.9000
0.209 0.9166
0.190 0.9333
0(1.171 0.9500

0.165 0.9666
0.152 0.9833

0.139 1.0000
0,127 1.2000
0.120 1.4000
0.108 1.6000
0.101 1.8000

0.089 2.0000
0.076 2.2000
0.076 2.4000

0.069
0.063
0.057
0.057
0.044
0.044
0.044
0.038

0.031
0,025
0.025

0.019
0.019

0.012
0.006
0.012
0,012

0.012
0.006

0.000

0.000
0.000
0.000
0.000
0.000
-0.006
0.000
-0.006
0.000
0.000
0.000

0.000
-0.006
0.000
0.000
-0.000
0.000

0.000
0.000

0.000

0.000
0.000
0.000

0.000
0.000
-0.006
0.000

-0.006

0.000
0.000
-0.006
-0.006

0.000
0.000
0.000



0.2666 6.190
SE2000 0.2750 6.180
Environmental Logger 0.2833 6.186

10/28/98 16:49 . 0.2916 6.158
0.3000 6.129

Unit/TESTOHPP Test 9 0.3083 6.113
S0.3166 6.116

Setups: INPUT 1 0.3250 6.110
----------- --------- 0.3333 6.087
Type Level (F) . 0.3500 6.068
Mode TOC 0.366 6.058
I.D. ENRP11A 0.3833 6.049

0.4000 6.046
Reference 0 0.41 66 6.042
SG 1 0.4333 6.039
Linearity 0.036 0.4500 6.036
Scale factor 10.106 0.4666 6.036
offset 0.005 0.4833 6.030
Delay MSEC 50 0. 5000 - 6.030

0.5166 6.026
Step 0 10/28 13:28:50 0.5333 6.023

0.5500 6.023
Elapsed Time INPUT 1 0.5666 6.023

....-------- --------- 0.5833 6.017
0.0000 6.353 0.6000 6.017
0.0083 6.353 0.6166 6.017
0.0166 6.353 0.6333 6.011

0.0250 6.353 0.6500 6.014
0.0333 6.353 0.6666 6.014
0.0416 6.349 0.6833 6.011
0.0500 6.353 0.7000 .011

0.0583 6.353 0.7166 6.007
0.0666 6.353 0.7333 6.004
0.0750 6.349 0.7500 6.004
0.0833 6.353 0.7666 6.004
0.0916 6.353 0.7833 6.001
0.1000 6.349 0.8000 6.001
0.1083 6.353 . 0.8166 5.998
0.1166 6.353 0.8333 5.998
0.1250 6.356 0.8500 5.998
0.1333 6.349 0.8666 5.995
0.1416 6.349 0.8833 5.991
0.1500 6.349 0.9000 5.995
0.1583 6.346 0.9166 5.991
0.1666 6.343 0.9333 5.988
0.1750 6.346 0.9500 5.988
0.1833 6.340 0.9666 5.985
0.1916 6.337 0.9833 5.985
0.2000 6.330 1.0000 5.985
0.2083 6.321 1.2000 5-969
0.2166 6.311 1.4000 5.956
0.2250 6.292 1.6000 5.943
0.2333 6.270 1.8000 5.927
0.2416 6.244 2.0000 5.915
0.2500 6.218 2.2000 5.902
0.2583 6.190 2.4000 5.892



SE2000
En'ironmental Logger

10/26/98 1 b733

Unit# TESTOHPP lest 11

INPUT 1

Lei'l (F)
TOC
ENRP 11B

Reference

SG
Linearity
Scale factor

Dolay MSFG

Step 0 10/26

0
1

0.095
20.056
0.002

50

10:41,32

Elapsed lime

0.0000
0.0083
0.0166
0.0250

0.0333
0.0416
0. n500
0.0583
0.0666

0.0750
0.0833

0.0916
0.1000

0.1083
0.1166
0.1250
0.1333
0.1416
0.1500
0.1583
0.1666
0.1 50
0.1833
0.1916
0.2000
0.2083
0.2166

0.2250
0.2333
0.2416

0.2500
0.2583

Setups:

lype
Mode
1. D.

0.2666 0.006
0.,2750 0.006
0.2833 0.006
0.2916 0.000

0.3000 0.000
0.3083 0.006
0.3166 0.006

0.3250 0.000
0.3333 0.000
0.3500 0.006
0.3666 0.000
0.3833 0.000
0.4000 0.006
0.4166 0.006

0.4333 0.006
0.4500 0.006
0.4665 0.006
0.4833 0.000
0.5000) 0.0(06

0.b166 0.000

0.,333 0.000
0.5500 0.000

IPIJT 1 0.5665 0.000

0.58,3:3 0.006

0.235 0.6000 0.000

0.203 0.6166 0.000

0,152 0.6333 0.000
0.108 0.6500 0.000
0.070 0.6666 0.000
0.044 0.6833 0.006
0,025 0.7000 0.006
0.019 0.7166 0.000
0.012 0.7333 0.006
0.006 0.7500 0.006

0.006 0.7666 0.000

0.006 0.7833 0.006

0.006 0.8000 0.000

0.006 0.8166 0.006
0.006 0.8333 0.000
0.006 0.8500 0.000

0.000 0,8666 0.000
0.006 0.8833 0.000
0.006 0.9000 0.000
0.000 0.9166 0.000
0.006 0.9333 0.000
0.006 0.9500 0.000
0.000 0.9666 0.006
0.006 0.9833 0.000
0.006 1.0000 0.000
0,006 1-.2000 0.006
0.000 1.4000 0.000
0.006 1.6000 -0.101
0.006
0.006
0.006
0.006



SE2000 0.2666 5.992 2.6000 4.977"' """" "

Unit# TESTOHPP Tes

Setups: INPUT 1

Type Level (F)
Mode TOC
ID. ENRP12A

Reference
SG

Linearity
Scale factor
Offset
Delay MSEC

Step 0 10/26

0
1

0.095
20,056
0.002

50

12:10:20

Elapsed Tim e

Enronmental Logger
10/26/981

0.0000 5.973 0.5833 5.967 7,2000
0.0083 5.980 0,6000 5.961 7.4000
0.0166 5.980 0.6166 5.954 7.6000
0.0250 5.973 0.6333 0.867 7,8000
0.0333 5.973 0.6500 5.948
0.0416 5.980 0.6666 5.941
0.0500 5.980 0.6833 5.935
0.0583 5.980 0.7000 5.929
0.0666 .. 5.980 0.'7166 . 5.922
0.0750 5.980 0.7333 5.922
0.0833 5.980 0.7500 5.922
0.0916 5.980 0.7666 5.916
0.1000 5.986 0.7833 5.916
0.1083 5.980 0.8000 5.910
0.1166 5.986 0.8166 5.910
0.1250 5.980 0.8333 5.910
0.1333 5.986 0.8500 5.903
0.1416 5.980 0.8666 5.903
0.1500 5.980 0.8833 5.910
0.1583 5.986 0.9000 5.897
0,1666 5.986 0.9166 5.897
0.1750 5.986 0.9333 5.903
0.,1833 5.986 0.9500 5.903
0.1916 5.986 0.9666 5.903
0.2000 5.992 0.9833 5.897
0.2083 5.992 1.0000 5.897
0.2166 5.986 1.2000 5.897
0.2250 5.992 1.4000 5.903
0.2333 5.992 1.6000 5.757
0.2416 5.992 1.8000 5.593
0.2500 5.986 2.0000 5.409
0.2583 5.986 2.2000 5.263

2.4000 5.117

2.438
2.324
2.229
2.140

0.2750 5.986
15:38 0.2833 5.992

Q'.2916 5.992
t14 0.3000 5.992

0.3083 5.992
0.3166 5.992
0.3250 5.992
0.3333 5.986
0.3500 5.992
0.3666 5.986
0.3833 5.992
0.4000 5.992
0.4166 5,986
0.4333 5.980
0.4500 5.986
0.4666 5.90
0.4833 5.980
0.5000 5.986
0.5166 5,980
0.5333 5.973

iNPUT 1 0.5500 5.967
05.666 5.967

2.8000 4.837

3.0000 4.711
3.2000 4.577
3.4000 4.457
3.6000 4.349
3.8000 4.235
4.0000 4.146
4.2000 4.050
4.4000 3.943
4.6000 3.847
4.8000 3.746
5.0000 3.651
5.2000 3.555
5.4000 3.467
5.6000 3.359
5.s8000 3.251
6.0000 3.149
6.2000 3.048
6.4000 2.952
6.6000 2.832
6.8000 2.686
7.0000 2.546



SE2000
Environmental L..oggeru

10/26/98 15:41

Unil# TFSTOHPP Test

SOIups:;

Typ :

Mode
I.0,

ReterenccI

SG
Linearity
Scale factor
Offset

Delay MSEC

Step 0 10/26

INPUT 1

Level (F)
TOC
ENRP12B

0
1

0.095
20.056
0.002

50

12;26:10

Elapsed Tie

0.0000
0.0083
0.0166

0.0250
0.0333

0.0416

0.0500

0.0583
0.0666
0.0750
0.0833
0.0916
0.1000
0.1083
0.1166

0.1250
0.1333
0.1416
0.1500
0.1583
0. 1666
0.1750

0.1833
0.1916
0.2000
0.2083

0.2166
0.2250
0.2333
0.2416

0.2500

0.2583

0.2666
0.2750
0.2833
0.2916
0.3000

15 0.3083
0.3166
0.3250

0.3333
0.3500

0.3666
0.3833
0.4000

0.4166
0.4333
0.4500
0.4666

0.4833
0.5000

0.3166

0.5333
0.5500

INPUT 1 0.5666
0.5833

0,775 0.6000
0.724 0.6166

0.667 0.6333

0.622 0.6500
0.578 0.6666

0.533 0.6833
0.495 0.7000
0,457 0,7166
0.425 0.7333
0.394 0.7500
0.362 0.7666
0.330 0.7833

0.317 0.8000
0.286 0.8166
0.260 0.8333
0.241 0.8500
0.222 0.8666

0.209 0.8833
0.197 0.9000
0.171 0.9166

0.158 0.9333
0.152 0.9500
0.146 0.9666
0.127 0.9833
0.114 1.0000
0.114 1.2000
0.101 1.4000

0.095 1.6000
0.089 1,8000
0.076 2.0000
0.069 2.2000
0.069 2.4000

0.063
0.063
0.057
0.050
0.050
0.044
0.038
0.038
0.038

0.038

0.031
0.025
0.025

0.025

0.019
0.019

0.019
0.019

0.019

0.019
0.019
0.019
0.019

0.012

0.012
0.012
0.012
0.012
0.012

0.012

0.012
0.012
0.012
0.012

0.012
0.012

0.006
0.006
0.019
0.006
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.006
0.006
0.012
0.012

0.006
0.006
0.006
0.006
0.006



0,P66 4.309
SE2000 0.2750 4.315
Environmental Logger 0.2833 4.309

'.2 98 15:11 0.2916 4.309
0.3000 4.315

Unit# TESTOHPP Test 1 0.3083 4.315
0.3166 4.309

Setups: INPUT 1 0.3250 4.309
---------- -- 0.3333 4.309

Type Leel (F) 0.3500 4.309
Mode TOC 0.3666 4.315
.ID. . ENRPI3A 0.3833 4.309

0.4000 4.309
Reference 0 0.4166 4.309
SG 1 0.4333 4.309
Linearity 0.095 04500 4.309
Scale factor 20.056 0.466 4.309
offset 0.002 0.4833 4.309
Delay MSEC 50 0.5000 4.315

0.5166 4.315
Step 0 10/25 11:33:09 0.5333 4.315

0.5500 4,309
Elapsed Time INPUT 1 0,5666 4.315

--------------- 0.5833 4.315
0.0000 4.309 0.6000 4.315
0.0083 4.309 0.6166 4,309
0.0166 4.309 0.6333 4.315
0.0250 4.309 0.6500 4.309
0.0333 4.309 0.6666 4.303
0.0416 4.309 0.6833 4.303
0.0500 4.315 0.7000 4.309
0.0583 4.309 0.7166 4.296
0,0666 4.303 0.7333 4.303
0.0750 4.309 0.7500 4.296
0.0833 4.309 0.7666 4.296
0.0916 4.315 0.7833 4.296
0.1000 4.309 0.8000 4.296
0.1083 4.309 0.8166 4.296
0.1166 4.309 0.8333 4.296
0.1250 4.309 0.8500 4.290
0.1333 4.309 0.8666 4.290
0.1416 4.309 0.8833 4.290
0.1500 4.309 0.9000 4.296
0.1583 4.315 0.9166 4.290
0.1666 4.309 0.9333 4.284
0.1750 4.309 0.9500 4.284
0.1833 4.309 0.9666 4.284
0.1916 4.309 0.9833 4.277
0.2000 4.309 1.0000 4.277
0.2083 4.309 1.2000 4.252
0.2166 4.309 1,.4000 4.220
0.2250 4.309 1.6000 4.214
0.2333 4.315 1.8000 4.214
0,2416 4.309 2.0000 4.195
0.2500 4.309 2.2000 4.125
0.2583 4.309 2.4000 4.030



0.2666 0.086
SE2000 0.2750 0.083
Environmenrlal l.ogecr 0.2833 0.077

10/28/98 16:53 0.2916 0.073

0.3000 0.073
Uni:,f TESTOHPP lest 12 0.3083 0.070

0.3166 0.067
Setups: INPUT 1 0.3250 0.064

S0.3333 0.064
Type LovIol (F) 0.3500 0.061
Mode TOC 0.3666 0.054
I.D. ENRP13B 0,3833 0.051

0.4000 0.051
Reference 0 0.4166 0.048
SG 1 0.4333 0.044
Lirlcurity 0.036 0.4500 0.044
Scal, factor 10.106 0.4666 0.044
offset 0.005 0.4833 0.044
Delay MSEC 50 0.5000 -0.041

0.5166 0.041
Step 0 10/28 14:47:01 0.5333 0.041

0.5500 0.038
Elapsed rime INPUT 1 0.5666 0.038

0.5833 0.038
0.0000 3.449 0.6000 0.038
0.0083 3.073 0.6166 0.035
0.0166 2. 162 0.6333 0.032

0.0250 2.714 0.6500 0.035
0.0333 2.688 0.6666 0.032

0.0416 2.585 0.6833 0.035

0.0500 2.441 0.7000 0.032
0.0583 2.306 0.7166 0.028
0.0666 2.056 0.7333 0.032
0.0750 1.808 0.7500 0.028

0.0833 1.587 0.7666 0.028
0.0916 1.391 0.7833 0.028

0.1000 1.214 0.8000 0.028
0.1083 1.060 0.8166 0.028
0.1166 0.918 0.8333 0.028
0.1250 0.790 0.8500 0.028

0.1333 0.674 0.8666 0.025

0.1416 0.578 0.8833 0.025
0.1500 0.485 0, 9000 0.025

0.1583 0.414 0.9166 0.025
0.1666 0.340 0.9333 0.025
0.1750 0.273 0.9500 0.022

0.1833 0,234 0.9666 0.022
0.1916 0,199 0.9833 0.022

0.2000 0.173 1.0000 0.022
0.2083 0.154 1.2000 0.019

0.2166 0.138 1.4000 0.016
0.2250 0.128 1.6000 0.012

0.2333 0.112 1.8000 0.009
0.2416 0.109 2.0000 0.009
0.2500 0.099 2.2000 0.009
0.2583 0.093 2.4000 0.006

2.6000 0.006



APPENDIX E: Ground Water Quality
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