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Abstract

Before a communication technician enters a manhal@ustry practices and OSHA regulations require an
inspection of any existing water for possible abnorooalditions. If the water is found suitable for dischatbe,
technician will pump the water from the manhole, tyflycasing a small submersible device to the storm drain
inlet. If the water is not suitable for discharge, alifjed waste vendor is used for removal and disposal in
accordance with applicable environmental regulatory rements. When these special handling procedures are
needed, they significantly slow down the repair of @i@munications equipment, thus impacting the public’'s use
of the communications network for emergencies and atheential services. With the increasing concerthef
quality of water discharged to the environment, nineomepmmunication companies (Ameritech, AT&T, Bell
Atlantic, NYNEX, BellSouth, GTE, Pacific Bell, SNEdnd U S WEST) sponsored this research project through
Telcordia Technologies (previously Bellcore, Inc.) tamine the quality of water found in communication
manholes. The major objective of this activity vwasdentify actual conditions found in manholes and tmfidie
possible predictive methods to better indicate problentamditions in manholes. The work performed under this
project task provides scientific research from the Brsiy of Alabama at Birmingham (UAB) on the f
characterization of water found in communication méaeho

Almost 700 water samples and about 350 sediment samplesdie@rorimunication manholes were analyzed over
a three-year period, representing major land use, agenseand geographical factors from throughout the U.S.
The samples were analyzed for a wide range of commdrniauic constituents. This data was evaluated using
exploratory data analyses, simple and complex comparisig, tend model building. These complimentary
procedures produced supporting information used to examine speg#tionships between these main factor
categories and other manhole characteristics.

In general, the water in manholes was found to belainiin constituent characteristics to stormwater and
snowmelt runoff. Geographical area had the most efieche data observations, while land use, season,gend a
influenced many fewer parameters. The most obvioudioethip was found for high dissolved solids and
conductivity associated with winter samples from snolivareas. The high winter concentrations slowly desee
with time, with the lowest concentrations noted lire fall. Another important observation was the assion
between zinc and toxicity. Samples from manholes éocat older area generally had larger zinc concentration
than other samples. Other constituents (especiallyiemttr and pesticides) were found to have higher
concentrations in water collected from manholesawer residential areas. Very few organic toxicantshplate
esters, PAHs, and pesticides) were found in the wateplsa, but about 10 to 25% of the sediment samples had
relatively large concentrations of organics. Bactemalyses indicated some relatively high bacteria soima
small percentage of the samples. Bacteria were founidwer amounts during sampling periods that were
extremely hot or extremely cold.

The data were used to develop and test predictive equatsed bn site conditions. These models were shown to
be valid for most of the data, but the highest conegiotis (those of most interest) were not well predict
Therefore, special comparisons of many site conditieere made for the manholes having water with thedsgh
concentrations of critical constituents for companrism the other locations. The problem manholes veened for

all areas of the country and for most rain conditioater clarity and color, along with sediment texturerev
found to be significant factors associated with highceatrations in the water, while land use was alsechas a
significant factor. These factors can be used to hptify manholes having potential problems, but thesrafe
false positives and false negatives were found to be Rigérefore, these screening criteria can be usetbtify

vi



the most likely problematic manholes, but other methudy also be needed to manage those that could not be
identified using these simpler methods.

Vil



Contents

L I [ 1
R O] 2 4 ATV @] = I T \Y
ACKNOWLED GEMENTS ..ottt e et et e e e et e e ee e saeens \/
PN S SN IR ¥ A O [T VI
(O(O NI I =\ 15 1
1 10 1YY 22 1-1
1.1 BACKGROUND .. cuitiititiit ittt et ettt et e et et e e et et ettt e st e b e e eb s e e b s e e b e e eaeenssennnnens 1-1
1.2 THE STUDY S OBIECTIVES. .t tuitttititit ettt tet et eet st ettt s re sttt ettt st tenetreasaerneaaenanns 1-2
2 T |V 1= 1 o o 1-2
A 11 o (120 TSP OURR 1-2
1.3 (@00 N o U S]] N1 T 1-3
1.3.1 Effects of Discharges of Water fromManholes...........cocooiiiiiiiiiiice e, 1-3
1.3.2  Sources of Water in ManNOIES..........uuuuuuiei s 1-6
1.3.3 Useof Field Screening Test Kitsand Indicating Parameters............ccocoeveeeieeeneen. 1-6
2 EXPERIMENTAL DESIGN FEATURES FOR CHARACTERIZING WATE R FROM
COMMUNICATION MANHOLES ... .o e e e ens 2-1
3 SUMMARY OF SAMPLING EFFORT AND STRATEGY ..o e 3-1
3.1 FACTORIAL EXPERIMENTAL DESIGNS ....iuitiitiiiiiiii it e e e e e e e e e e e aeeaaaaes 3-1
3.2 EXPERIMENTAL DESIGN FORSAMPLE COLLECTION EFFORT....cuiviiiiiiiiiceicie e 3-5
3.3 NUMBER OFSAMPLES NEEDED FORCOMPARISONS BETWEENDIFFERENTSITES ORTIMES 3-6
3.4 DETERMINING SAMPLE CONCENTRATIONVARIATIONS .. cuivitiiiiiiinieieeee e ee e e eaeanens 3-10
3.5 DETECTIONLIMIT REQUIREMENTS. 1 tuitiuitiititiiitiieteeetiiaet it iinessesseensneeeaeeneaens 3-12
3.6 REQUIRED SAMPLE ANALYTICAL PRECISION. . ..ttt iiie e iieeee s sennaeenaaes 3-12
4 DATA ANALYSIS FOR COMPARING MULTIPLE SETS OF DATA.. ..ccooivvennenee. 4-1
4.1 NONPARAMETRICTESTS FORPAIRED DATA OBSERVATIONS......ccvviiiiiiiiiiiieeiniccisiniiiiieann, 4-2
4.2 NONPARAMETRICTESTS FORINDEPENDENTDATA OBSERVATIONS......oiiiiiiiiiiiiiiiiiiiinn, 4-2
5 SAMPLING AND ANALYTICAL PROCEDURES.......co i e 5-1
5.1 CONSTITUENTSTO BE MONITORED. ....ttitititiiitiiiieieeieteete st e st e eaesa st seaesseneaeaeanenes 5-1
5.2 SAMPLING PROCEDURES. .. .uitiititiititiiet ittt et st e eaae e sttt at et st aestieetaeneaaeneaenss 5-3
5.2.1 Preservation, Transportation, and SOrage..........ccceecerererereeeiiee e siee e 5-5
5.2.2  HOIAING TIMES ...ttt ettt rbe e saee e ssb e et e e st e e e nbeeesaneas 5-5
6 DATA FROM TELECOMMUNICATION MANHOLE MONITORING PROG RAM6-11
6.1 T Y = N T = =] = i 6-11
6.2 SUMMARY OF DATA FROM CURRENT SAMPLING EFFORTS....cuiviiiiiiiiiceicecee e e 6-1
6.2.1 Information and Data COHECLEA ... 6-1
(I DT | £ N U010 0.0°= (=T 6-1
6.3 EVALUATION OF DATA GROUPINGS ANDASSOCIATIONS. ..uuvuitiiiitiiieiiieiiiieieeneaeneaneneenas 6-10
6.3.1 EXploratory Data ANBIYSES........ccueeiiiiiiiiiiii ettt sbe e 6-10



6.3.2 Smple Correlation ANAIYSES ........coiciiiiiieii ittt sae e 6-23

6.3.3  Complex Correlation ANAIYSES ........c.ooiiii i 6-27

6.3.4 MOl BUITAING.......ciiiieiiiieieii et nee e 6-35

6.3.5  EXIremME ODSEIVALIONS ......ceiiiteieiiiie e eiee ettt et et sae e sebe e sbe e s sbe e e saeeesaneean 6-44
APPENDIX Bttt ettt ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaana 1
ANALYTICAL PROCEDURES FOR EVALUATING WATER AND SEDIM ENT FOUND IN
TELECOMMUNICATION MANHOLES.......coiiiiiiiiiiiiiis ittt e e e e e e 1
APPENDIX €ttt ettt ettt et e e e e e e e e e e e e e aaaaeaaaaeaeaaaaaaeaaaaaaaanna 1
APPENDIX Dttt ettt ettt e e e e e e e e e e e e e aaaaaaaaaeeaaaaaaa e e e e e aaaana 1
SUMMARY PLOTS OF THE QUALITY DATA FOR WATER AND SEDI MENT SAMPLES
COLLECTED FROM TELECOMMUNICATION MANHOLES .......c..  eieiiiiiiiiiieeeeieeeeeeee, 1

PLOTS FOR CORRELATION ANALYSES AND MODELING BUILDIN G AND VERIFICATION 1



1 Summary

1.1 Background

This report addresses the discharge of water found in ocomeation manholes. It represents a statistically
designed survey program to describe the quality of watedfoumanholes.

Communication cables are dispersed throughout the UnitgdsSin above and below ground structures. Utility
poles support aerial communication plant while manholed aonduits support the major underground
components of the public communications network. Dibeected plant is generally representative of newly built
residential area and is the last link in the networdctEpart of a communication network is a critical congrd

to providing quality service to customers. A communicatietwork starts at a strategically located Centraic®ff
(CO) building from which multiple communications cable® @enerally dispersed through an underground
pathway of conduits linked by manholes. A CO’s funct®moi provide switching services to customers residing in
its geographic area and to connect its customers ingoamd outgoing calls.

Underground facilities are designed to provide non-intrusateways from COs to points along the network that
distribute services to residential customers, to lauginless customer locations, to government offices anlicpub
institutions (including police, fire and other emergenegwiges) and to adjacent COs. Manholes augment the
placing and the maintenance of communication plant byiging technicians access to locations with key
components along a cable route. Manholes and assouiadedground facilities also provide the communications
infrastructure and network components protection frorfement weather, vandalism, motor vehicle impacts and
other hazardous conditions. With the exception of a mlantover, underground facilities are hidden from public
view, and are therefore less disruptive to the publith@ddgh an underground infrastructure of manholes and
conduits is traditionally employed in urban environmeiitss sometimes used in suburban and rural settings to
facilitate the distribution of cables supporting the badof network architectures.

Manholes are not designed to eliminate all water feotering the space. The location and physical charstater

of these structures make it very difficult to preventewantrusion. Surface water run-off and ground water

hydrology conditions greatly influence the possibilityvedter entering a manhole. Industry practices require the
proper sealing of underground cable plant to minimize wiateusion. Moisture entering the telephone plant

(cable or splice cases) quickly leads to permanent phydaraage and potential multiple service outages. If
industry practices are correctly followed, the plant withstand a submerged water environment.

Before a communication technician enters a manhol@ystry practices and OSHA regulations require a
combustible gas test and then an inspection of anyrexigater for possible abnormal conditions (e.g. surédlce
sheen or strong sewage odors). If the water is founddeitor discharge, the technician will pump the watemf

the manhole typically using a small submersible deVidbe water is not suitable for discharge, a qualifiette
vendor is used for removal and disposal in accordance agfficable environmental regulatory requirements.
When these special handling procedures are needed, thi#igaigty slow down the repair of telecommunications
equipment, thus impacting the public’'s use of the commupitathetwork for emergencies and other essential
services.

These manhole entry procedures have been in effeatrfst 50 years. However, with the increasing conoérn
the quality of water discharged to the environment, miagpr communication companies (Ameritech, AT&T, Bell



Atlantic, NYNEX, BellSouth, GTE, Pacific Bell, SNEdnd U S WEST) sponsored this study through Telcordia
Technologies (previously Bellcore, Inc.). The work perfed under this project will provide scientific research
from the University of Alabama at Birmingham (UAB) ¢the characterization of water found in communication
manholes.

1.2 The Study’s Objectives

The objectives of this study were to: 1) evaluate aradathierize water found in communication manholes, and 2)
evaluate relationships with the immediate environment.

1.2.1 Method

An extensive field sampling survey was conducted to cheniaetthe quality of the water and sediment found in

manholes. It should be noted that sediment found in mesl®generally tested before it is removed and handled
by a qualified waste vendor. This report briefly sumnemithe research project objectives, along with tha dat

from these collected samples. These analyses reprtypésal manhole conditions and generally do not include
manholes known to have obvious water quality probleras thquire “special handling” under current industry

practices.

Almost 700 water samples and about 350 sediment samplesdie@rorimunication manholes were analyzed over
a three-year period, representing major land use, agenseand geographical factors from throughout the U.S.
The samples were analyzed for a wide range of commanaait constituents, including many filtered samples to

indicate the partitioning of the pollutants of most @nc This data was evaluated using exploratory data asalyse
simple and complex comparison tests, and model building.eTd¢@aplimentary procedures produced supporting

information used to examine specific relationships betwthese main factor categories and other manhole
characteristics.

1.2.2 Findings

In general, the water in manholes was found to belainiin constituent characteristics to stormwater and
snowmelt runoff. Geographical area had the most efieche data observations, while land use, season,gend a
influenced many fewer parameters. The most obvioudioethip was found for high dissolved solids and
conductivity associated with winter samples from snolivareas. The high winter concentrations slowly desee
with time, with the lowest concentrations notedhe fall.

Another important observation was the common asSoridetween zinc and toxicity. Samples from manholes
located in older area generally had larger zinc conagatrs than other samples. No overall patterns were
observed for zinc concentrations in sediment sampigined from manholes. Other constituents (especially
nutrients and pesticides) were also found to have higimereatrations in water collected from manholes were
residential areas. Very few organic toxicants (phtleaksiters, PAHs, and pesticides) were found in the water
samples, but sediment sample organic toxicant concemtsatippeared to be well correlated to sediment texture
and color. About 10 to 25% of the sediment samples hadvedalarge concentrations of organics.

Bacteria analyses indicated some relatively high bactounts in a small percentage of the samples. Bacter
were found in lower amounts during sampling periods that vesteemely hot or extremely cold. Pacific
Northwest samples also had the lowest bacteria counts.

The data were used to develop and test predictive equatsed bn site conditions. These models were shown to
be valid for most of the data, but the highest conegiotis (those of most interest) were not well predict
Therefore, special comparisons of many site conditizere made for the manholes having water with thedsgh
concentrations of critical constituents for comparismthe other locations. About half of the watenpbes having

the highest concentrations were repeated samples fiensame locations (after complete pumping), but at



different seasons, indicating continuous problems andisatete incidents (except for high dissolved solids which
were clearly seasonal). In addition, the problem mbashwere found for all areas of the country and fortrmais
conditions. Water clarity and color, along with sedim@xture, were found to be significant factors assediat
with high concentrations in the water, while land wses also noted as a significant factor. These facimnsbe
used to help identify manholes having potential probldmsthe rates of false positives and false negatives we
found to be high. Therefore, these screening critenbe used to identify the most likely problematic méeg)o
but other methods may also be needed to manage thosetldinot be identified using these simpler methods.

Another project task involved examination and evaluatiocommercially available field test kits that mayused

to identify water quality issues of concern (presente@ icompanion report). This survey found that most all
commercially available water screening kits didt meet field requirements including such parameters as
accuracy, precision, speed, and the ability to operaterudariable and hostile field conditions. The water
screening test kits would be subject to an outside enviean that at times is harsh and demanding. With weather
conditions in many areas ranging from below freezinthmwinter to hot humid temperatures in the summer, a
robust kit is required. The screening test kits also neette transported and stored in communication industry
vehicles that were designed to carry tools and masgesiati do not have specific environmental control waykin
areas or are fully shielded from the elements. In amditfield technicians may lack the expertise required to
appropriately operate many of the water screening kéts rgquire the use of highly toxic chemicals. The many
commercial field water-screening kits surveyed in thggmt were found to be inadequate to meet the needs of a
communication company’s water testing program.

1.3 Conclusions

The following paragraphs briefly present the basic emichs obtained from this research effort in charaztey
water found in communication manholes and in evaluatiangesing test kits that could be considered for field
evaluations of this water before it is pumped during maamee and repair operations.

1.3.1 Effectsof Discharges of Water from Manholes

= In almost all cases, the water discharged from mashisleexpected to have a minimal effect on the
environment.

Dissolved solids were the most common constituent fonrfigh concentrations during our research. The high
concentrations were caused by snowmelt water flowirig the manholes during snowmelt events, and by salt
contaminated groundwater infiltrating into manholes duititer times. The most likely discharge location for
water from pumped manholes is to a storm sewer systenewdischarge limits are not clearly defined. Pumped
water from communication manholes accounts for a sergll volume (generally about 1,000 to 1,500 gallons per
pumping operation) compared to snowmelt water and recedner flows. Therefore, the discharge of this water
shouldn’t cause a problem, unless it is discharged during tivhen the receiving water has recovered from the
snowmelt period and when the receiving water flowseateemely low and humerous manholes are being pumped
simultaneously.

The following summary presents the human health and aduedith criteria for pollutants that may be present i
waters from manholes. These are receiving wategr@iind are not applicable to a “discharge”. In therad¥s of

site specific receiving water studies, which are nottwal for consideration here, these can be usedliaslyn
worst-case, conservative, limitation for dischargstrietions. If the discharge meets the receiving waiss
criteria, then it does not consume any of the asatimé capacity of the receiving water and can nottlitne
waters’ use. Most of the criteria are expressed witecammended exceedence frequency of 3 years. This is the
EPA’s best scientific judgment of the average amourinaé it will take an unstressed system to recovemfeo
pollution event in which exposure to the pollutant excebdsctiterion. A stressed system, for example, one in
which several outfalls occur in a limited area, wouldekpected to require more time for recovery.



The following paragraphs on the effects of pollutantsaqguatic life and human health are summarized from the
U.S. EPA’s Quality Criteria for Water, 1986 (EPA 1986), and updates from the EPA’s Internet site. This
discussion stresses these published criteria as an tindicaf the magnitude of the worst-case, conservative,
limitation for discharge restrictions. Besides théecia, the following discussion presents the likelihobdvater
samples collected from manholes exceeding these nuniéeigec

1.3.1.1 Dissolved solids

The average total dissolved solids (TDS) levels in msdéenples collected from telecommunication manholes wa
471 mg/L. The maximum level observed was 33,000 mg/L (NYNEXteninThe median conductivity level was
710 uS/cm. The maximum observed conductivity was 44,080cm (also NYNEX, winter). These maximum
observed concentrations are all quite high, and werersalyeaffected by snowmelt water. It is likely thabsh
winter and spring water samples from areas using de-i¢ciegnicals will have adverse concentrations of these
parameters. Subsequent water samples (after complete purhpohgubstantially lower concentrations, but were
still high, likely from infiltration of salt contamated shallow groundwaters. Because of the likely groundwater
contamination by the deicing salts, the urban recgiwwaters probably also have elevated dissolved mineral
concentrations from groundwater recharge.

The highest TDS values occurred in the winter and droppedtiaé following seasons, to reach lows in the fall.
EPA rain regions 1 and 3 had the highest TDS values, wégiens 5 and 7 had the lowest values. About 45% of
all samples exceeded the 500 mg/L TDS criterion. Therefihre, dissolved mineral concentrations would
frequently exceed this value, especially when manhokefirat pumped after the snowmelt season in areasdavin
deicing controls.

1.3.1.2 Turbidity

The observed median suspended solids concentration watke samples from communication manholes was only
19 mg/L, while the maximum concentration was 3,500 mg/L. dlezall median turbidity value was 6.5 NTU,
while the peak turbidity was 2,100 NTU. Turbidities in tHeefed samples were generally about 0.1 to 0.5 of the
values found in the unfiltered samples. The highest tuydieliels were from the summer fall season samples fro
EPA rain region 1, especially from mid-aged and oldedesgial areas. Slightly more than 10% of the turbidity
values exceeded the 50 NTU (“above background”) criterion.

1.3.1.3 pH

The observed median pH condition of water samples ¢tedefrom communication manholes was 7.6. The
extreme values were as low as 5.8 (NYNEX spring) andgisds 9.4 (BellSouth summer). Older residential areas
had the highest pH values observed, while all older dradshe lowest pH values observed, most in EPA rainfal
zones 1 and 2. About eleven percent of the samples wisid®of the desirable range of 6.5 to 9.0.

1.3.1.4 Ammonia

The observed median ammonia concentration from viatiexd in communication manholes was 0.03 mg/L, while
the maximum concentration observed was 45 mg/L and the@@entile was 0.29 mg/L. The very high value was
from a new commercial area during the winter in EPiAfedl zone 1. This rainfall zone also had most althe
other very high ammonia values observed.

The ammonia criteria is dependent on pH and temperatti@*& and at a pH of 9.0 (possible water conditions

in manholes), the associated ammonia criterion is@&2. The median value was much less than this valse, le
than 5% of all observations were greater than tHiseva

1.3.1.5 Nitrate



The observed median nitrate concentrations from themsamples collected from telecommunication manholes
was 0.9 mg/L, while the peak concentration was 196 mg/Lutarsually high concentration, the"®percentile
concentration was only 2.8 mg/L). The high values wayen fEPA rainfall zones 1 (winter and fall) and zone 3
(summer). Most of the other observations were @i llnan 10 mg/L. Only 1% of the samples exceeded the 10
mg/L criterion.

1.3.1.6 Phosphate

The overall median phosphate concentration observeatieinvater samples collected from the communication
manholes was 0.13 mg/L. The maximum value observed was 19.2 Atgut 30% of all of the samples exceeded
the 250ug/L criterion. EPA rainfall region 3 had the highestesied values, all from the same manhole, located
in an older residential area, during each season (& gthosphate observations in this zone were less tha
mg/L), while manholes in zone 1 also had high valuggeaslly during the winter and summer.

1.3.1.7 E. coli and enterococci

Microorganism conditions were not monitored in thdiahiwater samples collected from the communication
manholes. Howevelk.. coli and enterococci were monitored during the later samples.median values were
about 5 organisms per 100 mL for both species, while thémuan counts observed exceeded the limits of the test
(>2420 organisms per 100 mL). TEe coli andEnterococci water contact criteria (576 and 151 organisms per
100 mL, respectively) were esceeded by about 5% of the earfgsl E. coli and about 15% of the samples for
enterococci.

1.3.1.8 Copper

The average median total copper concentrations frorarwgamples collected from communication manholes was
8 ng/L. The maximum total copper concentrations observedl®@6ug/L. The filtered copper concentrations are
about 0.1 to 0.5 of the total copper concentrations. Titieat acute criterion (one-hour exposure) for copper is
about 50ug/L for freshwater aquatic life, for the very hard watenditions found in manholes. This criterion was
exceeded in about 12% of all water samples. The highasts/abserved were from EPA rainfall zones 1 and 3,
especially from older residential areas.

1.3.1.9 Lead

The observed median total lead concentrations in veateples from telecommunication manholes wag/A.,
while the peak concentration was 80§/L. The older sites had the highest concentrationgcesly located in
EPA rainfall zones 6, 3, and 1. The one-hour averaged actedon for lead at the high hardness levels found in
the water samples from manholes is about 2§/, with only about 1% of the samples exceeding thigcan.
The lead concentrations in the filtered water samaiesabout 0.2 to 0.5 of the concentrations in the urdikte
samples.

1.3.1.10 Zinc

The observed median total zinc concentration in wedenples from telecommunication manholes was|&#0,
while the peak concentration was greater than 20,@3D. About 25% of the unfiltered samples exceeded the
acute, 1-hr averaged, criterion for aquatic life (about Q) for the very hard water conditions found in the
manholes, and about 17% of the filtered samples exceededrit@rion. All areas periodically experienced high
zinc levels in the water samples from the manholes.

1.3.1.11 Pesticides (heptachlor, endosulfan, endrin, and methgghlor)

None of the base-neutral organics (PAHs and phthakites® were observed in levels approaching any water
quality criterion, while the pesticides heptachlor, entfes, and endrin would likely exceed existing guidance
whenever they are observed, while some of the methdxydetections may be relatively high. Only a fewcpat

of all samples had detectable levels of pesticides.



1.3.2 Sourcesof Water in Manholes

= The water discharged from communications industry mashislsimilar in quality to settled stormwater and
to snowmelt runoff.

The most likely potential source of the water found ammunication manholes is in-flowing stormwater and
snowmelt water. Some manholes are also periodicdfctad by sanitary sewage and other groundwater
contaminants entering the manholes by infiltratiBesides the high dissolved solids content of the snowmel
water, high concentrations of lawn maintenancelieetis (especially phosphate) from runoff at new redidén
areas also affect some manholes. Also, periodic hégtelia levels (and the presence of chemical tracetate
sewage contamination in a small fraction of the noéeh

The most important constituent having high concentnatibhat may be associated with internal operatioritken
manholes is zinc (both in total and filtered forni¥)e source of the zinc is likely associated with gakeoh metal
use in the manholes (ladders, cable supports, etc.)

1.3.3 Useof Field Screening Test Kits and I ndicating Parameters

= Past research indicates that screening kits are upieglinot cost effective, and have restricted use in an
outside plant environment. Current technology is liméad often requires a substantial degree of knowledge
to take valid measurements. In addition, There are nsikgyle predictive parameters that positively indicate
the quality of water found in communication manholes.

Commercially available water screening kits designediétd analyses dichot meet the minimum requirements

for use on utility vehicles. Screening test kits weval@ated for safety (lack of hazardous chemicals andewast
products), accuracy, precision, speed, and the abilitpéoate under variable and hostile field conditions. Many
kits also failed because of demanding storage conditfamtswiould not be available on these vehicles. The tim
needed to evaluate water samples would also be long fay mfathe otherwise suitable methods, making
emergency repairs difficult.

It would be difficult to select a set of analyses tocadeely directly measure the problems that may be ens@meht

in manholes. The companion report recommended the usheshical tracers to indicate sanitary sewage
contamination (detergents, fluorides, ammonia, and potasslong with currently used gas analyses and visual
observations). In addition, the analysis of condugtifib indicate high dissolved solids), phosphates, and zinc
should be added as these were frequently in high condgensatinfortunately, the only available kits for soofe
these parameters are extremely hazardous. The avadlatdegents kits all use organic solvents (benzene or
chloroform) for field extractions, and all zinc kits usteong solutions of cyanide. It was concluded that these
critical tests could not be recommended for use, excepgh&® most highly trained personnel under much more
controlled conditions than exist in the field during emeoyerepairs. In addition, kits that can adequately detect
pesticide concentrations at suitable levels are alseeraely complex and have critical storage requirements.
Several of the most promising field procedures wereguge expensive.

Statistical analyses of the water quality data andpsitameters identified factors that could be partiallpfhkto
identify potentially problem conditions. Water clarégd water color, along with sediment texture, were foond t
be significant factors associated with the high cotve¢ions, while land use was also noted as a signtfieator.
These factors can be used to help identify manholaésd@otential problems, but the rates of false positares
false negatives would be high.



2 Experimental Design Features for Characterizing Water from
Communication Manholes

This report section summarizes the basic elementstasdesign the field monitoring activities to examine evat
and sediment quality in telecommunications manholes.c§amivered include selecting the specific experimental
design for the measurements and determining the sampforg éfportant references that should be consulted
for additional information on experimental design inclugeatistical Methods for Environmental Pollution
Monitoring (Gilbert 1987) which contains a good summary of samplinggdesand methods to identify trends,
unusual conditions, etc., aithtistics for Experimenters (Box, et al. 1978) which contains detailed descriptions of
basic statistical methods for comparing experimentadiitians and model building.

When conducting a water quality investigation, seversichguestions must be addressed, such as:

» where to sample?

» what to sample?

* how to sample?

» what analytical techniques should be used?
* how many samples are needed?

* how to analyze the data?

This report addresses all of these topics.

An effective experimental design includes both the sigafsampling plan) that best fits the objectives of the
investigation and a determination of the magnitude ofgfmpling effort. When the experimental design is
adequately done, the statistical analysis procedures sheuttaight-forward. However, there is usually a need to
conduct some exploratory data analysis using available idatader to obtain various parameter information
needed for the designed sampling activities (distributipe gnd variation, plus obvious influencing factors, or
example).

The main objectives of most environmental monitgristudies may be divided into two general categories:
characterization, and/or comparisons. Characterizgpertains to quantifying a few simple attributes of the
parameter of interest, such as investigating the corat@m of copper in sediment. The most important questio
would be “What is the most likely concentration of ttopper?” Other questions of interest include differeintes
the copper concentrations between different samplingtitots or seasons. These additional questions are
considered in the second category, namely comparisahgr @omparison questions may concern relating the
observed copper concentrations with criteria or statslar

The following list is a simple outline of a typical exjpeental design sequence:

* Clearly define the objectives (state the hypothesise tested, define the equation or model to be used,
etc.).

» Estimate the time and space variabilities of the ipatars of interest (assumed, based on prior

knowledge, or other methods).

» Collect information on the physical conditions oktBystem to be studied (manhole construction

characteristics, surrounding landuse, etc.).



» Determine sampling plan (strata and relationshipsrtbedl to be defined).

» Determine the statistical procedures that will be esethalyze the data (including field data sheets and
laboratory QA/QC plan).

» Determine the number of samples needed (when and whilidhudget restraints).

» Determine sampling specifics (volumes, bottle typesqkatives, samplers to be used, etc.).

 Carry out the sampling effort.

» Evaluate the data.

The most important aspect is being able to write ddwenstudy objectives and why the data is needed. The quality
of the data (accuracy of the measurements) must alkadwen. Allowable errors need to be identified based on
how the information will change a conclusion. Spealfic how sensitive is the data that is to be ctdedn
defining the needed answer?

Box, et al. (1978) contains much information concerning samplingesires, specifically addressing problems
associated with randomizing the experiments and blockiagampling experiments. Blocking (such as in paired
analyses to determine the effectiveness of a codewvice, or to compare upstream and downstream locations)
eliminates unwanted sources of variability. Anotherywé blocking is to conduct repeated analyses (such for
different seasons) at the same locations. Most samirategies should include randomization and blocking
within the final sampling plans.

Based on the objectives and constraints of the teleamication manhole water and sediment study, stratified
random sampling from homogeneous groups was selected. This gwdefine strata that results in little variatio
within any one strata, and great variation betweeferéifit strata. Samples are randomly obtained fromraeve
population groups that are assumed to be internally moradeneous than the population as a whole, such as
stratifying the water and sediment quality data assatiaih telecommunication manholes by geographical area,
season and land use. This results in the individual groupmch@maller variations in the values of the
characteristics of interest than in the populatiora aghole. Therefore, the total sample effort maydss than if

the complete population was sampled as a whole. In additiaoh additional useful information is likely if the
groups are shown to actually be different.

The collected data will also be organized using factodasigns. Repeated measures to the same
telecommunication manholes for different seasons aldb be done to minimize any inadvertent differences.
Simple paired analyses will also be used to contrastefidts from the different sample categories. Appendix A
contains the decision procedure that was used to sdlecimbst desirable experimental design (using the
microcomputer progranDesigner Research, from Idea Works, Inc., Columbia, MO). The main featuof the
selected experimental design includes the following:

» two-level factorial design (two categories, at ledet, each variable: age, land use, season and
geographical location)

* repeated measures (evaluate manholes for differerdrsgas remove independent differences

* manholes will be randomly selected from each strata

« sufficient manholes will be sampled to measure therteniogies associated with the measurements



3 Summary of Sampling Effort and Strategy

Objectives: The objective of these measurements teascharacterize water and sediment found in
telecommunication manholes. Important variables &ffgche quality of these materials were also idemtifie

Estimate the time and space variabilities of the patars of interest: The variabilities (expressed as the
coefficient of variability, or COV) of the sedimeahd water quality parameters were expected to be betwgen O.
and 1.0.

Collect information on the physical conditions of Hystem to be studied: The factors of most interessaason,
land use, age, and geographical (rainfall) area. In additiefield sheet included much additional information of
potential interest.

Determine sampling plan and statistical procedures: Aiftchrandom sampling design was followed, with the
data organized in a full*2factorial design, with repeat sampling of the same mileshfor each season. If a
manhole could not be sampled for one season (such rag dgi), then another in the same sampling strata was
substituted for that season (with an appropriate notatiatie field sheet).

Determine the number of samples needed: The goal famihienum number of samples per strata was 10. This
number will enable us to determine the errors assmtiaith the results, which is expected to be less than #5%
addition, this level of effort enabled comparison téstise made outside of the factorial design.

3.1 Factorial Experimental Designs

Factorial experiments are described in Bebal. (1978) and in Berthouex and Brown (1994). Both of these books
include many alternative experimental designs and exampkiésanethod. Berthouex and Brown (1994) state
that “experiments are done to:

1) screen a set of factors (independent variables) ana Vezich produce an effect,
2) estimate the magnitude of effects produced by experimextalr,

3) develop an empirical model, and

4) develop a mechanistic model.”

They concluded that factorial experiments are efficimols in meeting the first two objectives and areals
excellent for meeting the third objective in many sadeformation obtained during the experiments can aso b
very helpful in planning the strategy for developing medstan models. The main feature of factorial
experimental designs is that they enable a large nunilj@sssible factors that may influence the experimental
outcome to be simultaneously evaluated. Even though i@lctexperiments are best known for their use in
controlled laboratory settings, they have also besy useful in organizing environmental data for anal{Big
1987).

Box, et al. (1978) present a comprehensive description of many argatf factorial experimental designs. A
simple 2 design (three factors: temperature, catalyst, and ntmat®ns at two levels each) is shown in Figure 3-1
(Box, et al. 1978). All possible combinations of these three facioestested, representing each corner of the cube.
The experimental results are placed at the appropriatersor@ignificant main effects can usually be easiyse
by comparing the values on opposite faces of the culiee Walues on one face are consistently larger dimatfe
opposite face, then the experimental factor separatméates likely has a significant effect on the outcofrtbe



experiments. Figure 3-2 (Bogt al. 1978) shows how these main effects are represented) witm all possible
two-factor interactions and the one three-factoeradtion. The analysis of the results to identify significant
factors is straight-forward. One of the major advantafdactorial experimental designs is that the mairotfof
each factor, plus the effects of all possible intéoast of all of the factors, can be examined with treddy few
experiments. The initial experiments are usually conduct#deach factor tested at two levels (a high and a low
level). All possible combinations of these factars then tested.

Table 3-1 shows the basic experimental design that waksfas¢his study. Four major factors were examined:
season, geographical area, age, and land use. These thestfore require 2 (=16) separate data
collection/organization strata to examine the mafaces and all possible interactions of these fourofactThe
signs on the table signify the experimental conditiamsebch main factor for each of the 16 strata. Tiaelath
main factors are the experimental conditions, whigedther columns specify the data reduction procedureldor t
other interactions. A plus sign shows when the faistéo held at the high level, while a minus sign sigsifihe
low level for the main factors.

This table also shows all possible two-way, threg;vead four-way interactions, in addition to the maantdrs.
Simple analyses of the experimental results allowssitpsificance of each of these factors and interastionbe
determined. The following list shows the four factonsl ®@xample levels for tests conducted to identify factors
affecting sediment and water quality in the telecommuimicananholes:

A: Season (plus: winter; minus: summer)

B: Land Use (plus: commercial and industrial; minus: regief

C: Age of Development (plus: old; minus: new)

D: Geographical Region (plus: high rain areas; minus:r&w areas)

In some cases, additional data was collected repregeatiditional strata at some of the sampling areas when
special conditions were being examined. For example, sifrtiee study participants collected data during the
spring and fall seasons and for other land uses.

The above four main factors would require the seleafdour sampling strata in each geographical area:
1) old industrial/commercial area
2) new industrial/commercial area
3) old residential area
4) new residential area

The tests are designed to obtain sediment and waterygdatd from each of these four strata. Each strata wi
need to contain a sufficient number of measurementsbtain an adequate representation of the manhole
characteristics of interest. In order to define thdation of the conditions in each strata, ten ts@nunication
manholes were sampled in each. As noted in the fallpwubsection, ten samples per strata are expected to resul
in errors of less than 25 percent for most parametensterest. The data analysis methods allow manyrothe
factors to be evaluated, based on the field form inddion. For example, paired analyses were conducted to
examine the effects of the type of material found erttanholes, and the effects of obvious corrosioredimeent

and water quality.
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Table 3-1 Factorial Experimental Design for Four Fa  ctors and 16 Experiments

Experiment# A |B [C |D | AB|AC |AD |BC | BD | CD | ABC| ABD | BCD| ABCD
1 + |+ |+ [+ + + + + + + + + + +
2 - + |+ |+ - - - + + + - - + -
3 + |- |+ |+ - + + - - + - - - -
4 - -+ |+ + - - - - + + + - +
5 + |+ |- |+ + - + - + - - + - -
6 - + | - + - + - - + - + - - +
7 + - - + - - + + - - + - + +
8 - - -+ + + - + - - - + + -
9 + |+ |+ |- + + - + - - + - - -
10 - + |+ |- - - + + - - - + - +
11 + |- |+ |- - + - - + - - + + +
12 - - |+ |- + - + - + - + - + -
13 + |+ |- |- + - - - - + - - + +
14 - + |- |- - + + - - + + + + -
15 + |- |- |- - - - + + + + + - -
16 - - |- - + + + + + + - - - +

Replicate observations enhance the data analysidsefiod grouped standard error values can be calculated to
identify the significant factors affecting runoff quglifBox, et al. 1978). Repeat sampling at the same locations
enables seasonal changes to be best observed byimgniokierent variations between different manholés. |
samples cannot be obtained at a manhole for someeaideded conditions (such as a manhole being dry during
the summer monitoring period), then another manholthésame strata having water was sampled for that
season, if possible, and the sampling sheet noted thdistitute was used.

Because of the usefulness and adaptability of factosiperénental designs, Berthouex and Brown (1994)
recommend that they “should be the backbone of an expetars design strategy.”

3.2 Experimental Design for Sample Collection Effort

An important aspect of any research is the assurhatéite samples collected represent the conditions tesbed

and that the number of samples to be collected areisutfito provide statistically relevant conclusionec&use
this study is interested in characterizing water qual#ta from telecommunication manholes, an experimental
design process can be used that estimates the numterdethsamples based on the allowable error, the varianc
of the observations, and the degree of confidence andrpogeded. A model that can be used (after Cameron,
undated) is as follows:

n = [COV(Z + Zy g)/(error)F
where n = number of samples needed

o= false positive rate (f-is the degree of confidence. A valuenobf 0.05 is usually considered
statistically significant, corresponding to axXdegree of confidence of 0.95, or 95%)

[3= false negative rate (34is the power. If used, a value®bf 0.2 is common, but it is
frequently ignored, corresponding t@af 0.5)



Z14 = Z score (associated with area under normal curvegsmonding to Ifais
0.05 (95% degree of confidence), then the correspondipgcbre is 1.645 (from standard
statistical tables).

Z,g= Z score corresponding toflvalue. Iff is 0.2 (power of 80%), then the corresponding Z
score is 0.85 (from standard statistical tables). Homépower is ignored anfl is 0.5, then the
corresponding Zg score is 0.

Error = allowable error, as a fraction of the tvadue of the mean

COV = coefficient of variation, the standard deviattbvided by the mean (Data set assumed to
be normally distributed)

This equation is only approximate, as it requires thatdtta set be normally distributed. In most cases, water
guality constituent concentrations are more closeyniormally distributed. However, if the coefficientvairiation
(COV) values are low (less than about 0.4), then tlselikely no significant difference in the predicted saimgl
effort. Manhole water samples are generally expectedate COV values of greater values. Therefore, this
equation is only appropriate as an approximation. Howelier statistical procedures to be used to evaluate the
data will consider the exact degree of confidence optfletant concentrations.

Figure 3-3 is a plot of this equation showing the approximateber of samples needed foraif 0.05 (degree of
confidence of 95%), andf&of 0.2 (power of 80%). As an example, if an allowablereof about 25% is desired (a
reasonable goal) and the COV is estimated to be 0.4hgomanholes in a specific community), then about 20
manholes would have to be sampled.

3.3 Number of Samples Needed for Comparisons between Differe8ites or Times

The comparison of paired data sets is commonly used evednating the differences between two contrasting
sampling strata (locations, seasons, land uses, geogabpingas, manhole material, nearby traffic, etar).
equation (Cameron, undated) that can be used to estineate¢ded sample numbers for a paired comparison is:

N =2[(Zq+ Zug( )] 0°

where: a = false positive rate (ti-is the degree of confidence. A valuenodf is usually considered
statistically significant, corresponding to axldegree of confidence of 0.95, or 95%)

[3 = false negative rate (Ais the power. If used, a value®bf 0.2 is common, but it is
frequently

ignored, corresponding tofaof 0.5.)

Z,4 = Z score (associated with area under normal curvegsmonding to or

Z, 5 = Z score corresponding toflvalue

M1 = mean of data set one

Mz = mean of data set two

o = standard deviation (same for both data sets, sarteaspi. Both
data sets are also assumed to be normally distributed.)



This equation is only approximate, as it requires thatwloedata sets be normally distributed and have the same
standard deviations. Many water quality parameters &gdylicloser to being log-normally distributed. If the
coefficient of variation (COV) values are low (lebsn about 0.4), then there is likely no real differemcéhe
predicted sampling effort.

Figure 3-4 (Pitt and Parmer 1995) is a plot of this equationn{alized using COV and differences of sample
means) showing the approximate number of sample pairschémdana of 0.05 (degree of confidence of 95%),
and a3 of 0.2 (power of 80%). As an example, if the COV values@r5 (similar to what is expected for the
telecommunication manhole water and sediment charstatsj and ten samples are collected from each Saata
recommended), then differences of about 90% can be deteitte 95% confidence and with a 20% rate of false
negatives.
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3.4 Determining Sample Concentration Variations

Figure 3-5 (Pitt and Lalor 1995) can be used to estimate @\é\@lue for a parameter by knowing theé"1and

90" percentile ratios (the “range ratio”), assuming a logamal distribution. This is used to make initial estiesat
for COV that are needed to calculate the approximate nuofbeamples that actually need to be sampled and
analyzed. In many cases, the approximate range of ld@igentrations can be estimated for a parameter of
interest. The extreme values are not well known, batapproximate 10 and 98' percentile values can be
estimated with better confidence. As an example, asshanehe 18 and 98 percentile values of a water quality
constituent of interest was estimated to be about Od71aBh mg/L, respectively. The resulting range ratio is
therefore 1.5/0.7 = 2.1 and the estimated COV value is 08, Figure 3-5.

Also shown on Figure 3-5 is an indication of the locatwd the median value, compared to the 10 percentile value
and the range ratio. As the range ratio decreasespédan becomes close to the midpoint between theah@

90" percentile values. Therefore, at low COV values differences between normal distributions and log-normal
distributions diminish, as indicated previously. As theMC@lues increase, the mean values are located much
closer to the 10 percentile value. In log-normal distributions, no negationcentration values are allowed, but
very large positive “outliers” can occur. In the abexample, the median location is about 0.4, for a range oht
2.1. The following calculation shows how the median value be estimated using this “median location” value:

median location = 0.4 = §%X10)/(Xeo-X10)

therefore X%g-X 1= O.4()Q30-X10).

(Xg9o-X10) = 1.5 mg/L - 0.7 mg/L = 0.8 mg/L.

Therefore X%¢-X10= 0.4 (0.8) = 0.32 mg/L, andyX= 0.7 mg/L, %, = 0.32 mg/L + 0.7 mg/L = 1.0 mg/L.
For comparison, the average of thd"Ehd 98' percentile values is 1.1 mg/L. Because these two vaheeguite
close, the concentration distribution is likely closdoeing normally distributed and the equation shown pustyo
can be used to estimate the required number of sampléscthdeg transformations of real-space data descriptors

(COV and median) can be used in modifications of thesateons, but with little change in overall estimated
effort for most cases.
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3.5 Detection Limit Requirements

There are a number of different types of detectiont$irdéefined for laboratory use. Most instrument manufastur
present a minimum readable value as the instrument idetdichit (IDL) in their specifications for simple sé

kits. The usual definition of IDL, however, is a contration that produces a signal to noise ratio of filee
method detection limit (MDL) is a more conservativaue and is established for the complete preparation and
analysis procedure. The practical qualification limit [P@& higher yet and is defined as a routinely achievabl
detection limit with a relatively good certainty treaty reported value is reliabl&andard Methods (APHA, et al.
1989) estimates that the relationship between thesetidatéienits is approximately: IDL:MDL:PQL = 1:4:20.
Therefore, the detection limit shown in much of thenmafacturer’s literature is much less than what wouldseel

by most analytical laboratories.

A quick (and conservative) estimate of the needed methtedtabm limit (with at least a 90% confidence) can be
made by knowing only the median concentration and timeecdration variation of the contaminant, based on
numerous Monte Carlo probability calculations presenyd@ith and Lalor (1995):

COV value Multiplier for MDL :
<0.5 (low) 0.8

(5) to 1.25 (medium) 0.23
>1.25 (high) 0.12

As an example, if the contaminant has a low COV (<@®n the estimated required MDL is about 0.8 times the
estimated median contaminant concentration.

3.6 Required Sample Analytical Precision

The precision (repeatability) of an analytical metiwdnother important consideration in its selectirecision,

as defined irtandard Methods (APHA, et al. 1992), is a measure of the closeness with which mubipddyses of

a given sample agree with each other. It is determiryetefpeated analyses of a stable standard, conducting
replicate analyses on the samples, or by analyzing kkrst&ndard additions to samples. Precision is expressed as
the standard deviation of the multiple analysis results.

Figure 4-1 is a summary of probability plots prepared byapritt Lalor (1995) and indicates one approach that can
be used to calculate the needed analytical precisiom $pecific research objective. This figure was prepasetha
aid in resolving one percent contamination levels 80 gercent confidence level and was developed for COV
values ranging from 0.16 to 1.67. It indicates the neededtaadlyrecision (as a fraction of the uncontaminated
flow's low concentration). This figure was developed dontamination levels between zero and 15 percertielf t
analytical precision is worse than these required valinesh small contamination levels may not be detecte
Therefore, even with adequate analytical detectiontdimpoor analytical precision may not allow adequate
identification of low levels of contamination. As arample, if the median contaminant concentrationsrdidy a
factor of 10 in two flow components, but have high com@dion variations (high COV values), a precision of
between 0.015 to 0.03 of the lower baseflow median contarhinoncentration is needed, for each percent
contamination that needs to be detected. If the membataminant concentration in the cleaner basefto@.15
mg/L (with a corresponding contaminant median conceaotradf 10 times this amount, or 1.5 mg/L, in the
contaminating source flow), then the required analyjpcatision is about 0.015 X 0.15 = 0.002 mg/L to 0.03 X
0.15 = 0.005 mg/L per one percent contamination detecti@t.léast five percent contamination is needed to be
detected, then the minimum precision can be increaseXt0.002 = 0.01 mg/L.

The method noted previously can be used to estimatkethetion limit requirements for the above example:
low CQOV in the cleaner baseflow: 0.8 X 0.15 mg/L = 0.12 mg/L

medium COV in the cleaner baseflow: 0.23 X 0.15 mg/L = 0.03% mg/
high COV in the cleaner baseflow: 0.12 X 0.15 mg/L = 0.018 mg/L



The required analytical precision would therefore be abpathalf of the lowest detection limit needed, anduabo
1/12 of the largest estimated required detection limit. dstroases, the required minimum precision (expressed as
a COV) should be in the range of about 0.1 to 1, withmbst restrictive precision needed for constituentsritavi
low COV values (in order to have the additional vafigbiassociated with analytical methods kept to an
insignificant portion of the total variability of thesults).



4 Data Analysis for Comparing Multiple Sets of Data

Making comparisons of data sets is a fundamental obgedfivthis investigation. The presence of influencing
factors, such as season, land use, geographical locatatarials present, etc., may all affect the daterebsions.
Berthouex and Brown (1994) and Gilbert (1987) present excelleminaries of the most common statistical tests
that are used for these comparisons in environmamiatiigations. The significance test results ¢halue) will
indicate the level of confidence that the two sets of
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Figure 4-1 Analysis Precision Needed for Detection of One Percent Contamination 90% Confidence

observations are the same. In most casesy &vel of less than 0.05 is used to signify significanfedénces
between two sets of observations. Even ifdHevel is significant (less than 0.05), the pollutanted#hce may not
be very important. The importance of the differencethe pollutant concentrations will be graphically pnesd
using grouped box plots indicating the range and variatiotiteeafoncentrations at each of the sampling locations.

The main types of comparison tests are separatednidépéndent and paired tests. These can be further separated
into tests that require specific probability distributidmaracteristics (parametric tests) and tests thabtlbave as
many restrictions based on probability distribution releteristics of the data (nonparametric data). If the
parametric test requirements can be met, then theydshe used as they have more statistical power. Howiéver
information concerning the probability distributionsnist available, or if the distributions do not behawerectly,

then the somewhat less powerful nonparametric testddsive used. Paired sampling (repeated samples from the
same manholes) results in much more efficient anglgisemajor sources of variations are likely to baielated

and they should therefore be used preferentially ovemperdient (non-paired tests). Paired tests can be used to



investigate the effects of land use, material usedPeticed experimental designs ensure that uncontrolled$acto
influence both sets of data observations equally (Basgk and Brown 1994).

The parametric tests used for comparisons are thest{lesth independent and paired t-tests). All statistical
analyses software and most spreadsheet programs chothirof these basic tests. These tests require fieat t
variances of the sample sets be the same and donyatvea the range of the values. These tests alsorestiiat
the probability distributions be Gaussian. Transforametican be used to modify the data sets to these aoreliti
Log-transformations can be used to produce Gaussian digirib of most water quality data. In all cases, it is
necessary to confirm these requirements before #melatd t-tests are used.

Nonparametrics: Satistical Methods Based on Ranks by Lehman and D’Abrera (1975) is a comprehensive general
reference on nonparametric statistical analysede@il(1987) presents an excellent review of nonparametric
alternatives to the t-tests, especially for envirental investigations from which the following discussiis
summarized. Even though the nonparametric tests remang af the restrictions associated with the t-tabis t-
tests should be used if justifiable. Unfortunately, sel@domthe t-test requirements easily met with enviremial
data and the slight loss of power associated with usiaghntimparametric tests is much more acceptable than
misusing the t-tests. Besides having few data distribugstrictions, many of the nonparametric tests daa a
accommodate a few missing data, or observations bélewletection limits. The following paragraphs briefly
describe the features of the nonparametric tests useEnnjpare data sets.

4.1 Nonparametric Tests for Paired Data Observations

The sign test is the basic nonparametric test foregailata. It is simple to compute and has no requirements
pertaining to data distributions. A few “not detected”esliations can also be accommodated. Two sets of data a
compared and the differences are used to assign a pasgivef the value in one data set is greater than the
corresponding value in the other data set, or a negaigre is assigned if the one value is less than the
corresponding value in the other data set. The numhmositive signs are added and a statistical table (suich as
Lehman and D’Abrera 1975) is used to determine if the numiiygositive signs found is unusual for the number
of data pairs examined.

The Wilcoxon signed rank test (not to be confused wigh\ifilcoxon rank sum test, which is for independent data
observations) has more power than the sign testt bequires that the data distributions be symmetriaa {lith

no specific distribution type). Without transformatiottss requirement may be difficult to justify for watguality
data. This test requires that the differences betweerdata pairs in the two data sets be calculated anddranke
before checking with a special statistical table fad.éhman and D’Abrera 1975). In the simplest case for
monitoring the effectiveness of treatment alterrestj\comparisons can be made of inlet and outlet conslitm
determine the level of pollutant removal and the stedissignificance of the concentration differenc@satXact-
Turbo (CYTEL, Cambridge, MA) is a microcomputer programttliomputes exact nonparametric levels of
significance, without resorting to normal approximationisis is especially important for relatively smaltasets.

Friedman’s test is an extension of the sign test éweral related data groups. There are no data distribution
requirements and the test can accommodate a moderatemairibon-detectable” values, but no missing values
are allowed.

4.2 Nonparametric Tests for Independent Data Observations

As for the t-tests, paired test experimental designssaperior to independent designs for nonparametric tests
because of their ability to cancel out confusing propertHowever, paired experiments are not always possible,
(such as comparing geographical differences and materialinusaanholes) requiring the partial use of
independent tests. The Wilcoxon rank sum test is the basiparametric test for independent observations. The
test statistic is also easy to compute and compareetagpropriate statistical table (as in Lehman and B¢
1975). The Wilcoxon rank sum test requires that the probadibtributions of the two data sets be the same (and
therefore have the same variances). There areheo mstrictions on the data distributions (they dohaste to be



symmetrical, for example). A moderate number of “norecteble” values can be accommodated by treating them
as ties.

The Kruskal-Wallis test is an extension of the Wilcoxank sum test and allows evaluations of several
independent data sets, instead of just two. Again, thehdisons of the data sets must all be the same, leyt th
can have any shape. A moderate number of ties and nectalde values can also be accommodated. The
Kruskal-Wallis test was frequently used for comparing tagewcollected from manholes during this project.



5 SAMPLING AND ANALYTICAL PROCEDURES

5.1 Constituents To Be Monitored

This research project focused on the following constiti@otentially in elevated concentrations in theengat
found in manholes:

Petroleum products (Polycyclic aromatic hydrocarbons)
Sewage (evaluated by ammonia, potassium, and detergesmesttence)
Lead

Additional potential indicators of problem conditionsttia@re investigated included the following constituents:

Conductivity Phosphate
pH Copper
Hardness Chromium
Turbidity Zinc
Suspended solids Phenols
Volatile solids Pesticides and herbicides
TOC/VOC/COD Sediment texture
Nitrates

Table 5-1 summarizes the sample types (filtered and uefilteater and sediment samples) for each of the
analyses.

Besides these listed constituents, portable air meniteed for safe entry determinations also provide iraport

information, especially for combustible gasesSHoxygen, and carbon dioxide concentrations of the yorgrbas
in the manholes.



Table 5-1 Constituents for Testing Water and Sedime

nt from Communication Manholes

Constituent Unfiltered Water | Filtered Water | Sediment
Solids X X X
Volatile solids X X X
Turbidity X X

Particle size Selected

pH X

Conductivity X

Hardness X

Color X X

Phosphate X

Nitrate X

Ammonia X

COD X X X
Detergents X

Boron Selected

Fluoride X

Potassium X

Odor, color and texture X

Total coliform bacteria Selected

E. coli Selected

Enterococci Selected

Toxicity (Microtox screening method) X X

Chromium Selected

Copper X X X

Lead X X X

Zinc X X X

Metal scan (ICP) Selected
PAHs and phenols (GC/MSD) X Selected Selected
Pesticides (GC/ECD) X Selected Selected




5.2 Sampling Procedures

Table 5-2 is the data collection form that was comgldte each sample collected. The following paragraphs
summarize the procedures used for collecting manhole aatesediment samples during this project:

1) Fill out the sample sheet and take photographs of theusidireg area and the manhole.

2) Pump the water from the manhole, being careful notitdhe bottom sediment. Pump slowly and carefully
from just below the water surface. A floating pump is gnefd.

3) Obtain a time-composite sample of the water as lteing pumped from the manhole. Divide the expected
pumping time into tenths and obtain 1 L of water at tind & each of the ten time periods directly from the
pump system outlet. Stop pumping when the water level i inches of the bottom sediment, or when
the pump is too close to the bottom of the manholeisugdusing agitation of the sediment. Each subsample
can be poured into a large clean container during thiplgagperiod. At the end of the sampling period, this
composite sample is mixed and poured (using a sample spiitterthe appropriate sample bottles (with
preservatives) for delivery to the analytical laborat

4) Continue to pump down the remaining water to the sedifaget, without sampling the agitated sediment
and water mixture.

5) Obtain a sediment sample composited from nine genexatiyly spaced locations in the manhole. Divide the
manhole bottom into nine sections and obtain aboutLO& wet sediment from each section using a
polypropylene sample scoop. Combine the nine sub-samplesilarge clean polypropylene container and
mix. A composite sample is then placed in the suitabi¢éagoer for delivery to the analytical laboratory.

6) Fill out the labels on each sample container withstmaple designation, date, and sampler’s name.
7) Fill out the chain-of-custody form. The typical infortiwm provided on a chain-of-custody form is as follows:

» The sampling location (street address and manhole nufrebeilable).
» The sample identification number.

» The type of test or analytical procedure.

» The name of the person who relinquishes the samples.

» The date and time of sample collection.

» The date and time when samples are relinquished.

» The name of the person who should receive the samasuis.

8) After the sediment and water sampling is completed, éngping equipment must be cleaned using clean
water and non-phosphate laboratory detergent and ringegl clsain water.

A possible alternative to sampling while pumping out thenimaée water (the preferred approach) is to take a
depth-integrated water sample. This can be done using stattsci pump and slowly lowering the intake line
through the water column, or by using a small submerpilnep and lowering the pump itself. This would result
in a water sample obtained from all depths. The pump woskhdige the water into a large container where it
would be mixed and composited before preservation. Asepm #8 above, the main problem is to obtain a water
sample that is not influenced by agitated bottom depdditstefore, the pumping should stop about 6 inches above
the bottom of the manhole sediment, or when sediagiteation is noted.

Sampling the sediment with overlaying water in placgadse difficult. The simplest method would be to scoop the
sediment into a small square container attached tenldeof a pole, but the container would need a lid that is



controlled from the street level so it can be closbén bringing the sample to the surface. Another apprisach

use a lake bottom sampler. Specifically, a small EckardPonar dredge sediment sampler, which is typically used
for sand, silt, and mud sediments (similar to most men$ediments) should be most useful. A corer type sampler
probably would not be useful because of the relativebli@lr depths. An exception may be a freezing core
sampler, where liquid COis pumped inside a stainless steel tube (with the bottodhsealed with a point) to
freeze sediment to the outside of the tube. Again, @étement would have to be at least several inches deeyil. |
cases, multiple sediment samples would have to be obtdsueh as the nine noted above) and composited.
Needless to say, the water sample would have to bmedbtérst, as the sediment sampling will create sulbistian
disturbance and resuspension of sediment in the watemoolAll sampling equipment must also be constructed
of non-contaminating materials. Stainless steel,gyolyylene, or TeflolY are the obvious choices.

The specific sample volume, bottle type, and preservataguirements were determined by the UAB
Environmental Engineering Laboratory. We have developedifications that require minimal amounts of sample
to decrease shipping costs. All samples were shipped thess to our facility using over-night courier. Werthe
filtered the appropriate samples at our laboratory to eeguablems with filtering in the field.

The water samples for each manhole were shipped ifoltb&ing sample bottles:

* three 500 mL amber glass containers with Teflon liroeeve caps
* three 500 mL HDPE (high density polyethylene) plastidaiors with screw caps

A total of 3 L of each water sample was thereforadedeln addition to the water samples, sediment sampkhes we
shipped in the following sample bottles:

» one 500 mL amber glass wide mouth container with Tefited screw cap
» one 500 mL HDPE (high density polyethylene) wide mouthtiglasntainer
with screw cap

Samplers wore latex gloves and safety glasses when hgride samples. The sample jars were filled completely
with the sample and the caps were screwed on securiglynizing the amount of air space in the sample jars.
Sample container lids were taped on (using black elektepa after first drying the bottle) to reduce loosgni

the lid and loss of the sample. Paper chain of custody [s@aés were also sometimes used over the lid seal, but
are not adequate by themselves to keep the lids fronerioas Care was taken to prevent the samples from
freezing during shipping.

Once the samples were collected, the sample contkhelr was filled out completely and then logged onto a
shipping list for each shipping container. Shipping contaimeere usually plastic coolers, holding samples from
about 3 manholes in each. Adequate packing (preferablerasbhee ice packs as could fit, plus bubble wrap) was
used inside the shipping container to insure that the sabapiles did not rub or bang against each other en.route
Newspapers (flat, not wadded) could also be placed on the samples and blue ice packs, directly under the lid,
to further fill up space. It was preferred that glasslémtivere wrapped with bubble wrap. Sufficient “blue ice” o
other cooling packs (preferably in hard plastic contairagrd not in plastic bags that can tear or puncture during
shipping) was used to insure that the coolers stayeddoomlg shipment. Water ice was only used if cold blue ice
packs were not available. The sample containers were\8a overnight courier and generally arrived before
Friday to allow sufficient time to filter, preserveydaconduct the critical analyses (such as pH and bachberfiare

the weekend. The laboratory was notified when sampliag seheduled and the shipment was confirmed by fax.

Pre-cleaned sample containers were generally obtapnédebsamplers from suppliers such as I-Chem (through
Fisher Scientific 800-766-7000), or Eagle Picher (800-331-7425). Fsshatalog numbers and prices are as
follows:

[I-Chem # Fisher # Cost Description



241 -0500 05-719-74 $34.49/case of 12wide mouth 0.5 L amber glass jars
with lids and labels

311 -0500 05-719-242 $67.80/case of 24wide mouth 0.5 L HDPE jars with
lids and labels

Similar Eagle Picher sample containers are as follows

122)16A case of 12 - $25.24 wide mouth 0.5 L amber glass jars with
lids and labels

151500WWM  case of 24 - $45.63 wide mouth 0.5 L HDPE jars with lids
and labels

5.2.1 Preservation, Transportation, and Storage

Once the samples arrived in our laboratory, they Wwagged in, sorted for further processing, and filtered and
preserved, as needed. A reading of pH was conducted anddieeidaests were started immediately when the
samples arrived in the laboratory. Within a day, eldilkamples were filtered through a OB membrane filter
(using an all glass filtering apparatus for organics andiplfs heavy metals), as appropriate. The filtered an
unfiltered sample portions were then divided and preservidi@ass:

« unfiltered samples in two 250 mL amber glass bottleddr ¢ihed lids) (no preservative) for total
forms of toxicity, COD, and GC analyses (using MSD afdHletectors).

« filtered sample in one 250 mL amber glass bottle (Tditaed lids) (no preservative) for filtered
forms of toxicity, COD, and GC analyses (using MSD B@D detectors).

« unfiltered sample in one 250 mL high density polyethylemepfeservatives) for solids, turbidity,
color, particle size, and conductivity.

« filtered sample in one 250 mL high density polyethylereegreservatives) for anion and cation
analyses (using ion chromatography), hardness, dissalidd, sand alkalinity.

« unfiltered sample in one 250 mL high density polyethyléid; preservative to pH<2) for total
forms of heavy metal, using the graphite furnace at@usorption spectrophotometer.

« filtered sample in one 125 mL high density polyethylend@&lpreservative to pH<2) for filtered
forms of heavy metal, using the graphite furnace at@ausorption spectrophotometer.

All samples were chilled on ice or in a refrigeram#tC (except for the HN@preserved samples for heavy metal
analyses) and analyzed within the holding times shoslowb The HNQ preserved samples were held at room
temperature until digested.

5.2.2 Holding Times

The following list shows the holding times for theigais groups of constituents:

* immediately after sample collection: pH and bacteria

» within 24 hours: toxicity, ions, color, and turbidity

» within 7 days: GC extractions, solids, and conductivity
» within 40 day: GC analyses

» within 6 months: heavy metal digestions and analyses






Table 5-2 Data Collection Form

Date: Person Filling Out Form: Telephone:

Location of Manhole (Address):

Photographs: roll # _ Exposures: Field pH of manhole water:

Is there water in the manhole? Yes No

If yes, how much? (depth) feet/inches

Manhole known to be contaminated? Yes No Since when?
Similar problems with manholes in vicinity? Yes No

Odor: gasoline, sewage, other: Clarity: clear, cloudy, dark Color:
Is there sediment in the manhole? Yes No __ Sediment color:
If yes, how much? (depth) feet/inches

Is the manhole heavily corroded? Yes No

Weather: Temperature Precipitation ? Yes No

Where appropriate circle the information that besttfie field situation for each category and fill in bh@nks
where needed.

Location of the Manhole

Roadway traffic: Light Medium Heavy
Topography: Flat Moderate slope >5% Steep slope >20%
Location of manhole: Bottom of slope Middle of slope Top of slope
Side of road In roadway Off road
Likelihood of ground water | Low Medium High
entering manhole:
Likelihood of surface water | Low Medium High
entering manhole:
Road type: Asphalt (FABC) Concrete Other:

Additional Comments:







Data Collection Form

(Continued)

Materials Found in Manholes

Cable type: Lead Plastic - copper Fiber
# of cables in manhole:| Lead: Copper: Fiber:
Inner - pan: Yes No
Ladder: Yes No
Brick construction: Yes No
Duct: Tile Plastic Steel
Side lateral: To pole To apparatus To building
Ducts plugged: Yes No
Manhole dimensions: | Height: Length: Width:
If known, indicate Splicing Cable removal: Cable placing
recent work operation lead or non-lead?
by craft: (indicate)
Additional Comments:
External Environment
Distribution of Area: Rural Urban Suburban
Housing Density: Single dwelling Multiple dwellings High-rise
Commercial: Shopping center Strip commercial Large malls
Industrial: Manufacturing Chemical Other
Traffic near Manhole Light Medium Heavy
Location:
Average Age Adjacent | 0-10 years 11-20 years 21+ years
to Manhole:
Adjacent to: Parking lots Golf course Gas station
Farm Forest Wetlands
Reservoir Lake Stream
Coastal River Salt/fresh water
Recent Rainfall (past Light Moderate Heavy
two weeks): (<0.5M (0.5-2" (>2"

Additional Comments:




Data Collection Form (continued)

Water Pump

Pump used for Submersible Prime pump Other
sampling: (non-submersible)

Trailer mounted pump:| Yes No

Powered by: Electric Gasoline/Diesel Hydraulic
Diameter of hose: 1-<2" 2-<3" >3"

Flow rate: <100 GPM 100 - <200 GPM >200 GPM

Indicate pump manufacture and model:

Hazardous gas analyses of manhole vapor (on-site agplys
hydrogen sulfide (E8), ppm:
lower explosive limit, % (or methane,GHbpm),:

other gas analyses:

Additional Comments:




6 Data from Telecommunication Manhole Monitoring Program

6.1 Sampling Effort

Table 6-1 lists the numbers of samples that were edB for analyses from the nine participating compsanie
by season.

As noted previously, each strata needs about 10 sepdeatntenunication manhole samples in order to estimate
the quality characteristics with an error level ab@ah?5 percent. The goal of each participant is to ols@mples
from four groups of manholes (having 10 each) for eackosea

1) old industrial/commercial (or central city) area
2) new industrial/commercial (or central city) area
3) old residential (or suburban) area

4) new residential (or suburban) area

The same manholes are to be sampled during each seasamirhize additional variation. The main seasons for
sampling are winter and summer. Therefore, each pamicigas to collect a total of 40 samples per seasomt for
least these two seasons. The collection of additieaaiples for other seasons or land uses will enabieefur
comparisons to be made.

Table 6-2 lists the cities being sampled during this progredmje Figure 6-1 shows their geographical
distribution and associated EPA rainfall region. Thivtp- states, plus the District of Columbia have been
represented in this sampling effort. All EPA Rain Regiane also represented, although Regions 5, 8, and 9 had
fewer samples. The sampled cities represent annuabilaindnging from about 7 inches (Phoenix) to about 65
inches (Pensacola). It was obviously much more diffitolfind manholes having standing water in the arid
regions.
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BellSouth, U.S. West, Ameritech, and AT&T are closéhawving collected 40 samples for each of the two main
seasons. BellSouth, NYNEX and Bell Atlantic also@eciéd samples from all four seasons. SNET and Pagfic B
collected somewhat fewer samples. The total numbsamwiples collected was close to the number as originally
planned (at 80 per participant), but with half the numbenahholes sampled per some season, but twice as many
seasons represented for some areas. Very close totéh@umber of samples identified as our overall géa0)

was collected (697). About 390 sediment samples were alsated from the manholes for analysis.

6.2 Summary of Data from Current Sampling Efforts

6.2.1 Information and Data Collected

Available data are presented in Appendix C. These datad@dchll of the results for NYNEX, Bell Atlantic,
BellSouth, SNET, Pacific Bell, GTE, Ameritech, UWest, and AT&T that have been analyzed and reviewed to
date. Information generally available and included in Appef are listed in Table 6-3.

6.2.2 Data Summaries

Most of the constituents have several hundred to alf@tanalyses available. Table 6-4 summarizes these data,
showing statistical summaries for the constituents Haal at least 10 observations that were greater than t
detection limit.



Table 6-3 Constituents and Manhole Parameters Evalu

Company

Precip. at

Sampling

Sediment
volume (ft3)

Road type

Commercial
buildings
Volatile
dissolved
solids
Toxicity
(filtered)

E. coli
potassium

Lead
(unfiltered)
Calcium in
sediment
bis(2-
chloroiso-
propyl)-ether
unfiltered
diethyl-
phthalate
unfiltered
caffeine
unfiltered

coprostanol
unfiltered

dimethyl-
phthalate
phendnthrene

bis(2-
ethylhexyl)-
phthalate
Benzo(a)
anthracene

Sample #s

Water depth
(ft)
Sediment
Color
(Field obs.)
Manhole size

Industrial
buildings
Volatile
suspended
solids

CcoD
(unfiltered)
Enterococci
boron

Lead (filtered)

Cobalt in
sediment
bis(2-
chloroiso-
propyl)-ether
filtered
diethyl-
phthalate
filtered
caffeine
filtered

coprostanol
filtered

2,6-dinitro-
toluene
anthracene u

di-n-octyl-
phthalate

Sediment odor

Manhole
Location
Water volume
(gal)
Manhole
corroded?

Ladder in MH?

Traffic near
MH
Suspended
solids

COD (filtered)

detergents
Zinc
(unfiltered)
Lead in
sediment
Magnesium in
sediment
naphthalene
unfiltered

hexachloro-
benzene
unfiltered
di-n-butyl-
phthalate
unfiltered
phenol

acend-
phthene
carbazole

benzo(b)-
fluoranthene

Sediment
color

Season

Surface sheen
description
Roadway
Traffic

Brick
construction?
MH adjacent
to?

% of sediment
volatile

COD in
sediment
fluoride

Zinc (filtered)

Chromium
(unfiltered)
Manganese in
sediment
naphthalene
filtered

hexachloro-
benzene
filtered
di-n-butyl-
phthalate
filtered
bis(2-
chloroiso-
propyl)ether
diethyl-
phthalate
di-n-butyl-
phthalate
benzo(k)-
fluoranthene

Sediment
texture

ated
Year Age
Water odor Water clarity

Topography Manhole location
Cable type? Duct type?
Recent Total solids
rainfall
Turbidity Turbidity (filtered)
(unfiltered)
Color Color (filtered)
(unfiltered)
nitrate phosphate
Zincin Copper
sediment (unfiltered)
Chromium in Cadmium in
sediment sediment
Nickel in Strontium in
sediment sediment

4-chloro-3- 4-chloro-3-
methylphenol methylphenol

unfiltered filtered

pentachloro-
phenol
unfiltered
benzylbutyl-
phthalate
unfiltered
naphthalene

fluorene

fluoranthene

benzo(a)-
pyrene

pentachloro-
phenol filtered

benzylbutyl-
phthalate filtered

hexachloro-
butadiene

4-chlorophenyl-
phenylether
pyrene

coprostanol

Land Use
Water color

Likelihood of GW
contamination

Area distribution
Dissolved solids

pH

Conductivity

hardness
Copper (filtered)

Aluminum in
sediment
Vanadium in
sediment
dimethyl-phthalate
unfiltered

phen-anthrene
unfiltered

bis(2-ethylhexyl)-
phthalate unfiltered

4-chloro-3-
methylphenol

hexachloro-
benzene
benzylbutyl-
phthalate
indeno (1,2,3-c,d)
-pyrene

Temp at Sampling
°F
Sediment depth (ft)

Likelihood of SW
contamination

Housing density
Volatile total solids

Toxicity (unfiltered)

Total coliforms

ammonia
Copper in sediment

Barium in sediment
Phenol (unfiltered)
dimethyl-phthalate
filtered
phen-anthrene

filtered

bis(2-ethylhexyl)-
phthalate filtered

hexachloro-
cyclopentadiene

hexachloro-
chlorophenol
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6.3 Evaluation of Data Groupings and Associations

The data was reviewed to identify correlations betwesious manhole characteristics and sediment and water
quality. In addition, relationships between different pagters were also examined to find measurements that
correlated with one another.

The most obvious correlation of the data with siteditbtons and with other parameters was for the vegh hi
winter dissolved solids and conductivity values in EPAnRRegion 1 compared to other seasons and areas. The
snowmelt runoff during the winter seasons in the nashdramatically affected the winter season qualityader
found in manholes for NYNEX and Bell Atlantic, espelsidgbr TDS and conductivity. In addition, increased
dissolved solids and conductivity values were also fourgbime east coast manholes that were tidally influenced
by close-by brackish waters. Because of the very bidtride ion concentrations, several of the anadyticethods
were subjected to large interferences (especially taiernions by ion chromatography). These samples weere r
analyzed using other methods less subject to interferémdetter determine the maximum concentrations,
especially for nitrates.

The immense amount of data collected during this projedtthe adherence to the original experimental design
enabled a comprehensive statistical evaluation of dita. Several steps in data analysis were performed,
including:

exploratory data analyses (mainly probability plots graiped box plots),

 simple correlation analyses (mainly Pearson cdioglanatrices and associated scatter plots),

» complex correlation analyses (mainly cluster and ppadatomponent analyses, plus Kurskal-Wallis
comparison tests), and

model building (based on completefactorial analyses of the most important factors)

The following discussion presents the results of theaé/ses.

6.3.1 Exploratory Data Analyses

Appendix D contains a series of plots that representréétionships and groupings, arranged by parameter sets
(solids, common parameters, bacteria, other sewageatods, nutrients, heavy metals, and organics). Incltated
most parameters are the following plots:

« grouped box and whisker plots for all data, by season

« grouped box and whisker plots showing all residential andramnaial/industrial data, separated by
season and age,

* grouped box and whisker plots for all data by EPA rairziatie and season

 grouped box and whisker plots separating data by compangnsea®, and land use.

« overall probability plots

* probability plots separated by land use

* probability plots separated by age of development

* probability plots separated by season

The data indicate that the sampling effort needed asguslyidescribed was appropriate. Some of the parameters
have high COV values, while others are more modesstexpected. In almost all cases, the overall datzafc
constituent was best described using log-normal probabilots (the notable and obvious exception is for pH).
This requires the use on nonparametric statistical edsthor transformations of the data using;dodhe
following discussion presents some of the obvious trandsrelationships noted from these plots:



6.3.1.1 Manhole Conditions, Sizes and Water and Sediment Accurrations

Numerous site conditions were described for each sampérigd. The most potentially interesting were the land
uses and age of development of the surrounding area, pleedlen of sampling. Most of the data has been
separated and evaluated with these groupings, in additioggographical grouping made possible by nation-wide
participation of local, regional, and national telephoompanies. Other useful information collected pertatoed
the manhole construction characteristics, especatalye type used, the presence of ladders in the manhaoles,
the presence of corrosion. a

The widths of the sampled manholes ranged from about 218 fo (median of 6 ft), their lengths ranged from
about 4 to 40 ft (median of 10 ft), and their heights rangat fabout 4 to 15 ft (median of 8 ft). The depth of
water found in the manholes at the time of samplinggednfrom about 0.1 to 13 ft (median of 3 ft). The
corresponding water volume ranged from <100 to about 15,000 gétheasan of about 1500 gallons).

The depth of sediment found in the sampled manholes rargachbne to about 1.5 ft, with a median of about 0.1
ft. More than 45% of the sampled manholes did not hayenatable sediments. The sediment volumes ranged
from none to about 240%ftwith a median of about 5ft

Figure 6-2 is a grouped box plot examining relationships oedgpkes and metal concentrations. It is seen that the
cable type (lead, copper, or neither) did not appear te &ay significant association with the copper, leadjmor
water concentrations, except that manholes that icmtalead cables actually had reduced unfiltered zinc
concentrations and the manholes that contained copglelesc appeared to have reduced filtered zinc
concentrations. These two exceptions are likely astatiwith other manhole attributes that may be cadl
with cable type (such as age of construction). The poesef copper cables in manholes are seen to beiatssbc
with elevated copper and lead concentrations in the sedint was thought that the presence of copper cables
would be associated with elevated copper in the watedfoumanholes and the presence of lead cables would be
associated with elevated lead in the water found in wlaehThis was not the case. However elevated copper w
found in the sediments from manholes that had coppeesa®ff course, the cable “type” is not reflectivahef
material exposed to the water, as all cables aretstgb@ plastic. The inner components of the cablggp@moor
lead, for example) would more likely affect the sediméraracteristics as debris from cable splicing could doop t
the manhole floor and be covered by the sedimente®iefcthis debris would then be incorporated into sedimen
samples collected for analysis.
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A similar plot (Figure 6-3) shows the associations @& thetal concentrations in manholes having ladders
(assumed to be galvanized metal, a primary source df Again, no large differences are evident, except pgssibl
for elevated metals in the water found in manholes dioanot have ladders (the opposite of what was expected).
There is a slight increase in sediment zinc concgafr®in manholes having ladders, however (as expeddd).
course, there are many other galvanized metal compoiremhanholes besides ladders, including cable support
brackets (racks), etc. The presence of these matarialsost all manholes could be the reason why tieets of
galvanized ladders on zinc water concentrations wakedas

The third series of plots (Figure 6-4) shows associatlmtween metal concentrations for manholes witecho
corrosion vs. manholes without corrosion. It wasuassd that corroded components in manholes would be
associated with elevated metal concentrations. Haweweobvious patterns were found, except that the setlimen
metal concentrations appeared to actually be greatsraimholes that did not have obvious corrosion. Analyses
reported later in this report indicated that elevatedceotrations of many constituents were found in newer
manholes, presumably affected by runoff from newly toicted areas. These newer areas would likely have less
corrosion than older manholes that were found to générave better quality water.

6.3.1.2 Solids Measurements in Water and Sediment Samples fromelecommunication Manholes

The highest total solids observations were from oldenmercial and industrial area manholes. Winter water
samples had the highest concentrations, followed byg@nd summer observations, while the fall samples had
the lowest concentrations. Almost all of the tosalids were in the dissolved form (with a median TDS
concentration of about 450 mg/L), with only small cdmitions from the suspended solids (median SS
concentration of 20 mg/L). About 15% of the total and dvesbsolids were in volatile forms, while about 50% of
the suspended solids were in volatile forms.

The highest dissolved solids concentrations found in nalbéained from telecommunication manholes were
observed during the winter sampling periods, with some TB&entrations greater than 10,000 mg/L. The
highest values were observed in samples from EPA thindae 1 (specifically at NYNEX older residential
sampling locations during the winter). Older commerciad andustrial Bell Atlantic sites showed distinct trends
in TDS by season, with the highest values observed glihie winter, and then with steadily decreasing values
through the year, with the lowest observed values dutiegfdll season. Spring and summer values were still
moderately high, even though the manholes were pumped dngdine sampling efforts. This implies that most
older manholes experienced slow, but definite water exyggamwith time. The high TDS values associated with
winter snowmelt inflow decreased by about ten-fold toy fall, likely by the less saline inflowing stormweat
during the late spring, summer, and early fall seasonhiegrmay have been affected by local groundwaters that
change in dissolved solids with time. A similar patteas also observed at the SNET older residential, amd th
Ameritech mid-aged and older residential locations. Thezethis pattern is very likely common to most area
using de-icing salts. Similar patterns were also obdeiaremany of the conductivity measurements. Many ef th
AT&T manholes in northern areas that were pumped anglsdnin the summer of 1998 also had high TDS
values, but the following winter samples were much lawérDS, possibly because these winter samples may ha
been collected previous to the snowmelt season. Sbthe ooastal manholes were noted to be directlytsiteby
tidal conditions, with continuous high dissolved solids aadductivity conditions, implying that some manholes
also allow rapid infiltration of surrounding groundwaters.

There were no apparent overall trends for turbiditydasen, although the overall range observed was quite large
(from <1 to about 2,000 NTU, with a median value of abouTUN Filtration through 0.4%m membrane filters
reduced the turbidity values significantly (the maximum wealticed to about 45 NTU and the median to about 0.8
NTU). The largest turbidity values observed were frontewasamples collected from mid-aged and older
residential area manholes located in EPA rainfalezdh and 3 (some samples from Bell Atlantic older resiaen
area manholes approached 2,000 NTU). Samples from EPAaltazohe 3 (especially newer residential area
BellSouth samples) do indicate seasonal differencesrbidity, where the summer and (especially) fall samples
averaged several times greater than the winter andgspamples. The BellSouth new residential area samples



collected during the fall also had some of the highedtidity values observed (several hundred NTU). A less
distinct, but similar pattern, may also occur for ERMfall zone 2 samples.



EFFECT OF LADDERS ON METALS CONCENTRATION
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Figure 6-3 Effect of ladders in manholes on metal ¢ oncentrations found in water and sediment obtained

from telecommunication manholes.



EFFECT OF MANHOLE CORROSION ON METALS CONCENTRATION
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The sediment sampled from the telecommunication masinald volatile contents ranging from <1 to about 70%,
while the median volatile content was about 6%. The¥ee no obvious relations of sediment volatile confen
different seasons, land uses, or age of development.

6.3.1.3 Common Constituent Measurements in Water and Sedimer@amples from Telecommunication
Manholes
A possible overall trend indicates lower pH values frgpning water samples (median of about 7), higher pH
values from winter and summer samples (medians of ab8ytahd the highest pH values (median of about 8)
from fall samples. The fall samples from all manhdtesn both residential and commercial/industrial angase
much higher than for the other three seasons. Ondyaiy regions 1, 2, and 3 had fall and spring samples, and
all three of these areas experienced high fall samBks. regions 5, 6, and 9 showed lower summer pH values
than for the winter samples.

There was also a wide range in color of the watepszsnwith no apparent overall relationships with seaage,

or land use. In rain region 2, the summer and fall sant@dshigher colors than the winter and spring samples,
especially for samples from older commercial/industirgas. Many of the newer samples (from GTE, SNEd, an
PacBell sampling) also had much more color in the dathples than in the winter samples. Residential area
samples also had higher levels of color than sampies ifndustrial and commercial areas.

COD did not vary greatly for different land uses, seasonsge of development. About 20% of the samples did
not have detectable COD, but maximum values approached 400 amgflthe median value was about 15 mg/L.

Filtration reduced the overall COD values by about 30%h wie median filterable COD being about 10 mg/L,

and the maximum filterable COD approaching 300 mg/L. The ssdiBOD values ranged from about 1,000 to

300,000 mg/kg, with the median about 85,000 mg/kg. These sediment &@d3 appear high, but about 75% of

the volatile solids observations of the sediment hadenthan 10% volatile solids. The sediment samples from
manholes from new areas had much lower COD valuessttdiment samples from older areas.

The hardness values of spring water samples were genigigtiler (harder), while the fall samples were gengrall
lower (softer) than for the other seasons.

There was no overall pattern observed for ammoniasuned in water collected from telecommunication
manholes. The highest observations (up to 45 mg/L) wera samples collected from manholes in EPA rain
region 1, especially during the winter and fall. Mostled ammonia observations were quite low, with very few
exceptions. The highest nitrate observations (clo2@@mg/L) were from new commercial and industrial samples
for rain zones 1 and 3. The highest phosphate concemsaibserved (about 20 mg/L) were from older manholes
from residential areas, although water from older coroiakeand industrial area manholes also had relativiglly
phosphate concentrations (up to about 2 mg/L). EPA ragiione8 had the highest phosphate observations for each
season.

About 300 water samples were analyzedHocoli and enterococci from the samples collected during tee feart

of the project. Therefore, few samples were analyram the original project participants. Generally, baateés
much reduced during colder winter periods in stormwater. Menyevhen observing patterns for enterococci, the
overall median values were quite similar for all seasavhile the median summé&:. coli observations were
substantially higher than for the other seasons. beoeeria values were highly variable, with similangas for

the residential and the commercial areas. When exagihie data for the different EPA rain regions, thetevin
samples from zone 1 (a colder area) had much lowerrtzactints less than the corresponding summer samples,
while in zone 6 (a hot area) samples had reduced summteribaobservations. Air temperatures during sampling
ranged from about 26 to 106F. This implies that either extreme cold or hot weattenditions may reduce
bacterial survival, as expected. Similar patterns wiseefaund for enterococci bacteria observations.

Detergent, boron, fluoride, and potassium measuremenésused as indicators of sanitary sewage contamination
of manholes. Boron concentrations were higher in itrtisand commercial areas compared to residentiakarea



fluoride concentrations were higher during the summer saqpleriods, while potassium was highest in older
areas. No other patterns were apparent for thesetoemss.

6.3.1.4 Heavy Metal and Organic Toxicant Measurements in Water and Seahent Samples from
Telecommunication Manholes
The toxicity screening tests (using the Azur Micr6tarethod) conducted on both unfiltered and filtered water
samples from telecommunication manholes indicated a maidge of toxicity, with no obvious trends for season,
land use, or age. About 60% of the samples are not coeditiexic (less than a 125 light reduction of 20%, the
light reduction associated with the phosphorescent acter a 25 minute exposure to undiluted samples), about
20% are considered moderately toxic, while about 10% arsdmned toxic (light reductions of greater than 40%),
and 10% are considered highly toxic (light reductions of gretitan 60%). Samples from residential areas
generally had greater toxicities than samples from cawiaieand industrial areas. Samples from newer areas
were also more toxic than from older areas. Furthedissical tests of the data, in addition to reviewsritical
concentration effects described in another report velumdicated that the high toxicity levels were likely
associated with periodic high concentrations of salfeas using deicing salt), heavy metals (especititlyable
zinc, with high values found in most areas) and pesti¢aesociated with newer residential areas).

Heavy metal concentrations have been evaluated insalail of the water samples for copper, lead and and,
some filtered samples have been analyzed for chronfiwom 564 to 674 samples (82 to 99% of all unfiltered
samples analyzed) had detectable concentrations ef thetsils. Filterable lead concentrations in the maéze as

high as 173ug/L, while total lead concentrations were as high asi8fD. The winter Ameritech new residential
areas had the highest zinc concentrations observddone value greater than 20,000 mg/L. The repeat samples
from the following summer were much lower and more Bpidhe initially very high values may indicate
increasing zinc concentrations as the water standsaimholes for extended periods.Many of the zinc values we
higher than 1,000 mg/L in both filtered and unfiltered samBesne of the copper concentrations have also been
high in both filtered and unfiltered samples (as high 48Qug/L). Chromium concentrations as high asu4L

were also detected.

About 390 sediment samples have been analyzed and reviewsstiiment heavy metals. An ICP/MS was used to
obtain a broad range of metals with good detection dimithe following list shows the median observed
concentrations for some parameters in the sedimexpsessed as mg of the metal per kg of dry sediment):

Aluminum 14,000 mg/kg
Barium 50 mg/kg
Calcium 17,000 mg/kg
COD 85,000 mg/kg
Chromium <10 mg/kg
Copper 100 mg/kg
Lead 200 mg/kg
Magnesium 5,000 mg/kg
Manganese 200 mg/kg
Nickel <10 mg/kg
Strontium 35 mg/kg
Vanadium <10 mg/kg
Zinc 1,290 mg/kg

The overall copper patterns indicate that the highesterdrations (over 1,00Qg/L) were found in samples
obtained from manholes in older residential areas,cedpein EPA rain zone 3, with almost as high copper
values observed in some older commercial and industealsaFiltration did not significantly reduce the highest
copper observations, but reduced most others by about 5@8tméht from old manholes had greater copper
concentrations than sediment from newer manholes.



Lead concentrations were also highest (about 1,00D) in older residential area manhole water samplédew
samples from some older commercial and industrial aksashad high values. Rain zone 3 summer and fall lead
observations were substantially larger than correspgndinter and spring observations. A similar, but smalle
difference was also noted for zone 1. This pattern egpecially obvious for older commercial and industrial
samples collected by BellSouth. Filtration significgrntéduced the lead concentrations by about 75%. Filtered
samples from zone 3 collected during the summer and fadl stédl greater than the samples collected during the
winter and spring. Sediment from old manholes also hadteréead concentrations than sediment from newer
manholes.

Residential area samples generally had larger zinc stmatiens than the samples from commercial and industri
areas. Samples from the newest areas also had higltecancentrations compared to samples from older areas
Filtration reduced the highest zinc concentrationsaBg00ug/L) by about 20%, and most of the other values
by about 35%. No overall patterns were observed for zomcentrations in sediment samples obtained from
manholes.

Water samples from more than 600 telecommunication nMesin@re analyzed and verified for base neutral and
acid extractable organic toxicants. About 120 of these ssmmwyre partitioned by filtering to identify the quantity
of organics associated with the particulates and how nsisoluble. Very few detectable organics were found,
especially in the filterable fraction, even with t6€/MSD method detection limits ranging from 2 tpd/L. The
most common organic compounds found are listed below:

di-n-butyl phthalate: detected in 3.0% of the un#itewater samples, maximum concentration of4/L
benzylbutyl phthalate: detected in 1.2% of the werill water samples, maximum concentration il
bis(2-ethylhexyl) phthalate: detected in 1.2% of uhéltered water samples, maximum concentration of 15

Ho/L
coprostanol: detected in 3.5% of the unfiltered wsdenples, maximum concentration of| 8L

The phthalate ester compounds are probably associateglagitic components in the manholes. Coprostanol was
also detected in many of the samples. This compound dstadeelp identify the presence of fecal contamination
as high concentrations may imply sanitary sewage ponsion of the water found in the manholes, but pet
wastes contained in inflowing stormwater into mansi@euld also contribute to coprostanol levels. Obviqubly
median concentrations of these compounds were belodetieetion limits.

Water samples from about 580 manholes were analyzed sticiges, with about 50 also filtered for partitioning
pesticide analyses. Again, the pesticides were only téetéc small fractions of the samples analyzed, as/sho
below:

delta BHC: detected in 10.4% of the unfiltered waden@es, maximum concentration of fud/L
heptachlor: detected in 1.6% of the unfiltered wsdenples, maximum concentration of OlsfL
aldrin: detected in 4.3% of the unfiltered water sasyphaximum concentration of 0.86/L
endosulfan I: detected in 1.6% of the unfiltered wsd@nples, maximum concentration of OL@L
alpha chlordane: detected in 4.2% of the unfilterdénmgamples, maximum concentration of QuiylL
4,4'-DDE: detected in 14% of the unfiltered water sasphaximum concentration of 0.36/L
endosulfan sulfate: detected in 1.0% of the unfiltersigr samples, maximum concentration of u§8-
4,4-DDT: detected in 1.9% of the unfiltered water glas, maximum concentration of 0.06/L

endrin ketone: detected in 3.0% of the unfiltered msgmples, maximum concentration of O@@L
methoxychlor: detected in 4.0% of the unfilteredevaamples, maximum concentration of @gZL



Only two organic compounds were detected in more than ¥0%eovater samples (delta BHC and 4,4’-DDE).
While only one pesticide had an observed concentratieater than ug/L (delta BHC), some of these pesticide
concentrations may be considered relatively high.

One of the most striking features of the sediment saampées their visibly wide range of physical charactiess
such as texture, color, and odor. The sediments rangexktiwre from grainy sand to an extremely fine silt or
sludge. Color ranged from clear quartz to white sand tockag to black sludge. Multi-colored sheens were
observed on a few sediment samples. Odor of the sedsaemles ranged from no detectable odor to a scent of
nutrient rich potting soil to clearly discernible dieselother petroleum compounds, to sulfur and sewage. It was
thought that these characteristics would be relatduetptesence of organic toxicants.

The sediment samples were extracted using EPA method 354&ldrated Solvent Extraction). The extract was
further cleaned using gel permeation chromatography, cagttinm fraction associated with the mass range of
interest. The mass range of the mass spectrometeriruigelse analyses was optimized for the 40 — 550 atomic
mass unit (AMU) range.

Several classes of compounds were observed to be pmrhisengy the initial analyses, including non-specific
heterocyclic compounds such as low molecular weight {lems 550 AMU) fulvic and humic compounds, sulfur,
sulfur compounds, phenols, phthalate esters, petroleum codgouwxygenated (weathered) petroleum
compounds, alkanes, alkenes, heterocyclic aromatic cordppyolycyclic compounds, polycyclic aromatic
hydrocarbons, and steroids. In one sample, all of Howeawere found. Based on the samples that have been
completely analyzed, there is an apparent associagiovebn physical characteristics and the amount of argan
material in the sediment. Sandy or coarse sedimerits avilight color have lower amounts of fewer organic
materials and, as the sediment texture becomes fineola's darker, the level and number of organic compounds
increases.

The following four chromatographs illustrate the rangeaiditions observed. Chromatograph 1 is a blank for
comparison purposes. The six peaks in the blank are chralinatographs at the same concentration (p«28))
and serve as internal standards for quantitative purposes.
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Chromatograph 2 is from a coarse sand and quartz samm@ssashchromatograph 3 is from a clay having a red-
gray color. The peaks eluting in the 15-22 min range ar@etkassociated with petroleum compounds. The large
hump eluting from 30 minutes to the end of the run contaorsspecific humic and fulvic compounds, with
individual polycyclic aromatic hydrocarbons, phthalaterss steroids and their degradation products as individual
peaks superimposed on top of the humic hump.

Chromatograph 4 is from a black, very fine sludge-type ssdlinvhich has a distinct odor of petroleum and
sewage. Notice that the large peaks at 29.5 minutes andraindiles are two to ten times the intensity of the
internal standards. The “fronting” peak eluting from 21 to52fhinutes is a combination of sulfur, sulfur
compounds, and a fluorinated sulfur compounds. The large pedk atinutes and the large peaks after are
steroids associated with sewage followed by poly- anerbefclic hydrocarbons.

An evaluation of the sediment collected from the miemunication manholes revealed that most of the sedime
was of silt to sand texture, and brown in color, indigag relatively low level of organic contaminatiar most
sediments found in manholes. About 4% of the samplescheyey and black, indicating potentially high levels of
organic contamination, while another 4% were clayey i®ed, also indicating the potential presence of higkldev
of organic contaminants. Another 25% are in a margiatdgory, being dark in color, but not of the finestusxt

6.3.2 Simple Correlation Analyses

Pearson correlations and other association analyessconducted with the data to identify relationshipgs/den

the different parameters. This was done to identify eéparameters that could possibly be used as indioaitors
problematic conditions, especially by substituting sim@ed less expensive analyses for more costly or time-
consuming analyses. Tables 6-5 through 6-7 summarize thiicsigh correlations identified through typical
Pearson correlation matrix analyses using SYSTAT,iver8. Pearson normalization removed the effects
associated with the range and absolute values of tleevalti®ns. Correlation coefficients approaching 1.0 imply
near perfect relationships between the data. Thesestabow all of the correlation coefficients larglean 0.5,

with those greater than 0.75 highlighted in bold. The p&eeletion option was also used to remove data in the
analysis if data for one observation of a pair of pat@rs being compared was absent, but keeping the parameter
in the complete table for other possible correlatioAlso shown on these tables are the highly sigmifica
regression slope terms relating the dependent variablésetindependent variables. Table 6-5 lists the high
correlations associated with obvious relationshipses€hcorrelations show that the procedure was sengitive
identifying these obvious pairings. The correlationglos table range from about 0.65 to 0.9, and can be used as a
quality control check of the procedure.

Table 6-4 Obvious Pearson Correlations

Independent and Dependent Variables Pearson Regression
Coefficient slope term

water depth (ft) and water gallons 0.78 565

water depth (ft) and percent full 0.88 11

water gallons and percent full 0.64 0.016

sediment depth (ft) and sediment quantity (ft 3) 0.79 64

Table 6-6 are correlation pairings that are also obyiemsl possibly also useful as indicators. Most of the
coefficients are relatively high (up to 0.98), indicatingstty strong correlations. These relationships atedsn
obviously related parameters, such as between totalssfr'S) and conductivity (Figure 6.5), which has a
coefficient of 0.84. The “obvious” relationship betwearbidity and suspended solids, however, is relatively poor,
at only 0.53 (Figure 6-6). It is therefore possible to usedactivity as a good indicator of TDS for almost all
conditions, but using turbidity as a indicator for SS ierenproblematic. There were also relatively high



correlations between filtered and total forms ofdglitoxicity, COD, and zinc. The correlations betwesal and
filtered forms of copper and lead were less, but slji useful. The regression slope terms indicate that the
filtered form of toxicity is about 91% of the unfilteredrin, implying that very little toxicity reduction is
accomplished with filtration. Of course, correlatidretween unfiltered and filtered constituents should gelyeral
be high, as the unfiltered concentrations should allvaeygreater than the filtered concentrations.

Table 6-5 Obvious and Useful Correlations

Independent and Dependent Variables Pearson Regression
Coefficient slope term

TDS and total solids 0.98 1.03
conductivity ( pS/cm)and total solids 0.84 0.59
conductivity ( uS/cm) and TDS 0.85 0.57
suspended solids and volatile total solids 0.60 0.58
suspended solids and volatile suspended solids 0.70 0.45
turbidity (NTU) and suspended solids 0.53 1.3
volatile total solids and volatile TDS 0.65 0.49
volatile total solids and volatile SS 0.86 0.61
toxicity and filtered toxicity (both light decrease ) 0.79 0.91

COD and filtered COD 0.76 0.58

zinc and filtered zinc (both  pg/L) 0.78 0.69
copper and filtered copper (both pg/L) 0.69 0.4

lead and filtered lead (both pg/L) 0.69 0.2

Table 6-7 shows the parameter correlations of mostést, as these are not as obvious as those listed. dthese
correlations are generally weaker than those showthenprevious tables (these range from 0.5 to 0.75), but
deserve further investigation. Especially interestiregthe frequent correlations between the unfiltered dieded
forms of zinc and the total and unfiltered forms of ¢ty for example. Another useful correlation shown is
between copper and lead, indicating the relatively comjmiahoccurrence of these two heavy metals.
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Table 6-6 Unexpected and Possibly Useful Correlations

Independent and Dependent Variables Pearson Regression
Coefficient slope term

volatile TDS and hardness 0.66 13

filtered COD and phosphate 0.57 0.021

copper and lead (both pg/L) 0.52 0.32

zinc (ug/L) and toxicity (light decrease) 0.50 0.046

filtered zinc and toxicity (same as above) 0.55 0.058

zinc and filtered toxicity (same as above) 0.50 0.045

filtered zinc and filtered toxicity (same as above) 0.56 0.057

nitrate and ammonia 0.74 0.16

6.3.3 Complex Correlation Analyses

Additional analyses were conducted to identify more cormptationships between measured parameters and with
manhole conditions. These analyses do not prove amsecand effect relationship between parameters and
conditions, but they do support a “weight-of-evidence” apgroor reasonable hypotheses developed through
different and supporting statistical methods. The complexelation procedures used here examine inter-

relationships between possible groups of parameters, cethfzathe pair-wise only comparisons presented earlier.
Analyses between sub-groups of measurements, separaegdayed important factors, are also presented.

One method to examine complex relationships between umeghparameters is by using hierarchical cluster
analyses. Figure 6-7 is a tree diagram (dendogram) producedSfAS, version 8, using the water quality data
for water samples collected from manholes. A tree diagillustrates both simple and complex relationships
between parameters. Parameters having short brafiokasy them are more closely related than parameters
linked by longer branches. In addition, the branchesecamompass more than just two parameters. The length of
the short branches linking only two parameters areeéatly comparable to the correlation coefficientsrivshort
branches signify correlation coefficients close to Thle main advantage of a cluster analyses is théyatail
identify complex relationships that cannot be observetus simple correlation matrix.

In Figure 6-7, the shortest branches connect TDS and\3 ®oted previously, almost all of the total solide ar
dissolved. Conductivity is also closely related to bbBS and TS. Other simple relationships are comparable t
the higher correlation coefficients shown previou&y @nd filtered Zn, VTS and VSS, ammonia and nitrates,
COD and filtered COD, etc.). There are relatively fawnplex relationships shown on this diagram: total ttyic

is closely related to filtered toxicity and then tozend filtered zinc; phosphate is closely related tb lbopper
and filtered copper; and hardness is related to the heotaiids.
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Another important tool to identify relationships andumal groupings of samples or locations is with principal
component analyses (PCA). The data were auto-scaledebBCA in order to remove the artificially large
influence of constituents having large values comparedrstituents having small values. PCA is a sophisticate
procedure where information is sorted to determine tmeponents (usually constituents) needed to explain the
variance of the data. Typically, very large numbersoofstituents are available for PCA analyses witblatively
small number of sample groups desired to be identified. Coemtdoadings for each principal component were
calculated using SYSTAT, version 8, as shown in Table(\6i the percent of the total variance explained for
each component also shown).

Table 6-7 Loadings for Principal Components

Principal Component (% of 1(20.8%) | 2 (14.2%) 3 4 (9.4%) 5
total variance explained) (10.1%) (7.7%)
Total solids 0.771 -0.557 0.011 0.190 0.104
TDS 0.723 -0.629 0.030 0.131 0.036
SS 0.424 0.322 -0.111 0.311 0.353
Turbidity 0.306 0.463 -0.110 0.381 0.381
pH 0.106 0.117 -0.338 -0.416 -0.206
Toxicity 0.269 0.173 0.339 0.154 -0.674
COoD 0.726 0.304 0.057 -0.052 -0.037
Color 0.464 0.431 -0.059 -0.122 0.062
Conductivity 0.649 -0.593 0.041 0.193 0.058
Fluoride 0.280 -0.186 -0.177 -0.478 -0.045
Nitrate 0.170 0.183 0.816 -0.283 0.181
Phosphate 0.571 0.233 -0.154 -0.466 0.034
Hardness 0.385 -0.291 0.046 0.041 -0.278
Ammonia 0.107 0.088 0.821 -0.284 0.296
Potassium 0.344 0.031 -0.179 -0.518 -0.124
Zinc 0.206 0.355 0.265 0.370 -0.613
Copper 0.521 0.523 -0.211 -0.103 -0.056
Lead 0.298 0.488 -0.121 0.335 0.092

These first five components account for about 65% otdted variance of the data. The first two componemés
mostly dominated by total solids, TDS, COD, conductjviphosphate, and copper. The third component is
dominated mostly by nitrate and ammonia, the forth prmment is dominated by potassium, while the fifth
component is dominated by toxicity and zinc.

Kurskal-Wallis nonparametric analyses were used likeeavaay analysis of variance test to identify groupings of
data that had significant differences between the grargmepared to within the groups. The groups examined
were:

* Age
new (50 to 130 observations)
medium (65 to 150 observations)
old (100 to 300 observations)

» Season
winter (90 to 225 observations)
spring (50 to 100 observations)
summer (80 to 175 observations)
fall (50 to 115 observations)

* Land Use
commercial (75 to 200 observations)



industrial (30 to 65 observations)
residential (100 to 335 observations)

 Corrosion present in manhole?
yes (10 to 25 observations)
no (100 to 535 observations)

 Surface water inflow potential
low (85 to 190 observations)
medium (100 to 250 observations)
high (75 to 150 observations)

* Ladder in manhole?
yes (160 to 350 observations)
no (100 to 240 observations)

* Brick construction?
yes (25 to 40 observations)
no (350 to 530 observations)

* Traffic near manhole
light (85 to 160 observations)
medium (175 to 270 observations)
heavy (125 to 175 observations)

» Cable material in manhole
copper (200 to 370 observations)
copper and lead (50 to 110 observations)
neither (10 to 20 observations)

» EPA Rain Region
zone 1 (160 to 260 observations)
zone 2 (45 to 80 observations)
zone 3 (50 to 110 observations)
zone 4 (5 to 10 observations)
zone 5 (25 to 40 observations)
zone 6 (25 to 55 observations)
zone 7 (20 to 30 observations)
zone 8 (10 to 20 observations)

The number of data observations for each group compamerglso shown in the above list and has a significan
effect on the probability of having a statisticalligrgficant difference between some of the group category
components. The number of observations for someeoprameters are less than indicated, especially dseth
having low detection frequencies, or for screening patensi¢hat were not evaluated for all samples. Mosth@f
groupings had a large and relatively even number of olismmgain each subgroup. However, a few of the
subgroups had small counts (such as for corrosion presemamholes, brick constructed manholes, non-metallic
cable types, and for a couple of the rain zones). T&bldists the probabilities that the observed conediotrs are
the same amongst all of the categories. Probabistiesler than 0.05 are considered significant and areatetic

in bold.



Table 6-8 Kurskal-Wallis Probabilities that Concentrations ar e the same in each Category

mg/L, unless otherwise Total Number Age Season Land Use EPA Rain
noted of Detectable Region
Observations
percent full of water 556 0.23 0.27 0.33 <0.001
sediment accum (ft3) 441 0.001 0.16 0.069 <0.001
Total solids, mg/L 598 0.23 <0.001 0.53 <0.001
TDS 596 0.67 <0.001 0.4 <0.001
SS 483 0.009 0.25 0.36 0.21
VTS 598 0.1 <0.001 0.32 <0.001
VTDS 596 0.028 <0.001 0.13 <0.001
VSS 410 0.46 0.093 0.25 <0.001
Turbidity, NTU 598 0.67 <0.001 0.002 <0.001
pH 598 0.03 <0.001 0.012 0.001
Toxicity 394 0.007 0.086 0.14 <0.001
Toxicity, filtered 384 0.001 0.29 0.024 0.001
COD 596 0.048 <0.001 0.078 <0.001
COD, filtered 595 0.001 <0.001 0.021 <0.001
COD in sediment, mg/kg 320 0.006 0.79 0.005 <0.001
Color, color units 595 0.026 0.032 0.035 <0.001
conductivity, pS/cm 598 0.69 <0.001 0.53 <0.001
Total coliforms, #/100 mL 224 0.1 <0.001 0.5 <0.001
E. coli, #/100 mL 224 0.97 0.29 0.83 <0.001
Enterococci, #/100 mL 224 0.55 0.001 0.18 0.018
Fluoride, mg/L 594 0.57 <0.001 0.056 <0.001
NO3 595 0.26 0.064 0.78 <0.001
PO4 548 0.24 <0.001 0.36 <0.001
Hardness 598 <0.001 <0.001 0.001 <0.001
NH3 598 0.72 0.039 0.15 <0.001
K 593 0.002 0.11 0.004 <0.001
B 179 0.86 0.009 0.058 0.031
Zn, pg/L 541 <0.001 0.25 <0.001 0.002
Zn, filtered, pg/L 536 <0.001 0.19 0.041 0.003
Zn in sediment, mg/kg 275 0.78 0.45 0.56 0.004
Cu, pg/L 559 0.26 0.058 0.009 0.008
Cu, filtered, pg/L 554 0.079 0.001 0.063 <0.001
Cu in sediment, mg/kg 219 0.18 0.66 0.6 0.18
Pb, pg/L 555 <0.001 0.013 0.029 0.005
Pb, filtered, pg/L 552 0.002 0.003 0.004 0.084
Pb in sediment, mg/kg 237 0.002 0.58 0.76 0.33
Cr, pg/L 19 0.59 0.14 0.24 0.31
Cr in sediment, mg/kg 105 0.14 0.001 0.46 <0.001




Table 6.9 Kurskal-Wallis Probabilities that Concent  rations are the same in each Category (cont.)

mg/L, unless otherwise Total Number Age Season Land Use EPA Rain
noted of Detectable Region
Observations
Cd in sediment, mg/kg 45 0.055 0.023 0.091 0.11
di-n-butyl phthalate, pg/L 19 0.46 0.21 0.27 0.19
coprostanol, pg/L 23 0.061 0.62 0.71 0.15
Table 6.9 Kurskal-Wallis Probabilities that Concent  rations are the same in each
Category (cont.)
mg/L, unless otherwise Total Number Brick  Traffic Cable  Corrosion Surface  Ladder in
noted of Detectable Const.? material present in water manhole?
Observations manhole? inflow
potential
Percent full of water 556 0.15 0.76 0.008 0.32 0.004 0.24
sediment accum (ft%) 441 0.029 <0.001 0.001 0.054 0.023 <0.001
Total solids, mg/L 598 0.041 0.91 0.068 0.011 0.17 <0.001
TDS 596 0.094 0.76 0.006 0.004 0.25 <0.001
SS 483 0.22 0.18 0.13 0.76 0.018 0.026
VTS 598 0.03 0.19 0.003 0.16 0.003 <0.001
VTDS 596 0.091 0.12 <0.001 0.26 0.038 <0.001
VSS 410 0.59 0.44 0.98 0.45 0.022 0.002
Turbidity, NTU 598 0.013 0.093 0.29 0.074 0.078 0.18
pH 598 0.52 <0.001 0.006 0.28 0.37 0.22
Toxicity 394 0.014 0.21 0.11 0.95 0.16 <0.001
Toxicity, filtered 384 0.063 0.024 0.19 0.7 0.3 0.014
COD 596 0.001 0.055 0.37 0.92 0.018 0.048
COD, filtered 595 0.01 0.046  <0.001 0.19 0.1 <0.001
COD in sediment, mg/kg 320 0.71 0.14 0.93 0.39 0.2 0.66
Color, color units 595 0.37 0.081 0.28 0.28 0.001 0.66
conductivity, pS/cm 598 0.006 0.54 0.28 0.011 0.024 <0.001
Total coliforms, #/100 mL 224 0.56 0.55 0.23 0.54 0.2 0.42
E. coli, #/100 mL 224 0.64 0.53 0.5 0.3 0.97 0.31
Enterococci, #/100 mL 224 0.79 0.15 0.54 0.66 0.41 0.025
Fluoride, mg/L 594 0.004 0.15 0.006 0.47 0.016 <0.001
NO3 595 0.003 0.088 0.002 0.14 0.49 0.58
PO4 548 <0.001 0.3 0.85 0.5 0.002 <0.001




Table 6.9 Kurskal-Wallis Probabilities that Concent  rations are the same in each
Category (cont.)

mg/L, unless otherwise Total Number Brick  Traffic Cable  Corrosion Surface  Ladder in
noted of Detectable Const.? material present in water manhole?
Observations manhole? inflow
potential
Hardness 598 0.62 0.77 <0.001 0.055 0.006 0.033
NH3 598 0.1 0.31 0.074 0.12 0.37 0.002
K 593 0.98 0.024 <0.001 0.031 0.56 <0.001
B 179 0.86 0.53 0.75 0.8 0.54 0.005
Zn, pg/L 541 0.2 0.53 0.072 0.2 0.54 0.005
Zn, filtered, pg/L 536 0.22 0.14 0.002 0.62 0.68 0.13
Zn in sediment, mg/kg 275 0.2 0.86 0.99 0.83 0.5 0.96
Cu, pg/L 559 0.001 0.98 0.01 0.9 0.072 0.008
Cu, filtered, pg/L 554 0.35 0.16 0.22 0.52 0.38 0.001
Cu in sediment, mg/kg 219 0.015 0.2 0.22 0.7 0.89 0.38
Pb, pg/L 555 0.006 0.15 <0.001 0.1 0.035 <0.001
Pb, filtered, pg/L 552 0.05 0.074 0.2 0.17 0.018 0.001
Pb in sediment, mg/kg 237 0.003 0.011 <0.001 0.5 0.15 0.005
Cr, pg/L 19 0.85 0.19 0.37 0.84 0.15 0.35
Cr in sediment, mg/kg 105 0.17 0.03 0.9 0.99 0.033 0.015
Cd in sediment, mg/kg 45 0.55 0.93 0.39 0.63 0.006 0.004
di-n-butyl phthalate, pg/L 19 na 0.71 0.082 na 0.29 0.76
coprostanol, pg/L 23 0.49 0.059 0.22 0.068 0.056 0.85

The grouping that affected the most parameters was tAeRakh Region, followed by the presence of ladders,
season, age, surface water inflow potential, brick tcooson, cable material, and land use. Corrosion aaifticr
affected the fewest parameters. The parameters affégtehe most groupings were sediment accumulation,
volatile total solids, filtered COD, hardness, potassiand lead. Those affected by none of the groupings included
chromium, and the organics (likely due to infrequent deiestof these compounds). Zinc and copper sediment
conditions were both affected by only one grouping eadause of their relatively consistent concentratfonad

in all sediment samples.

Grouped box and whisker plots were prepared for selected paramad for each grouping that was identified as
having a significant difference during the Kurskal-Wallglyses. The percentage of the manhole volume full of
water (Figure E-1, in Appendix E) was affected by regiomh wiet areas resulting in larger percentages, and dry
areas resulting in lower percentages, as expected. In agditianholes noted as having a low likelihood of
inflowing water appear to have slightly lower averagdl“percentages” than other manholes. It is difficult to
hypothesize why cable type would affect the amount ¢émia the manholes, unless different sealants, & abe
the installations would allow more leakage into manhblkeving (supposedly) older lead cables.

Larger sediment accumulations (Figure E-2) were assoocigthdolder areas, high and medium likelihoods of
inflowing water, the use of brick construction, and medamd heavy traffic, all possible mechanisms that beay
associated with increased sediment being able to anternhole. The west coast samples also had lower esedim
accumulations than elsewhere. The absence of laddetise wse of lead cables, also were associated wgfh hi
sediment accumulations, with no direct reason, excepibppage of the manhole.

Figure E-3 shows higher total solids and TDS concentratassociated with areas having less rain and lower
concentrations in areas having more rain, possiblytdudilution. High TDS is shown for winter seasons, as



expected, and the lowest with the fall, as previouslgaha€able type, corrosion, and ladder were also idethfte
being associated with TDS differences.

Figure E-4 shows high phosphate averaged concentrationsadsd with the southwest sampling locations, and
with summer and winter seasons. Low averaged concemisatere noted in the southeast (although the largest
phosphate concentration found was at a southeastertioigcaAreas having high inflow potential had lower
averaged phosphate concentrations than other areaso(difigain?). Ladders and bricks were also identified as
being associated with phosphate concentration vargtion

Bacteria patterns are shown on Figure E-5, with sigmifi@ssociations of rain region being common tohabe
bacteria types measured. The Pacific northwest sargplesrally had the lowest values. Spring was lowest for
total coliforms, while winter and fall was lowest fenterococci. The presence of ladders was also nstheving

a significant effect on enterococci.

The lack of ladders and bricks in manholes, and newesaveere associated with higher levels of toxicitgyFe

E-6), all opposite of what was originally expected. Coplgad, and zinc associations are shown on Figures E-7
through E-9. All had significant associations with diéier subcategories of region and land use. Copper and lead
had very similar regional patterns, and all three haghdri average concentrations in residential areas.eCabl
material having copper alone, or with lead, was astutwmith higher copper and lead water concentrations (the
cable “type” does not indicate the material in contaith the water, as all cables are covered in a iplast
sheathing, but the metals would affect sediment due &psdalling to the manhole bottom during cable splicing).
However, manholes with ladders had lower copper and @incentrations (there are many other sources of
galvanized metal in manholes, including cable brackéts, &rick manholes were associated with higher copper
and lead water concentrations, possibly because of cappkeleaded cables in these older manholes affected the
sediments, which in turn affect the water if given isight time. Fall samples had higher lead water
concentrations, while the other three seasons hgdtlgl lower average lead concentrations. Manholesngav
high inflow potential also had the lowest averaged leaacentrations. Manholes in older areas had higher
averaged lead water concentrations, but lower averagedvaiter concentrations.

Table 6-10 summarizes these associations, separated loyeelpposite, and for unknown reasons.



Table 6-9 Significant Kurskal-Wallis Groupings

Reasonable Associations

Dpposite to Expected
Associations

Associations having
Unknown Reasons

W ater depth in manhole,
% of full

Geographical area,
Inflowing water potential

Cable type in manhole

Sediment accumulation
in manholes, ft®

Geographical area,
Age of surrounding area,
Inflowing water potential,
Brick construction,
Age of surrounding area

Ladder present,
Cable type in manhole,

Total solids, mg/L

Geographical area

TDS, mg/L

Geographical area,
Season of sample collection

Cable type,
Corrosion present,
Ladder present

Phosphate, mg/L

Geographical area,
Season of sample collection,
Inflowing water potential

Ladder present,
Brick construction

Total coliforms, #/100
mL

Geographical area,
Season of sample collection

E. coli, #/100 mL

Geographical area

Enterococci, #/100 mL

Geographical area,
Season of sample collection

Ladder present

Toxicity, 125, % light
reduction

Ladder present,
Brick construction,
Age of surrounding area

Copper, pg/L

Geographical area,
Land use

Brick construction
Cable type

Ladder present

Lead, pg/L

Geographical area,

Land use

Brick construction

Cable type

Season of sample collection
Inflowing water potential
Age of surrounding area

Zinc, pg/L

Geographical area,
Land use

Ladder present,

Age of surrounding area

Possible spurious correlations obviously occurred, althoogst of the associations appear reasonable and support
the experimental design that directed the sampling efftwe. associations presenting the most potential problems
for explanation were manhole characteristics (theemas of ladders, corrosion in manholes, cable types$, a
brick construction), although age of the surrounding areaals associated with two unlikely associations. The
age notation was periodically problematic for the fieldws as it was sometimes difficult to obtain a reabte
estimate in areas that were very diverse.

6.3.4 Model Building

The most reasonable correlations (region, land use, aagk season) were used in these analyses to construct
predictive models, based on the full-factorial samplirfgrefThe expanded geographical coverage, due to later-
joining project participants from throughout the natidigveed a geographical factor to also be considered in the
final analyses. The sampling effort did not include aicefit or representative number of manholes to bekaim
having other varying conditions of other potentiallieiesting factors (such as the presence of ladde@@smn

in manholes, or traffic conditions near the manhd&gerefore, the model building process was based swidlye

full 2* factorial design using region, land use, age, and seasdhe anain factors, plus all possible interactions.



Again, because of the participation of local telephoo@mpanies from throughout the nation, we were able to
include a much better representation for the regiomtdifahan originally expected.

Since the experimental design was a full two-level féaitalesign, the following groupings were used to define the
two levels used for each main factor, based on the auoflobservations in each grouping, the previous grouping
evaluations, and the initial exploratory data analyses:

* age: old and medium combined (group A), vs. new (group B)

* season: winter and fall combined (group A), vs. summdrspring combined
(group B)

* land use: commercial and industrial areas combined (grpuysAresidential
areas (group B)

* region: EPA rain regions 1, 2, 8, and 9 (northern tgmup A), vs. regions 3,
4,5, 6, and 7 (milder) (group B)

The 597 sets of data observations used for this analgsestherefore divided into 16 categories corresponding to
the complete factorial design, as shown in Table 6-1theSsamples did not have the necessary site information
needed to correctly categorize the samples and werefahernot usable for these analyses. The “Group A”
categories were assigned “+” values and the “Group B'goaites were assigned “-” values in the experimental
design matrix for the main factors. These 16 factorialigs account for all possible combinations of the foainm
factors. Twelve to more than 100 samples were representeach factorial group and were used to calculate the
means and standard errors.
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Table 6.12 Results of Full Factorial Statistical Te  sts on Characteristics of Water and Sediment Sample s
Collected from Telecommunication Manholes (cont.)

Zinc Copper Copper Copper Lead Lead Lead
sediment  Unfiltered Filtered sediment Unfiltered Filtered  sediment
(mgrkg) (HglL) (HglL) (mg/kg)  (ng/L) (o/lL)  (mglkg)

Overall average: ~ 3103.21 33.29 16.39 332.35 19.91 491 3178.74

Total number of observations: 271 552 546 215 547 544 233

Calculated polled standard error:  3347.84 33.60 20.36 na 17.99 4.77 na

Standard error from high level interactions: 841.43 4.02 3.81 142.50 4.99 1.00 4537.82

region R -80.81 -18.45 -16.63 -94.26 -4.57 -3.59 -4786.67

land use L -1410.25 -19.08 -9.93 23.15 -10.43 -2.74 -4718.76

age A -86.31 26.72 11.44 299.02 9.47 222 -3578.94

season S -806.70 2.65 554  -183.44 331 1.68 4510.31

region x land use RL 5.26 17.28 9.14 64.67 1.92 0.68  4588.65

region x age RA -780.38 -9.25 -10.54  -135.48 3.76 -0.43  4451.73

region x season RS 884.05 -9.42 -1.95 156.63 -4.55 -1.06 -4318.80

land use x age LA 1021.87 -22.25 -8.17 -80.36 -5.67 -1.51  4490.85

land use x season LS 357.50 -3.80 -4.51 -39.55 -2.59 -1.96 -4702.65

age x season AS 469.26 0.93 205 -155.72 -2.02 -0.44 -4767.03

region x land use x age RLA 128.72 7.27 6.13 -18.72 -7.09 0.55 -4459.42

region x land use x season RLS -806.70 2.65 554  -183.44 331 1.68 4510.31

region x age x season RAS -192.21 -0.25 -0.03 226.68 6.29 1.08 4874.38

land use x age x season LAS -725.52 0.75 0.07 40.99 3.15 0.10 4669.87

region x age x land use x RALS 1519.59 -4.49 2.09 120.25 -3.71 0.84 -4142.03
season




The factorial analyses were conducted using the group mkeaaddition, all parameters were also transformed by
log;o to account for their correct log-normal data distiitng. Table 6-12 shows the results of these analyses
(using the group mean values). Seventeen parameters owerd fo have significant models, with the most
commonly occurring significant factor being the geograghiegion. Several parameters had significant
interacting factors. All of the calculated effects éarch parameters were plotted on probability plots (Fegr&0
through E-14, in Appendix E) to confirm the significant ¢ast which are indicated in bold type on Table 6-12

Seventeen models were identified that had significastorfa or combinations of factors. These models iated
below, along with the calculated values correspondingealifferent levels for the significant factors:

Models with significant regional factors alone:

R+ (northern R- (milder
tier states) climate)
Water depth (ft) =3.97 + 0.55 R 4.52/ft 3.42 ft
Sediment depth (ft) = 0.13 + 0.06 R 0.19 ft 0.0f ft
Manhole height (ft) = 8.85 - 0.60 R 8.25 ft 9.45 ft
Manhole water (% full) = 45.5 +10.4 R 55.9 % 35.1 %
Sediment volume (j=8.3 +45R 12.9%t 3.8 ff
Total solids (mg/L) = 958 + 350 R 1308 mg/L 608 mg/L
TDS (mg/L) =885 + 339 R 1224 mgiL 546 mg/L
Volatile total solids (mg/L) = 158 + 46 R 204 mgfL 112 mg/L
Volatile dissolved solids (mg/L) =130 + 82 R 172 mg/L 88 mg/L
Sediment COD (mg/kg) = 105,200 + 39,300 R 144,500 mg/L 65,900 mg/L
Conductivity (4S/cm) = 1390 + 576 R 19605/cm 810QuS/cm
Potassium (mg/L) =144 - 46 R 9.8 mg/L 18.9 mp/L
Model with significant land use and age effects alone:
L+and | L+and | L-and L- and
A+ A- A+ A-
Filtered toxicity (125%) =44.7-75L—-6.7 A 305% 441% 454 % 60.0
Models with significant land use and age interactionsel
LA+ LA-
Manhole width (ft) = 6.03 + 0.60 LA 6.63 ft 5.43 ft
Hardness (mg/L as CaG= 273 + 40 LA 313 mg/L 233 mg/L
Model with complex interactions with regional, land used age factors:
RLA+ RLA-
Manhole length (ft) = 10.7 + 0.62 RLA 11.3 ft 10.1 ft
Model with complex interactions with regional, land wseg season factors:
RLS+ RLS-
Ammonia (mg/L) = 0.37 + 0.23 RLS 0.60 mg/L 0.14 mg/L

The effects and interactions are described below:



L+ and A+ (commercial or industrial and medium or old)
L+ and A- (commercial or industrial and new)

L- and A+ (residential and medium or old)

L- and A- (residential and new)

RLA+ (northern tier states and commercial or induktaiad old; northern tier states and residential and new;
milder climate and commercial or industrial and newgdsrilclimate and residential and old)

RLA- (northern tier states and commercial or industired new; northern tier states and residential and old,;
milder climate and commercial or industrial and old; niildenate and residential and new)

RLS+ (northern tier states and commercial or indusaiad winter; northern tier states and residential and
summer; milder climate and commercial or industrial amdreer; milder climate and residential and winter)
RLS- (northern tier states and commercial or indusama summer; northern tier states and residential and
winter; milder climate and commercial or industrial avidter; milder climate and residential and summer)

Obviously, the more complex interactions are more Yikkel be random, but the two-way interactions, and
especially models having one or two main factors,maveh more likely. The models containing only a single
factor were mostly identified as being significant duriihg earlier described statistical tests.

Residual analyses were also conducted for each of ifes®dels, as shown on Figure E-15, in Appendix E. The
predicted values were compared against all 597 data obsasvatid their differences were plotted on probability
plots. Legitimate models would produce residual probabilityriligions that are mostly random in nature (a
straight line on a probability plot). These residual pkitow that, in many cases, the upper 15 to 25 percdr of t
data are not adequately explained by the models. The madekherefore most useful to describe more typical
conditions, from the lowest values to thé"78r possible higher, percentiles. The most extremeitions that
were observed in each category were more associatedagiors other than those included in these modeds. A
noted previously, much additional information was gathenmed used in the simpler statistical tests previously
presented that examined these other factors, but thiesedata were not adequately represented in each dbthe
major data grouping used in these factorial analyses.fdlloing section examines the extreme conditions in
more detail to attempt to identify patterns associatiéd the manholes that had the poorest water and setlimen
quality.

6.3.5 Extreme Observations

As noted above, the factorial models developed for piaditche quality of water found in telecommunication
manholes were not generally suited for the worst (mx@jecases. Since these situations are typically gt hi
interest, further statistical analyses were conducedentify patterns and conditions associated with tkpseial
manholes. The most important water quality constituépdised on potential exceedences of criteria, or having
received the most concern during previous evaluationsatérwirom manholes) were used to rank each separate
manhole. The rankings were then averaged to identifyrifueholes having the poorest quality water. The water
guality constituents used for these rankings were asv&illo

» Suspended solids
* Turbidity

» Conductivity

* Volatile total solids
. pH

*+ COD

» Phosphate

* Ammonia

* Nitrate



* Toxicity

» Copper
Filtered copper
* Lead

Filtered lead

* Zinc

Filtered zinc

The observed water quality was ranked according to thasstitients and the top ten percent where when
compared to the other 90%. The manholes selected igrihig of high constituent values are shown on Table 18.
Most EPA rain regions and all participating companiesrapeesented in the list. In addition, about half of the
samples were from manholes during repeat samplings at s#heons. Since the manholes were sampled during
pumping operations (the manholes were almost compleatglyied), the repeated poor quality water found in these
manholes indicates that the sources of the poor quweditgr was relatively consistent for these areasrantdhe
result of a single incident.



Table 6-12 Manholes Containing the Highest Water Qu

ality Concentrations

Location EPARain  Season Age Land Use
Region
Ameritech
4610 Tokay Blvd, Madison, W1 1 winter old resid
4610 Tokay Blvd, Madison, W1 1 summer old resid
402 Franklin St., Madison, W1 1 winter old resid
402 Franklin St., Madison, W1 1 summer old resid
5301 Cottage Grove Road, Madison, W1 1 winter medium resid
575 Science Dr., Madison, W| 1 winter new indus
Agriculture Drive, Madison, W1 1 summer new resid
1548 Carolina, Gary, IN 1 winter old resid
East 56th & Rosslyn, Indianapolis, IN 1 winter old resid
W hite & Edward Streets (NE corner), Frankfort, IL 1 winter old commer
Rte. 30 & School House Road (NE Corner), New Lenox, IL 1 summer old resid
Scovel between Grand Blvd & Vinewood, Detroit, Ml 1 summer old resid
Grand River & Mackinaw, Detroit, MI 1 summer old commer
Old Fort & Woodruff, Rockwood, Ml 1 summer new resid
Toledo-Dix South of Eureka, Southgate, Ml 1 summer old commer
AT&T
12th Avenue No. between 31st and 320 Streets, Billings, MT 8 summer old resid
MH #11672 - Highway 3, Billings, MT 8 summer new commer
Virginia Lane and Cotton Blvd., Billings, MT 8 summer old resid
19th & 20, Omaha, NE 9 winter old commer
6th Street & Willow, Omaha, NE 9 summer old resid
MH #21 27th & 20, Omaha, NE 9 summer old commer
MH #22 29th & 20, Omaha, NE 9 summer old commer
MH #112, Angelica, St Louis, MO 4 winter old commer
MH #322, St. Louis, MO 4 winter new resid
Highway 61/67, St. Louis, MO 4 summer new resid
MH #270, Vickers, St. Louis, MO 4 summer old commer
MH # 04, HW55 & Richardson Rd, St. Louis, MO 4 summer new commer
Bell Atlantic
Rte. 123 N & Old Meadow Rd., McLean, VA summer  medium resid
Rte. 123 N & Old Meadow Rd., McLean, VA winter medium resid
Marlboro Pike & Green Landing Rd., Prince Georges Cty., MD 2 summer  medium resid
Marlboro Pike & Green Landing Rd., Prince Georges Cty., MD 2 spring medium resid
25 Plymouth St. (N of Rte. 46), Fairfield, NJ 1 spring New commer




Table 6-13 Manholes Containing the Highest Water Qu

ality Concentrations (cont.)

Location EPARain  Season Age Land Use
Region
BellSouth
8825 Jasper Rd., Jacksonville, FL 3 spring old resid
8825 Jasper Rd., Jacksonville, FL 3 summer old resid
8825 Jasper Rd., Jacksonville, FL 3 fall old resid
8825 Jasper Rd., Jacksonville, FL 3 winter old resid
NW 5th St. & 139th Av., Ft. Lauderdale, FL 3 spring new commer
NW 5th St. & 139th Av., Ft. Lauderdale, FL 3 summer new commer
NW 5th St. & 139th Av., Ft. Lauderdale, FL 3 fall new commer
Silver Palm Blvd. & NW 126th, Ft. Lauderdale, FL 3 summer new resid
Silver Palm Blvd. & NW 126th, Ft. Lauderdale, FL 3 fall new resid
Silver Palm Blvd. & NW 126th, Ft. Lauderdale, FL 3 winter new resid
Westward & Lenape Dr., Miami, FL 3 summer old resid
Westward & Lenape Dr., Miami, FL 3 fall old resid
4800 NW 102nd Av., Miami, FL 3 spring new resid
Coptek Rd., Pensacola, FL 3 summer new indus
GTE
MH 0600056, Highway 45 S/LP#2 - Rantoul, IL 1 spring medium commer
MH 0600119, Rt 45 S, End of AF#1 - Rantoul, IL 1 fall medium resid
MH 1807, GE Rd - Bloomington, IL 1 fall medium resid
MH-1-DK-IL 1 winter
47th & Rucker, Everett, WA 7 fall old resid
NE Dallas & NE 14th Avenue, Camas, WA 7 fall medium resid
NYNEX
2011 Flatbush Av., Brooklyn, NY 1 winter old commer
2011 Flatbush Av., Brooklyn, NY 1 spring old commer
51st St. & 19th Av., Brooklyn, NY 1 summer old resid
51st St. & 19th Av., Brooklyn, NY 1 fall old resid
Dahill Rd. & 20th Av., Brooklyn, NY 1 winter old resid
North St. (across from St. Agnes Hosp.), White Plains, NY 1 winter old commer
Washington St. & Hudson St., Peekskill, NY 1 summer old resid
PacBell
University Avenue & Lowell Street, La Mesa, CA 6 summer old commer
University Avenue & Lowell Street, La Mesa, CA 6 winter old commer
Green River Road & Crest Ridge Drive, Corona, CA 6 summer new resid
Green River Road & Crest Ridge Drive, Corona, CA 6 winter new resid
River Road & Archilbald Avenue, Norco, CA 6 summer new
Navajo Road & Park Ridge Street, San Diego, CA 6 winter new resid
SNET
Norwalk Company Office, Washington St., Norwalk, CT 1 winter old commer
Wolcott Hill Rd. corner of Reed St., Weathersfield, CT 1 winter old resid




Table 6-13 Manholes Containing the Highest Water Qu  ality Concentrations (cont.)

Location EPARain  Season Age Land Use
Region

U.S. West

875 N. Beck Street (300 West), Salt Lake City, UT 8 winter old commer
875 N. Beck Street (300 West), Salt Lake City, UT 8 summer old commer
53 East Orpheum Ave (150 South), Salt Lake City, UT 8 winter old indus
53 East Orpheum Ave (150 South), Salt Lake City, UT 8 summer old indus
7th Street & Winged Foot, Phoenix AZ 6 summer new commer

Two-way cross-tabulations were used with SYSTAT, wers, to identify groupings that were different for these
top ten percent of the manholes compared to the othger@@nt of the data. The AT&T sites were not included in
the analysis due to their being collected after théyaesiwere completed. The groupings examined were manhole
characteristics noted on the field forms and included:

» EPA rainfall region

» Season of sample collection

» Age of surrounding area

» Land use of surrounding area
» General area of manhole

« Traffic in manhole vicinity

* Site topography near manhole
* Road type

* Presence of corrosion

» Ladder in manhole

Manhole having brick construction
» Cable covering material

» Groundwater contamination potential to manhole
 Surface water contamination potential to manhole
 Rainfall amount near sampling

» Water odor

» Water clarity

» Water color

» Presence of surface sheen on water

» Sediment odor (from UAB lab)
» Sediment color (from UAB lab)
» Sediment texture (from UAB lab)

Pearson Chi-square statistics and the probabilitiestiieadata subsets had the same distributions between th
different groupings were calculated by SYSTAT, as show ainle 6-15 The only groups that had significantly
different groupings between the set of extreme obsensmtod the rest of the observations (probabilidi€s05)
were:



* Land use (more residential areas in the extreme grodpnare commercial and industrial areas for the other
90% of the samples, opposite to what was originally exgecte

» Water clarity (more cloudy and dark water in the extrgnoeip and more clear water for the other 90% of the
samples, as would be expected)

» Water color (more light, moderate, dark, and turbid wistéhe extreme group and more clear water for the
other 90% of the samples, as would be expected)

» Sediment texture (more fine clay in the sedimentfferextreme group and more coarser silt and sand in the
sediment for the other 90% of the samples, as would betexi)e

« Site topography (more moderate and steep slopes foxtiteene group and more flat slopes for the other 90% of
the samples, for unknown reasons)

These findings can be used to indicate a greater likelilvbdhigh water quality constituent concentrations for
water found in telecommunication manholes. It is recemded that manholes having noticeable color and/or
turbidity, along with sediments having a muddy texture (eaflg@n residential areas) be given special attention.

Unfortunately, the use of these characteristics ety screening tool results in substantial false egmand
false positives. As an example, combinations of tikhsgeacteristics were compared to the complete seanhoie
samples, with the results summarized in Table 14. Asdieening components increased, the number of hits was
decreased, with increased “efficiency.” The efficieiyalculated as the ratio of the rate of corretg to total
problem sites, compared to the total number of hiteédotal number of sites. As an example, if 25% oftdhal
sites were targeted (hits) and 50% of the problem siées imcluded in these hits, the efficiency would be 2.0. |
the efficiency approaches 1.0, the number of problers gientified is close to what would be expected with a
random sampling, with no real benefit from using thesexging criteria. As more criteria are included in the
screening effort, the efficiency generally increadmst, unfortunately, so does the number of false negative
(ignores actual problems). The best plan may be tommiwei the number of false negatives, while having gdar
efficiency factor. In this case, the use of colofeord use may be best, if false negatives are tocheed the most.

If the largest number of correct hits of problem sitedesired for the least effort, then the combimatibclarity,
color, and texture is best (but with large numbers skfakegatives because many problem sites will be missed)

As indicated, manholes having colored and/or turbid wasgrecially with muddy sediments, should be examined
more. Manholes located in residential areas (apparesghecially newer areas) may also warrant additional
attention, likely due to contaminated runoff water frtandscaping maintenance operations. Existing industrial
practice targets obviously contaminated manholes (edfyeobvious hydrocarbon or sewage contamination) for
special treatment generally involving licensed wastddra to remove the water.

Table 6-13 Examination of Screening Criteria to Identify Potentially Problematic Manholes

Characteristics % of % of false % of false Efficiency (rate of
targeted positives (% of negatives (% of correct hits to total
samples non-extreme total extreme extremes to rate of hits
correct sites included) sites missed) to total observations)

Clarity x color x texture 62% 38% 87% 6.0

Color x land use x 24 76 83 25

topography

Color x land use 26 74 62 25

clarity 20 80 63 2.0

color 17 83 43 1.7




texture 22 78 77 2.2
Land use 14 86 35 15
topography 11 89 52 1.1




Table 6-14 Cross-Tabulations of Manhole Characteris  tics Comparing Extreme Observations with Other
Observations

EPA Rain Region Other 90% of samples Upper 10% of samples Total % Total number
1 42.599% 48.333% 43.160% 265
2 14.079 6.667 3.355 82
3and 4 19.495 23.333 19.870 122
5and 9 7.220 0.000 6.515 40
6 8.484 11.667 8.795 54
7 5.415 3.333 5.212 32
8 2.708 6.667 3.094 19
Total % 100.000% 100.000% 100.000%
Total number 554 60 614
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 11.189 6.000 0.083
Season Other 90% of samples Upper 10% of samples Total % Total number
winter 37.184% 35.000% 36.971% 227
spring 15.704 11.667 15.309 94
summer 27.798 38.333 28.827 177
fall 19.314 15.000 18.893 116
Total % 100.000% 100.000% 100.000%
Total number 554 60 614
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 3.264 3.000 0.353
Age of area Other 90% of samples  Upper 10% of samples Total % Total number
new 21.561% 28.814% 22.278% 133
medium 26.580 15.254 25.461 152
old 51.859 55.932 52.261 312
Total % 100.000% 100.000% 100.000%
Total number 538 59 597
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 4.103 2.000 0.129
Land use Other 90% of samples Upper 10% of samples  Total % Total number
commercial 44.853% 29.310% 43.355% 261
industrial 11.765 6.897 11.296 68
residential 43.382 63.793 45.349 273
Total % 100.000% 100.000% 100.000%
Total number 544 58 602
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 8.835 2.000 0.012




Table 6-15 Cross-Tabulations of Manhole Characteris

Observations (cont.)

tics Comparing Extreme Observations with Other

Water odor  Other 90% of samples Upper 10% of samples Total % Total number
none 93.721% 92.683% 93.631% 441
other 0.930 2.439 1.062 5
gasoline 1.163 2.439 1.274 6
sewage 4.186 2.439 4.034 19
Total % 100.000% 100.000% 100.000%
Total number 430 41 471
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 1.569 3.000 0.666
W ater Clarity Other 90% of Upper 10% of samples Total % Total number
samples
clear 77.979% 46.341% 74.941% 320
cloudy 20.725 41.463 22.717 97
dark 1.295 12.195 2.342 10
Total % 100.000% 100.000% 100.000%
Total number 386 41 427
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 30.769 2.000 0.000
Water Color  Other 90% of samples  Upper 10% of samples  Total % Total number
clear 55.764% 27.660% 52.619% 221
light 18.231 19.149 18.333 77
moderate 13.941 34.043 16.190 68
dark 8.311 8.511 8.333 35
turbid 3.753 10.638 4.524 19
Total 100.000% 100.000% 100.000%
Total number 373 47 420
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 21.078 4.000 0.000




Table 6-15 Cross-Tabulations of Manhole Characteris

Observations (cont.)

tics Comparing Extreme Observations with Other

Other 90% of

Surface sheen

Upper 10% of samples Total %

Total number

samples
none 93.587% 90.909% 93.321% 517
partial 4.609 3.636 4513 25
entire 1.804 5.455 2.166 12
Total 100.000% 100.000% 100.000%
Total number 499 55 554
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 3.191 2.000 0.203
Sediment odor Other 90% of Upper 10% of Total % Total number
samples samples
none 66.940% 48.649% 65.261% 263
other 2.186 2.703 2.233 9
gasoline 14.481 24.324 15.385 62
sewage 16.393 24.324 17.122 69
Total 100.000% 100.000% 100.000%
Total number 366 37 403
Test statistic Value df Probability that groups are
the same
Pearson Chi-square 5.114 3.000 0.164
Sediment color Other 90% of Upper 10% of Total % Total number
samples samples
light 15.877% 16.216% 15.909% 63
medium 51.811 43.243 51.010 202
dark 32.312 40.541 33.081 131
Total 100.000% 100.000% 100.000%
Total number 359 37 396
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 1.172 2.000 0.557
Sediment texture Other 90% of Upper 10% of Total % Total number
samples samples
clay 13.774% 37.838% 16.000% 64
silt 67.218 45,946 65.250 261
sand 19.008 16.216 18.750 75
Total 100.000% 100.000% 100.000%
Total number 363 37 400
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 14.620 2.000 0.001




Table 6-15 Cross-Tabulations of Manhole Characteris

Observations (cont.)

tics Comparing Extreme Observations with Other

Other 90% of

Upper 10% of

Corrosion present Total % Total number
samples samples
no 94.902% 98.246% 95.238% 540
yes 5.098 1.754 4.762 27
Total 100.000% 100.000% 100.000%
Total number 510 57 567
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 1.264 1.000 0.261
Traffic Other 90% of Upper 10% of Total % Total number
samples samples
light 27.379% 40.000% 28.596% 163
heavy 30.680 20.000 29.649 169
Total 100.000% 100.000% 100.000%
Total number 515 55 570
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 4.725 2.000 0.094
Site topography Other 90% of Upper 10% of Total % Total number
samples samples
flat 57.221% 50.847% 56.601% 343
moderate 40.768 35.593 40.264 244
steep 2.011 13.559 3.135 19
Total 100.000% 100.000% 100.000%
Total number 547 59 606
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 23.389 2.000 0.000
Groundwater
contamination Other 90% of Upper 10% of Total % Total number
potential samples samples
low 42.230% 49.153% 42.904% 260
medium 42.596 42.373 42.574 258
high 15.174 8.475 14.521 88
Total 100.000% 100.000% 100.000%
Total number 547 59 606
Test statistic Value df Probability that groups are
the same
Pearson Chi-square 2.241 2.000 0.326




Table 6-15 Cross-Tabulations of Manhole Characteris

Observations (cont.)

tics Comparing Extreme Observations with Other

Surface water
contamination Other 90% of Upper 10% of Total % Total number
. samples samples
potential
low 32.358% 32.203% 32.343% 196
medium 42.048 49.153 42.739 259
high 25.594 18.644 24.917 151
Total 100.000% 100.000% 100.000%
Total number 547 59 606
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 1.662 2.000 0.436
Road type Other 90% of Upper 10% of Total % Total number
samples samples
asphalt 96.507% 100.000% 96.849% 584
concrete 3.125 0.000 2.819 17
gravel 0.368 0.000 0.332 2
Total 100.000% 100.000% 100.000%
Total number 544 59 603
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 2.128 2.000 0.345
Ladder present Other 90% of Upper 10% of Total % Total number
samples samples
no 38.298% 35.714% 38.045% 218
yes 61.702 64.286 61.955 355
Total 100.000% 100.000% 100.000%
Total number 517 56 573
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 0.143 1.000 0.705
Brick construction Other 90% of Upper 10% of Total % Total number
samples samples
no 93.398% 91.071% 93.170% 532
yes 6.602 8.929 6.830 39
Total 100.000% 100.000% 100.000%
Total number 515 56 571
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 0.430 1.000 0.512




Table 6-15 Cross-Tabulations of Manhole Characteris

Observations (cont.)

tics Comparing Extreme Observations with Other

Cable material in  Other 90% of

Upper 10% of

Total % Total number
manhole samples samples
Cu 76.484% 60.000% 75.000% 375
Pb 0.440 0.000 0.400 2
Pb, Cu 20.000 33.333 21.200 106
no 3.077 6.667 3.400 17
Total 100.000% 100.000% 100.000%
Total number 455 45 500
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 6.667 3.000 0.083
General area type Other 90% of Upper 10% of Total % Total number
samples samples
rural 10.420% 6.780% 10.066% 61
suburban 46.984 52.542 47.525 288
urban 42.596 40.678 42.409 257
Total 100.000% 100.000% 100.000%
Total number 547 59 606
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 1.094 2.000 0.579
Recent rainfall Other 90% of Upper 10% of Total % Total number
samples samples
0.5-2" 47.048% 40.351% 46.392% 270
<0.5" 16.381 19.298 16.667 97
>2" 36.571 40.351 36.942 215
Total 100.000% 100.000% 100.000%
Total number 525 57 582
Test statistic Value df Probability that groups
are the same
Pearson Chi-square 0.958 2.000 0.619




Appendix A:
Designer Research for Experimental Design Selection

DESIGNER RESEARCH is a trademark of The Idea Works, Inc., 100 West Briarwood,
Columbia, Missouri 65203.

Research cases are likely to vary enough in this popnolao that results for individual cases may not be
generalized to the whole population and individual differenoay be an important source of variation in the
analysis

Effects are likely to vary from setting and setting
Effects are likely to vary over time

The number of independent variables (or factors) tmobsidered in this study is 2 to 3

Are there any control variables in this study? yes
The number of control variables to be consideredimdtudy is 3 or more

After considering all of the independent variables andlitions and control variables identified earlier, trere
still remaining one or more additional variables whale likely to influence the dependent variable and lwhic
are not controlled? Yes

Are these other variables which may influence the wmidget variable of interest for the study? yes, theyddr
interest and at least their main effects should be ietin

For the independent variables or factors which infleghe dependent variable are you interested in linézotef
only

For the independent variables in this study are youdsted in all 2-way interactions

For the independent variables or factors in this stodyaye interested in only some of the possible mégutsf

The objective of this study is DESCRIPTIVE ANALYSI8escriptive or interpretive only and there is no
intention of assessing possible causal relationshipmhgmariables (e.g., a qualitative descriptive study, a publi
opinion poll, and so on)

You have indicated there are likely to be four or modependent variables in your study and/or three or more
control variables. This can make quite a complex studyldMgu rather proceed under these assumptions and
consider a possibly complex study design

You have indicated there are additional variables whiely influence the dependent variable and these variables
are of interest to you. If so, these variables shputthably also be included among your independent variadles f
this study. Do you want to choose to not include thdsg@ianal independent variables in this study

You would like advice regarding all of the above

1 Background information has been determined

2 Fundamental design constraints have been identified
3 Complex designs have been evaluated
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4 Timing strategies have been considered
5 Field vs lab studies have been considered

6 Statistical conclusion validity information has beétained

7 External validity information has been obtained
8 Construct validity information has been obtained

9 Strategies for providing appropriate comparisons have dwesidered

10 Assignment strategies have been considered

11 monitoring and control strategies have been considered

12 The report has been initialized

Efficient Designs

Recommended Strategies

Desirability Feasibility
factorial design 0.65 1.00
two-level factorial design (two categories each ind var 0.88 1.00
fractional factorial design 0.69 1.00
Plackett-Burman design 0.87 1.00
repeated measures to remove inc. differences variation 0.90 0.95
incomplete block design 0.81 0.53
Strategies Not Recommended

Desirability Feasibility
single factor design 0.03 1.00
three-level factorial design (3 categories per ind var) 220. 0.90
full-factorial design 0.50 1.00
response surface design 0.90 0.40
evolutionary operation design 0.90 0.10
central composite design 0.63 0.13
Box-Behnken design 0.56 0.40
blocking to control extraneous variables 0.63 1.00
Latin-Square design 0.29 0.80
Graeco-Latin Square or hyper-Graeco Latin Square design 0.51 0.80
crossover design 0.53 1.00
nested design 0.17 0.00
completely randomized design 0.20 0.05

Two-Level Fractional Factorial Design (feasibility: 1.00 and desirability: 0.88)

If, as is often the case, high-order interactions ratatively rare, then when many factors are comsitlethe
full-factorial design is inefficient, using more cellsah required to estimate main effects and lower-order
interactions. Two-level fractional factorial desigarg of the form:

HP

where k is the number of factors, p is the fractiaiatj element of the design (e.g., when p is 3 this isBa 1/
fractional factorial), and k-p gives the power for themmer of levels. % gives the number of treatment
combinations or cells in the design. Knowing the numdfefactors, k and the maximum number of treatment
conditions which can be afforded, lets one solve fdi/®.indicates the fraction of the whole factorial evghen p

is 3 this is a 1/8 fractional factorial. Generallyractional design should include at least treatment coatians.

A fractional design should be used when runs are relatexgdensive or the study is a screening experiment, the
study is not going to be used to estimate variance, giekhorder interactions are insignificant.
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References:

Barker, 1985: Chpt. 4
John, 1971: Chpt 7
Montgomery, 1976: Chpt. 8

Feasibility:

Match with objectives Optimal Reported
you are interested in linear effects only 10 10
Desirability:

Match with objectives Optimal Reported
the desirability of a factorial study 1 0.7
you are interested in linear effects only 10 10
the study is an exploratory one 10 10

Fractional Factorial Design (feasbility: 1.00 and desirability: 0.69)

A full factorial design is one considering all possiblEmbinations of treatments. In contrast, a
fractional factorial design is one in which cases sttedied for only some of the possible cells. Because
fractional factorial designs don’t consider all possii#és in the full factorial design, they are morecaght
than a full design. However, fractional designs arepabe of estimating some kinds of effects (such as
higher-order interaction terms). There are many diffetypes of fractional factorial designs and the peecis
form needs to be selected carefully to assure a degigbleaof examining effects likely to be important.

References:

Barker, 1985: Chpts. 5, 7
John, 1971: Chpts. 8,9

Feasibility:

Match with objectives Optimal Reported

A fractional factorial design should
generally be feasible.
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Desirability:

Match with objectives Optimal Reported
the efficiency of the study is important 8 9

you are interested in all interactions including 0 0

2-way and higher

there are four or more independent var. in this 10 0

study

cases are expensive and cost must be considered 10 90
the study is an exploratory one 10 10
independent variables have three or more 10 9
categories

independent variables have five or more 10 9
categories

Plackett-Burman Design (feasibility: 1.00 and desirability: 0.87)

A Plackett-Burman design is one which permits estimatioorthogonal main effects only. It assumes
all two-level and higher-order interactions are notspné. The design is a two-level fractional factorial
design. It consists of a series of orthogonal (unréjadaturated (designs in which each cell is represented)
resolution Il (designs which can estimate main effertly) designs for N-1 factors in N

References:

Plackett and Burman, 1946
John, 1971
Montgomery, 1976: 256-258

Feasibility:

Match with objectives Optimal Reported
feasibility of treating independent variables 1 1

as dichotomous

Desirability:

Match with objectives Optimal Reported
desirability of treating independent variables as 1 1
dichotomous

desirability of a fractional factorial design 1 1

all main effects are of interest 0 0

the efficiency of the study is important 8 9

Repeated Measures To Remove Individual Difference Variation (feasbility: 0.95 and
desirability: 0.90)

A repeated measures design is one which uses subjebtsiraswn controls. In this design, each subject
appears in two or more cells. The primary advantageeofépeated measures design is that it makes it possible t
control for individual differences, making it more effini than completely randomized or treatment x blocks
designs. This design is particulangeful when there are only a limited number of subjectsthey aravailable
for long periods of time or when the objective isxamine performance trends over time.
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References:

Myers, 1979: Chpt. 7

Sheskin, 1984: 186-8

Mitchell & Jolley, 1988: 235-42

Feasibility:

Match with objectives

Optimal

Reported

few cases relative to the number of cells are
available

10

9

cases are available for lots of time allowing
repeated measures

10

10

Desirability:

Match with objectives

Optimal

Reported

you want to examine effects which take place over
time

10

9

carryover effects are likely to be a problem

cases are likely to have large or important
differences

10

10

the efficiency of the study is important

Incomplete Block Design (feasibility: 0.53 and desirability: 0.81)

An incomplete block design is one in which not all c@te represented in the data. This is done in an
effort to increase the efficiency of the study or wheis not possible to run all treatment combinagioff
designed carefully to balance effects, the main effacid lower-order interactions of interest can stél b
estimated even though far fewer cases are used. Whamcbak not entirely possible, partially balanced design

may be used instead.

A Youdon Square is one example of an incomplete Latin sqonandich the number of columns does
not equal the number of rows and treatments. A Youden sduarLatin square from which at least one column
(or row or diagonal) is missing. It is a symmetricavaded incomplete design. A Lattice design is an incomplete
block design with k treatment combinations a partially balanced lattiaa be used to reduce the size of the

design.
References:

Barker, 1985: 77.177
Montgomery, 1976: Chpt. 5, pp 99-118

Feasibility:

Match with objectives Optimal Reported
independent vars (factors) have same number 0 8

of categories

cases available for lots of time allowing 5 10
repeated measures

few cases relative to the number of treatment 10 9

cells
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Desirability:

Match with objectives Optimal Reported
desirability of a blocking design 1 0.6

the efficiency of the study is important 10 9
additional cases are expensive and cost must be 10 9
considered

Timing Strategies

Recommended Strategies Desirability Feasibility
Cross-sectional design 0.69 0.93
case control study 0.78 0.57
overtime (longitudinal) study 0.90 0.65
Strategies Not Recommended Desirability Feasibility
Pre- and post-test longitudinal panel study 0.22 0.00
assure an appropriate length of time passes between | 0.00 0.90
observations

time-series design 0.58 0.00
interrupted time-series design 0.22 0.00
washout period between treatments for same subject 0.40 0.90
prospective study 0.30 0.00
retrospective study 0.65 0.40

Cross-Sectional Design (One Time Only) (feasibility: 0.93 and desirability: 0.69)

A cross-sectional design is one which takes place fost itents and purposes at one point in time.
Actually, every test requires some time to take placesd long as there is no significant interventiotreatment
which takes place during the study then it can be regardadcesss-sectional study. Biggest problem is causal
ambiguity, inconsistent with other timing strategiesoss-sectional design by itself addresses no altemativ
explanations. However, in conjunction with comparisérother groups and other strategies such as statistical
control it can solve many problems. It does not causblems so much as it fails to resolve them.

References:

Mitchell & Jolley, 1988:253
Blalock, 1964

Feasibility:

Match with objectives Optimal Reported

you are able to measure the factors in this 10 8
study

you are able to measure the control variables 10 9
in this study

confidence you have access to field setting 10 10
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for your study

confidence you have access to subjects for the 10 10
field study

Desirability:

Match with objectives Optimal Reported

objective of study is to examine causal relationships 0 0

desire to examine effects which take place over 0 9
time

Threats to validity reduced or eliminated by this strate

Severity

testing 0
instrumentation 10
regression to the mean 10
Threats to validity which may be increased

Severity
ambiguity of causal direction 0
Other strategies inconsistent with this strategy

Desirability
pre- and post-test 0.22
study which takes place over time (longitudinal) 0.90
time series design 0.58
interrupted time series design 0.22
crossover design 0.53

Case-Control Study (feasibility: 0.57 and desirability: 0.78)

In case-control studies, cases having an outcome aam@ite compared to a control group of cases not
having the condition. The objective is to identify eiffnces between these otherwise comparable groups
which might account for whether the outcome occurseastrol studies are retrospective studies which use
matching to control for variables. They have altle# advantages and problems of matching, however, they
do less well than matching due to their retrospectivaadter. Generally, prospective matching would be
preferred over case control studies.

References:
Fletcher, Fletcher, and Wagner (1982)
Feasibility:

Match with objectives Optimal Reported

feasibility of matching cases in the different 1 0.73
groups

feasibility of conducting a retrospective study 1 0.40
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Desirability:

Match with objectives Optimal Reported
desirability of a retrospective design 1 0.65
extent to which one or more conditions are rare 10 9
occurrences

Other strategies inconsistent with this strategy

Desirability
cross-sectional design 0.69
pre- and post-test design 0.22
prospective design 0.30
time series design 0.58
interrupted time series design 0.22
randomization 0.67
matching 0.71
pseudo-randomization 0.59

Examine Effects Which Take Place Over Time (feasibility: 0.65 and desirability: 0.90)

This is not a design per se, but a broad class of desigpgamining effects which take place over time.
If this class of designs is recommended, then we musteiunarrow the design to a more specific varianhisf t
class.
References:

Mitchell & Jolley, 1988:253-4

Feasibility:

Match with objectives Optimal Reported
time required for effects of variables to occur not 10 9

too long

feasibility of a prospective design 1 0
feasibility of a retrospective design 1 0.40
Desirability:

Match with objectives Optimal Reported
objective is to examine causal relationships 10 0
ambiguity about direction of causal influences 10 0
you want to examine effects which take place over 10 9

time
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Other strategies inconsistent with this strategy

Desirability

cross-sectional design

0.69

A Laboratory Versus Field Studies

Recommended Strategies

Desirability Feasibility
Conduct research in the field 1.00 1.00
Strategies Not Recommended

Desirability Feasibility
Use observation to collect data (not direct maniputdtio 1.00 1.00
Conduct an experiment (use some form of manipulation 0.00 0.00
Conduct study in a laboratory 1.00 0.00
Take advantage of natural experiments 0.00 0.00
The researcher should do the manipulation him(her)self| 50 0. 0.00

CONDUCT RESEARCH IN THE FIELD
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Appendix B:

Analytical Procedures for Evaluating Water and Sediment foundn
Telecommunication Manholes

EPA APPROVED, OR OTHER VALIDATED STANDARD METHODS

Table B-1 lists the standard and modified analytical o@threcommended for the manhole water samples. Our
laboratory has found that many of the standard procedhmesd be modified to more effectively analyze samples
having large amounts of suspended solids and to minimizeethgred sample volume needed. Reducing the
sample volumes (especially for the organic analyses)sjnificantly reduces the volumes of hazardous latiyrat
wastes generated. Modifications to the standard methedteacribed in later discussions.

The sediment samples were analyzed using similar approstohds. The heavy metal analyses required complete
digestion, while the organic analyses required accetesmigent extractions.

NON-STANDARD OR MODIFIED METHODS

The following paragraphs briefly describe modificatiom$nte above standard analytical procedures that we have
found to be advantageous for many environmental sant@éstay have substantial amounts of suspended solids
and oily wastes, as expected for many manhole watgoleam

EPA method 300 is modified as follows:
For anions:

Summary of Method
Samples are filtered through C18 and cation exchange colpinungo analysis to remove interferences

For cations:

Scope and Application

This method covers the determination of the followimgrganic cations: lithium, sodium, potassium, calcium,
ammonium, magnesium,

Summary of Method
Samples are filtered through C18 and anion exchange colunonsganalysis to remove interferences

Equipment and Supplies
Cation analytical column utilized is a Dionex Cationhetge column




Table B-1 Table of Standard and Modified Methods Recommended for Manhole Water Samples

Parameter Method

Physical Analyses

Conductance, Specific Conductance EPA 120.1

Hardness, Total (mg/L as Cag)QTitrimetric EDTA EPA 130.2

Particle size analysis Coulter Counter
Multisizer lie

pH, Electrometric EPA 150.1

Residue, non-filterable, gravimetric, dried at 103105 EPA 160.2

Residue, volatile, gravimetric, ignition at 58D EPA 160.4

Turbidity, nephelometric EPA 180.1

Inorganic Analyses

Chromium EPA 200.9

Copper EPA 200.9

Lead EPA 200.9

Zinc EPA 200.9

Nitrate EPA 300.0

Phosphate EPA 300.0

Ammonium EPA 300.0 modified

Potassium EPA 300.0 modified

Organic Analyses

Chemical Oxygen Demand, colorimetric

EPA 410.4

Chlordane-alpha

EPA 608 modified

Chlordane-gamma

EPA 608 modified

HCH-gamma (Lindane)

EPA 608 modified

Anthracene EPA 625 modified
Benzo(a)anthracene EPA 625 modified
Benzo(b)fluoranthene EPA 625 modified
Benzo(g,h,l)perylene EPA 625 modified
Benzo(Kk)fluoranthene EPA 625 modified
Benzo(a)pyrene EPA 625 modified
Chrysene EPA 625 modified

1,3-Dichlorobenzene

EPA 625 modified

1,4-Dichlorobenzene

EPA 625 modified

2,4-Dichlorophenol

EPA 625 modified

Fluoranthene

EPA 625 modified

Pentachlorophenol

EPA 625 modified

Phenanthrene EPA 625 modified
Phenol EPA 625 modified
Pyrene EPA 625 modified

Toxicity Analyses

Microtox® Analysis

full-strength screen




EPA method 608 and 625 are modified as follows;

Sample Extraction

» Samples are extracted using a separatory funnel technfceraulsions prevent achieving acceptable solvent
recovery with separatory funnel extraction, continuodsaetion is used. The separatory funnel extraction sehem
described below assumes a sample volume of 250 mL. Pribe textraction, all glassware is oven baked af 300
C.

» A sample volume of 250 mL is collected in a 400 mL beakedrmoured into a 500 mL separation funnel. For
every twelve samples extracted, an additional four sanapéegxtracted for quality control and quality assurance.
These include three 250 mL composite samples made of eqoahtsrof the twelve samples and one 250 mL
sample of reverse osmosis water. Standard solution @uglitionsisting of 2L of 1000 pg/mL base/neutral
spiking solution, 25uL of 1000ug/mL base/neutral surrogates, 1150f 2000ug/mL acid spiking solution , and
12.5puL of 2000ug/mL acid surrogates are made to the separation funnel®alf the three composite samples
and mixed well. Sample pH is measured with wide range pH paygeadjusted to pH > 11 with sodium hydroxide
solution.

* A 10 mL volume of methylene chloride is added to the s#par funnel and sealed by capping. The separatory
funnel is gently shaken by hand for 15 sec. And venterklease pressure. The cap is removed from the
separatory funnel and replaced with a vented snorkel stopperseparatory funnel is then placed on a mechanical
shaker and shaken for 2 min. After returning the separétanel to its stand and replacing the snorkel stopper
with cap, the organic layer is allowed to separate flloenwater phase for a minimum of 10 minutes, longen if a
emulsion develops. The extract and any emulsion prestrgriscollected into a 125 mL Erlenmeyer flask.

* A second 10 mL volume of methylene chloride is added e¢os#dparatory funnel and the extraction method is
repeated, combining the extract with the previous inEHenmeyer flask. For persistent emulsions, those with
emulsion interface between layers more than one-thie volume of the solvent layer, the extract includimg
emulsion is poured into a 50 mL centrifuge vial, capped, @ntrituged at 2000 rpm for 2 min. to break the
emulsion. Water phase separated by the centrifuge ectadl from the vial and returned to the separatory funnel
using a disposable pipette. The centrifuge vial with theaekis recapped before performing the extraction of the
acid portion.

» The pH of the remaining sample in the separatory fuisnatijusted to pH < 2 using sulfuric acid. The acidified
aqueous phase is serially extracted two times with 10 mauats of methylene chloride as done in the previous
base/neutral extraction procedure. Extract and any emslar@nagain collected in the 125 mL Erlenmeyer flask..

» The base/neutral extract is poured from the centrifuglelvough a drying column of at least 10 cm of anhydrous
sodium sulfate and is collected in a 50 mL beaker. ThenEger flask is rinsed with 5 mL of methylene chloride
which is then used to rinse the centrifuge vial and tfenrinsing the drying column and completing the
guantitative transfer.

» The base/neutral extract is transferred into 50 mL emination vials and is placed in an automatic
vacuum/centrifuge concentrator (Vacuum concentratiarsésl in place of the Kuderna-Danish method). Extract
is concentrated to approximately 0.5 mL.

» The acid extract collected in the 125 mL Erlenmeyekflaplaced in the 50 mL centrifuge vial. Again, if
persistent emulsions persist, the extract is centrifug28@0 rpm for 2 min. Water is drawn from the extract and
discarded. Extract is poured through the 10 cm anhydrous sodifate girlying column and collected in the 50
mL beaker as before. The Erlenmeyer flask is thesedmwith 5 mL of methylene chloride which is then poured
into the centrifuge vial and finally through the dryinducon.



» The acid extract is then poured into the 50 mL conceotratal combining it with the evaporated base/neutral
extract. The combined extract is then concentrategpooaimately 0.5 mL in the automatic vacuum/centrifuge
concentrator.

» Using a disposable pipette, extract is transferred taduated Kuderna-Danish concentrator. Approximately 1.5
mL of methylene chloride is placed in the concentrati@l for rinsing. This rinse solvent is then useddtijust

the volume of extract to 2.0 mL. Extract is then poured mtabeled Teflon-sealed screw-cap vial and freezer
stored until analysis.

Notes for method 608:

Under the alkaline conditions of the extraction stefgHC, y-BHC, endosulfan | and Il, and endrin are subject to
decomposition.

Florisil cleanup is not utilized unless sample matrix meaxcessive background interference.

INTERNAL QC CHECKS

Several quality control activities occur as specifiedtandard methods, however, standard methods for EPA 625
do not list several QC parameters. These parametefisiwd in Table B.2.

Calculation of data quality indicators

Precision

precision, when calculated from duplicate measurements:

C, -C,)x100%
(C.-C,)

(c, + Cz%

RPD = relative percent difference

RPD =

C, = larger of the two observed values

C, = smaller of the two observed values

if calculated from three or more replicates, useiva@atandard deviation (RSD) rather than RPD:

R = [%} x100%

RSD = relative standard deviation
s = standard deviation

y = mean of replicate analyses



Accuracy

For measurements where matrix spikes are used:

%R:100%><(SC_U)

%R = percent recovery

S = measured concentration in spiked aliquot

U = measured concentration in unspiked aliquot

C.a= actual concentration of spike added

For situations where a standard reference matsrial) (s used instead of or in addition to a matrikespi
%R =100%x (é‘:ﬂ}
%R = percent recovery

Cm = measured concentration of srm

Csm = actual concentration of srm

Method Detection Limit

MDL:t( XS

n-1,1-a=099
MDL = method detection limit

s = standard deviation of replicate analyses
t x s = Student’s t-value appropriate to a 99% confidence &wtla standard deviation estimate
with n-1 degrees of freedom

n-1,1-a=0.99



Table B-2 Internal QC Checks

Tuning
* Requirement 50 ng DFTPP
» Frequency per extraction batch
« Criteria per method
Surrogates
Phenol-d5

2-Fluorophenol

2,4,6-Tribromophenol

Nitrobenzene-d5

2-Fluorobiphenyl

p-Terphenyl

2-Chlorophenol-d4

1,2-Dichlorobenzene-d4

Internal Standards

1,4-Dichlorobenzene-d4

Naphthalene-d8

Acenaphthene-d10

Phenanthrene-d10

Chrysene-d12

Perylene-d12

Spike

Matrix Spike

* Frequency

5% samples or greater

» Concentration

1 - 5x sample level for

QA monitoring

(25-50pg/L)

* Criteria

Method % rec. limits

Duplicate

Matrix spike duplicate

* Frequency

5% samples or 1 per extraction batch (16)

* Criteria

Method % recovery and RPD




Table B-2 Internal QC Checks (Continued)

Sample Analysis

 Qualitative ID

RRT within +/-0.06 RRT

units of standard RRT

lons >10% in std. Present

in sample within +/-20% of

ion abundance in std.

* |S Area

-50 to +100% of cal. Area

* ISRRT

+/- 30 sec of Cal. RT

 Surrogate Criteria

Method % rec. limits

» Quantitative

Within calibration range

QC Check Sample

Performance Evaluation

* Frequency Each study

« Criteria EPA QC limits
Surrogate Recoveries
Nitrobenzene-d5 34-114%
2-Fluorobiphenyl 43 -116 %
p-Terphenyl-d14 33-141%
Phenol-d6 10-110 %
2-Fluorophenol 21-110%
2,4,6-Tribromophenol 10-123 %
1,2-Dichlorobenzene-d4 16 - 110 %
2-Chlorophenol-d4 33-110%

Summary of Quantitative QA Objectives for Characterizing Teleommunication Manhole
Water and Sediment Samples

As noted, the QA objectives for the method detectiont (MDL) and precision (RPD) for the compounds of
interest are a function of the anticipated median aunagons in the manholes. The MDL objectives a&3mf
the median value for sample sets having typical conggaoitr variations (COV values ranging from 0.5 to 1.25).
The precision goal is estimated to be in the range 0fo1000% (Relative Percent Difference of duplicate
analyses), depending on the sample variability.

Table B-3 lists the critical constituents, the expeateetiian concentrations in the manhole samples, and the
associated MDL and RPD goals for this research. TRfleds a summary of the laboratory capabilities farsth
analyses.



Table B-3 Summary of Quantitative QA Objectives (MDL and RPD)

Required for Manhole Water Sample

Analyses
Potential Problem Units Expected | Expected Estimated Estimated
Constituent cov Median Conc. | MDL RPD
category
pH pH units low 7.5 must be <0.3 unit
readable to
within 0.3 unit
specific conductance pmhos/cm low 100 80 <10%
hardness mg/L as low 50 40 <10%
CaCQ
Turbidity NTU low 5 4 <10%
TOC/VOC/VSS mg/L medium 50 12 <30%
suspended solids mg/L medium 50 12 <30%
Particle size size medium 30pum 7um <30%
distribution

ammonia mg/L low 1 0.8 <10%
nitrates mg/L low 5 4 <10%
phosphate mg/L low 0.2 0.16 <10%
detergents mg/L medium 0.1 0.06 <30%
potassium mg/L low 2 15 <10%
Microtox” toxicity I, or EG, medium |, of 25% L, of 6% <30%
screening
chromium pg/L medium 40 9 <30%
copper pg/L medium 25 6 <30%
lead pg/L medium 30 7 <30%
zinc pg/L medium 50 12 <30%
1,3-dichlorobenzene pg/L medium 10 2 <30%
benzo(a) anthracene pg/L medium 30 8 <30%
fluoranthene pg/L medium 15 3 <30%
pentachlorophenol pg/L medium 10 2 <30%
phenanthrene pg/L medium 10 2 <30%
pyrene pg/L medium 20 5 <30%
Lindane pg/L medium 1 0.2 <30%
Chlordane po/L medium 1 0.2 <30%
' COV value Multiplier for MDL : RDL Objective

<0.5 (low) 0.8 <10%

(5) to 1.25 (medium) 0.23 <30%

>1.25 (high) 0.12 <50%




Table B-4 Typical Laboratory Quality Assurance Cap

abilities

Parameter Accuracy Precision Detection
Limit
Physical Analyses
Conductance, Specific Conductance <5% error <10 % us/ent
Hardness, Total (mg/L as CaQQTitrimetric EDTA < 10% error <10% 25 mg/L
Particle size analysis 1 micron error <5% 1 micron
pH, Electrometric < 0.3 units error] < 0.3 units NA
Residue, non-filterable, gravimetric, dried at 103105 <5% error <10% 10 mg/L
Residue, volatile, gravimetric, ignition at 58D <5% error <10 % 10 mg/L
Turbidity, nephelometric <10 % error <10% 3 NTU
Inorganic Analyses
Chromium <5 % error <5% lig/L
Copper <10 % error <10 % fig/L
Lead <10 % error <10% Bg/L
Zinc <10 % error <10% Ag/L
Nitrate <25 % error <5% 1.0 mg/L
Phosphate < 25 % error <5% 1.0 mg/L
Ammonium <25 % error <5% 1.0 mg/L
Potassium <25 % error <5% 0.25 mg/L
Organic Analyses
Chemical Oxygen Demand, colorimetric <5 % error <5% 4.5 mg/L
Chlordane-alpha 45-120 % <25% 0.056g/L
Chlordane-gamma 45-120 % <25% 0.056g/L
HCH-gamma (Lindane) 32-127 % <25% 0.016g/L
Anthracene 27-133 % <25% 1.9g/L
Benzo(a)anthracene 33-143 % <25% 7.8g/L
Benzo(b)fluoranthene 24-159 % <25% 4.8g/L
Benzo(g,h,l)perylene D-219 % <25% 4.1ug/L
Benzo(k)fluoranthene 11-162 % <25% 2.Ag/L
Benzo(a)pyrene 17-163 % <25% 2.A/g/L
Chrysene 17-168 <25% 2.hg/L
1,3-Dichlorobenzene D-172 % <25% 1.99/L
1,4-Dichlorobenzene 20-124 % <25% 4.4g/L
2,4-Dichlorophenol 39-135 % <25% 2.[g/L
Fluoranthene 26-137 % <25% 2.Ag/L
Pentachlorophenol 14-176 % <25% 3.6g/L
Phenanthrene 54-120 % <25% 5.4g/L
Phenol 5-112 % <25% 1.hg/L
Pyrene 52-115 % <25% 1.Ag/L
Toxicity Analyses
Microtox® Analysis <10% <10% J of 5%

taccuracy = percent recovery, unless otherwise noted.




Appendix C:

Tabular Quality Data for Water and Sediment Samples Collectedrom
Telecommunication Manholes



Appendix D:

Summary Plots of the Quality Data for Water and Sediment Sanips Collected
from Telecommunication Manholes



Appendix E:
Plots for Correlation Analyses and Modeling Building and \érification
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