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i RBSTRACT

© ™At a 0.1 mgd well contaminated with several volatile organic compounds (vocs),

principally trichloroethylene (TCE), several in-well aeration schemes were evaluated
4s control technologtes. The well was logged by the USGS to define possible zones
of VOC entry. A straddle packer and pump apparatus were utilized to isolate those
zones and define their yield and level of VOC concentration. The technical litera-
ture together with this knowledge of the well were used to design an air lift punmp.
Operation of the air 1ift pump confirmed literature prediction of its low wire-to-
water efficiency. Removal of ICE did not exceed 65 percent. Mass transfer occurred
in the punp's eductor. Air lift pumping coupled with in-well diffused aeration
increased TCE removal to 78 percent. When in~well diffused aeration was used with
an electric submersible pump, TCE removal averaged 83 percent. In the latter two
schemes, mass transfer occurred utilizing the vell as a countercurrent stripper.
These technologies are limited by the volume of air that can he transferred to the
"well (air-to-water ratios below 12:1) and the cost of compressing air under high
head. Thus, these technologies are not cost-effective compared to packed tower

. aeration. They ave, however, quickly put on-line, easv to operate, and can serve
as good short-term remedies while ahove~ground -technologies are under design and
construction. -
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" 'FOREWORD -~

) . .~ The U.S. Environmental Protectlon Agency is charged by Congress with
., < 27 .. -protecting the Natlon's land, alr and water systems. Under a mandate of
; . ° natlonal envirommental laws, the zgency strives to formulate and.
- . Implement .actions leading to a cowpatlible balance between human
“actlvities and the abllity of natural systems to support and rurture
“‘1ife. The Clean Water Act, the Safe Drinking Water Act, and the Toxlcs
Substances Control Act are three of the major congresslional laws that
provide the framework for restoring and maintaining the integrity of our
Nation's water, for preserving and enhancing the water we drink, and for
"~ protecting the envirormment from toxic substances. These laws direct the
" EPA to perform research to define our. envlronmenta] problens, neasure the B
Impacts, and search for solutlors.
- The Water Englineerling Research Laboratory !s that component of EPA'
. Research -and Developnent program concerned with preventing, treating, and
managing municlpal and industrial wastewater dlscharges; establishing
"practices to control and remove contaminants from drinking water and to
prevent Its deterloratlon during storage and distribution; and assessing
the nature and controllability of releases of toxlc substances to the
alr, water, and land from manufacturlng processes and subsequent product
uses. This publlication Is one of the products of that research and
‘provides a vital cannunlcatlon 1ink between the researcher and the user
community.
" Under the Safe Drinking Water Act, the EPA will Tregulate
trichloroethylene, vinyl chioride, cls-1,2-dichloroethylene and. other
. .. volatlle organic contaminants found in the natlon's groundwater. While
E T "the EPA has stipulated that granular activated carbon adsoprtion and
' ' " packed tower aerators are 'best avallable technologles' for control of
these contaminants In drinking vater, other technologles may be used.
This publication reports on an evaluation of In—well aeration
“technologies. Alr 11ft pumping with and without In-well ~diffused
aeratlon, and In—-well diffused aeration coupled with electric submerslible
purping were evatuated. These technologles were not as cosi-effective as
packed tower aeration for long-term control of these contamlnants. They
will, however, provide short-term control at low caplital cost while above
ground, long-term technologies are under design and construction. -
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| ABSTRACT 7
~ Several In-well aeration  schemes were evaluated as control
technologies at a 0.1 mgd well contaminated wlith several. organic

- . chemlcals (VOCs), principally trichloroethylene (TCE). The well was
. ‘ logged by the U.5.G.S. to define possible zones of VOC entry. A straddie

packer and pump apparatus were utllized to Isolate thosa zones and define

purp. Operatlon of the alr 1ift pump confirmmed the 1lterature prediction

. of its low wire-to-water efficlency. Removal of TCY did not exceed 65
" . percent. Mass transfer occurred In the pump's eductor. Air li1ft pumping
" coupled with In-well diffused aeration Increased TCE removal to 78

percent. Vhen In-well dIffused aeration was used with an electric
submersible pump, TCE removal averaged 83 percent. In the latter two
schemes; mass transfer occurred ut.l]!zlng the wen as a countercurrent.
stripper,

Off-gases of the In-well aerar.lon process were tested and It was
determined that, depending on the raw water chemical concentration, alr
poliution discharge permits may be required to operate an In-well
aeratlion treatment system. Dissolved oxygen and pH both Increased with
In-vell aeration which may have distribution system corroslon
Implicatlions. Bacter:iologlcal testing was Inconclusive.

These technologies are limited by the volume of alr that can be
transferred to the well (alr-to-water ratlos below 12:1) and the cost of
campressing alr under high head. Thus, these technologlies are not
cost-effectlve compared to packed tower aeration.. They are, however,
qulckly put on-line, easy to operate, and can serve as good short-term
remedies while above-ground technologies are under design and
construction. : ’ :
_ This report was submitted In fulfillment of cooperative agreement
nurber CR-809758 by the North Penn Water Authority under the partial

. sponsorship of the U.S. Envirormental! Protection Agency. This report
" covers: a period from February 1952 to February 1986. Fileld work was

completed as of March 1985,
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-thelr yleld and level of VOC concentration. The te:hnlcal llterature g
- together with this knowledge of the well were used to Jesign an air lift

oGRS ITAN

8
- %
A
,,\
3

3
v 3
"t
B




B e s aiatt o
e T v

v
L
3
12

IO é? Sl e e e = e e e £ et e RS e 1 e s T

- Foreword ..l...............f.....l......;.................i........
" Abstract’ .......L...............................................;..
Flgures R L L D P L L TR T TR P EPF RPN

B 11~ 1 =Y

" Abbreviations .......................................;;............‘

Acknowledgnent tetsasessueuescarsetssssiesossisesiasstasenascsrnian
' Introductlon
L CONCIUSIONS | soveecesencosennesanscsncesosssssansosasasses
~ Recommendat ions ..........................;.............;.
-In-Well Aeration T L R TR R R P
Well Characterizatlion ..ceeseececscenessssssaacssacosossoss
CExperlmental Design ..ccceereceerssssarssocscsancsacassssnee
Preliminary Footpiece Investigations ceveeccsesecsnsrsnsae
Air LIft Pump Testing WIthout a Sparger .......veveseoesss
g. Alr Lift Punp Testing WIth a Sparger .s.cvececeecscssascens
10. Electric PUmp TestiNg ceveivececsseccansascsccsssssccssssas
11. Secondary Effects of In-Well Aeratlon c.ccecececcecescsnans
" 12, Cost EstImales ..ccveevcrocrceoscrssvasnssnsscvonscascsonss

.
*

\nou\h-:?intéo-'-,
:

e ]
.

References S s cesssnsasassnsanstassrensesonsacassassasaansessaren

Appendlces

A. Summary oF Equations Used ................;.....;.........
B. Gas Chromatographic Conditions and Quality Control ’
Program ..cieeeeencennonccnns

Tcece8ossceovoseccsoconrass s

....0.‘.0.0.'...;-o‘oc.-O‘..o.-.....oc."'bct.' i

lv
vi

Ix.
._.".x 7.
A,xl'

101
103 |
106

108

.

o g

B e oo

7y

PR AR

e i al

e e
R SR

L b A b Y

&

ket

'

N

RdtA

&

P AR R S




.
)
T
B
7.
[

10

1

13
14

15

T 16

7

PR B T wrde e LT L alleal

 FIGURES

- v

. Dlagran oF Alr Llft Pxnp Operdthn cessscesacessiaees 10

‘Dlagram of well loggling’ system used durlng

characterlzatlon of well L-8 .......................' ifw
Profiles produced by u. S G.S. well logglng T :'. '- -
at well L-8 ...ieieiniiieieieneienncnensesioncacanns 19*
‘Stradd]e Packer System used to characterlze '
Well L=8 coiieieiiariiieenieieiisicvnnnrecnncsaneses = 217
Squace_subportlsysiem for Straddle Packer cereeaeee 2?1.:1 C
voC cénceﬁtrations of lIsolated zones &urlng - B .
packer £esStING .eecevscvcacecocsssons ceseseitensenns 25
DIStribution of total VOCS 1n well Lo8 weeenevnsnnss 26
Well L-8 water leve] dr awdown durlng puplng test ... 29v
.IWell L-8 VOC concentrations during punplng test ceees 30
&MMUcwaHddWwwam?wam ..... u“;. 33
Dlagran of air 1ift punp and sparger footpieceS ceees : '36
Matrix of_depth'settlngs for éir 1ift ﬁunp and. | |
- sparger_.f...........;ﬂ..,...................f,....iA 37
Exaﬁble'oflfleld'data collectlon‘sﬁeet .......;..;;.. 39
.Drawlng'of v-rotch welr box DU ¥ S
i Dlagram of footpieée testing equipment ...;....;....;‘ 43

" Operating alr pressure and cost for alr 1ift pump
~ footplece tesis ...ivieeieeiievaene, S L6

Alr lffn pumplng efficiency for footplece tests ...... 47'

vl

-—



. _'_18:':'_'. -

20

T
P
26 .

27

28
29
30

31

32

33 -

34

'Révbvail ‘of major cont.amlnant.s during alr Hft purp

P NS SRS

footplece tesr.s cececrrtdecctittatctneiieranaaeaits
' Renoval of minor cont.am!nanr.s durlng'_alr llft. p(np !
footplece tests .... -1
Alr Hft purp gpm loss wlt.h sparglng ceeetstensenaes 53
Cost. for alr 1ift ourp and sparger corrb!nar.lon o
footplece tests tecetescseeioceccasssaresercsrocans 55
4 Removal of-‘ major contamlnants durlng sparger and C
air 1ift pump footplece tests cocceecenccncansacnas 56
" Removal of minor contamlnants during sparger and BRI
- alr Hft pum foot.plece test.s sececescsecsnsaancans 57
) Alr 11ft pump submergence, pressure and efflclency
. at three dept.hs in well L 8 tecensocesesioscstacces 63
: Theoret,lcal vs. NPWA alr llft. pum efﬂclency data.. 4___6‘+
‘Cost to compress alr f'or alr 11ft punp tests at ' ) o
three depPths tiveecersersescoscccocconsscsnccsoones 65
VOC removals for alrlift. purp testlng ceccccasssans 68
Raw water VOC concent.rat.lon ‘at well L-8 durlng .
alr 11ft pump testing v..vveveececcoccccacsoonanase 69
Pumping efficlency of the alr_' Hf't. pump M’!”e : .
sparging R R L R T AR T T TR PR 74
Water Flow rates of alr HFt. pumnp and spa'rger
LeSLS L.eieunnnntttteiiiiisretestecsctioctionnennns 75
Cost to compress alr for ailr 11ft puvwp and sparger i
B - 2 77
VOC removal for alr 1ift pump at 130 ft while .'
~ sparging L R L LR T PP PP PP PP PP 79
VOC removal for alr 1ift purp at 200 ft while R
sparging D R R LT 80
- ¥OC rermoval for alr 1ift pump at 280 ft while :
sparging R L L L L P PP PP PP PP RIET 81"
vil
e e el e s e e U e, el T et D

B i

LA ROV LRNSS PRI

3 wale,

RO

[

Parieie B

e bons

ERP VS

- T

revar

LR

BESRITTVEPEEY: S SN




TR

iy - Ty

oy ay ymor

,.,.

>

C e emme g e e e g

O R Rt

o eer ppe

VOC removal varlatlon over tlne wlth electrlc punp

e, £

voc removal by electrlc punp wlth sparger at three

depths Ceteeasieceiectttececissstenciensassiasenins

L .,_"-'/.

and sparger ceessecsscnas

,-cooo.--nuoo.a-o..couu-o-

Cost of electrlc submerslble punp and sparger . L
operatlon_.......... oF el

R - -
'
)
. 3 N
N o 3
.- .
- - - A
~ -
d - N .
4 - .
A -
,
R S




-

g

o' N o W

10
11

12

13

14

15

16

7

18

- TABLES

"_.Descrlpt,lm O‘F NPWA weH Lo8 tenveecraccccoccocciionne
"Hlst.orlcal VOC data from well l.-8 ceteceiicessenseans

'.-Basellne groundwater quallty of the Brunswlck _ ‘
: 'Format.lon, Pennsylvania ........ cecresensssueseneans

_Pot.e.vflal water bearing fracture zones and straddle

packer poslt.lons for well L=8 ..veecececoovoacoccnns

"Well L—8 speclflc capaclt.y dat.a SUTMAIY . ececereosaess

. Well -8 VOC concentrations for isolated zones

General experlmental deslgh';........................

Vo's removal for alr 1ift punp footplece testing .....

VOC removal for sparger footplece testing ...........“

VOC removal by alr 11ft pumnp without sparging .......

Glen Cove air 1ift pump opgratlng‘condlt.lons .

VOC removal by alr 11ft punping at Glen COVe eeevee.. .

VOC removal by spargl‘ng w_lt.h alr 11ft pump at 130 ft.
VOC removal by sparging with alr 1ift punp at 200 f't._.
VOC removal by sparging with alr llf"t, purp at 280 ft.

voC reanal by electric pump with sparger ...cesveeee

Secondary water qual _Ity effects of in—well aeration .

ReSults of alr sampling of In-well aeration

Of f~gaSES .evriireersoceccnsssscvassssacsosccasscsnses

L T

15
20
,24.
34
48
59
67
70
71
76
82 v'
82
86 -
'94'

97

i i g e i Bre L sl

FoCRie? < T 3 S

£

AT
TR FO T oy

LT T e ST e,
P [ R R
e . . . Ty
o R " e . g e N PR
RIS R T2 SO ST ARG e RIS Aot

-y e

STy gt

s
i




T

=

R

W
o)
g2

©o T - NPHA
: -y .- PCE
ST $R3D
‘. : psl -
PvC
SD
SP

TCE

uscs
Ve
L VOA,
ERY s '

Pan
i
T
¥

_1,1-dichloroethylene --. . . .
1,1, 1-trichioroethane :

. ¢cls~1,2-dichloroethylene
“carbon tetrachloride

~dissolved oxygen ] SR L
-foot - R "_f,”'

- . .
“

cublc feet per mlnute '
chloroform -

gas chrcratograph(y)

. gas chranatography/wass spectroscopy
" gallons per day

horsepower

: Heterotrophlc Plate Count

inch

nurber of sanples testec
North Penn VWater Authorlty
tetrachloroethylene =

% relatlve standard deviation
pounds per square inch
polyvinyl chioride

‘standard devlatlon
" spontaneous potentlal

trichloroethylene

micrograns per liter

United States Geo]oglcal Survey
viny! chloride .

volatlile. organic analysls

~.volatlle organic chemical




" We wish to acknowledge the following people who have contributed’
S thelr efforts to this project: Tucker. Moorshead, Earth Data, Inc., St.
-Michaels, MD., for his role In developing the orlglnal Idea for this
.= Im—well aeratlon study and for conducting and Interpreting the well . e
ok characterization tests; Dr. I. H. Suffet, Drexel Un!verslty, Philadelphla, - . ="

© PA,, for helping with experlmental design and technical editing; Terry . ,
.~ Gable, Clarence Godshall, and William Smith, NPWA,. for fleld work; -~ = ..
-Charles Hertz, Beth Green Hertz, James Towson, and Yifen Tsai, NPWA, for .

“analytical work; Ralph Walter and Dale Relchenbach, NPWA, for drafting;

Johanna Brown, NPWA, for word processing and editing; and the NPWA Board

. of Dlrectors for thelr support of our research endeavors.

&
{

ool Lo R

xi

R R . R T




OVERVIEN

'SECTION 1

o INTRODUCTION . -

. Cont'.amlnat.lon oF groundwater wlt.h volat le organlc corroounds (VOCs) ‘
has become common throughout the Unlfted States. (1,2,3) Southeastern

Pennsylvanla and the North Penn Water Authority (NPWA) have not escaped

~ this problem. In 1979 a large amount of trichloroethylene (TCE) was
- spilled in nearby Collegeville, PA. . The Authority sampled all 34 of
.thelr operating wells and found eight to be contaminated with TCE and
. ~other VOCs. These wells were shut down, resulting In a loss of
-";_approxlmate]y one-third of 'the system's total pumplng capaclity.

Since that time NPWA has been actlvely pursulng various methods of

nelghboring water supplier, a granular actlivated carbon treatment plant
was Installed at one well, packed tower aeration devices were designed
and this study was carrled out to Investigate in-well aeration
techniques. . ‘ '
This report covers the design and operation of varlous In-well
aeration configurations examlned by NPWA during the tlme period of
January 1682 to May 1985. The conflgurations included alr-1ift pumpling
with and without In-well diffused aerationn (sparging), as well as
electric submersible punplng with In-well diffused aeratlion.
. The well selected for thls study was Lansdale number 8 (well L-8).
This well was heavily contaminated with VOCs and was belng purped

. waste In an attempt to control the contamination plume. A description of

the well Is glven In Table 1. It is in a mixed residentlal/cormmerclal
area, with homes In close proximity to the well house.
When a well Is found to be contaminated it Is common practlce to

"pump It to waste, in order to prevent the contamination plume from

‘dealing with the VOC problem. Surface water was purchased from a’

spreading throughout the aquifer. In-well aeration, by alr-11ft pumplng, .

can treat the water as It [s being pumped. This can reduce the amount of

- pollutants belng discharged Into the sewer system (as at well L-8) or, In

some cases, may treat the water to potability. Treating the water while
pumpling eliminates the need for construction of above-ground treatment

"devices.. In ceases where above-ground treatment systems are necessary,

In-well aerat'on may provide a guod Interim treatment technlique while the

~ permanent system Is belng designed and installed. The in-well aeration

equipment used In thls study was easlly constructed from mat.erials

already in NPWA stock.

Shortly after the dlscovery of VOC poliution at NPVA in 1979, a
serles of prelimlnary tests were performed using an alr 1ift pump or an

electric submersible punp with a sparger. No attempt was made to record
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ihcth.rpll.ed 'éorrdlt;lons', good ‘removal effliclencles were ‘seen “for- TCE /.
--(above 80%). "~ This provlded t.he lncenr,lve for f'urt.her sr.udy of ln—well:

however, even under these

alr:to water ratlos. or .operating conditions;.

aeratlon. S LD T

TABLE 1. DESCRIPTION 6:—'"'N'PWA ws"LL"L-s '

S fLocat.Ion. Nest. Thlrd St.reet., Lansda!e, PA

s _’Depth of Caslng. 20 feer, (8 lnch dlamet.er)

'-:VDepth of‘ wen.- 292 feet. (orlglnal), 286 feet. (present)

- Date Drl led: - 1923

,.Pumlng Capaclr.y. 50 70 gpm

o
3
kY

B

4
:

' voc PRESENT © - HENRY'S LAW CONSTANT (atm - m 3/m*){%) I R o
 vinyl chlorlde - 8.8 o A
- - 1,1-dichloroethylens - - 0.0 - T - B
n cls—l,—2-dlchloroethylene 0.070 ‘ SR .
" 1,1, 1-trichloroethane o 0.31 Lo Lt e s
carbon tetrachloride P10 oo T - 2
trichioroethylene 0.30
perchloroethylene 0.83 "

The alr 1}ft punp used for thils study was simllar in design to pumps '
used by the Lansdale Municlpal Authority (predecessor to NPWA) In the

T 1920's. Campressed alr was Introduced Into an open-ended eductor pipe In

the well.  The aerated water In the eductor was less dense than the
surrounding water In the well and was therefore ¥orced up the eductor and
out of the well, because of this denslity gradient. The three test modes

S.of Iin-well aeration for this study Involved pumping by an alr 1ift pump,
"alr 11ft pumping In comblination with sparging and electric submersible
.. punplng with a smarger. The sparger was simply an open-erded 3/4 In
- polyvinyl chloride (PVC) pipe that was lowered into t.he well. Compressed

alr was Introduced through t.he sparger plpe. ' . S
WORK PERFORMED

'; " This study assessed In-well aeratlon In terms of wvolatile orgarﬂc '
removal efficlency as well as pumping efficliency. In wire-to-water

terms, alr 1ift punps are less efflicient than electric pumps. For this - _ s

feason alr 11ft pumps were replaced with electric pumps at NPWA many
years ago. . This study attempted to establlish whether or not the volatile:

': grganic removal capablility of an In-well aeratlon system made It a
cost-effective alternative to pumping the water to the surface with an
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electrlc punp cnd t.hen t.reat,lng lt, by aerat.lon. - ) SR : .

: Cerr.aln sicondary effects of In-well aeratlion t.reatment. technlques
.- were also exanined. Off-gases In the well house were tested to determine
’.whet.her hazardous conditions were present. The alr outside. the well

' . house, . In the adjacent residential - area, was also tested for VOCs.

"'Bact.erlologlcal changes as well as corroslon related factors (changes ln.

pH or dissolved oxygen with aeration) were examined.

- ~The first stage of in-well aeratlion system design In this study was
characterlzat.lon of .well L-8. Thls was done by the U.S. Geological
Survey (U.S5.G.S.) with a serles of well loggings. These tests Included
caliper, conductivity, temperature, radiologlcal and brlne trace logs
. . among others. The U S.G.S. st.udy determlned posslble water zones of
e ent.ry. . : N
St.raddle packers were placed ln t.he well to Isolut.e the war.er zones‘

T of enr.ry ‘determined by the U.S.G.S. Each of these zones were analyzed .
for VOCs and specific capacity. This knowledge of where pollution was -

. "enterling the well was used to determine the depth to locate the aeratlon
" equipment. (For example, 1f all the pollution was enterlng the well above

" .50 feet, locating the ‘equipment at a depth of 200 ft, attempting to

grar ez A e pe e e eme e

-

‘maximlze counter-current operation, may not be& cost effect.lve glven ‘the
cost of compressing alr under that head)..
. Three different depths for In-well aeration equ!pment. were. evaluat.ed
at well L-8, based on the flndings of the straddle packer testing and air
- Tift purp theory. The alr 1ift punp and sparger were operated at each of
. these three depths. This provided several types of water and air bubble
movement In the well, lnc]ud!ng both counter-current and co-current.
stripping.

An electric submersible pump was leed at one depth ln the  well
while the sparger was tested at each of the three depths used In alr 1Ift
purp tests. The decision of where to place the equipment during electric
punp testling was based on the results of the alr 1ift pump testing.

. Parameters measured in the fleld during Iin-well aeratlon testing
included alr pressure, alr temperature, air flow rate, water flow rate
and water level In the well. These parameters allowed calculations of
‘pumpling efficlencles and alr-to-water ratlos. The In-well aeration
systems tested were evaluat.ed based on t.hese f'lndlngs, as well as VOC -
»removal and cost. | ’ o
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T In—well aerat.lon can be a useful treatment technlque for VOC rer'oval'
on. a.short-term emergency basis. Pumping with an electric submersible

purp while using a sparg2r was particularly well suited to this

applicatlon. Many drinking water wells are already equlipped with a :

"submersible punp and the additlon of the alr sparger was completed for

this study In a matter of a few hours with readily avallable materlals.
For an operating cost of 12¢ to 15¢ per thousand gallons, VOC removals of
70% to 95% were achleved (depending on the volatillity of .the compound).

"This -method of aeration could be used to Keep an Indlispensable
. ‘contaminated well In service while a permanent treatment system was
".designed and Installed. ‘

In-well aeration by alr 1ift punplng (with or wlthout. a sparger)
gave samewhat better VOC removal than the electric submersible pumnp and
sparger for a correspondingly hligher cost. It was more complicated to
Iinstall and was, therefore, not as well suited for emergency use (any
exlsting purp would have to be removed). Its operating cost and 1ilmited
VOC removal capabllitlies do not make It an acceptable ]ong-tenn treatmen'c

. 'cechnlque

NELL CHARACTERIZATI(N

The U S.G.S. well logging ldentlfled two major and 5 minor potential
water zones of entry into the well.:- This data was used to detemine
where to place straddle packers for lsolated zone testing. The packer
testing accounted for 80% of the well's specific capacity, therefore, the
remalning 20% of the specific capaclty was contributed by zones not

Isolated by packer testing. Differences In VOC concentrations were seen

" for the isolated water entry zones. The two most heavlly .contamlnated

zones were also the largest water producing zones.  The open borehole
purping test showed that VOC concentration changed considerably with

‘time. Over short-term tests, such as the In-well aeratlon tests

perfonned here, large concentratlon varlations could be expected.

FOOTPIECE TESTING ' - : -

. The alr lif-" purp and sparger foot.bleces weré testec ‘uslhé large
osubble and small “bubble configurations. The small bubble footplece
caused greater operating pressures for the alr 1ift pump. The pressure
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,dJ'FF”ecencé: was greatest at high alr-to-water -ratlos (5:1 to 12:1). - The

-~ The two  alr llft pump footpleces tested showed no ‘significant’
:...difference In alr 1ift punp efficlency. The maximm efficlency was found
. .-"to be 30-35%, which confirmed the 1iterature. There was no difference In

+i . VOC removal brought about by changing from a large bubble to small bubble

..., alr 1ift pump footplece. Since there was nc difference In VOC removal ..

" between the two air 11ft pump footpleces,  and since the small bubble . . -
_ footplece would be potentlally more expen:ive to operate, the small
" bubble conflguration was abandoned, and the large bubble alr 1i1ft pump

footplece was used for the rest of tke In-well aeration testing

" Sparglng alr Into the well decreased the puping efficiency of the
alr 11ft pump. - The small bubble sparger footplece had a higher operating
- pressure, and therefore, a higher operating cost than the large bubble

sparger footplece. There was no difference In VOC removal between the

“large and small bubble sparger footpleces. As with the alr 1ift pum™,

the small bubble sparger footplece was not used for any further testing
because of higher operating pressuie with no improvement of VOC removals.
In the footpiece testing, VOC removals were similar for similar alfr-

‘to-water ratlios, regardiess of whether alr was Introduced by air 1lift

purp or by the alr 1Ift pump and sparger camblnation. Vinyl chloride was
the exception to this as It was better resoved by the alr 1ift pung and

-sparger camination than by the air 1ift pup alone. VOCs were removed

In an order which would be expected, based on Henry's Law Constant.

AIR LIFT PuMP TESTING WITH AND WITHOUT A SPARGER

The alr 1ift pump operated most efficlently at 65% submergence. The

. efficlency decreased as submergen'ce increased, conflrmming the predictions
of the literature. VOC removal was poorer at the 280 ft setting of the

alr 1ift pump than It was at 130 ft or 200 ft. VOC removal percentages
for the alr 1ift pup alone ranged from 90.4% for vinyl chloride (VC)
(best removed accerding to Henry's Law) to 47.4% for c-1,2-dichloro-.
ethylene (c-1,2-DCE) (poorest removal). TCE was 65% removed by alr 11ft
pumping without sparging. . .

A particular alr flow rate setting produced different water flow

‘rates (and difference air-to-water ratlos) on different days. This was
‘mainly due to water level changes In the well which caused air 1ift pump

submergence to change whlich, In turn, changed pumplng erflciency. Raw
water concentrations of VOCs varled widely from one test to the next, as
well as varying withln a particular test. This conflrmed the findings of
the pumping test conducted durling well characterizatlon. .

.. As shown In the footplece testing, the sparger caused the alr lift
purp efficiency to decrease. Even though the sparger caused the air 1ift
punp efficlency to decrease, the pump effliciency with a sparger was

", most -efflcient operation of ‘an alr 1lft pup. was found to be at a much
-7 Tower alr-to-water ratio (1.5:1) wheére the pressure differences between
".." the ftootpleces were very small. - If the alr 1ift pump were operated at ..
;o lts maximm purplng efficlency, there would be little' difference In
.. operating pressure between the two footpleces tested. If, however, the
<, punp ‘'were operated at a higher alr-to-water ratio In order to cbtain .
. better VOC removal, the small bubble footplece would have a greater .|
- " operating pressure.and a2 greater operating cost. e i
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higher. than if aH of the alr had been dellvered to t.he alr 11ft punp’

-alone. -No- VOC removal differences could be seen when the sparger was

: because of poor reproduclibllity of the sparger tests over long- periods of

L - varlation was determmined to be changing well conditlions with time.

“percentages ranglng from 98.6% for VC to 65.0% for c-i,2-DCE, with TCE
.. bhaving 78.3% .removal. ~A higher alr-to-water ratio was obtalned by using
coee e the alr 1Ift pump and sparger combination, which accounted for the higher
; - VOC removal capablliltles. The hlghest alr-to-water ratlos obtalned were

cowell had been turned Into an air 11ft pump. In a well with a wider
- borehole the alr-to-water ratlo might be higher because water would not
.be forced out of the well as readlly. Also, at well L-8 some of the

borehole dlameter was taken up by test equlpment,rvhlch would not be In .

’ - the well durlng regular operational conditions. -
: Costs of alr lift punplng and sparglihg make thls method expenslve

. des!gned wlth thls !n mind.

ELECTRIC PUMP AND SPARGER TESTING

An electrl»c-<’:'subn1erslb1e punp was operated at 200 ft, with sparger

testing being conducted at 130 ft, 200 ft and 280 ft. The best VOC

- removal was cobtalned with the sparger at 130 ft. The 280 ft sparger

. depth setting was next hest, with the 200 ft depth glving the poorest

reroval. VOC removal findings were consistent with what was expected

from well characterlzation experiments. Sparging at 130 ft caused

-~ . 7 " counmter—current stripping as water from the most contaminated zone was
o ~pulled past the sparger on its way to the pump. A co-current stripper
oo -~ would have been created by the 280 ft sparger, with at least some of the
alr. being pulled Into the pump before 1t reached the most heavily
contamlinated zone. With the sparger dlirectly adjacent to the pump, most

or .all of the alr could have been pulled Into the pump befr.\re any

‘stripping occurred in the well.
" -Electric pump and sparger testing showed the same variation over
long perlods as did the alr 1ift pump and sparger testlng. With no

- other part of the experimental system changing, this helped confirm that .
well conditions changing with tire (VOC or water zones of ent,ry, not VOC :

v concentratlion) could affect In-well aeratlon.

. BT . The VOC removals obtained during electric purp ar.d sparger tests.

were an average of 82.6% for TCE, 79.9% for c-1,2-DCE and 92.9% for VC.
These removals were better than those achieved by air 1ift pumwing with

or without a sparger:. The alr-to-water ratlo used to achleve this better -

removal -was 8.2:1, which Is. lower by half than the maximum alr-to-water
ra:lo_uSed In alr 1ift punp and sparger comblnation tests. ) For the

““alone;. therefore, In terms of pump efﬂclency (and cost) It was better to.
‘operate an alr 11ft purp and sparger combination, than the alr 1ift pump o

: operated at different depths with the alr 11ft pump. '~ This was malnly"““ﬁ
"~'t.lme. All measurement systems were checked and the most . 1lkely cause oFV'

.The alr 1ift' purp and sparger corblnation ylelded VOC removal ‘

10.6:1 for the alr 1ift pump and 17:1 for the alr lift purp and sparger
E combinatlon. Alr-to-water .ratlo was limited when sparging to the polint ..
- at which water aciually bubbled out of the well head because the entire

for long-term -use; however, It may be useful as an emergency short-term-
treatment system. The elecr.rlc punp and sparger experlmenr.s were
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s , lower, alr<to-water - ratio’
Z - "achleved bet.t.er removal than the alr 11ft puro with or without a sparger.”

: Electric : purplng with a sparger Is a ~good emergency treatment
v tedmlque 1€ the. 1imlted - VOC removal capabllltles will meet your water
- ‘quallty goals. . It can be Installed very qulickly with readily avallable - =
. materlals. It can be used to keep a well In service while the pemanent.
A -.;. treatment. system Is belng desligned and installed. L Y Lo
e ~While well characterlization was useful during thls project., bot.h for o
S < experlmental design and data Interpretation, It would not be necessary In

; . an emergency .situation.  The sparger should not be set directly adjacent -
-to the pump to avold having all of the air pulled Into the pum before =

i

e e e s A

;7; any strlpplng can occur in r.he well

5 - SECfNDARY EFFECTS OF IN—NELL AERATION ' |

f ‘ All methods of ln-well aerat.lon tested Increased the pH by an - .

¢ s 'average of 0.4 pH-units. Dissolved oxygen (DO) was raised to saturation .- . .

. .by all of the In-well aeration methods tested. Water entering the welr - | - _ 7 .7

v " box Calr and water separator) was bubbly In appearance  (actually mllky ’ 5

P white when sparging), but all of the bubbles were gone by t.he r.lme t.he )

: water left the welr box.

;7 , " Bacteriological testing of raw and t.reat.ed water was !nconclus!ve, . T ﬁ

3 - with large variations In bacterial ccunts masking any trends. The R2A

L “ method provided conslst.ently higher recovery of organlsms than the ) . )

“heterotrophlc plate count. RECEIE

v \ Alr sampling showed that in-well aeration would probably not cause §3

. ) ‘al’r quality problems of Industrial hyglene concern, however, It may be ;
considered an alr polluticn source, and would require the appropriate g
permits for such a source. This would depend on the raw water - H
‘concentrations of the contaminants. i
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..ECTION 3

. RECOPMBJDAT IONS
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!s reccmnended that. electrlc punplng wlt.h a sparger should be
"used as an emergency treatment technique. ~The sparger should not be

" -placed directly adjacert to the pump Intake, as thls will cause the’

‘bubbles to enter the pump Immediately and any VOC stripping effect [n the

“"wel) borehole will be lost. Alr should be added in slowly Increasing

Jamounts untll the foaming waeter Is Just visible below the well head.
" .This will produce t.he greatest possible alr—to—wat.er rat.lo.. An alr and
““wat.er separator is necessary. . - o

-Further alr quality testing should be performed t.o det.ennlne t.he

'.f'posslble need for. air discharge permits. The necessity to treat

'J-'voff-gases from In-well. aeration. to remove VOCs could negat,e its
advantages as a qulckly Installed emergency treatment system, :

Possible corrosion impllcations need to be further conslidered. The ' ’

eievated dissolved oxygen concentratlon In the treated water could be a
problem over the long-term but It Is not known whether any addnlonal
: W.reat.ment would be necessary on a short--term basls. : :
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SECTI(N l+

m-wsu. AERATION o

A _' HISTORY OF AIR LIFT PUMPING

“ The ldea of purplng with the alr 11ft met,hod was Flrst test.ed by

Carl Emanual Loscher, a German, in 1797. It's flrst practical use was 50

years later by Cockford, an American. (5) - The application was to pump

... petroleun from a serles of' wells In Pennsylvania. It was flrst patented
- in the U.S. In 1865. During the early 1900's it was widely used In the

water works Industry. The Lansdale Water Company, predecessor of North

. Penn Water Authority, used a steam powered alr compressor for alr 1ift
- purping during. the 1920's and 1930's. After that, the alr 1ift pump was
: replaced by more eff:clent turtlne or submersible electric pums.

‘ ~THE AIR LIFT PLNP

The alr Hft_ punp funcr.!ons by bubbllng alr Into an open-ended

) dlscharge plpe In the well. The water In the discharge plpe (called the’

eductor) then has a reduced speciflic gravity. The lighter water In the
eductor is forced upward and out of the well by the heavler surrounding
water. See Filgure 1. .
Early researchers (5) showed that when the alr 1lift pump was
operating at its maximen efficlency (approximately 35%), the alr-to-water
ratio was low (2 or 3 to 1). It was possible to Increase air-to-water
ratios to nearly 16 to 1, however, the punplng efflclency was reduced to
7%. It was surmised from this early work that compromlses of either
punping efficlency or organic removal efflciency would have to be made in

‘order to successfully use the alr 1ift pump as a wvolatlile organic

chemical treatment device.

Another consideration when using an air 1ift pump was that It
required a high percent submergence (% of eductor below pumplng water
level) In order to work efficiently. The pumwp was sirple to cperate with

" very few meving parts, therefore, the malntenance cost. may end up oelng
,less than that of an elec'ric pUTP. :

"IN-WELL DIFFUSED AERATION

Ancther form of in-well aeration that was examined In thls. study was
diffused aeration, or sparging. This method has proven useful for
aerating drinking water and waste water. The method Is usually employed
in treatment plant slituations. In thls study, a plastic sparge line was
dropped into the well and alr was introduced through this line. The
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-The, sparge Hne was: easily. moved t.o varlous depr.hs !n the well.” It
could:be - placed . directly near pollution entry.Zzones, . Operating. costs’
could be’ adjusted by changing spargen dept.h as lt was more expenslve r,o’
operate deéeper: In the well, e g
; The ‘sparger-could be set at a varlet.y of depr.hs wlt.h relat.lon to the g’
pu'rp . The actual bubble path would be extremely dlfﬂcult to determine.’
}Bubbles ‘could go 'up to the well head or be pulled directly Into the purp,
Jdependlng on t.he relat,lve poslt.lons of t.he purp and Sparger. : :

S e

A-NATER QUALITY EFFECTS OF IN—-WELL AERATION

- The prlmary wat.er quallt.y effect t,o be exanlned In this study was
volat.lle ‘organic contaminant removal. ‘Aeration - In other forms ls a
proven treatment technique for these types of contaminants. - . =
CStudles using alr 1ift pumps as sampling devices have shcmn t.hat. a
) nurber_' ‘of 'secondary water quallity effects were also llkely with an .
7 Inwell aeratlion -system (6,7,8). Alr 1ift pumps used In monitoring walls .
'..-"_';cou.d ralse the pH as much as 1.0 pH unit as compared to a peristallc
.-purp or a-baller (8). This was because of bubbles of alr .In the eductor -
" stripplng dissolved CO,. T7he same study also showed effects on varjous = .-
: metal concentratlons. © Iron concentrations. were reduced by 32% when | .
... pumped by the air 11ft punp as opposed to the peristalic pump. - The zinc -
- ‘concentratlon was reduced by 17%.. Calclum,- potasslum, magneslum,
manganese and sodium concentrations were not affected (8). Formatlion of
. lron oxldes was probably .the reason for. the 1loss of Ilron. Zinc ;
SRS adsorptlon onto the iron preclpitates was clted as t.he reason for the - -
i 77 -drop In zlnc concentration. “
s . Dissolved -oxygen Increase durlng In-well aeratlon ‘was of concern - Lo
~because of possible corrosion Implications. The alr was Introduced into e

Ry

FLAs e, ey e

‘have caused more oxyocen to be dlssolved Into the water than would
" normally occur with conventional aboye—ground aeratlon systems P.

the water at depth, and therefore was under pressure. Thls pressure may ‘ . ‘-



SECTION 5

Z v.'ELL CHARACTERIZATIN

_'PURPOSE OF CHARACTERIZI THE NELL

: Well characterlzat,lon Is helpful vhen deslgnlng a- t.reatment system
for a contamlnated well. Knowlng where and how. contamlnants enter the
,jwell can be used In a varlety of ways. In some cases a sectlion of a well:
- may be sealed off to-prevent pollutant entry while still permitting the
. use ‘of the well without treatment. Knowledge of pollutant entry zones
can help to interpret sampling results, especlally when a small samwple
“pup Is used which may not be collecting water representative of the:
Lo entlre well.,  This could lead to over- or under-estimation of the
r.. ‘.. .. ".contaminant levels. Well characterization can determine the geologlc
S " materfals adjacent to the well. A.krnowledge of contaminant zones of
-7 entry,. together with an underst.andlng of the geology near t.he well, can '

P 0 ald In contaminant source location (10). :

T " In the case of in-well aeration, effectlveness of the t.reaunenr. T PR
method could depend on the glacement of equlpment [n relatlon to : .
contaminant zones of entry (11,12). Knowing the water and contaminant T '
entry zones enabled the design of test conflgurations which would examine S

both counter-current and co-current stripping. The well characterization
enabled the Interpretaticn of test resuits In relation to the equlrment s
proximity to. contaminant entry zones.
» . The well characterization performed at well” L-S was deslgned to-
A answer speciflc questlons. relating to the design of the In-well. aeration
' v equipment and the interpretation of t.est results. Thls was accomplished _
DR t,hrough r.he foHowlng. ‘ ‘ s s R . e

g

1. Determlned as—bullt conflguratlon of the well
- (l.e., total depth, diameter(s), casing length) o St

... =7 . 2, Determined location of water zones of entry. I T
T Lo " -3, Determined locatlon of VOC zores of entry. ' R U
DR ~ 4. Determined speciflc capacity of entire well and
e - indlvidual water zones of entry. o :
: ", 5. Determined statlc water level. :
.. 6.- Determined how the qual lty of the water enter!ng
; T the well varied with time.
i .7 *.. 7. Determined the depths at whlch to p]ace the ln-—wen

=

W el S S AR
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. aerat.lon equlpment. : %
i"' - oL N £3
T The characterlzatlon of weH L 38 was dore In four part.s. Historical ] 11
LR data was complled and reviewed. A serles of well logglngs were performed EZ
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; "to.determine possible water zones of entry. Straddie packers were used

- to lsolate, pump and sample the water zenes of entry. A pumping test was

: . performed to gather further. hydrological data. Each of these wilil be
o dlscussed In detall In t.he follcmlng pages. T LT

L REVIEW OF HISTORICAL DATA ' [ R

P

T e e g,

Lo Records of‘ t,he North - Penn Nat.er Aut.horlt.y vere revlewed t.o ccrrpne
*fas nuch Informat lon concerning well L-8 as possible. Since the well had
- . been Inventorled by the Pennsylvania Geological Survey during earller:
- studlies in the area, reports publlshed by the Survey were also reviewed
- (Q13,18).  The driller who constructed the well was contacted and prlor .
- ‘pumpage and water quallty data were reviewed (15). -
- " . Unfortunately, when the well was drilled In 1923 the contract,or did
""not _record changes In the. llthology of ‘the rock penetrated cr any
: " Increases In the yleld of the well that occurred. at varlous depths. It
~was assumed that, like most other welis In the NPWA system, well
! ’ L~8. penetrated layered consolidated rocks of the Brunswick formatlon and
" © 7 water entered the open borehole below the casing at.various depths. The
actual quantitles of water and related qualitles were not, known and that. :
was the focus of the well characterization. :
 Well L-8 was In continuous operation from 1923 unt.l! It was taken
out of service In 1979 because of VOC contamination. .The vell was punped
-. continuously to waste (to contain the VOC contamination plume) untll this
- fleld work began In February 1983. Table 2 shows VOC concentrations In
‘well L-8 during the tlme It was belng pumped to waste. The 1979 samples
o were analyzed by gas chromatcgraphy (GC) at a local contract laboratory. = _ :
The March 1981 sanple was analyzed by the U.S. EPA at Annapolls, 4
Marviand, usling gas chromatography/mass spectroscopy (GC/MS). The z
‘December 1981 sample was analyzed by the U.S. EPA at Cinclnnatl, Ohlo, N A
uslng GC. ‘ ‘
As Table 2 shows, well L-8 wus heavlly contamlinated with a varlety
- of halogenated volatile organic chemlcals. TCE was found In the highest .y
concentrations, with ¢-1,2-DCE and PCE alsc present as major ;
contaminants. Also found at lower concentrations were VC (a human. L - B
carcinogen) and carbon tetrachloride (CCL4) (an animal carcinogen). Also C .
present were chloroform (CHCL3), 1,l-dichloroethylene (1,1-DCE),
1,2-dichloroethane (1,2-DCA), and 1,1,1- trlchloroethann a,1, l-TCA), all
of which are suspected carcinogens (16) -
well L-8 is located In a heavlily populated, mlxed resldenr.lal and
camerclal area of Lansdale, PA. Possible  sources of the VOC
contamination were numerous.. The most llkely source, however, was a
P commerclal facllity directly across the street from the well. VOC
L " degreasing agents were known to have been used at the facility In the
. - ‘past, and In the early 1970's, the bullding was destroyed by a fire which
« . caused several explosions. Hundreds of thousands of gallons of water -
o were flushed over ruptured storage drums, vwhich Is suspected to have
contamlnated the groundwater In the area. : :
Natural groundwater quallty is controlled by the chemical nature of
the rocks In the aguifer and the reslidence time of water in the aqulfer.
The natural quality. of ground water in the Brunswick formation Iis
represented In Table 3. The table condenses data from 28 wells In the
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~. Brunswick - formatlon which are not felt to be
-phenomenon and would represent natural water quality In the answ!ck
-:NPWA records of nat.ural water qual ".y at Well 8 are also shovm

"‘ TABLE 2

HXSTORICAL VOC DATA FRQ‘! WELL L-8 )

Influenced” by cultural

" DEC 1981 MAR 1981 AUG 1979 - SEP 1979
. PARAVETERS _(ee) o (ee/Msy  (6e) - (GEY 3
o CHLOROFORM . seier 809 S 0.5 TONA CNAC
mommcm.mm LT 0.2 ND . CONACST UNA
# ... DIBROMOCHI.OROMETHANE - LT 0.5 - 0.4 CNA NA - ;
L .- BROMOFORM , LT T ND ONALC TR NAC :
" DICHLOROIODOMETHANE < LT 1.0 - ND CNAC T UNAL
. VINYL CHLORIDE » coo 350 ¢ 23. - NA - . NA
. .71, 1-DICHLOROETHYLENE C 6.7 - 8.3 "NAT L NAC
" +1,1-DICHLORDETHANE | -LT 0.2 . ND CNAC Na
CIS-1, 2-DICHLORCETHYLENE . 400, -~ 240, NA & -0 NAL
~ 1,2-DICHLORCETHANE - Lo 0.43 ND NA TNA-
<70 1,1, 1-TRICHLOROE THANE 7.0 7.9 NA - o NA
Y CARBON TETRACHLCRIDE - 0.58 ND NA - UMNAL
.. 1,2-DICHLOROPROPANE LT 0.2 ND S NATCTNA :
"+ TRICHLOROETHYLENE - 650. 290. - -410. - 702,
1,1,2~-TRICH.OROETHANE | LT 0.5 ND NA TONA
©1,1,1,2-TETRACHLOROETHANE - - LT 0.2 ND CONA NA g
.. TETRACHLORCETHYLENE 230. 120. . NA T NA
"1,1,2, 2-TETRACHLOROETHANE LT 0.5 ND NA CRA g
. CHLOROBENZENE LT 0.5 ND NA - NA
1, 2-DIBROMO-3-CHLOROPROPANE LT 5.0 ND ‘NA NA
BENZENE LT 6.5 ND NA NA
TOLUENE LT 0.5 ND - NA - T NA
- ETHYLBENZENE LT 0.5 ND NA RA -
BROMOBENZERE LT 0.5 ND NA “NAL ;
ISOPROPYLBENZENE LT 0.5 ND NA NA :
M-XYLENE LT 0.2 ND.. NA _NA B
. STYRENE - LT 0.5 ND . NA. NA
. O~ + P=XYLENE LT 0.2 ND NA NA
" N~PROPYLBENZENE LT 0.5 "~ ND NA N -N :
~ O~CHLOROTOLUENE LT 0.5 ND NA . NA ;
. P~CHLOROTOLUENE AT 0.5 ND NA NA )
" M-DICHLOROBENZENE LT 0.5 “ND SNA CNA
O-DICHLORCSENZENE LT.0.5 ND ©NA NA ;
P~DICHLOROSENZENE - LT 0.5 ND - NA NA - :
ALL VALUES ARE IN ug/L _'
NA - NOT ANALYZED - -
.~ LT -~ LESS THAN -
o ND - E DETECTED, LOWER DETECTION umr UNKNONN
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" Speclfic .

-‘Nlt.rar.e (as NO )

- »:5 Ch!orlde

_Sulfar.e 27

- Manganese 19T -8 000wyl ol

3 - UNI--'S-.
Standard
Unlt.s

"1737A

; Mlcro ‘

Conducr.ancé ' lrho/ an

27 R R v _'i‘,'; s 5 ngnf‘,’,;_

s

To32E22.0 0 130 w118 L

lx_;gn-- 28t N0 - 164 ¢ 05 mg/l_ . 005

Mardness(as Cac0,) 29 320 - 500. 100.  mg/l o 1550
‘Blcarbonste 29 . 37.-298. .163. . mg/l - -

_ Total Dissolved

Solids _ 25 66, - 732 263,"j; mg/l  375.

Sow Average concmtrat.lons of‘ saroles conect.ed at weH L—8 f-'rom 1970

- t.o 1979

i Generally, gmdridwét.er quallity In the format.!on is hard to very
f: hard, sllght!y alkalline and moderately mineralized. Groundwater at well
{ o "L-8 Is simllar but has somewhat higher than average con’ent.rations of
Pl . chlorides, hardness and t.or.al dlissolved sol Ids.
Vo B GEOPHYSICAL WELL LOGGING _
g Subsurface lithologles,‘wen bore features . and borehole fluld
characteristics can be determined using borehole geophysical logging.
L Borehole geophysics can measure the electrical, physlcal, chemical and
f acoustical properties of adjacent geologic n'aterlals and flulds bor,h ln
: '_.-the borehole and adjacenr. format tons (10 18 19)
15
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. .Borehole geophyslcal 5urveys were lmdertaken in well L—8 wlt.h t.he
- 'followlng objectlves. IR ] e oo B

. To locat.e potentla] wat.er—bear!ng fract.ure zones. - BTN
'_To locate relatively smooth borehole segments for the S
. placement of Inflatable packers in order Lo Isolate the.
. water-béaring fractures zones.
" To ldentify lithologlic changes (siltstones, sandst.ones, et.c )
- To' det.ermlne well dept.h changes In weH dlar"eter and caslng
"~ length. R -r

s

PO SRR

LT ‘l'he'geophys_ic'al logs employed in this study lncluded; callper,
... gamma, spontaneous potential (SP), resistivity, fluld .conductivity,
.. temperature, and brine tracing. In each Instance a sensing probe was
. lowered to the bottom of the well on a cable, then the probe was slowly
" retracted as data was collected at the surface (see Flgure 2).
..~ Continuous readlngs were recorded on an analog strip chart recorder. The
Y ".'.,‘:nlogglng at well L-8 was performed by the U.5.G.S5. Informatlon concerming
i B borehole geophyslcal logglng procedures can be found In the Hterat.ure

PRAFAPRFI VR ST

b A e PRI DN X
: e oo e

. Cay e
e bt et S e

C 7 (10,18).
L _‘ o Borehole d!ameter and rouchness were measured using cal Iper Iogglng
. a equipment. The hole dlameter was measured by four callper arms which -

. .‘were held agalnst the borehole by springs. The arms opened and closed as
: _they moved up the borehole, drawing a plcture of the physical dimensions
of the well. o ' ;
Resistivity logs were employed to ald In the location of bed S
P " boundaries and general changes In 1litholeogy, which were assoclated with ¥
) ) water-bearing fracture zones. Resistivity logs measured the resistance
: of the flow of an electric current from one point on the probe to
another. Generally consolldated rock had a high resistance because of
i oo its low porosity. Vhen the rock became more porous and contalned a more
: - conductive fluld the borehole log showed a lower resistivity. . !
Spontanecus potential logs recorded the natural wvoltage developed Iin
the borehole due to dissimilar flulds contained In the pore spaces of the
‘formation and In the borehole itself. SP logs alded In dellneating
" formatlon boundaries and certaln lithologies (such as shale and
4 “sandstone). SP and resistivity logs were run slmultaneously using t.he_ : !
4 same probe and the resultant log was called an electric log.
g : _ ‘ The measurement of natural gamma rays emitted from the formatlion was

used In conjunction with electric logging to dlfferentiate strata.

Sedimentary rock, clays and shales all had a unique gamma signature. :
Places where different strata intersect wer'e;_ possible water ‘producing ]
- .zones. :
‘ ' © Conductivity logs measured the relative conductivity (inverse of

1. ’ reslstance) of the borehole fluld. This logging technique did not

H ‘measure the speciflc conductance of the fluld because temperature

" compensation was not provided. Conductivity logs were used to ldentify

differences In water quality due to fracture openings or breaks in the

) 'caslng. Conductivity logs could also locate stagnant water In the

R : ‘borehole and water that was moving from one zone to another because of

dlfferences in head.

Temperature " logs were used to measure the temperature of the water

16 ' S -

o s o S vt o

pres Py
7/
e e




Q . - v Py K
gl 02 _ 2 :
3 N
S | . b .
ﬁ ! - ¥ , W

Q' — ' N ' m .. . !

e | 8%

il o |

: mb.l _‘.{.m.

q

s ‘ g% -

| =L |

+ )

Ud ol

O H i

BB v :

\ B T

o N

> L

. ,. .M

) {

=t ‘ 1
B S

[2% ,

) 3

s

3

\.w.g. - Agx AR YPUN«.. gﬂﬁg) ,. y . . et ...L - ’ ; ,. . .. - . X
o A B A e i, N v € L MlAG s, by cimr bhts b Nimii. e 80 b e vt e ¢ B Db 0 4 ...!uttl»i.. rrhn et Abm i Kb 4 Gm LA ammt s tew s mah n aeses T b RUNCUPIN  EPY VSN SN G St COIT SDUR RSN el irin

kN " Y , ~ : /
o /



~—

——— ., -

Y
-

lmnedlat.e vy adJacent, tc ‘the - “sensor.” . Thermal’ gréd!ent,s in ’t.he borehole
were ‘examined  to locate. potentlal fracture zones. Temperat e logs can . .
also be-used to ldentify water that has recent,ly entered the aqulfer as'
"-.,nat.ural or artlficial recharge. - -
- LT Brine t.r‘,clng was ‘used to measure the dlrect.lon and veloc!ty of' the L
,'borehole fluid at -selected depths. In the well.. A slug of a sallne . .~ -
o 'solut,lon was - released In the horehole at a part.lcuIar depth, then .it was - =
.7+ tracked with the fluld conduct,lvlt.y probe as lt. moved up and down the

'u.well (200 -

o7 Well - L-8 was logged on Februar'y 17, 1982 by the u. S Geologlcai
_‘fSurvey s ‘Pennsylvania District Office. Reduced profiles of the callper,
_natural gamma, reslstivity and SP logs are shown In Figure 3. Potentlal
water producing fracture zones are marked on the figure along with the -
i_poslt.lons of the straddte packer syst.em when lt; was subsequently
enp!oyed. oo St
T The well logqlng dar.a was complled and plot,ted by hydrogeologlcal"
‘consultants to North Penn Water Authority. ‘(21) The consultant's report
. Indicated that' no cne single well log was -sufficient to characterlze the

7 well. Instead, the log plots were compared by depth and when fracture
_*._ Indications were present on several of the logs at a given dept.h that
‘ ,dept‘.h was chosen as a possible water zone of entry.

. The logs Indicated that the casing in w21l L-8 ext.ended from the
punp motor base to approximately 20 feet below the ground surface. The.
callper log detected major borehole enlargements assoclated with zones 3

' "and 6. Other enlargements were encountered at zones 1,2,4,5, and 7.
VT The major enlargement at zone 3 was assoclated with a peak In ganma
- " actlvity Indicating a probable change from a sandy lithology to a low

permeablility siltstone or mudstone. The resistivity log indlcated a

‘relatively low resistance at thls zone which may have been related to an

-increased volume of water In a water producing fracture zone. Zonhe 6 was

assoclated with a marked .decrease In natural ganma radlation, possibly

. because of an increase In the sand content of the assocliated bed. Zones

- 4, 5, and 7 also appeared to be assoclated with relatively lower ga'rna

.slgnatures
The overall lithology of the sedimentary rock sequence penet,rat:ed by -

-L-8 was falrly unlform with low permeability siltstone and mudstone
S apparent]y dominant. Beds with Increases In sand content appeared to )

" occur between 73 and 92 ft., 151 and 170 ft, 182 and 195 ft, and 254 and
263 ft. )

. “The fluld conductlvlty log (nor. shown due to dlfflculty In
.transcrlpt.lon from the orlginal plot) indicated a major change In fluld
characteristics at 50 to 60 ft and .ainor changes at 172 ft, 188 ft, and-

. - 264 ft, The temperature log (also not shown) indicated a major change in

. - fluld temperature at 56 ft, a minor change at 186 ft, and a very subtle

; _ change at 244 ft. The brine traclng logs showed a major discontinulty at

. approximately 70 ft ard agaln at 136 ft. A minor deflection was

- Indlcated at 180 ft. ]
Based on the results of the geophyslcal logs, seven potentlal water

-zones of entry and Intervals for straddlie packer testlng were’ ldentlfled

<These Im.ervals are shcmn on Figure 3 and ln Table 4. .
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‘:TABLE 9 POTENTIAL WATER BEARIMG FRAC‘IURE ZONES AN‘D STRADDLE PACKER -
Do ~POSITIONS FOR WELL L=8 . 5. . .o . n.g 00w
* (FEET BELOW ‘CASING TOF) L e ;

St S Straddle Parker Position
Potentlal. - . Fracture Zone Center of Upper . Center of Lower -

A I R L e TR A

260 - 261 ft - 252 ft , S 271 fe

Fracture Zone Locatlon . o Packer : Packer
2000 .33 - Bl ft T 47 fu .66 fr .
w30 e 72— .8 ft - 70 ft © 89 fr
e : L ‘ 126 - 130 ft - 121 fu o 140 ft
-5 - 156 =161 ft 152 fFfv - . 171 ft
.6 - 188 - 196 fr = - 182 ft ’ ‘ 201 ft.
g 7.
| S ) t

STRADDLE PACKER TESTS

. '. Discrete zone borehole testlng utlllzlng packer equlpnent haa been
developed and used by petroleun engineers, englneering geologlists and
. hydrogeologists for many years. ‘By far the greatest application of
packers for borehole testing has been by the petrcleun Industry and
englneering geologlsts for fracture permeabllity evaluation at dam and -
foundation s.tes. The use of packer technology In hydrogeologlc studles
at North Penn Water Authority has been reported by Suffet, et al (11).
Shuter and Pemberton (22) described early U.S. Geologlcal Survey systems
- along with a system which they developed for borehcle testing and
sampling. Cherry (23) describes a portable system developed for sampling
discrete zones in wells and Koopman, et al (24) describes a system of
inflatable packers used In multiple-zone testing of water wells.
Straddle packer tests can provide a varlety of information In wells
having multiple screen or water entry points. Because dliscrete sections
-of the borehole can be isolated when straddle packers are Inflated, the
tests can be used to determine the following:

. . : 1. Head dIfference and relative elevatlons of the isolated
: ' zone and zones above and below the packer system.

2. The quality of water punped from the isolated zone.

.3. The specific capaclty and drawdoan characterlistics of.

' the Isolated zones.

) The equipment used In this study was fabricated by Earth Data, Inc.,
- St. Michaels, MD. A dlagram of the In-well portion of the system
v appears In Flgure 4 and the surface support system is shown In Figure 5.

’ The procedure for straddle packer testing In well L-8 was as

follows: : .

i e S e vy e -

1. Measured lengths of 1ift pipe and added sections to reach.
the desired depths.
2. Lowered sample tubing and wire into well with 11ft pipe.
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Figure 4. St' ddle Packer System used durmg characterlzatlon
. of well L-8 to pump isolated zone:s :
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:'.p'Cut 1/2 ln tublng, measured water levels In the ]ower, mlddle’
" and upper zones with packer deflated.

AﬂwQ,;ADetenn!ned hydrostatlc pressure because of subnergence of each ':

. packer.

. lj:S; " Determined the necessary packer Inflatlon pressure by addlng

.7 /718 psl to the calculated hydrostatic pressure.
“*.6. "Started pump with packers deflated trying to nalntaln a,'
. constant rate of discharge.
-... 7. Measured water levels and pumping rate. Collected samples
-+ . for volatlle organlc analysls (VOA) just prlor to the end
. .7 - of the step.
B 8. Inflated upper packer (the resulting lnterval was referred

-, to as the lower composite test). ) e )

>

' "9, Measured water level changes and pumplng rate.
'7°10. Collected VOA sample just prior to the end of the step.
- 11, Deflated upper packer and inflated lower packer (referred
- 7 to as upper composite test). .
'12. Measured water levels and pumping rate. Collected VOA
- samples just prior to the end of the step.
13. Inflated upper packer and left the lower packer lnFlated
- . (referred to as the Isolated test),
1k, Measured water levels and pumping rate. Col]ected water
. samples for VOA.
15. Stopped pumping, deflated packers, spliced 1/2 In tublng and
- noved the packers to the next posltlon. .

- Zones 1 and 7 dewatered rapldly during the testing, therefore only
Timited measurements were made and no samples were collected at these two
depths. Drawdown In the other zones ranged from 1.49 to 38,34 ft,
indicating a wide range of response to pumping. The head differences
between particular zones under non-pumping conditions ranged between 0.12
and 38.24 ft. This Indicated the general effectlveness of the hydraullc
seal created by the packers and the small potentlal for movemer.t between
portions of the borehole.

The specific capacity of the composite segments and the Isolated
fracture zones were calculated and compared with an open borehole
speciflc capacity (see Table 5). The specific capaclty data shows that
zone 3 contributed the mejority of the well's yleld at 37%. Zones &4, 2,
6, and 5 contributed 22%, 15%, 6%, and 3% to the yield of well L-8,

- respectively.

- The average open hole specific capaclty was 4.75 gpm/ft. The sum of
the specific capaclties of each Isolated 2zone totals 3.82 gpm/ft.
Therefore approximately 19% of the total specific capaclity of the well
vias contrlibuted by portions of the borehole not isolated during straddle
packer testing.

Flgure 6 and Table 6 show results for each VOC Individually. A bar
graph showing the sum of the various VOC concentrations for each Iinterval

tested appears in Figure 7. Vinyl chloride data was not obtained during -

packer testing. Tha figures graphically demonstrate the general

_dlstrlbution of contamination in the well borehole.
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'4 TABLE 5._ WELL L-8 SPECIFIC CAPACITY DATA SUMMARY

3 e SPECIFIC CAPACITY (gpm/ft of drawdown) _ % OF OPEN HOLE SPECIFIC CAPACITY
©.0 .. ..~ . PACKER UPPER LOWER OPEN . - . o
¢ S ZONE LOCATIONS © COMPOSITE . COMPOSITE ISOLATED  HOLE ~ UPPER * LOWER - ISOLATED...

1 28 -47- 0 - .0

2 47 -66 - 0.91 4.78 0.79

VA

70 - 89 2,31 2.73 1.58

121 - 140~ 3.24 2.86 1.05

152 - 171

v

1.03

3.63

182 - 201, 4.62 0.22 0.27°

252 - 271 - . o = o

. 5.16 .
29"
462

0.15 . 4.,91.

B
- L e
¢

IR, o LTt

5 - rmrpe

* Average of prevlous four values
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CONCENTRATION (ug/L) *  » *..’

PRV,

. ¢V § 1 ¢ ¥

60 a0

DEPTH OF ISOLATED ZONE (FEET)

VOC concentrations for isolated -zones during
packer testing of well L-8.
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n of total VOCs in weil 1-8 as
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"TABLE 6.7 WELL L8 VOC CONCENTRATIONS FOR ISOLATED ZONE - -

e T o cmmmmnm,wn S
CZONE 8 - 27 3Ty 5.0 6.

" DEPTH (ft) ~ 47-66"  70-87 121 140 152-171 . 182-201

©1,1-DCAT 2,1 - 6.1 . 21.8 . 20,6 6.2

. e~1;2-DCE" ° 105 . 289 - . 212" --182 . 256

0 1,1,1-TcA .7 8.1 10.5 - .16.7. . 16 . 4.0

T CCLL. o070 0.5 0 3.3 3.0 . 0.5
O TCE - - 363 . 710 483 . 338 - 466
- PCE. . .58 234 . o118 102 33
TOTAL VOC 536 1250 .. 857 - - 724 . 765

% OF WELLS A R

YIELD ~  15% 378 22% 0 3% 6%

‘coht,anlnat.ed of the zones lidentifled In the well logging. (see Flgure

"production zone between zones 1 and 2 which was mlissed by the well

The Isolated sample of zone 2 showed that this was the least

7). The upper composlite sample was less contaminated than the lIsolated
sample, Indlcating that cleaner water must be entering the wel!l above
zone 2. Since zona 1 did not produce any water, there must be a water

logglng., The lower composlite sample was conslderably higher in-VOCs
than the Isolated zone sample, showing that tne water below zone 2 was
more heavily contaminated than that at or above zone 2.

- Zone 3 results showed a dramatic contrast with zone 2. The lsolated' '

sairple at this zone showed it to be the most heavily contaminated vater
producing zone In the well. This zone also produced the most water of
the zones tested, at over one-third of the well's total capacity. The

major contaminants {TCE, c-1,2-DCE and FCE) were all found In the highest -

concentration In zone 3. It was Interesting to note that the minor
contaminants did not reach thelr hlghest concentratlion untll zone 4,
(see Figure 6). The upper and lower composite samples at thls zone
confimmed that the water coming from above and below was of lesser VOC
concentration than the water produced at zone 3.

Zone 4 was the zone of highest concentration for 1,1-DCE, 1,1, l-TCA"-. »

and CCL4. The upper composite sample confirmed the presence of t,he more

heavlly contamlnated water from zone 3, and the lower composite showed

the presence of less contaminated water below zone 4.

» The zone 5 upper composlte sample conflrmed the presence of the rore
highly contaminated -water -coming from zone 4. The lower camposite,
however, showed less contaminated water caming from below zone 5. Since

the lsolated sampie from zone b was actually higher In VOC concentration
"than the isolated sample from zZone 5,.1t can be concluded that more water

(at a lower concentration than zone 5) must have entered the vell between
zone 5 and zone 6. This may account fcr some of the missing well
capaclity discussed earlier.

The zciie & upper composite sample conflrmed the presence of lower
concentration water above the zone. The lower composite sample was equal
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©In concentratlon ‘to the Isolated sample. Thls, t.ogethé:" with very .
- -simllar speciflc capacity data for the lsolated and lower zone (0.27 and o

L 0.22), Indlcated that. r.here were no more water producing zones below zone
l'-“ 6.

’groutlng or packing off a portion of the well would not be an effectlive

- means of Ilmproving the quality of the well, because the contamination was

entering at many different polnts. A weH of this type would requlre
treatment other than Isolaticn of the contaminant entry zone. '

The Informatlion gathered by this well characterization was used th .

desligning the ln—well aeration experiments to be performed. Further
explanat.lon of how this Information was used can be found ln Sect.lon &4,

._PUMPING TEST.

] Tradlt.lonal methods of well characterlzatlon oFt_en lnclude purolng
- 'tests. Pumping tests can be used to determine well efficlency and
long-term expected yield. Water quality samples taken during pumping
tests can be used to establlish long-term trends In quallty as well as

provide a representative sanple of nearby aqulfer conditlions.
A puping test was performed at well L~-8 to further characterlize the

well and provide [nformation about the nature of VOC contamination In the

viclnity of the well. It was desirable to know how the VOC concentration

- would change with time, because each In-well aeration test took cne full
day and was, therefore, performed from a resting (non-pumping) cordition
of the well.

The test was conducted over a period of 5 days beginning on
September 20, 1982. The pumping rate was held constant at 50 gpm and
standard pumpling- test procedures were followed (25,26,27). Data from the
test are found In Figures 8§ and 9. Results of the test indicated that
the aquifer surrounding the well was not uniform. The average
permeabllities of the aquifer appzared to Increase, then decrease
away from the well. Thls could be seen by the changes In slope of the
drawdown curve (Figure 8). The starting water level was 21.5 ft belaw
the top of the casing. Thils drepped 15.1 ft, to 36.6 ft after 94 hours
“of pumping at 50 gpm. o .

During the pumwping test, samples were collected perlodically for
volatile organic analysls (see Figure 9). The major contaminants showed
similar trends of decreasing within the flrst 0.2 hours of purpling then
gradually increasing for the remainder of the test. TCE - showed the
greatest change, dropping from 720 ug/L to 410 ug/L after 0.2 hours, then
steadlily rislng to 1,190 ug/L by the end of the test.

The nature of the change In the VOC concentratlion suggested that the
sources of contamination were relatively near the well. The decline in

concentration during the early pertod of drawdown Indicated that the cone:

of Influence spread - Initlally to areas that were not severely
contaminated, thus causing & dilution of the contaminants that enter L-§
under natural or non-puwpling flow condlitlions. After 0.2 hours the
contaminant concentration began to rise due to the spread of the cone of
Influence Into the contaminated areas. After approxinately 30 hours of
"purping, the area contributing contamination.was completely engulfed by
the cone of Influence and the rate of Increase In contaminant

. 28
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cqncentrat.lon began to lessen. v

- The' lnorganlc quality of well L-8 was r.ypical of the Brunswlck

"’ format lons - It was hard and sllghtly alkaHne, vwlth hlgher t.han average»_-

- . chlorlde levels.

- Well logging, performed by t.he U.S.G. S., !dent.lfled seven pot.entlal
”_wat.er zones of entry Into the well. This information was used to

determine where to .place straddle packers used to collect voC and war.er

“ . quallty data for each zone..

" The straddle packer testing of the seven zones Ident.lﬂed by the

" 'U.5.6.5. accounted for approximately 81% of the well's total specific -
_ capaclty; .therefore, the remaining 19% of -the specific capacity was
-contributed by zones not Identlifled during the well 1logging. In
additlon, two zones Identifled as potential water produclng zones

dewatered almost irmediately during packer testing.

VOC concentrations were dlfferent for each of the zcnes test.ed. The:

two rost heavily contamirated zones were also the two largest water
producing zones. These zones were located at 70 to 89 ft (zorne 3) and at
121 to 140 ft (zone 4). Zone % contained the. highest concentrations of
the major contaminants (TCE, c¢-1,2-DCE and PCE) and zone 4 showed the
highest concentrations of the minor contaminants (1,1-DCE, 1,1,1-TCA and

'CCLY4). The Information gained during the packer testing was used to
determine the depths at which to place the in-well aeration equlpment.

The open borehole pumping test showed that VOC concentrations at

well L-8 changed considerably with time, and that the chariges were

especlally significant, because the in-vell aeration testing would all be

performed during this early part of the punp curve. Because of this, -
very frequent raw water sanpllng was deslgned into the !n—wen aeratlon
' test.lng. : :

31

e T ae DRt o e L LT T SR WP TR s S S A T T LS S SIS

This pumpling test Indicated that large varlatlons In raw water: .. "
‘concentrar.lons could be expected over’ any single day of In-well aeration .

testing. - Because of -thls, It was necessary to monitor raw water' :
:"concent.rat.lon carefully durlng all phases of \.he testing. ; L

N revlew of hlstorlcal dat.a for Nort.h Penn Wat.er Aut.horlt.y s wen o
'L-8 showed It to be ,contaminated with a varlety of VOCs, six of which- |
~- were found. at high enough concentratlons to be used for this study. -
.. These cumpounds of Interest were TCE, PCE, VC, c¢-1,2-DCE, 1,1,1-TCA and °
- CCL4.. When the contamination was discovered t.he t.ot.al voc ccncent.rat,lon
‘o was approximately 1,000 ug/L. : :




e B A R T TR > AN

SECTION 6

EXPERIMENTAL DES IGN

L The exberlmenial deslgn for 't.hl.s project. was developed based on
Independent and dependent vartables. The Iindependent variables were

experimental "varlables that were set In the fleld. The dependent

- varlables were data which were obtalned by setting the Independent.
.. varlables. The dependent varlables were, In some cases, calculated (e.g.
- horsepower) and In other cases were measures of quallity changes (water or
"~ alr) which occurred as a result of varying the Independent parameters.

. Table 7 1ists these Independent and dependent varlables.

Alr flow rate was an Independent varlable. The alr dellvery system

. used’ to ‘control and measure alr flow rates throughout the In-well

aeration experiments Is shown schematicaily In Figure 10, The system
was mounted on a 4 ft x 6 ft plywood board and was located on the well

- house 'wall approxlmately 4 vt from the well head.

As can be seen In Figure 10, the alr dellvery syst.em was dlvlded
Into two alr flow pathways. Slde A was used for t.he alr 1ift punp and
Slde B was for the sparger.

The source of compressed alr was a gasollne powered Schram "Air
Compressor capable of dellvering 100 ps! of alr to the In-well aeration
system. Thls was sufficlent for the dépths at which work was performed
at well L-8, but wells of greater deptii would require a more powerful

campressor.

A pressure gauge (Gl) measured the dellvery alr pressure From the
compressor. Each pressure gauge was mounted with a test tee to accept a
calibrated gauge by way of a quick-connect fltting. All gauges were
checked agalnst the callbrated test gauge at the start of each testing
day, as well as periodically during testing. Following gauge Gl was a
thermometer (T1) used to measure the temperature of the Incoming
compressed alr. Next there were two filters in serles (F1 § F2) to
remove oll and water vapor and particulates. Fl was a Deltech 810 serles
fllter and F2 was a Fine Alre glass fiber coalescing flilter. Another
pressure gauge (G2) followed the fillters. Gl and G2 were used to monitor
pressure drop over the f'lters to observe any possible filter clogging.
After gauge G2 the air delivery system split Into slde A (for the ailr
1ift punp) and side B (for the air sparger). Ball valves (BV-A and BV-B8)
were used to turn elther slide on and off. The ball valves were followed
by pressure reducing valves (P-A and P-B) to control the amount of air
pressure at the rotometers. Three Brooks rotometers were used. R1-A and
R1-B were. both callbrated from zero to sixty cublc feet per minute
(cfpm). Rotometer R2-A'was callbrated from zero to slx cfpm, and was
used only during the lower flow rate portlions of air 11ft punp efficlency
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" TABLE 7. GEMERAL EXPERIMENTAL DESIGN -

IPDEPEBDE?‘JT VARIABLES DEPENDENT V/\RIAB..ES

'VARIABLE T RaNGE - VARIABLE - RANGE

Alr flow rate . o 0-116 cfpm -~ Water.flow rate . 20-100cfpm”
! : SR i i B Submergence 50-75%
Foot,plece Conflgurat.lon large/small ~ Water Horsepower - 0.5-1.7HP
.. . . bubble L S R
Depth cf bparger o 130 €1,200 fu, Alr Horsepower 0-10HP
- .7 280 ft . j (adiabatic)
Dept.h of' Alr Llft Purp 130 fr, 200 ft Requlired Com—- 0-1SHP
280 fv pressor HP
Depth oF Electrlc Purp ' 200 f‘t " _Estlmated wlre-to-water .
s ' efficiency. - 0.2-40% -
Purplng Water Level l+0 ft - 70 ft Cost to Compr'ess
e T ' " Raw Water Quality organic

" (primary) removal

Treated Wtr Quality organic

' (primary) removal

. Raw Water Quality pH/DO bact
(secondary) ’
Treated Wtr Quality pH/DO bact
‘(secondary) -

Alr Quallty Organics
in alr at
well head,
welr box &
20 ft from

welr box

testing. Another pressure gauge followed the rotameter on each slde
(G1-A and Gl1-B) to determmine alr pressure at the rotometers. These

gauges were followed bv thermometers (T-A and T-B) to measure alir .
" . temperatures at the rotometers. R1l-A, R2-A, R1-B, Gl-A, G1-B, T-A and .

T-B were used to measure the Independent variable of alr flow rate. Air

"~ pressure and temperature at the rotometers were necessary to correct alr
" flow rate for deviations from the rotometer calibratlion temperature and

pressure (see Appendix A). Next, there were gate valves to precisely

"control the alr flow rate through the rotometers (GV-A and GV-B).

Finally pressure gauges G2-A and G2-B were used to measure the'act.'ual air

delivery -pressure to the well., After these gauges, flexlble rubber .

compressor hoses were used to connect the alr delivery system to the
equipment In the well by way of quick-connect fittings.

Cne independent variable was the footpiece configuration for the alr
11ft punp and the air sparger. Early research (5) had shown that the
footplece confliguration of the air 11ft pump could be varied considerably
without altering the pumping efficlency. The experimental design
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_“described here was derived to test whether altering the footplece of the -
- alr 11ft -purp could change VOC removal efficlency. Varying bubble slze
2 ~'In dlffused aeratlon affects t.he organic chemical removal efficlency (28)
., -and bubble size Is Important In nodellng aeration treatment systems.

"-..In fact, the need to know (or at least predict) bubble size made It . . -
- dlfficalt to model an In—well aeration system.  The bubbles could not be
", measured, and the flow of the water within the well was unknown. -
.. Bubbles may have coalesced, been pulled into the pump or even. heve 'left. ’

- the borehole through fractures before reaching the pump. Because of .
.. this,. the data gathered during In-well aeratlon testlng Is slte-specific,
ek ;and I's not useful to.predict speclfic behavior In another system. .
2007 . The two alr 1ift punp feotpleces chosen for this study provided two

fdlff’erent bubble sizés. - It was hypotheslzed that smaller bubbles would
< provide a greater. alr-to-water surface interface area which could,
.. 'therefore, Increase organic rermoval efficlency.. It was known that the

Adev._lce_t,o reduce bubble size would also increase head loss and be more
expensive to operate. One design Introduced alr Into the footplece

- through a slmple open plpe configuration (see Flgure 11). This open
- - .plpe footplece was to produce large bubbles as compared to the second
- . footplece, which Introduced alr through a diffusing device. The device

- used was a Pearlcomb alr diffuser, manufactured by FMC Corporation for

use In aeration basins. It resembled an aguarium stone, producing very

"small bubbles. The alr sparger footplece was also tested. The first.
‘sparger conflguration was & simple, open PVC pipe to produce. large

bubbles (see Flgure 11). The second conflguration test.ed had a

" Pearlcamb aerator attached at the base of the sparger.

The next independent variables were the depths at which the alr 1ift
punp and sparger were set In.the well. Three depths were chosen, based
on the VOC and water zones of entry determmined during the well

" characterization procedures (discussed In the previous section).
" The flrst depth chosen was 130 feet. All depths were measured from the
© 90° bend In the eductor pipe at the wel' head, to the top of the alr lift

purp, electric punp or sparger footplece. The 130 foot depth was
selected because, based on the historlc pumping water level at well L-8,
It was likely to provide 65% submergence for the alr 1ift pump, which was
reported In the literature (5, 29) as the most efflclent submergence for

~operating an alr 1ift purp. This depth was also slightly below the most

heavily contaminated zone of water entry Into the well. The second depth
chosen was 200 feet. Thls setting was below all of the major VOC and

" water zones of entry. The third depth setting was 280 feet, which was 10
feet above the bottom of the well. The 280 ft depih was chosen to
. maximize aeratlon contact time In the eductor when alr 1ift pumwpling, and-

to maximize countercurrent stripping by the sparger in the well borehole.

" The 200 ft depth would do the same to a lesser extent, and because the

cost to compress air increased with depth, the 200 ft setting would be
less expensive than 280 ft. Operating the air 1ift pump at depths
greater than 130 ft would Increase costs due to submergence greater than
the optlimum of 65%. Testing would show whether the Increased costs would
pay off In Increased VOC removal,

A 12-member matrix of equipment configurat,lons was -devised for the
three chosen depth ‘settings (see. Flgure 12). The entlre matrix was.
examined for the alr 1ift punp cambinations. After examining air 1ift -
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Figure 11. Diagram of air 1ift pump and sparger conflguratlons.w

for footpiece testlng
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purp results the elect,rlc punp testlng mat,rlx was extracted as a subset.

- of the alr 11ft pump matrix. S
L Another . Independent .variable vias t,he punplng water leve! Under set

.. ~condlitions, the water level whlle putplng will vary tremendously during

.the course of the year. Thls Is caused by seascnal ralnfall conditlons

glving the aquifer differing statlc water levels (the water level In the

“well when not purping). On a small scale, when the pump Is flrst turned.
.on, the water level will drop from the static level to the pumping level.
C AL well L-8 this takes at least 90 hours (see results of pumping test at

L-8, Section 5). Because of rescurces the aeration tests were not run

’thls ‘long In each conflguration, so the. pu'nplng wat.er level was changlng
;wlth dravdown during the testing.

In earller tests the water level was measured by dropping an
electrical conductance probe dowm a 1/2 In plastic plpe In the well,

. -".When the probe encountered water, a clvrcult was completed and a
-deflectlion was observed on a conductlvity scale at -the surface. - The
~water level was measured directly from the length of line In the well at
" the polnt where the deflection occurred. This method was found to be

faulty when alr was belng Introduced Into the well through the sparger.
In certaln conflgurations (sparger adjacent to or below the probe line

- ploe), the plastic probe line Itself acted llke an alr tift pump eductor
“and water was alr 1ifted up through the probe line pipe. To correct this
. error. In later tests, a 3/8 In plastic llne was dropped down the well to

a known depth (275 ft). A small alr compressor was used to introduce
Just enough alr Into thils plastic line to displace the water. in the line.

‘This alr was carefully controlled so as to be negliglble In comparison

viith the amount of air flowing during aeration testing. The water level
was then calculated from the amount of pressure required to Just dlsplace

. the water In the plastic 1Ine (see Appendix A),

The Independent varlables thus were all direct rneasurement,s made In

" the fleld. An exaple of the data collection log may be seen In Figure

13. }

The flrst dependent varlable was water flow rate. Thls was measured
by passing the well discharge from the eductor through a v-notch welr
box. The box Is shovm In Flgure 14. It was made of stainless steel and
was located outside of the well house. The v-notch was 90 degrees. An
observation well was attached to the slde of the welr box. The well was
an 8 In plpe set up vertically with a metal plate welded to the bottom.
A smaller plipe allowed water to flow from the box to the well, In this
way, the water level In the observation well was the same as the level at
the v-notch. A water level recorder was set up on the observation well
to provide a continuocus record of water level at the v-notch weir. A
transparent Tygon tube was attached to the observation well with an
adjacent measuring tape to obtaln direct readl‘ngs of water level at the

.v-notch. Water flow rate calculatlons from a 90° v-not.ch are glven In

Appendix A.

The welr box served a second purpose, aslde from water flow rate
measurement. It was also the gas and water separator during aeratlon
experiments. The water discharged was milky white with bubbles durlng
experimentatiocn when the alr sparger was belng used. The open welr box
provided a place for the bubbles, as well as the VOCs to be released to
the atmosphere. The water was clear of bubbles before It reached the
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2 '_éost were calculated from the Independent variables. See Appendix- A.

v-notch (VOC 'sample coHect.lon polnt.)

~The dependent varliables of smbmergeni:e, horsepaner, efflc!ency and

. Primary - and secondary water quality parometers were determined: by -

-;A':'saml Ing and analyses.: During alr 11ft punp testing the raw water sample =~ .
"+ .was collected fram a small (1 HP) submersible pump which was located at - . -

. _the entrance to the alr 11ft pump footplece. " When the alr sparger was
P not belng used, raw water could be collected from this poilnt at any time.
. When the alr sparger was belng used, the raw water sample had to be taken .
. " before the sparger was turned on, or the sample collected at this point
. would be aerated and not representative of the raw water. Each time the

.sparger alr flow. rate was changed, the sparger was flrst tumed. off to

allow. the alr to clear fram the well., The well was declared free of alr

- from:'the spargér when the raw .water dissolved oxygen concentration

o returned to background conditlons.defined at the start of testling, before -
- any alr had been introduced to the sparger. It typlcally took 45 minutes -

" -. to one hour to clear the well between sparger alr flow rate changes. .
The primary water quallty parameters examined were the six volatile

brganlc compounds found In well L-8 In high encugh concentrations to be
statistlcally comared In raw and aerated samples. The samples vere

:"collected and "analyzed according to EPA method 502.1 (30), which Is a
o, purge and trap gas chromatographic procedure using the halogen
specificity of the Hall Electrolytlc Conductlivity Detector (HECD). The

gas chromatograph used was a Varlan 4600 with a Vista 401 data system. .
The purge and trap apparatus was a Tekmar LSC-2 with the Tewmar ALS

‘autosampler. The. quality control program was developed based on Method

5902.1 and the lliterature (31). Gas chromatographic conditlons and
quallty control procedures are glven In Appendix B.

The secondary water quality parameters were pH, dlssolved oxygen
(D0) and bacteriological quality. The pH and DO measurements were
made In the field, Immediately after the sample was collected. The pH
was measured using a Corning portable pH meter, Model &, Dissolved
oxygen was measured with an Orlon DO probe, mcdel 87-08-00. The
bacteriological samples were analyzed by both the her.erot.rophlc plate

count and the R2A agar plate count methods (32).

~ The treated water- quality, both for primary a.rd secondary
parameters, showed water quallity after in-well aeratlon treatient under
the conditions represented by the Independent variables. The treated

A_-~wat.er samples were collected from the v-notch of the weir box. The

analytical met.hodology was the same as discussed above for the raw water
samples.

- The final dependent varliable was alr qualir,y. Alr samples were
taken in the well house, over the welr box and 20 ft from the weir box.

Two methods were used for examining the alr. The first was to pull a

known amount of alr through a tenax/silica gel/charcoal trap using an
industrial hyglene sampling pump. The trap was capped and returned to

the laboratory where It was desorbed by the purge and trap device into ..

the gas chramatograph for analysis. Two traps were used In serles to
monltor for sample breakthrough fram the first trap. The second method

used to monitor the alr was by the on-slte analysis using an HNU portable.... .

photolonization detector. Both of these methods are described
In more detail Ir Sectlon 12.
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SECTION 7 B

s PRELIMINARY FOOTPIECE INVESTIGATI(X\[S

= AIR LIFT PUMP FOOTPIECE TESTS - PROCEDURES .

- 5 it arr

' Foor.plece conflgurat.lons for both t,he alr Hft, punp and t.he ln—well
dlffused aerator (sparger) were Independent variables as dlscussed In
Section 6. The preliminary Investigatlons tested two types of footpleces

“for the alr 11ft pump and two types of footpleces for the sparger. These

experlments were also used to develop operating techniques and gain
experience In using the alr 1ift pump, both with and without a sparger.

~ Although alr 1ift pumpling had been used at North Penn Water Authority In

the past, personnel who were famlllar w!th alr 1ift pump - operation had
retlred.

The tests run on the alr 1ift pump, without the sparger, were alsc
used to develop alr 1ift pumpling efflclency curves. .The alr 1ift pump
and sparger were bcth set at a 130 ft depth In the well. All equipment

', depths were measured from the top of the alr 1ift pump or sparger

footplece to the center of the 90° bend of the eductor (water dlscharge
pipe) at the well head.
The alr lift punp footplece used for prel !mlnary testing was a

‘ cablinattion of the two footpieces to be tested. This design was used so

that the alr lift pump would not have %0 be removed from the well to
change - footpleces. Installing and removing an air 1ift punp was
comparable to perfoming similar operations for an electric submersible
punp In terms of labor and time required. Fligure 15 1llustrates the alr
11ft pump design used for the preliminary footplece testing. The alr
1ift purp footplece was made of 4 In diameter steel pipe. The steel pipe
was tapped to accept 3/L In flttings for the electric submerslble samule

. purp, the air feed line ending with an air diffuser, and the air feed

line which ended as a simple open plpe. The alr 1ift footplece was
attached to the 2-1/2 in steel eductor pipe with reducing fittings. The
air 1ift pump was then lowered into the well by attaching 10 ft lengths
of 2-1/2 In steel pipe for the eductor and 10 ft lengths of 3/4 in PVC
plpe for the sample pump dlscharge, diffuser air llne (small bubble
footpiece) and the open pipe air line (large bubble footplece).

"A 1/2 In PVC plpe was lowered into the well to allow a water level

" measuring probe to be used. This pipe prevented the water level probe

wire fram becoming entangled with the rest of the equipment In the well.
Each of the PVC pipes were color coded and labelled at the w21l head

so0 they could be distinguished. A color code diagram was drawn and kept

at the wvell head for reference. The color coding Is shown In Flgure 15.

The footpieces were chosen to provide different bubble sizes for -
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"seration.”

"‘é "run" Four tests were performed durlng preliminary footplece studles.

"A.test was a serles of runs, with one depth configuration of In-well "
 aeratlion equlpment. per test. For each run, alr flow rates weve altered. -
For example, for a particular test the air 1ift pup and sparger were set

at 130 ft In the well. These depth sett,lngs were nzt changed during the

“test.. For each run during the test, a different amwunt of alr was

© . dellvered tc the alr 11ft pump and/or sparger. Also, during certaln of

- these prellminary tests the footplece conflgurations were dlfferent. f'or .

different runs within a test.

Prelimlinary  Test #1 will be described " in detall, as It !s
descripttve of the procedure used In other tests. The alr 1ift pump was
operated without the sparger. Alr was flrst dellvered to the large
bubble alr 1ift purp footplece. The range of alr. dellvery rotometer

" settings were from S to 116 cfpm. The same alr flow rates were then used

with the small bubble footplece.

The portable alr compressor was started and the output was connected '
“to the alr delivery system (described In Section 6, see Figure 10). ihe

first alr flow rate used was b cfpm. The rotameter was adjusted to 6
cfpm and the adir 1ift pump was allowed to run for 5 minutes. After 5
minutes, a serles of readings were taken of the water level, water flow

" rate, and the various gauges and thermometers. If the rotometer setting

was drifting, It was adjusted at the 5 minute reading. The air 1[ft pum
then ran for 10 more minutes to give a total run time of 15 minutes. At

the end of the 15 minute run the readlngs were taken again and VOA

samples were collected. This 15 mlnute run procedure was repeated for
26,40,58,78,96 and 116 cfpm rotometer settings. The entlire test
consisted of 14 runs; seven with the large bubble alr 1ift pump footplece
and seven with the small bubble alr lift punp footplece. The baslc
procedure of using 15 minute run times with readings at 5 and 15 minutes
and sampling at 15 minutes was used throughout the rest of the in-well
aeration testling at well L-8.

During the first air 1ift pump footplece test It. was dlscovered that.
“the water level at the v-notch of the welr box was difficult to determine
directly. Also, the orlginal rotometers for measuring alr dellvery were

- difficult to adjust at low flow rates. Because of these difficulties,
the air 1ift punp efficliency data for the first test were questionable. .

The welr box was modified to include a direct reading tube and water
Level recorder (see Sectlon 6 for detalls). A new rotometer, callbrated
from 0 to & cfpm, was Installed for use for the very low alr delivery
rates. Preliminary Test #1 was then repeated, using these modificatlons.

* The modiflcations were adopted for use during the rest of the In-well

geration tests at well L-8.

After examinlng the alr 1ift pump operating data, It was decided
t‘.hat the cost to operate the alir 1i1ft purnp could be reduced by enlarging
t:he slze of the air dellvery line from 3/4 In to 1 In. A third alir 1ift

-
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- The test.s were t.o determlne whet,her changtng bubble s(zn would. -
“i'slgnificantly affect VOC removal or the cost to compress -alr because of
_increased  haad 'loss ‘provided by the diffused aerator. Based on ‘the
“literature, changes In alr 1ift pumplng efficlency (amount of . water
. punped . for amount of alr added) vere not expected with chang!ng alr llft
P pum footpleces. S
Lo ‘It Is important to make a semantlc dlst.lnct.lon between a “test" and .
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,;p&rb"iprél’l'mlnar(y" test was run using the new,
The large bubble foot,plece was used for t,hls test

e AIR LIFT PUMP FOOTPI!:CI: TESTS - RESULTS AND DISCUSSION

larger alr dellvery llne.

etc. (see Appendix A). As expected, the' cuerating pressure of the alr

. : In tems oF punp operar.ing parameters, the alr Hf’t. purp foot,plece
.- tests confirmmed what had been predicted from the literature.. Figure 16 .
5 11lustrates changes In alr 1Ift punp operating alr pressure and cost to . -
-, compress alr for the three preliminary alr 1ift purp tests. Higher

operating - pressures resulted In higher operating costs. Costs  shown
" here were only the costs to compress alr. They do not Include costs of
" disinfection, repumping after a clear well, operation and maintenance,

o 1ift purp equipped with the restricted openlng, small bubble footplece
* had the highest operating pressure and therefore the highest operating -

cost.. The maximun alr prassure for thls configuration was 83 ps! with )

'_a maxlmun cost of 29.5¢. per thousand gallons. The maximum operating
- pressure for the large bubble alr 11ft pump footpiece with a 3/& In alr
: Yine was 68 psl, which produced a cost of 25.7¢ per thousand gallons.

The large bubble air 1ift punp footplece, with the 1 In air line, had a -

maximum operating pressure of 54 psi with a cost of 20.4%¢ per thousand
gallons to camwpress alr., Pressure differences were most apparent at the

= hlgher alr dellvery rates where -frictlon loss was greater. Since the

most efficient operation of the alr 1ift pump was at a lower alr flow
rate where operatlng pressure differences were smaller, the cholice of
footplece conflguration was not found to be critical In terms of cost

‘vhen designing an alr 1ift pump.

Figure 17 lllustrates the results of the pretl Imlnary air 11ft punp

tests In terms of pumping efflciency (wlre—to—water efflclency). The
share of the puping efficiency curve followed that predicted from the
literature (5,29). The curve sharply rose - to a maximum pumping

“effliclency of 30-35%, then gradually fell as more alr was added. The

maximun efficliency coincided with. an alr-to-water ratio range of 1.1:1

't.hrough_‘ 1.4:1. The shape of the curve was because of slippage In the
.eductor at - higher alr-to-water ratlos. (At  higher than optimum
_alr-to-water ratios, the excess alr moves faster up the eductor than the

alr/water mixture Itself. This phenomenon Is defined as slippage.) The
depth setting of 130 ft for these preliminary tests was designed to
provide 65% submergence for the alr 11ft pump, which was the theoretical
optimm submergence In terms of alr 11ft punping efflclency (5,29).
Because of thils, the pumping efficlency maximum shown In Flgure 17 was

A “the best efficiency which could be expected for the air 11ft pump used In

these studies. The 30-35% efficlency was consistant with observed alr
11ft punp efficlencies In the literature.

The data from the alr 1Ift punp f'ootplece test also conﬂrmed the
literature wherein the two footpiece configurations examined showed very
Tittle difference In air 1ift pump efficiency (see Flgure 17). Changling

" from the 3/4 in to 1 In air delivery line did cause a slight improvement
~in alr 11ft punp efficlency.

The VOC removal results for the alr 1!ft pump footplece t.est,s are.

- shovm In Table 8 and Flgures 18 and 19. The figures represent data from

both repeats of the air 1ift pump footplece tests using the 3/4 In alr
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'TABLE 8.

voc REMOVAL DATA FOR AIR LIFT PUMP FOOTPIECE TESTIrr (ANERAGE OF ALL
LARGE AND SMALL BUBBLE AIR LIFT PUMP FOOTPIECE TESTS) _

AIR-TO-YATER

RATIO

1.2
2.4
3.5
4.9
7.0
8.7
11.1

AVE  %RSD

9.3

6.3

5.1
0.0
1.4

1.1

5.1

=z

r w

% REMOVALS FOR VOCs

TCE

"AVE $RSD

33.1
40,4
48.5
52.6
58.2
65.1
70.8

19

3.7

5.8
4.7
6.9

n.65

PCE

AvE

40.4

$RSD

14
4.1
4.7
1.6
5.7
0.74

2.8

c-1

2-DCE 1,1,1-TCA

L 1-DCE ¢ VC

 AVE

26 5

- 26.7

35.5
37.2

43,3
48.7
- 55,2

%RSD  AVE  $RSD

;33 48,3

2.1 56.7

7.3 64.9

16738

7.5 . 85.3

9.5 - 78.9°
0.60 " 82,0

19
2.1

9’9

1.4

5.9
1.0
2.4

AVE %RSD AVE %RSD '

.80.8 0.
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during air lift pump footpiece tests.

Removal of minor contaminanﬁs from well L-8 -
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. 1llne. as well as data from the test using the 1 in alf Hne._
O ._'exanlnatlon"of the results Indicated that none of the configurations '
"ot 7 tested were signlficantly better or worse In terms of volatlle organlc .-
3 - .. .chemlcal removal efficlencies with a $10% experimental error. It also '
.7 demonstrated good reproduclibllity where dx.pHcare tests were oonducted
Ce and lent confldence to the procedures. - oo
. - The alr—to—water ratios plotted on t.he X-axes of these flgures are
'averages "of ‘ratlos cbtalned during the tests for:the same alr rotometer ...
. .setting. A problem with alr 11ft pump fleld work was that the same
 rotometer settlng ylelded different water flow rates at different times. .
- Thls could be caused by a rumber of factors, but the princlpal cause was
the alr lift pump submergence changed constantly as the water level was -
“.. dramn -down during pumping. Since well water level could not be .
.. controlled, It was decided to keep t.he rotometer set.t.lngs constant for
PR -each run from test to test.
LT T The alr-to-water ratlo colum of Table 8 shows the deviatlons which
T ’,'occurred for rotoameter settings during the prelimlnary alr 11ft pumnp
tests. '~ The percent relative standard deviatlion was the highest for the

%'Vlsﬁal:, o

St 2o 8 s, e L Kt o B S n A £ T

PR TG AR T A AT I SN R SV NS

. lowest alr-to-water ratlo. At these very low alr dellverles the
"alr/water mixture surged from the eductor at 5 to 10 second intervals
- causing an uneven water flow. The uneven flow made It difflcult to
accurately measure water flow rate, whlich would account for the greater '
variability In alr-to-water ratio at low alr dellvery rates. These low
alr delivery rates produced alr~to-water ratios below 2 to 3 which is the
. theoretlcal optimuan for alr 11ft punp operation. :

If the alr-to-water ratlo was the only factor affectlng organic .
removal effliclencies (and not alr 1i1ft purp footplece conflgurations), . ;
the percent relative standard deviations for the ramoval efflclencies -

o . should be similar to those for the alr-to-water ratlos. In most cases In

g Table 8, this seems to be true, but for several ratlos the data were

' : derived from only two data polints, which dimintshed confidence In these .
conclusions. The data for the lowest alr-to-water ratlo was consistently s -
higher in percent relatlive standard deviation for the VOC removals than ’
for the alr-to-water r.tlo, l.e. the VOC removal varled more than the
alr-to-water ratlo at a particular rotometer setting. For. thls data,
alr-to-water ratlo was probably not the only factor affecting organic
removal. Because of the surglng water flow at the lowest alr-to-water
ratlo, VOC removals may have been affected by a dlfferent, Inconsistent
type of alr/water Interface in the eductor and the welr box.

Both the volatlle organic chemlcal removal data and the air lift
punp efficlency data Indicated that there was no reason to attempt to
create smaller bubbles with the alr 1ift pump footpliece. It was not
possible to see what was happening in the well during testing, but It can
be  assumed that, at that cepth In the well, In the relatively small
eductor pipe, the bubbles rapldly coalesced. Davis and Weldner (5)
observed coalescing of small bubbles in thelr laboratory tests employing

< _ glass eductors. For most of the distance the alr traveled in the eductor -
plpe, there likely was no difference between bubbles introduced by the . .
large bubble or small bubble air 1ift punp footplece. Because of this, )
and the higher operating cost of the small bubble footplece, the large

bubble open plpe alr 11ft pump footplece conflguration was used for the

rest of the In-well zeratlon tests. The 1 In alr feed line remained In

Loure kot Beat . 3
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'v_.',use because of lt.s lower operat,lng pressure.

- ";A‘-'.‘SPARGER FOOTPIECE TESTS - PROCEDURES

AAAAAAA

P,

Prellminary Test #1 will be described. It was typical-‘of the other

‘tests performed. The alr 1ift pump was operated at a rotometer setting.

-of 25 cfpm. This alr dellvery rate was found to be the most efficient In
" the a'r 1ift pump footplece tests, produclng the highest water flo.: rat.e

per unit of alr Introduced Into the afr Tift puUTD. :

: The first run of each of the sparger footplece tests was done wlth

the alr 1ift punp alone; no alr was belng added by the sparger. Next,’
‘several . runs were performed with Increasing amounts of alr added through
‘the sparger.. Finally the alr 1ift pump and sparger were both turned up
" to ,thelr maximum alr dellvery rates for one run. This flnal step was

done  In order to try to get the highest possible alr-to—water ratlo

. without regard to air 1ift pumping efficlency.

During alr sparging It was not possible to collect a raw water
sample, because the sample pump would have collected water which was
aerated by the sparger (see Figure 15 for sample pump location). In
order to collect raw water samples between runs, the sparger had to be
shut down, then the well was allowed to clear of bubbles while the alr
11ft punp was still running. The effluent of the sample pump was watched
until- It was clear to the eye, then the raw water was serpled and the
next 15 minute sparging run was started. A dissolved oxygen probe was
used to verify the clearing of the well (see Sectlon &) The clearing
process took approximately 45 minutes. During the 15 minute runs,

. readings of the varlous gauges and thermometers, as well as water flow
rates and well water levels, were taken at 5 and 15 minutes into the run.

As with the alr lift pump footplece tests, any necessary adjustments to
alr delivery rates were made at the 5 minute reading. Treated VOA

" -samples were collected at the v-notch weir at 15 minutes.

SPARCER FOOTPIECE TESTS - RESULTS AND DISCUSSICN

Sparging alr Into the well borehole had an effect on air Hft'
purping which can be seen in Figure 20. »As alr was added through the .

sparger, the amount of water pumped gradually declined. This could be
easlly explalned by re-examining the operating principle of the alr 1ift
pump, Introducing air into the eductor of the alr 1ift pump created a
density difference betveen the water Inslde and ocutside the eductor.
This density difference was the driving force which lifted the water up
and out of the well, ¥When the sparger was In use, air was being added
both Inside and outside the eductor. -The density differential was
reduced, which reduced the driving force of the alr lift punp. In Figure
20, the alr 1ift purp was operated at a constant alr dellivery rate of 25

52

I Two 3/4 in atr sparge Hne% were Iowered lnto t.he welt t.o a dept.h of-' .
130 f’t.. The alr 11ft pump remained in the well at a depth of 130 ft. - In
‘contrast to installing the alr 1ift punp, Installing an alr 1ift sparger

" was a simple task. The spargers were lowered Into the well by attaching"

© .10 ft lengths of 3/4 In PVC pipe at the surface. One sparger ended Ina -
. .diffussion device to produce small bubbles, while the other was left as
. an open pipe to produce larger bubbles. ° : - e T
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’ cﬂ:mand the amount of water pumped dfépped (from.78 to 68 gpm) as the
o rale Vfy pump drlvlng force was reduced with addition of alr t.hrough t.he
- sparger. L

‘for the water level probe was fllled with aerated water which operated

- readlngs. This was rot dlscovered until later testing when water was

- -obtalning water levels was used. A description of. t.hls procedure can be

. ‘The effect of sparglng on alr Hft. punp efflclency could not be
det.ennlned durlng the early tests because of inaccurate water level
" measurements. Water level was needed to calculate the pump horsepower
:(see Appendix A). When the sparger was operating, the plastic plpe used

llke an alr lift punp Itself, causing. artiflclally hligh water level

actually pumped out of the well through the water level prcbe pipe. The
problem was corrected in later tests and the alr pressure method of

found In Section 6.
..°7 Figure 21 shows the cost to’ compress alr for the sparger foot.plece )
) t.es.,lng. The costs for the air 11ft punp In cavbiration with the large
bubble or small bubble spargers were nearly ldentical, ranging from 4¢ to
13¢ per thousand gallons at alr delivery rates of 28 to 75 cfpm. The .
operating pressures were cnly slightly different for the two sparger o o R
footpleces. The smal} bubble sparger footplece ranged from 34 to 43 psig ) S
" while the large bubble sparger footplece required 33.5 to 41 psig -
- operating pressure. These small -pressure differences between sparger ' JTk
" footpleces translated Into very little dlifference between cost to :
conpress alr for the two types of spargers. ’ '

' The cost to compress alr was similar for the alr lift punp alone 1
versus the alr lift pump and sparger combination. The 3/4 In air line 3
alr 11ft punp with a large bubble footplece cost 4¢ to 14¢ per thousand ]
"gallons (air dellvery of 26 to 77 cfpm). This compared with 4¢ to 13¢ :

per thousand gallons for the air lift punp and sparger canblnation at

simllar alr dellvery rates (28 to 75 cfpm). Cost differences for the alr

11ft purp footpleces became more apparent at alr dellverles above 75

. cfpm. The sparger was not operated at these higher alr dellvery rates %
because, at rates above 75 cfpm, water was blom out of the well :
borehole. This occurred because the sparger was dellivering enough alr to
tum the entire well Into an air lift pump, with the borehole acting as
an eductor.

‘The VOC removal results for sparger footpiece testing are shown In
Flgures 22 and 23. The filgures compare removals for small bubble and
large bubble spargers, as well as the earllier results for small bubble
and large butble air 1ift pump footpieces. .
: Apparently, there was no significant difference In organic removal
efficlencles between the two types of spargers tested. The same
concluslon was made earlier for the air lift punp footpleces. The
figures also show not only were the - small and -large bubble sparger VOC :
removals similar to each other, but VOC removal by the air 1ift - ,
pump-sparger corbination was simlilar to VOC removal by the air 1ift pum ' .
alone. In addition, the VOC removal at the highest alr-to-water ratios,
representing the runs where the alr delivery to the air lift pump was
ralsed to its maximum, agree with removal obtained by keeping the alr
11ft punp at a constant alr dellvery rate (25 cfpm) and adding increased
alr to the sparger. In short, the prelimlnary footplece tests Iindicated
that for a glven alr-to-water ratio at a glven depth In the well It did
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PERCENT REMOVAL
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Removal of major contaminants during spargér and

Figure 22.
_ " "~ air lift pump footpiece testing.
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‘ot matter what conflguration of In-well aeration equipment was used, the

except. vinyl chloride. For vinyl chloride, although the sparger

.. footpleces both produced ‘the same curves, the alr 1ift pump by Itself did
--*not, seem to remove the vinyl chloride as well as the alr 1ift puwp and

o more sensltive to In-well seration confliguration changes. -

... Table 8 1s a sumary of the alr 1ift pump and sparger Foot.plece'._',"“ T

LT T testl'ng removal data, In terms of percent relative standard deviation
s (BRSD). T A simllar Interpretation was presented for the alr 1Ift pump
Lo o0 T footplece - tests without the sparger In Table 8. As was mentlioned In the
ioalr 1Ift - pump footplece testing discussion, a glven alr 1Ift pump
-, ... . rotometer setting did not always glve the sare water flow rate each time.
Lo This was because of changes such as static and pumping water level of the
- "well, which affected the operation of the alr 1ift pump. The alr-to-
o o .water ratio colum of Table 9 showed this variation. The VOC removal
L .. .. percentages showed how removal varied at these different alr-to-water
L “- ratlos. ' The removals could be expected to vary at least the same amount
- as the alr-to-water ratlos.(as seen by the percent relative standard
deviation). If the lIn-well aeratlon conflguration affected removal, a
much higher %RSD for VOC removals would be expected than that observed
for the alr-to-water ratlo. Table 9 did not show malor differences
between the $RSD for alr-to-water ratios and the %¥RSDs for removals. The

- exceptlon was In several of the vinyl chloride points, where the graph In

Figure 23 Indicated :a difference In removal between the ailr 11ft pump
alone and the alr 11ft punp with a sparger. Table § showed a greater
varlablility In alr-to-water ratio and VOC removal for lower alr dellivery
rates (also seen In Table 8 for the alr lift pump without a sparger).
This could be caused by .variable flow pat.terns when less alr was being
_Introduced into the well borehole.

CONCLUSIONS FOR FOOTPIECE TESTING

. that the small bubble footpiece caused greater operating pressure--than
the 1large - bubble footplece, as expected. The operating pressure
difference was greatest at the highest air-to-water ratios (5:1 to 12:1).

- In terms of punping efficiency, the most efficient operation of the alr
Jift pump was found to be at a lower alr-to-vater ratlo (1.5:1), where
the operating pressure difference between the pump footpleces was small.
There was very little difference In maximum pump efficiency between the
o -+ large and snall bubble alr 11ft punp. The maximum efficlency was found

~ . Tt be 30-35%, which conflirmed the literature.

.There was no difference in VOC removal between the two alr lH’t. pum

" footpleces. At the maximum obtalnable alr-to-water ratlo of 11.1 to 1,
VOC removals ranged from 55.2% for c¢-1,2-DCE (lowest Henry's Law
‘tonstant) to 93.6% for vinyl chloride C(highest Henry's Law constant).
i/ The cost to compress alr rarged from 2¢/1,000 gallons at an alir-to-
- water ratio of 1.2:1, to 29.5¢, 25.7¢, and 20.4¢ per 1,000 gallons for

58

.VOC 'removals- were the same. " This held true for ail of the corrpounds.»"”"-" T
,'foot,pleces both produced the -same -'curves, and the alr 11ft - pumwp -
" sparger cambination. Vinyl chloride has the highest Henry's Law

 partition constant of all of the compounds- found In well L-8, and : - - .
.. therefore, was the most easlly removed. Perhaps because of ‘this It was . e

Results of t.he foot,plece testing for the alr Hft punp Indicated
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TABLE 9. VOC REMOVAL DATA FOR SPARGER FOOTPIECE TESTING (AVERAGE OF ALL LARGE 8 SMALL BUBBLE
SPARGER FOOTPIECE TESTS)

~ % REMOVALS FOR VOC "~
AIR TO WATER o : L , . - ;
RATIO TCE PCE = g=1,2-DCE " .1,1,-TCA"  1,1-DCE vC

AVE  $RSD N AVE 3RSD  AVE %RSD AVE  $RSD "Ayg . "%RSD  AVE . $RSD - 53@57 $RSD "
1.8 39 & = 353 9.2 - 43.3 11.1 25.2 8.5 53.6  10.5 63.0 9.3 57.9 22,10 -
2.9 - 1 39.0 -~ o s4.1 - 28.6° - 545 - 70,0 = - 79.3 . ..

32 - 1 4.5 -~ 565 - 3.8 - 6l.l. = . 7500 =~ . 85.6 =" .
3.8 5.3 4 473 45  61.7 3.6 34.6. 2.8. 66.0 3.7 76.9 2.3 86.4 105 . .

5.5 0.0 2 58.6 . 1.1 751 0.10 40.6 0.40 75.6. 1.3 73.1  0.60 98,27 0.53. %
74 - 1 664 = 795 - 50.7 - 80.2. .- 80.5. - 9797 -
8.6 1.2 2 664 1. 79.7 0.52 53.0 2.3 72.8 L5 72.8 3.6 T 905 0.79°
12 2.5 4 756 3.5 844 3.9 59.2 6.5 85.5 1.0 87.0 "2.9;“95.3..f
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" the small bubble - 3/4 in alr line, large bubble - 3/4 In alr line and. .
--""large bubble = 1 In alr line air 1ift pump footpleces, respectively. “The .~

.. cost differences were greatest at the hlghest air-to-water ratlos, Where o
B _the operat,lng pressure differences were the greatest. S

VOC removal efflclency was greatest at the hlghest alr-to-water R

rat,'los, and the air 1ift pump efficlency was best at a low alr-to-water
- ratlo; therefore, an alr 1ift pump would have to be operated in an,
- Ineffictent way In order to use the punp. for VOC ;reatment. Operation at
- -the highest alr-to-water ratlos caused the small bubble alr 1ift purp

footplece to .be considerably more expensive than the large bubble

footplece. ~Since there was no difference In VOC removal between the two -
. alr Tift pump footpleces, and the small bubble fcotplece. was nore
. expenslive to operate, the large bubble air 1ift fcotplece with a'l in alr
..o deltvery line was chosen for use during the rest of the ln-—weH aeration

. t.est.tng. o
- Sparglng al Into the well decreased the efﬂclency of t.he alr llFt '

purp. This was consistent with alr 1ift pump operating theory. There

was very llttle difference In operating pressure and cost to compress alr
between the large bubble and small bubble sparger footplece. The cost to

compress alr for the alr 1ift punp and sparger combination ranged from k¢ -

"to l4¢ per 1,000 gal for alr-to—water ratios of 2:1 to 9:1. These costs

werée similar to the alr 11ft punp without the sparger at the same air-to- . . -

water ratlos.

There was no observable difference In VOC removal between the large'

and small bubble sparger. The large bubble sparger was chosen for use
throughout the rest of the in-well aeration testing.

It was found:that adding alr to the vell through the sparger could

turn the entire well into an air 1ift punp and cause water to be lifted
up and out of the well borehbole and onto the pumphouse floor. The
alr-to-water ratlos were limited when sparglng to the point at which the
most alr could be added without blowing water out of the well borehole.
- In the footplece testing, VOC renmovals were similar for similar air-
to-water ratios, regardles: of wnether alr was Introduced by the alr 1ift
pup alone or by the ailr 1ift punp and sparger comblination. Vinyl
chloride, with the highest Henry's Law constant, was the exception to
this. It was better removed by the alr 1Iift pump and sparger corrblnatlon
t,han t.he alr 1ift punp alone.
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AIR LIFT PUMP TESTING WITHOUT SPARGING

. AIR LIFT PUMP TESTS WITHOUT SPARGING - PROCEDURES

The alr Hft. pump was tested wlt.hout the sparger (ln—well dlffused
. aerator) at each of the three depths chosen for study. The depths (130
" ft,. 200 ft, and 280 ft) were chosen based on water and VOC zcnes of entry

as determined durling the vell characterizatlon stage uf thls study. The
130 ‘ft and 280. ft tests. were run In duplicate. The alr 1lift pump
testing, without a sparger, 1s represented In the flrst colum of the
experlmental matrix In Figure 12, The large bubble footpliece and 1 In

"alr 1ine were used as a result of preliminary testing (see Section 7 for
detalls). One of the tests at 130 ft was performed with the 3/4 In alr

llne. - .
As with the prelimlnary footplece experlmem’.s, each afr 1ift pump
test consisted of a serles of 15 minute runs using various air flow

- rates. The alr filow rates ranged from the maximum alr dellvery rate

posslble to the lowest alr dellvery rate which would purp water. The
maximum alr delivery was obtained by attaching both the alr 1ift pumwp and
sparger air lines.  (side A and B of the alr delivery system shown In
Figure 10) to the air 1ift pump. The lowest alr flow rates were measured
by the small air rotometer (0 to 6 cfpm Instead of 0 to 60 cfpm), which
was placed on the A side of the alr delivery system for thls- purpose.

The actual procedure followed for each run within the air 1ift pump

“tests was the same as that used during the &ir lift pump footplece

testing. At the beginning of a testing day, the statlc water level
(water level before any pumplng occurred) was obtalned. The alr 1lift
punp was turned on at the maximem alr delivery rate. ‘The pump was
allowed to operate until the welr box was full. Wwhen the welr box was
full, the timer was started to measure the first 15 minute run. After
five minutes, readings were taker, of all the valves, gauges, and
thermometers, as well as the water flow rate and pumplng water level In
the well. ' Any necessary adjustments to rotometers or prassure valves
were made at the flve minute reading. It was very rare that the
rotameters or pressure reducing valves requlred adjustment during a run.
At the end of the 15 minute run time the readings were taken agaln and
VOC samples were collected from the raw water sample tap and the v-notch
of the weir bex. Once all of the readings and. sanples were obtalned the
next alr flow rate was selected at the rotometer and the 15 minute run
clock was started again. This procedure was repeated until all desired
alr flow rates had been tested. Note that when using the air 1ift pump

: ,ifvlthout. a sparger It was posslble to nove directly from one run to the
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T nexf.. - When é épéfgér was'uéed It was. Anécéssary 't.o“p'rovlde a 4S-mlnute
% “walting time between runs to allow the well to clear of bubbles SO that
ane alr—free raw water sanple could be collected. . St

‘AIR LIFT PUMP TESTS WITHOUT. SPARGING RESULTS AND DISCUSSION

Alr llft pump operat!onal results are show In Flgure 24, The graphs

~ show alr 1ift punp operating pressure, submergence and wire-to-water

efflclency for tests run ar. each of the t.hren selected depths In t.he
well.,

The sutxnergence of t.he alr llft. punp determlnes the requlred
operating pressure. If the alr 1i1ft pump submergence Is too low,

_ -.operating alr pressure will be low, but there wlll be greater loss
;" because of alr slippage so larger volumes of air wlll be required.  1If

the submergence is very large, air slippage losses and the volume of alr
required wlll be smaller, but operating pressure wiil be very high. Alr
slippage. losses and high operar.lng _pressures cause loss In purptng

L ,efflclency.

At well L-8, the greatest alr Hft pump efflclency was predlct.ed to
occur at 65% submergence. Flgure 24 shows - that did occur. The

"submergence obtalned at the 130 ft depth setting was the closest to 65%,

and the wlre-to-water efficlency was the hlghest at this depth setting.

.The wlre-to-water efficlency decreased with Increasing percent

submergence which agrees with the !iterature (5,29). Figure 25 is a
theoretical pumping efficlency curve adapted from Ivens (29). The
submergence cobtalned for the three alr 1ift pump testing depths at well
1.-8 have been plotted as polints on this curve. The data from this
testing closely matches the theoretlcal curve, showing that the 130 ft
depth provided the most efficient air 1ift pump. Operation of the alr
1ift pump at 280 ft (far below the point of optimun submergence) was
difficult. Cebrls and olly sludge-like materlal were pumped up from the
bottom of the well. .

Figure 24 shows the results of dupllicate testing at the 130 ft and
280 ft depths. The squares, plus signs and dlamonds show the results of
the alr 11ft pump with a 3/4 In alr dellverv line. All of the other
tests were performed with a 1 In alr dellvery Yine. The smaller alr line
caused a noticeably higher operating pressure at 130 ft, but thls
dlfference was not apparent at 280 ft. This flgure also shows that even
with a different slze air line, reproduclblllty of the alr 1ift pump
operational parameters was very good.

The cost to compress alr for the alr 1ift punp tests ls “shown In

- Figure 26. The air-to-water ratlos tested ranged from 1.3 through 10.6

to 1. As expected, the maximum costs were seen at the highest alr-to-

-water ratlios, vhere operating pressures were highest. With the air 1ift

purp at 280 ft, the maxlmum zost to compress alr was 28.4¢ per thousand
gallons. With the pump at 200 ft the maximum cost as 25¢ per thousand
gallons and at 130 ft the maximum cost was 20.4¢ per thousand gallons.

In comparison, it was estimated that the total cost for packed tower
" aeration would be similar to these In-well aeration costs, but the packed

tower costs Included amortlization of caplital, operation, malntenance and

repuping to the distribution system (33). Since packed tower aeration
" “also achleves better VOC removal than alr 1ift pumping, these tests
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Figure 24. Sub"ergence operatmg pressure and pumping
C eff1c1ency for air lift pump tests at 3 depths
in well L-8.

63

’

R
S MR SR |

W




204

% EFFICIENCY * . -

10-

= oob T AAPTED FROM NENS-(29)

TP SUBMERGENCE'

Figure 25. 'I‘-xeoretlcal air liftc pump eff1c1ency curve with
pomts showing a comparlson to NEWA test dafa

i

Tzt B

2Ee i

Ter

R

AR

AR T

" Pothine e At G A Bl st em et s oyl i
L0 HEC B s AP P M R R R e V1 A RO 1903 N T T A S o R b

Pak

o
‘ivuij

ANAG

et

e S . e L Pt ek ot
- . : -
N 7 \ ‘/ )




R B A R

CENTS,/THOUSAND GALLONS =~

o =AR un PUMP AT280 rrf‘ |

AlR urr PUMP AT zoo FT o

-l
Sl
1
°

)
) |
O +o
o+ o
&g + <

-~
]
0O +< ..

a+e

20 o=m uFr PUMP AT 130 FT SRR E R

e
5

i,

ROBCHS AT SN o
B

b
i

3

7/

D nabi i

it

A

0 T T T T T T T T 1

0o 2 .4 & 8 0

AR TO WATER RAﬂO

Figur’e 26. Cost to compress air for air llft pump testmg
. at three depths in well L-8.

R R Tt
L7 T

et U gl
-

e

<uy,



showed that, packed tower aerat,lon v.ould be t.he preFerred aeratlon process

.- for VOC treatment over alr 1ift pumping. AR

. %~ The 'VOC removal results for air .1ift punplng wlt,hout. a sparger are T
- . shown In Table 10 and Flgure 27. Three VOCs were graphed to evaluate the -
" ‘removal capabilities of the alr 1ift pump. These compounds were TCE,.

¢c-1,2-DCE and VC. The alr 11ft pump footpiece testing Indicated that the

B VOCs found in well L-8 were removed in an order which could be predicted |
- by Henry's Law constants. Rather than evaluate each compound found in-

" the well, these three compounds were chosen because they represent the

major contaminant .(TCE) as well as vinyl chloride (highest Henry s Law
‘constant) and c-1,2-DCE (lowest Henry's Law constant). ,
- The results of alr 1ift punp testing have been analyzed s!mllarlyf

to the results of the alr 1Ift pump and sparger prel lmlnary footplece
testing. VOC removal percentages could be expected to vary from

"'tesr., to test by .at least as much as the alr-to-water ratlo. If some

other factor were affecting VOC. removal, the VOC removal percentages

-would vary more than the variatlion of the alr-to-water ratios. Table 10

shows the. variation, $%RSD, of the alr-to-water ratlios and VOC removal

- percentages for each compound studied In well L-8. The %RSDs for the

“‘the - variation In air-to-water. ratlios, was causing the varlation In VOC -

alr-to-water ratios are, In most cases, lower than the %RSDs for VOC
removal percentages. This would Indlcate that some factor, other than

removal percentages. Since the alr 11ft pump was operated at different
depths for these tests, depth of the pump In the well was one possible

- cause of the VOC removal varlations.

Flgure 27 shows the removal curves for TCE, c¢~1,2-DCE, and VC, In
each case, It was difficult to visually distinguish a difference In VOC
removal at the varlous depths. It might have been expected that the 280
ft depth would have provided the best removal, because the alr and water
contact time was the longest. Since no VOC removal advantage was
obtalned by operating the alr 1ift pump at greater depths, and the
greater depths were more expenslve In terms of operation, an alr 1lift
ounp treatment system should be designed to operate at the maximum
purping efflciency depth setting.

Raw water concentrations for the three VOUs dlscussed above are

shown in Figure 28. Because of the nature of Henry's Law, It Is

_generally accepted that In aeratlon, removal efficlency Is not related to

raw water concentratlon. This flgure shows that the. raw water
concentratlon varled widely from one test to the next. Notice also, that
the raw water concentrations change a great deal from run to run within a
single test. This Is why a raw water sample was taken for every t.rear.ed
water sample.

The raw water varlation from test to test may also Indicate thar.

other conditions within the well were changlng. If the concentrations

varied, perhaps the zones of VOC entry Into the well also changed. Thlis
could be a factor, other than depth of the alr 1Ift punp, which affected
VOC removal. This possible effect of well conditions changing with time
will be discussed further when sparger resuits are shown. .

Variation in the analytical method for VOCs was 10% or less. Some

-of the %RSDs for VOC removal were less than 10% whizh could be from the

analytical method. . At several air-to-water ratlos, however, the

* varlation was greater “han 10% which could not be explalned by varlation

66

'
e

eI N Y
I R e,

s e

bl ol el
W TRENY

RN




e T TS T B r e o e o oy g ey -—{er s ey

L9

R Y S T T

L

Y

R A

R A S TS

B

P

-

PRI

[ TABLE.10. .VOC REMOVAL BY AIR LIFT PUMP WITHOUT SPARGING.CAVERAGE

OF ALL  THREE PUMP DEPTHS)

AIR TO WATER
RATIO

AVE  $RSD
13 5.5
7 -

L 2.5 6.1
2.9 -
35027
5.3 -
9.4 -

10.5 5.66 &

4

% REMOVAL OF VOCs

a1 21,1 35.3
41.9 - 41.8
337 - . 35.6
50.0 -  56.5
 46.2. 9.20° 60.5
‘;3548.8-_ -;_1  59.4
59.5 - 752
’; '64.7'7’7.i$‘f 76.7 .

*

c-1;2-DCE  1,1,1-TCA . 1,1-DCE  VC

18.1 26.8° WLh 216
Do - e
18,6 - 49.2 .
3.9 .- 60.9"

33.3. 4.68 59.9
'ljoyff?f-uﬁfiolsfﬁ

1

4.4 - - 75.3
 47.4 11,87 81.8

AVE . SRSD ‘AVE $RSD .. AVE $RSD AVE $RSD. -,

55;6 15.3 . 43.8
- 52,6 - -
< s - 52,1

- 72.8 - 60.0
4.09°.71.9 '3.69 73.2 4.2
72,9 = 748 e

B T ST

'.3.57:'83.8_ 8,90 90.4 ..7
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Percent removal of major contaminants by the
air lift pump at three different depth settings
in well L-8.

Figure 27.
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VOC CONCENTRATION (ug/L)
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1

&5 8

8

0—1,2—DOX N RAN WATER

. C e 280 Feet (Dup)-
h e ———————— -~
1 130 Feet
R c . 130 Feet- (Dup) .
3 TOZ IN RAW WATZR v '
e —— . —780 Feet i

4 : ’_"é-,QZQO Feet o

. 280 Fegt (Dup) Co T ———, T

S 280 Feet .
N . - \ . N -

Wy

i VO IN RAW WATER
B—=— — =~ e _ __ 130 Feet _ .

—e . 280 Feet (Dup)
1 130 Feet {Dup) S

200 Feet —_—
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o 2 4 . e e 10 - 12
AIR TO WATER RANO . ’
Figure 28. Vell L-8 raw.water VOC concentration during
' air lift pump testing at three degchs. -
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R AIR LIFT PUMP TESTING AT GLEN COVE NY
v Alr llft. purplng was also evaluat.ed f‘or VOC cont.ro! at Glen (bve,
tew York In another U.S. EPA funded project (34%). The alr lIft pump
.. evaluation was only a minor portion of that project; adjacent wells were
. used for evaluation of other control technologles.’ : I N
- - In the Glen Cove project, a shallow well  was select.ed For R
' Installation of an_ alr lift pum.: ' The: design was based on 70%
"submergence and water dellvery of 50 gpm. . The footplece conflgurat!lon
- vas an open-ended pipe; the air llne was located concentrically within
.. the eductor. Alr and water flow rates were measured by similar
- procedures to those ermloyed at NPNA A blower was used rather than an’ .
alr compressor. S
There were several factors, . hmeever, that. lnterfered wtth proper
_eva!uat.lon of alr lift puming. Although designed for 70% submergence,
those conditions were rarely reallzed.” Seventy percent assumed no-
drawdown resulting from operatlon of nearby wells, however nearby wells
. were In frequent operatlon. Pumping water level was measured only once.
It revealed 58% submergence as a result of adjacent well operation.
Although desligned for an alr-to-water ratio near 3.3 to glve optlimum
" efficlency, It was operated at ratlos of 11 or greater. Filnally, optlmm
design conditions suggest an eductor size of 2 to 3 In Inside dlameter.
Allowing for the concentric alr line, the 4 In eductor that was used
resulted In an equivalent Inslide dlameter of approximately 3.8 In. A
larger diameter In corbination with larger alr flow would prorote
74 slippage. Slippage and reduced submergence would promote decreased
e _ efficlency. The operating conditions for the one day when pumlng wat.er,
' leve} was measured are given In Table 11, s

TABLE 11. GLEN COVE AIR LIFT PUMP OPERATING CONDITIONS (34)

Water flbw, apm ) . LT 6r

=4
Alr-to-vater Ratio S GT or = 11
Lify, ft - Co12.7
Submergence, ft | ‘ . 17.75
Percent submergence - o 58 -
Wire-to-Water Efficlency (a) _ 3.7
Eductor dlameter, inch (b) : - 3.8
Cost to Compress Air ¢/1000 gal ) 4.2

Date given iIn: .
a Assuning a2ir ccmpressor of type utiilzed by NPWA

- b b-inch 1.D. léss nominal 1- lnch concentrlc alr line . |
c Assuming 6\-lkw-hr ‘

LT: Less Than
GT: Greater Than
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- The very Tow eff‘lc!ency at h!gher than optlmun alr-to—water ratlo is -
.‘conslstem: wlith NPWA air. lift performance. . The relatively low cost to
- compress air at that alr-to-water ratlo results from operating In a
.~ shallow well; the con‘presslon ratio at. Glen Cove was small relatlve t.o- '
T cm'presslng alr under 130 ft or more head at NPWA, :

.TCE, PCE, c-1,2-DCE and 1,1,1-TCA were measured in t,he well our.slde 1

oo t.he eductor and effluent from t.he welr box/separator. Results for the
" princlpal VOCs are given In Table 12. The data are conslstent with those .
..developed at .NPVWA In that air 1ift punping never achleved removals t.hat
v.ould rrake the t.echnology omparable to packed tower aeratlon. .

TABLE 12. VOC REMOVAL BY AIR UFr PUMPING AT GLEN COVE (3#)

RANGE PERCENT REMOVAL  WATER FLOW CONTACT

. TESTS WATER RATIO  TCE ) c-1,2-DCE  GPM a - TIME, SEC
Sz om0 sgr2 382 L wh C 24
13- 15-20 sS4 10 33 14 C
8 217 L sht3 276
"6 34-51  52%3  31%13

a Data only reported for selected air-to-water ratlos

CONCLUSIONS FOR AIR LIFT PUMP TESTING WITHOUT ‘_SPARGING

The operatl.ng efflciancy of the alr 1ift pump was gréar.est when the

‘punp submergence was near 65% (at the 130 ft depth setting). This was

the submergence which the literature predicted would produce the greatest

pumplng efflcliency. The alr 1ift punp efficlency decreased as the

submergence increased, which was also described in the 1lterature,

VOC removals for the alr l1ift punp without a spargerv rarged from
maximuns of 90.4% for VC (best removed according to Henry's Law Constant)
to 47.4% for c-1,2-DCE (lowest Henry!' 's Law Constant). =~ The best TCE
removal obtalned was 65%.

. VOC removal was poorer 2t the 280 ft setting of the air lift wm"

than It was for the 130 ft or 200 ft settlings, which were simllar to each

other In terms of VOC remval. Pum operat,lon was difficult at. the

deepest setting.
-7 . Raw water VOC concentrations varled widely from one ‘test day to the
next, as well as varying within a particular test. Thils. conflmed the
predictions derived from the pump test conducted during well
characterization and emphasized the need for frequent raw water sampling.
The cost to compress alr for the alr 11ft punp was found to be
simllar to the total costs (air, operation and maintenance) of a packed
tower aeratlion system. It was concluded that In-well aeration by air
1ift pumping alone would not be an adequate substitute technology for

. packed tower aeration. Alr 1ift pum testing performed at Glen.Cove, NY,

under a separate U.S. EPA funded project,_ confirmed this observation.
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SFCTION 9

AIR LIFI' PUMP TESTING WITH A SPARGER

B AIR LIFT PUMP TESTS WITH SPARGING - PROCEDURES

The alr Hft pum was test.ed wlth t.he 's'parge‘r in varlto:t.ié'_

.'cmblnatlons of depths, as shown by the experimental matrix In Flgure 12.

: The alr 1ift purp was the same one used In alr 1ift pump testing without
.~ a sparger. The sparger was made of 10 ft sectlons of 3/4 'In plastic pipe, .
" connected with fittings to reach the desired depth. The sparger did not -

_have any type of attachment at the footplece, as was detennlned in the
Prellmlnary Footplece Testing (Sectlion 7).

- The testlng procedure established during the prel Imlnary foot.piece'
t;est.lng and alr l1ift punp testing was used for all of the alr 1iIft pump
- and sparger combination testing. The static water level was recorded,

~then the alr 1ift purp was operated at a constant alr dellvery rate of 20
cfpm. This rate was chosen because It produced an efficlent alr 1ift
purp In terms of pumpling {cven though It was not the most efficlent In
terms of VOC removal). The weir box was allowed to fill, so that water
.flow rate measurements could begin. Next, the sparger was turned on to
the first. selected flow rate. The tests were conducted as a serfes of
- flfteen minute runs. For these tests, the A slde of the control board
was used for the alr l1ift punp, and the B side of the control board was
used for the sparger. (See Figure 10 for a diagram of the alr control

board). ' After each run using a sparger, air dellvery to the sparger was

. -stopped, and the well was allowed to clear of alr. During the well

" clearing time, the raw water tap was sampled and monitored for DO
concentration. When the DO value reached what it had been before
- sparging was started, a raw water sample was -collected, -and the next

sparger flow rate was started to begin the next 15 minute run. An -

" average tlme to clear the well of alr between runs was 45 minutes. This
clearing was an lmportant procedural difference between running tests of

.- the alr 1ift pump with the sparger as opposed to without thé sparger.

© When a sparger was not used, the only air being introduced intc the well
was belng Injected directly Into the alr 1ift pump, and therefore the alr
would not affect the Integrity of a raw water sample. Vhlle the sparger
was -operating the raw water sample pump was surrounded by aerated water.
Collecting the raw water whlle sparging would result in a sample full of

'.bubbles, which Is unacceptable for ™VOA sampling.- It was [mportant to

collect raw water VOC samples for each run, because preliminary tests had
shown that raw water VOC concentratlons varied a great deal, -especlally
‘when'the well was flrst turned on. The alr 1ift punp could not be turned
on and left on for the number of days that "it might take to allow VOC
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-deslgn worked well as long as the sparger was not operating. Vhen the
sparger was operating In samne conflgurations, the alr from the sparger

4 "entered the plastic pipe for the water level probe. and actually turmed -

the probe pipe Into an alr 1ift pump eductor. This water level

"nmeasurerr!ent procblem made It Impossible to determine alr 1ift pumping

efficlency while the sparger was operating and several tests were
repeated in order to obtain pumping efficlency data. The water level

measurement procedure had to be changed to an alr pressure method wh!ch

Is described In full -in Sectlon 6, Experlmental Design.

_Alr 1ift pump operatlonal problems occurred at the 280 ft depth
setting, so these tests were not repeated. Operating the air 1ift pump
this close to the bottom of the well caused an olly sludge to be pumped
out at the beglnning of each testing cycle. Water flow rates were
inconsistent. No pumpling efflclency data was obtalned at this depth.

"~ AIR LIFT PUMP TESTING WIﬁi SPARGING '~ RESULTS AND DISCUSSION

Figure 29 shows the wire-to-water efficlency of the air 11ft purp
with and without sparging. It Is Important, when looking at this figure,
:to realize that the curves for alr 1ift pum efficlency with and without
a sparger are shaped for fundamentally different reasons. The curves for
the alr 1i1ft purp without a sparger were created by adding Increasing
“amounts of alr directly to the air lift pump footplece, thus Increasing

the alr-to-water ratio for In-well aeration. As discussed earlier, an

alr 11ft pump has a point of maximun efficliency, at vhich the minimum
amount of slippage will occur In the eductor pipe. Operation with
alr-to-water ratlos greater than t,he maximun efflclency will cause a drop
_In the efficiency curve.

The curves showling the effect. of t.he sparger on alr 1ift pump
effliclency were obtalned by operating the alr 11ft pump at a constant alr
- dellvery rate (20 cfpm) while Increasing air to the sparger. The
efficlency of the alr lift punp was observed to have dropped as the
-sparger alr dellvery rate was Increased (which Increased the total
alr-towater ratio of the In-well aeration system). Thlis drop in
efficiency of the punp was caused by decreasing the water denslty
differentlal across the purp footpliece, which provided the driving force
for operation of the pump. Even though the wlre-to-water efficlency of
the punp decreased while sparging, It still remained higher than when the

alr 1ift punp was operated at Increasing alr dellvery rates without a’

sparger (as examined In terms of tolal alr-to-water ratlio).

) Figure 30 shows amounts of water pumped with and withwut sparging,
-with the air 1ift punp set at 130 ft and 200 ft, respectively. The air
11ft pump without a sparger pumped more water than the alr 11ft pump wlth
a sparger at a glven total air-to-water ratio.

Even though less- water was punped when the ailr 1ift pump was
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. -ooncentrat.lons to level of‘F (see punplng t.est result.s, Flgure 9), becausn'
... 7. "the portable alr compressor which we used was too loud to leave operat.lng :

' 4;"-‘;'ovemlght In a residential area. R
ST The operation "of the -sparger caused problems wlt.h the met.hod
: ,‘orlglnally chosen. to measure the water ‘level. A 1/2 in plastic plpe had
- been lowered Into the well where an electrical resistance water level.
e probe was used to measure the water level In the plastic plpe. - This
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o N operated with a. sparger, the alr 11ft purp efficlency was greater with

the sparger than without. Thls was because, for any alr-to-water ratlo,

* only a portion of the total alr being delivered was used by the alr 1ift

puUTP to move water, so only a portion of the total air delivered was used
In the alr lift pump efflciency calculations. In terms of punpling

-"; efficlency, for a glven amount of alr to be dellvered, it was better to
-.use the alr 1ift purp and sparger cavbination than the alr 11ft pu‘rp

alone.

Even though less water was pumped for the same alr-to—water ratlo -
- whlle.alr Vifting and sparglng, as opposed to alr 11ft pumplng. alone, the -

cost to compress alr for the combined operation was less than for putting

. ~all of the air Into the alr 1ift pump. See Flgure 31 for the costs to

compress alr for the varlous alr 11ft punp and sparger configurations and

. compare this with Figure 26 which showed the costs of alr 1ift pumping
without a sparger. At the same alr-to-water ratlos It was less expensive.

to operate the alr 1Ift pump-sparger comblnation than the alr 1ift pump

- . alone; however, the comblnation system allowed a larger amount of alr to

be-dellivered. At these high alr dellvery rates, the costs exceeded 30¢

‘per 1,000 gal. Since this was only the cost to compress alr, that makes

this method cost more than a packed tower aeration syst.em G, vhlch
achleves better VOC removal.
Table 13 shows the results for testing the sparger with the air 1ift

punp at 130 ft. The % removals shown are averages for all three sparger .
depths conblined (130 ft, 200 ft, and 280 ft). These removals are shova)

ext. to their respectlve alr-to—water ratlos.

TABLE 13. VOC REMOVAL WITH AIR LIFT PUMP AT 130 FT
(AVERAGE OF ALL 3 SPARGER DEPTHS)

VINYL CHLORIDE

T — TCE o-1,2-DCE
AIR TO WATER % REMOVAL % REMOVAL © % REMOVAL
AVE SRSD N AVE SRSD  AVE SRSD  AVE  $RSD
2.2 9.4 5 33.0 19.6 4.6 11.1  62.3 9.93
,3,c;t1.7' 2 42.6 8.45  28.7 0.35  79.0 0.38
3.2 ro 2 396 9.71  29.2 19.2 77.8 10.0
n2 6.3 4 49.3 5.83  34.6 2.70  91.2 4.87
5.7 3.3 5 55.1 11.0  39.8 8.8 96.0 2.97
7.3 3.8 4 61.4 18.2 45.2 25.6_ 197.6 0.79
8.6 1.2 2 66.4 1.05 53.0 2.26 97.5  0.82
12. 4.8 5 | 783 7.98  65.0 13.1 98.6  0.40

As with the previous testing, alr-to-water ratlo varlies, even at the same
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rotomet.erset.t.lng, because' of changes In" pump efficlency caused by
.varylng well water level. The alr-to-water ratlo varlation and the VOC
‘removal. variatlons are shown as $ RSD. If nothing but the alr to water

‘ratio was .changing, the $RSDs for ‘the VOC removals should be similar to

. the %RSDs for the alr-to-water ratios. In Table 13 the %RSDs for the VOC
removals are. great.er for the removal of TCE and c-1,2-DCE than are the

$RSDs - for the. alr-to-water ratlo. This lndlcetes that for  these

campounds, there was some other cause of varlatlion besides the variation
In air-to-water ratlo. - Since these results are camplled from testing

with the sparger at three different depths, the sparger depths might have
been assumed to be the cause of the varlation. An examlnatlion of VOC
removal data (see Figure 32) shows there was no pattern assoclated with
depth of the sparger. The varlation appeared to be. caused by poor
duplicate testing when there was long perlod of time between tests. The
footplece testing had shown very good reproducibllity of repeat tests

_wien they were run within a few days of each other. All alr and water
" flow rate measurement .equipment was checked for proper calibratlon and

the VOC analytical quality control data was evaluated, yet no changes’ had
occurred In any of these over time. It was known that raw water

-concentration and well water levels were: changlng. These could be
‘Indications that VOC or .water zones of entry might also have changed.

While It Is generally accepted that VOC removal Is Independent of raw
water concentration, water entry zone changes might affect - t.he
reproducibllity of in-vell aeration over time.

- Figure 32 lllustrates that the vinyl chloride data did not show as
large a varlation as the TCE or c-1,2-DCE. .Table 13 shows the %RSDs for
vinyl chloride removal to be slmllar to or less than the %RSDs for
alr-to-water ratlos. This indlcated that nothing other than alr-to-water

ratlo was ‘causing varlation 11 VC removal (unlike TCE and c-1,2-DCE).-

Vinyl chloride had the highest Henry's Law constant of the compounds
tested and was very rapldly removed to greater than 90%. The varlatlon
decreased as percent reroval Increased. -
-Tables 14 and 15 show the VOC removal data for tests with the alr
lift pump at 200 ft and 280 ft respectively. These results show the
same varlations In %RSDs as the results for the air 11ft pump at 130 ft.

. The tests at 200 ft were conducted over the. longest period of time and
- they show the greatest varlation. Figure 33 illustrates-testing with the

alr 1ift punp at 200 ft and Figure 3% shows the 280 ft alr l1ift. pump
tests. No pattern existed which would suggest a difference in VOC
removals caused by the depth of the sparger. Instead, changlng
geoleglcal well conditions over time were the most 1lkely sources of the
varlat.lon.

- The maximum alr-to-water ratios whlch cculd be achleved varled from‘

12: 1 with the alr 1ift pump-at 130 ftr, to 17:1 with the alir 1ift at 200
ft, to 16:1 at 280 ft. The alr-to-water ratio was limited by the point
at M’ﬂch water was lifted out of the well bore hole by the foaming caused

by the sparger. This maximum alr dellvery point was influenced malnly by
the static water level of the well. When the water Jevel was closer to

the surface, the water blew out of the borehole more qulcKly.
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Figure 32. VOC removal data for air 1ift pumping at 130
© .. feet while sparging at three depths.
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TABLE 1‘!7 VOC Rﬂ'\OVAL NITH AIR LIFT PU"!P AT 200 FT

(AVERAGE OF A.LL 3 SPARGER DEPTHS)

. 'TCE

».c-l, —DCE

TVINYL CHLORIDE

AIR TO. WATER - w"&%mmL;*f%MMM& +. % REMOVAL  .:.
; N . -AVE $RSD = . AVE - 3RSD . - - AVE . %Rsot'
© 3 3906 3004 247 749 0 587 9,11
;03 ..07.29.7 19.1 - 26.9,17.5 : - 66.0 5.58 - -
.3 .- s50.0 18.4 --37.00 -23.6-- .. 86.6  8.28 . -
6 -59.4 26,7 . ...45.7 26.9 . -'93.1 6.0 .
.3 . 66.5 12.4 - 50.8-13.0 92.8 " 5.48 - . .-
-3 . 75.8 10.7 62.1 16.7 -~ 98.0.70.87 -
5 . - 71.5.20.6 59.0- 23.5 . 94,1 4.43
3.  65.2..20.3  56.1 18.3 . - o4.7- .3.58
.3 ..772.5 15.4 ° . -60.8 18.0 . - .95.5 '3.07
2. " 771.8 4.571 - 68.8  9.457 96,0 . 2.2u4
.2 84.2. 2.67 75.2 :6.L8. -~ 98.6 . 1.37

TABLE 1§.f

VOC REMOVAL WITH AIR LIFT PUMP AT 280 FT

(AVERAGE OF ALL 3 SPARGER DEPTHS)

: TCE . c-1,2-DCE - VINYL CHLORIDE .
AXR 10 WATER % REMOVAL - % REMOVAL $ REMOVAL
AVE  %RSD- N AVE  3RSD AVE 53RSD  AVE . 3RSD .
2.1 8.4 4 234 62.1 13.4 70.3 . 62,7 59.1
3.7 1303 34.5  17.7 23.7 36.9 83.6  6.00
5.4 3.3 4 55.7 .6.19  41.6 13.2 . 92.0.  6.75 ,
‘7.2 2,0 3 61.4. - 7.6% - 51.5 - 8.82 - 95.7 1. 95 .
7.8 0.0 2 67.9 4.71 52.2 2.66 . 97.6 0.36
8.7 6.4 3 73.1  12.2  62.8 11.0 47.4 . 0.90
D W 3.3 3 .- 72.3 134 - 63.5 12.9 97.6 1.87
160 - - 1 88.4 - . 830 - 99.7 -

. dellvered to the alr Jift punp alone; -
- efflclency (and cost),

CONCLUSIONS FOR A'R LIFT PUMP TESTING WITH A SPARGER

'_ ‘ Operat.lon of the sparger vmlle alr Hﬂ. pumlng caused the alr lifr.. ) o
. pump efficlency to decrease.
" - operational theory, because the density difference across the alr lift

This was predicted by .air -1{ft pump

purp eductor (the pump's drliving force) was reduced by sparging. Even

' “‘though the sparger caused the air 1ift purp efficiency to decrease, the

purp efficlency with a sparger was higher than 1f all of the air had been
therefore,

The mexlmum VOC removal percentages -for the alr 1lIift punp and
sparger combination were 98.6% for VC, 65.0% fer c¢-1,2-DCE and 78. 3% for
TCE. - The alr 1ift pump and sparger carbination was able to produce a

higher air-to-water ratlo Qar7:n than the alr lift pump alone (1':1).-

82
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in. terms of .pup
: It was better to operate an air tift punp and -
.. sparger cavbination than to'operate an air 1ift pump alone. :
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Thls ‘accomted for: t.he hlgher VOC rerroval capabnlt.les of t.he oonblned
system. - When sparglng, the a!r-to-water ratio was. limited to the polnt
“at ‘which. addlng ‘more alr caused water ‘to foam out. of the top of the well !
head. - In a well. wlt.h a wider: borehole the alr to water ratlo (and NOC
ramval) might’ be "higher because water would not.be forced out. of -the :
“well 50 readily. At well L-8 same of the borehole- diamuter was taken up -
by - test _equipment whlch would nor. be In t,he well durlng regular B
operat.lonal condlt.lons . o
s No. VOC, removal - dlfferences were observed vmen t.he sparger was
foperat.ed at different depths with the alr 1ift -purp. Any possible . - .
;dlfferences were obscured: by poor reprodmlbnlty of sparger tests over - - ;.
“long perlods of tlme, All measurement’ systems were checked and the most - -
" Ylkely:cause of: ‘varlatlon. was assmled to be chang!ng hydrolog!cal mH :
'oondltlons over t,lme. . SE et L
"= < Thls -cost:" to ccmpress eir f'or t.he alr Lift’, pump and sparger"’,}_-,»
%, comblnatlon exceeded 30¢ per thousand gallons, not lncludlng any capltal -
o ° . or walntenance- expenses. This, together with rthe relatively low VOC
i . " removal percentages, Indicatel that the air 1ift pump and sparger [n-well
3 7 .- aeratlon system would not be a sultable long-term treatmint option to
replace packed.tower aeratlori. It was, however, slmple to assembie and . EERARE
.~ . operate;, .vhich would make It sultable for an emergency treatment
i . technique. . The- following ‘experiments. using an electric submersible purp - B
- +.ov . .and. ‘alr sparger were designed with the goal of Investligating a -~ .~
SIS short t.erm, emergency voC trea\,ment, t.echmlogy. . o S T s
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SECTION 10

ELECTRIC PUMP TESTING WITH A SPARGER

ELECTRIC PUMPA TESTING IWITl_‘i SPARGER - 'PROCEDURES

" For . this portlon of In-well aeration testing, an electric

submersible pump was used In combination with a sparger. Since the air
1ift punp testing with a sparger did not indicate that in-well aeration
would be an effectlive long-term treatment optlon for VOCs, this portion

~ of the study was designed with a short-term emergency treatment method as

a goal. In many cases, electric submerslible pumps are already In place

‘In drinking water wells. The sparger which was used for this experliment

was of the simple, open-plpe, large bubble design used In alr-lift
pumnp/sparger cambln:ion testing. One Inch plastic pipe was used Instead

of 3/4 In, to reduce alr dellvery costs caused by higher pressures in the .

smaller plpe. The electric punp was operated at one fixed depth (200 ft)
which was below the zones of slignificant water yield (see Section 5). The
sparger was tested at three depths (130 ft, 200 ft, and 280 ft). Flgure
35 shows the electric submersible punp and sparger cambinations used.
These were the same equipment depths examlined In the alr 1lift testing
portlon of thls study. The depths were chosen on the basis of well

.characterizations discussed In Sectlon 5. Installing and moving the

sparger was a very easy task and could be performed In a matter of

minutes, which was consistent with the goal of dnveloplng an emergency

treatment procedure.

As with the alr Hft punp testing, the electric pump experiments
were broken Into tests which consisted of several fifteen minute runs.
Eacn test was conducted with a single equipment configuration (l.e.,

~electric pump at 200 ft with the sparger at 130 ft). Each alr flow rate

within a test was called a run. Runs were fifteen minutes long. The
static water level was recorded before the start of each test. Next, the
electric submersible pump was turned on and the weir box was allowed to
fi1l. (See Section 6 for a discussion of the weir box and its role In
water flow rate measurements). A raw water sample was collected from the
electric submersible pump at the well head. As noted in Figure 35, no
small electric sample pump was used, as was necessary for air 1!ft pup
testing. In the electric pump testing (as well as the alr 1ift pump
testing) raw water samples could not be collected while the sparger was
In operation. Because of thls, the well had to be cleared of alr between
each sample run so that a raw water sample cculd be obtalned for each air
flow rate tested. To clear the weii, alr delivery to the sparger was
stopped, and the submersible pump continued to operate. The pump
effluent was monltored for dissolved oxygen at the raw sample location.
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hhen'the dissolved oxygen of- the water be!ng dlscharged retumed to the
concentratlion at which It was before aerar,lon, the well was declared
‘clear of. alr. The raw water sample was collected, the next alr flow rate’
S.Ff‘or the sparger was started and the flfteen minute run began. Readings
:-of all of the air dellvery equlpment, water flow rate, and well water.
" :rlevel were- obtalned at flve and-flfteen minutes Into each "run. - The
.""._treated sanpled was collected at the flfteen minute point from the water
.. discharging at the v-notch of the weir box. The water flow rate used for RPN
~most of the elect.ric purp testing was 100 gpm. As with the alr 1ift pup - -
o test,lng, the - llmltlng factor for the amount of alr which could be added S
T t.hrough the sparger was water blowing out of the borehole. at the well ) e
- surface.” The water tflow rate was lowered for later testing, to achlevea -~ .= -
" higher alr-to-water ratlo. - This effort was only partly -successful = - . .. _ .
- because the pumping water level was closer to the surface when less water . N
Sl T Y was pumped, so Iess alr could be added before t.he water came out. of the
R borehole. 4 o ) : B

5<f ELECTRIC PUMP TFSTING wer SPARGER RESULTS AND DISCUSSION }7?*' ,vv_iz‘x;f; R

SATMATNY S

Do The VOC removal results For the ele(,trlc pum testlng wlt.h a sparger
‘are shown. In Table 16. Three contamlinants (TCE, c-1,2-DCE, and VC) were -

- used to evaluate these tests. The maximum a!r—to—water rat.lo which could

~.. 1. be achieved before water blew out of the borehole was 8.2. Maximum VOC
- . ' removals were 82.6%, 79.9%, and 92.9% for TCE, c¢-1,2-DCE and VC,
" respectively. -These removals were better than those achieved by the air
‘11ft punp systems at the same alr-to-water ratlo. The varlabilltles of

. VOC removal were generally greater than alr-to-water ratlos at the same

. rotometer settings, Indicating that varying the dept.h of the sparger did

affect VOC removals. o ‘ ’

ETR I

1o

K e A i emm

-TABLE 16;_ voC % REF‘OVALS BY ELECTRIC PUMP WITH SPARGER
' (AVERAGE OF ALL 3 SPARGER DEPTHS)

- _ % REMOVALS OF VOCs ) _ .
AIR TO WATER RATIO TCE c-1,2-DCE = VINYL CHLORIDE

AVE . %RSD N AVE  $RSD AVE  %RSD AVE = %RSD
0.00 0.00 6. 14,7 68.3 8.57- 97.0 17.5. 60.3
0.80 0.00 3 18.5 44.2 . 10.4 33.6 8.9 8.13 e o
T 1.5 - 0.00 2 32.9 42,9 21,2 65.6 78.3  9.45 s -
‘2.2 9.2 5 49.8 27.8 .36.3 . 55.9 85.8 6.00 R
3.0. 0.0 . 2 53.7 15.3 . 30.0 -43.7 92,7 . 1.29
3,7 0.0 2 62.0 - 10.7 38.2  26.2 - 91.0 4.23°
b5 b4 6 68.4 15.3 51.6 26.4 91.5 5.00
5.2 3.6 5 72.9 13.8 °  59.1 . 19.7 92.7 1.92°
+ 5.9 0.0 &4 70.5 11.7 52,2 18.5 92,2 . 3.38 .
6.4 1.9 3 77.3  7.57 66.5 15.1 92.2 . 1.85
7.4. 0.67 2 79.4  5.10 74.3 3.90 Q4.5 0.00
. 8.2 0.61 2 92.9  0.650

82.6 ~0.420 79.9 0.500
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5 J"Flgure 36.shows VOC removal results with theelectric pump at 200 ft
and the sparger set at 130 ft, 200 ft or 280 ft. The results Indicated

" - that the best ‘removal was obtalned with the sparger set at 130 ft. These
- findings were consistent with what could be expected in terms of the well
" characterization dlscussed in Section 5. It was determined chat most of "
‘the VOC contamination was entering the well in the two zones between 106
ft and 140 ft. These zones also produced nearly 60% of the water

- entering the well. Very little water (less than 10% of the well's yleld)
. was entering below 200 ft, therefore, most of the water movement In the
well was.down fram 106-140 ft toward the pump at 200 ft. With the

CE T " sparger at-130 ft, a counter—current stripper could have been created
.74 . . with the alr being delivered Just at the bottom of the most contaminated
7 . . . . zone. This would be an efficlent way to strip the VOCs, and Flgure 36
r~ .« . -y shows the best TCE removal with the sparger at 130 ft. When the sparger

.. 'was set at 280 ft, thls created a co-current stripper through a very
. small portion of the total yleld of the well. A good deal of the alr
- could have been pulled into the pump before It reached the more

contaminated water entry zones. When the sparger was adjacent--to the
purp at 200 ft perhaps a portlon of the air was pulled Into the pump
before any stripping could occur In the well. In an emergency sltuation
a well characterization would not need to be done. The sparger should be

% . .- -. placed above the pump or below the pump but these tests Indicated that

% ; ) "~ ‘the sparger should not be placed dlrectly next to the pump.

1S

In order to look at the reproducibility of electric pump and sparger
: treatment, the test of the sparger at 130 ft was repeated In October,
! . 1984, flve months after the origlnal test at 136 ft. The results were
T vastly different, as can be seen In Figure 37. The weir box and alr
»;‘ dellvery systems were all recallbrated to determlne if any air or water
s flow rates were Incorrect. No Inconsistencies were found during the
B recal lbration. The quallty control program for sampling and analysls was
: stl!i In place and gave no Indicatlion of any analytlical problem. It was
decided to do two more tests with the sparger at 130 ft, two days in a
row. These results for TCE are shown as the January 23 and 24, 1985
curves In Flgure 37. As can be seen In the graph, the results of tests
run two days In a row closely matched each other, they also matched the
.. . second test of the sparger at 130 ft, conducted In Octcber, 1984,
3 Because no cause for these varlations could be found in the measuring
procedures, It was determined that varlations in VOC removals for the
same In-well aeration conflgurations coculd have been caused by well
changes over long periods of time. Conclusions based on the curves In
Figure 36 are considered to be valid because those three tests were
performed within one month of each other. 1L would have been Impossible
to determine exactly what was changing in the well without repeating the
well characterlzation (logging and packer testing) described in Sectlon
5. It was known that the raw water VOC concentratlon and static water
level of the well changed with time. Perhaps water entry zones or VOC
£ ' entry zones. also changed with time. Whatever caused the changes, [t was
~ clear that In-well aeration, both with the air 1lift pump and electric
pup with a sparger, provided varlable results over a long period of
time at NPWA. The same may be the case In other locatlons, depending on
. the hydrogeology. . .
¢ It was difflcult to see any dlfference In vinyl chlorlde removal for

e
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" the four repeat tests performed with the sparger at 130 ft (see Flgure:
~2~37). . As with the rest of the -In-well aeration tests, vinyl! chlioride was

the most easlly treated, with the removal curve rlslng very sharply, then

“"levellng out Into a plateau. e e
- . In Flgure 37, the tests conducted in January, 1985 were performed at. :
60 gpm, while the two earlier tests use a flow rate of 100 gpm. While It -
" was posslble to Increase the maxlmum air to water ratlo from 5.9 to 8.3,
the amount of air which could be added was stll1- 1imited by water coming
" out of the borehole at the surface of the well. For all compounds, with

the exceptlion of c-1,2-DCE, It did not appear that ralsing the alr-to-

_water' ratio beyond that achieved In this testing would cause any further.
‘removal. This Is said because the removal curves have reached the
plateau, which is normally seen in aeration curves, where adding much

larger amounts of alr produces very little further removal. In Flgure

37, It can be seen that c-1,2-DCE dld not reach that plateau. This

compound has the lowest Henry's Law constant of all the compourds

- .examined.’ If some way could be found to increase the alr-to-water ratlo,

more removal could be expected for this compound.
-Costs for the electric pump and sparger comblnatlon are shown ln

- Flgure 32, The cost to campress alr was calculated and 3¢ per thousand

gallons was added as an estimated cost for eleciricity to operate the

pup.  As with prevlous cost dlscussions, these numbers do not include

operat.lon and malntenance or amortizatlon of capital expenses.

. The most costly electric pump and sparger combinatlion t.eét.ed wa'—v
~with the pum at 200 ft and the sparger at 280 ft. The cost approached

15¢ per thousand galions with an alr to water ratlo of 6 to 1. Very

-little difference in cost could ‘be seen between the 130 ft and 200 ft

sparger depths. The maximum cost for these depths was around 12¢ per
thousand gallons. The cost of this method, together wlth the ease and

rapidity of Installation, showed that electric puwping with sparging was
. a viable emergency treatment technique for VOC removal, providing the
‘1imited removal capabilities would meet the necessary effluent

concentratlion requlrements.
_CONCLUSIONS FOR ELECTRIC PUMP AND SPARGER TESTING

~ VOC removal dlfferences were seen when the sparger was ‘operated at
different depths relative to the electric submersibte pump which was set
at a depth of 200 ft. The VCC removal findings were conslstent with the
well characterization findings. Sparging at 130 ft provided the best VOC
renoval. This depth would have produced a counter-current strippling
effect as water from the most contaminated zone in the well was pulled

down past the sparger on Its way to the punp. With the. sparger at 280

ft, a co-current . stripper was -produced as both bubbles and water

travg]le'd up toward the pump with some or all of the alr belng pulled .
into the pump before It reached the most contaminated zone. Vhen the

sparger was adjacent to the purp, at 200 ft, most of the alr was 1lkely
to have been pulled directly into the pump, before any stripping could
occur In the well.

- The maximum VOC removals obtained by electric pumping with a sparger '
were 82.€% for TCE, 79.9% for c-1,2-DCE and 92.9% for VC, at a maximm
.alr-to—water ratlio of 8.2:1. These removals were better than for the air
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11ft pump systems at the same alr-to-water ratlo; however, a higher air- = "
.to-water ratlo was obtalned wlr.h t.he alr 11ft DU!'O (wlth or wlthout. a'_ S
:-SDarger) : PR
=% The electrlc purp wlth a sparger would be a good emergency t.reat:menp o
-'t.echnlque If Its limited VOC removal capabilities will meet the necessary o
N "water quallty goals. It was easy to Install and lnexpenslve to operate ST
St - (up: to 15¢ per thousand gallons for. alr and electricity). While well - -
SRR _characterizatlon was helpful for experimental deslgn and data - =~ =
Interpretation, .1t would not be necessary In an emergency sltuation. The’ "
-sparger should not be set directly adjacent. to the pump. In-well

oL T . aerat,lon ‘by the electric submersible pump.and sparger combination can be

7 . " " used to keep a contaminated well in service whlle pem'anent t.reatment

B systens are belng destgned and lnst.aned. R
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1f GENERAL

- DISSOLVED OXYGEN, pH AND TEMPERATURE

SECTION 11

o EIERES .o

SECONDARY EFFECTS OF IN—HELL AERATION

S PN

s

= Part. of t.he scope of t.hls project was t.o examlne secondary ef‘fects"A

of In-well: aeration. DlIssolved oxygen, pH and - temperature were

. ‘determined In order.to discuss corroslon Implicatlons. Bacterlologlcal - .= = =

" tests were conducted using both the heterotrophlc plate count (HPC) and.

"% the R2A plate count procedures. In additlon, alr samples were analyzed. -
" at-the well head, at the welr box, and at the sidewalk In front of the

"2 - well house. These studles were not the major emphasls of this project.

" ,‘and they wlll be present.ed In a brief fashlon. )

) Dlssolved oxygen c,oncent.rat.lon and pH of drlnklng watnr ln the
".distribution system mav have an effect on corrosion of water malns.’
. High DO and/or low pH can cause water to become aggre:slve, thus .

shortening the useful life of various piping materlials.

Dissclved oxygen and pH samples were coliected In BOD bor.t]es at t.he
.- raw water sample tap and at the v-notch of the welr box. The samples
- were analyzed Immediately In the fleld for DO, pH and temperature. DO

was measured usinag an Orlon Research Model 97-08 oxygen electrode. The
pH and temperature weie obtalned wlth a Corning Nodel l* port.ab’le

_ pH/temperature meter, :
The results of the pH, DO and temperature t.est.lng are shcmn in Table
-17. - The mean values for all of the sanplcs collected at the raw tap and

welr box. (treated) have been caiculated. The table also shows the
standard deviation (SD), number of samples tested (n), and the %$RSD. The

.range- of values obtained throughout the testing Is also shown. .

-'In over slxty runs, the value cf pH was found to Increase with
. In-well aeration 100% of the time. The average raw water pH was 7.2 and
. the average treated water pH was 7.6, ylelding an average increase of 0.4

pH units.. The varlation In pH was higher for the treated water (%RSD =
2.75) than for the raw water (%RSD = 1.62). This Increased variation in
treated water was due to the fact that these nurbers  represented pH

- values fram the entire range of alr-to-water ratios used during in-well

aeratlion testing. The raw water could be expected to show less
varlabllity. In very general terms, an Increase {n pH, as seen here,

. . could help prevent corrosion In the dlstrlbutlon system by pushing the
" Langeller Index to a rore positive value.

o The average dissolved oxygen concentratlon for the raw water was
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SECONDARY. WATER QUALITY EFFECTS OF IN-WELL AERATION

sp

"h.  $RSD

430 12 66

Ave  SD ' n. -'

L 7.2 *£0.12 63 1.62 7.0-7.5 ,
o "Treated 7.2 t0.21 65 2.75 7.1-8.0
. . Dissolved Oxyg / o SR t " Ave % Saturation - - .. ~;;
 Raw 17 £ 1.15 78 53.0  0.9-7.5 22% ”.
" Treated 8 $0.52 78 4.78 9.9-13.0 1008 L
- "';',Ten'perature - °C . et e T B *
Raw 15.8 *1.28 - 69 8.0% 13.0-18.4 - '

" Treated 15.1 *1.27- 72 8.40 12.7-17.3 o
o B_acteflo]ogl'cal'—coxmts/ml T - ’  ,
L . Method Ave SD n %RSD _ Range
" Raw. HPC 73 + 61 21 8k  2-243 _ v : '-"‘

" Treated HPC . 71$79 21110 1-282 Lot
Raw R2A 638 + 540 12 85  130-2100 : o

o Treated R2A . ' 647 2 70-1370 -

© 2.17 ppm over 78 runs.

_ dissolved oxygen concentrations obtalned

‘aerat fon.

"time to be affected by the changes

N - T S SIS SR A

The average dissolved oxygen concentratlon at the
v-notch of the welr box was 10.78 ppm. Wlth average water temperatures
of 15.8 and 15.1 at the raw and welr sample collection points, the
~represent an lIrcrease In
dissolved oxygen saturation fram 22% to 100%. This increase in DO to
100% - saturation occurred for the entire range of .lir-to-water ratios
tested. No bubbles were present Iin the welr box by the time the water
reached the v-notch. Water that [s saturated with dlssolved oxygen has
the potential to be rore aggresslive than a lower DO water. This could be
especlially harmful in systems with unlined, lron pipe. Since tle
conclusions of this study show the best use for in-well aeration Is on a
short-term basis for emergenclies, no treatment t.o reduce oxygen levels

-‘should be necessary.

The bacterlological testing during ln—well aerat.lon experiments was
inconclusive. The results In Table 17 showed that both the heterotrophic

plate count and the R2A agar plate count methods revealed no difference .

quality of the water before and after In-well
This was to be expected, because the samples were collected
immediately after treatment, and any bacterla present would not have had
In conditions. This should be
Investigated further 1f the water enters a distribution system where the
bacterla have more time to contact the water with higher pH and dlssolved

In bacteriological

~ oxygen at saturation.

- The bacteriological
The counts of
bacteria per milliliter were approximately 9 times higher with the R2A

method than for the HPC.

9%

e e

testlng did show a signlf‘lcant difference in’
_.recovery' of bacterla between the two methods used.
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- Alr sanples were collected durlng Four ln-véell aeration tests to

. determine possible exposure hazards In the area around the well house.
- One method- used was .an adaptatlon of GC .purge and trap techniques
- (35,36).. A second survey was done using .a portable photolonlizatlor: :
‘detector.  The alr tests were Intended to be a preliminary estimate of

. _-alr concentrations to determline whether further conslderatlon of alr

exposure would be necessary. C Lo

Trap and Desorb P‘ethod - Resu]ts and Dlscusslon

Volatlle _organlc chemical traps from the GC purge ard trap sanple
concentrator were used to collect alr samples. The traps were packed

~with Tenax, stllca gel and charcoal. To clean the traps In preparation
for testing, they were baked for one hour In . the purge and trap

apparatus. After the bake cycle they were desorbed iInto the GC for

" analysls ‘to conflirmm that no organlics were remaining on the trap. Once

cooled, the traps were removed from the purge and trap device and the

. ends were Immedlately sealed with parafin fllm. One sealed trap was

carried Into the field and returned to the tab wlt.hout breaklng the seal,

"to act as a fleld blank.

The conflguration of the ailr sampllng system is shown in Flgure 39.
Two of the laboratory prepared traps were hooked together with fittings.
This asserbly was performed In the field immediately before the sample
was collected. Two traps were used In series In order to provide a
primary anafytical trap and back-up trap to test for breakthrough of the
primary trap.

The traps were connected to an Industrial hyglene sampling pup.
The ocutlet of the pump was directed Into a bubble flow meter to measure

" the alr flow. This was necessary because earlier laboratory tests showed

that each combinatlon of traps produced a slightly dlff'erent flow rate
for one particular setting on the sample puvp.
The system was callbrated by purging an aquecus standard onto the

-Tenax/slllca gel/charcoal trap and desorbing as for a regular GC analysls

of water, however, instead of calculating as ug/L of compound In the
aqueous sample, the GC was calibrated to the actual nanograms of materlal
adsorbed by the trap. When the traps from the fleld were desorbed, the
results were reported In nanograms. The fleld measured alr flow rates of
sample collection were then used to calculate alr concentrations. An
example calculation to determine volatile organic chemical concentration
in.alr is showm below:
" 1. Determine cublc meters of air collected from fleld flow
data vhich Is measured In llters/minute. :

95
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SR Further st,udy ls needed to determlne the eFf'ects of ln—well aeratlon“ -
: on corroslon and bacterla in a water distribution system. Dlssolved.
oxygen “and pH, both factors which 'can ‘Influence corrosion and -
. bacterlologlcal growth are clearly aff‘ected by ln—well aeratlon. .
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: oollect.lon t.lme (ntn) x flow rate (L/nln)
%\ sampled
.- Liters alr sampled = cub!c met.ers of alr szmpled
o ©1,000 L/m? e
',“2. Determlne mlcrogram/cublc met.er concent.rat,lon ln alr. -

o r_leCC collected / cublc meters of alr. sampled

© -+ 1,000 ng/mlcrogram

'3., Convert. to part.s per bllllon VOC in alr

DDm = (0 02k'+5 cublc mer.ers alr/mole alr) x
" (x ug/cublc meter VOC In alr)
molecule weight of VOC, g/mle
ppb ppm X 1 000

: Sanpllng locar.lons are dlagramed ln Flgure l+0
samples were collected directly at the well head, above the treated water.

- sample  location of the welr box and at the sldewalk
. "pumphouse.

~at 200 ft

“mlcrograms VOC/cublc meter alr

thers air . .1.

' For"At.hls met.hed

in front of the

The samples were collected while operating the electric pump

Iin the well

posslble alr at 130 ft.
' © The results of the alr sampling by r.rap and desorb method are shown
8. In both samplings, concentratlons were very high at the
lower at the welr box and nearly zero at the sidewalk In front
of the pumphouse.
the back-up traps showed same contamination. (1% to 5% of the main trap
concentratlons) by the major compounds.

In Table 1

~ well head,

There were several problems with the method.

. fleld blank was contaminated (see Table 12).
-1t can be seen that the VOC concentrations

and with the sparger de]lverlng t.he maxim.m

Each of

In the second sampling, the

Even with these problems,
In alr may be reason for

“concern, and would requlire further study by a standard method for air
The Pemnsylvanla Interim Alr Standards (37) for TCE and PCE
are 1200 ppb. The well head samplling exceeds or nears these limits In
The VC Interim Yimit Is 2.4 ppb, 1,1-DCE is 37 ppb and CCLL

analyslis.

both cases.

,,j-\ 4,,/-'1 Yo

QLT e e Byt

. Is 12 ppb. All of these are exceeded at the well head by this method of
TABLE 18. RESULTS OF AIR SAMPLING BY TRAP AND DESORB METHOD
FIRST SAMPLE COLLECTION : )
Well Head Welr Box Sidewalk Blank
Alr Flow 21.70 mL/min 15,06 mL/min 19.40 mL/min no alr
Collectlon Time 30 min 30 min 30 min sampled
vC  (ppb alr) 810 o 0 0
.1,1-IXE " 200 5.3 0 0
¢-1,2-pCE ® GT3,600 55 0 )
'CHCL3 v - 0 1] L U
11,1,1-TCA 120 5.3 . 0 0
_CCLY " 14 0 . 0. 0
- TCE ". GT4,200 130 - - 1.0 0
.PCE_'- o GT1,900 - 13 ! o 0
;(contlnued)
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iSECOND SAMPLE COLLECTION . ..'» - :1' B R X T
", _ Well Head : Welr Box - Sldewalk '~ Blank -~

6T =

TABLE 18 (Cont. 1 nued)

Alr Flcw S - 20,02 mb/min-  15.62 mb/min 19.36 mi/min - no alr .
. Collection Time - .1Smln__ -~ * 1Smin_ - 15 min . _ sampled
-VC . (ppb alr) . 21 . 2.7 .. 0 .0
S U1,1-DcE M . .. w60+ . 0. el. foLTiro
©-el1,2-pCE " 7 1,900 - R § S 25 SO S [ B
© CHCL3 "w e 1 I ¢t | A | N
S LL1-TcA 160 o 7.5 L0 TS
Loooeeny oo oo - 35 oo 0 o0 L0
TCE G om crs 700 . s7 0 - 82 12
.PCE_ . ' ® . 700 7.4 : 1.0 - -0
= Greater Than . R . Ll .
Ov = Less t.han 1.0 ppb ln alr

sampllng and analysls. Alr dlscharge pemlts and/or a!r voC control
. measures mlght, be needed for wells as heava contaminated as this one.

Photolonlzat.lon Detect.or Method - Results and Discussion

Another type of alr survey was complet.ed using an HNU Mode] P1101

" Photolonlzation Analyzer. Thls Is a portable Instrurent which samples’

alr and Instantaneously reads total VOC concentration In parts per

- million as benzene. 'The alr was tested at the well head, above the welr

box and at the sidewalk in front of the well house, just as with the trap

. end desorb method. In addition, the alr was tested two feet directly
-above the well head and at a workbench in the well house approximately 8 -

ft from the well head. The latter two locations were selected to see If
workers who were in the well house would be exposed to dangerous levels
of VOCs in the alr.

The HNU analyzer survey wes done while operating the alr 1ift pump
at 200 ft with the sparger at 200 ft. Alr was tested with the sparger
off, then with the sparger blowing the maximum amount of air (50 cfpm).
The results show no response on the analyzer at any of the sample
locations when the sparger was not operating. The lower detectlon limit

of the Instrument Is 0.2 ppm as benzene. With the sparger operating, .
there was no response at the work bench, weir box or the sidewalk sample -
- sites. The well-head gave a response of 6.2 ppm and the sample two feet

directly above the well showed a response of 1.8 ppm. Since workers
would generally not be In the Immedliate viclnlty of the well head for

- Jjong perlods of time, the operation of this in-well aeration system would

not pose a hazard to workers. In spite of these results, however, It Is
recommended thet the well house be well ventilated when using an-In-well
diffused aerator to avold bulld-up of the VOCs In the alr. These samples

"were collected with well house windows and doors closed to try to

slmulate a "worst-case" situatlon.
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: AH :methods of In—well aeratlon r.ested Increase the pH of ‘the wel l"‘

saturation by all of the ln—-well aerat.ion methods tested.. The oxygen
" Increase ‘could cause water treated by’ t.hls method to become more -

- corrosive.. This should not. be a problem for short.—term use in an .
¥ v emergency situation. -~ .-
e "Water ent,erlng the welr box af‘t.er sparglng was mllky whlt.e in
R A appearance. By” the time It left the separat.or It was clear, causlng no:

S problems with aesthetlcs. _ C o
7 . The -bacterlological t.est.lng of" raw and t,rear,ed water jwas‘ '
lnconcluslve, with -large variations In bacterlal counts masking any
t.rends.‘ The R2A method provided conslst.ently hlgher recovery of'.

S v -,, organlsms than the het.erotrophlc plate count. i
T S Ale sampling showed that In-well aeration would probably not cause’f

- wat.er by an.average of .0.4. pH units. Dissolved oxygen was ralsed to. .=’

. “‘alr quallty problems of Industrial hyglene concern, however, the well may
. .be considered an air poliutlion source, and would require any- appropr!ate
TSR " pérmits  -for such a source. This would depend on the raw water
e ‘concentrations o the contaminants and on. alr flow rates used. ‘It would
' ) be prudent to vent.ilat.e a well house wlth an In—well dlffused aerator lnA
' operatlon. _ : T . oo
100
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' COST ESTIMATES -

R ST

In t.hls case, costs have - been computed for an In-well aeratlfon

“.‘system to be used at a well with an electric submerslble punp In place.

The well is 500 ft deep with a static water level of 25 ft and a pumping
water level of 100 ft. The water flow rate ls 70 gpm. A sparger will be

- .  added to the well for use with the exlsting submersible pump. The
"' sparger will be set at 175 ft. The pump will remaln at 200 ft. The
- -system will be In service for approximately three months. .

' The VOC concentrations are 10 ug/L of TCE and 250 ug/L of 1,1, l—TCA

It would require 50% removal for TCE and 20% removal for 1,1,1 21cA to

bring the VOC concentrations below t.he llmlts. In-well aeratlon would .
"produce t.he necessary removals. . ”

" Cost to rent alr campressor (3 months) $ l{, 292

1 in PVC pipe/flttings/valves A 200
Fuel tank (250 gals) : : o - 500
Alr filter o 175
Well vent ' ’ o ‘ . 300
Instailation labor - _ . --__ 2,000
Do o ‘ . $7,267
Operating Costs - . .
i1 and Fllters . % 500
Gasoline (2 gai/hr) , .- h,368
Labor . - 5,460
. Electrlclty (3¢/1000 gal/wtr punped) 281
. . ¥10,609
Electric Puwp and Sparger - . : I
" Total Cost-3 monihs operation $17,876
. Cost per 1,000 gallons of water treated  $ 1.91

| SECOND SCENARIO T T e

"In this case we deslre to brlng an old well back into ser\}lée.
There 1Is no purp presently in the well. The weli Is 306 ft .deep with a

" static water level of 45 ft and a pumping water level of 70 ft. The
- water flow rate Is 70 gpn. An alr. lift pump and sparger will be

installed. The alr lift pump footplece will be at 200 ft to yleld 65%
submergence. The sparger will be at 250 ft. The system will be -
operation for three months. ’ :
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DTN S ‘The well has a TCE: concent.ra\.lon of 20 ug/L (need 75% removal),‘ a
TR e “PCE’ .concentration of 5 ug/L and a VC concentration of 5 ug/L (need 80% '
: O removal).” The alr lift pump and sparger ccmb!natlon should provlde t,he o

Dol necessary VOC removds. TR TN
- Cost. r.o rent. alr compressor - $ l+ 092 |
23.: in steel pipe (eductor) : '390
: Punp footplece (materlal & fabrlcatlon‘ 200
©Alr 1ine (1 In) for pump ... 150
~1 In sparger plpe o Lo l2s0
’ Fuel tank (250 gaD - - 500 g
: ot o T AIr flliters C T : _—.--,175,.‘_ , . '
T ', ~Well vent - O ' L -300 .
B .Crane rental (to Install pump eductor) . 500 x LRI
- Installation labor R . 3,000 . . T

T T )
Operat.lng Costs~ 2 . PR

Ol and flliters - T § 500"

Gasoline (2 ga /hr) ST 4,388 0 - T P T

: o e §10,328

Alr'Llft and"Sparger- - oo
Total cost - 3 months operation = . $19,885 )
- Cost per 1 000 gallons of water treated $2.,12

”

oS AND WATER SEPARATOR .  "fij;z':_ ;f*igvi' - ,.{:1 RS TE

) If the weH being treated does not. have a prevlously exlsting
chlorine retention tank, one will have to be Installed to serve as the
gas and water separator. Costs shown here do not reflect the costs of
additional chlorine, which might be necessary because of. strlpplng as the
bubbles are released. :

Concrete tank (1,500 gal) $ 2,000

_ Purnp (to system). 1,000

o ) - Electrical control’ equlpment 1,500

' - »Inst.allat.lon o : 2,000

‘ o e . 376,500
DISCUSSION ‘ ’

The total cost of an elechic submerslble pump wlth a sparger was
less. than an alr 1ift punp and sparger, as long as the electrlc
submersible punp was previously In the well, These costs did not show
purchase or rental of an electric submersible pump. :

. In-well aeration may not be a good treatment option If a gas—water
separator is not already present. A chlorine rétention. tank would
probably be Included .in the construction of the permanent VOC treatment
facllity. The time Involved In Installlng the tank would probably negat.e
its usefulness as an emergency treatment measure.
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APPENDIX A _
SUMMARY or EQUATIONS usep T

1. ‘ AIR DELIVERY - 'Equatltor\ used' to- -aejusrt ‘fer ‘differehc.:es' Frcm

callbrat.lon temperature and pressure for alr rot.ometers (supplled by -

L ' - . -[Pread x([Tcal ' ’ SRR S
o Lo rotomet.ers ; chal N Tread P e
Where - Qact - '= Alr Discharge, SCFM -~~~ . = . 7 x0Tl

LI Qrot,o = Rotometer Reading : : T T
-~ Pread = Pressure at Rotometer + 14.7 psl (abso\ute)
o Pecal” = 75 psi + '14.7 pst = 89.7 psi -
- . Tread = "°F Alr at Rotometer + L60°F S
'-,Tcal = 70°F + 460°F = 530°F T ST

_fle' SUBMERGENCE - percent of alr 1ift punp eductor which vas below the. |
. Dunping wat.er ‘level (reference 29) Lo e

»

% Submergence

S=L—hx100 'Where—'Sz .
oL S " L = Distance from footpliece
: ' . to discharge pipe
h = Distance from punping

"water level to dlscharge :
plpe .

T3, WIRE—TO-WATER EFFICIENCY - derlved fram water horsepower and requlred

compressor horsepower (reFerence 38)

_ HP, ,wathijlbLgal _gg.h
u : 33,000 945
wWhere - HPw = \Iater Horsépcﬂver

i : Q, = Water Flow Rate (gpm) _

) ) h o= Distance fram punping water level t.o .
| Co _ S discharge plpe"
i 3 ;' o HPA ::- QA._X 0.01511 x Fl F_ZOO.ZQ - 1]
L '--‘ o "~ -Where - HPA = Adiabatlic Air1 rsepower
iE ’ B P, = Absolute Pressure of Free Air
i ' _F‘2 = Absolute Pressure of Alr Supplled to Purp
: QA' = SCFM Air Supplled to Punp
f !
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W,

ft’/mln x 7 48 gal/ﬂ3

0.4335

’ (reFerencn 39)

_lf“‘,‘ Lo -;~',‘ Q CHS/QA‘.>

>

B

7. % REMOVAL OF VOC

- 100%

s -

A_iN_here - HP

gal/mln

Volum of Alr e
Volune of Wat.er

‘Where -

3

WATER LEVEL MEASUREMENT USING AN AIR LINE - f‘eet. oF water' ln t,he alr‘
; Hne Is calculated from the pressure. required to remove. the wat.er' from
t.he llne, t.hen subst.racted frcm the lengt.h of the alr ]Ine. '
Y

LW

e

L

Q

- H

.‘. c .
w_ﬁare '-'_'C

R '.vv8 COST TO COMPRESS AIR - calculated at 6¢ ‘per kilowar.t hour

so e Cost ¢/1ooo gal = 6¢/KWHr x 0.746 Ki/HP ng x'1, ooo gal
el T % X 60 mln/hr

wat.er horsepower ' ,
water flow rate (gal/mln) i

A A ta _ _ e
- 6. WATER FLOW RATE - as calculated f'rom a 90° trlangular v-—notch welr .'

‘Required’ Compressor, 5
HorsepOfger ‘for Electric.

Compressor Eff Iclency )
lVotor Efﬂc!ency :

Est.lmt,ed WIre—to—Hcter
Efﬂclency L
‘Water Horsepower
Requlred Compressor
Horsepower .-

N

= Feet. of water In alr Tine
Pressure required to move. . :
‘water out of alr 1lne . - .
Water Level . Lo e o
Length oF Alr Line

Water Flow Rate (ft’/aéé)

= Height oF Water Above We.r
o CFLd.
'__5 486 2 for weIr box used

= Raw water concéntration
Treated water concentratlon
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APPENDIX B

GAS CHROMATOGRAPHI(. CONDITIONS AM)
QUAL ITY CONT ROL PROGRAM

-

All volatlle organlc analyses were perf‘orrned using EPA Met.hod 502 1 '

fbr the gas chromatograph (GC). The analyses were done at the North Penn
Water Authority Laboratory using a Varlan 4600 GC with a Varian Vista 401

"Chraomatography Data System. The samples were concentrated and Introduced

Into the GC by way of a Tekmar- LSC-2 Purge and Trap equlpped with a.'
Tekrrar ALS Aut.osampler. The trap was packed - wlth Tenax, sllica gel and‘

" charcoal.

"The GC colum used was - §-foot, glass, 1% SP-1000 on Carbopack-B

(60/80 mesh). The purge and carrier gases vere hellun. The detector was -
:'a Hall Electrolytic - Conductivity Detector . (HECD). -The temperature .

program sequence was 45°C' lsothermal for three minutes, progra'n at, 8°C

- - per minute to 220°C, then hold at 220°C for flve minutes.

- The NPWA - Laboratory Is certified by the Coomorwealth of Pennsy]vanla

‘to perform trihalomethane analyses under theé Safe Drinking Water Act.

Method 502.1 is used for the THM as well as the VOC analyses. The
quality control program used with this method 1Is approved by the
Conmornwealth and has undergone in-~house lnspectlon of record keepling,

_equipment, analysts and procedures.

In addition to the Safe Drinking Water Act requlrement.s, several
quality control procedures were developed specifically for this study.

" Once every three months, quality control samples were obtalned from U.S.
" EPA-EMSL for volatile organic chemicals. The samples were provided. .at

two levels of concentrations, and had nine compounds In each sample.

' ‘Every day one of these samples was analyzed, with high or low range .
concentrations being examined on alternate days. The results for each . -
" day were compared to the true values provided by U.S. EPA-EMSL before any

samples were analyzed. If error was less than. 10%, samples were
analyzed. If the error was greater than 10%, the cause of error was

. determlined and corrected before samples were analyzed.

A1l VOC samples were collected in duplicate In the fleld. Ar. least
10% of these field duplicates were analyzed. . The percent difference for
each compound was determined by dividing the difference between the
duplicates by the average of the duplicates, then muitiplying by 100.
The percent cifferences were well within 20% for the compounds found In

contaminants.
"In order to determine the GC ret.entlon t.lme stabllity, and thus be

. more confldent. in the VOC ldentifications, -the retentlon t.lmes for each
" compound In the daHy callbratlon st.andard were recorded.  These data
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well L-8 at hlgh concentrations, and wlthln '25% ‘to 30% for ‘the mlnor'
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swere. carpned on a monfhly bas!s and t,he average, standard dev!atlon,

‘percent relatlve “standard devlat.lon and: retent,lon time. relat.lve to:

\chlorof'orm were “calculated - for -each. campound In the. method : Percent,

relatlve-.standard -deviations ‘were generally less than ' 0, 5% B & t.he
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