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December 16, 2003

r e c e i v e d

DEC 19 W
NYS-DEC 

REGION 3-NEW PALTZ

Mr. Paul Olivo
United States Environmental Protection Agency (USEPA)
290 Broadway
New York, New York 10007-1866

Re: General Switch Site, 20 Industrial Place"; City of Middletown, Orange County, New York
ESI File LM97145.40

Dear Mr. Olivo:

Per your request, enclosed please find three (3) additional copies of the Workplan for 
Installation of Additional Monitoring Wells (Workplan) for the above-referenced site dated May 
2003 (revised December 2003).

This Workplan incorporates all changes requested by the USEPA and your consultant at our 
meeting of October 2003. As stated verbally, this office is prepared to begin the installation of 
these additional wells within two weeks of receipt of Agency approval. Installation of these wells 
is weather dependent, and therefore any commitment to complete these wells within the pre­
specified timetable is subject to revision.

Please review this document and call me at (845) 452-1658 should you have any questions or 
comments.

Sincerely,

ECOSYSTEMS STRATEGIES, INC.

Paul H. Ciminello 
President

PHC:cpr

enclosure

cc: file

mailto:mail@ecosystemsstraregies.com
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1.0 In tro d u ctio n  and O bjectives o f M o n ito rin g  W ell In s ta lla tio n

As p rev io u s ly  p ro p o s e d , E c o s y s te m s  S trateg ies , Inc . is p lan n in g  to  install a d d itio n a l m o n ito rin g  w e lls  in 
four locations  w ith  the  fo llow in g  identification n u m b e rs  b a s e d  on ex is tin g  w e lls  (s e e  F ig u re  1, A p p e n d ix  A):

M W -2 0 6  B e d ro c k  well n ear o ve rb u rd e n  w e ll M W -6
M W -2 0 9  B e d ro c k  well n ear o ve rb u rd e n  w e ll M W -9
M W -2 1 9  B e d ro c k  well farther d o w n g ra d ie n t th a n  M W -2 0 9
M W -1 9  O v e rb u rd e n  well fa rth e r d o w n g ra d ie n t th a n  M W -9
M W - 2 1 1 B e d ro c k  well near o ve rb u rd e n  w e ll M W - 1 1
M W -2 2 0  D e e p  b edrock  well to  iden tify  ve rtic a l e x te n t  o f c o n ta m in a tio n

T he  b ed ro c k  w e ll n e x t to  M W - 1 1 is added to th e  list a fte r  th e  las t ro u n d  o f s a m p lin g  w h e n  M W - 1 1 
contained  s u ffic ie n t w a te r  fo r sam pling  and o v e r 8 0 0  u g /L  to ta l c h lo rin a te d  V O C s  w e re  d e te c te d  (J a n u a ry  
2 0 0 3 ),

O ne  m o re  d e e p  b e d ro c k  w e ll is add ed  to  this p lan  to  id e n tify  th e  v e rtic a l e x te n t of c o n ta m in a tio n . T h a t  
well will b e  ins ta lled  w ith in  the  triangu lar a re a  outlined  by w e lls  M W -5 ,  M W -2 0 3 ,  a n d  M W -2 0 4 .  T h a t  
location is c h o s e n  to  b e  d o w n  g rad ien t of m o n ito ring  w e ll M W -5  w h e re  th e  h ig h e s t c o n c e n tra tio n s  o f P O E  
are found .

T h e  p lan  is to insta ll th e  b e d ro c k  wells first and re m o b iliz e  w ith  a  soils  rig to install th e  o v e rb u rd e n  w e ll. 
C o m p a re d  to  th e  o v e rb u rd e n  w e ll installation, th e  b e d ro c k  co rin g , drilling , tes tin g , a n d  w e ll in s ta lla tio n  
program  is m u c h  m o re  c o m p lic a te d  and is the fo c u s  o f this W o rk p la n .

This p lan  p ro p o s e s  to o m it th e  b oreho le  geoph ys ica l lo g g in g  a n d  re p la c e  it w ith  b o re h o le  v id e o  re c o rd in g  
for ex isting  w e lls  a n d  th e  n e w  w e lls . T he  v ideo  m e th o d  is fa r  s u p e rio r a n d  is less  e x p e n s iv e  th a n  th e  
boreho le  g e o p h y s ic s . It will b e  cost effective to h a v e  a c a m e ra  on s ite  th ro u g h o u t th e  ted io u s  drilling  
opera tions . T h e  v id e o  re c o rd in g  will give m uch  m o re  s p e c ific  in fo rm a tio n  a b o u t th e  fra c tu re s  b e c a u s e  it is 
a re m o te  m e a n s  o f o b s e rv a tio n .

T he  g eo p h y s ica l b o re h o le  logging  is a rem ote  m e a n s  o L m e a s u r in g  d is c re te  g e o p h y s ic a l p ro p e rtie s  a t a 
series o f d ep th s  w ith o u t s p e c ific  frac tu re  c h a ra c te riza tio n . T h e  o n ly  in fo rm atio n  a b o u t fra c tu re s  d e r iv e d  
from logging  is the  d ep th  o f fra c tu re  from the c a lip e r log .

2 .0  O u t l i n e  o f  P r o c e d u r e s

•  U p d a te  H e a lth  a n d  S a fe ty  P lan  and conduct fie ld  m e e tin g s .

•  T h e  ex is tin g  d e e p  b e d ro c k  w e lls  are open h o le , th e  s h a llo w  b e d ro c k  w e lls  a re  not. R e c o rd  v id e o  ta p e  
of e a c h  o f th e  fo u r e x is tin g  d e e p  bedrock m o n ito ring  w e lls  fro m  top  to b o tto m  a n d  re v e rs e  to  o b s e rv e  
if the  fra c tu re s  a re  s in g le  o r m ultip le cut, horizo nta l o r v e rtic a l, p la n a r or c u rv e d , p a ra lle l o r o b liq u e  to  
an y  o b s e rv a b le  b e d d in g  structure . This p ro ce d u re  will p ro v id e  s p e c ific  in fo rm atio n  a b o u t th e  g e o lo g y  
th a t c a n n o t be  o b ta in e d  w ith  borehole  g eo ph ys ics  a n d  will be  h e lp fu l in gu id ing  th e  ins ta lla tio n  o f n e w  
b ed ro c k  w e lls .

• Iso la te  th e  o v e rb u rd e n  fro m  the  bedrock by s e a tin g  a n d  g ro u tin g  s te e l s u rfa c e  c a s in g  a t le a s t 5  fe e t  
into the  b ed ro c k .

•  C o re  b e d ro c k  a t 2 0 -fo o t  in te rva ls . P reserve  the  c o re  in co re  b o x e s . D e s c rib e  th e  c o re  an d  
p h o to g ra p h . ^
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» A fte r  e a c h  2 0 -fe e t  o f drilling, sam p le  the b o re h o le  fluid and  s e n d  to lab fo r C h lo r in a te d  V O C  tes ting  by 
E P A  m e th o d  8 0 6 0 . O b ta in  results o vern ig h t to e x p e d ite  w e ll ins ta lla tion .

• Id e n tify  an d  c h a ra c te r iz e  zo n e s  with fra c tu re s  in th e  b ed ro c k  during  drilling an d  p rio r to  w e ll insta llation  
w ith  b o re h o le  v id eo  record ing  and p ac k e r tes ts .

« C o n d u c t p a c k e r tes ts  in s e lec ted  depth in te rv a ls  exh ib iting  fra c tu re s  in th e  b e d ro c k  to .id e n tify  zo n e s  of 
g ro u n d w a te r  inflow , outflow  and  up or d ow n  ve rtic a l g rad ien t.

•  U s in g  th e  c o n ta m in a n t, b ed ro ck , frac tu re , a n d  h yd rau lic  in fo rm atio n  o b ta in e d  d u rin g  coring  and  
tes tin g , install w e lls  to m o n ito r specific d ep th  in te rva ls . U s e  e ith e r s te e l cas in g  to s e a l o ff th e  u p p er  
b e d ro c k  in te rva l or P V C /s a n d  pack well co n s tru c tio n  with b en to n ite  or g ro u t s e a ls  d e p e n d in g  on cost 
an d  drill rig capab ility .

■ C o lle c t all w e ll a n d  d ec o n  w a te r  on site a n d  filte r th ro u g h  a c tiv a te d  c a rb o n  u n its , s to re  o n s ite  and  
re le a s e  to  s to rm  s e w e r or m unicipal s e w e r w ith  a p p ro p ria te  tes ting  an d  p e rm its .

■ D e v e lo p  th e  b e d ro c k  w ells  during drilling. R e m o v e  all fines  w ith  a ir p re s s u re  a fte r  co rin g  an d  re a m in g
e a c h  2 0 -fo o t  d ep th  interval.

■ D e c o n ta m in a te  all e q u ip m e n t on site in d e s ig n a te d  d eco n  a re a  w ith  s ta n d a rd  p ro c e d u re s .

■ A q u ife r  tes tin g  to  d e te rm in e  hydraulic co n d u c tiv ity  o f b ed ro c k  in vic in ity  o f w e lls .

■ In s ta lla tio n  o f O v e rb u rd e n  M onitoring  W e ll ( M W - 1 9 )

3 .0  D E S C R I P T I O N  O F  T A S K S

T h e  a b o v e  listing o f tas k s  p rovide  an outline o f th e  p ro c e d u re s  n e c e s s a ry  to a c c o m p lis h  th e  W o rk p la n  
o b jec tives . T h e  fo llow ing  sectio ns  describe each ' ta s k  in g re a te r d eta il fo r E P A  re v ie w .

3.1 Health and Safety Preparations and Meetings

P rior to  e a c h  s ta te  o f the  investigation , an a p p ro p r ia te  d e c o n  p ad  will b e  p re p a re d  a n d  c o n ta in e rs  for 
d eco n  w a te r  s to ra g e  p laced  in the  a rea . T h e  w o rk  z o n e s  will be  e s ta b lis h e d  to  re s tr ic t a c c e s s  to  
a u th o rize d  p e rs o n s  an d  lim it sp re a d  of c o n tam in a tio n .

Prior to  e a c h  s ta g e  o f th e  investigation, the n e w  s u b c o n tra c to rs  shall re c e iv e  a c o p y  o f th e  H e a lth  and  
S a fe ty  P la n . P rio r to th e  first d a y  of field activity, th e  s u b c o n tra c to r and  E S I p e rs o n n e l sha ll h a v e  a  b rie f 
o nsite  H e a lth  an d  S a fe ty  M ee tin g  to m ake  s u re  e v e ry o n e  h as  re v ie w e d  th e  c h a ra c te r is t ic s  o f c h e m ic a ls  of 
con cern  a t th e  s ite  an d  leve ls  previously  e n c o u n te re d  in fie ld w o rk  a t the  s ite . T h e  ro u te  to  th e  n e a re s t  
hospita l a n d  e m e rg e n c y  p h o n e  num bers  and p ro c e d u re s  will b e  re v ie w e d . T h e  d e c o n ta m in a tio n  a re a  and  

lim ited a c c e s s  d a n g e r  zo n e s  will be  review ed w ith  all p e rs o n n e l, O th e r re le v a n t s ite  fe a tu re s  will b e  tou red  
or p o in te d  o u t. C o p ie s  o f H e a lth  and  Safety  tra in in g  c e rtific a te s  will b e  c o lle c ted  fo r e a c h  in d iv idu al and  
p laced  in th e  h ea lth  and  sa fe ty  records file. E a c h  p artic ip a n t will sign an  a ffid av it c o n firm in g  re v ie w  o f the  
H ea lth  an d  S a fe ty  P lan ,
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3.2 Video Taping Borehole Features in Existing Wells

A s m e n tio n e d  ab o v e , this s te p  w ou ld  be u n n e c e s s a ry  if the  b e d ro c k  m o n ito rin g  w e lls  w e re  not c o n s tru c te d  
w ith  o p en  w e llb o res . T h e  S h a tk i “C h ara c te riza tio n  R e p o rt” (F e b ru a ry  1 9 9 4 )  s h o w s  the  "Typ ica l D e e p  
B e d ro c k  M on ito ring  W e ll C o nstru ctio n" (F ig u re  2 -2 1  as open  h o le  w ith  s te e l c a s in g  s e a te d  and  g ro u te d  5 
fe e t  into c o m p e te n t b ed ro c k . C o n seq u en tly , th is step  of v ideo  tap in g  th e  o p e n  b e d ro c k  w a lls  o f th e  w e lls  
will b e  m o st instructive  fo r th e  drilling  and installing  the  add itio na l m on ito ring , w e lls . T h e re fo re ,  
im m e d ia te ly  prior to s tart o f drilling, the d o w n h o le  v ideo  c a m e ra  will b e  p ro c u re d  in o rd e r to p ro c e e d  w ith  
v id e o  ta p e  reco rd ing . A  v id e o  ta p e  of each  of th e  ex isting  b e d ro c k  m o n ito rin g  w e lls  will b e  re c o rd e d  fro m  
top to  b o tto m  and  re v e rs e  to  o b s e rv e  if the fra c tu re s  a re  s ing le  or m u ltip le  cut, h o rizo n ta l or ve rtica l, p la n a r  
o r c u rv e d , p ara lle l or o b liq u e  to a n y  o b servab le  b edd ing  s truc tu re . N o te s  will b e  m a d e  o f th e  o b s e rv a tio n s  
a t  d iffe re n t d ep th s  and  still p h o to s  d ow n lo aded  fro m  th e  ta p e  fo r d o c u m e n ta tio n  o f b o re h o le  c on d ition s  if 
d e e m e d  a p p ro p ria te . T h is  p ro c e d u re  will p ro vid e  spec ific  in fo rm atio n  a b o u t th e  g e o lo g y  th a t c a n n o t b e  
o b ta in e d  w ith  b o reh o le  g e o p h y s ic s  and will be helpfu l in guiding  th e  in s ta lla tio n  o f n e w  b e d ro c k  w e lls .

T h e  v id e o  c a m e ra  e q u ip m e n t will b e  d ec o n ta m in a te d  prior to an d  a fte r  u s a g e  a t e a c h  m o n ito ring  w e ll.

3.3 Isolate Overburden by Grouting Steel Casing into Bedrock

P rio r to  drilling a drill rig d e c o n  p ad  will be c o n s tru c ted  in the  G e n e ra l S w itc h  p a rk in g  lot n e a r  the  old  
S h a tk i tra ile r. T h e  pad  will b e  con structed  to co lle c t all d eco n  w a te r  a n d  p u m p  into s to ra g e  ta n k s  fo r  
d isp osa l.

In  th e  p rev iou s  drilling an d  ins ta lla tion  o f b ed ro c k  m onitoring  w e lls , th e  S h a tk i "S ite  C h a ra c te r iz a tio n  
R e p o rt” (F e b ru a ry  1 9 9 4 ) in d ic a te d  that the top o f b ed ro c k  b e n e a th  o v e rb u rd e n  w a s  h ighly  w e a th e re d . T o  
k e e p  sh a llo w  g ro u n d w a te r fro m  th e  overbu rd en  from  s e ep in g  th ro u g h  th e  w e a th e re d  b e d ro c k  in to  th e  
d e e p  w e ll, a  s tee l s u rfa c e  c a s in g  w a s  sea ted  a n d  g ro u ted  a t le a s t 5  fe e t  into c o m p e te n t  b ed ro c k . T h is  
s a m e  p ro c e d u re  will be u se d  in drilling and insta llation  o f the  n e w  a d d itio n a l b e d ro c k  m o n ito ring  w e lls .

Drilling shall be a c c o m p lis h e d  using  air ro tary a n d /o r  a ir p ercu ss io n  d rilling  te c h n iq u e s . T h e  drilling  
co n tra c to r shall be  req u ired  to a rr iv e  at the s ite  w ith  all e q u ip m e n t d e c o n ta m in a te d  fro m  prior jo b s .
A n o th e r d e c o n ta m in a tio n  p ro c e d u re  will be co n d u c te d  o ns ite  p rio r to  c o m m e n c e m e n t  o f drilling to re m o v e  
road d irt fro m  th e  drilling e q u ip m e n t. During drilling o f th e  b o re h o le  th ro u g h  th e  o v e rb u rd e n , th e  a n n u lu s  
will b e  m o n ito red  for V o la tile  O rg a n ic  C o m p o u n d s  (V O C s )  using a  P h o to io n iza tio n  D e te c to r  (P ID ) .  W h e n  
b e d ro c k  is re a c h e d , a  1 0 -in c h  d ia m e te r  so c k e t will b e  d rilled  into th e  b e d ro c k  o b s e rv in g  th e  con d ition  o f 
cuttings, w h e n  the  cuttings in d ic a te  a  n o n w e a th e re d  condition , th e  s o c k e t  will b e  drilled  an  a d d itio n a l 5  o r  
m o re  fe e t  into b ed ro c k . A n  8 -in c h  stee l su rfa c e  cas in g  will be d riven  into  th e  c a s in g  and  g ro u t ins ta lled  
b e tw e e n  th e  fo rm atio n  an d  th e  s te e l casing. T h e  g rout will be a llo w e d  to  s e t fo r 2 4  h o u rs  b e fo re , co ring  
and  drilling  c o m m e n c e s . A n y  g ro u t that en ters  and  se ts  up inside th e  s te e l c a s in g  w ill b e  drilled  th ro u g h  
w ith s u b s e q u e n t o p era tio n s .

3.4 Core Bedrock at 20-foot Intervals

A  core  b arre l will be  u sed  to  o b ta in  2 0  fe e t o f 2 -in c h  d ia m e te r  or g re a te r  c o re . T h e  c o re  will b e  w ra p p e d  in 
plastic , p la c e d  in w o o d e n  c o re  b o x e s , and tran sp o rted  to the  d ec o n  a re a . If a n y  P ID  re a d in g s  w e re  
d e te c te d  during  the  coring p ro c e d u re , the core  will b e  s te a m  c le a n e d . If no  c o n ta m in a tio n  is d e te c te d , it 
will b e  w a s h e d  d ow n  a t th e  d e c o n  a re a , prior to h and ling  and  s tudy. T h e  c o re  le n g th s  will b e  d e s c rib e d  
and  p h o to g ra p h e d . Ind ica tio ns  o f frac tu res  will b e  noted  with d ep th  o f o c c u rre n c e  a n d  o rien ta tio n . 
C o n s id e ra tio n  w a s  g iven  to o b ta in in g  a g ro u n d w a te r s a m p le  o f th e  b o re h o le  fluid  a fte r  e a c h  2 0 -fe e t  o f 
drilling an d  sen d in g  it to lab  fo r o vern ig h t C h lo rin a ted  V O C  testing  by E P A  m e th o d  8 0 6 0 .  H o w e v e r , by  
using a ir ro tary  drilling, the  a ir will m o s t likely strip  the  vo latile  c o m p o u n d s  fro m  th e  g ro u n d w a te r  in an d  
n e a r th e  w e ll, so  th e  s a m p le  resu lts  w ould not b e  re liab le . H e n c e , it is c o n c lu d e d  th a t during  drilling, o ur  
b est ind ica to r o f th e  p re s e n c e  o f ch lorinated  V O C s  will b e  read in g s  on th e  P ID ,
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3.5 Video Tape New Borehole Top to Temporary Total Depth

After e a c h  2 0 -fe e t  o f co ring  an d  drilling, the b o reh o le  v id e o  c a m e ra  will b e  u sed  to re c o rd  im a g e s  o f the  
open b e d ro c k  b o re h o le  w a lls  w ith  depth. In this m a n n e r , by p ro g res s in g  in 2 0 -fo o t in te rv a ls , th e  fra c tu re  
characte ris tics  o f th e  b e d ro c k  can  be identified fro m  c o re  and  v id e o . T h e  iden tified  fra c tu re  z o n e s  will 
then be  th e  ta rg e t o f p a c k e r  tes ts . The d ow nh ole  v id eo  c a m e r a  a p p a ra tu s  an d  w ire lin e  w ill b e  
d e c o n ta m in a te d  b e tw e e n  u se s  to avoid introduction  o f c o n ta m in a tio n  fro m  o n e  level to a n o th e r  o r fro m  
one w ell to a n o th e r.

3.6 Packer Testing

P a c k e r tes ts  will b e  c o n d u c te d  o v e r selected 10 -fo o t d ep th  in te rva ls  exh ib itin g  fra c tu re s  in th e  b e d ro c k .
The  p a c k e r tes ts  will Iden tify  z o n e s  of g ro un dw ate r in flow , o u tflo w  an d  up or dow n  v e rtic a l g ra d ie n t. T h e  
p acker tes ts  will b e  c o n d u c te d  w ith  a 10-foot length  o f S c h e d u le  4 0  P V C  s c re e n  c o n ta in in g  a  2 -in c h  
d ia m e te r G ru n d fo s  R e d i-flo  2  p u m p  and p ressure  tra n s d u c e r. T h e  s c re e n  a p p a ra tu s  is s u s p e n d e d  
b etw een  th e  u p p e r an d  lo w e r in flatab le  p ackers . T h is  m e th o d  w a s  u se d  in th e  S h a k ti in v e s tig a tio n s  as  
show n in F ig u re  2 -1 0  fro m  th e  “S ite  C h arac te riza tio n  R e p o rt” (F e b ru a ry  1 9 9 4 ) . P u m p in g  o f th e  flu id s  fro m  
the in terva l will be  c o n d u c te d  an d  w ater levels a b o v e  th e  u p p e r p a c k e r  re c o rd e d . A  s e c o n d  tra n s d u c e r  will 
be p la c e d  a b o v e  th e  p a c k e r  to  m onitor w a te r leve ls  in th a t z o n e  d u rin g  p u m p in g  b e lo w  th e  p a c k e r .

S h a k ti’s resu lts  o f this fo rm  o f p a c k e r testing ind ica ted  th a t th e  b e d ro c k  is fre q u e n tly  fra c tu re d  in a  fin e  
p ervas ive  p atte rn  a n d  h yd rau lic  connection w as  in te rp re te d  fro m  a b o v e  a n d  b e lo w  th e  p a c k e rs  e ith e r  by  
p ac k e r le a k a g e  or fra c tu re s  w ith in  the form ation . S e e  S h a k ti c o n c lu s io n s  an d  re c o m m e n d a tio n s  re la t iv e  to 
p ac k e r tests  fro m  p a g e s  4 -3 8  an d  4 -3 9  (1 9 9 4 , S ite  C h a ra c te r iz a tio n  R e p o rt)  inc lu ded  h e re  a s  A p p e n d ix  B.

T h e  p a c k e r te s t d o w n h o le  e q u ip m e n t will be d e c o n ta m in a te d  b e tw e e n  u se s  to avo id  in tro d u c tio n  o f 
con tam ination  fro m  o n e  le v e l to  ano ther or from  o n e  w e ll to  a n o th e r.

3.7 Repeat Coring, Video Taping, and Packer Testing

For c o n s e c u tiv e  2 0 -fo o t  in te rv a ls , the  interval will b e  c o re d , v id e o  ta p e d  an d  p a c k e r te s te d . T h e  e n tire  
o penh o le  b e d ro c k  in te rva l will b e  v ideo tap ed  so th a t th e  la s t ta p e s  p e r b oring  will h a v e  th e  c o m p le te  h o le . 
P ID  re a d in g s  will in d ic a te  th e  firs t observed zo n e  o f c o n ta m in a tio n  a s  coring  p ro c e e d s  d o w n w a rd .
F low ever, P ID  re a d in g s  m a y  not b e  capab le  o f identify ing  th e  d o w n w a rd  ve rtica l e x te n t o f c o n ta m in a tio n  
b e c a u s e  g ro u n d w a te r fro m  d iffe re n t fractures m a y  b e  m ix e d  in th e  b o re h o le . H o w e v e r , in d ic a tio n s  a n d  
calcu lations o f ve rtic a l g ra d ie n ts  will at least ind ica te  w h e th e r  g ro u n d w a te r  is m o v in g  u p w a rd  o r d o w n w a rd  
and th ereb y , th e  d irec tio n  o f m o v e m e n t of d isso lved  c h lo rin a te d  V O C s  will b e  d e te rm in e d . A  m e th o d  
em p loyed  in a  U S G S  s tu d y  (S e n io r  and G o o d e , 1 9 9 9 )  will b e  u s e d  to  m e a s u re  th e  v e rtic a l c o m p o n e n t o f  
g ro u n d w a te r flo w  o v e r 1 0  fo o t in tervals  as ind ica ted  on th e ir  d ia g ra m s  (A p p e n d ix  C ). If no  P ID  re a d in g s  
are re c o rd e d  a b o v e  b a c k g ro u n d  and  the well re a c h e s  a  d ep th  o f 1 4 0  fe e t, drilling will s to p  a n d  a  
m onitoring  w ell will b e  d e s ig n e d  and  installed. If th e  w e ll re a c h e s  1 0 0  fe e t  an d  th e re a fte r  if co rin g  d o e s  
not s h o w  a n y  fra c tu re s  fo r  a n  in terva l of 4 0  fee t, drilling will end  a n d  a  m o n ito ring  w ell d e s ig n e d  a n d  , 
insta lled . If P ID  re a d in g s  a re  a b o v e  background an d  fra c tu re s  a re  o b s e rv e d  to  a  d ep th  o f 1 6 0  fe e t ,  drilling  
will s top  and  a m o n ito rin g  w e ll will b e  designed and  ins ta lled .

For th e  d e e p  w e ll to d e fin e  ve rtica l extent of c o n ta m in a tio n , th e  w e ll shall b e  drilled, c o re d , an d  te s te d  as  
p lanned  fo r the  o th e r b e d ro c k  w e lls . The d iffe re n c e  is th a t drilling  sha ll c o n tin u e  until a z o n e  o f 4 0  fe e t  is 
e n co u n te red  w ith  no P ID  m e a s u re m e n ts  abo ve  b a c k g ro u n d . A ls o , the  w e ll will b e  p u rg e d  a n d  th e  rig 
pum p u sed  to o b ta in  a fresh  s a m p le  of form ation w a te rs  fro m  th e  d e e p e s t  w a te r -b e a rin g  z o n e  fo r  
overn ight la b o ra to ry  a n a ly s is  fo r V O C s ,
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3.8 Design and Install Monitoring Well

U sing  th e  c o n ta m in a n t, b ed ro c k , fracture, and  h yd ra u lic  in fo rm ation  o b ta in e d  d u rin g  ro c k  coring , v ideo  
taping, an d  p a c k e r tes ting , w ells  will be d es ig n e d  to m o n ito r spec ific  d ep th  in te rv a ls . U s e  e ith e r s tee l 
casing  to s e a l o f th e  u p p e r b ed ro c k  interval or P V C /s a n d  p ack  w ell co n s tru c tio n  w ith  b e n to n ite  or grout 
seals  d e p e n d in g  on co s t and  drill rig capability . O p e n  b o reh o le  co m p le tio n  is th e  p re fe r re d  m e th o d  
b e c a u s e  it a llow s a c c e s s  to a large  d iam ete r w e llb o re  fo r fu tu re  u se . P rio r to w e ll in s ta lla tio n , th e  bottom  of 
the w ell will be  te s te d  fo r d nap i w ith a product in te rfa c e  m e te r. A n y  d n ap i will b e  p u m p e d  o u t an d  
c o n ta in e rize d  w ith  the  d eco n  w a te r  on site. If th e  b oring  h as  to b e  p lu gg ed  b a c k , g ro u t will be  u sed  to sea l 
the b o tto m  in terva l. B o ttom  g ro u t will be p u m p e d  into p la c e  using  a  long tre m ie  tu b e  to  re a c h  th e  d es ired  
depth. W e ll con s truc tion  d ia g ra m s  from S h a tk i (1 9 9 4 )  a re  show n fo r typ ical s h a llo w  a n d  d e e p  b ed ro c k  
m onito ring  w e lls  in A p p e n d ix  B (F igures  2 -2 0  a n d  2 -2 1 ) .  A ll w e lls  a re  in lo c a tio n s  w h e r e  "s tic ku p ” 
construction  is a p p ro p ria te .

All w e ll con s tru c tio n  too ls  will be d eco n ta m in a te d  p rio r a fte r  e a c h  d a y ’s u se  a n d  p rio r to  u se  on a n o th e r  
m onito ring  w e ll location .

3.9 Treatment and Discharge of Purge and Decon Water

All w e ll a n d  d e c o n  w a te r  will b e  collected o ns ite  a n d  filte r th rough  a c tiv a ted  c a rb o n  u n its , s to re d  o n -s ite  
and re le a s e  to  s to rm  s e w e r o r m unicipal s e w e r w ith  a p p ro p ria te  tes tin g  a n d  p e rm its .

3.10 W ell Development

T h e  b e d ro c k  w e lls  will b e  d e v e lo p e d  during drilling  using  th e  a ir p re s s u re  on th e  drilling  rig to  c le an  out the  
b oreh o le  a fte r  coring  an d  drilling each  2 0  foot s e c tio n  o f b o reh o le  and  b e fo re  e a c h  o f th e  b o re h o le  v ideo  
tap ing  an d  p a c k e r  tes t p ro ce d u re s . This m e th o d  is fa r  m o re  e ffe c tiv e  th an  a n y  p o s t d rilling  m e th o d .

3.11 Decontamination Procedures

D e c o n ta m in a tio n  o f all e q u ip m e n t on site in d e s ig n a te d  d e c o n  a re a  will b e  p e r fo rm e d  in th e  fo llow ing  
m an n er: All drilling  e q u ip m e n t in contact w ith soils  will b e  s te a m  c le a n e d  a t th e  b e g in n in g  o f e a c h  d ay  and  
b etw e e n  w e lls . S a m p lin g  p u m p s  will be d e c o n ta m in a te d  in a c c o rd a n c e  w ith  th e  p ro c e d u re s  o u tlin ed  in the  
U S E P A  R e g io n  2  G ro u n d w a te r  S am pling  P ro c e d u re s , includ ing  in A p p e n d ix  G  o f th e  E S I In te rim  
W o rk p la n  fo r  p rev io u s  w ork . O th e r reusable  s a m p lin g  o r tes ting  e q u ip m e n t will b e  d e c o n ta m in a te d  in the  
fo llow ing  m a n n e r:

P re s s u re  w a s h  w ith  w a te r  and a d e s ig n a te d  b ru sh  to re m o v e  a n y  v is ib le  dirt.

W a s h  an d  scru b  in a m ild detergent (e .g . A lc o n o x ) and  d e -io n ize d  w a te r  u s in g  a d e s ig n a te d  
b ru sh .
R in s e  w ith  d e -io n ize d  w ater.
R in s e  w ith  1 0 %  N itric  A cid  solution.
R in s e  w ith  d e -io n ize d  w a te r.
R in s e  w ith  m e th a n o l.
R in s e  w ith  d e -io n iz e d  w a te r.
A llo w  to  a ir d ry and  u se  im m ediate ly  or w ra p  in a lu m in u m  foil (S h in y  s id e  o u t).
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3.12 Aquifer Testing

A q u ife r  tes tin g  to d e te rm in e  h yd rau lic  conductiv ity , transm issiv ity , a n d  s to ra tiv ity  o f b e d ro c k  in vic in ity  o f 
w e lls . S te p  d ra w d o w n  tes ts  will b e  conducted  in e a c h  o f the  n e w  d e e p  b e d ro c k  m o n ito rin g  w e lls . D u rin g  
th e  te s t, w a te r  leve ls  will be  m o n ito red  in the p u m p in g  w ell w ith a p re s s u re  t ra n s d u c e r  and  d ata  lo g g e r an d  
in n e a rb y  m o n ito ring  w e lls  w ith  a  w a te r level ind ica to r. A  G ru n d fo s  R e d i-f lo  p u m p  w ill b e  u sed  w ith  a  
c o n tro lle r to re g u la te  the  flow  and  increase  th e  p um ping  ra te  in re g u la r  s te p s  to id en tify  the  m a x im u m  
p u m p in g  c a p a c ity  o f th e  w e ll. R e c o v e ry  d a ta  will be  co llec ted  fro m  all o f th e  w e lls  fo r  hydrau lic  
c a lc u la tio n s . A dd itional a q u ife r hydraulic  d a ta  will b e  inco rp ora ted  fro m  th e  p a c k e r  tes ts . H yd rau lic  
p a ra m e te rs  fro m  this tes ting  p ro g ra m  will be  u se d  in ana ly tica l c o m p u te r  p ro g ra m  m o d e ls  to p lan  an d  
p re d ic t p u m p in g  ra tes  and  c a p tu re  zo nes  for re m e d ia l action.

3.13 Installation of Overburden Monitoring Well

A  soils rig will b e  m o b ilized  and  d ec o n e d  for th e  drilling and  ins ta lla tion  o f s h a llo w  o v e rb u rd e n  m o n ito rin g  
w ell M W -1 9 .  S p lit spoon  and  h o llow  stem  a u g e r  will be  used  to  re a c h  th e  top  o f b e d ro c k . Split spo on  
s a m p le s  will be  tak e n  a t 5 -fo o t in terva ls . D uring  drilling ac tiv ities , th e  a n n u lu s  will b e  m o n ito red  fo r V O C s  
w ith  a  P ID . If P ID  read in g s  a re  a b o v e  b ackg ro u n d , the  soil s a m p le s  p la c e d  in la b o ra to ry  c o n ta in e rs , 
p a c k e d  in c o o le r w ith  ice an d  s e n t u nd er chain  o f cu s to d y  to a c e rtifie d  la b  fo r  V O C  ana lys is .

T h e  S h a k ti “S ite  C h a ra c te r iza tio n  Report" (1 9 9 4 )  is u n c le a r a b o u t th e m  m a te r ia ls  u s e d  in p rev ious  
o v e rb u rd e n  m o n ito ring  w ell construction . O n  p a g e  2 -1 8  (A p p e n d ix  B ), a  s ta te m e n t  is m ad e : "T h e  w e lls  
w e re  c o n s tru c te d  o f g a lv a n ize d  s te e l riser p ip es  w ith  s ta in less  s te e l s c re e n s ."  H o w e v e r , F ig ure  2 -1 8  
(A p p e n d ix  B ) sho w s P V C  riser an d  screen . T h e  d ia m e te r  of riser a n d  s c re e n  is re c o rd e d  as 4 -in c h . If 
E P A  re q u e s ts  s tee l con struction , it will be u sed ; o th e rw is e , P V C  will b e  u s e d . T h e  w e ll will b e  c o n s tru c te d  
w ith  “s tic k u p ” an d  6 -in c h  o u te r s te e l casing an d  lock ing  cap .

T h e  o v e rb u rd e n  w ell will b e  d e v e lo p e d  with surg in g  an d  p um ping  w ith  th e  so ils  rig. P rio r to d e v e lo p m e n t, 
th e  b o tto m  o f th e  w e ll will b e  te s te d  for dnapi w ith  a  p ro d u ct in te rfa c e  m e te r .  D rillin g  flu id  will be  
e v a c u a te d  fo rm  th e  w ell and  co n ta in e rize d  o n s ite  w ith  d eco n  w a te r . D e v e lo p m e n t  w ill p ro ce e d  until th e  
w a te r  exh ib its  turb id ity  o f less  th a n  2 0 0  ntu or th e  w a te r  is c le a r .

A fte r w e ll c o m p le tio n  and  d e v e lo p m e n t, slug tes ts  will b e  co n d u c te d  to  e s tim a te  th e  h yd rau lic  co n d u c tiv ity  
o f th e  o v e rb u rd e n  m a te ria ls  surround ing  the n e w  m on ito ring  w ell.

3.14 Final Report of Drilling, Installation and Testing of Additional Monitoring Wells

A  re p o rt will b e  p re p a re d  d o c u m e n tin g  the a b o v e -d e s c r ib e d  a c tiv ities . T h e  c o n c lu s io n s  and  
re c o m m e n d a tio n s  o f the rep ort will focus on re le v a n c e  o f the  in v e s tig a tio n  a c tiv ities  to re m e d ia l ac tio n .



E c o s y s t e m s  S t r a t e g i e s ,  I n c .
Environmental Services and Solutions

WORKPLAN FOR INSTALLATION OF ADDITIONAL MONITORING WELLS PAGE 7 OF 7
LM 97145.41 MAY 2003 (REVISED DECEMBER 2003)

4.0 R eferences

AHer, L in da , e t al, 1 9 9 1 , H a n d b o o k  of S uggested  P ra c tic e s  fo r th e  D e s ig n  and  In s ta lla tio n  o f G ro u n d -  
W a te r  M on ito ring  W e lls , E P A 1 6 0 0 1 4 -8 9 1 0 3 4 .

B a rd en h ag en , Ingo a n d  Jo rg  G o e d ic ke , Investigation  M e th o d s  fo r C o n ta m in a te d  F ra c tu re d  A q u ife r

C o hen , A n d rew  J, e t a l, 1 9 9 6 , H ydrogeologic  C h a ra c te r iz a tio n  o f F ra c tu re d  R o ck  F o rm a tio n s : A  G u id e  for 
G ro u n d w a te r R e m e d ia to rs , E P A  P ro ject S u m m a ry , E P A /8 0 0 /S -9 6 /0 0 1 .

T h e  C o alition  O p p o s e d  to  P C B  A sh  in M on ro e  C o u n ty , In d ia n a  (C O P A ) , 2 0 0 2 , T e s t  R e p o rt fo r M W -1  
P a c k e r/P u m p  T e s t  o f J u n e  4 , 2 0 0 2 , H ttp ://w w w .c o p a .o r g /2 0 0 2 /le m o n la n e /4 i/4 l- te s tre p o r t .h tm l.

P u lido -S ilva , G o n z a lo  a n d  T h o m a s  P . B aliestero , H y d ra u lic  T e s ts  in F ra c tu re d  B e d ro c k  F o rm a tio n ,  

R ow e, C le m , In fla ta b le  P a c k e r  A pplications, A g e  D e v e lo p m e n ts  P ty . Ltd.

R oyle, M ich a e l, S ta n d a rd  O p e ra tin g  Procedures fo r B o re h o le  P a c k e r  T e s tin g ,

S en ior, L isa A . an d  D a n ie l J. G o o d e , 1999, G ro u n d -W a te r  S y s te m , E s tim a tio n  o f A q u ife r  H y d ra u lic  
P ro p erties , and  E ffe c ts  o f P u m p in g  on G ro u n d -W a te r  F lo w  in T r ia s s ic  S e d im e n ta ry  R o c k s  in a n d  n e a r  
L an sd a le , P e n n s y lv a n ia , U S G S , W a te r -R e s o u rc e s  In v e s tig a tio n s  R e p o rt  9 9 -4 2 2 8 ,

I

Http://www.copa.org/2002/lemonlane/4i/4l-testreport.html


E c o s y s t e m s  S t r a t e g i e s .  I n c .

 --------------------------------------------------------------------------^ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------- Environm ental Services and Solutions

APPENDIX A

Figure 1 -  Proposed Locations of Additional Monitoring Wells
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The dye was observed in the V£t.er discnarcrsd from the 
Dumr; within the paclcsrs. This indicates that there is leakage 
occurring arcund the cackars. Toberi: Harshalk. tihe Tnanufacturer 

W of the cackers was contacted by Shakti to confirm that: the 
packers were being -used in accordance vith desicm specifi
rlarshalk iBCicated chat. Shakti was in fact usinc the ______
prauerlv and t:hat the design of the packers vould rrevent -^atar 
froBi leaking between the packers and the veil hols vail. Based 
on this, it is apparent that the leakage is ocg-urrino •through 
interconnected ver'cical and horisontal fractures in the 
formation.

-4, 4,2,4 HW-S 07 - Packer Test

In order to confiriB the conclusions drawn durinc the packer test 
of Mr?-203 recardinc the suitability of Derforrriinc packer tests.. 
Shakti performed additional packer tests on KW-2Q7 and W-33 
(Contel) , The packer test of MW-203 vas conducted on May 20,
19S3. The well was packed belov the bo-ttoiTi of the steel casing 
at 3 death of 32-44^ and o-aBped at , 1, Ih , 2. 3 and 4 gpin. 
During the pumping of the 32-44' interval at 4 com, dve -was 
placed in the -water in the zone iminediatelv above the packers, 
within 7 iriinutes the dve vas ofcser-ved in the discharge water.
The .obse~/ation of the dve indicated thst there is leakage in the 
veil and therefore further packer testing of MW~207 would not 

data.

■4 = 4-2.5 W-33 CCoE.t-al Well) Packer Test

As with the oacker test of MW-207 . the packer test of K-33 
fContel well's vas terforrned in order to confiriR the conclusions 
dravn reGardi.nc the reliabi?Litv of packer tests data, -The packer 
test of W-33 (Conteli was conducted on Hav 21. 1993. W-33 vas
pac.ked below the .steel casing at a depth of 62-74° and rurnped at 
1., 2 and 3 gpm. Purina the pumping o f  this inter'/al at 3 c p m , 
dve vas injected into the vater in the cone iiiirnediatelv above the 
packers., Within 12 ininutes the d-ve vas GbseirveG i.n the discharge 
water, Lika the packer tests of .mw-205 and WA-2Q~. the 
obser/ation of the dve indicated th.at there is leakage throuch 
the forration and therefore no further packer testing of K-33 was 
rerforried.

4 = 4,3 Conciusions and Rscciamandaticns

In licht of the foregoing, General Switch has re°evaluated the 
reliability or data obtained from the packer testing. Since 
e'vidence of leakage was observed in all of the wells that vere 
packer tested, it is apparent that packer testing does not 
provide data regarding the extent of fracture zones, the arounr 
of water yielded bv specific fracture zones or the concentrarions 
of contamination travellinc through the fractures.



The packer tests, although not Drcvidir-Q data about specific 
fracture zones, do provide useful inforKiation regardino the 
overall site aeolocry: nainelv, that the shale bedrock is hiahlv 
fractured in both the horizontal and vertical directions. Uson 
review of the caljper Iocs of the deer residential wells, it is 
clear that the older resideritial veils are degraded. The rock 
cores for the deeTo bedrock inonitoririq wells and the outcroD 
strike and die analysis were reviewed and the fract-urina observed. 
in the cores for each of the bedrock wells and at the outcrop vas 
in both the horizontal and vertical planes. These observations 
are consistent with the nature cf the bedrocic - it is a shale 
that is hiahlv fractured in uianv directions.

The results of the packer tests indicate that there iri-av be 
vertical leakage in all of the well tested. This fact: coribined 
with the caliper log data, the rock core analysis and outcrop 
analysis indicates that regardless of whether the cacjcer is able 
to obtain a good seal, complete isolation of the suspected 
fracture zone will riOt be possible due to vertical leakaQe.

In light of the foregoing., one additional conclusion that can be 
drawn is that groundwater flow in the bedrock is anost likelv 
through numerous minor fractures instead of several la^ior 
fractures. This coriclosion is supported bv the evaluation of the 
¥?-30 fParella^ bedrock well nuiap test daiza. A radial flow laethod 
for data evaluation was emDloved instead of a. linear flow method, 
which indicates that the flow is probably through tiumerous 
interconnected roinor fractures and not onlv maior fractures.
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were measured during pumping by use of pressure Tansducers: dra'-vdowTsS '.vsre recorded si a specified change tn 
water leo'ei [0.; ft -UJ in)]. Pumping duranon o'as approximateh 1 to d hours; rsies ranged ftron' about 0.2 lo 
4 gal iTiir: ;0 .'6  'O C Loiiii!; for each tesi.

Specific eapacjt} ooo iransmissivity ibr each isolated zone were calcuiaied. These results are compared ro 
addinona! data, where available, on spedn; capacities of the open-hoie wells determined from pumping rates and 
maw'downs dtaing pumping for opeii-hck tests ;Conger, 1999; Black d; veatch Waste Science Inc.. 199S;. The 
transmissivdr, •; T- was calculated oy use of the Thiem equation (Bear. i9~9;. assuming steady-state conditions, as 
follows;

r  G u. «; = -------   In — , ; '  ;

'where Q is piimpirig rate.

6. h is  change in head.

Kis radius ofinfii»nce ofpumpiiig, and

ip,, is radius of well.

For analysis of data from smgie-welL interval-isolarion tests at the three wells (Mg-SO. M g -1443, and M g -1444), f? 
was assumed to equal 328 ft iiOO m ). This method o f estimating transrmssivip; is similar to that used by Shapiro and 
Hsieh (1998) for shon-temi. low-injection-rate, single-well, interval-isolation tests in low-pemieabuity fractured 
rocks. For the tests by Shapiro and Hsieii (1998), R  was assumed to equal 9.8 ft (3 m). The rate and duratior. of 
pumping of tests for the present study were greater than in tlie tests by Shapiro and Hsieh (1998). and it is reasonable 
to assume that .R v/ould be greater Phan 9.8 ft (3 ni).

Single-well, interval-isolation aquifer tests at three wells in Lansdale (M g-80, M g -1444. M g -1443) generally 
indicate that (1) .discrete water-bearing spenings are not well connected in the vertical direotiOD and (2) specific 
capacity and estimated transmissivity ranged over two to three orders o f magnitude in the water-bearing tones tested. 
No relation betrveen depth and specific capacity or estimated transmissivity was noted in the results o f tests of 
isolated zones in the three wells. Evidence for frmited vertical hydraulic CGnnection between water-bearing opaamgs 
includes differeacss m static poientionisiiic head up to 15 ft (46 m) over 300 vertical ft (91 m j and tjmicaily small 
drawdown ia zones adjacent to the isolated pumped zone.

The ohsmical and physical properties of borehole discharge were measured at various tunes during pumping 
by the USGS by the use of temperature-compensated pH and specific-conductance meters. A fter physical and 
ohemicai properties stabilized or after three test-intervai volumes of borehole water were pumped, water samples for 
measurement of pH, specific coR-ductar.C8, te-mperature, and dissolved om/ger! conGeBtr,ati-on were collected. Samples 
for VOC analysis then were collected by the USGS and forwarded to USEEA's contractop B & V  for analysis. In 
singis-well, aquifer-iatervai-isoiation tests by QST Environmental, Inc., in wells M g-624 and M g -i639 , the USGS 
measui'ed cheirtica! and physical propeilies and QST Environmentai, Inc., collected samples for VO C  analysis. The 
pH and specific conductance were measured by methods outlined in Wood (1976). Dissolved oxygen 'was measured 
by use of the azids modification o f the 7/i.akIer titration metnod (American Public Health .-\ssociation and others, 
1976).

m i M & m

The open-hoie well is about 270 it (o2.3 in) m depth with a few feet o f soft sedunent at the bonom of the vieii. 
An 8-in. (0.2-mi diameter casmg exreiids to a depth o f 138 ft bis (42,1 mi. Geophysical logging (Conger, 19991 
indicated water-bearing zones at 144-154 ft bis (43.4-46.9 m) and253-258 ft bis (77.1-78.6 m ) (fig. 24). Under non- 
pumping conditions, upward flow-' m the borehole was measured 'Mth inflow frora fractures at 253-258 ft bis (77 l - 
7S.6 Hi) and outflow through fractures ai 144-154 ft bis (43.4-46.9 m). The flow pattern indicated a diirerence m 
hydraulic heads in the well. fVhen tlie open-hoie iveil 'vas pumped at a rata o f about i gal/min (3.785 L/mm) m 
summer 1995. the fractures at 144-154 ft bis (43.4-46.9 m) produced most o f the fluid.
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Figurs 24. Depth of packers for aquifer- 
intervai-isoiation tests and direction of 
nonpumping flow in weii Mg-SO in 
Lansdaie. Pa.

Tests in well iVlg-80 were conducted o r  March 24-27, 1997. Packers isolated two intervals fSg. 24) for testing, 
mciudmg below 246 ft bis (75 m) (zoneB) and 142-157 ft bis (43.3-47.g m; (zone A). Depth to water in the open 
borehole was 12.43 ft bis (3.79 m). After packer inflation, 'water iB'vieis were measured abO'/e, in, and for zone A  
below the isolated mter\'als. Water levels in isolated inten'ais stabilized in about 15 minutes after packer inflation, in 
test of zone A, the isolated interval 'was pumped ax about 2 .gai/min (7.6 L.tiiim), and drawdown was observed in all 
three mtervals (fig. 25, table 7). The obsep.'ed drawdowns indicate either the- packers did not isolate the interval i sea.i 
the borehole.! effecti'-.'ely or the inten-ak are connected outside o f the well. In the test of zone E, a single packer was 
placed at 246 ft bis (75 m) and the puitip '.was placed below the packer, Diawdowm w-as observed only irt the pumped 
zone (fig. 26, table 7). These .results indicate ifiat the zone below 246 ft bis (75 mj is hydiaulicall}' isolated from 
■water-beanng zones above that depth. Ln the terL of zone A, a straddie packer ''.vith a 15-ft (4.6-m. ! spacing between 
center of packers was used to isolate the interval o f 142-157 ft bis (43.3-47.8 m). The 'water level in the isolated 
uiten'al w'as slightly higher than in the upper or lower intervals after packer inflation (table ?j.
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Figure 25. Drawdown as a '.runclion of time in -aqLiifer-intervai-isclaiion test of zone .A i.n -vveli 
Mg-SO in lansdale, Pa., March 26,1997.
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The mtervai between 142-1:2 ft sis 143.3-47,3 m . has a greater specific capaciry than the inten'si beiow 
- 4 t  h bis : mi. These specific-capac!!;- msasiiiements are consisient '.vith the hearpu!se-fio',vineier measurenienis
that indicaied nraciLiref in the upper zone proauced most water when the open v, eli was pumped (Conger. The
caicuiated soecific capacm for me zone .4 (tahie : m this borehole prcbabiv is graater than aciuai SDecific capacjo 
for die zone because of contnbution from other rnierrais. The sum of specific capacities deieriniiied for isoiatsd zoHef 
A and B is siniiiar or somewhaT Less dian the specific capaciw detenniDed for the cpe.n-hoie tests itable '; .

Tat’Is 7. Dsprhs. water ievsis. specific caoaciiy and transm issiv ity c f aqu ifar (nfe/vate iso is tso  by oacirars and  of the 
open hole for well Mg-BD in Lansdale, Pa.. March 1397. M ay 1996. and S ep tem ber 1997

[ft bis, feet below ianb surface; ft, feet: gal'min. gallons per minute; min, minutes; (gal/minl/u, gallons per minute per 
foot: ft'Tci, square feet per day: NA, noi appiicabiej

Depth of isoiatea 
intervals 
(ft bis)

Dais of 
test

Pre-pumping 
depth (0 
water in 
intervsl'
(ft bis)

Depth to 
water in 

iniea'Si at 
end of test- 

(ft bis)

Drswdown ai 
end of lest 

( fl)

Pumping
rate

(gal/min)

Pumping
duration

(min)

bp.3CI7IC Trans 
missivir,."  ̂

, (ftftd)'
capacity 

((gai/minj/ftl .

Zone A .'142-157 ft blsi

'OoCT hok 5-26-97 12.15 NA NA NA NA NA NA
Above 142 3-26-97 il.93 13,26 1.33 NA NA NA NA
142-157 ipumpedi 3-26-97 n.ss 13,65 1,77 -! 69 ■‘ 1.13
Below-' i57 3-26-97 12.03 13.3.4 1.31 NA. NA NA NA

zone B (beiow 2-46 ft b!s l

Above 246 3-77-97 12.1i 12.19 .■OS iv.A NA NA NA
Beiow 246 •purnDeal 3-27-97 12.07 49.10 37.05 !-S 124 .037 10.2

S 'jj.- 01 specmc oaDaoKies or traiisjuissivities for inien-'ais tertec 1.17 24S

O pen host 5-23-97 13.29 i3,S .51 1 79 1.96 413
Open Isole 9-30-97 15.2 25.7S 10.5S 12 65 i.13 239

j Siabiiized water ievsls after pscksrs ware inflated.
Depth to w.3tsr si end of pumping at a constant rate before the pump was shut off.

" Catouiatec using Thism equation, assuming s radius of influence, ro.of ,328 feet (100 meters).
‘  Measured specific capacity ibr zone greater than actual specific capaciry because of .contributions cf flow frcin other intervals.
’ Caicuiated transmissivity for zone than aciuai transmissivity' because of contributions of flow from other intervals.



The caiiper iog mdicaieo iraciiiiej. a: j5 -4 i n bis ; 10 T-12.5 ni;.. 104-106 ft b is :31.7-32.3 m,. : "5 -i i'c ft bis 
' 53.3-54.3 vni. and 2SO-2‘- : ft ois iSc.i-SS.' mi in the SftO-ft ; 103.3-m! deep, S-iii.- 10.2 ni. dtametcr borehole 
ifig. VTsn the opsn-hole well was Dumped ai a rate of aboui 1 gahmin {3.7S5 L/mm.i in siinamer !996- tiie 
fractures si 2S9-29i ft. bis 1 SS.I -SS.' nii appeared io produce mosi of rhe w'aier and ftaciureE at 104-106 ft: bis \ 3 i . ” - 
32.3 miproduced the second gisatesi aDioimt! Conger. 19991. Under nonpumping condiiions in SLuruner 1996.mmor 
uptsard now w'as measured between the depths of 332 ft bis i 101.2 mi and 68 ft bis \ 2 G P  rn) fConger. 1999 r This 
uow panem indicates a difference in hvdraaiic heads between 'waier-heanns zones m the boiehoie.

HOLS DIAMETER. 
IH INCHES

5 to

B < P L A ? iA riO N

^  0 07 4  Location, rate in gall-ons per rr.inute,
I and direction o f bo rsP o le -flcw  iT teasurem snt

Figure 27. Depih of packers for -aquifer- 
intervai-isoiaticn iests and direchon of 
nonpumping fiowin weii Mg-1443 
in Lan.sdaie, Pa.
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Tests in 'veii ivigT443 were eonciucted on ^yprii v-: I: 1997 On the basis o f resuits o f geophysical iogiiing. 
four iniertais were seiecied for testing rng. mciaaing below 2vb ft bis OQ.f m l tzone D r.  d 'o -fc y  ft yo . syy . 
900 mi wone C): 900-1100 fi bis ;2J.o-.73 “ in' none B:: and above 90 0  ft bis K 'O  rn; (zone A).

In the test of zone A. the pre-pmnping ievei m the pumped zone was about 2.4 ft (0 0 2  m t higher than the level 
in fhe inter.'ai uTLmediately below '90O-i iOO ft i. indicating a dowTiward vertical gradient berw/eert these intemaii. 
The pre-puinpinB level rn zone A was about I ft lO.o m; lower than the intetvai below i 10.5 ft. mQicating an uowarc 
gradient between these intenwis. Because testing o f zone A was done soon after testing c f zone B, water levels mav 
not have fuily recovered from the test ofzone B. vvmen zone A was pumped, drarvdown was nrieasured in the inten-a: 
hetrveen opo and 110.5 ft ;2’ .6-32 7 mi but not tn the interval beiow 1 iO.5 ft \32.7 m i ifig. 2S i.

In the test ift'zone B, me pre-pumping water ievei in the isoiated interval rvas almost equal to the level m the 
overlying interval and 002 fi ;0 .' 6 ms lower than the ievei in the underiymg inter,'a! zone; the latter head difference 
svas simiiar to the head difference [0,36 ft sO.' ■ mi] berw'een the isoiated zone C and the Interval above zone C 
1 table 8 i. When zone B 'vas pumped, no arawdowm was measured in the underlying interval, and about I ft lOO rn; oî  
drawmowrn \vas measured in the overiyiiig interval (fig. 29i, indicatiiig some hydraulic conriection herrveen zone B 
and the interval above zone B.

In the test ofzone C, the water ievei in the isolated interval before pumping was 4.79 ft ; i.46  mi iow'er than the 
Isvei iR the underlying interval and 0.56 fi (0.1 7 m) higher than the level in the overlying interval, also indicating an 
upward verticai gradient- VOhen pumped, small but measurable drawdQwrn in intewals above and beiow- zone C were 
observed (fig. 30), suggesting an incomplete seal by packers or hydraulic connection outside the borehole.

In the test ofzone D, the water level in the isolated inten.'al before pumping was 9.07 ft (2.76 roi higher than in 
the interval above 296 ft bis (90.2 m i, indicating an upw-'ard vertical gradient. When zone D 'was pumped at a rats of 
about 0.2 gal'min • 0.76 L-'minj, a large drawdowm was obser'^ed in the pumped inte.wal and very/ little draw’dowm was 
observed in the overiying interval (fig. 31). Zone D appeared to be. hydraulically isoiated from other intejvals and tc 
produce little water. Thus, water-bearing zones near the bottom of the vvell appear hydrauiically isolated from the 
water-bearing zones near the top o f the well.

The calculated specific capacities for zones A  and C are lower than the specific capacit?/ of zone B (table 8!, 
'Which is consistent with the relaii'/e yields of these zones determined by heatpulse-flowmeter ineasurements while 
pui-nping (Conger, 1999). The specific capaoip/ of zone D determined from the isolated-interrai tests is probably- 
higher than the actual specific capacity. In addition to the apparent hydraulic connsgtion between zone B and adjacent 
inter/ais, the short duration of pumping and variable pumping rates may have affected the test. Specific capacip,-' - 
comrooniy tends tc decrease with increases in pimriping time. The sum of specific capacities o f individual isolated 
zones is greater than the specific capaciti' deiennined for the open borehole m suminer 1996 (Conger, 1999), possibly 
because o f the ever-estimated specific c.apacity,- of zone D (table 8).
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Figure 30. Drawdown as a funciion of time in aquifer-i.nisrvai-isoiation test of zone C of borehole 
Mg-1 4 4 . 3  in Lansdaie, Pa., April 10,1997.

Q
g<cc
Q

90

80

70

60

50

40

30

20

10

0

-10
10

Pump off
.

Pumping rale approximately \  
0.2 gallons per minute

Zone D (Below 296feet)

Above 296 feei

2C 30 40 50 60 70 30
TIME SINCE PUMPING BEGAN, IN MINUTES

9 0

20

15

10

100

<cr

F i g u r e  .?-1, D r a w d o w n  a s  s  f u n c i i o n  o f  t i . m e  in  a q u i f e r - i n t e r v a l - i s o i a t i o n  t e s t  o f  z o n e  u  o f

b o r e h o l e  M o - 1 4 4 3  in  L a n s d a ie ,  P a . ,  A p r i i  9 ,  1 9 S 7 .



Table 3. Depths, w stsr isveis. specific capacity, and trsnsm iss iv ity  o f aquifer in tervals ’so is ted  b y  packers and of the 
open noie for weii Mg- M w j in Lansdaie. -a. .kprii 1997. May 1996. and O ctcber 199~

[ft bis, feet beiovv land suiTacs; ft. fsst; gal/min, gallons per minuts; min, minutes: (gsi/m ini/ft, gallons per minute per toot; 
NA. not applicable]

Depth 07 isclaieo inigrvs! Dale of 
(ft olsi !es!

Prs-pumpiric Depih to 
depth iO waier in Drawdown ai P'jrnping Pumping Spscmo Trans-
waier in zone at end end of les: rate dijration capacifv missivity-^
zone' of lesft fft; (gai/min; imin; [(gal/min/ftl
(ftbls: (ft bis;

A b ove  d ij.;; i pujtipefJ;

90 f  ■ i 10.;

Beiov. 1 !0 .J

e - U - F

y y - F
4-Ii-OJ

42.“ 0 

45.29 

4 i.? !

49.27
40.34

41.91

b.32

1.95

0
N.A

NA
N A

N A

-■ O.ic-

N A

N A

'34,4
N A

N A

.Above 90.5

90.5 ■ 110.5 (pum ped.'

B e low  1.10.5

A bove  276

276 - 296 -(pumped;

B e lo w  296

4 --!!-97  

4 - 1 ! -9 ' 

4-11-97

4-10-97

4-10-97

4-10-97

42-39

42.41

41.89

42.40

42.04

37.25

43,32

.89.95

4 1 .9 !

.93

47,54

.02

Zone'C 1276-296 ft bis;

42.72

57.80

37.65

.32

15,76

.40

N A

MA.

N A

1.:
N A

N A

7
N A

i\IA

78.5

N A

N A

.004

N A

MA

N A

.108

N A

.86
N A

N.A

22,6
N A

.A.bove 296 

B e lo w  296 -ipu iiiped i

4-9-97

4-9-97

41.95

32.SS

42.00

115.43

.05

82.55

N A M A

65

N A

.002
N A

.54

-Sum o f  ip e c in c  capacities o r sansim ssivkies fo n o n e s  tested .274 58.4

Qpen hole tests
Open hole 

Open hc'ie

5 -22-9- 42.(19

tO-23-97 5L.31

47,35

94.2

'5.26

42.59

1
5

98

150

.19

.13

39.8

26.9

’ Stabilized water levels after packers were inflated.
 ̂Depth to water at end of pumping at a constant rats before pump was shut off.

'  Calculated using Thiem squation, assuming radius of influsnos, rp, is 328 rest (100 meters).
Estimated time-weightsd average of \<ariable pumping rates ranging frorrt 0,18 to 2.2 galions/minuts.

'  Calculated specific capacity for-zone greater than actual spscific capacity because of contributions of fiow from other intsryais, 
shod duration of pumping, and variable pumping rates.

® Calculated transmissivihy for zone greater than actual transmissivity because of contributions of fiow frcm other intervals, short 
duration of pumping, and variable pumping ,-atss.

Drawdown did not stabilize during this test.

W e ii M a-1444

Logging of well M g-1444 identified producing tfactures and vertical hydrauiic head -differences (Conger, 
1999), The caiiper log indicated major fractures ax 70-72 ftb ls (21.3-21.9 m), 138-141 ft bis (42.1-43 m), 153 ft bis 
(46.6 m), 260-265 ft bis (79.2-S0.8 m) and numerous minor fractures along the open interval o f the 294-ft (89.6-m! 
deep, 6-m,- (0.15 m) di.aineter borehole (fig. 32). During heatpulse-fiowmetei- measurements o f the borehole -Lmder 
nonpumpmg conditions m summer 1996, upward borehole flow.' of about 1 gai/inin (3.785 Um in'i was measured, with 
inflow through fractures below 270 ft bis (S2.3 m), at 260-265 ftbls (79.2-80.8 m), and possibly at 138-141 ft bis 
(42.! -43 m)„ and outflow through fractures at 70-72 ft bis (2 1.3-21.9 m). The observed upward flow indicated a 
difference in hydraulic heads in the borehole.

Tests in well Mg-1444 were conducted on April 3-7, T997. On the basis o f results of geophysical ioggms, five 
intervals were selected for testing (fig. 32) including below 268 ft bis (S i.7 m j (zone E): 248-269 ft bis (75.6-82 m) 
(zone D): 136.5-157.5 ft his (41.6-4° m) (zone C); 64-85 ft bis (19.5-25.9 m) (zone B); and above 64 ft bis (19.3 m; 
(zone A).
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hole diameter
IN INCHES

£7(PLA.MATICN

@ q.C'7 “  i-ocatioru rate in gallons per minute,
i and location of borehoie-flov/ measurement

rigur® 32. Depth of packers for 
aquifer-interval-isoiation tests and 
direction of nonpumping flow in vi/eli 
Mg-1444 ir, Lansdals, Pa.

In nhe test of zone A, the pre-pumpmg water level m zone A was 0.28  ft (0.9 m) above the level m the m.tervaj 
between 54-8.5 ft bis (19.5-25.9 ni) and 14.1 ft bis (4.30 m) lower than in the inten-'al below 85 ft bis (25.9 m). sumiar 
to head differences measured in the test of zone B. pijmping o f zone E was short m .duration and at sinalL variable 
rates because the zone produced little water and dewatered rapidly. Little >lravvdowri was measiired in the mtsp.'al 
unniediately underlying zone E. and no drawdown 'was measured in the interval beio'w 85 n bis (25.9 m) (Sg. 33;.

In the test of zone B. the pre-pumpmg 'water level in zone B was 1.01 ft (0.31 nt) lower than the level in ift.e 
overiymg inten'ai and 12.12 ft (3.69 mi lower than the level in the underlying inrerva!; these, head differences indicate 
2 dow-nvvard vertical .gra-dient ffom above and upward venicai gradient from below fee isolated intervai. Geophysical 
logging indicated fractures at 70-72 ft bis (21.3-21.9 m i were receiving, consistent wife the lower heads measured ia 
zone B compared tc adjacent intervals, 'vvfeer: zone B was pumped, gradual .drawdown of up to 3 ft- i'0.9i m) m the 
inten'ai above zone B and minor drawdowTj m the inten.'al below zone B were ixieasured (Sg. 34). These results 
indicate leakage around packers or hydraulic connection outside the bor-ehole bettveen the zone B and the ov.erlymg 
interval and near hydraulic isolation berwesn zone B and the underlymg intervai.
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Ln the test of zone C. the pre-Duiriping tvaier ievei in zone C was i6.71 ft lO.Oo m; higher than the level in the 
overiving iiitervai and i ,06 ft '0,01 iii: iower than the ievei m the uitderlying intenai. These head differences are 
torisisteni ivsth the uoward ,flov .measured with the heatpLUse-flowmeisr at 160 ft bis (48.5 nrt and 130 f t  his ;3i',6 m: 
in surruiier I '^06 iConger. 1 0 9 5 Vftien zone C was pumped, very huie dra\vdo\ni vvas meastired m the iniervsi abo^e 
zone C and "irrualK no drawaotin oaE measured m tiie uiien'al beiotv zone C (fig. 33). suggestuig hydraulic isoiaticn 
oattveen these tntervais.

in the test of zone D the pre-pumping water level m the isolated interval w'as 15.35 ft ;4.6S mi higher than tn 
the ievei m the overiying interval and Q.38 ft (0.27 mi higher than the ievei m the iirideriyiiig iniervmi. These heao 
difrerences indicate upward and do'-vnwaid verticai gradients betwteen zone D and adjacent mtereals. The upward 
ventca! gradient is consistent with the uptvard flow' measured earlier wuh the heatpuise ficwmeter at and above 
236 ft bis 17o m i (Conger, iyvbi. Drswdown of more than 2 fi (0.61 mi -was measured in the mterzal below zone D 
when zone C- was pumped (fig. 36i. These results suggest leakage around packers or a hydraulic connection outside 
the borehole betv/asii tiie isolated zone D and the underlying tnwn'al. In the test of zone D.. iittie dravzdown measurec 
in the overiyifig iniervai mdicates that zone D and the overlymg intert'al were hydraulicaliy isolated,

Ln the test of zone E, the pre-ptimping water level m zone E was 5.45 ft (1.97 m) lower than the level m the 
overiymg mtervai. Altliough upvsard fiovs w-as observed dunng iieatp-uise-flo-wmeter nieasureinents in summer j 996. 
the observed head differences for zone E in Apnl 1997 mdicate a downward verticai gradient between the isolated 
iate.r/ai and the overlymg mter.'al. Drawdown of less tlian 1 ft vvas measured in the mtsn-'al above zone E dijnng 
pump.ing of zone E (fig. 37, tabie 9), suggesting either leakage a'Oiind packers or a hydraiiiic connection outside the 
borehole .similar to the test results of zone D.

The total specific Gapacity of 0.89 igal/min)/ft [ i  i . l  fL/min)/m] determined from the mterval-isolation tests 
was less than the specific capacity of 1.56 (gal/min)/ft [19,4 iL/minj/m] determined from aa open-hole test (table 9). 
Resuits- o f heatpuise-fiovvnieter measurements in sunaner 1996 suggest that the zone between 248-269 ft bis (75.6- 
82 m ) IS the most productive (Conger 1999). which is consistent with the results o f the interval-isolaiioii tests.
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;ab/e g. Depths, water leveis specinc cspschy. and transmissivity of aquifer in tervals isaiaied by packers and of the 
open noie for weii M g- r.44e in Lansdaie. Pa.. April l9 3 f and O ctober 1997

!fi bis. fsst below land surface: ft. feel; ga!/min, gallons per minuis; min, minutes; (gal/minf/ff. gallons oe- minute par 
feot, square rest per aay: NA. notspplicablej

D e p th  o f is o ls ie c  z o n e  

in b o re h o le  

I ft b is ;

D a te  o f 

le s t

9re-pum Ding 

dep ih  ic 

water in 

in te rva l'
(ft bisi

D e p th  to  

w a te r  in
. . u ra w o o w n  
in ia r'vg i a t

e n d o f t e s r f

if t  bis)

.P u m p in g  

ra ts  
( g a i/ m in :

P u m p in g

d u ra ilo n

(m in i

s p e c in c

capa c ip .'

f (g a l/m jn i/ f l ]

T ra n s

m is s iv it y -

( f ib 'd :

r p n s  A fa b n y e .6 4  f  N s i

Above 64 iDUTUDed; 4 -7 -9 ' 56.34 59.04 -  b 0.4 1 = 0.15 33.5

64-8J 4 -4 -9 ' 56.53 57.33 _7 N A N A N A N A

Be low  64 4-7-57 43.52 43.53 0 N A N A N A N A

.Above 64 4-4-97 54.31 57.73 3.47 N A N A N A N A

54-?o Ipcrapea! 4 A -9 7 55.32 . 63.73 13.40 1.5 72 f t l l ^ 24.1

Be low  3.5 4-4-97 43.20 43.3! .11 N A N A N A IMA

.Above 13ro.i 4-4-57. 5615

Z on e  C- t13S .5 -1  

53.33 .34 N A N A N A N A

136,5-1.57.5 Ipnm ned'i 4-4-97 41.44 70.73 29.25 1.67 105 .057 13-5

B e low  157.5 4 A -9 7 40.3? 40.36 

.Zone D  i'?4S-?

-.02 

:fiS f t  hi.g'i

N A N A N A N A

Above 348 4-3-57 54.58 54,60 ,02 N A N A N A N A

348 - 36? (pETBped'i 4-3-97 39.23 47. S5 S.62 4 49 .46 , 103

Below 268 4-3-97 4 ( j. ii 43.31 2.7 .NA n N A N A

.Above 363 4-3-97 4L54 42.12 .61

1

N A NA. N A NA,

B e lo v  463 ina inD edi 4-3-97 47.95 65.50 ! '5 1 53 ■ .11 3 5 . i

Sum o f  speciuc capacities or transm iss iv ities tor zones tested .35 196

O D fin m o le O e s Is

Open hole iO - i-9 7 5S.8 65.S5 7.05 n 130 1.56 342

' Stabilized water levels after packers were Inflated.
 ̂Depth to water at end of pumping al a constant rale before pump was shut off.

'■ Calculated using Thiem equation, assuming radius of influence, rg is 328 feet (ICO meters).
Calculated specific capacity for zone greater than actual specific capacity because or contributions of flow from other 

internals.
Calculated transmissivity for zone greater than actual transmissivity because of contributions of flow from other intervals.
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