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SECTION E - GROUNDWATER MONITORING 258 
Part B Permit Appl ication 

Feed Materials Production Center 
Fernal d , Ohio 

Section E of this Resource Conservation and Recovery Act (RCRA) Part B 
Permit Application provides all required information on the groundwater 
monitoring program at the Feed Materials Production Center (FMPC) in 
accordance with the OAC 3745-54-90 through 99 and Code o f  Federal 
Regulations 40 CFR 270.14(~)(1) and 40 CFR 264 Subpart E. Described 
herein is the interim status groundwater monitoring program and the 
proposed groundwater monitoring program to be implemented at the FMPC in 
order to fulfill RCRA permit status requirements for monitoring the 
groundwater in the entire uppermost aquifer underlying the hazardous waste 
area. 

E- 1 EXEMPTION FROM GROUNDWATER PROTECTION REQUIREMENTS 

The FMPC is not requesting a waiver from the Subpart E groundwater 
monitoring requirements because one regulated landfill unit (Waste Pit 4) 
has been identified at the property. Waste Pit 4 is located near to five 
other waste pits (Pits 1, 2, 3, 5, and 6) and one clear well. 

E-2 INTERIM STATUS PERIOD GROUNDWATER MONITORING DATA 

E-2-1 Interim Status Detection Monitorina Proaram 

In accordance with the requirements of 40 CFR 265.90 and OAC 3745- 
65-90, a Detection Monitoring Program was initiated at Waste Pit No. 
4 at the FMPC in August 1985. The Detection Monitoring Program 
included the quarterly monitoring for one year of we1 1 s upgradient 
and downgradient o f  the regulated unit for general water qual i ty, 
drinking water suitability and indicator parameters specifically 
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258 
defined in 40 CFR 265.92 and OAC 3745-65-92. In addition to 
satisfying regulatory requirements, the Detection Monitoring Program 
was expanded to focus on a number of additional wells on and off the - 
FMPC site, and it included an extended list of site-specific 
parameters. The program was expanded to address identified - 

environmental concerns and provide additional insight into the 
potential impacts the. facility may be having on regional groundwater 
quality. The additional site-specific parameters included target 
organic and inorganic compounds and radionuclides. Many of these 
site specific parameters, including radionuclides are not regulated 
under RCRA or Ohio Hazardous Waste Regulations. 

. 

Six rounds of groundwater sampling were completed as part of the 
Detection Monitoring Program. Table E - 1  lists the dates of each of 
the rounds of sampling under the program. (Note: Tables and figures 
are shown on the end of Section E). The Detection Monitoring Program 
involved the sampling o f  41 groundwater monitoring wells located on 
and adjacent to the FMPC as identified in Table E-2.  For 
consistency, Table E-2 also provides a cross reference to well 
numbering systems previously employed on the Detection Monitoring 
program at the FMPC since 1985. Figure E - 1  provides a map showing 
the locations of wells sampled as part of this program. 

The well numbering system generally describes the geologic unit being 
monitored by each o f  the Detection Monitoring Program wells. A 1000 
series well monitors the glacial till, while the 2000, 3000 and 4000 
series wells monitor the sand and gravel aquifer. Figure E-2 
presents a generalized description of the relative positions of these 
monitoring wells within the geologic framework present at the FMPC. 
A detailed description o f  the geologic and hydrogeologic conditions 
present at the FMPC can be found in Section E-3. 

Table E-2 and Figure E-2 present those wells selected to monitor each 
of the major geologic units present at the FMPC. Six wells of the 
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t o t a l  41 monitor the ti l l, whi le  the remaining 35 monitor the sand 
and gravel aqui fer .  As def ined i n  Section E-3, the g l a c i a l  t i l l  u n i t  
does not represent a s i g n i f i c a n t  o r  continuous source o f  groundwater 
and does not cons t i t u te  an aquifer as defined i n  40 CFR 260.10 and 
OAC 3745-50-10. The g l a c i a l  t i l l u n i t  does represent an important 
geologic u n i t  r e l a t i v e  t o  the po ten t i a l  v e r t i c a l  and hor izonta l  
movement o f  contaminants t o  the underlying aqui fer .  G lac ia l  t i l l  

. 

we1 1 s were monitored dur ing the Detection Monitor ing Program t o  
support a 3-dimensional understanding o f  the p o t e n t i a l  movement o f  
contaminants and provide valuable i n s i g h t  i n t o  the connection o f  t h i s  
u n i t  w i t h  the underlying sand and gravel aqui fer .  

The sand and gravel aqu i fe r  monitor ing wel ls  are completed a t  various 
depths ( i .e.  2000, 3000, and 4000 ser ies) i n  order t o  provide 
informat ion - on the po ten t i a l  v e r t i c a l  movement o f  t a r g e t  const i tuents  
through the sand and gravel aqui fer .  Table E-3 provides a b r i e f  
summary o f  the c r i t i c a l  construct ion d e t a i l s  associated w i t h  each o f  
t he  41 monitoring wel ls.  Detai led l i t h o l o g i c  logs and wel l  
completion logs are provided i n  Appendix E - I ,  where avai lable,  f o r  
each o f  the Detection Monitoring Program wel ls.  

Representative water q u a l i t y  samples were withdrawn from the  41 wel ls  
dur ing each o f  the s i x  rounds and analyzed f o r  the parameters l i s t e d  
i n  40 CFR 265.92 and shown i n  Table E-4.  A summary l i s t i n g  o f  t h e  
a n a l y t i c a l  methods and detect ion 1 i m i t s  employed dur ing the Detection 
Monitor ing Program i s  provided i n  Table E-5. 

Monitor ing wel l  1012 was selected as the background we l l  f o r  
monitor ing the g l a c i a l  t i l l  u n i t .  Well 1012, which i s  screened i n  
the g l a c i a l  t i l l  and weathered bedrock, i s  located h y d r a u l i c a l l y  
upgradient o f  the FMPC Waste Storage Area and i s  approximately 500 
f e e t  no r th  o f  the FMPC Production Area. The water l e v e l  i n  t h i s  
upgradient wel l  i s  more than 20 f e e t  higher than the downgradient 
t i l l  (1000 series) wel ls.  
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A nearby water supply wel l ,  SW-2, was selected t o  character ize 
background groundwater qual i t y  i n  the uppermost aqu i fe r  (sand and 
gravel aqui fer )  beneath Waste P i t  No. 4. This wel l ,  which i s  located 
approximately one m i l e  t o  the  east o f  the s i t e ,  was selected because 
‘it was determined, a t  t h a t  time, t h a t  the water from SW-2 would be 
more representat ive o f  natura l  water qual i t y  beneath the FMPC than 
a geographical ly c loser  wel l .  

Detection Monitoring program samples were co l l ec ted  and analyzed i n  
accordance w i t h  U.S. EPA protocols and procedures. A copy o f  the 
FMPC RCRA Sampling and Analysis Plan For Waste P i t  No. 4 i s  provided 
i n  Appendix E - I .  The Sampling and Analysis Plan describes the 
procedures and protocol  s employed f o r  sampl e co l  1 ec t  i on, 
preservation, shipment, laboratory  analysis and chain o f  custody f o r  
the Detection Monitoring program. 

Water l e v e l  e levat ions were measured a t  most wel l  l oca t i ons  dur ing 
each sampling round. A t  wel ls  4101, 4102, 4103, 3001, 3003, 3005, 
SW-2, 2061 and 3062 the depth o f  the water could not be measured due 
t o  presence o f  permanently i n s t a l l e d  pumps i n  the wel ls.  Water t a b l e  
elevat ions from the s i x  rounds o f  Detection Monitor ing are presented 
i n  Appendix E-11. These water tab le  elevat ions are i n  general 
agreement w i t h  the water l e v e l  contour map presented i n  Section B, 
Figure 8-7. As i d e n t i f i e d  i n  t h i s  contour map, groundwater f low i n  
the uppermost aqui fer  (sand and gravel aqui fer )  i n  the v i c i n i t y  o f  
Waste P i t  No. 4 i s  t o  the east toward the FMPC Production area. 

A complete l i s t i n g  o f  t he  water q u a l i t y  data co l l ec ted  dur ing the s i x  
rounds o f  Detection Monitoring a t  Waste P i t  No. 4 i s  provided i n  
Appendix E-11. These data were progressively reported t o  U.S. EPA 
and OEPA as i t  was generated. I n  general, the water q u a l i t y  data 
co l l ec ted  under t h i s  program indicated the fol lowing: 
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o Water q u a l i t y  o f  the  sand and gravel aqu i fe r  w i t h i n  the  FMPC Waste 
Storage Area appears t o  ind ica te  degradation o f  water q u a l i t y  w i th  
respect t o  s u l f a t e  and n i t r a t e s .  

o Water q u a l i t y  i n  the  p lan t  production we l ls  appears t o  have 
remained constant throughout the program and apparently unaffected 
by Waste P i t  No. 4 operation. 

o The q u a l i t y  o f  the  sand and gravel aqu i fe r  east o f  the FMPC 
remained r e l a t i v e l y  constant and apparently unaffected throughout 
the program. 

o No pest ic ides/herbic ides were detected i n  any o f  the we l ls  w i t h i n  
the program. 

o No s i g n i f i c a n t  o r  prevalent concentrations o f  organic compounds 
were detected dur ing the program. Concentrations o f  se lect  
organic compounds ranging from less  than 1 pa r t ( s )  per b i l l i o n  
(ppb) t o  approximately 30 ppb were i d e n t i f i e d  randomly dur ing the 
program. The o r i g i n  o f  these organic compounds could not be 
s p e c i f i c a l l y  t raced t o  any ind iv idua l  u n i t .  

The de ta i l ed  f ind ings  and conclusions o f  the FMPC RCRA Detect ion 
Monitor ing Program can be found i n  the  repor ts  generated by the FMPC 
f o r  each of the s i x  rounds o f  sampling. These groundwater monitor ing 
reports,  which are l i s t e d  i n  Appendix E-111, have been prev ious ly  
t ransmi t ted t o  U.S. EPA and OEPA. 

A s t a t i s t i c a l  analysis was completed fo l low ing  Round 5 on the 
groundwater i nd i ca to r  parameters comparing upgradi ent  and 
downgradient monitor ing we l ls  a t  Waste P i t  No. 4. These analyses were 
done i n  accordance w i th  procedures defined w i t h i n  Appendix I V  o f  40 
CFR 264, the Technical Enforcement Guidance Document, and as required 
by 40 CFR 265.93 and OAC 3745-65-93. Consistent w i t h  these 
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requirements, the Cochran's Approximation to the Behrens-Fisher 

F. Student's T-Test was employed to compare background and downgradient 
:-z monitoring data for select Detection Program wells. Statistical 9- 
&analysis was completed comparing background till well 1012 to 

downgradient wells 1019, 1021 and 1022. Similarly, statistical 
analysis was completed comparing background well SW-2 to downgradient 
wells 2019, 3019, 2021, and 2022. These downgradient wells were 
selected for comparison because o f  their close proximity to Waste Pit 
No. 4. 

The results o f  the statistical analysis completed on the first four 
rounds of RCRA Detection Monitoring appear in Appendix E-11. In 
general, the statistical evaluation indicated the following for the 
glacial till unit: 

o There was no indication o f  a statistically significant increase 
in Total Organic Halogen (TOX) between the upgradient and 
downgradient well locations. 

o Total Organic Carbon (TOC) concentrations significantly increased 
in all downgradient wells. 

o In all downgradient wells pH significantly decreased in comparison 
to the upgradient we1 1. 

o Specific conductance significantly increased in two of the three 
downgradient wells (Wells 1019 and 1022) as compared to the 
upgradient we1 1 . 

The statistical evaluation of the data collected from the background 
and downgradient wells in the sand and gravel aquifer indicated the 
fol 1 owi ng : 
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o There was no s t a t i s t i c a l l y  s i g n i f i c a n t  change i n  TOC o r  TOX i n  the 

downgradient we l l s  as compared t o  the background we l l .  

o Speci f lc  conductance s i g n i f i c a n t l y  increased i n  a l l  downgradient . 

wel ls  as compared t o  the background wel l .  

o PH s i g n i f i c a n t l y  decreased i n  one downgradient wel l  (Well 3019) 
as compared t o  the background wel l .  

I n  summary, the comparisons completed on the f i v e  rounds o f  Detection 
Monitoring ind icated t h a t  s t a t i s t i c a l l y  s i g n i f i c a n t  changes i n  two 
o f  four  i n d i c a t o r  parameters had occurred i n  the uppermost aqui fer  
i n  the v i c i n i t y  o f  Waste P i t  No. 4. Required confirmatory sampling 
was conducted as Round 6 o f  Detection Monitor ing i n  December, 1987. 
Round 6 data showed s i m i l a r  trends t o  Round 5 data. 

E-2-2 Assessment Moni t o r i n q  

I n  accordance wi th  OAC 3745-65-93 and 40 CFR 265.93, the U.S. EPA and 
the OEPA were n o t i f i e d  on November 13, 1987 t h a t  Waste P i t  No. 4 may 
be a f f e c t i n g  groundwater qua l i t y .  This n o t i f i c a t i o n  was based upon 
the s t a t i s t i c a l  comparisons completed as p a r t  o f  the I n t e r i m  Status 
Detection Monitor ing Program implemented i n  the v i c i n i t y  o f  Waste P i t  
No. 4. On November 25, 1987 a RCRA Groundwater Q u a l i t y  Assessment 
Program Plan (GQAPP) for Waste P i t  No. 4 was submitted t o  U.S. EPA 
and OEPA. A copy o f  the November 25, 1987 Groundwater Q u a l i t y  
Assessment Program Plan and the n o t i f i c a t i o n  l e t t e r  are provided i n  
Appendix E-111. 

A Groundwater Qual i t y  Assessment Program Out1 i n e  was prepared i n  
August, 1986 i n  response t o  I tem A . 7  o f  the  RCRA sect ion o f  the 
Federal Faci 1 i t  i e s  Compl i ance Agreement (FFCA) . This out1 i ne was 
prepared i n  conformance w i t h  40 CFR 265.93 (a) and OAC 3745-65-93 (a) 
and was revised i n  January 1987 t o  r e f l e c t  comments by U.S. EPA and 
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OEPA on the .or ig inal  submittal.  A copy o f  the revised out1 i n e  i s  
provided i n  Appendix E-111. As defined i n  the  o u t l i n e  and appl icable 
sections of the Ohio Administrat ive Code and RCRA, the object ives o f  
the Groundwater Q u a l i t y  Assessment Program are t o  determine: 

(a) Whether hazardous waste o r  hazardous waste const i tuents  have 
entered the groundwater; 

(b) The r a t e  and extent o f  migrat ion o f  the hazardous waste o r  
hazardous waste const i tuents i n  the groundwater; and 

(c)  The concentrations o f  the hazardous waste and hazardous waste 
const i tuents  i n  the groundwater. 

To f u l f i l l  these objectives, as stated i n  the November 25, 1987 
GQAPP, the i n i t i a l  phases o f  the Assessment Program could be most 
e f f i c i e n t l y  accomplished as p a r t  o f  the on-going s i  te-wide Remedial 
Invest igat ion/Feasib i l  i t y  Study (RI/FS) a t  the FMPC. The 
consol idat ion o f  the RCRA and CERCLA groundwater programs was 
proposed because o f  the s i m i l a r i t y  o f  ob ject ives between the 
Assessment Program and the RI/FS. 

I n  excess o f  100 addi t ional  groundwater monitor ing we1 1 s were 
i n s t a l l e d  a t  the FMPC t o  support the Assessment Monitor ing and RI/FS 
programs. These wel ls  were i n s t a l l e d  consistent w i th .  the guidance 
provided by the RCRA Technical Enforcement Guidance Document and i n  
s t r i c t  accordance with the procedures def ined i n  the  FMPC RI /FS  
Q u a l i t y  Assurance Program Plan (QAPP). A s p e c i f i c  reference f o r  the 
FMPC RI/FS QAPP can be found i n  Appendix E-111. 

The assessment groundwater sampling program, as def ined i n  the 
November 25, 1987 GWQAPP, included the 100 newly i n s t a l l e d  wel ls  i n  
addi t ion t o  106 e x i s t i n g  ons i te  and o f f s i t e  wel ls.  Assessment 
Program sampling was i n i t i a t e d  i n  May 1988. Each wel l  was sampled 
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Program sampling was initlated in May 1988. Each well was sampled 
quarterly for one year in order to assess any seasonal fluctuations 
in groundwater flow and quality. The fourth round o f  groundwater 
sampling was completed in February 1989. The dates o f  each of the 
Assessment Program sampling rounds are listed in Table E-6. 

All groundwater quality samples collected during the first four 
rounds o f  Assessment Monitoring were analyzed for a full suite of 
general water quality parameters. It should be noted that 
radiological parameters monitored during the first four rounds of the 
Assessment program are specific to the FMPC RI/FS  and are not part 
o f  the RCRA groundwater program. 

RCRA parameters were included in the FMPC RI/FS parameters for Round 
1 sampling o f  31 wells. These parameters included the Hazardous 
Substance List (HSL), including inorganics, semi-volatile and 
volatile organics, and pesticides/PCBs. On the basis of the results 
of a parallel investigation in the FMPC Waste Storage Area 
(Characterization Investigation Study), the HSL was extended, for 
purposes of the Assessment Monitoring program, to include organo- 
phosphorus pesticides, Selected wells in the Waste Storage Area were 
also sampled for dioxins once during Round 1. 

Water level measurements were collected monthly from all wells. A 
water table map completed following the fourth round o f  Assessment 
Monitoring i s  provided in Section 6, Figure 8 - 7 .  Water level data 
collected to date as part of the Assessment Program is provided in 
Appendix E - 1 1 .  

In order to provide additional insight into the direction and rate 
of groundwater, a three dimensional groundwater flow and solute 
transport model i s  being utilized to support the RI /FS  and Assessment 
Monitoring program. 
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Technical review comnents were received from U.S. EPA and OEPA on the 
November 25, 1987 GQAPP on February 3, 1989. I n  response t o  these 
review comnents and t o  the progressive a c t i v i t i e s  and f i nd ings  under 
the Assessment Program, a revised GQAPP was submitted t o  U.S. EPA and 
OEPA on March 23, 1989. A copy o f  the Groundwater Q u a l i t y  Assessment 
Program Plan, Revision 1 i s  provided i n  Appendix E-111. 

The rev ised GQAPP provides a b r i e f  sumnary of the r e s u l t s  o f  the 
f i r s t  two rounds o f  sampling under the Assessment Program and 
presents a framework f o r  cont inuing assessment monitor ing fo l l ow ing  
the completion o f  the fou r th  round groundwater sampling. On the 
basis o f  a de ta i l ed  evaluation o f  the avai lab le water q u a l i t y  and 
f low information, the revised GQAPP i d e n t i f i e s  43 s p e c i f i c  we l l s  f o r  
cont inuat ion o f  the RCRA Groundwater Qual i t y  Assessment Program, 
fo l l ow ing  the f o u r t h  round o f  Assessment sampling. These wells, 
which are l i s t e d  i n  Table E-7, are proposed t o  be sampled quar te r l y  
u n t i l  f i n a l  closure o f  Waste P i t  No.4 o r  u n t i l  Permitted Status 
groundwater monitoring (Detection o r  Compl i ance Monitoring) i s 
i n i t i ated . 

Figures E-3 t o  E-6 i nd i ca te  the locat ions o f  the 43 wel ls  selected 
as p a r t  o f  the ongoing Groundwater Q u a l i t y  Assessment Program a t  the 
FMPC. The r a t i o n a l e  f o r  se lect ion o f  these wel ls  i s  discussed i n  the 
rev ised GQAPP, as provided i n  Appendix E-111. Well completion logs 
and bor ing l'ogs f o r  each o f  the 43 selected wel ls  are provided i n  
Appendix E - I ,  where avai lable.  C r i t i c a l  construct ion d e t a i l s  , o f  the 
43 we l l s  are l i s t e d  i n  Table E-8. 

. 

Monitor ing wel ls  1024, 1052, 2066, 3066, 2043, and 3043 were 
i n s t a l l e d  t o  serve as background wel ls  f o r  the Assessment Monitoring 
Program. Monitoring wel l  1012, which was employed as the background 
g l a c i a l  t i l l wel l  f o r  the Detection Monitor ing Program, was not  used 
dur ing the Assessment Program because the l oca t i on  o f  the screened 
i n t e r v a l  w i t h i n  the geologic u n i t  would not l i k e l y  y i e l d  water 
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quality samples representative of groundwater in the vicinity of the 

- regulated unit. Wells 1024 and 1052, which were installed to service 
- as the background glacial till wells, were located based upon water 
+level and geologic information obtained during the Detection 

. . -  

Monitoring Program. 

Local supply well SW-2, which was employed as the background sand 
and gravel aquifer well for the Detection Monitoring Program, was not 
employed during the Assessment Monitoring Program as a result of 
additional insight gained during the Detection Program and other 
related groundwater investi'gations on the hydrogeologic conditions 
present in the vicinity of the FMPC. As a result of concern as to 
the influence of recharge from the Great Miami River on the water 
quality in SW-2 and the inability to withdraw samples representative 
of the conditions present in the vicinity of the regulated unit, two 
clusters of wells (2043, 3043 and 2066, 3066) were installed 
hydraulically upgradient of the Waste Storage Area at the FMPC. 

Based upon a review of the available characterization data from Waste 
Pit No. 4 and the results of the Detection Monitoring and RI/FS 
groundwater sampling programs, select parameters were identified for 
analysis from samples collected from the 43 target Assessment program 
wells. These analytical parameters are identified in Table E-9. The 
rationale for the selection of the identified parameters is provided 
in the revised GQAPP. 

Sampl ing and analytical procedures for the Assessment program are 
consistent with U.S. EPA and OEPA approved procedures. A summary of 
these procedures can be found in the revised GQAPP, as provided in 
Appendix E-111. Additionally, water table elevations are collected 
from each of the 43 Assessment program wells during each quarterly 
sampling. 
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A sumnary of the analytical results collected during the first four 
rounds of the Assessment groundwater program for the identified 43 
monitoring wells is provided in Appendix E-11. These results are 
considered preliminary as the final data validation process is 
ongoing. Statistical analysis of the collected groundwater data is 
currently underway. 

The fifth round of Assessment monitoring (initial round following 
completion of the four rounds of Assessment - RI/FS sampling) was 
completed in June 1989. This sampling round was focused specifically 
upon the completion of sampling and analysis on the 43 targeted 
Assessment Program wells. Analytical results from the fifth round 
are expected in September 1989. The sixth round of sampling under 
the Assessment program is scheduled for August-September 1989 
timeframe. 

As previously stated, the statistical analysis of the data collected 
to date for the Assessment program is ongoing. Following completion 
of this analysis and subsequent analysis of the fifth round of 
sampling, an evaluation will be performed to determine whether 
sufficient data are available to complete the determinations required 
under 40 CFR 265.93 (a) and OAC 3745-65-93 (A). If data gaps are 
identified, necessary modifications will be made to the ongoing 
Assessment program sampling to satisfy these deficiencies. If the 
necessary determinations can be completed, a sumnary report will be 
prepared and submitted to the U.S. EPA and the OEPA as required in 
40 CFR 265.93 (d) 5 and OAC 3745-65-93 ( 0 )  5. 

The FMPC is scheduled to perform Appendix IX sampling during Round 
6 of Assessment Monitoring on- wells 1052, 1025, 1079, 1080, 1082, 
1031, 2043, 3043, 2019, 3019, 2027, 2084, 3084, 2037, and 3037. The 
results of the Appendix IX analysis will be reported after final 
validation of the raw analytical data. 
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E-3 AOUIFER IDENTIFICATION 

E-3-1 Geoloaic and Hvdroaeoloaic S e t t i n q  

The FMPC i s  located w i t h i n  a two-to-three-mile wide va l l ey ,  e n t i t l e d  
the New Haven Trough, which has formed as a r e s u l t  o f  Pleistocene 
g l a c i a t i o n  and, subsequently,, f i l l e d  w i t h  g l a c i a l  outwash mater ia ls  
and ti l l. Figure E-7 shows the approximate l o c a t i o n  o f  the New Haven 
Trough w i t h  respect t o  the FMPC. Figure E-8 provides a schematic 
geologic cross sect ion o f  the New Haven Trough. The geological 
h i s t o r y  o f  the FMPC area i s  b r i e f l y  summarized below: 

o I n  Late Ordovician t ime (approximately 450 m i l l i o n  years ago) 
sediments which would become a predominantly f l a t - l y i n g  shale 
w i t h  t h i n  interbedded limestone were deposited i n  a shallow sea. 
This shale (a p a r t  o f  the Cincinnatian Series) i s  the r e l a t i v e l y  
impermeable bedrock which now under l ies the FMPC s i t e  area. 

o Sometime p r i o r  to, o r  perhaps dur ing Pleistocene g lac ia t i on ,  a 
l a rge  watercourse ( l a rge r  than the present-day Great Miami River)  
cu t  i t s  channel i n t o  t h i s  shale bedrock t o  a l e v e l  o f  more than 
200 f e e t  below t h a t  o f  the present-day Great Miami River. This 
approximately two-mile wide channel ( ca l l ed  the New Haven Trough) 
may be an abandoned course o f  the ancestral Ohio River. 

o During subsequent Pleistocene g l a c i a l  advances and r e t r e a t s  across 
the s i t e  ( I l l ino isan--approx imate ly  30,000 years t o  40,000 years 
ago and Wisconsian--approximately 10,000 years ago) the New Haven 
Trough was f i l l e d  w i t h  about 200 f e e t  o f  g l a c i a l  sediments. These 
sediments were deposited by water running from the margins o f  the 
g lac ie rs  and consisted mainly o f  wel l  sorted sand and gravel. 
Deposited on top o f  these sediments was a blanket o f  c l a y - r i c h  
r e l a t i v e l y  impermeable g l a c i a l  t i l l  from a more recent g l a c i a l  
event. 
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o Erosion by the Great Miami River and i t s  t r i b u t a r i e s  then removed 
s i g n i f i c a n t  por t ions o f  the g l a c i a l  t i l l  and l e f t  ter race remnants 
which stand topographical ly higher than surrounding bottom lands. 
The FMPC s i t e  l i e s  on top o f  one o f  these te r race  remnants. 

Bedrock underlying the FMPC i s  comprised o f  f l a t  l y i n g  o l i v e  gray 
shale w i t h  t h i n  interbedded limestone. This shale forms the f l o o r  
and v a l l e y  o f  the New Haven Trough and i s  genera l ly  between 60 t o  
more than 200 f e e t  below the land surface i n  the v i c i n i t y  o f  the 
FMPC. Elevat ion o f  the bedrock surface var ies from 327 f e e t  south 
o f  the Production Area t o  400 f e e t  j u s t  no r th  o f  the FMPC 
(GeoTrans, 1985). 

Unconformably over ly ing the shale bedrock i s  a sequence o f  sand 
and gravel g l a c i a l  outwash mater ia l  up t o  200 f e e t  t h i ck .  
Underneath pa r t s  o f  the FMPC, these gravels are separated by a 10 
t o  20 f e e t  t h i c k  greenish-black s i l t y  c l a y  ("blue-clay")  a t  a 
depth o f  about 100 t o  125 f e e t  below the surface (Spieker, 1968; 
GeoTrans, 1985). This c lay  layer,  which appears t o  be 
discontinuous, i s  located i n  the v i c i n i t y  o f  the Waste Storage 
Area and production wel ls.  Progressive data co l l ec ted  under the 
ongoing si tewide Remedial Investigation/Feasi b i l  i t y  Study (RI/FS) 
suggests t h a t  t h i s  c l a y  l aye r  extends from east o f  Paddy's Run t o  
the center o f  the FMPC Production Areas. The c l a y  l a y e r  does not 
appear t o  the east o r  south o f  the Production Area. Planned RI /FS 
d r i l l i n g  a c t i v i t i e s  i n  the Production area w i l l  provide c lea re r  
d e f i n i t i o n  o f  t h i s  layer.  

Near the surface o f  the FMPC, over ly ing the outwash mater ia ls  i s  
a dense, s i l t y  clay, g l a c i a l  t i l l  t h a t  var ies i n  composition 
v e r t i c a l l y  and l a t e r a l l y .  The s i l t y  c lay  t i l l  contains lenses o f  
poor ly sorted f i n e -  t o  medium-grained sand and gravel, s i l t y  sand 
and s i l t  w i t h  layers of s i l t y  c lay  t o  the west and south o f  the 
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FMPC. The ti l l var ies i n  thickness from 20 t o  50 f e e t  having an 
average base o f  approximately 540 f e e t  above MSL (Dames & Moore, 
1985; GeoTrans, 1985; Spieker, 1968). 

To the  west and south o f  the s i t e ,  the s i l t y  c lay  t i l l  l a t e r a l l y  
grades i n t o  a sequence o f  s i l t y  sand and s i l t  w i t h  some layers  o f  
s i l t y  c lay.  The s i l t y  c lay  t i l l  remains continuous t o  the nor th  
and east o f  the s i t e  and d i r e c t l y  ove r l i es  the  bedrock i n  these 
areas. I n  the  lower reach o f  Paddy’s Run and the Storm Sewer 
Ou t fa l l  Ditch, the  s i l t y  c lay  t i l l  has been eroded away and the 
under ly ing sand and gravel are exposed. 

E-3-2 Hvdroloav 

The FMPC i s  located w i t h i n  the Great Miami River  Basin drainage above 
the r i v e r ‘ s  present day f l ood  p la in .  Natural drainage from the FMPC 
t o  the Great Miami River i s  p r i m a r i l y  from Paddy’s Run and trends 
eastward. Paddy’s Run i s  a stream o r i g i n a t i n g  no r th  o f  the  p lan t  and 
dra in ing  southward along the west s ide o f  the Waste Storage Area 
(Figure E-9) which loses f low t o  the ground water near Wi l ley  Road. 
Paddy’s Run i s  an ungaged stream t h a t  f lows p r i m a r i l y  between January 
and May w i t h  an estimated discharge ranging between 0.2 and 4.0 cubic 
f e e t  per second (c fs )  (Dames 41 Moore, 1985). 

Surface water drainage from the FMPC f a c i l i t y  i s  channeled through 
the Storm Sewer O u t f a l l  D i t ch  which f lows south o f  the  Production 
Area and eventual ly  dra ins i n t o  Paddy’s Run a t  the  f a c i l i t y ’ s  
southwest corner. Surface runo f f  from the Waste Storage Area and f l y  
ash p i l e s  f lows genera l ly  westward e i t h e r  d i r e c t l y  toward Paddy‘s Run 
o r  some o f  i t s  numerous t r i b u t a r i e s .  
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E-3-3 Frou ndwater Hvdrol oaf 
... 
- _  
'<Regional -3.. hydrogeologic environments o f  the  bur ied channel aqu i fe r  

-*>have z r  been invest igated and reported extens ive ly  by the USGS. Spieker 
(1968a) has c l a s s i f i e d  and mapped f i v e  major hydrogeologic 
environments i n  the Great Miami River Val ley.  A hydrogeologic 
environment describes a por t ion  o f  an aqu i fe r  possessing hydrologic 
and geologic proper t ies t h a t  d i f f e r  from the proper t ies o f  aqui fers  
i n  adjacent areas. O f  the f i v e  hydrogeologic environments i n  the 
Great Miami River Valley, four  are re levant  t o  a descr ip t ion  o f  
hydrogeologic condi t ions i n  the v i c i n i t y  o f  the  FMPC f a c i l i t y  (Figure 
E-10). Using the notat ion o f  Spieker (1968a), these environments 
are  : 

-.- - 

0 

0 

0 

0 

REV. 0 

Type I: No continuous c lay  layers are  
present. Potent ia l  f o r  induced stream i n f i l t r a t i o n  ex is ts .  The 
Type I aqui fe r  environment i s  f u r t h e r  d iv ided i n t o  a Type I - A - 1  
aqui fer  which i s  150 t o  200 fee t  o r  more t h i c k  and a Type I - A - 2  
aqui fer  which i s  less  than 150 fee t  t h i ck .  

Sand and Gravel Aquifer. 

Type 11: Sand and Gravel Aquifer. Types 11-A-1, 11-A-2, 11-B-1, 
and 11-B-2 have been described; however, on ly  Type 11-A-2 has been 
determined t o  e x i s t  i n  the study area. This environment i s  l e s s  
than 150 f e e t  t h i c k  and recharge by induced stream i n f i l t r a t i o n  
does not occur. 

Type 111: Sand and Gravel Aqui fer  Over la in by Clay. The 
po ten t i a l  f o r  induced stream i n f i l t r a t i o n  does not ex i s t .  The 
t ransmiss iv i ty  and storage proper t ies are h igh l y  var iable.  

Type V: Shale and Limestone Bedrock Over la in by T i l l .  Re la t i ve ly  
impermeable shale and 1 imestone bedrock. S m a l l  water supplies are  
a v a i  1 ab1 e. 
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Type I aqu i fe r  environment i s  found along the f l oodp la in  o f  the Great 
Miami River t o  the south and east o f  the FMPC f a c i l i t y .  The 
l i t h o l o g y  o f  the aqui fer  consists p r i n c i p a l l y  o f  sand and gravel .  
Scattered lenses o f  c lay  o r  f ine-grained mater ia l  may e x i s t  anywhere 
i n  the environment; however, these lenses are not o f  s u f f i c i e n t  
thickness o r  areal extent t o  act  as semiconfining layers o r  otherwise 
a f f e c t  groundwater movement. The Type I aqui fer  may be classed as 
unconfined w i t h  a storage c o e f f i c i e n t  i n  the range o f  0.2 t o  0.25. 

The Type I 1  aqui fer  environment i s  character ized by 150 t o  200 o r  
more f e e t  o f  sands and gravels w i t h  no i n t e r s t r a t i f i e d  c lay  layers 
present between s o i l  s t r a t a  over extensive areas. Recharge by 
induced stream i n f i l t r a t i o n  does not occur. The c o e f f i c i e n t  o f  
storage i s  about 0.2. Large groundwater supplies are not genera l ly  
avai lab le from the Type 11-A-2 aqui fer  because o f  i t s  l i m i t e d  areal 
extent and prox imi ty  t o  bedrock v a l l e y  wal ls.  

The Type I 1 1  aqui fer  environment i s  characterized by 50 f e e t  o r  more 
o f  clayey ti l l over ly ing the main bur ied channel aqui fer .  I n  the 
region o f  the FMPC, the bur ied channel aqu i fe r  i s  d iv ided i n t o  an 
upper and lower p a r t  by a semipervious c l a y  l a y e r  approximately 10 
t o  20 f e e t  t h i c k  occurr ing approximately 140 f e e t  below land surface. 
Hence, the lower aqui fer  i s  classed as a semiconfined o r  leaky 
confined aqui fer .  Spieker and Nor r i s  (1962) have estimated a 
c o e f f i c i e n t  o f  storage o f  0.001 f o r  the lower sand and gravel 
aqui f e r .  

The Type V hydrogeologic environment includes a l l  o f  the area outside 
o f  the bur ied channel. These areas are uplands which consis t  o f  
shale w i t h  interbedded limestone bedrock ove r la in  by 50 f e e t  o r  l ess  
o f  c l a y - r i c h  till. Large quan t i t i es  o f  groundwater are not  general ly 
transported through t h i s  mater ia l .  Well y i e l d s  vary widely, 
genera l ly  ranging from zero t o  ten  gal lons per minute. Sand and 
gravel lenses, however, are e r r a t i c a l l y  d i s t r i b u t e d  throughout t h i s  
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mater ia l  and, i n  some cases, we l ls  completed i n  these u n i t s  may y i e l d  
up t o  50 gal lons per minute. 

The bur ied  channel aqu i fe r  i n c l  udes numerous i nterbedded c l  ay o r  
f i ne-grai ned 1 enses . These 1,enses resu l  t i n  very 1 arge v a r i  a t i  ons 
o f  aqu i fe r  proper t ies on a l oca l i zed  scale. The aqu i fe r  may be 
regarded, however, as homogeneous s i  nce the hydrogeol og i  c proper t  i es 
o f  i n t e r e s t  occur on a much l a r g e r  scale than these l o c a l  var ia t ions .  
On the scale appropriate f o r  character iz ing groundwater movement i n  
the  v i c i n i t y  o f  the FMPC, aqu i fe r  proper t ies have been prev ious ly  
establ ished by aqui fer  pumping t e s t s  (Spieker, 1968a; Spieker and 
Norr is ,  1962; Dove, 1961). 

Transmissiv i ty values w i t h i n  the Type I - A - 1  aqu i fe r  have been 
reported i n  the range o f  300,000 t o  500,000 gal lons per day per f o o t  
(Spieker, 1968a). Based on an average saturated thickness o f  150 
feet ,  the range o f  hor izonta l  hydraul ic  conduct iv i t y  i s  approximately 
270 t o  450 fee t  per day. The Type I - A - 2  aqu i fe r  would be expected 
t o  have s i m i l a r  hydraul ic  conduct iv i t y .  

From an aqu i fe r  tes t ,  Spieker and Nor r is  (1962) estimated the 
t ransmiss i v i t y  o f  the lower sand and gravel aqu i fe r  below the FMPC 
t o  be about 140,000 gal lons per day per foo t .  Using a thickness o f  
70 feet,  t he  estimated hor izonta l  hydraul ic  conduct iv i t y  o f  the lower 
sand and gravel  aqu i fe r  i s  approximately 270 f e e t  per day. 

Average annual p r e c i p i t a t i o n  a t  the  FMPC f o r  the years 1941 through 
1970 was approximately 39 inches (NLO, 1977). O f  the  t o t a l  annual 
p rec ip i t a t i on ,  approximately 57 percent occurs dur ing the  spr ing and 
summer months. Host p r e c i p i t a t i o n  i s  l o s t  through evapotranspirat ion 
dur ing the sumner. The remainder i s  l o s t  through surface r u n o f f  o r  
i n f i l t r a t e s  t o  the groundwater. 
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Groundwater recharge i s  1 ow i n  sumner months when evapotranspirat ion 
i s  high. Freezing o f  the ground also lowers recharge dur ing a 
p o r t i o n  o f  the winter.  For these reasons, most groundwater recharge 
general ly occurs dur ing the months o f  October, November, March, and 
A p r i l .  Average annual recharge has been reported by var ious authors 
i n  the range o f  6 inches per year t o  as high as 21 inches per year 
f o r  areas not  ove r la in  by c lay.  Average annual recharge w i t h i n  the 
Type I and Type I11 hydrogeologic environments has been estimated t o  
be 15 and 6 inches per year, respect ive ly  (GeoTrans, 1985; Spieker, 
1968a and 1968b). Groundwater recharge by induced i n f i l t r a t i o n  i s  
s i g n i f i c a n t  along the Great Miami River near the Cinc innat i  and 
Southwestern Ohio Water Company (SOWC) wel l  f i e l d s .  Dove (1961) 
estimated the average r a t e  o f  i n f i l t r a t i o n  along the Great Miami 
River near the SOWC wel l  f i e l d  t o  be 240,000 gal lons per day per acre 
o f  stream bottom. 

E-3-4 Groundwater F1 ow 

Groundwater f low i n  the bur ied channel aqui fer  near the FMPC has been 
described by various authors. Spieker and Nor r i s  (1962) constructed 
a groundwater l e v e l  e levat ion contour map using data from 48 wel ls.  
They determined t h a t  a groundwater d i v i d e  ex is ted along the  eastern 
boundary o f  the FMPC. From t h e i r  analyses, they concluded t h a t  
groundwater west o f  the d i v i d e  moves from northwest o f  the f a c i l i t y  
near Shandon southeastward through the FMPC towards the  Great M i  ami 
River between New Balt imore and Paddy's Run. These authors d i d  not 
f e e l  t h a t  pumping on -s i t e  production wel ls  inf luenced regional  
groundwater movement. 

Sedam (1985) completed a we l l  inventory and water l e v e l  measurement 
survey i n  August 1982. From these measurements, he constructed a 
water t a b l e  map o f  the area surrounding the FMPC. He a lso showed the 
north-south groundwater d i v i d e  along the eastern boundary o f  the FMPC 
and concluded t h a t  groundwater moves from nor th t o  south across the 
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f a c i l i t y  and discharges t o  the Great Miami River between the New 
Balt imore and Paddy’s Run. Sedam shows a cone o f  depression i n  the 
groundwater tab le  caused from pumping the p lan t  wel ls .  This pumping 
cone, as described, would capture a po r t i on  o f  the f low moving across 
the  FMPC. 

Dames and Moore (1985) produced a groundwater contour map w i t h i n  the 
FMPC which shows west t o  east groundwater movement which i s  
inf luenced by the production we l ls  a t  the p lant .  For t h e i r  o f f - s i t e  
groundwater qual i t y  impact assessment, however, they used Sedam’s 
(1985) evaluat ion o f  groundwater f low. 

GeoTrans (1985) questioned the USGS groundwater d i v i d e  l oca t i on  
s t a t i n g  tha t  water l eve l  e levat ions were determined by using surface 
e levat ions from topographic maps and no t  determined by an actual  
ground t r u t h  e levat ion survey and a lso t h a t  more we l ls  were needed 
along the eastern s i t e  boundary. Through a groundwater modeling 
study o f  the bur ied channel aqu i fe r  near the  FMPC, GeoTrans concluded 
tha t :  

A groundwater d i v i d e  e x i s t s  which trends from southeast t o  
northwest across the south-central po r t i on  o f  the f a c i l i t y ;  

Water i n  the bur ied channel aqu i fe r  near the waste p i t s  
t r a v e l  east towards the Great Miami River; and 

w i l l  

O Water south o f  the  waste p i t s  w i l l  t r a v e l  south and 
southeasterly towards the  Great Miami River. 

Progressive data c o l l e c t i o n  and model i ng  runs under the FMPC RI/FS 
genera l ly  support the conclusions reached by GeoTrans i n  t h e i r  1985 
inves t i ga t i on  o f  regional  groundwater i n  the v i c i n i t y  o f  the 
f a c i l i t y .  E f f o r t s  continue under the RI/FS t o  r e f i n e  the  current  
understanding o f  the r e l a t i v e  l oca t i on  o f  the groundwater d i v i d e  and 
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its impact on loca l  

:- groundwater flow map 
groundwater flow and qual i t y  . A general  i zed 
compiled using ava i l ab le  RI/FS d a t a  appears a s  

. .  

E-3-5 Sur face  WaterIGroundwater In t e rac t ion  

The main sur face  water drainage channel f o r  the western port ion of 
the s i te  i s  Paddy's Run, a stream w i t h  los ing  and ga in ing  reaches,  
which  empties i n t o  the Great Miami River (Figure E-9). In addi t ion  
t o  drainage t o  Paddy's Run, a port ion of the runoff  from the 
Production Area has been co l l ec t ed  and allowed t o  d ischarge  t o  the  
Storm Sewer Outflow Ditch (SSOD). The SSOD is a na tura l  gu l ly  t h a t  
i s  channelled through the southcentral  t o  southwest por t ion  of the 
si te.  The SSOD empties i n t o  Paddy's Run near  Willey Road a t  the 
southwestern corner  of  the FMPC. Addit ional ly ,  the su r face  waters 
i n f i l t r a t e  i n t o  the sandy s o i l s  and probably recharge the loca l  sand 
and gravel groundwater system. 

North of  Willey Road, water i n  Paddy's Run is  e leva ted  above the 
regional  water t a b l e  (GeoTrans, 1985). Somewhere between Wi 1 ley and 
New Haven roads, water i n  Paddy's Run l ies below the water t a b l e  and 
groundwater discharges t o  Paddy's Run. The exac t  1 ocat ion where 
Paddy's Run l ies  below the water t a b l e  i s  seasonal .  The loca t ion  i s  
probably f a r t h e r  south during months when groundwater levels a r e  
lowest (GeoTrans, 1985). 

E-3-6 Grou ndwater Usaae 

Groundwater is  a major source of water supply i n  the area .  Major 
groundwater users have been identified i n  the s tudy area .  The 
estimated t o t a l  pumping from these well fields averages more than 37 
mi l l ion  ga l lons  per day. Addit ional ly ,  there a r e  many o t h e r  smaller  
i n d u s t r i a l ,  comnercial, a g r i c u l t u r a l ,  and p r i v a t e  groundwater users 
i n  the area.  On the b a s i s  of  the region's soc i a l  and economic 
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dependence on regional  groundwater, the Great M i  ami Buried Val 1 ey 
Aqui fer  has been designated a Sole Source Aqui fer  under the  
prov is ions o f  Section 1424(e) o f  the Safe Dr ink ing Water Act o f  1974 
(53 FR 25670). 

E-3-7 UDDermOSt Aaui fer  

I n  accordance w i th  40 CFR 265.90(a) and OAC 3745-65-90(A), a f a c i l i t y  
must maintain a groundwater monitoring program capable o f  determining 
the impact o f  a f a c i l i t y  on the q u a l i t y  o f  groundwater i n  the 
uppermost aqu i fe r  under ly ing the f a c i l i t y .  An aqui fer ,  as def ined 
i n  40 CFR 260.10 and OAC 3745-50-10, i s  a geologic formation, group 
o f  formations, o r  p a r t  o f  a formation capable o f  y i e l d i n g  s i g n i f i c a n t  
quant i t ies  o f  water t o  we l ls  o r  springs. I n  accordance w i t h  t h i s  
d e f i n i t i o n ,  the sand and gravel aqu i fe r  under ly ing the FMPC i s  
considered the uppermost aqu i fe r  and s p e c i f i c a l l y  subject  t o  the 
monitor ing prov is ions w i t h i n  RCRA and the OAC. This designat ion i s  
supported by the  fo l lowing:  

* S ign i f i can t  perched water zones have not been i d e n t i f i e d  i n  the 
FMPC Waste Storage area a t  e levat ions a t  o r  below the bottom 
e leva t ion  o f  the regulated f a c i l i t y  (- 560 ft. MSL). 

O Perched water zones t h a t  have been encountered i n  the  FMPC Waste 
Storage Area appear t o  be f a i r l y  discontinuous y i e l d i n g  1 imi ted 
quan t i t i es  o f  water. The d i scon t inu i t y  o f  the  water bearing 
lenses i n  the  ti l l i s  supported by the inconsis tent  occurrence 
o f  water i n  the t i l l  we l ls  i n  the v i c i n i t y  o f  Waste P i t  No. 4. 

Local res iden t ia l  and comnercial wel ls  i n  the v i c i n i t y  o f  the FMPC 
are p r i n c i p a l l y  located i n  the sand and gravel  aqu i fe r  as a r e s u l t  
o f  poor y i e l d s  i n  the  g l a c i a l  t i l l  u n i t .  
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While the  g l a c i a l  t i l l u n i t  a t  the FMPC does no t  represent a 
continuous f low system, i t  i s  an important u n i t  f o r  developing a 3- 
dimensional understanding o f  the hydrogeology o f  the  FMPC Waste 
Storage Area. The g l a c i a l  t i l l  represents an e a r l y  detect ion system 
capable o f  prov id ing valuable i n s i g h t  i n t o  p o t e n t i a l  f u tu re  impacts 
on the sand and gravel aqui fer .  For t h i s  reason s i g n i f i c a n t  focus 
was appl ied dur ing the  Detection, Assessment and RI/FS programs t o  
monitor t h i s  important geologic u n i t .  
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E-4 CONTAMINANT PLUME DESCRIPTION 

As stated i n  Section E-2, I n te r im  Status Period Assessment Monitor ing 
Program, f i n a l  v a l i d a t i o n  and s t a t i s t i c a l  analysis o f  the fou r  rounds o f  
Assessment Program sampling i s  cu r ren t l y  underway. Round 5 o f  Assessment 
Monitoring was completed i n  June, 1989 with samples c u r r e n t l y  undergoing 
analyses. Fol lowing completion o f  s t a t i s t i c a l  analyses o f  the f i v e  rounds 
o f  Assessment Monitoring, the FMPC w i l l  assess the adequacy o f  the 
avai lab le data t o  complete the determination o f  whether hazardous waste 
o r  hazardous waste const i tuents have entered the  uppermost aqu i fe r  i n  the 
v i c i n i t y  o f  Waste P i t  No. 4. I f  addi t ional  data de f i c ienc ies  are 
i d e n t i f i e d ,  the necessary modif icat ions w i l l  be made t o  the ongoing 
Assessment Monitor ing Program. I f  the necessary determinations can be 
completed, a w r i t t e n  repo r t  w i l l  be prepared summarizing the f i nd ings  and 
submitted t o  OEPA, as required i n  OAC 3745-65-93 (D) 5 and 40 CFR 265.93 
(d) 5. Concenti-ations o f  methylene ch lo r i de  (1-22 ppb), toluene (5-10 
ppb), acetone(13-37 ppb) and carbon d i s u l f i d e  (1-8 ppb) have been 
incons is ten t l y  detected i n  scattered wel ls  i n  the sand and gravel aqui fer  
i n  the Waste Storage Area. As stated above, s u f f i c i e n t  data are present ly 
not ava i l ab le  t o  determine s t a t i s t i c a l  s ign i f i cance  o f  these c o n s t i t u t e  
readings . 
As required under 40 CFR 270.14 (c) 4, the FMPC i s  completing Appendix I X  
sampling i n  16 we l l s  upgradient and downgradient o f  the Waste Storage Area 
as p a r t  o f  Round 6 o f  the Assessment Program monitoring. This sampling 
i s  being performed t o  establ ish the presence o r  absence o f  these 
const i tuents i n  the uppermost aqui fer  under ly ing the Waste Storage Area. 
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E-5 DETECTION noyLTORING P R O G M  
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Currently, the  f a c i l i t y  i s  cont inuing w i t h  the Assessment Monitor ing 
Program i n  accordance w i th  the Groundwater Qual i t y  Assessment Program P1 an 
(GQAPP) Revision 1, t h a t  was submitted t o  the OEPA and the U.S. EPA on 
March 23, 1989. 

The f i f t h  round of  sampling under the GQAPP was completed i n  June 1989. 
The s i x t h  round o f  sampling i s  scheduled t o  be conducted dur ing August and 
September 1989. The ana ly t i ca l  r e s u l t s  o f  both rounds o f  sampl i ng  w i l l  
be prepared and submitted t o  the OEPA once they are received and reviewed 
by the f a c i l i t y  i n  accordance w i th  the GQAPP. 

The Detection Monitoring Program i s  herein ou t l ined  so t h a t  i t  can be 
implemented under the f a c i l i t y ' s  permit ted s tatus i f  Assessment Monitor ing 
Program data ind ica te  tha t  hazardous const i tuents  have not entered the 
uppermost aqu i fe r  downgradient o f  the regulated f a c i l i t y .  

Data and informat ion gathered t o  support the Detection Monitoring Program 
o u t l i n e  was, i n  part ,  compiled as p a r t  o f  the RI/FS program present ly  
being conducted a t  the f a c i l i t y  concurrent ly w i th  the RCRA program being 
conducted f o r  Waste P i t  4. 

E-5(a) Consti tuents t o  be Monitored 

The groundwater upgradient and downgradient o f  the waste storage area 
w i l l  be monitored f o r  hazardous waste and hazardous waste 
const i tuents  tha t  are spec i f i c  t o  the FMPC regulated u n i t .  As 
required by 40 CFR 264.98 the const i tuents  t o  be monitored a t  the 
po in t  of compliance include ind i ca to r  parameters, waste const i tuents  
o r  reac t ion  products which provide a r e l i a b l e  i nd i ca t i on  o f  the 
presence o f  hazardous const i tuents i n  the groundwater. Select ion o f  
these const i tuents  i s  based on groundwater sampling data obtained 
f rom i n t e r i m  status detect ion and assessment monitoring and 40 CFR 
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261 Appendix VI11 sampling conducted on Waste Pit No. 4 as part. of 
the Characterization Investigation Study. Table E-10 provides the 
complete 1 ist of hazardous constituents and groundwater indicator 
parameters to be monitored at the point of compliance as part of the 
Detection Monitoring Program. 

The FMPC is scheduled to perform 40 CFR 264 Appendix IX sampling on 
compliance well numbers 2043, 3043, 2019, 3019 and 2027 in the Waste 
Storage Area during the sixth round of Assessment Monitoring in the 
month of August 1989. As part of the ongoing assessment monitoring 
program, 40 CFR 264 Appendix IX sampling will also be done on till 
wells 1052, 1025, 1079, 1074, 1080, 1082 and 1031, and sand and 
gravel wells 2084, 3084, 2037 and 3037. This sampling will be 
conducted at wells located both upgradient and downgradient of the 
Waste Storage Area. The analytical results will be reported after 
receipt of validated data by this facility. Table E-10 may be amended 
following receipt o f  this Appendix IX analytical data. 

E-5a( 1) Hazardous Waste Characterization 

A wide variety of chemical and metallurgical processes are 
employed at the FMPC facility to produce the finished 
products. These manufacturing processes have historically 
generated a large quantity of  derived waste materials. These 
waste materials were principally neutralized, low-level 
radioactive byproduct and off-specification materials. These 
materials were transferred, from start up of the facility in 
1952 until 1986, to the FMPC Waste Storage Area. The Waste 
Storage Area, as shown in Figure E-12 and Section B, Figure 
6-2, is comprised of six waste storage pits and other 
miscellaneous waste management facilities. Waste Pit No. 4, 
the faci 1 i ty regulated under RCRA, is 1 ocated imnedi ately 
adjacent to the other waste management units in the FMPC 
Waste Storage Area. 
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Waste P i t  No. 4 was constructed i n  1960 and u t i l i z e d  u n t i l  
May, 1986. The p i t  was constructed by excavating i n t o  the 
under ly ing c lay  ti l l. A l aye r  o f  c lay  was placed on the  
sides and bottom o f  the f a c i l i t y  t o  serve as a l i n e r .  Waste 
P i t  No. 4 p r i m a r i l y  received process residues ( i .e.  magnesium 
f l u o r i d e  slag, o f f - s p e c i f i c a t i o n  compounds, etc.), f i l t e r  
pressed sump sludges, neutra l  ized r a f f  i n a t e  sludges, 
graphite, noncombustible t rash  ( i .e .  const ruct ion rubble),  
and asbestos. From May 1981 t o  Apr i l '  1983, P i t  No. 4 
received 23,500 pounds o f  b a r i  um chlor ide.  

I n  February 1986 the  FMPC, as p a r t  o f  the  RI/FS, i n i t i a t e d  
a comprehensive i nves t i ga t i on  o f  the Waste Storage Area. 
This invest igat ion,  e n t i t l e d  the Character izat ion 
Inves t iga t ion  Study (C IS) ,  was i n i t i a t e d  t o  s a t i s f y  the  data 
needs o f  a CERCLA ac t ion  i n  the Waste Storage Area. The 
r e s u l t s  o f  t h i s  inves t iga t ion  have been in tegrated i n t o  the 
ongoing si tewide RI/FS a t  the FMPC. References f o r  the 
procedures and f ind ings  o f  the C I S  can be found i n  Appendix 

, 

- 
E-111. 
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Sampling and analysis under the C I S  was conducted i n  s t r i c t  
accordance w i th  EPA SW-846 protocol  s .  Representative samples 
were co l lec ted  from fou r  f u l l  depth boreholes i n  Waste P i t  
No. 4. Also, one sample o f  run-on water was co l l ec ted  from 
P i t  No. 4 f o r  analysis.  The boreholes were completed using 
a 3 inch diameter hol low stem auger. Samples were obtained 
using a 24-inch d r i v e  s p l i t  spoon sampler i n  accordance w i th  
ASTM 01586-84. A l l  bor ing loca t ions  were sampled 
continuously w i th  d i sc re te  samples co l l ec ted  a t  2 f o o t  
i n te rva l s .  Sampling continued u n t i l  reaching a depth a t  
which the on -s i t e  geo log is t  i d e n t i f i e d  the  waste/clay 1 i n e r  
in ter face.  With the exception o f  the samples designated f o r  
v o l a t i l e  organic analysis, a l l  samples were composited from 
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given borehole prior to analysis. Strict sample preparation, 
1 abel ing, packaging and chain of custody procedures were 
employed throughout the program. 

All Pit No.4 samples were analyzed for the full Appendix VI11 
parameters following Contracts Laboratory Program (CLP) 
protocols. In addition, collected samples were analyzed for 
the characteristics of a hazardous waste (i .e. ignitability, 
etc.). 

A summary of the inorganic and organic compounds from 
Appendix VI11 that were identified in each borehole sample 
is presented in Appendix E-11. Also provided is analytical 
results of the metals detected in the EP Toxicity leachate 
from the borehole samples. 

In sumnary, the analytical results of the samples collected 
from Pit No. 4 indicated that all samples were within the 
established limits for corrosivity, ignitability, and 
reactivity. The concentrations of the primary RCRA metals 
in the EP Toxicity leachate on all of the borehole samples 
were less than the maximum allowable concentration under 40 
CFR 261. 

Appendix VI11 analyses indicated that the pit contained high 
concentrations of aluminum, calcium, iron, and magnesium. 
Fluoride was found in large concentrations in all borehole 
samples ranging from 47,812 to 124,567 ppm. Barium was 
detected in all the borehole samples ranging from 444 to 
6,668 ppm. Barium was not, however, found in a .leachable 
form (exceeding EP Toxicity Limit) in any of the borehole 
samples. 
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PCB's were detected i n  a l l  the borehole samples a t  
concentrat ions ranging from 99 t o  1,034 ppb. 
Organophosphorus pesticides, inc lud ing e t h y l  parathion and 
methyl parathion, were detected a t  concentrat ions ranging 
from 82 t o  2,100 ppb. Tetrachloroethane was detected i n  one 
borehole sample a t  a concentrat ion o f  30,000 ppb. 
Semivolat i le compounds were detected i n  two o f  the samples 
a t  concentrat ions up t o  2,000 ppb. 

On the basis o f  a review o f  the ana ly t i ca l  r e s u l t s  o f  the 
C I S  and knowledge o f  the generating processes o f  the wastes 
placed a t  P i t  No. 4, the primary RCRA const i tuent  o f  concern 
i n  the uppermost aqui fer  r e l a t i v e  t o  the regulated u n i t  i s  
tetrachloroethane. Concentrations o f  tetrachloroethane above 
12 ppb have not been detected i n  the uppermost aqui fer  
underlying the regulated u n i t .  

E-5a (2) Behavior o f  Constituents 

Each o f  the hazardous waste const i tuents i d e n t i f i e d  on Table 
E-10 have s p e c i f i c  s o l u b i l i t i e s ,  vapor pressures, s p e c i f i c  
g rav i t i es ,  and h a l f  l i v e s  i n  groundwater which a f fec t ,  t o  a 
degree, t h e i r  i nd i v idua l  mob i l i t y ,  s t a b i l i t y ,  and persistence 
i n  the environment. Speci f ic  values f o r  each o f  these 
physical proper t ies can be found i n  U.S. EPA 540/1-86/060, 
Superfund Pub1 i c  Health Evaluation Manual, October, 1986. 
In general, o f  key concern t o  the Detect ion Monitoring 
Program are the l i s t e d  v o l a t i l e  organic compounds ( 

Tetrachloroethane, Methylene Chloride, Dich l  oroethane, 
Acetone, Tricholorethane and Toluene). Each o f  these 
compounds are soluble, t o  some degree, i n  groundwater, are 
r e l a t i v e l y  s tab le and are extremely pe rs i s ten t  i n  the 
environment. Each o f  these compounds can be expected t o  be 
attenuated t o  some degree on the s i l t s  and c lays i n  the 
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. -  . A .  g l a c i a l  t i l l and on the f i nes  i n  the  unsaturated zone. 

E-5a(3) D e t e c t a b i l i t y  

Each o f  the i nd i ca to r  parameters and hazardous const i tuents  
have s p e c i f i c  ana ly t i ca l  methods and associated detect ion 
l i m i t s .  A complete l i s t i n g  o f  these methods and detect ion 
l i m i t s  can be found i'n U.S. EPA SW-846 3rd Edi t ion.  
Detection l i m i t s  as i d e n t i f i e d  i n  Table 2-15 o f  SW-846 f o r  
each o f  the l i s t e d  const i tuents i s  provided i n  Table E-11. 

E-5b Groundwater Moni t o r i n a  Proaram 

The groundwater monitor ing system t h a t  i s  t o  be used dur ing the 
Detection Monitor ing Program i s  discussed i n  d e t a i l  i n  the fo l low ing  
subsections. The detect ion monitoring system comprises upgradient 
and background we l ls  and downgradient wel ls  t h a t  are located a t  the 
po in t  o f  compliance t o  al low detect ion o f  hazardous const i tuents  tha t  
may migrate from the regulated u n i t  i n t o  the uppermost aqui fer .  The 
po in t  o f  compliance i s  defined here as the v e r t i c a l  plane located a t  
the downgradient l i m i t s  o f  the regulated u n i t  and posi t ioned i n  the 
uppermost aqui fer  underlying tha t  regulated u n i t .  (See Section B, 
Figure 8-7). The sand and gravel aqui fer ,  as described i n  Section 
E-3.7, underlying the regulated un i t .  

Monitor ing we l ls  screened i n  the sand and gravel  are monitored as 
p a r t  o f  the Compliance Monitoring Program. These we l ls  are 2000, 
3000, and 4000 ser ies wells, which are screened a t  increas ing ly  
deeper c o l l e c t i o n  points  i n  the sand and gravel aqui fer .  

+ -  Hydrogeologic data on the sand and gravel aqu i fe r  i s  discussed i n  
Section E-3. 

E-5b(l) Pescr iDt ion o f  Wells 
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Table E-12 provides a l i s t  o f  the  monitor ing w e l l s  i n  the  
de tec t ion  monitor ing network. The monitor ing system includes 
background we l ls  and downgradient we l l s  located a t  the p o i n t  
o f  compliance. A t  the FMPC, the  Detect ion Monitor ing Program 
study area i s  def ined t o  be the  area comprising the s i x  waste 
p i t s  and the  c learwel l ,  designated the  Waste P i t  Area. The 
Waste P i t  Area was selected as the  study area f o r  detect ion 
monitor ing due t o  the  i n a b i l i t y  t o  h y d r a u l i c a l l y  separate the 
i nd i v idua l  waste p i t s  from each other  f o r  purposes o f  
groundwater monitoring. 

A t o t a l  o f  n ine we l ls  i n s t a l l e d  w i t h i n  the  sand and gravel 
aqu i fe r  comprise the detect ion we l l  monitor ing program i n  the  
uppermost aqu i fe r  under ly ing the  Waste P i t  Area. Four o f  
these we l ls  (2043, 2066, 3043 and 3066) are located 
hyd rau l i ca l l y  upgradient o f  the Waste P i t  Area and serve as 
the background moni t o r i n g  we1 1 s .  The downgradient we1 1 s 
i n s t a l l e d  a t  the po in t  o f  compliance are 3001, 4001, 2019, 
3019, and 2027. 

Well c l us te rs  2043/3043 and 2066/3066 are located west and 
upgradient o f  the Waste P i t  Area and serve t o  determine 
background groundwater q u a l i t y  o f  the  sand and gravel  
aqui f e r .  

Downgradient we l ls  3001, 4001, 2019, 3019, and 2027 are 
located a t  the po in t  o f  compliance downgradient o f  the Waste 
P i t  Area. Well locat ions i n  r e l a t i o n  t o  the  piezometric 
contours o f  the sand and gravel aqu i fe r  are depicted on the  
potent iometr ic  map provided i n  Section 6, Figure 6-7. 

Wells i n  the  sand and gravel aqu i fe r  detect ion monitor ing 
program were i n s t a l l e d  a t  various times and are constructed 
o f  d i f f e r e n t  mater ia ls.  A l l  o f  these sand and gravel wells, 
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however, are those that partially constitute the Interim 
Status assessment monitoring program we1 1 s and have been 
previously sampled over several years. 

Wells 2043, 3043, 2066, 3066, 2027, and 3027 are constructed 
with 4-inch I.D. stainless steel screen and riser pipe 
materials. Wells 3001 and 4001 are constructed of 8-inch 
diameter steel casing. Wells 2019 and 3019 are constructed 
of 4-inch I.D. schedule 40 PVC screen and riser materials. 
The base of the screens in the 2000 series wells range from 
66.8 to 74 feet deep. Depths to the base of the screen range 
from 134 to 117.6 feet below the ground surface in the 3000 
series wells. (Detailed well logs for each of these sand and 
gravel wells describing the lithologic and well construction 
information are provided in Appendix E-I). 

E-5b(2) PeDresentative Samples 

Groundwater samples collected from the designated detection 
monitoring wells in the sand and gravel aquifer are 
representative of the quality of groundwater that passes 
through the wells. As discussed in Section E-3, 
transmissivity values in the sand and gravel aquifer have 
been recorded up to 270 feet per day. The high 
transmissivity values and a quarterly sampl ing frequency 
indicate that representative samples will be collected from 
each well during each sampling event. 

Water level data are proposed to be collected from Detection 
Program monitoring wells each time the wells are sampled on 
a quarterly basis. Piezometric contour maps will continue 
to be prepared from the water level data to characterize the 
groundwater gradient and direction of flow. The contour maps 
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w i l l  a i d  i n  determining any f l u c t u a t i o n s  i n  groundwater f l o w  
d i r e c t i o n  throughout the monitor ing program. 

Backaround Moni t o r i n a  Points 

We1 1 c lus te rs  2066/3066 and 2043/3043 are located upgradient 
o f  the Waste P i t  Area, so t h a t  the samples co l l ec ted  from the 
we l l s  are not impacted from the waste p i t s  w i t h i n  the area. 
The groundwater gradient i n  the sand and gravel aqu i fe r  
trends eastward, toward the Great Miami River (Figure B-7). 
Data co l l ec ted  from these upgradient wel ls  are s u f f i c i e n t  t o  
character ize background groundwater qual i t y  a t  two depths 
w i t h i n  the sand and gravel aqui fer .  

ComDl iance Monitorina Points 

The compliance po in t  we l l s  i n  the sand and gravel aqui fer  
represent three downgradient locat ions.  Two wel ls  a t  each 
l o c a t i o n  are representat ive o f  two depth i n te rva l s .  These 
nested wel ls  (3001 and 4001, 2019 and 3019, and 2027 and 
3027) are located east o f  and downgradient o f  the hazardous 
waste management area. The we l l s  are located on the p o i n t  
o f  compliance and are capable o f  character iz ing the 
groundwater a t  various depths w i t h i n  the sand and gravel 
aqu i fe r  t h a t  p o t e n t i a l l y  may be impacted by the Waste Storage 
Area. 

E-5b(3) Locations o f  Backaround Groundwater Moni t o r i n a  
Wells t h a t  are not  UDaradient 

Extensive groundwater gradient character izat ion across the 
s i t e  ind icates t h a t  a l l  we l l s  used t o  determine background 
groundwater q u a l i t y  i n  the sand and gravel aqui fer  are 
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upgradient wells and, therefore, this section is not 
applicable to this Part B Permit.Application. 

E-5c Backaround Values 

This section provides details on the FMPC plans for establishing 
background values for the hazardous constituents proposed for 
monitoring under this Detection Monitoring Program. 

E-5~(1) Data Currentlv Available 

The FMPC is currently in the process of establishing 
background values for the all the hazardous constituents 
proposed for monitoring under this Detection Monitoring 
Program. Data used to determine background levels will 
include those collected during the Assessment Monitoring 
Program and the Appendix IX sampling effort currently 
undergoing laboratory analysis. The plan for establishing 
these values is discussed in Section E-5 (c)(2) below. 

E-Sc(2) Plan for Establ ishina Groundwater Qual itv Data 

The monitoring constituents identified for this Detection 
Monitoring Program are also included in the list of 
constituents currently being monitored under the revised 40 
CFR 265 Groundwater Qual i ty Assessment Program P1 an (GQAPP) . 
(A copy of the GQAPP is provided in Appendix E-111). Site 
specific constituents were identified for monitoring in the 
March 1989 revision of the GQAPP. The proposed detection 
monitoring constituents provided in Table E-10 are a subset 
of the revised GQAPP constituents. At the time of submission 
of this permit application one round (Round 5) of sampling 

. 

has been completed 
Assessment Program. 
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under the revised Groundwater Qual i ty 
Analytical results are not yet available 
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from this round of sampling. As a consequence background 
values have not been established for the detection monitoring 

-_ Y -  - -  constituents. Background values, at the upgradient wells 
- + .  identified in Section E-5b, will be established for all 

proposed detection monitoring constituents as described 
bel ow. 

e- 

E-5c(2)(a) --)Jell Locations 

REV. 0 0989 

The wells being used to establish background data 
are well clusters 2043/3043 and 2066/3066 which 
are screened in the upper and lower sand and 
gravel aquifer. Groundwater data collected during 
the RI/FS (Rounds 1 through 4) indicate that these 
wells are all upgradient of the waste storage area 
within their respective hydrogeologic units and 
therefore should provide samples which are 
representative of the background groundwater 
quality in the uppermost aquifer. The relative 
location of these wells to the waste storage area 
along with the groundwater potentiometric 
configuration is shown on groundwater 
potentiometric maps which are included in Section 
B, Figure 6-7. 

E-5c( 2) (b) S a m 1  i nq Freauencv 

As detailed in the Groundwater Qual ity Assessment 
Program Plan, quarterly sampling will be done on 
all wells being used to acquire the data necessary 
for determining the background groundwater qual i ty 
of all monitoring constituents. Sampling ,will be 
conducted on a quarterly basis. All samples will 
be analyzed for all of the constituents, listed 
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in Table E-10, being proposed for monitoring under 
the detection monitoring program. 

E-5c(2) (c) SamPl ina Ouantity 

A minimum of one sample from each well will be 
taken each time the wells being used to establish 
background are sampled. There will be a minimum 
of four sampling rounds conducted for the 
Detection Monitoring Program background 
determination. This requirement will be fulfilled 
as part of the quarterly sampling being done for 
40 CFR 265 Groundwater Qual i ty Assessment Program. 

E-Sc(2) (d) Backaround Values 

Background values establ ished for the detection 
monitoring program will be used as compliance 
1 imits against which downgradient hazardous 
constituent concentrations will be compared to 
determine if there has been a statistically 
significant increase of these hazardous 
constituents at the compliance point wells. 
Background groundwater quality data will be 
expressed in the appropriate form to allow these 
statistical comparisons. The form of the data 
will be dictated by the statistical procedure 
being utilized. Section E-5 (d)(7) provides 
descriptions of the statistical procedures which 
will be employed in this monitoring program. 

E-5d SamDl ina. Ana lysis. and Statistical Procedures 
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€-5d(l) SamDle Collectio~ 

Sampl e col 1 ect i on procedures are i ncl uded in Appendi x E- I. 

E-5d(2) SamDle Preservation and Shi Dmen t 

All sample preservation and shipment procedures are 
included in Appendix E-I. 

E-5d(3) Analytical Procedures 

A1 1 analytical procedures are incl uded in Appendix E- I. 

E-Sd(4) Chain of Custody 

All chain 
E-I. 

E- 5d ( 5) 

of custody procedures are included in Appendix 

Additional Reauirements for ComDl iance Point 
Mon i tori nq 

/- 

Additional requirements for detection monitoring are 
described in the following sections. 

E-5d(5) (a) SamDl ina Freauency 

All wells in the detection monitoring system 
will be monitored quarterly throughout the 
compliance period. The compliance period will 
normally continue until completion of the post 
closure care period of the regulated unit. 
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E-5d(5)(b) C o m ~  1 i ance Point Groundwater Qual i tf 
Val ues 

All groundwater data collected from this 
detection monitoring program will be expressed 
in a form which will allow the statistical 
procedures described in section E-5d(7) to be 
util ized in the determination of whether there 
has been a statistically significant increase 
in the concentrations of hazardous constituents 
measured at the compliance point wells. 

E-Sd(6) Annual Determination of Aauifer Flow Rate and 
Di recti on 

The regional groundwater flow rate and direction will be 
determined annually using the SWIFT I 1 1  three dimensional 
groundwater flow and sol Ute transport computer model being 
util ized in parallel investigations under the RI/FS 
program. Groundwater surface elevations, measured each 
time the wells are sampled, will be entered into the most 
recently calibrated version of the flow model. The 
groundwater flow model wi 1 1  then be recal i brated i f 
necessary to permit a determination of the regional 
groundwater flow rates and directions. In addition to the 
determinations on the flow model, potentiometric maps will 
be updated at least annually to graphically document 
changes in the groundwater surface elevation. 

€-5d( 7) Statistical Determinations 

All analytical results obtained from groundwater sampling 
at each compliance point well will be examined to determine 
whether there has been a statistically significant increase 
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i n  the concentrat ion of hazardous const i tuents  over the 
background values. Several s t a t i s t i c a l  procedures are 
being speci f ied t o  al low the f l e x i b i l i t y  t o  respond t o  
changes i n  monitoring condi t ions.  The s t a t i s t i c a l  
procedures speci f i ed here cover several ant ic ipated 
condit ions. However,. should these procedures prove 
inadequate f o r  a cu r ren t l y  unforseen s i t ua t i on ,  an 
appropriate procedure, as determined by a s t a t i s t i c i a n ,  
which s a t i s f i e s  the performance requirements o f  40 CFR 
264.98(g), w i l l  be used t o  determine s t a t i s t i c a l l y  
s i  gn i  f i cant d i  fferences . 

€-5d(7) (a) S t a t i s t i c a l  Procedure 

Figure E-13 shows the dec is ion steps t h a t  w i l l  
be fol lowed when the data being evaluated 
involves comparisons between background we1 1 s 
and compliance po in t  wel ls.  An analysis o f  
variance w i l l  be the primary s t a t i s t i c a l  
procedure used f o r  data comparisons between 
background we1 1 s and compl i ance we1 1 s .  Two 
other s t a t i s t i c a l  procedures, tolerance 
i n t e r v a l s  and p red ic t i on  i n te rva l s ,  w i l l  be 
u t i 1  i t e d  as a1 ternate procedures t o  the analysis 
o f  variance procedure i f  deemed necessary. The 
s p e c i f i c  condi t ions under which each procedure 

.may be used t o  determine whether there i s  
s t a t  i s t  i c a l l  y s ign i  f i cant evidence o f  
contamination are discussed below. 

Analysis o f  variance: 

I f  the proport ion o f  detected values i s  50% o r  
more, then an analysis o f  variance procedure 

./-- 
I 
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pH, compliance concentrations which do not  f a l l  
w i t h i n  the to lerance i n t e r v a l ,  would i nd i ca te  
s t a t i s t i c a l  l y  s i g n i f i c a n t  evidence o f  
contamination. A coverage and a to1 erance 
c o e f f i c i e n t  o f  95% w i l l  be employed prov id ing 
a 95% confidence l e v e l  t h a t  the upper 9 5 % 

to lerance l i m i t  w i l l  conta in  a t  l e a s t  95% o f  the 
d i s t r i b u t i o n  o f  observations from background 
wel l  data. 

Predic t ion i n te rva l s :  

Predic t ion i n t e r v a l s  i s  a lso an a l te rna te  
procedure which may be employed f o r  determining 
s t a t  i s t  i c a l l  y s ign i  f i cant d i  f ferences between 
data gathered from background we l l s  and 
compliance po in t  wel ls .  The concentrations o f  
a hazardous cons t i tuent  i n  background we1 1 s w i  11 
be used t o  es tab l i sh  an i n t e r v a l  w i t h i n  which 
fu tu re  observations from the  same populat ion 
w i l l  be expected t o  l i e  w i t h  a spec i f ied  
confidence . S t a t i s t i c a l  evidence o f  
contamination i s  provided when a fu tu re  
observation exceeds the  p red ic t i on  i n t e r v a l .  
The number o f  f u t u r e  observations w i l l  be 
spec i f ied  and the p red ic t i on  i n t e r v a l  w i l l  be 
constructed f o r  a spec i f ied  per iod o f  a t  l e a s t  
one year. The p red ic t i on  i n t e r v a l  w i l l  be 
constructed, w i t h i n  a 95% probabi l  i ty, e i t h e r  
t o  contain a l l  i nd i v idua l  observations o r  t o  
contain the means observed a t  the sampling 
periods. 

50 



E-Sd(7)(b) Results 

S t a t i s t i c a l  Analyses have been prev ious ly  
completed as p a r t  o f  I n t e r i m  Status Detect ion 
Monitoring. As a r e s u l t  o f  these s t a t i s t i c a l  
analyses, the f a c i l i t y  i s  c u r r e n t l y  engaged i n  
In te r im  Status Assessment Monitoring. I n  the 
event t h a t  a permit ted status detect ion 
monitoring program i s  i n i t i a t e d  a t  the f a c i l i t y  
the necessary s t a t i s t i c a l  analyses under 40 CFR 
264.98 (9) (2) w i l l  be completed a t  the f i r s t  
opportuni ty and i n  no event longer than the 
rece ip t  and analyses o f  the f o u r t h  round o f  
permitted s tatus detect ion monitor ing data. 

E-6 COMPLIANCE MONITORING PROGRAM 

I n  accordance w i t h  40 CFR 270.14(~)(7), i f  the presence o f  hazardous 
const i tuents  has been i d e n t i f i e d  i n  the groundwater a t  the p o i n t  o f  
compliance a t  the t ime the Part  B Permit Appl icat ion i s  submitted, the 
owner/operator o f  the f a c i l i t y  must provide s u f f i c i e n t  informat ion t o  
es tab l i sh  a compliance monitoring program which meets the requirements o f  
40 CFR 264.99. 

Currently, the f a c i l i t y  i s  cont inuing w i t h  the assessment monitor ing 
program i n  accordance w i t h  the Groundwater Qual i t y  Assessment Program P1 an 
(GQAPP) Revision 1, t h a t  was submitted t o  the OEPA and the U.S. EPA on 
March 23, 1989. 

The f i f t h  round o f  sampling under the GQAPP was completed i n  June 1989. 
The s i x t h  round o f  sampling i s  scheduled t o  be conducted dur ing August and 
September 1989. The ana ly t i ca l  r e s u l t s  o f  both rounds o f  sampling w i l l  
be prepared and submitted t o  the OEPA once they are received and reviewed 
by the f a c i l i t y  i n  accordance w i t h  the GQAPP. 
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The Compliance Monitoring Program is herein outlined and defined so that 
it can be implemented under the facility’s permitted status if Assessment 
Monitoring Program data indicate that hazardous constituents have been 
detected in the uppermost aquifer downgradient of the regulated facility. 

Data and information gathered to support the Compliance Monitoring Program 
outline was, in part, compiled as part of the RI/FS program presently 
being conducted at the facility concurrently with the RCRA program being 
conducted for Waste Pit 4. 

Upon implementation of this Compliance Monitoring Program the following 
procedure will be carried out in the event that the groundwater protection 
standards, as defined in the permit, are exceeded: 

Written notification will be sent to the Director of 
within seven days of making a determination that the 
protection standards have been exceeded. Thi s not i f 
indicate what concentration 1 imits have been exceeded. 

he Ohio EPA 
groundwater 
cat i on wi 1 1 

The FMPC will then submit an application for a permit modification 
to establish a corrective action program within 100 days meeting the 
requirements of 40 CFR 264.100. Details of the actions to be 
undertaken in order to bring the groundwater into compliance will 
also be provided at this time along with a description of the 
monitoring program that will be implemented to demonstrate the 
effectiveness o f  the corrective action. 

In the event it is determined that the permit concentration limits 
were exceeded as a result o f  a source other than the FMPC or an error 
in sampling or sample analysis, a demonstration will be made to the 
OEPA to subs tan t i ate t h i s determi nat i on. 
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For a complete waste description, please refer to Section E-Sa(1). 

E-6b Characterization of Contaminated Groundwater 

As discussed in Section E-2,  the FMPC is currently executing a 
Groundwater Qual i ty Assessment Monitoring Program. The Assessment 
Program was initiated as a combined effort with the Remedial 
Investigation/Feasibil ity Study (RI/FS) groundwater investigation 
due to the consistency in objectives of the two programs. Samples 
collected during RI/FS Round 1 monitoring identified low 
concentrations of dichloroethane, methylene chloride, toluene and 
acetone in scattered wells in waste storage area. The groundwater was 
resampled in June 1989 for these substances at both upgradient and 
downgradient locations to determine if the constituents are actually 
present in the groundwater or the result of sampling or analytical 
error. The results of this sampl ing event have not been reported to 
this facility at the time of this writing. If these substances are 
discovered to be present in the groundwater the data will be 
evaluated to determine if they are present in statistically 
significant quanti ties compared to background values. Data collected 
to date 
11. 

E-6c 

on the Assessment Program wells can be found in Appendix E- 

Hazardous Wa ste Constituents to be Monitored 

The groundwater upgradient and downgradient of the waste storage area 
will be monitored for hazardous waste and hazardous waste 
constituents that are specific to the FMPC. As required by 40 CFR 
264.93 the constituents to be monitored at the point of compliance 
include hazardous constituents identified in Appendix I X  of 40 CFR 
264 that have been detected in the groundwater in the uppermost 
aquifer underlying the waste storage area. Selection of these 
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constituents is based on groundwater sampling data obtained from 
interim status detection and assessment monitoring and 40 CFR 261 
Appendix VI11 sampling conducted on Waste Pit No. 4 as part o f  the 
Characterization Investigation Study. Table E-13 provides the 

. complete list of hazardous constituents and groundwater indicator 
parameters to be monitored at the point of compliance. 

The FMPC is scheduled to perform 40 CFR 264 Appendix IX sampling on 
compliance well numbers 2043, 3043, 2019, 3019 and 2027 in the Waste 
Storage Area during the sixth round of Assessment Monitoring in the 
month of August 1989. As part of the ongoing assessment monitoring 
program, 40 CFR 264 Appendix IX sampling will also be done on till 
wells 1052, 1025, 1079, 1074, 1080, 1082 and 1031, and sand and 
gravel wells 2084, 3084, 2037 and 3037. This sampling will be 
conducted at we1 1 s located both upgradient and downgradient of the 
Waste Storage Area. The analytical results will be reported after 
receipt of validated data by this facility. Appendix IX constituents 
identified in the groundwater which are not already included in the 
list of proposed monitoring constituents given in Table E-13 will be 
provided in a revised list at that time. 

As required by 40 CFR 264.99 (f) compliance point wells will be 
monitored annually for all 40 CFR 264 Appendix IX constituents in 
addition to the substances listed in Table E-13.. 

E-6d Concentration Limits 

Concentration 1 imits for the hazardous constituents included in the 
Compliance Monitoring Program are established according to guidance 
provided in 40 CFR 264.94. Concentration limits for specific 
inorganic constituents are listed in 40 CFR 264.94 (a ) (2 ) ,  Table 1, 
Maximum Concentration Limits of Constituents for Groundwater 
Protection. From Table 1 in 40 CFR 264.94 (a) 2, the FMPC proposes 
to monitor barium, chromium, lead, and silver for statistically 
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s i g n i f i c a n t  increases over the concentrat ion 1 i m i t s  provided i n  t h a t  
table.  Concentration 1 i m i t s  f o r  the other const i tuents  i d e n t i f i e d  
i n  Table E-13 w i l l  be s t a t i s t i c a l l y  determined from background values 
o f  those const i tuents.  Background values are c u r r e n t l y  being 
establ ished f o r  these remaining consti tuents. These background 
values w i l l  be establ ished from the s t a t i s t i c a l  analysis o f  data 
gathered through sampling cu r ren t l y  being conducted f o r  the 
Assessment Monitoring Program. The plan f o r  es tab l i sh ing  these 
concentrat ion 1 i m i t s  i s  discussed i n  Section E-6 (9) (2). 

E-6e A1 ternate Concentration L im i t s  

Groundwater data gathered from the uppermost aqu i fe r  i nd i ca te  t h a t  
low concentrations o f  se lect  const i tuents have been sporadica l ly  
i d e n t i f i e d .  Because o f  the low concentrations recorded, the f a c i l i t y  
i s  not  requesting t h a t  A l ternate Concentration L i m i t s  (ACLs) be 
establ ished a t  the t ime o f  t h i s  Part B Appl icat ion submit ta l .  

E-6f Groundwater Moni t o r i n q  System 

For a complete desc r ip t i on  o f  the groundwater monitor ing system, 
please r e f e r  t o  Section E-5b. 

E -6 f ( l )  DescriDtion o f  Wells 

For a complete descr ip t ion o f  wells, please r e f e r  t o  Section 
E-5b( 1). 

E-6(f) (2) ReDresentative Samples 

For a compl e te  d i  scussion o f  representat ive sampl es, please 
r e f e r  t o  Section €-5b(2). 

REV. 0 0989 E-47 55 



' C  958 
E-6f(3) Locations o f  Backaround Groundwater Moni t o r i  nq 

Wells t h a t  are not UDaradient 

Please r e f e r  t o  Section 5b(3). 

E - 69 Bac karound Level s 

This sect ion provides d e t a i l s  on the FMPC plans f o r  estab l ish ing 
background values f o r  the hazardous const i tuents  proposed f o r  
monitoring under t h i s  compliance monitoring program. 

E-6g(1) Data Current lv Avai lable 

The FMPC i s  cu r ren t l y  i n  the process o f  estab l ish ing 
background values f o r  the a l l  the hazardous const i tuents 
proposed f o r  monitoring under t h i s  compl iance monitoring 
program. Data used t o  determine background l e v e l s  w i l l  
inc lude those co l l ec ted  dur ing the Assessment Monitoring 
Program and the Appendix I X  sampling e f f o r t  cu r ren t l y  
undergoing laboratory  analysis. The p lan f o r  estab l ish ing 
these values i s  discussed i n  sect ion E-6 (g)(2) below. 

E-6g(2) Plan f o r  Establ ish ina Groundwater Oual i t v  Data 

The monitor ing const i tuents i d e n t i f i e d  f o r  t h i s  compliance 
monitor ing program are also included i n  the l i s t  o f  
const i tuents c u r r e n t l y  being monitored under the revised 40 
CFR 265 Groundwater Qual i t y  Assessment Program P1 an (GQAPP) . 
A copy o f  the GQAPP i s  provided i n  Appendix E-111. S i t e  
s p e c i f i c  const i tuents were i d e n t i f i e d  f o r  monitor ing i n  the 
March 1989 r e v i s i o n  o f  the GQAPP. The proposed compl iance 
monitoring const i tuents provided i n  Table E-13 are a subset 

on 

ng 

consti tuents. A t  the t ime o f  submiss 
cat ion one round (Round 5) o f  sampl 

o f  the revised GQAPP 
o f  t h i s  permit  appl 
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has been completed under the revised Groundwater Quality 
Assessment Program. Analytical results are not yet avail able 
from this round of sampling. As a consequence background 
values have not been established for the compliance . 

monitoring constituents. Background values, at the 
upgradient wells identified in section E-6 (f), will be 
establ i shed for a1 1 proposed compl i ance monitoring 
constituents as described below. 

E-6g(2) (a) Backwound Data 
Upgradient wells 2066, 3066, 2043 and 3043 were 
sampled during the month of June 1989 (Round 5) 
as part of the 40 CFR 265 assessment monitoring 
program which was revised in March 1989. Round 
6 of sampling will be conducted during the month 
of August 1989. Samples taken during both o f  
these rounds are to be analyzed for all of the 
monitoring constituents identified for this 
compl iance monitoring program. The data coll ected 
will be statistically evaluated to establish 
representative background values for each 
constituent. In accordance with the requirements 
of 40 CFR 264.97(9)(2), all data used for 
establishing background values for the proposed 
monitoring constituents will be examined 
thoroughly for measurement errors in sampl ing and 
analysis. Where appropriate, adjustments will be 
made for any seasonal fluctuations in the 
background qual i ty i f such fl uctuat i ons are 
expected to affect the concentration of the 
hazardous constituent. 
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E-6g(2) (b) Well Location 

The wells being used to establish background data 
are well clusters 2043/3043 and 2066/3066 which 
are screened in the upper and lower sand and 
gravel aquifer. Groundwater data collected during 
the RI/FS (Rounds 1 through 4) indicate that these 
wells are all upgradient o f  the waste storage area 
within their respective hydrogeologic units and 
therefore should provide samples which are 
representative of the background groundwater 
quality in the uppermost aquifer. The relative 
location of these wells to the waste storage area 
along with the groundwater potentiometric 
configuration i s shown on groundwater 
potentiometric maps which are included as Figure 

. 

B-7.  

E-6g(2)(c) Sam1 incr Freauencv and Quantity 

As detailed in the Groundwater Quality Assessment 
Program P1 an (see Appendix E- I I I, quarterly 
sampling will be done on all wells being used to 
acquire the data necessary for determining the 
background groundwater qual i ty of  a1 1 monitoring 
constituents. Sampling will be conducted on a 
quarterly basis. All samples will be analyzed for 
all of the constituents, listed in Table E-13, 
being proposed for monitoring under the compl iance 
monitoring program. 
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E-6g(2)(d) SamDlina Ouantitv 

In accordance with the requirements of 40 CFR 
264.97(9)(4) for establishing groundwater quality 
data a minimum o f  one sample from each well will 
be taken each time the wells being used to 
establish background are sampled. There will be 
a minimum o f  'four sampling rounds conducted for 
the Compl iance Monitoring Program background 
determination. This requirement will be fulfilled 
as part of the quarterly sampling being done for 
40 CFR 265 Groundwater Qual i ty Assessment 
Program. 

E-6g(2)(e) Backaround Values 

Background values establ i shed for the compl i ance 
monitoring program will be used as compliance 
limits against which downgradient hazardous 
constituent concentrations will be compared to 
determine whether there has been a statistically 
significant increase of these hazardous 
constituents at the compliance point wells. 
Background groundwater qual i ty data wi 1 1  be 
expressed in the appropriate form to allow these 
statistical comparisons per 40 CFR 
264.99(~)(3)(ii). The form of the data will be 
dictated by the statistical procedure being 
uti1 ized. Section E-6h(7) provides descriptions 
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of the statistical procedures which will be 
employed in this monitoring program. 
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E-6h SamDl ina. Analysis. and S t a t i s t i c a l  Procedures 

E-6h(l) SamDle Co l l ec t i on  

A l l  sample c o l l e c t i o n  procedures are included i n  Appendix E- 
I. 

E-6h(2) SamDle Preservation and ShiDment 

A1 1 sampl e preservation and shipment procedures are i nc l  uded 
i n  Appendix E - I .  

E-6h(3) Anal v t i c a l  Procedures 

A l l  ana ly t i ca l  procedures are included i n  Appendix E - I .  

E-6h(4) Chain o f  Custody 

A l l  chain o f  custody procedures are included i n  Appendix E- 
I. 

E-6h(5) Addi t ional  Reauirements f o r  ComDl iance Monitor inq 

Addi t ional  requirements f o r  compliance monitoring are 
described i n  the fo l l ow ing  sections. 

E-6h(5) (a) SamDl ina Freauencv 

A l l  wel ls  i n  the compliance monitoring system w i l l  
be monitored quar te r l y  throughout the compliance 
per iod i n  accordance w i t h  the requirements o f  40 
CFR 264.99(d). The compliance per iod w i l l  
normally continue u n t i l  f i n a l  closure o f  the waste 
management area a t  which t ime an appl icat ion w i l l  
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be submitted f o r  the  reinstatement o f  a de tec t ion  
monitoring program. 

E-6h(5)(b) Test ina f o r  ADDendix I X  Consti tuents 

According t o  40 CFR 264.99(f), samples from a l l  
monitor ing we l ls  a t  the compliance po in t  w i l l  be 
analyzed annually t o  determine whether 
const i tuents  i d e n t i f i e d  i n  the l i s t  i n  Appendix 
I X  t o  40 CFR 264 are present i n  the groundwater 
and i f  so a t  what concentrat ion. 

E-6h(5) (c) ComDl iance Point Groundwater Qual i ty  
Values 

According t o  40 CFR 264.99(d), a l l  groundwater 
data co l lec ted  from t h i s  compliance monitor ing 
system w i l l  be expressed i n  a form which w i l l  
a l low the s t a t i s t i c a l  procedures described i n  
sect ion E-6 (h)(7) t o  be u t i l i z e d  i n  the 
determination o f  whether there has been a 
s t a t i s t i c a l  l y  s i g n i f i c a n t  increase, over the 
concentrat ion l i m i t s ,  i n  the concentrat ions o f  
hazardous const i tuents  measured a t  the compliance 
wel ls.  

E-6h(6) Annual Determination o f  Aaui fer  Flow Rate and 
D i rec t ion  

I n  accordance w i th  the requirements o f  40 CFR 264.99(e) the 
regional  groundwater f low r a t e  and d i r e c t i o n  w i l l  be 
determined annually using the SWIFT I11 three dimensional 
groundwater f low and sol  Ute t ranspor t  computer model being 
u t i 1  ized i n  p a r a l l e l  inves t iga t ions  under the RI /FS program. 
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Groundwater surface elevations, measured each time the we1 1 s 
are sampled in accordance 40 CFR 264.97(f) requirements, will 
be entered into the most recently calibrated version of the 
flow model. The groundwater flow model will then be 
recalibrated if necessary to permit a determination of the 
regional groundwater flow rates and directions. In addition 
to the determinations on the flow model, potentiometric maps 
will be updated at least annually to graphically document 
changes in the groundwater surface elevation. 

E-6h (7) Stat i st ical Determinations 

All analytical results obtained from groundwater sampling at 
each compliance point well will be examined to determine 
whether there has been a statistically significant increase 
in the concentration of hazardous constituents over the 
concentration 1 imits specified in the permit. Several 
statistical procedures are being specified to allow the 
flexibility to respond to changes in monitoring conditions. 
The statistical procedures specified here cover several 
anticipated conditions. However, should these procedures 
prove inadequate for a currently unforseen situation, an 
appropriate procedure, as determined by a statistician, which 
satisfies the performance requirements of 40 CFR 264.97(i), 
will be used to determine statistically significant 
di fferences. 

E-6h (7) (a) Backqround We1 1 to Compl i ance We1 1 
Comparisons 

I Figure E-13 shows the decision steps that will be 
followed when the data being evaluated involves 
comparisons between background we1 1 s and 
compliance point wells. An analysis of variance 
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r , -  355 
w i l l  be the  primary s t a t i s t i c a l  procedure used f o r  
data comparisons between background we1 1 s and 
compl i ance we1 1 s .  Two other  s t a t  i s t  i c a l  
procedures, to1 erance i n t e r v a l  s and p red ic t  ion  
in te rva ls ,  w i l l  be u t i l i z e d  as a l te rna te  
procedures t o  the analysis o f  variance procedure 
i f deemed necessary. The speci f i c condi t ions 
under which each procedure may be used t o  
determine whether there i s  s t a t i s t i c a l l y  
s i g n i f i c a n t  evidence o f  contamination are 
d i  scussed bel ow. 

Analysis of variance: 

I f  the propor t ion of detected values i s  50% o r  
more, then an analysis o f  variance procedure 
(ANOVA) w i l l  be the  f i r s t  choice f o r  the 
determination o f  s t a t i  s t i c a l  s i g n i  f icance. 

One-way analysis o f  variance s t a t i s t i c a l  
procedures w i l l  be used t o  determine whether 
d i f ferences i n  mean concentrat ions among we1 1 s o r  
groups o f  we l ls  are s t a t i s t i c a l l y  s ign i f i can t .  
A one-way parametric analysis o f  variance 
procedure w i l l  be used for  s i t ua t i ons  where data 
f o r  a water q u a l i t y  parameter o r  hazardous 
const i tuent  are avai lab le.  from several we l l s  but 
on ly  f o r  one t ime period, o r  when data, which do 
not  e x h i b i t  seasonal i ty, are avai 1 ab1 e from 
several we l ls  f o r  several t ime periods. A one- 
way non-parametric analysis o f  variance procedure 
w i l l  be used f o r  i n te rwe l l  comparisons when the 
data o r  the  res iduals  from a parametric ANOVA have 
been found t o  be s i g n i f i c a n t l y  d i f f e r e n t  from 
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normal and when a l o g  t ransformat ion f a i l s  t o  
adequately normalize the data. 

Tolerance i n t e r v a l s  based on the normal 
d i s t r i b u t i o n :  

The homogeneous nature o f  the geology between the 
background we1 1 s and compl i ance we1 1 s i n  the waste 
storage area lends i t s e l f  t o  an a l te rna te  
approach, such as a to1 erance i n t e r v a l  s procedure, 
t o  an analysis o f  variance. Tolerance i n t e r v a l s  
w i l l  be constructed from data on background wel ls.  
The concentrations from compl iance we1 1 s w i l l  then 
be compared w i t h  the tolerance i n t e r v a l .  With the 
exception o f  pH, compliance concentrat ions which 
do not  f a l l  w i t h i n  the tolerance i n t e r v a l ,  would 
i nd i ca te  s t a t i s t i c a l  l y  s ign i  f i cant evidence o f  
contami nat ion.  A coverage and a to1 erance 
c o e f f i c i e n t  o f  95% w i l l  be employed prov id ing a 
95% confidence l e v e l  t h a t  the upper 95% tolerance 
l i m i t  w i l l  contain a t  l e a s t  95% o f  the 
d i s t r i b u t i o n  o f  observations from background we1 1 
data. 

Predic t ion i n te rva l s :  

REV. 0 0989 

Predic t ion i n t e r v a l s  i s  also an a l te rna te  
procedure which may be employed f o r  determining 
s t a t  i s t  i ca l  l y  s i g n i f i c a n t  d i  f ferences between data 
gathered from background we1 1 s and compl i ance 
po in t  wel ls.  The concentrations o f  a hazardous 
const i tuent  i n  background wel ls  w i l l  be .used t o  
es tab l i sh  an i n t e r v a l  w i t h i n  which fu tu re  
observations from the same populat ion w i l l  be 
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expected t o  l i e  w i t h  a spec i f i ed  confidence. 
S t a t i s t i c a l  evidence o f  contamination i s  provided 
when a f u t u r e  observation exceeds the  p red ic t i on  
i n t e r v a l .  The number o f  f u t u r e  observations w i l l  
be spec i f i ed  and the p red ic t i on  i n t e r v a l  w i l l  be 
constructed f o r  a speci f ied per iod o f  a t  l e a s t  one 
year. The p red ic t i on  i n t e r v a l  w i l l  be 
constructed, w i t h i n  a 95% probabi 1 i ty, e i t h e r  t o  
contain a l l  i nd i v idua l  observations o r  t o  contain 
the means observed a t  the sampling periods. 

E-6h(7)(b) ComDari sons w i t h  Maximum 
Concentration L i m i t s  o r  A1 ternate 
Concentration L i m i t s  

The s t a t i s t i c a l  procedures described here w i l l  be 
u t i  1 i zed when compari sons are being made between 
concentrat ions o f  hazardous const i tuents  i n  
compliance p o i n t  wel ls  and prespeci f ied f i x e d  
concentrat ion l i m i t s .  The mean compliance wel l  
concentrat ion w i l l  be compared against the 
compliance l i m i t  through the const ruct ion o f  a 
confidence l e v e l .  Figure E-14 shows the decis ion 
process which w i l l  be employed f o r  compliance wel l  
comparisons w i t h  MCL’s o r  ACL’s. 

Confidence in te rva l s :  

Confidence in te rva l s ,  using the 99th pe rcen t i l e  
o f  the t - d i s t r i b u t i o n ,  f o r  the mean concentrat ion 
w i l l  be constructed f r o m  the compliance wel l  data. 
Once constructed the i n t e r v a l  w i l l  be compared 
w i t h  the Maximum Concentration L i m i t  (MCL) o r  the 
A1 ternate Concentration L i m i t  (ACL) t o  determine 
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whether the mean concentration significantly 
exceeds the MCL or ACL. This statistical 
procedure will be used for both normal and log- 
normal data. Log-normal data will be compared to 
the log-normal of the compliance limit. If the 
compliance well data do not adequately follow the 
normal distribution even after logarithm 
transformation, a nonparametric confidence 
interval will be constructed using a minimum of 
seven observations in order to obtain a one-sided 
significance 1 eve1 of 1% (confidence of 99%) . 
This may require pooling of data from two or more 
we1 1 s or sampl i ng periods . 

E-6h(7) (c) ODtional Intra-well ComDarisons 

Upon the establishment of enough data for each 
well (eight or more independent samples), the FMPC 
may elect to construct control charts by plotting 
each data point against time to allow detection 
of possible trends or drifts in the data. This 
is an optional statistical procedure, which the 
FMPC may or may not choose to implement, that will 
complement the statistical procedures specified 
above. Corrections for seasonal vari at i ons of the 
data will be done to preclude the chance of 
mistaking seasonal effect for evidence of well 
contamination. A procedure such as the combined 
Shewhart-Cusum control charts may be used for each 
we1 1 and constituent. 
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E-6h(7) (d) Test o f  ProDortions 258 

I n  s i t ua t i ons  where more than 50% o f  the data but 
a t  l e a s t  10% o f  the observations are quant i f ied,  
a t e s t  o f  proport ions may be used t o  compare the 
background wel l  data w i t h  the compliance wel l  
data. A higher propor t ion o f  quant i ta ted values 
i n  the compliance wel ls  may i n d i c a t e  the presence 
o f  contamination. I f  only a small p o r t i o n  o f  the 
observations are not  detected, these w i l l  *be 
replaced w i t h  e i t h e r  the Method Detect ion L i m i t  
o r  the Pract ica l  Quan t i t a t i on  L i m i t  d iv ided by two 
(MDL/2 o r  PQL/2). The PQL w i l l  be taken f r o m  
Appendix I X  o f  40 CFR 264. 

E-6h(7)(e) Handlinq Out lv inq D a t a  

An "out1 i e r "  o r  groundwater const i tuent  value 
which i s  much d i f f e r e n t  from most other values may 
ind i ca te  one o f  the fo l l ow ing  s i t ua t i ons :  

A catastrophic unnatural occurrence such as a 
s p i l l ;  

Inconsistent sampling o r  a n a l y t i c a l  chemistry 
methodology t h a t  may r e s u l t  i n  laboratory  
contamination o r  other anomalies; 

O Errors i n  the t r a n s c r i p t i o n  o f  data values o r  
decimal points; and 

True but extreme groundwater const i tuent  
concentrat ion measurements. 
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When such suspect data is encountered a test 
for outliers which determines whether there is 
statistical evidence that particular 
observation does not fit the distribution o f  
the rest of the data will be performed. If 
determined to be an outlier the value in 
question will not be dropped or replaced unless 
it is determined that an error has occurred. 

E-7 CORRECTIVE ACTION PROGRAM 

At the time of  submittal of this permit application, a determination of 
the presence hazardous waste constituents in the uppermost aquifer 
underlying the regulated unit had not been completed as a result of 
insufficient data. Upon identification and confirmation of the presence 
of hazardous waste or hazardous waste constituents in the uppermost 
aquifer at the point of compliance an engineering feasibility plan for a 
corrective action program necessary to meet the requirements of 40 CFR 
264.100 will be developed and submitted in accordance with 40 CFR 270.14 
(c) (7 ) .  
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Round 1 

Round 2 

Round 3 

Round 4 

Round 5 

Round 6 

Jable t-1, 
RCRA Oetect I o n  Moni torlng Program 

Sampling O a t e t  

Augubt, I985 

Hay, 1986 

August, 1986 

November, 1986 

Hay, 1987 

December, 1987 
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I 

1989 Well 
Jdentificatioq 

3001 
400 1 
3003 
2004 
3005 
3008 
4008 
3009 
3010 
201 1 
1012 
2013 
3013 
2014 
3014 
201s 
4015 
2016 
3016 
2017 
3017 
2018 
3018 
1019 
2019 
3019 
1020 
2020 
3020 
1021 
2021 
1022 
2022 
2060 
1060 
206 1 
3062 
w-2 
4101 
4102 
4103 

Table €02 
RCRA Detection Monitoring 
Yells and H u e  Equivalentt 

1986-1989 

1987 Well 
Jdent 1 f i c a t  ioq 

301 
401 
303 
204 
305 
308 
408 
309 
310 
21 1 
112 
213 
313 
214 
314 
215 
415 
216 
316 
217 
317 
218 
318 
119 
219 
319 
120 
220 
320 
121 
221 
122 
222 
os-1 
OS- 1A 
os-2 
OS-3 
sw-2 
P1 
P2 
P3 
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1986 Welt 
ldent i f k a t  1 on 

15 
I d  
3 
4 
5 
85 
8d 
9 
10 
11 
12 
135 
13d 
145 
14d 
155 
15d 
165 
16d 
175 
17d 
185 
18d 
19TP 
195 
19d 
20TP 
205 
2 Od 
2 1TP 
215 
22TP 
225 
05-1 
OS- 1A 
05-2 
05-3 
5w-2 
P1 
P2 
P3 



3001 

4001 

3003 

2004 

3005 

3008 

4 008 

3009 

110 

201 I 

1012 

2013 

3013 

2014 

3014 

2015 

4015 

2016 

3016 

201 7 

3017 

DEPTH 

130 

180 

1 05 

43 

95 

116 

180 

103 

130 

130 

61 

78 

117 

19 

4a 

85 

185 

34 

66 

27 

70 

Bm!?G 

ST 

ST 

ST 

ST 

ST 

ST 

ST 

ST 

GVST 

GVST 

ST 

PVC 

PVC 

PVC 

PVC 

PVC 

GVST 

PVC 

PVC 

PVC 

PVC 

D I M T E R  (I N. 1 

8 

4 

a 
6 

8 

4 

4 

4 

6 

6 

4 

4 

4 

4 

4 

4 

6 

4 

4 

4 

4 

SCREEN EL& 
lnsLl 

510 - 490 

410 - 405 

474 - 454 

544 - 524 

480 - 460 

464 - 459 

400 - 395 

457 - 452 

480 - 460 

510 - 490 

593 - 577 

516 - 511 

482 - 472 

520 - SI5 

491 - 486 

498 - 493 

402 - 392 

510 - 503 

480 - 475 

512 - 507 

407 - 465 

258 

SCREol 
L EN6W u 

20 

5 

20 

20 

20 

5 

5 

5 

20 

20 

26 

5 

10 

5 

5 

5 

10 

7 

5 

5 

5 
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M€Luma 

2018 

3018 

1019 

2019 

3019 

1020 

2020 

3020 

1021 

2021 

1022 

2022 

2060 

1060 

2061 

3062 

sw- 2 

4101 

4102 

4103 

60 

108 

10 

74 

124 

10 

64 

116 

11 

74 

11 

90 

N O T  

N O T  

74 

N O T  

N O T  

2 10 

210 

2 10 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

PVC 4 

PVC 4 

A V A I L A B L E  

A V A I L A B L E  

PVC 4 

A V A I L A B L E  

A V A I L A B L E  

ST 26 

ST 26 

ST 26 

- 
517 - 512 

470 - 465 

573 - 578 

514 - 509 

465 - 460 

568 - 563 

514 - 519 

455 - 450 

579 - 574 

515 - 510 

582 - 577 

504 - 499 

%&n 
LQm m 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

515 - 510 5 

393 - 368 

393 - 360 

390 - 369 

25 

25 

21 

Note: PVC - Polyvinyl  C h l o r i d e  
ST - S t e e l  
GVST- G a l v a n i z e d  Steel 
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TABLE E-4 
RCRA I N T E R I M  STATUS-N K m I T O R l N G  PROGRAM 

ANALYTICAL PAMTERSW 
.*. for b n e r r l  Y a t e t  Qurllty 

1. Chloride 

2 .  Iron 

3 ,  Xanganese 

4 .  Phenols 

S. Sodium 

6 .  S u l f a t e  

6.  f o r  Indicators o f  C o c t u i n d t i o n  (Quadruplicate h a \ y s l s )  

1 .  PH 
2 .  Specific Conductaqce 

3 .  T o t a l  G q a n i c  C a r h n  ( T O C )  

4 .  T o t a l  C q h n  Ha:oser, ( 1 O X )  

C. f o r  C r i r . t i y  Water S b i t a b l l i t y  

1 .  A r s € n i c  1 1 .  C - 2 ~ 5  A l p h a  

2 .  E i r i l J m  1 2 .  C r c s r  & t a  

3 .  Ca4;rium 1 3 .  E3Iim 

4 .  C h r c n i m  - H e i a v a ’ e n t  1 4 .  E > Z r i n  

- Total 1 5 .  lintane 

5 .  f l u w i d e  16. Y,?thoxychlor 

6 .  Lead 1 7 .  Tcri3hene 

7 .  Rercury 18. 2 ,  4 -0  

8.  Ni tra te  19. 2 ,  4 ,  S - T P  S i l v e x  

9 .  Selenium 20. Co\ i form 8acteria 

10. S i l v e r  

258 

(’)Other parameters which are not part o f  the interin status detection 
monitoring program, were sampled as part of the FKPC RI/FS.  
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hkls-ks 
Inter!. Status 

RCRA DETECTION W I T O U I N G  PROGRAn 
ANALYTICAL Mcw)oS AND DETECTION LIHITS FOR GROUNDWATER SAMPLES 

WATER QUALITY IIIDICATORS 

PARAWETER DETECTION 1IMIT ANALYTICAL METHOQ 

Chlor ide 1 PPm 
Iron 50 PPb 
Hang ane se 20 PPb 
Phenols ( t o t a l )  5 PPb 
Sodium 50 PPb 
Su l fa te  1.0 ppb 
PH 
Spec i f i c Conductance 
T o t a l  Organic Carbon (TOC) 1 PPb 
T o t a l  Organic Halogen (TOX) 10 ppb 
Arsenic - 5 PPb 
Barium 200 ppb 
Cadmi urn 2 PPb 
Chrcxni urn-Hexaval ent  5 PPb 
Chromi urn-Total 5 PPb 
F1 uor i de 10 PPb 
Lead 5 PPb 
Mercury 2 PPb 
N i t r a t e  ( a s  N) 20 PPb 
S e l  en i urn 2.5 ppb 
S i l v e r  30 PPb 
Gross  alpha 15 pCi / l  
Gross beta 5 pCi / l  
Radi urn 5 pCi / l  
Endrin 0.2 ppb 
Lindane 0.2  ppb 
Methoxychlor 0.2 ppb 
Toxaphene 0.5 ppb 
2 ,  4-0 0.2 ppb 
2 ,  4, 5-TP S i l vex  0.2 ppb 
Co l i  form Bacter ia  2/100 m l  
Nickel  5 PPb 
Cyanide 5 PPb 
Copper 25 PPb 
Zinc 25 PPb 
Magnes i um 10 PPb 

50 PPb 
Phosphorus 20 PPb 

Sol ids (TDS) 10 PPb 
Total  Potassium 50 PPb 

0.1 std. /uni ts 
1 umho/cm 

Ca l  c i urn 

Tota l  Dissolved 

SW-846 T h i r d  Edi t ion,  September, 1986 

9250 
7380 
7460 
8040 
7770 
9035 
9040 
9050 
9060 
9020 
7060 
7080 

7195, 7196, 7197 
7190 

7420 
7470 
9200 
7740 
7760 
9310 
9310 
9320 
81 50 
81 50 
8i 50 
81 50 
81 50 
81 50 
9132 
7520 
9010 
7210 
7950 
7450 
7149 
415 

20901 
7610 

7090 

258 
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E-5 ( 

RCRA DETECTICM MONITORING PROGRAW 
ANALYTICAL HElHOCS AND DETECTION LINITS FOR GROONDYATER SAWPLES 

VolATILES 

I 

- G i G T d e  

M E T E R  D n E C  TION LIMIT ANALYTICAL METHoQ 

Chlorobenzene 
Chlorodibromornethane 
Chloroethane 
2 -Chl oroe thl vinyl Ether 
Chloroform 
Oichl orobromoethane 
Di chl orod i fl u o r m  t hane 
Chemical Oxygen 
Demand (COD) 
cis 1,2 Dichloroethylene 
Tributylphosphate 
Acrolein 
Ac ry 1 on i t r i 1 1 e 
Benzene 
bis (Chloromethyl) Ether 
Bromoform 
Bromodichloromethane 
Br omoe t h ane 
Carbon tetrachloride 
C h 1 orome t h ane 
1, 2 Dichlorobenzene 
1, 3 Dichlorobenzene 
1, 4 Dichlorobenzene 
1, 1 Dichloroethane 
1, 2 Dichloroethane 
1, 1 Dichloroethylene 
1, 2 Oichloropropane 
1, 2 Dichloropropylene 
Ethyl benzene 
Methyl bromide 
Methylchl or ide 
Trans 1, 2 Dichloroethylene 
1, 3 Dichloropropene 
1, 1, 2, 2 Tetrachloroethane 
Tet rachl oroet hyl ene 
1, 1, 1 Trichloroethane 
1, 1, 2 Trichloroethane 
Tr i c hl oroe t hyl ene 
Tri chl orofl uorornethane 

2.0 ppb 
2.0 ppb 
2.0 ppb 
2.0 ppb 
2.0 ppb 
2.0 ppb 
2.0 ppb 

8240 
8240 
8240 
8240 
8240 
8240 
8240 

sow1 
8240 2.0 ppb 

2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8250 
2.0 ppb 8250 
2.0 ppb 8250 
2.0 ppb 8240 
2 .0  ppb 8240 
2.0 ppb 8240 
2.0 ppb 8250 
2.0 ppb 8250 
2 .0  ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8250 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 
2.0 ppb 8240 

Vinyl Chloride 2.0 ppb 8240 
SW-846, Third Edition, September 1986, unless othemise noted 

(1) Standard Methods for the Examination o f  water and wastewater; 
America Pub1 ic Health Assoc. and America Watemorks Assoc.; 
15th Ed., 1981 

10 PPb 

258 
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Id2kU 

RCRA Assessment hitor ing  Rogru 
S q l i n g  Dater 

Round 1 May, 1988 

Round 2 August, 1988 

Round 3 November, 1988 

Round 4 February, 1989 

Round 5 June, 1989 

Round 6 August, 1989 
- 

76 



Table E-7 
RCRA M S E S S ) I M T  PfuxaAH #LIS 258 

1024 
1052 
1027 
1080 
1079 
1004 
1074 
1031 
1028 
1072 
1030 
1038 
1081 
1083 
1082 
1025 
2 0 6 6/ 3 066 
204 3/3043 
3001/4001 
2084/3084 
20 1 9/30 1 9 
20 1 O/ 30 1 O/ 40 10 
201 3/3013/4013 
2051/3051 
20 5 5/3055 
3008/4008 
203 7/303 7 
2021 
2027 
3024 

Upgradient Ti11 Yell 
Upgradient Till Yell 
Downgradient Till Yell 
Downgradient Till Yell 
Downgradient Ti11 Yell 
Downgradient Till Yell 
Downgradient Till Yell 
Downgradient Till Well 
Downgradient Ti11 Yell 
Downgradient Ti11 Well 
Downgradient Till Well 
Downgradient Till Well 
Downgradient Till Well 
Downgradient T i l 1  Well 
Downgradient Till Yell 
Downgradient Till Well 
Upgradient Sand and Gravel Cluster 
Upgradient Sand and Gravel Cluster 
Downgradient Sand b Gravel Cluster 
Downgradient Sand b Gravel Cluster 
Downgradient Sand b Gravel Cluster 
Downgradient Sand b Gravel Cluster 
Downgradient Sand b Gravel Cluster 
Downgradient Sand b Gravel Cluster 
Oowngradisnt Sand b Gravel Cluster 
Downgradient Sand b Gravel Cluster 
Dcwngradient Sand b Gravel Cluster 
Downgradient Sand b Gravel 

' Downgradient Sand b Gravel 
Downgradient Sand b Gravel 

77 



YELL HUtSER 

1052 

1024 

1027 

1080 

1079 

1028 

1004 

1031 

1072 

1074 

1030 

1038 

1081 

1083 

1082 

1025 

2066 

2043 

2084 

2019 

DEPTH (n.1 

28.9 

27 

31 

30.9 

31 

29 

31 

26 

31 

23.5 

30 

28.5 

33 

21.5 

23 

21 

62.4 

66.8 

76 

74 

is€!s 

STS 

STS 

STS 

STS 

STS 

STS 

STS 

STS 

ST s 
STS 

STS 

STS 

STS 

STS 

STS 

STS 

STS 

STS 

STS 

PVC 

DIWER I1N.l 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

SCREEN €LEV. 
w 

554 - 556 

553 - 551 

554 - 552 

553 - 551 

554 - 552 

560 - 558 

550 - 548 

552 - 550 

547 - 545 

557 - 555 

548 - 546 

556 - 554 

559 - 557 

563 - 561 

562 - 560 

562 - 560 

531 - 516 

527 - 512 

522 - 507 

514 - 509 

25% 

SCREEN 
LMGTH 
0 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

15 

15 

15 

5 

78 



- 
2027 

202 1 

2031 

2010 

2055 

2013 

2051 

3066 

3043 

3084 

3019 

3024 

3031 

3001 

3008 

3010 

3055 

3013 

3051 

4001 

4008 

4010 

4013 

LEmuml 
76 

. 74 

82.5 

7 5 . 5  

81 . 5  

78 

102.4 

137.5 

120 

102.4 

142 

110 

135.5 

130 

116 

130 

120.8 

117 

145.9 

180 

180 

210.6 

222.5 

USIS 
ST5 

PVC 

STS 

STS 

STS 

PVC 

STS 

STS 

STS 

STS 

PVC 

STS 

STS 

ST 

ST 

GVST 

STS 

PVC 

STS 

ST 

ST 

STS 

STS 

QIdmwuu 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

I 

a 
4 

6 

4 

4 

4 

4 

4 

4 

4 

AcxmEwL 
522 - 507 

515 - 510 

521 - 506 

522 - 507 

526 - 511 

516 - 511 

520 - 505 

451 - 441 

470 - 460 

491 - 481 

465 - 460 

480 - 470 

463 - 453 

510 - 490 

464 - 459 

480 - 460 

476 - 466 

482 - 472 

471 - 461 

410 - 405 

400 - 395 

392 - 382 

387 - 377 

258 
sfmn 

15 

5 

15 

15 

15 

5 

15 

10 

10 

10 

5 

10 

10 

20 

5 

20 

10 

10 

10 

5 

5 

10 

, 10 

Note: PVC - Polyvinyl Chloride 
ST - Steel 
GVST- Galvanized Steel 
STS - Stainless Steel 
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Cobalt 
Beryl 1 I urn 
Zinc 
Vanadium 
Nickel 
Copper 
Hagne s i urn 
C a1 c 1 urn 
A1 umi nun 
Bar i urn 
Chromium 
Lead 
Silver 
Iron 
Fluoride 
Nitrate 
Chl or i de 
Sulfate 
PH 
Conductivity 
TOC 
1 OX 
Tetrachl oroethene 
Met hy 1 ene chl or i de 
0 i chl oroe thane 
To1 uene 



Table E-10 
D n E C T I ( m  noMITouIIIG mRAn 
M 

Cobalt 
Beryl1 ium 
Zinc 
Vanadium 
Nickel 
Copper 
Barium 
Chromium 
lead 
S i  1 ver 
PH 
Spec i f i c Conductance 
TOC 
lox 
l e t  rac h l  oroe t hene 
Methylene Chloride 
Dichl orethane 
Acetone 
Tr i chl oroethene 
To1 uene 

258 



258 

Cobalt 
Beryl1 lum 
Zinc 
Vanad i urn 
Nickel 
Copper 
Bar  i urn 
Chromium 
l e a d  
Silver 
PH 
Spec i f i c Conduc t ance 
TOC 
1 ox 
Tet rachl  oroethene 
Hethyl ene Chloride 
Oichl orethane 
Acetone 
Tr i c h l  oroe thene 
To1 uene 

DZTEC71011 * 
C I M I T  

30 
5 

20 
50 
40 

, 25 
200 

10 
5 

10 
0.1 u n i t s  
1 umho/cm 

1000 
5 
10 
10 
10 
10 
10 
10 

* All detection 1imit.s are in parts per 
billion (PPB) except as noted i n  table.  
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RCRA DETECTION AND COMPLIANCE MONITORING PROGRAM 

UfLL coWTRLIclICM M T A  . 

2043 

2019 

2027 

66.8 STS 4 

7 4  PVC 4 

76 STS 4 

527 - 512 

5 1 4  - 509 

5 2 2  - 507 

3043 120 STS 4 470 - 460 

3019 142  PVC 4 465 - 460 

3001 130 ST 8 510 - 490 

4001 180 ST 4 410 - 405 

2066 62.4  . STS 4 531 - 516 

4 5 1  - 4 4 1  3066 1 3 7 . 5  S T S  4 

258 

5 

15 

10 . 

5 

20 

5 2 

1 5  

10 

Note: PVC - Polyvinyl Chloride 
37 - Steel  
G V S T -  G a l v a n i z e d  Stee l  
STS - S t a i n l e s s  S tee l  
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HOHITORIHG 
CONS1 ITUEKT 

C o b a l t  
Beryl 1 i urn 
Zinc 
Vanadi  urn 
Nickel 
Copper 
8arium 
Chrorni urn 
Lead 
S i lver  
PH 
Conduct i v i  t y  
TOC 
TOX 
Tetrachl oroethene 
Hethylene Chloride 
Oichl orethane 
Acetone 
Tr i c h l  oroe thene 
To1 uene 

CWPLIPHCE 
LIMIT 

4 

t 
t 
t 
I 

1.0 q / l  
0 . 0 s  m g / l  
0 . 0 s  m g / l  
0.05 m g / l  

4 

t 
t 
t 
4 

4 

t 
t 

BACKGROUND 
VALUE 

t 
4 

4 

4 

4 

t 
+ 
4 

4 

t 
t 
t 
t 
4 

t 
t 
t 
t 
t 

T B D  - To be Determined upon evaluation of  Asszssxent Honitoring data. 



NOTE- Fgwe uses 1986 
Well Numbers 
(See Table E - 2) 

WELL. L O C A T I O N S  

85 -_ 
FIGURE E - 1 



Upper 
Sand ani 

Gravel 
Aquifer 

12sg-1w 

Blue Clay 

Lower 
Sand and 

Gravel 
Aquifer 

General Monitoring Well Depths 258 
and Screen Locations 

Ground 
Surface 
Till 

1Q' - sr 

- - - - - -  

Lower 
Portion 

well Series 

10 

I: Perched Water 

- Vater Table - 

'- - I -  

FIGURE E - 2  
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\ .-.- .-.- 
RCRA ASSESSMENT YELLS 

88 1000 Series Wells - Waste P l t  Area 
05 '6 

FIGURE E:4 



I 

1 
I 

I I 

R C R A  ASStSSHCNT Y l l l f  

2O00, 3000 and 40.00 Series .Wells - FHPC S i t e  
f i  O x 1  8 



r 258 

I 

20 
401 

- 3010 

QCRA ASSCSSHENI WELLS 

2000/3000/4000 Series Wells - Waste Pit Area 

FIGURE E - 6  



F W E  E - 7  

APPROXIMATE LOCAllON OF NEW HAVEN TROUGH 
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FIGURE E - 8  



FIGURE E - 9 93 
SURFACE STREAMS- FMPC ENVIRONS 
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tcr cnc Ncc 
1 conc. ! @ @ a  

FGURE E - 1 1  95 
GENERALIZE0 GROUNDWATER FLOW IN BURIED CHANNEL AQUIFER 



-..--a- \ .  
96 F I G M  E - 1 2  

FMPC WASTE STORAGE AREA 
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Comparisons wlth MCUACLS 
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APPENDIX 

E - I  

WELL AND SOIL BORING LOGS AND 

SAMPLING AND ANALYSIS PLAN 
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'1989 Well Name 

3001 
4001 
3003 
2004 
3005 
3008 
4008 
3009 
3010 
201 1 
1012 
2013 
3013 
2014 
3014 
2015 
4015 
2016 
3016 
2017 
3017 
2018 
3018 
1019 
2019 
3019 
1020 
2020 
3020 
1021 
202 1 
1022 
2022 
2060 
1060 
2061 
3062 
sw-2 
4101 
4102 
4103 

RCRA Detection Uonitoring 
Yells and Na# Equivalents 

1986-1989 

1987 Well Name 

301 
40 1 
303 
204 
305 
,308 
408 
309 
310 
211 
112 
213 
313 
214 
314 
215 
415 
216 
316 
217 
317 
218 
318 
119 
219 
319 
120 
220 
320 
121 
221 
122 
222 
os- 1 
OS- 1A 
os-2 
OS-3 
sw-2 
P1 
P2 
P3 

1986 Well Name 

15 
id 
3 
4 
5 
85 
8d 
9 
10 
11 
12 
135 
13d 
145 
14d 
155 
15d 

. 16s 
16d 
175 
17d 
185 
18d 
19TP 
195 
19d 
20TP 
205 
20d 
21TP 
21s . 

22TP 
225 
os- 1 
OS- 1A 
05-2 
05-3 
5w-2 
P1 

- P2 
P3 
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1989 Well Name 

3001 
400 1 
3003 
2004 
3005 
3008 
4008 
3009 
3010 
201 1 
1012 
2013 
3013 
2014 
3014 
2015 
4015 
2016 
3016 
2017 
3017 
2018 
3018 
1019 
2019 
3019 
1020 
2020 
3020 
1021 
202 1 
1022 
2022 
2060 
1060 
206 1 
3062 
sw-2 
4101 
4102 
4103 

RCRA Detection Monitoring 
Well Boring and Completion Logs 

List of Contents 

Borina Loq 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

NA 
NA 
NA 
NA 
NA 
NA 

X 
X 
X 

ComDl e t  i on Loq 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

NA 
NA 
NA 
NA 
NA 

X 
X 
X 



RCRA Assessment Program 
Yell Name Equivalency Table 

1989 YELL NUMBER 
1024 
1052 
1027 
1080 
1079 
1004 
1074 
1031 
1028 
1072 
1030 
1038 
1081 
1083 
1082 
1025 
2066 
3066 
2043 
3043 
3001 
400 1 
2084 
3084 
2021 
2019 
3019 
2027 
2010 
3010 
4010 
2013 
3013 
4013 
2051 
3051 
2055 
3055 
3008 
4008 
3024 
2037 
3037 

1987 YELL NUMBER 
124 
152 
127 
180 
179 
104 
174 
131 
128 
172 
130 
138 
181 
183 
182 
125 
266 
366 
243 
343 
30 1 
40 1 
284 
384 
221 
219 
319 
227 
210 
310 
410 
213 
313 
413 
251 
351 
255 
355 
308 
408 
324 
237 
337 
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WM. CRANE, WELL DRILLING CONTRACTOR, SHANDON, OHIO 

Well No. : ....___.. 

T h i s  i s  the information that we have on the  well 
known as Shallow Test Well # 1 

Dia 811 

Eepth 129'10tt *om concrete base 

Screen Length t o t a l  21'2" S lo t  size unhown 
Nake of pump Universal (Jacuzzi) 
Se t t ing  100 f t  4" X 12I X 7/8" o i l  lub. 

Pump was pulled Aug 30,1976 and found t o  be nearly 
full  of i ron  o e d e ,  colurm pipe and o i l  tube was 
cleaned a t  Nat Lead shop and pump was taken t o  machine 
shop and disassembled and cleaned with muriatic acid. 
Bowl assembly was found t o  be i n  f a i r  condition and 
was re instal led.  Column pipe was  found to be badly p i t ted  
and was replaced with new. 

S t a t i c  l eve l  6317t1 I 1  

Well was found t o  be stopped up with i ron  and producing 
very l i t t l e  water. Treated well  with 60 g a l  inhibited 
muriatic acid and t h e  following day was surged w i t f l  air ,  
well was great ly  improved so the  sane treatment was made 
the following day : i t h  5 gal of hydroxy ace t i c  acid added 
t o  ldll any i ron  bacter ia  that might be present. Yell 
responded very well so pump was then installer?. 

Well was pumped a t  230 g.p.m. with 26I2l1 of drawdawn. T h i s  
pump tes t  was made 9/2/1976. 

Bowl assembly 8" 6 s tage ff 8KCA6 Jacuzzi. 
 WOK^ 
Spec T b9b 

n..:ii _ _  
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-CONSTRUCTION DETAILS 

WELL LOG 
Formations 

. Sandstone, shale! limestone, 

. _-. gravel and clay 

. -  

From 

0 Feet 

. .yd 5: 

To 

/#K ..' 

1 

B A I L I N G  OR P U M P I N G  TEST 

S K E T C H  S H O W I N G  L O C A T I O N  

Locate in reference to numbered 
State Highways, St Intersections, County roads, etc. 

N. 
.- 
. .  

. - -  

. .  

~ 

.. 

. 

E. 

s. . 
See reverse side for instructions 
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RVFS 

3 _c_ 

PROJECT NUMBER: sc 7, ~ PROJECTNAME: r n p  c 8 l J F - S  I 3c.- 
BORING NUMBER: ~ w , , ~ ~ ~ J '  COORDINATES: DATE: 2 20- 8 $ 

ELEVATION: GWL: Depth Daterrime L \ ~ J ~ O I  ,C DATE STARTED: 

ENGINEER/GEOLOGIST: f y )  
. ' 

OESCR IPT ION 

IPAGE 2 OF 2- 

REMARKS 

109 
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i '1 ---7 258 

__. . I ji;, 1 

PIEZOMETER INSTALLATION SHEET 
h..:: .::\ 

I 

DRILLING METHOD cabb- L u d  - r 7 C  Head TYPE @F BIT 

CASING SIZE (SI USED: 

c 

DRILLING FLUID (SI USED: 

F L U I D ~ ~ ~ ~ ~ A  FROM 6 &TO 31 0;c SIZE Iot' FROM (? TC 3/Fk 
FLUID FROM TO SIZE FROM TC 

1 

ITEM 

TOP OF RISER PIPE 

TYPE nnttnmn\a 
DIAMETER OF PERFORATED~ECTION 4 4 '  

PERFORATION TYPE: 

AVERAGE SIZE OF PERfCRATIONS -O(o';nrk 
TOTAL 

SLOTS 0 HOLES 0 SCREEN 

IO F 2  sc 2 I E I Lcrwrw 

DISTANCE ABOVE /BELOW E LE VAT I ON 
GROUND SURFACE ( ) 0 

2.G 

RISER PIPE MATERIAL 316 s , n k %  me 1 
RISER PIPE DIAMETERS: 

0.0. q 3 1 P ' '  I . D .  4 ; : o s h e  - 
LENGTH OF PIPE SECTIONS 

JOINING METHOD T H f k c d  Qnd c O u Q b .  
/ o  e= 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  ,MATERIALS 1 

PROTECTION SYSTEM 

I RISER PROTECTlVE..PlPE LENGTH 5 F t  1 OTHER PROTECTlOh L@tkibk.  CQ 0 I 

2 

~ I PROTECTIVE PIPE 3.D.  lo"  rnches  I 1 1 

5 Ft 

B@TTOM /OF& 
BOTTOM /5~& 
BOTTOM &# 
BOTTOM 31 F& 
BOTTOM 29& 

TCP BOTTOM - 
-TOP BOTTOM 

TOP BOTTOM 
TOP BOTTOM 

TOP BOTTOM 

GROUND SURFACE I 0.0 I I 

GROUT / s LURR Y 

BEN TON I T E - 
GRAVEL 

PE R FOR AT E D S EC T I 0 N 

TOP 

,TOP 1 0 F L  
TOP 

TOP / 5 F L  
TOP / 9 &  

PIEZOMETER TIP 
BOTTOM OF BOREHOLE 

'Wf 
2 I'S, 

GWL AFTER INSTALLATION I I 1 

Noi NO 
WAS THE PIEZOMETER FLUSHED AFTER INSTALLATION? 
WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER? 

REMARKS 

Y E S O  
Y E S 0  

110 
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P R o r E c r l v E  R I S E R  C A S I N G  -, 

FERNALD 
RVFS 

258 

I 3 T E S  
I .  RISER P I P E  I S q  IN I D  S C H E D U L E  

P I P E ,  T H R E A 3 E 3 W  ' - J O I N T E D  
2 SCREEN IS IN 1.0 55 P I P E  C 3 N T l N U O U S  

SLOT S C R E  N ( O . O ( O  IN S L O T  S I Z E )  

I . L O W E R  END OF S C R E E N  I S  C A P P E D .  
8 E L E V A T I O N  OF WATER L E V E L  

5 .  N A T E R  L E V E L  R E A D I N G  O N  

I N S T A L L A T I O N  D E T A l  L 
M O N I T O R I N G  WELL/O J Y 

PREPARED FOR 

'FMPe. 



Y -  RI/FS 

-PROJECT NUMBER 

ELEVATION GWL: Depth Date/Time DATE STARTED aim $ $ 
ENGINEERIGEOLOGIST 01, Gb jdbro Depth Date/Time DATE C O M P L E T E D O ~ / ~ ~ / ~ B  

DRILLING METHODS PAGE - 

BORING NUMBER o'$Ah-qT COORDINATES DATE I - t o - B f i  

OF 10 
I 

1 3 

- 4  
-5 
- 6  
3 

- 8  
- 9  
- IO 
- i l  

- 12- 

- 

- 
c I2 

DESCRIPTION 

\ 
\ 

CJ- 

U 

CC 

CL 

t I4 ic74 

I 

I 
i' 

c 

. .  
402-1146 - _  



VISUAL CLASSIFICATION OF SOILS 5;;: : 
t’;;:.: :-:;- ‘ 

.\‘OTL’.\.: 

P 

DE SC A I P f  I ON 

L 

I I 
I.. ... .- 

I - 113 
I 

402-1 1-86 ’.* . .  
- - 



PROJECT NUMBER fl 

BORING NUMBER 

ELEVATION. 
I 

I ENGINEER~GEOLOG IS 

13. *3- 
PROJECT NAME F m  PC . 
COORDINATES. DATE c 

GWL: Depth Date/Time DATE STARTED 0/}20 (8 8 
- 

- 

35' .  

- 38 - 

- 39 - 

-4 - 
-41 - 
-42 - 

-43 - 

-44 - 
4 5  
.VOTES. 

- - 
- 

- - 

HODS: 
7 

14 

1. 

Depth Date/Time DATE COMPLETED: 2-15-58 
0 PAGE OF 16 

OESCRIPT ION REMARKS 

-1 



RI/FS 

ELEVATION: 

ENGINEER/GEOLOGIST: m. 

' ''----'d 
VISUAL CLASSIFICATION OF SOILS . i 

t-3 . 

DESCRIPTION 

4 

I 

115 
402- 11 -88 

- .  

. #  



r C m m n L u  
RVFS 

VISUAL CLASSIFICATION OF 
kid: *. 2-9  

-1- - _  : 

(PROJECT NUMBER 6 0 2 2 PROJECT NAME F m  pc 7 - 3 4  2 
JORING NUMBER COORDINATES. DATE 1-24-88 

E LEVATION GWL: Depth Date/Time DATE STARTED 0 11 2.0 (8 d 
ENGINEER/GEOLOGIST Depth Date/Time DATE COMPLETED -/g- . m, 

Cable 7 0 0 )  OF 10 

1 
0 E SC R I P T I ON 



VISUAL CLASSIFICATION OF SOILS 

I 
c I 

0 E SC R IPT I ON 

1 
I 

R €MA R KS 

unu =CJ 
d :@ 

a9 =eo I d 3  

117  



_C. I RVFS 
VISUAL CLASSIFICATION OF SOILS 

DATE COMPLETED 7 IENGINEERIGEOLOCIST. m. Go I d I Depth Datenime 

k'%d PAGE 7 OF 10 

DESCRIPTION 

118 

I 

I Q '  402- 1 1-86 



VISUAL CLASSIFICATION OF SOILS 

IODS: 

DESCRIPTION 

I PAGE OF 1 0  . 

REMARKS 

402-11-88 - 



VISUAL CLASSIFICATION OF SOILS 

30RING NUMBER: COORDINATES: DATE: 2-16-88 
? m y  

ELEVATION: GWL: Depth Daterrime DATE STARTED.O// 2 ~ / , 9  g 
ENGINEER/GEOLOGIST: r7). (& kbcrp Depth Daterrime DATE COMPLETED: z-rgg8 

- 

DESCRIPTION 

I PAGE 9 OF /O 

REMARKS 



1 % -  . 
fc,” ‘258 -. - VISUAL CLASSIFICATION OF SOILS ; -- .  

’PROJECT NUMBER 607- . . 
ORlNG NUMBER 0,“; 

LEVATION 

NGlNEERlGEOLOGtST m, &, i d b Q  

P-> 1 3 e 2  
.L-~’COORDINATES DATE 2-B.B 

DATE STARTED oi/go/8Q GWL: Depth- 9 Date/TimeddL&lm - 
1 -  

DATE COMPLETED 011 1 &gg Depth Date/Time 

IG METHODS: - Cabk T m 1  

DESCRIPTION 

, 
PAGE /o OF 10 

12i 
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I 

! 

I 
! 

I 
! 

I 

I 

! 
! 

, 
i 
I 
! 
i 
I 
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WELL LOG AND D U G  REPOHT 

PLEASE USE PENCIL DEPARTMENT State OF NATURAL of Ohio RESOURCES 258 .r- 
DO NOT USE INK. lS62 W. First Avenue No. 258890 

c,*c ,Ukb 
Owner h'' kAk.Q./ ..... h . d  .... c. H . ~ f l . c . .  .QkL;C)...Addrses .. .&. 1.. .... J/??bd.. .... .Z.UM. .C:. . .Jf . 

Location of property ...........I.......................................U............................................................ ....... 

OR TYPEWRITER. Divirion of Water 

Columbue, Ohio 

r; oun t y. . # # !  k-??QM _.._... Tow as hip.. . l t . odbf .  .............. .Section of Township ...... )z D. .c.. 7 .h. ............. 

--- - - -.- rn 

CONSTRUCTION DETAILS 
/ 

~~ 

........................ .... ......... 
/ 

CaBing diameter 8 " Length of caving 7x 
~ y p e  of r c r e e n R C ~ ~ = ~  . ~ ~ . . . ~ ~ n ~ ~  of acreen .... ........ 
-ye of pump.. -iA..<.r*.~~.~..tf ..... , ? ~ . . ! t h t ~ . ~  ..............._.. 
Capacity of pump. ........ ..O .~..Ci .!.. ...... !............................. 
Depth of punrp rcttine ........................................................ 
Date of completion.. ..... /##d..hd,..: ................................ 

R /0 

/ ___ __-_. . . .  --. - -_.. .. __-_ __- -- . .---- .--. - - ._-- -.--_--..I-..---.-- - 
WELL LOG 

Formations 

gravel and clay 
Sandstone. shale, limestone, 1 From 

r/,,+- I- 0 Feet 
- -  

------ ---.-- ._____-_-. - --. _- __.__.__-_- -..- ---- 
BAILING OR PUMPING TEST 

---.-.--- .. .---. - 
Dumping rate ................ G.P.M. Duration of te8t ............ hrs. 

)rawdown ........................ ft .  Date ........... ........_................ ........ 
)eveloped capacity ................................................ ......-...... .... 
itatic l o v e l 4 s p t h  to water.. ....................................... ft. 

'ump in 8 t a1 1 ed by. k)#&w.. . .Bid$. . Dr!;k% . 

We E. 

S. 
Sce rcvcrse vide for instructions . . . . .  _- ...-- .. -_--. .-.. --- ..- 

............. Date ................ 1.2 3 
Signed ....e-....... ......... 
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State of Ohio 
ASE USE PENCIL DEPARTMENT OF NATURAL RESOURCES N? 3 2 7 2 0 1  
3 TYPEWTER Division of Water 

1 NQT USE 1NK.l . )r p v  L 
1562 W. First Avenue 

Columbus, Ohio 43212 - 

.- 

CONSTRUCTION DETAILS 

.Length of casing/i?.d.R: ig diameter 

: of s c r e & S A ~ ~ ~ L e n ~  of screen -______..-__.. 
: of pump----.---.- -..--..-........-. 
city of pump. .-_______...._._....-.._... 
3l of pump setting .................... 

5@ 

of completion ..__-..__._... ......._..............-................... - ___. -_-- 
WELL LOG* 

Formations 
andatone, shale, limestone, 

aver and clay 

0 Feet 

.............................................. 1 I 
.. 

\ . ! t l r ras .... d .........-. . 

Zuality (clear, cloudy, taste, odor) .......................................... 
__-_ .._..__ .._.._......_..........................-...........................- 

'ump installed by ................................................... .................... - - ___ ._-_._._ .-_ .... - I_________..__._.__._I. -. - .-- . -  .~ .--- . . . . . . . .  

SKETCH SHOWING LOCATION 

Locate in reference to numbcrcd 
State Highways, St. Intersections, County roads, etc. 

- __-.. .._--.__ ..... --- 

-- __-- 
N. 

S. 
See - reverse side for Instructions 

.11 additional spirca i s  needed to cornpletc w e l l  log, use next consecutive numbercd form.  



-CUSTOMER'S COPY 

. -. .A. .. . - 

. . .  . 

*If additional space is needed to complete well  log, use next consecutive numbered form. 



CU\li*ur I I C C r  255 
N? 327203 

WELL LOG AND DRILLING REPORT 
State of Ohio 

DEPARTMENT OF NATURAL RESOURCES 

1562 W. First Avenue 
Columbum, Ohio 4 32 12 

W S E  USE PENCIL 

ID0 NOT USE INX. 
OR TYPEWRITER Divislon of Water 

Lvanty & f i f f A r  Township -Section of Township 

-- 
CONSTRUCTION DETAILS 

asing diameter - 4 ; & t h  q R  of casing.--- 92 ..--. z 
ypo of rcreeaCQU4 d/*)tnN of screen-- 5. 

me of pump.- -....--..--- 
rpacitp of pump -.-----..-.-.-...-- 
epth of pump setting. -.--_-.._-- ............... 
s t e  of completion.. ................................. 

WELL LOG+ 

Saadmtone, &de, limestone, 
w e 1  and cla 

0 Feet 

BAILING OR PUMPING TEST 
--- - -- --- I_ 

Pumping Rate.*..G.P.M. Duration of test../-hrs 
Drawdown _._.___.. 7 ft. Date ...5__.._.. v/2+/4 .__.............._._.._.___ r 

Static Ievel-depth to water.,, z ... ..- 8 ’  ............................ ft 

Quality (char, cloudy, taste, odor) ............................ 
..---..--. -....-I.............-...........--...........- 

Pump installed by- ........ --.-..-...- .................. - ...._..-. -.- 
---.--- -- I-- i 

SKETCH SHOWING LOCATION 

Locate in reference to numbered 
State Highways, St Intersections, County roads, etc. 

. 

See reverse ride for instructions 

Date .... ..._...__. 

if iLclditionnl space :Y ritedad t o  cottrplcte w e l l  log, U Y O  ne-xt consecutive numbered form. 
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' ,  i, 258 ,'. // '. 
VISUAL CLASSIFICATION OF SOILS 

IDA ILL ING METHODS: 
I 

= -  
5 2  
0 -  DESCRIPTION 
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258 
VISUAL CLASSIFICATION OF SOILS 

TI E >  OF - 

REMARKS DESCRIPTION 

3 
- 
i4 

- 
L 

130 



RVFS 

PROJECT NUMBER: G.3;- 1 . L 
BORING NUMBER: -p)/? {?---a 
E LEVATION : 

ENGINEERIGEOLOGIST: bt . <--< -. .._. .c. 

,-I++. 
258 y2. ~ 

VISUAL CLASSIFICATION OF SOILS 
PROJECT NAME: ~ C ; ~ + A U >  \? L. 

COORDINATES: . DATE: >-$ .:.> 

GWL: Depth Date/time DATE STARTED: 2 . . z:-. = 
Depth Date/Time DATE COMPLETED: --: - 7 ,  i;c 

I 

OESCAIPTION 

-I 
I 

I 

I 131 1 



FERNALD 
RVFS 

VISUAL CLASSIFICATION OF SO 
PROJECT NAME: i : .:..- \ \  .> 1.: . . i t -  . .  . -1 , .-. 'ROJECT NUMBER: G.2.i. '_ L 

DATE: c: -.;z - -:-- 
DATE STARTED: ~ ~ 7 -  .>I -0.1 

3ORING NUMBER: ,Jc/c $??+-q COORDINATES: .. 1. 

)RILLING ME - C- r; - 
DESCRIPTION 

iE 7 OF G I 
1 

REMARKS 

I 

401-1 1-06 
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REMARKS 
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GROUNO S U R F A C E  
E L. 

I 

N g T E S :  
i . R I S E R  P I P E   IS^ IN IO. S C H E D U L E  

P IPE,  T H R E A 3 E :  . f t d S H  - J O I N T E D .  
2 . S C R E E N  I S 4  IN 1.0 P I P E  C 3 N T l N U O U S  

SLOT S C R E E N  (0.010 I N  S L O T  SIZE). 
3.LOWER E N 0  OF S C R E E N  I S  C A P P E D .  

4. E L E V A T I O N  OF WATER L E V E L  

s . w A T E R  L E V E L  -QEAOlNG O N  

I N S T A L L A T I O N  O E T A I  LS 
MONITO3ING W E L L  

07 -20- 973 
PREPARED FOR 

134 



BOREHOLE DRILLING 

DRILLING FLUID (SI USED: 

FLUID u,\:t.: FRClM e.&: r:: TO 7 7 . d  G- 1 FLUID FROM TO 

PIEZOMETER DESCRl PTlON 

TYPE ~ a u . : a ~ i ~  ~ A G L L  

DIAMETER OF PERFORATED SECTION 4 " ib 
PERFORATICIN TYPE: 

SLOTS 0 HOLES 0 SCREEN 

AVERAGE SI26 OF PERFCRATIONS 0.2'0 
TOTAL-AREA \ 5 . . = & ~  

'5 c2e-E. L Z4'Gi-N 

PROTECTION SYSTEM 
RISER PROTECTIVE PIPE LENGTH - CL- . 
PROTECTIVE PIPE 5.0. ''4 

RISER PIPE MATERIAL < T ~ \ U & Z \  '-TELL 

RISER PIPE DIAMETERS: 

0.0. 4 ?/e \ u  - 1.0. 4 'd 

LENGTH OF PIPE SECTIONS 

JOINING METHOD hc G ~ * s - <  C C L T I ~  

TZrG: T C I ! X * \ . > \  

I 

. DISTANCE ABOVE /BELOW E L E VAT I 0 N 
GROUND SURFACE (FT 1 0 ITEM I 

TOP OF RISER PIPE -210 

GROUND SURFACE 0.0 
~ ~ ~~~ - ~~ ~ 

BOTTOM OF PROTECTIVE PIPE It 
BOREHOLE F I L L  MATERIALS : 

-- GROUT/SLURRY TOP 3 c: I- -- B@TTO+l 47 A:-T TCP BOTTOM 

BENTON I T  E TOP 4 7 .  x BOTTOM 53 L?,-: .TOP BOTTOM 
BOTTOM SAND C ~ a - 2 2 )  TOP 7 ;  2 F- BOTTOM 7 7  2r: TOP 

GRAVEL TOP -BOTTOM ,,\c , $ I  TOP BOTTOM 

PERFORATED SECTION TOP 5 - 5 . 0  C. + G T T o M  +jTFt Top BOTTOM 
PIEZOMETER TIP 7 5 . 5  FT 

x.3 L 

BOTTOM OF BOREHOLE 7 3  .a ii 
GWL AFTER INSTALLATION I I I 

'AS THE PIEZOMETER FLUSHED AFTER INSTALLATION? YES 0 N O H  
&AS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER? Y E S O  NO 

REMARKS c 

1 3 3  



/ 

Reynolds Supply, Inc. 258 
COMPLETE MUNICIPAL & INDUSTRIAL WATER SYSTEMS 

FORMATION LOG OF WELL 
/" * 

?!Ob0 - 
. Well #lo Starting Date Finished Well Number 

Owner N T . 0  Location IJhi t e r - p a r e r  nh+n 

TH I CKN ESS FORMATION I EACHSTRATUM I 
0 8 I Yellow Clay 

8 18 Blue c lay  

18 19 Muddy Rravel 
19 48 . B l u e  c lay  
48 5 2' Blue gravel 

52 63 Yellow coarse sand 6 gravel 

6 3  7 0  Gray sand and c lay  balls 
70 85 Gray sand and gravel 
85  110 Gray sand and f i n e  gravel  

I 
110 I 125 . Gray sand and gravel 

i 2 s  130 Gray sand and gravel 

I I 

I I 
i 

60 ' 136 
Static Water Level Draw Oown 



FERNALD 
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VISUAL CLASSIFICATION OF SOILS 
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. .. 

CONSISTENCY 

VERY SOFT 
SOFT 

MEDIUM STIFF 

STlFF 
VERY STIFF 

HARO 

CONSISTENCY OF COHESIVE SOILS 
0 J 

UNC3NFINED COMPRESSIVE 

LESS THILN 0.25 
0.25 TOO.50 
030 fo 1.0 

1.0 to 2.0 
2.0 to 4.0 

YORE THAN 4.0 

STRENGTH(TONS PER s a u m  won 

GW 

DENSITY OF G2ANULAR SOILS 

PENETRATION 

WELL-GRAOEO W)AVELS. 
GRWEL-SANO MlX7URLS. 

LITTLE OR NO F I N U  

LOOSE I 5 -10 
MEDIUM DENSE I 11-30 . 

GM 

'I' STANOARD PENETRATlON RESISTANCE IS THE NUMOER OF 

BLOWS R E Q U I R E 0  TO ORIVE A 24NC)( O.D. SPLIT BARREL 

SAMPLER 12 INCHES USING A 140POUND HAMMER FALL ING 

FREELY THROUGH 30 INCHES. THE SAMPLER IS DRIVEN 18 

INCHES A N 0  THE NUMBER O f  BLOWS RECORDED FOR EACH 

&INCH INTERVAL. THE SUMMATION OF THE FINAL TWO 

INTERVALS IS THE STANDARO PENETRATION RESISTANCE. 

SILTY GRAVELS. 
@RAW.- SAW- SILT MIXTURES 

I U. S STANOARD 
SIEVE I OPENINGS I NUMBERS 

CLEAR 
SIEVE 

O L  

I r I I I  I 1 I 
3" l-t/2"3N 3/8" R4 #IO Y40 c200 

ORGANIC SILTS-. 
AN0 CRGANIC SILTY --AvS 

O f  LOW PLASTICITY 

GRAIN SIZE IN MM 

I 
I:ar.trl uao:.u I '4 

S I L T  A 1 0  C L A V  oauc.  S.*O 
C O l l L t l  

CJA*¶t I 

U S C S CLASSIFICATION FOR SOILS 

SILTS 
A N 0  CLAYS 

LIQUID L I M I T  
(GREATER TWIN ¶O) 

COARSE- GRAINED SOILS FINE- GRAINEWHIGHLY ORGANIC SOILS 

INORGANIC L A Y S  
OF HIGH SLASTICITY. CH FAT CLAYS 

CLEAN GAAVELS 
(LITRE OR NO FINES) 

HIGHLY 
ORGANIC 

SOILS 

GRAVELS 
WITH FINES 

OF CINES) 
i APPIECIPbLE AMOUNT 

PLAY. 
MUMUS. 

SWAMP S a l L S  
wltn ~ I W  ORGANIC C~NTZNTS I PT 

C L E A N  SANOS 
(LITTLE OR NO I l N e l  

POORLY-GRAOEO GRAVELS, 
GRAVEL-$AN0 WXTURES. G. LITTLE OR NO FINES 

N Y C Y  GRAMLS 
URAVCL- U N O - C L A Y  MlXNRU 

GC I 
WlLL-GRAOEO S A N O S ,  

GRAVELLY SANOS. sw 1 LlRLI01) NO F I N U  

PO0MY-c;rrAOLO SANOS. 
UIAVQLI S A W S .  

LITTLE OR NO I INCS 
SP 

SILTS 
AND CLAYS 

L!CLiO L :M lT  
(LESS T M A N  M) 

INORGANIC SiLff. 
WCACSCLS CR JlA7;UACE:LS 

FINE SANOY 
3 SIL? SOILS 



FERNALD 
RVFS 
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VISUAL CLASSIFICATION OF SOILS 

. .  
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DISCR1CTlON 



. .  
STAN 0 A i7 Q 

RESlS7ANCE"' 
OENSITY I PENETRArlCN I 

0 - 4  
LOOSE I s -10 

MEDIUM OENSE I II-:o 

I 
, VERY DENSE \ avER so 

VERY LOOSE 1 

OENSE 3I-SO 

A 

. . .. 

SILTS 
AN0 CLAYS 

LIQUID LIMIT 
MRLATER THAN SO1 

. .. .. . 

INOROANIC CLAYS 
OC n W  9 L A S X l T Y .  CH CAT 2 A Y S  

.. .... . 
. -. . .  .. . .  :. ' ... 

, 

VQlYSoFT L€SS tnANo.25 
SOFT I 0.25 700.50 

STIFF I 1.0 TO 2.0 

MAR0 1 MORE THAN 4.0 

MECRIM STIFF I . 030 ro 1.0 

VERYSTIFF  I 2.0 TO 4.0 

''I' STANOAAO PCNETRATION RtSlSTANCE ISTHE NUM9ER OF 

a ~ o w s  taEauiaEo TO D A W  A Z-INCH 0.0. SPLIT BARREL 

W C L E A  12 INCHES USING A 1lOIOUNO HAMMER FALLING 

FREELY THROUGH 3U INCHES. THE SAMPLER IS ORlVEiY 18 

INCHES A N 0  THE NUMBER OP 8LOWS RECOAOEO FOR EACH 

e i m  INTERVAL ma SUMMATION OP Tne FINAL TWO 

INTERVALS IS THE STANOARO PENETRATION RESISTANCE. 

U. S. STPNOARO 
SIEVE 

OPENINGS NUMBERS 

COARSE- GRAINED SOILS F 1 N E - G 2 AI NED/ HIGHLY ORGAN IC S 0 I L S 
'8 

. .  

. .  
.... 

. .  
. .. 

. .  . . .  

_ .  
. . .  

WILL-ORAOEO UlAVCLS. 
aPWCL-SANO WX?J'JRU. 

LITTLE CII NO CiNCS 
CLEAN GRAVELS 

( L l T r U  OR NO flNCS1 

SiL? CLAYS. I LEAN CLAYS (LESS T H A N  W)l 

ORGANIC snts 
AN0 OC ORGANIC LCW PLASTICITY SIL? I OL I 



FERNALD 
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VISUAL CLASSIFICATION OF SOILS 
IPROJECT NUMBER: - 3.3 L 

- _ _  

BORING NUMBER: 4010 COOROINATES: I -  
E LEVATION : GWL: Depth DatrlTirnr l e  

J 

DESCRIPTION 

I P1 



. CONSISTENCY e - %  OF CCHESIVE SOILS 
i 

STANOAiiO 

RESISTANCE"I 
DENSITY I PENETRATICN 1 

I 

VERY LOOSE 0-4 
LOOSE s -10 

MEDIUM OENSE 1 11--0 

OENSE I 3I-SO 

VERY OENSE I OVER SO 

MEOlUM STIFF 
STIFF 

VERY STIFF 
nAR0 

...' . 

030 To 1.0 
1.0 TO 2.0 
2.0 TO 4.0 

MORE THAN 4.0 

. .  . .  

. .. 

. .  

.. 

INTERVALS IS THE STANOARO PENETRATION RESISTANCE. 

U. S STANDARD 
SIEVE 

NUMEERS 
1 I 
I I 

#,40 0200 

I ,  C L E h  
SIEVE 

OPENINGS 
I I  

I l l 1  

COARSE-GRAINED SOILS 

I GP 

(GM 

I GC 

CLEAN SANOS 
(UTTLC OR n0 nNUl 

i- 

I sc 

WCLL-GIUOW S U r o I  

LlTTLL CII No nrrU 
GRAVCLLT fucoS. 

a A T n  s r t o z  
-0-CLAY W I X T U U  

FINE-GRAINED/HIGHLY ORGANIC SOILS 

. SILTS 
AN0 CLAYS 

LlCUlO LIMIT 
(LESS T H A N  501 

HlCnLY 
ORGANIC 
- SOILS 

INORGANIC ;LAYS 

CAT CLAYS 
OF Clw Bl,AStlClfr, 

I Par:. 
MUYL'O. 

SWAMP SJILS 
WTM HIGM ORGANIC :JNTL.WS I PT I 
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ROJECT NUMBER: 6 0  3.3 I PROJECT NAME CernGAd R I B -  

I 

DATE. / - 19-29 ORlNG NUMBER: L(O(0 COOR DIN ATE S: 
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DESCRIPTION 
&'A. 

REMARKS 



UNCONPINEO COMPRESSIVE 

LESS TnLIwO.25 
CoNS~STENCr STReNOTH( TONS PER SQUARE FOQI) 
vmr s o n  

SOFT 0.25 TOO.* 

MEDIUM STlW 0.50 r0 1.0 
STIFF 1.0 to 2.0 

VERY STW 2.0 to 4.0 
I HMO YORE THAN 4.0 

COARSE-GRAINED SOILS 

SfANOASO 

RESISTANCp 
OENSITY PEN€ TRATI ON 

VERYLOOSE I 0 - 4  

LOOSE i s -10 
MEOlUM OENSEl II -50 

OENSE 31-50 
VERY OENSE OVER 50 

FINE- G i l  AINEWHIGHLY ORGANIC SOILS 

SILTS 
A N 0  CLAYS 

',IQUIO LIMIT 
(OREATER THAN SO) 

GRAVELS 
WITH FINES 

INORGANIC L A Y S  
OF HIGH PLASTICITY. CH CAT a m  

144 

OH 

WELL-ORAOEO GRAVELS. 
GRID/EL- SANO WXNRES.  

LITTLE CR NO FlNU 

ORGANIC Curs  

ORGANIC SILX 
oc YEODUY TO wan PSSTIC:?Y. 

POORLY-bRIOEO GRAVELS. 
WAVE!.- S U O  .YIXTURES. 

LITTLE OR NO FINES 
GP I 

HIGHLY 

SOILS 
ORGANIC . - 

CLAYEY GRAVEL3 
@RAW.- - N O - C A Y  MIXTURES 

PEA?. 
nuuus. PT SWAMP S5lLS 

wrn nlGn ORGANIC :~NTENTS I 

WELL-GRAOEO S M S ,  
GRAVELLY SANOS. 

LITTLE a NO CINU 
sw 

POORLY-(YIAOLD N O S .  
GRAVELLY SANOS. 

UTTLE OR NO tlNU sp I 
SILTY SANOS, 

SAND-SLY UIXTURCS 

C A Y 0  $AMOS, 
SMO-CLAY MIXTURU 

. .  

AN0 ORGANIC ORGANIC SILT* SILTS-. -,A*S 

OF LCW PLASTICITY 

INORGANIC YLTS. 
uiCrCECUS CR OlA::u4CE:;S 

FINE SANOY 
CR SiLYv SOILS 
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. .  
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.. .... . 
. .. . .  .. . .  :. ... 

OF CCHESIVE SOILS 

UNCaNFINE3 C3MPRESSIVE 

030 To 1.0 

STIFF 

VERY STIFF 2.0 TO 4.0 
YORE WAN 0.0 

_. ... 

..'. 
. .  

. .. 

O E M  I TY OF G2ANULAR SGI LS 

OENSITY PENETRQTICN 

VERY LOOSE 
LOOSE 

MEOlUM DENSE1 
31-SO E- VERY OENSE OVER SO 

(" STANOARO PENCTRATlON RSSISANCE ISTWE NUM6ER OF 

BLOWS REaUlREO TO ORWE A 2-INCH 0.0. SPLIT 8 A R R E L  

SAMPLER 17 INCHES USING A 1UIPOUNO HAMMER FALLING 

FREELY THROUGH 30 INCHES. THE SAMPLER IS ORIVEa  18 

INCUES A N 0  THE NUMBER OP BLOWS RECOROEO FOR EACH 

&INCM INTERVAL. THE SUMMATION OP THE FINAL TWO 

INTERVALS IS THE StANOARO PENETRATION RESISTANCE. 

I U. S STANOARO 
SIEVE I OPENINGS I NUMBERS 

CLEAR 
SIEVE 

t I I l l  1 I I 1 1 1 1  1 I 

3" l-l/2"*' 3/8" #4 #.IO 040 #200 

COARSE-GRAINED SOILS FINE-GRAINEWHIGHLY ORGANIC SOILS 

POORLY-GRIOt l  GIIAVCLS. 
GRAVEL-SANO WXTURCS. 

1 1 I t 

I I I 
1 I I 

. .  . . .  

. . .  . .  

SIL? CLAYS. I LEAH CLAYS (LESS T H A N  5 0 )  

I I 1 

I 

PCAt. 
MUMUi. 

SWAMP S S k S  ORGANIC 'ICwLy 1 PT 1 
SOILS mTH HIGH CRCANIC ;~NT:S. . I 
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F3 J; (I CONSISTENCY O F  C3tiEf lVE SOILS 
4 

CONSlSTENCy 1 UNCoNFlHEO C3MPRESSIVE 
STRENGTH( TONS PER SOUARE FoaT) 

VfRY SOFT LESS THAN 0.25 
SOFT 0.25 TOO.50 

MEDIUM STIFF 0.50 TO 1.0 

STIFF 1.0 TO 2.0 

VERY STIFF 2.0 TO 4.0 
HARD MORE THAN 4.0 

J 

CLEAR 
SIEVE I OPENINGS 

OENSITY OF G2ANULAR SOILS 
STAN 0 A R C 

OENSJTY 1 PENETRATION 
RESISTANCE'IJ 

1 

VERY LOOSE 1 0-4 
I LOOSE s - IO  

I U. S STPNOAAO 
SIEVE 

NUMBERS 

"' STANDARD PENETRATION RES~STANCE is THE NUMBER oF 
BLOWS REOUlREO TO D R I V E  A 2-INCH 0.0. SPLIT BARREL 

-LEA 12 INCHES USING A 14040UND HAMMER FALLING 

FREELY THROUGH 10 INCHES. twt SAMPLER IS DRIVEN is 
I N U I E S  AND THE NUMBER OP BLOWS RECOROED FOR EACH 

&INCH INTERVAL. THE SUMMATION OP THE FINAL TWO 

tNfERVALS IS THE STANDARD PENETRATION RESISTANCE. 

COARSE- GRAINED SOILS 

G R &!EL S 
WITH r INES 

( APPREClPsLE AMOUNT 
OF CINES) 

I GC 
I sw t CLEAN SANOS 

(LITTLE OR MO flNCS) I 

WLLL-GRAOtD GRAVELS. 
GRAVEL-SIN0 U l X X R U ,  

LITTLE CR NO FINES 

POO1hY-QRrOEO GRAVCLS. 
GRAVEL- S U O  WXTURCS, 

LITTLE cn NO FINLS 

WELL-GRAOLI Smos, 
CRAVCLLY SANOS. 

LlTtLL NO C l N U  

a A Y n  s m  
SUO-CLAY M l X T U R U  

FINE-G8AINED/HIGHLY ORGANIC SOILS 

SILTS 
AND CLAYS . 

LIQUID LIMIT 
(QRCATE9 T H A N  50) 

HIGHLY 
ORGANIC 

SOILS 

- 
M L  

- 
C L  
- 
O L  

- 
MH 
- 
CH 
- 
OH 

PT 

rw) INORGANIC W I R Y  FINE SILTS SANCS. 

ROCK FLCGR. 
SiLT? CR CLAYZ" 'IN€ SANCS 

OR CLAYEY S I C S  
WITH SLiGnT m-AStlCl7Y 

INORGANIC =AYS 
OC LOW TO MEOlUM %AST:C:lW. 

GRAvCLLV C A Y S .  

SlLrf CLAYS. 
LEAN CLAYS 

SANOY am. 

ORQWIC SiLTS-, 

O F  LCW PLASTICITY 
AN0 CRGANIC SILTv .,AVS 

M R G A N I C  2-AYS 

FA7 CLAY 9 
OF niw PLASTICITY, 

ORGAUHK: CLAYS 

. ORGANIC 31175 
o? Y ~ W Y  TO n m  PUS TIC:^^, 
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RISER PIPE MATERIAL %,A[eyj %e=\ 
RISE3 PIPE DIAMETERS: 

LENGTH OF PIPE SECTIONS In Ct ., 3 Ct. 
JOINING METHOD Q r u .  G - h < h  l n d  

0.0. 4 31s in. -1.0. 4 in. 

* .  

nadect 

*- --.". 

259 
{ 1- 37 

PIEZOMETER INSTALLATION SHEET 
PROJECT NAME Ferndd R \\FS FIEL3 ENGJGEO. L k i k n 5  DATE 3131 179 
PRCJECT NC. -2 ? a  CHECKED BY 4/29 f L P &  1- DATE 3- 6 ..?? \ 

BORING NO. LtO(0 

BOREHOLE DRILL ING 
PIEZOMETER NO. W\Q DATE CF INSTALLATION a( 8/Fl  - 3 l z l a q  

A 

I ORILLING FLUID (S) USED: I CASiNG SIZE (SI USED: I 

RISER PROTECTIVE PIPE LENGTH .5 k. 
PROTECTIVE PIPE 0.0. (0 'I+ in. 

PIEZOMETER DESCRIPTION 

OTHER PROTECTlOh Inrk I &  r n f l  

&*& ,m'J7'*d Tz,;y J 

TYPE ~w\;.+m,& l l l p l L  
I 

DIAMETER OF PERF~RATEO SECTION 4 I: a .  
PERFORATI@N TYPE: 

SLOTS a HOLES SCREEN gS 
AVERAGE SIZE OF PERFCRATICNS&OIO in. 
TOTAL PERFORATED AREA 0.0 Ft ' .  

DISTANCE ABOVE /BELOW 
GROUNO SURFACE IFt 1 ITEM ELEVATiON 

( r e  I 

G8OUND SURFACE 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS: 

0.0 5 8 3 . 2  
2.5 579.7 ck * 

I 

I 
I . . "  , I .. " . . _ _  - _  

TOP OF RISER PIPE I 3 . 0  I 5w. P 

PERFORATEO SECTI-ON 
PIEZOMETER TIP 
BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATION 

TOP 190.4 I BOTTOMJW 8 TOP BOTTOM 

aoa.8 F t .  
d ( 0 . b  ct. 



TEST EQUIPMENT LIST 

TEST 

EQUIPMENT 
NUMBER EQUIPMENT NAME 

NOTE : 
THIS LIST SHALL BE COMPLETED FOR ALL TESTS, 
ONLY EQUIPMENT SUBJECT TO CALIBRATION NEED 
BE LISTED. 
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0 1 -  1 UNCCNP!NE3 C3YPQESlVE 
CoNSISTENCI STRENGTH( m N S  PER SQUARE FoUf'I 

VERY Sam LESS ntrrnu.25 
SOCT 

MEORJM STlf f 

7 -  a2s TOO-so 
_ -  0.50 To LO 

O€NSE 
VERY O-SE 

31-20 

OVER SO 2.0 TO 40 
- 

VERY STIFF 1 
MRa I YORE THAN 4.0 I 

.' . 

I U S STJNOARO 
SIEVE 

OPENINGS NUMEERS 
.. 

COARSE- GRAiNEDI SOILS FINE-Gi?AINED/HIGHLY ORGANIC SOIL, 

c 

SI LTS 
AN0 CLAYS I LlCPlO LIMIT 

OH 

HlCnLY 
ORGANIC 

531LS 

153 
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UNCONFINED C 3 M P R E S I V E  I p . ' q  Q .  

CoNSISTENCY STRENGTH(TONS P V I  SQUARE FOOT) 

VERY SOFT LEss Trim 0.25 
SOFT 0.25 TOO.50 

0.30 ro 1.0 
STIFF 1.0 To 20 

V€RY STIFF 2.0 TO 4.0 
M O  I MORE THAN 4.0 

MEDIUM STlf F 

OENSITY OF GRLINULLIR SOILS 

LI 

I s -10 LOOSE 

DENSE 31-SO 

I 

MEOlUM DENSE I I  -30 I 

VERY D€NSE OVER SO 

/ 

/ 

Slits 
AND CLAYS 

LlQUlO LIMIT 
(LIS$ THAN 30) 

O-lwQ( INTERVAL. T H C  SUMMATION OC THE FINAL TWO 

IWTCRVALS IS TH8 STANDARD PENETRATION RESISTANCE. 

InOMirrrlC SlUf 

ROCK CCOUII. 

OR C-AY€Y SILTS 
WITH SLIGHT PLAStlUTY 

INORGANIC C A Y S  
OF ww to UCOIUM PLASTIUUTI. 

GRAVELLY CLAYS. 
U N O Y  CLAYS. 
S l L h  CLAYS. 
LEAN CLAYS 

. 
VERY *IN( U N O S .  , 

ML SILTY OR C'AYEY r lNC SANCS 

cL 

I U. S. STANOARO 
SIEVE. 

NUMBERS 

CLEAR 
SIEVE I OPENINGS 

HIGHLY 
ORGANIC 

SOILS 

COARSE-GRAINED SOILS 

PEAT. 1 
nuuus. 

SWAr.Y* SOILS 
WITH SlQn Q R O n l C  CONTEA 

P f  

CLEAN GRAVELS 
I L I T U  OR NO FINCS) 

GRAVELS 
WITH FINES 

l IV~*ECIAeLE ANOUMT 
OF PINLS) 

155 

1 

FINE-GRAINED/HIGHLY ORGANIC SOILS 
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CONSISTENCY Of COHESIVE SOILS 

a25  TOO.M 
MEORIM STIFF 0.50 To LO 

OENSiTY OF GRANULAR SOILS 
STANOARO 

D€NSlTY PENETRATION 
RESISTANCEUJ 

VERY LOOSE 

t i  --1a I MEDIUM O E  

3I-SO E VERY DENSE OVER SO 

"' STUDARD PfNETRATlON RESISTANCS IS THE NUMEER OF 
BLOWS REQUIRE0 TO DRIVE A 24N)9( 09. SPLIT BARREL 

SAMPLER 12 INCHES USINQ A 1 M U N O  HAMMER PALLING 

PREELY THROUGH 30 INCHlS TME -OR IS DRIVEly 18 

luCnoS A N 0  W E  N W E R  OF BLOWS RECORDED FOR EACH 

&INCH INTERVAL THE S m T l O N  OF THE FINAL TWO 

INTERVALS is ma STANOARO PENETRATION RESISTANCE. 

1.0 Ta 20 I 
V I R Y S T I F F  I 2.0 To 4.0 

HARO I YORE THAN 4.0 

. .  

. .  I U. S STANQARO 
SIEVE 

NUMBERS 

CLEAR 
SIEVE I OPeNlNGS 

' P  . , Q am - o-00 'F, , , , , y , . .  , , , . , 0 

GRAIN SIZE IN MM 

COARSE-GRAINED SOILS FINE-G8AINED/HIGHLY ORGANIC SOILS 

I GW 

- 
ML 
- 
C L  

- 
OL 
- 
MH 

I GP 

I GC 
SILTS 

AND CLAYS 
x w i o  LIMIT CH - 

OH - 
PT - 

HIGHLY 
ORGANIC 

SOILS 
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1 
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. .  

.. 

L I 
STIFF 

_ _ _  ~ ~ 

I 1.0 to  2.9 
VERY STIFF I 2.0 To 40 

SOFT i 0.2STO 0. SO 
!MEDIUM STIFF I 0.sa To 1.0 

OENSE 
VERY OENSE 

31- 50 

OvER so 
t HARD I YORE THAN 4.0 1 

I U. S STANDOAD 
SIEVE I OP€NINGS I NUMBERS 

CLEAR 
SIEVE 

COARSE-GRAINED SOILS FINE-G8AINEO/HIGHLY ORGANIC SOIL, 

I 

I I 

I 

I I 
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DENSITY 

VERY LOOSE 
LOOSE 

MEDIUM OENSE 
OENSE 

STANOAR0 
P€NEfRATlON 
R €  SISTANCEli) 1 

0-4  
5 -10 
11-30 

31-50 

i 

"' STAMOAR0 PINETRATION RESISTAWO Ism8 NUMBER OF 

ELOW3 REQUIRE0 TO OAIVO A 24NCl4 QD. SPLIT BARREL 

W L C R  11 INCHES USING A l*OPOUNO HAMMER PALLING 

F R I I L Y  THROUGH 30 INCMIS. 'TH8 S A W L E A  IS ORIVEN 18 

I 
VERY SOFT LESS Tnwo25 

SOFT 0.25 T O 0 . M  
MEDUM STIFF 030 To 1.0 

STIF? 1.0 to 2.0 
VERY STWF I 2.0 tb 4.0 

HARO I MORE WAN 4.0 

C O O I L I  

COARSE- GRAINED SOILS 

ca4Vcb I \ 4 m 0  Sa? 4.0 C L ~ V  
Co..SL I #'*e ICJ..Wl rc01.m I 8 ' -  

FINE-GRAINEWHIGHLY ORGANIC SOILS 

CLEAN GRAVELS 
{LITRE OR M n N U )  

GRAVEL 9 
WITH FINES 

[APWECUBLE PYOUIIt 
OF PINES) 

CLEAN %NOS 
( L I ~ L I  on no nium 

WORLY-GRI4EO GRAVELS. 
GRAVEL-SAM0 MIXTURES. 

LiTtLL M Wg flWS GP I 

C U Y n  GRAVELS 
UAVLL- w o - a  I* MIXTURES 

GC I 

,0 

SILTS 
AN0 CLAYS 
Liauio LIMIT 
(LESS THAN 9001 

SILTS 
AN0 CLAYS 

;tauio LIMIT 
(GRCATTER THAN SO1 

niwu 
ORGANIC 

S31LS 

PEAT. 
WYUS. 

wltn HIGH SWAYP ORGANIC SOILS ; ~ N E  
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5 
10 
. I  a - 

35 
10 

= -  5 

s 
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O€NSlfY 

VERY LOOSE 

LOOSE 
MEDIUM O O S E  

OENSE 

VERY OOcSE 

STANOAR 
PENETRATII 
RESISTRNS 

5 .J  

11-10 

31-SO 

OVER SO 

VERY SOPT 
SOFT 

WDUW SWt 
S t l t t  - 

VERY stvt 
MAR0 

LE93 fnrrnO2s 
0.25 TOO.#) 

0.50 To LO 
1.0 to 2.0 
2.0 To 4.0 

MORE THAN 4.0 

--f D I UNCONFINED COYPIlESflVC 
CoNSIStENCY I STRENGTW(TONS PER SOUARE FPm 

"' STAMOAR0 IINCTRATION RIUSTANCI IS T H I  NUM 

ULOWS RIOUIAID TO O A I V I  A Z-INQI 0.0. SPLIT 8 A  

-CR 12 USlNQ A 1IO)OUNO MAMMER f 

PR~ILY TMROUGH m INCHIS. ma SAMPLER IS oat 
1-SS A N 0  TMC NUMEtR OF BLOWS RECOROEO FC 

WtnCn IIYttRVAL SUMMATION OP THE FINAL 

INTIRVALS IS TI40 STANOARO PENETRATION R E S 6  

I U. S STANOARO 
SIEVE 

NUIYERS 
I 
I 

Y4Q Y200 

I , ,  I ,  1 

CLEAR 
SIEVE 

OCUINGS 

!e* 1!!/2&* a:*- A A 0  
lOD0 4 10 Q 00 - -I... . . I 

GRAIN SIZE IN MM 

I I llbt 4.0 C L I ?  
C m U I b  5.-0 

I1-8 I c % a w \  ani.. 1 * 'U 
C O I A b S  -,, 

u s c s CL~SSIFICAT~ON FOR SOILS 

.. . 

COARSE- GRAINED SOILS F lNE-GRAINED/HIGHLY ORGAht, 

CLEAN GRAVELS 
I L I T U  011 Eo nNUl S I  LTS 

AN0 CLAYS 

ILCIS TMAN SO1 
Liauio LIMIT 

GRAVELS 
WITH FINES --- 

WUUI 
!SI 

SILTS 

uauio LIMIT 
AN0 CLAYS 

t G i l f A T U  T H U  50) I WCLL-WOE0 swos. 
GRAVELLY %NOS. sw 1 LlTTLLOR NO FINES 

CLEAN SAWS 
( U ~ L O I I E o O N U J  

niGnLy 
ORGANIC 
SOLS 

PCAT. 
nucy' 

SWAb wnw HIGH 0. 
PT 

PCAT. 
nucy' 

SWAb wnw HIGH 0. 
PT 
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. .  

VERYSOFT I LEfS rnAN 0.25 

i 
MEOIUM STIFF I 

STIFF 1 1.0 TO 2.0 
VERY STIFF I 2.0 TO 4.0 

HARO i MORE THAN 0.0 

SOF T 0.2s T O 0 . 5 0  
030 To 1.0 

I 

. .. : 

./ . 

:. 

. .  

. .  

.. ' 

. .. 

. .  . _  

p'! C "CONSISTENCY OF C C H E ~ I V E  SOILS 

('I STANOARD PENETRAflON RESISTANCE IS THE NUMBER OF 

BLOWS REQUIRE0 TO DRIVB A 2 4 N W  0.0. SPLIT BARREL 

SAMPLER 12 INCHES USING A 14OPgUND HAMMER FALLING 

FREELY THROUGH 30 INCHES. THE SAMPLER IS ORlVEf i  18 

INCJ-IES AN0 THE NUMBER OF BLOWS RECORDED FOR EACH 

&INCH INTERVAL THE SUMMATION OF THE FINAL TWO 

INTERVALS IS THE STANDARD PENETRATION RESISTANCE. 

I U. S STANDARD 
SIEVE I OPENINGS I NUMBERS 

C L E ~ R  
SIEVE 

I I 1 1 1  I I I I I l l  1 I 

3" l-l/2'*3/$3/8" #4 #IO Y40 , c200 
0 om ooo a..ce* loo0 , ' 0 4 : .  , , 9 In 

GRAIN SIZE IN MM 

COARSE- GRAINED SOILS 

C L E A N  GftAVELS 
[LITRE OR NO CINES) 

C L E A N  SANOS 
[URLL OR NO flNCSI 

SANDS 
WITH F I N E S  

APPRICtAOLt nyoc#T 
- -9CCINCS) 

1 

POORLY-GRAOE? GAAVCLS. 
GRAVEL- S U O  MIXTURES. 

LlTtLL CR No PlNES 

FINE- GRAINED/HIGHLY ORGANIC SOILS 

S 1 LTS 
AN0 CLAYS 

LlCUlO LIMIT 
(LESS THAN 50) 

5117s 
AND C L A Y S  

LIQUIO LIMIT 
(GIKATER THAN SO) 

HIGHLY 
ORGANIC 

NILS 

cn 
- 
OH 
- 
PT 
- 

INORGANIC =2Y5 
JC LOW T3 uC011.u DS-AST:::~?. 

GRAVELLY =;Ais .  
SANQY Z A Y S .  
SIC? c;;rs. 
LEAN CLAYS 

INORGANIC =2Y5 
JC LOW T3 uC011.u DS-AST:::~?. 

GRAVELLY =;Ais .  
SANQY Z A Y S .  
SIC? c;;rs. 
LEAN CLAYS 
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VISUAL CLASSIFICATION OF SOILS 

- i9 1 - 2 3  OAT€: ORINGNUMBER: . qo IO COOROINATES: 

f 7  LEVATION: -582. 3 (3.5. GWL: 010th 0 8 t r ~ m r  OATE STAATEO: I - I r- 8 
NGINEERIGEOLOCIST: L .  M-5 DIoth DltrRirnr OAT€ COMPLETED: 3 -)i -87 .& 
RILLING METHOOS: (Pr - 

Y c 
- 
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DENSITY 

VERY LOOSE 

..:_ : 
. .  . . .. 

. .  

STAN 0 A 3 0 
PtNEtRATlCN . 1 
RES ISTANC E ( 8  J 

0-4 

. .  .. .. 

. .  . . .  

LOOSE j s -10 1 

MEOlUM OENSE I 11-20 

OENSE 31-110 
OVER SO VERY DENSE 

. z . .  . .  
. .  . . .  

CLEAN GRAVELS 
(LJTrLE OR NO CINES1 

. : .. . . . .  

LITTLE ca No CINES- 

, 
I 

. .  . . .  

_ .  . . .  

' fq (~ 
CONSISTENCY OF CCHESlVE SOILS 

SOFT 0.2s TO0.SO 
MLSIUMSTIFF I 030 To 1.0 

STIFf 1.0 TO 2.0 

VERY STIFF 2.0 TO 4.0 
MORE THAN 0.0 

") STANDARD PENETRATfON RESISTANCE IS THE NUMBER OF 

BLOWS REQUIRED TO DRIVE A z-irucn 0.0. SPLIT BARREL 

SAMPLER 1 1  INCHES USING A 1IOPOUND HAMMER FALLING 

PRECLV THROUGH 30 INCHES. THE SAMPLER IS ORlVElV 18 

INCHES AN0 THE NUMBER OP BLOYYS RECOROEO FOR EACH 

&INCH INTERVAL. THE SUMMATION OF THE FINAL TWO 

INTERVALS IS THE STANDARD PENETRATION RESISTANCE. 

U. S STANOARO 
SIEVE 

NUMBERS 
1 1 
I I 

Y40 f 2 0 0  

I C L E ~ R  
SIEVE 

OPENINGS 
1 1 1  

I I I I  
I-l/2''3d 3/8" 6 4  #IO 

?., ,  . . T  . . . , . , . ,  oop. , am, 'y-.. , , , IT,.. , , . 9 .  In 
GRAIN SIZE IN M M  

COARSE- GRAINED SOILS 

WELL-GAAOED CilAVELS, G w GRWCL- SANO MIXYJRES. I 

I I 

1 I 

I I 

I I 

6.67 

F I N E- G2 AI N E 01 HIGHLY ORGAN IC S 0 I L S 

I ML I 

SlL7S 
AN0 CLAYS 

t- 
I OH 

HIGHLY 
ORGANIC 

S31LS I PT 
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:. .. .. 
. .  . . .. 

. .  

.. ./ . 
. .. . .. . .  . .  . .  .. 

... 

': 

.. ._ 
. .  . .  
-. . . 

. .  

. .. 

. .  . . .  

VERY SOFT 
SOFT 

ME3IUM STIFF 
STIFF 

VERY STIFF 
n u o  

LESS TnLINo.25 
0.25 TOO.50 
030 ro 1.0 

1.0 To 2.0 
2.0 To 4.0 

MORE THAN 4.0 

VERY LOOSE 
LOOSE 

INCHES AND THE N U M U R  OP BLOWS RECOROED FOR EACH 

6.INCH INTERVAL. THE WMMATION OP THE FINAL TWO 

INTERVALS IS THE STANDARD PENETRATION RESISTANCE. 

U. S STANDARD 
SIEVE 

NUMBERS 
1 1 
I I 

Y40 9200 

C L E i R  
SIEVE 

OPENINGS 
I l l 1  
I I I I  

I 
I" I-t/2"3/4 3/8" #4 #IO 

0-4 
s -10 

COARSE-GRAINED SOILS FIN E- GRAINED/HIGHLY ORGANIC SOILS 

I 

I I 

wCLL-W~AOCD UNO% 
GRAVCLLY YNOS. 

LITTLE NO flNU 
C L E A N  SANOS 

(LITILL on no PINU) 

SlL7S 
AN0 CLAYS 

LIQUID LIMIT 
(GREATER THAN 90) 

HIGHLY 
ORGANIC 

S31LS 

- 
ML 

- 
C L  
- 
O L  

- 
MH 

CH 
- 
OH 
- 
P t  - 



Reynolds SiJpply, Inc. 
COMPLETE MUNICIPAL 6 INOUSTRIAL WATER SYSTEMS 

FOiZMATlON LOG OF WELL 

28 
4 0  
45 
51 

64 ' 

89 

258 

40 I Gray c l a y  
45 Blue  c l a y  
s1 Yellow sand 
64 Yellow sand 

a9 Gray sand 6 gravel  
92 Dark gray sand 6 c lay  b a l l s  

Well Finished Well Number Starting OP . &# . 

92 I - 96 
96 i 100 
100 I 11s 

Crav sand and Pravel 
Gray sand and gravel  
Gray sand and boulders 

- 
125 

I -  

130 gray sand and small boulders 

IC Water Level 6 7  ' Draw Down * 

er - Steve Revnolds 
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U * ? O U l l K  S K A L  

0- 

10- 

20 - 

30 - 
40- 

JO- 

60 - 

70- 

80- 

90- 

w- 

110- 

20- 

CmAVKL 

172 



0. 

IO. 

20- 

30. 

40. 

so, 

60. 

70, 

80 

90 

/oo 

I10 

I20 

258 

W A V C L  

U A V C L  

gr 1 a o . o .  a 



. .  
TYPE M a d  I TbRIa(7 w ELL RISER PIPE MATERIAL- 
DIAMETER OF PERFORATED SECTION L / _ o , ~  ID RISER PIPE DIAMETERS: 

PERFORATICIN TYPE: j $ & 5  0.0. 4 % /&.-I. 0. 4 0  ;d. 

SLOTS 1x1 HOLES SCREE%% LENGTH OF PIPE SECTIONS 2 r lorn. I L ~ S C , ~  - c Lit +-p 
AVERAGE SIZE OF PERFCRATICNS 0-01 /A/ .  JOINING METHOD e i z ~ r r ,  

TOTAL PERFORATED AREA 10.0 ~7 FLJSH. mi-. 

Ir 

' 7  

PROTECT ION SYSTEM 
RISER PROTECTIVE PIPE LENGTH 5 ET OTHER PROTECTION- ?e# mnnc/F PIP€ 

PROTECTIVE PIPE 0.0. / O a t s  /AI. A&CK/dG &/iH en P&CE 
A . 

O~STANCE AaovueELow EL EVAT I 0 N 
G3OUNO SURFACE ( R )  0 ITEM 

TOP OF RISE9 PIPE 2.0 
GROUNO SURFACE 0.0 
BOTTOM OF PROTECTIVE PIPE '2 b 5  

8OREHOLE FILL MATERIALS: 

-- GROUT TOP 3.3 BOTTOM 1ge.g TCP BOTTOM 
N/A err LKW: % R e  ' TOP aOTTOM n/A .TCP 30 T TO kl 

SANO ~ ~ h c  TOP jm.5 BOTTOM z n - 5  TCP tOTTCh1 - 5rrdO r;wo TOP N/r SOTTOM ///A TOP aOTTOM 

PE3FORATEO SECTION TOP 200.0 BOTTOM 210.0 TOP BOTTOM 

PIEZOMETER TIP ?,I/->' 

BOTTOM OF SOREHOLE 222.5 
GWL AFTER INSTALLATION 

t 71 tf 
WAS THE PIEZOMETER FLUSHED AFTER INSTALLATION? YES NO 
WAS A SENSiTlVlTY TEST PERFORM€O ON THE PIEZOMETER? Y E S O  NOW174 
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VlSUAL CLASSIFICATION OF SOILS 

RILLINC METHOOS: C W  
I I I 

I72 

\73 

-\" I I I 
'i'8 1 I I 
' 1-4 I .  I 

DISCRIPTION 

' I  

3 - 3-YQ 
R E M A R U S  

187 
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U cn 
3 - 
sq 



FERNALD 
R W S  

258 

VISUAL CLASSIFICATION OF SOILS 



FERNALD 
RVFS 

258 

VlSUAL CLASSIFICATION OF SOILS 
PROJECT NUMBER: b c . ~  3.2 (PROJECTNAME. ~~k a/- 

- 

BORING NUMBER: yO13 I C 3 0 R O I N A T E S .  OAT€.  1 - z ~  -r9 / , - J / . ~  5 
E LEVATION: -5yRrfi- GWL: Oeotk OatrTTimr OAT€ STARTEO /-&-&4 
ENGINEERIGEOLOGIST. 6 7 - a .  Oeotk OatriTimr OAT€ COMPLETE0 -- - 

Cfhcr /& P1 
I 

I 

I -  c 
;;:: 
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1 I L T .  
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mom 
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:: 80RING 16 
4 3  4 
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0 

S 

N 

20 

23 

I 

197 

O I y - m  a y001m 
Fieure A4-6 
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i... 

Sm $. 
e.-.:. 

..... ..... ..... ..... - 

..... ..... 
I ::::: ;... . ..... 

z;.'. 
.e-" + ,:$ 
.c: 
. .. 

w[ +-. 2' 
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1.99 
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201 



2 0.2 
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203 



a 

C 

a 

sa 

64 

70 

30 

204 
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0 

10 

20 

rn 

40 

so 

bo 

m 

Bz1 

90 

2110 
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FERNALD 
RIMS 

3 0 T T 3 M  O F  B O R I N G -  27' 

I .  R I S E R  P I P €  I S  4 I N  IO. S C H E D U L E  
P I P E ,  T n R  E A O E l  .Fk:fn- J O I N T E D , .  

2 . S C R E E H  Is 4 IN 1.0 5.s- J I P E  C 2 N T I N U O U S  
SLOT S C R E E N  ( 0 . 5  IO IN S L O T  f I Z E ) .  

 LOWER ENO OF S C ~ E Z N  I S  C A P P E D .  
4 . E L E V A T I O N  OF W A T E 3  L E V E L  
5 . w A T E R  L E V E L  R E A O I N G  O N  

I N S T A L L A T I O N  O E T A l  L S  
M O N I T O R I N G  W E L L  ttrC 

PREPARED F 3 R  

iOL Y 
)Ilci(r L l b / e q  

FwPC RI/FS 



DATE \ G / \ b  / E7 Y 'ROJECT NAME k-V ?c \<\ 'Fs FIELD ENG./GEO. 6. L.\. \.\,.'Q 

?RCJECT NC. I '  CHECKED BY Lw(.,LG, ,. H DATE 2.' 2 ' - ~ 4  
BORING NO. yJ+ ,&2? I 9 -  4 
PIEZOMETER NO. \ t  \ DATE OF INSTALLATION JO -lR-B? 
BOREHOLE DRILLING 

PIEZOMETER DESCRl PTlON 

TYPE "Tt &,\ e55 5, <e\ 
DIAMETER OF PERFORATED SECTION 

PERFORATICIN TYPE: 

+t " 

SLOTS 0 HOLES 0 SCREEN 

AVERAGE SIZE OF PERFCRATIONS O\O I U S  

TOTAL PERFORATED AREA 7' 

RISER PIPE MATERIAL S+A,~\~\% <kt\ (3lb) 

RISER PIPE DIAMETERS: 

LENGTH OF PIPE SECTIONS io' 

,I 

4 3/ " 

JOINING METHOD F\a& ,A 4LceaX 

0. D. 8 -1.0. 

. .  

PROTECTION SYSTEM 

I RISER PROTECTIV IPE LENGTH 5' I OTHER PROTECTlOh LOCLlL,U CAP I PROTECTIVE \C " I O C C .  
~ ~ ~~ ~~ ~~ 

GROUT/SLURRY 

BEN TON I T E 

PE RFOR AT E 0 SEC TI ON TOP 17.5' I BOTTOM 24.5' TOP 

PIEZOMETER TIP \3? kz 5 I e* 27 .o kILr 
BOTTOM OF BOREHOLE .(I 27 '  
GWL AFTER INSTALLATION z 9'  

WAS THE PIEZOMETER FLUSHED AFTER INSTALLATION? YES N O H  

WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER? Y E S O  N O M  215 
MARKS J A e  uaiG C d  /orr.,Ac w9 $ rr/r A& A. J&'-L 01 & h ; r c  4 L  &.-A9 

4 Lo&- J A/A. .;/PA y/py&$ / 
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VISUAL CLASSIFICATION OF 
PROJECT NUMBER: 602 PROJECT NAME: Fr\PC er/m 
BORING NUMBER: 3 0  Iw''j7-., ~OORDINATES:  
ELEVATION: GWL: Depth Daterrime DATE STARTED: 9 - \ ~ 4 _ $ 7 ~ ~  1 3 3 0  

DATE: q - \ q  - 83 
r 

DATE COMPLETED: 0 / 3 / 8 ?  

PAGE 1 OF \\ 

ENGINEERIGEOLOGIST: 8, bum-;,, Depth Daterrime 

2 
\? 

19 
12 
25 

32 
22 
I2 
IS 

0 

21 

23 

HI' 

. 
Ib 

\i 

DESCRIPTION 
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2 
3 
\2 

2 0  

45 
r0 

qL 

70 
27 

> f  
8 s  
YI a 

(1005) 
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258 .f?rtf RVFS 
VISUAL CLASSIFICATION OF SOILS !E! ---- i I . i  I . -. . . . , 

t 
OROJECT NUMBER: 6 0 2  PROJECT NAME: F m E  A \  / Fs 
BORING NUMBER: j o i y  4.j.q COORDINATES: DATE: q-\l-W 0 

ELEVATION: GWL: Depth 41.2 Date/limeq-\7-~,7 ,130 DATE STARTED 9-iy-87 
ENGINEER/GEoLoGIsT: Depth Datenime DATE COMPLETED 5 t ,  6. Q*,-,,-,inq 

C*dL€ J T o O L  PAGE 3 OF \ \  
1 1 

I 

L . 4  .\5 c(-\7- 87 h.?u = 0 



RI/FS 

f M r C  a1 / f S  
- PROJECT NUMBER: PROJECT NAME: 6 C z  

BORING  NUMBER:!^^,^ 3QJ9 COORDINATES: DATE: q- \8 -b7 
rE LEV AT I ON : GWL: Demh Date/Ti me 

Depth Date/Time DATE COMPLETED. 1 3 .  \7 

13 
27 

?"> 50 

DESCRIPTION 
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(3 
3 
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I4 
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RVFS 
VISUAL CLASSIFICATION OF SOILS 

. .  I 
PROJECT NUMBER. 6 0 2  PROJECTNAME Fm?C 4\  I r'S 

3ORING NUMBER: .':.?q= 3 L?7v COORDINATES. DATE ,+-e-W I 
ELEVATION: GWL: Depth (..I. 'j' Date/Time Q-20/&0 DATE STARTED 1 .  by -57  

n n t . \ O  I Depth Datenime 

DESCRIPTION 
m 
0 m 2 

9 - ZC - 61 

DATE COMPLETED: lo - 3 - b 7  
PAGE OF \ \  

REMARKS 

402- 1 1-86 - 
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18 
29 

3b 
2r * 

\e" 

DE SC R l P f  ION 

--. 

_ -  
5. .: 

R E M A R K S  

\35i 

222 
402- 11 -86 - 
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I r5 

q-zz- 87 ys= 40 - Ec 

I 
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VISUAL 
(n 0 2  PROJECT NUMBER: 

3ORING NUMBER:,  ?!!?<Q 71 12v 

IELEVATION: 

OESCR l PTl ON 

I PAGE 4 OF \ \  
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VISUAL CLASSIFICATION OF SOILS 

REMARKS 

.I . 

DESCRIPTION 

225 
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' FERNALD 
RVFS 

RISER PROTECTIVETPIPE LENGTH 5; OTHER PROTECTlOh Loc\r\u t ChO PIJO 'a 
PROTECTIVE PIPE fi. 0. '0'' 

, 

'ROJECT NAME \-npC, A \  .'FS 
?RCJECT NC. b C 2  
BORING NO. 153q 3LT34 
PIEZOMETER NO. 3d-a 

- 

TOP 8c' BOTTOM 92 '  .TOP 

TOP Qt BOTTOM \\c' TOP 

BOREHOLE DRILLING 

DRILLING METHOD ah\* \a01 

DRILLING FLUID (SI USED: 

FLUID FROM 

PIEZOMETER DESC R I PTlON 

BOTTOM 

BOTTOM 

BOTTOM 

4 

DATE OF INSTALLATION 1 0  - 3 - 8 7  

TYPE @F BIT 

SIZE 
FROM FJlt TC SIZE k 4 

DIAMETER OF PERFORATED SECTION V 4  

PERFORATICIN TYPE: 

SLOTS 0 HOLES 0 SCREEN 
AVERAGE,LS/$F-OF PERFCRATIONS 

\ 0' - L'Gfi6-m I TOTAL & R€A 

RISER PIPE DIAMETERS: 
0.0. ' 4 % "  1.0. 4 I' 

LENGTH OF PIPE SECTIONS \G' 
JOINING METHOD F C \ * ~ A  To..\\ TL\i*ad,b 

I I 

PROTECTION SYSTEM 

fi TOP OF RISER PIPE 

I GROUND SURFACE 

I BOTTOM OF PROTECTIVE PIPE 

BOREHOLE FILL  MATERIALS : 
GROUT /SLURRY 

BENTON I T E 

SAND 

BEUTDLh PW-m 

I PERFORATED SECTION 
I PIEZOMETER TIP 

BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATION 

DISTANCE ABOVE/BELOW 
GROUND SURFACE (Ti. 1 

E L E VAT I 0 N 
( F T  ) W L  

I 0.0 
- & 1.6' 1 

TO P 0 

I BOTTOM I 
~ ~~ ~ ~~ 

TOP 47.5' I BOTTOM  IO?.^,' TOP BOTTOM 

+*\lo ' 
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SUAL CLASSIFICATION OF SOIL VI! 
PROJECT NUMBER. k* 7 

BORING N U M B E R ; { ? . ~ L ; ~ ~ ~  / O J ~  COORDINATES. DATE 1 2 1 ~  - \z 123 1 'j7 . 
ELEVATION: GWL: Depth Date/Time DATE STARTED \z / z\ $7 
EN G IN E E R /G E 0 LOG IS T . $ , bNnn; ,,~q Depth Date/Time DATE COMPLETED )oilgF 

io 

13 

'3 

31 
22 

2s 
I9 

n 
30 

0 
\? 

20 - 
25 

27 
33 

a 
19 

22 

27 
33 

a 
19 

5 
3 

. 
2c 

n 

DE SC R I PT I ON 
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bRILLINC METHODS: 
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VISUAL CLASSIFICATION OF SOILS 

1 

i 
12 2 

23 

Y -  
a 

8 %  Ly 

0 

DESCRIPTION 

I 
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APPROXIMATE Ex1 STING 
CROUNO S U R F A C E  /- E L .  

FERNALD 
RVFS 

I 

1 

I 3 0 T T 3 M  O F  3 0 R I N G  ? 3 f  
N Q T E S :  
I. RISER P I P €  I S  4 1 N  I D .  S C H E D U L E  

I N S T A L L A T I O N  O E T A l  L S  
2.SCREEN I S  4 1 N  1.0 5 5  .?lPE C 3 N T I N U O U S  

3.LOWER EN0 OF S C R E E N  IS C A P P E D .  M O N I T O R I N G  W E L L  W 
4 E L E V A T I O N  OF W A T E 3  L E V E L  

% M A T E R  L E V E L  R E A D I N G  O N  

P I P E ,  T H R E A D E 2  .FL:SH - J O I N T E D .  

SLOT S C R E E N  (0.010 I N  S L O T  S I Z E )  

I d L T  w 4- PREPARED FOR 



FERNALD 
RIIFS 

-.- y'" ' -  I -  - - /  

Elrd 

PIEZOMETER INSTALLATION 

BOREHOLE DRILLING 

DRILLING M E T H O D J ~ ~ ) G  0 O l  I TYPE @F BIT - t A e d  I / 

I DRILLING FLUID (9 USED: I CASING SIZE (SI USED: I 

I I FLUID Pic FROM b*+ TO AI* SIZE MJlf FROM LI) TC $dt+ 1 
PIEZOMETER DESCR I PTlON 

TYPE PlonItnP I l y  

DIAMETER OF PERFORATED SECTION 4 " 
PERFORATION TYPE: 

SLOTS 0 HOLES 0 SCREEN 

RISER PIPE MATERIAL 9 16  STatnlecs mfij 
RISER PIPE DIAMETERS: 

0.0. L J 3 / B  m -1 .0 .  'l /fl 
LENGTH OF PIPE SECTIONS 1 0 3  
JOINING METHOD -fhreod c UtIP  le 

/FkU'>H &/A/? T t j P h A D d  

3ROTECTION SYSTEM 

RISER LENGTH I PROTECTIVE PIPE / A  
d t  

O T H E R P R O T E C T l O h ~  C k a b  je 
PND lock. 

GROUT/SLURRY 

8EN TON I T E 

%AS THE PIEZOMETER FLUSHED AFTER INSTALLATION? 
3s A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER? 

YES 0 
Y E S O  

REMARKS 

- 
~~ 
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ZROJECT NUMEE R 6 0 %  
BORING NUMBER lo1 7 f!y.5q 

ELEVATION 

ENGINEER/GEOLOGISf 0. &t&q 

PROJECT NAME (Gz&u/?f G? el /w 
COORDINATES DATE 12 * 2 f -8 7 
GWL: Depth Daterrime DATE STARTED 12. 2 / . 8  1 

DATE COMPLETED 1 2 . 2 2 . 8  7 Depth Date/Time 

~ O A I L I  

' F  S F 26 
DESCRIPTION REMARKS 

233 
I 
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I N9TES: 
i . R I S E R  P I P E  I S  4 1 N  I O  S C H E D U L E  

P I P E ,  T H R E A 3 E f  . F t L S H  - J O I N T E D .  
2.SCREEN IS 4 IN 1.0 5 s  .? lPE C 3 N T i % U O U S  

SLOT S C R E E N  ( 0 . 3 1  o IN  sCor  s I Z E ) .  
3 .LOwER E N 0  OF S C a E e %  IS C A P P E D .  
4 . E L E V A T I O N  OF W A T E R  L E V E L  

5. H A T E 3  L E V E L  R E A O I N G  O N  

,'.?.. 

I N S T A L L A T I C N  O E T A I  L S  
M C N I T G R I N G  WELL 

1 0 2 7  

I 234 I 
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TYPE 170u'To/~( P J G  RISER PIPE MATERIAL Y L  S ~ A / A / L E S ~  STSL 
DIAMETER OF PERFORATED SECTION Y /N RISER PIPE DIAMETERS: 
PERFORATICIN TYPE : 0.0. W 8  Id - 1 . D .  Y IN 

SLOTS 0 HOLES 0 SCREEN LENGTH OF PIPE SECTIONS /O FT. 
AVERAGE SLZE QF PERF RATIONS ,o 10 IU JOINING METHOD 7~ (2 k N  Q 

TOTAL- 10 F r #  CeC, pLls 
5 c 17 1s k n, ' t NGFK 

r 

yt ' - 

255 

PIEZOMETER INSTALLATION SHEET 
/E C a Z h f A L ~  F! FIELD ENG./GEO. n. O&fflG ./ DATE / L . .Z 39 7 

PRCJECT NC. bfi 7 CHECKEDBY 81 WLd d DATE Z/'/&V 
BORING NO. 1027 ?%-<( 
PIEZOMETER NO. A& DATE OF INSTALLATION / L t Z . 9 3 - / 2 - 2 3 - u 0 7  

BOREHOLE DRILLING 

L 

OTHER PROTECTlOh LQC[?fCU G C P  P c 

RISER PROTECTIVE PIPE LENGTH s I= I .  

PROTECTIVE PIPE 6.0. 10 L I V A  / O A  bJ . I> K u'/ 2 3/L?E? 

PROJECT C 

DISTANCE ABOVE /BELOW 
GROUND SURFACE ( 1 

2.  a I= 7 .  

ITEM 

TOP OF RISER PIPE 

GROUND SURFACE 0.0 

4 

E L  €VAT ION 
0 

I DRILLING FLUID (S) USED: I CASING SIZE (SI USED: I 

GROUT/SLURRY 

BEN TON I T E 

I I GWL AFTER INSTALLATION rv*. I 1 
YES 0 235 WAS THE PIEZOMETER FLUSHED AFTER INSTALLATION? 

\S A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER7 Y E S O  NO I D  
 EMA ARKS &A COP /.LA'- &A6 3. A .  #Duo cf f i  / i h e  H c  A b 4  ccly 

/ 
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VISUAL CLASSIFICATION OF SOILS 

PROJECT NUMBER: & 2 
BORING NUMBER: 'Zj7 fif?,--~ 
ELEVATION: 

ENGINE E R /GE OLOG I S T: D . OR M 6y 

PROJECT NAME: Fg R/UAL 13 /2 1 /F< 
COORDINATES: DATE: 1 2 .  11. 8 7  
GWL: Depth Date/Time DATE STARTED: I 2 .  /O . 9 7 

Depth Date/Time DATE COMPLETED: I2 * / 7  - 8  7 

5 
7 
It 

7 
IS 

rS 

I 

3 
7 

I i  

5 
i3 

7 
7 

7 
7 

7 
b 

LA 
1Y 

Z I  

DESCRIPTION 

1 I 

C O L O R ,  

I PAGE 2 OF & 

REMARKS 
C l t  
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- 
IORING NUMBER: <?,-+c 00 R DIN AT E s : DATE: 2 E7 ~ ; 3 7  

DATE STARTED: / z .  10.5 - Date/Time LEVATION: GWL: Depth 

Depth Date/Timr DATE COMPLETED: [ z. l7.',7 NGINEERIGEOLOGIST: 0. c 
IRILLING METHODS. 

q y f  I 
I I 

DESCRIPTION 

 PAGE ? OF f,- 

REMARKS 
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r - 1  

PROJECT NUMBER: [ , ( 3 2  PROJECT NAME: & SI2 M m  /2 t / F 5  
DATE: ) 2 .  /5-.87 .> 

r BORING NUMBER: 3 p 3  7 , .;?H COORDINATES: L 

E LEVATION: GWL: Depth Daterrime DATE STARTED: /2. /o 
~ ~~ 

I Depth DatdTime DATE COMPLETED /? (7.?,, 7 

DE SC A IPT ION 

OF (,-, 

REMARKS 

I+ &Id- L J  'q 

l f u u  7 
& A -  
k - 
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VISUAL CLASSIFICATION OF SOILS 

ZROJECT NUMBER (90 a [PROJECT NAME /=e (2  ./2 / //- 
DATE 0 7  

BORINGNUMBER a3\1 1037 ' ( 7  IL  -. 
E LEVATION GWL: Depth Daterrime DATE STARTED / 2 . /(3.% 7 

DATE COMPLETED I 7 . / 7 . 4  ENGINEER/GEOLOGIST 0 c;Jf(q 13.' Depth Daterrime 

c3 PAGE OF (c 

-1 - 
DESCRIPTION 
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V ISUAL CLASSIFICATION OF SOILS is..._; i -.-= . _ _ _  j 2 5 8  

IORING NUMBER: DATE: /L./7&,5> 
LLEVATION: GWL: Depth Date/Time 

f DATE STARTED: / 2 ./&.u] 
Depth . Date/Tima DATE COMPLETED: / 2 -17. E7 

I 

)AILLING ME'  - 

1 

DESCRIPTION 

I PAGE C OF 6 
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I 

4 
2 c 
VI 1 

I . R I S E R  P I P E  I S  4 11. I O .  SCH€DULE 
P I P E ,  r n R E A a E 2  . F t d S H  - JOINTED.  

SLOT SCREEN (0.010 IN S L O T  S I Z E ) .  
2 . S C R E E N  IS 4 t N  1.0 Ss . P I P E  C3NTINUOUS 

 LOWER ENO O F  s c a E z 3  I S  C A P P E D .  
4 .ELEVATION OF W A T E 3  L E V E L  

S.HATE.9 L E V E L  READING ON 

MCNITORING W E L L  * 
I O T )  !?% 

PREPARED FOR 

242 



, -  I C ’ I  u 7  

DRILLING FLUID (S) USED: 

FLUID b A r G ; I 1  FR@M 3.0  
FLUID wr+ FROM C J A  TO u k  

To 7 b . s p t .  

FERNALD 
RI/FS 

CASING SIZE (S) USED: 

SIZE /o /N- FRCIM 0 TC 75‘ 
SIZE M A  FROM u k  TQ FJA 

: ‘VI 
PIEZOMETER INSTALLATION SHEET I:. kw!y -:-. I 

1 
f 

TYPE Mw I p, ‘r 5 %g/s 
DIAMETER OF PERFORATED SECTIONA in/ 
PERFORATICIN TYPE: 

SLOTS 0 HOLES SCREEN 124 
AVERAGE SIZE OF PERFCRATIONS 
TOTAL 1s- Feel 

e 010 I N .  
C \ Z E E  L;’bL’t‘tr-l+ 

- 
PROJECT NAME ~ R N A L ~  R I  /= FIELD ENG./GEO DATE 1L!/t3-87 
PRCJECT NC. bo2 CHECKEDBY DATE 2 - / , / / C Y  

PIEZOMETER NO. N f i  DATE OF INSTALLATION / 2-10-87 ro 1 2  -tb-e 7 
BORING NO. .)/13.7 60 ,-,-if 

RISER PIPE MATERIAL 3/6 s7A/,qrlqe ST&=/ 

RISER PIPE DIAMETERS: 

0.0. 9 3/R /N.-I. 0. IN. 
LENGTH OF PIPE SECTIONS /O F T .  

,<ur 
JOINING METHOD Tl.ffiE+D M ca- 

$(&.k de:& 

r 

BOREHOLE DRILLING 
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bRILLING ME - 
V A  1.8- 

50 

DE SC A IPT ION 
v) u 
v) 
3 

C L  

245 
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I '2 

I \Y V " I  I O '  Kl 

A P P R O X I M A T E  E X 1  S t f  NG 
G R O U N O  S U R F A C E  

f - 
! 
! 

I 
i 
I 

I 
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DRILLING FLUID (SI USED: 

FLUID-& FRCIM 3 r$ TO 31 e 
FLUID #/+ FROM /-’A TO 

258 
PIEZOMETER INSTAL LATlO N SHE ET ~ : * d c ~ f i  

CASING SIZE (SI USED: 

SIZE /of‘ FROM 0 TC 3/kZ 
SIZE FROM NP+ TC M A  

’ROJECT NAME rewaId ~T[FS 
PRCJECT NC. 60% CHECKEDBY K e r n ; %  DATE ~ / C / < G  
BORING NO. /&,J 4 68 #-5 - -z? f  
PIEZOMETER NO. N / A  DATE OF INSTALLATION 0 I //g/$g 

FI EL D E NG. / GEO . m . I d k M  DATE oi/h!!8=8 

TYPE n o f l l b f i i n q  

PERFORATION TYPE: 

DIAMETER OF PERFORATETSECTION 4 I‘ 

SLOTS 0 HOLES 0 SCREEN 

BOREHOLE DRILLING 

RISER PIPE MATERIAL 31G fi,/,LCs -eel 
RISER PIPE DIAMETERS: 

LENGTH OF PIPE SECTIONS 
0.0. W ’ i 4  1.0. 4’X 

10 Fe 

RISER PROTECTIVEfIPE LENGTH 5 
PROTECTIVE PIPE d D .  lo ‘C,/rJla 

OTHER PROTECTlOh h C k a b b  @GA fib4 
Lock 

BOREHOLE F I L L  MATERIALS 
GROUT / SLURRY 

BENTON I T E 

SAN 0 

DISTANCE ABOVE /BELOW 
GROUND SURFACE (m ITEM 

TOP OF RISER PIPE 

GROUND SURFACE 0.0 

BOTTOM OF PROTECTIVE PIPE 2-4 

2.G 6b 

~ BOTTOM OF BOREHOLE 
r 

GWL AFTER INSTALLATION 

E L E VAT I 0 N 
( F t )  NL 

I BOTTOM -- TOP 0 BCiTTOM /O,s TCP 

TOP 10.5- BOTTOM -TOP BOTTOM 
TOP BOTTOM 

TOP fiib BOTTOM N A  TOP BOTTOM 

@ BOTTOM 3) TOP K.3 

h; n I 
. WAS THE PIEZOMETER FLUSHED AFTER INSTALLATION 7 

WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER7 
YES [7 
Y E S O  

- - -  
:MARKS 



? / . g  
3 -  c.-, 'BORING NUMBER: ,/ 7 ,,' -i3dq , . COORDINATES DATE 

ELEVATION: GWL: Depth Date/Time OATE STARTED 33 /d 63 
ENGINEERIGEOLOGIST: 07 & I Depth Date/Time DATE COMPLETED .,"? 1 ;-/ ;:; 

- I PAGE OF 4 - a 
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'ROJECT NUMBER 60 2. 
-sf 

Is IOAING NUMBER: /l!3fi , 
LEVATION: 

NGINEER/GEOLOGIST. m &, \&crq 

6 .  - . - - I  , 
*--A- '_d ic',J VISUAL CLASSIFICATION OF SOILS 

--? -. 
PROJECT NAME F m  p C/.+T I 5- A 
COORDINATES. DATE -3 - - /7 -G3  

- 

GWL: Depth Daterrime DATE STARTED 14 ]z 8 
-FZ DATE COMPLETED 3 -/p Depth Da t e/Ti me 

IG METHODS: -- 

DESCRIPTION 

CI 

3.5 

3 s  

- 

R E M A R K S  
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r.3 1.7 ; i i  FERNALD * 

, 
RVFS 

VISUAL CLASSIFICATION OF SOILS 
'ROJECT NUMBER: 60 1 A PROJECT NAME: Fm pf- fi J- 
IORING NUMBER: $-v4p /c 30 COORDINATES: DATE: 3 - / a  -8s 
iLEVATION: GWL: Depth Oate/Time DATE STARTED: fi3 1 I 6 / 3 H 

Depth Daterrime DATE COMPLETED 3 -,/? .F , 
h\P \mi PAGE ? OF 4 -- 

iNGINEERIGEOLOGIST: h,-& &p -04 I - 
DESCRIPTION R E M A R K S  
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VISUAL CLASSIFICATION OF SOILS A 
1- -q 

'ROJECT NUMBER , & e 2  L 311- I C  v i - 3 '  o h  PROJECT NAME Fm? 
30RlNG NUMBER :-!g 1030 COORDINATES: DATE. 3 -/8 -SF 

DATE STARTED 03) 14 1 f LEVATION: GWL: Depth Daterrime 

iNGINEER/GEOLOGIST . \&,prq Depth Daterrime DATE COMPLETED. 3 -/F -B 

'3 

- ?? 

z 

OESCR IPTION 

IPAGE 4 OF 2) 

REMARKS 

I 



258 
A P P R O X I M A T E  E X f S t l N G  r G R O U N O  S U R F A C E  
E L. 

L - 
! 

! 
I 

I 

! 
i .  
I 

i 
1 

SLOT S C R E  N i o  0 1 0  IN S L O T  I N S T A L L A T I O N  O E T A I  LS 
M O N I T O R I N G  W E L L I 0 3 0  

PREPARED FOR 

i . R I S E R  PIPE: I S V I M  I D  S C H E D U L E  
P I P E ,  T H R E A 3 E I  . F t ; S H  - J O I N T E D .  

2 SCREEN IS fiN 1.0 ss P I P E  

3 . L O W E R  E M 0  OF S C R E E N  IS CAPPED.  
4 E L E V A T I O N  OF W A T E R  L E V E L  

S. l A T E R  L E V E L  R E A O I N G  O N  
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DISTANCE ABOVE /BELOW 
GROUND SURFACE ( ) 

A.(*' \- ' 
0.0 

A * -  

I DRILLING FLUID (SI USED: I CASING SIZE (SI USED: 

E L E VAT I 0 N 
0 

PROTECTION SYSTEM 

TOP r, 
TOP I ( )  6-t 
TOP WA' 
TOP /4& 
TOP 152 

ITEM 

TOP OF RISER PIPE 

GROUND SURFACE 

-- B@TTOV I;?;? TCP BOTTOM 

BOTTOM /4Jf -TOP BOTTOM 

BOTTOM ,#$I TOP BOTT@M 

BOTTOM TOP BOTTOM 

BOTTOM 2391 TOP BOTTOM 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS: 

GROUT /SLURRY 
BENTON I T E 
SRR) 

GRAVEL 

PERFORATED SECTION 

PIEZOMETER TIP 
BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATION 
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RVFS 

'ROJECT NUMBER: 60 2 PROJECT NAME:  

LORING NUMBER: w , p 3 ,  ',!rf9 COORDINATES: DATE: q - 5 -6 
:LEVATION: GWL: Depth Date/Tirne DATE S T A R T E D : O L (  gg 
iNGINEER/GEOLOGIST: fn. Go &Jbepq Depth DateRirne DATE COMPLETED: '1 - 7 ;% 

" 
400s: cl b k  zo i PAGE 1 OF 2 

I I 
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RVFS 
VISUAL CLASSIFICATION OF SOILS I *  A- i_L . 

'ROJECT NUMBER: 5s 2 I PROJECT NAME: F m  C G S  7 3 - -  3 I I -  

/e 71 COORDINATES. DATE 9 - 6 - e  30RING NUMBER ,!:&q 
ELEVATION: GWL: Depth Date/Time 

ENGINEER/GEOLOGIST. m G4 Id bcr4 Depth Date/Time DATE COMPLETED 9. 7 -s DATE STARTED 04 1051 8 3  

c.z 71 e-01 OF z 

OESCAIPTION 



P R o t E c t r v E  R I S E R  C A S I N G  '7 

FERNALD 
RVFS A P P R O X I M A t E  E x l S t r ~ ~  

C R O U N O  S U R F A C E  r 
1 E L. 

7 

I .  R I S E R  P I P €  I S Y  IN i 0 S C H E D U L E  

2.SCREEN IS 4 IN 1.0 sf P I P E  C 3 N T I N U O U S  

3.LOWER E N 0  OF S C R E E N  I S  C A P P E D .  

P I P E ,  T H  R E  A D E 3  .Ft.: S n  - J O I N T E D .  

SLOT S C R E E N  (0.010 iN S L O T  S I Z E . ) .  I N S T A L L A T I O N  D E T A I L S  
MONITORING. WELL . 

4. E L E V A T I O N  OF WATER L E V E L  
S. NATER L E V E L  R E A D I N G  O N  PREPARE0 FOR 

Fmfc  6T/:s 
256 
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. 
RISER PROTECTIVEBIPE LENGTH SF OTHER PROTECTlOh L a c k 6  bk. CSP 
PROTECTIVE PIPE B.0. 

, 

10 ( I  

,-• 

DISTANCE ABOVE/BELOW 
GROUND SURFACE ( ) ITEM 

TOP OF RISER PIPE 

GROUND SURFACE 0.0 
2.0 & 

BOTTOM OF PROTECTIVE PIPE 2.5-& 

I 

FERNALD 
RVFS 

E LEVATl ON 
0 

...._ 1 -. . 
?/e8 PROJECT NAME FMQC -e FIELD ENGJGEO. m. GC k k r p b  D M  

DATE w ' ~ / * C  PRCJECTNC. tsb*2- CHECKED BY R i- bW,-% 

BORING NO. 43-k /c3/ rid I - 5-.5f 

PIEZOMETER NO. &# /o?/ DATE OF INSTALLATION q- 7-sr 

BOTTOM 7 
BOTTOM A'b 

BOREHOLE DRILLING 

DRILLING METHOO 
DRILLING FLUID (SI USED: 

F LUlD FRCIM 3 pC TO 3(3+ 
FLUID 

-TOP BOTTOM 

TOP BOTTC'M 

PI E ZOMETER 0 ESC RI PTlON 

TYPE \ 
DIAMETER OF PERFORATED SECTION 

PERFORATION TYPE: 

SLOTS 0 HOLES 0 SCREEN 
I# ATIONS .Of0 ,& 

10 FeFi  

PROTECTION SYSTEM 

GRAVEL TOP 

PERFORATED SECTION TOP [g& 

TYPE @F BIT 

CASING SIZE (SI USED: 
SIZE 16" FRCIM 0 TC =,& 

BOTTOM B# TOP BOTTOM 

BOTTOM 26 & TOP BOTTOM 

STee RISER PIPE MATERIAL- 

RISER PIPE DIAMETERS: 
Lf3/8" - 1 . 0 .  4 I I  

0.0. 

PIEZOMETER TIP 
BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATION 

LENGTH OF PIPE SECTIONS 

JOINING 

28# 
30bk 

I 

I 

BOREHOLE FILL MATERIALS ; 
GROUT/SLURRY 

BENTON I T E 
ClrLa 

B@TTOM I TCP I BOTTOM I 

~~~~~~ 

JAS THE PIEZOMETER FLUSHED AFTER INSTALLATION? Y E S U  
WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER7 Y E S O  

n7an I* Qll44 u(is Fir om 30& -28& 
sad c e f l i *  @- 2q k- - 
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d ,d 
2lLrd 2. VISUAL CLASSIFICATION OF SOIL 

'ROJECT NUMBER: 7,  -7  
SORINGNUMBER: 1/13 7 
:LEVATION: 

- 

iN G I N E E R /GE OLOG I ST: w. ~ 6 c  c y 

FERNALD 
RVFS 

PROJECT NAME: Fexnf#?w I * /  / i 5  
COORDINATES: DATE. , 
GWL: Depth Datemime DATE STARTED: 

1 

- 1 7  

Depth Date/Time DATE COMPLETED:@ 2 za * ~3 

' Y O '  

G METHOOS: - 
+ 

TOO/ .  

DESC R I P f  1 ON 

I PAGE OF 1 

1 
I REMARKS 

I - 
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‘4  

TOTAL 

PIEZOMETER INSTALLATION S 

JOINING METHOD T-LLL~\ b> --mG:‘i 

PROJECT NAME ~GI - -%& ;=! T- G S  FIELD ENG./GEO. Manr \LL,-,-n\ic\ DATE ai-<- - ~ s ,  

BORING NO. ”% = -- 
PRCJECT NC. 7 - 3 1  CHECKED BY 9 &r h a  ,: h 

7 7  &, - 3  -uq - -  - .  
PIEZOMETER NO. 7,(-7 7 DATE OF INSTALLATION cz - 1 3  s ~ B  

BOREHOLE DRILLING 

DRILLING METHOD C X C ~ I  T ~ C L  

DRILLING FLUID (SI USED: 

FLUID ,a ‘2  FROMG G ~7 

FLUID 

CASING SIZE (S) USED: 

SIZE \a ,a FR@M 3. TC 0 4  c 
SIZE FROM TC 

PIEZOMETER DESCRIPTION 

TYPE <GQ<C\ 7z -c ;  b ? ~ ; . - r r : g ~ ~ r u ~ ~ C < <  

DIAMETER OF PERFORATED SECTION 4 i d  

PERFORATlClN TYPE: 

SLOTS 0 HOLES 0 SCREEN 

RISER PIPE MATERIAL 

RISER PIPE DIAMETERS: 
0.0. 4 ’13 $ 4  -1.D. 4 4 -  

LENGTH OF PIPE SECTIONS 6- \c GX \ -=e . i - 1 ~  

?ROTECTION SYSTEM 

[ RISER PROTECTIVEPIPE LENGTH c F: I 
I PROTECTIVE PIPE PD. IC! $ 4  

ITEM 

TOP OF RISER PIPE . 
GROUND SURFACE 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE FILL MATERIALS : 
GROUT/SLURRY 
BENTONITE 

SAND 
GRAVEL 

PERFORATED SECTION 
PIEZOMETER TIP 
BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATION 

I 
DISTANCE ABOVE /BELOW E L E VAT I 0 N 
GROUND SURFACE ( 1 ( 9 

4s THE PIEZOMETER FLUSHED AFTER INSTALLATION? YES N O B  260 
WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER7 Y E S O  NO 
REMARKS 
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:NGINEER/GEOLOGIST. J .   LEY Depth Date/Time DATECOMPLETED 01 aj ? a  I 
PAGE - 1  OF \D 

DESCRIPTION 
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RVFS 25.3 

VISUAL CLASSIFICATION OF SOILS 
PROJECT NUMBER: 60L 73. 2 
BORING NUMBER: w&,-,-3, 3?37 
ELEVATION: 

ENGINEER/GEOLOGIST: u. / < E ' ~ L  E r/ 

PROJECT NAME: % M r a C  A 1  r") 

COORDINATES: D A T E : O l  C Q  (3s 
DATE STARTED: 0' rq 9s GWL: Depth Date/Time 

Depth Date/Ti me DATE COMPLETED: 6~ 0 3  8s 
/-ouL 

DESCRIPTION 

29.5 . 

1 
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VISUAL CLASSIFICATION OF SOILS 
'ROJECT NUMBER. 6 0 2  7 3  7 

BORING NUMBER: 

E LEVATION: 
?% 

PROJECT NAME pfl&- x /  / F  5 
COORDINATES. DATE 01 

GWL: Depth Daterrime 

I 

zz 33 
DATESTARTED o1 ~5 

IENGINEER/GEOLOGIST: L), ~ c t ' l i ~ W  I Depth Datemime 
I 

t 
DATE COMPLETED 6; .T . 2 

r- IO, 119 I 

0 E SC A IPT I ON 

I PAGE OF 10 

1 
I- REMARKS 

263 



'I . 
FERNALD 

RVFS 

IORING NUMBER: w B  r'i-3'9 363) COORDINATES: DATE: 1 2 z 9% 
:LEVATION: GWL: Depth Date/Time DATESTARTED: 1 1 5  8 8  

.NGINEER/GEOLOGIST: W .  /(G&~&jd Depth Date/Time DATE COMPLETED: D Z  oz z~ 

13 

OESCRIPT ION 

402-1146 



FERNALD 
RVFS 

VISUAL CLASSIFICATION OF 
_- 

PROJECT NUMBER: 6 0') 7 3 , 7  PROJECT NAME: <&?( d /  /F3 
5 4  BORING NUMBER: 3937 6%+ COOROINATES: DATE: / .  2 7  

E LEVATION : GWL: Depth Date/Time OATESTARTED: , ,? 
ENGINEER/GEOLOGlST:W, &c&L eq Depth Date/Ti me DATE COMPLETED:22 0-3 -2 

C I  

+O 

0 2  - 

OESCR l PTl ON 

1 
265 

402-11-86 
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RVFS 

fL 958 
VISUAL CLASSIFICATION OF SOILS 

10 
27 

3 2  - 

z 

0 

c 

S ?  
2 -  

DESCRIPTION REMARKS 



FERNALD 
RI/FS 

, -  I -- 4 

'ROJECT NUMBER: &z 7 3 ,  z PROJECT NAME: g . p t  A/  /e 
BORING NUMBER: 9 3 7  d' I - ' -  COORDINATES: DATE. I 2 5  a9 
ELEVATION: GWL: Depth Daterrime DATE STARTED: 0 1 I 7 ,> 

EN G IN E E R /GE 0 LOG I ST: 0. X C ~ L  E y I Depth Daterrime I DATE C0MPLETED:oz  0 3  E;$ 

G METHODS: - - 
DESCRIPTION 

;E -7 OF IO 

REMARKS 

402-1 1-86 



FERNALD 
RUFS 

VISUAL CLASS1 FlCATlON 

258 
OF SOILS 

ROJECTNUMBER: 602 [ PROJECT NAME: Kfipc 17 / / F 5  3.2 1 
-. 

COORDINATES: IORING NUMBER: 3057 
iLEVATION: GWL: Oepth7z.L Date/Tima r u s  cfu; 

iNGINEERIGEOLOGIST: d* 4 6 6 L E Y  Dapthb7 L Data/lime r z 7 ~ 8  

bRILLINC ME 

I 

DESCRIPTION 

TESTARTED: w / / f  

REMARKS 

J 
402- 11-80 



FERNALD 
. RI/FS 

VI' 

J4k; 
RR 259 

VISUAL CLASSIFICATION OF SOILS 
I,....' ... ".I I 

L A- PROJECT NUMBER: Z. 7 3  .L PROJECTNAME: FmPC z/ //=s 
83 BORING NUMBER: -337 ~ ~ - "  COORDINATES: DATE: 3 2.7 

E LEVATION: GWL: Depth Date/Time DATESTARTED: 1 1 5  89 

ENGINEERIGE0LOGIST:L). K ( 6 L E  P Depth Date/Timc DATE COMPLETED: c z  pc 

DESCRIPTION 

rw.4 

- - 
: 
f 
v) 

v) u 
v) 
3 

REMARKS 

269 

402-11-88 



FERNALD 
RVFS 258' l-#qh 1'2 : 

t::, VISUAL CLASSIFICATION OF SOILS I Vrf .-::a L 

ELEVATION: GWL: Depthby 7 0  Date/Time o,so DATE STARTED: @/ p 9 8  

ENGINE E R /G E 0 LOG IST: Depth Date/Time DATE COMPLETED: 0 0 3  Q B  ;//, 6 /n +/y 

DESCRIPTION 

- 
i .  0 

REMARKS 

I 

102-11-86 



I . R I S E R  P I P E  I S 4  I N  I O .  S C H E O U L E  

2.SCREEN I S  YIN 1.0 5.5 PIPS C 3 N T l N U O U S  
P I P E ,  T r ( R E A Z E 3  . F ~ : S . H - J O I N ~ E D .  

SLOT SCREEN i O . O ( O  IN . S L O T  S I Z E ) .  
 LOWER END O F  s c a E E N  I S  C A P P S O .  
4. E L E V A T I O N  OF W A T E R  L E V E L  
s . * A T E R  L E V E L  R E A D I N G  O N  

258 
A P P R O X I M A r E  E X I S T I N G  
G R O U N O  S U R F A C E  
EL. 

Y 

I N S T A L C A T I O N  O E T A I  L S  

3637 
M O N I T O R I N G  W E L L =  

PREPARED FOR dB ,-5-- fi 

271 



FERNALD 
RVFS 

- DRILLING METHOD 0 / 3 ( ~  ,e 
DRILLING FLUID (SI USED: 

INSTALLATION 

TYPE @F BIT ~ 1 ~ 7  K& 
CASING SIZE (SI USED: 

- 

PROJECT NAME F&/'C k, /@ 
PRCJECT NC. L O Z  f 3 - ' t  

PIEZOMETER NO. -399 3c37  
BORING NO. e 3 3 7  1-3159 

2 

TYPE / t l O d / f Q / l / H ) &  RISER PIPE MATERIAL 3rd 5TkdU55 

DIAMETER OF PERFORATED SECTION u;.tbk RISER PIPE DIAMETERS: 

I VJ.!.::"- I 
SHEET 

PERFORATlClN TYPE: 

SLOTS 0 HOLES 0 SCREEN 

0.0. L/ 3/3 :hcL - I. D. q.'.D&;tch 
LENGTH OF PIPE SECTIONS 10 Cad& 2f-f 

FLUID H'Q FROM O . O &  TO 138.5- 

FLUID FROM TO 

AVERAGE SIZE OF PERFCRATIONS 0.b rn= 
A In ct 5 7 ==pl Len; I TOTAL F@d&F&# 

SIZE /@,;Id FRCIM 6 . 4 l j l T C  / 3 S $ h  

SIZE FROM TC 

JOINING METHOD /ck/ccLa @ / =/& 

PIEZOMETER DESCRIPTION 

- 
RISER PROTECTIVLPIPE LENGTH 4 e t  OTHER PROTECTlOh L Oc C CAI' 

A 
PROTECTIVE PIPE&. D. - 10 i 8 I c h  

L 

WAS THE PIEZOMETER FLUSHED AFTER INSTALLATION? 
S A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER7 

ntiMARKS 

- - 
4 0 4  1 1-88 



'ROJECT NUMBER: 60 2 7 3 z 
3ORINGNUMBER: // ,39 *FHq 

iLEVATION: 

INGINEER/GEOLOGIST: a. A ~ ~ L E J  

0 E SC R I PT ION 
~ 

PROJECT NAME: ;m PL h 1 / + 5  

COORDINATES: DATEYO, / , I  / qv  
GWL: Depth DateiTi me DATE STARTED: lqS 

Depth DateiTime DATE COMPLETED: 61 J f r / s S  

402-1 1-86 



F€RNALD 
RI/FS 

VISUAL CLASSIFICATION OF SOILS .-. 

~DRIL I  

!p> I I 
' ----e PROJECT NUMEER. b~ 7 3.2 PROJECTNAME i Z f l P c  I(/  /p5 I 

BORING NUMBER @ /034 t$--qr COORDINATES DATE / 1-2 3 3  
E LEVATION. GWL: Depth Datelfime OATESTARTEO / // y9 

ENGINEER/GEOLOGIST u, (&Ley Depth Oatellime OATECOMPLETEO / 3  fl 
1 

PAGE ? OF 2 

DESCRIPTION I REMARKS 



1 - 
! 

I 
I 

i 

I 
1 

r\rCITES: 
i . R I S E R  PIPE I S  d i n  10. S C H E D U L E  

P I P E ,  T n R E A D E f  . F i : S n  - J O I N T E D .  

SLOT S C R E E N  (0.010 IN S L O T  S I Z E ) .  
2.SCREEN I S  +N 1.0 6 P I P E  C C N T I N U O U S  

3 .LOWER END O F  S C R E E N  I S  C A P P E O .  

4. E L E V A T I O N  Of WATER L E V E L  

% W A T E R  L E V E L  R E A D I N G  O N  

I N S T A L ~ A T I O N  O E T A I  L S  
MONITORING W E L L  

f O 3 S '  

PREPARED FOR Pk ' hg7 



DRILLING METHOD 
DRILLING FLUID (SI USED: 

FLUID p90 FR@M 0 TO 26. S - L t  
- 

FLUID u* FROM u+ TO FJ b 

TYPE MOAI ~ ? Q R  i d 6  

PERFORATI@N TYPE: 
DIAMETER OF PERFORATED SECTION Y , A G ~  

SLOTS 0 HOLES 0 SCREEN 

TYPE @F BIT #CAD 

CASING SIZE (SI USED: 
- 

SIZE / O  , A G ~  FR@M 0 , O  TC z#.5-&cS 

SIZE U P  FROM u s  TC NP 

RISER PIPE MATERIAL 316 STClir\lcC% sr&gL 
RISER PIPE DIAMETERS: 

LENGTH OF PIPE SECTIONS /O  fet 
JOINING METHOD --- 0.0. q3/# h c k  - 1 .  0. q*hLc 

(&a;( ,m&r m a - ~ \  

v 

RISER PROTECTlVE,ElPE LENGTH 50 f e e t  OTHER PROTECTlOh L O C K A ~ L E  C 4 9  mu0 f ~ k  

PROTECTIVE PIPE &D. 10 ;nc4 

+ 
E L E  VAT I ON 

(f' ) ? % s i  1 DISTANCE ABOVE /BELOW 
GROUND SURFACE (&A) ITEM 

TOP OF RISER PIPE 

GROUND SURFACE 
2 . 0  L e T  

0.0 
~~~~~ 

BOTTOM OF PROTECTIVE PIPE 

TCP 
.TOP 

BOREHOLE F1 LL MATERIALS : 
GROUTISLURRY 
BENTON I T E 
SAND 
GRAVEL 

BOTTOM 
BOTTOM 

TOP 
TOP 

BOTTCM 
BOTTOM 

I 

PERFORATED SECTION 
PIEZOMETER TIP 
BOTTOM OF BOREHOLE 

I 

TOP / 6 , 0  t+ I BOTTOM 3b.oCt 
2 S s ; C  f e e t  

2gss C e r t  

TOP I BOTTOM 

1S THE PIEZOMETER FLUSHED AFTER INSTALLATION? 
WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER? 

YES [zl 
Y E S O  

REMARKS 



’ROJECT NUMBER: 602 
LORING NUMBER: b F z : M  ’r/3 
:LEVATION: 

iNGINEER/GEOLOGIST: 6. Qu,,,,;,,a 

DESCRIPTION 

PROJECT NAME: F M 3 C  R \ / G S  
COORDINATES: DATE: U ~ P I  i \a/ls I 07 
GWL: Depth Date/Xme DATE STARTED. \ z / , ~  I 8-7 

D m l  Date/lime DATE COMPLETED: i t / , ‘  I 87 
I PAGE \ OF 2 



FERNALD 
RVFS 

h 
w -  
B S A  
i -  
p: 

~ DESCRIPTION 

8. 



FERNALD 
RVFS 

ROJECT NUMBER: 
I, 

ORlNG NUMBER: !,,--- 7 [ 1/ 3 
e 

LEVATION: 

NGINEER/GEOLOGIST. 6. &-;a 

PROJECT NAME F h P C  A \ /  fS  
COORDINATES: DATE. 121 \b 8 7  
GWL: Depth 5?' Daterrime \I/\' 161 >moa DATE STARTED' ~1 iq \67 

Depth Da t d l i  me DATE COMPLETED: \2l \c f7 
IRlLLlNG ME1 

w -  
a 

w 
a 

DESCRIPTION 

E 3 OF 3 

REMARKS 

Q b a y  

""'"9 



258 

30 r 7 O M  0 F aORlNG 

NC)TES 

7 

I . R I S E R  PIPE IS +IN I O .  S C H e O U L E  

2.SCRCEN IS +IN 1.0 s!5 P I P I  C 3 N T l N U O U S  

3 . L O W E R  €NO OF S C R E E N  IS C A P P E 3 .  
4 . E L E V A T l O N  OF W A T E R  L E V E L  

% W A T E R  L E V E L  R E A O I N G  O N  

P I P E ,  T H R E A a E 2  . F t d S H  - J O I N T E O .  

SLOT S C R E E N  (0.010 IN S L O T  S I Z E ) .  I l u S 7 ' A L i A T l O N  O E T A l  LS 
MONITORING WELL % 

2 y .  . . 
PREPARED FOR mLN 



FERNALD 
RVFS 

PIEZOMETER INSTALLATION SHEET 
PROJECT NAME FMPC 4ZdF5 
PRCJECT NC. 6 @ 2  -r 3 . 5  
BORING NO. & 3  dd 1 - r - q  

PIEZOMETER NO. N A  zc93 DATE OF INSTALLATION 1 2 ! l e /  9% 

i 
TYPE @F BIT - b m e R  - 7 v o e  
CASING SIZE (SI USED: 

DRILLING METHOD TnhJe - 
DRILLING FLUID (SI USED: 

F L U I D ~ ~ T ~ R  FRCIM 0 TO 64.2 SIZE i f i ' '  FRQM 0 I TC 69.2' 
FLUID N I ~  FROM 1JA TO M I +  SIZE ~ J I %  FROM LJA TC 

I 

TYPE L;G\&s< I n e e \  
DIAMETER OF PERFORATED SECTION 4" @ 
PERFORATION TYPE : 

SLOTS 0 HOLES 0 SCREEN 

0. Or AVERAGE SIZE FPE FCRATIONS " 
TOTAL 5&G&&g$ 

RISER PIPE MATERIAL S ~ Q  Jess CHI 
RISER PIPE DIAMETERS: 

4 11 O.D. 43/$" 1.0. 
LENGTH OF PIPE SECTIONS I O '  4 2Y2' 
JOINING METHOD I-L& =in \  -- i hrdd d 

I PROTECTIVE PIPE a 0. . d r n r h e L ,  I LO C k .  I 
DISTANCE ABOVE &OW- EL €VAT ION 

ITEM GROUND SURFACE ( p r  1 ( F t ) b S L  

TOP OF RISER PIPE 

GROUND SURFACE 0.0 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE FILL  MATERIALS : 

* 1 . 8 n  

3,o ' 

GROUT/SLURRY TOP 0 B@TTOM 43;s' TCP BOTTOM 
BENTONITE TOP 47 -5' BOTTOM 5)' .TOP BOTTOM 
SAND TOP 5b' BOTTOM 69.3 TOP BOTTCM 

BOTTOM N A  TOP BOTTOM 
PERFORATED SECTION TOP 51.8 BOTTOM 66.9 TOP BOTTOM 

- 

GRAVEL TOP PA 

PIEZOMETER TIP N P  
BOTTOM OF BOREHOLE 69.3 
GWL AFTER INSTALLATION 53.0 ' T o c ?,dd 

109-11-88 



!it 
RVFS 258 ,& 

lc*si(L ne 1 2  

11\6 B I ::¶ 1 
VISUAL CLASSIFICATION OF SOILS 

PROJECT NUMBER: 0 2 PROJECT NAME: mpc A\ /  Fs T a s k  3 . 2 L  
BORING NUMBER: f3-!?;7M 3cq 3 
E LEVATION: GWL: Depth Date/Time DATESTARTED: \2/4 I 
ENGINE E RICE o LOG IST : Depth Date/Time DATE COMPLETED: g / q  187 

DATE: 12 1 4 / 87 COORDINATES: 

DESCRIPTION 

I PAGE \ OF Q 

102- 1 1-86 



-+;,4 3 '  ? $Br FERNALD 
RVFS 

58 
VISUAL CLASSIFICATION OF SOILS 

\5 
Y7 \By 

29 

I? 
22 18" 

31 
7 
2q 6" 

30 
5 

I? \e" 
I? 

DESC R IPT ION 

25.3' 25.3' 

R E M A R K S  

0 

d ' 0  

402-11-86 



FERNALD 
RVFS 

VISUAL CLASSIFICATION OF SOILS 

BORING N ~ M ~ E  R 3073 COORDINATES DATE \2/ 5 / 8 7  i n l t l d  

Wi-7 I"., -i . 
PROJECT NUMBER G a Z  PROJECT NAME frIK A\ / F5 

I 

DATE STARTED 121 y Is7 
DATE COMPLETED 

ELEVATION GWL: Depth Date/Time 

ENGINEERIGEOLOGIST 6. Dw\m;rlq Depth Date/Ti me Q 87 
DRILL PAGE 3 OF \Q C&\e TBbI 

- 

DESC R I P 1  ION 

a 33.2 6. 

- - - - - -  

REMARKS 

102- 1 1-86 



FERNALD 
RVFS 

: LE VATlON : 

.NGINEER/GEOLOGIST:' 3 .r 

51 

52 

53 

5 Y  

55 - 

. .  

56 . 

57 

6 8  

59 

Ln 
\'OTI: 

- 

\Z 

23 

19 

IGWL:  Depth Date/Time DATE STARTED: \z/ y \ 81 
WH\ mQ Depth Daterrime DATE COMPLETED: ' 121 9 [ 57 

Pi - - 
DESCRIPTION 

i 'v 
, 

;E 4 OF 9 

REMARKS 

3 - 1 - - - I  

Lr= 0 

402-1 1-88 

e 



FERNALD 
RVFS 

'ROJECT NUMBER: L O 2  
IORINGNUMBER: 3&-j f ,f,+ 
, LEVATION: 

N G IN E E R /G E o LOG I s T .e. 3 -- ; 

".-, , .  
i i  PROJECT NAME: F M O C  & / F S  .&..I ._..... .,... I _  _.__ 1 

COORDINATES: DATE: \2 ( 7  I37 
-GWL: Depth Date/Time DATE STARTED: \2 I 9 87 

Depth Date/Time DATE COMPLETED: q [pl 

- 65 * 

b 
7 

783 

4 
17 
UI 

9 
Pf 

17 

> 
w -  > 
0 
0 -  
a 

a 

w 

16 

DE SCRIPT ION 

402-1 1-88 



FERNALD 
RI/FS 

. .. - .  2 5 8 ;=I-;.:. a + :: L: p:.. Ffb ; - 
i 

..-.-A. 

,:..I ..-a. 

c.:; ' 
.I.. _.. .- . 
e.. .  ~ . , 

VISUAL CLASSIFICATION OF SOILS 
PROJECT NUMBER: 602 PROJECT NAME: qm9c W I F S  

I 

BORING NUMBER: 3043 ,?* COORDINATES: DATE: \2\7 \Z\% \ e l  
ELEVATION: GWL: Depth 7 Q '  Date/Time\z18lgl-cuw DATE STARTED: \L/ 4 37 
E N G  IN E E R /GE OLOG I ST : 0. Dane; ,,Q DATE COMPLETED: 121 q is7 

r 

Depth Date/Time 
. . I  .J I 

OESCR IPT ION 

'21% I s1  

I PAGE 6 OF 9 

REMARKS 

402- 1 1-86 



COORDINATES: 

GWL: Depth Daterrime 

Depth Daterrime 

DATE. IZ  I 8 la', 
DATE STARTED: \2\ Lt \(57 

DATE COMPLETED: \z\ q \ST 

FERNALD 
RVFS 258 

VISUAL CLASSIFICATION OF SOILS 
PROJECT NAME: 'ROJECT NUMBER: 

IORINGNUMBER: 3n 
iLEVATION: 

i N G  IN E E R lGEOL0G IST : 

I PAGE 7 OF 9 

DESCRIPTION REMARKS 

I - '  

I3 

3 5  

sa 

402-11-86 . 1 



FERNALD 
RVFS 

VISUAL CLASSIFICATION OF SOILS 1:;; i i I 
'ROJECT NUMBER: I PROJECT NAME. F M &\) F> TMU 3.2 

IRILLING ME1 
1 

DESCRIPTION 

 AGE 8 OF q - 
REMARKS 

289 

r02-11-86 



. 
FERNALD 

RVFS 

bRILLING ME' 
1 

DESCRIPTION REMARKS 

290 

402-11-86 



FERNALD 
RVFS 

DISTANCE ABOVE 6F I nYI 
GROUND SURFACE ( F T  ) * 

ITEM 

TOP OF RISER PIPE + 2.5' 

PIEZOMETER 

E LE VAT I ON 
( F T  1 MSL 

I 

GROUND SURFACE 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE FILL MATERIALS: 

NSTALLATION 

0.0 
2.4 * 

(CkCC,,) 1 I 

258 

TOP O* 

TOP 9'.r' 
TOP 98' 

SHEET 

BOTTOM Q4' TCP BOTTOM 

BOTTOM 98' .TOP BOTTOM 

BOTTOM 120' TOP BOTT@M 

PROJECT NAME FMPC c1\ / FS FIELD ENG./GEO. 0. ba,,,*;*a DATE 12 1 I L  I s? 
DATE 2/-., 2.9  ,- I i PRCJECT NC. bO 2 Task 3 . 2  CHECKED BY R - x b , e V ~ ; 4  -I 

NA DATE OF INSTALLATION \z I \o 1$7 
BORING NO. M 
PIEZOMETER NO. '5pt7 

3GQ3 ,-,'-Yf 

GRAVEL 

PERFORATED SECTION 
PIEZOMETER TIP 

GWL AFTER INSTALLATION 

BOTTOM OF BOREHOLE 

BOREHOLE DRILL1 NG 

DRILLING FLUID (SI USED: 

FLUID a h L C  FROM 
FLUID k 

I 

TOP N h  BOTTOM C J ~  TOP BOTTOM 

TOP \o?.G' BOTTOM 1n.c' TOP BOTTOM 

IZC' 
** 1.26~ g~&.z/i,W 

5 6 .  7 ' FOG @"5*'" 

PIEZOMETER DESCRIPTION 

TYPE 5 + a ~ \ e s s  5 + e d  
DIAMETER OF PERFORATED SECTION 4 *' pS 
PERFORATION TYPE: 

SLOTS 0 HOLES 0 SCREEN 
AVERAGE SIZE OF PERF$RATlONS 0.01 

, 'L+EEd L&&7 
TOTAL- \O' 

TYPE @F BIT 

CASING SIZE (SI USED: 

SIZE A/+ FROM U+ 

RISER PIPE MATERIAL SCi,&ss She\ 
RISER PIPE DIAMETERS: 

0.0. L\ 'Is " - I. D. 4' 
LENGTH OF PIPE SECTIONS IO' - C t Y 1 .  ' 
JOINING METHOD F\-sL? 3 a i - f  ~Lcd4 

PROTECTION SYSTEM 
RISER PROTECTIVE PIPE LENGTH 5 Ft. 1 OTHER PROTECTlOh ~p(l\LiuC- i h , \ H  

c I I PROTECTIVE PIPE b.0. \a 3- I LPC Lc 1 



258 w 

292 

. . .  



METHODS: c* - 
DESCRIPTION R E M A R K S  

- 
402- 1 1-86 



FERNALD 
RIMS 

VISUAL CLASSIFICATION OF SOILS 

RIL IC METHODS: - - - 
YG IN E E R/GE OLOG IST: ,(- 

c4t 

40 

DATE COMPLETED. &,,, ~ , 5 ~ 9  Depth Datemi me 

PAGE 5 OF y ! TZe 1 

DE SC R l PTl ON REMARKS 

294 

402-1 1-86 



FERNALD d 3 f f i  $\ 
RVFS 

VISUAL CLASSIFICATION OF SOILS 258 
b 

PROJECT NUMBER: 7-  3 . 2  PROJECT NAME FQrHolal i( ~ / L s  
. /C87 
BORING NUMBER. & /&&5-‘ C 00 R D I N AT E S. DATE H b j  

/,u t, l$b? ELEVATION: y4b9--H GWL: Depth Daterrime DATE STARTED 

ENC I N  E E R/GE OLOG I S 1  , t b  Depth DsteRime DATE COMPLETED/tILy, 9 /$a 7 

X 

g . 3 .  E3 v) 

L 

DESCRIPTION 

, -  I PAGE 3 OF I 

295 
I 1 

402-11-ee 



FERR 
RI1 

VISUAL CLASSIFICATION OF SOILS 
258 

’ROJECT NUMBER 7 3 2  PROJECT NAME [d 7 
IORING NUMBER. j/ e$.* COORDINATES DATE 

LEVATION: GWL: Depth Date/fime DATE STARTED 

N G IN E E R /GE 0 LOG I ST Depth Date/Time DATE COMPLETED Ad,q / f i  

/t /6” l6,i 5, $1 

rdfe PAGE L / O F  J 
rn 

DE SC R IPT ION 1 REMARKS 

296 

402-1 1-86 



PERNALD 
RIIFS 

PIEZOMETER INSTALLATION SHEET 

PRCJECT NC. (-32 4. 9 - CHECKED BY R d*lh.c,-A DATE *dJ/,-f 
FIELD ENG./GEO. -/ h';//p DATE i / n u . / ?  1 4 5 1  

' qS,lFc 
c 

PROJECT NAME -k.~!rfig 
6 

06 ,-,--n 
/' DAC, 7 

DATE OF INSTALLATION /. / E  /N"/ td7  
BOREHOLE DRILLING 

DRILLING METHOD 

DRILLING FLUID (S) USED: I 
F L U l D A &  FROM TO 

TO FLUID - FROM - L 

PI E ZOM ETER D ESC R I PT ION 

TYPE @F BIT 

CASING SIZE (SI USED: 

SIZE m F R @ M  m.4 TC 
SIZE -"".OM - TC - 1 

rl / f  
DIAMETER OF PE ED SECTION qA 
PERFORATIClN TYPE : 

SLOTS 0 HOLES SCREEN 
AVERAGE SIZE OF P E R F C R A T I O N S W  
TOTAL PERFORATED AREA 

RISER PIPE MATERIAL s&,, I p s  she/ 
RISER PIPE DIAMETERS: 

0.0. r C - &  I .  D. q& 
LENGTH OF PIPE SECTIONS 

JOINING METHOD 

PROTECTION SYSTEM 

RISER PROTECTIVE PIPE LENGTH I PROTECTIVE PIPE 0.0. 1 - 
OTHER PROTECT IOh 

AM4 Lo&. 

'4s THE PIEZOMETER FLUSHED AFTER INSTALLATION? 
,AS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER? 

YES 
Y E S O  

REMARKS 

409- 1 1 -88  



FERNALD 
RVFS ZL 

I 

1 

258 

f - 
! 

I 
I 

! 
I .  

299 



DESCRIPTION 

I I I 

402-1148 



FERNALD 
RI/FS 

I DESCRIPTION 

I 

3s 
I.5 

1.0 

- 
a2-11-as 

300 



FERNALD RVFS ; -. / 

VISUAL CLASSIFICATION OF SOILS br ---- 

IORING NUMBER: COORDINATES: 

i LEVATION : GWL: Depth Date/Time DATE STARTED: /0-,77 -g7 
4 

J 
~~ 

Date/Time DATE COMPLETED [1+-3*7 iNGINEER/GEOLOGIST A&([@i((e I Depth 

)AILLING METHODS ? 6 / C  Tw ! PAGE 3 OF ir 



FERNALD 
RVFS 

- ---- -_ 
PROJECT NAME Fp,tAA /d p r /  6% f 
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TYPE-, &,ha LAfl 
DIAMETER OF PERF~RATED SECTION Y A  
PERFORATICIN TYPE : 

SLOTS 0 HOLES 0 SCREEN 

PIEZOMETER INSTALLATION SHEET 

1 

RISER PIPE MATERIAL $*&,h/,,s 
RISER PIPE DIAMETERS: 

0. D. 4 3 3  - 

st’ #e 1 
. 

,&d 1.0. / A  
LENGTH OF PIPE SECTIONS 1 0 4  

PROJECT NAME ,c-,,& R E/FS FIELD ENG./GEO. IOU// &;/I 
L J - ,  . 

PRCJECTNC. 602 3 t CHECKED 8- 

PIEZOMETER NO. &% 
BORING NO. 3&l 

r AVERAGE SIZE OF PERSRATIONS // O f 0  LU * JOINING METHOD 44- ~ a 1 u r  
sc E‘& FrU. 

r TOTAL i & b M % - d  - 

~ 

DATE OF INSTALLATION /tbU /’ . 1 r 
/ -  - 

- 
RISER PROTECTIVE PIPE LENGTH LOCLLIUC- CAP 

PROTECTIVE PIPE O.D. flu0 L c c k .  
> 

BOREHOLE DRILLING 

PIEZOMETER DESCRl PTlON 

> TOP OF RISER PIPE 

I GROUND SURFACE 

1 BOTTOM OF PROTECTIVE PIPE 

. I PERFORATED SECTION 
I PIEZOMETER TIP 

BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATION 

DISTANCE ABOVE /BELOW 
GROUND SURFACE ( IT) 

E LE VAT ION 
( FT 1 iN5L 

‘4s THE PIEZOMETER FLUSHED AFTER INSTALLATION? 
,AS A SENSITIVITY TEST PERFOR 
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CASING SIZE (SI USED: DRILLING FLU10 (S) USED: PJS*bl* b@*r 

TO 30' SIZE \n 'I FRCM 0 TC 0' FLU10 Mho FROM O 

FLU10 L.* FROM L) r+  TO urr SIZE M A  FROM b ~ f i  TC ua , 

FERNALD 
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. 
TYPE t+b4 
DIAMETER O f  PERFORATE0 SECTION 4*r- 
PERFORATION TYPE: 

SLOTS HOLES 13 SCREEN 
AVERAGE SIZE OF PSRFgRATICNS d n \ 

%&2S.d - 4 "  

TOTAL le' 

PIEZOMETER INSTALLATION SHEET 

RISER PIPE MATERIAL s T n l u ,  3:" 

RISER PIPE DIAMETERS: 
0.0. 4 % S u r U H  1.0. 4 IU . 

LENGTH OF PIPE SECTIONS \a  ' 
JOINING METHOO F CVI 14 m \ W f  T-CD 

PROJECT NAME FMPC =/?3 FiELO ENGJGEO. 0 UUlUt- DATE \\h\ p 1  
PRCJECT NC. b.Ot CHECKED BY OAT E 
80RING NO. 
PIEZOMETER NO. \= DATE OF INSTALLATION I \ \  tu\ ~7 

BOREHOLE DRILLING 
I 

RISER PROTECTIVE PIP€ LENGTH 5' 
PROTECTIVE PIPE 0.0. )OH 

0 TH ER PROTECT IOh LOelL\UQ CCIO WQ 
bo&. 

DISTANCE A8OVE /BELOW 
GROUND SURFACE (FT 1 ITEM 

TOP OF RISER ?IPE 

GROUND SURFACE 0.0 

PROTECTION SYSTEM 

E L EVAT ION 
0 

58B- e 
Q9. s 

1 

BOREHOLE FILL MATERIALS : 
GROUT /SLURRY 
BENTONITE 

WAS THE PIEZOMETER FLUSHED AFTER INSTALLATION 7 Y E S O  N O M  314 
WAS A SENSITIVITY TEST PERFORM0 ON THE PIEZOMETER7 Y E S O  NO Et 
REMARKS - - 
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E LEVATION: 

ENGINEER/GEOLOGIST. E ~ Z ~ O L L ~ + &  

PROJECT NAME FhiK A//=< 

COORDINATES: DATE. 3-fI-39 1 3  -/t -99 
GWL: Depth Oate/Timr OAT€ STARTED 3 - / d  -&'q 

080th Oate/lime DATE COMPLETED 3-1 3-Fy 

E 

g .: - I  
z -  
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E LEVATION: GWL: Oaoth OataTTime DATE STARTED: 3-,0 -97 
EN G I N E E RIG E 0 LOG I ST: E 

COOROINATES: DATE: 3 ---a$ 

Depth DateKimr DATE COMPLETED. 7- 3 - .  
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DRILLING METHOO /I&- L TYPE @F BIT - & d m  

DRILLING FLUID (SI USED: CASING SIZE (SI USED: 

FLUID i n l A m x F R @ M  0.43 .m. TO s\.s FT, SI2 E io.0 ;dnFR@M H,DR TC BZ,c,F;- 
FLUID - FROM - TO - SIZE - FROM - TC - 

I 

PIE2 

t 
TYPE /VImv,roRh/C* k 4  €L RISER PIPE MATERIAL <=/ll/usqr <SiTL (31b 1 

PERFORATION TYPE: 0.0. 4% I&. -1.0. L/.n id . 
SLOTS 0 HOLES 0 SCREEN a LENGTH OF PIPE SECTIONS T / o  rt ~ r m  ked 

DIAMETER OF PERFORATED SECTION ~ u ; H .  a RISER PIPE DIAMETERS: 

AVERAGE SIZE OF PERFCRATICNS O*O/o A JOINING METHOD 724- FLUSH /JT- 

TOTAL PERFORATED AREA /5.0 m - 

OMETER 

RISER PROTECTIVE PIPE LENGTH 5-0 f i  

PROTECTIVE PIPE 0.0. /o, 75- /A4 

I 

OTHER PROTECTION J h 6  m u o  C C u r T  L ,m 
?+?aLcrccc. 

NSTALUTI o N' 

I 
ITEM 

TOP OF RISER PIPE 

st 

DISTANCE ABOVE /BELOW 

2 - 0  

E L E VAT I 0 N 
GROUND SU9FACE ( m )  0 

3-74-99 ri 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS 

PROJECT NC. & D Z  53 -2 CHECKED BY OAT E 
BORING NO. 2 0 5 5  \ 

PIEZOMETER NO. zo 55 DATE OF INSTALLATION .%/ 9 -99 

2- 5 
I 1 

GROUT / SLURRY 

BENTONITE W 
SAND I&O 

GRAVEL umic 

P E R FOR AT E D S EC T I 0 N 
PIEZOMETER TIP 
BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATION 

r -- TOP 0.3 BOTTOM 52.0 TCP BOTTOM 

TOP 52.0 BOTTOM 57.0 .TOP B 0 T TO M 

TOP 5 Z o  BOTTOM 81.5 TOP BOTTCM 

TOP M/,+ BOTTOM N/P TOP BOTTOM 

TOP 6 3 , ~  BOTTOM m-0 TOP BOTTOM 

q9-07 F77 

AB-4 r;T 

- 

I GROUND SURFACE I 0.0 I 

NO 
WAS THE PIEZOMETER FLUSHED AFTER INSTALLATION? 
WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER7 

YES 0 
Y E S O  
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3ORING NUMBER: b COORDINATES: DATE: %-ab- e 7 
(Eo 2 

&$ 
FLEVATION: GWC: Oepth Date/Time OATE STARTED: 6-25- 7 

I ENGINEER/GEOLOGIST: D ~ O&hLE\/ Depth Daterrime TE COMPLETED: $- 3 I 0 '? 
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5 
?8 I 3" 

~ 

S 
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p a a n l  I 1 258 
VISUAL CLASSIFICATION OF SOILS 

PROJECT NAME FE\z/y.%o k?l/Fs 
COORDINATES: DATE e-27-87 
GWL: Depth 14,s bate/Time e-2ee7am DATE STARTED. B-25- 87 

Depth Date/Time DATE COMPLETED 8-3-87 
A - 

7035 

m2b 

w7 
'4 
SI 

L;E 2 0  

io 

I Q  

- 

DESCRIPTION 
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DESCRIPTION 
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PIEZOMETER INSTALLATION SHEET 

RISER PROTECTIVE_PIPE LENGTH 5 FT. - 
PROTECTIVE P I P E ~ X D .  10 / /bc k A  

PROJECT NAME ~ ~ ~ A l h L i )  !? I FIELD ENG./GEO._P,h &kLGq DATE $ - z 3 % 7  
PRCJECT NC. LYOZ - CHECKED BY & c>dh <*I 6% DATE 2 / 7 / 8 9  
BORING NO. 
PIEZOMETER NO. 7 k d  J-c€kG DATE OF INSTALLATION 9 -31- 0 7  

BOREHOLE DRILLING 

. 2 q j  tM' ,- r-4 

OTHER PROTECTlOh doc I7 bU E L A  p 
I \ b b  L a b  

PIEZOMETER DESCRIPTION 

DISTANCE ABOVE/BELOW E L €VAT I ON 1 
ITEM GROUND SURFACE (m) ( F r  ) !'ALL 

TOP OF RISER PIPE 2.6 F T .  
GROUND SURFACE 0.0 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS : / 

2.5 FT, 

BOTTOM 
e'/ GROUT/SLURR@~'Q& TOP B@TTOH 3&,> TCP 

TYPE stb\uLE % \  . (3\b) 

DIAMETER OF PERFORATED SECTION " J I >  

PERFORATICIN TYPE: 

AVERAGE SIZE F PERFCRATIONS .ol ! A I L #  

TOTAL -A /.< 

SLOTS 0 HOLES 0 SCREEN 

5tREL-J L&t/wp / 

BENTONITE l'?LL S\ TOP 38,$ BOTTOM y4.0.' 
SAN D TOP qq,b BOTTOM- 33' 

b o  4RAVEL Clsm TOP BOTTOM @?- 
TOP qs' BOTTOM 60' PERFORATED SECTION 

PIEZOMETER TIP 6 2 4  ( SILT .IqhP) 

BOTTOM OF BOREHOLE bar . 
GWL AFTER INSTALLATION 39 

PROTECTION SYSTEM 

.TOP BOTTOM 

TOP BOTTCM 

TOP BOTTOM 

TOP BOTTOM 

4 s  THE PIEZOMETER FLUSHED AFTER INSTALLATION 7 YES NOH 329 
Y E S O  No B WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER 7 

REMARKS ( y E L L  7 0  46 DGcf#GLQp)-=c3 u+tf-%. 



G R O U N D  S U R F A C E  
E L. 

I ~ T E S .  
i . R I S E R  P I P E  I S  + I N  I D  SCHEDULE 

P I P E ,  T H R E A O E l  . F t d S H  - J O I N T E D .  

SLOT S C R E E N  (0.0; 0 iN I N S T A L i A T I O N  D E T A I L S  
2.SCREEN IS IN 1.0 3 5  OlPE C 3 N T l N U O U S  

3.LOWER EN0 O F  S C R E E N  I S  CAPPED.  M O N I T O R I N G  W E L L =  
S L O T  S I Z E l  

330 
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PAGE / OF 7 
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- 
Lob 
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REMARKS 
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iNGINEERIGEOLOGIST: b. 
)AILLING ME' - 

Z L . ,  I 

I i I 'ROJECT NUMBER lo 0 a PROJECT NAME F,z(Z 1 d b l - 0  12 I z5 - 
3ORING NUMBER WQ 3046 ,?$' COORDINATES. DATE 5 - , ' ~ - 8 7  
:LEVATION. GWL: Depth Date/Time DATE STARTED 7 - I  -8 7 

kL& l  Depth Date/Time DATE COMPLETED f, -!C, - 7 
PAGE 2 OF 7 

OESCR l P f  ION 

B'f. C 

-1 
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COORDINATES: DATE: 7 - / 7 - $  7 
GWL: Depth D a t d f i m e  DATE STARTED: C; - I,$/ -9. '7 
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~~ I DATE COMPLETED. 7-/5-,9 7 .NGINEER/GEOLOGIST. D. O k ~ t t ~ ~ q '  Depth DatdTime 

. .  
11'35 

IG METHODS: c 1 - 
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VISUAL CLASSIFICATION OF SOILS 

PROJECT NUMBER: 6 9 a 
BORING NUMBER: 3&f-,$$ COORDINATES: DATE: 4 c !e - 8 7 

ELEVATION: GWL: Depth Dateflirne DATE STARTED: 4 - JL' - 7 

~ 

I 

~~ ~~~ 

ENGINEER/GEOLOGIST: 5, f ;\.rL izd I Depth Dateflirne 1 DATE COMPLETED. 9 - /$  - 

7- 

706 1 

b 
a 5  

CC 

17 
38 

4k - 

DESCRIPTION 

I PAGE OF 7' 

r n L  h G&ou A4 b 

H N U -  2660 
335 
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PROJECT NUMBER (, !) ‘z PROJECT NAME 

BORING NUMBER. 3 6  q<-+ COORDINATES DATE 5-/$3- 8 7 
r 

E LEVATION: GWL: Depth DatdTime DATE STARTED 9- /y- 0 7 

ENGINEER/GEOLOGIST c ht?L f% Depth Datdl ime DATE COMPLETED 5- /c/*S 7 
DRILLING ME‘ PAGE 4 OF 7 - Y 

DESCRIPTION REMARKS 
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LORING NUMBER: j'&z b-t--s;s 
iLEVATION: 

~NGINEERIGEOLOGIST: D. f i  tlL-if--I 

VISUAL CLASSIFICATION OF SOILS 
PROJECT NAME: / =~&AJ*L  ib I IF5 v*:,:-q ; , 

I 

COORDINATES: DATE: q -  /$ -8 7 
CWL: Depth Date/Time DATE STARTED: $- /y 7 

Depth Date/Time DATE COMPLETED: $-/+ -0,7 

- 
'. 5 c 

DESCRIPTION 
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A P P R O X I  M A W  Err S t r  NG 
GROUNO S U R F A C E  
E L. 

u 9 T E S :  
I. R I S E R  P I P €  I S  + IN  I O  S C H € O U L E  

, . 
P I P E ,  T H R E A O E ~ . F ~ : S H -  J O I N T E D .  

2.SCREEN IS +IN 1.0 s . s . P l P E  C 3 N T l N U O U S  

3 . i O W E R  EN0 OF S C R E E N  I S  C A P P E O .  

4. E L E V A T I O N  OF W A T E R  L E V E L  
s . * A f E F (  L E V E L  R E A O I N G  O N  

SLOT S C R E E N  i 0.01 0 I N  S L O T  S I Z E ) .  I N S T A L ~ A T I O N  OETAi  L S  
MONITORING W E L L  

f Q 4 f  d0 

338 
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FLUID m =  FR@M ,&' TOid/,z'  
FLUID - FROM - TO c 

DATE y-zt-&) 
DATE z/7;2$ 

PROJECT NAME PEtz/cl,+a zdn 
BORING NO. 3& ~ *&' b/ ,.. - - ,.f 
PRCJECT NC. 6 0 1  CHECKED BY 

PIEZOMETER NO. - 3 4 c  3 C f &  DATE OF INSTALLATION 9 -  2-7 

SIZE 10'' FROM 0 TC ice' 
SIZE - FROM - TC - 

BOREHOLE DRILLING 

DISTANCE ABOVE /BELOW 
GROUND SURFACE (FT) ITEM 

TOP OF RISER PIPE 2 .a  FT 

DRILLING METHOD ~ A u g  i 

E L  €VAT ION 
( Fr )NLL 

I DRILLING FLUID (S) USED: 

GROUND SURFACE 

BOTTOM OF PROTECTIVE PIPE 

0.0 
2,s F 7 .  

PIEZOMETER DESCRIPTION 

- ~~~ ~ 

f 
BOREHOLE F I L L  MATERIALS: 

GROUT /SLURRY v O C c L w  TOP I B@TTOM /17' 

BENTONITE PC&gTs TOP I / ? @  BOTTOM /tZ,S' 
SAN 0 TOP 127.5- BOTTOM I 3 7 , q  
FCCM&?t03 TOP 1 3 7 . 9  ' BOTTOM / S j  

BOTTOM 13.5- 
r 

PERFORATED SECTION TOP /tS 
PIEZOMETER TIP / 37.9 
BOTTOM OF BOREHOLE 152' 
GWL LIFTER INSTALLATION 

TYPE 31b S\CC\ *U '\\ou'urc \L& 
DIAMETER OF PERFORATED SECTION Y '' D 
PERFORATION TYPE: 

SLOTS 0 HOLES 0 SCREEN 
AVERAGE SIZE OF PERFCRATIONS O,O/O 

5c /?En/ 2rvC-I'Fc / 

TOTAL P € h W & B -  M A -  I< 

RISER PIPE MATERIAL 3 1 ~  s i b  1 U W f  s TmZl 

RISER PIPE DIAMETERS: 

LENGTH OF PIPE SECTIONS 10 p r .  
JOINING METHOD TM/tPAo 

0.0. 4 ''3 -1.0. L I u  

p 
f FLU%\+ SO\UT T n - P d  

I l  'L( 7! 

~~ ~~~ ~ ~ 

PROTECTION SYSTEM 

OTHER PROTECTlOh bZlTAi3LE CAP I RISER PROTECTIVE PIPE LENGTH 3' F x  1 PROTECTIVE PIPE 0.0. !O ' f U C k 6 s  

TCP 

.TOP 

TOP 

TOP 

TOP 

BOTTOM 

BOTTOM 

~ 

BOTTOM I 
BOTTOM 

_i 
r.3 THE PIEZOMETER FLUSHED AFTER INSTALLATION? YES 0 NO €3 
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TOP OF RISER PIPE 200 
GROUND SURFACE 0.0 
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.I" _-.I, PIEZOMETER INSTALLATION SHEET _Y 0 

r- 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS 1 

GROUT/SLURRY 

BENTON I T  E - 
GRAVEL 

BOREHOLE DRILLING 

9.5 = 
TOP 0 B@TTO!W /oe TCP BOTTOM 

TOP /OF& BOTTOM I+& .TOP BOTTOM 

TOP &*'A BOTTOM ,$I$$! TOP BOTTOM 
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r 

TOP 14 Ffi \ 
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DRILLING FLUID (SI USED: 

BOREHOLE DRILLING 

TYPE @F BIT W H ~ Z  

CASING SIZE (SI USED: 
- 

RISER PROTECTIVE PIPE LENGTH 
PROTECTIVE PIPE 0.0. 3/Q L Y  

%-a G 

PIEZOMETER DESCRIPTION 

TYPE b u L T a ~ c d ~  U G ~ L  I RISER PIPE MATERIAL 5 ~ ~ ~ ~ 4 ~ 1  57c1~  I 

OTHER PROTECTlOh L ~ c c \ J C  C A P  

DIAMETER OF PERFORATED SECTION 4 "'ID 
PERFORATICIN TYPE: 

ITEM 

TOP OF RISER PIPE 

GROUND SURFACE 

1 SLOTS 0 HOLES SCREEN I 

DISTANCE ABOVE /BELOW 
GROUND SURFACE ( 1 

7 q  

0.0 

I AVERAGE SIZE FPrRFCRATlONS o 0 \ O  
scrzL& L c n l c r I 2  I TOTAL LOFT 

I 1 

PROTECTION SYSTEM 

RISER PIPE DIAMETERS: 

0.0. p3/8 1- -1.0. 4-a \N 

LENGTH OF PIPE SECTIONS 
JOINING METHOD qcc~r -a 7-7- 

FCcrS1-r T a u 7  TI-rRLdWL 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE FILL MATERIALS: 
GROUT/SLURRY 

BE NTO N I T E 

SAND 

GRAVEL BOTTOM 

PERFORATED SECTION BOTTOM 2 \ . 3 F ~  

PIEZOMETER TIP 13.5 

BOTTOM OF BOREHOLE 24 -3 

GWL AFTER INSTALLATION 
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TOP I BOTTOM I 
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SLOTS 0 HOLES 0 SCREEN 

AV E RAG~c~&OFf ’ ,~$ t t  AT I ON S D l O  I M k  

TOTAL -&MA. 5 fT! 

RISER PIPE .MATERIAL 316 ~ ~ A ( N L c ~ ; s  -1 
RISER PIPE DIAMETERS: 

0.0. 4 3/i /&-I. 0. 4 /N 

LENGTH OF PIPE SECTIONS /O FT, 
JOINING METHOD vl‘f /tEhoAWu) cCc/&G 

?ROTECTION SYSTEM 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS: 
GROUT/SLURRY 

BENTON I TE 

SAND 
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PERFORATED SECT1 ON 
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PIEZOMETER TIP 
BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATION 
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PIEZOMETER DESCRIPTION 

TOP 0 . d  
TOP 9.1 
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TYPE / I f J 4 :  44,;/., c,*(( 
DIAMETER OF PE~FORATED SECTION 4 ; a  

PERFORATION TYPE: 

SLOTS 0 HOLES 0 SCREEN a 
AVERAGE SIZE OF PERFCRATIONS z - J f 3  

TOTAL PERFORATED AREA /d Ff 

?ROTECT IO N SYSTEM 

-- BCiTTOM 9.1 TCP BOTTOM 

BOTTOM / J  / .TOP BOTTOM 

BOTTOM 3 1  3 TOP BOTTOM - 
BOTTOM 8OTTOM q9ys TOP 

BOTTOM 2 ??k'h'LrTOP BOTTOM 

J I  

' CASING SIZE (SI USED: 

RISER PIPE MATERIAL I&. . /+ I I  /A+ 
RISER PIPE DIAMETERS: 

0.0. 7 % ;/l - I .  0. q.0,: 
LENGTH OF PIPE SECTIONS / 3  F4.  

JOINING METHOD S C , ~ Q L ~  Lre-cL I .%  )+. 

I 
I RISER PROTECTIVE PIPE LENGTH < Ff I OTHER PROTECTlOh J f d  C ~ L T @ /  < I 

PROTECTIVE PIPE 0.0. ; (% I - 
~~ 

ITEM 

I TOP OF RISER PIPE 

I GROUND SURFACE 

I BOTTOMOF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS: 
GROUT/SLURRY 

BENTON I T E  

.I 
PIEZOMETER TIP 

t GWL AFTER INSTALLATION 
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PIEZOMETER INSTALLATION SHEET 

RISER PROTECTIVE-PIPE LENGTH 5 FT- 
PROTECTIVE PIPE#D. k3 I A K  13 

PROJECT NAME f E  C A(& D FIELD ENG./GEO. r?. &M.tZ5( DATE / 7,-3 8 7 

BORING NO. 
PIEZOMETER NO. 

PRCJECT NC. CHECKED BY oc ('%& 4'qLr-h. DATE 2 / 7 / 5 4  

*/OS/ &!e Y$/dV/$*g DATE OF INSTALLATION l 2  13.8 7 

OTHER PROTECTlOh /. f . l ? l & K  CAP 
w ~ t r t  Leek 

BOREHOLE DRILLING 

DISTANCE ABOVE /BELOW 
GROUND SURFACE ( F T  ) ITEM 

TOP OF RISER PIPE 2 c o  F-r-  

I TYPE @F BIT r'L4TItE.h b - I DRILLING METHOD C/FQ3cE 

E L  EVATI ON 
( cr) *a 

DRILLING FLUID (SI USED: 

FLU ID t.&W:/t F R@M TO 3 3 m  

PI E ZOMETER OESCR I PTlON 

GROUND SURFACE 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS: 
GROUT/SLURRY 

BENTON IT  E 

SAN 0 
-sRAv&L 

PERFORATED SECTION 

PIEZOMETER TIP 
BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATION 

CASING SIZE (SI USED: 

0.0 

2, s F - r .  

-- TOP O . G K  B@TTOV / 3  {FT TOP BOTTOM 

TOP / 3 ~ /  fl. BOTTOM ei /Fr;TOP BOTTOM 

TOP ]8 ,4 (7. BOTTOM33.m- TOP BOTTOM 

TOP )ilk BOTTOM pfi TOP BOTTOM 

TOP XO.JI=Ts BOTTOM Sqm, TOP BOTTOM 

.33.0 Y 

33. F T  - 
N A  

SIZE /On FR@M G TC 3 6 ~ 7 .  
SIZE A) Pr FROM~T? TC r/.A 

TYPE H(w( '&(/U I-! 

DIAMETER OF PERFORATED SECTION / N C ~  

PERFORATION TYPE: 

SLOTS 0 HOLES SCREEN 
AVERAGE S I 2  0 PERFCRATIONS / & C I )  

x (2 &Lf UZ&r$F 
TOTAL /G,C> m. 

RISER PIPE MATERIAL 3 i d  S T & ~ L ~ < C  S F g L  
RISER PIPE D1AMETE.S: 

LENGTH OF PIPE SECTIONS /o.O p7-- - 
0.0. Y =45. m-1 .0 .  L/ /A/ 

I L W C ' .  i 

JOINING METHOD YfffnEAD -- - 
(FLUSH s e w ~  t n t m i \  

' 3  f I 
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BORING NUMBER . &x J042 f$& COORDINATES DATE / 2  v-c7 

/ 2 - L . -  ,? > :LEVATION GWL: Depth Date/Time 

:NGINEER/GEOLOGIST Depth Daterrime DATE COMPLETED [ 2 -L!- e 7 
DATE STARTED 

GAr ; lgw  
)RILLING ME' 
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PIEZOMETER INSTALLATION SHEET 

RISER PROTECTIVE PIPE LENGTH .5 F 7. 

PROTECTIVE PIPE 0.0. /o. 

BOREHOLE DRILLING 

OTHER PROTECTlOh L O  L t T / A I b  C A P .  
hU6 Lack  

DRILLING METHOD C4eir= Tm/- TYPE CLF BIT - J=L/tTCfEAO 
CASING SIZE (SI USED: DRILLING FLUID (SI USED: I 

c 
DISTANCE ABOVE /BELOW ELEVATION 
GROUND SURFACE ( FT)  ( F f  hASC 

ITEM 

TOP OF RISER PIPE x . 0  FT; 

PI E ZOM ETER D ESC R I PT ION 

2,s F T ,  

TOP N& B@TTOM 

TYPE 

DIAMETER OF PERFORATED SECTION dl 
PERFORATION TYPE: 

ML3/V I T o m  /ci f7 

)&. 

SLOTS 0 HOLES 0 SCREEN 
AVERAGE SIZE OF PERFCRATIONS 8 ZLYr 

TOTAL PERFORATED AREA ' 3  FT.  

-- TCP BOTTOM 

BOTTOM e,c/=r 
BOTTOM 2Y.afT, 

~ ~~ ~ ~ ~ 

GROUND SURFACE 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS 1 

m R Y  
BEN TON I T E 

SAND 

4?A+t€L 

PERFORATED SECTION 

.TOP BOTTOM 

TOP BOTTCM 

0.0 I 

- 
BOTTOM M A  TOP 

BOTTOM aOa #r, TOP 

BOTTOM 

BOTTOM 

PIEZOMETER TIP 
BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATION 

23 -0 

34.0 F t ,  
- 



r' pFlO7ECTiVE R I S E R  C A S I N G  

FERNALD 
RVFS J.SFTk 

i 

GROUNO SURFACE 
E L. 

I 

i I 

2.SCREEN IS 4 I N  1.0 '55 P I P E  C 3 N T l N U O U S  
SL3T S C R E E N  (0.01 0 IN S L O T  S I Z E )  

M O N I T O R I N G  WELL LBZ 
/csa dd 

PREPARE0 FOR I - 5 - 4 7  
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VISUAL CLASSIFICATION OF SOILS 15-1 i I - 1 2  

PROJECT NUMBER: 6 OZ ~3 .t PROJECT NAME: p h k  2 I / p5 
BORING NUMBER: 108 3 COORDINATES: DAfE:O 1 0 8  $ 7  
ELEVATION: GWL: Depth Date/fime DATE STARTED: 0 1  07 87 
ENGINEER/GEOLOGIST: rJ, K,c~L&,(/ Depth Date/Time DATE C 0 M P L E T E D : o  I 09 $ 7  

DESCRIPTION REMARKS 
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I N S T A L L A T I O N  O E T A I  LS 
MONITORING WELL +g7 

/083 
PREPARED FOR 88 i-r-gf 
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DRILLING FLUID (SI USED: 

FLUID / ~ , o  FROM U.3 TO 21 C' . 
FLUID E/* FROM /JP TO NA 

FERNALD 
RVFS 

CASING SIZE (SI USED: 

SIZE io,,, FRCIM 0 TC 2 r . r  
SIZE NA FROM u.4 TC r n h  

PIEZOMETER INSTALLATION SHEET 

TYPE MoiWroii: /#& 

DIAMETER OF PERFORATED SECTION 4 I k c A  

PERFORATION TYPE: 

PROJECT NAME i=PlflC 1 7 1  / I 3  FIELD ENG./GEO. d. K~-L..LI: r' DATE 0 1  07  9 8  
PRCJECT NC. 602 r r l Z  CHECKED BY I? &hm!k DATE 7 /  7,/& 
BORING NO. &E I P T 7  A3 I - c - Y ~  
PIEZOMETER NO. e- /c9 3 DATE OF INSTALLATION o f  0 7  % q  

BOREHOLE DRILLING 

RISER PIPE MATERIAL- 

RISER PIPE DIAMETERS: 
0.0. q3/B I ~ C A  -1.0. y*,~cX 

SLOTS HOLES SCREEN 
ATIONS 0 10 I nr.C 

10 j-4 

LENGTH OF PIPE SECTIONS 

JOINING METHOD 7W&'ZHQ W C w % % d  

/O ?e& 
G 2 r / r 3  

- -  / F L c S H  mjk, I- 7tMt HDLA ) 
\ / h 

RISER PROTECTIVUIPE LENGTH 5 F e d  

PROTECTIVE PIPE h.0. IO A 

.AS THE PIEZOMETER FLUSHED AFTER INSTALLATION? 
WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER? 

OTHER PROTECTlOh C/cp@Lg CAP 

A h f l  Lock 

YES 
Y E S O  373 

NO 0 
REMARKS - - 



NGINEERIGEOLOCIST:~ . 

DE SC R I P f  ION 

I - 

REMARKS 
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' FERNALD 
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APPROXIMATf E X I S T I N G  
GROUNO S U R F A C E  
E L. 

I 

N ~ T E S :  
I . R I S E R  P I P E  IS + I N  IO. S C H E D U L E  

2.SCREEN I S  4 IN 1.0 Ss .PIPE C 3 N T l N U O U S  

3 .LOWER E N 0  OF S C R E E N  I S  C A P P E O .  

4. E L E V A T I O N  OF W 4 T f R  L E V E L  
S . w A T E R  L E V E L  R E A O I N G  ON 

PIPC.  T H R E A O E 2  .Ft:Sn - J O I N T E D .  

S L O T  S C R E E N  (0.010 IN. S L O T  S I Z E ) .  

I 
L l  I 

I a S T A L L A T I O N  OETAI  LS 
MONITORING W E L L -  

PREPARE0 FOR @ 1-F-H 
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RVFS 

RISER PROTECTIVE IPE LENGTH 5 -* 

PROTECTIVE PIPE 0.0. A 
P 

%d/l.+ 8 9 

2513 

PIEZOMETER INSTALLATION SHEET 

OTHER PROTECTION 1 C+Z FAG/-  Srt-@ 
A U ~  Lock 

PROJECT NAME FEEPIALIJ I W f S  FIELD ENG./GEO. P tllrfKLzV 

BORING NO. 
PIEZOMETER NO. /Uk OATE OF INSTALLATION /I - (7 
BOREHOLE DRILLING 

L I b , u ' f G  CHECKEDBY 17 PRCJECT NC. GO A 

ITEM 

TOP OF RISER PIPE 

GROUND SURFACE 

BOTTOM OF PROTECTIVE PIPE 

DRILLING FLUID (SI USED: 

FLUID w m F h F P O M  TO 77 fr- 

PI E ZOMETER DESCRl PT ION 

DISTANCE ABOVE /BELOW E L €VAT ION 
GROUND SURFACE ( FT) ( f T )  MSL 

'2'0 F?-- 
0.0 

1.5 ft. 

- E7 

I PERFORATED SECTION 

TYPE @F BIT - FL&t/+G4b 
CASING SIZE (SI USED: 

TOP 0 . o ~ ~ .  
TOP s/.If F7. 
TOP 

TOP 

TOP 5% L( 

TYPE n & - I f l &  

DIAMETER OF PERFORATED SECTION L( 
PERFORATION TYPE : 

SLOTS 0 HOLES 0 SCREEN 

-- 8@TTOM s/.qn TCP BOTTOM 

BOTTOM 5 6 ~ e  .TOP BOTTOM 
BOTTOM TOP BOTTCM 
BOTTOM TOP BOTTOM 

BOTTOM 7 3 C /  TOP BOTTOM 

PROTECTION SYSTEM 

- 

PIEZOMETER TIP 76.0 CI 

- 4&4\44 
BOTTOM OF BOREHOLE 77.0 - 

. GWL AFTER INSTALLATION b'L3 F T .  

BOREHOLE FILL  MATERIALS: 
GROUT /SLURRY 

u p I 4 d  
CI* 

BEN TON I T E 
SAND 737 ChY 

wo GRAVEL USID 

/AS THE PIEZOMETER FLUSHED AFTER INSTALLATION? 
WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER7 

Y E S O  
Y E S 0  

REMARKS - 
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E LEVA TlON GWL: Depth DatelTime DATE STARTED ((- 3-a. 
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SORING NUMBER 3fiy 

iNGlNEE R/GE OLOGIST D 04fC LS'/u.tt6bL"'' 
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iLEVATION , 

PROJECT NAME /4z(2/IIRc/,) (2 //Fb 
COORDINATES DATE / I -  cl/'B3 
GWL. Depth DateITime DATE STARTED //-3 -&' 

DATE COMPLETED / I -  12 -8 7 Depth DateITi me 

> a : s  - ru a 

DESCRIPTION R E M A R K S  
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1.0  Introduction 
258 

Waste Pit # 4  at the Feed Materials Production Center in Fernald, Ohio is 

subject to regulations of the Resource Conservation and Recovery Act (RCRA). . 

Interim status regulations (as described in Task B.5  of the Federal Facilities 

Compliance Agreement (FFCA)) are addressed by this Response which presents a 

Sampling and Analysis Plan (SAP) prepared in conformance with 40 CFR 265.92. 

The SAP presents information on: 

o Groundwater sample collection from both monitoring and water supply 

wells. 

o Sample preservation and shipment procedures. 

o Analytical procedures and chain of custody controls. 

The groundwater sampling program at the FMPC is a dynamic one. As such, field 

procedures described herein, may from time to time be modified based on 

weather and other conditions at the well. However, all sampling procedures 

,! ; utilized are designed t o  be consistent with USEPA/OEPA objectives and 
I 

guide1 ines. 
I 

i 
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2.0 Scope o f  Plan 
2 5 8 .:. 

This document presents the Sampling and Analysis Plan required by Subpart F.  

Section 265.92 of the Resource Conservation and Recovery Act (RCRA). 

This plan has been developed in accordance with specific regulations and 

guidelines. The following references have been used in its preparation: 

(1) Procedures Manual for Ground Water Monitoring at Solid Wastes 

Disposal Facilities, 1979, U . S .  EPA-530/SW-611 (reprinted 1980). 

(2) Manual of Ground Water Sampling Procedures, 1981, Marion R. Scalf, 

et. al., NWWA/EPA Series. 

(3) Standard Methods for Analysis of Water and Wastewater, 1985, 20th 

Edition, APHA-AWWA-WPCF. 

I R  (4) RCRA Ground - Water Monitoring Technical Enforcement Guidance 

Document, 1986, U . S .  €PA, OSWER-9950.1. 

As required by the referenced regulation, this plan for groundwater monitoring 

contains procedures for sample collection, sample preservation and shipment, 

analytical procedures and chain of custody controls. 

395 
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3 . 0  SAMPLE C O L L E C T I O N  

This section of the sampling and analysis plan presents procedures use to 

evacuate, sample and preserve groundwater samples collected from the FMPC 

monitoring well networks. 

3.1 Sampl ing Order 

In order to minimize the possibility for cross contamination, samples will be 

collected beginning at the well least likely to contain elevated levels o f  

hazardous wastes or their constituents (upgradient well) and ending at the 

we1 1 

const 

Tab1 e 

off-s 

most likely to contain elevated levels o f  hazardous wastes or their 

tuents. The sampling order for monitor well locations is indicated i n  

1. During field sampling activites, wells are grouped into on-site and 

te locations. Each sampling team then samples its series of wells i n  

the prescr i bed order. 

3 . 2  Sampling Technique 

The sampling technique can be divided into three separate stages: 
I 

o Pre-sampling measurements 

o Well evacuation 

o Sample acquisition 

figure 1 is an example of a field Sampling Record, used during the well 

sampling activities. This form follows the three stages mentioned above and 
I 

is completed for each well sampled. 

Prior to pre-sampl ing measurements, the following’ information is recorded in 

permanent ink on the Field Sampling Record. 

I 
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TABLE 1 

Sampl i ng 
Order  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 
21 
22 
23 
24 

25 

27 
I 28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

I 

i 40 

41  

f lon i tdr ing  Well Sampling Order 

We1 1 
Number 

1 2  
sw-2 
P- 1 
P - 2  
P-3 
OS-1 deep 
OS-1 dug 
15s 
16d 
16s 
17d 
17s 
18d 
18s 
20d 
20s 
20TP 
14d 

14s 

9 
11 
13d 
13s 
8d 

8s 

3 
4 
5 
Id 
Is 
19d 
19s 
19TP 
21s 
21TP 
22s  
22TP 
os- 1 

o s - 2  

OS-3 

Loca t i on 

Off North a c c e s s  road  
Southwest c o l l e c t o r  
West s i d e  product ion  a r e a  
West s i d e  product ion  a r e a  
Water t r e a t m e n t  P1 a n t  
Farm house on Wil ley  Road 
Farm house on Wil ley  Road 
P a s t u r e  on Wil ley Road 
Guard t r a i n i n g  a r e a  
Shoot ing range 
Wil ley Road Bridge 
Wil ley Road Bridge 
South o f  product ion  a r e a  
South o f  product ion  a r e a  
Southwest of p r o d u c t i o n  a r e a  
Southwest o f  p r o d u c t i o n  a r e a  
Southwest of  p r o d u c t i o n  a r e a  
Confluence of  SSOO w i t h  . 

Confluence of  SSOO w i t h  

Paddy's Run-East bank 
North o f  product ion  a r e a  
East  o f  s c r a p  metal  s i t e  
Eas t  o f  s c r a p  metal  s i t e  
South o f  waste  p i t  s t o r a g e  

South o f  waste  p i t  s t o r a g e  

Eas t  o f  p i t  3 a r e a  
South o f  p i t  3 
South of p i t  3 
North of  K-65 t a n k s  
North of  K-65 t a n k s  
Eas t  of p i t  4 ' .  
East  of p i t  4 
Eas t  of p i t  4 
South of p i t  4 / 

South of p i t  4 
West of p i t  4 
West of  p i t  4 
E x t e r i o r  t a p  i n  y a r d  of 

East  s i d e  of  Paddy's Run 

East  s i d e  of  Paddy's Run 

Paddy's Run 

Paddy's Run 

a r e a  

a r e a  

farm house o f f  W i l l e y  Road 

Road 

Road 

337 
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1 1  wll Zvacurtim 
Pumping: k b e r t i b l e  Bailing: I(emerer 

Mi troqen 
Centrifugal Bucket Bailer 

: Other (Describe) 

Pump on: 
Pump O f f :  
P u m p i n g  T i m e :  
P u m p i n g  Rate: 
fh 1 1 ons Removed : 

Bailing Started: 
Ra i 1 i ng Stopped : 
Ca 1 1 ons Removed : 

I [ I  Sampling 
ui t h d r d w a l  : Pumped (describe) 

hi led (describe) 

lime: Oate:  
bmQle 1.n- I :  
Trip Alan& I: 
w. or c ~ ~ ~ t a i n e c r  filled (priasry l a b ) :  
'6. o f  containers f i l l e d  (replicate ss-lcl): 
phys icrl  appearance and odor : 

7e f r i qe rd ted : Or t e : 
l i m e :  

i 
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o F a c i  

o Name 

o Well 

o Shor 

ity Name 

o f  sampling personnel, affiliation, date and time o f  sanlpling 

number, location and well diameter. 

description of weather conditions 

258' 

3.2.1 Pre-sampling measurements 

Pre-sampling measurements consist of recording total depth o f  the well, depth 

to water, well diameter and other well characteristics as indicated on the 

. Field Sampl ing Record. 

Measurement of total well depth is made with a weighted tape, divided into 

feet, inches and tenths of an inch. The accuracy o f  the measurement is to the 

0.01 ft. 

The water level measurement is made with a water level indicator model 514'53 

made by Slope Indicator Co, (or equivalent). The accuracy of this measurement 

is also to the nearest 0.01 ft. 

Both measurements, are made from the same chisel mark on the top of the outer 

protective (metal) well casing. 

Subtracting the depth to the water table from the total well depth, the height 

of the water column in the well can be calculated. Multiplying this by the 

well conversion factor (based on well diameter) the number of gallqns of water 

in the well can be estimated. 
r 

In addition, field measurements such as pH, conductivity, and temperature are 

made initially and are observed continuously throughout the well evacuation 

I process prior to sampling in order to determine i f  the chemistry o f  the 

produced water has stabilized (see Section 3.2.2). 

R *  
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3.2.2 Well Evacuation 258 

i 

The composition of the water within the well casing and in close proximity to 

the well (e.g. the gravel pack) is usually not representative o f  the overall 

ground water quality at the sampling site. This is because important 

geochemical conditions such as the oxidation-reduction potential may differ 

drastically near the well from those in the surrounding water' bearing 

materials. for this reason it i s  essential that a well be pumped o r  bailed 

until the well i s  thoroughly flushed of standing water and contains fresh 

water from the aquifer. Conductivity, temperature, and pH measurements are 

continuously observed during the well evacuation process in order to 

adequately determine when the chemistry o f  the produced water has stabilized. 

The recommended amount of water required to be pumped or bailed from the well 

before sampling i s  dependent on many factors including the characteristics o f  

the well, the hydrogeological nature of the aquifer, the type of evacuation 

equipment being used, and the parameters being sampled. The time required may 

range from the time needed to pump or bail one casing volume to the time 

needed to pump several casing volumes. A t  the FMPC, between 3 and 5 casing 

volumes o f  water are normally removed prior to sampling the well. A minimum 

o f  one casing volume is removed from low yielding wells and at least three 

casing volumes are evacuated from wells with higher yields. Well water will 

be evacuated either by purge pumping o r  bailing. 

Pump i nq 
i 

The majority of monitoring wells currently in place at the FMPC have dedicated 

3.75" submersible pumps and discharge tubing installed in them. These pumps 

are used to purge the wells. As each of these pumps are dedicated to a single 

400. 
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well, no special cleaning at  the pump or discharge tubing prior t o  o r  a f t e t -  

sampling is  required. 258 
Purge water w i t h d r a w n  from the wells within the p l a n t  production area is  

collected i n  a t a n k  truck and eventually fed i n t o  the FMPC's wastewater 

treatment system. Purge water withdrawn from outside the plant production 

area i s  discharged onto the ground surface and directed away from the casing. 

For those wells t h a t  do no t  have a dedicated pump, a 3.5" portable submersible 

a f t e r  each use 

then d i s t i l l e d  

well (see Sect 

The pumping  s t  

pump i s  used t o  purge the wells. The pump and associated t u b i n g  i s  cleaned 

by pumping water with a non-phosphate detergent, t a p  water and 

water th rough  the pump and t u b i n g  p r i o r  t o  i t s  use i n  another 

on 3 . 2 . 5 ) .  

r t  time i s  marked on the f ie ld  sampling record and the pumping 

ra te  i s  monitored with a flow meter or  by the time needed t o  f i l l  a vessel 

(bucket) o f  known volume. Based on the pumping ra te ,  pumping time i s  

established t o  typically remove 3 t o  5 volumes of water from the well. 

Bailing 

There are several shallow wells i n  the surf ic ia l  t i l l  layer which have 

recoveries too slow to allow for  continuous pumping. I n  th i s  case, wells are 

evacuated using a 2 foot long, 1.75 inch i .d.  s ta inless  steel bai ler  w i t h  a 

teflon check valve. I f  the well i s  bailed dry  prior to  removing the required 

volumes i t  i s  allowed t o  reach 80% of recovery and then immediately sampled. 

New nylon weave rope i s  used in the manipulation of the bai ler  and separate 

lengths are dedicated to  each well. The rope i s  bagged and disposed a f t e r  use 

on the s i t e .  

401 
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258 
A biodegradable, non-phosphate clpaning solution (e.q., ALCONOX)  I S  used L o  

clean the bailers upon completion o f  well evacuation. The baller I S  t r l p l e  

rinsed with tap water, distilled water, and acetone prior to rlnsing wlth 

pesticide quality hexane and wrapping with aluminum foil before reuse (see 

Section 3 . 2 . 5 ) .  Bailed water from wells within the plant production area i s  

collected in a tanker and disposed in the FMPC’s wastewater treatment system. 

Bailed water from wells outside the plant production area, as well as wash and 

rinse water is discharged to the nearby ground surface. 

3.2.3 Sample Collection 

After removal o f  the required volumes from the well, the sample bottles are 

clearly labelled in permanent ink. 

For collection of samples from pumps, the pump discharge tubing is placed near 

the bottom of the sample bottle and gradually withdrawn as the container 

fills. All sample bottles are filled to the top without overflowing, and the 

caps are firmly hand tightened to prevent leakage. Because of the relatively 

low turbidity of the ground water at this site, no field filtering o f  samples 

is performed. Only samples for non-volatile, inorganic constituents are 

collected using the dedicated pumping equipment. 
f 

In the case of sampling with a bailer, the water sample from the bailer is 

minimally handled and transferred immediately to the sample bottle. Bailing 

is used to collect samples for volatile organic constituents and total 

coliform. Bailing takes place subsequent to inorganic sampling; however, 

sufficient time is allowed to let the water stabilize prior to bailing. 

-9- 

4-0 2 



A s  each full set o f  samples i s  collected from each monitorinq point.. they rt1-e 

stored in sampling kits comprised o f  an insulated container containing ice arid 

appropriate shipping and hand1 ing instructions. 

3 . 2 . 4  Field Blanks 

A s  part of the ongoing QA program, samples are accompanied to the lab by field 

blanks. Field blanks are divided into cleaning blanks and trip blanks. 

Cleaning blanks are made prior to each round of sampling, at least one each 

day of sampling. They consist of distilled, deionized water which is 

collected from the bailers after cleaning. They are analyzed and values are 

used to interpret the effectiveness of the cleaning procedures and bottle 

handling procedures. 

In addition to the cleaning blanks, two types of trip blanks accompany the 

samples. These consist of sample bottes filled with distilled, deionized 

water and capped in the laboratory. One trip blank remains capped and 

accompanies the sample at all times until returning to the laboratory where it 

i s  opened and tested along with the other samples. The other trip blank is 

set aside during the sampling of the wells and left open to the atmosphere. 

The purpose of these trip blanks is to ensure that proper sample bottle 

preparation and handling techniques have been employed, and to evaluate the 

potential for atmospheric influences on sampling equipment. 

403 
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3 . 2 . 5  Decontamination Procedures 258 

Sampling equipment such as bailers, metering probes, and non-dedicated pumps 

and associated tubing used for RCRA groundwater monitoring at the FMPC are 

thoroughly cleaned and dried prior to reuse. Since organics are o f  concern 

with the FMPC detection monitoring efforts, the following procedure is 

practiced: clean with a non-phosphate detergent (e.9. ALCONOX); and rinse with 

tap water, distilled water, acetone, and pesticide quality hexane. I f  

organics are of prime concern, then the following procedure would be followed: 

clean with a non-phosphate detergent; and rinse with 0.1N hydrochloric or 

nitric acid, tap water, and distilled water. 

i 

404 

-11- 



4 . 0  Sample Preservation and Shlpment 258 

In order that laboratory results be representative o f  the actual sample 

condition at the time of collection, it is important that proper methods be 

used for the preservation and transport of the samples prior to their delivery 

to the lab. These procedures are summarized below and are consistent with 

USEPA requirements as described in References 1 and 2. 

4.1 Sample Containers 

Proper types and materials must be utilized for the sample containers 

(bottles) in order to ensure that the samples, and in particular the 

parameters to be analyzed from that particular bottle, do not react with the 

container material and alter the concentration or values of the parameter. 

Sample bottles are supplied by the subcontracted laboratory and have been 

carefully selected to meet these performance objectives. A variety of 

materials, such as amber glass, clear glass, and polyethylene are employed as 

required. Where necessary, specialized sample bottles are uti1 ized, such as 

for VOC measurements. Table 2 provides a more detailed description o f  the 

types of sample bottles used during RCRA groundwater monitoring at the FMPC. 

4.2 Sample Preservation 

In addition to selection of proper container materials, 'other methods are 

often required i n  order to reduce the possibility of chemical reactions and/or 

precipitations occuring within the container which could a1 ter anhlytical 

results. Those sample bottles which require chemical perservatives (e.g. 

acid) have the preservatives added by the laboratory prior to shipment of  the 

I bottles to the site. In addition, all sample bottles are placed in iced 

thermal coolers and kept as close to 4'C as possible during the period o f  time 

I 

1 
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between collection and delivery to the lab. 

suppression o f  bacterial growth in the samples. 

This refrigeration aids i n  tBfl .' 

Tables 2 and 3 list various 

preservatives and their applications. 

TABLE 3 

Preservation o f  Groundwater Samples Prior to Laboratory Analysis 

Preservative 

HgCl2 

Acid (HNO3) 

Acid (H2SO4) 

A1 kal i (NaOH) 

Refrigeration 

Action 

Material Inhibitor 

Metals solvent, 
prevents 
precipitation 

Bacteri a1 Inhibitor 

Salt formation with 
organic bases 

Salt formation with 
volatile compounds 

Bacterial Inhibitor 

Appl i cab1 e to: 

Nitrogen forms * 
Phosphorous forms 

Metals 

Organic samples 
(COO, oil 8 grease, 
organic carbon) 

Ammonia, amines 

Cyanides, organic 
acids 

Acidity-alkalinity, 
organic materials, 
BOD, color, odor, 
organic 
Phosphorous, 
organic Nitrogen, 
carbon,: -etc. 
biological 
organisms 
(col i form, ptc. ) 
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258 :- 
4 . 3  Sample Shipment 

! 

In order to minimize the potential for loss, destruction, or tampering, all 

samples are delivered personally to the lab by a member o f  the sampling team. 

Sample bottles in their coolers are loaded onto a truck. The truck is kept 

locked with only the sampling team possessing a key. The bottles are then 

delivered directly to the lab and turned over to lab personnel. 

Chain-of-custody control is exercised throughout the sampling and sample 

shipment process as described in Section 6.0. 

5.0 Analytical Procedures 

All analyses o f  ground water samples in connection with RCRA groundwater 

sampling is conducted by Howard Labs, Inc. of Dayton, Ohio. Howard Labs i s  

certified by both USEPA and OEPA to conduct such analyses. Analyses are 

conducted according to USEPA protocols and procedures as outlined below. 

5.1 Constituents Being Monitored 

A list o f  constituents that should be tested for in the FMPC groundwater was 

developed prior to the initiation o f  expanded monitoring in August, 1985 to 

meet RCRA requirements. This list addresses five (5) types of parameters: 

o Parameters used to evaluate general water quality. These include 

chloride, iron, manganese, phenols, sodium and sulfate. 

o Indicators o f  groundwater contamination. These include pH, specific 

conductance, total organic carbon and total organic halogen. These 

parameters are tested in quadruplicate as required by 40 CFR Part 

264.90. 

411 
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258 

i 

o Constituents evaluating drinking water suitability. These i n c l u d e  1 1  

metals, 3 radionculides, 6 pesticides/herbicides and c01 iform bacteria. 

o Parameters related specifically to past or current FMPC operations. 

This list includes 8 metals, 31 synthetic organic compounds, total 

dissolved solids and chemical oxygen demand (COD). 

o Radionuclides. related to past or current FMPC operations. Fifteen are 

analyzed, including isotopes of uranium, radium, thorium and plutonium. 

A complete list of all parameters being tested for in the FMPC groundwater is 

provided in Table 4. Appendix IX o f  40 CFR 264 parameters are to be analyzed 

for selected RCRA wells as part o f  the Weston Characterization Investigation 

Study (CIS) for the Waste Pit Storage Area in support of the Environmental 

Impact Statement '(€IS) at the FMPC. This sampling, along with additional 

monitoring well installation, will be conducted as expeditiously as possible. 

5.2 Analytical Methods 

Chemical analysis of the samples is conducted according to methods specified 

in €PA-600/4-79-020, "Methods for Chemical Analysis of Water and Wastes". 

Radiological analyses are performed in accordance with procedures specified in 

EPA-600/4-80-032, Prescribed Procedures for Measurement of Radioactivity in 

Orinking Water." Where no €PA-approved method exists, analyses are conducted 

according to generally accepted standards and practices o f  the- analytical 

profession under direct supervision of a chemistry Ph.D. The parameters 

analyzed, detection limits and the methods utilized are summarized in Tables 

4, 5, 6 and 7. 

-1 9- 



TABLE 4 

PARAMETERS TO BE ANALYZED 

1 A. -For General Water Quality 

1 .  Chloride 

2. Iron 

3. Manganese 

4 .  Phenols 

5. Sodium 

6. Sulfate 

B. For Indicators of Contamination (Quadruplicate Analysis) 1 

1. pH 

2. Specific Conductance 

3. Total Organic Carbon (TOC) 

4. Total Organ Halogen (TOX) 

1 C. For Drinking Water Suitability 

1. . Arsenic 7. Mercury 

8. Nitrate 2. Barium 

3. Cadmium 9. Selenium 

4. Chromium - Hexavalent 10. Silver 

- Total 11. Gross Alpha 

5. Fluoride 12. Gross Beta 

6. Lead 13. Radium 

258.  
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TABLE 4 (Con't.) 

. .  

258' 
14. Endrin 

15. Lindane 

16. Methoxychlor 

1 7 .  Toxaphene 

18. 2 . 4 - 0  

19. 2,4,5-TP 

20. Coliform Bacteria 

2 D. Site Specific Parameters 

17. Chemical Oxygen Demand (COD) 

18. per Chloroethylene 

19. cis 1-,2 Oichloroethylene 

20. Tributylphosphate 

1. 

2 .  

3 .  

4. 

5. 

6. 

Nickel 

Cyanide 

Copper 

Zinc 

Magnes i um 

Calcium 

Phosphorus 

Chlorobenzene 

Chlorodibromomethane 

Chl oroethane 

2 -chl oroethyl vi nyl 

Chloroform 

Dichlorobromomethane 

Dichlorodi fluoromethane 

Total Dissolved Sol ids (TDS) 

Total Potassium 

2 1 .  Acrolein 

22.  

23 .  Benzene 

24. bis (chloromethyl) Ether 

Acryl onot r i 1 1 e 

7 .  

8 .  

9 .  

10. 

1 1 .  

12 .  

13.  

14. 

15 .  

16 .  

25. Bromoform 

26. Bromodichloromethane 

27. Bromomethane 

28. Carbon tetrachloride 

29. Chloromethane 

30. 1 , 2  Dichlorobenzene 
I 

31.  1 , 3  Dichlorobenzene 

32. 1 , 4  Oichlorobenzene 

414 
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Table 4 (Con't.) 258 

33. 1 , l  Dichloroethane 

34. 1 , 2  Dichloroethane 

35. 1 , l  Dichloroethylene 

36. 1,2 Dichloropropane 

3 7 .  1,2 Dichloropropylene 

38. Ethylbenzene 

39. Methyl bromide 

40. Methylchloride 

41. trans-1,2 Dichloroethylene 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

1,3 Oichloropropene 

1,1,2,2 Tetrachloroethane 

Te t rach 1 oroe t hy 1 ene 

Toul ene 

1 ,1 ,1  Trichloroethane 

1,1,2 Trichloroethane 

Trichloroethylene 

Tr i ch 1 or0 f 1 uorome t hane 

Vinyl Chloride 

E.  Radionuclide * 

1. Potassium 40 9. Cesium 137 

2. Total Uranium 

3. Radium 226 

4. Radium 228 

5. Technetium 99 

6. Thorium 228 

7. Thorium 230 

8. Thorium 232 

10. Strontium 90 

11 .  Ruthenium 106 

12. Neptunium 237  

13 .  Plutonium 238 

14. Plutonium 239 

15. Plutonium 240 
\ 

F. Schedule - Quarterly for one (1) year, semiannual thereafter ( o r p s  
necessary according to regulations). 

i 'Required for RCRA and analyzed for each sample. 

'Not required f o r  RCRA,  b u t  also analyzed for each sample. 
I 

,) 
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I 

Analyticd Methods and Detectlor, l i m i t s  lor Groundwater Samples 
Water O u a l l t y  I n d i c a t o r s  

Pa ramet er Oetcctim l i m i t  

Ch 1 or i de 
I con 
Manganese 
Phenols (total 
Sodium 
S u l f a t e  
PH 
Specific Conductance 
Total Organic Carbon (TOC) 
Total Organic Halogen ( T O X )  
Arsenic 
R a r i  urn 
Cadmi urn 
Chromium-Hexavalent 
Chromi um-'lota 1 
F 1 uort de 
Lead 
Mercury 
Nitrate (as N) 
Sel en i um 
5 ;  1 ver 
Gross alpha 
Gross bet a 
Radium 
Endrin 
L i nddne 
Methoxychlor 
Toxaphene 

2,4,5-rP Si I v e :  
(01 i form S a c t 2 r i a  
Nickel 
Cyanide 
Copper 
Zinc 
h g n e s  i um 
Ca Icium 
Phosohorus 
Yotal Oissolved So1 ids (TOS] 
7otal Potassium 

2.4-0  

1 P P  
50 PPb 
20 PPb 

5 PPb 
50 PPb 
1.0 ppb 
0.1 std./units 

1 PPb 
10 PPb 
5 PPb 

2 PPh 
5 PPh 
5 PPb 
10 PPh 
5 PPb 
2 PPb 

20 PPh 

30 PPb 
15 pCi/l 
5 pCi/l 
5 pCi/l 

1 umho/cm 

200 ppb 

2.5 ppb 

0.2 ppb 
0.2 pob 
0.2 ppb 
3.5 ppo 
0.2 Jpb 

2/100 ml 
5 PPO 
5 PPb 

2s PPb 
25 ppb 
!O gob 
sa op!, 
29 P P ~  
10 PPb 
59 pp:, 

0 .2  DOb 

Analytical )(cthW** 

325.3 
236.2 
243 . 2 
420.3 
273.2 
375.2 
150.1 
120.1 
415.1 

206.2 
208.2 
213.2 
218.4 
218.2 
340 - 2 
239.2 
245.2 
352.1 
279.2 
272 .2  
900 .o 
900 -0 
900.1 
508 
508 
6a8 
6 08 
608 
508 

249 - 2  
335 * 3 
220 .2  
289.2 

215.1 

t 

242.1 

365 .a 
I 

253.1 

Approved analytical method rlot available. Analyris oerformed dccordiny '9 

generally iccepted analytical procedures. 

! 
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Chlorobenzene 
Chl orodi broammethane 
Chloroethane 
2-Chloroethivinyl €ther 
Chloroform 
Dich\orobromomethane 
DichlorodifluoroQethane 
Chemical Oxygen Demand (COO) 
per Chloroethlyene 
cis 1.2 Olchloroethylene 
T r i bu ty 1 phos p h a t e 
Acrolein 
Acrylonitrille 
Benzene 
b i s  (Ch\oromethyl)Ether 
Bromoform 
Bromodichloromethane 
a romome t ha ne 
Carbon tetrachloride 
Chloromethane 
1 ,2  Di chl orobenrene 
1 , 3  Oichlorooenzene 
1 , 4  Dichlorobenzene 
1.1 Oichloroehtane 

1 . 1  Oicnloroethylene 
1,2  Dichloropropane 
1.2 dichloropropylene 
EtnylbenLene 
Hethy\brom!de 
Hethylcnlor*de 
Trdns L,2 J!cn;oroethylene 
1 * 3  U:chloropr.Dpene 
1,1,2,2 Tetrachloroethane 
Tetrachloroecnylene 
1,1, 1 Iri  cn 1 oroechdne 
1,1,2 lr!cnloroethdne 
Tricnloroctnylene 
Trichlorof IUorOrNcnane 
V ' q y l  Chlorrde 

1 , 2  Olchloroechane 

I 

Detection L i m i t  

2.0 pvb 
2.0 pvb 
2.1) ppb 
2.0 ppe 
2.0 ppb 
2.0 ppb 
2.0 ppb 
10 PPb 
2.0 ppb 
2 . 0  ppb 
2.0 ppb 
2.0 ppb 
2 . 0  ppo 
2.0 ppb 
2 . 0  ppb 
2 . 0  ppb 
2.0 ppb 
2.1) ppb 
2.0 ppb 
2 . 0  ppb 
2 . 0  ppb 
2.0 ppb 
2 . 0  ppb 
2 .0  ppb 
2.0 ppb 

2 . 0  ppb 
2.0 ppb 

2.0 ppb 
2.0  ppb 
2 . 0  PQb 
2-11 ppo 
2 . 0  ppo 
2 .0  ppo 
2.0  ppo 
2.0  ppo 
2.11 ppo 
2 . 0  ppo 
2.0 ppo 
2 .0  ppo 
2.0 ppo 

Analytical Method 

1624 
1624 
1624 
1624 
1624 
1624 
1624 
405. I 

1614 
e 

(. 

161j 

I bL4 
1624 
16Z4 
1624 
1624 
1625 
1625 
1625 
1b24 
1624 
162' 
[51,a 

:a,:.: 
:si 
Loil 
LdCl 

;911 

:e> /-I 

131' 
isL* 

t 

. 

i i z a  
' 1423 

1323 

I 

-24- 
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I A I i L l  f 

! 

Parameter Detect ion [ i f n i t  Analytical nethod 

Cesium 137 
Strontium 90 
Ruthenium 106 

Neptunium 237 
Plutonium 239 
Plutonium 240 
Potassium 4 0  

Radium 226 
Radium 228 
Technetium 99 
Thorium 228 
Thorium 23U 
Thorium 232 
Uranium 2331234 
Uranium 235 
Urjn’um 238 

5 pCi/l 
5 pCiJl 
5 pCill 
5 pCi/l 
5 pCi/l 
5 pCi/l 
5 pCi/l- 
5 pCi/l 
5 pCi/l 
5 pCi/l 
5 pCi/l 
5 pCi/l 
5 pCi/l 
5 pCiIl 
5 pCiIl 
5 pCi/I 
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6 . 0  Chain o f  Custody 'Control 258 

I 

A chain-of-custody cmtrol program is employed in order t o  provide for ti-acinq 

o f  possession and handling o f  individual samples from the field collection 

through laboratory analysis. The various components o f  that program are 

s urnma r i zed be 1 ow. 

6.1 Sample Labels 

In order to avoid misidentification of the sample containers, each container 

has an adhesive label attached which indicates the sample identification 

number (well number), date and time o f  collection, and identification of the 

facility from which the sample was taken. 

6.2 Sample Seals 

As each thermal cooler is filled with sample bottles it i s  sealed by placing 

a n  adhesive band entirely around the cooler. This seal is then signed by the 

. member of  the collection team emplacing it. The seal is placed and signed 

such that opening o f  the cooler will result in obvious disruption o f  the seal. 

6.3 Chain-of-Custody Records 

In order to establish the documentation necessary to trace sample possession 

i 

from time of collection, chain of custody information is recorded for each 

sample on a standard Chain-of-Custody form. 

/ 

These data includes: 

o Sample 1.0. number 

o Reason for sampling 

o Witnesses 

419 
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o C o l l c c t i o n  Procedure 

o Method o f  P r e s e r v a t i o n  

o Name, S i g n a t u r e ,  and A f f i l i a t i o n  of each person t a k i n g  

p o s s e s s i o n  of  sample 

o Date and time of  each t r a n s f e r  

o Purpose df each t r a n s f e r  

o Other p e r t i n e n t  remarks 

258 

An example of  the Chain-of-Custody record  p r e s e n t l y  i n  use i s  provided i n  

F i g u r e  2.  

6 .4  f i e l d  Sampling Records 

I n  a d d i t i o n  t o  the  Chain-of-Custody forms, a d d i t i o n a l  d a t e s  r e g a r d i n g  the 

c i r c u m s t a n c e s  o f  sample c o l l e c t i o n  a r e  recorded in  the F i e l d  Sampling Records. 

These were d i s c u s s e d  i n  S e c t i o n  3.2.  

I 
I 

420 
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ATTACHMENT 1 

HOWARD LABS QA/QC PROGRAM 
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COUPLIANCE HONITORING 

PROGRM ' 

SAMPLE COLLECTION, PRESERVATION 

SHIPMENT, AND ANALYTICAL PROCEDURES 

4 3.3 



SAHPLE COLLECTION 

Detailed project sampling plans have been prepared to document the scope and . 

methodology of exploration, radiation measurement, and sampling activities for 

the FMPC. 

The following considerations form the basis for the site-specific sampling 

program: 

0 

0 

0 

0 

. o  

0 

0 

0 

0 

0 

Sampl i ng 

Frequency of sampling 

Location and number of monitoring stations to be sampled 

Methods of sampl ing to be employed 

Media to be sampled 

Number of samples to be collected 

Volume of samples to be collected 

Type and kind of analyses to be performed in the field 

Type and kind of analyses to be performed at laboratories 

Procedures and precautions to be fol 1 owed duri ng sampl i ng 

Methods of preservation and shipment. 

will be frequent enough to identify materials and to describe 

important material changes. Methods of sampling employed shall preserve the 

integrity of material parameters. 

The following actions will be taken for each sampling effort to maintain a 

consistent and accurate FMPC field sampling program: 43.4 



0 

0 

0 

0 

0 

0 

0 

258 
Prepare an FMPC site map showing the location of sample monitoring 

stations. 

Review the sample collection program to become familiar with the 

overall scope of the study and also sampling procedures and 

equipment, sample hand1 ing procedures, and shipping requirements. 

Determine the characteristics of the material to be sampled, 

become familiar with the safety precautions and practices, and 

obtain the necessary safety equipment. 

Obtain equipment and materials necessary to perform field sampling 

and analyses. 

Review manufacturer’s instructions on equipment calibration and 

sensitivity. 

Calibrate all field equipment prior to field work according to 

manufacturer’s instructions and calibration procedures. Note: 

Certain equipment may require calibration in the field before each 

measurement. 

Fill out the appropriate sample field collection reports 

completely prior to leaving the field location. 

Label all sample .containers with appropriate information. This 

i ncl udes project number and name, sampl e number, 1 ocat i on, 

sampling date and time, preservatives added, and sampler’s 

ini ti a1 s. 

Complete Chain-of-Custody form (Figure 1) and Laboratory Request 

for Analysis form (Figure 2) which will accompany all samples 

during shipment. 
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Figure 1. Chain-of-Custody Form. 436 
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Figure 2. Laboratory Request for Analysis 
Form. 
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The following guide1 ines are applicable for sample packaging to avoid breakage 
258 or cross contamination: 

0 Sample container lids are never to be mixed. Sample lids will 

stay on the original container until time of sampling (sample 

container will only be opened at the time of sampling). The 

original sample containers will arrive in the field in packages 

with custody tape affixed at the appropriate access points. When 

sample container packages are received in the field, the 

Chain-of-Command form (Figure 1)  for shipping the empty containers 

to the field will be appropriately marked to state if the custody 

seal was affixed when the package arrived. 

0 After a sample is placed in a plastic/glass container, the sample 

container will be secured with a custody seal and placed in a 

plastic bag to minimize the potential for contamination from 

vermiculite or other packing material. Sample containers may be 

placed between cardboard inserts and will not need to be placed in 

plastic bags. 

Upon arrival of the samples at the laboratory, the Quality Control 

(QC) coordinator, o r  designee will examine the contents o f  the 

shipping container and document on the chain-of-custody record if 

any sample containers do not have the custody tape affixed. 

0 Rigid, plastic shipping coolers (or ice chests) transmitting 

plastic/glass sample containers will be filled initially with 

approximately three inches o f  vermiculite or suitable substitute 

(noncombustible, absorbent packing material). Under no 

circumstances will locally obtained material (sawdust, sand, etc.) 

be used. 

0 

Earth or ice will not be used as packing materials. 
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258 
0 The secured sample containers will be placed in the cooler in such 

a way so they do not touch one another. Additional container 

protection will be used, if necessary. (Cooler will be kept 

closed except when placing sample in cooler.) 

0 Commerci a1 1 y avai 1 ab1 e sel f -contained art i f ici a1 icing materi a1 

(such as "blue ice") will be used. If unavoidable, ice may be 

used, provided that is is placed in a plastic bag. Ice is not to 

be used as a substitute for packing material. 

0 Remaining space in the cooler will be filled with inert packing 

materi a1 . 
0 T h e  o r i g i n a l  C h a i n - o f - C u s t o d y  f o r m  ( f i g u r e  1 )  and 

Request-for-Analysis for (figure 2) will be placed in a plastic 

bag and taped to the bottom of the cooler lid. (Chain-of-custody 

and request-for-analysis procedures are discussed in Section 4.0.) 

Samples will be properly packaged and labeled for shipment and dispatched to 

.the appropriate laboratory for analysis. Separate chain-of-custody and 

request-for-analysis records will be prepared for each laboratory. The 

following requirements for shipping containers will be followed: 

0 United States Department of Transportation (DOT) regulations 

covering the transport of hazardous materials are contained in the 

Code of Federal Regulations (CFR) Title 49, Parts 170-179. Field 

personnel shall acquaint themselves with the general provisions o f  

these requirements and IT'S Manual of Practice: SamDle Packaqinq 

and ShiDment. 

0 Shipping cooler containers are to be padlocked or custody-sealed 

for shipment, as appropriate. The packing custody seal should 

consi st of f i 1 ament tape wrapped. around the container, with a.... 
. 4 3 9  



custody seal affixed at appropriate access points. In this way, 

access to the container can be gained only be cutting the filament 

tape and breaking the seal. 

Shipping cooler containers will be secured by field personnel with 

a proper custody seal, marked with indelible pen or ink, and 

addressed to the appropriate laboratory. 

0 

0 Field personnel will make arrangements for transportation of 

samples. When custody is relinquished to a shipper, field 

personnel will telephone the receiving laboratory custodian to 

report the expected time of arrival of the sample shipment and the 

existing time constraints (holding times) for sample analysis. 

258 

1.1 GROUNDWATER SAMPLING TECHNIOUES 

T h e  primary consideration in groundwater sampling is t o  obtain a 

representative sample o f  the groundwater body. To safeguard against 

collecting nonrepresentative stagnant water from a well or piezometer, the 

following guide1 ines and techniques shall be observed during sample 

withdrawal : 

0 As a general rule, all monitoring wells will be pumped or bailed 

prior to collecting a sample. Evacuation of a least three well 

vol umes of water i s recommended for a representative sample. 

0 For wells that can be pumped or bailed dry, the well will be 

evacuated and allowed to recover prior to sample withdrawal. If 

the recovery rate is fairly rapid and if time allows, evacuation 

of more than one volume of water is recommended. 
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0 A s  soon as the well recovers, samples will be collected in 

accordance with the stability and volatility of the parameters to 

be tested and the Water Quality Field Collection Report (Figure 3) 

wi 1 1  be completed. For instance, samples for Hazardous Substance 

List (HSL) volatile organic compounds, pH, specific conductance, 

and temperature will be collected first. .Parameters which are not 

sensitive to pH or volatilization shall be drawn last. 

For wells that cannot be pumped or bailed dry, at least three well 

volumes of water will be removed before collecting samples. 

0 

0 Care will be taken to avoid excessive pumping of a monitoring 

well. Excessive pumping can lead to an increase or decrease in 

the concentrations o f  a contaminant at the sampling point o f  

interest. 

0 A stainless steel submersible pump will be used to purge the 

monitoring wells prior to sample collection. A water-level 

measurement will be initially taken to determine the depth to 

groundwater in the casing. The submersible pump will be lowered 

to a depth of five to ten feet below the water level, always above 

the well screen. The well will be initially purged from this 

depth so that fresh water from the screened interval will move 

upward through the casing and completely flush the well. The 

pumping rate will be less than 20 gallons per minute and will 

continue until field pH, temperature, and specific conductance 

258 

readings have stabilized. 

0 The purge pump and lines will be decontaminated between wells, 

using procedures specified below. 

4 4 1  



0 If significant drawdown occurs during purging, the submersible 258 
pump will be lowered to keep the pump five to ten feet below the 

water level in the well casing and the pumping rate will be 

reduced. 

0 Once the well has been purged and allowed to recharge and 

stabilize, samples will be collected using a positive gas 

displacement stainless stee-1 and/or Teflon bladder pump o r  Teflon 

bai 1 er. 

0 During sampling, the pump will be operated continuously and the 

flow rate reduced to one liter/minute for the collection of 

vol at i 1 e organic compound ~ sampl es. 

0 When the pump and 1 ines are removed from a well, they will be 

placed on plastic sheeting to avoid contact with the ground. 

0 Prior to reuse, the pump and lines will be drained and the outside 

surfaces will be decontaminated with a water ‘wash and deionized 

water rinse. The internal surfaces will be decontaminated by 

pumping deionized water through the pump system.. Purging of the 

next monitoring well will further reduce the possibility of cross 

contamination. Should the equipment become visible contaminated, 

it will be disassembled and cleaned by the following procedures: 

- In the case of inorganic contaminants, the equipment will first 

be washed with a nonphosphate detergent and then rinsed with 

dilute (0.1 N )  hydrochloric acid followed by two separate 

deionized water rinses. 
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- In the case of organic contaminants, the equipment will first 

be washed with a nonphosphate detergent and then rinsed with 

tap water, methanol, and two separate deionized water rinses. 

(Acetone may be substituted for methanol if volatile organic 

compounds are not .being determined.) 

258 

- A s  described above, the equipment shall be thoroughly rinsed 

with two deionized water rinses to remove traces of 

hydrochloric acid, detergent, and methanol (acetone). 

- Sampling equipment will not be placed directly on the ground or 

on other contaminated surfaces prior to insertion into the 

well, but will be placed on a clean plastic sheet adjacent to 

or around the well. 

- One sample of the final deionized water rinse will be collected 

in sample bottles containing the appropriate preservatives. 

Rinsate samples will be analyzed at a frequency of one per 

every set of twenty samples or fraction thereof to check for 

cross contamination between monitoring wells. 

- Decontamination of the submersible sampling pump(s) and other 

sampling equipment will be performed at a designated central 

staging area at the FMPC. If this is not possible due to 

extenuating circumstances, the sampling equipment may be 

decontaminated in the field. 

0 Existing wells with limited access will be sampled from the pump 

discharge. 

0 Field measurements wi 1 1  be performed on unpreserved samples 

immediately after sample collection. Samples collected for field 

measurements will be kept separate from samples preserved for 

shipment to the laboratory. 
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0 A sufficient amount of sample will be collected to perform all the 258 
required analyses. The sample bottles containing the appropriate 

preservatives will be filled to the bottle neck with the sample, 

without overflowing. Sample container lids will be tight and 

secure. 

0 Samples collected will be stored in the field in a cooler and 

maintained at approximately 4 degrees Celsius (39OF) using blue 

ice or other approved, sealed artificial icing materials. 

0 Samples will be properly labeled and the Chain-of-Custody form 

(Figure l), the Laboratory Request for Analysis form (Figure 2), 

the Water Quality Field Collection report (Figure 2), and the 

Sample Collection Log (Figure 3 ) ,  and will be properly filled 

out. 

1.1.1 Parameter-Speci fic Sampl ing Procedures 

Water sample collection for volatile organic compounds, acid and base-neutral 

extractable compounds, dissolved metals, and general chemistry parameters 

shall be performed in accordance with the following procedures: 

0 Volatile Organic Compounds 

- Two screw-cap vials with Teflon-lined silicone rubber septa 

( U . S .  EPA-approved vials) will be filled to overflowing and 

sealed without any entrapped air bubbles. The size of these 

vials will be 40 milliliters or larger. 

- Each vial will be visually checked for air bubbles and placed 

in a cooler. 4 4 4  
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- A f i e l d / t r i p  blank per each sample se t  wil l  accompany the 

samples back  t o  the  laboratory.  The f i e l d / t r i p  blank will 

consis t  o f  organic-free deionized water used i n  the f i e l d  t o  

' decontaminate the sampling equipment. The f i e l d / t r i p  blank 

will  moni tor  fo r  ambient contamination l e v e l s  i n  the  cooler 

d u r i n g  t ranspor t .  F ie ld / t r ip  blanks will  be analyzed a t  a 

frequency of one per every s e t  o f  twenty samples or fract ion 

thereof. 

- Either r insate  samples will be collected from sample collection 

too ls  following each well sampling t o  monitor f o r  potential  

cross contamination of samples between wel ls  o r  laboratory 

cleaned sampling equipment will be used f o r  each well. Rinsate 

samples will be analyzed a t  a frequency of one per every set  of 

twenty samples or fraction thereof. 

- A Sample Collection Log (Figure 4 ) ,  a Chain-of-Custody record 

(Figure l), a Laboratory Request for Analysis form (Figure 2 ) ,  

and a sample label (Figure 5 )  will be completed i n  the  f i e l d .  

All these forms, except for the sample co l l ec t ion  log, will 

accompany the samples t o  the laboratory. 

- T h e  cooler will  be packed w i t h  a r t i f i c i a l  ic ing material [ t o  

m a i n t a i n  the samples a t  4 degrees Celsius (39OF)  d u r i n g  

shipment], sealed, and transported t o  the laboratory,  

0 A c i d  a n d  B a s e - N e u t r a l  E x t r a c t a b l e  Compounds  a n d  

Pesticides/Polychlorinated Biphenyls (PCBs) 

- Appropriate. g lass  sample bo t t l e s  complete w i t h  Teflon-lined 

caps will be f i l l e d  t o  capacity and sealed. 
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hr 358 - The sample b o t t l e s  w i l l  be p laced  i n  a c o o l e r  w i t h  s u f f i c i e n t  

packing t o  prevent breakage d u r i n g  shipment. 

- A f i e l d / t r i p  b l a n k  pe r  each sample s e t  w i l l  accompany t h e  

samples back t o  t h e  l a b o r a t o r y .  The f i e l d / t r i p  b l a n k  w i l l  

c o n s i s t  o f  o r g a n i c - f r e e  d e i o n i z e d  water  used i n  the  f i e l d  t o  

decontaminate t h e  sampl ing equipment. F i e l d / t r i p  b lanks  w i l l  

be analyzed a t  a f requency o f  one pe r  every  s e t  o f  twenty  

samples o r  f r a c t i o n  the reo f .  
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W A T E ~  QUALITY 
FIELD COLLECTION REPORT 

PROJECT NAME 
PROJECT NUMBER 

DATE COLLECTED 

TIME COLLECTED 
COLLECTED 0 Y  
DATE RECEIVED 9 Y  LA6 
RECEIVED BY 

SAMPLING INFORMATION 

AIR TEMPERATURE 

WATER TEMPERATURE 
D€PTH OF SAMPLE 

OH P p M W S / C M  
D O  MCIL  

MET E R C A L I8 RAT ION 

REDOX : 

SAMPLE mv 8- *C  

SAMPLE O€SCRIPTION 

SAMPLE NUMBER 
SAMPLE TYPE: 

CHEM. U C T .  
FIXED 0.0.  
( METALS 1 WCANlC 

NUTRIENTS 

OCATION SKETCH 

ZOOEL mv Q .C 

EXACT LOCATION 

WEATMER CONDITION3 

SOmCES OF POLLUTION 

A~D~TIONAL REMARKS 

Figure 3. Water Quality Field Collection 
Report . 4 4 7  
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Project Name PTqW No. 

Sample Location Number 
BonnqlWeII No. Dote 

Collsctor'r Name Time 

Sample Type. -Ground Water -Surface Water 

- S o i l  - sludge/Wute 

Panrnefeo Pmewativc 

u A U R U w  

Figure 5 .  Sample Label. 
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258 
- Either rinsate samples will be collected following each well 

sampling to monitor for potential cross contamination o f  

samples between we1 1 s or laboratory cleaned sampl ing equipment 

will be used in each well. Rinsate samples will be analyzed at 

a frequency of one per every set of twenty samples or fraction 

thereof. 

- A Sample Collection Log (Figure 4), a Chain-of-Custody record 

(Figure 1), a Laboratory Request for Analysis form (Figure Z ) ,  

and a sample label (Figure 5) will be filled out in the field. 

All of these forms, except for the sample collection log will 

accompany the samples to the laboratory. 

- The cooler will be packed with artificial icing material [to 

maintain the samples at 4 degrees Celsius (39'F) during 

shipment], sealed, and transported to the laboratory. 

o . Dissolved Metals 

To determine concentrations of dissolved metals in a water 

system, the sample should be filtered in the field as soon as 

possible after collection. Filtering shall be accomplished 

through the use o f  a 0.45-micron filter using a Millipore 

filtration apparatus, o r  equivalent, equipped with a hand or 

electrical vacuum pump. 

The filtering apparatus o r  equivalent shall be cleaned or 

rinsed thoroughly with deionized water before filtering each 

sampl e. 

- It is recommended that the first 100 to 150 milliliters of 

filtrate from each sample be discarded to rinse the filter and 

filtration apparatus of any contaminating substances. 450 



- The filtered sample will be immediately transferred to a- 358 
500-milliliter plastic bottle containing one milliliter o f  

concentrated nitric acid preservative per 100 milliliters of 

sample. 

- The sample pH wil be checked with pH paper or a pH meter to 

check that the pH i s  less than two. The bottle will be sealed 

with a plastic cap fitted with a polyethylene liner. 

- A Sample Collection Log (Figure 4), a Chain-of-Custody record 

(Figure l), a Laboratory Request for Analysis form (Figure 2), 

and a sample label (Figure 5 )  will be completed in the field. 

All of these forms, except for the sample collection log, will 

accompany the sample to the laboratory. 

0 General Chemistry Parameters 

- Sample bottles will be either polyethylene or glass and will 

contain the appropriate chemical preservatives. Sample bottle 

caps will be plastic with fitted polyethylene liners. 

- Sample bottles will be filled to capacity and sealed. 

- A field/trip blank per each sample set will accompany the 

samples back to the laboratory. The field/trip blank will 

consist of organic-free deionized water used in the field to 

decontaminate the sampling equipment. Field/trip blanks will 

be analyzed at a frequency o f  one per every set o f .  twenty 

samples or fraction thereof. 

- Either rinsate samples will be collected following each well 

sampling to monitor for potential cross contamination o f  

samples between we1 1 s or 1 aboratory cleaned sampl i ng equipment 
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will be used for each well. 

at a frequency of one per every set of twenty samples or 

fraction thereof. 

Rinsate samples will be analyzed 258 

- The sample bottles will be placed in a cooler with sufficient 

packing to prevent breakage during shipment. 

- Collected samples will be stored in the field in a cooler 

packed with artificial icing material and maintained at 

approximately 4 degrees Celsius (39OF) .  

- Samples will be properly labeled (Figure 5) and Sample 

. Collection Logs (Figure 4), Chain-of-Custody records (Figure 

l ) ,  and a Laboratory Request for Analysis form (Figure 2) will 

be properly completed. 

0 Radionuclide Parameters 

- In general, samples for radionuclide analyses will be col ec t ed 

in the same manner as samples for other chemical analyses. 

- Sample lines will be flushed and sampling equipment with sample 

medium to minimize radionuclide adsorption effects. 

- Sample containers made o f  Teflon, polyethylene, or polyvinyl 

chloride (PVC) will be used to minimize radionuclide losses by 

adsorption. (Glass and metal containers tend to adsorb 

radionuclides.) 

- Suspended sediments will be avoided when sampling groundwater. 

- The pump or Teflon bailer will be decontaminated, in accordance 

with the procedures in Groundwater Sampling Techniques (Section 

l.l), to minimize contamination o f  subsequent samples. 
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- When dissolved radionuclides are to be determined, water 

samples will be filtered in the field through an 0.45-micron 

membrane filter as soon as possible after sample collection. 

Containers without preservative will be used to initially 

collect samples prior to filtration. Samples will be 

transferred to containers with preservative after filtration 

has been performed. When samples are collected for analysis of 

total radionuclide concentrations, containers with preservative 

will be used to collect the.sample and filtration will not be 

required. 

- Sample container lids will be tightly secured. 

- S a m p l e s  w i l l  b e  p r o p e r l y  l a b e l e d  ( f i g u r e  5) a n d  

Chain-of-Custody records (Figure l), Sample Collection Logs 

(Figure 4), and Laboratory Request for Analysis forms (Figure ' 

2) will be properly completed. 

1.1.2 Water Level Measurements 

The following procedures shall be followed for collecting water level data 

from wells: 

0 Permission from owner to measure water level in well will be 

obtained (if required off site) 

0 In the case of domestic wells, the owner will be asked not to use 

water for short time so pump does not activate and affect water 

level. Water level shall be determined to be stable. . 

0 Well cap shall be removed if an access hole is not available. 

(Water-level measurements shall not be taken in the riser pipe 

from the pump discharge line.) 453. 



o An M-scope probe will be lowered until water i s  reached ( t h i s  will 258 
be indicated by a buzzer,  meter needle de f l ec t ion ,  or l i g h t ) ;  

probe shall be raised above the water level and s l i gh t ly  shaken; 

the M-scope will  then be lowered aga in  and water depth will  be 

rechecked. Care shall  be taken not  t o  get tangled w i t h  e lec t r ica l  

wir ing from pump, i f  present. 

0 Depth 

noted 

0 Water 

and t 

to  water t o  0 . 0 1  foot from the measuring point shal l  be 

( i . e . ,  t o p  of casing, top of sanitary sea l ) .  

level and measuring point shall be entered i n  log w i t h  date 

me or on Piezometer Data Sheet (Figure 6 ) .  

0 Cover on well will  be replaced when sampling e f f o r t  has been 

completed. 

1 . 2  F I E L D  A N A L Y T I C A L  PROCEDURES FOR GROUNDWATER SAMPLES 

Immediately fol lowing sample c o l l e c t i o n , -  t empera ture ,  pH, s p e c i f i c  

conductance, and dissolved oxygen will be measured i n  the f i e l d  and documented 

on the Water Qual i ty  Field Collection Report (Figure 3 ) .  The following f ie ld  

procedures p e r t a i n  t o  these t e s t s .  All determinations will  be performed on 

unpreserved samples. I n  adverse weather conditions, f i e ld  determinations may 

be performed indoors i n  an area maintained a t  20 to  25 degrees Celsius (68O t o  

77OF) .  Groundwater f ie ld  measurements may also be taken in s i tu  (downhole) t o  

avoid changes which might occur i f  the sample is removed from the well. 

1 . 2 . 1  Temperature 

ScoDe and A D D 1  i ca t  i on 
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The temperature o f  surface and groundwater is important for numerous 258 
applications. It i s  required to normalize data from other analytical 

determinations such as pH, specific conductance, alkalinity, dissolved oxygen, 

etc. 

Summary of Method 

Temperature readings will be obtained by partially immersing the thermometer 

in a sample and allowing it to equilibrate for about two minutes. A minimum 

of two consecutive readings are obtained on each sample. 

A metal-cased, direct-reading thermocouple with a normal range of zero to 50 

degrees Celsius (32O to 122OF) measured in two-degree intervals is used. 

Measurement Practices 

0 Temperature readings will be taken immediately after sample 

coll ection on unpreserved samples. 

Readings will be taken until two identical values for each sample 

are obtained. 

0 

0 The average readings for each sample will be documented 

immediately on a Water Quality Field Collection form (Figure 3). 

Reference 
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' 1. American Public Health Association, et al., 1985, Standard Methods for 

the Examination o f  Water and Wastewater, 16th Edition, Method 212, pp. 
258 

126- 127. 
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1 . 2 . 2  pH 258 

ScoDe and  ADD^ i c a t  i on 

pH i s  defined as the negat ive logar i thm o f  hydrogen-ion a c t i v i t y  i n  a sample 

and i s  a measure o f  e f f e c t i v e  hydrogen-ion concentrat ion.  The pH values are 

very use fu l  f o r  assessing the  a c i d i c  o r  bas i c  na tu re  o f  a body o f  water and 

a1 so f o r  e l u c i d a t i n g  complex chemical react ions occurr ing i n  water. 

Summary o f  Method 

The pH o f  water i s  normal ly  determined by immersing a combinat ion e l e c t r o d e  

(g las s  and re fe rence  e lec t rode )  i n  the  s o l u t i o n  and measuring the  p o t e n t i a l  

d i f f e rence  w i t h  a pH meter. 

0 Standard pH meter ( b a t t e r y  operated) w i t h  an expanded scale 

capable o f  measuring pH t o  the nearest 0.01 u n i t .  

0 Combination electrode. 

0 Three standard b u f f e r  so lu t ions 

- pH 4.0 

- pH 7.0 

- pH 10.0.  

0 A metal -cased d i rec t - read ing  thermocouple w i t h  a normal range o f  

zero t o  50 degrees Celsius (32' t o  122'F) measured i n  two-degree 

i n t e r v a l  s . 

C a l  i b r a t i o n  458 
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Expose f i  1 1  i ng hole by lowering rubber sleeve. 

Make sure that the electrode is filled with potassium chloride 

(KC1) solution. 

Rinse electrodes with distilled water. 

Set pH meter to proper ambient water temperature. Temperature 

correction o f  readings i s  automatic. 

Calibrate pH meter with at least two appropriate buffers before 

starting pH measurement and also after every fifth sample. Follow 

manufacturer’s instructions for calibration. 

SamDl e Measurement 

0 Rinse electrodes with distilled water. 

0 Transfer sample into a 100-mill liter beaker. 

0 Insert electrode into the sample solution and let it equilibrate 

for a few minutes. 

Read the pH values on -the pH meter to the nearest 0.1 unit. 

Stir the sample during measurement. 

0 

Measurement Practices 

0 Measure temperature and set meter to the correct temperature 

setting . 
Rinse electrodes with distilled water between each measurement. 0 

0 Make sure that the line cord is properly attached to the 

instrument. 

Expose filling hole on the electrode by lowering rubber sleeve. 0 

0 Electrode tip needs to be immersed only one inch to obtain 

accurate readings. 459 



0 Never move or touch connecting cables during pH measurement. 258 

References 

1. American Public Health Association, et al., 1985, Standard Methods for 

the Examination of Water and Wastewater, 16th Edition, Method 423, pp. 

429-437. 

2. American Society for Testing and Materials (ASTM), 1985, Water, Standard 

01293-84, pp. 253-264. 

3. Instruction Manual for Orion's 407A Specific Ion Meter. 

1.2.3 Specific Conductance 

ScoDe of ADDlication 

The ability o f  a solution to carry an electric current under specific 

conditions i s  reflected by specific conductance values. These values also 

indicate the concentration o f  dissolved solids in the natural water. Since 

specific conductance of a sample can change with time, this determination will 

be carried out in the field. The field measurement can also aid in assessing 

whether the sample is representative of the site. 

Summary o f  Method 



258 A conductivity cell i s  immersed in a sample of  water and the conductance in 

micromhos per centimeter (umhos/cm) is measured directly from the meter, The 

readings are corrected for temperature and are recalculated for 25 degrees 

Celsius ( 7 7 O F ) .  

ADDaratus 

0 

. o  

0 

Conduct i vi ty cell or probe. 

Conductivity meter. 

Thermometer . 

Cal i brat ion 

0 

0 Calibrate according to the manufacturer’s instructions. 

Switch on the instrument and let it warm up for a few minutes. 

SamDle Measurement 

0 

0 

Insert the probe completely into the sample. 

Switch the meter to the appropriate scale and record the readings 

in umhos/cm. 

Measure the temperature of the sample with a thermometer. 0 

0 Record all readings on the Water Quality Field Collection Report 

(Figure 3). 

0 Correct the specific conductances values for temperature using 

appropriate temperature correction factors. 

Measurement Practice 
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0 Replace battery when the read line adjustment cannot be 

accomp-l i shed. 

0 Rinse probe with distilled water between each measurement. 

References 

1. American Public Health Association, et al., 1985, Standard Methods for 

the Examination of Water and Wastewater, 16th Edition, Method 205, pp. 

76-80. 

2. Instruction Manual for Y S I  Model 33 S-C-T Meter, Yellow Springs 

Instrument Company. 

1.2.4 Di ssol ved Oxygen 

Scope and  ADD^ i cat i on 

Adequate dissolved oxygen is necessary to maintain the life of aquatic 

organisms. The dissolved oxygen concentration may also have an effect on the 

redox potential of groundwater and the chemical behavior of aqueous 

constituents. Physical, chemical, and biochemical activities in water may 

affect the dissolved oxygen levels. 

Summary of Met hod 

Dissolved oxygen is normally measured in the field by immersing a'membrane 

electrode into the water. Oxygen gas molecules diffuse through a membrane 

into a measuring cell at a rate proportional to the concentration of molecular 

oxygen in the water. Inside the sensor, the oxygen reacts with an electrolyte 

462 



258 
and is reduced spontaneously or by an applied voltage, depending on the 

instrument. The current that is generated is directly proportional to the 

concentration of molecular oxygen in the water outside the sensor. The 

instrument reading i s  converted to the concentration of molecular oxygen 

present by calculation or proper calibration of the instrument. 

0 Oxygen-sensi tive membrane electrode (polarographic or galvanic); 

this includes two solid metal electrodes separated from the test 

solution by a selective membrane (commonly polyethylene or 

fluorocarbon) . 
0 Samples with known dissolved oxygen concentration for calibration 

or reading against water-saturated air. 

Distilled water for calibration and instrument cleaning. 0 

0 A metal -cased, direct-reading thermocouple with a normal range of 

zero to 50 degrees Celsius (32' to 122'F) measured in two-degree 

interval s .  

Cal i brat i on 

Follow the manufacturer's calibration instructions. Generally, calibration is 

performed against water-saturated air or water with a known dissolved oxygen 

concentration when measuring fresh water containing possible interfering 

substances. 

Measurement Practices 
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0 Temperature measurements should be taken a t  t he  t ime o f  d i sso l ved  

oxygen read i ng . 
0 

0 Al low s u f f i c i e n t  sample f l o w  across membrane sur face  t o  overcome 

I n s e r t  probe i n t o  the  sample. 

any e r r a t i c  responses o f  inst rument .  

0 Read cu r ren t  from meter ( c o r r e c t  f o r  temperature if the  equipment 

i s  so equipped). 

0 Record a l l  r ead ings  on Water Q u a l i t y  F i e l d  C o l l e c t i o n  Repor t  

(F igure  3 ) .  

0 Convert  c u r r e n t  generated t o  c o n c e n t r a t i o n  and c o r r e c t  f o r  

t e m p e r a t u r e  ( i f  t h e  e q u i p m e n t  d o e s  n o t  compensa te  f o r  

temperature). 

0 F requen t l y  change and c a l i b r a t e  membrane e l e c t r o d e  t o  e l i m i n a t e  

i n t e r f e r e n c e  f rom gases o t h e r  than oxygen. 

Rinse probe w i th  d i s t i l l e d  water between each measurement. 0 

0 Store the probe i n  a water -sa tura ted  a i r  environment. 

References 

1. American Pub l ic  Hea l th  Associat ion,  e t  a l . ,  1985, Standard Methods f o r  

t h e  Examination o f  Water and Wastewater, 16th E d i t i o n ,  Method 421F, pp. 

422-426. 

E-6h( 2) SAMPLE PRESERVATION AND SHIPMENT 

2.1 FIELD STORAGE AND SHIPMENT OF SAMPLES 
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258 Samples w i l l  be s to red  i n  a cool p lace away from d i r e c t  sun l i gh t .  As soon as 

samples are co l l ec ted ,  f i l t e r e d  ( i f  necessary), and preserved, they should be 

s t o r e d  i n  a r i g i d ,  p l a s t i c  c o o l e r  packed w i t h  p l e n t y  o f  s e l f - c o n t a i n e d  

a r t i f i c i a l  i c i n g  m a t e r i a l ,  such a s  "b lue  i c e . "  F i e l d  personnel  should make 

sure t h a t  sample conta iner  l i d s  are t i g h t  and secure be fore  s t o r i n g  them i n  a 

c o o l e r .  Samples must be prompt ly  shipped t o  t h e  a p p r o p r i a t e  l a b o r a t o r y  t o  

avoid exceeding sample ho ld ing  times. 

Transpor ta t ion  o f  samples must be accomplished n o t  o n l y  i n  a manner designed 

t o  p r o t e c t  t h e  i n t e g r i t y  o f  t h e  sample, b u t  a l s o  t o  p reven t  any de t r imen ta l  

e f f e c t s  from t h e  p o t e n t i a l l y  hazardous na ture  o f  t h e  samples. Regulat ions f o r  

packaging, marking, l abe l i ng ,  and sh ipp ing o f  hazardous ma te r ia l s ,  substances 

and wastes are  promulgated by the  U.S. Department o f  T ranspor ta t ion  (DOT) and 

desc r ibed  i n  49 CFR 171 through 177 ( i n  p a r t i c u l a r ,  172.402h, Packages 

Conta in ing Samples). I n  general,  these r e g u l a t i o n s  were no t  intended t o  cover 

t h e  shipment o f  samples c o l l e c t e d  a t  hazardous waste s i t e s .  However, the  U.S. 

EPA has deemed i t  prudent t o  package, mark, l a b e l ,  and sh ip  samples observing 

these DOT procedures. The i n f o r m a t i o n  con ta ined  i n  t h i s  s e c t i o n  i s  f o r  

genera l  guidance and, a1 though f a c t u a l ,  should n o t  be misconst rued as  

i d e n t i c a l  t o  DOT regu la t i ons  f o r  t r a n s p o r t a t i o n  o f  hazardous ma te r ia l s .  

Samples c o l l e c t e d  a t  t he  FMPC s i t e  s h a l l  be c l a s s i f i e d  as e i t h e r  environmental 

o r  hazardous substance ( o r  waste) samples. I n  general,  environmental samples 

are  c o l l e c t e d  o f f  s i t e ,  such as water samples from t h e  var ious  drainages, and 

a re  n o t  expected t o  be g r o s s l y  contaminated w i th  h i g h  l e v e l s  o f  t o x i c  

substances. Samples o f  s o i l  o r  water  f rom c e r t a i n  l o c a t i o n s  i n  t h e  waste 

s torage area w i l l  be considered hazardous substances. A d i s t i n c t i o n  between 

t h e  two types  of  samples, env i ronmenta l  and hazardous, must be made f o r  two 

major  reasons: ( 1 )  t o  determine t h e  a p p r o p r i a t e  procedures f o r  t h e  

465 



t ranspor tat ion o f  the samples; and (2)  t o  protect  the hea l th  and safety of the 258 
1 aboratory personnel rece iv ing  the samples. Special precautions, procedures, 

and secondary containment areas w i t h i n  laborator ies w i l l  be used when samples 

o the r  than environmental samples are received. I f  t h e r e  i s  any doubt as  t o  

the c l a s s i f i c a t i o n  of  a sample, i t  w i l l  be considered a hazardous sample and 

shipped accordingly. 

2.2 ENVIRONMENTAL SAMPLES . 

Samples judged t o  be environmental a r e  not  considered hazardous ma te r ia l  ; 

however, environmental samples w i l l  be packaged and shipped according t o  the 

f o l  1 owi ng procedures. 

Environmental samples w i l l  be packaged fo l l ow ing  the  procedures f o r  samples 

c l a s s i f i e d  as "flammable l i q u i d s "  o r  "flammable s o l i d s , "  exc lud ing packages 

being placed i n s i d e  metal cans as requi red f o r  "flammable l i q u i d s . "  Sample 

containers proper ly i d e n t i f i e d  and w i t h  a sealed l i d  w i l l  be placed i n  sealed 

polyethy lene bags, then packed i n  f i be rboard  con ta ine rs  o r  metal p i c n i c  

cool  e r - t y p e  containers.  S u f f i c i e n t  incombust ib le,  absorbent cushioning 

ma te r ia l  w i l l  be used t o  minimize the p o s s i b i l i t y  o f  sample con ta ine r  

breakage. 

Samp 

5 )  

mark 

e conta iners w i l l  have a completed sample i d e n t i f i c a t i o n  l a b e l  (F igure 

The ou ts ide  con ta ine r  w i l l  be marked "Environmental Sample.'' No DOT 

ng and/or l a b e l i n g  are requi red.  No DOT sh ipp ing papers are requi red,  

and there are no DOT r e s t r i c t i o n s  on mode o f  t ranspor tat ion.  

2 . 3  HAZARDOUS SUBSTANCE SAMPLES 
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FMPC samples n o t  determined t o  be env i ronmenta l  samples o r  samples known o r  

expected t o  c o n t a i n  hazardous ma te r ia l  must be considered hazardous substance 

samples and t r a n s p o r t e d  accord ing t o  t h e  f o l l o w i n g  requ i rements .  If t h e  

m a t e r i a l  i n  t h e  sample i s  known o r  can be i d e n t i f i e d ,  then i t  should be 

packaged, marked, labeled,  and shipped accord ing t o  t h e  s p e c i f i c  i n s t r u c t i o n s  

f o r  t h a t  m a t e r i a l  i f  l i s t e d  i n  t h e  DOT Hazardous M a t e r i a l s  Table 49 CFR 

172.101. For  those samples o f  hazardous substances where t h e  con ten ts  a r e  

unknown, t h e  s e l e c t i o n  of t h e  a p p r o p r i a t e  t r a n s p o r t a t i o n  +ca tegory  w i l l  be 

based upon t h e  DOT Hazardous Ma te r ia l  C l a s s i f i c a t i o n ,  a p r i o r i t i z e d  system of 

t r a n s p o r t a t i o n  ca tegor ies .  This system i s  presented i n  Table 1. For purposes 

o f  packaging sa fe ty ,  l i q u i d  and s o l i d  samples w i l l  be c l a s s i f i e d  no lower  than 

"flammable" as pe r  Table 1. 

The s e l e c t i o n  o f  t h e  c o r r e c t  ca tegory  f o r  an unknown sample i s  th rough t h e  

process o f  e l i m i n a t i o n  u t i 1  i z i n g  the  DOT c l a s s i f i c a t i o n  system. Unless known 

o r  demonstrated otherwise (through the  use o f  r a d i a t i o n  survey inst ruments) ,  

t he  sample w i l l  be considered r a d i o a c t i v e  and appropr ia te  sh ipp ing  r e g u l a t i o n s  

f o r  r a d i o a c t i v e  m a t e r i a l  w i l l  be fo l l owed .  I f  r a d i o a c t i v e  m a t e r i a l  i s  

e l iminated,  t h e  sample w i l l  be considered t o  con ta in  Poison "A"  ma te r ia l s ,  the  

nex t  m a t e r i a l  on t h e  l i s t .  Poison " A "  i s  d e f i n e d  by DOT as ex t remely  

dangerous poisonous gases o r  l i q u i d s  o f  such a na ture  t h a t  a very  small  amount 

o f  gas, o r  vapor o f  t h e  l i q u i d , , m i x e d  w i th  a i r ,  i s  dangerous t o  l i f e .  The 

c lass  "A" poisons l i s t e d  i n  49 CFR 172.101 and t h e i r  phys ica l  s t a t e  a t  normal 

temperatures a re  presented i n  Table 2.' 

I f  p o i s o n  " A "  i s  e l i m i n a t e d  as a sh ipment  ca tegory ,  t h e  n e x t  two 

c l a s s i f i c a t i o n s  a r e  "flammable" and "nonflammable" gases. S ince few gas 

samples w i l l  be co l l ec ted ,  flammable l i q u i d s  would be the  nex t  category. The 

e l i m i n a t i o n  of t h e  c l a s s i f i c a t i o n  o f  r a d i o a c t i v e ,  Poison "A," flammable gas, 
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258 and nonflammable gas which requi re more s t r i n g e n t  shipping procedures, permits 

the sample t o  be c l a s s i f i e d  as  a flammable l i q u i d  ( o r  s o l i d )  and shipped 

accord ing ly .  The shipping requirements f o r  flammable 1 i q u i d s  would a1 so 

s u f f i c e  for  shipping any other samples c l a s s i f i e d  below flammable l i q u i d s  on 

the DOT c l a s s i f i c a t i o n  schedule. For samples containing unknown mater ia ls,  



other categories listed below flammable liquids/solids on Table 2 will not be 258 
considered. A s  a minimum, samples will be treated and shipped according to 

DOT flammable liquids standards. 

2.4 SAMPLES CLASSIFIED AS RADIOACTIVE 

Federal regulations governing the transport of radioactive sample material are 

extremely complex and reflect overlapping jurisdiction of many federal 

agencies. The important features of the DOT regulations (49 CFR 173, dated 1 

November 1983) are summarized with their application to samples contaminated 

with uranium and associated daughter radionucl ides. 

Certain samples may fall into categories for which special packaging and 

shipping restrictions are mandated. Guidelines for determining the category 

ongs and for selecting a suitable 

are descr i bed bel ow. 

to which a particular sample shipment be 

mode of shipment and appropriate packaging 

The following definitions are summarized from those presented in 49 CFR 

173.403 : 

0 Natural Thorium-Thorium characterized by the naturally occurring 

distribution o f  thorium isotopes (essentially 100 weight-percent 

thorium-232). 

0 Natural Uranium-Uranium characterized by the naturally occurring 

distribution o f  uranium isotopes (approximately 0.711 

weight-percent uranium-235 and the remainder essentially 

uranium-238). 
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SDecific Activity-In reference to a radionuclide, the activity of 258 
0 

the nuclide per unit mass of the nuclide. The specific activity 

of a material in which a radionuclide is uniformly distributed is 

expressed as the activity per unit mass of the material. 

0 Radioactive Material-Any material having a specific activity 

greater than 0.002 microcurie per gram. 

0 SDecial Form Radioactive Material-Radioactive material that is 

either a single, solid piece or is obtained in a sealed capsule. 

0 Normal Form Radioactive Material -Radioactive material that is not 

"Special Form Radioactive Material .I' 

0 TransDort Index-The dimensionless number (rounded up to the first 

decimal place) marked on the label of a package to designate the 

degree of control to be exercised by the carrier during transport. 

Generally, the transport index is the number expressing the 

maximum radiation level, in millirem per hour, occurring at 

distance of 1 meter (3.3 feet) from the external surface of the 

package. Other considerations may apply to certain fissile 

materi a1 s. 

2.4.1 Quantities o f  Radioactivity in Packages 

The regulations impose limits on the total activity (i.e., specific activity 

times the weight o f  the package) contained within a package of radioactive 

material. With respect to Type A packages, the limits are expressed as two 

quantities, A 1  and A 2 ,  which refer to the maximum permissible activity for 

radionuclides in Special Form and Normal Form radioactive materials, 

respectively. Since the samples from the FMPC fall into the Normal Form 

radioactive materials category, the A2 value sets the activity limits for 
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packages of such samples. In those cases where contaminated material 

shipments are designated Low Specific Activity (LSA) or Limited Quantity, some 

fraction of the A 2  value will normally apply. 

Table 3 lists the A1 and A2 values cited in 49 CFR 173.435 for radionuclides 

of the uranium decay series. Values for radionuclides not listed in the 

regulations (e.g., lead-214, bismuth-214, polonium-214) have been assigned in 

accordance with the specifications set forth in 49 CFR 173.433 (a)(2). 

Determination of permissible quantities for samples that are contaminated with 

FMPC waste i s  more complicated than simple reference to the A2 values, since 

such material contains a mixture of radionuclides. For such mixtures, two 

rules apply. A mixture of radionuclides from a single decay chain is 

considered to be a single radionuclide i f  the following criteria are met: 

the parent and daughters are present in their naturally occurring proportions 

(for example, in secular equilibrium); ( 2 )  no daughter has a half-life longer 

than the parent radionuclide. For such a mixture, the A 2  quantity to be 

applied is that of the parent radionuclide [49 CFR 173.433 ( b ) ( 2 ) ] .  For those 

mixtures in which the identity and activity o f  radionuclides is known, the 

permissible quantity for each radionuclide must be such that the following 

(1) ' 

equation is true: 

F 1  + F2 

where Fk is the rat 

... t Fk ... 

o of the total activity of the kth radionuclide to its A 1  

or A 2  quantity [49 CFR 173.433 (b)(3)]. 

2.4.2 Low Specific Activity Materials 
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Low Specific Activity (LSA) materials include uranium and thorium ores, 

physical and chemical concentrates of  these ores (e.g. , yellow cake), 
258 

unradiated natural or depleted uranium or thorium, nonradioactive material 

externally contaminated with radioactivity that is not readily dispersible, 

and material in which the radioactivity is essentially uniformly distributed 

and does not exceed certain prescribed concentration limits. These limits for 

radionuclides of the uranium decay series, beginning with thorium-230, are 

listed in Table 4. In general, these concentrations will not be exceeded in 

FHPC samples . 

Details for shipping LSA materials are described in 49 CFR 173.425. The chief 

advantage of shipping under the L S A  category arises when the shipment is 

consigned Exclusive Use; that is, under the supervision or direction of a 

single consignor from point of origin to final destination [49 CFR 173.403 * 

(i)]. When packaged shipments of LSA materials are consigned as Exclusive 

Use, the shipment is exempt from specification packaging, labeling and 

marking. Requirements that must be met include the following [49 CFR 173.425 

Wl: 

0 The shipment must be consigned Exclusive Use, unloaded from the 

conveyance in which it was originally loaded, and accompanied by 

written instructions for the maintenance of Exclusive Use shipping 

controls. 

The material must be packaged in strong, tight packages that will 

not leak under normal conditions of transport, and each package 

LSA materials cannot be shipped by air. 

0 

must be marked "Radioactive - LSA." 

0 The package must not exceed the limits for removable radioactive 

4 72 
contamination and radiation level. 



0 The t r a n s p o r t .  v e h i c l e  must be a p p r o p r i a t e l y  placarded, unless the  258 
shipment c o n s i s t s  s o l e l y  o f  unconcentrated uranium and thorium 

ores. 
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2.4.3 Limited Quantities o f  Radioactive Material 

Limited quantity shipments of radioactive material must meet the requirements 

specified in 49 CFR 173.421 and 173.423. If the activity per package does not 

exceed loe3 A2 quantity of the radionuclide, then it is exempt from 

258 

specification packaging and from the associated shipping-paper, marking, and 

labeling requirements. Instead, the package need only comply with the 

following requirements: 

0 The material must be packaged in strong, tight packages that will 

not leak under normal conditions of transport. The outside of the 

inner packaging, or the outside of the packaging itself (when 

there i s  no inner packaging), must be marked "Radioactive." 

The package must not exceed the limits for removable radioactive 

contamination and radiation level. 

The package must be certified as being acceptable for transport by 

having a notice enclosed in or attached to the package, stating 

the name of the consignor and including this statement: "This 

package conforms to conditions and limitations specified in 49 CFR 

173.421 for excepted radioactive material, 1 imited quantity, not 

0 

0 

otherwise specified (n.o.s.), UN2910." 

One advantage of limited quantity shipments is that there are no restrictions 

on air transport. [Guidelines specified in the International Civil Aviation 

Organization (ICAO) regulations should be consulted for air shipments of 

radioactive materials.] The major disadvantage is the low concentrations and 

quantity weights permissible for mixtures of different radionuclides. 

2.5 RADIATION AND CONTAMINATION CONTROL 4 74 
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Measurements o f  r a d i a t i o n  l e v e l  (dose r a t e )  and o f  n o n f i x e d  (removable) 

r a d i o a c t i v e  contaminat ion are  conducted on r a d  i oact  i ve-mater i  a1 shipments t o  

c o n t r o l  exposure t o  r a d i o a c t i v i t y .  Inspec tors  of such shipments can r e a d i l y  

determine whether t h e  packages comply w i th  the  r e g u l a t i o n s  summarized below, 

2.5.1 Rad ia t ion  L i m i t s  

R a d i a t i o n  l e v e l  i s  t h e  r a d i a t i o n  dose -equ iva len t  r a t e  expressed i n  m i l l i r e m  

pe r  hour  (mrem/h) (49 CFR 173.403(v) ] .  P e r m i s s i b l e  r a d i a t i o n  l e v e l s  f o r  

var ious  sh ipp ing  ca tegor ies  a re  descr ibed below: 

0 L i m i t e d  Q u a n t i t y  Packages: The r a d i a t i o n  l e v e l  a t  any p o i n t  on 

t h e  ex te rna l  sur face of t he  package may n o t  exceed 0.5 mrem/h [49 

CFR 173.421(b)]. 

0 LSA Packages: The r a d i a t i o n  l e v e l  o f  t he  LSA packages t ranspor ted  

as Exc lus ive  Use shipments s h a l l  n o t  a t  any t ime d u r i n g  t r a n s p o r t  

exceed any o f  the  f o l l o w i n g  l i m i t s  [49 CFR 173.441(b)] :  

- 200 mrem/h on t h e  a c c e s s i b l e  e x t e r n a l  s u r f a c e  o f  t h e  package; 

o r  1,000 mrem/h i f  the,  f o l l o w i n g  c r i t e r i a  a r e  met: t h e  

shipment i s  made i n  a c losed t r a n s p o r t  veh ic le ,  t h e  package i s  

secured so t h a t  i t s  p o s i t i o n  remains f i x e d  d u r i n g  t r a n s p o r t ,  

and no unloading/ loading opera t ions  occur between the  beginning 

and end o f  t ranspor t ;  

- 10 mrem/h a t  any p o i n t  on t h e  o u t e r  su r face  o f  t h e  t r a n s p o r t  

veh i c l  e; 

- 10 mrem/h a t  any p o i n t  2 meters (6.6 f e e t )  f rom t h e  o u t e r  

47s sur faces o f  t he  t ranspor t  veh ic le ;  and 



258 - 2 mrem/h a t  any no rma l l y  occupied p o s i t i o n  i n  t h e  t r a n s p o r t  

veh ic le .  Th is  p r o v i s i o n  does no t  apply t o  p r i v a t e  motor 

c a r r i e r s  when personnel operate under a r a d i a t i o n  p r o t e c t i o n  

program. 

0 Other Packages: The r a d i a t i o n  l e v e l  must not exceed 200 mrem/h a t  

any p o i n t  on the  e x t e r n a l  surface of the package, and t h e  

t ranspor t  index must not  exceed 10. 

2.5.2 Contamination Control 

Nonf ixed (removable) r a d i o a c t i v e  contaminat ion i s  def ined as r a d i o a c t i v e  

contaminat ion t h a t  i s  e a s i l y  removed from the  surface by w i p i n g  w i t h  an 

absorbent m a t e r i a l  E49 CFR 173.403(r)] .  The maximum perm iss ib le  l i m i t s  f o r  

removable r a d i o a c t i v e  contaminat ion,  as s e t  f o r t h  i n  49 CFR 173.443(a), are 

summarized below; these l i m i t s  apply t o  any area o f  300 square cent imeters.  

0 micro Ci/cm2 o r  22 d i s i n t e g r a t i o n s  per minute (dpm)/cm2, f o r  

t teta/gamma-emit t ing r a d i o n u c l i d e s ,  a l l  r a d i o n u c l i d e s  w i t h  

h a l f - l i v e s  l e s s  than 10 days, n a t u r a l  uranium, n a t u r a l  thor ium, 

uranium-235, uranium-238, thor ium-232, and tho r ium-228  and 

thorium-230 when contained i n  ore and physical concentrates; and 

0 micro Ci/cm2 o r  2.2 dpm/cm2, f o r  a l l  o the r  a l p h a - e m i t t i n g  

radionucl ides.  

Exclusive use consignments o f  rad ioac t i ve  mater ia l  may not exceed these l i m i t s  

a t  t he  beginning o f  t ransport ,  and may n o t  exceed 10 t i m e s  the l i m i t s  a t  any 

t ime dur ing t ranspor t  (49 CFR 173.443). 

2.6 SAMPLES CLASSIFIED AS POISON "A" 
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Using the word "poisonous" does not convey the certain knowledge that a sample 

i s  in fact poisonous, or to what degree it may be poisonous; however, it is 

intended to describe the class of packaging in order to comply with DOT 

regulations. 

2.6.1 Packaging 

Collect samples in a polyethylene or glass container which is of an outer 

diameter narrower than the valve hole in a DOT Spec. #3A1800 or #3A1800 metal 

cy1 inder. Fill sample container allowing sufficien.t ullage (approximately 10 

percent by volume) so it will not be liquid-full at 54 degrees Celsius 

(130'F). Seal sample container. Attach a properly completed identification 

tag to sample container. 

With a string or flexible wire attached to the neck of the sample container, 

lower it into a metal cylinder which has been partially filled with 

incombustible, absorbent loose packaging material (vermicul i te or diatomaceous 

earth). Allow sufficient absorbing material between the bottom and sides of 

the container and the metal cylinder to prevent breakage and absorb leakage. 

After the cylinder i s  filled with cushioning material, drop the ends of the 

string or wire into the cylinder valve hole. Only one sample may be placed in 

a metal cylinder. 

Replace valve, torque to 250 feet/pound (for one-inch opening) and replace 

valve protector on metal cylinder, using Teflon tape. 

One or more cylinders may be placed in a DOT-approved outside container. 
477 



2.6.2 Marking and Labeling 258 

Abbreviations will be used only when specified. The following information 

will be placed on the side of the cylinder, or on a tag wired to the cylinder 

valve protector, either hand printed or in label form: "Poisonous Liquid, 

n.0.s." or "Poisonous Gas, n.0.s. NA9035," laboratory name and address. The 

following DOT label will be placed on the cylinder: "Poisonous Gas" (even if 

the sample is liquid). 

If the metal cylinders are placed in an outside container, both the container 

and cylinders inside will have the same markings and labels as above. In 

addition, "Laboratory Sample" and "Inside Packages Comply with the Prescribed 

Specifications" will be marked on the top and/or front side of the outside 

container. "THIS SIDE UP" marking will be placed on the topside of  the * 

container, with upward pointing arrows on all four sides. 

2.6.3 Shipping Papers 

The bill of lading will be completed and the certification statement signed 

( i f  the carrier does not provide a certification statement, a standard 

industry form will be used) with the following information in the order 

listed. One form may be used for more than one exterior container. 

Abbreviations will be used only as specified: "Poisonous Liquid, n.0.s. 

NA9035," "Limited Quantity" or "Ltd. Qty.", net weight or net volume. The net 

weight or net volume must be placed just before or just after the "Poisonous 

Liquid, n.0.s.'' marking. 
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A chain-of-custody record will also be properly executed and included in the 

container or with the cylinder, if legal use of samples is required or 
2513 

anticipated. 

Unless samples are driven to the laboratory, an employee will accompany 

shipping container to the transport carrier and, if required, open the outside 

container for freight inspection. A1 ternately, samples may be shipped through 

the WMCO Transportation Department. 

2.6.4 Transportation 

Poison "A" categorized packages may not be transported by Federal Express 

Corporation (air cargo) or other common carrier aircraft, or by rental, 

nongovernment aircraft. Samples may be shipped by ground transport or * 

government -owned aircraft . 

2.7 SAMPLES CLASSIFIED AS FLAMMABLE LIQUIDS OR FLAMMABLE SOLIDS PROCEDURES 

2.7.1 Packaging 

Samples will be collected in a glass container with a nonmetallic, 

Teflon-lined screw cap allowing sufficient ullage (approximately 10 percent by 

volume) so that the container i s  not liquid full at 54 degrees Celsius 

(130OF). If an air space in the innermost container cannot be tolerated in 

order to maintain sample integrity, the sample will be placed within a second 

container to provide the required ullage. A properly completed sample 

identification tag (Figure 5) will be attached to the sample container. 
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The sample container closure will be sealed and the sample placed in a 258 
two-mill imeter-thick (or thicker) polyethylene bag, one sample per bag. The 

sample identification tags will be positioned to enable it to be read through 

the bag. 

The polyethylene bag will be sealed and placed inside an appropriate size 

metal can with enough incombustible, absorbent, cushioning matter (e.g., 

vermiculite, diatomaceous earth) to prevent breakage and absorb 1 iquid; only 

one bag will be contained per can. The can will be pressure closed using 

clips, tape, or other positive means to hold the lid securely, tightly, and 

effect i vel y . 

One or more metal cans will be placed (or a single one-gallon bottle) and 

surrounded with incombustible, absorbing packaging material for stability 

during transport into a strong outside container, such as a cooler or inside 

an approved f i berboard box. 

2.7.2 Marcing and Labeling 

Abbreviations will be used only when specified. The following information 

will be placed on the metal can (or one-gallon bottle), either hand printed or 

in label form: laboratory name and address, "Flammable Liquid n.0.s. UN1993" 

or "Flammable Solid n.0.s. UN1325." Not otherwise specified (n.0.s.) is not 

used if the flamnable liquid or solid is identified. In that case, the name 

of the specific material is used and listed before the category (e.g., 

"Flammable Liquid"). 
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The fol lowing DOT l a b e l s  will  be placed on the o u t s i d e  o f  t h e  can ( o r  b o t t l e ) :  25Q 
" F l a m a b l e  Liquid" or "Flammable So l id . "  The "Dangerous When Wet" l abe l  will  

be used wi th  t h e  "Flammable So l id"  l abe l  i f  the ma te r i a l  meets the d e f i n i t i o n  

o f  a water r e a c t i v e  m a t e r i a l .  The "Cargo A i r c r a f t  Only" l a b e l  will be used i f  

the n e t  q u a n t i t y  o f  the sample i n  each package i s  g r e a t e r  than one q u a r t  ( f o r  

"Flammable Liquid,  "n.0.s.)  o r  weighs 25 pounds o r  more (for "Flammable So l id"  

n.0.s.)  [49 CFR 172.402, 172.1011. 

I f  the cans a r e  p l aced  i n  an e x t e r i o r  c o n t a i n e r ,  bo th  the c o n t a i n e r  and t h e  

i n s i d e  can ( o r  b o t t l e )  will have the same markings and l a b e l s  a s  above. 

The words "THIS END UP" o r  "THIS SIDE UP" will be c l e a r l y  p r i n t e d  on the t o p  

o f  the o u t e r  package. Upward po in t ing  arrows will be placed on the sides of 

the  package. The words "LABORATORY SAMPLES" will  a l s o  be pr inted on the t o p  

o f  the package . 

2 . 7 . 3  Transpor t a t ion  

Unknown h a z a r d o u s  s u b s t a n c e s  c l a s s i f i e d  a s  f lammable l i q u i d s  may be 

t r a n s p o r t e d  by r e n t e d  o r  common c a r r i e r  t ruck,  bus ,  r a i l r o a d ,  o r  by Federa l  

Express  Corpora t ion ,  bu t  t h e y  should  n o t  be t r a n s p o r t e d  by any o t h e r  common 

c a r r i e r  a i r  t r a n s p o r t ,  even " c a r g o  o n l y "  a i r c r a f t .  (DOT r e g u l a t i o n s  permit 

"ca rgo  o n l y "  a i r c r a f t  such a s  TWA, Uni ted ,  e t c . ;  however, d i f f i c u l t i e s  w i t h  

r e g u l a r  a i r 1  i n e  t r a n s p o r t a t i o n  s u g g e s t s  a v o i d i n g  t h e s e  types  o f  

t r a n s p o r t a t i o n . )  

These procedures  a r e  designed t o  enab le  a i r  cargo  shipment by e n t i t i e s  such a s  

Federal  Express;  however, they  should no t  be cons t rued  a s  an endorsement of a 

p a r t i c u l a r  commerci a1 c a r r i e r .  481 
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If samples are transported by any type of government-owned vehicle, including 

aircraft, DOT regulations are not applicable. However, personnel will use the 

packaging procedures described. The bill of lading with a certification is an 

exception and does not have to be executed. 

2.8 SAMPLE BOTTLE PREPARATION AND SAMPLE PRESERVATION 

Sampl e containers and appropri ate preservatives are presented in Tab1 e 5 for 

specific chemical and radiological parameters. Sample bottles containing 

premeasured amounts of the appropriate chemical preservatives are prepared in 

the laboratory and are shipped to the field. Sample bottles are either 

purchased precleaned in accordance with U.S .  EPA specifications or are cleaned 

in the laboratory to U.S .  €PA specifications. Volatile organic analysis (VOA) 

vials are purchased precleaned. Glass containers for other organic analyses 

are washed with a nonphosphate detergent, rinsed with deionized water, and 

allowed to air dry. Plastic containers for metals analyses are washed with a 

nonphosphate detergent, rinsed with tap water and deionized water, and then 

rinsed with dilute nitric acid. Plastic containers for other general 

chemistry and radiological procedures are washed with a nonphosphate detergent 

and rinsed with tap water.and deionized water.. 

€-6h(3). ANALYTICAL PROCEDURE 

Quality assurance ( Q A )  objectives have been established for precision, 

accuracy, completeness, representativeness, and comparabil i ty for each major 

measurement parameter for the FMPC project. These objectives are presented in 

T a b l e J 6 H d a n d  are pertinent to both the analytical laboratories and 
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f i e l d  procedures.  Data w i l l  be c a l c u l a t e d  and r e p o r t e d  i n  u n i t s  c o n s i s t e n t  

w i th  Con t rac t  Laboratory Program a n a l y t i c a l  procedures and o t h e r  o rgan iza t ions  

r e p o r t i n g  s i m i l a r  da ta  t o  a l l o w  f o r  c o m p a r a b i l i t y  o f  da ta .  D e f i n i t i o n s  f o r  

p rec i s ion ,  accuracy, completeness, representat iveness,  and comparab i l i t y  a re  

as f o l l o w s :  

0 P r e c i s i o n  - A measure o f  mutual  agreement among i n d i v i d u a l  

measurements o f  t h e  same p roper t y ,  u s u a l l y  under p r e s c r i b e d  

s i m i l a r  cond i t i ons .  P rec i s ion  i s  best  expressed i n  terms o f  the 

s tandard  d e v i a t i o n .  Comparison o f  r e p l i c a t e  va lues  i s  bes t  

expressed as t h e  r e l a t i v e  percent  d i f f e r e n c e .  Var ious measures o f  

p r e c i s i o n  e x i s t  d e p e n d i n g  upon t h e  " p r e s c r i b e d  s i m i l a r  

cond i t i ons . " 
0 Accuracy - The degree o f  agreement o f  a measurement ( o r  an average 

o f  rep1 i c a t e  measurements), X ,  w i t h  an accepted reference o r  t r u e  

va lue,  T,  u s u a l l y  expressed as t h e  d i f f e r e n c e  between t h e  two 

values, X-T, o r  the  d i f f e r e n c e  as a percentage o f  t he  re fe rence o r  

t r u e  value, 100 (X-T)/T,  and sometimes expressed as a r a t i o ,  X/T. 

Accuracy i s  a measure o f  t he  b i a s  i n  a system. 

0 ComDleteness - A measure o f  t he  amount o f  v a l i d  da ta  ob ta ined from 

a measurement system compared t o  t h e  amount t h a t  was expected t o  

be obta ined under c o r r e c t  normal cond i t ions .  

ReDresentativeness - Expresses t h e  degree t o  which data accura te ly  

and p r e c i s e l y  r e p r e s e n t  a c h a r a c t e r i s t i c  o f  a p o p u l a t i o n ,  

parameter v a r i a t i o n s  a t  a sampling p o i n t ,  a process cond i t i on ,  o r  

an environmental concern. 

0 

0 ComDarabil i t y  - Expresses t h e  conf idence w i t h  which one da ta  se t  

can be compared t o  another.  
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€-6h(4).  CHAIN-OF-CUSTODY 

4 . 1  F I E L D  SAMPLING 

The following will be used in the chain-of-custody process for sample tracking 

and field activities: 

0 

0 Chain-of-Custody form (Figure 

0 

0 

Sample identification and labeling (Figure 5). 

3$. 
Sample Collection Log (Figure 4 ) .  

Laboratory Request for Analysis form (Figure 2). 

4 . 1 . 1  Sample Identification and Labeling 

All samples will be adequately marked for identification 

collection and packaging through shipping and storage. Mark 

from 

ng w 

the time of 

1 1  genera ly 

be made on the sample container (jar, bottle, etc.) but may be applied 

directly to the sample, or on a tag or label attached to the sample or 

container, depending on the type of sample and its intended use. Sample 

identification will include, as appropriate: 

0 Project name and number 

0 Sample number 

0 Sample location (e.g., boring, test pit, depth or sampling 

. .  

interval , and field coordinates) 
0 Sampling date and time 

0 The in tials o f  the indiv 

0 Sample preservat i ve used. 

dual ( 5 )  performing the sampl i ng 
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An example of a standard sample label i s  i.llustrated in Figure 5. A sample 

numbering system will be established for the purpose of identifying the 

samples according to location and type. 

4.1.2 Chain-of-Custody Record 

Documentation of the sample chain-of-custody is provided by the use of a 

Chain-of-Custody record (Figure 1). This record contains information that 

includes the sampling location, the type and amount of samples collected, the 

date and time of sample collection, the name(s) of the person(s) responsible 

for sample collection, the date and time of all custody transfers, the 

signature of the person relinquishing and accepting sample custody, and other 

pertinent information. 

Chain-of-custody procedures document sample possession from the time of 

collection to disposal. A sample is considered in custody if it is: 

0 In one’s physical possession 

0 In view, after being in physical possession 

0 Locked so that no one can tamper with it, after having been in 

physical custody 

0 In a secured area, restricted to authorized personnel. 

A chain-of-custody record will be initiated in the field and will accompany 

each group of samples during shipment to the laboratory. Each time custody of 

the sample changes, the new custodian will sign the record and indicate the 

dates of transfer. An example o f  a chain-of-custody record is included in 

Figure 1. 485 
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If the samples are shipped to the laboratory by commercial carrier, the 

original chain-of-custody form shall be sealed in a watertight container, 

placed in the shipping container, and the shipping container sealed prior to 

giving it to the carrier. If the samples are directly transported to the 

laboratory, the original chain-of-custody form shall be kept in possession of 

the person delivering the samples. 

For samples shipped by commercial carrier, the waybill shall serve as an 

extension of the chain-of-custody record between the final field custodian and 

receipt in the laboratory. (The carrier and waybill number will be written on 

the chain-of-custody form. If the original chain-of-custody form is sealed in 

the shipping container before the waybill number is received, then this number 

will be written on the copy of the chain-of-custody form.) 

Upon receipt of the samples in the laboratory, the Quality Control 

coordinator, or representative, shall open the shipping containers, compare 

the contents with the chain-of-custody record, and sign and date the record. 

The Quality Control coordinator will also record the carrier and waybill 

number on the original chain-of-custody form, if it is not already present. 

All original chain-of-custody records, analytical data, and other project 

documentation will be maintained in a project file. Project files will be 

stored in a central filing system pending disposition by WMCO. 
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A legible copy of the field chain-of-custody record will be maintained. Once 258 
samples are received in the laboratory, chain-of-custody records will be 

signed by a designated representative of the laboratory and copies of the 

signed chain-of-custody records will be submitted to xxxxxxxxxxxxxxx or other 

designated representative. 

4.1.3 Sample Collection Log 

A sample collection log is prepared for each sample to record information 

pertaining to the location and collection of a sample. The following 

information is required on the sample collection log, as.appropriate: 

0 Unique sample number 

0 Sample 1 ocat ion 

0 Coll ector initials 

0 

0 

0 Sample identification (type, media, sequence, blank, spike, 

Date and time sample collected 

Sample coordinates (Ohio State Planar System) 

dupl icate, spl it) . 

An example of a sample collection log is provided in Figure 4. 

4.1.4 Laboratory Request for Analysis Form 

The laboratory request for analysis form is prepared to indicate the testing 

program required for the col 1 ected samples. 

recorded on the laboratory request for analysis form: 

The foll owing information is 

487 
0 Project name and number 



258 Date samples shipped 

Required report date and turnaround times for analysis 

Contact with telephone number for receipt of the analytical report 

and billing invoices 

Sample identification numbers 

Sample volume col 1 ected and appropri ate preservatives . 

An example of a laboratory request for analysis form in provided in Figure 2. 

4.2 ANALYTICAL LABORATORY 

4.2.1 Laboratory Sample Receipt 

Upon receipt of sample, the QC coordinator or designee shall: 

0 Examine all samples and determine if proper temperature has been 

maintained during shipment. The receiving temperature will be 

recorded on the chain-of-custody record. If samples have been 

damaged during shipment, the remaining samples shall be carefully 

examined to determine whether they were affected. Any samples 

suspected of being affected shall also be considered damaged. It 

will be noted on the chain-of-custody record what specific samples 

were damaged and that the samples were removed from the sampling 

program. Field personnel will be notified in writing as soon as 

possible of an estimate of the cause of damage, that samples were 

damaged and that they must be resampled, or the testing program 

changed. 

0 Compare samples received against those listed on the 

cha i n -of -cus tody record. 483 
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0 Verify that sample holding times have not been exceeded. If the 

sample holding time has been exceeded, the QC coordinator, or 

designee, will notify field personnel in writing that this has 

occurred and will prepare a Nonconformance Report (see Figure 7). 

Sign and date the chain-of-custody record and attach the waybill 

to the chain-of-custody record. 

0 

0 Place the samples in adequate laboratory storage. 

0 Enter the samples in the laboratory sample log-in book which 

contains the following information: 

- Project identification number 

- Sample numbers 

- Type of samples 

- Date received in laboratory. 

Noti fy the 1 aboratory manager or group leaders of sampl e arrival . 
Place the completed chain-of-custody records in the project file. 

0 

0 

If samples collected arrive without chain-of-custody or with incorrect 

chain-of-custody records, the following actions shall be undertaken by the QC 

coordinator : 

0 If the chain-of-custody record is incorrect, a memorandum to the 

project director and field personnel is prepared stating the 

deviations. The memorandum must be signed and dated by the person 

originating the chain-of-custody’ and by the QC coordinator. The 

memorandum will serve as an amendment to the chain-of-custody. If 

the information on the chain-of-custody record cannot be corrected 

by the QC coordinator or the field personnel, the samples affected 

shall be removed from the sampling program. 189 



'258 0 If t h e  cha in -o f -custody  record  i s  not  shipped w i t h  t h e  samples 

the  f i e l d  personnel s h a l l  be contacted and a memorandum prepared 

which l i s t s  t h e  persons invo lved  i n  c o l l e c t i n g ,  shipping,  and 

r e c e i v i n g  the  samples and t h e  t imes,  da tes ,  and events .  Each 

490 
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NONCONFORMANCE REPORT 

PROJECT NO. 

P R U C T  NAME 

?AGE-OF- 

D A T E  

IDENTlflED B E  DATE: 

CORRECTIVE ACTlON REWIRED: 

TO BE P€RFORMED B X  D A T E  
MUST CORRECTION B€ YUZlflED? YES - NO - 
TO BE VERIFIED B Y  PREPARED B Y  DATE: 

CORRECTIVE ACTION TAKEN: 

PERFORMED B Y  DATE: 
MRlf lEO 8Y D A h :  

cc: Approwd By. 

Dote: 
Figure 7 .  Nonconformance Report. 



person involved must sign and date this memorandum. The completed 258 
memorandum will be maintained in lieu of the chain-of-custody 

record. 

4 . 2 . 2  Laboratory Storage of Sampl es 

The primary considerations for sample storage are: 

0 Maintaining the prescribed temperature, if required, which is 

typically 4 degrees Celsius (39OF).  

Extracting and/or analyzing samples within the prescribed holding 

time for the parameters of interest. 

0 

4 
The requirements of Table y'for temperatures and holding times shall be used. 

Olacing of samples in the proper storage environment is the responsibility o f  

the QC coordinator or designee, who should notify the 1aboratory.manager or 

group leaders if there are any samples which must be analyzed immediately 

because of holding time requirements. 

4 . 2 . 3  Initiation of Testing Program 

As stated in Section 3 . 1 . 4 ,  a request for analys s form shall be submitted 

with the samples to the laboratory. If the analyt cal program is not defined 

with the sample shipment, the QC coordinator shall immediately notify the 

manager responsible for the work for definition of the analysis program. 

The 1 aboratory manager and group 1 eaders are respons i bl e for priori ti z i ng 

,amples on the basis of holding time and of the required time needed to 

include the samples into the laboratory sample stream. 492 
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4.2.4 Sample Disposal 

The chain-of-custody for the sample is completed as part of sample disposal. 

There are several possibilities for sample disposition: 

0 

0 

The sample may be completely consumed during analysis. 

Samples may be returned to the cl ient or location of sampl ing for 

disposal . 
0 The samples may be stored after analysis. Proper environmental 

control and holding time must be observed if reanalysis is 

anticipated. If reanalysis is not anticipated, environmental 

conditions for storage will not be observed. 

The laboratory manager shall determine disposition of samples if not specified 

on the laboratory request for analysis form (Figure 2). 

In general, samples and extracts will not be maintained longer than six months 

beyond completion of analysis, unless otherwise specified. 

493 
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Table 1. 

DOT HAZARDOUS MATERIALS CLASSIFICATION 

1. Radioactive Material 

2. Poison "A" 

3. Flammable Gas 

4. Nonflammable Gas 

5. Flammable Liquid 

6.  Oxidizer 13. ORM-B 

7. Flammable Solid 

8. Corrosive Materials (liquid) 

9. Poison B 

10. Corrosive Material (solid) 

11. Irritating Materials 

12. Combustible liquid (in containers having capacity exceeding 110 

gal 1 ons) 

13. OW-8 

14. OW-A 

15. Combustible liquids (in containers having capacity o f  100 gallons or 

1 ess) 

16. ORM-E 

494 
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Table 2. 

CLASS "A" POISONS AND THEIR PHYSICAL STATE AT ROOM TEMPERATURES 

ComDound 

arsine 

bromoacetone 

chloropicrin & methyl chloride mixture 

chloropicrin & nonflammable, nonliquified compressed 

gas mixture 

cyanogen chloride containing less than 0.9% water 

cyanogen gas 

gas identification set 

gelatin dynamite (H. E. Germaine) 

grenade (with poison "A" gas charge) 

hexaethyl tetraphosphate & compressed gas mixture 

hydrocyanic acid (prussic solution) 

hydrocyanic acid, 1 iquified 

insecticide 1 iquified gas, containing poison "A" or 

poi son "8" materials 

methyl di chl oroarsi ne 

nitric oxide 

nitrogen d i oxide 

nitrogen peroxide 

Physical State 

1 iquid 

gas 

1 iquid 

1 iquid 495 



n 1 trogen tetroxide 

organic phosphate 

parathion a compressed gas mixture 
phosgene (diphosgene) 

phosphine 

poisonous liquid or gas not otherwise specified 

tetraethyl dithiopyrophosphate 

tetraethyl pyrophosphate 

258 
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Table 3 .  

AI AND A QUANTITIES FOR RADIONUCLIDES 
OF +HE URANIUM DECAY SERIES 

Isotope Atomic Decay Half-Lifea Quantity in Curies 
Number A1 A2 

U-238 
Th-234 
U-234 

Th-230 
Ra-226 
Rn-222 
Pb-210 
Bi-210 
Po-210 

9 2  
90  
9 2  
9 0  
88 
86 
82 
83 
84 

Alpha 
Beta 
Alpha 
Alpha 
Alpha 
Alpha 
Beta 
Beta 
Alpha 

4 . 5 ~ 1 0 ~  y Unlimited Unlimited 
10 10 

100 0.1 24 4 2. 5 ~ 1 0  y 
7 . 5 ~ 1 0 ~  y 3 0.003 
1622 y 10 0 . 0 s  

3 . 8  d 10 2.0 
100 0.2 
100 4.0 

138 d , 200 0.2 

2 2  Y 
5 d  

aAbbreviations: y = years: d = days: m = minutes; s = seconds 
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Table 4. 

LOW SPECIFIC ACTIVITY ( L S A )  CONCENTRATION LIMITS FOR RADIONUCLIDES 
OF THE URANIUM DECAY SERIES 
[FROM 49 CFR 173.403(N)(4)] 

Nuclide A2 Value Estimated Average Concent rat ion 
_(curies) Microcuries/Gram Curies/Kilogram 

Th-230 0.003 
Ra-226 0 . 0 5  
Rn-222 2.0 
Pb-210 0.2 
Bi-210 4.0 
Po-210 0.2 

0.1 
0.1 
300 
5 . 0  
300  
5 . 0  

0.0001 
0.0001 

0.3 
0 . 0 0 5  

0.3 
0 .005  
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