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ABSTRACT 

... 

VOGELSBERGER, R. R., E. 0.  SMITH, M. BROZ, and 
J .  C. WRIGHT, JR. 1987. I d e n t i f i c a t i o n  o f  t e c h n i c a l  
guidance r e l a t e d  t o  ground water  mon i to r i ng .  
ORNL/T#--lO296. Oak Ridge N a t i o n a l  Laboratory ,  
Oak Ridge, Tennessee. 214 pp. 

M o n i t o r i n g  o f  ground water  q u a l i t y  i s  a key element o f  ground 
water  p r o t e c t i o n  and i s  mandated by severa l  f e d e r a l  and s t a t e  laws 
concerned w i t h  water  q u a l i t y  o r  waste management. Numerous r e g u l a t o r y  
guidance documents and t e c h n i c a l  r e p o r t s  d iscuss  va r ious  aspects o f  
ground water  mon i to r i ng ,  b u t  a t  p resent  t h e r e  i s  no s i n g l e  source of  
guidance on procedures and p r a c t i c e s  f o r  ground water  mon i to r i ng .  Th is  
r e p o r t  i s  in tended t o  a s s i s t  U.S. Department o f  Energy (DOE) o f f i c i a l s  
and f a c i l i t y  o p e r a t i n g  personnel  i n  i d e n t i f y i n g  sources o f  guidance f o r  
deve lop ing  and implement ing ground water  m o n i t o r i n g  programs t h a t  a r e  
t e c h n i c a l l y  sound and t h a t  comply w i t h  a p p l i c a b l e  r e g u l a t i o n s .  

i d e n t i f y  requi rements r e l a t e d  t o  ground water  mon i to r i ng ,  and over  
160 documents on t o p i c s  r e l a t e d  t o  ground water  m o n i t o r i n g  were 
eva lua ted  f o r  t h e i r  t e c h n i c a l  m e r i t ,  t h e i r  u t i l i t y  as guidance f o r  
r e g u l a t o r y  compliance, and t h e i r  re levance t o  DOE'S needs. For each o f  
15 t e c h n i c a l  t o p i c s  i n v o l v e d  i n  ground water  mon i to r i ng ,  t h e  r e p o r t  
presents  ( 1 )  a rev iew o f  f e d e r a l  r e g u l a t o r y  requi rements and 
r e p r e s e n t a t i v e  s t a t e  requirements,  ( 2 )  b r i e f  d e s c r i p t i o n s  o f  t h e  
conten ts  and m e r i t s  o f  a v a i l a b l e  guldance ~ ~ c ~ ~ ~ ~ t s  and t e c h n i c a l  
re fe rences ,  and ( 3 )  recommendations o f  t he  gujdarece documents o r  o t h e r  
t e c h n i c a l  resources t h a t  appear t o  be most a p p r o p r i a t e  f o r  use i n  D O E ' S  
m o n i t o r i n g  a c t i v i t i e s .  The conten ts  o f  t h e  r e p o r t  a r c  a p p l i c a b l e  t o  
m o n i t o r i n g  a c t i v i t i e s  i n v o l v i n g  bo th  r a d i o a c t i v e  and n o n r a d j o a c t i v e  
substances. The main sources o f  r e g u l a t o r y  requi rements considered i n  
t h e  r e p o r t  a r e  t h e  Atomic Energy A c t  ( i n c l u d i n g  t h e  Uranium M i l l  
T a l l i n g s  Rad ia t i on  Con t ro l  Ac t ) ,  Resource Conservat ion and Recovery 
A c t ,  Comprehcnslve Environmental  Response, Compensation an 
A c t ,  Safe D r i n k i n g  Water  Act ,  Tox ic  Substances Con t ro l  A c t  
Water P o l l u t i o n  Con t ro l  A c t .  

A l though t h i s  report was prepared For  use by Q E, the  m a j o r i t y  o f  
t h e  t e c h n i c a l  m a t e r i a l s  reviewed and t h e  ~ ~ c o ~ e n ~ a  ions  i n  t h e  r e p o r t  

u a l l y  a p p l i c a b l e  t o  ground water  m o n i t o r i n g  a c t i v i t i e s  c a r r i e d  
ou t  by o t h e r  o r g a n i z a t i o n s  and agencies.  

Federa l  s t a t u t e s  and assoc ia ted  r e g u l a t i o n s  w e r e  reviewed t o  

i x  





1. INTRODUCTION 

Monitoring of ground water quality is a key element o f  ground 
water protection and is mandated by various federal and state laws 
concerned with water quality or waste management. 
is intended to provide technical background for use by the U.S. 
Department of Energy (DOE)  Office of Environmental Guidance (OEG) in 
developing DOE Orders and associated guidance for DOE ground water 
monitoring. 

At present, there is no single source o f  guidance on procedures 
and practices for ground water monitoring. To assist the DOE in 
identifying procedures and practices that should be followed in DOE 
ground water monitoring activities, OEG asked the Oak Ridge National 
Laboratory ( O R N L )  t o  compile the present report, identifylng applicable 
regulatory requirements and technical resources that could be used by 
DQE. ORNL received major technical support in this effort from 
International Technology (IT) Corporation. IT personnel had principal 
responsibility for identifying and reviewing regulations and technical 
resources and f o r  preparjng this report. 

Hajor steps I n  the d ~ ~ ~ ~ ~ ~ r n ~ n t  of this report 'included the 
identification o f  federal statutes and regulations relevant t o  ground 
water and the preparation a f  a compendium containing brief descriptions 

d evaluations o f  existing government documents, books, and recent 
urna3 a r t i c l e s  addressing topics related to ground water monitoring. 

A review o f  significant state ground water policies and regulations is 
also included. From the i ~ ~ o r m a ~ ~ o ~  gathered in the compendium, a 
s u ~ ~ ~ t ~ o ~  o f  the  most applicable regulations and most appropriate 
regulatory and technical guidance has been developed. 

The remainder o f  Section 1 contains a description of the framework 
used t o  organize technical Information about round water monitorlng, a 
discussion o f  statutes and regulations concerned with ground water 
onltoring, and suggestions f o r  efficient use of the report. Section 2 

presents a list of t h e  technical guidance documents and other technical 
r-eferences that were identified as potentially relevant to DOE 
m ~ ~ i ~ o ~ ~ n ~  activities. Section 3 is a compendium o f  technical 
information sources. In this section, regulatory requirements, 
available guldance documents, and other technical references relevant 
to each of 1 5  technical topics are listed and described, and a brief 
evaluation o f  t h e  merits o f  each technical Item is reported. The most 
relevant regglations and recommended regulatory and technical guidance 
are identified for each o f  the 1 5  technical topics in Section 4, which 
is intended to be a summation of the information in Section 3 .  Federal 
statutes and associated regulations related to ground water monitoring 
are listed in the appendix. 

The present report 
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1.1 TECHNICAL TOPICS OF GROUNO W A T E R  MONITORING 

The general subject of ground water monitoring has been divided 
into 15 technical topics to facilitate the organization of the 
information in this report. lhe topics were selected on the basis of 
general sequence o f  activities and decision-making steps for a typical 
ground water monitoring project and are listed below. While some parts 
o f  the topics may not necessarily play a large role in every case, 
consideration was given to the wide range of monitoring situations 
which officials of DOE may encounter. 

o f  t h e  items included within each topic follow: 
The technical topics of ground water monitoring and a description 

* Purpose and Nee&..to Monj.$ot- G ~ Q U Z K ~  Mater '- Regulations 
that specifically require monitoring o r  that require 
hydrogeologic data as part of an environmental 
evaluation o r  site characterization and technical 
considerations related to the need for monitoring or 
assessment of ground water quality, regardless o f  
regulatory requi rements. 

* 
--I__ Monitoring_Systern Desig_n_ - Deterrninat.ion of the 
appropriate number and location of wells o r  other 
monitoring devices required f o r  the monitoring 
activity. Includes guidance on preliminary 
hydrogeologic investigation o f  a site. 

II- Drilling Met-hodA - Determination of the appropriate 
drilling method for the construction of monitoring 
wells. 

* H d l  Daxa - Proper handling and recording o f  boring 
logs ,  well elevations, aquifer permeability, and 
geology. 
elevations prior to sampling i s  covered under Sample 
Collection and Frequency.) 

(The determination o f  ground water 

e Well Design and C o n s t r u c . ~ i o n / D e v e l o p ~ ~ ~ ~  - Selection 
o f  the well diameter, screen length, casing material 
compatibility, purging methods, and related items, 
Also includes procedures for proper well abandonment. 

--1 Health -I___._..-... and Safety . Procedures -- Personal exposure 
regulations and selection of  rerpiratory equipment and 
protective clothing. Also  includes prevention of  
physical injuries f r o m  drilling equipment and heat, 
stress during monitoring activities. 
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~ o ~ i ~ ~ ~ ~ n ~  Parameters - oni tor ing  parameters 
spec i f ied  by c e r t a i n  r ~ ~ u l ~ t ~ ~ ~ ~  and the s e l e c t i o n  of 
appropr i a t e  parameters t o  be monitored i f  none are, 
specif-ied by regula t ions .  

e Sample Preservation and ~ ~ a ~ d ~ ~ ~ ~  - Se lec t ion  o f  
containers, prese rva t ive  methods, and handlin 
procedures 

u a l i t y  Assurance a n d  Chg. 
n o f  q u a l i t y  assural"oce ( 

chain-of-custody procedures, and rn 
I ogboaks s 

e ..I-.-.- ~ ~ ~ o r a ~ ~ - Q ~ a l ~ ~ y  8ssur:mm~ .- Qual f t y  assurance and 
q u a l i t y  control  ( A B Q C )  p l a n s  f o r  l abo ra to r i e s .  

* Evaluation o f  Data - ~ e ~ u ~ r e ~  s t a t i s t i c a l  ana lys j s  an 
5 f o r  the modeling o f  ground water ~ o ~ ~ ~ ~ ~ ~ a ~ t  

Ground Water Stan &rations 
Limits - Maximum d r i n k i n  
water s tandards,  and o the r  prescribed concentrat ion 
l i m i t s ,  and procedures f o r  e s t a b l i s h i n g  a l t e r n a t e  
concentrat ion l i m i t s  ( A C L s ) .  

Items w h i c h  p e r t a i n  t o  ground water monitoring hut do not readi ly  
f i t  i n t o  any of t h e  t o p i c s  a r e  included under "Purpose and Need t o  
Monitor Ground Mater." The reader should be aware t h i s t  the 
above-defined t o p i c s  do not provide comprehensive coverage o f  the 
ground water f i e l d  and t h a t  several  important ground water t op ic s  a r e  
l a r g e l y  outs ide  t h e  scope o f  th i s  r epor t .  For example, extensive 
l i t e r a t u r e  e x i s t s  on t h e  i n v e s t i g a t i o n  o f  natura l  ground water systems, 
and i t  i s  d e s i r a b l e  t o  have a thorough understanding o f  the 
hydrogeologic s e t t i n g  o f  a s i t e  (such as m i g h t  be obtained through a 
comprehensive i n v e s t i g a t i o n )  when implementing a program t o  monitor o r  
evaluate  ground water quality. Approaches f o r  comprehensive ground 
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water investigakfons are handled only peripherally in this report as 
thSs  type of investigation i s  ra re ly  a direct p a r t  o f  ground water 
monitoring and information on this subject is availahle elsewhere. 

A t  present ,  t h e r e  a r e  no comprehensive federal stcitrstes regulating 
ground w3ter quality and nsanitoring. Rather, ground waters rcquirenents 
rase 'Lo be drawn from a number of distinct laws enacted a t  varSous dates 
t o  protect o t h e r  resoi~rces ~r t o  regulate s p e c i f i c   source^ o f  
contamination. The re1 evant  l e g j  slation incl udeis: 

e Atomic Energy A c t  ( A E A )  of 1953, as amended by the  
Uranium Mi11 Tailings Radiation Control Act. (UHlRCAj 
of 1978 

8 Comprehensive Environmental  Rrasponse, Compensation, 
and Liability Act ( C E W C % . R )  of 1980 

* Federal bdater Poalution Control Act ( F W P C A ) ,  as 
amended by t h e  Clear :  Mater Act (C'IJA) of 7975 

* S4uclear 'dalszttt Policy Act (NWPA) of 1982 

e Public Hea1t-h Service A c t  (PHSA) of 1'365 

Resource Conservation and Recovery A c t  (RCKA) o f  1976 
including the Hazardous and Solid Edarte Amendments 
( H W A )  of 1984 

e S a f e  Drinking Water  A c t  (SDWP,) 

6 Solid Maste Disposal A c t  ( S M D P , )  

'loxic Substances Control A c t  ( T S C A ) .  

S e c t i o n s  o f  t hezc  statutes and associated regulations from t he  
Code of Federal Regulations (CFR) that. deal in some way w i t h  ground 
watfts mnpaitoriny a r e  outlined in Appendix A .  The Federal Insecticide, 
Fungicide, and RodenlicidP Act, t h e  Surface F4ining Cont ro i  arid 
Reclamatloti A c t ,  and t h e  Natjonal Enviroomental Policy A c t  or t h e i r  
associated regulations also rontd- in  provisions t o  prevent contamination 
o f  ground water  htrt do n o t  specifically address g r o u n d  water monitoring 
or establish water quality standards which may affect DOE i n s t a l l a t i o n s  
These stdtutcs  and  associated regulations a r e  n o t  included in 
Appendix A .  

f ede ra l  regulatjons is presented in Table 1 .  Since applicable 
A matrix of t he  ground water monitoring topic5 and applicable 
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sections o f  the  CFR a r e  listed f o r  each particular topic  area, the 
matrix p e r m i t s  a rapid regulatory check f a r  any stage o f  a ground water 
moni tori ng project. 

found t o  have no d i r e c t  bearing on grau~igi hater protection or 
monitoring or would n o t  be applicable t o  DOE facilities: 
Zone Management A c t  of 1972; Federal Land Policy and Management A c t  o f  
1976; HazardoiJS ).Tatei-ials Transportation k t  of  1975; bkirine 
Protection, Research, and Sanctuaries A c t  o f  1972; National 
Preservation Act s f  1966; National T r a l l s  System Act; Open Spares !.and 
A c t ;  Reclamation A c t  of 1912; t h e  Mater Rcsources Planning Act; M i d  
and Scenic Tljvers A c t  OF 1968; and the  Wilderness A c t .  

The following federal environmenta? laws w e r e  reviewed b u t  were 

t h e  Coasts; 

In a d d i t l o n  t o  federa l  statutes t h a t  authorize programs arid 
activities for ground w a t e r  pro tec t ion ,  many s ta tes  a r e  also developing 
and irnplernentfng ground water policies, s t a t u t e s ,  and s t r a t e g i e s .  
Often, s t a t e s  have t h e  authority o r  "primacy" t o  adrnin-ister several 
federal environmental l a w ,  Under t h i s  authority, s t akes  nay,  and 
o f t e n  do, inpose more stringent requirements than the federal 
government. in many s t d t e s ,  s t a t e  agencies, regional authorities, and 
local government share responsibilities f o r  pro tec t ing  ground water. 
Public i n ~ ~ l ~ e m e n t  i n  ground water programs is a l s o  be ing  a c t i v e l y  
encouraged a t  t he  state level. 

S t a t e  ground water nioraitoring requi rements f o c u s  priimri ly on 
nonhazardous w a s t e  sites, hazardous w a s t e  sites, s a l t  water intrusion, 
pesticides, and drinking w a t e r .  Some states have site-specific ground 
w a t e r  monitoring requirements For road c o n s t r u c t i o n  sites, irrigdtion 
wells, and areas near water supplies, To carry o u t  their gr-omd w a t e r  
policies, s t a t e s  are a l s o  developing control programs that focus  crn 
land Use, septic t anks ,  agricultural ContaminatioD, IJndergr'ound storage 
tanks, response t o  contamination i n c i d e n t s ,  brine disposal, and 
radionuclides, Contaminants covered by ground ua te r  quality standards 
vary from s t a t e  t o  s t a t e  and about half t h e  s t a t e s  have adopted o r  
proposed some type o f  classification sys tem f o r  ground w a t e r .  

Additional information on state ground water policies and 
r e su la t ions  is obtaainable rrom t h r e e  documents listed in Section 2 ,  
85- -EPA-8 ,  85.-EPA-14, and Applied Managrnent Sciences (1985). (Reference 
citations a r e  coded t o  Sectioris 2,2 and 2.3) 

M o s t  users o f  t h i s  r epor t  will f i r s t  want t o  consult the summation 
(Section 4 1 ,  which i s  i n t e c d e d  f o r  ready-reference use .  I t  coi-rtaSns 
concise discussions o f  the t echnica l  topics artd briefly identifies 
those  Steenrs t h a t  d e f t  ne recornended approaches t o  gruund bdater 
rnonitoriny a c t i v i t i e s .  5y consult.ing t h e  surnnaation f o r  a: particular 
technical t o p i c ,  the reader may: (1) o b t a i n  a general  u n d e r s t a n d i n g  o f  
the n a t u r e  o f  t h e  activities and concerns associated w i t h  t h a t  topic, 



. ii . . 
(2) ideri ify those federal regulations 
followed in carrying out those activit 
and regu atory guidance documents that 
with regulatlons and orders, and ( 4 )  i 

and DOL orders that must be 
es, ( 3 )  identify the technical 
need t o  be consulted to comply 
entify the sources of technica 

guidance that should be used in designing or implementing a monitoring 
program in accorddnce with best. current practices. Regulations listed 
in the s ~ ~ ~ a t ~ ~ n  must be followed when DOE is involved in monitoring 
activities covercd by the listed regulations, and personnel should be 
required t o  consult applicable regulatory guidance when they are 
involved in regulated monitoring activities. Technical guidance listed 
in the summation is that which, in the opinion o f  the authors o f  this 
report, embodies good current practice in the technical areas covered 
by the technical topic, In general, these Items shoul be consulted 
f o r  gujdance on aspects o f  ~ ~ n ~ ~ o r ~ ~ ~  activity t h a t  ar n o t  prescribed 
by regulations or regulatory guidauce. The intra uction t o  Section 4 
provides f u r t h e r  information on the contents and se of  the summation. 

m a t e r i a l s  are  abbreviated to p e r m i t  rapid identifirat i o n  aT key 
materials ’lecknical user’s requiring more infnrnm$ion m y  r e f e r  back 
t o  t h e  appropriate portion o f  the ~~~~~~~~~~~ ( S e c t i o n  3) f o r  more 
detailed descriptions o f  applicable regulations a n d  gmldanze 
d~ci imei i t : , .  Also, Table 1 may bc u 5 e f u l  f o r  an overview of the 
regulatinns ascsciated w j t h  i n d i v i d r x i  technical topics. Secticn 3 
a l s o  may’ bf: con;ulted ko identify additional sources o f  t e c h n i c a l  
information o r  geridaric,e t o  supplement those identified i n  t h e  
sumrnalinn. Tor a 1  ost every t echn ica l  ta@ic there are several good 

rces o f  current technical guidance that were not included in the 
m i t i o n  because 9 h ~ y  are  nut  a s  recent or  not as  comprehensive a s  t h e  
ms selected for  the  summation. These items are listed and described 

Descriptions in the summation of regulatioos and guidance 

in thc ~ Q ~ p e ~ d ~ u ~ ,  and technical users may sametimes f i n d  them to be 
useful a5  supplemmts to the prlrnary sources o f  guidance listed in the 
summation. 

to abbreviated codes,  t h e  u s e r  should refer either to t h e  reference 
list associated with the S U ~ I T I ~ ~ ~ Q R  o r  t o  the  complete list o f  documents 
in Section 2 t o  ebtain complete reference citations. 0 t h  codes and 
full citations are given in these sec t ions .  

subject to change, due bath to changing technology 
regulatory requirements. The rnajor l ty  o f  the infos- 
current ar o f  June 1986, and significant events t h a t  occurred t h r o u g h  
October 1 ,  1986 ( e - g . ,  U.S. Environmental Protection Agency [ E P A ]  
September 1986 publication of a final version o f  the R C R A  Ground-Water 
mitoring Technical Enforcement Document) have been reflected in the 

body o f  the  report. Recent statutory changes and regulatory 
initiatives that can be expected t o  modify requirements and procedures 
discussed i n  this report include the following: 

Because the c~~~~~~~~~ and surnrriatisn identify documents accordin 

The reader should recognize that the information in this report is 



* Public Law 99-339, which was signed by President 
Reagan on June 19, 1986, reauthorized and amended the 
SDWA. Among the provisions o f  the amended Act i s  a 
requirement that EPA issue new drinking water  
standards for 83 specified substances over the next 
three years (i.e.’ by 1389) and for an additional 25 
substances by 1991. In addition, states a r e  required 
t o  establish “wellhead protection areas” to protect 
drinking water supply wells from contamination. 

* The E P A  has issued a proposed rule ( 5 1  Fii 26632, 
July 24, 1986) t h a t  would narrow t h e  list of chemicals 
that R C R A  hazardous waste facilities m u s t  test for 
when ground water contamination is suspected. The 
proposal would create Appendix I X  to 40 CFR 264,  
consisting of a list o f  250 chemicals that would, for- 
ground water monitoring pur-posesp replace the list of 
hazardous constituents in Appendix V I 1 1  t o  40 CFR 
261.  The new list woulci n o t  include those Append!% 
V I 1 1  chemicals that dre tmstable In water or that a r e  
not amenable t o  analysis, and it would incli lde 25 
substances not on the Appendix V I11  list t h a t  are 
currently monitored at CFRCLA rites. 

e In an advanced notice o f  propased rulemakiipg issued 
August 20, 1986 (51  FR 29812), the EPA ind”rcated i t s  
intent t o  modify requirements (in 40 CFR 264 and 265, 
Subparts F )  for statistical evaluation of RCRA ground 
water monitoring d a t a .  Currently prescribed test 
procedures would be replaced by new s m p i i n g  and 
statistical procedures, with t h e  intent o f  reducing 
the probabilities o f  false positives arid false 
negatives, 

e The Nuclear Regulatory Commission NRC has proposed 
(51  FR 24697, J u l y  8 ,  1986) revisions t o  10 CFW 40, 
Appendix A ,  that would more fully incarporate t he  EPA 
ground water protection requirements f o r  mmagerne 
uranium and thorium by-product material (40 CFR 192)  
into N R C ’ s  rules far disposa! of uranium mill tailings. 

* An advanced notice of proposed rulemaking issued by 
EPA on June 18, 1985 ( 5 1  FR 22264) discussed € P A ’ S  
intent t o  develop residual radioactivity criteria fer 
contaminated l a n d  and facilities a t  decommissioned 
nuclear facilities and a t  other sites where 
radioactive mate r i a l s ,  including naturally occurr ing  
and acceleratur-produced radioactive mater-ials,  have 
been used. These criteria could affect ground water 
monitoring activities a t  affected sites. 
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2. TECHNICAL GUIDES FOR GROUND WATER HONITORING 

2.1 IN7RODUClION 

lhis s e c t i o n  represe t s  a reasonably comprehensive listing of  t 
ajar g ~ v e r ~ ~ ~ ~  and nongovernment technology guides related t o  ground 
ater monitorin . The documents l i s t ed  have been reviewed and are 

discussed in Se t i o n  3 ,  t h e  compendium. Other documents were 
identified during the  investigation but were not reviewed (and are  not 
listed in this report) because they were judged t o  be peripheral o r  
irrelevant t o  t h e  purpose o f  the report and/or the difficulty sf  
a c q u i s i t i o n  was judged t o  be in excess o f  their percefved ~ i ~ ~ ~ a l  
value. The listings o f  journal a r t i c l e s  and proceedings a r e  limited t o  
recent papers whose findjngs are not yet reflected I n  the more 
~ ~ ~ ~ ~ ~ h ~ ~ ~ i v ~  manuals and t o  other papers that appear t o  have 
exceptional value:  as technical guidance Par ground water ~~~~i~~~~~ 

~~~~~~~e~~~~~~ g u i  ance ~ ~ ~ ~ ~ ~ ~ n ~ ~ a  ~ o v ~ r n ~ ~ ~ t  d o ~ u m e r i t ~ ,  includfng 
those prepared by ~ ~ ~ ~ ~ ~ r n ~ ~ ~  c o n t r a c t o r s ,  are grouped by l5sasing 
acjcncy. Under each issuing agency headin the reports  re listed In 
chrana lag ica l  o r d e r  stbrtlng with the mos h l l c a t i o r o .  For 
each pub1 ication year, g ~ ~ ~ r ~ ~ ~ ~ ~  reports a 
p~~blicahion and alphabetically by author  and/or title withjn each 
year.  The ~~~~~v~~~~~~~~ documents are organized under ?NO major 
headings: 

T h e  followin listings a r e  or anized by ~ o v ~ r ~ ~ e n t  or 

0 Guides, manuals, standards, and textbooks 

0 Journal articles and conference papers. 

b n d e r  each o f  the  headjngs, ~ o n g o y e ~ n ~ ~ n ~  references are liste 
alphabetical order by the p r i n c i p a l  author's l a s t  name and year o f  
publication. 

The listings resented i n  this s e c t i o n  are coded t o  facilitate t h e  
referencing o f  these documents i n  the subsequent ~ o ~ ~ ~ n d I ~ ~  (Section 3)  
and s ~ ~ ~ ~ a t i o ~  ( S e c t i o n  The coding system f a r  g ~ v ~ r ~ ~ ~ n ~  ~ o ~ ~ ~ e ~ ~ ~  
consists o f  the  year published, government agency, and a ~~~~~~~~~~ 

number. An abbreviated title is a so used in coding. For  
n ~ ~ g o ~ ~ r n ~ ~ ~ ~  documents, the c o d i n  system c o n s i s t s  o f  the p r i n c i p a l  
author and year published. 
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2.2 GOVERNMENT DOCUMEMTS 

-....___I T I T L E  

U . S .  ENVIRONMENTAL PROTECTION AGENCY 

86-€PA-1 
Tank Leak 
Detectton 

86 -EPA.-2 
GW Task 
Force  Report 

a6 --E PA-4 
Append i x 
V I I l  Guide 

86 - E PA.-5 
1 EGD 

85 -E PA -1 
Practical 
Guide 
GW Samp. 

8 5 --E PA - 2 
Rem. Act. 
HW Sites 

8 5 .-E PA -3 

Stat. Proc. 
Hld Facilities 

Wiaki, S ,  and J .  A .  Broscious ( I T  Corporation), 1986, 
"Underground Tank Leak Detection Bethads: A 
State-of-the-Art Review," EPA/dQ0/2-86/001, U .S .  EPA, 
Hazardous Waste Engineering Research Laboratory, 
Cincinnati, Ohio. 

ental Protect.ion Agency, Office o f  Solid 
Waste and Emergency Response, 1986, "Evaluation O f  t h e  
R C R A  Subpart  F Ground Water Monitoring Program," 
prepared by the  Hazardous Waste Ground Mater Bask 
Force, IJ ,S.  EPA, Washington, D . C .  

U .S .  Environmental Protection Agency, Office o f  Ground 
Mater Protection, 1986, "Ground Water Data Planaglement. 
with SVOREI," EPA/500/6ul.-86/007, U.S .  EPA, !dashington, 
D.C. 

U.S. Erivdronnental Protection Agency, 1986, "Guidance 
on Issuing Permjts to Facilities Required to Analyze 
Ground Water f o r  Appendix VI11 Constituents," U.S .  EPA, 
Washington, D . C .  

1I.S. Environmental Protection Agency, Office of Wartx 
Programs En f o r c  erne t, 1386, "RCRA Ground Water 
Monitoring Technical Enforcement Guidance Document," 
U.S.  EPA, Washington, D,C. 

Barcelona, M. J , ,  e t  a l .  (Illinois State Water Survey),  
1985, "Practical Guide for Ground-Water Sampling," 

Environmental Research Laboratory, Office of Research 
and Development, Ada, Oklahoma. 

EQA/600/2-%5/lQ4, U . S .  EPW, Robert S .  KFW 

Boutwel?, S. ti., e t  a l .  (Anderson-Nichols & Co 
Inc.), 1985, "Modeling Remedial Actions a t  
Uncontrolled Hazardous Waste Sites," EPA/540/2-85/001, 
U.S. E P A ,  Office o f  Solid inlaste and Emergency 
Response, Washington, D.C. 

Doct~r, R .  Ci., e t  al. (Pacific Northwest Laboratory), 
1985,  round a t e r  Monitoring Plans and Statistical 
Procedures t o  Detect Leaking a t  Hazardous Zdaste 
Facilities (Draft), lI  U.S. EPA, Washington, D . C .  
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St. rat. . 
$ S - € P A  - 
c F- R c J. A 
Fearibi 
Stud ies  

8 5 - E P A -  
I n t e r i m  
Idid H g t .  

i ty 

Crit .  
Prcg , 

85 -€PA -8 
S t a t e  6W Pr-og. 
Summaries 
V a l .  1 

85 - E P A  -9 
S t a t e  Gkil Pr-oy. 
Summarie; 
vo:. 2 

85--EPA-1 1 
R C R A  GW 
Mon i t .  Guide 

85 -EPA-12 
TEGD 

85-EPA-13 
GW Mont. 
Workshop 
Resource Doc 

L1.S. Enviranmeqtal Protection Agency, O f f i c e  o f  S o l i d  
Waste, 1385, " A l i c r n a t e  ~ ~ ~ c ~ ~ t r a ~ j o n  L i m i t  Guidance 
Based on 264.94(bJ C r i t e r i a , ' '  U . S .  EPA, Waskingtoq, 
D.C. 

otection Agency, ' O f f i c e  o f  Ground 
5, "Ground H a t e r  M o n i t o r i n g  

S t r a t e g y , "  U . S .  E P A ,  Washington, D.C. 

U . S ,  Envirwnmental  P r o t e c t i o n  Agency, O f f i c e  of 
F.tmergency and Remedial Response, 1985, "Guidance on 
Feasibility Studies under C € R C L A , ' *  ~ ~ A / ~ ~ ~ / ~ - ~ ~ ~ ~ ~ ~ ,  

U . S .  i P 4 ,  Washington, D . C .  

u . s a  Environmental  Protec t ion  Agency, O f f i c e  o f  GraLlnd 
bJat-er Pro tec t ion ,  3985, " 'Overview o f  S t a t e  ~ r ~ u ~ ~  Water 
Program S U M M ~ ~ ~ ~ S , "  Vol. 1 ,  U . S .  F P A ,  M a s h i n  

U , S .  Environmental  P r o t e c t i o n  Agency, O f f i c e  o f  Ground 

Summaries,"  Val. 2, U . S .  EPA, Washington, D . C .  
a t e r  P r o t e c t i o n ,  7985, " S t a t e  Ground Water  Pr l ig ram 

U . S .  Environmental  P r o t e c t i o n  Agency, O f f i c e  o f  Ground 
Water P r o t e c t i o n ,  1 85, ""Panning snl rkshop t o  Develop 
~ e ~ o ~ ~ ~ ~ ~ ~ ~ 0 ~ s  f0r a Ground Water 
S t r a t e g y , "  U . S .  €PA,  Washington, 0°C.. 

U . S .  Environmental  P r o t e c t i o n  Agency, O f f i c e  o f  Waste 
Programs Enforcement, 1985 " R C R A  Ground Water 
N o n i t o r i n g  Compliance Order Guide, 'I U . S .  EPA, 
Washington, 13.C. 

U . S .  Environmental  P r o t e c t i o n  Agency, O f f i c e  o f  Waste 
Programs Enforcement, 1985, " R C R A  Ground Water 
M o n i t o r i n g  l e c h n i c a l  Enforcement Guidance Document 
( D r a f t ) , ' !  U.S .  EPA, Washington, D.C. [Replaced by 
86-EPA-5.1 

U . S .  Environmental  P r o t e c t i o n  Agency, O f f i c e  o f  Ground 
Water P r o t e c t i o n ,  1985, "Resource Document f o r  t h e  
Ground Water M o n i t o r i n g  S t r a t e g y  Workshop," U.S. €PA, 
Washington, D . C .  
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GOVERNHEW: DBCUMJIENTS (continued) 

CODE 

85 -E PA -1 4 
S t a i e / l  e r r i  tory 
GW Class. 

85 . E P A - 1 5  
TSCA GW 
Prc'i. S t r a t .  

85 --EPA-17 
CLP 
Orgarsi c 
P r o t o c o  1 

84 -EPA -1 
6W Pro%.  
St rat. 

84 -E  PA -2 
P e r m l  t App. 
Guide Hid 
Facilities 

&I?-- EPA-3 
Permit LJri -L . 
Guide  kZW 
Facilities 

54 -E P A  -a 
Rein. 
I nves t i g a t  i oris 
Guide 

81 --E PA - 5 
Soi 1 Properties 
SN-925 

I ITLE 

U.S. Enuironrnenta? Protection Agency, O f f i c e  of 6round 
W ~ t e r  Protwtion, 1985, " S p I ~ r , t e d  State and T e r r i t o r y  
Ground Inr"3ter Classificaiion SySteissr'' U.S. EPA,  
Ldashingisn, D.C. 

-- 

U . S .  Environmental Pretection Agency, 1385, " V S C A  
G t - ~ n d  l i l ~ t e i -  Protecti on S t r a t e g y  'I 

U.S .  Environmental Protection Agency, tnv i rsnnicnta l  
F?loa,i"Luring Systems laboratory, 19515, "Chemical 
A KI a 1 y t. i c a 1 S e r v i c e 5 f 0 i- 14 ~i 1 t 5 -% d i a 
F k t 3 : f s  and I tnorganics ,"  WA85-J839, 1J.S. E P A ,  
Las Vegas, Nevada. 

G 1 '1 i -Con c e R t r-a t i on 

U . S .  EnvS t-onmntal Protection Agency, Envi ronmef~ ta l  
Maogi t o r i  ng System i a b a r a t s r y ,  1965 "0rgarii c Protocol, I' 

EdAB5-Jl78, U . S .  EPA, Las Vegas, Nevada. 

U.S.  Env j  ranmental Protection Agency, Office of Ground 
!dater Protection, 1984, "Ground \&~..er Protection 
S t r a t e g y , "  U.S. E P A ,  Washington, D . C .  

U.S. Environmental Protection Agency, Office o f  Solid 
ldaste a n d  Emergency Responsep 1984, "Permit Applicants' 
Guidance Manual f o r  Hazardous bbs tc  l a n d  Treatment, 
Storage, and  Disposal Facilities (Final D r a f t ) , "  
EPA/530PSb!-fJQ/804, U.S. E P A ,  bhchington,  D.C. 

U . S .  Environmental Brctection Agency ,  Office of Solid 
Ldssie and  Emergency Response, 1984, ltPermit Writers' 
Guidance flanual f o r  Hazardous Maste Land S to rage  and 
Disposa: Facilities, Phase I :  Criteria f o r  Location 
Acceptability and E x i s t i n g  Applicable Regulations 
( F i n a l  Draft) , I1 1J.S. L P A ,  Washingtoo, D.C. 

U . S . 5 n L i ronmen %a 1 P rotec t i on Agency , !%lun i c i pa 1 
Env i  t-onmental Research Labora to ry ,  1984, "Remedial 
Investigations Guidance D~cument," I J - S .  € P A ,  
Cincinnati, O h i o .  

U . S .  Enviroiimenta! Protection Agency, 9ffice o f  Solid 
Idzste a n d  Emergency Response, 11404, " S o i  1 Propert ies ,  
C 1 a s s  i f i cati on and  Myd raul i c Conduct i v i  ty Test? ng 
(Draft)," SkJ-925, I1.S. E P A ,  Mashirigton, D . C .  



.... 

13 

TITLE 

... 

84--EPA -6 
Stas?dard Ope?-. 
Safety Guide 

84 -EPA-7 
Rem.. Response 
WkJ Slt.es 

84 .4  PA -8 
Waste Analysis 
Plans 

8 IS  --E. PA - 1 
Guide  t o  Mat1. 
Se lec t ion  
ISMS-327 

8 3 4  PA-2  
Rem. Act. 
Tech.  Plans 

83-€PA-3 
S t a t .  Pros. 

83 -E PA-4 
R C R A  Permit 
Writ. Manual 
Gild Pra te  

83-EPA-5 

83 -E PA--6 
Risk Assmnt.. 
RCRA Landf i 11 

ental Protection Agency, Qffice o f  
Emergency and Re onse, 1984 "Standard 
Operating Safety Guides, ' '  UPS. .  EPA, Mashjngton, D . C .  

U .S .  Environmental Protection Agency, Office of 
E ~ ~ r ~ ~ ~ c y  and Remedial Respoose, 1984, "Su 
Report: Remedial Response at Hazardous Waste Site5," 
E ~ A ~ ~ 4 ~ ~ ~ - 3 ~ / ~ ~ 2 a ~  U , S .  €PA, ~ a ~ ~ ~ n ~ ~ ~ ~ *  D,@. 

U . S .  Environmental Protection Agency, O f f i c e  of Solid 
Waste, 1984, 'Waste Analysis Plans: A Guidance 
anual , 'I EPA/53 bSW-84dQ12, U . S ,  EPA, ashingtan, D . C ,  

. J . ,  e t  al. (Illinois S t a t e  Water Survey), 
de La the Selection of  Plater3alz f o r  

blnnitcrr-ing Wel? Construction and Gree 
Sarnpl i ngi i) I' liSbsS Contract eport 327, € P A  Contrac t  
CA-889966-BS , I I 1  i n o i  s State Mater Surveyo ~ ~ ~ ~ ~ ~ ~ ~ n ~ ,  
o f  Natural Resources,  ai^^^ Illinois. 

Ehrenfeld, J .  and J .  Bass (Arthur D .  Little, Inc.), 
1983, ''Randbook f o r  ~ v ~ l ~ a t ~ ~ ~  Remedlal Act,ion 
Technology Plans*" ~ P ~ ~ 6 ~ ~ / 2 - ~ ~ ~ ~ ~ ~ ,  U.S ,  EPA, 
Municipal Envi ronmental Research Laboratory, O f f i c e  sf 
Research and ~ e ~ e ~ o ~ ~ ~ n ~ ~  Cdncinnat i ,  Ohio. 

dR8 Associates, 1983,  "Evaluation of Statistical 
Procedures for ~ ~ o ~ ~ ~ w a ~ ~ r  Wonitoring," U.S. €PA,  
Washington, 0.8;. 

Kuhlthau, 8 ,  id. and C. R .  Faust (Gestrans), 1983, "BRC 
Permit Writer's Manual Ground Water Protection 40 CF-K 
Part 264 Subpart F," U . S .  EPA, Office o f  Sol id  Waste 
and Emergency Response, Washington, D . C ,  

U . S .  Environmental Protection Agency, Office o f  Solid 
Waste and Emergency Response, 1983, "Ground Water 
Monitoring Guidance for Owners and Operators o f  Interim 
Status Facilities," SW-963, U.S.  EPA,  Washington, D.C. 

U . S .  Environmental Protection Agency, Office of Polity 
Analysis, 1983, "Health Risk Assessment Methodologies 
for RCRA Landfill Regulations," U.S. EPA, Washington, 
D . C .  
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- T I T L E  

83-E PA-'1 
Chem. Analysis 
bJ3 t e r/wa 5 t e 5 

83 -E PA -9 
Permit App. 
Guide Gen. Fac 
S t d s .  sw-968 

83--EPA--18 
I n L .  G u i d e /  
QA Plans 

82-EPA-1 
Samp 1 e 
Pki?SerVat i i ln  

U.S. Environmental Protect ion Agency, E n v ?  ronmenial 
Pimi tar ing  a n d  Support Laboratory, 198.3, "lfeL&hods f o r  
Chemic21 Analysis o f  'nlater aird !&stcis ,I1 

Cinc inna t i ,  Ohio. 
E?A/600/4-79/820, R 9 ~ i s e d  !lar:Ps 1983, U.S. EPF;, 

U.S. Environmental P r o t e c t i o n  Agency, O f f i c e  of  'Csxir 
Substances,  1983, "The PCB Regir latsons Under TSCA," 
R e v i s e d  E d .  No. 3 ,  U . S -  E P A ,  Mashington, O . C .  

U.S. Environmental Protection Agericy, O f f i c e  o f  Sol id  
W a s t e  a n d  Emergency Response, 1983, "Peermil. A p y i ? c a f i t z 8  
Guidance Manual f o r  t he  Genpral F a c i l i t y  Standards o f  
40 C P R  2 6 4 , "  SN-968, U.S. EPA,  b h s k i n g t o f ~ ,  D . C .  

U.S. Env i ronmenta l  Protect ion Agency, Off ice  of 
Research and Deve 1 opmehi t , 1 8 83, 'I I nt.e r 'i m Guide 1 i fie z 
and Speci Ficat-ioiis f a r  Preparing Q u a l i t y  As5urance 

k3a F h 1 n cj t a n  , D . C . 
? T " o J ~ G , L L  P l a ~ e ~ , "  EQA/608/4-83k004, U e S .  EPP., 

U . S .  Environmental P r o t e c t i o n  Agency, Off ice  of 
Research and Development, 1982, "Handbook o f  Sq%;;pling 
ifnd SfiiiPfi; e Preservaiion o f  Water and  l&.~ter~jtek-. 'I 

82 -E PA -3 U.S. E2vSronmenkal Protection Agency, O f f  
l e s t  f k t h .  Waste and Emergency Response, 1982, "T ies t  
Sol id  H a s t e  Evaluating Sol id  Maste :  Physical/Chenica 
sw -846 SW-845, U.S. E P A ,  Washington, D . C .  

WaQ3sibJastewater L P A / W o i 4  -8?/023, U.S. E P A ,  Cinc inna t i ,  Ohio. 

92-EPh -2 U.S. Envi ronmenta l  Protect ion Agency, Office 3 f  
Rem. A c t .  Emergerxy and Remedial R~b~ponse ,  1982, "Handbook- 
Waste Disp .  % m e d i a l  Action at Haste Disposal S i i e r . "  

. 

C. 

C P  o f  Sol id  
Me",l?srdz f o r  

Ycthhods, ( I  

a2 E P A - 4  Wyss, A .  W . ,  e t  a l .  (hcurex Corporation),  and 
CIQSurt? H&d R .  J .  Schrnitt e t  a l .  (Metcalf and Eddy), 1982, 
su t - f  ace  "Closure of llazardoiuq Maste  Surface Impoundments 'I 

Itmpound . SbL-873, U.S. € P A ,  Off ice  o f  Sol id  Waste and Emergency 
SkJ .E73 Response, Washington, D , C -  
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GOVLKMMENl  DOCUML 7s (continued) 

-.--_ CODE 

31 --[PA -1 
GW Quality 
Samp. 

81 -EPA-2 
NE 1. c GW 
Investigations 

80 -EPA -1 
!iW Land 
Treat.  
skd -8 1 4  

80 -F_ PA -7 
We 5 t e i-n 

Coal 
PIV 1 i m i  ria r y  
Designs 

80 - E P A  -3  
HFM Leachate 
sw -87 1. 

$0 - E P A  -5 
Enf. Consid. 
HW D- isp.  Sites 
by Contractors 

- TITLE 
S c a l f ,  M. R., et al. (Robert  S .  Kerr Environmental 
Research Laboratory), 1981, ''Manual o f  Ground Water 
Quality Sampling Procedures," EPAJ600/2--81/160, U.S .  
€PA, O f f i c e  o f  Research and Developnient, Ada, Oklahoma 
(Also available from the National Water Well 
Association.) 

U . S .  Environmental Protection Agency, N a t i o n a l  
Enforcement Investigations Center, 1981, '*NEI@ Manual 
for ~ ~ o u ~ ~  Water/Subsurface Investigations at 
Hazardous Waste Sites, lii ~ ~ A ~ 3 3 ~ / ~ . . ~ 1 ~ ~ 0 ~ ,  U , S .  EPA, 
Denver, Colorado - 

and L, Deuel  (K. W .  rown a n d  Associates), 
rdocls Waste Land Treat ent. SW-874, U * s. 

[ P A ,  Office o f  esearch and Development, 
I n v i ronmenta 1 Res ea rc h 1.s bo ra t.o r y  , C i n c i n s7 a t i , Oh i 0. 

E v e r e t t ,  L. G. and E ,  b!, Haylman (General L l e c t r i c  
pang / ) ,  1980, I8Gr undwater Quality ~ ~ ~ ~ ~ o ~ i ~ ~  o f  
tern Coal S t r f p  in ing :  Preliminary Designs fer 

A c t i v e  Mjrae Sources o f  Pollution," ~ ~ ~ ~ / 6 ~ ~ / ~ - ~ 0 ~ 1 1 ~ ,  
1J.S. E P A ,  Envdrsnmental Monitoring Systems Laharaiary, 
I.as Vegas, Nevada. 

Shuckrow, A .  J , ,  e t  a7. (Touhill, Shuckrow and 
Associates), 1980, ' ~ ~ ~ ~ ~ g e ~ e n ~  o f  Hazardous Waste 
Leachate I' SW 871, U . S .  E P A ,  Office o f  
Development, lsnicipal Ertvironrnental Re 
Laboratory, C i n c i n n a t i ,  Ohio.  

U,S, Environmental Protection Agency, Office of  S o l i d  
Waste,  1980, "Background Document Subpart F ,  Ground 
Mater M o n i t o r i n g ,  Resource Conservation and Recovery 
A c t ,  Subtitle C -- Hazardous Waste ~ a n a g e r n ~ ~ t ~  Section 

04 -Standards Applicable to Owners and Operators o f  
Hazardous Waste 'i reatrnent Storage, and Disposal 
Facilities," U , S .  E P A ,  Washington, U . C .  

U.S. Environmental Protection Agency, National 
Enforcement Investigations Center, 1980, "Enforcement 
Considerations for Evaluations o f  Uncontrolled 
Hazardous Waste Disposal Sites," U . S .  E P A ,  Denver, 
Colorada. 
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GOVERNMEN1 DOCUMENTS (continued) 

cOae 

79-EPA-1 
Western Coal 
Pollution 
Sources 

79--EQW -2 
QC Pesticides 

79 -EPA-3  
QC Water; 
\*Jas?,ewater 
Labs 

79-EPA -e 
129 Priority 
Pollutants 

- I B - - E P A - - l  
contarn * 
Patent  i a 1 
Surf ace 
Impound. 

7 1  -EPA-1 
Abandoned 
Wells GW 

77-EPA-2 
GW Wonit. 
Solid Waste 
Fac. SW-611 

_l_.l- T I 1  LE 

Everett, L .  G. (General Electric Company), 1979, 
"Ground Water Q u a l i t y  Monitoring of Western Coal Strip 
Mjning: Identification and Ranking o f  Potential 
Pol 1 u t  ion Sources  I 'I EPA/b00/7 -79/021, U . S ,  € P A ,  
Environmental M o n i t o r i n g  Systeni Laboratory, Las Vegas, 
Nevada. 

Sherma, J .  ( L a f a y e t t u  Go1 lege), 1979, "Hanual o f  
Analytical Quality Control f o r  Pesticides and Related 
Cornpourids i n  Human and Envi roiimenial Samples, 'I 
EPA/60Oil--79/008, lJ.S. € P A ,  Wealth Effects Research 
Laboratory, Office o f  Research and Dev~lopmgnt, 
Research Tricingle P a r k ,  North Carol-ina. 

U . S .  Environmental Protection Agency ,  Office of 
Research and Deve:opnmt, 1979, Ill-fandhook f o r  
Analytical QualSty Coiltrnl in WzLer and W a s t e w a t e r  
Laboratories," EPA/600/4-39/013, U.S. LPA, Cincinnati, 
Ohio. 

U . S .  Env i  ronmental Protection Agency, F1on"ltering and 
Data Suppor t  Division, '1979, "Wate r -Re la ted  
Envi ronmenfa? F a t e  of  129 P r i o r i t y  Pol lutants, 'I Vo l  1 ,  
"In t roduct ion  and lechnical B a c k g r o u n d ,  Wctals and 
I n o r g a n i c s ,  Pesticides and PCLBs," EPA/440/4--79/029a, 
U.S. EPA, Washington, D . C .  

U.S. Environrnet-4al Protection Agency, Office of 
Drinking I r h t e r ,  1978, ''A Hanual f o r  tvaluating 
Contamination PoterBiial of 5urface Impoundments," 
EPA/578/9-i8/003, Washington D ,  C 

U.S. Environmental Protection Agency, Qffice o f  
Research and Development, '1977, "1r;ipact of Abandoned 
Wells on Ground Water," EPA/600/3-77/095, U.S. CPA, 
Ada, Oklahoma. 
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TITLE 

76 -E PA-1 
Moni t. 
Econam 

76-EPA 
Moni t. 

C 

2 
GM : 

Weth, c s s t s  

7 6 - E P A  -3 
Nonit, GM: 
Data Fgt. 

76-EPW-5 
Mdiosait. GW: 
Moni t , P4eti-r. 

7 5-LPA-1 
Int. Rad. 
Neth. D.N*  

73-EPA -1 
HASh Procedure 
anual 

Crouch, R .  L., et al. (General Electric Company), 1976, 
"Monftoring Groundwater Quality: Economic Framework 
and Principles," EPA/600/4-76/045, U .S .  EPA, 
Environmental Nonltoring and Support Laboratory, 
Office o f  Research and Development, Las Vegas, Nevada. 

Everett, L.. G., e t  a l .  (General Electric Company), 
1975, "Monitoring ~ r o u n ~ ~ ~ t ~ r  Quallty: Methods and 
Costs," EPA/600/4-76/023, U . S .  EPA,  E n v l ~ ~ n ~ ~ n ~ a l  

and Development, Las alegas, Nevada. 
onitoring and Support Laboratory, Office o f  Research 

lodd, D ,  K,, et a l .  (General Clectric ~ o ~ ~ a n y ) ,  1976, 
~~~~~i~~~~~~ Groundwater Quality: 
~ ~ t ~ ~ ~ ~ l ~ ~ ~ ~ ~ ~  ~ ~ A ~ 6 0 ~ ~ ~ . ~ ~ b / ~ 2 6 ,  U.S.  EPA,  
Envi ~ o n ~ ~ n ~ a l  Monitoring and Support Labor 
Office o f  Research and Development, Las Ye 

ERDA Health and  S a f e t y  Laboratory, 1913, "'HASL 
Procedure Manual," tiASL 300, New York, New York. 

Krjeger, H ,  L. and S .  Gold, 1933, '$Procedures f o r  
Radiochemical Analyses o f  Nuclear Reactor Aqueous 
Solutions,fl EPA/R4--73/014, U . S .  E P A ,  Cincinnati, O h i o .  
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U.S .  DEPARTMEN1 OF ENERGY 

8 6 --DO E -1 
GW Pol l .  
Monit. 

$5 -DOE -1 
Model Code 
Se lec t ion  
Vol. 1 and 2 

83-DOE-1 
Effluent  Radio 
log ica l  Meas. 
DOL 

81 -DOE- l  
Rad i ol ogi ca 1 
Su rve i l l ance  
DOE 

DOE F a c i l i t i e s  
H P  MaRuals 

National Pechni  c a l  Information Service,  1986 
I t ~ r ~ ~ ~ ~ ~ ~ ~ ~ r  Pollution Noni ts r ing  (1976-1985), 
C i t a t ions  from t h e  U.S .  Oegartment of Energy 
Batabase,Il PB86-855053, NT IS ,  S p r i n g f i e l d ,  Virginia .  

Simmons, C. S. and C .  R .  Cole ( P a c i f i c  Northwest 
Laboratory),  1985, ttGuidelines f o r  Se lec t ing  Codes f o r  
Ground Water Transport  Model i 1-19 o f  Low-Level M s t e  
&aria1 S i t e s * ' '  Vol. 1 ,  "Guideline Approach," and 
Vol. 2 ,  "Special Test  Cases," PNL-4980, U , S .  D U E ,  
National Low-Level Waste Management Program, 
Hashirigton, D . C .  

Corley, J .  P .  and C ,  0 ,  Cor-bit ( P a c i f i c  Northwest 
Laboratory),  1983, " A  Guide for Effluent  Radiological 
Measurements a t  DOE I n s t a l l a t i o n s , ' l  DOE/EP-OQSb, U .S .  
D O E ,  Off ice  o f  Operatianal Safe ty ,  \dashington, 0.C. 

Corley, J .  P., e t  a ' .  ( P a c i f i c  W o i - t h e s t  Laboratary) ,  
'1981, " A  Guide f o r  Environmental Radiological 
Survei 1 lance a t  U.S .  Departaient of Energy 

Operational Sa fe ty ,  Mashingtsn, B . C .  
DE81-027833, U . S .  DO%, Office o f  

DOE contractot-  F a c i l i t y  ttHeal%h Phys ic s"  o r  "Radiation 
Protect ion" Procedi~res !4anua'ds. Usually u n d a t e d ,  
Prepared and pub1 i shed by i n d i v i d u a l  DOE c o n t r a c t o r  
f a c i l i t i e s .  

U.S .  DEPARTMENT OF ENERGY ORDERS 

5440.18 Implementation o f  the  National Environmental P o l i c y  A c t  
(Nay lei, 1982).  

5480.1 A Environmental Protect ion,  S a f e t y ,  and H e a l t h  Protection 
Program f o r  DOE Opera t i ons  (August 13, 1981 ) . ( T h i s  
orde r  i s  current ly  be ing  s u b s t a n t i a l l y  m v i s ~ d  by t h s  
D O E .  The new version w i l l  he DOE Order 5480.11 and 
w i l l  c o n t a i n  add i t iona l  requ i remen ts  r e g a r d i n g  
hazardous w a s t e s  .) 
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CODE ... - -- T I T L E  -- 

... 

-. 

5480 * 3 Hazardous and R a d i o a c t i v e  Hixed Waste ~~~~~~~~~t 
(Deceniber 13, 1982). 

5484.1 Envi ronmenta l  P r o t e c t i o n ,  Sa fe ty ,  and H e a l t h  P r o t e c t i o n  
I n f o r m a t i o n  Repor t i ng  Requirements (February 2 4 ,  1981). 

5?QO bA Q u a l i t y  Assurance (August 13, 1981).  

5820 2 R a d i o a c t i v e  Waste Management (February 6 ,  1984).  

Federa l  Compliance w i t h  Pol l u t i o n  C o n t r o l  Standards 
( P r e s i d e n t  Jimmy C a r t e r ,  October  13, 1978). 

Nalional I n s t i t u t e  f o r  O c c u p a t i o n a l  S a f e t y  and 
S a f e t y  Guide Hzzavdous M a s t e  Program, 1985, Occupat ional  S a f e t y  and  
WW S i t e  Wea l th  Guidance ariual f o r  Hazardous Waste S i t e  

A c t i v i t i e s  , NIL9SI-I Pub1 i c a t 1  on 85-1 15 MPBSH, 
C i n c i n n a t i ,  Ohio. 

84 NZOSH 1 National I n s t i t u t e  f o r  Occupat ional  S a f e t y  and Heal th ,  
Persona 1 D i v i s i o n  o f  S a f e t y  Research, 1984, “Personal  P r o t e c t i v e  
P r o t e c t i v e  Equipment f a r  i la~ardoers M a t e r i a l s  Incideniss: A 
Equip.  S a l e c t i o n  Guide,’t NIOSH, Margantown, W e s t  V - l r g i n i a .  

83-HIOSI-1 1 N a t i o n a l  I n s t i i t u l e  f o r  Occupat ional  S a f e t y  and Hea l th ,  

S a f e t y  Sa fe ty  Recommendations f o r  Land-Based O i l  and Gas We?] 
D r i l l i n g  D i v i r l o n  o f  S a f e t y  Research, 1983, “Comprehensive 

D r i  11 i ng , I’ NlOSH Pub1 Scat i on 83-1 27, NlOSH, 
Morgantown, West V i r g i n i a .  

18 - N l O S H  1 N a t i o n a l  I n s t i t u t e  f o r  Occupat ional  S a f e t y  and H e a l t h  
Chem. tlaz. and Occupat ional  S a f e t y  and H e a l t h  A d m i n i s t r a t i o n ,  
Guide  1978, NIOSH/OSHA Pocket Guide t o  Chemical Hazards, 

WlIOSH and OSHA, Washington, D.C. 

U . S .  NUCI_LAK R E G U M l O R Y  COMMISSION 

85--NRC -1 Deutsch, W .  J .  ( P a c i f i c  Northwest Labora to ry ) ,  1985, 
GW Contam. “Methods of M i n i m i z i n g  Ground-Water Contaminat ion f rom 
Uranium Min ing  I n  S i t u  Leach Uranium Min ing, “  NUREG/CR--3709, U.S.  NRC, 

D i v i s i o n  o f  R a d i a t i o n  Programs and E a r t h  Sciences, 
O f f i c e  o f  Nuclear  Regu la to ry  Research, Washington, D.C. 
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GOVERNMENT DOCUMEW7S ( con t inued)  

CODE 

PS--NRC -2  
Rad ionuc l i de  
SI? g r a t i o n  614 

85 -NRC -3 
GW Contam, 
Nuclear 
Accidents  
Vo l .  1 

85 -NRC -4 
GM Contam. 
Nuclear  
Acc idents  
Uol .  2 

82-NRC -1 
a i  sposal 
LOW -L f? Y e  1 
Rad ioac t i ve  
L4asI.e 

02 -MRC -2 
Gbf F 1 ow 
Urr s if t u  rat ed 
Zone 

82-NRC-3 
Charac te r i  z i n g  
S i t e s  Low-Level  
Rad ioac t i ve  
Wastes 

Fruch te r ,  J .  S.  ( P a c i f i c  N o r t h w s t  Laboratory) ,  1985, 
"Radionucl ide M!grat ion i n  Ground b h t e r ,  I' 

N U R E W C R  -4030, U . S .  NRC, D i v i s i o n  of Rad ia t fon  
Programs a n d  E a r t h  S c i e x c s ,  O f f i c e  o f  Nuc lea r  
Regul a t o r y  Rerearch, Mas h i  ngt on, D . C . 
Oberlander, P .  I ., e t  a l .  ( P a c i f i c .  Northwest 
Labora to ry ) ,  1985, " M S  ti gatS ve Terhn i  ques f o r  
Ground-Water Contaminat ion Associated w i t h  Severe 
Kuc lea r  A s r i d e n f s , "  Uo l .  1, NIJRtG/I:R-.?1?51, (1 -S.  NRC,  
D i v i s i o n  o f  R a d i a t i o n  Programs arid E a r t h  Sciences, 
O f f i c e  o f  Wa?clcar Aeqivlatory Research,  Washington,  D.C.  

Oberlanbri, P .  L. ,  e t  31. ( P a c i f i c  N u r t - h w s t  
Labora to ry ) ,  1985, " b ! i P i g a t i v e  Iechn iques  f o r  
Graund-!&ter Contmq  n a t i  on A s j o c  i a t e d  w i t h  Severe 
Nuc lea r  Acc idents , "  Vo l .  2, MURWCX-4251,  U*S. HRC, 
D i v i s i o n  o f  Radiat ' lon Programs and E a r t h  Sciences, 
O f f i r e  o f  Nuclear  Weg!ilaturq Rezcarch, Washington, I 3 . C .  

Lu t ton ,  W. J . ,  e t  8 1 .  (U.S.  Arirly Engineer  bJa?.e:-~~ays 
Experiment S t a t i o n ) ,  1993, "Subsurface N o n i t o r i n g  
Programs a t  S i t e s  f o r  D isposa l  of Loi-i-Level 
Rad ioac t i ve  Wa5te,  'I NUREWCR-3154, U.S. WRC,  D i v i s i o i i  
o f  Waste Managcrnent, O f f i c c  o f  Nuclear  : l a t e r i a l  S a f e t y  
and Sa f e5 ua r d  s , W? 5 h -i n y t  on, D . C . 

L u l t o n ,  R .  J . ,  e t  21.  ( U . S .  Army Engineer 'EJ.aJ-r*rways 
Exper iment Stationj, 1982, "Tes ts  f o r  E v a l u a t i n g  S i t e s  
f o r  Disposal o f  Low-Lr?iJel Rad ioac t i ve  lu'arte," 
NUREG/CR 3838, 1J.S. M R C ,  D i v i s i o r i  o f  Waste Management, 
O f f i c e  o f  Nucleai- Mater ia l  S a f e t y  and  S a f e y u a r d s ,  
Mzshington, D . C .  

Oster ,  C +  A .  ( P a c i f i c  Northwest Labora to ry ) ,  1982, 
"Review @if Ground !.&iter Flow and I r a n s p o r l  FScdels f o r  
the Unsaturated Lone, 'I NUREWCIR -291 7 ,  U .  S. & W C  
D i v i s i o n  o f  Warte  Ptanagement, O f f i c e  o f  Nuclear  
M a t e r i a l  S a f e t y  and Safeguards ,  Narh iny ton ,  D.C.  

U.S. Nuclear Regu la to ry  Commission, O f f i c e  o f  Nuclear 
Mater ia !  S a f e t y  and Safeguards ,  1982, "Parameters f o r  
C h a r a c t e r i L i n g  S i t e s  f o r  D isposa l  o f  Low-Level 
Rad ioac t i ve  Was tes , "  NU!?CG/CR-270O. U.S. WRC, 
Washington, D.C.  
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... ... 

ENfS (continued) 

___I- I 'I I T L E  ..- 

U S .  Nuclear Regulatory Co ission, Office o f  
Standards and evelopment, "Radiological Effluent and 
Envi r-onmental onitoring at Uranium PIill~~'~ Regulatory 

Uranium Wills Guide 4 .14 ,  U . S .  N R C ,  Washington, D.C. 

78-MRC -1 Thompson, W .  E , ,  e l  a l .  (Geraghty & Miller, I n e , ) ,  
EM Elements 1998,  "Ground-Water Elements o f  In Situ Leach 

o f  Uranium,'B NUREG/CH-0311, U.S.  N R C ,  Nuclear Material 
Safety and Safeguards, Division o f  Fuel Cycle and 
Material Safety, Silver Spring, Maryland. 

U.S. GEOLOGICAL SURVEY 

8l -USGS-1 U .S .  Department o f  the Interior, Geological Survey, 

Guide D2: Caufdelines f o r  Collection and Field Analysis of 

1981, Techniques of  Water-Resources Invertigat 
the U n i t e d  States Geolo ical Survey,  Book 1, C 

Ground-Water Samples f o r  Selected 
Canatituents, U . S .  DOI, kfashington, D.C, 

8 0 --us 6 s - 1 U.S .  Department o f  the  Interior, Geological Survey, 
GW Data 1980, National Handbook o f  Reco ed 1Methods for 
Acquisition Data ACquiSitiQn, Chapter 2: Ground Mater, U . S .  

ashington, 0.C. 

79 -USGS-1 Skougstad, PI. W . ,  et al., 1979, lechniquer of Water- 
Inorganics Resources Investigations of  the United States, 
in Water; Geological Survey, Book 5, Chapter A I :  
F 1 uvi ;a1 on of Inorganic Substances i n  Water and 

jments,  U.S .  Geological Survey, 

84 -01 A -1 U.S. Congress, Office of Technology Assessment, 1984, 
Protecting "Protecting the Nation's Groundwater from 
G!d Contamination,'! OTA-0-233, U . S ,  Congress, 

Washington, D.C. 

U.S .  DEPARTPl€Nl  O f  COMM€RCk 

6 3  -DOC-1 U . S .  Department of Commerce, 1963, "'Maximum Permissible 
Max. Body Body Burdens and Maximum Permissible Concentration o f  
Burdens Radionuclides dn Air or Water for Occupational 

Exposure," NBS Handbook 69 as amended August 1963. 
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A C G I H  
1985 
@1 o t h i  ng 

AGGBH 
1985 
T C V S  

A I M  
1982 

AkJS I 
19130 

A P P A  
1985 

ASTM 
1981 

Applied 
Ysnagemcnt 
Sciences 
1985 

Asano 
1985 

Ba c Rma t 
1980 

Amsrican Conference of Governmental I n d d s t r i a l  
Hygienis ts ,  1985, Guidelines For t h e  Select ion o f  
Chemical Protective Clsthlng, Vol. l 9  F i e l d  Guide, 2nd 
ed . ,  A C G I W ,  Cincinnat i ,  Ohio. 

Amer ican Conference o f  Govern~entaf Industr ia :  
Hygienis ts ,  1985, Threshold L i m i t  V a l i ~ s  and 
Biological Exposure Indices f o r  7985-86, A C G I I I ,  
Cinc inna t i ,  O h i o .  

Engineering Field Reference Mdncal 1932, American 
Indwslr ia l  Hygiene Associatiort, Akron, Ohio. 

A m e r i c a n  National Standards Ins t i t u t e ,  1983, 
"P rac t i ces  f o r  Respiratory P ro tec t ion , "  ANSI 
288.2-5 980, ANSI ,  Mew York. 

Arner-tcan Public llealih Association, Anier ican W a t e r  
Edorks Association, and k h t e i -  Pollut ion Cont ro l  
Federation, 1985, Stacdard  Nethods f o r  t h e  Examination 
o f  Water  and bhste  Water, 16th ed . ,  A P H A ,  Nashington, 
Q.C. 

Amer-icaa Society f o r  T e s t i n g  and  !4ateriaIc,, 1978, 
Manual on 1&22.er, Specfal  Technical Pub1 i c a t i o n  442A, 
ASTFB, Philadelphia .  

American Society f o r  Testing and g a t e r i a l s ,  1981 
Permeabi 1 i ty and Groundwater Contam? nant Transport 
Special  Technical Publication 746 ,  ASTN, Phfladelpkia 

Applied Hanagement Sciences,  1385, S t a t e  P r o g r a m  for- 
Groundwater Q u a l i t y  Hanageneqt, 2 v o l s . ,  p r q a r e d  f o r  
t h e  Groundt~ater  Task Force  o f  lhe Fdison E l e c t r i c  
Ins t i t u l e ,  kJa s h i ngton , D . C . 
Asana, T . ,  1985, A r t i f i c i a l  R ~ c h a r g e  of Ground Water-, 
B u t t e r w r t h  Pub1 i s h e r s ,  Stoneham, Massachusetts. 

Bachmat,  Y . ,  1988, Groundwater Management: 1'Re Use o f  
hlwwrical Models, Mater Resources Monograph 5 ,  American 
Geophysical UnSan, Waskingtan, D . C .  
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NONGOVERNMENT DOCUMLNTS (continued) 

-I. T I T L E  

Back 
1982 

Back, W .  and R .  Letolle, 1982, "Geochemistry o f  
Groundwater," in Proceedings o f  the 26th International 
Geological Conference, Elsevier Science Publishing 
Company, New York. 

Bear Bear, J . ,  1979, Hydraulics o f  Ground Water, 
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3 - 1  INTRODUCTION 
- I  

iriis sectioi-s presents a compxibiurn of r egu la t ions  and technical 
gi r ldance  f o r  each o f  t h e  t echn ica l  t o p i c s  o f  grstind water Foultoring. 
F o r  each t echn ica l  t op ic ,  app l i cab le  regulat ions fmrs t he  Code o f  
Federa? Regulations (CFR) a r e  i d e n t i f i e d  and b r i e h i y  described. 
Regulations a r e  7 i stcd beneath abbreviat ions o f  the  f e d e r a l  sldtri9.e 
upon &ich t h e  r e g u l a t i o n  was based. Detai ls  on the f ede ra l  statutes 
a r e  p r e s e i 2 - M  i n  t h e  appeiidix. 

d r s z r i t e d .  lechnical documents prepared hy f ede ra l  aqencies ,  or 
con t r ac to r s  t o  t h e  agencies ,  a r e  l i s t e d  under the "Guide" heading 
Cr~nei; mfercglces for t h e  technical  guides a r e  presented i n  t h i s  and 
subsequent s ec t ions  of t h e  repor t .  Complete r ~ ; - ? e r e : ~ ~ c e  c i t a t i o n s  a r e  
presented i n  Section 2 .  

desleribed acd CG 
g u i d a n c e  m e r i t s  of t h e  docur;;ent. 
by an agei7cy f o r  t h e  express purpose o f  providing r e g u l a t o r y  guidance 
f o r  a p a r t i c u l a r  r e g u l a t i o n  ~ 1 1 1  a comynt  appear regatv!ing regulatory 
gu?nlai.ice, If a document desc r ip t ion  conta'ns i-so cornmerit i-egardiiig 
regulatory guidance, t h e n  t h e  cfQcuiii;?i7t i s  n o t  irrlerided f o r  us? 2 s  a 
g u i d e  f o r  regulatory compi lance.  

q t h e  r egu la t ions ,  rcl9van-t. DOE o i - d e n  a r e  l i s t e d  an3 

Pov%ions fr-sa each technical  guidp re levant  t o  the topic  a r c  
~ t s  a re  g i v e n  on the reyula%ory and/or t x h n i c a l  

O n l y  where a document has bzrn -issued 

Comun-ts on t h e  technfcal  gi-ridance o f  a document d i f f e r ,  dependin$ 
013 t h e  level  o f  value  af  t h e  guidance <nforimtioi) .  Coraents are 
gene ra l ly  present& i n  a standard language ab<ch  i s  explained as 
f o  J i  ow^ : 

0 Gocd t echn ' l ca l  gujdance - The document contains  i! 
l a r g p  amount o f  useful t echn ica l  guidance f o r  a 
p a r t j c u l a r  'topic and/or some guidaniz b - ~ h i c h  miray not be 
contained i n  o t h e r  d o c u i m n t s  

s Some value 2 s  technical  guidance - T h e  document may 
contdin if f a i r  arnoilnt. a f  useful guidance 

* L i m i t e d  technical  lgl i ldance - A small amount o f  
technical  information !&as found 

* No technical  guidance .- The document conlairaed no 
r e l evan t  technical  i n f o r m a t i o n ,  $01- a statement rjlay be 
included descr ibing some other-. t y p e  o f  useful 
information i n  t h e  document 

Cur ren t  .- Applicable guid;ance f o r  e x i s t i n g  regulal-ions 
o r  cu r ren t  technical  gu-idastce 
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e Partially superseded - Portions are no longer 
applicable guidance for  current regulations, or 
technical content is partially out o 
recent developments 

9 Out-of-date - No applicable gui 
regulations, or technical content. is 
t o  recent developments. (Some mater 

date due to 

for c u r r e n  t 
out o f  date due 
a1s included are 

out-of-date in full o r  in part, but they are described 
t o  assist the user in evaluating their applicability.) 

I f  guidance is general or limited t o  a particular p a r t  of a topic, 
t h e  comments are worded as such. 

A list o f  relevant nongovernment references (books, journal 
articles, and papers Prom proceedings) follows the list o f  government 
documents. Descriptions of and comments on these references are 
similar to those given for  the government documents, 

A t  the end o f  each topic compendium, a section is included 
describing some examples o f  state regulations which d j f f e s  
substantially f r o  federal regulations o r  procedure$. The d iscuss ion  
on state regula t ions  is n o t  meant t o  be all-encompassing but to 
describe t h e  general regulatory directions in which some s t a t e s  are 

and t o  demonstrate that in many instances compliance w i t h  
ulations wdll not suffice to e e t  state, or even l o c a l ,  

concerns. 
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3.2 TOPICAL CQMPENDIA 

PURPOSE AND NEED TO OWITOR GROUND WATER 

-__I_ REGULATION 

.._ AEA 

19 CFR 40*31(h) Requires t h a t  app 

10 C F R  48 
Appendix A 

1Q C F R  61-12 and 
61.53 

10 CFR 70.59 

48 C F R  132.20 

40 CFR 192.32 

ications for a Nuclear 
Regu la to ry  Commission (NRC) license for 
activities related t o  uranium or thorium 
miifling meet criterSa o f  10 C F R  40 Appendix 
A .  (Not directly applicable t o  D O E . )  

Requ i res  in Criteria 5 and 1 t h a t  a p p l i c a n t s  
for an N R C  license f o r  dlsposal of uranium o r  
thorium mill tailings gather  subsurface 
hydrogeo log ic  d a t a  t o  de?ermine baseline 
cond l t lons  and environmental effect-s o f  the 
mill tdilings disposa l  system. (Mot directly 
applicable t o  SUE.) 

Requires applications f o r  NWC licenses for 
low-level radioactive w a s t e  l a n d  dispnsa? t o  
con ta ' l n  speciflc technical information 
including geatechnical and hydrologic 
characteristics; requires preoperational and 
operational ground water m o n i t o r i n g .  

"nequires persons licensed by the NRC t o  
possess and use special nuclear material t o  
periodical 7y submit a repor t  o f  radionuclides 
re3eased in liquid and gaseous e f f l u e n t s .  
(Does n o t  specify ground u a t e r  monitoring.) 

Applicable t o  the m n a g c m n i  o f  inactive 
uranium and thorium processing s i t e s ;  
requires ground water nmnitsring t o  assist in 
assuring con~pliance w i t h  long-term waste 
containvent s tandards .  ( S e e  Ground Water 
Standards and Alternate C o n c e n t r a t i o n  bimS ts. 1 

!?quires t h e  establishment o f  a d e t e c t i o n  
monitoring system ( p p r  40 C F R  264.98) at 
NRC-licensed faciliijes for t h e  disposal o f  
u ran ium and  thorium processing rerldues. 
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PURPOSE AND NEED TO MONITOR GROUND WATER (continued) 

REGULATION 

w PA 

10 CFR 60.21 

10 C F R  68.140 t o  60.142 

40 C F R  191.14(b) 

-- PHSA 

C F K  141.1 to 141.33 

_I_ SDWA 

48 C F R  1 4 3 . 3  

40 CFW 114.12(a) 

DESCRIPTION 

Prescribes contents of NRC license 
applications for high-level radioactive waste 
repositories. Required contents include 
analyses o f  hydrogeology and a description 
for control and monitoring o f  radioactive 
effluents to rnafntain compliance with limits 
of 10 CFR 20. (See Ground Water Standards 
and Alternate Concentration Limits.) 

Requires monitoring and measurement to 
confirm geotechnical and design parameters. 

Requires the monitoring o f  high-level 
radioactive waste disposal sites regulated by 
the NRC or operated by the DOE. 

Establishes primary drinking water 
regulations, variances and exemptions, and 
siting requirements for public water 
systems. Lists maximum contaminant levels 
(NCLs) f o r  inorganic and organic chemicals, 
turbidity, coliform bacteria, and 
radioactivity. Sets forth monitoring and 
analytical requirements for suppliers of 
water. Outlines reporting and recordkeeping 
requirements and special monitoring 
regulations. 

Establishes recommended secondary MCLs for 
public water systems. 

Requires owner and operator of underground 
injection facility to show that contaminatian 
o f  underground drinking water sources i s  not 
occurring. 
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PURPOSE AND NEED TO ~ O ~ I T O ~  GROUND MATER (continued) 

REGULATION DESCRIPTIO 

40 CFW 144.12(1a) I f  Contamination o f  UndergtYSUnd SOUTCBS o f  
drinking w a t e r  i s  ind ica t ed ,  U . S .  
Environmental Protect ion Agency (U .S .  EPA) o r  
S t a t e  Director  may I-eqiaire c o r r e c t i v e  a c t i o n ,  
including ground water monitoring, 

48 CFR 144.28(9)(1) Requires use of monitoring wells t o  determine 
migration of  f l u i d s  i n t o  underground sources 
of d r i n k i n g  water- i f  required by t h e  Direct.or. 

40 CFR 146.32(e) Far Class 1x1 underground i n j e c t i o n  we l l s ,  
r equ i r e s  the i n s t a l l a t i o n  of  nonitoring wel l s  
i f  the  receiving formation cofitd9ns water  
w i t h  l e s s  than 1Q,00Q milligrams pea- l i t e r  
(mg/L) t o t a l  dissolved solids (TDS)  and gives 
certais? c r i t e r i a  whlch t h e  wells  must meet. 

40 C F R  146.32(g) 

40 CFR 241.264 

-- RCRA 

40 C F R  257.3-4 

40 CFW 264.90(a) 

For Class 111 underground i n j e c t i o n  wells, 
requires  t h e  installation o f  a iow i to r i ng  wells  
i f  t h e  i n j e c t i o n  well penetrates a d r i n k i n g  
water source i n  an a r e a  sub jec t  t o  subsidence 
o r  ca t a s t roph ic  co l lapse  and gives c e r t a i n  
c r i t e r i a  which t h e  wel ls  must meet. 

Requires "cat  nonhazardous l a n d  disposal  
s i t e s  be constructed and opera ted  t o  meet 
m o s t  stringent app l i cab le  watc!r q u a l i t y  
s tandards t o  p r o t e c t  undergrwnd and s u r f a c e  
d r i n k i n g  water suppl ies  and recommends t h e  
i n s t a l l a t i o n  of observation we l l s .  

Applicable t o  a l l  s o l i d  waste  disposal 
f a c i l i t i e s ;  pr-escrlbes c o r t a j n  f a c t o r s ,  
including ground water and hydrogeological 
c h a r a c t e r i s t i c s ,  t o  he considered when 
determining an a l t e r n a t e  s o l i d  waste boundary. 

Requires a l l  hazardous waste  l and  disposa? 
f a c i l i t i e s  t o  e s t a b l i s h  a ground wate r  

m i t o r i n g  system, unless exempted pe r  
40 CFR 264.130(b). 
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SE AND WEED TO MONIlOR ERO MD WATLR (continued) 

BESCRI Pl II ION 

CFR 254.90(a)  New facilities or existing facilities which 
(continued) have not. had ground wate contarnjnation must 

implement the detection on.i toring program 
(264.98); facilities where statistically 
significant increases in ground water 
indicator parameters were detected per the 
detection monitoring program must implement a 
compliance monitoring program (264.99); 
facilities in which the ground water 
monitoring elur5ng the compliance monitoring 
program indicated violation of the protection 
standard must implement a corrective action 
program (264.100) and associated monitoring. 

4Q CFW 264.382 

40 C F H  265.117 

CERCLA 

40 CFR 300.68( f )  

TSCA 

48 C F R  761.75(b)  

Provides an exemption t o  the ground water 
quality ~ ~ ~ i t ~ ~ i ~ ~  requirements of  264.98 f o r  
double-lined landfills which meet certain 
requirements, including leak detection and 
leachate collection and removal, 

Applicable to Resource Conservation and 
Recovery Act (RCRA) land disposal facilities 
closed under interim status regulations; 
reqadi res that ground water monitoring and 
reporting be continued threu 
postclosure period, unless all waste and 
contaminated soils are removed, 

Applicable to releases or threat of releases 
o f  hazardous substances to the environment; 
requires lead agency or responsjble party to 
determine nature and extent of the 
contamination, including use of sampling and 
monitoring as necessary. 

Prescribes certain technical standards for 
chemical waste landfills used for t h e  
disposal o f  materials containing 
polychlorinated biphenyls (PCBs), including 
requirements for the establishment of a 
ground water monitoring system. 



36 

PURPOSE AND W E E D  -ra wxixim GROUND ?FNTE.R (continued) 

DOE ORDER __- 

5484. 1 , Chapter I I I .  1 

5 4 8 4 . 1 ,  Chapter 1 1 1 . 4  

5480.2, Chapter I 

5480.2, Chapter 1 1 . 2  

5820.2, Chapt.er I 

5 8 2 0 . 2 ,  Chapter 1 1 . 3 . ~  

5820.2,  Chapter I I I . 3 . d  

_ _ - _ . . - ~  DESCRIPTION ._..... 

Requires an environmental survey p r i o r  t o  
s t a r t - a p  o f  nekv' M E  f a c i l i t i e s  o r  processes 
whach n igh t  adversely iiiipart t h e  
environment.  I he  survey j s  t o  include 
determination of' bac k?snulnd cuntami n a n i  
l e v e l s ,  c h a r a c t e r i z a t i o n  of  t h e  s i t e ,  and 
i d e n t i  f ' l c a t i s n  o f  e x p o s i i ~  pathways. 

Pkhitoring a t  DOE s i k s  r e q t i i r e d  t o  determine 
corZp5iance w i t h  DOE Order 5480.1, CRapt,ers I ,  
X I ,  a n d  X I I ,  t o  e s t a b l i s h  bdikgrsund l e v e l s  
and determine comgl iarrce w i t h  o t h e r  
app l i cab le  environmental s t a n d a r d s .  

F o r  general hazardolus w a s t e  program 
r - q u i  rements,  presc r ibes  t h z t  each operation 
o f f i c e  assut-2 f a c i l i t y  compliance w i t h  40 C f K  
260-253 and 265 and achieve compliance r . ~ i t h  
764 as  e a r i y  3s pnzsible ,  including ground 
w3ter moni lor ing requl rcments o f  R C R A  40 C F R  
264 ,  S lJbpar l  F 40 C F R  265, SUbpitrt F .  

Requires t h a t  OOE Order 5820.1 Re applied f o r  
h i g h - l e v ~ l  r ad ioac t ive  w a s t e  and t r ansu ran ic  
inSxed v-c, te ,  and  requi r e g  t h a t  environmental 
p i - O t E ? C t S G n  f o r  low-level r a d i o a c t i v e  nixed 
waqie be equjvalent  t o  i?Cf?A 46 CFR 264 and 
265. 

Requires t h a t  disposal o f  w a 5 t e  ( o t h e r  t han  

E P A  standards a n d ,  t o  t h e  e x t e n t  p r a c t i c a l ,  
w i t h  ?JR@ requirements. Disposal o f  high-level 
waster ,  ~ 5 1 1  comply w i t h  app l i cab le  laws and 
requi rernents, 

high-lPVel nuclear  ~ a ~ t e ~ )  comply ~ j t h  U,S.  

Requ i res  t h a t  transuranium radSonuclide ( T R U )  
w a s t e  b u r i e d  i n  shallcw l a n d f i l l s  be 
p e r i o d i c a l l y  monitored i o  a s s e s s  r ad ioac t ive  
and nonradioactive hazards. 

Requ i res  t h a t  designs f o r  low-level w s t e  
disposal s i t e s  include environmental 
m a n i t o r i n y .  
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PURPOSE AND NEED TO MONITOR GROUND WATER (continued) 

EXECUTIVE ORDER 

GUIDE 

86-EPA-2 
61d Task 
Force 
Report 

85 -E PA-5 
GW Monit. 
Strat. 

DESCRIPTION 

Requires that federal facilities maintain 
compliance with federal environmental 
pollution control standards, including Toxic 
Substances Control Act (TSCA), Federal Water 
Pollution Control Act (FWPCA), Solid Waste 
Disposal Act (SWDA), and others, and 
delegates responsibility to the head o f  each 
executive agency to ensure compliance by that 
agency. 

BESCRIPTION 

This report presents the results of a 
wide-ranging study conducted by the U.S. 
E P A ' s  Ground Water Monitoring Task Force to 
evaluate the status o f  the R C R A  ground water 
monitoring program. The Task Force report 
identifies problems with the implementation 
o f  the program and makes recommendations for 
improvement. Major concerns include 
inadequate guidance documents, insufficient 
tralning of agency personnel, gaps in ground 
water monitoring technology, regulations in 
need of revision, and organizational and 
administrative problems within the agencies. 

Good current general guidance on RCRA ground 
water requirements. The U.S, EPA has begun 
to implement some o f  the recommendations 
presented in this report. 

Sets forth the ground water monitoring 
strategy to be followed by the U . S .  €PA and 
the states, as developed by several o f f i c e s  
within the U.S .  EPA. Includes the U.S.  E P A ' s  
action plans for characterizing the nation's 
ground water resources, identifying new 
sources of contamination, assessing existing 
problems, assuring regulatory comp?iance, 
evaluating program effectiveness, jmproving 
data quality, and developing a data 
management system. 

Represents current U.S. EPA strategy; no 
specific technical or regulatory guidance for 
this topic area. 
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85-EPA-8 
s t a t e  GW Prog. 
S u m m r i e s  Vo l  . 1 

85-EPA-11 
R C R A  Sld 
M m t .  Guide 

0 E s c w I PT I Ob4 

Key ques t?ons  regarding the  enforceinent 
program criteria f o r  R C R A  programs are 
presented in th-is dociisxwef;t. The national 
enforcement s t r a t e g y  includes a plan t o  
inspect a l l  ground water monitoring facilities 
each year.  
complete rev!et~ o f  sa:r,plii?g q i m l i t y  
assurance/quslfty control procedures.  

These inspections a r e  t o  include 

Some value as backg;-ililnd informalion on 
federal  ECRA policy, including revisions by 
t he  1984 amendments t o  RCRA.  

Chapter I discusses t h e  nature and sources o f  
gr-o~lnd water contaminatim. Appendix A 
Q’lseusses for each itate and U . S .  t e r r i t o r y  
ground water monitoring programs types and 
SOUTC~?S of ground  ate;- c o n t ~ n i i n a t i o n ,  s t a t u s  
o f  policy, developmenl, and inLeragency 
agreements. 

Gcod source o f  geiaeral i n f o r m t i o n  on state 

1985).  
ground w a t e r  programs ( t h r o u g h  fiscal year 

Presents a 
a U . S e  EPA-sponsored workshop t o  h e l p  
forrni.rlate federal ground rratet- policy. 
Helpful tables  i n  Part  I 1  outlining U.S .  E P A  
monitoring requi rernenls. Alss presents  a 

summary o f  t o p i c s  discussed d u r i n g  

brief sumary  
water monitor 

Some value a s  
f eelera1 / s t a t e  

T h i s  document 

under RCRA 40 
requi renaents 

background information on 
policy. 

addresses the regulatory 
o r  ground water monitoring 
CFR 265 (ioteriri: s t a t u s  

regulations) and 40 CFR 264, and i s  intended 
t o  guide s t a t e  and U . S .  EPA officials i n  
developing administrative orders io enforce 
R C R A  ground water monitoring violations a t  
interim stat.us facilities. 
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PURPOSE AND NFED 70 MONI ' IOH GHOUNO W A l t K  (continued) 

-I-. G U I D E  

85 -EPA -1 1 
(cont'l nued) 

85 - k P A  -1 3 
GW Mont. 
Works hop 
Resource Doc. 

85 -EPA -1 5 
TSCA GW Prot. 
Strat * 

-. DESCRI . -_. PT I ON ..- ... 

Current EPA guidance for RCRA regulatory 
compliance. No technical guidance for this 
topic area. 

Section 111 of this document provides a 
detailed summary o f  specific statutory 
authorities [in RCRA, Comprehensive 
Environmental Response, Compensation, and 
Liability Act ( C E R C L A ) ,  and Glean Water Act 
(CMA)] and thelr respective monitoring 
provisions and objectives. 

Some value as general information on federal 
ground water statutes. 

Document outlines a plan for using TSCA t o  
address selected ground water contamination 
problems a s  part o f  the U . S ,  k P A ' s  
Ground -Water Protection Strategy issued in 
August 1984. Four goals of this p l a n  are: 
(1)  developSng j ~ f o r m a ~ i o ~  on existing ground 
water problems, (2) determining health 
effects o f  specific Contaminants, 
( 3 )  improving assessment methods, and 
(4) adopting controls to prevent future 
contamination. 

Good source of background information on 
federal policy regarding 7SCA-regulated 
substances. 

84 -tPA -3 Section 2.3.1 discusses hazardous waste 
Permit Writ. facility locations in a zero recharge zone as 
Guide HW Facilitier a possible setting for exemption from R C R A  

ground water monitoring. 

Provides guidance for evaluating zero 
recharge areas; minor madificatisns t o  this 
document anticipated by end of 19 

84 -EPA -4 Chapter 7 provides guidance on performing 
Rem. Investigations characterizations of CERCLA sites, including 
Guide the level o f  investigation warranted (7.2) 

and the necesslty for certain ground water 
information (7.3.1.3). 
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PURPOSE. AND WEE0 TO WONI10R GROUNQ bJASER ( con t inued)  

G U I D E  

84-EPA-4 
( c o n t i n u e d )  

DESCRIPTION 

Good gwidance f o r  r e g u l a t o r y  compliance w i t h  
CERCLA. L i m i t e d  s p e c i f i c  t e c h n i c a l  guidance 
f o r  t h i s  t o p i c  area .  

84 -E PA -7 ' I h i s  r e p o r t  presents f i n d i n g s  o f  a survey o f  
Rem. Response 395 u n c o n t r o l l e d  hazardous waste s i t e s  and a 
NW S i t e s  d e t a i l e d  s tudy o f  23 s i t e s  a t  which some rorm 

o f  c leanup a c t i v i t y  ' rs i n  progress.  

No s p e c i f i c  t e c h n i c a l  o r  r e g u l a t o r y  guidance ,  
b u t  may be u s e f u l  background i n f o r m a t i o n  For 
p l a n n i n g  cleanups r e q u i r e d  at d i s p o s a l  s i t e s .  

83 - E P A - l  
Guide t a  F4at.I. 
Se'B e c t  i on 
1 SWS -327 

83-E PA -2 
Rem. A c t .  
Tech. P l a n s  

83 --E P A  -4 
R C R A  Permi t  
writ.. Rainual 
GW Prst. 

83 -EI"-8 
PCB/TSCA 

S e c t i o n  3 pr-esgn'is a b r i e f  overv iew o f  t h e  
g r o u n d  wa,ter moni t i l r i n g  requi rements under 
RCRA and CFHCLA and notes t h a t  some s t a t e s  
may have requ i remrn ts  which d i f f e r  froc 
f e d e r a l  r e g u l a t i o n s .  

L i m i t e d  r e g u l a t o r y  gujdarice  f o r  compl i a m e  
w j t h  RCRA and o t h e r  r e g u l a t i o n s .  Good 
genera l  t e c h n i c a l  guidance f o r  p h y s i c a l  
aspects o f  ground w a t e r  rrsonitoring. 

C h ~ p t e r  5.0 o f  t h i s  docunefi t  d iscusses t h e  
g r o u n d  w a t e r  noiraitoriny f o r  both remedia l  
a c t i o n  assessments and design effectiveness. 

Some value as t e c h n i c a l  guidance f o r  t h i s  
t o p i c  area. 

Chapters 1 and 3 d i s c u s s  t h e  ~ b j e c t - i v e s  o f  a 
ground wate r  m o n i t o r i n g  network.  Chapter 2 
p rov ides  guidance t o  regula tors  on e v a l u a t i n g  
requests f o r  exemptions and w a i v e r s .  

Prov ides good overv iew o f  RCWA r e g u l a t a r y  
goa ls .  P a r t i a l l y  superseded by the Technica l  
Fnforcement Guidance Document ( UEGD) f o r  
r e g u l a t o r y  compliance w i t b  R C K A  B o n i t o r i n g  
mi  ves r e q u i  rerrnents. 

l h i s  document p resen ts  130 wide-ranging 
q u e s t i o n s  and answers r e g a r d i n g  PCB 
regula t ions  under TSCA. Questions 9, 10, and 
11 address PC5 s p i l l  c leanup requirements,  
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TO MONITOR GROUND WATER (continued) 

83.-EPA-8 
(continued) 

83-EPA-9 
Permit App. 
Guide Gen. Fac, 
Stds. SM-968 

DESCRIPTION 

and Question 42 briefly addresses 
requirements for PCB disposal sites. 

Represents current U.S. EPA policy on PCB 
regulations, but contains only limited 
specific guidance for regulatory compliance 
with PCB disposal requirements. No technical 
guidance for PCB disposal site monitoring. 

Section 5.3.7 presents a summary of major 
points t o  be considered as general 
requirements for a Part B RCRA permit 
application but does not include ground water 
monitoring requi rements. 

Limited technical guldance for this topic 
area 

82-E PA-2 Appendix A of this document discusses the 
Rem. Act. basic objectives for monitoring the ground 
Waste !l isp,  Sites water after remedial actions have been 

completed, 

88-EPA -2 
Western Coal 
Preliminary 
Designs 

HW Leachate 
SkJ-811 

Some value as technical guidance for this 
topic area. 

Recommends strategies for determining need 
for monitoring, describes alternative 
monitoring strategies (e.g., source sampling, 
unsaturated zone monitorfng), and gives some 
recommendations on selection of parameters 
f o r  potential ground water contaminant 
sources associated with strip mining o f  coal 
in the Rocky Mountain region. 

Technical guidance for this topic area 
limited in value because many recommendations 
are specjfic t o  the Rocky Mountain region or 
to coal-related wastes. 

Section 7 describes the need for leachate 
monitoring to characterize aqueous wastes 
which result from the disposal of hazardous 
wastes. 

Good general guidance for this topic area. 
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PURPOSE AND NEED TO MONITOR WOUND WATER ( con t inued)  

G U I D E  

80-4 PA -4 

80-EPA-5 
F n f .  Consid. 
HW S i t e s  

79 - E P A - l  
Western Coal 
P o l l u t i o n  Sources 

78 - E P A  -7  
Contain. 
P o t e n t i a l  
Su r f  ace  
Iiapound. 

D E S C R I P T I O N  

This background document p resen ts  t h e  U.S,  
E P A ' s  r a t i o n a l e  f o r  i n c l u s i o n  or e x c l u s i o n  of 
p u b l i c  comerats r e c e i v e d  i n  response to 
proposed r e g u l a t i o n s  f o r  ground miter 

f a c i l i t i e s .  
a n i t n r i n g l  a t  i n t e r i m  s t a t u s  hazardous waste 

Some va lue  as background i n f o r m t i o n  on t h e  
U , S .  E?A p o l i c y  toward ground w a t e r  
rnorri t o r i  ng . 
S e c t i o n  V I 4  def ine?;  t h e  d e t e c t i o n  a f  
p o t e n t i a l  l eacha te  con tamina t ion  as t h e  
p r i m a r y  o b j e c t i v e  f o r  m o n i t o r i n g  ground r?,ra$~r 
a t  l a n d  d i s p o s a l  s i t e s .  

L i m i t e d  t e c h n i c a l  guidance f o r  t h i s  t o p i c  
area. 

Descr ibes ex4sting and p o t e n t i a l  sources of 
gi-aund w a t e r  con tamina t ion  i n  the v i c i n i t y  of 
areas o f  coal -min ing development i n  k+pming 
and suggests p r i o r i t i e s  f o r  n i t i g a t j o n  and 
m o n i t o r i n g .  P o l l u t a n t s  considered Sncyude 
contaminants from a g r i c u l t u r e ,  c o a l  s t r i p  
m in ing ,  o i l  and gas e x t r a c t i o n ,  const ructSon,  
c o a l  convers ion,  sewage t r e a t m e n t  ponds and 
sludges,  s e p t i c  t a n k s ,  and a so l id  wa5Pe 
laaadf i 11. 

L i m i t e d  va lue  as t e c h n i c a l  guidance on 
i d e n t i f y i n g  p o t e n t i a l  contaminant sources. 

T h i s  document. p resen ts  t h e  Surface 
Impoundment Assessment (Sib,) Prografn devised 
t o  r a t e  t h e  con tamina l i an  p o t e n t i a l  o f  g1-0ur1Q 
wate r  f rom s u r f a c e  impoundments. The 
e v a l u a t i o n  system a p p l i e s  a nunrer ical  r a t i n g  
scheme t o  impoundments whjch y i e l d s  a 
f i  r s t - r o u n d  approximation s f  t h e  relatjve 
ground water con tamina t ion  potential a% these 
impoundments. 

L i m i t e d  guidance f o r  e v a l u a t i n g  m a n i t u r i n g  
needs o f  sur face  impoundmen.is. 
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... 

7 b --E PA -1 

Economic 
anit, GW: 

82 -NR C -3 
Characterizing 
Sites Low--Level 
Radioactive 
Wastes 

84 - 0 T A  -1 
Protecting GM 

S e c t i o n  I I I  discusses the overall c o s t s  and 
benefits to society involved i n  ground water 
monitoring from an eccrnom-9~ viewpoint. 
Section V presents jdeas on regulatory 
alternatives for preventing and mitigating 
ground water pollution. 

No regulatory or technical guidance. Some 
value as source for evaluating economic 
aspects o f  pollution control. 

Part I lists the technical requirements of 
10 CFR 51. These requirements have been 
partially superseded by subsequent a ~ ~ ~ ~ m e n t s  
to 18 CFR 61, 

Limited value as  technical guidance far this 
tapic area. 

T h i s  document presents the status (in 1983) 
o f  knowledge a b o u t  ground water ~ o ~ t a ~ j n a t i o n ,  
federal and state programs, constraints to 
ground water protection, activities, and 
funding for ground water protection, and 
i nc 1 udcs reco for national policy, 
technical research and 
development. Chapter 2 analyzes current 
knowledge about the sources, impacts, and 
extent o f  ground water contaminants. 
Chapter 3 summarizes existing federal laws 
and programs t o  protect ground water quality, 
while Chapter 6 describes federal efforts 
regarding hydrogeologic investigations, 
drinking water and ground water monitoring, 
and potential contamination source 
inventories. Chapters 4 and 7 discuss the 
status and shortcomings of state ground water 
programs, which principally involve 
inventories, source monitoring, water supply 
monitoring, and ambient water quality 
monitoring to detect contamination, 

Good source o f  background information on the 
nationwide status o f  ground water protection 
(as of 1983). 
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PURPOSE AND NEED TU ?40:4IIUH GROUND W41EH (continued) 

N ON GQV E R N M  E N I 
I.._..._...I R E F E ~ HE NC E s 

E v e r e t t ,  1980 Chzp tc r  11, S e c t i o n  1, c o n t a i n s  s t a t e n s ~ i s  
'tn The e f f e c t  t h a t  excessive ground 

and enforceable proper t y  rSgPi1.s f o r  g r a i ~ n b  
; e t e r ,  so ground w t e r  rc3ources must  be 
m a m g e d  by pirblic agencies ?tie purpcsr of 
rnonitoi-iny systems should SP t o  c o l l e c t ,  
analyze,  and manage qraund w t e r  data  and t o  
deterwi ne hyd rogeol og j c i n r o  rnat. ii on a s  
necessary i o  a i ' low public ayena'les t o  f u l f i l l  
t h e i r  oversigh!. reaponsi h i  7 it. i 2 s .  P o r t  ions 
of se~era i l  federal  s t a t u t c s  a r e  l i s t e d  w h i c h  
p e r t a i n  t o  ground water proiestSan. Sect ion  
2 describes. ~ o u r c e s  acd raiises of pol l i l t ion,  
including animal u a s i e b ,  i n d u s t r i a l  disposal 
ponds, % e w u  l eaks ,  o i l  f i e l d  brqnes, highway 
de Icing , and others . 

pP13lJt ion i s  dIJFS t o  3 l a c k  O f  'd??l-Spccified 

Sorile value a s  grneral  technical  gu idance,  
~i t, h i n t e r e  s t i n y v i ew:, c i n i s on s o c i o e c on orii i c 
a s p e c t s  o f  ground w a t e r  irianagenent . 

NaI 1 Res. Coiinc i 1 
1985 
6!d  P r o t .  S t a t e /  
Local S t r a t egy  

r h i s  repor t  dia-d'lyzcs nmei  ous s t a t e  a n d  local  
ground water programs, r o c i j s i n g  on t h e  
prever;lion of contamination. Po1lutiai-i 
S O I J T C ~ S  s t u d i e d  i n c l u d e :  s o l i d  waste 
disposal  ; hazardous w a c t e  t w a t m n t ,  s to rage ,  
a n d  d i sposa l ;  s e p t i c  systcms; a g r i c u l t u r a l  
chemical a p p l i c a t i o n s ;  p e t r s l ~ u c  production; 
a n d  o t h e r s .  Chapter 2 presents .?i summary of 
conclusions and  recommendations by t h e  
Committee on Ground Water Quzlity Protect ion,  
which p repared  t h i s  repar t .  

Good cur ren t  general guidance on s t a t e  
requirements and p o l i c i e s  f o r  p r e v e n t i r i y  
ground water contain? n a t i  on. 

RELEVANT ~ STATE _..._..l__l REGULATIONS 

- b .  11.e n i a j o r i t y  o f  s t a t e s  have adopted by reference t h e  federal  
ground w a t e r  r e g u l a t i o n s  f o r  hazardous :dashe f a c i l i t i e s ,  Some states, 
however, have enac-Led more s t r i n g c a t  requirements. Mew Jersey ,  f o r  
exzmple, p r o h i b i t s  u a i i v e r  of  a l l  ground w a t e r  imnitor ing requ i rements  
f o r  hazardoils w a s t e  managensent f a c i  l i  l i e s  and i n d u s t r i a l  waste 
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UND MATER (continued) 

... 

~ ~ ~ ~ ~ e ~ ~ ~ ~ .  facilities, Additionally, monitoring r ~ ~ ~ i ~ e ~ e n ~ ~  for 
~~~a~~~~~~ w a s t e  facilities in Californ'sa include monitoring o f  ground 
water ,  morr i tor i r rg o f  the ~ n s ~ ~ ~ ~ a ~ ~ ~  zone, and ~ ~ n i t o r j ~ ~  of air. 
Wisconsin has f i v e  classifications o f  monitoring activities, including 
(1) problem assess ent ~ Q n ~ t Q r i n ~  applicable to commun-ity and private 

(2) regulatory monitoring applicable at existing 
a1 and wastewater operations, ( 3 )  at-risk well 

monitoring applicable at known contamination sites, ( 4 )  management 
practice monitoring for applied research, and (5) monitoring planning 
for coordinating and carrying out monitoring practices and objectives. 

Under New Jersey's Enwlronmental Cleanup Responsibility Act 
( E C R A ) ,  industrial property owners are responsible for the cleanup o f  
hazardous waste before property can be sold or transferred. 

California i s  establishing a ground water data base and is 
~ e \ ~ ~ l ~ p i n ~  county maps which describe patterns o f  (1) restricted 
pesticide use, (2) pesticides detected in ground water, ( 3 )  soil types, 
and ( 4 )  depth t o  ground water. 

requirements for road construction sites, irrigation wells, and areas 
near water supplies. For example, New Jersey requires the testing o f  
~ r o u n ~  water for contaminating substances at road construction sites; 
Arkansas requires monitoring o f  selected irrigation wells for possible 
contamination from agricultural practices; and Arizona requires 
monitoring near Phoenix's water supply. To control pesticide 
contamination of  ground water, Connecticut has regulations simdlar to 
federal rules under the Federal Insecticide, Fungicide and Rodenticide 
Act regulations that restrict the use o f  some pesticides by requiring 
that they be applied only by a licensed operator. 

Some states have site-specific ground water monitoring 

To carry out  their ground water policies, stat.es are also 
eveloping cont ro l  programs that focus on land use ( e m s . ,  
assachusetts, Florida), septic tanks (e.g., Pennsylvania, New Jersey, 

Mississippi), agricultural contamination ( e . g . ,  Iowa, North Dakota) ,  
underground storage tanks (most. states), response t o  contamination 
incidents (e.g. ,  Maine, North Carolina), brine disposal ( e . g . ,  New 
Mexico, North Dakota), and radionuclides ( e . g . ,  Texas, New Jersey). 
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DESCRIPTIOH ~ 

Applicable t o  operat ional  uranium in i l l s  and 
t a i l i n g s  s i t e s ;  r equ i r e s  i n  C r i t e r ion  5 t h a t  
ground water p ro tec t ion  methods be determined 
on a s i t e - s p e c i f i c  b a s i s  arid s p e c i f i e s  
cert.airn subsurface q e o l l ~ g i c  and hydraulic 
information which should be d e t e r n l n e d .  

342 C F R  1 9 2 . 2 0 ( a ) ( 2 j  Requires t h a t  t h e  hydrogeologic assessn!eni 
conducted s t  each  i n a c t i v e  uranium o r  thorium 
processing o r  waste  deposi tory s i t e  should 
include a monitoring system s u f f i c i e n t  t o  
e s t a b l i s h  background data  and i d e n t j f y  
presence o r  movement of  contaxinant pluner; 

10 C F R  61.53 

SDW4 

40 C F R  145.13(b) 

- -- 

48 C F R  146.23 

40 C F R  1 4 5 . 3 3 ( b )  

Applicahlt?. t o  t h e  land disposal o f  low d ~ v s l  
raddoactiwe by-products  source,  and spcc ia l  
nuclear  material under an N A C  l i c e n s e ;  
requi res t h e  e s t ab l  i shrneait of a n  
env i  r o n m n t a ?  m n i t o r i n g  prog rac  t o  e v a l u a t e  
potentjal envi r o n m m t a ?  irnpacis a n d  t o  detect  
radionucl ide relea5es p r i o r  t o  t h e i r  leaving 
t h e  s i t e  boundary. 

S p e c i f i e s  monitoring requirements f o r  Class I 
underground i n j e c t i  on we1 1 3 ,  i nc 1 u d i  fig 
analyses of t h e  in j ec t ed  Fluids ,  monitoring 
o f  flows and i ) re5sures,  a n d  monitoring o f  
w r ! l s  i n s t a l l e d  t o  d e t e c t  a n y  migration i n t o  
t h e  sourc6? of d r i n k i n g  water.  

Spec i f i e s  monitoring requirements f o r  Class 
I1 injec'r,ion W@llj ,  including i-mnitoring o f  
t h e  nature  nf  t h e  i n j ec t ed  f l u i d s  and  
o b s e r v a t i o n  of f l o w  and pressures .  

S p e c i f i e s  monitoring requirements f o r  Class 
111 i n j e c t i o n  wells, inclucijng meanitoring of 
t h e  n a t u r e  of in.jected f l u i d s  p re s su res ,  and 
flow r a t e s ;  monitoring of t h e  f l u i d  level  i n  
t h e  i n j e c t  ion zone; and parameters necelsary 
f o r  mea5kmring w a t e r  q u a l i t y  i n  wells 
spec i f i ed  by i 4 6 , 3 2 ( e ) .  (See Purpose and 
N e e d  t o  Nunitor Ground !dater.) 
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.... 

MONIlORIWG SYSTEM DESIGN (continued) 

REGULATION _. DESCRI I_______^_ PT ION 

... 

40 C F R  241 -204-2 Recommends that design plans include proposed 
locations of observation wells, sampling 
stations, and testing programs, when 
appropriate, at nonhazardous solid waste 
disposal sites. 

RCRA 

40 CFR 264.97(a) 

----̂  

40 CFH 264.97(b)  

40 C F R  265.91(a) 

Specifies that ground water monitoring 
systems a t  all hazardous waste land disposal 
facilities must consist of  a sufficient 
number of  wells to yield samples which 
represent background conditions and 
conditions a t  the point of  compliance. 

Allows use o f  a single monitoring system for 
multiple regulated hazardous waste units, 
provided the system would detect migrating 
constituents. 

Requires that the number, location, and depth 
o f  wells in the ground water monitoring 

a t  hazardous waste land disposal 
facilities operating under interim status 
mu5t (1) be sufficient to yield ground water 
samples that are representative of background 
water quality and include at l eas t  one 
hydraulically upgradient well and ( 2 )  be 
capable of detecting any significant amount 
of waste migration and include at least three 
hydraulically downgradient wells. 

TSCA 

40 CFR 761.75(b)(6)(ii) Applicable to PCB disposal landfills; 
requires minimum of three ground water 
monitoring wells, depending on hydrogeologic 
conditions, and prescribes well spacing 
requi rements. 

111 G U I D E  

86 - E P A - l  
Tank Leak 
Oetec t i on 

... 

___I_---- DESCRIPTION 

Section V b r i e f l y  describes several types o f  
ground water monitoring wells which may be 
used to detect leaks in underground storage 
tanks and presents diagrams t o  show correct 
spacing and screening. 
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MONITORING SYST€M DkSlGN ( c o n t i n u e d )  

G U I D E  DESCRIPTIO@ 

86-€PA-1 
( c o n t i n u e d )  

86 - E P A - 5  
TEGD 

Some va lue  as t e c h n i c a l  guidance; good 
reference source  f o r  o b t a i n i n g  a d d i t i o n a l  
c u r r e n t  i n f o r m a t i o n  an underground s to rage  
tank m o n i t o r i n g .  

Chapter  1 presents  a l i s t  o f  hydrogeologic  
techniques which, a t  a mjnirnum, should be 
used t o  c h a r a c t e r i z e  a d i s p o s a l  s i t e ;  
desc r ibes  necessary c o r q m e n t s  O F  a b o r i n g  
program; and g j v e s  procedures and examples 
for  i d e n t i f y i n g  ground water f low p a t h s .  
Chapter 2 p resen ts  cr l ier ' ia  f o r  U . S .  E P A  
a f f i c i d l s  t o  u s e  i n  de tc rn i i n ing  t h e  adequacy 
of  a f a c i l i t y ' s  de tec t ion  w m i t o r i n g  w e l l  
sys tem,  i n c l u d i n g  loca t  i o n s  o f  daaaig1 adient 
we1 1 s , h o r i z o n t a l  spar i rig between w a l l  s ,  
d e p t h  o f  wells, and v e r t i c a l  sampling 
i n t e r v a l s .  Chapter €I d iscusses d i r e c t  and 
i n d i  r e c l  techniques Tor i d e n t i f y i n g  and 
c h a r a c t e r j r i n g  contaminat  Ion .  

Current t e c h n i c a l  guidance for= R C R A  
r e g u l a t o r y  csriip1 iance .  Good t e c h n i c a l  
guidance f o r  t h i s  t op ic  a r e a +  

Chapter ? p resen ts  an overv iew c f  W C W  ground 
water r e g u l a t i o n s  and d e s c r i b e s  the  in tended 
designs o f  d e t e c t i o n  and compliance 
m s n i t o r i n g  and c o r r e c t i v e  a c t i o n  pvogi-ams. 

C u r r e n t  r e g u l a t o r y  g u i d a n c e  f o r  compliance 
w i t h  R C R A  (48 CFW 26< and 2 6 5 ) .  L i m i t e d  
va lue  a s  t e c h n i c a l  guidance f o r  t h i s  t o p i c  
area  - 

84 -EPA -2 
Permi t  App. w i t h  R C R A  r e g u l a t i o n s  r e q l i i r i n g  the 
6 u i  de I1W Fae i 1 i ti es 

S e c t i o n  9.3 p rov ides  guidance f o r  complying  

i d e n t i  f i  c a t 1  on nf  t h e  uppermost a q u i  f2.r and 
i t s  c h a r a c t e r i s t i c s ,  and  SecLion 9 . 4  provides  
guidafi ice f o r  determfnincj  t h e  w a s t e  management 
a r e a ,  p o i n t  o f  cornp:iance, and w e l l  l o c a t i o n s .  

Good r e g u l a t o r y  g u i d a ~ c e  f o r  compliance w i t h  
R C R A .  P a r t i a l l y  superseded by T t G E  f o r  
t e c h n i c a l  gu idance  f o r  ccrspl iance w i t h  R C R A .  
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... 
~ O ~ ~ ~ O R I ~ G  SYSTEM DESIGN (continued) 

G U I D E  DESCRIPTION 

$4-E PA-3 
Permi t W i t .  at a location as a criterion for an 
Guide HW Facilities 

Section 2.3 discusses the ability to monitor 

acceptable hazardous waste facility site. 
Section 3.2.1 provides regulatory guidance 
for RCRA ground water requirements, 
3.3.2 provides guidance t o  regulators on 
combining more than one ground water 
protection program in a facility permit. 
Section 4 presents four case studies to 
illustrate how the location criteria should 
be applied when regulators evaluate RCRA 
permit applications. Does not  reflect the 
requirements of the 1984 RCRA amendments, but 
update of this document is anticipated by end 

Section 

Qf 1986, 

Some value as general guidance for reviewing 
C R A  ground water monitoring systems. 

8 4 -E PA.- 5 

SW-9 2 5 
Soi 1 Properties 

$3-EPA-1 
Guide t o  Watl. 
Sel ect i an 
ISWS-327 

$ 3 4  PA-? 
Rem. A c t .  
Tech. Plans 

Presents a review o f  state-of -the-art 
procedures for s o i l  characterization and 
hydraulic conductivity testing, which are 
essential fcir evaluating a site and designing 
a ground water monitoring system, 

Good technical guidance for site 
characterization. 

Section 5 contains a brief discussion on 
selecting well locations, but does not 
address the design o f  monitoring systems in 
general. 

Limited technical guidance far this topic 
a rea. 

Table 5-1 evaluates monitoring program design 
considerations for remedial action 
assessments. Items considered include 
exposure/health effects, site assessment, and 
evaluating the effects of the  remedial 
actions. 

Some value as technical guidance f o r  
designing monitoring systems for remedial 
actions. 
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O H I T O R I N G  SYSTEM DESIGN (continued) 

GUIDE DESCRIPTION 

83 -E PA-4 
R C R A  Permit 
Writ. Nanenal 
GW P r o t .  

83 - € P A 4  
GW Guide Int. 
Status 
SLJ-4 6 3 2 . 2 

82 -E PA -2 
Rem. Act. 
Waste Disp. Sites 

81 -EPA -1 
61.4 Qual i ty Samp. 

Chapter 3 provides guidance f o r  use in 
evaluating the general des ign  o f  monitoring 
networks, including t he  necessary site 
characterizations. Provides helpful 
information on t h e  selection of well 
locations under special circumstances such  as 
ground water mounding and tidal influences. 

Good technical guidance for RCRA permit 
writers and a p p l i c a n t s .  Partially superseded 
by TEGD f o r  regulatory compliance w i t h  RCWA 
weal locatim requiremnts. 

Section 1 discusses the requirenwiti of 
40 C F R  265 and t h e  intent o f  t h e  U - S .  F P A  
regarding RCRA ground b ~ a t e r  monitoring 
S e c t i o n  presents methods f o r  determining and 
evaluating site characterjstics and choos ing  
well depths and locations. 

Limited applicability a s  current guidance f o r  
regulatory compliance since R C R A  facil'rties 
must now attempt t o  comply b i i t h  40 CFR 264 
requirements rather than 48 CFR 265 interim 
status standards. Good general technical 
gsnidance f o r  this topic a r e s ,  

Appendix A discusses the importance o f  
establishing a solid ground water qual'rty 
background data base t o  ensure t h a t  
analytical results o f  t h e  monitoring well 
d a t a  a r e  interpreted properly. 

Limited for technical guidance for this topic 
area A 

Sections 3 and 4 discuss preliminary site 
evaluations and hydrogeologic considerations 
in characterizing s i t e s  and determining 
depths and locations o f  monitoring wells. 

Good general technical guidajace f o r  t h i s  
topic area. 
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~ ~ ~ 1 1 ~ ~ 1 ~ ~  SYSl t DESIGN (continued) 

G U I D E  _____I_ DESCRI P T l O  _. 

c9 -E PA-1 
HW Land Treat. 

Ell -EPA -2 
EHC GW 

I 11 ve s t 's g a t  i on s 

Section V covers the purpose o f  monitoring 
wells and t h e  p l a n n ~ n ~  o f  monitoring well 
networks, includin external requi remenis 
such as local regulations and buried 
utilities, necessary hydrogeologic data, and 
well placement strategy. Gives examples for 
well placement and recommends well nests 
(clusters) for defining plume movement. 

Good general technical guidance f o r  this 
topic area. 

Chapter 9 of t h i s  document d i s c u s s e s  
monitoring t h e  emnsat rated zone by 
pressure-vacuum lysimeters, vacuum 
extractors, and trench ly5im@terS, and 
describes ground water monitoring with well 
c3 usters e 

Some value as technical guidance on 
monitoring o f  t h e  unsaturated zone. 

88 -EPA -2 Recommends strategies for determining need 
Western Coal for monitoring, describes alternative 
Preliminary Designs monitoring strategies ( e . g . ,  source sampling, 

unsaturated zone monitoring), and gives some 
reco~endations on selection of  parameters 
for potential ground water contaminant 
sources associated with strip mining o f  coal 
in the Rocky Mountain region. 

Limited technical guidance for this topic 
area; many recommendations are specific t o  
the Rocky Mountain region or to coal-related 
wastes. 

80 -EPA-3 

SW -87 1 
HW Leachate 

Section 7 describes the design of  a leachate 
monitoring program as highly site-specific. 
The major objective should be to minimize the 
number and types o f  analyses performed while 
still generating data sufficient t o  satisfy 
the objective o f  the monitoring program. 

Some value as technical guidance for this 
topic area. 
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MePBdZIORING S Y S l E M  D E S I G N  ( con i i f iucd )  

8 8 .  
Enrf 
HW 

.E PA -5 
. Consid 
Sites 

76 -EPA-5 
Msnit. GLJ: 
Honi t. Mcth . 

Section V I  s t a t e s  L h i t  a gr-QUnrj wr?ter 
irroribrirq system s h o u l d  p r n v i d e  t h e  
follnwing: depth t o  hcter table, natural 
r a t e  and  direction of floi-:, locatims o f  
poienif31 o r  a c t u a l  recharge and d f s c h a r g e  
a i m s ,  types  arid ini :cx~asciion of t h e  
a q u i f e r s ,  ar:B ground w a t e i  ~ I S P  in t h e  
v; c: i r r i  ty . 
Limited techi-iical gu 
a r e a .  

daf l cc  f o r  this t o p i c  

Sections 1 . 6  and 1 . 7  d i s c 1 ~ 5 5  f ac to r s  to 
consider during the s i t e  arsessmwt  and 
p r v i i m i r l z r y  investigations. Chapie; 2 covers 
t h e  design of the monitor-inq \ d e l ?  nciwgp-k, 
jncluding an  excellent discu5sion o f  
hydrogeologic f a c t o r s  that affect contaminant 
iriouemor;15 aird should bc considered irl 
d e t e n n i n f n g  we! 1 placeren.!. 

Good technical guidance; s: i 1 1  current. f o r  
t h j  P topic a r m .  !*!vi t t e n  f oi- nonhasardou5 
solid w a s t e  facilities, b u t  applicable t o  all 
t ypes  of monitoring. 

l h ~ s  repoiat presents f i v e  ca5e  histories o f  
qround w . ? ? ~ t -  containination 2nd t h e  nronitaring 
iechnfques employed a t  ~ a c h  site, and 
discusses nsnitoring of the l a n d  SUr-faCt?, 
vadose z o i i ~ ~  a n d  sa iu r s t ed  zone for several  
examples . 

Some value as general tecksr ical  guidance f o r  
t h i s  t o p i c  a r e a ;  has beer: superseded by more 
r e c e n t  technical ghldance for r e g u l a t o r y  
compliance w i t h  'TSCA a n d  WCRA. 

S h i s  decumpnt presents  a 1 5  ;^rep methedology 
for implementing a ground ~ t e r  monitoring 
prograrp r 

Some value a s  t e c h n i c a l  guidance f o r  this 
topic a r e a .  Has beer] superseded by more 
recent I:ncuments for d e s i g n  o f  systems 
r e q i l i  red by federal radioactive or hazardous 
w s t e  regulations. 
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MONITORING SYSTEM DESIGN (continued) 

GUIDE DESCRIPTION 

85-DOE-1 
GW Poll. 
onit. 

This docu~ent contains citations concerning 
the monitoring of various groun 
pollutants. Monitoring methods, contaminant 
migration, and pollution regulations are 
discussed. 

Good source o f  information for locating 
additional references on specific ground 
water topics. 

83-DOE-1 
Effluent Radio- 
logical Meas. DOE garnma-emitting radionuclides in liquid 

Section 5.3 presents monitoring system design 
considerations for the quantification of 

effluents. 

Good technical guidance for monitoring of 
radioactive waste facilities. 

85 -N IRC -3 
Ghl Contam. 
Nuclear 
Accidents 
Qol. 1 

This document evaluates the feasibility and 
desirability o f  utilizing specific groun 
w a t e r  containment and mitigation techniques 
t o  control radionuclide migration in ground 
water flow systems following a nuclear core 
melt accident. Section 3 presents the method 
by which 97 U.S.  nuclear power plant sites 
were characterized using five hydrageologic 
criteria . 
Good technical guidance regarding 
radionuclide transportation in ground water 
and hydrogeologic classifications. 

83-NRC -1 Part I1 describes ten potential pathways of 
Subsurface Faonit. waste migration into soil and ground water, 
Low-Level and Part I 1 1  presents methods for monitoring 
Radioactive Waste the pathways in both saturated and 

unsaturated zones. Part IQ presents examples 
o f  exqsting monitoring station networks and 
points out factors to be considered in 
designing systems. 

Good technical guidance for design of 
monitoring systems, especially applicable to 
the types of facility designs used at 
low-level radioactive waste disposal sites. 
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bnlON1TORIWG SYST€M DESIGN ( con t inued)  

-I-- G U I D E  

82 NRC-3 Parts I I  and IV summarize pa;-r;ne+ers t h a t  
C h a v a s t e r i  r f  ng m u s t  be q m n t i f i e d  a ~ r d  used f o r  b a s e l i n e  arsd 
S i  le5 L o!,!-Level detectiun m o n i t o r i n g .  Pari, 111 l i s t s  
Radjoac L i v e  Nasies m o n i t o r i n g  sys tem des ign  parameLers 

c 0 I3 5 i d e red l i l0 5 t i rsp 0 F ' t  a n t d t rep i e sen tilt -i v r 
s i t e s  i n  f o u r  s t a t p s .  Appendfzes A ,  8, and C 
d e f j n e  g e o l o g i c a l  c h a r a c t c r i s t i c s ,  s o i l / r o r k  
m a t e r i a l  c l a % s i f i c a t i o n ,  and rcn l zg  
parameters, r e s p e c t i v e l y .  Apper~J ix  0 deF'lne5 
h y d r o l o g i c a l  parameters ,  and  Apdmd ix  F 
desc r ibes  geo tecbn ica l  parameten  which a r p  
u s e f u l  in planrs i rq  r x 5 t o r i n y  g r o g r a m .  

G o d  technfcal guidance  f o r  t h i s  t o p i c  a r e a .  

18-NRC-1 
Gd.! Flements 
Uranium W n i n y  

84 -0 I A  -1 
P r o t e c t i n g  GlEJ 

NON GOY E R N b? E bi 1 
REFERENCES 

AST N 
1981 

Chapter 3 describe.; i h p  de5 ign  of m o n i t o r i n g  
networks a t  t w o  i n  s i t u  leach uranium iiiliiiifry 
s i t e s  t o  d e t e c t  excurs ions of t h e  l i x i v i z o t s  
i n t o  ore-zc~ne aquifers .  Inilially, we'Slr are  
i n s t a l l e d  t o  obtain background in:orrnal;an 
f o l l o w e d  by two r ings  nf  w e l l s  around t h e  are  
body.  

Good t e c h n i c a l  guidance f o r  m o n f t o r i n g  ~ y s t e i ~ s  
d e s i g n  a t  i n  s i t u  l each  tiran?uili min ing  s i t e s ;  
m 8 ~ y  aspec ts  o f  t h e  gulclance a re  a l s o  
a p p l i c a b l e  t o  o t h e r  types o f  f a r j l i t i $ s .  

Chapter 5 discusse5 % t a t u s ,  n h j c c t i v c s ,  
i n f a r m a t t o n  requ i reme i l t s ,  and o n c e r t a i t t i i e s  
o f  hydrogeelogic  i n v e s t i g a t i o n s .  Chapter- 6 
i n c l u d e s  a st~mmai-y o f  ground w a t e r  m o n i t o r i n g  
r - q u i  rements f o r  1 6  f e d e r a l  s t a i u t e s .  

Good source o f  hackgrsdnd i n f o r m a t i o n  needed 
f o r  monitoring system design.  

Th is  t e x t  i s  a c o l l e c t i o n  of papers  p resen ted  
a t  an American S o c i e t y  f o r  T e s t i n g  and 
M a t e r i a l s  ( A S I N )  symposium. T h e  papers  deal  
m a i n l y  w i t h  p e r m e a b i l i t y ,  w h i c h  i s  o n l y  one 
o f  t h e  f a c t o r s  required t o  p r d ' l e t  groinnd 
wa te r  contani lnant  t r a n s p o r l  . 
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MONI'IORING S Y S l E M  DESIGN (continued) 

ASTM 1981 
(continued) 

Cheremi si nof f 
1984 

Ci bri k 
1985 
NWWA Proc. 

Clark 
1980 
Groundwater 

DESCRIPTION 

Good technical guidance on soil permeability 
is presented in a series of case studies. 

Chapter 5 describes t h e  active and passive 
types of monitoring systems. The advantages 
and drawbacks of the two monitoring systems 
are discussed, and factors involved in 
choosing a monitoring system are covered. 

Limited technical guidance for this topic 
area. 

This paper describes the various steps taken 
to resolve the deficiencies in an existing 
R C R A  monitoring system. Four major problems 
with an existing RCWA monitoring system were 
discussed: (1) only the soil zone above the 
bedrock was monitored, (2) no detailed 
characterization of the bedrock had been 
conducted, (3 )  there were no upgradient 
wells, and ( 4 )  no wells were located at the 
hydraulically downgradient limit of the 
impoundment area. The paper provides 
information on the development o f  designs for 
ground water monitoring systems which are 
suitable for specific hazardous waste 
management sites. 

Good technical guidance for designing a RCRA 
monitoring system; also applicable to other 
systems. 

This article presents results of a survey of 
state monitoring practices at. waste disposal 
sites in 1979. Topics in the survey include 
regulatory framework for requiring 
monitoring, chemical parameters analyzed, 
recommended methods o f  monitoring well 
construction and sample collection, 
laboratory quality control, data 
interpretation, and postoperational 
monitoring requirements. 

Good source of background information on 
state ground water programs prior to R C R A .  



MONIlORING SYSTEM D E S I G N  ( con t inued)  

D r i  s c o l  1 
1986 

Chapter 21 d iscusses ground water m o n i t o r i n g  
techniques.  The correct .  l o c a t i o n s  and de 
f o r  m o n i t o r i n g  wells should ensure t h a t  t h e  
maximum i n f o r m a t i o n  concern ing t h e  e x t e n t  o f  
t h e  con tamina t ion  i s  ob ta ined .  Chaptei- 16 
p resen ts  the  procedures i n v o l v e d  i n  t h e  
c o l l e c t i o n  and a n a l y s i s  o f  purnpfng t e s t  
da ta ,  'lbese t e s t s  a r e  conducted t u  determine 
t h e  perfor~ance c h a r a c t e s i s t i e s  o f  a w e l l  and 
t h e  h y d r a u l i c  parameters o f  an a q u i f e r  

Good t .echnica1 guidance f o r  t h i s  t o p i c  a rea .  

Chapter I ,  S e c t i o n  3, presents a d e t a i l e d  
15-step approach 10 f o rm ing  a franrework f o r  
t h e  p l a n n i n g  and  development o f  a ~onitoring 
prclgram. Cons ide ra t i on  i s  g i v e n  ti, va r ious  
sources o f  pollution and t ypes  o f  
contaminants l i k e l y  t o  be. encountcred and 
i n c l u d e s  s w ~ r z l  examples o f  m o n i t o r i n g  
system designs . Chapter I I I d i s c i i s ~ e s  actual 
m o n i t o r i n g  methods and caclts f o r  m o n i t o r i n g  
a t  t h e  l and  su r face ,  i n  t h e  wdacle zone, and 
i n  the  zone o f  s a t u r a t i o n .  

Chapter V covers t h e  m o n i t o r i n g  o f  w a s t e  
d i s p o s a l  wells and i n c l u d e s  v e r y  i n f o r m a t i v e  
sec t ions  on t h e  a c q u i s i t i o n  and 
i n t e r p r e t a t i o n  o f  subsur face data,  t h e  
p r e d i c t i o n  o f  a q u i f e r  i-espoilse t o  i n j e c t i o n  
a c t i v i t i e s ,  and t h e  des ign  o f  m o n i t o r i n g  
systems f a r  underground i n j e c t i o n  w e l l s .  

p r e d i c t i n g  a q u i f e r  response. F i v e  case 
h i s t o r i e s  o f  ground water p o l l u t i o n  w i t h  
e v a l u a t i o n s  o f  t h e  morl ' r tor ing systems a r e  
presented i n  Chapter V I .  

erous example c a l c u l a t i o n s  a r e  g i v e n  f o r  

Gocd t e c h n i c a l  gu idanre f o r  t h i s  t o p i c  a rea ,  
especially f o r  m o n i t o r i n g  underground 
i n j  e c t  i on we 7 1 s . 
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... 
ITORING SYSTEgY DESIGN (continued) 

... 

-~ REFERENCES 

Everett 
1981 
GW Monit. Rev. 
Vol. 1, No. 1 

Eve ret t 
1981 
GW Monit, Rev. 
Vol. 1 ,  No. 2 

Everett 
1982 
Ground Mater 

Everett 
1984 

DESCRIPTION 

The paper addresses some o f  the more specific 
ground water monitoring methods for the zone 
o f  saturation. Topics such as geological 
sampling, borehole geophysics, water level 
measurements, water sampling, well 
hydraulics, and time changes in quality are 
discussed. 

Good general guidance for this topic area. 

This paper provides an overview of topsoil 
and vadose zone monitoring techniques f o r  
observing storage changes, monitoring water 
movement (flux), and sampling both soil and 
water in unsaturated and perched water zones. 

Some value a s  general guidance for this topic 
area. 

The purpose o f  the paper i s  to review 
alternative selection criteria for vadose 
zone monitoring at hazardous waste sites, 
categorize specific premonitoring and 
monitoring methods relative t o  the selection 
criteria, and to exemplify a possible vadose 
zone monitoring package for a hazardous waste 
impoundment. Many tables and figures are 
presented which describe such items as 
premonitoring, sampling methods, nonsampling 
methods, and alternative methods for vadose 
zone monitoring. 

Good technical guidance for the design of 
vadose zone monitoring systems. 

Contains extensive discussions o f  factors to 
be considered in monitoring system design, 
including the hydrogeologic setting o f  waste 
disposal sites, characterization o f  
subsurface geologic conditions and 
unsaturated zone hydrology, and capabilities 
and limitations o f  available monitoring 
devices. Primary emphasis is on 
characterizing and monitoring the unsaturated 
zone, but it a l s o  contains information and 
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NONITORIN6 SYSTEM DESIGN (continued) 

Everett 1984 
(continued) 

Freeze 
1 sa9 

Fukiii 

J .  Hydrology 
1985 

DESCRIPTION 

recommendations on saturated zone monitoring 
and on determining whether unsaturated zone 
monitoring is required. Includes (Chapters 7 
and 89 discussions o f  specla!  considerations 
in monitoring i n  various dist"rct 
hydrogeologic settings (coastal p l a i n s ,  
qlaeial deposits, river floodplains, 
fine-grained s e d i m n t  over kaP-st. limestone, 
deser ts ,  and f rac tured  rock) and reconmended 
conceptual designs fo r  combined 
saturated-unsaPuraied zone monitoring f o r  
several hypothetical waste sites. 

Goad technical guidance for u n s a t u r a t e d  zone 
monitoring system design; soii~c value as 
genera? technical guidance f o r  the t o p i c  a rea .  

I h i s  book provides a very good, broad, 
interdisciplinary coverage o f  ground !dater 
p r i n c i p l e s  such as physical properties, 
chemtcal proper t ies  qsaiind w a t e r  geology, 
f l o w  n e t s ,  the hydrologic cycle, chemical 
evolution of natural qround water ,  resource 
evaluation, contamination, geotechnical 
problems, w d  geologic processes w h i c h  w w 1 d  
be important for site c h a r a c t e r i z a t i o n  and 
monitoring system design. Although the t e x t  
gives an overview ~f the above-mentioned 
topics, the ope]-ationa? a s p e c t s  o f  these 
topics and others a re  n o t  presented- 

Goad source of  technical background 
information; w i d e t y  quoted in t h e  literature, 

lhis paper describes io coi-itinuous monitoring 
method for radon -222 concentrations in 
uneorifined ground water which MZ used t o  
obtain information on lover boundary 
concentrations of radon in t h e  aerated zone. 
T h i s  method can be used t o  d e t p c t  radium-226 
migration from a nuclear waste repository and 
generally can a s s i s t  in understanding radlori 
dynamics in unconffned ground ~ t e r  close t o  
l tw ground surface. 
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. ."-. 

MONIlORING SYS'IEM DESIGN (continued) 

WONGOV€RMMEN'I 
-__--I_.- REFERENCES 

Fukui 1985 
(continued) 

Guswa 
1984 

Johnson 
1981 
GW Monit. Rev. 

... 

Li ggett 
1985 
ASTM S1P 867 

-__1_1_1 DESCRIPTION 

Good source of technical guidance for rad 
and radon monitoring . 
Book contains several discussions o f  phys 
and chemical factors that may affect the 
distribution o f  contaminants in the 
subsurface; several case studies o f  ground 
water contamination investigations are 
reported. Part 11, Chapter 3 ,  includes a 
comprehensive review o f  geophysical 
techniques for site investigation. 

um 

ca 1 

Good technical guidance for this topic area; 
emphasis is on monitoring to investigate 
existing contamination. 

The paper discusses and compares the use o f  
observation wells and pressure-vacuum 
lysimeters for monitoring water quality in 
the unsaturated zone below three sanitary 
landfills. Studies at the landfills found 
that samples o f  soil moisture obtained by 
pressure-vacuum lysimeters indicated the 
presence of leachate beneath the landfill, 
while samples at the monitoring wells 
generally did not show leachate contamination. 
Some limitations to the use of lysimeters are 
given, such as small sample volume and 
plugging of  the cup pores. 

Some value as technical 9uidanc.e for the use 
of lysimeters. 

This article recommends t he  installation of 
some RCRA monitoring wells close together and 
t o  the same depth in order to eliminate 
spatial variations during data evaluation. 

Some value as guidance for possible 
alternatives t o  standard RCRA design 
procedures. 



Os i ensky 
1983 
Ground Ha4 et- 

Rai 1 
1385 
J .  Env. Health 

Ma 1 t o n  
1910 

Section 5.2 describes the selection of we13 
sites and lists six hydr-ogrologic items of 
information t h a t  i r u s t  be specified For any 
proposed drilling site. Tnis section a l s o  
covers typical c;ilernma> that are  o f t e n  
encount.ered in drill campajgna and 
possible alternatives f o r  P a c h .  The design 
cr'lteria f o r  production and observa t ion  
boreholes a r e  discussed in Sections 5.3 and 
5.4. 

Some value as technical g u t d a n c e  f o r  well 
siting but provides little informaiaon on 
ov~rall mot-litoriilg sys tem dt.sign f o r  
contaminant d e t e c t i o f i .  

This paper  d i  scusse= qroimd w 3 t e r  moni toring 
procedGres f o r  delineating t h e  geometry o f  a 
contamfnant p1ui-r.r- nii~rating through buried 
s i r e a n  rhanne? deprssi t s .  the study focuses 
on yround water monitoring at uranium mill 
waste disposal sites l o c a t e d  in fluvial 
envl ronmerats. 

Good technical quidznce f o r  designing 
monitoring systems a i  r s r a r ~ l t l v ~  n?-I I 1  waste 
disposal sites. 

[Re paper d e s c r i b e s  the basics for- 
e s t ab l l sh i r ig  a systematic ground w s t e r  
monitoring plan t o  avoid o r  identify 
water - re la ted  problenis. Six b a s i c  steps t o  
fo l low when constructing a ground water 
monitoring plan are listed, and  an example o f  
implementing a p l a n  on a local level  is givers .  

Good overall technical g u i d a n c e  f o r  th-is 
topic a r m .  

T h i s  bonk provides a general  understanding of 
hydrogeologic concep ts  such as b a s i c  
principles, fundamental equatfons,  
hydrogeol ogi c model ng , g r o u n d  water qual ity 
analysis, and development and inlanagement of 
aq i l i  f erg.  
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MONISORING SYSTEM DESIGN (continued) 

Wal ton 
(continued) 

Wood 
1984 

DESCRIPTION 

Good source o f  background information on 
hydrogeol ogi c principles . 
Chapter 4 provides the conceptual framework 
for monitoring network system designs. 
Figure 4 . 1  shows the elements involved in the 
monitoring desfgn process, Several case 
studies are reviewed, and the main conclusion 
is that the performance of a monitoring 
network is most appropriately measured by the 
accuracy o f  associated ground water model 
predictions and parameter estimates. 

Good technical guidance for topic area. 

RELEVANT STATE.REGULATIONS 

Mew Jersey hazardous waste regulations require that monitoring 
we?ls be placed t o  detect migration of hazardous constituents into 
ground water as opposed t o  t h e  federal requirement o f  detection i n  the 
uppermost aquifer. California requires monitorjng o f  ground water and 
the normally unsaturated zone. 



REGULATI 0 

Na s p e c i f i c  regulatory r-equi resrseats. 

G U I D E  

86--EPA-S 
TEGQ 

83-E P A - 1  
Gulde t o  
Nat l .  Se l ec t lon  
I SWS -3 27 

83-EPA-2 
Rem. A c t .  
Tech. Plans 

83-EPA-4 
R G R A  Permit Writ. 
t4anual 6U Prot .  

$1 --EPA-? 
GW Q u a l i t y  
Samp . 

7 'I -E PA-2 
GW klapiiit. 
Sol id  Waste 
Fac. SW.611 

DE SC W X P 1 ON 

Sec'aion 3.1 b r i e f l y  discusses  s i x  d r - i l l i n g  

methods based on t h e  g e o l o g i c  e n ~ i  i-onirent. 
iP.thods and presen ts  a t a b l e  s f  preferred 

Some value a s  technical giiidance f o r  th ' ls  
t o p i c  a r e a .  

Section 5 b r i e f l y  descr ibes  various w ? ? ?  
d r i l l i n g  methods zxad l i s t s  factors t o  
consider  f o r  select ' iag t h e  a p p t w y r i a t e  
method. Refers reader  t o  131 -EPA-1. 

Limited t e c h n i c a l  guidance foi- t h i s  t o p i c  
a sea. 

Table 5-2 o f  t h i 5  document o u t l i n e s  s'lx 
d i f f e r e n t  d r - i l l i ny  tcchniquer ,  1.di th  

assoc-iated imximum dep?hs and t y p i c a l  
diameters.  

Limited technical  genidance f o r  t h i s  t o p i c  
a r e a .  

Section 4.1 discusses  a v a i l a b l e  d r i l l i n g  
rree2hhsds and t h e i r  c a p a b i l i t i e s  and  po ten t i a l  
a p p l i c a t i o n s  t o  monit.or*ing well i n s t a l l a t i o n .  

Goad t echn ica l  guidance f o r  t h i s  t op ic  area.  

Section 5.B contains  a d e t a i l e d  d e s c r i p t i o n  
o f  1 2  d r ? i l i n g  methods, including d i a g r a m s  o f  
equipment a n d  a l i s t  o f  c r i t e r i a  f o r  
s e l e c t i n g  t h e  a p p r o p r i a t e  rrrethod, and 
desc r ibes  advantages and disadvantages o f  
each m e t h u d .  Appendix A contdins information 
on t h e  impact of we31 c o n ~ t r u s l i o n / d r i ? l i n g  
methods on t h e  c h w l c a ?  p r o p e r t i e s  o f  sample 
water. 

Good technical  guidance f o r  t h i s  t op ic  a r e a .  

Section 3 .5  b r i e f l y  ~ ~ ~ C I J S S ~ S  various 
commssnly used d r i  11 i n g  me%hods, r e l a t ed  
equipment requirements and the advantages 
and disadvantages of the various methods. 



D R I L L I N G  M f  IHODS (continucd) 

6 3  

DLSCKlPTIOM ..__ I......X-- "- 

17 - € P A  -2 
(continued) 

96-EPA -2 
Monit. GW: 
Meth. Costs 

N O N G ~ V E ~ N ~ € N l  
REFERENCES 

Bouwer 
1978 

Good general technical guidance for topic 
area * 

Section I 1 1  includes a discussion of various 
methods of constructing shallow and drilled 
wells for monitoring in the vadose zone. 
Cost estimates f o r  dri 1 1  ing are included b u t  
are outdated. 

Some value as technical guidance on drilling 
methods in the vadose zone. 

DESCRIPTION ---___ 

Section 6.3.2 describes various drilling 
techniques and discusses the advantages and 
complications that may be encountered f o r  
each drilling method. Refers reader to other 
references for further detail. 

Good general technical guidance for this 
topic area. 

Cheremisinoff 
1984 

Davis 
1966 

Driscoll 
1986 

In Section 5, four of the m a j o r  types o f  
drilling methods are discussed. A table 
listing the advantages and disadvantages of 
each method is presented. 

Limited technical guidance for this topic 
area. 

Chapter 8 discusses various methods of water 
well drilling. Figures 8.19, 8.20, and 8.21 
illustrate the major components of common 
drilling equipment. 

Good technical guidance for this topic. 

Chapter 10 discusses well drilling methods 
and includes numerous pictures of each 
method. The advantages and disadvantages o f  
each method are presented a t  the end o f  each 
description. Table 10.9 lists the relative 
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DRILLING # E l H O D S  (continued) 

Dri scoll 1986 
(continued) 

Everet t  
1980 

Gi 1 lham 
1983 

performance of different drilling methods in 
various types o f  geologic formations. 

Good technical guidance far topic area 

T h i s  paper idas completed as part of t h e  D O E ’ r ,  
IJrarl?um M”11 Tailings Remcdial Action 
Fragram. 1 0  prevent ionic exchange between 
t h e  dissolved cationic metals and t h e  cations 
in bentonite drilling fluids a t  sites 
involving inactive uranium rrsill tailings, 
o r g a n i c  based fluids are  used t o  install 
monitoring wlls. 
drilling fluids seem t o  be p r e f e r a b l e  f o r  
these  applications, and several b a s i c  
r=ccornmendalfans a r e  given. 

Certain types of organic  

Good technical g u i d a n c e  for t o p i c  area  
covered” 

Nsthods f o r  drilling s h a l l o w  and deep wells 
f o r  m o n i t o r i n g  t he  vadose zone a r e  given ’in 
Chapter  I I I ,  S e c t i o n  3 .  Section 4 includes a 
brief  d?Ft:ussion on t h e  t y p e s  o f  drilling 
mr.:hods available f o r  monitoring t h e  
saturated zone and contains several charts 
for estimating well drilling costs. C o s t  
estimates are  no longer accurate, as they  a r e  
based on 19713 pr i ces .  

S o m  value as technical guidance for this 
topic a rea .  

Section 3 describe5 four- drilling methods, 
the  main f a c t o r s  t h a t  warmant consideration 
in t he  choice o f  drilling methods, and  the 
a s s e s s m n t  o f  t h e  potential for hydrochemical 
disturbance during drilling, Table 3 . 3  lists 
The advantages and diradvartiages of “Lie four 
commonly used drilling methods.  

Gcod technical g u i d a n c e  when considering 
sources of sanple hiac i n  se?ec ted  drilling 
p r o g r a m  
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D R I L L I N G  WEIHODS (continued) 

... 

Guswa 
1984 

Wandel 
1481 

Wari no 
1982 

Ross 
1984 
NbJWA/API 
Proc 

Todd 
1980 

I- DESCRIPTION 

In Part 11, Chapter 3 ,  a brief description of  
various drilling methods is given, along with 
a summary o f  the advantages and disadvantages 
o f  each method. Several illustrations are 
included. 

Some value as general technical guidance for 
thi5 topic area. 

Section 5.1 discusses drilling techniques and 
presents a table which compares relative 
merits o f  the two principal drilling 
methods: percussion dri 11 ing and rotary 
dri 11 i ng . 
The section is very brief and provides 
limited technical guidance for this topic 
area. 

Sections 11.1 . E . 1  through 11.1 . E . 3  describe 
three basic drilling methods: cable tool 
(also known as percussion), hydraulic rotary, 
and reverse hydraulic rotary. Schematics o f  
each method are depicted and some advantages 
and disadvantages for each method are 
mentioned. 

Some value as technical guidance for this 
topic area. 

This article recommends drilling with 
hollow-stem augers and wfthout liquid 
drilling fluids where possible t o  minimize 
the variability o f  water quality measurements 
on samples from wells. 

Some value as technical guidance for this 
topic area. 

Chapter 5 (Water Wells) contains sections on 
drilling methods for shallow and deep wells. 
The methods described for shallow wells are 
digging, boring, driving, o r  jetting. For 
deep wells cable tool or rotary drilling 



DRILLING METHODS (cont inued)  

REFERENCES 

Todd 1980 
(continued) 

D E S C R I P T I O N  

methods are  described. Table 5,1 l i s t s  w a t e r  
well canstructian methods and applications, 
and Table 5 .2  l i s t s  t h e  performance o f  
d r f l l i n g  methods i n  various types o f  geologic 
formations. Sewera? drawings a r e  a l s o  
presented which i 11 u s t r a t e  each method, 

Good technical  g u i d a n c e  f o r  t h i s  top ic  area.  

I n  order t o  d r i l l  a +jell f o r  any p u r p o s ~ ,  f4issouri r e q u i r e s  well 
d r i l l e r s  t o  g e t  operatjnny p e r m i t s  2nd t o  register each we l l .  t?lirssut-i 
does n o t  allow u n d e r g r o u n d  i n j e c t i o n  o f  hazardous waste  and has banned 
t h e  construct ion o f  new i n j e c t i o n  1zre11s. Florida R q l J i i Y 5  d r i l l i n g  
p e m i t s  and approved d r i l l e r s  f o r  i n s t a l l a t i o n  o f  msni tu i - i i l g  \-!ells a t  
h a z a t - d ~ ~ s  w a s t e  f a c i l i t i e s .  
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WELL D A I A  

R E  GU L A T M  D E S C R I P T I O N  --- 

No specific regulatory requirements. 

1_-- G U I D E  

86-EPA-5 
TEGD 

85-EPA-l 
Pract. Guide 
f o r  GW Samp. 

87 -EPA-2 
NEIC GW 
Investigations 

7 8 -E PA-1 
Contam. 
Potential 
Surface 
Impound. 

DESCRIPTW 

Section 3.5 provides a list o f  items which 
should be documented during the construction 
o f  monitoring we1 I s .  

Good technical guidance f o r  this topic area. 

Section 2 describes several mechanical and 
electronic methods for measuring water 
levels, and describes methods for determining 
hydraulic conductivity by means of slug 
tests, pumping tests, and analysis of  water 
level data. 

Good technical guidance for determining water 
levels and hydraulic conductivity. 

Section 111 - On-Site Wells and Depth to 
Ground Water describes the  electric sounder, 
chalk tape, and popper methods for 
determining the level of water in wells, and 
presents advantages and disadvantages of 
these methods. 

Good technical guidance for determining water 
levels in monitoring wells. 

Step 1 of  the S I A  evaluation system requires 
identification and classification of  earth 
materials in the unsaturated zone. The 
classification o f  earth materials is based 
on general relationships between grain 
size/surface area and permeability/sorption. 

Figures and tables provide some technical 
guidance for the  utilization o f  well data. 



WFLL D A T A  (continued) 

86-USGS - 7  
W 3ata 
Acquisit ion 

Davis 
1966 

Eve r e t e  
1980 

iubd IF d e ! 
1981 

Section 2.E of t h i s  d ~ r m e : : t  d i s c u s s e s  the 
prnie5s of d r i l l i n g  ar;d ihe subsurface data 
r ecu l t ing  f r om di-illitiQ> S x L i o n  2.H 
dcsc  r i b e s  genora? procedures ani; a q u i f e r  l e s t  
methods used t o  d e t e r i i i i n ~  Zhr p rope r t i e s  of 
watcr-bearing formations.  

Some value a s  technical  gt.jictance f o r  t h i s  
%opic  a r e a .  

Chapter 8 ~ ~ S L U S S ~ S  i n t e r p r r b t i o n  o f  
d r i l l e r s ,  gcc+hysical, arid r e s i s l i v i t y  1095. 
Chapters 3 ,  10, and 11 d e s c r j b e  porosity, 
perme?b i l i t y ,  and well y i e l d  of d i f f e r e n t  
rocks and sedjrnentq" 

Good technical  gvidance for. t h i s  t o p i c  a r e a .  

C h i p i e r -  111, Section 4 inLludes a b r i e f  
discussion o f  :*:e11 ii3venLcj,.y and well d a t a  
c o l l e c t i o n  and s t a t e s  t h a t  w 1 1  d a t a  m y  
inc'iude d r i l l i n g  logs ,  e l e c t r i c  l ogs ,  water 
l ~ v ; . l  i3edSUr-fmectS, puirii, t e s t s ,  and chemical 
ar ic l lyses.  The proper c o l l e c t i o n  o f  well d a b  
wi 11 promole the proper i n t e r p r e t a t i o n  of 
subsequent monitoring da ta .  

L i m i t e d  technical  giaidance f o r  t h i s  t o p i c  
a rea .  

S e c t i o n  5 . 5  provides a br ief  d e s c r i p t i o n  o f  
prope,i sample c o l l e c t i o n  techniques used 
during operat ions.  Borehc~je sample boxes are 
recommended f a r  s t o r a g e  o f  smi,p'res obtained 
d u r i n g  d r i l l i n g ,  T h i s  sec t ion  i s  very b r i e f ,  
b u t  some technical  guidance fllrr d r i l l i n g  
sample p r e s e r v a t i o n  a w l  handling i s  provided. 

Some value a s  technical  guidance f o r  p r o p e r  
handling o f  d r i l l i n g  s m p l e s .  
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WELL DATA (continued) 

NONGOVERNMENT 
- REFERENCES 

Marino 
1982 

Todd 
1980 

Verrui jt 
1970 

DESCRIPTION 

Section 12.3A is very brief but does provide 
one example of a well log constructed through 
examination o f  drilling samples. 

Limited technical guidance for this topic 
area. 

Chapter 6 provides detailed coverage o f  
ground water levels and environmental 
influences. This chapter describes many 
effects which produce a change in pressure on 
ground water and cause the ground water level 
to vary. 
fluctuations are discussed, and many graphs 
of depths to water table versus time are 
shown . 

Mine causes of ground water 

Good technical guidance on ground water 
levels. Only a very brief explanation of  
other well data, such as geologic logs 
(p. 433) ,  i s  provided. 

Table 2.1 is a listing of  t he  orders of 
magnitude of the permeabilities of natural 
soils. This is a general list and represents 
very limited information concerning well 
data. The book does, however, discuss 
several methods for analyzing ground water 
flow. 

Some value as general technical guidance for 
analyzing well data. 



R E G U L A T I  OPd 

_ RCRP. ......... " 

40 CFR 254,.57(c) 

40 C F R  265*97(c) 

_ TSCA ......... 

40 CFX 94:.75jb)(6)(ii) 

" 

G U I D E  

85-E PA-1 
? r * a c t .  Guide 
f o r  GW ramp. 

Appl iccrlble t o  RCKA-permitted haza rdnus  w a s t e  
land disposal facilities; r e q i l l r e s  (1) t h a t  
wells be cased t o  rnairittirr intcgs":ty o f  Sh? 
bs~-ehe le ,  ( 2 )  t h a t  c a s i n g  be scrzencd and 
parked w12fi sand o r  grave? b h c q  i ieiel;sary, 
and ( 3 )  t R d t  anriular space b e  sca?ed.  

Applicable t o  hifiardous w s t e  l a n d  di5posa 
facilities operating innder inter?m statk iss;  

requires (1) thaL ~ ~ 1 1 s  be cased t o  rriainta n 
ii;"cegrity o f  t h e  boreho le ,  ( 2 )  t h a t  c a s i n g  be 
screened and packed w-i ih sznd or qravr: ;&en 
necessary,  and ( 3 )  t h a t  annular space be 
rea7 eb . 

Applicable t o  chcmical wa!~fe  landfills 
ccm%ajniiig PCB r n a t c r i a ? ~ ;  require3s wells t o  
$e rased and prescribes mccsures f o r  
bzckfilling and plugging t h e  anrniliar- space,  
desfgning t h e  ~ e 1 7  open ing ,  and e $ a r u a t i n a  
t h s  ~ . . ; e 7 1  prior t o  s m p l j n g .  

Section 2 discusses :$e17 placercent 3 r d  
conslructlon, including drilling iind 
rsrrrpletion methods,  we15 design, and w l l  
development and p u r g i n g  s t r a t e g y .  

Good current technical gu idance f o r  t h i s  
topic area,  

Section 3.2 contains recorrsriewdations for t h e  
u s e  o f  various well rnaterZals (e.g., 
polyvinyl chloride, fluaroearbw x s i n s ,  and 
stainlesq steel) and combinat ions of 
materials, depending on hydragsologic 
conditions and t h e  p a r a m e t e r s  brjrrig 
mon i to red .  A l s o ,  recommendations are 
presented for the  use OF natural and 
synthetic filter packs and annular s e a l a n t s .  
Section 3 , 3  specifies some c r i t e r i a  f o r  



71 

... .... 

WELL DESIGN AND C O N S i R U G 7 I O N / D E V E L O P ~ E ~ ~  (continued) 

D E S C R I  PT I: 8 
-_I- 

Gll  I DE 

86-EPA-S 
(contjnued) 

83 -EPA-l 
Guide t o  
Matl. Selection 
1 s w s -3 2 7 

83 -E PA -2 
Rem. Act, 
Tech. Plans 

83-E PA-4 
RCRA Permit 
Writ. Manual 
Gho Prot. 

83-EPA-5 
GW Guide 
Int. Status 
SbJ -9 63 

design of monitoring well intakes. Section 
3 . 4  briefly discusses well  development, but 
does n o t  present details on 
methods. A decision chart is shown in Figure 
3-4 for use if a well produces turbid 
samples. 
specialized well designs where dedicated 
pumps or samplers are used ~r where 
immiscible layers may be presen t .  

Section 3 . 6  provides guidance for 

Current technical guidance for 
regulatory compliance. Some value as general 
technical guidance for topic area, 

Chapters 4 ,  5, 3 ,  and 8 d-iscuss well design, 
selection ~f construction materjals, and 
costs. 

P a r t i a l l y  superseded by I E G D  as  technical 
guidance for regulatory compliance with 
R C R A .  Good technical guidance for topic area. 

Chapter 5,Q o f  t h i s  document discusses well 
screens, annular spacing, and well 
development. Table 5-4 presents principal 
data considerations for monitoring wells. 

Limited technical guidance for this topic 
area e 

Chapter 4 presents reco endations for 
well construction materials and 
the well intake, gravel pack, and 
f the annular space. Also describes 

the construction o f  cluster wells and 
multiple screen wells. 

Good technical guidance for t h i s  topic area. 

Section 2.3 contains a general statement 
citing the need for sound engineering design 
and gives design and planning factors (2.3.1) 
and well construction methods (2.3.2). 

Some value as technical guidance; has been 
superseded by more recent technical guidance 
documents f o r  complying with RCRA hazardous 
waste regulations. 
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WELL DESIGN AND C O N S T R l J C T I O N / D E V E L O P ~ ~ ~ ~  (continued) 

GUT DE -.- DESCRIPTIO 

82 -E PA -1 Section 9 .5  o f  this document describes the 
Sample Preservation general requirements for construction o f  
Water IWastewater  ground water monitoring wells, including 

diameter, depths,  screen length, and casing 
materials, Well development i s  discussed as 
b e s t  accomplished by caus ing  t h e  formation 
water f n  the well to move je7 and out. o f  the 
screen, agjtating ffne materials into the 
screen. 

Some value as technical gu idance for t h i s  
topic a r e a .  

8 2 --E P A  -2 
Rem. Act. 
kJaste 
Disp. Sites 

7 7 -E PA-1 
Abandoned Wells GW 

7 7 -EPA-2 
Glcl Mol??t. 
Solid M a s t e  
Fac. SW--bll 

Figures 11-2 and A-3 i n  Appendix R o f  this 
document show typical single and nr~ltip'lie 
#e l l  clusters. Appendix R discusses the  
applications o f  these well types and makes 

endations for chemical landfill sites. 

Some value as technical guidance f o r  this 
topic area .  

Section 3 contains 5 2  recomnendations by t h e  
National Water We1 1 Association (NMdA) f o r  
s t d t e  legislation concerning- propet- methods 
of weal abandonment. Sect ion 4 presents  
specific case h i s t o r i e s  of ground w a t e r  
pollution caused by improper well 
abandonment, and Section 5 contains a review 
o f  specific s t a t e  regulations regarding wall 
abandonment. State r e g u l a t i o n s  may have been 
updated since publication o f  t h i s  document in 
1977. 

Good technicar? guidance for well abandonment 
procedures 

Chapter 3 includes discussions of lysimeter, 
piezometer, and well installations, includtmg 
c o s t s  and construction detdils such as casing 
and screen m a t e r i a !  selection (3.5.2). 

Good technical guidance; has been superseded 
by more r e c e n t  technical guidance documents 
for complying w i t h  WCRA hazardous w a s t e  
regulations. 
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WELL DESIGN AND CONSTRUCTION/DEVELOPMENT (continued) 

GUIDE 

76-E PA-2 
Monit, GW: 
Meth. Costs 

82 -NRC -3 
Cha racteri zing 
Sites Low-Level 
Radioactive 
Wastes 

7 8 -NRC -1 
GW Elements 
Uranium Mining 

NONGOVERNMENT 
REFERENCES 

Bouwer 
1978 

Canter 
1985 

DESCRIPTION 

Section IV of this document details well 
casing materials, well screens and perforated 
casings, gravel packing, and well sealing. 
Methods of well development such as 
mechanical surging and high velocfty jetting 
are also discussed. 

Some value as technical guidance for this 
topic area. 

Appendix G emphasizes the need for permanent 
survey control points to assist in the 
description of monitoring locations. 

Good general guidance on surveying well 
locations. 

Section 4 contains specific details regarding 
the design and installation of monitoring 
well networks, including materials, 
development, and costs. 

Some value as technical guidance for this 
topic area. 

DESCRIPTION 

Section 6.3.3 discusses types of well 
screens, perforations, and gravel envelopes, 
and the installation o f  each. Sources are 
suggested for additional lnformation on well 
screens, perforated casings, and selecting 
slot and gravel-pack sites. Section 6 . 3 . 3  
briefly covers well cementing, and 
Section 6.3.5 describes the development, 
stimulation, and sterilization of wells. 

Some value as overall general technical 
gujdance for this topic area. 

This book addresses ground water quallty 
protection and treatment in three major 
areas: technologies, decision-making, and 
case studies and applications. 
detailed sectlons on physical control 
measures and treatment of ground water, but 

The book has 
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WELL DESIGN AND eONSPRUCTION40EVELOPWEM% (continued) 

Canter 1985 
(continued) 

Dri scrrll 
1985 

Gi 7 lham 
1985 

DESCRIPTION -- 
has only a very brief section on well design 
and construction. Refers to other books, 
including Driscall (1986) ,  for better 
discussions on well d e s i g n  and construction. 

Limited technical information f a r  this topic 
area. 

Chapters  13, 14, and 15 d i s c u s s  water well 
design, installation and removal of well 

design and construction o f  monitoring wells 
a r e  examined more closely in Chapter 21, 
which deals w i t h  ground water norribring 
techniques.  

sct-eens, and development o f  water wells. The 

Some value as technical guidance f o r  this 
topic area; empbasis is on wster well 
constructlon. 

Chapter 111, Section 4 ,  canta'sns brief 
discussions of well casings and related 
costs, well screens, grave l  packing,  
sealing, and wela development. T e s t  pumping 
is recornended to evalua te  the effectiveness 
of the well development actions. 

e value as technical guidance f a r  t h i s  
topic area but ore detailed information may 
be found ?n other documents. 

Chapter 5 reviews the properties and design 
o f  devices that cain be installed for 
collecting water f rom t h e  unsaturated zone. 
Few of the devices discussed are commercially 
available. 

Good technical guidance on design and 
materials for unsa tura ted  zone monitoring 
devices. 

T h i s  publication is based on a field s tudy 
devised t o  e v a l u a t e  the apprspr fa te  methods 

tests were utilized t o  indicate re l iable  and 
efficient well flushing. 

and VQlUmC?s Of Well deVf2lo~mcw~. li"aC.Pr 
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. .  
WELL OESIGN AND CQNSTRUCTIQN/DEVELOPMENT (continued) 

NONGOVERNMENT 
R E F E R E N C E S  DESCRIPTION 

Gillham 1985 
(continued) 

Guswa 
1984 

Kill 
1985 
Natl. Env. 
Health Assoc.  
Proc . 

Liggett 
1985 
ASTM ss~aw 

arino 
1982 

Ross 
1984 
NWWMAPI 
Proc. 

Good technical guidance on well development. 

Part 11, Chapter 3 ,  discusses monitoring well 
construction and includes several 
illustrative drawings. 

Some technical guidance for this topic area. 

This paper provides a list t o  aid in 
selecting materlal for ground water 
monitoring wells. The advantages and 
ddsadvaotages o f  drilling methods, well 
casing and screen materials, well screen 
t y p e s ,  fitting types, filter packs, grouting 
materials, and water quality sampling devices 
are discussed. 

Good technical guidance f o r  this topic area. 

T h i s  article recommends that R C R A  monitoring 
wells be constructed ta prevent surface water 
from entering the well and t o  prevent 
contamination f rom the structural components 
o f  t h e  well. 

Some value as technical guidance f o r  this 
topic area. 

Sections 11.2 through 11.4 contain a detailed 
discussion of well design, selection o f  
construction materials, well installation, 
well development, well maintenance, and 
costs. Many schematics and tables are used 
to supplement the material presented in the 
text. 

Good technical guidance for this topic area. 

This article recommends construction o f  RCRA 
monitoring wells in the same aquifer so 
background characteristics in all wells will 
be the same if the facility is not leaking. 
Casing joint glue is not recommended since 
contamination of well samples may result. 



Ross 1984 
( c o n t i n u e d )  

Todd 
1980 

...-..____I____ D E S C R I P T I O N  

Some value as t e c h r ~ r i c 3 l  yesfdznce f o r  this 
t o p i c  a rea .  

Chapter 5 d e s c r i b e s  we1 1 cornpletfon tnetheds 
involving placement  o f  casing,  cementing of  
casing,  placement of well S C ~ B C ~ S S ,  and grave? 
p a c k i n g .  Several t a b l e s  which are u s e f u l  i n  
we31 design are a150 presmtrd.  E i g h t  
methods f o r  well development a r e  described i n  
Chapter- S .  

Good general technical  guidance f o r  %+ell 
d e s i g n  a r d  c a n s t r u c t i o n / d e v e ~ o p ~ ~ ~ ~ .  

Most  s t a t e s  have standards f o r  well constr.iJLtiOn. Pennsylvania 
specifies casing and  p r o t c c t i v e  i n s t a l l a t i o n  reqljirerrent.5 f o r  
monitoring wells a-t  hazardous w z a t ~  f a c i l i t i e s .  71-4ssouri a l s o  has 
caqing r e q u i r e m e n t s  and r e q ~ i f r e s  a ? ?  wells t o  he of a c e r t a i n  d e p t h .  



77 

... 

H E A L T H  AND S A F E T Y  PROCEOURES 

R E G U L A T I O N  

- AEA 

10 CFR 20 

10 CFR 20.202 

10 CFR 61.43 

WWPA 

10 CFR 60.31 

- 

p4J& 

40 CFR 241.211 

-.- CERCLA 

40 CFR 300.57 

D E S C R I P T I O N  

Es tab l i shes  s tandards f o r  r a d i a t i o n  
p r o t e c t i o n  f o r  a c t i v i t i e s  under l i c e n s e s  
i ssued  by t h e  NRC and r e q u i r e s  t h a t  every  
e f f o r t  be made t o  reduce r a d i a t i o n  exposures 
as l ow as i s  reasonably  ach ievab le .  

Requires NRC l i censees  t o  supp ly  c e r t a i n  
personnel  w i  t h  a p p r o p r i a t e  rad1 a t  i on 
m o n i t o r i n g  equ i  prnent. 

A p p l i c a b l e  t o  NRC-licensed f a c i l i t i e s  f o r  t h e  
l a n d  d i sposa l  o f  r a d i o a c t i v e  wastes; r e q u i r e s  
t h a t  ope ra t i ons  be conducted i n  compl iance 
w i th  t h e  r a d i a t i o n  p r o t e c t i o n  s tandards o f  
10  CFR 20 and t h a t  every  e f f o r t  be made t o  
min imize  r a d l a t i o n  exposure. 

A p p l i c a b l e  t o  geologjc r e p o s l t o r i e s  f o r  
h i g h - l e v e l  r a d i o a c t i v e  waste; p r e s c r i b e s  t h a t  
t h e  NRC may a u t h o r i z e  f a c f l i t y  c o n s t r u c t i o n  
i f  c e r t a i n  s a f e t y  c r i t e r i a  a r e  met. 

Requires t h a t  l and  d i s p o s a l  s i t e s  f o r  
nonhazardous s o l i d  wastes be designed, 
cons t ruc ted ,  and operated t o  p r o t e c t  t h e  
h e a l t h  and s a f e t y  o f  ope ra t i ons  personnel  and 
r e f e r s  t o  t h e  Occupat ional  S a f e t y  and Hea l th  
A d m i n i s t r a t i o n  (OSHA) f o r  a p p l i c a b l e  
r e g u l a t i o n s .  Recommends t h a t  a s a f e t y  manual 
be developed and t h a t  c e r t a i n  o p e r a t i o n a l  
procedures be fo l l owed .  

Requires t h e  On-Scene C o o r d i n a t o r  (OSC) a t  
'Superfund' waste s i t e s  t o  ensure t h a t  
persons e n t e r i n g  CERCLA response areas f o l l o w  
s a f e t y  p r e c a u t i o n s  and a p p l i c a b l e  OSHA 
r e g u l a t i o n s  and t h a t  t h e y  possess p r o p e r  
t r a i n i n g  . 
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HEALTH AND SAFETt FWa3CEDUWES (continued) 

go€ ORDER- 

5480.1 A 

5484.1  

a5 -E PA-6 
CERCLA 
Feasi btl 1 i t y  
Studies  

84 -E PA -6 
Standat-d Oper * 

Sa fe ty  Guide 

81 -E PA-2 
NEIC Genl 
Inves t iga t ions  

Estab? i shes prescr-i bed and: i-econ~nended h e a l t h  
and s a f e t y  prac’r.icrrs f o r  DOE o p e m t i o n s ,  
i n c l u d f i ? q  general  r t a n d s r b q  and requirements 
f o r  r a d i a t i o n  pro tec t ion  (Ch. XI). 

P r ~ s c r i b e s  guide7ines for- t h e  rubmit ta l  o f  
envi i-oiari:enia7 p r o t e c t i o n ,  s a f e t y ,  and  hza l th  
p iw t ec ti on repo ;-t 3 , i n c 1 :id i n CJ rad i a t  i on 
exposure t o  eaployezs and w iz i to r s  ( C h .  IV). 

Section 4 .5 .5  s t a t e s  t h a t  OSHA has t h e  
a u t h o r i t y  *Lo in spec t  CERCLA s i t e 5  and t o  
i s s u e  c i t a t i o n s  For unsafe condi t ions,  and  
b r i e f l y  b3scusses o t h e r  relevant agencies 

Current regulatory guidance f o r  camp: iance 
w i t h  CFRCLA. 1 irnited technical  guidance f o r  
t h i s  t o p i c .  

P rov ide5  guidance f o r  h e a l t h  ajsd s a f e t y  
personnel responding t o  i n c i d e n t s  involving 
hazardous materials. Although t h i s  nanua? 

i n c i d e n t s ,  m a ~ y  o f  t h e  technLiqixs i d e n t i f i e d  
a r e  app l i cab le  t o  the protectSon of  g r o u n d  
water Tors i to r i  ng personne? a t  h . r a r d o u s  w3ste 
s i t e s .  Descriptions o f  decontamination 
techn iques ,  levels o f  p r o t e c t i a n ,  2nd s j t e  
s a f e t y  plans a r e  e s p e c j a l l y  re levant .  The 
appendix addresses dermal t o x i c i t y  and 
p rov ides  useful ifirormafion f o r  evalucit’zng 
chemicals f a r  po ten t i a l  s k i n  hazard, 

has beet7 dk?Ve?Oped f o r  hazard0915 ~R2teriSlS 

Goad general technical g u i d a n c e  f o r  t h i s  
t op ic  a rea .  

Chapter I1 and Appendix G d i scuss  health and 
s a f e t y  considerat ions 8 t  haaardaus waste 
s i t e s  and p r e s e n t  nui i~erous references fot-  
addjtiuna’li  hea l th  hazard information. 

Good t echn ica l  guidance f o r  this topic  a rea .  
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HEALTH AND SAFETY PROCEDURES (continued) 

G U I D E  - DESCRIPTICIN 

DOE Facility 
HP Manuals 

85-N I OSH-1 
Safety Guide 
HW Site 

... 

84 -NI OSH-1 
Persona 1 
Protective 
Eq u i pment 

83-NIOSH-1 
Dri 1 1  ing 
Safety 

uidance f o r  compliance with DOE 
licable t o  all monitoring 

involving radioactive or mixed wastes. Each 
DOE contractor facility has its own manual or 
s e t  o f  manuals. They contain 
faci lity-specific hea t h  and safety 
procedures f o r  workin in radioactive 
contaminated areas,  i cludirpg requirements 
for p o s t i n g  of areas with elevated 
radioactivity, specifications f o r  protective 
clothing f o r  work in these areas, personnel 

on1 tori ng requi rernents e t c  e 

Good guidance f o r  complying with DOE 
radiation protection orders. 

Provides guidance to mana ers responsible for 

employees at lnactive hazardous waste 
sites. Topics include site hazards and 
personal protection equipment, This  document 
i s  a general b u t  comprehensive occupational 
safety and health manual and should be 
supported by detailed t e x t  according to 
site-specific conditions. 

safety G f  g r o u n d  water monitoring 

Good general technical guidance bor this 
topic area. 

Provides guidance in selecting persorial 
protectiw e ~ ~ ~ ~ f f l ~ ~ ~  f o r  response t o  
hazardous materials incidents. While not 
specifically designed for the protection o f  
ground water monitoring personnel at. 
hazardous waste s i t e s ,  ~ a ~ y  o f  the techniques 
advanced should be useful. Selection 
algorithms, step-by-step selection guides, 
c a 1 c u 1 at i on s f o r  pe rli Oxiid 1 protect i \re 
equipment service life, and training models 
are presented. The technique for calculating 
tolerance t o  heat stress should be very 
useful a t  hazardous wast.e sites, 

Good technical guidance for this topic area. 

Presents guidelines f o r  analyses of 
occupational hazards arid suggests means for 
preventing injury and disease among oil and 
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HEALTH AND SAFETY PROCEDURES ( con t inued)  

G U I D E  

83-NIOSH-1 
(con t inued)  

NONGOVERNMENS 
REFERENCES ~ 

A C G I H  
1985 
C l o t h i n g  

A C G I H  
1985 
TLVs 

- DESCRIPTION 

gas d r i l l i n g  workers.  Whi le  n o t  prepared 
s p e c i f i c a l l y  f o r  t h e  ground wa te r  m o n i t o r i n g  
i n d u s t r y ,  t h e  s a f e t y  techniques presented 
would a l s o  be a p p l i c a b l e  t o  m o n i t o r i n g  w e l l  
d r i l l i n g .  Sec t i ons  o f  s p e c i a l  i n t e r e s t  
i n c l u d e  hazard assessment o f  t h e  d r i l l i n g  
i n d u s t r y ,  how i n j u r i e s  occur  i n  d r i l l i n g  
ope ra t i ons ,  and s a f e t y  g u i d e l i n e s  f o r  w e l l  
d r i l l i n g  machinery. A d d i t i o n a l l y ,  a rev iew  
o f  d r i l l i n g  a c c i d e n t  case h i s t o r i e s  i s  
presented.  

Good genera l  guidance on hazard p r o t e c t i o n  a t  
t h e  d r i l l i n g  r i g .  

DESCRIPTION 

P resc r ibes  g u i d e l i n e s  f o r  t h e  s e l e c t i o n  o f  
personal  p r o t e c t i v e  garments used d u r i n g  
ground wa te r  m o n i t o r i n g  a c t i v i t i e s  a t  
hazardous waste s i t e s .  The s e c t i o n s  on use 
l i m i t a t i o n s  and permeat ion t h e o r y  a r e  
e s p e c i a l l y  u s e f u l  when ground wa te r  sampl ing 
i n v o l v e s  p o t e n t i a l  exposure t o  unknown 
chemicals.  A s e l e c t i o n  m a t r i x  i s  i n c l u d e d  
t h a t  r a t e s  t h e  e f f e c t i v e n e s s  o f  personal  
p r o t e c t i v e  garment t ypes  w i t h  v a r i o u s  
hazardous chemicals .  A vendor d i r e c t o r y  i s  
i n c l u d e d  which a i d s  i n  o b t a i n i n g  t h e  s e l e c t e d  
equipment. O f  s p e c i f i c  i n t e r e s t  t o  ground 
wa te r  m o n i t o r i n g  personnel  i s  t h e  s e c t i o n  on 
t h e  "Donning and D o f f i n g "  o f  p r o t e c t i v e  
garments a t  hazardous waste s i t e s .  

Good t e c h n i c a l  guidance f o r  t h e  s e l e c t i o n  o f  
p r o t e c t i v e  c l o t h i n g ,  

Prov ides t h r e s h o l d  l i m i t  va lues (TLVs) 
designed t o  c o n t r o l  exposure t o  ha rmfu l  
a i r b o r n e  chemical  substances and p h y s i c a l  
agents.  O f  p a r t i c u l a r  i n t e r e s t  t o  ground 
wa te r  m o n i t o r i n g  personnel  a r e  t h e  " s k i n "  
n o t a t i o n s  lor .  ccr.l.ain chemicals which r e f e r  
t o  t h e  a b i l i t y  o f  a chemical  t o  c o n t r i b u t e  t o  
o v e r a l l  exposure by t h e  cutaneous r o u t e .  
I n c l u d e d  i s  a l i s t  o f  d e f i n e d  and suspect 
human carc inogens 
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HEALTH A N D  S A F E T Y  PROCEDURES (continued) 

- REFERENCES ~ 

AXWA 
1982 

B i  rkner 
n.d .  

DESCRIPTION 

Good t echnica l  guidance f o r  evaluat ing risk 
from a i rborne  p o l l u t a n t s  a t  waste s i t e s .  

T h i s  engineering f i e l d  manual presents  a 
c o l l e c t i o n  o f  commonly used information t h a t  
may be used i n  t h e  f i e l d  t o  p r o t e c t  ground 
water monitoring personnel a t  hazardous waste 
s i t e s .  Included arc? chapters  on heat  s t r e s s ,  
noise ,  ionizing r ad ia t ion ,  and r e s p i r a t o r y  
pro tec t ion ;  a v a r i e t y  o f  handy t a b l e s ,  
cha r t s ,  and formulas; and o t h e r  re levant  
t o p l c s  t o  ground water monitoring a c t i v i t i e s .  

Good general t echnica l  guidance f o r  t h i s  
top ic  a r e a ,  

Phis manual suppl ies  s i t e  s a f e t y  personnel 
~ 4 t h  dnfarmation necessary t o  e s t a b l i s h  and 
operate  a r e s p i r a t o r y  p ro tec t ion  program t o  
comply w i t h  t he  OSHA r e s p i r a t o r y  p ro tec t ion  
s tandard.  Includes a d e t a i l e d  discussion an 
medical survei  1 lance required f o r  ground 
water monitoring personnel,  and provides 
information on t h e  s e l e c t i o n  o f  r e s p i r a t o r y  
equipment f o r  emergency c i t a t i o n s .  In 
addl t ion ,  the various types o f  r e s p i r a t o r y  
equipment w h i c h  ground water monitoring 
personnel may be required t o  wear a r e  
discussed i n  d e t a i l .  

Good technica l  guidance f o r  t he  s e l e c t i o n  o f  
r e s p i r a t o r y  protect ion equipment. 

Chapter 21 contains  a s e c t i a n  on personnel 
s a f e t y  a t  monitoring s i t e s ,  and l i s t s  some o f  
t he  most s l g n i f i c a n t  dangers involved w i t h  
d r i  1 l i ng  monitoring wel l s .  Several p rac t ices  
and habi t s  which should be followed a t  any 
known o r  suspected hazardous waste s i t e  a r e  
a l s o  l i s t e d .  

Limited technica l  guidance f o r  t h i s  top ic  
a rea .  



82 

SAFETY PROCEDURES (continued) 

REFERENCES 

Levi ne 
1985 

Shapi t-0 
1952 

0 ES C R I PT I ON. 

Recommends procedures far the recognftion, 
evaluation, and control of occupational 
health hazards a t  hazardous was te  sites- The  
medical surveillance s e c t i o n  discusses t h e  
importance o f  periodic and preemployment 
screening af ground water monitoring 
personnel. The proper use of goggles, 
gloves, and r e s p i r a t o r s ,  a1 1 standard 
equipment during ground water monitoring a t  
hazardous waste siter, is addressed i n  the  
pe-sonal protective equipment section. Of 
special interest t o  ground uzte-r wsraitcrring 
personnel who work iin hat  envjr-onments is a 
navel approach to body temperature psmi to r .? /  ng 
advanced in t he  heat s t r e s s  section. 

G o d  genera? guidance f o r  perzonnel 
protection. 

Provides information on personal protection 
during monitoring a t  radioactive sites, 
including the  recognition, evaluation, and 
control o f  exposure t o  radionuclides. 
Expla ins types of  radiation, dose 
calculations, and radiation ;masuremrnh 
techniques but provides only gewra l  
information on s p e c i f ? @  persoila7 p r o t e c t i o n  
equi gmcnt . 
Good technical guidance on identifying 
radiation risks. Other r e f e r e n c e s  should be 
consulted f o r  specific types of protective 
equipment. 
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MONITORING PARAMETERS 

REGULATIQN -- 
g& 

40 C F R  l 4 4 . 2 8 ( g )  

DESCRIPTION 

Applicable t o  underground i n j e c t i o n  we l l s ;  
r equ i r e s  pe r iod ic  monitoring o f  the  i n j e c t e d  
f l u i d s  t o  determine c o n s t i t u e n t s  i n  the  
f l u i d s .  

40 CFR 1 9 2 . 3 2 ( a ) ( 2 )  Applicable t o  NRC-licensed f a c i l i t i e s  f o r  the 
disposal  of uranium and thorium processing 
r e s idues ;  r equ i r e s  t h a t  uranium by-product 

40 CFR 264.92 (Ground Hater Protect ion 
Standard) and r equ i r e s  the establ ishment  o f  a 
de t ec t ion  monitoring program (per  Pa r t  
264.98). 

a t e r i a l s  w i l l  be managed t o  conform w i t h  

48 C F H  192 .33  

.f-?CRA 

40 CFR 264.93(a) 

Requires t h a t  a c o r r e c t i v e  a c t i o n  program be 
p u t  i n t o  operat ion as soon as  p r a c t i c a l  i f  

round water s tandards o f  40 C F R  
192.32(a)(2)  are exceeded a t  the  s i t e .  

Applicable t o  RCRA-permitted hazardous waste 
land disposal  s i t e s ;  requires the U.S ,  EPA 
Regional Administrator ( R A )  t o  spec i fy  
hazardous c o n s t i t u e n t s  f r o  Appendix V I I I  of 
Past  261 which a r e  t o  be monitored pursuant 
t o  a R C R A  permit.  

40 C F R  2 6 4 . 9 3 ( b )  and ( c )  Spec i f i e s  f a c t o r s  t a  be considered by the R A  
for  excluding c e r t a i n  c o n s t i t u e n t s  from 
monitoring . 

40 C F R  264.98(a) Requires a de t ec t ion  monitoring program t o  
monitor f o r  i n d i c a t o r  parameters a s  spec i f i ed  
by the  R A  i n  the f a c i l i t y ' s  R C R A  permit and 
s p e c i f i e s  f a c t o r s  t o  be considered i n  
determining t h e  appropr i a t e  monitoring 
parameters. 

40 CFH 264.98(c) Requires t h e  determination o f  background 
values f o r  t h e  s p e c i f i e d  monitoring 
parameters. 
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MONITORING PARAMCTLHS ( con t inued)  

4!! C F R  264.99( f )  

40 CFH 264.100 

40 C F R  255.9?(&)  

40 CFR 265.93 

___I. CEWC1.A _... . ._ 

40 CFR 300.68( f )  

If 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  i nc rease  i n  a 
rnoni tGr ing parapeter i s  d e t e m i n e d  ( p e r  
264.98(g) ) ,  t h e  ow~or/uperztor i s  requira.4 t o  
(1  ) d e t e r ~ i  ne  concentr-at i ons  o f  a 11 Appendix 
V I I I  c o n s t i t u e n t s  i n  a l l  monitor ' lng we?:s, 
( 2 )  e s t a b l i s h  t3 bt3C:kgt~OiJfid Value f o r  each 
Appendix V I 1 1  constituent d e t e c t e d  a t  t he  
comgliance p o i f i t ,  arid ( 3 )  s u b s i t  an 
a p p l i c a t i o n  t o  t h e  R A  for- a p e r m i t  
m o b i f i c a t ? m  t o  establ4sl-a a conipliarrce 
m o n i t o r i n g  pregran~ r h i c h  m u s t  i n c l u d e ,  amorag 
o t h e r  i tems, proposed ckzlnges t o  the  ground 
w a t e r  m o n i t o r i n g  system (per  40 CFR 264.99)  
arid proposed c o n c e n t r a t i o n  1 i i n i t s  f o r  
hazardous c o n s t i t u m t s  deteectcd a t  the 
compliance p o i n t .  

A p p l i c a b l e  tu f a c i l i t i e s  w i t h  RCRA d e t e c t f o i l  
m o n i t o r i n g  programs; requires t h e  moniior- ing 
of a l l  Appecdix V I 1 1  c o n s t i t u e n t s  a t  l e a s t  
annaially f r o m  i f m i t o r i n g  wells a t  t h e  
compl iance p o i n t .  

RF-qUires RCRA f a c i l i t i e s  w i t h  a cor re r :  i v e  
a c t i o n  prograaii t o  monitor f o r  constituents 
s p e c i f i e d  by t h e  !?An,, and o the r  c o n i i i t u e n t s  
as  a p p r o p r i a t e  e t o  d e t e r n ?  )??E] t h e  
e f f e c t i v e n e s s  o f  the  c o r r e c t i v e  a c t j o n  
program. 

A p p l i c a b l e  t o  RCRA hazardous waste f a c i l i t i e s  
operating under i n t e r i m  s t a t u s ;  r e q u i r e s  
m o n i t o r i n g  f o r  parameters  s p e c i f i e d  i n  
Appendix I I I  o f  48 C F R  265 and c e r t a i n  
parameters s p e c i f i e d  i n  40 C F R  2 6 5 . 9 2 ( $ ) ( 2 )  
and ( 3 ) .  

E s t a b l i s h e s  groccdeiir-es t o  be Followed f o r  t h e  
m o n i t o r i n g  o f  add i t ' l ona l  parameters, i f  
rnofiaitoriny under 48 C F R  265.92 i n d i c a t e d  
s i g n i f i c a n t  increases i n  downgradient 
p o l l u t a n t  c o n c e n t r a t i o n s .  

Recommends t h a t  remedia l  i n v e s t i g a t i o n s  a t  
"Superfund" waste s i t e s  ( p e r  Phase V I  o f  
CERCLA a c t i o n s )  i n c l u d e  mssnitot-ing and 
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M O N I T O R I N G  PARAMETERS (continued) 

REGULATION 

40 CFR 300.68(f) 
(continued) 

I__ TSCA 

40 CFR 761.75(b)(6)(151) 

GUIDE 

8 5 -E PA -1 
Pract. Guide 
for  GW Samp. 

85-€PA -1 1 

Guide 

85-EPA-16 
CLP 
I norgan i c 
Protocol 

D E S C R I P T I O N  

sampling as necessary to determine the extent 
of required remedlal actions. General 
requirement; does not specify parameters. 

Specifies certain parameters which must be 
analyzed in monitoring wells at landfills 
containing PCB materials. 

DES C R I PT I OM 

Sect ion 2, Information Needs and Analyte 
Selection, presents recommendations for the 
selection of ground quali ty parameters, 
pollution indicator parameters, and specific 
chemical constituents. A l s o  identifies 
minimum chemical and hydrologic parameters 
needed to design a detection or assessment 
monitoring program f o r  hazardous waste 
facilities. 

Good current technical guidance Cor parameter 
selection at hazardous facilities; m y  a l s o  
be applied t o  nonhazardous facilities. 

Section 3.1.2 compares the requirements for 
RCRA detection monitoring programs under 
4Q CFR Parts 264 and 265, and states that 
permit writers have greater latitude in 
selecting specific moni taring parameters f o r  
Par t  264 programs. Section 3 . 3  clarifies the 
requirements for assessment monitoring under 
Part 265.93(d) f o r  interim status 
facilities. Section 5.4.2 presents criteria 
to be used by U.S. €PA officials in selecting 
monitoring parameters t o  confirm leakage a t  
interim status facilities. 

Good regulatory guidance for compliance with 
RCRA.  No general technical guidance for this 
topic area. 

This document prescribes standard protocol t o  
be followed by laboratories performing 
inorganic analyses under the U . S .  EPA 
Contract Laboratory Program (CLP). Exhibit C 



NITOWING PAWANETERS (continued) 

DESCWIPPEQM 

85-EPA-16 
(continued) 

85-F PA-1 7 
CLP Oryare+c 
Protocol 

84 -.EPA-2 
Permit App. 
Guide WW Facility 

lists the 23 inorganic elements t o  be 
determineb under the  CL?, along isrith t he  
cantract-required de tec t ion  levz: f o r  each 
parameter . 

Goad technical guidance fsi- compliance vith 
U.S .  E P A ' s  CLP requirements f o r  inorgzim4c 
analyses .  

Thl  s dociinent yrescri bes standard protorol "ea 
be  follow^! by laboratories pet-formii-ig 
organic chemical antilyses under the !J.S, EPA 
CLP.  In E x h ' l b i t  C p  t h e  130 organic 
parameters o f  t h e  Hazardous Substance List 
(HSL) a r e  givere a l o n g  with t h e  
contract-required detection levels f o r  each  
parameter .  

Good technical guidance f o r  com3;iance u j t h  
U . S .  E P A ' s  CLP requirements f o r  organic 
analyses. 

Section 9.6.3.1 presents c r i t e r i a  t o  be 
considered in the selection o f  %mitoring 
parameters, including both indicator 
parameters and  hazardous consti Luents f o r  
RGRA detection nori i tor ing pwqrarns. Section 
9.7.3.2 identifies c o n s t i t u e n t s  which should 
be monitored for characterization o f  
contamination under R C R A  compliance 
monitoring prograrcas. 

Good regulatory guidance for- RCRA 
compliance. Limited value a s  general 
guidance f o r  parameter selection at hazardous 
facilitjes. 

84 -=E FA -3 S e c t i o n  3.3.1 provides guidance fo r  
Permit Writ. Guide excluding Appendix XI11 constituents from 
Facilities msni toring requirements based on hazardous 

waste facility l o c a t i o n  above Class I o r  
Class I1 ground wate r -  Section 3 . 3 . 3  
discusses t h e  extension o f  t h e  post-closure 
care period f o r  hazardous waste facilities 
located above Class I o r  Class PI ground 
w a t e r .  



WONIlORING P A R A M E I E R S  (continued) 

G U I D E  

87 

84-E PA -3 
(continued) 

83-E PA-4 
RCRA Permit 
Writ. Manual 
GW Prot. 

81 -EPA--2 
N E l C  GW 
Investigations 

... 

Some value as regulatory guidance for this 
topic area; minor modifications to this 
document anticipated by the end o f  1996. 

Chapters 8, 9, and 10 sup ly guidance f o r  use 
when developing the specifications f o r  
complete detection monitaring, comp?iance 
monitoring, and corrective action programs, 
respectively. S ctions 8.2.1, 
and 10.4.3 provi e guidance for reviewing the 
monitoring parameters selected for these RCRA 
ground water monitoring programs. 

Good regulatory guidance T o r  RCRA permit 
writers and applicants. 

Section I V  discusses general sampling 
considerations f o r  hazardous waste sites, and 
provides a useful table a f  potential ground 
water contamjnants associated with various 
industrial categories. Reco ends analysis 
for priority pollutants a t  sites with u~known 
chemical wastes. 

Good technical guidance f o r  parameter 
selection a t  hazardous waste sites. 

80-E PA-2 Contains some reconmendations an selection of  
Western Coal monitoring parameters for patentia? ground 
Preliminary Designs water contaminant sources associated with 

strip mining 0% coal in the Rocky 
region. 

Same value as technical guidance for this 
topic area. 

77-EPA-2 Sections 4.1 to 4 . 5  present factors f a r  
GW Manit. Solid determining the physical and biological 
Waste Fac. SW--611 leachate indicators a t  solid waste disposal 

facilities. 

Good technical guidance for  nonhazardous 
facilities; partially superseded by more 
recent guidance. 



MONITORING PARAMEIERS (continued) 

-I. G U I D E  

85.-NRC -1 The s e c t  
Ged Cont-am. Uranlum D t"gSelitS 
Mining 

a3 --NRC-I 
Subsur face  Wonit. 
Low-Leve? Radi oact. i ve 
Ka 5 t e 

82-NWG-3 
Character iz ing S i t e s  
Low--Level Rad i oac t  i ve 
Waste 

7 8 . - N R C  -1 
GW Elements 

DESCRIPTIO 
_l_l__l 

on e n t i t l e d  "€xcurs ion  Detection" 
c r i t e r i a  f o r  t h e  s e l e c t i o n  of 

parameters f o r  determining a q u i f e r  
contamination r e s u l t i n g  from i n  si tu  leach 
uranium mining. Describes c o n s t i t u e n t s  
monitored a t  a m i n i n g  s i t e  i n  Texas and 

ends TDS and uranium as good 
i n d i c a t o r s ,  depending on s o i l  condit-ions. 

Good technical  g u i d a n c e  f o r  parameta2;r 
s e l e c t i o n  a t  i n  s i t u  leach uranium rriining 
s i t e s .  

Par t  1 b r i e f l y  descr ibes  r a d i o a c t i v e  and 
nonradioactive parameters and s o i l  p rope r t i e r  
needed f o r  t h e  c h a r a c t e i - i z a t i o n  o f  low-level 
r ad ioac t ive  uasie  disposal sites. Refers t o  
82-HWC.3 and 82 -MRC -1 f a r  a d d i t i o n t ?  
infor-mation on t h i s  t o p i c  a rea .  

Limited technical  guidance f o r  parameter 
s e l e c t i a n  a t  r ad ioac t ive  w a s t e  disposal  s i t e s ,  

P a r t  I1 and  Appendix F1 recorilmcnd parnReters 
f o r  m o n i t o r i n g  a t  r ad ioac t ive  waste s i t e s .  
Par t  111 presents example5 o f  m m i t o r i n g  
parameters se l ec t ed  a t  r ep resen ta t ive  s i t e s  
i n  f ou r  s t a t e s .  

Good technical guidance f o r  s e l e c t i n g  
rnonitor-ing parameters a t  radioactive w a s t e  
s i t e s .  

Basel i ne rrroni t o r i  ng parameters f o r  water 
level and water q u a l i t y  a r e  provided i n  
Section 3 .  Excurs ions are priniari ly detected 
by monitor ' lng f o r  changes i n  water level  and  
conduct ivi ty  (neasured by TDS concentrat ion) .  
Does n o t  recomeend rirarsium tis a good i n d i c a t o r  
because o f  i t s  rapid removs;! from zqueous 
systems. 

Some value airs technical  guidance f o r  iil s i t u  
leach uranluxi rriirring s i t e s .  
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MONITORING PARAMETERS (continued) 

N O N e O V E R N ~ E N T  
- R E F E R E N C E S  

Eve r e t  t 
1988 

Eve r e t  t. 
1984 

... 

Gu swa 

Wood 
1984 

DESCRIPTION 

Chapter I ,  Section 2 ,  i d e n t i f i e s  several  
types of i n d u s t r i e s  and t h e  p o l l u t a n t s  
w h i c h  are commonly a s soc ia t ed  w i t h  these  
Indus t r i e s .  Some guidance on s e l e c t i n g  
appropr l a t e  parameters may be obtained from 
t h e  discussion and evaluat ion of ground water 
po l lu t ion  case h i s t o r i e s  i n  Chapter VI. 

Limited value a s  technica l  guidance f o r  this 
top ic  a rea .  

Chapter 6 presents  data  on p o l l u t a n t s  
associated w i t h  municipal, a g r i c u l t u r a l ,  
i n d u s t r i a l ,  and petroleum a c t i v i t i e s .  

and f a t e  o f  inorganic and organic chemicals 
and radionucl ides  i n  the unsaturated zone, 
noting t h a t  information on environmental f a t e  
i s  useful In s e l e c t i n g  monitoring parameters 
and i n  i n t e r p r e t i n g  monitoring r e s u l t s .  

a p t e r  5 b r i e f l y  reviews the  transformation 

Par t  I ,  Chapter 2 ,  includes a br ie f  
discussion on s e l e c t i n g  monitoring parameters 
and flow cha r t s  t h a t  o u t l i n e  a l ag ra l  
sequence of organic and inorganic monitoring 
parameters f o r  i n v e s t i g a t i n g  groundwater 
contamination. 

Some technica l  guidance f o r  t h i s  top ic  area. 

Table 4.2 i d e n t i f i e s  t he  ten organic 
chemicals most commonly detected i n  public 
water system wel l s .  

Some value as t echnica l  guidance f o r  
s e l e c t i n g  monitoring parameters i n  ground 
water suppl ies .  

R E L E V A N T  STATE REGULATIONS 

urnerous s t a t e s  a r e  conducting monitoring programs f o r  p e s t i c i d e s  
i n  ground water w i t h  the  mast extensive programs occurring i n  Iowa, 
F lor ida ,  Wisconsin, Texas, Nebraska, and  Washington. In  New Jersey ,  
hazardous waste f a c i l i t i e s  must i n c l u d e  PDS as  an i n d i c a t o r  parameter 
In ground water programs. 



SAHPLE CQLLECTION AND FREQUENCY 

REGULAPI0N 

E 
40 CFR 141.23 

40 C F R  141.26 

40 C F R  141.27 

-II FWPCA 

40 CFW 136.3 

DESCRIPTIO 

Requires t h a t  community water systems using 
ground water sources conduct an inorganlc 
analysis a t  three-year intervals. 

Prescribes t h e  mani tori ng frequency 
f o r  radioactivity i n  comwnity 

Requires t h a t  moni to r ing  frequencies 
prescribed in 4Q CFR 141 may n o t  becrease,  
even i f  alternate analytical techniques are 
approved 

Identifies approved test procedures f o r  115 

collection procedures f o r  many of t h e  
pa rane te rs .  

eters  and references sample 

48 CFR 264.97(d),(e) Requires ground water monitoring program a t  

include consistent procedures asad techniques 
f o r  sample csllectiun, preservation and 
shipment, analytical p r o e e d u ~ e s ,  and 
chaf n--of -custody control. A I  50 requi re5 
appropriate sa pling and  analytical method? 
and t h e  determination o f  the ground water  
sur face  elevation each time a mnple is t aken .  

and i f )  WCRA-permitted l and  djsposal facilities to 

40 C F R  264.97(g)  Requ i res  a ground water monitoring program 
t o  establish background ground ~ t e r  qual i ty 
f o r  each mon- i tor ing  parameter and specifies 
procedures t o  be followed. 

40 C F R  2 6 4 * 9 8 ( c ) ( 3 )  Requires sampling as part o f  a detection 
neanl-loring program to be fro a m m i  tori ng 
system uhfl:h complies w i t h  419 CFR 264.35.  

40 C F R  264.99(g)  Requires R C R A  facilities w i t h  compliance 
firmitoring programs t o  utilize sampl ing and 
analysis procedures which comply with 
40 CFR 264.97(d)  and ( e ) .  
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SAMPLE C O L L E C T I O N  AND FREQUENCY (continued) 

R E G U L A T I O N  - D E S C R I P T I O N  

40 CFR 265.92(a) and Requires the development of a ground water 
(e> sampling analysis plan which includes 

procedures and techniques f o r  sample 
collection, sample preservation and shipment, 
analytical procedures, and chain-of-custody 
control, and requires the determination o f  
the ground water surface elevation each time 
a sample is taken. 

40 CFR 761.75(b)(6) Requires sampling at PCB landfills to be 
conducted prior to commencement o f  operations, 
and requires sampling methods t o  comply w i t h  
those specified in 40 C F R  136. (See 
Analytical Procedures.) 

G U I D E  

86 -E PA-5 
TEGR 

85-EPA-1 
Pract. Guide 
for Ghl Samp. 

D E S C R I P T I O N  

Sections 4.1 and 4 . 2  present recommended 
elements o f  sampling and analysis plans and 
give procedures for sample collection, 
including water level measurements, detection 
of immiscible layers, well evacuation, and 
withdrawal o f  the sample. Recommended 
acceptable sampling devices are described in 
Section 4.2-4, and a preferred sequence in  
given for collection o f  samples for typical 
monitoring parameters, Sections 6 . 7  and 6 . 9  
discuss sample collection for facilities in 
the RCRA assessment m o ~ i ~ o r ~ ~ ~  program, 

Current technical guidance for RCRA 
regulatory compliance. Goad technical 
guidance for this topic area. 

Section 2 includes well purging strategies, 
recommendations for sampling mechanisms and 
materials, and guidance on establishing a 
sample collection protocol. Also contains 
gu-ldance and example problems for calculating 
appropriate purging rates and volumes prior 
t o  sampling. 

Good technical guidance for this topic area. 
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SAHPLE COLLLCTION AND FRf.@UENCY (continued) 

ea ..E P A - 4  
Rem. 
Inves t iga t ions  
Guide 

8 3 -* E PA - 1 
Guide  t o  
Natl .  
Se l ec t ion  
I slds-32 7 

8 3 4  PA-2 
Rem. Act. 
Tech. Plans 

a 3 - ~ ~ . 9 - - 4  
R C R A  Permit 
W r i t .  Manual 
Glnl P r a t e  

DESCRI  PT ION 

Sections 3.1 .S a n d  3.2.3 compare the samplijng 
f requencies  required under 40 C F R  244 a~ad  2b5 
f o r  de tec t ion  anid c m p l i a n c e  m o n i t o r i n g .  
Section 3.1.4 compares sampling techniques 
a p p r o p r i a t e  f o r  csmgliance w i t h  40 C F R  254 
and 265. 

Current U.S. E ? A  giaidanc? fot-  regulatory 
comp?<arice w$th R C R A .  No technical gu ida3ce  
f o r i  t h i s  t o p i c  area .  

Chapter 3 provides g u l d a n c e  on developing 
sampl ing plans f o r  r-ensedidl i nves t iga t ions  jt 
C E R C L - A  s i t e s ,  incliad’lng d e t e r m i n i n g  sampling 
l oca t ions  and freque3cy (3 .2.63,  preparat ion 
f a r  sampling ( 3 . 7 . 7 ) ,  sanip l ing  per-so’irnel 
( 3 . 3 , 3 ) ,  and d~coniamination/disposal o f  
equipment ( 3 . 3 - 4 ) .  

bl-t’ilized by U . S .  f19A Regional Projec t  
Of f i ce r s  85 regij latary gbsidance f o r  
determining COiRFl iarrce w i t h  C E K C L A .  Good 
technical  guidance f o r  t h i s  Loplic ai-ez. 

Section 6 discursec, thc e f f e c t s  o f  s u b s u r f a c e  
condi t ions on sampl i ng s t r a t egy  and methods 
f o r  d e t r m i n i n g  t h e  p r o p e r  e v a c u a t i o n  r a t e s  
and volurnes prior t n  sampling. Section 7 
presents  an  evaluat ion of sample c o l l e c t i o n  
ma te r i a l s  and the inf luence sf various 
ma te r i a l s  on t h e  a n a l y t i c a l  recriilts o f  t h e  
samples. 
f o r  ground water manitaring systems, 
including samp’e c o l l e c t t c n .  

Section 8 gives cos t  considerat ions 

Food technical  guidance for- t h i s  topic a r e a .  

Ground water sampljng t echn iques  d u r i n g  
d r i l l i n g  are discussed i n  Chapt9.r 5.0. 

L i m j t e d  technical  guidanc-e cn ?.his t op ic  a rea .  

Section 5.1 provides a discussion o f  “che 
f a c t o r s  t h a t  should be considered when 
specifying sample c o l l e c t i o n  procedures. 
Sect ions 8 . 2 . 4 ,  9.2.3, a r d  10.4.3 provide 
guidance i n  specifying sampling and a n a l y s i s  
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SAMPLE COLLECTION AND FREQUENCY (continued) 

DESCRIPTION 

83-€PA-4 
(continued) 

and frequency of rnonltoring for the various 
RCRA ground water moni tor4 ng programs. 

Good technical guldance for this topic; 
superseded by TEGD for RCRA regulatory 
guidance. 

82-EPA-1 Section 9.6.1 o f  this document discusses the 
Samp 1 e advantages and disadvantages of the various 
Preservation apparatus used in sample collection (i.e-, 
WateriWastewater bailers, pumps, etc.). 

Good technical guidance for selecting sample 
mechanisms. 

82 -EPA-2 
Rem. Act. sample collection methods, including the use 
Waste Disp. Sites of permanent pumps, portable pumps, and 

Appendix A briefly discusses ground water 

ai rl i f  t methods. 

82-EPA-3 
Test Meth. 
Solid Haste 
SW-846 

8'1 -EPA-1 
GW Quality 
Samp . 

Limited technical guidance for this topic 
a rea e 

Section 1.1 describes the development o f  
appropriate sampling plans, considering 
regulatory objectives and sampling statistics 
concepts, Contains detailed calculations and 
examples for determining the appropriate 
number o f  random samples to be taken to 
characterize a waste. Section 9.2 describes 
various types o f  sampling equipment and 
presents criteria f o r  equipment selection. 

Current technical guidance for regulatory 
compliance with RCRA. lechnical guidance 
directed at sampling o f  surface water; 
Section 3, which j s  to include guidance an 
ground water monitoring, is still "reserved." 

Section 6 describes procedures for the 
pumping or bailing o f  wells prior to 
sampling, discusses seven methods for 
withdrawing samples and respect3ve advantages 
and disadvantages, and provides illustrations 
o f  sampling devices. Also, special 
considerations for obtaining organic samples 
are presented. 



34 

G U I D E  

a: -EPA-2 
N e 5 c &! 
Investigations 

76 "EPA-2 
Emit. GM: 
Heth. Cos ts  

7 3 - E  PA -1 
MASL Procedure 
Manual 

83-DOE-? 
E f f  1 uent 
Radiological 
Meas. DOE 

DESCRIQTIOlY 

Good technical gwidancr? for this topic area. 

Sect ion I11 - Qn-Site Wells ani: Ds$h t o  
Ground M t e r  - degcr ibes  the rlerlt~ic s o ~ n d e r ,  
chalk tape,  and popper methods f o r  
determ':ning t h e  level o f  m t e r  in ~ l l s  and 
present5 advantages and disadvanbages o f  
t h e s e  methods. 

Good techitical guidance for determining u a t e r  
levels in monitoring 'c:zlls. 

Recommended reference i n  40 CFH 265.93 f o r  
sampling and analysis procedua-ez Goad 
technical gutdance f o r  this t o p i c  ares.  

S e c t i o n  I V  o f  t h i s  documeat d e s c r i b e s  gr-ound 
w a t e r  sample co l l ec t ion  i n  cas?$ and uiicased 
boreha'les e Sampling methods described 
include airlifting, bailing, pumping, and 
mechanical o r  inflatzble packers,  

Some value as technical guidance for this 
topic area .  

S e c t i o n  B contains procedures f o r  t h e  
sampling o f  radionuclides in gases,  a~rosols, 
water, soil, foods, and wastes, and from 

a1 bioassays.  For each sample type ,  
sample and handling methods arc g i v e n  3 r d  the 
necessary equiprnei?% i s  described. 

Good t e c h n i c a l  guidance for sampling o f  
radionuclldes. 

Section 5.2.7 discusse5 s p e c i a l  considerations 
concerning liquid e f f l u e n t  sampl ing  t o  detect  
radionuclides. E i g h t  considerations a r e  
listed w h i c h  distinguish sam2ling liquid 
effluent from sampling airborne effluent. 
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SAMPLE COLLECTION AND FREQUENCY (continued) 

-- GUIDE DESCRIPTION ----- 
83-DOE-1 
(contjnued) 

81 -DOE-1 
Radiological 
Survei 1 lance 
DOE 

85 -NWC-1 
Gh? ConPam. 
Uranium Mining 

8 2 -M R c -1 
Disposal 
Low-Level 
Radioactive 
Waste 

78-NRC -1 
GkJ Elements 
Uranium 
Mining 

81 -USGS-l 
Gbd Sample 
Collection 
Guide 

Good technical guidance for sampling of 
radionuclides. 

Section 4.3.2.1 describes periodic grab 
sampling as  the choice method f o r  ground 
water sampling for radionuclide monitoring 
concern. 

Some value as technical guidance f o r  sampling 
radioactive ground water. 

1-he section entitled F i e l d  Sampling 
Procedures describer; the procedures followed 
by researchers during their study o f  in situ 
uranium mining. 

Some value as technical guidance for this 
topic area .  

This document, briefly describes the sampling 
of water from the unsaturated zone by using 
ei thes sa i  1 analysis or pressure-vacuum 
lysimeters. It a l s o  discusses sampling from 
screened wells and well clusters from the 
saturated zone. 

Limited technical guidance on ssmp?ing of the 
unsaturated zone - 
Section 4 . 2  briefly describes methods o f  
sample withdrawal, sample collection, field 
analysis, and settling and filtration o f  
ground water samples. No information 
regarding quantity o f  well water t o  evacuate 
prior t o  sampling. 

Limited technical guidance f o r  this topic 
area. 

Contains a brief discussion on sampling 
from natural springs, monitoring wells, 
and the unsaturated zane. 

L i m i t e d  technical guidance for this topic 
area. 
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SAMPLE COLLECTIQM AM0 FREQUENCY (continued) 

-- G U I D E  

80-USGS-1 
GW Data 
Acquisition 

Cheremisinoff 
1984 

Dri s c o l  1 
1986 

Everett 
1980 

--=--- DESCRIPTION 

Sect ion 2.G.1 discusses sampling methods, 
including site se l ec t ion ,  necessary 
equipment., and recordkeeping 

Some value as technicaf guidance for  t h l s  
t o p i c  area. 

Section C, describes, t w o  methods of sampling 
generally used in leachate studies. Irr 
a d d i t i o n  t o  sample methsdo:ogy, t h r e e  sample 
withdrawal meathods are discussed. 

L i m i t e d  technical guidance f a r  t h i s  topic 
area .  

Chapter 21 presents  1 1  reasons vhy sample; 
taken rcay not be representative o f  i ictual 
ground water conditions. Table 21.10 lists 
the  aduantages and disadvantages csf various 
water quality sampl7l-g devices f o r  ;- i ronitsr ing 
Wells. 

Limited t echn ica l  guidance f o r  t o p i c  a r e a .  

Chapter  11, S e c t i a n  3, presents  a brief 
discussion on determining a p p r o p r i a t e  
sampling frequencies and s t a t e s  that t r i a l  
and error  methods a r e  crftm used 'to e s t a b l i s h  
adequate frequencies f o r  determining changes 
in quality arid seasonal fluctuations. 
Chapter 111, S e c t i o n  4, d e s c r f b e s  procedures 
f o r  determini TI water levrls using steel  
tape, electric sounder, aSr line, and 
mechanical recorded ne'hods. Chapter 111 
also includes discussions o f  sampling methods 
f o r  monitoring a t  t h e  ?and surface., i n  the 
vadose zone, and in t h t  saturated zone. 

Some value as  technfcal guidance f o r  th is  
topic a r e a ,  although o t h e r  documents such as 
85-EPA-1 contain more specific information on 
samgl i ng procedures.  
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SAMPLE COLLECTION AND FREQUENCY (continued) 

N ~ N ~ ~ V E R N M E N T  
REFERENCES 

Everett 
1984 

Everett 
1985 

Gi 1 lham 
1983 

Guswa 
1984 

DESCRIPTION 

Chapter 5 reviews and evaluates methods for 
collecting water samples from the unsaturated 
zone; also discusses some saturated zone 
sampling techniques. 

Good technical guidance f o r  sample collection 
i n  the unsaturated zone. 

T h i s  paper discusses the physical operation o f  
lysimeters and procedures for testing 
lysimeters. Information gathered in the 
tests performed f o r  the paper is t o  be 
included in an u p c o ~ ~ ~ ~  U.S. EPA guidance 
document entitled 'Unsaturated Zone 
Monitoring a t  Hazardous Waste Land Treat 
Units . 
Good technical guidance for sampling from 
lysimeters. 

Section 4 describes in detail the potential 
sources o f  sa ple bias that  can occur as a 
result of the method o f  sample collection, 
including contamination as a result o f  
contact w i t h  materials used to construct the 
sampling device, cross-contamination, induced 
chemical alternatives occurring as a result 
o f  degassing or atmospheric csntamlnation, 
and bias introduced by sampling stagnant 
water in the installation, Section 5 
discusses the various sources o f  bias i n  
results o f  a sampling program which can be 
attributed directly o r  indirectly t o  the type 
of installation used. The section covers the 
uncertainty concerning the flushing of  
standing water from the installations prior 
t o  sampling. 

Good technlcal guidance for this topic area. 

Part 11, Chapter 3 ,  Section 4 ,  contains a 
good brlef review o f  sampling devices (with 
diagrams) and considerations in their 
selection. 
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SAMPLE COLLECTION A 0 FREQUENCY (continued) 

euseda 1984 
(continued) 

Li g g e t t  
1985 
AST# STP867 

DESCRIPTIO 

Good general technical guidance on Sam 
technical information dates f rom '1980 o r  
earlier and may be superseded by more recent 
guidance. 

T h i s  article reco ends resampling of each 
R C R A  monitoring wall after a p?rSod o f  
several days,  as opposed t o  taking repljcate 
samples, to better assess sampling error. 

Good current guidance f o r  alternatives 'Lo t h e  
I1.S. E P A ' s  standard sample callection 
reqati rements 

For u p g r a d i e n t  RCRA monitoring ~ e l l s ,  this 
article recormends obtaining multiple s a ~ p ' e s  
from a single well, followed by ind-lvidual 
analysis, as opposed Lo replicate analyses o f  
one sample, t o  reduce err-ot-s induced by 
sampling variations. 

Good current gu idance  on alternative t o  the  
U.S .  E P A ' s  sample collection procedures. 

P a r t  1 describes techniques fo?- mon5tor-ing in 
the vadose zone and includes measure 
the soil moisture potential and soil 
content using laboratory and field 
procedures, soil salinity u s i n g  salinity 
sensors and electrical probes, t e ~ p e r a t u r e ,  
and s o i l  pore M a t e r  using various types o f  
lysimeters and other  methods. Part  I1 covers 
techniques for  monitoring the saturated zone 
and includes single and multiscreened wells,  
well clusters, piezometers, and @ell  points. 
Sampling equipment, including ba:lerrs and  
various t y p e s  o f  pumps, is described in P3rt 
111. Numernus s etches and p h o t o g r a p h s  o f  
monitoring equip e n t  a r e  givm. Although 
t h i s  book only contains approximately 100 
pages, references include over 488 citations 
of  u h i c h  380 concern monitoring in the vadose 
zone. 

Good technical guidance f o r  t h i s  topic area., 
particularly for monitoring i n  t h e  vadose 
zone 
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SAMPLE COLLECTION AND FREQUENCY (continued) 

NONGOVERNMENT 
REFERENCES. DESCRIPTION 

Ni el sen 
1985 available for use in small-diameter ground 
GW Monit. Rev. water monitoring wells. The devices 

The paper deals with sampling equipment 

available are discussed in three broad 
categories: grab mechanisms (including 
bailers and syringe devices), suction-lift 
mechanisms (including centrifugal and 
peristaltic pumps), and positive-displacement 
mechanlsms (including gas-driven devices, 
gas-operated bladder pumps, electric 
submersible pumps, and gas-driven piston 
pumps). 
advantages, and disadvantages of each type of  
sampling device available. 

The paper examines the Operation, 

Limited technical guidance for selection of 
sampling equipment. 

Ross 
1984 
NWWA/API 
Proc. 

Splitstone 
1986 
HMCRI Proc. 

This  article recommends obtaining four 
independent samples, one per month, from R C R A  
monitoring wells to replace the current 
requirement of four replicate analyses o f  one 
sample. For new hazardous waste facilities 
under construction, it is recommended that 
samples be obtained monthly to increase the 
power o f  the  statistical test b 
the baseline sample size a t  each well. 

Good current guidance for alternatives to the 
U.S .  EPA's standard sample collection 
requirements , 

This paper recommends the collection o f  true 
replicate, or independent, samples from each 
R C R A  ground water monitoring well by sampling 
a well, allowing it t o  recover, and then 
reevacuating and resampling t o  obtain a new 
data s e t .  The U.S. E P A ' s  present method is 
to sample one time and then divide the sample 
into four containers for analysis. The 
recommended collection in both upgradient and 
downgradient wells will result in the 
determination of  a new background value for 
each monitoring period. 
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Sk%$@iE COLLEC TIQN AND FREQIJEDJCY (continued) 

S p l  i tstone 1986 
( c o n t i n u e d )  U.S. EPA 'c .  s t a n d a r d  sarn9le c o l l e c t i o n  

Good curr-erlt guidance f o r  alternatives t o  t h e  

reqedi remen 1s. 

The m a j o r i t y  o f  s t a t e s  requ-ire replicate analyses  o f  g;oipnd water 
samples obtzined adjacent t o  hazardous w a s t e  f a c S 1 S t i e s .  

In West Virg in ia ,  f o u r  independent saRP:es s f  gi-sund w a t e r  a r e  
r e q u i r e d  f r o %  each R C R A  monitoring we!? on a qua r t e r ly  basis  a s  opposed 
t o  f o u r  replicate analyses  o f  ground water samplrs. Netd Jersey 
requires a t  l e a s t  monthly sampling o f  ground m t e r  a i  hzzardous u a s t e  
f a c i l i t i e s .  
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SAMPLE PRESERVATION AND HANDLING 

REGULATION 

RCRA 

40 CFR 264.97 

_I_ 

40 CFR 265,92  

GUIDE 

86 -EPA-5 
TEGD 

85-EPA-1 
Pract, Guide 
for GW Samp. 

t33--EPA-4 
RCRA Permit Writ 
Manual GbJ Prot. 

-_ DESCRIPTION 

Applicable to RCRA-permitted land disposal 
facilities. Requlres ground water monitoring 
program t o  include consistent procedures and 
techniques for sample collection, 
preservatlon and shipment, analytical 
procedures, and chain-of-custody control; and 
appropriate sampling and analytical methods. 

Applicable to RCRA land disposal facilities 
operating under interim status. Requires 
ground water monitoring program to include 
consistent procedures and techniques f o r  
sample collection, preservation and shipment, 
analytical procedures, and chain-of-custody 
control; and appropriate sampling and 
analytical methods. 

DESCRIPTION 

Section 4.3 provides detailed information on 
proper sample containers, sample 
preservatlon, and special hand31 
containing organics, metals, and field 
blanks. Refers t o  82-EPA-3 ( ~ ~ - ~ 4 6 ~  far 
additional preservation methods 

Current regulatory guidance f o r  compliance 
with R C R A .  Good technical guidance f o r  this 
topic area. 

Section 2 discusses the f i e l d  preparation, 
storage, and ~ a n ~ l i ~ ~  o f  ground water 
samples, i l n c l u d i n  details on field 
f 1 ltratton o f  samples. 

Good technical guidance for this topic area. 

Section 5.2 provides brief guidance far RCRA 
permit writers f o r  reviewing sample 
preservation and shipment: methods. 

Limited technical guidance for this topic; 
superseded by TEGD for compliance with R C R A .  
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82 --E PA-1 
Samp 1 e 
Preservation 
MaLer/Wastewzte r 

88-EPA-3 
HW Leachate 
sw-a-al 

80-EPA-5 
E n f .  Consid. 
HW S i t e s  

Contains t e s t  procedures approved f o r  vater  
and waste monitoring under t h e  S a f e  9rinkSng 
W a t e r  Act (SDNA) ,'in6 t he  CbiA Matdunal 
Pollutant Discharge F l i rn - i na t i on  System 
(NPDES) program. The Drocedures address 
preservat ion and handling f o r  each saapling 
pa rarnete 1". 

One of several opt'iiina1 t echn ica?  gblidance 
documents prescrihpd i n  48 C F R  1 4 1 . 2 3 ( f ) .  
Goo4 technicat  guidance f o r  ~ e l a t s  and 
i norgagi c t o n s t i  t u m t s .  

Chapter 11 0% t h - i s  documern^, discirsses methods 
of  g r o u n d  water- sample preservat ion \* iLLEa 
chemical add i t ion  b e i n g  the most convenient 
method. ~ a b l t s  17.1 and 1 7 . 2  provide 
references,  presprvat ion methods e atid s to rage  
and holding procedures f o r  d i f f e r e n t  
pa rarneters . 

- 

S o ~ e  value a s  t echn ica l  guidance f o r  t h i s  
t o p i c  a r e a .  

Chapters 1 ,  8 ,  and 9 p r e s e n t  methods f o r  the 
a n a l y s i s  o f  inorganic ,  organic ,  and 
miscellaneous parameters, r e spec t ive ly .  For 
each parameter, methods f o r  s a ~ p l e  
preservat ion and hassdlling are detaailed. 

Good t echn ica l  guidance Far t h i s  topic area .  

S e c t i o n  7.2.3 o f  t h i s  document d i s c u s s e s  the 
advantages and disadvantages associated u i t h  
r e f r i g e r a t i n g  and/or a d d i n g  prese rva t ives  
t o  leachate samples. 

Some value a s  technical  guidance f o r  sample 
p re z e r v a t  i on 

Sect ion  VI -4  d e t a i l s  appropriate  con ta ine r s  
and prese rva t ives  and shipping and storage 
temperatures f o r  environmental samples 
requiring organic a n a l y s i s  and various other- 
chemical analyses .  
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... ..... 

SAMPLE PRESERVAlION AND HANDLING (continued) 

DESCRIPTION 

80-E PA-5 
(continued) 

81 - D M  -1 
Radiological 
Surveillance 
DOE 

DOE Facility 
HP Manuals 

... 

82 -NRC -1 
Disposal 
Low-Level 
Radioactive 
Haste ' 

78-NRC-1 
GW Elements 
UranS um 
Mining 

Some value as technical guidance for this 
topic area. 

Reference 8 o f  this document lists various 
preservative methods and permissible storage 
times according to chemical species. Section 
4.3.2.1 describes the numerous actions that 
can occur inside sample containers which can 
cause the r e ~ ~ ~ a ~  o f  radioactivity from 
sol uti on. 

Some value as technical guidance for handling 
radioactive samples. 

Technical guidance for compliance with DOE 
orders, applicable to all monitoring 
involving radioactive o r  ixed wastes. Each 
DOE contractor facility has its own manual o r  
set o f  manuals. They include 
facility-specific requirements for handling 
and transfer o f  samples that contain 
radioactivity. 

Good guidance for complying with DOE 
radiation protection orders when conducting 
monitoring at DOE facilities. 

Table A . 2  in the appendix to this document 
summarizes special sampling and handling 
requirements for most o f  the parameters 
included under organic, inorganic, and water 
quality categories. 
guidance on containers, sample size, 
preservation, and storage time. 

This table also provides 

Some value as technical guidance for this 
topic area. 

Table 4 . 3  provides specific requirements for 
appropriate sample volume, container, 
preservative, and holding time for numerous 
inorganic analytical parameters. 

Some value as technical guidance for this 
toplc area. 
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SAMPLE PRESERVATION AND HANDLING ( con t inued)  

GUIDE DESCRIPTION 

80-USGS-1 
GW Data 
A c q u i s i t i o n  

2a r c e a  ona 
1385 
Aca.  Chem. 

Cheremis inof f  
1984 

Dunbar 
1985 
GW % o i l i t .  Rev. 

Chapter 5.0 o f  t h i s  docu 
i n f o r m a t i o n  can s e l e c t i n g  t h e  type a?' 
c o n t a i n e r ,  method of  f i l t r a t i o n ,  f i e l d  
t reatment ,  p r e s e r v a t i o n ,  and s to rage  o f  
samples depending on the  p a r t i c u l a r  
i n o r g a n i c ,  o rgan ic ,  and r a d i o a c t i v e  
c o n s t i t u e n t s  t o  be determined. 

Some va7ere as t e c h n i c a l  guidance f o r  t h i s  
t o p i c  area. 

DESCR I F r1 --- ON 

This paper provides  t h e  rssu l - ts  o f  l a b o r a t o r y  
s o r p t i o n  experfaents u t l i c h  
w i t h  f i v e  co.iimulan f l e x j h l e  t u b i n g  malerials t o  
deterairre the impact  o f  ForpJLive b i a s  f o r  
c h 1 o PO f o riii , t r i c h i o r o e t h y  1 m e  + 

t r i  c hloroethane and t o t r -dc  h lo t -oe thy l  m e .  
The main conc lus ion  s f  L R E  paper was t h a t  
t u b i n g  made o f  Tef lon  jh@ideb t h e  l e a s t  
a b s o r p t i o n  and l e a c h i n g  p r o b l e m  and should 
be t h e  t u b i n g  materisl o f  cho ice  f o r  detailed 
organic  sampl ing purposes. 

Good t e c h n i c a l  guidance f o r  s e l s c t i f ~ g  
sarnpl ing m a t e r i a l s .  

Table 6 - 2  p r o v i d e s  i n f o r m t i o i l  on saiilple 
containers, volume reqc i rements,  p r e s e r v a t f o n  
techniques , h o l d i n g  time,; and stawbarci 
methods o f  a n a l y s i s .  D i f f e r e n t  s teps  which 
~ s t  bct taken t o  p r o p e r  S Z M ~ ~ J ~ E  
handling are  a l s o  covered. 

Gocd teechi-eical guidance  f o r  t h i s  t o p i c  area. 

The paper  d e s s r j b e s  a s e t  o f  anoma?ies 
encountered durtnng we?? monitorfng, i n c l u d i n g  
ahnormal ly  h i g h  pH values,  d e t e c t a b l e  
t e t r a h y d r o f u r a n  ( U H F ) ,  de tec t ab le  
tr i  ha1 ~ m t h a n e s  (THIS) , and 
c ros s --c on tm i n a t  i on d 21 r i i-i cj s amp 1 i ng f o r 
v o l a t i l e  o rgan ics .  The a r t i c l e  d p s c r i b e s  t h e  
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SAMPLE PRESERVATION AND HANDLING (continued) 

N ~ N G ~ V E R N ~ E N ~  
REFERENCES 

Dunbar 1985 
(continued) 

E v e r e t t  
1980 

DESCRIPTION 

specific anomalies and their corresponding 
causes. Suggestions for minimizing such 
anomalies are also given. 

Good technical guidance for subject area. 

Chapter 111, Section 5, contains recommended 
sampling volumes, preservatives, and holding 
times for organic and inorganic chemicals and 
radiological and bacteriological samples, and 
refers the reader to Methods f o r  Chemical 
Analysis of Water and Wastes (83-EPA-7). 
Extensive bibliography provided f o r  
additSana1 references. 

Some value as technical guidance far this 
topic area. 

... 
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PLlENG QUALITY ASSURANCE AND C H A I N  OF CUSTODY 

REGULATION D E S C R I P T I O  

10  CFR 50 Appendix 8 A p p l i c a b l e  t o  NRC--licensed nuc lear  power 
p l a n t s  and fue l  rep rocess ing  plarats- 
E s t a b l i s h e s  comprehensive q u a l i t y  assurance 
requi rements f o r  the design, c o n s t r u c t i o n ,  
and o p e r a t i o n  o f  these f a c i l i t i e s .  

10 CFR 63.752 

- WCRA -.- 

40 CFR 254.97  

40 C F R  265.92 

Requires a q u a l i t y  assurance program f o r  a l l  
systems and cornponmts i m p o r t a n t  t o  s a f e t y ,  
design, and c h a r a c t e r i z a t i o n  o f  w a s t e  
i s o l a t i o n  i s a r r i  er-s a t  k i g h - ?  eve1 radioacti v? 
waste r e p o s i t o r i e s  operated by the  DOE and 
l i c e n s e d  by t h e  NRG. 

A p p l i c a b l e  t o  RCRA-permitted l and  disposal 
f a c i l i t i e s ;  requires gr’ound water monitoring 
program t o  i n c l u d e  csns is ient .  procedure> and 
techniques f o r  savple c o l l e c t i o n ,  
p r e s e r v a t i o n ,  and shipment; analytical 
procedures; chain-of  -ciastody c o n t r o l  ; and 
a p p r o p r i a t e  sampling and ana l l y t i i a ’ l  methods. 

A p p l i c a b l e  t o  hazardous w a s t e  laod d i s p o s a l  
f a c i l i t i e s  operating under inter-lm s t a l d s ;  
r e y u i  res ground water nsoni t o r i  ng proyraa  t o  
i n c l u d e  cans-istewt procedures and techniques 
f o r  sample c o l l e c t i o n ,  p r e s e r v a t i o n ,  and 
shipment; a n a l y t i c a l  p r v c e d u w s ,  
chain-of -custody c o n t r o l ,  and a p p r o p r i a t e  
sampl ing and a n a l y t i c a l  mthhods. 

40 C F R  7 6 ’ 1 . 1 5 ( b j ( 5 ) ( i i i )  Requires records o f  samoipling and analysis a t  
PC8 land  d i s p o s a l  T a c i l i t ’ r r s  t o  be m j f i t a j ~ e d  
p e r  761 .l$O(d)(l>. 
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.. .. 

SAMPLING QUALITY ASSURANCE AND CHAIN OF CUSTODY (continued) 

REGULATION DESCRIPTION 

40 CFR 761.180(d) Specifies requirements for the collection and 
maintenance of monitoring and disposal data 
at PCB land disposal facilities. 

GUIDE 

86 -E PA-5 
TEGD 

85-E PA-1 
Pract. Guide 
for GW Samp. 

83-EPA-1 
Guide to 
Matl. Selection 
I SWS-327 

DESCRIPTION 

Section 4.4 provides information on sample 
labeling and maintenance of a field logbook 
and chain-of-custody record. Section 4.6.1 
provides recommendations for a field quality 
assurance/quality control program as part of 
the facility's sampling and analysis plan. 

Good technical guidance for this topic area. 

Section 1 presents a general discussion o f  
sampling accuracy, precision, 
detection/quantitation limits, and 
completeness. 
the use of field blanks, standards, and 

c ha i n -of  -c u s t od y f o r m  . 

Section 2 presents details on 

uality assurance, and provides a sample 

Good technical guidance for this topic area. 

Section 7 discusses potential sources of error 
during ground water monitoring and how they 
may be minimized. 

Some value as technical guidance for this 
topic area. 

83 -E PA-4 Section 5 . 4  discusses chain-of-custody 
R C R A  Permit Wrlt. procedures which should be specified in a 
Manual GW Prot, WCRA permit. 

Good technical guidance for this topic area. 

83-EPA-10 
Int. Guide/ 
QA Plans 

This document describes the elements of  
quality assurance plans required for all U.S.  
€PA-related measurement or rnonitorlng 
projects, including sampling procedures, 
sample custody, and analytical procedures 

Required procedures for U.S. EPA project 
applicants but also useful as general 
guidance for this topic area. 



G U I D E  BESCWIP'I ION _.- 

Some va lue  as technics: guidance for= th ' rs  
t o p i c  a r ea .  

82.-EPA-3 
-rest Meth. 
S o l i d  hlaste 
SW-846 

80-EPA-3 
H# Leachate 
S W 3 7 1  

S e c t i o n  1.3 p resen ts  detajls an t h e  
documentation o f  cha in -o f  c u s t o d y  procedures 
and numerous examples o f  chain-af-custody 
f o m s .  

Good t e c h n i c a l  guidance f o r  t h i s  t o p l c  a r e a .  

S e c t i o n  7 .2 ,3  recomlr?e~ds adequate 
r-ccordkeepi ng and us2 o f  p roper  sample 

sampl ing Dlan he developed p r i o r  t o  any 
s m p  1 i ng opera t i an s + 

c o n t a i ~ p r s .  It. a l s o  sugqejts t h a t  3 detailed 

L i m i t e d  t e c h n i c a l  guidance f o r  t h i s  t o p i c  
area.  

S e c t i o n  V I 1 1  o f  t h i s  dociiment presents  an 
m t l i n e  f o r  maintenance and documentat ion o f  
sample possession. The o u t l i n e  covers sample 
cus tody ,  f i e l d  custody procedures,  and 
t r a n s f e r  o f  custody and shipment. F i g u r e  
V I I I - 3  shows an exa p l e  o f  a b lank  
chain-s f -custody form. 

Some va lue  as  t e c h n i c a l  guidance f o r  t h i s  
t o p i c  ar'ea. 

83-DOE-1 Section 6.3 covers q u a l i t y  c o n t r o l  f o r  
E f f l u e n t  R z d i o l o g i c a l  sampling, and r e f e r s  reader  t o  o t h e r  documents 
Meas. DOE f o r  e s t a b l i s h i n g  urltteen sampl ing procedures 

and aqueous sample preservat ion methcds, 

L i m i t e d  t e c h n i c a l  guidance f o r  t h i s  t o p i c  
a rea.  
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SAMPLING QUALITY ASSURANCE AND CHAIN-OF-CUSTODY (continued) 

N Q ~ G Q V E R N ~ ~ N ~  
REFERENCES 

Cheremisinoff 
1984 

Everett 
1980 

Guswa 
1984 

DESCRIPTION 

A detailed list of proper recordkeeping and 
guidelines for maintaining a legally 
acceptable chain o f  custody are listed in 
Section 6. 

Good technical guidance for this topic area. 

Chapter 111, Section 5, briefly describes 
chain-of-custody procedures from sampling 
preparation to sample collection. Recommends 
that a minimum number o f  persons handle 
samples, field blanks be obtained, log books 
be maintained, and pictures of the sampling 
point be taken, 

Some value as technical guidance f o r  this 
topic area. 

A quality assurance/quality control plan i s  
outlined on Page 24. Eleven areas covered by 
a quality assurance/quality control program 
are listed. 

Some technical guidance for designing quality 
assurance/quality control plans. 
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ANAL Y T 1 C A b F RQC E 0 tiff E S 

R E GU L AT 1 ON 

Fht'PCA 

40 CFR 13F1.3 

............. ._ 

PI-3SW 

40 C F R  141.23 

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

48 C%R 141.24 

40 C F R  141.25 

4.0 C F R  141.27 

40 G F R  141.28 

S DWA 

40 CFW 144.2S(g) 

- DESCWI .............. PFIQM 

P r e s c r i b e s  list of approved t e s t  procedures 

pursuant t a  t h e  N P D t S  program and 
40 C F R  751.75 (land disposal farilitics 
cantairriny P C B ) .  

f o r  parameter*.s i*erjiJ,ired "Lo be anslymed 

Applicable t o  piiblic b'3tei- sys tem u t i 1  iz frrg 
ground water andjob- surface water S O U ~ C ~ ? ~ ;  
pr -escr ihes  sampl-irrg fr-equenry and analytical 
procedures f o r  inorganic chemicals. R q u i t  2s 
cammunities tiring only grxunci Y P ~ P ~ "  as 
drinking sout-ce t o  repeat  organic. ana'yses 
e v e r y  three years .  Establishes procrCr;t-rc, 
f o r  notification of state :or exzeedau"ri:s o f  
MCLa.  Specifies analytical neLTiodr for 
inorganics. 

Pregcribes sampling and analytiial procedere5 
Tar organic chrm;"ca%s (other than T W ) .  
Surface water users m u s t  d e t c m i n e  cornpl iance 
with organic MC1-s using specific, m ~ t h o d s .  
Communities using only ground water must. 
complete analyses per  s t a t e  requ i remen ts .  

P r e s c r i b e s  analytical ~ ~ t h ~ d s  f n r  
radioactivity monitoring and g i v e s  detec t ion  
limits f o r  MCLs. 

Prescr ibes  procedure f o r  obtaining permission 
f r o m  $he s t a t e  and U . S ,  €PA t o  use an 
a l t e r n a t e  analytical t echn ique .  

Requires t h a t  only state-approved 
laboratories may be used f o r  deQermSniny 
compliance with nsnftoring and analytlcal 
requirements (wSth several  exceptjons) ~ 

Applicable to Class I ,  11, o r  111 haza rdous  
w a s t e  injection wells. Specifies that 
analytdcal procedures o f  Table I o f  
40 C F R  135.3 or of Appendix 111 o f  40 C F R  251 
m u s t  be used f o r  t h e  mnani briny a f  injected 
fluids. 
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A N A L Y l l C A L  PROCEDURES (continued) 

... 

-----1_- REGULATION 

RCUA 

40 C F R  264.97 

40 CFR 265.92 

I.-_ TSCA 

- DESCRIPl ̂_I_ ION 

Requires HCRA--permitted land disposal 
facilities to have a ground water 
program which includes consistent procedures 
and techniques f o r  sample collection, 
preservation and shipment; analytical 
procedures; chain-of-custody control; and 
appropriate sampling and analytical methods. 

Requires R C R A  land disposal facilities 
opera t ing  under interim s t a t u s  regulations t o  
have a ground water monitoring program which 
includes consistent procedures and techniques 
for sample collection, preservation, and 
shipment; analytical procedures; 
c h a i n 4  -custody control ; and appropriate 
sampling and analytical methods. 

40 C F R  761.75(b)(G)(iii) Applicable to land disposal sites containing 
PCB mater-lals; requires analytical procedures 
t o  comply with those specified in 40 CFR 136. 

G U I D E  

8 6 --E PA-4  
Appendix VIII 
Guide 

86 -E PA-5 
TEGD 

DESCRIPTION 

This document presents the U.S. E P A 4 s  latest 
views on the analytical potential o f  each of 
the RCRA Appendix YIII constituents and 
provides guidance for RCRA permit writers on 
requiring these analyses. 

Represents current U.S. E P A  regulatory policy 
(not necessarily followed by state RCRA 
officials). Good regulatory guidance for 
compliance with RCRA. 
technical guidance for t h i s  topic area. 

Same value as general 

Section 4 . 5  provides general information on 
addressing analytical procedures in the 
sampling and analysis plan  of a RCRA Part B 
permit application. 
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ANALYTICAL PROCEDURES ( con t inued)  

G U I D E  

86 -EPA-5 
( c o n t i n u e d )  

85-EPW-16 
C L P  
I n o r y a n i  c 
P r 0 t.0 c Q 1 

85 -EPb-17 
CL? 
Organic 
Protoco 1 

83 +PA-4 
RCRA P e r m i t  

Gw $ r o t .  

83-cp.ca-i 
C h e m .  Analysis 
Make r/Wa s t e s  

D E S C R I P T I O N  

Cur ren t  t e c h n i c a l  guidance f o r  RCRA 
r e g u l a t o r y  compliance. L i m i t e d  t e c h n i c a l  
guidance f o r  t h i s  topSc area.  

T h i s  document desc r ibes  standard p r o t o c o l  t o  
be f o l l o w e d  by l a b o r a t o r i e s  per fo rm ing  
a n a l y s i s  o f  inorga:ric substances u n d e r  t h e  
U .  S .  EPA Cont rac t  Labora to ry  Program ( C L P )  . 
E x h i b i t  D p r e s c r i b e s  the  a n a l y t i c a l  
procedures t o  be used bg t h e  c o n t r a c t o r s  
u s i n g  i n d u c t i v e l y  coupled plasma eml rs ic ln  
spes:troscogy; flame, f l a w l e s s ,  and c o l d  
vapor  atornic a b s o r p t i o n  sperkrnscopy; and 
others  ~ 

Good t e c h n i c a l  guidance  f o r  cornpi i a n c e  w i t h  
U . S ,  EPA's CLP requiremfits f o r  i n o r g a n i c  
aoalysi  s. 

T h i s  document p r e s c r i b e s  s t a z d a r d  p r o t o c o l  t o  
he fsll owed by l a b o r a t o r i e s  perf o r d  og 
organ ic  chemical  a n a l y s i s  uilder t h e  U,S. €PA 
CLP, E x h i b i t  D g i v e s  t h e  s p e c i f i c  a n a l y t i c a l  
procedhres  Po be used  by t h e  c o n t r a c t s r ,  
i n c l u d i n g  i n s t r u c t i o n s  For sample 
p re pa ?-a t -1 a n ,  ga s e h r*omatt-ng ra ph i c s c re en I n y * 
mass spec t romet r i c  i d e n t i f i c a t i o n ,  and d a t a  
eva!uat ion.  

Good technica!  guidance f o r  comp'rialaee w i t h  
U.S. E P A ' s  C L P  r e q u i r e m n l s  for  organ ic  
ana? y s i  s . 
S e c t i o n  5.3 p r o v i d e s  guidance f o r  specifying 
a n a l y t i c a l  p r ~ ~ e d u r t t s  i n  a WCRA pet-mit.  
Includes l i s t s  o f  Appendix V I I I  c o n s t i t u e n t s  
which a r e  amstable i n  biater- and  f o r  which 
t h e r e  are no s p e c i f i c  a n i i l y t i c a l  methods 
a v a i l a b l e .  

Good t e c h n i c a l  guidance f o r  t h i s  t o p i c  area. 
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ANALYTICAL PROCEDURES (continued) 

GUIDE DESCRIPTION 

83-EPA-7 
(continued) 

One o f  several optional technical guidance 
documents prescribed in 40 CFR 141.23tf). 
Good technical guidance for analysis of 
metals and inorganics. 

8 2 4  PA-3 T h i s  document covers the determination of RCRA 

Waste 34-846 methods for organic and inorganic analyses. 
hazardous waste characteristics and approved 

Current technical guidance for regulatory 
compliance with RCRA. Good general technical 
guidance for analysis of solid waste and 
wastewater samples. 

7 7 -EPA-2 
GW Monit. 
Solid Waste 
FaC,  SW-611 

... 

7 5-E PA-1 
Int. Rad. 
Meth. D.W. 

7 3-E PA -1 
HASL Procedure 
Manual 

D i s c u s s e s  analytical methods t o  be used for 
leachate analysis and refers reader to 
American Public Health Association (APHA), 
ASTM, and 33-€PA-1 for additional analytical 
methods. Includes short discussion of the 
advantages and dlsadvantages o f  field testing 
and mobile laboratories. 

Some value as general technical guidance for 
th9s topic area. 

Prescribes radiochemical procedures for 
determining radionuclide concentrations in 
drinking water. 
those for which the U.S.  EPA has established 
MCLs under the interim primary drinking water 
standards. 

The nuclides addressed are 

Mandatory technical guidance for compliance 
with 40 C F R  141.25(a), unless an optional 
method is used. 

Contains comprehensive procedures for the 
analysiis of radionuclides. Section A 
includes a general discussion of the 
fundamentals of radioactivity, particle 
counting, and counting statistics. Section B 
covers sampling techniques. Procedures for 
the field measurement of radionuclldes are 
discussed In Section C .  Section 0 covers 
radiochemical and radiometric analyses, and 
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ANALYTICAL PROCEOURES (continued) 

GUIDE DESCRIPTION 

F3-E PA-1 
(continued) 

73-EPA-2 
Anal. Reactor- 
Solutions 

85-NRC-1 
Gk! Contarn. 
Uranium Hining 

8 2 --N R c -1 
Dispilsal low-Level  
Radioactive Maste  

Section E presents detailed chemical 
procedures for an extensive list o f  
radionuclides. 

Owe of several optional sources of technical 
guidance prescribed in 40 C F R  147.25(b) 
Good technical guidance in this top-ic area. 

This document presents 38 mjazthods that have 
been found approprlate by the U.S.  EPA f o r  
measuring radionuclides in coolant and 
was tewa te r  a t  nuclear power stations. The 
author;  recommend t h a t ,  considering t h e  
various waste streams generated and t h e  
wide-ranging concentrations o f  radionuclides 
and chemical constituents, analytical samples 
may require additional treatment t o  e f f e c t  
desired decontamination. F o r  each method, 
the principle of t h e  method is given, 
f 01 lowed by t h e  requi red reagents,  
step-by-step procedure$, calculations, and 

e t h o d  o f  confirmation, 

The s e c t i o n  entitled Ana'1ytj&gl.!- 
describes t h e  analytical procedures used by 
researchers during their s t u d y  o f  i n  situ 
uranium m i n i n g ,  General description only; 
specific methods not given. 

Some value as technical guidance f o r  th - is  
topic area. 

l h e  appendix Po t h i s  document describes tests 
f o r  over 100 waste  site characterization 
pa ramete r s  , i nc 1 ud i rig ph y s i c a 1 and c h emi c a 7 
properties and radioactivity. Discusses t e5 t  
methods, equipment reqeireveTts, and 
additional references. 

Good technical guidance f o r  "Iilis t o p i c  a rea .  
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ANALYTICAL PROCEDURES (continued) 

-I GUIDE 

81 -USGS-l 
GW $amp 1 e 
Collection Guide 

80-USE-1 
GW Data 
Acquisition 

7 9 -USGS .- 1 
Inorganics in 
Water/F luvial 

DESCRIPTION 

Contains procedures for the preparation and 
field analysis of certain parameters during 
ground water sampling. 

Good technical guidance for this topic area. 

Section 2.6.2 describes on-site measurements 
o f  unstable constituents. This discussion 
Includes descriptions o f  methods and 
equipment for various tests such a5 pH, 
specific conductance, temperature, and 
dissolved oxygen. 

Some value as technical guidance for this 
topic area. 

Contains detailed procedures for the 
laboratory analysis o f  inorganic contaminants 
in water and fluvial sediment. Update and 
expansion of 1970 version o f  this document. 

One of several optional sources of technical 
guidance prescribed in 40 CFR 141.23(f). 
Good technical guidance for this topic area. 

84 -0TA -1 
Protecting GW 

NONGOVERNMENT 
REFERENCES - I_.---. 

APHA 
1985 

Chapter 5 discusses detection o f  contaminants 
in ground water; outlines analytical 
methods for measuring organics, inorganics, 
radionuclides, and microorganisms; and 
discusses the limitations o f  some methods. 

Good general summary of  analytical methods 
for various ground water contaminants. 

---- DESCRIPTION 

Contains widely used standardized test 
procedures for all types o f  pollutants, 
including organics, microbial contaminants, 
and radioactivity. 
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ANALYTICAL PROCEDURES (cont tnued)  

APHA 1985 
(continued) 

Gu swa 
1984 

I A E A  
198'8 

DESCRIPTION --- 

~ % e  of several o p t i o n a ?  sizurr-es o f  technical  
guidance prescr ibed i n  40 C F R  1 4 ? . 2 3 ( f j  arid 
1 4 1 . 2 5 ( a j .  Good general  technical  gziidance 
f o r  m t e r  q u a l i t y  moniiorfny. 

l h - i s  rnanlial i s  a conrisc r e f e r e n r e  source on 
water ,  covering n!nmer'oifs sub jec t s  rang ing  
f rom u z t e r  supply  p r i n c i p l e s  and i n d u s t r i a l  
was tew3trr treatment. t o  Lhe naeasurement o f  
r a d i u a c t i v i t y .  Chapter 11 d i s c u s s e s  g w e r a l  
p roc ed u re s f o r  mea s u r i n g o 1-9 a n i c , i no rg a n 5 c , 
radiological, and bacter-iological parawrters, 
and  r e f e r s  t u  o the r  S O U T C E ~  f o r  det,silcd 
analytica? methods. 

Some value a5 general  backgi-oir-ild infor rmt ion  
on wate r  a n a l y s i s .  0 i - 1 ~  of several  optfonal 
t e c h n i c a 1 q u 1 d a ra c c s p rc s c r i bed i ii 
48 dit3 1 4 1 . 2 3 l f ) .  

Genera'; a n a l y t i c a l  technic/Ues a r e  r i v i e w d  on 
Pages 225 t h r - o u y h  235; discussion includes 
t h e  advantages and d i s a d v a o t a y e s  of each 
analytica! method. 

Good technical  gcridarsce f o r  t h i s  t op ic  a r e a ;  
b r i t t e r i  f o r  technical  personnel j.?;hc: are n o t  
f a m i l i a r  w i t h  rnoderc a n a l y t i c a l  techniqi-tes. 

Describes and ~ I S C I L S S ~ S  somc procedures f a r  
a n a l y s i s  o f  inorgaojc chem'rcals, 
radionucl ides ,  and microorganisms i n  water  
and sediment. 

Some vaiue as  t e c h i i i c a l  guidance f o r  t h i s  
t o p i c  a rea .  



117 

LABORATORY QUALITY ASSURANCE 

REGULATION 

NWPA 
111 

10 CFW 60.151 and 
60.9 52 

DOE ORDER 

570O.M 

GUIDE 

86-EPA-5 
TEGB 

85-E PA-1 
Pract. Guide 
for GW Samp. 

85-EPA-16 
CLP 
Inorganic 
Protocol 

I DESCRIPTION 

Applicable to high-level radioactive 
repositories operated by the DOE and licensed 
by the N R C ;  requlres DOE to implement a 
quality assurance ( Q A )  program based on 
criteria of Appendix 8 of 10 CFR 50, 

DESCRIPTION 

States that DOE laboratories and contractors 
are expected to establish and maintain QA 
programs. Where available, national 
consensus QA standards are to be applied (as 
selected by the DOE cognizant program 
secretarial offices). For nuclear projects, 
American National Standards 
Instjtute/Arnerican Society of Mechanical 
Engineers (ANSI/ASME) NQA-1 standards should 
be utilized to meet requirements of 10 CFR 50. 

DESCRIPTION 

Section 4.4.6 discusses the maintenance of  a 
laboratory logbook f o r  incoming samples, and 
Section 4 .6 .2  provides recommendations for a 
laboratory quality assurancelquality control 
(QA/QC)  program. 

Some value as technical guidance for this 
topic area. 

Section 1 presents steps for establishing a 
laboratory quality control program and 
includes a list of  sources of analytical 
error. 

Some value a5 technical guidance for this 
toplc area. 

This document describes standard protocol to 
be followed by laboratories performing 
analysis o f  inorganic substances under the 
U.S. EPA Contract Laboratory Program (CLP). 
Exhibit E presents QA/QC procedures to be 
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LARQRW'IORY QUALITY ASSUBAWE (continued) 

G U I D E  

85-EPA-16 
(coi-ltinued) 

83-EPA-5 
R C R A  Permit 
knlrjL. Manual 
GM P r o t  . 

33-EPA -1 0 
Iri t .  Guide/ 
QA Plans  

f ol 1 owed by con1 r a c  tors ,  i nc 1 u d i  ti?, 
equipment c a l i b r a t i o n  and v : r i f i c a t i e n ,  
preparat ion b l a n k  a n a l y s i s ,  dirp:icra'.e sar j t r -e 
analysis, and othesc,. Refers reader t o  
79-EPA -3 (QC WateriNas-t.ewt.er La351 For 
add i t .i ona 1 i nfor-inat -i on. 

Gocpd tcchnicitl guidance f o r  compliance i-:ith 
U . S *  EPA's C1.P requirements f o r  i n o r g a n i c  
analysi  s .  

ThS s ~ U C U ~ X R ~  d e s c r i b e s  standai-6 g i - f i t ~ c o l  t o  
be $01 loved by l a b ~ r a t ~ r i e ~  pei-fnr-riiiiqy 

t he  U - S .  E P A  C L P ,  Exh' !b I t  E pres<:nts general 
a n a l y s i s  o f  organic che 1 a n a l y q i s  under 

QAdQC considerat ions f o r  con t f ac to r s ,  
including standard operati rig proceburcs,  
organization and per-sonnel, f a c i l i t j e s  and 
equipment, and o t h e r s -  S p e c i f i c  QAdQC 
reguiremeots include equipment i a l i h r a t i o n ,  
reagent blank  a n a l y s i s ,  5ur roga te  spike 
a n a l y s i s ,  and o the r s .  Examples o f  laboratory 
evaluat ion c h e c k l i s t s  d re  ;3rovid@bj. 

Good technical  guidance f o r  compliance w i t h  
U . S .  C-PA's CLP requirerents f ~ i -  organic  
a n a l y s i s .  

Section 5.3.2 presents c r ' l t e r t a  f o r  the  
evaluat ion o f  l a b o r a t o r i e s  prapeseb by R C R A  
permit a p p l i c a n t s .  Refers t o  79-EPA-3 f o r  
information on q u a l i t y  control  i n  
1 a b o r a t o r i  es I 

Good general guidance f o r  t h i s  topic  a rea .  

T h i s  document describe5 the eJesr?ents o f  
QA plans reqes.lircd f o r  a11 U . S .  FPA-related 
measurement o r  rnuni lor ing p r o j e c t s ,  i n c l u d i n g  
sampl i ng procedures, samp? e c!nsl.ody, and 
a n a l y t i c a l  procedurxs. 
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. .. 
LABORATORY Q U A L I l Y  ASSURANCE (continued) 

GUIDE 

83 -E PA-10 
(continued) 

Required procedures for U.S. € P A  project 
applicants but also useful as general 
guidance far this topic area. 

19-EPA-3 Chapter 1 discusses the importance o f  quality 
QC Water/Wastewater control and following chapters address 
Labs quality control o f  laboratory serv lces ,  

instrument selection, glassware, data 
handling, radiochemistry, and other topics. 

Good technical guidance f o r  this topic area. 

7 9 4  PA-4 
129 Priority 
Pollutants 

7 1  -EPA-2 
Gbj Honit. 
S o l i d  Waste 
Fac. SW-611 

79 -USGS-l 
Inorganics 
in Water/ 
Fluvial 

84 -0TA-1 
Protecting Gld 

Provides a comprehensive description o f  
laboratory quality control procedures and 
analytical and extraction procedures for the 
analysis of pesticides and related compounds. 

Good technical guidance f o r  this topic area. 
(Although pesticide analysis may not be 
directly relevant, most  of the information 
presented can be applied t o  other types o f  
analyses as well .) 

Section 7.9  briefly d j s c u s s e s  the importance 
of laboratory quality control. Refers reader 
to 79-EPA-3. 

No technical or regulatory guidance for this 
top4c area. 

Contains a discussion o f  laboratory quality 
control, including accuracy o f  analysis, 
documentation o f  procedures, and basic 
laboratory requi rements. 

Some value as general technical guidance f o r  
this topic area, 

The use of  QA/QC programs t o  minimize 
uncertainties of  analytical results is 
discussed in Chapter 5 .  

Some value as general guidance for t h i s  topic 
area. 



Q R A T O R Y  QUALITY ASSURANCE (con1 

RELEVANT SPATEJEGULATIQNS 

I20 

nued) 

Wisconsin is one state which requires certification for c o m e r e - i a l  
laboratories and registration o f  in-house laboratories which ana lyze  
samples f rorn c n v i  ranmental monitoring programs.  Laboratories reqa?;i red 
tu be certified or registered m u s t  follow minimum criteria for test 
methodology, alternate methodologies, reference sample testing, quality 
control, and record maintenance. Certification and registration ~ u s t  
be renewed annually. 
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REPORTING OF O A T A  

REGULATION 

121 

DESCRIPTION 

10 CFR 28.4 and 20.5 Prescribes standard units for the measurement 
o f  radioactivity at all facilities licensed 
by the NRC. 

40 CFR 144,28(1h) Applicable to Underground Injection Control 
(UIC) programs administered by states. 
Specifies the applicable reporting 
requirements for the monitoring of injected 
fluids in Class 1 ,  11, and 111 underground 
injection wells. 

40 C F R  1 4 4 . 1 3 ( c ) ,  
146*.23(c), and 
146 I 33(c)  

Applicable to UIC programs administered by 
states. Specifies reporting requirements for 
Class I ,  11, and I11 injection wells, 
respectively. 

Requires RCRA-permitted land disposal 
facilities which have a detection monitoring 
program to express ground water quality data 
in a form appropriate for  the statistical 
determination required under 40 CFR 
264.97(h). (See Evaluation o f  Data.) 

CFR 264.98(h)(ii) Requires background values in a detection 
monitoring program t o  be expressed in a form 
appropriate f o r  the statistical determination 
required under 40 CFR 264.97(h). 

40 CFR 254.99(~)(3) Requires RCRA -permi tted l a n d  disposal 
facillties which have a compliance monitoring 
program to express background values in a 
form appropriate for the statistical 
determination required under 48 CFR 254.97(h). 

40 C F R  264.99(d) Requires RCRA permitted land disposal 
facilities which have a compliance monitoring 
program to express ground water quality data 
from each well at the compliance point in a 
fo rm appropriate f o r  the statistical 
determination required under 49 CFR 264.97(h). 
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G OF DATA (continued) 

RCRA 

40 CFR 265.94 

DOE ORDERS 

Applicable t o  WCRA facilities operat ing under 
interim status regulations; requires c e r t a i n  
procedures and f r equenc ies  for the reporting 
o f  ground w a t e r  monitoring data  t o  t h e  U.S ,  
EPA. 

I DESCRIPTION 

5484.1, Chapt.er I11 -4.b A p p l i c a b l e  t a  a l l  DQE and DO€ contractor 
operations, Describes contents  and format  3f 
annual  environmental monitoring report. 
  for^ DOE F 5821.1, Annual E f f l u e n t  D a t a  
Form.) 

5484.1, Chapter 1 1 6 . 4 . ~  Describes con ten ts  and formal af annua3 
environmental summary (applicablp t o  those 
DOE operations which a r e  exempt f rom 
Environmental t.facagernem.8. Report). 

5484.1, Chapter III.4.d Prescribes units and f o r m a t  t o  be used for 
reporting data. 

5484.1 , Chapter XI1 .5 . d  General re u i  remient t h a t  moni tori rig and 
reporting he adequate for preparation of  
annual radioactive release s u m a r l e s ,  

8 6 .-E PA .- 3 
STORET 

$5-EPA-5 
I E G D  

I_lj DESCRIPTXBN 

Chapter 3 of  thi5 document shows how the 
EPA's STORET data management system can  be 
utilized t o  organize data  f o r  a RCRA ground 
wate r  monitoring program. 

Good technical guidance f o r  organization o f  
monitoring d a t a .  

Section 4.7 provides information on d a t a  
reporting, including "less  t h a n "  values, 
significant d i y 4 t r ,  m i s s i n g  values,  
"ou t1  i ers , I' and groper  units . S e c t 7  on 5.1 
recamends t h e  use o f  s t a n d a r d i z e d  data  
reporting shee ts  f o r  reporting d a t a  as 
required hy 40 C F H  265 .94  and  refers reader 
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REPORTING OF QATA (continued) 

GUIDE 

86-EPA-5 
(continued) 

84-EPA-2 
Permit App. 
Guide H 
Facilities 

76 -EPA-3 
Monit. GW: 
Data M g t .  

KEFERENCES 

Everett 
1980 

... 
Liggett 
1985 
ASTM STP867 

DESCRIPTION 

to the U.S. €PA memo of November 30, 1983, 
"Guidance OR Implementation o f  Subpart F 
Requirements f o r  Statistically Significant 
Increases in Indicator Parameter Values." 

Current regulatory guidance recommended for 
RCRA compliance. Good general technical 
guidance f o r  this topic area. 

Section 9 provides guidance for RCRA permit 
applicants for complying with RCRA ground 
water monitoring requirements and includes 
example format sheets for the reporting o f  
ground water data, 

Good technical guidance on reporting 
formats. Current regulatory guidance for 
RCRA interim status facilities. 

lhis document discusses the requirements o f  
data management information systems for 
ground water quality monitoring programs and 
evaluates the existing federal systems of 
STORET, WAlSTORE, and ~ A ~ ~ ~ X ~  

Limited value as technical guidance for this 
topic area. 

-- DESCRIPTION 

Chapter I V  covers ground water data 
management, presents formats for the handling 
o f  data, and describes the STORET, WATSTORE, 
and NAWDEX data managjement systems. 
Recommended approaches to data collection, 
communication, storage, processing, and 
retrieval are presented. The final section 
recommends specific changes t o  the existing 
STORET data systems. 

Good general technical guidance for data 
management. 

This article recommends that laboratories 
include measurements on various blanks and 
calibration standards instead of reporting 
results as "none detected." For linear data 
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REPORT SNG OF DATA (cont.inued) 

L i g g e t t  1985 
( c o n t l n u e d )  

DESCRIPTZQY . . 

reduct ion ,  i t  suggests  sGbtracting t h e  
b 3 r k g w u Q d  va'lue f r o m  t h e  response acd 
reporting t h e  r e s u l t  even j f  i t  i s  nega t i ve .  



- ..... 

EVALUATION OF DATA 

PEGULATIOW 

125 

I DESCRIPTION 

40 CFR 192.32(a)(2) Requires that a detection monjtoring program 
(40 CFR 264.98) be established at designated 
uranium or thorium mill tailing depository 
sites. (See RCRA 40 CFR 264,98(g) below,) 

PMSA 

40 CFR 141.23 and Applicable to public water systems; specifies 
141.24 the methods for determjning exceedance of the 

MCLs for inorganic and organic chemicals. 

40 CFR 141.25(d) and Applicable to public water systems; specifies 
141.26 the methods far determining compliance with 

MCLs for radioactive contaminants. 

40 CFR 254.93(h) Applicable to RCRA-permitted land disposal 
facilities; specifies procedures for using 
the Behrens-Fisher Student's t-test in 
determining compliance with ground water 
quality standards and gives requirements f o r  
alternate statistical methods (refers to Part 
264, Appendix Ill - Tests for Significance). 

40 CFR 264.98(g) 

40 C F R  264.99(h) 

40 CFR 265.93(b) 
and (c) 

Requires that RCRA facilities with detection 
monitoring programs follow the Student's 
t-test or an equivalent alternate statistical 
procedure prescrlbed in 40 CFR 264.97(h). 

Requires that RCRA facilities with compliance 
monitoring programs follow the Student's 
t-test o r  an equivalent alternate statistical 
procedure prescribed in 40 CFR 264.97(h). 

Applicable to RCRA land disposal facilities 
operating under interim status standards; 
specifies that statistical procedures be 
followed to determine significant increases 
over background levels (refers to 40 CFR 265, 
Appendix f V ) .  
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EVALUATION OF DATA (continued) 

_ _ . _ _ . . ~  REGULATION 

- CERCLA 
40 CFR 300.68 

G U I D E  

85 -EPA-2 
Rem. Act. 
HW Sites 

Applicable t o  U.S .  EPA "Superfund" sites; 
presents f a c t o r s  f a r  e v a l u a t i n g  8lternatives 
for remedial actions b a s e d  on gathered d a t a .  

Chapter 5 addresses the s t a t i s t i c a l  an;xSysis 
of detection monitoring data a s  required by 
RCRA regulations. Section 5.2 g i v e s  
recommendations for the seleclion of t - t e s t s  
and their use and discusses t h e  components o f  
variability in background wells and t h e  
handling o f  f a l s e  positive results. 
Information is a l s o  presented regarding the  
maQipulation o f  nowwrrnally distributed data 
poSnts.  S e c t i o n  5 + 3  briefly discusses t h e  
statist.ica1 a n a l y s i s  o f  backgr-ound d a t a .  

eompari sons o f  background data ~ i t h  
downgradient d a t a  and subsequent background 
sampling data and explains when assessmer~t 
monitoring must be recsmmnded. Section 6.6 
contains a brief discussion of the use of 
computer models in assessing contararlnant 
migration, Section 6-10 describes procedures 
f o r  evaluating data collected in "Le 
assessment monitoring phase, including the 
proper listing o f  data, statistica? 
tabulation, and d a t a  simplification. Section 
6,11 presents procedures for determining t h e  
r a t e  of migration. 

ives guidance on statistical 

Current technical guidance f o r  R C R A  
regulatory compliance. Good technical 
guidance f o r  this topic a r e a ,  

Volume 3 of this document provides d e t a i l e d  
guidance on the use o f  numerical models of 
subsurface controls for  remedial actions. 
Subsurface modeling parameters are divided 
into two categories: (1  ) flow-related 
parameters, including dispersivity, porosity, 
bi i lk  density, sorption, and degradation rate 
and (2) transport-related parameters. 
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E V A L U A T I O N  OF O A ' I A  (continued) 

121 

85 -€PA -2 
(continued) 

85-EPA -3 
GW Nonit/Stat. 
Proc. HW 
Facilities 

85-EPA -1 1 
RCRA GW 
Mont. Guide 

84 -E PA-4 
Rem. 
Investigations 
Guide 

Good technical guidance for subsurface 
mode 1 i ng . 
lhis report describes statistical procedures 
for designing ground water monitoring 
programs and statist i c a l  analyses o f  
monitoring data f o r  ~ ~ t ~ ~ ~ ~ n i ~ ~  t h e  presence 
o f  contamination. The recommended long-term 
monitoring technique is to use comparisons of 
each well over time, comb.irrec! wjth a 
graphical procedure for determining whether 
the current average concentration is above o r  
below a s e t  o f  control limits established f o r  
that well. The report presents a 
step-by-step procedure for using the 
graphical techniques, tolerance limits, tests 
f o r  trends, and control charts t o  determine 
leakage a t  hazardous waste facilities. 

Good technical guidance f o r  use of alternate 
statistical tests at RCRA facilities; may 
a l s o  be useful for other facilities, 

Section 3-1.5 compares the statistical 
evaluations o f  detection monitoring data 
required under 40 CFR 264 and 265, and 
Section 3.2.4 dlsctlsses statistical 
evaluations o f  compliance monitoring data. 

Current regulatory guidance for RCRA 
compliance. No technical guidance for this 
topic area. 

Chapter 3 prowides guidance on developing 
sampling plans for remedial investigations a t  
CERCLA s i t e s ,  including the evaluation o f  
existing data, and Chapter 4 C O V ~ T S  the 
management of data obtained during this 
investigation. 

Good guidance for regulatory compliance w i t h  
CERCLA. Good technical guidance far this 
topic area. 
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EVALUATION OF DATA (continued) 

G U I D E  I DESCRIPTION 

83-EPA-3 
Stat. Proc. 
GW Modeling 

83-E PA-4 
R C R A  Permit 
bdrit, MaAlual 

$3-EPA -6 
Risk Assmnt. 
R C R A  Landfill 

79-EPA-4 
129 Priority 
Pollutants 

T h i s  report compares three versions of the 
Student's t-test s t a t i s t i c a l  procedures 
required f o r  RCWA interim status facilities. 
It was found that the Cochran's test and 
equal-variance t-test have high false 
positive ra tes  and the test based on 
quarterly averages of analytical replicates 
may have too large a false negative rate. 
Until the U.S. EPA revises the present 
statistical tests, the report recom 
using the? Cochran's test and the average 
replicate test in tandem, and those data sets 
fa-31ing both tests should be given highest 
priority. 

Good technical guidance for statistical 
analyses o f  ground water monitoring data. 

Chapter 6 provides a detailed d-iscussion o f  
the factors t h a t  must be considered when 
reviewing proposed statistical procedures. 
Sections 8.2.2, 8.3.5, 9.2.1, 9 . 4 . 5 ,  and 
10.4.4 provide guidance in specifying 
statistical procedures appropriate for the 
various WCRA ground water monitoring programs. 

Goad technical guidance for this topic area; 
partially superseded by TEGD for RCRA 
compliance. 

Section 3 discusses exposure assessments for 
harardoqs waste landfills, including data 
requirements and the development o f  ground 
water, runoff, and air dispersion models. 

Gond technical guidance fot- this t o p i c  area. 

Presents detailed information an the a q u a t i c  
transport and f a t e  o f  pollutants (identified 
in Section 307(a)(l) of the 1977 C 
rndy be useful in evaluating o r  modeling 
ground w a t e r  contamination. 
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EVALUAT I O N  OF D A I  A ( c m t  i nued) 

G U I D E  Dw_R I PT I ON 

7 6 -E P A  -4 
(continued) 

78- iPA -1 
Contam. 
Potential 
Surface 
X~~~~~~ I 

WQdel Code 
Selection 
Vol. 1 and 2 

Good technical guidance for determining 
significance o f  contamination. 

The SIA evaluation system separates two 
phases of  impoundment evaluation: (1) the 
rating o f  the ground water contamination 
potential itself and ( 2 )  the rating o f  the 
relative magnitude o f  otenklal e ~ d a n ~ e r m e ~ ~  
t o  current users of ~ n ~ ~ r ~ r o ~ n ~  drinking 
water sources. Several specific 
h ~ ~ r Q g ~ o l o ~ i c  and spatial factors are given 
numerical values, resulting i n  an overall 
ranking of  im~oundment sites, 

Some value as guidance for evaluating 
~ ~ ~ i t o ~ ~ ~ ~  needs at. surface j m ~ o ~ ~ ~ m e n ~ ~ .  

l h i s  document was designed to assist ground 
water modelers in selecting transport codes 
f o r  assensjng the performance of shallow land 
burial facllities f o r  low-level raeioactive 
waste. Volume 1 presents nine key steps for 
developing successful simulation models and 
presents numerous recommendations such as t he  
use of proven codes and the enl3stment of the 
ald o f  professional modelers. Volume 2 
contains four special test case examples 
using the  gujdelines established in 
Volume 1. Although t h e  document addresses 
radioactive waste burial sites, much of the 
modeling infomation would apply t o  other 
types o f  land disposal facilities as well. 

Good technical guidance for the use of 
computer models. 

83 -4 QE --a SectSon 7 details methods o f  data analysis 
E P f  luent Wadiolsg4cal and statistical treatment t o  detect trends 
Weas. DOE and resolve any anomalies. 

Good technical guidance for this topic area, 

85 - N R C  -2 
Radionuclide 
Migration GW 

Describes radionuclide migration in ground 
water observed at several low-level 
radioactive waste disposal sites. Presents 

... 
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OF DATA (continued) 

G U I D E  DESCRIPTION 

8 5 -N R C -2 
(continued) 

results of studies performed t o  determine the  
behavior of  the radionuclides in ground 
and describes attempts t o  model observed 
behavior. 

Good technical guidance for  the evaluation of  
radionuclide data .  

82-NRC-1 The appendix of this document discusses the :  
a i  sposal Low-Level evaluation of ground w a t e r  systems by using 
Radioactive Maste cross sect@lsns and contour ~ a p s .  

Limited technical guidance f o r  t h i s  topic 
area .  

8 2 -44 R c 4 Appendices D and E contaiis detailed sum 
GlnJ Flow Unsaturated of se lec ted  modeling codes wh3ct.s include 
Zone specific descriptions of  each o f  the codes, 

assumptions, simplifications, major 
variables, applicability, limitatjsns, 
validity, and completeness. 

Good technical guidance f o r  conp 
of flow in t h e  unsaturated zone. 

Bachrnat 
1980 

- BESCRIPTBON 

This report discusses a l l  types o f  ground 
water models and their applications in the 
management of water resource systemse 
Attention is facused on t h e  kinds o f  models 
that have been developed and t h e i r  specific 
and general roles in 
availability of  the models and the 
information, data, m d  technical expertise 
needed f o r  t h e i r  operation and use are a lso 
discussed. The appendix conta4ns various 
tables d e s c r i b i n g  t h e  258 models  covered by 
the  survey. 

Some value as fechn-ical guidance ~ Q I -  ground 
water modeling. 
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EVALUATION Of: DATA (continued) 

NONGOVERNMENT 
REFERENCES 

Bouwer 
1978 

Campbell 
1985 
GW Monit. Rev. 

Cheremisinoff 
1984 

Fried 
1975 

G1 i et 
1985 
Env. Sci. Tech 

DESCRIPTIO! 

Chapter 7 presents an analysis of data for 
underground flow systems. The simpler 
systems are analyzed mathematically, while 
more complex flow systems are described using 
physical, analog, or numerical models. 

Good overall technical guidance for this 
topic area. 

This paper describes a system consisting of a 
checklist of criteria, grouped into four major 
categories, which can be applied t o  
laboratory o r  field measurements. Two tables 
summarize t he  data evaluation systems used 
for field a n d  laboratory data. 

Good general technical gluddance for this 
topjc area. 

This book was prepared as a guide in the 
development, use, and limitations of ground 
water models for predicting movement of 
contaminated leachate plumes located near 
solid waste disposal facilities. 

Good technical guidance for use o f  ground 
water models. 

The book stresses mathematical model: 
Several case histories o f  aquifer pollution 
a r e  given and a broad overview of 
mathematical ground water modeling is 
provided. 

Good technical guidance for ground water 
model ing 

This paper deals with analyzing data sets 
which contain a reasonable percentage of 
"below detection limit" entries. Several 
possible estimators are proposed and tested 
via simulation. "Fill in w i t h  expected 
values" was shown to be the best estimator. 
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E V A L U A T I B R  OF D A T A  (continued) 

Gliet 1985 
(contlnued) 

Greenhouse 
1985 
Ge;] Mcnit. Rev. 

Guswa 
1954 

Javandel 
1984 

_I. DESCRIPTION 

Good technical guidance for statistical 
approaches f o r  analyztnng small normal data 
sets w i t h  detection limits. 

T h f s  papes d i s c u s s e s  two broad geophysical 
applications, monitoring and mapping, both of 
which  identify contaminated ground water 
because of t he  enhanced electrical 
conductivity associated w i t h  abnormally h igh  
concentrations of dissolved solids. A 
fictitious landf’lll is used t o  illustrate 
design possibilities and t o  provide 
perceptions which may be o f  interest when 
considering geophysical monitoring, 

Limited t e c h n i c a l  guidance on geophysical 
evaluation methods. 

P a r t  I11 presents a methodaloqy f o r  rapid 
assessment o f  potential ground water 

lnants under emergency response 
conditions. Several s teps  used in evaluating 
ground water contamination d a t a  a r e  listed, 
and detailed assessments o f  contamination 
problems a r e  given. 

Good technical guidance for assessment of 
data in patentiall ground \dater contamination 
cases  involving emergency response. 

Reviews the characteristics, uses ,  and 
limitations of analytical, semianalytical, 
and numerical ~ ~ t h o d s  f o r  assessin 
predicting the extent and implications of 
subsur face  contamination. Limited t o  methods 
f o r  rmdelling nonr-eact ive transport, Includes 
several examp!es o f  applications, and 
provides computei- code listings for specific 
analytical and semianalyticall methods 
discussed in t h e  t e x t .  Intended as a 
practical? guide t o  t h e  selection o f  
mathematical models and t h e  application o f  
t h e  simpler (i.e., nonnumcrical) techniques, 
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EVALUATION OF DATA (continued) 

~ ~ G ~ V E ~ N ~ E N ~  
REFERENCES DESCRIPTION 

Good current technical guidance on techniques 
for eva?uating the consequences of ground 
water contamination and need for corrective 
action in situations where monitoring data 
indicate that contaminants are present. 

(continued) 

Liggett 
1985 
ASTM STP86 

Marinas 
1982 

Matthess 
1982 

7 

This paper proposes that ground water 
monitoring designs for evaluation of ground 
water data incorporate separation of the 
contamination of Interest from the 
background, use o f  independent replicates ta 
assess sampling and measurement error, and 
the reporting o f  intermediate laboratory 
results where analytical results would 
otherwise indicate nvne detected.. Such an 
integrated design is proposed for monitoring 
total organic halides. Phis paper a l s o  
illustrates some difficult design problems 
that involve nonnormality and nonlinear 
measurement methods. 

Provides current guidance on an alternative 
~ ~ ~ h o ~  for desfgning ground water systems for 
data evaluations. 

?Re text covers t h e  evaluation af data from 
several ground water contamination problems. 
Among the problems covered are control of 
shallow water tab le ,  seepage under dams and 
other hydraulic structures, flow t o  wells, 
evaluation of aquifer tests, construction and 
maintenance o f  wells, and exploration for 
ground water 

Good technical guidance for this topic area. 

This book contains extensive information on 
the chemical properties of ground water, 
particularly the causes of natural 
variability in ground water chemistry (e.g., 
seasonal changes, relationships between rock 
type and water chemistry). Review of the 
relevant literature includes numerous 
references to European as well a s  North 
American 'ill terature. 
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EVALUATION OF DATA (continued) 

Mathess 1982 
(continued) 

Xc B ea n 
1985 
GM Eagonit. Rev. 

Wiiller 
1984 
OdWIPBA/API 
Proc. 

National Research 
Csunsi 1 
1984 

Page 
1984 

Good technical r e f e r e n c e  to r  U S ~  in 
interpreting water qualdty d a t a ;  especially 
helpful for  understanding na tu ra l  influmcas 
on ~ a t e r  c h e m i s t r y  and possible causes o f  
a p p a r a ~ t  anonal ies i n  bdckgrclund ~datei- 
quality. 

For RCRA upgradient monitoring wells,  this 
article recommends the  use of  mi;:tiple 
samples from a single we71 a's opposed t o  
replicate analyses on one sample -tu overcome 
t he  shor tcoming o f  including o n l y  the 
a n a l y t i c a l  error and n o t  the smpliny error 
in the variance e s t i m a t e .  

Current guidance ow alternatjve statistical 
procedures f o r  e v a l u a t i n g  gr-oennd w a t e r  data.  

T h i s  article recommends an a?te~nate version 
of the S t u d e n t ' s  t - t e s t  eo correct "faalr,e 
positive" results in t h e  U . S .  EPA's 
procedure. The alteernintr version involves 
averaging and treating the  four replicate 
analyses on each sample as a single resvlt 
p r i o r  t o  calculating the  Behrens-Fisher 
t-statistic. 

Current  guidance on alternative statistical 
procedures f o r  evaluating ground wtter data .  

The t e x t  presents various papers dealing w i t h  
ground w a t e r  contamination. 
presented information on t h e  Love Canal Area, 
New York ,  deals w i t h  ground water f l o ~  

Cne paper which 

Limited technical guidance f o r  using models 
t o  evaluate ground w a t e r  d a t a .  

This report describes t h e  results o f  research 
conducted in Mew Jersey on t he  prediction of 
t h e  presence of  contamjnated ground water  
based on c e r t a i n  municipal characteristics. 
Several models were developed containing such  
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EVALUATION OF D A T A  (continued) 

Ross 
1984 

Prsc 

... 

Spl i t s tone  

H W C R I  Proc. 

- DESCRIPTIO 

factors as ~ ~ ~ ~ ~ a ~ ~ ~ n  income a n d  race, extent 
of industrial zoning, and age of  industrial 
facilities. The models Mere able t o  
successfully ppe ict 7 5  to €35 X of the  
~ ~ c o n t a ~ i ~ ~ t e ~ ~ ~  or "not contaminated" 
municipalities. A ~ ~ ~ i o ~ ~ ~  these models may be 
useful to ~ ~ v ~ ~ ~ ~ e n t  planners, they are not 
intended f o r  predicting t h e  rate and extent 
o f  ground water ~ o ~ ~ a r n i ~ ~ t i ~ ~  from waste 
disposal kgnjls. 

Limited value as technical guidance f o r  this 
topic area. 

This article r e c o  ends that, for an a c c u r a t e  
statistical t e s t ,  R C R A  monitoring program 
be designed t o  eliminate the influence o f  
n a t u r a l  spatial variability, to secure 
independent Sam l e s ,  and t o  select 
a p p r o p r i a t e  statistical techniques. For 
small sample s i z e s ,  for r i o ~ n ~ ~ a l  
d i s t r i b u t i o n s  where variance in two sample 
sets are significantly different, and where 
remedial action is influencing the data a t  
some o f  t h e  wells, the ~ a n ~ - ~ ~ i t n e ~  U- tes t  is 

ended f o r  statistical analysis. 

Current guidance on alternative statistical 
procedures for evaluating ground water data.. 

This paper illustrates t h e  statistical 
evaluation of analytical data from true 
replicate sarnpljng of ground water (by  
multiple sampling o f  a well rather than by 
the U , S .  EPA's method of multiple analysis o f  
a single sample). Controls the risk of  
"false p o s i t l w e "  test results t o  a small 
specified probability. 

Provides current technical guidance on an 
alternative statistical model t o  t h e  
statistical t e s t  prescribed by t he  U.S. EPA 
for R C R A  monitoring networks. 
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EVALUATION OF DATA (continued) 

REFERENCES 

Todd 
1980 

UNESCO 
1982 

Ma rig 
1981 

DESCRIPTION 

Chapter 10 discusses the evaluation of data 
through the use of various ground water 
~ ~ ~ ~ l i ~ g  techniques. Various models a r e  
described and several sketches are presented, 

Good technical guidance f o r  ground water 
odeling. 

The text discusses different ground water 
rnode’ls and their applicability t o  different 
geologic settings. Many case histories are 
presented and, through these varjous studies, 
conclusions are derived for several models. 

Goad technical guidance for ground w a t e r  
rnudel ing In various geologic conditions. 

This text describes evaluation o f  ground 
water data through the use o f  wnodeling. The 
objective throughout t h e  book i s  to solve 
ground water flow problems with the digital 
computer, Examples of programs can be run on 
a FORTRAM compiler. 

Good technical guidance f o r  ground water flow 
ode1 i ng . 

RELEVANT STATE REGULATIBb44 

Mast states follow t h e  U . S .  $PA procedure f o r  requiring that 
background ground water  quality be determined on t h e  basis of d a t a  from 
the first four calendar quarters of monitoring t n  the upgradient well 
in t h e  R C R A  monitoring network, 

West Virginia is one state where background valcres of ground water 
a t  hazardous w a s t e  facilities are redetermined each quarter For use in 
statistical evaluation of ground water data. 

Wisconsin requires utilization of t h e  following statistical 
procedures which will provide a 95% level o f  confidence f o r  determining 
if a ground water s tandard  has been attained o r  exceeded: Student‘s 
t - t e s t ,  tenpsral or spatial trend analysis, or other scientifically 
valid statistical a n a l y s e s .  A s  p a r t  a f  its revjeani of the  quality of  
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OF DATA (continued) 

sampling data, the Misconsin Department o f  Natural Resources ( 
evaluates the sa. pling procedures, precision and accuracy o f  the 
analytical t e s t ,  s i z e  o f  data set,  and the quality control and quality 
assurance ~ ~ ~ ~ ~ d ~ r ~ s  used. I f  there i s  insuff ic ient  information t o  
evaluate t h e  reliability o f  the sampling data, the Wisconsin DNR can 
requdre additional samples o r  o t h e r  changes i n  monitoring programs. 
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GROUND MATER STANDARDS AND ALTERNATE ~ O N ~ E ~ ~ ~ ~ ~ ~ ~ ~  LI 

REGULATION 

10  CFR 20.106 

10  CFR 51.41 

40 CFR 192.02 

40 CFR 192.12 

DESCRIPTION 

Requires t h a t  c o n c e n t r a t i o n s  o f  r a d i o a c t i v e  
material re leased  t o  u n r e s t r i c t e d  areas f r o m  
NRC-licensed f a c i l i t i e s  n o t  exceed l i m i t s  
s p e c i f i e d  i n  Appendix B ,  Table 11, o f  
10  CFR 20 and p r e s c r i b e s  procedures f o r  
o b t a i n i n g  r e v i s e d  l i m i t s .  

P resc r ibes  maximum c o n c e n t r a t i o n s  o f  
r a d i o a c t i v e  m a t e r i a l s  uh l ch  may $ne released 
t o  t h e  environment f rom f a c i l i t i e s  l i c e n s e d  
by t h e  NRC f o r  t h e  l a n d  d i s p o s a l  of 
r a d i o a c t i v e  wastes. 

E s t a b l  i shes maximum radon release r a t e s  from 
i n a c t i v e  uranium p rocess ing  s i t e s  and 
e s t a b l i s h e s  a t i m e  per iod  f o r  c o n t r o l  of  t he  
s i t e .  

E s t a b l i s h e s  ~ a ~ i ~ u ~  r e s i d u a l  rad ium 
c o n c e n t r a t i o n s  far-  reniedial a c t i o n s  
undertaken a t  i n a c t i v e  uranium p rocess ing  
s i t e s  and s p e c i f i e r  levels  f o r  radon decay 
and g a m a  r a d i a t i o n .  

40 CFR 192.20(a)(3)  Prov ides genera l  guidance f o r  de te rm in ing  t h e  
need f o r  remedia l  o r  protective a c t i o n  i n  
cases where contaminated ground water i s  
p r e s e n t  a t  i n a c t i v e  tiraniurn o r  t h o r i u m  
p rocess ing  f a c i l i t i e s  s u b j e c t  t o  rerwd-iisl 
a c t i o n  by D O E .  Declsion i s  t o  t a k e  i n t o  
account  s t a t e  and fEderal water q u a l i t y  
c r i t e r i a  f o r  a n t i c i p a t e d  or- e x i s t i n g  uses ~f 
t h e  w a t e r  a s  well as o t h e r  f a c t o i - s .  

48 C F R  192.32(a) Requires t h a t  t h e  management of  uranium mill 
t a i l i n g s  and process ing  wastes  a t  
NWC-licensed s i t e s  conform w i t h  t h e  g r o u n d  
wate r  p r o t e c t i o n  standard o f  40 CFR 2b4.91, 
w i t h  t h e  a d d i t i o n  o f  parameters s p e c i f i e d  i n  
Table A of 40 C F R  192,32, and prov ides  f o r  
t h e  es tab l i shmen t  of a l t e r n a t e  c o n c e n t r a t i o n  
l i m i t s  (AGLs). 
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GROUND MATER STANQARDS 

R E G U L A T I O N  

40 CFR 192.33 

NW PA 

10 CFR 60.113 

-.- 

40 CFR 191.16 

40 CFR 141.11, 141.12, 
and 141.13 

40 CFR 141.14 

40 CFR 141.15 

40 CFR 141.16 

SDWA 

40 CFR 143.3 

AND A L T E R N A T E  C O N C E N T R A T I O N  L I M I T S  (continued) 

D E S C R I P T I O N  

Requires that a corrective action program 
(per 40 CFR 264.100) be put into operation if 
t.he standards of 40 CFR 192.32 are exceeded. 

Prescribes certain performance criteria for 
closed high-level radioactive waste disposal 
sites and authorizes the NRC to specify 
radionuclide release rates an a case-by-case 
basis. 

Prescribes maximum concentrations o f  certain 
radionuclides which may be released into the 
ground water from high-level radioactive 
waste disposal sites. 

Establishes #CLs in ~ o ~ u n i t y  water systems 
for inorganic and organic chemicals and 
turbid3 ty. 

CLs in community and 
~ o ~ ~ o ~ ~ ~ n i t ~  water systems for coliform 
bacteria, 

Establishes WCLs in community water systems 
for radium-226, radium-228, and gross alpha 
radioactivity. 

Establishes maximum annual radioactive 
equivalents to the body from community 
systems and specifies that dose equiva 
shall be calculated from Table A in 40 
and the methods in the National 8ureau 
Standards (NBS) Handbook 69 (63-DOC-1) 

Establishes recommended secondary M C L s  
public water systems for 12 inorganic 
contaminants. 

dose 
water 
ents 
CFR 141 
of 

i n  
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GROUND WATER STANDARDS AND ALTERNATE CONCENTRATION LIMITS ( con t inued)  

I R K GU L AT I ON. --- D E S C R I P T I O N  

40 CFW 144.12(a) Prohi  b i t s  under-ground i n j e c t i o n  a c t i v i t i e s  
f rom causing a v i o l a t i o n  o f  any pr'rmary 
d r i n k i n g  water  r e g u l a t i o n  under 40 CFR 142 o r  
o t h e r w j s e  adve rse l y  a f f e c t i n g  t h e  health of 
persons. 

40 C F R  146.4 

40 C F R  241.204 

E s t a b l i s h e s  c r i t e r i a  f o r  exempting a q u i f e r s  
as  underground s o ; i ~ t e s  o f  d r i n k i n g  water.  

General recju'r remefit o f  nonha?ardaus sol i d  
w a s t e  d i s p o s a l  s i t e s  -to conform w i t h  water 
q u a l i t y  s tandards  and p r - s t i d e  p r o t e c t i o n  o f  
ground and s u r f a c e  waters  used as d r i n k i n g  
~ t e r  suppl i e s .  

40 C F R  257.3, 251.4  A p p l i c a b l e  t o  nonhazardous s o l i d  waste 
d i s p o s a l  f a c i l i t i e s  ( w i t h  c e r t a i n  
exceptians); p r o h i b i t s  f a c i l i t i e s  f r c m  
con tamina t ing  underground d r i n k i n g  wa te r  
sources  and p r e s c r i b e s  Whs f o r  c e r t a i n  
parameters  ( r e f e r s  t o  40 C F K  253, Appendix I ) .  

40 C F R  264.92 

40 CFR 264.94(a) 

40 CFR 264.94(b)  

A p p l i c a b l e  t o  RCWA-permitted l a n d  d i s p o s a l  
f a c i l i t i e s ;  r e q u i r e s  t h a t  c o n c e n t r a t i o n s  o f  
hazardous cons t i  tuents i n  t h e  uppermost 
a q u i f e r  beyond t h e  compl iance p o i n t  n o t  
exceed c o n c e n t r a t i o n  l i m j t s  s e t  i n  t h e  perm 

States t h a t  t h e  RCWA p e r m i t  w i l l  s p e c i f y  
c o n c e n t r a t i o n  l i m i t s  i n  t h e  ground water  f o  
t h e  hazardous c o n s t i t u e n t s  e s t a b l i s h e d  i n  
40 CFR 264.93 and  c o n s t i t u e n t  concen t ra t i ons  
may n o t  exceed permit background l e v e l s  or 
l i m i t s  i n  Table 1 o f  40 CFR 264.94 ( i f  
background l e v e l  i s  l e s s  than  t h a t  i n d i c a t e d  
iil Table I )  o r  an A C L .  

t "  

Provides f o r  t h e  e s t a b l  i shment o f  ACLs - 
R a t i o n a l e  f o r  de te rm in ing  A C L s  t o  be based on 
19 f a c t o r s  t o  p r o t e c t  human h e a l t h  and the 
environment.  Op t iona l  wa'livsi- t o  MCLs,  
a p p l i c a b l e  t o  RCRA m o n i t o r i n g .  
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~~~~~D WATER STANDARDS AND A L T E R N A T E  C O N C E N T R A T I O N  L I M I T S  (continued) 

REGULATION D E S C R I P T I O N  

264.99(a),(b), States that the RCRA permit will specify 
and (c) concentration limits of hazardous constituents 

for facilities in a compliance monitorlng 
program. 

40 CFR 265.92(b)  
and (c) 

G U I D E  

ACL Guide 

Applicable to RCRA land disposal facilities 
operating under interim status standards. 
Specifies certain parameters which must be 
analyzed and requires the establishment of 
background concentrations for these parameters 
which will be used as basis of statistical 
comparison to determine ground water 
contamination. 

DESCRIPTION 

Describes in detail the procedures for RCRA 
permit applicants to establish an ACL as a 
ground water protection standard (instead of 
using background levels or maximum 
concentration limits). Contains a chapter on 
each of the ACL request criteria lSsted in 
40 CFR 264.94(b). 

Good current regulatory and technical 
guidance for compliance with RCRA 
(40 CFR 254.94). 

85-EPA-6 Section 4.3 discusses how the U.S. €PA Ground 
C E R C L A  Feasibility Water Protection Strategy affects t h e  degree 
Stud i e5 o f  remediation at CERCLA sites. Section 4.7 

presents a table of federal requirements 
applicable at CERCLA sites, including those 
affecting ground water, and Section 5.4 
compares federal water quality standards for 
various hazardous constituents. 

Current regulatory guidance for compliance 
with CERCLA.  
this topic area. 

Limited technical guidance for 

8 5-E PA-8 
State GW Prog. 
Summa r i e s 
Vol. 1 

Chapter I1 and Appendix A summarize various 
ground water protection activities which have 
been incorporated into state ground water 
programs. Activities discussed include 
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85-$PA-8 
(cont - i  n u e d )  

85-EQA-11 
R C R A  GW 
M m t .  Guide 

85-EPA -1 4 
StatePTerri tory 
GbJ Class 

84 -E PA--3 
P e r m i  t Writ . 
Guide Hbl 
Facilities 

83 -E PA -4 
R C R A  Permit 
W r ’ l t .  Manual 
GW P r o t .  

- - ~  DESCRIPTION 

ground w a h e ~  protection policies, quality 
standards ground water program contr-01 
programs, arid interagency agremewts . 
Appendix A cor7ta-i.ns tables which d e s c r i b e  for 
each s t a t e  and I1 -S .  ter-riisr-y ground water 
classification systems gtound v a t e r  qual ty 
standards, agency responsibilities, and 
assessment activities. 

Good summary o f  t h e  basic elements of s t a  
ground water protection proqrams- 

f! 

Section 3.2.2 briefly addresses options for 
e s t a b l i s h i n g  b a c k g r s ~ ~ n d  concentrations and 
concentration limits. 

Current regulatory guidance for RCWA 
compliance. No technical g u i d a n c e  for this 
topic a rea .  

This document describes ground w a t e r  
classification systems utilized by several 
s t a t e s  t o  determine appropriate levels of 
protection and cleanup of yrourici water 
supplies. 

Good general background infnrmatjon on state 
ground water standards  ~ 

Section 3 . 3 , 1  provides  guidance on the 
appropriateness o f  ACL demonstrations, 
depending on ground water vulnerability. 

Good general  guidance on g t - o i ~ ~ l  water 
vulnerability and its relationship t o  
hazardous w a s t e  facility siting; minor 
modifications t o  t h i s  docurnmi. anticipated by 
t h e  end o f  1986. 

Chapter 1 provides guidance establishing t h e  
individual components of t h e  RCRA ground 
water protection standard, which includes 
setting concentration limits and ACbs.  



143 

83-LPA -4  
(continued) 

83--DOE -1 
E f  f 1 uent 
Radiological 
Meas. DOE 

63 -DO@.- l  
Max. 5ody 
Burdens 

Good technical  and regulatory guidance f o r  
conipliance w i t h  R C K A .  P a r t i a l l y  superseded 
by a more recent  document (85-EPA-6) f o r  
s p e c i f i c  guidance on ACLs.  

Section 2.1 d i scusses  the basic  r ad ia t ion  
s tandards and regulatory requirements f o r  t h e  
DOE I 

Good technical guidance f o r  t h i s  t o p i c  a rea .  

l h i s  document desc r ibes  t h e  measurement o f  
r ad ia t ion  exposure t o  i n d u s t r i a l  workers and 
r e s iden t l a1  a reas  and contains  t a b l e s  giving 
~ a x i m u ~  permissible  ‘doses of  various 
radionucl ides  t o  the b d y  organs. 

Mandatory technical  guidance f o r  compliance 
w i t h  40 CF-R 14l.lrb(b). 

-. .- ESGRIPTION 

Applied Management Report d e s c r i b e s  s t a t e  ground water p ro tec t ion  
Sciences programs and r egu la t ions ,  including 
1985 ground water c l a s s i f i c a t i o n  systems and 

numerical s tandards.  

Good c u r r e n t  reference on s t a t e  s tandards 

Mandel 
1981 

Mil l e r  
1980 

Section 9.6 presen t s  a t a b l e  which provides an 
abbreviated l i s t  o f  standards f o r  the 
chemical composition of  d r i n k i n g  water.  I n  
a d d i t i o n ,  a commonly used c r i t e r i o n  f o r  t h e  
soj l -water  r e l a t i o n s h i p  i s  d e f i n e d .  

The sec t ion  i s  b r i e f  and provides o n l y  
limited t echn ica l  guidance concerning 
d r i n k i n g  water s tandards.  

Page 507 has two t a b l e s  r e l evan t  to ground 
water s tandards:  t h e  U . S .  Public Health 
Service Chemical Standards o f  Drinking Water, 
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GROUND WATER STANDARDS AND A L T E R N A T E  C O N C E N T R A T I O N  LINTS (continued) 

--- REFERENCES 

Mil le r  1980 
(continued) 

--- DESCRIPTION 

1952, and the U.S .  EPA National Interim 
Primary Drinking Water Standards December 
1975. 

Limited value as technical or regulatory 
guidance. 

C o n t a m t w a n t s  covered by ground water  quality standards vary f r o m  
s t a t e  t o  state. For example, New York regulate9 more t h a n  80 
chernlcals. Florida has set minimum w a t e r  quality criteria to prohiblt 
discharges o f  Carcinogens, teratogens, and toxins into all grc lund  kdater 
e x c 2 p t  confined aquifers not expected t o  be used for drif iking w a t e r .  
In  Caaifornia, ground water quality standards are s e t  by t h e  wine 
resional water quality co~trol boards. 

Wlsconsin has established two  s e t s  o f  ground w a t e r  quality 
standards for 36 substances of health concern and 10 rubstances O F  
welfare concern. The two sets of standards include an enforcement 
standard which defjraes when a violation has occurred and a preventive 
action liniit which 5etmves as a design code for facilities/~~awagemen~ 
practices and as a trigger for remedial actions. 
limit i s  s e t  at 10 to SOX of t h e  enforcement standard, dependin 
level o f  health concern. Preventive action limits apply eebery~bew 
ground w a t e r  i s  monitored,  while enforcement standards apply a t  any 
paint of ground water use, any point beyond the proper ty  boundary of a 
regulated facility, and  any point outs-ide the  desigra rrranagement zone 
for  regulated activities. 

degradation, or differential policies t o  protect groilnd water from all 
contaminant sources. Nissouri i s  planning t o  issue a ground water 
protection plan based on a nondegradation stanbard. About half the 
s t a t e s ,  however, Rave adopted o r  proposed some type a f  g r o u n d  water 
classification system t o  establish general levels of protection, often 
based on TIIS or chloride concentrations. The number o r  ground w a t e r  
classes varies f r om two in s t a t e s  such as  Hawaii, Maine, New Mexico, 
Idaho, and Vermont t o  seven in Wyoming. The criteria foi- 
classification may include types o f  uses, degree o f  treatment, 
salinity-quality levels, vulnerability t o  contamination, environrwntal 
importance of aquifers, and availability of  other w a t ~ r  supplies. 
Connecticut, for example, classifies ground water in a four-tiered 
class system based on its parity, need for treatment b e f o r e  use as a 
d r i n k l t l g  water, and  extent and nature c f  contaminatjon. State supreme 
cour t s  have upheld t h e s e  standards a g a i n s t  a t t e m p t e d  law suits by 
corpora t e  dischargers . 

The preventive action 

Many s t a t e s  have adopted o r  proposed nondegradation, limited 
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4 .  ~ U ~ ~ A ~ I O ~  OF REGULATORY AND RECOMMENDED TECHNICAL GUIDANCE 
FOR GROUND WATER MONITORING 

4 . 1  INTRODUCTION 

This section summarizes the most relevant compendium entries (from 
Section 39 for each of the technical topics of ground water 
monitoring. A summation section is provided for each technical topic, 
The summation section (1) briefly reviews applicable regulations, 
( 2 )  recommends sources of specific guidance on complying with 
partlcular regulations, and (39 recommends sources of technical 
guidance on the aspects o f  ground water monitoring covered by the 
technical topic. Table 2 presents an overview of the documents listed 
in the sumation and the technical topics for which they are 
r e ~ o ~ ~ e n d ~ d -  

defines the items included in the topic and gives a brief explanation 
of  the applicability of the topic to ground water monitoring. 

~ ~ ~ l l ~ a ~ ~ ~  ~ ~ ~ ~ l a ~ . l ~ ~ ~  from t h e  Code o f  Federal Regulations (CFR) 
followed by a list of applicable DOE Orders. 
orders should be regarded as mandatory for the regulated ground water 
monitoring activities t o  which they apply. Those regulations in the 
Compendium which do not contain specific requirements are not included 
in the summation. Resource Conservation and Recovery Act ( R C R A )  

regulations that are less strdngent than corresponding final 

Each technlcal topic is introduced with a topic description, which 

The next part o f  each summation section contains a listing of 

These regulations and 

gulations are also not included. 
The identification of recommended guidance i s  divided into 

guldance on regulatory compliance and technical guidance- 
~ ' R e c o ~ ~ n ~ a t ~ o n ~  for Regulatory Compliance" identlfies documents whlch 
provide current guSdance on complying with regulatory requirements. In 
many cases, this is guidance issued by the regulatory agency t o  expand 
upon its regulations. These documents thus appear to present 
regulatory agency positions on how l o  comply with regulatory 
requirements. Where possible, this part o f  the summation section a l so  
suggests a general strategy for regulatory compliance or provides 
additional information on use o f  the recommended regulatory guidance. 
Many regulatory requirements exist, however, for which there are no 
corresponding guidance documents t o  assist facility owners in complying 
with the requirements. 

from the ~ompendium that offer current state-of-the-art guidance 
relevant to the technical topic and that are recommended for use in 

"Recommended Technical Guidance" identlfies technical materials 

aspects of ground water monitoring covered by the technical topic. 
Where several documents reviewed in the compendium present similar 
information, only the most recent or comprehensive document i s  inc 
in the summation. Also included are  those documents that provide 
information not found in more recent or comprehensive documents. 
Descrlptlons in this part of the summation Identify those portions 
document that are pertinent to the technical topic or that are 
particularly recommended, and they may indicate the specific activ 

uded 
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for  which a document i s  recormended o r  t h e  special ressons f o r  a 
docummt's i n c l u s i o n  i n  t h e  sum a t i o n  sec t ion*  Except where noted 
othervSse, t h e  i t ems  i d e n t i f i e d  i n  t h i s  p a r t  of  t h e  sui' 
a p p l i c a b l e  t o  a31 types o f  f r m i t o r i n g  t h a t  DOE may encounter  [ e . g . ,  
inc l rganic ,  o rgan ic ,  and r a d i o a c t i v e  constituents; "mdxed wastes"; 
p o l y c h l o r i n a t e d  biphenyl (PCB) monitoring], even t h o u g h  sone i tems have 
been w r i t t e n  For a narrower purpose. 

noteworthy s t a t e  regu a t i s n s  t h a t  d i f f e r  substantially from f e d e m 1  
r q u l a t i o n s  and which shol i ld  be c ~ n s i d e r e d  when p e r f ~ r m i ~ g  a c t i v i t i e s  
re fevawt  t o  t h e  kechn c a i  t o p i c . .  

C i t a t i o n s  t6 the guidance i tems i n  t h i 5  section a r e  presented i n  
t h e  reference l i s t  a t  t h e  conc lus ion  o f  t h e  t e c h n i c a l  t o p i c  summations. 

In  a d d i t i o n  t o  t h e  recommended guides i n  each o f  t h e  t e c h n i c a l  
topics, persons w i t h  ground water rnon i ta r i ny  r e s p o n s i b i i i t i e s  should 
have access t u  some good genera l  s~feresaces on ground water science and 
engiweer ing The f o l l o w i n g  books a r e  h' lghly recam~cf ldnd for- t h i s  
purpose: 

Fol lov i rng t h e  -e oaimended glridarrce i s  a b r i e f  statenient  

D r i s c o l l ,  F. G., 1985, Ground Water atid Wel ls ,  2nd e d . ,  Johnson 
D i v i s i o n ,  St. Paul, Ninnesota.  

Freeze,  R .  A .  and J .  A .  Cherry, 1979, Groundwater, Frentice-Hall, 
Englewejod C l i f f s ,  New Jersey.  
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4 . 2  TOPICAL SUMMATIONS 

PURPOSE AND NEED TO MONITOR GROUND WATlER 

TOPIC QESCRIPlION 

T h i s  topic includes regulations that specifically require 
monitoring or that require hydrogeofogic data as part o f  an 
environmental evaluation or site characterization and technical 
considerations related to the need for monitoring or assessment o f  
ground water quality, regardless o f  regulatory requirements. 

Ground water monitoring may be necessary to ascertain the 
quality o f  ground water at the point o f  use (e.g., monitoring o f  public 
water supplies), to investigate causes o f  any observed water quality 
problems, or t o  measure the impacts on ground water from waste disposal 
or material storage facilities. Nearly every on-land waste disposal 
facility (landfill, disposal impoundment, waste pile, etc.) is required 
to have some fom o f  ground water monitoring. Some regulations (e.g., 
RCRA 40 CFR 264 and 265) contain spec’lfic monitoring well requirements 
whS1e others ( e . g . ,  SDWA 40 GFR 241) contain general recommendations 
for the protection o f  drinking water supplies. 

APPLICABLE REGULATIONS AND ORDERS 

- Applicable Regulations 

10 C F R  40 

10 CFR 60.21 
and 60.140 t o  60,142 

10 CFR 61.12 and 61.53 

40 C F R  191.14 

40 CFR 192.20 
and 192.32 

40 CFR 141 and 143.3 

40 CFR 144 and 146 

40 C F R  241.204 

U S .  Nuclear Regulatory Commission (NRC) 
licensed uranium and thorium mill sites (not 
directly applicable to D O E ) .  

NRC-licensed high-level radioactive 
repositories. 

Low-level radioactive waste disposa 

waste 

sites. 

High-level radioactive waste repositories 
operated by DOE. 

Inactiie uranium and thorium processing sites 
(UMTRAP) (under D O E ) .  

Primary and secondary drinking water 
standards. 

Hazardous waste underground injection wells 
(UIC Program). 

Land disposal sites for nonhazardous solid 
waste. 
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E E D  TO MOWIlOR GROUND WATER (continued) 

40 CFX 257.3, 257.4 All solid was te  disposal facilities. 

40 CFR 264.30 and RCRA-perm-iSted land disposal facilitizs. 
264.382 

40 CFR 265.117 RCRA land disposal facilities closed under 
interim s tatus .  

48 CFW 300.68( f )  Comprehensive Envira~mental Response, 
Compensation, and liability A c t  ( C E R C L A )  
sites with releases (or t h r e a t  of r e l e a s e s )  
o f  hazardous subs tances .  

40 CFR 1 6 1 . 7 5 j b )  Toxic Substances Control Act (TSCA) land 
disposal sites for PCB materials. 

5488.2 
Chap. I, I 1  

5484.1 
Chap. I11 

Hazardous and Radioactive Mixed bliaste 
Managemen% (December 13, 19132). 

Environmental Protection, Safety, and Health 
Protection Information Reporting Requirements 
(February 24 1981 ) . 

5820.2 Radioactive Waste Management (February 6 ,  
Chap. I ,  11, I11 1984). 

E x e c u t i v e  Order Federal Compliance with Pollution Control 
12088 Standards (President Jimmy Carter, 

October 13, 1978) 

K E C OM14 E N D E D 1 E C H tal I C A L GU I DAN 6: E 

Recommendations for_ Regulatx)Cyand DOE az& Executive Order Compliance: 
85 --E PA-1 1 
R C R A  G&J 
Hdonit. Guide 

Helpful for compliance with m o n i t o r i n g  
requirements of RCRA 4Q CFR 264 and 265. 

84-EPA-3 Section 2.3.1 provides information on 
Perm7 t Writ . obtaining exemption to R C R A  ground w a t e r  
Guide WbJ Facilities monitoring requirements by locating a 

facility in a zero recharge zone. 
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PURPOSE AND NEED TO MONITOR GROUND WATER (continued) 

E D  TECHNICAL GUIDANCE (continue 

84-€PA4 Chapter 7 provides guidance f o r  determining 
Rem. Investigations the need for ~ r o ~ ~ ~  water on i to t - ing  at CERCLA 
Guides sites. 

8 6 4  PA-? 
GW Task 

Good review o f  problems w i t h  RCWA's ground 
water program and i n s i g h t  t o  revisions which 

may be taking. 

85-EPA-5 Represents current,  U.S. EPA ground water  
Monit.  S t r a t .  morai tori  tag s t r a t e g y  I 

8 5 4  PA-8 Chapter 1 and Appendix A describe sources of 
State GW Prag. ground water ~ ~ ~ t ~ ~ ~ ~ a ~ i ~ ~  an 

i n fo rmat ion  on state ~ o ~ ~ t o ~ ~  
PO a i c 1 es 0 

84-EPA-7 

... 

Help fu l  information on previous cleanup 
actfvities a t  unslsntrol led ~~~a~~~~~~ waste 
s i t e s ,  includjra actions taken to determine 

e impact of  r medial activities an ground 
water. 

84.-OTA-l Excellent description o f  the nation's status 
Protecting GW regarding yrmesnd water protection; includes 

summary o f  laws and stat 

The  s t a t e s  Rave  in^ ground   dater monitoring requirements, 

ulations should be considered prior t o  t h e  start o f  any ground 

from ~ o ~ ~ ~ o r i ~  road construction s i t e s  ( ew Jersey)  and agricultural 
contamlnation Iowa) to monitoring o f  uns turated zones (California). 

water-related activity as same s t a t e s  have regulations substantially 
stricter than those at t h e  federal l eve l .  
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MONITORING SYSTEM DESIGN 

TOPIC DESCRIPTION 

This topic includes the determination of the appropriate num 
and location of wells o r  o t h e r  sampling devices required for t h e  
monitoring activity. I t  includes guidance on preliminary hydrogeologic 
investigation of  a site. 

p o t e n t l a 1  contaminant S O I J ~ C P  being monitored and applicable 
regulations, but a l ?  systems involve t he  determination o f  background Q T  
basel ine data  and the detection of downgradient contaminat ion.  Systems 
ma2 be designed t o  ~ : o f i i t o r  the closest drinking w a t e r  a q u i f e r  and/or to 
d e t e c t  leakage from t h e  facility into t h e  unsaturated zone before the 
contaminants a r e  able t o  e n t e r  the a q u i f e r .  E x t e n s i v e  investigation o f  
s i t e  hydrogeology often m u s t  be  undertaken a s  p a r t  o f  t h e  process sf 
designing an appropriate monitoring system, 

Design requirements may differ somewhat, depep-rdlng on t h e  type of 

A P P L I C A B L E  REGULATIONS AND ORDERS 

Applicable Regulations 

40 CFR 1 9 2 . 2 0  

10 CFR 61 -53 

Inact i ue urani um/.lhori urn processing s i t e s  
(UMTRAP) . 
LOM-level r a d i o a c t f v e  waste land disposal 
sites, 

40 CFR 2 4 1 . 2 0 4  Nonhazardous solid waste facilities. 

40 CFR 244.97 RCRA--per~itted land disposal facilities. 

40 C F R  761.75(b) TSCA land disposal s i t e 5  f o r  PCB materials. 

c Applicable D 0 E O r d e r s  

None identified. 

RECONMENDED GUIDANCE 

85 -EPA-5 
TEGD;  
85 -E PA-1 1 
R C R A  GW 
Eloi i i t .  Guide 

Chapters 1 and 2 of t h e  Techiiical Enfarcemnt 
Guidance Docurn~~t ( T E G D )  and Chapter  2 of the 
R C R A  Ground Water Monitor'lng Guide represent 
currttn? U.S. E P A  guidance on rnonjtor-jng system 
design for complllak,ce w i t h  R C R A  40 CFR 264 
and 265. 
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# O ~ I l ' ~ ~ ~ ~ G  SYSTEM D E S I G N  (continued) 

------ ended Technical Guidance 

86-€PA-5 
I E G D  

84 .-E PA-5 
Soi 1 Properties 
sw -9 2 5 

83-NRC -1 
Subsurface #un i t .  Low- 

ioact'uve Waste 

7 7 -E PA-2 
GW Monit. 

Fac. SW-611 

AST 
1981 

Dri scol 1 
1986 

E v e re t. t 
1980 

Everett 
1984 

Chapters 1 and 2 give the most current 
guidance for designing monitoring systems at 
hazardous waste sites; a l s o  applicable to 
nonhazardous waste sites. 

Betailed current methods for  determining 
hydrogeological characteristics o f  a site. 

Parts 11, 111, and I V  provide specific 
criteria for monitoring radionuclide migration 
and designing trench well systems. 

Section 1.7 and Chapter 2 provide 
comprehensive factors for designing well 
systems for nonhazardous so l id  waste 
facilities, although guidance is also useful 
for other monitoring applications. 

Good technical guidance on soil permeability 
as i t  relates t o  ground water contaminant 
transport. Document i s  limited in scope 
concerning other factors affecting 
cantamanant transport. 

Good technical guidance for evaluating pumping 
test data. 

Detailed 15-step procedure for designing 
monitoring systems at solid waste treatment 
and disposal facilities. Good technical 
guidance for monitoring underground injection 
wells. 

Comprehensive technical guidance for 
unsaturated zone monitoring system design. 

RELEVANT STATE REGULATIONS 

California hazardous waste regulations require monitoring of 
"soil-pore liquids," and New Jersey hazardous waste regulations specify 
monitoring o f  "ground water" versus U.S.  E P A ' s  R C R A  requirements to 
monitor the uppermost aquifer. 
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DRILLING METHODS 

T Q P I C  DESCRIPTION 

This topic includes the determination of the appropriate drilling 
method far thhe construction o f  monitoring wells. 

7he selection o f  appropriate drilling methods depends on t h e  
required depth o f  the  borehole, t h e  stratigraphy o f  the  site, and the 
nature o f  the substances t o  be monitored. For example, some drilling 
methods ar-e unsuitable f o r  certain rock t y p e s ,  some are inappropriate 
f o r  the installation of monitoring walls because t h e y  lead t o  vertical 
transport o f  contaminated m a t e r i a l ,  and some awethods use drilling 
fluids t h a t  may interfere w i t h  analysis f o r  m ~ t a l s  and volatile 
o r g a n i c s .  

APPhICAWkE REGULAIIONS AN!? ORDERS 

- Agpiicable Regulations 

Federal r egu la t ions  do n o t  require the use o f  specific drilling methods. 

I Am.jc_able DOE Orderz. 

None identified. 

RECOMMENDED GUIDANCE 

Re c omme n d a t  i onsf’ o r  Rea u 1 a t o  ry--C omp. I i an c e 

Not  applicable. 

tt~nc&d Technical Guidance. 

81 - E P A - l  
GW Quality 
Sampl . 

D r l  scoll 
1986 

Section 5 . B  provides a very  comprehensive 
d’sscussion o f  well drilling methods. 
Appendix A o f  t h e  r e p o r t  contains informatlon, 
not found in other d~ciirnei-tts, on the effects 
of  the various drilling methods and well 
construction materials on t h e  cheni?cml 
properties o f  thhe water sample. 

Chapter 10 provldes  details f o r  var ious  ue?l 
drilling methods and lists the advantages o f  
each. This r epor t  a l s o  detaSls t he  relatjve 
performance o f  “Le different methods in 
various types o f  geologic f o r m a t i o n s .  
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DRILL ING METHODS (continued) 

RELEVANT STATE 

Some s tates  require dr i l l ing  permits and the use o f  approved 
d r i l l e r s  ( e . g . ,  Florida, for hazardous waste moni tor ing wel ls ;  
Missouri, for  any type o f  wel l ) .  

... 
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WELL DATA 

T O P I C  DESCRIPTION 

This t o p i c  i n c i u d e ~  t h e  proper handling and recording uf baring 
l o g r ,  well e l e v a t i o n s ,  a q u i f e r  per  b i l i t y ,  arid geo logy .  (The 
determination o f  ground w: t r r  e?evat"rons p r i o r  t o  smnpling i s  covered 
under Sarnpl e Col 1 e c t i  on and F requenry . ) 
geological h y d r a u l  i c  p r o g e r t i e s  o f  m t e r i  a1 s encoirrait;lt~ed i n  d r i  11 iwg 
a r e  important in determining or c s n f i  rring the c h a r a c t g r i m t i o n  o f  t he  
s i t e ,  T h i s  information should be r e t n i a e d  tl:, a id  i n  i n t e r p r e t i n g  
subsequent mnitorSng  r e s a l t s  

Well d a t a ,  such 8 %  water l e v e l s  diur ing d r i l l i r i y  and 

APPLICABLE REGULATIONS AND ORDERS 

Ap> 1 i c a b1 e R-eg LI 1 a t  'n on s- 

Federal regulatiows do 3313 r equ i r e  s p e c i f i c  well data  t o  be obtained. 

Applicable DOE Ord_e= 

H m e  I d e n t i f i e d ,  

ENDED GUIDANCE 

Not app l i cab le .  

86-EPA-5 
TEGD 

135 --E PA-1 
Pract .  Guide 
f o r  GkJ Samp, 

Todd 
1980 

Section 3 .5  provides a d e t a i l e d  l i s t  o f  d a t a  
t o  be documented d u r i n g  well cons t ruc t ion .  

e n t  provides Curreiqt technical  
information r e g a r d i n g  d r i l l i n g  techniques f o r  
various types of geologic s e t t i n g s  and 
exce l l en t  desc r ip t ions  o f  hydraulic 
conduct ivi ty  t e s t i n g .  

Chapter 6 provides good information regarding 
v a r i a t i o n s  i n  ground w a t e r  l e v e ? ~ .  
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WELL DATA (continued) 

RELEVANT S T A l E  REGULATIONS 

No noteworthy state regulations identified regarding t h i s  t o p i c .  



WELL D E S I G N  A N D  COMSTRUC?IOM/DEVELQPMENT 

TOPIC D E S C R I P T I O N  

This t o p i c  includes relsction o f  t h e  well d i a m e t e r ,  sct-waj length, 
casing material covpatlbility, purging methods, and i ~ l a t e $  items. I t  
also includes procedures f o r  p r o p e r  we11 abandaninent. 

t o  collect s a n p l ~ s  that a r e  r e p r e c r n t a t l v e  o f  w a t e r  fi3 t h e  urii'c o f  
interest, t o  ineasi~i-e water levels, t o  minimize ckern-leal interaclians 
be twen  water sar~ples and t h ~  w211 and t h o  atmosphere, and t o  p r e v e n t  
cross-contamination between t he  m~i3n 'rtored zone and s i ~ r f a c e  w t e r s  O T  

o t h e r  g r o u n d  w a t ~ r  zones. In many ca5e5,  f o r  example, wcl? d iam:er  is 
dictated by the need t o  allow for t h e  placement or' submerged pump5 for 
sample collection. Sone o f  the recent guidance places  a g r e a t  deal o f  
emphasis on selection o f  thernSca?ly inert. materials f o r  monitoring 
and sampling equ'rpment. Well development (e .g . ,  by surging o r  j e t t i n g )  
ir usually required after construction t o  correct clogging and 
compaction o f  t h e  formation which occurs d u r i n g  drilling, thereby 
a l lowing  for be t t e r  flow i n t o  the well. 

%mitoring idells must be designed and consti ucted t o  perpit dccess 

APPLICABLE REGULATIONS AND ORDERS 

&PI icable Regulations 

40 CFR 264.97(c) RCRA-permitted land disposal facilities. 

40 CFR 761.75(b)(c)(ii) TSCA land disposal s i t e s  f o r  PCB materials. 

Applicable DOE Orders 

None Identified. 

ENDED GUIDANCE 

endat ion2  f o r  Regulatory Compliance 

88-E PA -5 
1 EGD 

Represents the U.S.  EPW position on WCRA 
compliance. However, there nidy be some 
latitude with r e s p e c t  t o  some specifications 
in the TEGD. 83-EPA-1 (Guide t o  Material 
Selection, ISMS No. 327) should be consulted 
f o r  technical guidance on possible exceptions 
to recornendations i n  the T E G U .  
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WELL DESIGN AND eBNSTRUCTION/DEVELOPME T (continued) 

8 5 -E PA -1 
Pract, Guide 
for GW Samplin 

Section 2 contains comprehensive information 
on monitoring well design and includes 
sections on well development for both high and 
low hydraulic conductivity wells and example 
calculations for determining required volumes 
f o r  well purging. 

83-EPA-1 Chapters ‘3, 5, 7, and 8 give very 
Guide t o  # a t ] .  comprehensive Information Q~=I the 

o f  monitoring wells, especially 
to the effects of various 

pollutants on the construction materials, 

7 I -EPA-1  Provides r ~ c o ~ e n d a ~ i o ~ ~  f ok  avoiding ground 
Abandoned Wells GW water ~ ~ ~ t ~ ~ ~ n ~ t i o ~  caused by improper well 

a ~ a n d ~ n ~ ~ n t .  

Some states ( e . g . ?  Missour.1 and Pennsylvania) have established 
e n t s  for  well casings and protective installations, Nost states 

have regulations which, t o  some degree, address well abandonment, with 
Texas and Louisiana having the most stringent requirements. 
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HEALTH AND SAFETY PROCEDU 

TOPIC DESCRIPTION 

T h i s  t o p i c  includes personal exposure regulat ions and selection of 
r e s p i r a t o r y  equipment and p r o t e c t i v e  c lo th ing ,  
o f  physical injuries f r om d r i l l i n g  equipment and heat  s t r e s s  d u r i n g  
mmitor ing  a c t i v i t i e s .  

A v a r i e t y  of regulatory standards exist f o r  the p ro tec t ion  o f  
g m u n d  water monitoring personnel f r o  exposure t o  hazardous and 
r ad ioac t ive  contaminants. Numemus gu ide l ines  and recommendations 
e x i s t  f o r  t h e  s e l e c t i o n  o f  r e s p i r a t c r y  equipment, p r o t e c t i v e  c lo th ing ,  
and o t h e r  general s a f e t y  eqtiipmsent. R i s k s  a t  monitoring s i t e r g  include 
exposure t o  contarninsmts a s  wel l  a5 physical i n j u r y  f r o m  equipment 
operat ions.  Heat s t r e s s  r e s u l t i n g  from the use of r e s t r i c t i v e  
p r o t e c t i v e  c lo th ing  and physical exer t ion i s  a l s o  a a.naj~r concerw at. 
hazardous waste s i t e s  

Also includes prevention 

APPLICABLE REGULATIONS AND ORDERS 

- A p p 1 i c ab l e Reg u 1 a t  1 on s_ 

10 CFR 20 Radiation P ro tec t ?  on Standards f o r  
MRC-licensed f a c i l i t i e s .  

10 CFR 60.31 DOE-operated high-level w a s t e  r e p o s i t o r i e s .  

40 C F R  241.211 Nanhazasdous s o l i d  waste  f a c i l i t i e s .  

40 C F R  300.57 CERCLA "Super-fundll s i t e s .  

29 C F R  1900 
t o  1999 

- Applicable DOE Orders 

5480 * 1 A 
Chap,  X I  

Occupational Safety and Health Administration 
(OSHA) standards f o r  a l l  f a c i l i t i e s .  

For r ad ia t ion  p ro tec t ion  a t  DOE f a c i l i t i e s ;  
r e p a r t s  QD r ad ia t ion  exposure t o  be prepared 
per DOE Order 5484.1. 

WECOMNENDED GUIDANCE 

D O €  F a c i l i t y  
HP Mnuals  

Guidance f a r  complying w i t h  DOE Orders 
regarding r ad ia t ion  p ro tec t ion ;  requir-ed 
during any m o n i t o r j i q  a c t i v i t y  a t  a DOE s i t e .  
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... 
HEALTH AND SA1 E 1 Y  PROCEDURES (continued) 

Bi rkner 
n.d. 

Guidance for. establishing a respiratory 
protection program in compliance with OSHA, 

81 .-E PA -2 
Eic GM 
Investigations 

84 -1JIOSH -1 
Personal Protective 
Equipment 

Drilling Safety 

A C G I H  
I985 
C1 othi ng 

A I H A  
1982 

B i  rkner 
n.d. 

Shapi ro 
1972 

Chapter 11 and Appendix G discuss health and 
safety considerations at hazardous waste 
sites and present numerous references far 
additional health hazard information. 

Useful information on calculating tolerance to 
heat stress. 

Guidance an injury prevention during drilling 
operations. 

Selection and use o f  personal protective 
garments. 

Evaluation o f  risk from exposure to airborne 
substances. 

Field manual covering safety procedures for 
heat stress, ionizing radiation, respiratory 
protection, and noise protection. 

Selection of  respiratory equipment. 

Use of standard protective equipment and 
unique information on body temperature 
monitoring. 

Determination o f  risk at radioactive sites 
includes dose calculations and radiation 
measurement techniques. For selection o f  
protective clothing at radioactive sites, 
ACGIH 1985 (Clothing) should be consulted. 

- 
RELEVANT STATE REGULATIONS 

No noteworthy state regulations identified regarding this topic. 
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MONITORING PARAMETERS 

TOPIC D E S C R I P T I O N  

This topic includes t h e  monitoring parameters specified by certain 
regulations and the  s e l e c t i o n  of appropriate parameters t o  he mcrnitoored 
if none are specified by regulations. 

Regulations under l a ~ s  such aa W C R A  and TSCA contain specific 
requirements f o r  the m o n i t o r j n g  of certain parameters, while  o t h e r  laws 
suck aa CERCLA allow for site-specific selection of rnonjtoring 
parameters. The number of monitored parameters shculd be adequate t o  
fulfill the i n t ~ n t  o f  the monitoring system design vhile minimizing 
sam9ling and a n a l y s l s  costs. Often, monitoring plans sgecdfy several 
indicator parameters to be mowitorsd, followed by a more eztecsive list 
o f  parameters should the indicators sbnw possible contamination. 

A P P L I C A B L E  WEG%IE.ATiONS AND ORDERS 

Agiplicable Regulations 

40 CFR 1 9 2 . 3 2 ( a ) ( 2 )  Uranium by-product processing sites (based on 
48 CFR 264 requirements). 

40 CFR 264.93 ,  264.98,  Detection and compliance monitoring programs 
2 4 4 . 9 9 ,  and 264.100 a n d  corrective action programs ai 

RCRW-permitted land disposal facilities. 

40 CFR 265.92 R C R A  interim s t a t u s  land d”lpasa1 facilities. 
and 265.93 

40 CFR 300.68(f )  CERCLA “Superfundt1 sites. 

40 CFW 76’8.75( b )  (i i i) 1SCA land disposal sites for PCE? mat,erials. 

Applicable DOE Orders 

#one identified. 

WENDED GUIBAMCE 

__-- Recornendattons for Regulatory Compliance 

85-EPA-11 

Guide 

Chapters 3 . 1  . 2  and 5.4.2 address parameter 
requirements far compliance w i t h  R C R A  
40 CFR 264.93 t o  2 6 4 . 1 0 0 ,  w h i c h  a l s o  apply t o  
40 G F R  193.32(a)Q2). 
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MONITORING PARAMETERS ( con t inued)  

... 

Recommendations f o r  Regu la to ry  Compliance (con t inued)  

84-EPA-2 Sec t ions  9.6.3.1 and 9 . 7 . 3 . 2  address parameter  
Permi t  App. requi rements f o r  compliance w i t h  RCRA 
Guide HW F a c i l i t i e s  40 CFR 264.93 to 264.100, which a l s o  a p p l y  t o  

40 CFR 192.32(a)(2). 

Recommended Techn ica l  Guidance 

85-EPA-1 
Prac t .  
Guide for GW Samp. 

85-EPA-16 
c LP 
I n o r g a n i c  
P ro toco l  

85-EPA-17 
CLP 
Organic 
P ro toco l  

GW Moni t. 
S o l i d  Waste Fac. SW-611 

C h a r a c t e r l r i n g  
S i t e s  Low-Level 
Rad ioac t i ve  Wastes 

7 7 -E PA-? 

82-NRC-3 

S e c t i o n  2 i s  a p p l i c a b l e  t o  hazardous o r  
nonhazardous chemical  waste d i s p o s a l  
f a c i l i t i e s .  

E x h i b i t  C i d e n t i f i e s  i n o r g a n i c  parameters 
t o  be analyzed under U.S. E P A ' s  C o n t r a c t  
Labora to ry  Program (CLP) . 

E x h i b i t  C i d e n t i f i e s  o rgan ic  parameters t o  be 
analyzed under U.S. EPA's  CBP. 

Sec t i ons  4.1 t o  4.5 a r e  a p p l i c a b l e  t o  
conven t iona l  s o l i d  waste d i s p o s a l  f a c i l i t i e s .  

P a r t  I 1  and Appendix E a r e  a p p l i c a b l e  t o  
ground wa te r  m o n i t o r i n g  a t  r a d i o a c t i v e  waste 
s i  tes .  

RELEVANT STATE REGULATIONS 

Some s t a t e s  r e q u i r e  a d d i t i o n a l  i n d i c a t o r  parameters [e.g., New 
Jersey r e q u i r e s  t o t a l  d i s s o l v e d  s o l i d s  (TDS)] a t  hazardous waste s i t e s ,  
and many s t a t e s  a r e  conduc t ing  p e s t i c i d e  m o n i t o r i n g  programs. 
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SAMPLE COLLECTIBH AND FREQUENCY 

TOPIC DESCRIPTION 

Phis topic includes the strategy f o r  developing sampling plans, 
techniques f o r  samp:e collection, recomended or required frequency o f  
sampling, s ~ ! c c t l o l i  o f  sampling e q u i p r n e ~ t ,  procedures for well 
wacuation, acd procedures f o r  decontam’naling sampling equipment 
between wells. 

lysimeters, o r  other sampling devices in t h e  vadose zone, water supply 
wnlls, or natural springs. Steps ii*t ua te r  sampl ing  rrormally include 
rnmsureaewt of water level ( i n  monitaring wells), evacuation o f  the 
well or spring hole Po remove any stagnant water, acquisition o f  a 
wker sample, and decontamination 05 any por t ab le  sampling equipment. 
Ground w a t e r  monitoring may also involve sampling of stream sediment.5. 
Humeraus guidance documents exist concerning t he  proper ground w a t e r  
sampling technique, which varies with the t y p e  o f  analysis t o  be 
performed and the medium from which samples a r e  taken. 
se l ec t ing  a sampling device far use in a monitoring well, one must 
consider whether a particular pump or device is capable sf sampling at 
t h e  d e p t h  of interest, whether chemtcal interactions could occur  
hetween t h e  sample and t h e  sampl ing device, !+&ether use o f  a 
submersible pump or airlift sampler innight alter sample pM and redox 
characteristics, and whether t he  sample might contain volatile organ ic  
conpounds ( V O C s )  t h a t  ~ o u l d  be lost f r om the  sample anless a syringe o r  
similar sampling device is used t o  p r e v e n t  degassing, Optimkil sampling 
frequency is somet imes determined by a combinaticon o f  hydroyeslogic and 
practical considerations, b ~ l t  some segclations ( e . g . ,  t h e  R C R A  
hazardous waste rules)  specify minimum sampling freqilency. 

Ground water  s a n p f e s  may be a c q i ~ i r ~ r l  from monitoring wel ls ,  

F o r  example, irs 

APPLICABLE REGULATIONS AND ORDERS 

App 1 i cab  1 e Reyu 1 a t  i on s 

40 CFR 141.23, 141.26, Community water systems using ground water 
and 141.27 sourcE1s. 

40 C F R  136.3 National Pollutant Discharge Elimination 
System (NPDES) permitted discharges. 

40 C F R  264.97 t o  264.99  RCRA-permitted land disposal facilities. 

40 C F R  265.92(a)  and ( c )  R C R A  interim status land disposal facilities. 

40 CFR 761.7S(b) ( 6 )  TSCA land disposal sites f o r  PCB materials. 

Applicable DOE Orders 

None identified. 
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SAMPLE COLLECTION AND FREQUENCY (continued) 

RECOMMENDED GUIDANCE 

Recommendations for Regulatory Compliance 

86 -E PA-5 
TEGD 

7 7 -EPA-2 
GW Monit. 
Solid Haste 
Fac. SW-611 

Sections 4.1 and 4.2 present general sampling 
protocols and procedures; Sections 6.7 and 
6.9 are specific to RCRA Assessment 
Honi toring Programs. 

Recommended in 40 CFR 265.92 f o r  sampling and 
analysis procedures at hazardous waste sites. 

Recommended Technical Guidance 

85-EPA-1 
Pract. Guide 
for GW Samp. 

83-EPA-1 
Guide to 
Selection 
I SWS-3 2 7 

Current technical guidance for many aspects of  
ground water sampling. 

Sections 6 and 7 show how to determine proper 
evacuation rates and Impact on analytical 
results of materials used in casing and 
sampling devices. 

82-EPA-1 Section 9.6.1 contains helpful information on 
Sampl e selection o f  sampling equipment. 
Preservation 
Water/Wastewater 

82-E PA-3 
T e s t  Neth. 
Sol id Waste 
SW-846 

81 -EPA-l 
GW Quality 
Samp . 
7 7-EPA-2 
GW Honi t. 
Sol id Waste 
Fac. SW-611 

Everett 
1984 

Section 1.1 contains excellent information for 
calculating number of random samples needed to 
characterize a waste. 

Section 6 contains good general guidance, with 
additional helpful information on obtaining 
samples o f  organic constituents. 

Recommended in 40 CFR 265.92 for sampling and 
analysis procedures; appljcable to hazardous 
and nonhazardous disposal sites. 

Comprehensive review of sampling techniques 
for the unsaturated zone. 
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SAMPLE CQLL.ECI IOW AND FREQUENCY (continued) 

Recomendec!! T@chnical..-.Guidance ( c o n t i n u r d )  

Morrison Good t e c h n i c a l  guidance For s e l e c t i n g  arid 
1983 us ing  equiprent t o  mon i to r  the unsaturated 

zone. Long l i s t  of  a d d i t i o n a l  r e f e r e n c e s .  

R E L E V A N T  STATE REGULATIONS 

Same s l a t e s  require more f r e q u e n t  mon 
Jersey requires month ly  m o n i t o r i n g  a t  RCRA 
f a c i l i t i e s .  

t.ouing. For example,  New 
and i n d u s t r i a l  w a s t e  



SAMPLE PRESERVASIO 

TOPIC OESCRIPTIQN 

T h i s  topic i n c l  c t i c m  of containers, preserv 

The, proper pres round water samples i s  
necessary t o  o b t a i n  s .  Sample preservation 
techniques, wh-ich typical y include refrigeration and/or addition o f  
acids, are  generally desj  In %host? ~~~~~~~~5 which s 
analytical procedbres ,  A ere often are  re xi^^^ samp 
times, particular containe Q ~ S E T .  special handling re 
associated with indlvidual analytical ~ r ~ ~ ~ d ~ ~ ~ s ~  Field f 
samples i s  required f o r  some types o f  analyses. Samples containing 
radioactivity may require spec a1 ~~~~~i~~ in accordance w i t h  DOE 
orders transfer and h a ~ d ~ - i n  sf radioactive materials. 

ethods, and h a n ~ ~ i ~  

... 

Applicable Resulations 

40 CFR 264.97 A-permitted land disposal facilities. 

40 CFR 265.92 RCRA interim s t a t u s  land disposal facilities. 

Applicable DOE Orders 

None identified. 

RECOMMENDED GUIDANCE 

Recommendations for Regulatory Compliance 

85-EPA-5 
TEGO 

DOE Facility 
HP Manuals 

85-E PA-1 
Pract. Guide 
for GW Samp. 

Current guidance f o r  developing RCRA sampling 
and analysis plans. 

Guidance f o r  complying with DOE Orders 
regarding radiation protection; site-specific 
requirements for handling radioactive samples. 

S e c t i o n  2 gives details on field filtration. 
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PLE PRESERVATION AND HANDLING ( c o n t i n u e d )  

-I_---- ended T e c h n i c a l  Guidance 

82-EPA-3 
T e s t  Meth. 
S o l i d  Haste  
sw-$46 

S e c t i o n s  7, El, and 9 p r e s e n t  sample 
p r e s e r v a t i o n  and handling methods approved 
f o r  R C R A  r n o n i t o r i  ng. 

83-ZPA-7 D e s c r i b e s  sample preservatjon methodr 
Chew, A n a l y s i s  approved f a r  NPDES and UIC m o n i t o r i n g .  
Water/Wastes 

80-EPA-5 
E n f .  Consid. 
WW D i s p .  
S i t e s  by 
Contractors 

3 8 --N R c -1 

U r a n i  urn M j n i  ng 

S e c t i o n  VI- -4  p r e s e n t s  u s e f u l  p rocedures  f a r  
hand1 i n g  o f  a r g a n i c  paraivjeters. 

Table 4 . 3  c o n t a i n s  i n f o r m a t i o n  e s p e c i a l l y  
u s e f u l  f o r  h a n d l i n g  o f  i n o r g a n i c  p a r a m e t e r s .  

ELEVANT STATE REGULATIONS 

NQ n o t e w o r t h y  s t a t e  r e g u l a t i o n s  i d e n t i f i e d  r e g a r d i n g  t h i s  t o p i c .  
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SAMPLING QUALITY ASSURANCE AND CHAIN OF CUSTODY 

T O P I C  DESCRIPTION 

This  topic includes the preparation o f  quality assurance ( Q W )  
p l a n s ,  chain-of-custody procedures, and maintenance o f  field logbooks. 

Error in ground water data i s  generally considered to be due more 
t o  salrpling error in the field than to analytical error in the . This  underscores the importance o f  including QA measures 

plfrag plan. Chain-of-custody procedures provide additional 
es samples and are mandatory for some types o f  monitoring 

+ p  a t  RCRA hazardous w a s t e  facilities o r  f o r  monitoring data whlch 
be c i t e d  i n  court). 

A-pDlitable Requlations 

10 C F R  50 Appendix B 

QQ*lSl and 60.152 

40 CFR 264.97 

40 C F R  265.92 

40 CFR 761.75 and 
761.18 

Applicable DQE Orders 

None identified. 

NRC-licensed power plants and fuel 
reprocessing plants. 

High-level radioactive waste repositories 
(requires QA program based on 10 CFR 58, 
Appendix 6). 

RCRA-permitted land disposal facilities. 

RCRA interim status land disposal facilities. 

TSCA land disposal sites for PCB materials. 

83-EPA-10 
Int. Guide/ 
QA Plans 

Preparation o f  QA plans required for  all U.S. 
EPA-sponsored monitoring projects. 
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SAMPLING Q U A L I T Y  ASSURANCE AND CHAIN-OF-CUSTODY (cont inued)  

85 - E P A - l  
P r a c t "  Guide 
for Gbd Sanip. 

8 3 4  PA-4 
R C R A  Permit 
W r i  t . Maralda I 
GW Prot. 

82-EPA-3 
Test  Weth. 
Solid Waste 
sw-846 

Guswa 
1984 

Sections 1 and 2 provide a djscussion of 
sampling accuracy and p r e c i s i o n  and use o f  
field blanks and s t a n d a r d s ,  Agpllcable t o  
any type o f  m o n i t o r i n g  system. 

Section 5,rl provides chain-af-custody 
procedure f o r  R C R A  perm i t s .  
other sys tems as well. 

Way be applied t o  

Section 1.3 provides good examples o f  cha in -  
o f - c u s t o d y  forms. 

Some general  information on preparing quality 
assurance/quality control ( Q A i Q C )  plans. 

RELEVAW'I STATE REGULATIONS 

orthy s t a t e  regulations identified regarding t h i s  topic, 
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ANALYTICAL PROCEDURES 

TOPIC DESCRIPTION 

This topic includes the required and recommended analytical 
procedures for the fjeld and laboratory. 

Procedures for the analysis o f  ground water samples are described 
in several standard reference sources, In addition to chemical 
analysis, it is often useful to conduct physical analyses o f  water and 
s o l  1 properties . 

APPLICABLE REGULATIONS AND ORDERS 

Applicable Requlations 

40 CFR 136.3 NPDES parameters and testing at PC5 land 
disposal sites, 

40 CFR 141.23 to 141.28 Public water systems using ground water. 

40 CFR 144.28(9) Underground injection we1 1s (UIC program). 

40 CFR 264.97 RCRA-permitted land disposal facflities. 

48 CFR 265.92 RCRA interim status land disposal facilities. 

40 CFR 761.75(b)(c) TSCA land disposal sites f o r  PCB materials. 

Applicable DOE Orders 

None identified. 

RECOMMENDED GUIDANCE 

Recommendations for Regulatory Compliance 

86 -E PA -4 
Appendix V I 1 1  
Guide 

Current interim guidance on RCRA ground water 
analysis requirements. Issued for use by the 
U . S .  EPA in reviewing land-based hazardous 
waste facility permit applications. 

83 -E PA-7 Approved test procedures for NPDES and UIC 
Chem. Analysis programs. 
Water/Wastes 
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ANALYTICAL PROCEDURES ( con t inued)  

Reconmendations f o r  Regulatory Compliance ( c o n t i n u e d )  

82-EPA-3 
T e s t  Method 
Solid Waste 

7 5-EPA-1 
Int. Rad- 
Weth. DH, and 
APHA 1985 

Approved procedures for dcterrniniw 
c h a s a c t e r f s t l c s  o f  wastewater s t r e  
defined by RCMA (bu t  c o n t a i n  no s p e c i f i c  
methods f o r  ground w a t e r  a n a l y s i s ) .  

Procedures f o r  compliawee w i t h  
4 0  CFR 1 4 1 . 2 5 j a 3  r e g a r d i n g  r a d i o a c t i v i t y  
m o n i t o r i n g .  

9 3 -EPA-2 Procedures f o r  corn 
A n a l .  Reactor 40 CFR 1 4 1 . 2 5 ( b )  regarding r a d i o a c t i v i t y  
Solutions, and mon i t o r i  ny . 
7 3-E PA-1 
HASk 
Proc ed &I re Manus 1 

APHA 1985, Procedures f o r  compliance w i t h  
A S W  1978, and  4 0  CFR 1 4 ?  .23( f )  r e g a r d i n g  organic  a n a l y s i s .  
79-USGS-1 
I n s r g a n i  c s  i n  
CdaterbF? u v i  a l  

~ Recommended -- Techn ica l  Guidance_ 

8b-€PA-5 
TEGO 

85-EPA-16 
CLP 
I n o r g a n i c  
Prcltoe 0 1 

8%-EPA-17 
CLP 
Organic 
P rotoc 0 '1 

83 -EPA - 7  
Chern. Analysis 
Na t E r /Wa s t e s 

Helpf u? i n f o r i m t i o n  f o r  preparation of 
sampling and analysis plans.  

E x h i b i t  D p r e s c r i b e s  analytical procedures f o r  
i n o r g a n i c  paranjetel-s under U . S .  E P A ' s  Cont rac t  
Laboratory Program. 

E x h i b ' r t  0 p r e s c r i b e s  analytical procedures f o r  
~ r g a n ! ~  parameters under U . S .  EPPl 's  Contract 
Labora to ry  Prog ra 

hlibely used procedures, e s p e c i a l l y  f o r  
i n o r g a n i c  substances .  

82--NRC. 1 Pr-ocslirures f o r  d e t e r m l  ni ng nm~erous chemical  
D i  sposal and physical prope r t i e s ,  i n c l u d i n g  
Low-Level r a d i o a c t i v i t y .  
Radioactive Waste 
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.. . 
ANALYTICAL PROCEDURES (continued) 

- ecomendations for Requlatory Compliance (continued) 

7 9 -US GS -1 Especially useful for  inorganics in river 
Inorganics in sediment- 
Water/Fluvial 

APHA 
1985 

Widely used standard methods for  general water 
and wastewater analyses. 

RELEVANT STATE REGULATIONS 

No noteworthy s tate  regulatjons identif ied f o r  t h i s  topic .  
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LABORATORY QUALITY ASSURANCE 

TOPIC DESCRIPTION 

This topic includes quality assurance/quality control ( Q A d Q C )  
plans f o r  laboratories. 

Laboratory QA/QC programs a r e  necessary to o b t a i n  repeatable and 
accurate analytical results. The implementation o f  laboratory quality 
control programs is required f o r  laboratories used in DOE activities* 

APPLICABLL REGULATIONS AND ORDERS 

Applicable Regulations 

1 Q  C F R  50, Appendix B NRC licensing requirements. 

10 C F R  60.151 and High-level was te  sites operated by DOE (refers 
60.152 t o  10 C F R  50). 

Apklicable -- DOE Orders- 

DOE ORDER 5700.6.4 Frescri be9 use o f  Arner-ican National Standards 
InstitutsbAmerican Society of Rechanical 
Enyit-leers (ANSI/ASHE) N Q A - I  standards f o r  
compliance w i t h  10 CFR 50. 

RECOMMENDED GUIBANCE 

83-EPA-10 Recommended guidance f o r  compliance w i t h  U.S. 
Int. Guide/QA Plans E P A  policy which requires t h a t  each 

monitoring p r o j e c t  have a written and 
approved; Qh plan. 

Recommended Technical Guidance 

85-EPA-1 b 
C C P  
I no rgan i c 
P r 0 t 0 c 0 1 

E x h i b i t  E presents QA/GC procedures f o r  
laboratories under the U.S.  EPW's Corptract 
Labora to ry  Program. 

Exhibit E presents Q W Q C  procedures f o r  
laboratories under t h e  U.S.  E V A ' S  Coti"cract 
La bo r a t o  r y  P roq ram. 
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I . I R D R A l  ORY QLIAl I 1  Y ASSLIRA C L  (continued) 

79 -CPk -3 General laboratory q k i a l i  ty control criteria, 
QC Mate  r/Wa 5 tewa t e  r with helpful checklist in Appendix A .  
Labs 

7 9 -- F" PA -4 
129 Prior-; ty 
P o l l u t a n t s  

Contains very  detailed quality control 
procedures f o r  instrument operat ions and 
analyses o f  pesticides b u t  a l s o  covers other 
parameters such as PCBs.  

RELEVAN1 STATE REGULATIONS 

No noteworthy s t a t e  regulations identified regard ing  t h i s  t o p i c .  



R E P O R T I N G  OF BATA 

T O P I C  DESCRIPTIO 

This topic includes recormended and required data format and data 

Ground water man' l tor ing d a t a  should be repor ted  in a manner that 
management systemls . 
w i l l  allow quick review o f  t h e  d a t a ,  comparison w i t h  applicable 
standards, and ease in performing evaluations o f  the  d a t a .  Although 
specific formats a r e  n o t  prescrtbed, some guidance documents contain 
examples sf ~-ec@ri~ended fo rma t  sheets - 

10 CFK 20.4 a n d  20-5 All NRC-licensed facllities. 

40 C F R  144.28 and Underground injection we7fs (UIC program). 
146.13, 145.23, 
and 146 ,33  

40 C F R  264.98 and 264.99 WCRA-permitted land disposal facilities, 

40 CFR 265.94 R C R A  interim status land d i s p o s a l  facjlities. 

5484.1 A 1 1  DOE and  DOE contractor opera t ions .  
Chapter 111.4 and 5 

ENDED GUIDANCE 

8 b-E PA -5 
TEGD 

Guidance for accurate reporting o f  
ground w a t e r  data a t  hazardous waste 
faci 15 t i e s .  

84-EPA-2 Guidance for permit applicants regarding 
Permit App. reporting format for interim s t a t u s  ground 
Guide Hld Facilities water monitoring data a t  hazardous waste 

facilities. 
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... 

86-EPA-3 
STOW E 1 

TEGD 

Li ggeett 
1985 

Tcchnlcal guidance f o r  using STORE1 Ita 
organize RCWA ground water monitoring data. 

lechnlcal guidance f o r  laboratory reporting 
and for presenting ground water  a n a l y t i c a l  
data in technical reports. 

T e c h n i c a l  guidance for alternative laboratory 
reporting of  "none detected"  analytical data. 

~ E ~ E V A ~ ~  STATE REGULA1 IONS 

No noteworthy state regulations identified far this topic. 
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EVALUATION OF. DATA 

T O P I C  DESCRIPTION 

This topic includes required statistical analysis and methods for 
the modeling of ground water contaminant mclgrat-ion. 

Evaluation o f  data  obtained in ground water monitoring may be 
aimed at determining whether changes a r e  occurring In grouwi mater, 
assessing compJiance w i t h  standards, predicting future changes in 
ground water quality, o r  evaluating t h e  yuter i t ia l  effectiveness of 
remedial action or control measupes. Statistical comparisons a r e  o f t e n  
necessary t o  a s s e s s  compliance w i t h  standards or t o  determine whether 
contaminant lekels  are increasing above background levels, and s o w  
regulations ( e - g . ,  the R C R A  hazardous w a s t e  rules) s p e c i f y  statistical 
t e s t s  to be performed by t h e  faejlity owner or opera tor ,  Generally, 
however, requirements for evaluating ground water data are absen t  o r  
vague. Numerous mathematical mc:sdels exist f o r  predicting o r  e v a l u a t i n g  
ground water behavior; these may be useful in explaining observed 
conditions, predicting future changes i n  ground water qualjty, and 
evaluating po ten t i a l  remedial action m~leasures. T e x t s  and sther 
materials on the fundamentals o f  ground water hydrology ?nd 
hydrochemistry are often helpful in the qualitative and q u a n t i t a t t v e  
evaluation o f  monitoring data. 

.__ 

APPLICABLE REGULATIONS AND ORDERS 

ApplicabJe Regulations 

40 CFR 192.32(a)(2) 

40 CFR 141.23 to 141.26 

40 CFR 264.97 t o  264.99 

40 CFR 265.93 

40 CFR 300.68 

Applicable ! N E  Orders 

None identified. 

Surface impoundments at uranium by-product 
material disposal sites. 

unity water systems using ground water  
sources. 

RCRA-permitted land disposal facilities+ 

RCRA interim status land disposal facilities. 

CERCLA I1Superfund1' sites, 
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EVALUATION OF DATA (continued) 

- R ~ c ~ m m ~ ~ d a t i ~ n s  for Regulatory Compliance 

$6-EPA-5 
TEGO 

Current regulatory guidance for evaluation 
of WCRA ground water monitoring data. 

84-EPA -4 
Rem. Investigatjons data e v a l u a t i o n  and management at CERCLA 
Guide sites. 

Gu’ldance for regulatory compliance concerning 

Recommended Technical Guidance 

$6-EPA-5 
TEGD; 
Splitstone 1986 
HWCRI Proc.; 
Liggett 1985 
ASTM STP86T 

83-EPA-6 
Risk  Assmnt. 
RCRA Landfi 11 

1 9  -E PA -4 
129 Priority 
Pollutants 

85-NRC-2 
Radionuclide 
Migration GW 
83 -DOE -1 
Effluent Rad 
Heas, DOE 

ological 

Current guidance for statistical analysis o f  
RCRA ground water monitorjng data. Splitstone 
(1986) and Liggett (1985) present alternative 
methods for designing ground water systems for 
data evaluation to control the risk of “false 
pos i ti ve” test results . 
Technical guidance on data requirements and 
model development for exposure assessments of 
hazardous waste landfills. 

Source of information on aquatic transport and 
fate o f  129 prfority pollutants. Useful for 
evaluating or modeling ground water 
con tami nation. 

Good guidance for radiological data 
evaluation. Mobility and adsorption 
behavior of radionuclides are covered In 
85-NRC-2. 
statistical treatment of radiological 
measurements are covered in 83-DOE-1. 

Methods of data analysis and 



EVALUATION OF DATA (continued) 

ended Technical Guidance (continued) 

82 -NWC---2 

Unsaturated Zone; 
€354 PA-2 

UNESCO 1982; 
Todd 1980; 
Cheremisinoff 
1984 

CanipbeJ 1 
1985 
GW Manit. Rev.  

GI i et 
1985 
Env. Sci. 
lech. 

Gu swa 
1981 

Javandel 
1984 

Good technical guidance f o r  ground water 
modeling, Computer mode l ing  o f  flow in the 
unsaturated zone i s  d i s c u s s e d  in 82-NRC-2. 
85-EPW-2 provider detailed guidance on 
numerical modeling of subsurface controls f o r  
i-emdial actions using flowrelated and 
transport parameters. Chap te r  10 of Todd 
(1980) describes models useful f o r  evaluation 
of ground water d a t a .  U CSCO (1982) provides 
technical gdidance For ground water model 
sefect 'son in different geologic settings. 
Cheremisinsff (1984) is a good source of 
technical g u i d a n c e  f o r  development, use, and 
limitations o f  ground water models t o  p r e d i c t  
contaminated leachate pl m e  movement. 

General ginidance for setting up systems for 
evaluating quality of ground water monitoring 
data. 

Guidance for  handling o f  data sets w j t h  
numerous "below detection Iim7t'' entries. 

Technical guidance for ~ S S E S W E E ~  of ground 
water data under emergency response 
cmditians, 

Source o f  technical guidance on selecting 
mathematical methods for e v a l u a t i n g  t h e  
consequences o f  g r o w d  water contamination 
andior the need for corrective action. If 
m a t h e m a t i c a l  modeling m u s t  be done, however, 
t h i s  handbook will generi..lly he insufficient 
as guidance for- model application. 

- ...I_ . - - _ _ _ _  ... ....... .. . , .. . -. , _..___.. .. ... ,- __ . . - - - _._ -. . . - . . ... - . 

The majority of s ta te :  f o l l o w  t h e  f p d e r a l  r e g u l a t i o n s  foi- 
evaluation o f  R C R A  ground Mater r r i on i to r?ng  d a t a .  One exception i s   WE^,^ 
Virgii?ja9 where background v a l u e r  o f  ground water a t  ha7a rdous  wac,te 
facilities a r e  redctermined each quar te r  f o r  cnmpdrison w i t h  
downgrad ien t  values .  



181 

... .... 

GROUND WATER STANDARDS AND ALTERNATE CONCENTRATION LIMITS 

TOPIC DESCRIPTION 

This topic includes maximum contaminant levels (WCLs), drinking 

Although no federal ground water concentration standards exist per 

water standards and other prescribed concentration limits, and 
procedures for establishing alternate concentration ljmits (ACLs). 

se,  various regulations prescribe maximum exposure concentrations, 
drlnking water standards, and MCLs for certain parameters. In many 
cases, the question of "how clean is clean?" i s  negotiated between the 
facility owner and government agency. Several states, and even some 
localities, Rave established specific ground water quality standards. 
RCRA regulations prescribe procedures f o r  the optional establishment o f  
ACLs where facilities violate exlstlng standards or background levels. 

APPLICABLE REGULATIONS AND ORDERS 

ApDllcable Regulations 

10 CFR 20.106 

10 CFR 61.41 

40 CFR 192 

10 CFR 60.113 

40 CFR 191.16 

40 CFR 141.11 to 141.16 

40 CFR 144 and 146  

40 CFK 241.204 
and 257.3-4 

4 0  CFR 264.92, 2 6 4 . 9 4  
and 264.99 

40 CFR 265 .92  

Radioactive releases to unrestricted areas 
from NRC-licensed facilities. 

NRC-licensed low-level and radioactive waste 
land disposal facilities. 

Inactive uranium and thorium processing sites 
(UMTHAP) and uranium mill tailings disposal 
sites. 

Closed high-level radioactive waste disposal 
sites. 

High-level radioactive waste disposal sites. 

Underground sources of drinking water for 
community water systems. 

Underground injection o f  hazardous waste (UIC 
program). 

Nonhazardous solid waste facilities. 

RCRA-permitted land disposal facilities. 

RCRA interim status land disposal facilities. 
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GROUND MATER STANDARDS AND ALTERNATE CONCENTRATION L I W l V S  (continued) 

A~~lic=g DOE Orders 

None i dent i P i ed . 

R E C OM# E N D E D GU I BAN I: E 

I Recommendations for Regulatary.LoXMjance 

8 5 -E PA -4 
A C L  Guide 

Guidance f o r  establishing A C L s  under WCRA 
( 4 0  CFR 254.94(b)). 

8 5 -E PA--6 Sections 4 and 5 provide gu idance on CERCLA 
CERCLA Feasibility remedial a c t i o n s  and ground w a t e r -  
Studies 

85-EPA-11 
WCRA GW 
Mont. Guide 

Section 3-2.2 provides guidance f o r  
establishing concentration limits Far WCRA 
compliance, 

Mandatary technical guidance for compliance 
with 40 C F R  141.1t i (b) .  

--. Recornlitended Techni cal  Guidance 

8 5 --E PA -4 
A C L  Guide 

8 5 - - E P A - - $  
State GW Prag. 
Summaries 
V O l .  1 

83-EPA-4 
RCRA Permit. 
Writ. Nanual 
GW $rot.. 

Apg? i ed 

Sc i e n c ~ s  
1985 

Very helpful guidance fat- establishing ACLs 
under R C R A .  

Provides detalled information on s t a t e  ground 
water programs and pr-otection standards I 

Chapter 7 provides excel l e n t  guidance on 
establishing ground water protection 
standards, directed t o  RCRA permit writers. 

Good source of infsrmataon on state 
ground water protection programs and 
standards 
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G R ~ ~ ~ ~  WATLR S~~~~~~~~ AND ALTERNATE CONCENT ATION L I M I T S  (continued) 

Many states have adapted ground water classification systems and 
specific ground water standards f o r  various parameters. Some s t a t e s  
(e.g,, West Virginia) prohibit degradation beyond background parameter 
l eve l s .  

... 



A T I O N  REFERENCES 

-I- CODE T ITLE 

$&.-.E PA -3 U.S. Environmental Protection Agency, Office o f  
STQRET Ground Mater Protection, 1986, "Ground Water Data 

Wanayement w i t h  STORET," EPA/6QO/M-86/007, U.S.  EPA,  
Washington, 0-C. 

86-EPA-4 U . S .  Envjronmental Protection Agency, 1986., 
Appendix VI11 "Guidance on Issuing Per"sngt%s t o  Fact  lities Required 
Gu.iide t o  Analyze Ground Kateesn f o r  Appendix VI11 

Constituents," U . S .  €PA, Washington, D * C .  

U .S .  Environmental Protection Agency, Office of 
U a s t e  Programs Enf orcemsent, 1985 ""RCRA Ground 
Water ? b n i t o r i n g  Techniea! Enforeemrnt Guidance 
Document," U , S .  EPA, Washington, D . C .  

85 - E P A - - l  Barcelona, H. J . ,  e t  a i ,  (Illinois S t a t e  Milter 
Pract. Guide Survey), 1985: "Practical Guide for- Ground Mater 
f o r  GW Samp, Sampling," EPA/600/2-85/104, U . S .  k P A ,  Robert S. 

Kerr Frrvi r-onmental Research Labor-atGry, O f f i c e  of 
Research and Development, Ada, Oklahoma. 

8 5 --E PA -2 
Rem. A c t .  
H W  S i t e s  

3 5 -E PA-4 
ACL Guide 

Boutwell, S .  H . ,  et al. (Anderron-Nichols b C o , ,  
Inc.), 1985, "Modeling Remedial Action's a t  
Uncontrsl led Hazardous Waste S i t e s  ,I '  
EPA!540/2-856007, U .S .  E P A ,  Office o f  Solid Haste 
and Emergency Response, Mashington, 19.C. 

1I.S- Environmental Protection Ag"cy, Office of  Solid 
kJaste, 1985, "Alternate Concentration Limit Guidance 
Based on 264.94($)  Criteria," U.S .  E P A ,  !dashington, 
D.C. 

85-EPA-5 U.S.  Environmental Protection Agency, Office o f  

S t r a t .  Honitsring Strategy," U.S .  E P A ,  Washington, D . C .  
Ground Water Protection 1985, "Ground Water 

85 .-EPA--5 U.S, Environmental Protection Agency, Office o f  
CERCLA Emergency and Remediai Response, 1985, "Guidance on 
Feasibility Feasibility Stud ies  under C E R C L A , "  EPA/54QbG-85/003, 
S t u d i e s  U.S, EPA,  Uashingtsn, D . C .  

8 5 -E PA -8 U . S .  Environmental Protection Agency, Office of 
State GW Prog.  Ground Water Protection, 1985, "Overview o f  S t a t e  
S u m a r l e s  Ground Water Program Summaries," Vol. 1, IJ,S. EPA, 
Vol. 1 Washington, B . C .  
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e- TITLE 

... 

... 

85-EPA-11 
WGRA GCJ 

o n t ,  Guide 

85-EPA-12 
TEGQ 

85-EPA-16 
CLP 
I no rga  n i c 
$ r o t  oc o 1 

85-EPA-19 
CLP 
Organ! c 
P r o t o c o l  

84 -E PA-2 
Pe rm i t  App. 
Guide HW 
F a c i l i t i e s  

84-EPA-3 
Permi t W r i t .  
Guide HW 
F a c i l i t i e s  

84-E PA-4 
Rem. 
I n v e s t f g a t i o n s  
Guide 

84-E PA-5 
Soi  1 P r o p e r t i e s  
sw-925 

U.S. Env i ronmenta l  P r o t e c t i o n  Agency, O f f i c e  of Waste 
s Enforcement, 1985, "RRCRA Ground Water 

~ o n i t o ~ i n ~  Compliance Order Guide," U.S,  EPA, 
Washington, O . C .  

U.S. Env i ronmenta l  P r o t e c t i o n  Agency, O f f i c e  o f  Waste 
Programs Enforcement, 1985, "RRCRA Ground Water 
M o n i t o r i n g  Techn ica l  Enforcement Guidance Document 
( D r a f t ) , "  U.S.  EPA, Washington, D.C. 

U.S. Env i ronmenta l  P r o t e c t i o n  Agency, Envi ronmenta l  
Woni t o r i  ng Systems Labora tory ,  1985 , "Chemical 
A n a l y t i c a l  Serv ices  o r  Mu l t i -Hed ia  
Mu l t i -Concen t ra t i on  Meta ls  and Ino rgan ies ,  'I 
WA854839, U.S. EPA, Las Vegas, Nevada. 

U.S. Env i ronmenta l  P r o t e c t i o n  Agency, Envi ronmenta l  
M o n i t o r i n g  Systems Labora tory ,  1985, "Organic 
P ro toco l , "  WA85-3178, U.S. EPA, Las Vegas, Nevada. 

U.S .  Envi ronmenta l  P r o t e c t i o n  Agency, O f f i c e  o f  
S o l i d  Waste and Emergency Response, 1984, "Perm!t 
A p p l i c a n t s '  Guidance Manual f o r  Hazardous Waste Land 
Treatment, Storage, and D isposa l  F a c i l i t i e s  ( F i n a l  
D r a f t ) , "  EPA/530/SW-84/004, U.S. EPA, 
Washington, D.C. 

U.S. Envi ronmenta l  P r o t e c t i o n  Agency, O f f i c e  o f  
S o l i d  Waste and Emergency Response, 1984, "Permi t  
W r i t e r s '  Guidance Manual f o r  Hazardous Waste Land 
Storage and D isposa l  F a c i l i t i e s ,  Phase I: C r i t e r i a  
f o r  LocatSon A c c e p t a b i l i t y  and E x i s t i n g  A p p l i c a b l e  
Regu la t ions  ( F i n a l  D r a f t ) , "  U.S. EPA, 
Washington, D.C. 

U.S. Env i ronmenta l  P r o t e c t i o n  Agency, M u n i c i p a l  
Envi ronmenta l  Research Labora tory ,  1984, "Remedial 
I n v e s t i g a t i o n s  Guidance Document,' U.S. EPA, 
C i n c i n n a t i ,  Ohio. 

U.S. Env i ronmenta l  P r o t e c t i o n  Agency, O f f i c e  o f  
S o l i d  Waste and Emergency Response, 1984, 8tSoil  
P r o p e r t i e s ,  C l a s s i f i c a t i o n ,  and H y d r a u l i c  
C o n d u c t i v i t y  T e s t i n g  ( D r a f t ) , "  SW-925, U.S. EPA, 
Washington, D.C. 
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MATION REFERENCES (continued) 

8 4 --E PA -7 
Rem. Response 
HW Sites 

83-EPA-1 
Guide t o  
M%tl. 
S e l e c t i o n  
I SWS-327 

83-€PA--4 
RCRA Permit 
W r i t .  Manual 
Gbd Prot .  

83 -E PA-6 
Risk Assmnt. 
RCRA Landfill 

83--EPW-9 
Chem, Analysis 
Water/Was t e s  

83-EPA-10 
Int. Guide/ 
QA Plans 

$2 --E PA-1 
Samp I e 
Preservation 
M a t  e r/Wa s t ewa t e r 

82 --E PA -3 
Test Meth. 
Solid Zrdaste 
sw-846 

U . S .  Environmental Protection Agency, Office o f  
Emergency and Remedial Response, 1984, "Su 
Report: Remedial Response a t  Hazardous Haste 
Sites, It EPA/540/2-34/002a U . S .  E P A ,  I rksh i  n g t o n ,  D .  C. 

Barcelona, Fa. J . ,  et a l .  (Illinsis S t a t e  Wa-ter 
Survey), 1933, " A  Guide t o  t h e  Selection o f  
Materials for Monitoring Well Construction ai7d 
Graund-Water Sampl i n g ,  I' ISEdS Contract  Report 327, 
U.S .  EPA Contrac t  No. CR--809966 4 1 ,  I1 1 insis S t a t e  
Mater Survey, Departme t of Naturrtl Resources, 
Champaign, Illinois, 

Kuhl thau,  R. ti. and C. R .  Faus t  (Geotrans) ,  1953, 
"RCRPI  Permit Writer's Miinaral Ground Water Prstect ' lo i?  
40 CFR Par t  264 Subpart F, IE  U.S, EPA, Office of 
Solid Has te  and Emergency Response, Wa:hington, D . C =  

U .S ,  Environmental Pro tec t ton  Agency, Office s f  
Policy Analysis, 1983, "Hezlth R i s k  Assessment 
Methodologies f o r  RCRA Landfill ReguBattsns," U . S .  
EPA, Washington, B , C .  

U.S .  Environmental Protection Agency, Environmental 
Monitoring and Support Laboratory, 1983, "Hethods f o r  
Chemical Analysis o f  Maker and k las tes ,"  
~ ~ ~ / ~ ~ ~ ~ ~ . - . ~ 9 ~ ~ 2 ~  Revised arch  1983,  U.S. EPA, 
Cincinnati, Ohio, 

U.3, Environmental Protect'lon Agency, Office ab 
Research and Development, 1983, "Interim Guidelines 
and Specifications for Preparing Quality Assurance 
Project  Plans," EPA/Q00/4-83/804, U.S. E P A ,  
Washington, D . G .  

U.S. Environmental Protection Agency, Office o f  
Research and Development, 1982, "Handbook of 
Sampling and Sam le Preservation of Water and 
Wastewater," %PA/600/4-82/023, U,S. EPA, 
Cincinnati, Ohia. 

U.S. Environmental Protect'eon Agency, Office of 
Solid Haste and Emergency Response, 1982, " T e s t  
Methods for Evaluating Solid Waste: 
Physical/Chernical Methods,#' SW-846, U.S. EPA, 
Washington, D.C. 
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S U M ~ A ~ ~ Q ~  REFERENCES (continued) 

81 -EPA-1 
GW Quality 
Samp . 

81 -EPA-2 
N E I C  Gbl 
Investigations 

80-EPA-5 
Enf .  Consid. 
HW Disp. Sites 
by Contractors 

79 -EPA-3 
QC Water/ 
Wastewater 
Labs 

79 -EPA-4 
129 Priority 
Pollutants 

7 7-EPA-1 
Abandoned 
Wells GW 

77-EPA-2 
GW Wonit. 
Solid Waste 
Fac. SW-611 

75-EPA-1 
Int. Rad. 
Meth. D.W. 

TITLE 

S c a l f ,  M. R., et a l .  (Robert S .  Kerr Environmental 
Research Laboratory), 1981, "Manual of Ground Water 
Quality Sampling Procedures," EPA/SO0/2-81/160, U.S. 
EPA, Office of Research and Development, Ada, 
~ ~ ~ a ~ ~ ~ ~ .  
Well Association.) 

(Also avallable from the National Water 

U.S. Environmental Protection Agency, National 
Enforcement Investigat,ions Center, 1981 "NEIC 
Manual f o r  Ground WaterISubsurface Investigations a t  
Hazardous Waste Sites," EPA/330/9-$1/002, U.S.  E P A ,  
Denver, Colorado. 

U.S .  Environmental Protectjon Agency, National 
Enforcement Investigations Center, 7980, 
tlEnforcement Conslderations for Evaluations o f  
Uncontral led Hazardous klaste Disposal S i t e s , "  U.S. 
EPA, Denver, Colorads, 

U . S .  Enyiron~ental Protection Agency, Office o f  
Research and D e y e ~ o ~ ~ ~ n t ,  1979, ~ ~ ~ n d b o o k  for 
Analytical Quality Control in Water and Wastewater 
Laboratsri es 'I ~ P ~ ~ 6 ~ ~ / ~ - 7 ~ / O ~  9, U . S .  E P A ,  
Cincinnati, Qhio. 

U.S .  Environmental Protection Agency, Monitoring and 
Data Support Divisjon, 1979, "Water-Related 
E ~ v ~ ~ a ~ ~ ~ ~ t a ~  Fate of 12'3 Priority Pollutants," Vol. 
1 ,  "Introduction and Technical ~ ~ c ~ g r o ~ ~ d ,  Metals 
and Inorganics, Pestici es and P C B S , ' ~  
EPA/440/4-79/629a, U.S.  EPA, Washington, D.C. 

U.S .  Environmental ProtectIan Agency, Office o f  
Research and Development, 1977, "Impact o f  Abandoned 
Wells oar Ground Water," EPA/S00/3-17/895, U.S.  EPA, 
Ada, Oklahoma. 

U.S.  Environmental Protection Agency, Office o f  
Water and Waste Management, 1977, "Procedures Manual 
for Ground Water Monitoring a t  Solid Waste Disposal 
Facilities," SW-611, U.S .  EPA, Washington, D . C .  

U .S ,  Environmental Protection Agency, Environmental 
Support Laboratory, 1975, "Interim Radiochemical 
Methodology for Drinking Water," EPA/600/4-75/008, 
U.S. €PA, Cincinnati, Ohio. 
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MATZOM REFERENCES (continued) 

CODE TITLE 

7 3 -E PA-1 ERCIA Health and Safety Laboratory, 1973, "HASL 
HASk Procedure Procedure BBiaeaual," HdSL 300, New York,  New \(ark. 
Manual 

7 3 -E PA-2 Krieger, M. b .  and S .  Gold, 1973, "Procedures for 
Anal. Reactor Raliochemical Analyses o f  Nuclear Reactor Aqueous 
Sol u t i  ons SO 1 u t i  O B ~ S  , 'I E PA/R4-13/014, U . S . E PA 

Cincinnati, Ohis, 

- U.S .  ... DEPAR'lHENP OF ENE 

83--DOE -1 Csrley, J. P. and C. !I. Corbit (Pacific Northwest 
Effluent Radio- babaratory),  1983, " A  Guide for E f f l u e n t  Radiological 

DOE U . S ,  DOE,  Office 05 Operatianal Safety, 
logical Heas. M ~ ~ S I J P W W ~ ~ S  a t  DOE Installations," DOE/'EP-O 

Hashington, D.C. ,  

DQE Facility DOE c o n t r a c t o r  Cacf I i t y  "t leal th  Physics" OF 
HP Manuals "Radiation Protection3' Procedures Ksnuz .1~ .  Usually 

undated. Prepared and published by indlviduzl U.S. 
DOE contractor facilities. 

5480 1 A 

5480.2 

5484.7 

5100.6A 

5820 f 1 

5820 I 2 

EXECUTIVE UROFRS 
__--______I 

120853 

Env i ronmenta l  Protection, Safe ty ,  and  Kealth 
Protection Program f o r  U . 5 -  DOE Operat ions (August 
13, 1981). 

Hazardous and R a d i o a c t i  ve Mixed bdaste Management 
(December 1 3  1982). 

Environmental Protec.tion, Safe ty ,  and Kc?alth 
Protection Xnformation Reparting Requirements 
(February 24, 1981). 

Quality A s s u r a n c e  (Augus t  13, 1981). 

Management o f  1 rarrsuranic Contaminated Waterial 
(September 30, 1982). 

Radioactive Waste Hanaqernent ( F e b r u a r y  6, 1984) .  

Federal Cornpl l a n c e  with Pol l i l t i o n  Con t ro l  Standards 
(President Jimmy Carter, October 13, 19983. 
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S ~ ~ ~ A ~ I ~ N  REFERENCES (cont inued)  

_I_ CODE TITLE 

N A T I ~ ~ A L  INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH 

a4 - -NI  0% - 1 N a t i o n a l  I n s t i t u t e  f o r  Occupat ional  Sa fe ty  and 
Persona 1 Heal th ,  D i v i s i o n  o f  Sa fe ty  Research, 1984, "Personal 
P r o t e c t i v e  P r o t e c t i v e  Equipment For Hazardous M a t e r i a l s  
Equip, I n c i d e n t s :  A S e l e c t i o n  Guide," NIOSH, M o r g ~ n t o ~ ~ ,  

West V i r g i n i a  

N a t i o n a l  I n s t i t u t e  f o r  Occupat ional  S a f e t y  and 

O i l  and Gas H e l l  D r i l l i n g , "  NIQSH P u b l i c a t i o n  
83-127, NIOSH, Worgantown, West V i r g i n i a .  

D r i  1 l i n g  Hea l th ,  D i v i s i o n  o f  Sa fe ty  Research, 1983, 
Safe ty  "Comprehensive S a f e t y  Recommendations f o r  Land-Based 

U.S. N ~ ~ L ~ A R  REGULATORY COMMISSION 

85 -NRC-2 
Rad ionuc l ide  
M i g r a t i o n  GW 

83-NRG -1 
Subsurface 
Mon i t  * 
Low-L e v e 1 

Waste 

92-NRC-1 
D isposa l  
Low-keve 1 
Rad ioac t i ve  
Waste 

82-NRC-2 
GW Flow 
Un s a t  u r a t e d  
Zone 

82-NRC-3 
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APPENDIX A 

Relevant  statutes - Per t inent  s e e t i m s  of federal 
statutes deallng w l t h  ground water ~ ~ ~ ~ t ~ ~ i n ~  and t h e i r  
a p p l i c a b i l i t y  t o  var lous  facJliPles and 
owner/operators. 

e Relevant regulations - Applicable p a r t s  of  the  Code ra-f 
Federal Regulations ( C F R )  relevant t o  ground water 
~ ~ n l t ~ r i n ~ ~  

... 
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