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INTRODUCTION 

A t  the  request  o f  t he  City o f  Nome, t h e  D i v i s i o n  o f  Geolog ica l  and 

Geophysical Surveys has been i n v i t e d  t o  des ign and conduct a h y d r o l o g i c  and 

geo log i c  i n v e s t i g a t i o n  t o  determine t h e  geo log i c  u n i t s  f rom which water  a t  

Moon l igh t  Spr ings emerges, t h e  watershed area f o r  Moon l igh t  Spr ings,  and l and  

areas t h a t  c o n t r i b u t e  t o  t h e  recharge o f  Moon l i gh t  Spr ings water .  Th is  p l a n  

has been prepared accord ing  t o  r e c e n t l y  pub1 i shed  go ide l  i nes  (A laska 

Department o f  Environmental  Conservat ion,  1989) i n  o rde r  t o  f a c i  1 i t a t e  d i a l o g  

between t h e  City o f  Nome and DGGS rega rd i ng  d e t a i l e d  p r o j e c t  o b j e c t i v e s ,  

methodologies,  products ,  t i m e l i n e s ,  and cos ts .  



His  t o r y  

Moon l igh t  Spr ings has been used as a  source o f  po tab le  water  f o r  t h e  Nome 

area s i nce  t he  e a r l y  1900's. I n  r ecen t  decades t h e  City o f  Nome acqu i red  

ownership o f  t h e  sp r ings ,  and, i n  1968, cons t ruc ted  an i n f i  1  t r a t i o n  ga l  l e r y ,  

c o l l e c t i o n  box, and p i p i n g  t o  supply  t h e  c i t y  l oca ted  about 3.5 m i  t o  t h e  

south. Moon l igh t  Spr ings i s  c u r r e n t l y  t he  o n l y  slllJrce o f  po tab le  wa te r  

a v a i l a b l e  f o r  t h e  4400 res i den t s  o f  Nome. Average d a i l y  use o f  water i n  1987 

was 438,000 g a l l o n s  per  day (0.68 cub i c  f e e t  pe r  second, o r  c f s )  ( P e t r i k ,  

1988). Out o f  concern f o r  t he  e f f e c t s  o f  nearby g o l d  m in i ng  a c t i v i t i e s  on t h e  

sp r i ng ,  the  City commissioned a  s tudy o f  t he  hydro logy o f  t h e  Spr ings ( O t t  

Water Engineers,  1982). The s tudy g e n e r a l l y  i d e n t i f i e d  a  recharge area f o r  

t h e  Spr ings and made recommendations rega rd i ng  l and  management p r a c t i c e s  

w i t h i n  t he  recharge area i n  o rde r  t o  p r o t e c t  t he  q u a l i t y  and q u a n t i t y  o f  f l o w  

o f  Moon l igh t  Spr ings.  An ord inance was passed i n  January 1983, by t h e  City o f  

Nome p r o v i d i n g  f o r  t h e  issuance o f  watershed development permi ts  w i t h i n  t h e  

Moon l igh t  Spr ings watershed. A problem c u r r e n t l y  e x i s t s  because t h e  watershed 

area f o r  Moon l igh t  Spr ings has never been c l e a r l y  and p r e c i s e l y  def ined. I n  

a d d i t i o n ,  t e c h n i c a l  rev iew o f  t h e  moon1 i g h t  sp r i ngs  hydro logy r e p o r t  (L.  

Dearborn and J. Munter, DGGS, w r i t t e n  commun., 1983) i d e n t i f i e d  severa l  

s i g n i f i c a n t  t e c h n i c a l  problems t h a t  c a s t  doubt on t h e  v a l i d i t y  o f  some of t h e  

conc lus ions  and recommendations o f  t h e  r e p o r t .  Recent l e g a l  adv i ce  t o  t h e  

City o f  Nome suggests t h a t  t h e  r e p o r t  would be o f  minimal va lue  i n  defending 

t h e  City i n  l i t i g a t i o n  t h a t  cou ld  occur  r e l a t e d  t o  t he  watershed p r o t e c t i o n  

ordinance. 

P r i n c i p a l  i ssues  rega rd i ng  Moon l igh t  Spr ings a re  focused on t h e  

p r o t e c t i o n  o f  t he  q u a l i t y  and q u a n t i t y  o f  s p r i n g  f l o w  from t h e  e f f ec t s  o f  



human a c t i v i t i e s .  I d e n t i f i c a t i o n  o f  l ands  and waters  t h a t  may i n f l u e n c e  t h e  

sp r i ngs  a re  impor tan t  f a c t o r s .  C u r r e n t l y ,  the  degree o f  u n c e r t a i n t y  

concern ing these f a c t o r s  i s  l a r g e  as a  r e s u l t  o f  t he  l i m i t e d  data a v a i l a b l e  

and ques t ionab le  p r a c t i c e s  o f  e v a l u a t i n g  and i n t e r p r e t i n g  these data. It i s  

proposed t h a t  t he  degree o f  conf idence i n  unders tanding these f a c t o r s  be 

inc reased  by t he  c o l l e c t i o n  o f  a d d i t i o n a l  data w i t h  p resc r i bed  c o l l e c t i o n ,  

eva lua t i on ,  and i n t e r p r e t a t i o n  methods. 

An a d d i t i o n a l  problem r e l e v a n t  t o  t h i s  p r o j e c t  i s  whether o r  no t  t he  

n a t u r a l  f l ows  o f  Moon l igh t  Spr ings a r e  s u f f i c i e n t  t o  supply  e x i s t i n g  and 

p r o j e c t e d  f u t u r e  demands o f  t h e  City o f  Nome under c o n d i t i o n s  o f  seasonal and 

annual c l i m a t e  f l u c t u a t i o n s .  Spr ing  f l ows  a re  r epo r t ed  t o  be r e l a t i v e l y  low 

d u r i n g  l a t e  w i n t e r  c o n d i t i o n s ,  and a  wa te r  shor tage was r e p o r t e d l y  nar row ly  

ave r t ed  i n  1970 a f t e r  a  d r y  y e a r  (Leo Rasmussen, Nome, o r a l  commun., 1989). 

S ix  misce l laneous d ischarge  measurements made between 1960 and 1969 on f i l e  

w i t h  t he  U.S. Geolog ica l  Survey (USGS) range f rom 0.25 c f s  t o  6.7 c fs .  Th i s  

amount o f  da ta  i s  inadequate t o  assess t h e  adequacy o f  s p r i n g  f l ows  f o r  

mun ic ipa l  use. 

Ob jec t i ves  

The o b j e c t i v e s  o f  t h e  i n v e s t i g a t i o n  a r e  t o :  

1. I d e n t i f y  t h e  q u a l i t y  o f  Moon l i gh t  Spr ings and nearby su r f ace  and ground 

waters w i t h  regard  t o  ma jo r  an ions and ca t i ons ,  t r a c e  meta ls ,  and 

se lec ted  r a d i o l o g i c a l  components t o  a l l o w  comparisons and i n f e rences  

rega rd i ng  sources o f  waters;  

2. Perform reconnaissance hydrogeo log ica l  mapping t o  assess sur face  and 

ground-water f l o w  system c o n f i g u r a t i o n s ;  



3. To o b t a i n  f l o w  measurements o f  Moon l igh t  Spr ings and nearby su r face  and 

ground waters  t o  assess s h o r t  and long- te rm f l u c t u a t i o n s  o f  Moon1 i g h t  

Spr ings d ischarges and t o  es t ima te  b a s i n  water  budgets. 

Approach 

E x i s t i n g  h i s t o r i c a l  da ta  w i l l  be assembled and eva lua ted  f o r  t e c h n i c a l  

v a l i d i t y .  Continuous f l o w  measurements w i l l  be ob ta ined  a t  t h e  Moon l igh t  

Spr ings ove r f l ow  s t r u c t u r e  and A n v i l  Creek near t he  sp r i ngs  w i t h  p ressure  

t ransducers  and d i g i t a l  da ta  r eco rd i ng  dev ices w i t h  p e r i o d i c  manual d ischarge  

measurements o f  su r f ace  f lows .  Metered water-use da ta  w i l l  be ob ta ined  f rom 

the  C i t y  Water U t i l i t y .  Misce l laneous d ischarge measurements w ' l l  be made a t  

Specimen Gulch, A n v i l  Creek near  Specimen Gulch, Cooper Gulch, Bear Creek, 

L i t t l e  Creek, and an unnamed stream l oca ted  a few hundred f e e t  west o f  

Moon l igh t  Spr ings.  Discharge es t imates  w i l l  a l s o  be made f o r  seeps and 

sp r i ngs  v i s i t e d  d u r i n g  reconnaissance mapping a c t i v i t i e s .  

Reconnaissance hydrogeolog ic  mapping i n  t h e  A n v i l  Mounta in  and 

surrounding areas w i l l  be i n i t i a t e d  by examinat ion o f  e x i s t i n g  a e r i a l  

photography and records  searches supplemented by d i r e c t  examinat ion,  

measurement, p l o t t i n g  (on maps) and d e s c r i p t i o n  o f  outcrops, v e g e t a t i o n  

p a t t e r n s ,  s o i  1  types,  water  f lowages, we1 1 s  and excavat ions.  

Water samples w i l l  be ob ta ined  from approx imate ly  10 t o  20 s i t e s  i n  t he  

Nome area. Wel ls  w i l l  be sampled by e x i s t i n g  pumps o r  by b a i l e r s .  Ac tua l  

sample s i t e s  w i l l  be determined by p h y s i c a l  access and permiss ion- to -en te r  

cons ide ra t i ons .  A l l  l a b  analyses except  f o r  r a d i o l o g i c a l  parameters w i l l  be 

conducted a t  t he  DGGS Water Q u a l i t y  Labora to ry  on t he  U n i v e r s i t y  o f  Alaska 



campus a t  Fa i rbanks.  Rad io l og i ca l  analyses w i  11 be conducted by commeric ia l  

l a b o r a t o r i e s  o u t s i d e  o f  Alaska. Core Labo ra to r i es ,  i n  Casper Wyoming, w i l l  be 

used f o r  t o t a l  a lpha  and t o t a l  be ta  analyses and i s  c e r t i f i e d  by t he  U.S. 

Environmental  P r o t e c t i o n  Agency f o r  t he  a n a l y s i s  o f  r a d i o a c t i v e  contaminants 

i n  d r i n k i n g  water .  The U n i v e r s i t y  o f  Miami T r i t i u m  Labora to ry  (1989) w i l l  be 

used f o r  tr i  t i um analyses. 

P r o j e c t  Organ iza t ion  and R e s p o n s i b i l i t i e s  

F i gu re  1 d e p i c t s  an o r g a n i z a t i o n  c h a r t  f o r  t h e  Moon l igh t  Spr ings p r o j e c t .  

The p r o j e c t  manager i s  respons ib l e  f o r  o v e r a l l  p r o j e c t  design, performance, 

and r e p o r t i n g .  He i s  t h e  p r imary  p r o j e c t  con tac t  person. The q u a l i t y  

assurance o f f i c e r  i s  r espons ib l e  f o r  i d e n t i f y i n g  and conduc t ing  a p p r o p r i a t e  

methodologies f o r  chemical  a n a l y s i s ,  overseeing commeric ia l  l a b  c o n t r a c t s ,  and 

rev i ew ing  f i e l d  and l a b  r e s u l t s .  The DGGS l a b  d i r e c t o r  i s  r espons ib l e  f o r  

m a i n t a i n i n g  a p p r o p r i a t e  DGGS l a b  c a p a b i l i t i e s  and conduct ing analyses as 

s p e c i f i e d  i n  t h i s  document. The f i e l d  supe rv i so r  i s  r espons ib l e  f o r  

o r g a n i z i n g  f i e l d  excurs ions ,  l o g i s t i c s ,  equipment and supp l ies ,  and d i r e c t i n g  

s p e c i f i c  a c t i v i t i e s  o f  f i e l d  s t a f f  c o n s i s t e n t  w i t h  t h i s  document. L i s t e d  

F igu re  1. DGGS o r g a n i z a t i o n  c h a r t  f o r  Moon l i gh t  Spr ings p r o j e c t .  

t i e l d  S t a f f :  t 
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f i e l d  s t a f f  a1 1  have d i f f e r e n t  s p e c i a l i z a t i o n s  t h a t  i nc l ude :  wa te r  sampling; 

s t reamf low measurement; d i g i t a l  i ns t rument  i n s t a l l a t i o n ,  c a l i b r a t i o n  and 

opera t ion ;  and hydrogeolog ic  mapping. The f i e l d  superv iso r  w i l l  i d e n t i f y  

s p e c i f i c  task  leaders  p r i o r  t o  each f i e l d  t r i p .  

QUALITY ASSURANCE OBJECTIVES 

Data q u a l i t y  o b j e c t i v e s  f o r  p r e c i s i o n ,  accuracy,  and optimum 

concen t ra t i on  ranges a r e  l i s t e d  i n  Table 1. Except f o r  r a d i o l o g i c a l  

parameters,  these va lues were ob ta ined  from l i t e r a t u r e  sources because t he  

DGGS l a b o r a t o r y  does n o t  process a  s u f f i c i e n t  volume o f  samples t o  es t ima te  

p r e c i s i o n  and accuracy o b j e c t i v e s .  A l l  analyses a re  expected t o  f a l l  w i t h i n  

t h e  p r e c i s  i o n  o b j e c t i v e s  1  i sted,  however. Because pub1 i shed  values f o r  

accuracy a re  no t  a v a i l a b l e ,  c a l c u l a t e d  va lues f o r  accuracy w i l l  be used o n l y  

i n  a  q u a l i t a t i v e  way, o r  f o r  comparison w i t h  f u t u r e  data.  The o b j e c t i v e  f o r  

completeness, t he  percentage o f  usab le  t o  t o t a l  p o s s i b l e  data,  i s  100 percent .  

Representat iveness o f  data w i  11 be assured by s e l e c t i n g  measurement and 

sampl ing s t a t i o n s  such t h a t  p r i n c i p a l  wa te r  f l o w s  a re  sampled. I n  cases where 

f l o w  i s  min imal  o r  s tagnant  (such as a  minor  seep o r  a  we1 1  ) ,  m o d i f i c a t i o n  o f  

t h e  sampling s i t e  w i l l  be performed t o  enhance, channel o r  induce f lows ,  o r  

wa te r  w i l l  be a r t i f i c i a l l y  pumped o r  removed u n t i l  general  i n d i c a t o r s  o f  water  

q u a l i t y  ( s p e c i f i c  conductance o r  temperature)  have s t a b i l i z e d  t o  i n d i c a t e  t h a t  

waters  sampled a re  r e p r e s e n t a t i v e  o f  t he  water  body be ing sampled. Data 

comparisons w i  11 be conducted between a1 1  da ta  c o l  l e c t e d  d u r i n g  t h i s  s tudy  and 

p r e v i o u s l y  c o l l e c t e d  data subsequent t o  an e v a l u a t i o n  o f  t he  genera l  q u a l i t y  

o f  p r e v i o u s l y - c o l l e c t e d  data.  A n a r r a t i v e  d e s c r i p t i o n  o f  t h e  v a l i d i t y  o f  da ta  

comparisons w i l l  be prepared f o r  t h e  f i n a l  p r o j e c t  r e p o r t .  



SAMPLING PROCEDURES 

Sur face and ground waters  w i l l  be sampled accord ing t o  t h e  methods o f  t h e  

U.S. Geolog ica l  Survey (1977) which a r e  l i s t e d  i n  Table 2. Conta iners ,  

p r e s e r v a t i o n  techniques,  and h o l d i n g  t imes (Table  2)  a re  i n  accordance w i t h  

U.S. Environmental  P r o t e c t i o n  Agency Guide1 i nes  (40 CFS P a r t  136.3, p. 

250-266, 1988) un less  o therw ise  noted. 

Stream d ischarge  w i  11 be measured a t  a1 1 stream sampling l o c a t i o n s  

accord ing  t o  U.S. Geolog ica l  Survey methods (Ca r t e r  and David ian,  1068; 

Buchanan and Somers , 1969). A c ross - sec t i ona l  c o n d u c t i v i t y  p r o f i  l e  w i  11 

determine whether t h e  water  i s we1 1 -mi  xed. I f  c o n d u c t i v i t y  f l u c t u a t e s  across 

t h e  c ross - sec t i on ,  d e p t h - i n t e g r a t i n g  sampl ing w i l l  be performed. Otherwise, a  

mid-depth grab sample w i l l  be taken f rom mid-channel. 

A Hydro lab Model 4041 w i l l  be used t o  measure i n  s i t u  wa te r  temperature,  

pH, and s p e c i f i c  conductance i n  streams and spr ings .  Water ob ta ined  f rom 

seeps and w e l l s  w i l l  be p laced  i n  a  cup and measured immediate ly  w i t h  t h e  

Hydrolab. To ta l  a l k a l i n i t y  w i l l  be measured on s i t e  accord ing  t o  Method 310.1 

(pp. 310.1-1 t o  310.1-3) o f  t h e  U.S. Environmental  P r o t e c t i o n  Agency (1983).  

A Hach d i g i t a l  t i t r a t o r  w i l l  be used i n  t h i s  method. T u r b i d i t y  o f  sur face 

waters  and Moon l igh t  Spr ings w i l l  be measured on s i t e  w i t h  a  Hach Model 16800 

Po r t a  Lab Tu rb i d ime te r  un less  s e r i a l  d i l u t i o n s  a re  r equ i r ed  i n  which case 

t u r b i d i t y  w i l l  be measured i n  t h e  l a b o r a t o r y .  

A11 sampl ing equipment i n c l u d i n g  churn  s p l i t t e r ,  p e r i s t a l t i c  pump tub ing ,  

f i l t e r  head, b a i l e r s ,  d e p t h - i n t e g r a t i n g  sampl ing b o t t l e ,  and graduated 

c y l  i n d e r s  w i  11 be t r i p 1  e  r i n s e d  w i t h  de ion i zed  water  between sampl i n g  s i t e s .  



SAMPLE CUSTODY 

A l l  sample con ta i ne rs  w i l l  be c leaned accord ing  t o  U.S. Environmental  

P r o t e c t i o n  Agency (1982) methods. Upon depar tu re  f rom the  lab ,  sample b o t t l e s  

w i l l  be under cha in  o f  custody (COC) procedures f rom t h a t  t ime u n t i l  t h e  f i n a l  

l a b o r a t o r y  r e p o r t  i s  completed. 

The f i e l d  sampler i s  r espons ib l e  f o r  the  custody o f  the  sample con ta i ne rs  

and samples c o l l e c t e d  f rom t h e  t ime  o f  r e c e i p t  o f  con ta iners  from the  l a b  

u n t i l  t hey  a re  shipped, a t  which t ime  the  sampler s igns,  dates,  and notes t ime  

and method o f  shipment on t h e  COC record .  The sampler w i l l  a l s o  s i g n  and 

p lace  custody sea ls  across t h e  c l osu res  o f  t h e  sample b o t t l e s  and coo le r s  used 

f o r  sh i pp ing  samples. Each l a b o r a t o r y  r e c e i v i n g  samples w i l l  r e c e i v e  a  COC 

record.  Ma i l ed  shipments a re  r e g i s t e r e d  w i t h  r e t u r n  r e c e i p t  requested. A l l  

sample b o t t l e s  and samples n o t  i n  d i r e c t  possession o r  i n  v iew w i l l  be kep t  i n  

secured locked  areas u n t i l  sh ipp ing .  

Once samples a re  r ece i ved  by t he  DGGS Water Q u a l i t y  Lab, and recorded on 

t h e  COC r eco rd  and t h e  p r o j e c t  sample l o g  sheet, they  a re  cons idered t o  be i n  

t h e  possession o f  t h e  l ab .  A l l  samples, COC records,  and a n a l y t i c a l  r e p o r t s  

w i l l  be s t o r e d  i n  a  locked  compartment access ib l e  o n l y  t o  DGGS ana l ys t s .  A 

r i n g  b i n d e r  l a b  notebook s p e c i f i c a l l y  f o r  the  Moon l igh t  Spr ings p r o j e c t  w i l l  

be kep t  by t h e  Water Q u a l i t y  Lab. I n  t h e  f r o n t  w i l l  be a  l o g  o f  a l l  samples 

r ece i ved  by t h e  l a b  f o r  t h a t  p r o j e c t  w i t h  i n d i c a t i o n s  o f  sample types and 

amounts. A l so  i n  f r o n t  w i l l  be f l o w  diagrams o f  analyses t o  be conducted on 

each sample type.  The notebook w i l l  c o n t a i n  a  da ta  sheet f o r  each sample 

l o c a l i t y  and t h e  " reques t  f o r  l a b o r a t o r y  s e r v i c e s / f i e l d  da ta  sample and cha in  

o f  custody"  form. 



A f t e r  t h e  ana lyses  a r e  completed,  any r e m a i n i n g  samples w i l l  be s t o r e d  i n  

a  l ocked ,  hea ted  r e p o s i t o r y  i n  t h e  DGGS warehouse u n t i l  t h e  f i n a l  a n a l y t i c a l  

r e p o r t s  and q u a l i t y  assurance e v a l u a t i o n s  a r e  completed.  

The commercia l  l a b o r a t o r i e s  t h a t  ana lyze  r a d i o 1  o g i c a l  samples w i  11 f o l  low 

COC 1  a b o r a t o r y  procedures  and document requ i remen ts .  Documentat ion o f  

l a b o r a t o r y  o p e r a t i n g  procedures  w i l l  be m a i n t a i n e d  i n  t h e  p r o j e c t  f i l e .  

CALIBRATION PROCEDURES AND STANDARDS 

F i e l d  and l a b o r a t o r y  i n s t r u m e n t  c a l i b r a t i o n  f requency,  s tandards  and 

r e f e r e n c e  manuals a r e  l i s t e d  i n  Tab le  3. 

ANALYTICAL PROCEDURES 

F i e l d  and l a b o r a t o r y  a n a l y t i c a l  p rocedures  a r e  l i s t e d  i n  Tab le  4. 

DATA REDUCTION, VALIDATION, and REPORTING 

Data Reduc t ion  

Once raw da ta  a r e  r e c e i v e d  f r o m  a n a l y t i c a l  i n s t r u m e n t a t i o n  readou ts ,  

f i n a l  component c o n c e n t r a t i o n s  a r e  c a l c u l a t e d  by t h e  a n a l y s t  from 

computer -genera ted r e g r e s s i o n  e q u a t i o n s  d e r i v e d  f rom m u l t i p l e  s t a n d a r d  

ana lyses.  General d a t a  r e d u c t i o n  p rocedures  a r e  d e s c r i b e d  i n  Standard  Methods 

(APHA, 1985). S p e c i f i c  d a t a  c a l c u l a t i o n s  a r e  l i s t e d  w i t h  t h e  a n a l y t i c a l  

method (see  r e f e r e n c e s  i n  f o o t n o t e s ,  T a b l e  4) .  

Data V a l i d a t i o n  

The q u a l i t y  c o n t r o l  and t h e  sample a n a l y t i c a l  d a t a  w i l l  be  v a l i d a t e d  b y  

compar ing t h e  a c t u a l  va lues  o b t a i n e d  w i t h  t h e  d a t a  q u a l i t y  o b j e c t i v e s  



descr ibed  p rev i ous l y .  Accuracy, p r e c i s i o n ,  and completeness w i l l  be 

c a l c u l a t e d  us i ng  t h e  formulas on pages 13-14 o f  t h i s  r e p o r t .  

The accuracy o f  major  d i s s o l v e d - c o n s t i t u e n t  va lues w i l l  a l s o  be checked 

by f o l l o w i n g  t h e  procedures i n  Hem (1985, p. 164-165), which i n c l u d e  

c a l c u l a t i n g  ca t i on -an ion  balances, concen t ra t i on  r e l a t i o n s h i p s  among major  

c a t i o n s ,  and the  r e l a t i o n s h i p  o f  c o n d u c t i v i t y  t o  d i sso l ved  s o l i d s .  A summary 

o f  these checks w i l l  be i nc l uded  i n  t he  f i n a l  p r o j e c t  r e p o r t .  

Data Repor t ing  

An a n a l y t i c a l  r e p o r t  w i l l  be produced as t he  f i n a l  p roduc t  o f  t he  

chemical  a n a l y s i s ,  and w i l l  i n c l u d e  s i t e  i d e n t i f i c a t i o n ,  da ta  analyzed, t he  

c o n c e n t r a t i o n  o r  va lue  o f  t h e  ana ly te ,  pe rcen t  recovery ,  r e l a t i v e  percen t  

d i f f e r e n c e ,  es t imated  range o f  va lue,  method code(s) ,  d i g e s t i o n  method ( i f  

a p p l i c a b l e ) ,  and d e t e c t i o n  l i m i t s  f o r  each ana l y t e .  A f i n a l  p r o j e c t  r e p o r t  

c o n t a i n i n g  t h e  r e s u l t s  o f  a l l  da ta  c o l l e c t i o n  a c t i v i t i e s  and i n t e r p r e t a t i o n s  

w i l l  a l s o  be prepared and pub1 i shed  as a  DGGS Report  o f  I n v e s t i g a t i o n s  o r  

Profess i ona 1  Report. 

INTERNAL QUALITY CONTROL CHECKS 

F i e l d  Checks 

F i e l d  Blanks One s e t  o f  f i e l d  b lanks f o r  each sample t y p e  w i l l  be 

c o l l e c t e d  t o  eva lua te  f i e l d  c l e a n i n g  procedures and i d e n t i f y  p o s s i b l e  

c ross -con tamina t ion  between sampl ing s i t e s .  The f i e l d  b lank  sample, which 

c o n s i s t s  o f  de i on i zed  water,  i s  processed on s i t e  through t h e  same c o l l e c t i o n  

equipment and t rea tment  procedures as a l l  o t h e r  f i e l d  samples. 



D u p l i c a t e  samples B l i n d  d u p l i c a t e  samples and i d e n t i f i e d  d u p l i c a t e  

samples w i l l  be used t o  assess t he  p r e c i s i o n  and r e p r o d u c i b i l i t y  o f  f i e l d  and 

l a b o r a t o r y  procedures.  Dup l i ca tes  w i l l  r ep resen t  t e n  percen t  o f  t h e  t o t a l  o f  

each sample. A t  l e a s t  one b l i n d  d u p l i c a t e  and one i d e n t i f i e d  d u p l i c a t e  sample 

s e t  w i l l  be taken  on each sampl ing t r i p .  

Labora to ry  Checks 

The f o l l o w i n g  l a b o r a t o r y  checks w i l l  be performed by t h e  DGGS Water 

Q u a l i t y  Lab: 

Reagent b l ank  A d i s t i l l e d ,  de - ion ized  water sample w i l l  be analyzed 

a long  w i t h  f i e l d  samples. 

Standards Standards i n  t h e  concen t ra t i on  range of  samples t o  be analyzed 

w i l l  be  prepared d a i l y  f rom concent ra ted standards ob ta ined  frorn commercial 

sources which have been t e s t e d  aga ins t  Na t i ona l  I n s t i t u t e  o f  Standard Tes t i ng  

(NIST) r e fe rence  standards and e x p i r a t i o n  dated. 

D u p l i c a t e  samples A t  l e a s t  t h ree  a l i q u o t s  ( s p l i t  f rom a s i n g l e  b o t t l e  o f  

sample) w i l l  be taken f rom t e n  percen t  o f  t h e  f i e l d  samples and t r e a t e d  

e x a c t l y  t h e  same throughout  t h e  l a b o r a t o r y  procedures and a n a l y t i c a l  method. 

Spikes M a t r i x  sp i ke  samples and m a t r i x  sp i ke  d u p l i c a t e s  w i l l  be used on 

t e n  pe rcen t  o f  t h e  f i e l d  samples t o  eva lua te  t he  performance o f  a n a l y t i c a l  

i n s t r umen ta t i on .  

Q u a l i t y  c o n t r o l  samples Standard r e fe rence  samples of known composi t ion 

f rom the  USEPA l a b o r a t o r y  ( C i n c i n n a t i  , Ohio),  USGS, o r  Environmental  Research 



A s s o c i a t e s  ( a  p r i v a t e  f i r m  s u p p l y i n g  NBS c e r t i f i e d  sample) w i l l  be  i n c l u d e d  i n  

each a n a l y t i c a l  p rocedure  d u r i n g  t h e  cou rse  o f  t h i s  p r o j e c t  t o  assu re  accu racy  

o f  t h e  a n a l y t i c a l  system. 

Systems A u d i t s  DGGS w i l l  submi t  t o  o n - s i t e  f i e l d  and l a b o r a t o r y  systems 

a u d i t s  b y  t h e  City o f  Nome o r  i t s  d e s i g n a t e d  a u d i t o r  upon reques t .  The system 

a u d i t o r  may e v a l u a t e  f i e l d  and l a b o r a t o r y  o p e r a t i o n s  and q u a l i t y  c o n t r o l  

p rocedures  t o  a s s u r e  t h a t  t h e y  a r e  a p p r o p r i a t e  and used. 

Performance A u d i t s  The DGGS Water Q u a l i t y  Lab p a r t i c i p a t e s  i n  two 

q u a l i t y  assurance per formance programs, one conducted b y   he USGS and one by  

t h e  EPA. Bo th  i n v o l v e  t h e  a n a l y s i s  o f  b l i n d  samples d i s t r i b u t e d  t w i c e  a  yea,. 

t o  p a r t i c i p a t i n g  l a b s .  Performance e v a l u a t i o n s  f o r  t h e s e  two programs d u r i n g  

t h e  Moon1 i g h t  S p r i n g s  s t u d y  w i  11 be a v a i l a b l e  upon reques t .  

The l a b o r a t o r y  checks t o  be per formed f o r  t r i t i u m  ana lyses  a r e  d e s c r i b e d  

i n  "p rocedures  and s tandards "  o f  t h e  U n i v e r s i t y  o f  Miami T r i t i u m  L a b o r a t o r y  

(1989).  The l a b o r a t o r y  checks t o  be per formed f o r  t o t a l  a l p h a  and t o t a l  b e t a  

ana lyses  a r e  d e s c r i b e d  i n  U.S. EPA (1980). 

PREVENTATIVE MAINTENANCE 

The main  i n s t r u m e n t s  i n v o l v e d  i n  t h e  a n a l y t i c a l  p rocess a t  t h e  DGGS Water 

Q u a l i t y  Lab a r e  a  T u r n e r  nephelometer,  a  M e t t l e r  a n a l y t i c a l  balance,  two 

Perk in -E lmer  a tomic  a b s o r p t i o n  spect rophotometers ,  a  DIONEX i o n  chromatograph,  

and a  Beckman d i r e c t  c u r r e n t  a rgon  plasma. A l l  o f  t h e s e  i n s t r u m e n t s  r e c e i v e  

t h e  r o u t i n e  d a i l y  main tenance o u t l i n e d  i n  t h e i r  o p e r a t o r ' s  manual and f o r  most  

t h e r e  i s  a  modest s u p p l y  o f  components wh ich  need r o u t i n e  rep lacement  such as 



columns f o r  t he  DIONEX and bu lbs  f o r  t he  nephelometer. The a n a l y t i c a l  ba lance 

rece i ves  y e a r l y  s e r v i c i n g  by a  r e p r e s e n t a t i v e  o f  t h e  manufacturer .  

P reven t i ve  maintenance procedures f o r  t r i t i u m  i ns t r umen ta t i on  a re  

descr ibed  i n  U n i v e r s i t y  o f  Miami T r i t i u m  Labora to ry  (1989),  and f o r  t o t a l  

a lpha  and t o t a l  be ta  i ns t r umen ta t i on  i n  U.S. EPA (1980). 

STANDARD OPERATING PROCEDURES FOR A S S E S S I N G  nQ0 's  

Standard ope ra t i ng  procedures f o r  assessing data o b j e c t i v e s  f o r  p r e c i s i o n  

a re  based on expected p r e c i s i o n  f i g u r e s  l i s t e d  w i t h  methods i n  pub l i shed  

re fe rences  (see Table 4 ) .  Sample d u p l i c a t e s  w i l l  a l l o w  ac tua l  p r e c i s i o n  t o  be 

c a l c u l a t e d  f o r  major  ions ,  meta ls ,  and r a d i o l o g i c a l  parameters us ing  t he  

f o l l o w i n g  equat ion:  

p r e c i s i o n  = r e l a t i v e  percen t  d i f f e rence  = /D, - D,/ x  100 
L L 

where: D = f i r s t  sample r e s u l t  1 

D = second sample r e s u l t  2 

M a t r i x  sp iked  samples w i l l  a l l o w  a c t u a l  accuracy t o  be c a l c u l a t e d  f o r  

ana ly tes ,  u s i n g  t h e  f o l l o w i n g  formula:  

Accuracy = Percent recovery  = (SSR - SR) x 100 

S  A 

where: SSR = sp iked  sample r e s u l t  

SR = sample r e s u l t  

SA = amount o f  sp i ke  added 



Completeness w i l l  be c a l c u l a t e d  a f t e r  t h e  s tudy has been completed us i ng  

t h e  f o l l o w i n g  formula:  

Completeness = percen t  useable da ta  = useable  data x 100 

t o t a l  p o s s i b l e  data 

The procedures t h a t  w i l l  be f o l l owed  t o  assess sampling s i t e  

represen ta t i veness  a re  ( 1) ac tua l  hydro1 o g i c  reconnaissance , ( 2 )  rev iew o f  

h y d r o l o g i c  records,  and ( 3 )  g u i d e l i n e s  i n  t he  USGS's "Na t i ona l  Handbook o f  

recommended methods f o r  water -data acqui  s i  t i o n N ,  (USGS, 1977). 

Data c o l l e c t e d  d u r i n g  t h e  s tudy w i l l  be compared t o  Alaska d r i n k i n g  water 

standards (ADEC, 1982). Data comparisons among sampl ing s i t e s  wi  11 be made 

u s i n g  common s t a t i s t i c a l ,  g raph i ca l  o r  a n a l y t i c a l  methods. Examples o f  these 

techniques a re  presented i n  Hem (1985, p. 162-188). I n t e r p r e t a t i o n s  o f  da ta  

t o  c l a r i f y  t h e  l i k e l y  source(s )  o f  Moon l i gh t  Spr ings w i l l  be made us i ng  common 

h y d r o l o g i c  and hydrogeolog ic  methods such as a re  descr ibed by Freeze and 

Cherry (1979),  F e t t e r  ( 1988), and o t h e r  r e l e v a n t  1  i t e r a t u r e  sources. 

CORRECTIVE ACTION PROCEDURES 

C o r r e c t i v e  a c t i o n s  w i l l  be implemented a s  soon as any measurement system 

i s  found t o  be o u t  o f  c o n t r o l .  Out o f  c o n t r o l  s i t u a t i o n s  a re  de f i ned  as 

unacceptab le  q u a l i t y  c o n t r o l  measurements such as con tamina t ion  o f  b lanks ,  

poor  p r e c i s i o n  o r  low accuracy (based on da ta  q u a l i t y  o b j e c t i v e s ) ,  o r  improper 

sample s to rage  o r  p rese rva t i on .  C o r r e c t i v e  a c t i o n s  w i l l  c o n s i s t  o f  

re-sampl ing ,  re-measuring, o r  r e -ana l yz i ng  a1 1  a f f e c t e d  samples, i f  poss ib le .  

Out o f  c o n t r o l  data  w i l l  e i t h e r  be d iscarded  o r  used w i t h  app rop r i a t e  



c a u t i o n a r y  notes.  The p r o j e c t  manager wi  11 be respons ib l e  f o r  i n i t i a t i n g  a1 1  

c o r r e c t i v e  a c t i o n s  w i t h  the  approval  o f  t h e  q u a l i t y  assurance o f f i c e r .  

QUALITY ASSURANCE REPORTING PROCEDURES 

A q u a l i t y  assurance e v a l u a t i o n  w i l l  be r epo r t ed  i n  w r i t i n g  t o  t h e  p r o j e c t  

manager a f t e r  r e c e i p t  o f  a n a l y t i c a l  r e p o r t s .  
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Table 1. Data q u a l i t y  o b j e c t i v e s  f o r  de te rmin ing  p r e c i s i o n  and accuracy as 
determined f rom sources 1  i s t e d  be1 ow. 

Component 

A1 k a l  i n i  ty  ,as CaC03 
Ions 

F 
C 1  

N03 
s04 N a  

Trace Meta ls  
As 

Fe, t o t a l  
H g 

T o t a l  be ta  
T r i t i u m  

P r e c i s i o n  Accuracy 

10% N A ~  

so2=, .I a t  50 u g / l  ; 
1.6 a t  100 u g / l  

30% 
~ 5 0 ~ ~ 3 %  throughout  range 

10% 
14% 4  ST ~ 0 . 1 7 3  X + 2.44 
10% 
10% 2  SD =0.39 a t  0.60 u g / l  
11% 

~ 0 ~ ~ 1 . 6  a t  50 u g / l  
4% 

Optimum 
Concen t ra t ion  
Range 

20-154 mg/l 

20% 75-125% 
20% 75-125% 

'3.$%, one SD, o r  ?3.5%, one SD, o r  
6TU whichever i s  6TU whichever i s  

l a r g e r  l a r t j e r  

NA = Accuracy va lues no t  a v a i l a b l e  f rom pub l i shed  l i t e r a t u r e  

SD = Standard d e v i a t i o n  

RSD = R e l a t i v e  s tandard d e v i a t i o n  

ST = I n t e r l a b o r a t o r y  o v e r a l l  p r e c i s i o n  

TU = T r i t i u m  u n i t s  



Table 1. Continued 

Sources : 

"Methods f o r  De te rmina t ion  o f  I no rgan i c  Substances i n  Water and F l u v i a l  
Sediments", by M. J. Fishman and L.C. Friedman ( e d i t o r s ) ,  U.S. Geolog ica l  
Survey, Techniques o f  Water-Resources I n v e s t i g a t i o n  Book 5, Chapter A l ,  
1985, 709 p. 

"Standard Methods f o r  t h e  Examinat ion o f  Water and Wastewater ( 1 6 t h  e d i t i o n ) " ,  
by American P u b l i c  Hea l th  Assoc ia t ion ,  American Water Works Assoc ia t ion ,  
Water P o l l u t i o n  Con t ro l  Federat ion,  Washington, D.C., 1985. 

"Na t iona l  Handbook o f  Recommended Methods f o r  Water-data A c q u i s i t i o n " ,  U.S. 
Geolog ica l  Survey, O f f i c e  o f  Water Data Coord ina t ion ,  Reston, VA, 1977. 

"Presc r ibed  Procedures f o r  Measurement o f  R a d i o a c t i v i t y  i n  D r i n k i n g  Water", 
EPA-600/4-80-032 (1980 update) ,  U. S. Environmental  P r o t e c t i o n  Agency, 
August 1980. 

T r i t i u m  Laboratory  T r i t i u m  and C14 Measurements, P r i c e  Schedule, Procedures 
and Standards, Advise on Sampling, J u l y  1, 1989, U n i v e r s i t y  o f  Miami, 
Rosens t ie l  School o f  Mar ine and Atmospheric Science, T r i t i u m  Laboratory ,  
4600 Rickenbacker Causeway, ,Miami, FL 33149-1098. 

Ora l  Communication, U n i v e r s i t y  o f  Miami T r i t i u m  Laboratory ,  (1989).  



T a b l e  2 .  S a m p l i n g  p r o c e d u r e s  f o r  s u r f a c e  a n d  g r o u n d  w a t e r s .  

P a r a m e t e r  

M e t a l s  ( A s , A l  , B a y  
Cd,Cr,Cu,Fe,Mn, 
P b , Z n )  

M e r c u r y  3 

M a j o r  I o n s  ( F , C l ,  
N03,S04,Na,K,Ca,Mg) 

I r o n ,  t o t a l  5  

I 

4 

F i  1  t r a t i o n  
S a m p l  i n g  m e t h o d -  e q u i p m e n t  C o n t a i  n e r  

C r a b  s a m p l e  o r  D H - 7 5 P  0 . 4 5  um m e m b r a n e  2 5 0 m l  p l a s t i c  
D e p t h  I n t e g r a t i n g  f i l t e r  i n  GEOTECH 
S a m p l e r  f o r  s u r f a c e  b a c k f l u s h i n g  f i l t e r  
w a t e r s .  Pump o r  b a i l e r  w/MASTERFLEX p e r i -  
f o r  g r o u n d  w a t e r s .  s t a l t i c  pump 
W a t e r  c o m p o s i t e d  i n  
c h u r n  s p l i t t e r  a n d  
s p l i t  i n t o  s u b s a m p l  e s .  

same a s  a b o v e  same a s  a b o v e  1 2 5 m l  g l a s s  

same a s  a b o v e  same a s  a b o v e  5 0 0 m l  p l a s t i c  

same a s  a b o v e  n o t  a p p l  i c a  b l  e  2501111 p l a s t i c  

A 

LO T o t a l  S u g p e n d e d  same a s  a b o v e  
S e d i m e n t  

I 

T u r b i d i t y  6 same a s  a b o v e  

T o t a l  a l p h a  8 same a s  a b o v e  

T o t a l  b e t a  8 same a s  a b o v e  

T r i t i u m  8 same a s  a b o v e  

M a x i m u m  
P r e s e r y a t i o n  h o l d i n g  
m e t h o d  t i m e  - 
2 m l  ULTREX 6 m o n t h s  
HN03 

2ml  ULTREX 2 8  d a y s  
HNO 0 . 0 1 %  
K2 o 7  

c o o l ,  4OC 2 8  d a y s  4  

2 m l  ULTREX 6 m o n t h s  
HN03 

n o t  a p p l  i c a b l  e  2 5 0 m l  p l a s t i c  c o o l ,  4OC 2  m o n t h s '  

n o t  a p p l  i c a b 1  e  2501111 p l a s t i c  c o o l ,  4OC 2  m o n t h s  7 

n o t  a p p l  i c a b 1  e 1 L  p l a s t i c  4 m l  ULTREX 6  m o n t h s  
HN03 

n o t  a p p l i c a b l e  1 L p l a s t i c  4 m l  ULTREX 6 m o n t h s  
H  N  0  

n o t  a p p l i c a b l e  1  L  p l a s t i c  c o o l  ,4OC I n d e f i n i t e  2  

; A l l  methods t o  be per fo rmed a t  t h e  sampl ing s i t e  
U.S. Geo log ica l  Survey, 1977, N a t i o n a l  handbook o f  recommended methods f o r  wa te r -da ta  a c q u i s i t i o n :  USGS O f f i c e  o f  Water Data 
Coord ina t ion ,  Reston, VA. 
P r e s e r v a t i o n  method a c c o r d i n g  t o  " P r e s e r v a t i o n  o f  samples f o r  d i s s o l v e d  mercury", by S.N. Hamlin, Water Resources B u l l e t i n ,  American 
Water Resources A s s o c i a t i o n ,  Volume 25, No. 2, pp. 255-262, 1989. 
H o l d i n g  t i m e  f o r  NO exceeds EPA g u i d e l i n e s .  2 Ground-water sample2 and Moonl i g h t  S p r i n g s  on1 y .  
Sur face-water  samples and Moonl i g h t  Spr ings  on1 y.  
Hol  d i  ng ti me exceeds EPA g u i  d e l  i nes . 
Se lec ted  sur face-wate r  and ground-water samples on1 y. 



Table 3. C a l i b r a t i o n  frequency, s tandards,  and t r a c e a b i  1 i t y  o f  f i e l d  and l a b o r a t o r y  ins t ruments .  

C a l i b r a t i o n  Ref. 1 
Parameter Frequency l nstrument  Manual Standard used 

A1 k a l i n i t y  pH meter c a l i -  Beckman pH1 11 meter 1 Na CO Anhydrous, Suprapur 
2 3' 

b r a t e d  each 
ti t r a t i o n ,  a c i d  
c a l i b r a t e d  each 
month 

F,Cl,NO ,SO4 every  6 samples DIONEX I o n  2 O r i o n  NaF, NaC1, NaNO ,NaSO 
3 3 4 

Chromatograph 
2 

Na, K every  6 samples Perk in-Elmer Flame 394 NaCl i n  wk HC1, KC1 i n  wk HC1 

Atomic Absorp t ion  
Spectrophotometer(AA) 

As ,H9 every  10 samples Perk in-Elmer AA, 3,5,6 As 0 i n  H SO H 0,HgO i n  wk HNO 
2 3 2 4 2  3 

MHS-1 Mercury/Hydride 

System 

Cd,Pb every  5 samples Perk in-Elmer AA 400 3,7,8 CdCl 2H 0 i n  HCl/H 0, Pb(N0 ) i n  
wk H ~ O  

2 3 2 
HCA Graph i te  Furnace 

3 

A1 ,Ba,Cu, every 6 samples ARL DCP Plasma 9 A1 Cl 6H20 i n  HCl/H 0, BaCl 2H 0 i n  
Cr,Fe,Mn,Zn Spectrophotometer HCl /A20, cu i n  wk FINO~, ~ r ? l  k( 2 0 

i n  wk HCl, FeCl 6H 0 ~n wk ~ ? 1 ,  
MnCl 4H 0 i n  w k 3 ~ c ? ,  Zn(N0 ) 6H 0 
i n  w Z  H ~ O ~  

3 2  2 

Water t h e  day b e f o r e  & Hydro lab Model 4041 10 Temperature: compared a g a i n s t  ERTCO 
temperature, a f t e r  each f i e l d  p rec is ion -g rade  thermometer, compl ies 
d i s s o l v e d  t r i p ,  b i e n n i a l  w i t h  NBS. D i s s o l v e d  oxygen:cal i b r a t e d  

oxygen, pH, f a c t o r y  checkup t o  water s a t u r a t e d  a i r  a t  temperature 

c o n d u c t i v i t y  o f  D.O. c e l l .  C o n d u c t i v i t y :  KC1 s o l u -  
t i o n s .  pH: Beckman b u f f e r  s o l u t i o n s .  

T u r b i d i t y  on-s i  t e  b e f o r e  Hach P o r t a l  ab 11 L i q u i d  l a t e x  secondary t u r b i d i t y  
each measurement Turb id imete r  Model standard, p e r i o d i c a l  1 y checked 

16800 aga ins t  formazin s t o c k  s o l u t i o n ,  
APHA 

P H o n - s i t e  b e f o r e  Beckman pH1 11 meter 12 Beckman b u f f e r  s o l u t i o n s  

each measurement 

T r i t i u m  once weekly 1 ow-1 eve1 gas 13 Standard water  i s  prepared f rom NBS, 
p r o p o r t i o n a l  counter  Standard Reference M a t e r i a l s  #4926 

dead hydrogen gas, dead water ,  NAOH 
s o l u t i o n  

T o t a l  alpha, - - 14 - 
To ta l  b e t a  

DCCS Water Q u a l i t y  Lab uses commercial AA standards where poss ib le ,  and t h e  manufacturer ,  EM 
Science, r e p o r t s  t o  have t e s t e d  them a g a i n s t  NRS Reference Standards. All  standards a r e  
e x p i r a t i o n  dated. 

wk = weak (approx imate ly  10% by volume) 



Tab1 e 3. (con t inued)  

Reference Manual s 

1 Beckman pH1 11 pH meters, i n s t r u c t i o n  and maintenance; E~ckman Instruments, Inc., I r v i ne ,  CA 

92713. 

2 DiONEX ION CHROMATOGRAPHY COOKBOOK, A P r a c t i c a l  Guide t o  Q u a n t i t a t i v e  Ana lys is  by Ion  
Chromatography, DIONEX Corp., 1228 T i t a n  Way, Sunnyvale, CA 94088-3603, 1987 

3 Perkin-Elmer Model 4000 Atomic Absorp t ion  Spectrophotometer, Perkin-Elmer Corp., Norwalk, 

Connect icut ,  USA; Revised A p r i l  1979. 

4 A n a l y t i c a l  Methods f o r  Atomic Absorpt ion Spectrophotometry, Perkin-Elmer Corp., p r i n t e d  i n  West 
Germany, January 1982. 

5 Perk in-Elmer MHS-1 Mercury/Hydride System Operator 's  Manual; Perkin-Elmer Corp., P r i n t e d  i n  
West Germany, August 1977. 

6 A n a l y t i c a l  Methods us ing  t h e  MHS Mercury/Hydride System, Perkin-Elmer Corp., p r i n t e d  i n  West 
Germany, r ev i sed  October 1978. 

7 Perkin-Elmer HCA-400 Graph i te  Furnace Opera to r ' s  Manual, Perkin-Elmer Corp., P r i n t e d  i n  West 

Germany, A p r i l  15, 1979. 

8 A n a l y t i c a l  Methods f o r  Furnace Atomic Absorpt ion Spectroscopy, Perkin-Elmer Corp., P r i n t e d  i n  
West Germany, Revised February 1980. 

9 ARL SpectrSpan VI Rapid Scanning H igh  Reso lu t ion  Spectrophotometer Opera to r ' s  Manual and 
T u t o r i a l ,  App l i ed  Research Labora to r ies ,  3080 En te rp r i se  Blvd., Brea, CA 92621, J u l y  1987. 

10 Opera t ion  and Maintenance I n s t r u c t i o n s  Hydrolab D i g i t a l  4041 June 1981, Hydrolab Corporat ion,  
12921 Burnet  Road, Aust in ,  TX 78759. 

11 l n s t r u c t i o n  Manual Po r t a l ab  Turb id imeter  Model 16800, Hach Company, PO BOX 389, Loveland, CO 
80539. 

12 I n s t r u c t i o n  Manual pH1 11 meter, Beckman Instruments, Inc., I r v i ne ,  CA 92713. 

13 T r i t i u m  Laboratory T r i t i u m  and C14 Measurements, P r i c e  Schedule, Procedures and Standards, 
Advise on Sampling, J u l y  1, 1989, U n i v e r s i t y  o f  Miami, Rosens t ie l  School o f  Marine and 
Atmospheric Science, T r i t i u m  Laboratory, 4600 Rickenbacker Causeway, Miami, FL 33149-1098. 

14 Prescr ibed  Procedures f o r  Measurement o f  R a d i o a c t i v i t y  i n  D r i n k i n g  Water, "EPA-600/4-80-032 
(1980 update), U.S. Environmental P r o t e c t i o n  Agency, August 1980. 



T a b l e  4 .  F i e l d  a n d  a n a l y t i c a l  m e t h o d s  f o r  s u r f a c e  w a t e r  a n d  g r o u n d - w a t e r  s a m p l e s .  

P a r a m e t e r  M e t h o d  

A1 k a l  i n i t y ,  a s  CaCO 
3  

l ONS 

F  

C  1  
N 0  

s 0; 
N  a  

I TRACE METALS 

r~ As  
h) 

A  1  
I 

B a  

C  d  

C  u 

C  r 

F  e  
Fe ,  t o t a l  

4 

H g  
M n  

P b  
Z n  

RAD l OLOC l CAL 

T o t a l  a l p h  
T o t a l  b t a  

? 
T r i t i u m  

5 

P o t e n t i o m e t r i c  t i f r a t i o n  ( u n t r e a t e d  s a m p l e ,  f i e l d )  
EPA M e t h o d  3 1 0 . 1  

D i o n e x  i o n  c h r o m a t o g r a p h y  
2 

D i o n e x  i o n  c h r o m a t o g r a p h y  
2 

D i o n e x  i o n  c h r o m a t o g r a p h y  
2 

D i o n e x  i o n  c h r o m a t o g r a p h y  
2  

F l a m e  a t o m i c  a b s o r p t i o n  ( A A )  s p e c t r o p h o t o m e t r y ;  

EPA M e t h o d  2 7 3 . 1  
F l a m e  AA; EPA M e t h o d  2 5 8 . 1  

D i r  c t  C u r r e n t  P l a s m a  E m i s s i o n  s p e c t r o p h o t o m e t r y  (DCP)  
3  

DCP 
3 

A A , 3 g a s e o u s  h y d r i d e ;  EPA M e t h o d  2 0 6 . 3  
1 

DCP3 
D  C  P  

3  
DCP3 

DCP3 

DCP 

0 . 1  um f i l t e r ,  DCP 
3  

u n f i l t e r e d ,  HC1 d i g e s t i o n ,  DCP 
3  

A A , 3 c ~ l d  v a p o r ,  EPA M e t h o d  2 4 5 . 1  
1 

DCP3 
DCP3 

D  C  P  

P r o p o r t i o n a l  c o u n t e r ;  EPA M e t h o d  ' ' 00 .0  
6  
6  

P r o p o r t i o n a l  c o u n t e r ;  EPA M e t h o d  9 0 0 . 0  
Gas p r o p o r t i o n a l  c o u n t i n g  

7  

D e t e c t i o n  1 i m i  t* 

1 p C i / L  
1  p C i / L  

6  T r i t i u m  u n i t s  

o r  0 . 0 2  p C i / m L  

* mg /L ,  u n l e s s  o t h e r w i s e  n o t e d  



T a b l e  4 .  ( c o n t i n u e d )  

P a r a m e t e r  

OTHER DETERMINATIONS 

T o t a l  d i s s o l v e d  s o l i d s  

pH ( u n i t s )  
S p e c i f i c  C o n d u c t a n c e  ( u S / c m )  
W a t e r  T e m p e r a t u r e  (OC)  

D i s s o l v e d  o x y g e n  
8 

T o t a l  s u s p e n d e d  s o l i d s  
8  

T u r b i d i t y  (NTU)  
8  

F o o t n o t e s  

M e t h o d  

C a l c u l a t e d  f r o m  a n a l y t i c a l  d a t a  
Beckman pH1 m e t e r ,  M o d e l  11  ( o n - s i t e )  

H y d r o l a b  M o d e l  4041 ( o n - s i t e )  

H y d r o l a b  M o d e l  4041  ( o n - s i t e )  

H y d r o l a b  M o d e l  4041  ( o n - s i t e )  
C r a v i m e t r i c ;  EPA M e t h o d  1 6 0 . 2  

H a c h  t u r b i d i m e t e r  ( o n - s i t e ) ,  o r  T u r n e r  N e p h e l o m e t e r  

( l a b o r a t o r y ) ;  EPA M e t h o d  1 8 0 . 1  

D e t e c t i o n  1  i m i  t 

0 . 1  NTU 

I 
" M e t h o d s  f o r  C h e m i c a l  A n a l y s i s  o f  W a t e r  a n d  Wastes , "  EPA 6 0 0 / 4 - 7 9 - 0 2 0 ,  U.S. E n v i r o n m e n t a l  P r o t e c t i o n  

A g e n c y ,  M a r c h  1 9 8 3 .  

M e t h o d  4 2 9  D e t e r m i n a t i o n  o f  A n i o n s  b y  I o n  C h r o m a t o g r a p h y  w i t h  C o n d u c t i v i t y  M e a s u r e m e n t ,  " S t a n d a r d  

M e t h o d s  f o r  t h e  E x a m i n a t i o n  o f  W a t e r  a n d  W a s t e w a t e r  ( 1 6 t h  e d . ) ,  A m e r i c a n  P u b l i c  H e a l t h  A s s o c i a t i o n ,  

1 9 8 5 .  

D i r e c t  C u r r e n t  P l a s m a  (DCP) O p t i c a l  E m i s s i o n  S p e c t r o m e t r i c  M e t h o d  f o r  T r a c e  E l e m e n t a l  A n a l y s i s  o f  W a t e r  

and  W a s t e s ,  M e t h o d  AES0029, 1 9 8 6 .  Beckman I n s t r u m e n t s ,  I n c . ,  C o r p u s  D r i v e  a t  J a m b o r e e  B o u l e v a r d ,  

I r v i n e ,  CA 9 8 2 1 3 .  

4 
C r o u n d w a t e r  s a m p l e s  and  M o o n l i g h t  S p r i n g s  o n l y  

S e l e c t e d  s u r f a c e  w a t e r  and  g r o u n d - w a t e r  s a m p l e s  o n l y  

" P r e s c r i b e d  P r o c e d u r e s  f o r  M e a s u r e m e n t  o f  R a d i o a c t i v i t y  i n  D r i n k i n g  W a t e r " ,  E P A - 6 0 0 / 4 - 8 0 - 0 3 2  ( 1  9 8 0  

u p d a t e ) ,  U.S. E n v i r o n m e n t a l  P r o t e c t i o n  Agency ,  A u g u s t  1 9 8 0 .  

/ 
Low L e v e l  Gas P r o p o r t i o n a l  C o u n t i n g .  P r o c e d u r e s  a n d  S t a n d a r d s ,  r e v i s e d  J u n e  1 9 8 9 .  U n i v e r s i t y  o f  

M i a m i ,  T r i t i u m  L a b o r a t o r y ,  4 6 0 0  R i c k e n b a c k e r  Causeway ,  M i a m i ,  F L  3 3 1 4 9 - 1 0 9 8 .  

S u r f a c e  w a t e r  s a m p l e s  a n d  Moon1 i g h t  S p r i n g s  o n l y  


