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TKE HYDROMGY OF IFALIK ATOLL, WESTERN CAROLIEJE  ISLAND^^/ 

Ted Amow d 

The fieldwork f o r  t h i s  report  was done as  a p a r t  of more extensive hydro- 
logic  investigations carr ied on by the U. S. Geological Survey i n  the  Trust 
Terr i tory of the  Pacif ic  Islands &id xias coordinated with t he  1953,Scientif ic 
Investigation of Micronesia of the Pacific Science Board of the  National Re- 
search Council, which was supported'by funds granted by t h e  Office of Naval. 
nesearch by Contract iV7onr-29104 (NR 360 001). Logis t ic ' s~ppo:?t  f o r  the work 
w8.s provide& by the 3. S. Navy, the U. S. Coast Guard, miil the  Trust 'Ferritory 
administration. Tide 'data wereanalyzed by the U. S. Coist a i d  Geodetic 
Survey. The wri ter  was on I f a l i k  from Zune 22 t o  24, and Septenber 12 t o  26, 
19.953. 

Tne I f a l i k  pro jec t  was essen t ia l ly  a group un3erteki.ng of several  spe- 
c i a l i s t s ,  each working i n  h i s  0T.m f i e l d  bu t  coord.in&ticg .:?is a c t i v i t i e s  with 
those of the  others. The m i t e r  wouldlilre t o  exjress h<s gr;re'c?.tude t o  "Torn" 
Totogoeiti who supervised t h e  die;ging of t he  observfltion wells, t o  Marcton 
Bates who col lected the ba!i o f  th& tl.ima-tic'data,, and t o  D. P. Abbott who 
col lected additional'  clid?atic and gpoui&.wa.ter data. &er t he  w i t e r  l e f t '  
I f a l i k .  Geoiogical studies and watep-level determinations were made together 
with J. I. Trkey ,  Jr. Finally, appreciation is e x ~ f e s s e d  t o  the people of 
I f a l i k  for  t h e i r  hosp i ta l i ty  and assistance, w i t h o ~ ~ t  which dompletionof ' the 
pro jec t  would not have been possible. 

.. . 
, . The prima-y purpose of t h i s  r e p o r t  is t o  present the-  data  observed ($t 

I f a l i k  so  t h a t  theyniay be available t o  other workers i n t h & ' % c i f i c  a t  an 
ear ly  date. A more~'cornprehensive report  of hydrologic conditions on I f a l i k  
w i l l  be included i n  a l a t e r  report  which w i l l  cover a l l  phases of the in- 
vestigations on I f a l i k .  

I f a l i x  Atoll  is i n  the  Westefin ~ d r o l i r &  s & ~ K X ~ ,  which a r e  p a r t  of $he 
Trust Ter'rTtory of the Pacif ic  :&lahds' ( f i g ,  '1). I f a l i k l i e s  360 naut ical  
miles due south of Guam, 449 n i l e s  due ves t  of T m k ,  and 400 miles southe'ast 
of Yap. . . .  

Ifalilc i s  a small ci$d&ar 'it011 having a t o t a l  land a rea  of 0.569 square 
s t a tu t e  mile and a lagoon $$&'6f 0.939 square mile ( ~ r y m ,  1946). The l a -  
goon has one deep-water 'eritf&ce; "There a r e  four islands - Fa:.aik, Palalap, 
Ella,  and Elangalap. ' '(St% "fig.  ' 2).  Approximately 260 people l i v e  on Falarilc 
andFalalap,  . . .  but. nei ther  E l l a  nor Elangalap i s  regularly inhabited. 

'-cation authorized by the Director, U, S. Geological Survey. 
1/ Geologist, U. S. Geological Survey, Austin, Texas. 



CLIMATE 

The 1953 expedition t o  Ifali ls  obtained oieaslwements of r a in fa l l ,  
atmospheric pressure, temperature, arid re la t ive  humidity for  a period of 
approximately 4 months. These data a re  show i n  tables 1 t o  4. The a t -  
mospheric pressure as  measured da i ly  between 0800 and OgOO hours ranged 
from 1004 t o  l o l l  mil.libws (29,65 t o  29.86 inches), 85 percent of the 
readings f a l l i ng  between 1007 and 1010 mill ibars.  Relative humidity as  
measured between 0800 and 0900 hours ranged from 77 t o  100 percerxt 
averaged 86 percent. 

Dailymaximum and minimum temperatuxes vere measured i n  the school 
building: (see tab le  4) which is a thatched s t ructure  open on two sides. 
The extremes observed were 91 and. 73 degrees Fahrenheit. The maximum 

. dai ly  range 'was 1 5  degrees, the minimum dai ly  range was 5 degrees, and the 
average da i ly  range during the h-month period of observation was 11 de- 
grees. 

The r a i n f a l l  measurements a t  I fa l i ls  were made during the rainy sea- 
son (see tab le  l ) .  A t  l e a s t  a t race  was recorded on 83 percent of the  
days of observation, and the r a i n f a l l  exceeded 1 inch on 11 percent of the 
deys of observation. Although a t o t a l  of 54,25 iaches of r a i n f a l l  was 
measured i n  only 131 days, it is probable t h a t  the average annual r a i n f a l l  
a t  I f a l i i  is between 100 and 120 inches. This estimate i s  based on a con- 
s iderat ion of annual-precipitation dxta f o r  Guam (91 inches,  length of 
record, 41 years, Yap (119 inches, length of record, 27 years), Trulc (127 
inches, length of record, 7 years), and Lamotrek (104 inches, but only a 
h-year record). 

In  general it can be s ta ted  tiia-t I f a l i k  has a t rop ica l  rainy climate 
with r e l a t ive ly  small seasonal changes of the various climatic factors .  
The temperature and barometric pressure a r e  monotonously uniform -through- 
0v.t the year and the most var iab le  factors  a r e  wind and r a in fa l l .  . . 

TIDES 

Tide data  vere ~ b t a i n e d  fo r  the  period September 13 t o  25, 1953, by 
means of a Stevens type-F water-level recorder which was placed i n  the 
lagoon near Falarilr Island (see fig.  2). Par t  of the actual  t i d e  record 
is shown i n  f igure 3. The t i d e  data were analyzed by the U. S. Coast and 
Geodetic Survey, which computed the following elevations shown i n  f ee t :  

...... Mean higher high water 0.95 
Mean high water ............. 0.75 
Mean sea l eve l  .............. 0.00 ............... Mesn low water 0.75 
Mean lower lo!.? water ........- 1.55 

The primary benchmark established i n  I f a l i k  i s  an "X" chiseled i n  a 
limestone s lab on Falarik Island.. The s lab  i s  embedded i n  the  ground 20 

-2- 
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SEPTEMBER 1953 

Figure 3 . - T i d a l  Qroph  in l agoon  a t  l f a l i k  A to l l ,  September  14-25, 1953 



Table 1.--Rainfall a t  Ifali lc Atoll, 1953, i n  inches 
. . . . . .. . . . . > 

., . . .  . . . 
. . 

Day -- July August September 0ctSber " November 

48-hour reading. 



Table 2.--Atmospheric pressure a t  I f a l i k  Atoll, 1953, i n  mil l ibars  
observed betveen 0800 and 0900 hours 

Day July August September October 



Table 3.--Rela.tive humidity a t  I fa l lk  Atoll ,  1953, i n  
percent observed between 0800 and OgOO hours 

Day - ,Tuly August September October 

1 84 88 
2 88 

87 89 
90 85 

3 100 
96 

92 
4 

85 
81 

78 
95 90 95 

5 90 84 
6 84 

78 92 
85 85 84 

7 84 86 81 
8 84 88 82 82 

85 

9 83 100 
10 

92 
8$ 

85 
88 82 

11 
95 

92 98 81 -.. 
1.2 85 83 -- 

81 
85 

13  
14 

9 1  93 
8'1. 

89 
85 85 82 

1.5 100 90 100 
16 

78 
95 

100 
83 
81 

83 78 
17 89 80 
18 89 85 96 82 
19 92 84 91  86 
20 82 82 96 84 
21 89 88 91  82 
22 89 89 82 82 
23 85 85 80 . .,, .. -- 24 ' ' ' 85"'' 86 ..- -- 
25 90 81 85 -- 
26 79 82 87 -- 
27 80 81 : .  77 -- 
28 79 88' ' 88 -- 
29 85 93 81 -- 
30 loo 85 85 -- 
31 83 83 -- -- 



Table 4.--Air-temperature data at Falarik Isiasld, Ifaiib Atoll, 1953 
Maximum and minimum measurements in degrees Fahrenheit. 

All meesvrements made in the school building 

Day July August September 
. . 

October 



f e e t  west of the west end of the Fan Nap, vhich is the chief 's  clubhouse. 
Tlie a l t i tude  of the "X" i s  3.57 f e e t  above mean sea l eve l  a s  determined from 
the t i d e  data. 

. . . . 
Tide data were n o h b t a i n e d  f a r  the  ocean. A comparison was made be- ' 

tween the t i d e  data  obtained i n  the  lagoon -wd the predicted ocean t ides  
as  y b l i s h e d  by the Coast and Geodetic Survey f o r  Woleai AtolL, which is 
$bout h5 miles from I f a l ik .  No d i r e c t  correlat ion was observed,, other than . . . . .  : t x a t  the  observed:. $e i n  the lagoon preceded .the predicted. t i d e  i n  the 

: ' &ean 90 percen%. .of the time. The averaged calculated precedence of the  
" 

lagoon t ides  wai-45 minutes and themaximum arecedeme. was 1 hour 48 minutes. 
This order of sequence i s  a reversal  of - .what would normally be  expected, and 
a t  preseiit no explanation can be offered, other than possibly t h a t  the ac tua l  

' t ides .  i n ' t h e  bpen ocem a t  I f a l i k  w e  considerably d i f fe ren t  from the pre- 
dicted' t i&es,  . . . .  

WATER SUPPLY 

Rainwater 

There i q  p rac t ica l ly  no a r t i f i c i a l .  catchment of rainwater on I f a l ik .  
Only tvo catchment systems were ,observed, each consisting of .an oil.drum 
receiving water fro& tile trunk of , a  palm tree.  One provided .a  howehold 
7rj.i-th water for  cooking and the o thersuppl ied  water t o  i r r i g a t e  half a 
dozen puny tobacco 'plants ,'which were being ,carefully nurtured. t o  a l l ev ia t e  
the island's tobacco shortage. 

. . .  ........ ,,.j . i  . ,. , . , . . . .  , . . . . .  . . .  
. Three. sm& of.  .rainwater, .yeSe o;tained. f o r  w&ysi.s,. 'one from the  r a i n  

gage, the second f rdm. , ca i ; c~n t ;on .  the coof.  of canvas ten t ,  and t h e .  t h i r d  
from a drum fed by ca-tchment on 9 ~ a l m  tree.  The sample from the r a in  gage 
had a chloride content of 5 pa r t s  .per mill ion (ppm) and @,.hardiiess of - 12 
ppm. The sample from the t en t  had a chloride content o f .  Lcppm and a hard- 
n e s s o f  10 ppm.' The . . . . .  sample from the  drum had a chloride conten3 of 52 ppm 
and a t o t a l  hwdness . ,of. 36 ~ p p .  The ,sample from the drum pad .a higher s a l t  
content than those from the gage and the  t en t  because, i n  the course of 
running; tlwough the cr6wp. .of. the  t r e e  and do>m the trunk,. t h e  water presum- 
ably had greate.r . . o p p o ~ t , ~ . i t Y  to, d i s so lye  s a l t ,  c rys ta l s  .blo?m , i n  .bp, the wind 

. . .  from the ocean., , ! .. : , .; : . , , . .  . . 

..... #,. .: . . . . .  . . . . . : . .  . . . . . . .  ., , , .  . .. . . 

. . . . . . . . . . .  . - 1 , .  . 
Occurrence.--The only source of f resh  water on a n y i s l a n d  i n  1 f a l i k  

Atoll  is the r a i n  t h a t  f a l l s  d i rec t ly  on t h a t  island. Part  of the  r a i n f a l l  
evaporates or is transpired by plants, and the remainder, because of the  
high perm&bility qf the island sediments, seeps d i rec t ly  i n t o  the ground. 
There is nd,si@n,ifrc&nt surface 'runoff., :The fresh water, vhich is only about 
40/41 as . he&$+ . kklt  water, f l o a t s  ,~q.:+he:surface of the s a l t  water 

. . . .  ;;. , . . . . . . . .  . . .  1, ' , 

. . .  . . . .  . . : ...... ... . . .  . . 
, .:,: I! 

. . .  . . .  . . . . . . . . 
. . . . . . . . . .  . . : ' c  ... 

. . , . 1 :  
. .  ~ 

. . '-7- : ::  , , 



roughly i n  the shape of a dome, the edges of which coincide approximately 
with the edges of the island. The fresh water displaces a volume of s a l t  
water equal t o  i t s  own weight ad .  depresses the fresh-salt-water interface 
below sea leve l  under the island. Under ideal  conditions i n  a homogeneous 
island, because of the 40/41 weight relationship of f resh  t o  s a l t  water, 
fo r  every foot  the water tab le  is above sea l eve l  the interface i s  about 
40 f e e t  be1011 sea level. Actually the shape of the fresh-water body varies, 
depending upon loca l  geologic conditions and variations i n  ra infa l l ,  and 
the 40-to-1 depth r a t i o  is modified by a t rans i t ion  zone of variable thick- 
ness i n  which there is a mixture of f resh and s a l t  water. This double- 
convex fresh-water body f loa t ing  on sea water is ~ ~ O F M  as the Ghyben- 
Herzberg lens. It i s  the only source of potable ground water i n  I f a l i k  and 
is tapped by means of shallow dug wells, 

Three l i nes  of wells for  ground-water observations were established 
on Falarik Island - the Fan Nap l ine ,  the Fan N i  Wa l ine ,  and the Naia 
Channel l ine,  as  shown i n  f igure 2. Benclmks  fo r  determination of a l t i -  
tudes of water levels  a t  15 of the  wells were t i e d  in  with mean sea leve l  
as  determined by the t i d e  gage. Tne surveying was done wit'n a telescopic 
alidade, but because of d i f f i cu l ty  with the instrument some of the water- 
l eve l  determinations may be inaccurate by several  tenths of a foot. Water- 
l eve l  measurements were made on Falarik Island only. Wells on the other 
islands were used only f o r  sampling purposes. 

Continuous measurements of water levels  by means of a Stevens type-F 
recorder were made a t  nine wells on Falarik Island. The leneth of obser- 
vation at each well  was 1 day (f igure 4 shorrs a representative day's 
record), and the mean water leve ls  determined a t  each 'trell by the day's 
observation a re  shown i n  f igure 5. The value of the mean water levels  is 
somewhat doubtful because records of xrater levels  i n  the wells were ob- 
tained on separate days during the rainy season over a period of 11 days, 
during which more than 7 inches of r a in  f e l l ,  The e f f e c t  of r a i n f a l l  on 
the water l eve l  i n  each well was variable and depended on the  day during 
the  11-day period on which the wel l  was measured. The mean water levels ,  
therefore, a re  not completely comparable and a l so  probably a r e  not repre- 
sentative of the means t h a t  would be determined if measurements were made 
over a period of time long enough t o  average seasonal f luctuations.  The 
configuration of the ground-water body as  determined by the water-level 
measurements does not agree with the configuration suggested by chloride 
determinations, which a re  discussed i n  the next section of t h i s  report. The 
chloride data  a re  believed t o  be more rel iable .  

The mean water levels ,  however, do give an indication of the thickness 
of the Ghyben-Herzberg lens  on Falarik. Even allowing f o r  e r rors  due t o  
surveying and shortness of record, the lens on I f a l i k  undoubtedly a t t a ins  
a head of a t  l e a s t  1 foot  and possibly 1-1/4 f e e t  above mean sea level.  The 
depth t o  s a l t  water below mean sea level, therefore, probably is 40 f e e t  o r  
more. The area of maximum thickness i n  general is i n  the center of the  
is land or on the lagoon s ide  of the  center ana from there the  thickness of 
the lens diminishes t o  zero a t  both shorelines. The 40-foot f igure is a 
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D I S T A N C E  F R O M  L A G O O N  SHORE, I N  F E E T  

Figure 5.- M e o n  w a t e r  l e v e l s  in wells,  Falar ik  Island, i fa l ik  Atoll.  



wet-season figure, and the  depth undoubtedly decreases during normal dry 
seasoils and during extended periods of drought. Native informants s t a t e  
tha:t they have no recollection of a drought on I f a l ik .  It i s  assumed, 
therefore, t h a t  the lenses on Falarilr and Falalap have never shrunk t o  the 
point where food plants or well-water supply have been noticeably affected. 

The amount of damping and l ag  of the t i des  as  they move through Fala- 
r i k  Island i s  shobm i n  f igures  6 and 7 by a comparison of the  t i d a l  cwve 
obtained i n  the  lagooil and the t i d a l  f luctuations of the \rater tab le  ob- 
served i n  wells on Falarik, The data  fo r  each well were obtained by means 
of continuous observations over a period of 1 day. Both the  damping and 
l ag  increase progressively from the lagoon shore toward the ocean shore. 
The f u l l  significance of t h i s  progressive change cannot be completely ex- 
plained because of the lack of t i d a l  data from the ocean s ide  of the island. 
If such data were integrated rrith the t i d a l  data  obtained i n  the lagoon, a 
s ignif icant  change might r e s u l t  i n  the  slope of the  curves sho~m i n  f igures  
6 and 7. 

The Ghyben-Herzberg lens  is incompletely developed on E l l a  Island and 
apparently not developed at a11 on Elangalap Island. These islands a r e  
discussed more f u l l y  i n  the section on Quality of water. 

&uality.--The extent of development 0% the  Ghyben-Herzberg lens con- 
t r o l s  the quali ty of the ground water i n  the islands i n  Ifali ic Atoll. The 
lens is v e l l  developed i n  Falarik and Falalap Islands. 

The three l ine6 of w e l i s  on hlaril; Island were sampled on September 
21, 1953, and again during the period November 1 - 3. P a r t i a l  chemical 
analyses were made for  a l l  samples and the r e su l t s  a re  sho~m i n  tab le  5. 
The re la t ion  of chloride content t o  distance frou the  shore is sho\m i n  
figure 8 for  the samples obtained on September 21, and i n  figure 9 fo r  the 
samples obtained November 1 - 3. The chloride content of the  water along 
the Fan Nap and Maia Channel l ines  is greatest  near the ocean shore, de- 
creases t o  a minimum about two-thirds of the way across the island, and 
r i s e s  again near the lagoon shore. These relationships suggest t h a t  the 
Ghyben-Herzberg lens  has its thickest  developmea't about one-third of the 
%ray inland from the lagoon shore and from there  thins toward both shores. 
The displacement of the point of maximum development of the lens from the  
center of the island toward the lagoon shore could be the r e s u l t  of high 
permeability in  the rocks on the ocean side. The chloride content of the 
water d o n g  the  Fan Ni Wa l i n e  of wells suggests that the  maximum develop- 
ment of the lens along t h i s  l i n e  may,b$ nearer . the ocean s ide  of the is land 
than it is along the other two l ines .  I f  t h i s  is so, it may be due t o  the  
presence along the ocean shore of well-cemented beach rock which ac ts  as 
a re la t ive ly  impermeable bar r ie r  which retards the mixing of f resh  and s a l t  
water t ha t  r e su l t s  from t i d a l  fluctuations. The beach rock i s  not exposed 
throughout, but according t o  J. I. Tracey, personal c o ~ i c a t i o n  (1954) it 
probably extends along most of the northeast coast of Falarilr. It termin- 
ates,  however, before reaching the Fan Nap and &ia Channel well l ines .  



Table :.--Partial chemical analyses (ppm) and temperature (OF) of water 
fron various sources i n  I f a l i k  Atol l  
( ~ i e l d  determinations by Ted &now) 

. . . . 
. . 

Total Calcium 
Date har&.ess h a r h e s s  

No. Source (1953) Chlor'ide as  CaC03 as  CaC03 Temperature - 
Falarik Island' 

1 Shallow pond, 30 f e e t  i n  diameter Sept. 21 28 240 132 79.5 
?Jov. 1 35 210 '29 -- 

2 Taro p i t  Sept. 21  12 290 2s2 79.5 
3 Dug well Sept .- 21 16 100 71 77.5 

~ O V .  1 5 170 83 -- 
4 do. Sept. 21 52 170 132 79 

NOV. 3 5 loo 82 --- 
5 do. Septi 21 44 230 i81 - - 

Nov. 1 55 190 132 -- 
6 do. Sept. 21 84 250 132 79 

NOV. 1 95 2i0 66 - - 
7 do. S e p i  21 48 320 27 5 79 

Nov; 1 50 320 269 -- 
8 . do. Seyt. 21 8 220 170 76 
9 do. Sept. 21 8 140 132 77 

o 1 20 220 ,170 -- 
10 Taro p i t  Sep t .21  10 -- -- 79 
11 ~ u g  well  ~ e p t .  21 6 210 93 73 

Nov. 1 10 120 104 -- 
12 do. sept. 18 8 140 93 78 

Hov. 1 25 170 132 -- 
1.3 do. Sept. 21 14 120 93 79 

Nov. 3 40 ., 740 286 - - 
l h  : do. Sept. 21 28 290 192 79.5 

Nov. 1 35 190 104 -- 
15 do. sept.  21 16 240 187 80 

NOV. 1 15 210. 176 -- 
1 6  do. Sept. 21 24 ~ L O  105 81 

Nov. 1 2'7 160 124 -- 
17 do. Sept. 21 44 220 1.65 79 

NOV, 1 35 230 165 - - 



Table 5.--2wtial chemical analyses (ppm) and tempei-atme (OF) of water 
. . from Vwioxs sources i n  Ifal i i i  Atoll--;lontinued 

. . 

No. 

53- 
Source 

Dug well  

Coconut re t t ing  p i t  
Rain sample from canvas t en t  
Rain sample from palm t ree  
Rain sample from rain gage 

Falalap Island. 

Dug well 

Taro swamp 
Dug well 

-Taro swamp 
hangrove svamp : . : 
Shallow pond, 12  by - 25 fee t  
'Dug well . .. . . .  

do. 
do. . . . . 

' -. do. . . 
. . 

E l l a  .' Island ' ' 

Shallow pod ,  .'SO 6y '350feet 
Dug well 

. . 

do. 

. .. 
do. . .. - 

Elangalap Island 

25 ~ u g  well 

Total 
Date hardness 

(1953) Chloride as  %CO? ., 
Sept. 21 ---f%- 290 
NOV. 1 1,103 660 
Sept. 21 28 340 
sept. 18 10 10 
~ e p t .  26 52 36 
sent. 26 5 12 

Sept. 21 
Nov. 3 
Sept. 21 
Sept. 21 
N0V. 3 
Sept. 21 
Sept. 21 
Sept. 21 
Sept. 23 
Sept. 23 
Sept. 23 
Sept. 23 

Sept. 20 10,200 4,100 
Sept. 20 108 230 
nov. 4 80 210 
Sept. 20 1,090 1,090 
NOV. 4 3,060 1,270 
Sept. 20 204 280 
Nov. 4 180 250 

... . . 
Calcium . . 

hardness 
as CaC03 Temperature 

1-32 80 
,, . . 242 -- . z 

302 . -- . 
7 --. 

17 ..- 
9 -- 

Sept. 20 10,900 3 J 920 616 -- 
Nov. 4 15,000 3,800 616 -- 



The chloride content of the ground water th roqhout  Falarils Island 
mSe s l i g h t l k  be5ween the two periods of sampling, but the only s ignif icant  
change rras at  well 18, where the chloride content rose from 68 t o  1,luO 
PPm. This sharp r i s e  indicates tha$ the lens is tninner i n  the v i c in i ty  of 
Well 18 than elsewhere along the three l i n e s  of wells. According t o  native 
informants, the northwest corner of Falarik Island was once separated from 
the reminder of the i s l a ~ d  by a narrow channel. The channel was f i l l e d  
dLwing a typhoon early i n  the  20th century and i s  now marked by the Maia 
Channel liile of -wel;s. Well 16, however, is eas t  of the f i l l e d  channel 
ruliich, north of well  1'7, curves toward. the  northwest (J. I. Tracey, personal 
connunication). According t o  Tracey, v e l l  18 is i n  bec?dcd sands and gravels 
tha t  a re  typ ica l  of bar or beach deposits. These deposits a r e  very Perme- 
able and permit f r ee  movement of water during the t i d a l  cycle. The high 
permeability coupled with the f a c t  t h a t  the shoreline i s  only 110 f e e t  aWaY 
may wel l  explain the poor developnent of the fresh-water lens  i n  .the v ic in i ty  
of well 18. 

The re la t ion  of t o t a l  hardness of the ground water t o  distance from the 
shoreline f o r  the three l i nes  of wells cn FalariB i n  general follorrs the 
sane patteim observed for  the  chloride data (fig.  10). Because of the acid 
environment created by decaying vegetation, sampling points 2 and 24, a small 
t a ro  p i t  and a coconut r e t t i n g  p i t ,  y ie ld  water harder than t h a t  of nearby 
wells. 

In  addition t o  the p a r t i a l  analyses discussed above, a s e t  of wa-ter sam- 
ples from the  Fan N i  Wa l i n e  was analyzed for  a l l  major dissolved constitu- 
ents (see t ab le  6 ) ,  The r e su l t s  i n  general agree with those discussed above. 
The only s ignif icant  depar;ure from what would generally be expec.ted i n  the . .  

composition of ground water from a coral l ine a t o l l  is the h i ~ h  s i l i c a  con- 
'tent, which i n  four of the s i x  wells exceeded tha t  of sea 'crater. The source 
of the excess s i l i c a  may possibly be a concentration of sponge spicules or 
large amounts of d r i f t  pumice. 

Analyses of water samples obtained on Falalap Island indicate t h a t  the 
Ghyben-Herzberg lens is as  well developed there as  it i s  on Falarilr Island. 
Ykch of the  central  pa r t  of the is land i s  a fresh-water swamp (see samples 
20 and 22 i n  tab le  5) ,  but closer t o  the coasts where boulder ramparts ex- 
i s t  the grow6 water becmes more sa l ine  a s  the lens becomes thinner (see 
sample 19 i n  tab le  5). The northwest coast of Falalap, however, is formed 
by f ine r  grained sediments which a re  conducive t o  the formation of a well- 
developed Guben-tiemberg lens. Samples from wells 30 t o  34, which a re  125 
t o  180 f e e t  from the coast, a l l  showed l e s s  than 50 ppm of chloride. The 
fresh-water lens  i n  Falalap Is land i s  disrupted along the ocean shore by 
brackish o r  sa l ine  axeas i n  which mangrove t rees  grow. A ground-water sam- 
p le  obtained from one such mangrove swamp (see sample 23 i n  tab le  5) had a 
sa l ine  content approxhately one-third t h a t  of sea water. 

Three wells were dug on E l l a  Island along a l i n e  where the is land i s  
approximately 700 f ee t  wide ( f i g ,  2). The two outer wells, numbers 27 and 



DISTANCE FROM LAGOON SHORE, IN FEET 

F i g u r e  6.- R e l a t i o n  o f  damp ing  o f  t i d o l  f l u c t u a t i o n s  i n  w e l l s  t o  d i s t o n c e  o f  w e l l s  f r o m  shore l ine .  F a l o r i k  i s l a n d ,  i f o l i k  A to l l .  
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D I S T A N C E  FROM LAGOON SHORE, IN FEET 

F igure  7.- Relot ion o f  l o g  o f  t i d a l  f l u c t u a t i o n s  in  w e l l s  t o  d i s f a n c e  o f  w e l l s  f r o m  shore  l ine,  F a l a r i k  I s l a n d ,  I f a l i k  A t o l l  



DISTANCE FROM LAGOON SHORE, I N  FEET 
Figure  8.- R e l a t i o n  o f  c h l o r i d e  con ten t  o f  g r o u n d  w a t e r  t o  d i s t a n c e  f r o m  shore, F o l a r i k  i s l a n d ,  I f o l i k  A to l l ,  Sep tember  21,1953. 
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W A N N E L  L I N E  

D I S T A N C E  F R O M  L A G O O N  SHORE, IN FEET 

F igu re  9.- R e l a t i o n  c f  ch l o r i de  c o n t e n t  o f  g r o u n d  w a t e r  t o  d i s t a n c e  f rom shore, Fa l a r i k  I s land ,  l f a l i k  A to l l ,November l -3 ,1953  
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DISTANCE FROM LAGOON SHORE, IN FEET 
F i g u r e  10.- R e l o l i o n  o f  h a r d n e s s  of ground w a t e r  t o  d i s t o n c e  f r o m  s h o r e ,  F o l o r i k  I s l o n d ,  l f o l i k  A t o l l ,  September  21, 1953 



. . .. 
Table 6,--chernica~ analyses of water samples (ppm) from . . 

. . , . Ftin N i  Va well' l ine ,  I f a l i k  A t o l l  
Analyses by U. S. Geological Survey, 

Quality of i k t e r  Branch - - 
Well number Well 7 Well 8 Well 9 Well 11 'Well 12 Well 13  

Date of col lect ion 9/23/53 9/23/53 9/23/53 9/23/53 9/23/53 9/23/53 

Dissolved sol ids  446 271 232 157 233 17 4 

Specific condv.ctcance 
(micromhos a t  25OC) 7 48 467 290 272 399 311 

Hardness (as  c ~ c o ~ ) ~  331. 242 204 134 172 132 
: . . 

Nan-cwbonate harQess 
(as  CaC03) ..- 0 0 10 8 13  0 

. . .  
S i l i c a  ( s ~ o ~ )  15 8.8 1-3 11.0 9.5 3.6 

. . .  , . 

Iron ( ~ e )  . l.7 .' -37 . 0 6  . .03 .07 ' .03 

C a l c i m  ( ~ a )  1.03 82 68 47 59 44 

Magnesium (Mg) 18 9.2 8.3 4.1 6.0 5.4 

Sodium ( ~ a )  29 4.7 ' 5.8 3.9 15 12 
, . 

, Potassium (K) . ,  8.3 1.7. 3.0 .4 1.7 2.5 
. . 

Carbonate ( ~ 0 ~ )  0 0 0 0 0 0 

Bicdbonate ( ~ ~ 0 3 )  408 ,298 : . . , :237 154 194 163 
, . . . 

Sulfate (so4) 5.8 3.5. 4.1 2.6 .8 :7  . . ' .  . 7.7 
, . 

: .  
Chloride'(C1) 47 6 ,  , 10 . .  5 26 1 4  

Fluoride (F) 

Nitrate ( ~ 0 ~ )  



29, which a re  about 175 f e e t  from the ocean and lagoon shores respectively, 
contain f resh  water, ~ii ierea,~,  oddly enough, t,he,middle well, nwber 28, 
contains water averaging about 2,000 p@m i n  chloride. (See tab le  5) The 
higher s a l in i ty  a t  velS 28 may be  due t o  the presence of a section of un- 
derlying reef which has a more permeable matrix or a la rger  number of 
cracks than the sec';ions of reef underlyirig wells .27 and 29. The greater 
t i d a l  mixing would peru i t  the  development of a thicker zone of mixture 
within the Ghyben-IIerzberg lens. Presumably at  well 28 the edges of the zone 
of nixture extend t o  the water table. The lens  i s  p rac t ica l ly  undeveloped 
i n  the southwest end of E l l a  Island where the land i s  only about 350 f e e t  
wide. There a shallow ground-water pond, with dimensions of about 50 by 350 
fee t ,  has s a l i n i t y  greater than half t ha t  of sea  water (see sample 26 i n  
tab le  5). 

Elangalap I s l a d  i s  divided in to  two roughly e q m l  segments which are' 
independent hydroLogic units.  The larger  segment has m a x i m  dimensions of 
about 75 by 150 f e e t  and an area of 0.0004 square mile. It does not support 
a fresh-water lens. Two samples obtained from a well  i n  the  center of t h a t  
].ail& uit ranged i n  chloride content from 60 t o  80 percent of t h a t  of sea 
water (see sample 25 i n  tab le  5 ) .  

The temperature of the ground water a t  I f a l i k  ranged from 76' . to '81' 
Fahrenheit and averaged 7g0 Fahrenheit. 

Use of b?ater 

. Grouid water is used by the people on I f a l i k  f o r  drinking, cooking, 
and vashinf;. Bathing i s  done i n  the lagoon or i n  wells. The ground water 
i s  obtaineti from shallow dug wells which, fo r  the  most par t ,  are  uncased 
and uncurbed. Several wells which a re  reserved for  drinking and cooking 
purposes have wooden covers and curbs and are  cased with limestone blocks. 
Pract ical ly  norainwater is caught or used direct ly .  This i s  i n  contrast  
t o  the Marshall Islands, where the  people prefer.rainwater t o  well  water 
for  a l l  purposes (Cox, 1951; h o w ,  1954). 

Ground water is equally important t o  the people of the a t o l l  through 
i ts  control of vegetation. The existence of extremely f resh  ground water 
permits the growth of t a ro  and breadfruit  i n  widespread areas i n  Falarils 
and Falalap. Breadfruit w i l l  .not @or$ successfully i n  cer ta in  p e t s  of 
Falarik - notably i11 the f i l l e d  Maia Channel and along a narrow s t r i p  of 
gravelly sand which para l le l s  the  lagoon shore and expands t o  cover about 
half  of the southwest corner of the island. The ground water underlying 
these areas is fresh however, and the f a i lu re  of the breadfrui t  i s  appar- 
en t ly  due t o  a s o i l  deficiency. The explanation offered by the people of 
I f a l i k  is t h a t  not enough "brown soi l"  i s  present. 

The coconut palm, the backbone of the I fa l ik ian  way of l i f e ,  grom 
successfully almost wherever planted on the three la rger  islands i n  I f a l i k  
and is even found on t iny  Elangalap. There i s  no fresh-water lens  i n  
Elangalap, bu t  because of the  heavy r a i n f a l l  the  palms evidently obtain 
suf f ic ien t  f resh water d i rec t ly  from the zone of s o i l  moisture. 
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