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A Computer Analysis  of  t h e  Spread of p o l l u t i o n  

on Long I s l a n d  Beaches 

/' 

\ 
ABSTRACT 

I n  June 1976 l a r g e  q u a n t i t i e s  of garbage and sewage-type d e b r i s  

were washed ashore  on most southern  Long I s l and  beaches. The f l o a t -  

a b l e  d e b r i s ,  of unknown source ,  threa'tened indus t ry  and pub l i c  h e a l t h .  

I n  an e f f o r t  t o  t r a c e  t h e  source ,  t h e  t r a j e c t o r i e s  of f l o a t a b l e s  from 

a  v a r i e t y  of hypo the t i ca l  r e l e a s e  po in t s  i n  t h e  New York Bight were 

s imulated us ing  a  one-layer  ocean model t h a t  computes c u r r e n t s ,  given 

t h e  bottom topography and t h e  observed winds. It was then  assumed 

t h a t  t h e  s u r f a c e  m a t e r i a l  moves a s  t h e  vec to r  sum of t h e  c u r r e n t s  

and 3% of t h e  wind. I t . w a s  found t h a t  t h e  i n i t i a l  beaching was pro- 

bably due t o  d e b r i s  f l o a t i n g  i n  t h e  Bight Apex, and t h a t  m a t e r i a l  from 

a s  f a r  south a s  A t l a n t i c  C i t y  could have washed ashore  dur ing  l a t e  

June. An examination of h i s t o r i c a l  wind r e c o r d s . i n d i c a t e d  t h a t  t h e  

p e r s i s t e n t  southwest winds observed dur ing  t h i s  per ind  could r ecu r  

about each t h r e e  yea r s .  

. -  iii - 



A Computer Analysis of the Spread of pollution 
Long Island Beaches 

Arthur G. Tingle 

Brookhaven National Laboratory 
Upton, New York 11973 

I. Introduction 

A computer model originally used at.Brookhaven in the Regional Energy 

Studies Program for assessing hazards to coastal regions from offshore 

petroleum activities was used to simulate trajectories of floating debris 

from a variety of.hypothetica1 source regions in the New York Bight. The 

area modeled extended from south of Atlantic City to east of Montauk Point. 

The details of the model are available from the author. Basically, 

it is a one-layer model that computes currents using the topography of the 

area and observed winds as the driving force. It does not include a 

"background" pressure force that causes a sluggish drift to the southwest 

of a few centimeters per second. It is assumed that the surface material 

moves as the vector SF of the current speed and 3% of the wind speed, 

although the material could be moving at 2-5% of the wind speed. Never- 

theless, comparisons with drift card data and current meter measurements 

indicate that for material. released south nf Long Island Lhac impacts the 

beaches-within a few days, the model results could be accurate within one 

day and 15 kilometers. For material released within 25 kilometers of 

Sandy Hook with travel times of 10 days, the error could exceed 3 days 

because of rhe high frequency variability of currents and the effect of 

- the IIudson River. Several model results for this region must be rejected 

because the confidence limits are unknown. 



The complexity of t h e  mechanisms involved i n  t h e  t r a n s p o r t  and f a t e  

of t h e  v a r i e t y  of d e b r i s  found on t h e  beaches cannot a t  p resent  be simu- 

l a t e d  i n  d e t a i l  and t h e  e f f e c t s  of waves, t i d e s  and e s t u a r i n e  d ischarges  

were no t  computed. I n  a d d i t i o n ,  because t h e  ocean i s  s t r a t i f i e d  dur ing  

t h e  summer, t h e  model could not  be used t o  s imula te  t h e  t r a n s p o r t  of 

m a t e r i a l  depos i ted  on t h e  ocean f l o o r .  

The model s e rves  a s  a  u s e f u l  t o o l  f o r  posing a  l a r g e  v a r i e t y  of 

ques t ions  and f o r  s e l e c t i n g  s i t u a t i o n s  and events  t h a t  mer i t  f u r t h e r  

a n a l y s i s  w i th  more comprehensive phys i ca l  reasoning.  Therefore ,  t h e  

r e s u l t s  d i scussed  l a t e r  w i l l  be presented  i n  terms of our confidence i n  

t h e  model 's  performance under vary ing  circumstances.  

The fo l lowing  ques t ions  were posed t o  t h e  model: 

From assumed d i s t r i b u t i o n s  a t  s e a ,  what a r e  t h e  landing  l i m i t s  

(d i spe r s ion  cones) ,  t imes ,  and p r o b a b i l i t i e s  a s soc i a t ed  wi th  

t h e  wind h i s t o r y  fol lowing t h e  r e v e r s a l  from predominat2lg a o r t h -  

e r l y  t o  predominat5ly sou the r ly  d i r e c t i o n s  (rRLs occurred on t h e  

nf te rnnon of June 6 ) ?  

Assuming Hudson Es tua r ine   source^, what d i s t r i b u t i o n  of m a t e r l a l  

would be expected i n  t h e  Bight a t  t h e  time of wind r e v e r s a l  and 

t h e  subsequent f a t e  of such m a t e r i a l ?  

Assuming t h a t  a pulse  of m a t e r i a l  from t h e  Bay Park explosion was 

r e l ea sed  through E a s t  Rockaway I n l e t  dur ing  Ebb Tide (00 - 0700 EST), 

what was t h e  f a t e  of such aa t e r i a l . !  

Assuu~e t h a t  t h e  s p o i l s  from t h e  clean-up opera t ions  of t h e  Bay Park 

explos ion  were depos i ted  a t  t h e  sewage s ludge dump s i t e ,  what i s  

t h e  f a t e  of t h e  s u r f a c e  m a t e r i a l  dumped (clean-up began June 3 ) ?  



/ 

We a l s o  examined the  h i s t o r i c a l  wind records a t  Brookhaven National 

Laboratory i n  order  t o  see  i f  t h e r e  was anything p a r t i c u l a r l y  unusual about 

the  meteorological s i t u a t i o n  t h a t  could have cont r ibuted  t o  t h e  s e v e r i t y  

of the  beaching of f l o a t a b l e  ma te r i a l  on t h e  Long Is land beaches. 

We used the  observed 10 meter hourly winds from a.BNL tower a t  Tiana 

Beach, jus't west of Shinnecock In le t . ,  both t o  d r i v e  t h e  model and t o  com- 

pute the  surface  t r anspor t .  The wind da ta  is  p lo t t ed  a s  d a i l y  t r anspor t  

(KM/day) i n  Figure 1. This f i g u r e  ind ica tes  t h a t  around June 6-7 and 

~ u n e  12-13 wind s h i f t s  occurred t h a t  would reduce t h e  r e l i a b i l i t y  of t h e  

model, s ince  t h e  da ta  may not  be r ep resen ta t ive  of t h e  t r u e  wind pa t t e rn  

'over the  e n t i r e  New York Bight. The l a t t e r  period,  unfor tunate ly ,  is  

when t h e  foul ing  of the  beaches began, but we have not  y e t  obtained more 

comprehensive' da ta .  

The method of ca lcu la t ion  was t o  s c a t t e r  45 hypothet ica l  continuous . 

sources south of Long Is land,  down'the Jersey  shore,  and i n  the  Bight Apex. 

Tagged p a r t i c l e  r e l eases  were simulated each four hours from each.source 

from 00 EST June 1 through June 28, which resu l t ed  i n  a  da ta  base of 7560 

p a r t i c l e s .  A "hi t"  was counted i f  a  p a r t i c l e  came wi th in  2 km of t h e  shore 

and the  p a r t i c l e  was then frozen a t  t h a t  loca t ion ,  t h a t  i s ,  the  p o s s i b i l i t y  

t h a t  p a r t i c l e s  w e r e  f l o a t i n g  a l u l ~ g  t h e  shore was not  considered. In  addi- 

t i o n ,  p a r t i c l e s  were not allowed t o  impact the  Je r sey  shore within. 40 KM 
I 

of Sandy Hook. 

The most s t r i k i n g  fea tu re  of t h e  r e s u l t s  was t h e  extreme v a r i a b i l i t y  

of the  currents  throughout the  period. We bel ieve  t h a t  t h i s  is  r e a l  i n  

t h e  sense t h a t  na tu re  behaves t h i s  way, but i t  a l s o  means t h a t  each t r a -  

jec tory  must be t r e a t e d  a s  a  s t a t i s t i c  and not a s  an individual  event.  



I n  f a c t ,  i t  may be impossible  t o  t r a c e  t h e  exac t  p a r t i c l e  pa th  from a 

source .  Our examination of t h e  computer r e s u l t s  t o  d a t e ,  however, l eads  

us  t o  b e l i e v e  t h a t  t h i s  is not  important ,  s i n c e  a l l  p a r t i c l e s  f l o a t i n g  

i n  a  l a r g e  a r e a  sou theas t  of New York on June 3 and 4 impacted F i r e  I s l and  

i n  a  week o r  so. We do not  s e e  how t h e  e r r o r s  i n  t h e  model could a l t e r  

t h i s  conclusion.  A few samples of t h e  computer ou tput  should put t h e  

a n a l y s i s  i n  pe r spec t ive .  

Examples of t h e  computed cu r ren t  p a t t e r n s  a r e  shown i n  F igures  2 and 3 .  

On June 13 t h e  c u r r e n t s  were gene ra l ly  flowing t o  t h e  southwest except f o r  

. a  c lockwise gyre i n  t h e  Bight Apex. However, by June 15, t h e  p a t t c r n  had 

completely reversed ,  wi th  c u r r e n t s  a long t h e  south shore  of Long I s l a n d  flow- 

ing  t o  t h e  e a s t  a t  about 10-15 cmlsec. These f i g u r e s  i l l u s t r a t e  t h e  v a r i a -  

b i l i t y  d iscussed  above and a l s o  t h e  s c a l e  of t h e  computer r e s o l u t i o n .  The 

g r i d  spac ing  i s  5 .6  KM with  N.  Y.  a t  t h e  upper l e f t  and t h e  s h e l f  break a t  

lower r i g h t .  Examples of t h e  computed t r a j e c t o r i e s  a r e  shvwn i n  F igures  

4 and 5 .  P a r t i c l e s  f l o a t i n g  i n  t h e  Apex ae 00 EST June 5 r.i.rculated around 

t o  impact F i r e  ~ s l a n d  abour June 11. Hn-dever. some mater ia l  would have 

missed t h e  I s l and  a l t o g e t h e r .  The p i c t u r e  i s  q u i t e  d i f f e r e n t  on J u l ~ e  21. 

Here,  p a r t i c l e s  c l o s e  t o  Long I s l and  impacted w i t h i n  a day and p a r t i c l e s  

80 KM south could have h i t  F i r e  I s l and  w i t h i n  5 days. 

11. Analysis  of Resu l t s  

Assumed Sea Distgi.but ions  

The r e s u l t s  a r e  sumularizcd ia Figure  6.  The code f o r  t h e  p l o t  i s  a t  

t h e  upper r i g h t .  The t imes shown a r e  hours  from 00 EST June 1. Anything 

f l o a t i n g  i n  t h e  shaded a r e a  from June 1 t o  June 24 would have h i t  Long 

I s l a n d .  The t r a v e l  t imes a r e  i n t e r e s t i n g  i n  t h a t  even f o r  sources  c l o s e  



t o  shore the  times range from lessa than one t o  more than t en  days,  although 

90% h i t  wi th in  t h r e e  days. The r e l e a s e  times of p a r t i c l e s  t h a t  h i t  a l s o  

varied over a wide range. For example, nothing re leased a t  t h e  pos i t ion  

southwest of Montauk Point before June 12 h i t  the  Is land,  but then 71% 

impacted. The percentages shown r e f e r  only t o  t h e  p a r t i c l e s  re leased 

during the  indica ted  i n t e r v a l .  The d ispers ion  cones were too  wide t o  p l o t ,  

but even p a r t i c l e s  released a t  c l o s e r  pos i t ions  were sca t t e red  over about 

113 of the  Is land.  . T h i s  w i l l  be discussed i n  more d e t a i l  below. 

Another way of summarizing the  r e s u l t s  i s  shown i n  Figure'  7. A l l  h i t s  

f o r  each 12-hour period from a l l  poin ts  a r e  p lo t t ed  aga ins t  the  12 hour 

r e s u l t a n t  Winds. The h i t s  p r i o r  t o  June 6 were those re leased near  the  

Jersey  coast  t h a t  h i t  New Jersey .  The h i t s  around t h e  8 th  were those t h a t  

were re leased a f t e r  June 5. The h i t s  beginning June 9 and 10 were those 

released on June 1-4. The break a t  June 12 i s  very important.  We noted 

previously t h a t  t h e  model winds may not  be r ep resen ta t ive  of those over 

the  Bight. Since the  observations were taken on the  eas te rn  end of Long 

Is land t h e  winds could have s h i f t e d  a day l a t e r  than a t  New York. This 

would have kept t h e ' p a r t i c l e s  re leased on June 1-4 f l o a t i n g  f o r  another 

day. ~ u r i n ~  t h e  period June 14-25, p a r t i c l e s  from near ly  a l l  sources 

were hiLting with shor t  t r a v e l  times. The f i g u r e  a l s o  shows t h a t  t h e  

problem d i s s ipa ted  a f t e r  June 26, even though p a r t i c l e s  were s t i l l  being 

re leased.  These p l o t s  we.re done f o r  each re lease  point and could be re-  . 

s t r i c t e d  t o  any a rea  of t h e  ceas t .  

Sludge Dump S i t e  -- 

A l l  p a r t i c l e s  'released from t h e  afternoon of June 2 through June 23 

i n  the  v i c i n i t y  of t h e  sludge dump s i t e  landed on the  south shore of Long 

I s l and ,  sca t t e red  from ~ a s t '  Rockaway I n l e t  t o  Watch ' H i l l .  r ate rial 

- 5 -  



r e l e a s e d  on June 3  landed on a  l i n e  30 k i lometers  long from S a i l o r s  Haven 

e a s t  on June  10 and 11. Mate r i a l  r e l e a s e d  on June 4-7 a r r i v e d  e a r l i e r ,  

most ly be fo re  June 9 and ten'ded t o  concen t r a t e  near  S a i l o r s  Haven. Mater- 

i a l  r e l e a s e d ' o n  June 11-17 landed on Jones Beach w i t h i n  1-2 days. Mater- 

i a l  r e l e a s e d  a f t e r ' . t h i s . ' l a n d e d  from East  Rockaway I n l e t  t o  F i r e  I s l and  

I n l e t  w i t h i n  1-3 days;  The model resul l ts  i n d i c a t e  t h a t  f l o a t i n g  m a t e r i a l  

a t  t h e  dump s i t e  i n  e a r l y  June could have c i r c u l a t e d  f o r  7-10 days be fo re  

impacting F i r e  I s l and . .  Because of t h e  short ,  t r a v e l  . d i s t a n c e s  and times 

from, 'mid-~une on, ,we do not  be l i eve  t h a t  t h e  model i s  s e r i o u s l y  i n  e r r o r  

dur ing  t h i s  per iod.  Thus, i f  . f l o a t i n g  m a t e r i a l  was a t  t h e  dump s i t e  

du r ing  t h i s  per iod ,  i t  should have been found c l o s e r  t o  New York. For 

t h e  e n t i r e  per iod about 40% of t h e  m a t e r i a l  r e l e a s e d  near  t h e  dump s i t e  

impacted F i r e  I s l and .  

The Bay Park Explosion 

Poss ib l e  pa ths  from E a s t  Rockaway I n l e t  i n t o  t h e  ocean could not  be 

2 t r acked .  In s t ead ,  r e l e a s e s  were made a t  20 p o i n t s  i n  a  3UU KM a r e a .  

A l l  t h e  p r r t i e l c c  r e l ea sed  un Junc 3 and 4 ended up c c a t t e r ~ d  a long  F i r e  

I s l a n d  i n  a  week o r  so.  For example, all p a ~ t i c l c ~  from s release po in t  

7  KM southwest of t h e  I n l e t  landed w i t h i n  15 KM of S a i l o r s  Haven on June 

9 and 10: The u n c e r t a i n t i e s  i n  an i n t e r p r e t a t i o n  of t h i s  kind of d e t a i l  

a r e  l a r g e ,  a s  d i scussed  i n  t h e  in t roduc t ion .  The p a r t i c l e s  were f l o a t i n g  

down t h e  J e r s e y  CoasL f o r  a couple  of days and took 5 o r  6 days a f t e r  t h e  

wind s h i f t  t o  reach F i r e  I s l and .  Thus many uL tkc p a ~ ~ i ~ l c c  Were f l o a t i n g  

i n  t h e  a r e a  of t h e  "no h i t "  hnt~ndary condi t ion .  The t r a j e c t o r i e s  look 

smooth, s o  it i s  p o s s i b l e  t h a t  t h e  wind t r a n s p o r t  was dominating t h e  cu r r en t  

v a r i a b i l i t y .  The model r e s u l t s  imply t h a t  a  more comprehensive a n a l y s i s  

i s  requi red .  

- 6 - 



j he' Hudson Estuary 

The model says t h a t  ma te r i a l  a t  t h e  time of the  wind r e v e r s a l  was 

sca t t e rkd  down the  j e r sey  coas t  and i n ' a  l a rge  a rea  of t h e  Bight Apex. 

P a r t i c l e s  re leased on June 3 and 4 impacted F i r e  ~ s i a n d  i n  a week o r  so .  . .  

P a r t i c l e s  re leased a f t e r  t h i s  h i t ' t h e  c i t y  beaches. S i n c e . t h i s  d id  not  

happen, t h e  model cannot be used wi th-any credibi l ' i ty  f o r  Hudson Estu- . 

a r i n e  sources without add i t iona l  information on t r anspor t  out  of the  . 

es tuary .  . . 

111. The Meteorological Analysis 

Thir teen  previous years  of hourly wind data  from the  355'. Ace Tower 

a t  Brookhaven National Laboratory were analyzed f o r  pe r s i s t ence  t o  see  

i f  t h e r e  was anything p a r t i c u l a r l y  r a r e  about June 1976. ~ r i e f l ~ ,  the  

s i t u a t i o n  p r i o r  t o  June 14 was not found ' t o  be p a r t i c u l a r l y  inf requent .  ' ' 

However, during t h e  period June 13 - 26 the  winds had a s t ead iness  t h a t  

occurred only four times i n  the  t h i r t e e r r y e a r  sample. 

Frequency d i s t r i b u t i o n s  of 

1) d i r e c t i o n  vs. the  s teadiness  of the  wind speed, 

2) d i r e c t i o n  vs.  the  wind speed, 

3) d i r e c t i o n  vs. the  s teadiness  of t h e  s t r e s s ,  

4 )  d i r e c t i o n  vs.  s t r e s s  

were ca lcula ted  f o r  3 ,  6 ,  12, 18, and 24-day averages. In  computing an "N" 

day period,  a new "N" day was computed every day. The s t ead iness  i s  the  

r a t i o  of the  vector  wind and the  wind speed summed for  each hobr of the  

period.  (A mathematical t ransformation was 'iised h e r e  i n  order  t o  give 

enhanced reso lu t ion  near  un i ty . )  I f  t h e  vectors  a r e  random i t s  value i s  

- 
zero ,  and i f  t h e r e  is  no change i t s  value i s  one. The s t r e s s  i s  the  



mean of t h e  square wind speed and is  a measure of t h e  s t r e n g t h  of t h e  

wind t o  d r i v e  c u r r e n t s .  

We s e l e c t e d  t h e  6 and.12  day "s teadiness  of t h e  s t r e s s "  f o r  i l l u s t -  

r a t i o n .  Seven y e a r s  of summer d a t a a r e  summarized i n  Table 1. The winds 

a r e  g e n e r a l l y  southwes ter ly  over  60% of t h e  t ime and a s ix-day s t e a d i n e s s  

of up t o  0.7 is  n o t  unusual .  , T h e  r e s u l t s  f o r  June 1976 a r e  shown i n  

Table  2. The s t e a d i n e s s  d i d . n o t  reach a h igh  va lue  u n t i l  June 18 and 

then  i t  remained high through t h e  25th. The 12-day. s t e a d i n e s s  i s  shown 

i n  Table 3 f o r  t h e  d a t e s  uf s i m i l a r  events in t h e  p a s t .  The events  a r e  

not independent.  . F o r  example, i n  June 1 % 7 , t h e  s t e a d i n e s s  remained above 

0.7 f o r  4 days i n  a row. It i s  i n t e r e s t i n g  t h a t  J u l y  1975 was '%worse" 

t han  June 1976. We a r e  no t  aware of any problem wi th  t h e  beaches e i t h e r  

t hen ,  o r  f o r  . t h e  o t h e r  t h r e e  cases .  



Table 1. ' Six-day Steadiness of the Stress for Seven Years of Sumer (SSW through WSW direction),. 

Steadiness interval 0-c.1 0.1-0.2 0.2-0.3 0.3-0.4 0.4-0.5 0.5-0.6 0.6-0.7 0.7-0.8 0.8-0.9 0.9-0.10 
I 

rD 

I percent Occurrence 1.2 5 11 15.8 13 8.3 ' 4.4 0.8 0.5 0.3 

~otal'percent of All Directions - 60.3% 



Table 2. Six-day Steadiness of the Stress for June 1976. 

Ending Day Steadiness Direction (degrees) 

7 .07 50 



Table 3. Southwest Events with 12-day Steadiness . of . the Stress 
Greater than 0.7 '(not independent). 

year Analyzed Events Month Direction ' 

June . . 

July 

July 

July 

June 



T R A N S P O R T  - K M  

8000 -- 
END DAY J U N E  25  

JUNE 1 - 2 8  . .. . 

7 0 0 0  -- 

6 0 0 0  -- 

5 0 0 0  -- 

t 

4 0 0 0  -- 

3 000 -- 

-1000 --, .. - 

Figure  I. T o t a l  wind t r anspor t  f o r  each day a s  observed 
a t  10 meters  a t  Tiana Beach (Eas tern  Long Is- 
land) .  Each day is marked wi th  a +. 



CURiiENT RT 13.00 DRYS 0R 285.00 H3URS 

Figure 2 .  Computed c u r r e n t s  on-June 1 3  showing a south- 
west flow wi th  a  clockwise gyre  near  New York. 
The l o c a t i o n s  a r e  1 )  A t l a n t i c  City,  2) New 
York, 3) Montauk Poin t  and, 4) deep ocean. 
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97 

F i g u r e  !-. Computed c u r r e n t s  on June  15. The flow h a s  
changed t o  e a s t e r l y .  Loca t ions  are  t h e  same 
a s  i n  F i g u r e  2 .  



TRFIJECTBRIES-STRRTING FIT DRY 5 

Figure 4 .  Hypothetical trajectories  s tart ing 00 EST 
June 5 for sample re lease  points.  Each 
day i s  marked with a +. 



TRRJECT0RIES-STRRTING RT DRY 21 
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DEE? WRTER 

F i g u r e  5. H y p o t h e t i c a l  t r a j e c t o r i e s  s t ~ t i n g  00 EST 
June  21.  F l o a t a b l e  80 KH s o u t h  of New York 
cou ld  have h i t  F i r e  I s l a n d  Ln 5 days. 
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,+& MONTAUK PT. 
-U 

NEW 

LAND 
w-. Trl -Tr2 Minimum ond maalmum trovd * u times to shore. 

T 

64-314 
59 

ATIANTIC CITY 

TLI-TL2 Minimum and maximum bunch 
tlmes of particles that hit 

'r Long Islond. 
4 

\ ~ e r c m t  that hlt of thore released 
between TLl ond TL2. 

0 = June 1, 0000 hour8 

m* 

ft' DEEP WATER 

Figure 6 .  A s t a t i s t i c a l  summary of a l l  trajectories 
for 11 of the 45 release points. Time i s  
i n  hours for 00 EST June 1 .  The code is  
a t  the upper right.  



1 2  HOUR RESULTANT W I N D S  
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v, 4 0 0  . L O N G  I S L A N D  H 4 T S  
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3 00 

2 00 

NEW JERSEY 
100 

F'igu;e 7. A summary of  a l l  h i t s  from ill l o c a t i o n s  
p l u t t e d  against  t h e  wind v e c t o r .  The i n -  
t e r p r e t a t i o n  o f , t h i s  f i g u r e  is dlscusoad 
i n  t h e  t e x t .  




