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Dear Mr. Charles: 

Transmitted herewith are nine (9) copies of the addendum for the 
Ninglick River Erosion Assessment. 

Our results indicate. that providing full protection to stop the 
erosion process over the entire length of the bank would be'extremely 
expensive. A more economical solution, although still expensive, 
would be to construct spur dikes along -the bank to slow the rate of 
erosion. With this approach, the bank may stabilize naturally after 
several years of decreasing erosion rates. Monitoring the spur dikes 
and banks would be necessary to maintain this system. Relocating 
Newtok would likely be less expensive than trying to hold back the 
~inglick River. 

It has been a pleasure working with you on this erosion assessment. 
Please do not hesitate to call if you have any questions regarding 
this report. 

Sincerely, 

&*M Larry A. Rundquist, Ph.D., P.E. 

Pro j ec t Manager 

Consulting Engineers. Geologists 
and Environmental Scientists . 

Offices in Other Principal Cities .' 
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1.0 

INTRODUCTION 

This report presents the results of studies that supplement previous 

investigations of the Ninglick River bank erosion , at Newtok 

(Woodward-Clyde Consultants, 1984). The objectives of the present and 

previous studies were to document the bank erosion problem and 

identify potential solutions to the problem. 

1.1 PREVIOUS STUDY 

In 1983, Woodward-Clyde Consultants conducted the only known 

documented study of the Ninglick River bank erosion. The following 

tasks were conducted: 

o reviewed and evaluated existing information 

o identified the processes contributing to the erosion, 

utilizing both input from the residents and a data 

collection program 

o measured the amount of erosion in 1983 

o identified alternative solutions to the erosion problem 

o developed a preliminary design and cost estimate for the 

most promising erosion control structures 

Local residents provided valuable assistance through their knowledge 

of the area and by doing much of the data collection. Included in the 

data collection program were measurements of rainfall, wave heights 

and periods, tidal fluctuations, and shoreline retreat. 



Additional studies were conducted in. 1984 to support previous studies. 

The following tasks were conducted: 

o breakup observations 

o continuation of the measurement of the rate of bank erosion 

during 1984 

o survey of the availability of riprap materials on Nelson 

Is land 

o survey of the topography of the most critical drained lake 

channel located upstream of the community 

o survey of the depths in Ninglick River 

The methods and results of each of these studies are presented in 

Section 2.0. Results of the previous studies necessitated additional 

evaluation of design alternatives and redesign and revised costing of 

the recommended preliminary design. These topics are presented i.n 

Section 3.0. 



2.0 

METHODS AND RESULTS 

2.1.1 Methods 

Ice  f l o e s  from the  upstream i c e  cover were observed and photographed 

by Joseph Tommy, a Newtok res iden t  assigned t o  the  breakup program. 

Observations by loca l  res iden ts  during previous years were a l so  

evaluated . 

2.1.2 Results  

Ice  cover on the  Ninglick River began breaking up on 26 May 1984; the 

broken i c e  moved downstream overnight. Most of t h i s .  i n i t i a l  breakup 

process took place between observations; thus,  d e t a i l s  regarding the 

sever i ty  of the  process a r e  not avai lable .  Newtok res idents  have 

indicated t ha t  previous breakups have been mild, with no s ign i f ican t  

impacts of i c e  f loes .  

I ce  flows were reported t o  be r e l a t i v e l y  small,  especia l ly  those 

f l oa t i ng  c lose  t o  the  shore. Larger f l o e s  were observed f a r t he r  away 

from t h e  bank. 

I ce  f l o e s  h i t  t he  bank i n  a reas  where t h e  bank pro jec t s  in to  the  

current .  A 100 x 100 f t  i c e  flow had been pushed onto the  bank a t  one 

such project ion;  the  f l o e  appeared t o  be 1-2 f t  thick. The mechanism 

of how t h e  i c e  f l o e  got onto the  bank w a s  not observed; however, 

movement of i c e  f l oe s  was observed t o  be control led by r i v e r  current. 





and possibly strong winds. River currents are tidally influenced, 

reaching a maximum at ebb tide. 

Shorefast ice provides protection to the banks against moving ice 

floes. Approximately 5 to 10 ft of shorefast ice was present' in some 

locations as much as six days after the initiation of breakup. 

2.2 BANK EROSION RATE 

2.2.1 Methods 

The upstream and downstream study sites are the same as those used in 

1983 (Figure 1). The base lines from which the erosion measurements 

were made at these sites were resurveyed in June 1984. Bank erosion 

measurements were made during the period 5 June through 31 October 

1984 by Newtok resident Joseph Tommy.. 

2.2.2 Results 

Average bank erosion rates at the upstream and downstream study sites 

during 1984 were significantly less than those measured in 1983 (WCC, 

1984), and slightly less than the long term average (Table 1). At the 

upstream study site, 

2.3 RIPRAP IDENTIFICATION RECONNAISSANCE 

Rock riprap was recommended in the preliminary design as the most 

economical material to use for the erosion control structure, assuming 

that material was available on Nelson Island. A Woodward-Clyde 

~onsult.mts engineering geologist conducted a riprap identification 

reconnaissance in the Newtok area in early October. This 

reconnaissance utilized a Cessna 185 float plane chartered from 



Table 1. Summary of historical, 1983, and 1984 erosion rates at Ninglick River study sites 

, 1984 Total 1983 Total Historical Erosion Rate (ft/yr) All Year& 
Profile Erosion Erosion 614157- 5127174- 6114177- of Record 
.No. '(ft) (ft) 6/27/74 6/14/77 5/18/83 (f tlyr) 

" 

D 1 22 

D 2 16 

D3 15 

D4 4 2 

D 5 2 5 

D6 2 9 

Average 25 



Bethel. Landings were made near selected sites on Nelson Island that 

appeared to contain exposed bedrock. .The zone of mapped bedrock on 

Nelson Island (Coonrad, 1957) was examined from the airplane at low 

1eve.l. These units comprise the only known bedrock within. 50 mi of 

Newtok with any degree of accessibility. - 

2.3.1 Methods 

Prior to the field reconnaissance, a geologic map (Coonrad, 1957). and 

aerial photos (BLM 1:60,000 and 1:120,000 color IR) of the region 

around Newtok were examined to identify alternative sources of riprap. 

Nelson Island, directly south of Newtok, is partially covered with 

.basaltic flow rock. Of particular interest was the'northwestern coast 

of Nelson 1sla;d which is comprised of basalt; this part o f  the island 

is closest to Newtok and has the advantage of a protected downstream 

water route (Ninglick River) to Newtok. 

The entire perimeter of bedrock.on Nelson Island was examined from the 

air. Landings and ground traverses were made only on the north side 

of the island where favorable landing conditions near accessible 

exposed bedrock occurred. 

Where landings could 'be made, the location, accessibility, quantity, 

and rock mass characteristics of potential quarry sites were assessed. 

The rock was evaluated in the field 'for joint patterns, flow 

thickness, strength, density, and weathering; the excavation 

technique, and block sizes that could likely be produced were also 

considered. Samples were collected and brought back to Anchorage for 

petrographic analysis and limited laboratory testing. 

2.3.2 Results 

Field Observations 

The reconnaissance resulted in the identification of two sites on the 

north side of Nelson Island near Newtok where bedrock was exposed 



(Figure 2). Both of these sites were evaluated on the ground and 

documented in Field Site Description Summaries (Appendix A). The rock 

was evaluated according to the modified Uniform Rock Classification 

System (URCS) as shown on Table 2. On the east side of the island, 

basalt was not exposed, although it appeared to be near the surface. . 
Along .the southern limits of mapped bedrock between Toksook Bay and 

Nightmute on the Toksook River some basalt was exposed, however, the 

long haul distance and the lack of obvious high quality of rock in 

this area made it unfavorable to investigate further. 

The west side of Nelson Island is composed predominantly of thinly 

Zedded Cretaceous siltstone and some graywacke. These units appeared 

to be extensively deformed by folding and faultipg and appeared to be 

considerably less resistant than the basalt flows which capped them. 

Most of the west coast was unprotected and subjected to high energy 

wave action. Basalt flows were generally perched several hundred feet 

above the less competent sedimentary rocks. Protected anchorages near 

competent rock outcrops were non-existent. 

The only sites that appeared practical to develop occurred on the 

north side of Nelson Island. Site # 1  involved about 1.5 mi overland 

haul to the. Ninglick River and an 8 mi. downstre& run to Newtok 

(Figure 3). Although bedrock at this site was poorly exposed, 

topographic benches suggested the presence of resistant basalt flow 

layers. 

Rock quality varied from basalt blocks over 1 yd3 in size with 

high-strength, moderate-density and only slight weathering to 

low-strength, low-density, highly-weathered, vesicular basalt. 

Site #2 is located on the south shore of the Ningli River, with dg 
apparently favorable beach access (Figure 4). Bas flows are 

intermittently exposed along the shore for about 0.5 mi. The 

westernmost exposure (A on Figure 4) appeared to have the best rock. 

Characteristics of this site are summarized in Appendix A. 
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Rock qua l i t y  i n  these exposures was highly var iable .  The upper 10 f t  

of these  s t r a t a  were composed of s o i l  and highly weathered, very 

ve s i cu l a r  low-density basa l t  t h a t  could be broken t o  sand by f inger  

pressure. The rock generally became s ign i f i c an t l y  more.competent with 

depth. Height of the  exposure was l imited t o  15 f t .  

Talus beneath the  outcrop waa generally l e s s  than 1 f t 9  i n  s ize;  

however, blocks with moderate s t reng th  t o  1 yd3 i n  s i z e  were observed. 

Laboratory Testing 

Selected rock samples from t h e  most compe'tent u n i t s  were brought back 

t o  Anchorage f o r  petrographic analysis  and tes t ing .  The petrographic 

ana lys i s  confirmed tha t  rock from both s i t e s  i s  e s s e n t i a l l y  unaltered, 

f resh,  ve s i cu l a r  o l iv ine  basa l t .  Vesicules occupy 10-30 percent of 

the  rock surface. Complete petrographic descr ipt ions  a r e  provided i n  

Appendix B. 

Limited t e s t i n g  by sodium s u l f a t e  and ethylene glycol  immersion 

ind ica tes  t ha t  t he  rock is r e s i s t a n t  t o  chemical weathering (Table 3) .  

Specif ic  g rav i ty  of rocks i n  most zones i s  low but adequate (above 

2.55). Resistance t o  abrasion is  low. 

a .  
' Table 3. Summary of Laboratory ~ e s t i n g  

Desired 
Minirmun 

Test S i t e  1 S i t e  2 Specif icat ion 
Specif ic  Gravity 2.85 2.55 2.5 min. 

Ethylene glycol emersion 
(15 day) no l o s s  no l o s s  no l o s s  

L.A. Abrasion (ASTM C-131) 30.5% 20% Max. 

Sodium Su l f a t e  Soundmass 
(ASTM C-88) 1.2% 10% Max. 

a ~ a b o r a t o r y  t e s t i n g  i s  de t a i l ed  i n  Appendix C. 



Conclusion 

Exposures of bedrock i n  the  v i c i n i t y  of Newtok a r e  very l imi ted and 

qua l i t y  i s  variable.  S i t e  #2 on t he  Ninglick River (Figure 2) appears 

t o  be t he  best  place t o  quarry. The qua l i t y  of t he  rock exposed i n  

t h e  l imi ted outcrop there appears t o  be adequate f o r  Newtok needs. 

Development of t h i s  s i t e  w i l l  require  removal of about 10 f t  of 

overburden, which includes weathered, highly ves icu la r  ba sa l t  beneath 

s o i l .  More than 50 percent of the  rock below t h i s  overburden may have 

t o  be wasted i n  order t o  achieve t he  spec i f ica t ions  which t en t a t i ve ly  

c a l l s  f o r  g rea te r  than 75 percent of t h e  rock t o  be 260 l b  (17 in.  

diameter). 

S i t e  1 contains higher density rock than S i t e  2 and appears t o  be more 

competent overa l l ,  however, t h i s  s i t e  is more cos t ly  t o  develop due t o  

i t s  location.  Material  cannot be d i r e c t l y  loaded onto a barge a s  a t  

S i t e  2. A 1.5 mi overland haul  i s  required i n  order t o  reach t he  

Ninglick River. Limited exposure of t h e  bedrock u n i t  a t  - th i s  s i t e  

prevented accurate appra i sa l  of i t s  f r ac tu r e  geometry o r  depth. 

Recommendations 

Further inves t iga t ion  is  warranted i n  t h e  f i n a l  design phase of t h i s  

.project .  We recommend tha t  t h i s  e f f o r t  begins with core d r i l l i n g .  a t  

S i t e  2A t o  determine the  rock mass cha rac t e r i s t i c s  and quant i ty  

available.  Of pa r t i cu l a r  i n t e r e s t  w i l l  be the  thickness and extent  of 

competent ba sa l t  flows. I f  S i t e  2A proves unsa t i s fac tory ,  the  

invest igat ion should focus on S i t e  1. Additional laboratory t e s t i n g  

should include absorption,  freeze-thaw and wet dry t e s t s .  

2.4 DRAINED LAKE SURVEP 
- .. , . 

2.4.1 Methods 6-. 

A cross sec t ion  was surveyed across t he  o u t l e t  channel of the  l a rge  

drained lake t o  t h e  eas t  of Newtok using d i f f e r e n t i a l  level ing 



- 
techniques. A preliminary design was developed f o r  a dam t o  block 

t h i s  channel and allow the  l ake  t o  r e f i l l .  

2 .4 .2  Resul ts  

A c r o s s  s e c t i o n  was surveyed ac ross  t h e  degrading o u t l e t  channel of a 

l a r g e  drained lake  t o  the  e a s t  of Newtok. T ida l  v a r i a t i o n  causes the  

lake.  t o  f i l l  and dra in  twice each day; t h e  channel has  developed a 

depression t h a t  is  300 f t  wide and 18 f t  below t h e  surrounding t e r r a i n  

(Figure 5). The channel can be dammed t o  al low t h e  l ake  t o  r e f i l l ;  

the  s p i l l w a y  of t h e  dam i s  designed t o  be above MHHW t o  minimize t i d a l  

inf luence  of lake  l eve l s  (Figure 5 ) .  The dam would have a core 

cons i s t ing  of about 9 0 0  yd3 of s i l t  m a t e r i a l s  located  nearby  t o  

prevent leaking and a 2,800 yd3 s h e l l  of rock from t h e  quarry s i t e .  

The spi l lway would be protec ted  from s c o u r ' w i t h  500 yd3 r ip rap  from 

t h e  quarry  site. The est imated c o s t  f o r  const ruct ing t h e  dam is 

included i n  t h e  cos t  summary i n  Sect ion 3.2. 

2.5 .1  Methods 

Ninglick River channel bathymetry, was surveyed t o  i d e n t i f y  the  

p o t e n t i a l  range of channel depths.. A MiniRanger system w a s  used f o r  

iden t i fy ing  t h e  locat ion of t h e  boat  and a Raytheon DE-719B depth 

sounder was used t o  document depths. Two f u l l  c ross  s e c t i o n s  were 

surveyed t o  i d e n t i f y  the  t y p i c a l  channel shape and s i x  p a r t i a l  c ross  

sec t ions  were surveyed t o  document t h e  bed p r o f i l e  and maximum depth 

along t h e  eroding bank. D r i f t t n g  of t h e  boat from t h e  .desired . l i n e  

w a s  accounted f o r  while analyzing t h e  d a t a  by p ro jec t ing  the  depths 

upstream o r  downstream t o  t h e  des i red  l i n e .  

2.5.2 Resul ts  

Maximum channel depths were found c l o s e  t o  t h e  eroding bank; they 

ranged from 35 t o  65 f t  a t  t h e  c r o s s  s e c t i o n s  surveyed. Cross sec t ion  

p l o t s  a r e  provided i n  Appendix D. 



t o -  
I 
0 

I 
60 1 do 1 0  i d o  P 1 0 3dO 

I 
3 60 

b 
MAXIMUM DEPTH OF FILL -10 IFT 

DRAINED LAKE OUTLET CHANNEL 
AND PRELIMINARY DESIGN OF DAM 



3.0 

ALTERNATIVE SOLUTIONS 

Alternat ive  so lu t ions  were considered i n  the  previous repor t  (WCC, 

1984). In  t ha t  repor t ,  i t  was concluded tha t .  bank revetment alone and 

bank revetment .wi th  spur dike  protect ion were not economically 

feas ib le .  Spur dikes were recommended a s  a so lu t ion  which would 

reduce t he  erosion r a t e ,  but not s top  i t  completely. Newtok res iden ts  

aske,d f o r  an evaluation of developing a cutoff channel t o  reduce t he  

amount of flow pas t  the  eroding riverbank. 

3.1 CUTOFF CHANNEL 

A cutoff  channel is  not an economical nor a complete so lu t ion  t o  the 

erosion of t he  nor th  bank of the  ~ i n g l i c k  River. Development of a 

channel with a cross-sectional  a rea  of 25 percent of t h e  cross- 

s ec t i ona l  a rea  of the  Ninglick River would requ i re  excavation of 

approximately 28 mil l ion  yd3 of material .  It is an t ic ipa ted  t ha t  most 

of t h i s  mate r ia l  would be frozen. Costs of dredging channels i n  the  

cont inenta l  U.S. has ranged from $0.75 t o  $1.00 per  ~ d ' .  Unit co s t s  

t o  remove t h e  f rozen mater ia l  of the  Ninglick River cutoff  channel 

would be g r ea t e r  than t h i s  cost ;  thus the  project  would cos t  i n  excess 

of $30 mil l ion.  

The cutoff  channel would a l so  not be a complete solut ion.  Erosion 

would continue, possibly a t  a reduced ra te ,  due t o  thawing of t he  ice- 

r i c h '  banks, wave a c t  ion,  and remaining currents.  

3.2 SPUR DIKES 

Spur dikes remain a s  the  most economical s t r u c t u r a l  so lu t ion  t o  the 

erosion problem a t  Newtok. Spur dikes would be  a p a r t i a l  so lu t ion  



s i n c e  they would reduce the  bank eros ion associa ted  with r i v e r  

c u r r e n t s ,  but  would have l i t t l e  impact on thawing and wave erosion 

processes.  Bank erosion would l i k e l y  continue between t h e  spur d ikes ,  

but  would l a rge ly  be r e s t r i c t e d  t o  eros ion near t h e  water  surface.  It 

i s  a n t i c i p a t e d  t h a t  a cove would form with an extens ive  beach, much of 

which would be exposed a t  low t i d e .  As t h e  cove develops, maintenance 

of t h e  spur  dikes would l i k e l y  be required t o  prevent eros ion behind 

t h e  shoreward end of t h e  dike. 

The spur  d ikes  could be constructed by providing s u f f i c i e n t  mater ia l  

i n  t h e  d i k e  s t r u c t u r e  and a t  i t s  toe  t o  launch i n t o  t h e  deeper p a r t  of 

t h e  channel o r  i t  could be placed t o  t h e  maximum channel depth. 

Channel depths up t o  65 f t  would requ i re  extens ive  q u a n t i t i e s  of 

r i p r a p  m a t e r i a l  t o  ensure t h a t  it would provide adequate protec t ion;  

although t h i s  was the  recommended const ruct ion technique i n  t h e  

previous r e p o r t  (WCC, 1984), t h e  i d e n t i f i c a t i o n  of g r e a t e r  depths than 

were previously  assumed l i m i t s  t h e  usefulness of t h i s  approach. The 

recommended const ruct ion technique . is  t o  place t h e  r i p r a p  on the  

channel bed t o  t h e  maximum depth. 

The d ike  would extend 150 f t  onshore and approximately 250 f t  along 

t h e  channel bed and have a trapezoided shape t h a t  i s  . 6  f t  high with 

1: 1 s i d e  s lopes  and 3 and 15 f t top and bottom widths (Figure 6) .  A 

dike spacing of 300 f t  was recommended i n  t h e  previous repor t  (WCC, 

1984); c lose  spacing would minimize the  eros ion between t h e  d ikes ,  but 

would r e s u l t  i n  70 s t r u c t u r e s  required  t o  p ro tec t  t h e  4 m i  of bank 

near  Newtok. Though l e s s  e f f e c t i v e ,  fewer s t r u c t u r e s  a t  wider spacing 

would reduce t h e  t o t a l  p ro jec t  cost .  

The c o s t s  t o  const ruct  the  p r o j e c t  were est imated assuming t h a t  the  : 

pro jec t  would be  constructed i n  phases. It was assumed th.at t h e  f i r s t  

phase of t h e  p r o j e c t  would involve const ruct ion of t h e  dam a t  the  

o u t l e t  of t h e  l a r g e  drained lake  and a number of spur d ikes  along the  

bank i n  t h e  v i c i n i t y  of t h e  drained l a k e  t o  p r o t e c t  t h e  dam. 

Subsequent phases would involve c o n s t k c t i o n  of t h e  dam a t  the. o u t l e t  

of t h e  l a r g e  drained lake  and a number of spur  d ikes  along the  bank i n  

t h e  v i c i n i t y  of t h e  drained l ake  t o  p r o t e c t  t h e  dam. Subsequent 
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phases would involve construction' of spur dikes upstream or 

downstream. 

The cost of the first phase of construction would be approximately $1 

million for the dam and 5 spur dikes. Additional or fewer spur dikes 

would cost or save approximately $100,000 per dike. A detailed cost 

summary is provided in Appendix E. Construction of subsequent phases 

would cost approximately $650,000 (1985 dollars) for four spur dikes. 

If a long-term construction project could be guaranteed, an annual 

cost savings of approximately $150,000 (1985 dollars) could be 

realized through reduction in mobiligation/demobilization costs. 

Table 4 presents two scenarios fox phased construction. 

3.3 RELOCATION 

The significant rates of erosion and depth of the Ninglick River cause 

structural solutions to be very expensive. Although relocation may be 

more economical than the cost of the entire bank erosion project, the 
L 

initial costs would be greater. Also, the cost of relocating does not 

include a value for the personal impacts to the local residents. 

Local residents should evaluate the potential for relocation. 

Advantages of relocation to the vicinity of potential quarry Site 1 on 

Nelson Island (Figure 3) would include: 

o elimination of -bank erosion problems 

o well drained soils 

o good foundation materials for construction 

o access tk wetlands. at the base of the hills 

o potential running water source 

o good barge access from the Ninglick River 

Additional study of Nelson Island. as a potential site for' relocation 

should be conducted if this. alternative is selected. A n  estimate of 

the costs to build a new townsite on Nelson Island is $5..2 million 

(1985 dollars), which includes approximately the same number' of 

structures as are presently in Newtok (details in Appendix E). 



Table 4. Estimated c o s t s  f o r  phased c o n s t r u c t i o n  of 70 spur d i k e s .  

Year Phase 
Estimated c o s t a  Estimated Cost b 

($ m i l l i o n )  $ (mi l l ion)  

1 - dam and 6 spur d i k e s  
2 - 8 spur d i k e s  
3 - 8 spur d i k e s  
4 - 8 spur d i k e s  
5 - 8 spur d i k e s  
6 - 8 spur d i k e s  
7 - 8 spur d i k e s  
8 - 8 spur d i k e s  
9 - 8 spur d i k e s  

TOTAL 
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SITE DESCRIPTION SUMMARY 

NINGLICK EROSION. STUDY 
RIPRAP RECONNAISSANCE 

SITE:   el son Island, Site 1 - 
METHOD OF RECONNAISSANCE: 

PERSONNEL: Robert Dugan 

DATE: 2 October 1984 - 
Ground traverse. 

PROBABLE OWNERSHIP: U.S. Fish & Wildlife Senrice 

WEATHER: Overcast, 4S°F, Wind W @ 5 mph 

LOCATION (Map, section, township, range): Baird Inlet D-8, SE 11.4 of 
NE 114 Section 11, T8N, R88W. 

GENERAL DESCRIPTION: Tertiary - Quaternary lava flows 
GEOLOGIC TYPE: Vesicular fine-grained olivine basalt 

JOINT SPACING: 2 (URCS); 6 in to 2 ft spacing, orientation not 
determinable. 

BEDDING AND PLANES OF STRATIFICATION: 1-3 ft horizontal flows 

LIKELY CHARACTER OF ROCK BREAK ON BLASTING: Block size distribution 
not determinable. Largest blocks observable about 1 yd3 

OBSERVED SHAPE OF FRAGMENTS: Angular blocks 

ESTIMATED STRENGTH: 3-4 (URCS) about 8000 psi 

EXPECTED DENSITY: 4 (URCS), variable 150-190 lb/ft3 according to 
vesicularity 

DEGREE OF WEATHERING: 4 (URCS) 

ANY PROPERTIES NOT COVERED ABOVE: Vesicular, likely variable in 
quality, but too poorly exposed to tell. 

VOLUME ESTIMATE: Not well enough exposed to tell. Possib.ly infinite. 

OVERBURDEN: 5 f t . 
ACCESSIBILITY:. 1.5 mi from Ninglick River on well-drained ground. 
8 mi downstream run to. Newtok. 

ENVIRONMENTAL SENSITIVITY: No wildlife observed. 

COMMENTS: Poorly exposed. 3 units were exposed as benches. Core 
drilling necessary to confirm resource. Topography suggests similar 
material may be found-beneath overburden closer to Ninglick River. 



SITE DESCRIPTION SUMMARY 

' I  i NINGLICK EROSION STUDY 
RIPRAP RECONNAISSANCE r - 

1 b 
SITE: Nelson I s l a n d ,  S i t e  2A - PERSONNEL: Robert Dugan 

6 1 

' 1 METHOD OF RECONNAISSANCE: 
L - '  

DATE: 2 October 1984 - 
k1 Ground t r a v e r s e .  

f ' ,  

; I  PROBABLE OWNERSHIP: U.S. F i s h  & W i l d l i f e  Serv ice  

b' 
1 - ,  

WEATHER: Overcast ,  4S°F, Wind W @ 5 mph 
, I 

LOCATION (Map, s e c t i o n ;  township, range): Baird I n l e t  D-7, NW 114 of 
NW 114, S e c t i o n  10; T8N, R86W. 

i j _ ;  GENERAL DESCRIPTION: T e r t i a r y  - Quaternary l a v a  flows 

I ' GEOLOGIC TYPE: Ves i cu la r  f ine-grained o l i v i n e  b a s a l t  
I >'I 
b JOINT SPACING: Var i ab le  2 i n  t o  2 f t  w i t h  i r r e g u l a r  o r i e n t a t i o n  

I? ' (2 URCS) 

BEDDING AND PLANES OF STRATIFICATION: Hor izonta l  f lows,  poor ly  

A - de f ined ,  about 4 f t  t h i ck .  

LIKELY CHARACTER OF ROCK BREAK ON BLASTING: Angular b locks  l e s s  than  
2 f t z  

~ $ 1  OBSERVED SHAPE OF FRAGMENTS: Angular b locks  
. I u 

r . ESTIMATED STRENGTH: 3 (URCS) Var i ab le  

EXPECTED DENSITY: 4 (URCS) 140-160 l b / f t 9  

DEGREE OF WEATHERING: 4 (URCS) 

id ANY PROPERTIES NOT COVERED ABOVE: High v a r i a b i l i t y  i n  q u a l i t y ;  about  
f ' 50% of t h e  rock  benea th  t h e  overburden is  adequate  f o r  use.  
I I 

VOLUME ESTIMATE: P o s s i b l y  i n f i n i t e  b u t  t oo  poor ly  exposed t o  t e l l .  

OVERBURDEN: 10 f t  

ACCESSIBILITY: Exce l l en t .  ~ o w n s t r e ' m  barge h a u l  t o  Newtok 15 miles. 
Beach landing ,  no road requi red .  

i' ENVIRONMENTAL SENSITIVITY: No w i l d l i f e  observed. 
1 - 
I 1  

i COMMENTS: Var i ab le ,  high was te  percentage  due t o  weathered, v e s i c u l a r  

d zones. Talus s i z e  ranged .25 - 3 f t 3 .  Height of ou tcrop  = 15 f t .  





PEIXOGRAPHIC REPORT 

Sample: LAKE Site 1 

Rock Name : Vesicular Olivine Basalt (Vesicles and unfilled interstitial 
space between grains is approximately 25-302 of the total rock 
surf ace. ) 

Mineralom: olivine - 25%; Pyroxene (augite) - 30%; Plagioclase laths - 
40%; Opaques - 5%. ' No glass observed. 

Olivine occurs usually as subhedral crystals up to 1 m. in 
=imned by iddingsite. Though some minor olivine may 
occur as small interstitial grains, generally the olivine 
crystals are the larger Fe-Mg minerals in this particular 
rock. 

oxene (augite) occurs as smaller (avg. grain size is approx. 
%grains, often occurring in clumps interstitially to 
the plagioclase. A n  occasional large, twinned pyroxene phen- 
ocryst is present, however. 

Plagioclase is present as euhedral to subhedral laths w i t h  
an average length of approx. 1 mn. and of diverse orientation. 
Scme plagioclase crystals are anhedral, sawhat larger, and 
are zoned ( ? I ,  these perhaps being an- earlier phase of plag- 
ioclase formed in the crystallization process. 

No Glass was observed. 

Texture : This rock is holocrystalline; that is, the rock is entirely 
crystalline with no glass. The larger crystals consist of' 
mostly olivine, an occasional large pyroxene grain, and a few 
larger anhedral plagieclase grains. Most of the pyroxene is 
finer-grained, granular, and partially fills the interstices 
between diversely-oriented plagioclase laths. There is quite 
a bit of unfilled interstitial space in this basalt. 

Final report submitted 11/26/84 to Woodward-Clyde Consultants. 

Carolyn Stevens ,. Petrographer 



PETROGRAPHIC REPORT 

Sample: RED S.ite 2 

Rock Name: Porphyritic Vesicular Olivine Basalt (Vesicles constitute 
approximately 10% of the total rock surface.) 

bralow: Olivine - 18%; Pyroxene (augite,) - 12%; Plagioclase (An content 
appmox. 70) - 30%; Brown opaque glass - 40%. 
Olivine occurs in larger subhedral crystals up to 3 w. diam., 
w i t h  crystal outlines and cracks emphasized by red-brown id- 
dingsite. Later stage olivine and pyroxene crystals are inter- 
grown with plagioclase laths. The pyroxene and later olivine 
apparently acted as nucleation centers around which the later 
plagioclase laths crystallized as the melt cooled. Some much 
smaller olivine may also occur in the "groundmass", but are 
deeply brown-s tained and difficult to distinguish. 

Pyroxene (augite) - occurs usually as subhedral to anhedral 
patches intergrown with plagioclase laths and with the plag- 
ioclase growing away from the pyroxene centers, dtich formed 
nucleation points for the crystallizing plagioclase . Smaller 
pyroxene grains are also present interstitially. 

Pla ioclase laths (An apprax. 70 = labradorite/bytownite) 
bversely-oriented laths up to 1.5 m. in length. 
Sune parallel fl& texture is occasionally present, especially 
around larger phenocrysts of Fe-Mg minerals. 

Texture : This rock has porphyritic to seriate texture with occasional 
large olivine phenocrysts (one up to 3.2 mn. diam. Subhedral 
olivine crystals up to 1 mn. diam. are brown-rimned w i t h  id- 
dingsite. Plagioclase laths up to 1.5 m. long are of gener- 
ally diverse orientation except for sane parallel flow texture 
around sane of the larger Fe-Mg minerals. bter Fe-Mg minerals 
formed nucleation points around which plagioclase laths grew 
during crystal 1 izat ion. Smaller pyroxene ( and perhaps 01 ivine 1 
grains are present interstitially, with brown opaque glass 
f ill ing the interstices. Hyalophitic texture. 

Alteration: . Essentially none. This is a fresh rock with very little alter- 
ation or weathering apparent. - The reddish black color results 
from the abundance of interstitial, Fe-Mg-rich glass. 

Final report submitted 11/26/84 to Goodward-Clyde Consultants. 

Carolyn Stevens , Petrographer 



Sample : BRCkJN S i t e  2 

Rock Name : Vesicular Olivine Basalt (Vesicles constitute approx. 1520% 
of the total rock surface. 

Mineralogy: Olivine - la; Pyroxene (augite) - 30%;-.~la~ioclase laths 

(h35-80) - Inters t i t ia l  dark brown to black glass - 20%. 

Olivine occurs as subhedral to  anhedral , larger grains up t o  
1 i m .  which are often corroded, w i t h  alteration rims 
of deep brown iddingsite. 

oxene (augite) occurs as smaller grains (.05 to  .15 w diam.) 
usua y inters t i t ia l  to  the larger plagioclase laths. =TI7 

Plagioclase crystals are mostly lath-shaped, withAn content 
averaging arcnmd 60. Occasionally plagioclase occurs as large 
(2 w. or less) zoned crystals, but the smaller laths definitely 
predominate and are of diverse orientation. 

Dark brown ti6 black Glass is often opaque and scumhat devitri- 
f ied , f i l l ing  inters* between plagioclase laths. 

This basalt may be considered to  have two types of inters t i t ia l  
textures: 1) intersertal,  where brown glass occupies the.mdge- 
shaped interstices between diversely-oriented plagioclase laths ; 
and, 2) intergranular texture where part of the inters t i t ia l  
space between plagioclase laths is occupied by smaller grains 
of pyroxene. The olivine is slightly altered, and therefore 
rinmed by deep brown iddingsite. Pyroxene and plagioclase are 
essentially unaltered. 

Alteration: Except for the iddingsite alteration rims on the olivine, this 
rock is fresh and essentially unaltered. 

Final report submitted 11/26/84 to IJoodward-Clyde Consultants. 

Carolyn Stevens , Petrographer 





Sample 

NINGLICK EROSION STUDY 

Spec i f i c  Gravity/Density Test Results  

Weight Weight ' S p e c i f i c  Dens i ty  
in  Air i n  Water Gravity 16 / f t3  

S i t e  1 

S i t e  2 

e 520 316 2.55 159.1 
f 490 30 1 2.59 161.6 
g 306 185 2.53 157.9 
h 172 104 2 .53  157.9 
i (very 557 3 14 2.30 143.5 

v e s i c u l a r ) .  
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oun ammnro 10 I)U~IVED CINOI~O ova w 1 1 n w  ACCIOVAL. 

UBORATORY NO. 1821 

CLIENT'S No. 
November 15, 1984 

ORDER No. MC 304 
R E P O R T  
#1 - Final . 

REPORT OF: 

PROJECT : 

Analysis of Basalt Sample 

WOODWARD-CLYDE CO~JSULTANTS 
701 Sesame Street  
Anchorage, AK 99503 

SUBMITTED BY: Client 

DATE RECENED: 10/11/84 

REPORTED TO: 1 - Client 

SAMPLE DESCRIPTION 

One (1) sample of material ident i f ied  as " ~ e s i c u l ~ r  Basalt". 

TEST RESULTS 

I. h a  An~les Abrasion (ASTM ~ 1 3 1 )  Grading A 

weas = 30.5% ' 

11. Sodium Sulfate Soundness (ASTM C88) 5 Cycles 

Sieve Size d Loss 

RespecttW1.y submitted, 

PITTSBURGH TING LABORATORY x + L  
Brian H. Barron, Manager 
Anchorage Branch 
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Estimated Cost to Build a 
New Townsite on Nelson Island 

34 Homes at $80,,00'0 each 
Washeteria and water tank 
Community Hall 
City Hall 

2 store's 
2 schools 

Power system 
Airport 
2 boat docks 

Total 
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. 701 Sesame Street 
Anchorage. Alaska 99503 
907-561-1 020 

24 February 1984 
609638 

Mr. John Charles, Mayor 
City Office 
Newtok, AK 99559 

RE: Ninglick River Erosion Assessment 
Final Report 

Woodward=Clyde Consultants 

Dear Mr. Charles: 

Transmitted herewith are nine (9) copies of the final report for the 
Ninglick River Erosion Assessment. 

Our results indicate that providing full protection to stop the 
erosion process over the entire length of the bank would be extremely 
expensive. A more economical solution would be to construct spur 
dikes along the bank to slow the rate of erosion. With this approach, 
the bank may stabilize naturally after several years of decreasing 
erosion rates. Monitoring the spur dikes and banks would be necessary 
to maintain this system. 

It has been a pleasure working with you on this erosion assessment. 
Please do not hesitate to call if you have any questions regarding 
this report. 

Sincerely, 

Pro j ect Manager 

Consulting Engineers, Geologists 
and Environmental Scientists 

Offices in Other Principal Cities 
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1.0 

DESCRIPTION OF THE AREA 

1.1 LOCATION 

The City of ~ewtok is located in western Alaska about one-half mile 

from the north bank of the Ninglick River on the Yukon-Kuskokwim Delta 

within the Clarence Rhoda National Wildlife Range (Figure 1). The 

Ninglick River is one of two channels tha.t flow from Baird Inlet to 

the Bering Sea and is about 25 m i  long. Bethel lies approximately 

100 mi to the east with Hazen Bay 20 mi to the west. South of the 

Ninglick River, Nelson Island rises nearly 1500 ft above sea level and 

is the most prominent landform in the area. 

1.2 CLIMATE 

Because it is near the coast, Newtok has characteristics of both 

maritime and continental climates. Thus, climatic conditions at 

Newtok may reflect those reported by the weather station at Bethel, an 

inland station, and Cape Romanzof, a coastal station, located 75 m ' 

northwest of Newtok. Historical climatic data are summarized in (g-' . ,J 

Table 1. 

\ ' 

Historical wind data at Cape Romanzof show prevailing northeasterlies 
, UL) 
j-l 

throughout most of the year, switching to southerlies in July and , {,,\ 

August. Bethel records show prevailing northeasterly. winds from " 
September through March, westerly to northwesterly winds in April and / 

May, and westerly to southwesterly winds from June to August (Brower 
P $dYXd, 

DQf: 0 
et al. 1977). Records of peak instantaneous gusts for the study 4 

period indicate ' that the strongest and largest percentage of gusts 
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Table 1. Historical climatic data at  Cape Romanzof and Bethel 
(Selkregg 1975) 

Cape 
Romanzo f Bethel 

Average Summer Temperature (OF) 
Maximum 
Minimum 

Average Winter Temperature (OF) 
Maximum 
Minimum 

Extreme Temperature (OF) 
Maximum 

. Minimum 

Average Annual Precipitation (in) 
Total Precipitation 
Snowfall Only 



a t  Cape Romahzof come from the  north t o  northeast ,  although southerly 

gusts  a r e  a l so  prevalent. The d i rec t iona l  d i s t r i bu t i on  of gusts  a t  

Bethel is  more evenly d i s t r ibu ted ,  but  the  strongest  winds i n  sumaier 

and f a l l  of 1983 came from the  southwest and south. The prevai l ing 

average wind d i rec t ion  a t  Bethel w a s  north t o  northeast-. 'No average 

wind da t a  were ava i lab le  f o r  Cape Romanzof. Because of the  many 

f ac to r s  t h a t  can influence the  wind regime of an area,  these data  may 

not provide an accurate representa t ion of a c tua l  wind speeds and 

d i r ec t i ons  a t  Newtok. However, s ince  no s i t e  spec i f i c  da ta  a r e  

ava i lab le  f o r  Newtok, they do provide an ' indication of the  passage of 

storms and o ther  extreme wind events. 

Information obtained from res iden ts  of Newtok ind ica tes  t h a t  the  

s t rongest  winds a r e  from the  south. Southwesterly gusts  of up t o  

87 mph were reported i n  ea r ly  October 1983. Other. r epor t s  from the 

res iden ts  ind ica te  t h a t  t h e  e n t i r e  month of September 1983 was 

characterized by 15 t o  30 mph predominantly southerly winds. 

1.3 SOILS 

Newtok i s  s i t ua t ed  i n  a continuous permafrost zone. Ice  lenses  and 

wedges a r e  v i s i b l e  along the  bank of the  Ninglick River and a l s o  i n  

s o i l  borings taken by t he  Alaska Department of Transportation (ADOT) 

at t he  a i r p o r t  site. So i l s  a r e  poorly drained, leading t o  a generally 

high water table .  ADOT logs ind ica te  t ha t  the s o i l s  a r e  ice-rich, 

non-plastic silts with an organic content ranging from 6 t o  14 percent 

by weight. The surface  l ayer  would l i k e l y  have a subs tan t ia l ly  higher 

organic content. Tests  conducted on samples collected i n  1983 a t  the  

r i v e r  bank agreed with the  ADOT findings (Figure 2). 

1.4 TIDAL EFFECTS 

Because it i s  so near t o  mean sea l eve l ,  the  Ninglick River responds 

t o  the  semi-diurnal t i d a l  f luctuat ions  of Hazen Bay. Based on 

measurements made during t he  summer of 1983, t he  t i d a l  range appears 

t o  be about 5% f t .  





When t h e  wind blows onshore i n  the  Bering Sea, the  t i d e  may rise 
. . 

higher than normal because of storm surge. Newtok experiences 

f looding from t h e  Newtok River, a small r i v e r  nor th  of the  v i l l a g e ,  

about twice a year  a s  a r e s u l t  of thes.e surges. Because it is 

connected t o  t h e  Ninglick River, t h e  Newtok River r e f l e c t s  changes i n  
-. . 

water su r face  e leva t ion  similar t o  those  experienced by t h e  Ninglick 

River. 

1.5 RIVER DISCHARGE 

No r i v e r  discharge measurements have been made f o r  t h e  Ninglick River. 

The r i v e r  o r i g i n a t e s  at  Baird I n l e t ,  which appears t o  be fed  pr imar i ly  

by small channels dra in ing t h e  numerous lakes  i n  t h e  drainage basin. 

Because of t h e  many l akes  and f l a t  t e r r a i n ,  t h e  drainage a r e a  

boundaries a r e  i n d i s t i n c t .  The bas in  a rea ,  including t h e  area  of 
2 Baird I n l e t ,  is. est imated t o  be  about 2,700 m i  . Balding (1976) 

es t imates  t h e  average annual runoff f o r  t h i s  general  a rea  t o  be 1 c f s  

per  square m i l e ,  giving 2,700 c f s  runoff from t h e  Baird I n l e t  drainage 

basin. There a r e  two o u t l e t  channels from Baird I n l e t ;  the  Ninglick 

River is about 25 m i  i n  length  and t h e  Kolavinarak River is  about 

42 miles long. Assuming t h a t  t h e  geometry and roughness of t h e  two 

r i v e r s  are s i m i l a r ,  an approximation of  the proport ion of discharge i n  

the  Ninglick River c a n ' b e  ca lcu la ted  from t h e  r a t i o  of r i v e r  lengths,  
. . 

s ince  t h e  head between. B a i r d . I n l e t  and t h e  coas t  is the  same f o r  both 

r i v e r s .  This ca lcu la t ion  gives. a mean annual discharge of 1,600 c f s  

f o r  t h e  Ninglick River. 

The annual peak runoff i n  t h e  a r e a  has been est imated t o  be 10 c f s  per  

square mile o r  less (Balding 1976), r e s u l t i n g  i n  a discharge i n  t h e  

Ninglick River of about 16,000 c f s .  The discharge may be less due t o  

the  l a r g e  number of lakes  i n  t h e  basin. 

The summer and f a l l  discharges i n  the  Ninglick River a r e  l i k e l y  t o  be 

on t h e  order of 5,090 t o  10,000 c f s .  Since the  width of t h e  r i v e r  i n  

t h e  v i c i n i t y  of Newtok is i n  excess of 4,000 f t  and the  mean depth is 

estimated t o  be 10 f t  o r  more, t h e  average v e l o c i t y  is expected t o  be 



from 0.1 t o  0.3 fps.  The ve loc i ty  f luc tua tes  due t o  t i d a l  influence; 

observed surface v e l o c i t i e s  near t he  outs ide  bank of the  meander bend 

ranged from negative (upstream) v e l o c i t i e s  during incoming t i d e s  t o  

3 f p s  o r  more during outgoing t ides .  

I c e  conditions on the  r i v e r  a r e  not severe even though the  i c e  forms 

t o  6 t o  8 f t  (Newtok res iden ts  May 1983). Spring breakup is not 

accompanied by flooding, and it does not appear t ha t  the  i c e  causes 

s ign i f ican t  damage t o  t he  r i v e r  banks. 

1.6 EUMAN RESOURCES 

The City of Newtok i s  - a  second c l a s s  c i t y  and member of the  Ca l i s t a  

Native Corporation. The 154 res iden ts  ( in  1981) a r e  primarily 

oriented t o  subsistence f i sh ing ,  hunting, and gathering. There is no 

commercial o r  i n d u s t r i a l  a c t i v i t y  i n  Newtok. 



2.0 

SCOPE OF WORK 

Between June 1957 and May 1983 t h e  n o r t h  bank of the  Ninglick River 

eroded at a r a t e  of 19 t o  88 f t l y r .  Unless t h e  process can be slowed, 

t h e  v i l l a g e  a i r s t r i p ,  school, and homes w i l l  be endangered wi th in  25 

t o  30 years. The problem is magnified by t h e  formation of t i d a l  

channels through thawed l a k e .  bas ins  interconnected by low spots.  One 

such channel t o  t h e  east of Newtok causes t h e  v i l l a g e  t o  be on an 

i s l a n d  during high t i d e  because it connects t h e  Ninglick and Newtok 

Rivers. As more of these  channels develop o r  become more defined,  t h e  

v i l l a g e  could be threatened sooner than ant ic ipated .  Recognizing t h e  

s e v e r i t y  of t h e i r  problem, t h e  res iden t s  of Newtok requested and 

obtained l e g i s l a t i v e  funding f o r  an eros ion assessment and evaluat ion 

of eros ion con t ro l  a l t e r n a t i v e s  f o r  p ro tec t ing  about 4 m i  of bank. 

The ob jec t ives  of Woodward-Clyde's eros ion assessment were t o  document - 

the  eros ion problem and i d e n t i f y  p o t e n t i a l  so lu t ions  t o  t h e  problem. 

These object ives  were accomplished by conducting t h e  following tasks: 

o review and evaluate  e x i s t i n g  information, 

o i d e n t i f y  the  processes contr5buting t o  t h e  erosion,  

u t i l i z i n g  both input  from t h e  res iden t s  and a da ta  

c o l l e c t i o n  program, 

'o measure .the amount of eros ion i n  1983, 

o i d e n t i f y  a l t e r n a t i v e  so lu t ions  t o  the  eros ion problem, and 

o develop a preliminary design and cos t  estimate f o r  t h e  most 

promising eros ion con t ro l  s t ruc tu res .  

Q 



Local residents provided valuable assistance through their knowledge 

of the area and by doing much of the data collection. Included in the 

data collection program were measurements of rainfal l ,  wave heights 

and periods, t idal fluctuations, and shoreline retreat. 



3.0 

EROSION PROCESSES 

Erosion of t h e  Ninglick River bank is caused by the combined a c t i o n  of 

heat ,  waves, and currents .  The erosion process is  i n i t i a t e d  by t h e  

exposure of t h e  ice-r ich s o i l s  i n  the  r i v e r  bank t o  t h e  r e l a t i v e l y  

warm (47 t o  58OF) r i v e r  water  and the  sun. Deep thermo-erosional 

niches develop i n  t h e  bank a t  about high t i d e  l e v e l  a s  t h e  i c e  i n  t h e  

s o i l  m e l t s ,  and l a r g e  blocks of bank break off  under t h e  fo rce  of 

t h e i r  own weight. The blocks m e l t  due t o  t h e i r  exposure t o  t h e  r i v e r  

water ,  leaving the  thawed silts and vegeta t ive  covering deposited on 

t h e  beach. Waves subsequently suspend the  sediment, allowing it t o  be 

c a r r i e d  away by t h e  current .  The vegeta t ion is gradually broken up by 

co~lt inued wave ac t ion  u n t i l  i t  too can be transported by t h e  r i v e r  

current .  Once the  beach is  cleaned of t h e  bulk of these  mate r i a l s ,  

t h e  process begins anew. Maximum shore l ine  r e t r e a t  accompanies s t rong 

souther ly  winds because t h e  waves a r e  l a r g e s t  and have t h e  most energy 

under these  condit ions,  and thus  have a g r e a t e r  a b i l i t y  t o  erode t h e  

bank. Actual wave height  depends on the  wind speed and length of 

"fetch" o r  water over which the 'wind  blows. Along t h i s  sec t ion  of 

r i v e r ,  t h e  longest  e f f e c t i v e  f e t c h  is  or iented  north t o  south with t h e  

r e s u l t  t h a t  t h e  l a r g e s t  waves a r e  developed by winds from t h a t  

d i rec t ion .  

The eros ion of the  Ninglick River bank .is. accelerated by .  the  t i d a l  

f luc tua t ion  t h a t  causes l a r g e r  por t ions  of the  bank t o  be exposed t o  

t h e  hea t  of the  water and energy of the  waves and current ;  i t  a l s o  

increases  t h e  flow ve loc i ty  agains t  the  bank during an ebbing t i d e  by 

adding a t i d a l  current  t o  t h e  n a t u r a l  r i v e r  current .  Surface cur ren t s  

measured during the  1983 sunnner season near the  eroding bank ranged 

from 3 t o  5 fps.  Currents  would be l e s s  than t h i s  on flood t ide .  



*(€ alnSy~) sxoad xys UT 13 OE anoqe 30 qadap e oa papelsap soq 

yueq aqa 30 uoyaeao~ ~~61 aql 7o qadap aqa ga~damxa lod *yueq Suypola 

. aqa so uoyaaaayp ams aqa uy Su~asrSpu ale Iauueqzi aqj 30 saxed zadaap 

aqa leqa aaeaypuy yu8q 8uypola aqa loau salyjold paq 30 sanamaznsoax 





4.0 

RATES OF EROSION 

H i s t o r i c a l  bank eros ion rates were evaluated from a e r i a l  photographs 

dated 1957, 1974 and 1977 and from a s i t e  v i s i t  p r i o r  t o  breakup on 

18 May 1983.. Erosion during t h e  summer of 1983 was measured a t  12 

bank p 'rofi les ,  s f x  a t  each of two study sites; one s i t e  was located 

j u s t  e a s t  of t h e  Newtok River and t h e  o the r  was approximately one m i l e  

upstream (Figure 4). Bank eros ion w a s  defined a s  t h e  landward 

migration of the  pos i t ion  of t h e  top of t h e  bank (or  b l u f f ) ,  with 

l a r g e  block f a i l u r e s  being ix;cluded i n  t h e  eroded por t ion of the  bank. 

Between June 1957 and May 1983 the  r i v e r  bank r e t r e a t e d  500 t o  2300 f t  

with maximum eros ion occurring near  the  upstream study site. This 

represents  an average annual eros ion of 19 t o  88 f t .  This trend 

continued i n t o  t h e  summer of 1983; p r o f i l e  U1 a t  the  upstream s i te  

receded 99 f t  i n  only two months and had a t o t a l  erosion of 130 f t  

over a four-month period. Average eros ion f o r  t h e  s i x  p r o f i l e s  a t  

t h i s  s i t e  w a s  94 f t .  The downstream s i t e  was less ac t ive ,  with an 

average r e t r e a t  of 53 f t .  H i s t o r i c a l  and 1983 erosion r a t e s  a r e  

sdmmarized i n  Table 2. 

Three p a t t e r n s  become apparent from an examination of the  h i s t o r i c a l  

erosion ra tes .  F i r s t ,  t h e  upstream si te  i s  eroding s u b s t a n t i a l l y  

f a s t e r  than the  downstream site.  This probably r e s u l t s  from t h e  

upstream sec t ion  being exposed t o  higher energy waves. Under s t rong 

souther ly  winds, t h e  waves t h a t  a t t a c k  t h i s  s i te  develop over a longer 

fe tch  than those t h a t  impact t h e  downstream site. This s i t e  is  a l s o  

c lose r  t o  t h e  apex of the  meander bend and so  is  exposed t o  f a s t e r  

currents .  
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Second, low-lying drained lake  a reas  erode more slowly than o the r  

s e c t i o n s  of shorel ine.  Since the  s o i l s  beneath lakes  a r e  t y p i c a l l y  

thawed, they do not depend on the  bond provided by the  i c e  f o r  

s t a b i l i t y  and a r e  not  impacted by t h e  hea t  of t h e  water o r  sun t o  t h e  

same ex ten t  a s  frozen so i l s . .  I n  addi t ion ,  b lu f f  f a i l u r e s  along low, 

thawed banks a r e  not a s  severe  as they a r e  i n  higher,  frozen areas. 

F ina l ly ,  although the re  i s  a cor re la t ion  between the  occurrence of 

high winds (and thus ,  l a r g e  waves) and b lu f f  f a i l u r e s ,  the  thermal 

condi t ion  of t h e  bank appears t o  have a g r e a t e r  influence on its 

s t a b i l i t y .  Figure 5 i l l u s t r a t e s  the  progression of shore l ine  r e t r e a t  

a t  p r o f i l e s  U 2  and D2. A histogram of peak instantaneous wind gusts  

a t  Cape Romanzof is shown above t h e  p r o f i l e s  a s  an ind ica to r  of 

r e l a t i v e  wave height .  Large, nearly v e r t i c a l  jumps i n  the  graphs a r e  

due t o  l a r g e  block f a i l u r e s .  Note t h a t  although t h e  s t rongest  winds 

(and thus  l a r g e s t  waves) occurred from e a r l y  October through November, 

- t h e  only not iceable  eros ion t h a t  occurred during t h i s  t i m e  was i n  t h e  

f i r s t  two weeks of October. F ie ld  notes  made by Newtok res iden t s  who 

were involved i n  t h e  d a t a  co l l ec t ion  e f f o r t  ind ica te  t h a t  t h e  bank 

remained frozen a f t e r  midac tober .  

The p a t t e r n  of erosion p r i o r  t o  the  bank f reezing suggests t h a t  many 

block f a i l u r e s  occur following higher than normal winds and waves, but 

genera l ly  a f t e r  a l ag  t i m e  of one t o  severa l  days. This  may be 

because t h e  waves generated during t h e  storm speed up the  development 

of t h e  thermoerosional n iche  and weaken the  block, but f a i l u r e  does 

not occur u n t i l  a f t e r  t h e  storm passes. Often no f a i l u r e  is seen 

a f t e r  a storm because blocks t h a t  have f a i l e d  previously may s t i l l  

remain p ro tec t ing  t h e  i n t a c t  por t ion  of the  b lu f f .  The storm waves 

expend t h e i r  energy on eroding the  f a l l e n  block, but  may not be of 

s u f f i c i e n t  dura t ion t o  e l iminate  t h a t  block and a t t a c k  t h e  bank. 



b 
Figure 5 .  Chronological development of river bank erosion and recorded 

peak wind gusts during the period June through December 1983. 



. . . .. . ALTERNATIVE SOLUTIONS 

During t h e  course of a ssess ing  t h e  t echn ica l  and economic f e a s i b i l i t y  

of an appropr ia te  eros ion c o n t r o l  system, numerous schemes were 

considered. Since t h e  s i te is remote, an important consideration,must 

be t h e  m a t e r i a l s  and equipment a v a i l a b l e  f o r  construction.  It was 

d e s i r a b l e  t o  s e l e c t  const ruct ion mate r i a l s  t h a t  would minimize t h e  

need f o r  heavy equipment and maximize t h e  amount of work t h a t  could be 

done by l o c a l  r e s iden t s .  The following subsections present  t h e  design 

c r i t e r i a ,  t h e  a v a i l a b l e  mate r i a l s ,  and t h e  a l t e r n a t i v e  so lu t ions  t o  

t h e  eros ion problem a t  Newtok. 

5.1 PRELIMINARY DESIGN CRITERLA 

The bank p ro tec t ion  s t r u c t u r e  must be designed t o  accommodate t h e  

range of conclitions experienced a t  t h e  site. Design parameters t o  be 

considered include upper and lower s t ructure .  e l eva t ions ,  r i v e r  

cur ren t s ,  and wave heights'. ~ r e l i m i n a r ~  design criteria,  a r e  presented 

herein.  

The upper l e v e l  of t h e  s t r u c t u r e  w a s  se lec ted  t o  be at l e a s t  a s  high 

a s  t h e  h ighes t  d e b r i s  l i n e .  This represents  t h e  l e v e l  of h ighes t  

combined storm surge,  t i d e s ,  and wave height  during recent  years.  

This l e v e l  i s  approximately 2% f t  above t h e  high t i d e  level .  

The lower l e v e l  of t h e  s t r u c t u r e  must take i n t o  account the  maximum 

scour depth t h a t  w i l l  occur a t  t h e  s t ruc tu re .  Since t h e  r i v e r  

cur ren t s  a r e  t y p i c a l l y  q u i t e  low, excessive scour is. not expected t o  

occur. However, . i t  is an t i c ipa ted  t h a t  the  thalweg, o r  deepest p a r t  



of  t h e  channel, w i l l  migrate toward the  protec ted  bank. The thalweg 

may a l s o  deepen a s  a r e s u l t  of t h e  bank s t ruc tu re ;  t h e  

reduced bank erosion w i l l  reduce t h e  sediments contributed t o  t h e  

r iver  and t h e  r i v e r  may replace  t h e  l o s t  sediments wi th  those  eroded 

from t h e  bed. This process is described f u r t h e r  by Winkley (1983) and 

Jansen e t  al. (1979). To prevent undercutt ing of the  s t r u c t u r e ,  a 

design depth of 40 f t  below water  l e v e l  was se lec ted .  

The prel iminary design r i v e r  cur ren t  was se lec ted  a t  8 fps .  This is 

not  s i g n i f i c a n t l y  g r e a t e r  than obsenred surface  v e l o c i t i e s .  However, 

f loods  on t h e  Ninglick River are not  l i k e l y  t o  have high flow 

v e l o c i t i e s ,  and maximum cur ren t s  associa ted  with ebbing t i d e s  occur 

only twice d a i l y  f o r  shor t  durat ions.  

Prel iminary wave design c r i t e r i a  were based on t h e  maximum observed 

wind gus t  during t h e  1983 study per iod of 87 mph a t  Newtok. The 

corresponding gust  a t  Cape Romanzof was 65 mph. This gus t  was g r e a t e r  

than t h e  maximum gust  over 17 years  of record a s  reported i n  Selkregg 

(1975). Data between 1975 and 1983 were not ava i l ab le ,  but i t  is 

assumed t h a t  t h e  87 mph gust  at  Newtok is  an infrequent  event. Based 

on c r i t e r i a  i n  t h e  Handbook of Geophysics (U.S. A i r  Force 1961) t h e  

gus t  a t  Newtok corresponds ( i n  a s t a t i s t i c a l  sense) t o  an average 

hourly wind of 5 1  mph. The non-breaking wave produced by these  wind 

condi t ions  i s  3.5 f t .   his non-breaking wave height  w a s  used f o r  

prel iminary design because bed degradation w i l l  cause t h e  apron t o  

launch a t  a s lope  s t eep  enough t o  prevent t h e  wave from breaking. 

This bed degradation i s  expected t o  occur rap id ly  enough t h a t  the  

p robab i l i ty  of t h e  design wave occurring dur ing t h e  period of 

degradation i s  small. 

The f e a s i b i l i t y  of providing a cos t -ef fec t ive  e ros ion  con t ro l  system 

depends l a rge ly  on maximizing t h e  use  of on-si te  mater ia ls .  Locally 

ava i l ab le  mate r i a l s  appear t o  be l imi ted  t o  organic s i l t s  of low 

p l a s t i c i t y .  One approach considered w a s  improvement of the  silts by 



adding Portland cement to form an erosion resistant soil cement grout 

to be used to fill geofabric bags. However, Portland cement is mostly 

effective when used with sands and gravels, and as the percentage of 

silts and clays increases, the effectiveness of the process decreases. 

Portland cement begins showing appreciable loss of effectiveness for 

soils containing more than about 50 percent silts and clays. As shown 

in Figure 2, soils tested from the Newtok area contain 90-95 percent 

silts and clays. While the Portland cement would reduce swell 

potential for the site soils, the mixture would not set up 

sufficiently to resist erosion. Without this resistance, the 

soil-filled bags would be very vulnerable to heavy damage from wave 

and ice attacks. 

Alternatives to soil improvement are limited to importing material. 

Several riprap sites are located within barging distance from the site 

but transportation costs would dramatically increase the cost of 

construction. Existing riprap quarries are located in Nightmute, 

Scamon Bay, and the Goodnews Bay-Platinum area southeast of Kuskokwim 

Bay (Figure 1). A geologic map (Coonrad 1957) and aerial photos (BLM 

1: 60,000 color IR and 1: 120,000 color IR) of the region around Newtok 

were examined to identify closer sources of riprap. Nelson Island, 

directly south of Newtok, is primarily covered with basaltic flow 

rocks. The presence of 8 to 20 individual flows with an aggregate 

thickness of 200 ft or more make it the most likely source for shore 

protection material. A quarry founded here would lie outside the 

.wildlife refuge and provide a relatively protected barge access to 

Mewtok. An additional advantage is that the loaded barges would be 

moving with the current. 

The major volcanic rocks that form these lava sheets are part of a 

discontinuous volcanic belt that extends from eastern Seward Peninsula 

to Nunivak Island and. possibly the Pribilof Islands. Thin sections 

indicate that the rocks are fine-grained holo crystalline olivine 

basalt. 



5.3 DESCRIPTIONS OF ALTERNATIVES 

Both spur d ikes  and revetments can a i d  i n  r e s i s t i n g  erosion. A 

revetment is a r e s i s t a n t  wa l l  t h a t  i s  b u i l t  along t h e  eroding bank t o  

p ro tec t  i t  from wave and cur ren t  a t tack.  The purpose of t h e  wa l l  

would be t o  h a l t  f u r t h e r  erosion.  Because of t h e  s t r u c t u r e ' s  length 

and extens ive  toe  p ro tec t ion  t h a t  would be required t o  prevent f a i l u r e  

a t  the  base of t h e  wa l l ,  a revetment f o r  t h e  Ninglick River would be 

very expensive. 

Spur d ikes  are long protruding s t r u c t u r e s  placed approximately 

perpendicular t o  t h e  stream flow. They reduce eros ion by keeping t h e  

r i v e r  cur ren t  away from t h e  bank and by providing a calm pool of water 

behind them where mate r i a l  can accumulate. Although t h e  thermal 

erosion and wave a c t i o n  w i l l  continue,  a s  t h e  bank recedes between the  

spur d ikes  t h e  wave energy w i l l  be d i rec ted  more toward t h e  protruding 

spur than t h e  receded bank and energy ac t ing  on the  bank w i l l  be 

d iss ipated .  The beach t h a t  develops between the  spurs w i l l  cause t h e  

waves t o  break f u r t h e r  from t h e  bank. I n  t i m e ,  t he  wave a c t i o n  w i l l  

l i k e l y  be  reduced s u f f i c i e n t l y  t o  allow t h e  n a t u r a l  tundra vegeta t ion 

t o  remain i n t a c t  a s  t h e  permafrost melts beneath i t .  The c u r t a i n  of 

vegeta t ion could provide s u f f i c i e n t  protec t ion t o  reduce t h e  r a t e  of 

thermal erosion.  

A very e f f e c t i v e ,  although c o s t l y ,  s o l u t i o n  would be t o  use  a 

combin&tion of spur d ikes  and revetment. The spur d ikes  would requ i re  

extensive t o e  p ro tec t ion ,  but they would reduce. the  amount of toe  

protec t ion needed by t h e  revetment. Because of t h e  cos t s  involved i n  

const ruct ing both t h e  combination spur dike-revetment and revetment 

only a l t e r n a t i v e s ,  and t h e  f a c t  t h a t  some add i t iona l  bank eros ion can 

be t o l e r a t e d ,  spur d ikes  a r e  t h e  preferred  a l t e r n a t i v e .  

Because n e i t h e r  a revetment nor spur dike-revetment combination appear 

t o  be economically f e a s i b l e ,  they a r e  not discussed i n  any add i t iona l  

d e t a i l  i n  t h i s  r epor t .  S imi lar ly ,  labora tory  t e s t s  on l o c a l l y  

ava i l ab le  s i l ts  i n d i c a t e  t h a t  t h e  mate r i a l  is unsui table  f o r  use i n  a 



s o i l  cement, s o  a l t e r n a t i v e s  t h a t  u t i l i z e  t h i s  concept have been 

dropped from considerat ion.  Thus it appears t h a t  r i p r a p  s p u r .  dikes 

usjlng r i p r a p  from Nelson Is land a r e  the most v i a b l e  option. 

The spur d ikes  would be placed 300 f t  .apart  over 4 m i  of bank, thus 

requir ing 70  s t ruc tu res .  The length of t h e  spur d ikes  are designed t o  

be 50 percent  g rea te r  than- t h e  average annual erosion; they a r e  thus 

longer near  the  upstream study s i t e  than near  t h e  downstream site. 

The average length would be 176 f t .  Of t h i s  length,  160 f t  would 

extend onshore i n  a t rench excavated i n t o  t h e  bank i n  order  t o  

minimize t h e  amount of instream const ruct ion a c t i v i t i e s .  

Material  would be p i l e d  on t h e  stream bed i n  a c i r c u l a r  p a t t e r n  around 

the  end of each spur t o  allow f o r  self-launching of the  r ip rap  t o  a 

depth - o f  40 f t .  A launching type apron is required because of t h e  

g rea t  amount of underwater excavation t h a t  would be required t o  

const ruct  t h e  t o e  apron i n  place. 

Three d i f f e r e n t  onshore configurat ions were considered (Figure 6). 

The f i r s t  involves excavating a s t r a i g h t  t rench perpendicular t o  t h e  

bank and const ruct ing the  spur  d ike  i n s i d e  t h e  trench. The dike  would 

be exposed a s  t h e  bank erodes and behave a s  it would i f  i t  had been 

i n i t i a l l y  constructed offshore.  By bui ld ing t h e  s t r u c t u r e  onshore, 

complications of placing r i p r a p  underwater a r e  avoided. 

The second option is t o  excavate a s h o r t e r  t rench,  const ruct  t h e  spur 

d ike  i n s i d e ,  and s tockp i le  r i p r a p  on t h e  landward end. This excess 

m a t e r i a l  would launch a s  the bank around i t  eroded away, thus 

providing end p ro tec t ion  f o r  t h e  s t ruc tu re .  

The t h i r d  configurat ion is s i m i l a r  t o  the  o the rs  except t h a t  the  

trench and spur d ike  a r e  formed i n  the  shape of a "Y" (Figure 6 ) .  

This conf igura t ion reduces t h e  uncer ta in ty  associated with a launching 

system t o  provide end p ro tec t ion  f o r  t h e  s t r u c t u r e .  However, i t  

requires  more excavation. 



TYPICAL SPUR DlKE CROSS-SECTION 
(ALL THREE CONFIGURATIONS) 

TYC 

BANK 

STOCKPILE 
UUNCHINQ 

I STRAIGHT SPUR DIKE Y-SHAPED:SPUR DIKE I 
STOCKPILE FOR 
END PROTeCTtON 

1. 
100' TYC 

1 
UUNCHINQ APRON 

4 

I STRAlGHT SPUR DlKE WITH STOCKPILES 

PLAN VIEWS 
(NOT TO SCALE) 

I 1 
Figure 6. Alternate onshore configurations of riprap spur dikes. 



5.4 ESTIMATING ASSUMPTIONS-AND COST SUMMARY 

The cos t  es t imate  f o r  providing spur dikes at  Newtok is  based on the  

following assumptions: 

o Riprap i s  obtained from Nelson Is land and - transported t o  

Newtok by barge; 

o D r i l l i n g  f o r  b l a s t i n g  of r ip rap  i s  done using a pneumatic 

d r i l l ;  

o Onshore trenches a r e  excavated by pneumatic d r i l l i n g  and 

b las t ing ,  followed by using a backhoe t o  remove t h e  loosened 

mater ia l ;  

o Riprap is  placed by crane from t h e  barge; 

o Wages paid t o  l abore r s  comply with T i t l e  36 requirements; 

o Contingency r a t e  i s  20 percent; 

o Construction occurs during t h e  summer of 1985, with a cos t  

e sca la t ion  of 314 percent  per  month; and 

o Minimum charge f o r  camp is f o r  30 days. 

In  addi t ion ,  no allowances f o r  c i v i l  design o r  quarry royalty.  c o s t s  

were included. The u l t ima te  c o s t  of t h e  described erosion con t ro l  may 

be reduced by implementing t h e  plan i n  phases r a t h e r  than bui ld ing a l l  

70 d i k e s - i n  one season. Ins tead,  a smaller  number of '  spur d ikes  could 

be b u i l t  i n  t h e  f i r s t  phase. As the  wave and thermal energy between 

spur d ikes  i s  reduced over time and t h e  r a t e  of erosion decreases,  the  

design c r i t e r i a  f o r  subsequent spur d ikes  can be reduced. 

T.able 3 summarizes t h e  c o s t  of .providing both f u l l  and p a r t i a l  ' 

pro tec t ion  f o r  the  th ree  spur  dike configurat ions presented i n  the  

previous sec t ion.  .,The cos t  f i g u r e s  f o r  p a r t i a l  protec t ion a r e  based 

on a 12-spur dike system. 
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Table 3. Cost summary in thousands of dollars for erosion protection of Ninglick River at Newtok, Alaska. 

Y-shaped spur dikes Straight spur dikes 
Straight spur dikes 
with stockpiles 

No. of Spurdikes 7 0 
Project Duration (days) 7 3 

Cost summary 

Mobilization 
Construction 
Demobilization 

Subtotal 

~ o n d s  and 
Insurance, 1.5% 

Contractors Markup,' 10% 
Contingency, 20% 
Escalation, 16 mo x 314% 

per month = 12% 

'Sub t o t a1 

Total $5,231 $1,540 $4,204 $1 s 360 $31976 . $1,306] 



6.0 

CONCLUS IONS 

6.1 CONCLUSIONS 

Erosion of the  Ninglick River bank near t h e  City of Newtok is  caused 

by t h e  combined ac t ion  of heat ,  waves, and currents .  Annual eros ion 

r a t e s  i n  excess of 130 f t  have been measured. 

Because, of t h e  sever i ty  and na tu re  of t h e  eros ion problem a t  Newtok, 

the  p ro tec t ion  . required  i s  extensive and expensive. By a n t i c i p a t i n g  

t h e i r  problem w e l l  i n  advance, however, t h e  r e s i d e n t s  of Newtok can 

approach t h e  so lu t ion  using l e s s  expensive methods designed t o  slow 

r a t h e r  than s t o p  the  erosion. Stopping t h e  eros ion process completely 

would not  be economically f e a s i b l e  a s  i t  would requ i re  extens ive  use 

of both spur d ikes  and revetments. I f  t h e  ob jec t ive  is only t o  slow 

the  erosion,  however, the  ex ten t  of treatment can be scaled down and 

the  c o s t  reduced considerably. The decreasing r a t e  of eros ion may 

allow t h e  bank t o  s t a b i l i z e  n a t u r a l l y  a f t e r  severa l  years. 

Based on t h e  preliminary c o s t  estimates, the  spur d ike  concept appears 

t o  be t h e  most economically feas ib le .  A s e r i e s  of 70 spur d ikes  would 

be required t o  p ro tec t  t h e  e n t i r e  4 m i  of eroding bank. Of a l l  t h e  

const ruct ion mate r i a l s  considered, r i p r a p  i s  probably bes t  because i t  

is ava i l ab le  within a reasonable barging distance.  Locally ava i l ab le  

s i l ts  cannot be used because they w i l l  not  make a good s o i l  cement. 

6.2 RECOMMENDATIONS FOR FURTHER STUDIES 

Further s t u d i e s  a r e  needed before t h e  design of t h e  bank protec t ion 

scheme can be f ina l i zed .  A number of s t u d i e s  a r e  suggested below t h a t  

would con t r ibu te  t o  the  f i n a l  design of  t h e  s t ruc tu res :  



o A site reconnaissance should be conducted to verify the 

quality and quantity of riprap materials on Nelson Island; 

o Channel bathymetry data should be collected throughout the 

4 m i  study reach to verify the maximum and mean depths of 

the river; 

o Additional measurements should be made of river and tidal 

currents to refine the design velocity; 

o Conduct bank and near-shore bed surveys. to refine the 

estimated excavation volumes and to set bench marks for 

construction surveys; 

o Study characteristics of drained lake tidal channels to 

develop design criteria for the blockage dams; 

o Conduct surveys of drained lake tidal channels to provide 

topography for the design of blockage dams; and 

o Continue monitoring the rate and mechanism of erosion 

before, during, and after project construction. 

Potential cost reductions should be examined as part of the final 

design phase. Savings may be realized by lengthening the spacing 

between spur dikes, shortening the spur dikes, and/or constructing the 

proj ect in phases. 

If the project is constructed in phases, the design of structures 

built after the first phase should be designed from criteria based on 

data collected with the first phase in place. A partial revetment may 

be able to be used between the existing spur dikes or additional spur 

dikes may be designed with shorter lengths and/or smaller volumes of 

material in their launching apron. - 
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State and ~e;deral Regulatory Requirements and Permits 

The proposed Ninglick River erosion control project involves 

. disturbance to navigable waterways which are located within a wildlife 

refuge area. Because of these characteristics, State and Federal 

regulatory requirements associaged with the proposed project are 

varied. Agencies with regulatory requirements relevant to the 

proposed project include the Alaska Off ice of Management and Budget, 

Alaska Department of Fish and Game, Alaska Department of Environmental 

Conservation, U.S. Army Corps of Engineers, and U.S. Fish and Wildlife 

Service. These agency responsibilities and requirements are described 

below: 

o .Alaska Office of Management and Budget has a system of reviewing 

and processing permits, leases and approvals for proposed 

resource projects and activities in the coastal area of Alaska. 

The process begins by obtaining and completing a "Coastal Project 

Questionnaire" (Form 1). This questionnaire . aids the applicant 

in determining which state agencies may have requirements with 

regard to a specific project, As the questionnaire is completed, 

the applicant may be instructed to contact the various state 

agencies involved to obtain the required permit applications. 

Once the required permit applications are obtained and completed, 

a package containing originals of the que.stionnaire and state 

permit applications along with copies of the necessary federal 

permit applications is sent to the Alaska Office of the 

Governor's Office of Management and Budget. The Office of 

Management and Budget will distribute the state applications as 

necessary. This state permit process takes from 30 to 60 days. 

Form A is an example of the Coastal Project.,Questionnaire which 

was obtained from the Office of Management and Budget. 

o Alaska Department of Fish and Game requires an Anadromous Fish 

Protection Permit for construction activities taking place within 

anadromous fish streams. The Ninglick River is an anadromous 



fish stream and therefore requires . . -. such a permit. Form 2 is an 

example of the Anadromous Fish Protection and Permit which was 

obtained from the Alaska 'Department of Fish and Game. This 

permit is also referred to as a Title 16 permit. The completed 

permit application must be .submitted in the package with the 

questionnaire to the Office of Management and Budget. This 

permitting process takes from-30 to 60 days. 

o Alaska Department of Environmental Conservation requires a 

Certificate of Reasonable Assurance (Section 401 permit) for 

projects requiring federal licenses and permits for proposed 

activities which may result' in a discharge into the navigable 

waters of Alaska. As the Ninglick River erosion control project 

would involve disposal of fill into the river, such a permit 

would be required. The application for the certificate is made 

by submitting to DEC (or in this case the Office of Management 

and Budget) a letter requesting the certificate accompanied by a 

copy of the permit application being submitted to the federal 

agency (see discussion of U.S. Army Corps of Engineers 

Requirements). The public notice for this permit is run at the 

same time as the public notice for the Corps permit. The 

permitting process takes approximately 30 to 60 days. 

o U.S. Army Corps of Engineers requires permits for discharge of 

dredge or fill material into U.S. waters (Section 404 of the 

Clean Water' Act), structures or work in ar affecting U.S. 

navigable waters (Section 10 of the Rivers and Harbors Act), and 

transportation of dredged material to dump in ocean waters 

(Section 103 of the Marine, Protection; Research aixd Sanctuaries 

Act). Two of these permit requirements, Section.404 - 
Section 10, pertain to the Ninglick River Erosion Project. A 

single permit application form entitled "Application for 

Department of the Army Permit" is required for the Section 10, 

404, and 103 permits. Form 3 shows an example of this form. The 

completed permit application'would be sent to the U.S. Army Corps 

of Engineers while a copy would be sent to the State Office of 



Management and Budget as previously discussed. A c ross  s e c t i o n a l  

view and plan view of t h e  proposed p ro jec t  must be submitted wi th  

the  appl ica t ion.  This app l i ca t ion  w i l l  subsequently be sen t  t o  

the  Alaska DEC by t h e  Office of Management and Budget. This 

app l i ca t ion  may be obtained from t h e  U.S. Army Corps of 

Engineers.< The Corps permit t ing  process takes  60 days from t h e  

t i m e  of appl ica t ion.  

o U.S. Fish  and Wildl i fe  Service has j u r i s d i c t i o n  over t h e  proposed 

p ro jec t  area  s ince  i t  f a l l s  within t h e  Clarence Rhodes National  

Wi ld l i f e  Range Area No. 1. Any par ty  wishing t o  use  lands o r  

f a c i l i t i e s  of any National  Wildl i fe  Refuge f o r  purposes o t h e r  

than those designated by the  manager i n  charge and published i n  

t h e  Federal Regis ter  must obta in  a Specia l  Use Permit from t h e  

U.S. Fish and Wildl i fe  Service. In the  case of t h e  Ninglick 

River eros ion con t ro l  p ro jec t ,  t h i s  permit app l i ca t ion  must be 

processed through t h e  Regional Refuge o f f i c e  which is located  i n  

Bethel,  Alaska. An example of t h i s  app l i ca t ion  is presented i n  

Form 4. This app l i ca t ion  was obtained from t h e  U.S. Fish and 

Wi ld l i f e  Service. In  add i t ion ,  a copy of t h i s  app l i ca t ion  should 

be  s e n t  t o  t h e  S t a t e  Office of Management and Budget. There i s  

no s p e c i f i c  t i m e  frame f o r  obtaining t h e  s p e c i a l  use  permit from 

USFWS. The process could take  a r e l a t i v e l y  s h o r t  period of t i m e  

(30 t o  60 days) i f  t h e  Fish and Wildl i fe  Service has a l l  t h e  

information ava i l ab le  t o  evaluate t h e  appl ica t ion.  Should t h e  

Fish and Wildlife Service requ i re  add i t iona l  information, t h e  

t i m e  involved to  g e t  t h e  permit may be prolonged depending on the  

na tu re  of the  a d d i t i o n a l  information. In order t o  reduce t h e  

l ike l ihood of a delay i n  the  permit process due t o  l a c k  of 

information, i t  is bes t  t o  send copies of the  proposed plans ,  

s p e c i f i c a t i o n s ,  and a e r i a l  photographs ( the same a s  those s e n t  t o  

Alaska Department of Fish  and Game) along wi th  the  permit 

appl ica t ion.  
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OPPICR. OF TEE GOVERNOR .- ~ U C H A W  i JUNEAU. ALASKA 9981 1 

r '  1 PHONE: (907) 4853562 

I I OFFICE OF MANAGEMENT AN0 BUDGET 
I DIWION OF OOVEAMEMAL COORDINATION 

December 30, 1983 

1 - j  1. 
1 I '  &. Dear Applicant: 

' 1 1  The State of Alaska is embarking on a new system for 
L - 1  reviewing and processing of permits, leases and approvals 

. for proposed resource projects and activities in the 
.-I I coastal area of Alaska. Thia new system is designed to 
I i 
0 _' reduce the time taken to make permit decisions and elimi- 

nate much of the duplicative review that has occurred in 

r -11 the past. 

The 'nar.system will make several changes that will ditectly 
affect you. These changes and major features are summarized 
below. 

The new system applies only to proposed projects in 
the coastal area of Alaska, 

O A Coastal Project Questionnaire must be completed and 
submitted when you apply for permits, leases, 'or 
other approvals, except when applying for placer 
mining permits, 

~pplications' required for approvals from the Alaska 
Departments of Fish and Game, Natural Resources, and 
Environmental Conservation for a project (or a 
specific phase of a project) must be submitted . -  

together as a packet. 

O Application ackets will need to be submitted to the 
appropriate 57 off ce for the region in which the 
proposed project is to occur. They must be submitted 
as ~follows: .. . . 

1. Packets 'that include applications to more 
than one State agency or for projects which 
require Federal approval(s) must be submitted 
to the regional Office of Management and 
Budget, unless fees or confidential infor- 
mation are included. 

2. Packets,that require fees or confidential 
information must be submitted to  the 
resource agency with the requirement. 
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. - 3. Packets tha t  include application (s) for  a 
project requiring approvals from only one 

. . State resource agency and no Federal agency 
mis t  be submitted t o  tha t  State resource 
agency. 

4. Placer mining act ivi ty  covered by the 
Annual Placer Mining Application must be 
submitted t o  the Departqent of Natuxal 
Resources. 

For your information, enclosed is a l ist of agency contacts 
and a map of the coastal wea. 

If you have any questions.concerniag the new review . 

process or  would l ike  .to receive a copy of the a n i s t r a -  
t ive  Order which outlines the new process, please contact 
the Office of Management and Budget, Division of Govern- 
mental Coordination, i n  Fairbanks (452-15 45 ) , Anchorage 

. (274-35281, or Juneau (465-3562). Questions specific t o  a 
siagle agency should be directed t o  that agency. If you 
have general questions concerning information and agency 
contacts for  local, State o r  Federal p e d t  approvals both 
in and outside the coastal area, you may w i s h  t o  contact 
the Departntent of Environmental Consemation Permit 
Information Centers in  Fairbanks (452-23401, Anchorage 
(279-0254) o r  Juneau (465-2615). Collect calls are 
accepted. 

I appreciate your cooperation in  the implementation of 
this new system. 

Robert L. Grogan Q 
Associate Director 

s jn/1383 

Enclosure 
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Yes No 

i l *  I s  the p r o p o d  project on stat.-orrmd lands o r  d l 1  you n d  to cross state lands f o r  access? 

I 
2, Do you plan t o  uao any of  tho f o l l d q  r t a t w o m d  ~ r c o s ?  

: I Sand and Crave1 Yes No X Ifyes,amount Source 
~r-r yes - ~o x ~ ~ y e s , w o u n t  sourn 
Tl-r Yes No X I fyes,wount  

r -  1 ~ t h . r ~ a t e r t a ~ s  Yes N ~ X  
i l  (peat, but ldlng stam, etc.) 

Yes Ho 
Do you plan t o  d r f l l  a gootherut moll? 

a 
4. Wit1 you be axpl.orfng f o r  or axtractfng co i l?  

r -I I !, ; 

L I / 5, .WII you be hirvestfng t f h r  tram 10 or  a m  acres? 
I! _ - X 

i ,:]:] 6- 
Wf l l  you k investf gat1 ng or  m f n g  Mstcir ic or arc)nologicrl resources an state-orrmd landst- X 

i J  1 -  I F Y w m g r n n e s E O U E S t l m ,  Y W W N Q T ~ ~ A L F R O ~ ~ M A U S K A O B ~ W M N R A ~ R E M U R C E S  
, (omr). co To PART c. 

- ,  
: ,  

[ . i ~ i r m r w n a a m m r n l m a t m K a m I m , w * y ~ A - I ~ m - ~ ~ - m .  r W E m m m m  
IDOttlFY AIO OBTAIN Am NEQfSARY APPLICATIOIS F O M ,  

If you h v e  -0t.d y, a n  you na appltut fon(s) fo r  pdtr or  approwlsf - 
If no, fndicate m a w  belorrt 

- a. (person contactad) to ld  am on that no DNR approvals o r  p e d t  
were mquf red fo r  thi s pro je. 1'1 - b. DNR rogulatfons have no requfmment for a pdt or approval. 

d - '  - c. Other 

.I PART C Depirtmn~t of Ffsh and C a r  Yes No 

1 , I  
' - 1. Wf 11 you k rmrkf ng i n  a stmua or  lake ( f  ncludf ng the mnnf ng water or on Wm ice, r f  thf  n the 

gravel floodplain, on islands, the fa- of  tho banks, or the stream t fdef la ts  doln t o  mean low 
E - (  t fd.)? r 'A - 

of stream or  l a b  N\m\t&Ttqrr  
J 

If yes, w i l l  you be dofng any o f  Wm f o l l d n g :  

buf ld f  ng a dam o r  r fver  t ra in ing structure 
urf ng the water 
dfvertf ng the stream 
blocltfng or d a d n g  the strear (temporarily or  p m n e n t l y )  
changfng the fla of the water or changf q the bed 
pullpf ng water out  of the stream or lake 
f ntroducf ng s i  1 t, gravel, rock, petroleum products, debris, chuufcal r,  or wastes of any 
type fnto the water 



i 
I 

h) usf ng th. s t rum rr r road (ewn when frozen), or  crorrf q tha s t r e u  with t r a c k d  or  Yes No 
I I rrh..led vehf cles, logdraggf ng o r  exavatf on q u f  pnmt (backbas, bu l l  dozers, etc. ) - &  

I i )  a l t o r f q o r  r tabf1lzfngthabrnkr X -  
I j d n f  ng or  df ggf ng f n the bqds or  banks >(.- 

k) urfng explorivos 
( 1 1 )  buf ldfnga brfdgo ( fnc ludfnganf labr fdgo)  

I ' m l  ins ta l l fng r culvort of othor drafnrge structure 

I s  your project locatad fn  r S t a k  Rofuga o r  C t f t f c r l  Habitat? 
" I 

IF  YOU AIISWERQ) 5 TO THQE QUESTIONS, YOU 00 NoT NeED A PERnlT FRU4 THE AUSM DEPARR(MT QF FISH ANO (OH;). 
I co m PART O. 

I ( I  

I I If you have a1 ready contacted DFG, a n  you nor s u b l  t t f  ng an rppl icatfon for  pd t ( s1 t  K -  

1 - 1  I - a . (per- contactad) to ld  a ocr (data) that  no O R ;  pomfts mm requf red for  

ny proj.Ct- 
b .  OVw 

PART 0 hnrrtamt of  Emrf r a u n t a l  bnsewatf  ar 
1 -, I  - 

I 1. M I  11 r df sch.&o o f  r r - t o r  f r a  industrfal o r  -& a1 oporatf au occur? 1 .  - $L 
. . 

; 1 2. H I 1  your project gatorat. af r d saf a s  troll the fo: ldngz 
I I 

t - '  
a) df esel g m r a t o r  - X - A 

:J e l  aspitalt plant I - X 
d l  fncfnerator - A 
e indur t r f r l  process 

P - 1 .- A 
I . ]  

3. W i l l  a drfnkfng mkr  supply be dovelopod? 

4. Wf 11 you be pmceasi ng swfoodt C i 
0 - 

5. W i l l  food sewf ce be provf dad to  the pub1 i c  or rrorkersl - A 

/ 6. H I 1  t h p r o j e c t ~ l t f n d r e d g f n g  brdfsposr l  of  f l l l  i n w e t l a n d s o r w a t e ~ ~ s 7  
L - >( - 

7. Is oh-lot m g e  or greymeter disposrl involved or  necessary? . - & 
I i l  
- 8. W i l l  yourproject result fn  thodovel-t of acurrent ly unpermftfed f a c i l i t y  for the 

df sposrl of -stf c o r -  industrial sol i d  waste? - X 
I - I  
1 1 9. Wf 11 your project require storage or  transport of of 1 or other petrolem products i n  

exess of 660 gallons? 
1 ,  

- 2L 
/ 10. Wf 11 your project requf re the appticatfon of o i l  or pesticides t a  tha surface of the land? - A 



11 I, IF YOU A)o 9 TO mr ff W E  @I€STIONS.YW MY Hm, A PERMIT FROn DEC. PLEASE CONTACT THE OEC REGIONAL O F F l C  
fO iOO(T1FY M OBTAIN ANV NECESSARY W I T  APPtlCATltM FORMS. 

1 
1 If you h v o  81 ready contacted th. A l i r l u  ma-t of Envf ronrnkl b n u c v r t f  on, a n  you now subai t t ing  an appl i ca 

' tfon for pormft(r)? 

-1 it m, f m M b  w mason M a  

8 1 (porton oontackd) to ld  r on (data) that no OEC p o d t r  wore r e q u i d  

I / -  ; for my project. 

r - ;  To th. bost of wy lurorrledgo, tha 8baw fnforuatfon Ir recurat. and ooapld.. 
r I 

Data 
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; I  State o f  Alaska Pennittinq Offices 
Southcentral Region 

I - DEPARTMENT OF NATURAL RESOURCES DEPARTMENT OF NATURAL RESOURCES 

r ' 
O i l  & 6as Act iv i t ies 

0 
i j 

. I DNR/Oi1 and 6as 
Pouch 7-034 

' i  
Anchorage, A1 as &a 995 10 

L I  
(907) 276-2653 
Contact: Ted Bond 

, I  
1 :  1 .  I Mining Act iv i t ies 

DNR/Ml n i  ng 
Pouch 7-034 
Anchorage, A1 as ka 99510 
(907) 276-2653 
Contact: Jerry 6a l l  agher 

Forestry Act iv i t ies 

DNR/Forestry 
Pouch 7-005 
Anchorage, A1 as &a 99510 . (907) 276-2653 
Contact: . Craig Olson 

Agri cul ture Act iv i t ies 

DNR/Agri cul ture 
Suite 102, Transac Bldg. 
Pouch. A' 
Wasil la, AK 99687 - 
(907) 376-3276 

, Contact: Dean Brown 

Act iv i t ies on State Park lands 

DNR/Parks 
619 Warehouse Avenue, Suite 210, 
Anchorage, A1 aska 99501 
(907) 276-2653 
Contact: Sandy Rabi nowi tch , . 

A1 1 Other Act iv i  t ies  

Pub1 i c  Information 
Southcentral D is t r i c t  Off i ce 
DNR/Land and Water Management 
3601 'C" Street, Frontier Bldg. 
Pouch. 7-005 
Anchorage, A1 as &a 99510 
(907) 276-2653 
Contact: Elaine Nelson 

DEPARTMENT OF FISH AND GAME 

DFG/Habi t a t  Division 
333 Raspberry Road 
Anchorage, A1 as &a 99502 
Contact: Phil Bma or 
Gary Leipitz a t  (907) 267-2285, 
o r  Denby Lloyd o r  Kim Sundberg 
a t  267-2346 

DEPARTMENT OF ENVIRONMENTAL 
CONSERVATION 

DEC/Southcentral O f f  i ce 
437 E. St .  2nd Floor 
Anchorage, Alaska 99501 . 
(907) 274-2533 

Contact: T i m  Runrfel t 

OFFICE OF. MANAGEMENT AN0 BUDGET 

3301 Eagle St., Suite #307 
Anchorage, A1 as ka 99503 
(907) 274-3528 
Contact: Jack Heesch 





, i  - .  
, , 

. 333 Raspberry Road 
. . Anchorage. Alaska 99502 FORM 2'  

Office Use Only 

. . GENERAL WATERWAY/WATERBODY APPLICATION 
ALASKA DEPARTMENT OF FISH AND GAME 

A. APPLICANT 

L\tu oC HcdtOK 

2. Address: - ~ \ + q  &.\fir, 
I 

de~+ou, a\* Wss9 . - . Telephone: nsq - x3\5 

3. Pro jec t  Contractor: Name # 

Address r: 
= Telephone: 'k 

8. TYPE AN0 PURPOSE OF PROJECT: I bank cmwan n 

- 

i ' j  . M U  , Y  bank 
h 1 

J - 
C. LIICATI ON OF PROJECT SITE Qb+ 

F - >  

il 
i 

1. Name o f  River. Stream, o r  Lake: 

o r  Anadmumus Stream # ss'LIQ' \qm 

2. Legal Description: Township \DN Range 87 w Meridian . S C ~ C Q \ ~  

Sectfon 25 USGS Quad M a p b ~ d  n - ~ i  0 - 8  

3. Plans,  Speci f i c a t i o n s  and Aerial Photograph (See s p e c i f i c  i n s t r u c t i o n s )  
t b b :  m\S \r?forrvlo+l~n must Qb-Wny 

qm\~-+(cn 

D. TIHE FRAME FOR PROJECT: * t o  ar ( d a t e s  ) 

E. CONSTRUCTION METHODS : 

1. M i  11. the stream be diver ted?  

Yes No 

How w i l l  the stream b e  diver ted?  n\h 

How long? N\R 

2. Mil 1 stream channel iza t ion  occur? - X 



: 'I. *= 

. Yes No 
3. Will the banks of the stream .be altered or  modified? . x - 

4. List a l l  tracked .or wheeled equipment (type .and size)  ' that will be used 
; In the stream ( in  the water, on ice, or i n  the floodplain) 

How long w i l l  equipment be i n  the stream? -JJ h . 
1 _ 'J . 5 a. Will material be m m v e d  fm the. floodplain o r  bed o r  

the strearm o r  lake? 
r - ' I  

X - 

. b. Will material be removed from below the water 
table? - A .  
If so, t o  what depth? . 
I s  a pumping operation planned? - - 

L 6. Will material (including spoils,  debris, o r  overburden) be deposited i n  

-1 
the floodplain o r  i n  the stream o r  lake? .A - 
If so, type -0 s ri\f'. 

Disposal S t t e  ~oca i ion(s )  3 P\MS 

Will blasting be performed? X 

Weight of charges 3 
Type of substrate 

Will temporary f i l ls  i n  the stream or  lake be required 
during construction (e.g. for construction t raf f ic  around 
construction s i t e ) ?  - K 
Will ice bridges be required? - 2,- 



F. SITE REHABILITATION/RESTORATION PLAN: On a' separate sheet present a site 
rehabi 1 i tation/restora,tion plan (See specific instructions). 

:Wi 6. WATEREODY CHARACTERISTICS : 

Width of s t e a m  .4000- sdoo F). 
F 11, 

Bli - .  Depth of Stream or  Lake 3 5 - 4 ~ ~ +   ax 

Type of Stre- o r  Lake Bottom . 3 A- = .  a.axmm 
(e.g. ,Sand, Gravel., h d )  

Stream Gradient Mt\n tn odvmr - d-ris o n  t c d r s  

H. Hydraulic Evaluation: Yes No 

1. Mi11 a structure (cog. culvert, bridge supiort..dlke) 
be placed below ordinary high water of the stream? X 
If yes, attach engineering drawings o r  a f i e ld  sketch, as described i n  
Step 0. 

For culverts, attach stream d i  scharge data f o r  a mean annual flood 
(p2.3), if available. 

Describe potential f o r  channel changes o r  increased bank erosion, if 
1% tn (hvL$ applicable. me 0-w I OQ - I ~ ~ , S  

*3.P . dccyefwc *bC m+ea e m ak C M S m n  

i -11 
I .I 

2. Will more than 25,000 cubic yards of material be removed? x 
If yes, attach a written hydraulic evaluation including, a t  a minimm, 
the fo l l  owing: potentlal f o r  channel changes ; assessment of increased 
aufeis (glaciering) potential ; assessment of potential f o r  increased 
bank erosion. 

I HEREBY CERTIFY THAT ALL INFORMATION MADE ON OR IN CONNECTION WITH THIS 
APPLICATION IS TRUE AND COMPLETE TO THE BEST OF MY KNOWLEDGE AN0 BELIEF. 

- - J 
{'I ignature of Applicant . b a t e  11 
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1. Papot.. A l l  w n t a  @ h a l l  ba u d a  on 
o r  bdora tb. d w  &La to tb. ,104 r g r u a n t a t i v a  
of tb. U.S. f l ab  a d  Vildlifa smrdca by a poa td  
DO* ordar or &a& u d a  p.y4bla to  tb. -U.S. f l ab  
a d  Yildlifa Semica. . 

2. tha lkd ta t iom.  Tha p d t t n ' a  o r  of 
th. damcribad p r r i r a  i a  lidtd to t l n  p~pomaa 
heroin a p e i f i d ;  d o u  not rslaaa praidod f o r  i n  
thia p.dt dla bL/har  t o  r u t r i e t  otbmr autbo- 
r u e d  antry on to h idhar  at..; a d  pami- th. 
Sbr*ica to carry on wbatwar a e t i r i t i u  ara mew- 
ma- for  (1) protadion a d  m i n t a ~ . ~ ~ a  d tb. 
p r u i r a a  a d  d j a e a n t  t d m  d d n i a t a n d  b tb. 
Semiem d (2 )  tha r q . r n t  of d l d l i f e  a d  f iah  
u a i p  th. p r d r a  a d  otbir  k d c a  lad.. 

3. Dnmgaa. Tha b i t &  Statam m h l l  not ba 
r u p n a i b l a  fo r  a w  lor. or d r y *  t o  proparty 
includiq but oot llrltd to g r a i n #  cropa. ant- 
u l a ,  a d  mehiwry; o r  i q j q  to  tha p d t t a a ,  o r  
bia/har rda t i raa .  o r  to t ln  offiearm, qan ta ,  
r p l o p w ,  o r  a w  0th- rbo am on th. p r d a a a  
I r a  imtruct iom or  tb. a u f h r . n u  d tb. 
p a d t t n  or hir/har aamodatu: o r  for  *am or  
intadaranca uumd by rdldlifa o r  r p 1 q . u  or  
r.preaaatatkaa of tb. bvarmmot c a r r y i p  aut 
thair  of f i e i d  raapoomibilitiaa. The pdttn 
agree# to am* tha Onitad Stataa or of it. 
ageoeiaa h a l e m a  f r m  a10 a d  dl c k k .  fo r  
d-ea or l a n o  tht my a d n  or #' ioeidant t o  
the flooding d tb. p r d a a a  r w u l t i w  f r a  a~lp 
armciatad Cova-nt river a d  harbor, flood eon- 
t ro l ,  r a c l m t i o o .  o r  T a ~ ~ a n a  Vmllay k t b r i t y  
activity. 

4. Opmratiq Lulao a d  Lm. Tha pcmittn 
a h d l  h a p  tha p r r i u a  i n  a n u t  a d  o d a r l y  
cod i t ion  a t  dl t h a .  id #lull cmply d t b  all 
muaicipd, caupq, a d  Staca la- appl iubla  t o  tb. 
oparatiom cm&r t lu  p d t  am -11 am. dl Iadaral 
lm, ~ l a e .  a d  r q u l a t i o m  gowamiw Hationml 
Wildlife l.fu(la* bad tb. araa dmuribod i n  chi. 
pemit. Ibe paittam rh.11 emply u i tb  dl im-  
truetiom appliubla  to  thia prrit i a . 4  by tb. 
rduga officer i n  &uy. Tha prrittn a h r l l  t h  
a11 reuooabla pra-tioom t o  p r m n t  tbm a a c q .  d 
f i r u  a d  to auppaar firma a d  .lull r d r  dl 
rawnabla  aaaiatanca i n  tb. auppruaion *d rdup 
f i r m .  . 

5. Lapomibi l i ty  of h d t t e a . .  T h  p m l t -  
taa, by opera t iq  on t b . . p r d u a ,  m b d l  ba eon- 

-. . midatad t o  h a  a c u p t d  t k a a  p r r i r a  d t h  di 
tha f a d l i t i r .  fk turaa ,  o r  impr-ntm i n  tliair 
a d r t i p  c o d i t i o n .  a# of th. data of tMa pdt. 
i t  th. end of tb. p r i o d  r p d f i d  o r  upon aar l iar  
t a d l u t i o o .  tha p d t t a a  ahmll giva up t ln  p r r  
r i r e r  i n  am p o d  ordar and c o d l t i o n  aa &.a 
racaivad .rc.pt for  ruaombla mar,  tear,  o r  
d-ge o e a r r i m  w i t b u t  f m l t  or nmgll#enea. T h  
pernittam rill ful ly r q a y  .tb. %mica for  a- and 
a11 d..ya dirmccly ,or'. i d i r b c t l y  r a a d t i q  f r a  
nwllganca or  fallura om bialbar part, o r  tbr part 
of aayona of hiatbar aemcia tu ,  to UM reuonabl. 
car*. 

6. I . roocioo Pollcy. Thir p m i t  r y  be 
revohd by the Regional Diractor of th Service 
without ccltics for ooaeapliance with th term* 
harsaf o r  ;or violation of g n e r d  atidlor a p c i f i c  
1.- c r  ragulatiom gwarairy R a t i o 4  Yildlife 
Refwe. or for  nomas. I t  i m  a t  dl t h e  aubjact 
t o  dlacr-ciorury r u o o t i o n  by the Director of th .  
Service. Upon auch revocrtion the Smvice. by and 

t h r a y h  q m t b r i a a d  tgromIOtatim. my tmkm 
poanaaioa d tb. a d d  p r r i a a a  fo r  i t m  a m  a d  
rola uma, o r  my m t e r  a d  poauim tbm fJ.r mm 
tb. ymnt. of t l u  prmittn ad for  himbar u-t- 

7. Cmpli.lm. Ial lura  d tlr % M e *  t o  
i r u i a t  upon a a t r i c t  cmplimca dtb .110 d t h l m  
p e d t ' a  t a m ,  c@tiolu. a d  .t.ld.0t8 a h l l  
not c o ~ t i t u t o  a r i v a r  o r  k t w t d a r d  u a 
@do( up of tb. Serri *m r b b t  to  t k m d t a r  
a d o r c e  a- d tb. pasD. ta-. c d t i - ,  or' 
raqufrmanta. 

8. Tarrimtion Policy. At tlr t a a i w t i o n  
of thia parnit. tb .  ppittr a b d l  M a t d y  
g l . r  up poauaaion to tbr  & d c a  wr.uoca t iva ,  
rmmarriq, b n v a r .  t b  r-U m p d f i r l  i n  p .rr  
g r q b  9. If  l u / r h  fa i l8  t o  do mo, k / m b , d l l  pay 
tba ~ o w r k a t ,  aa I iqy ida td  an t 
d a b t -  tb. rara a p d f i d ,  i n  t U a  'pqlt f o r  tha 
an t i ra  tfm poanaaion i m  d thbr ld .  Upon fial&x 

'poamarriaa. tb p m i t t o . ' d l l  a t i l l  k d l 4  t o  
reantar a0 d a d  t o  m m  U/bar prp.r ty  am 
a t a t d  i n  par-rqh 9. % weqtana d a q  fa* 
f o r  l i q u i d ~ t d  or  .ql otbmr ut of d d d a -  
t ra t ion  r a l ~ t i w  to tba coati& t- l a  not t o  
be cocuidard am an d f i m -  d tln pdttw 
action nor a h l l  i t  oparmta am a r i w r  d tbm 
C a r r w n t ' a  rQht  t o  tarrimat* or  caned th 
par r i t  for  tb. braad  d .ql a p d f i d  e d t i o 8  o r  
r q u i r w n t .  

9. m-1 d h r r i t t r l a  Woparty. U p m  
t b m  axpiration or  t e d m t i o r  d thla pdt ,  i f  
a11 r a n t 4  eh.rgar a d / o r  ' &lm b m  t o  tbm 
m - n t  hma baa  mid, tb. p m i t t ~  my, 
ui thin a roaaonmbla p r i o d  u mtatd  i n  tlr pnrit 
o r  u & t a r r i d  by tb. rrl- d f i c a r  i m  chart.  
h r t  aac to  a c d  60 bf.. r dl 8tNCtmea. 
machiwry. a d l o r  orbar a q d p m t ,  ate.. f r a  th 
p r d n a  for  hi& b./aL. is r w p r i b i l a .  Ulthln 
tbia  p r i o d  tb. prrittr r m t  . L o  - a w  
othar of bim/bar propar- i m l d i q  h l m k r  a&- 
1 4 e d  aham of p r h t m  or  c r q .  pa. a t .  
barweatad. a t o r d ,  o r  .tack4 om tb. primas. 
Upon f.Flura to  - .q d tb. a- it- 
witbin tb. d o r o a i d  -rid. t- r b d l  krar th. 
pr-rty of tb hitd Itatam. 

10. T z m m k r o f M v i l q m a .  - pe t  i a  
not tramfarable, a d  m m i d m a  l n r d n  r e -  
t i a d  .my ba mublat or lrl. mmilabla to  a q  
pamom or  in ta rwc  n a  m a t i d  i n  thii pdt. 
l o  interamt haruob.r my e c n u  tbt- l l an  or  k 
t r . p l f a r d  to a tbid party d t h t  tb.- appewml 
of tb w i o o r l  Di ru tor  of t b m  U.8. n a b  a d  
Vildllfa Sarriea a d  tb. p d t  a b d l  not ba uiilb 
f o r  rpculat iva prtpoau. 

11. b a d i t i w  or h d t  not h I l f i l l d .  u 
tb. p d t t a e  f a i l r  t o  f u l f i l l  a q  of cb. eon- 
di t iom a d  r q u i r ~ n t m  oat forth hamin. dl 
10- p d d  c ~ & r  thia p a d t  a l u l l  k r a t d d  by 
tha Covarmant to k u n d  t o  aatimfy a8 orwb of tb. 
p a d t t a a ' r  obllgotiom am poaaibla. 

12. W f i e i d a  hrrd f r a  h r t i c i h t i p .  Ib 
M k r  of Copraaa or  Raaident M a a i o - r  * lu l l  
participata in  any part of thia eoatrpct or t o  q 
b e a d i t  that my aria. I r a  i t ,  but thia prmiaion 
e h d l  not pmrtaln t o  t N r  contract i f  udr r i t b  a 
corporation for it. gmnard b n d i t .  

13. Nondircrhiartion i n  b p l q r n t .  The 
parnittee agree* to be baund by tbo q u a 1  oppo* 
t m i t y  cl,.uss of I ~ c u t i v a  Ordar 11246. a8 -nded. 




