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Figure 3-3: 1997 Current Speed Cumulative Frequency Diagram
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Figure 3·5: 1998 Summer Meteorology Record, NOAA Station #9497645 1, Prudhoe Bay, Alaska
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SECTIONFOUR Characteristics 01 the lagoon Water

The oceanographic environment within Lions Lagoon is a relatively shallow marine lagoon thai
is situated south of a barrier island complex with a width of approximately 3 to 4 miles, and
water depths typically between 5 and 13 feet (ft). The other marine environment is the Beaufort
Sea. The barrier island complex parallels the coast and extends approximately 18 miles from
Challenge Island on the west to Flaxman Island on the cast and serves as a boundary that
separates the two marine environments. Channels or gaps between the barrier islands serve to
connect the lagoon waters with the Beaufort Sea and are an important pathway for hydraulic
communication. Thus, this coastal lagoon system serves as an interface between freshwater
sources and the ocean.

4.1 LIONS LAGOON BATHYMETRY

The barrier island complex serves to shelter much of Lions Lagoon from exposure to stonn
waves generated in the Beaufort Sea during the open-water periods. The lagoon is divided by the
Mary Sachs Entrance, a broad 2.25-mile pass between North Star and Flaxman islands. The
lagoon east of the Mary Sachs Entrance is shallow and is protected by Flaxman Island, while
west of the Mary Sachs Entrance is a deeper and wider lagoon that is open at the west end.

The eastern third of tile lagoon is shallow, with depths generally less than to ft. Shoals are
common near the mouth of the Staines River and western distributary of the Canning River and
extend toward Point Brownlow. The channel between the east end of Flaxman Island and Point
Brownlow (Flaxman Pass) is narrow (1,200 fl.) and relatively deep (26 ft). Historical soundings
obtained from NOAA Chart No. 16045, revised in 1996, suggest the lagoon is asymmetrical,
with deeper waters near the mainland shore and a gentle slope from the mid-channel north to
Flaxman Island (Figure 4-1). Water depths within the lagoon gently increase towards the west to
a depth of 8 fl. approximately mid-length of Flaxman Island and reach II ft immediately
northeast of Point Thomson.

Mary Sachs Entrance is a broad and relatively deep channel, with a northeast/southwest oriented
channel that extends toward Point Thomson. Water depths within the channel are typically 9 to
II ft with the lO-ft isobath approximately 2,400 ft north of the mainland shore in the vicinity of
Point Thomson (Figure 4-2). Mary Sachs Entrance provides a break in the protection offered by
the barrier islands, exposing the shoreline adjacent to and east of Point Thomson to offshore
stann events. The increased exposure to waves is evident by the well developed spit and bar
fonnation along the mainland shore.

The western portion of the lagoon is protected by a group of barrier islands known as the
Maguire [slands (Challenge, Alaska, Duchess and Northstar islands). This portion of the lagoon
widens from 1.5 miles at Point Thomson to 3.5 miles near Challenge Island. Water depths
adjacent to the mainland between Point Thomson and Point Hobson arc typically 7 to lOft and
gently increase to 16 ft at the west end of the lagoon.

4.2 REGIONAL PROCESSES
The size, shape, and orientation of Lions Lagoon is similar to the geometry of Simpson Lagoon.
The prevailing wind direction, hydraulic communication with Beaufort Sea, location and size of
freshwater source (east end) all make Lions Lagoon a nearly perfect analog of Simpson Lagoon,
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SEcnONFOUR Characteristics of lhe lagoon Water

about which much is known and therefore transferable to understanding of physics and biology
of Lions Lagoon. Our present understanding of the regional processes indicate that the
hydrography of virtually any location along the Alaska Beaufort coast is governed primarily by
proximity of a freshwater source and recent wind history. and secondarily by the occasional
profound effects of regional upwelling and downwelling phenomena.

The 1998 study documented substantial freshwater input that resulted in brackish nearshore
waters immediately adjacent to the Staines and Canning rivers. During persistent easterly winds.
the river discharge is advected toward the west, and thus dominates the water column within
lagoon system south of Flaxman Island. The remainder of Lions Lagoon is not adjacent to a
notable freshwater source; however, tundra stream runoff serves to create a thin brackish band of
nearshore waters within the protected western portion of the lagoon system.

Mary Sachs Entrance and to a lesser extent, Flaxman Pass, and the other channels between the
barrier island complex serve as pathways that connect the lagoon system with Beaufort Sea shelf
and bottom waters. Meteorological and current velocity records collected in 1997 show quite
clearly the hydraulic responsiveness of Lions Lagoon to wind direction. East winds produce a
westward stress on the surface of Lions Lagoon, causing Beaufort Sea waters to be drawn
southward into the lagoon system through its various entrances. The opposite effect is produced
by west winds, causing water 10 flow northward out of the lagoon and into the Beaufort Sea.

The interaction between the brackish nearshore waters and marine bottom waters was clearly
observed in the 1997 salinity time-series records. Pulses of cold, saline marine waters flowed
through the barrier island channels (Mary Sachs Entrance and Flaxman Pass) and into the lagoon
during persistent easterly winds. These upwelling events coincided with depressed water levels
within the lagoon. The 1998 CTD surveys confinned that the marine bottom waters enter Lions
Lagoon through all of the barrier island channels during persistent easterly winds. Thus, the
regional upwelling process affects Lions Lagoon in the same manner along the Beaufort Sea
coast that has been observed in Simpson Lagoon and elsewhere.
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SECTIONFIVE Conclusions

The 1997 and 1998 physical oceanography studies confirmed that regional processes govern the
water column structure, water movement, and water level within the lagoon system. Specific
regional processes that were observed within Lions Lagoon include:

• Local freshwater input from the Staines and Canning rivers created brackish water conditions
for lagoon waters south of Flaxman Island. The lack ofnotable fresh water was evident
along the western portion of Lions Lagoon

• Upwelled marine bottom waters entered the lagoon system through the channels between the
barrier islands during persistent easterly winds, that also depressed the water level

• Elevated water levels corresponded to persistent westerly winds and short (24 to 36 hour)
periods of mixed easterly and westerly winds. Typically, uniform brackish t:25 part per
thousand) conditions were observed throughout Lions Lagoon

The geometry of the lagoon system influenced water movement and water quality. Specific
observations include:

• The channels between the barrier islands served as pathways for Beaufort Sea shelf and
marine waters to enter Lions Lagoon during easterly winds

• Current direction within Mary Sachs Entrance and Flaxman Pass were parallel to the charmel

• The barrier island complex effectively protected the lagoon waters. Turbidity and suspended
sediment were elevated for waters adjacent to the Staines and Canning rivers, and in the
channels between the barrier islands

The combination of regional and site-specific studies is necessary to meet U.S. Federal and State
of Alaska regulatory requirements. As the conceptual engineering advances, the location and
dimensions of the dock and other coastal structures will be established. At that time, physical
environment studies will be designed to collect sufficient site-specific information to support the
permitting process.

S:\PROJECTS\WCC\986002NA\Doc>.lReporI\V~rsIon2\F""'Iver2_d0c\20·MAY·991966002NA\1.5-1



SECTIONSIX References

Colonell, 1.M., and BJ. Gallaway (1990). An Assessment of Marine Environmental Impacts of
West Dock Causeway. Report for the Prudhoe Bay Unit Owners represented by ARea
Alaska, Inc. prepared by LGL Alaska Research Associates, Inc. and Environmental
Science and Engineering, Inc. Anchorage, Alaska. 132 pp. + appendices.

Kinnetic Laboratories, Inc. (1983). Oceanographic Engineering Services Point Thomson
Development Project (Agreement Number PTD-8204). Prepared for EXXON Company
U.S.A.. Volumes t, 2A, and 2B.

S,IPROJECTSlWCCI986OO2NA\OocslRcvo<1lVel'$!on2IFinlIlver2.docI2O·MAY·99I9B6OO2NA\7~ 6-1



Appendix A

1991 Phvsical Oceanography And MeteorologyRecords



;;:

~
~

:rl
o
;;:

'"~
~
en

'"'"'"-

~

'"'"""::!
3

'"00

'":>.

'"U>

g,
."
;;;
><
3
'":>
;;:

'"it
o
i3

0 0

"'~> III

" ::J"'a.
~;;:

"'!!l00'<

'" 00"0 III
-0
~::T

"'U>
"'m
""::J-;;

::J
g

2
~

Cil
;l.

l(!
=.o
:>

~
::J
a.
~
0"
o
~

~

'"'"....
."
;;;
><
3

'":>
~

'"::Ja.
;;:
!!l.
'"o
i3
o
'!!.
g

Speed (mph)
w ...... I\)w ....
~ 00000

Wind Direction (degree true)_ N

~ ro ~o 0 0

*~-F I

o

04-Aug '~~~~~~~~~~~~i~~OS-Aug

06-Aug -

07-Aug' _ ..~

OS-Aug I
09-Aug

to-Aug l_-...f:::::=~=~~~--l1-Aug·

12-Aug ~"'~::+----f----t

13·A" ~=E~~~l4-Aug

lS-Aug

l6-Aug j:~;;~;;~;;~;~;,l7-Aug .~

l8-Aug

19-Aug

2o-Aug ~iiiiiiii~:::'J-'"
2l-Aug

22-Aug ~::iii
23-Aug -1

24-Aug

2S-Aug

26-Aug

27-Aug 1:=:3~==f:==1iii::=~28-Aug 1
29-Aug

~

30-Aug

31-Aug

01-Sep

02·S,p1~$~~~03-Sep

04-Sep

OS-Sep

06-Sep

07-Sep

08-Sep

09-Sep

10-Sep

11-Sep

l2-Sep

l3-Sep

l4-Sep

::!
a.

'"

~ :::l
2La
!!1 '"a. III

'" 2l.
-'"::T::J
III a.
-0
"'-it'"
'" III-3

III
::J

U>
;;;
::J
a.

l-

Water level
~ha~ge.1cml _

§§§§~§

I I I I

f
, '~

:rlo
;;:

'"lin;;:
-Ill
Z..:1
en
",00
",Ill

~g.
!!i'"",m
_::J

'" "~~ ~
:::g
!!iO
'" "~ ~

a.Cil
~ ;l.
IS: s:
III '"-it
~ ~

'"[

~

o
o

~.

>:"

,Speed (mls)

~

f

-...
"l

~
~l
~
<

li!-e
<

N '" "o (]I 0 c.n
w
8'";oj

5=-

~

'"o

--

<D
o

Direction from (deg. true)

04-Aug °t":::~:::~::::::~:::::::::::::9~~~l
OS-Aug

06-Aug

07-Aug .

08-Aug

09-Aug

lo-Aug

11-Aug

12-Aug

13-Aug

14-Aug

1S-Aug I
16-Aug j-~~~f~~=~=:;o"",.,....---17-Aug t
18-Aug

19-Aug __

2o-Aug

21-Aug

22-Aug

23-Aug .

24-Aug .,

2S-Aug

26-Aug

27-Aug

28-Au9 j I 7§
29-Aug .

3O-Aug ! 51

3H"'~.01-5ep

02-Sep .

03-Sep

04·Sep

<J5.Sep

<J5.Sep

07-Sep

08-5ep·

Q9.Sep

llJ.Sep

1t-Sep

l2-5ep I~",,::;;;::;;;.b_-;;;;;!!i...!iil3-Sep -J.

l4-Sep

'\
~

~

.l:» en CO a

~

Temperature (Celsius)

D

.,

~

LJ
1/

N a I\:l~

~

J

~
(
c

.I
<

l
.1

......

..

,

~

Salinity (ppl)

'" '" wo '" 0'"04~AU9-~

05-Aug -

06-Aug

OJ-Aug

DB-Aug

09-Aug

to-Aug

11-Aug

12-Aug

13-Aug

14-Aug

15-Aug

16-Aug

17-Aug

18-Aug

19-Aug

20-Aug

21-Aug

22-Aug

23-Aug

24-Aug

25-Aug

26-Aug ...

27-Aug

28-Aug

29-Aug

3D-Aug

31-Aug

Ot-Sep

02-Sep

OJ-Sep

04-Sep

05-Sep

06-Sep

07-Sap

OS-Sep

09-Sep

to-Sep

11-Sep

12-Sep

13-Sep·

14-Sep

(f)

i:6
"8
~

""'o
!'t
"'o
!'t
i'l
~

~
~
ro

6
g
~
o
~

m

"X"

l'
~

"m-<



Spnd(mph)w
'" - '" W ""0 0 00 00

•
~

'"'".....
-l
3'
'"C/)

'"~(;j"
"'0-"T1

~ iii
'" ><
'" 3..... ..
!! "..

"'><
3 .... "" a.

"'
;:

iii '"0-

" .. ~a.
;: l>~

r:: Q.
CD

'" 0- ,'"'"0 ~'<
~ ", ..
Q. c/)"0 '" a.'" -0 "T1
0 -iii.. ~><

C/) "'3- "' .... ..... ":!.
0 "" ..

"'::E "'
" 0
0. r::

~

< ~!!. "0 -0 ;:
~ '"it

~

:Il
0
;:..-II!z
-l
0
;:
'"-

Dlrecllofl from (deg. true)- '"'" '" "000o

::::1 'f
07-Aug~ ~
OS-Aug

09-Aug {;;;;;;;~
IO-Aug

l1-Aug

12-Aug -

'3""9't3~14-Aug

IS-Aug

16-Aug 1=I!!!!!~!!!!!!~
17-Aug .~

IS-Aug·

19-Aug

I
2Q.Aug·IOiiiii~S~~
21·Aug ~

•22-Aug _

23-Aug

24-Aug

25-Aug .,

26-Aug

::::::j X- I * I
29-Aug

3Q.Aug .,

31-Aug

~:::, I I I
::::j = ?"-
os-Sep

06-Sep

07-Sep

OS-Sep -,

09-Sep I
:~:: r-=:z h I
12·Sep

13-Sep I , ! I I
14-Sep

-la:
'"s:
g
~

::E :;'.. '"_..
'" ~ '"a."
'" "'-0 --'"::r".. a.
-0..-"T1
m Q)_><

3
~

~..
"a.

Walerlevel

.sha!l981cml ~

§ § ~ § ~ g

:Il
o
;:..
~
-l"T1
0
;:~
",3- ..
a"","
","

-"''" "'~o
- r::
::E'l.. '"- "'" ~ ;:
a.'"'" -0 '"s:~..-'"'"it
'"-

I\J (Jl --J 0o (Jl a 01 0

5pHd (mil)

.

I
I:::~ :=f
::1F:
~.,.,.,-.LI--

.r""
jl!'"' -
i=S~
r-,;i;::"'
r=~ ...
i=i;::
r-F-'::,

~~
;;
a
~
~
a
c;

'"

Dlrecllon to (deg. true)

'"o

:::1'
06-'"9
07-Aug ,

08-Aug

09-Aug

H)-Aug

It-Aug

12·Aug I---=::
13'Aug.~

14-Aug

IS-Aug

16-,""

17-Aug

la-Aug

'9-Aug

2O-Aug "

21-AU9

22-Aug

23-"09

24-Aug

25-'"9

26-'"9
27-Aug

2a-Aug

29-Aug .,

30-'"9
31-Aug

01-5ep

02'" I

:::t=~ I ;;~
06-'"
07-Sep

08·...

09-Sep .,

,.....
11·'" j =a
12·'" I I13-"', I I
14-SCp .J

Temperature (Celsius)

, -
I\) 0 N ~ OJ (XI 0

I ~
"f

~

--"

-

\
?

.---

If
}-

.

(
f

I~
.

~

<::; i-

f

'"(
, ,

<
I

w

'"
5111nlty (ppl)

~ ~ ~

I~

"
II,.
p

r ~

. -f\
~

~

C?

I~

~

~.....

-= I>

I~

~ r

~
~

-'"04·Aug

OS·Aug

06-Aug

07·Aug

OS-Aug

09-Aug

H)-Aug

"-Aug

12·Aug

l3·Aug

14-Aug

15·Aug

16-Aug

17·Aug

la-Aug

19·Aug

20-Aug

21-Aug

22-Aug

23-Aug

24-Aug

25-Aug

26-Aug

27-Aug

2a-Aug

29-Aug

3O-Aug

3t-Aug

01·Sep

02-Sep

03-Sep

04-Sep

OS-Sop

06-Sop

07-Sop

De-sop

OS-Sap

I().Sep

II-Sop

12-Sep

l3-Sop

14·Sop

"~

".

'"

en

~
'":;;
'"~"'o

~
El
0>
~

0>
~

i¥;
1;1

6
g
~
n
~

0>

"~x
iF




