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General

A shopp ing m a l l is proposed in B u r l i n g t o n between Gar! Street and

H i g h w a y 1-5 between Gages S lough and the d r ive in theater. The pro-

perty owners requested tha t John Norman i nves t i ga t e the impact of the

proposed m a l l on ad jacen t propert ies . The impacts were eva lua ted and

sugges t ions were made on ways to m i n i m i z e the impacts by c h a n g i n g the

b u i l d i n g layout and reduc ing the amount of f i l l to be imported to the

project . These suggest ions were incorporated by the owner and by the

archi tec t in to the project des ign . T h i s report discusses the a l te r -

n a t i v e that i s proposed in the E. I .S .

Summary

When f lows reach about 150,000 cfs (approximate ly 50 year f lood

event) at B u r l i n g t o n , the water s p i l l s out into the overbank area.

The water f l o w s in to Gages S lough and , d u r i n g h i g h e r f l o w s , into

B u r l i n g t o n . For the 100 year f l o o d , water surface e l eva t ions at the

m a l l s i te w o u l d increase 0.05 feet at the site and 0.02 feet j u s t

ups t ream of the site. Flood water veloci t ies w o u l d increase at the

site. Storm water r u n o f f w o u l d be retained on the site for a 25 year

storm and released in to Gages Slough at a s lower rate than storm water

now runs off the si te. The water w o u l d go through an oil separator

p r i o r to discharge in to the s lough.

Ground Water

The ground water e l eva t ions as reported by Converse, W a r d , D a v i s ,

O i x o n , Geotechnical C o n s u l t a n t s on November 11, 1980 var ied f rom an
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elevation of 13.5 feet adjacent to Gages Slough to 16.5 feet near the

north property line of the proposed project. The near surface soi ls

at the project site are fine grained river deposits consist ing of

sandy silt and silty sand. These soils are fairly slow draining. The

existing storm water presently runs off the project into Gages Slough

and a small portion is absorbed into the soils surcharging the ground

water. The ground water levels are influenced by the amount of preci-

pitation and the surface water levels in Gages Slough. The proposed

project will result in very little surface water from the site going

into the ground water. The surface water will be controlled on site

and discharged at a slow rate through oil reseparating systems so that

the water quality in Gages Slough can be maintained. The major por-

tion of the project area will be covered with either buildings or

asphalt parking lots and access roads. These are impermeable and

would not allow surface water to enter the ground water. As a result,

ground water quality would not be affected. However, surface waters

on the site would no longer surcharge the ground water on the site.

Ground water would have to be surcharged from adjacent properties and

from Gages SIough.

Hydrology

The flood plain information study titled, "Skagit River Basin,

Washington," dated July 1966 and 1967 by the U.S. Army Corps of

Engineers states that the present levee "system downstream from Sedro

Wool ley has been able to withstand a f lood of approximately 150,000

cfs per second as measured at Mount Vernon. The subject was later
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inves t igated by the Seattle Dis t r ic t Corps of Eng inee r s in a report

t i t l ed , " S k a g i t R i v e r , W a s h i n g t o n : General Des ign Memorandum, Levee

Improvements , " dated J u l y 1979 p r o v i d i n g a d d i t i o n a l data on e x i s t i n g

hydrology of the dra inage bas in . The Skagit River drainage bas in is

3,093 square m i l e s near Mount Vernon at r i v e r m i l e 16. The la rges t

d i s c h a r g e reported on the Skag i t R i v e r near Mount Vernon was 180,000

cfs and it occurred on November 16, 1906. The second highest flood

was 144,000 cfs and it occurred on February 10, 1951. It s h o u l d be

noted that in 1951 upstream regu la t ion was in effect at Ross Dam. The

capacity of Ross Dam was increased by 120,000 acre feet of f lood

storage in 1953 and upper Baker Dam provided additional water storage

capacity in 1959. The Corps conducted extensive hydrology studies to

es t imate discharges of the Skagit R ive r near Mount Vernon . The esti-

mated discharges for the 100 year event were 220,000 cfs and for the

25 year event approximately 163,000 cfs. This compares w i t h

266,000 cfs at B u r l i n g t o n reported in the 1967 Corps study. The Corps

fu r the r reported that nearly the ent ire runoff from the town of

B u r l i n g t o n d r a in s in to Gages S lough . A gravity dra in connects Gages

Slough wi th the Skagit R i v e r and a f lapgate prevents back f lood ing

d u r i n g h i g h Skag i t R i v e r stages. P r e c i p i t a t i o n reported for a 6 h o u r

storm w i t h a recurrence i n t e r v a l of 100 years was 2.0 i nches ; for a 24

hour storm, 3.7 inches . For t h i s inves t iga t ion the Corps supplemented

prev ious steady state f low models for determining water surface eleva-

t i ons w i t h an unsteady f l o w model which in a d d i t i o n to d e t e r m i n i n g

water surface e l e v a t i o n s routes the water t h rough the d ra inage system.
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This model was calibrated based on the observed water surface data for

the 1975 flood. This flood had a peak discharge 130,000 cfs at the

Mount Vernon gage and a recurrence interval of 12 years. The Corps

report states that the highway fill for 1-5 acts like a dam, dividing

the valley and backing the water up until it flows over the highway

embankment thus impeding the overflow from the Skagit River. The

Corps of Engineers' April 1967 study titled, "Flood Plain Information

Studies: Skagit River, Washington" determined the f lood plain heights

in a slightly different way than the unsteady state model. The 1967

model separated the overbank flow in the lower reaches from the flow

in the river. The 1967 study assumed that the maximum flow that could

be in the river would be 150,000 cfs and the remaining water would

flow in the overbank. A portion would f low between Sterl ing Hill and

Burlington Hill into the Samish River basin. The other portion would

flow through Burlington from river mile 19.48 f lowing between the

bridge and hill and the river to the southeast. This f low would con-

tinue on past Bayview Ridge toward the Swinomish Channel. The Corps

of Engineers updated the flood insurance study in December 1980. At

the project's site all of the various studies completed in the past

show 100 year flood elevat ions of 31.8 feet on the west side of the

project adjacent to 1-5 rising to 33 feet on the east side of the pro-

ject just east of Gar! Street. The reason for this consistency, in my

opinion, is that very Titt le of the water is going into overbank

storage compared to the total amount of overbank storage just down-

stream of 1-5 onto Swinomish Channel and Padi l la Bay. The Corps of
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E n g i n e e r s ' 1967 i n v e s t i g a t i o n for the 100 year f lood indicated

275,000 cfs at Sedro Woolley and 266,000 cfs at the north edge of

B u r l i n g t o n . 150,000 cfs were assumed to be contained in the c h a n n e l ,

53,000 cfs flowed over the overbank into the Samish basin and

63,000 cfs were assumed to f l o w from B u r l i n g t o n H i l l , through

Bur l ing ton and on past the south side of Bay view Ridge on into the

Swinomish Channel and P a d i l l a Bay area. The proposed Cascade M a l l

l ies w i t h i n the overbank where these lat ter f l ows f low through

B u r l i n g t o n and Gages Slough on into the Swinomish Channel and P a d i l l a

Bay. Computat ions were made in th i s inves t iga t ion to compare

hydrographs presented in the Corps' 1967 investigations to determine

o v e r b a n k storage. These i nves t i ga t i ons were conducted by t ak ing the

hydrographs presented by the Corps of Engineers in their 1967 study

and p l a c i n g , over t i m e , water i n to storage and a l l o w i n g part of the

water to f l o w into the Swinomish Channel and P a d i l l a Bay. The amount

of water f l o w i n g on t h rough depended upon water depths in the overbank

areas. This reduced the discharges at the study area from 63,000 to

51,000 at the project s i te . T h i s m i n o r reduction was because of

s h a l l o w water depths c a u s i n g the water to f l o w on through the project

site. 1-5, which borders the project on the downstream side, acts.as

a dam w i t h most of the water f l o w i n g over the highwayy Downstream of

1-5 the hydrograph is r ap id ly reduced by water going into overbank

storage and not enough water is a v a i l a b l e to b r i n g the water surface

prof i les up to the elevations indicated on the Corps' December 1980

f lood p l a i n study. Th i s is based on a 266,000 cfs discharge at Mount
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Vernon wi th only discharges in excess of 150,000 cfs going into over-

bank storage. For a 1.3 day period it appears that approx imate ly

twice the volume of water w o u l d be required to m a i n t a i n the water sur-

face e levat ions g i v e n in the Corps report. Th i s volume of water w o u l d

be that above 150,000 cfs. This means that downstream of the project

i f the r ive r hydrograph presented in 1967 reports occurred, the water

surface elevations wou ld be lower than ind ica t ed on the December 1,

1980 Corps ' i nves t iga t ion . This does not affect the proposed Cascade

Mal l project site except that i t demonstrates that if f lood p l a i n

storage was removed fron^the proposed Cascade M a l l site that it w o u l d

not be s i gn i f i c an t because of the storage which is a v a i l a b l e down-

stream of the proposed site. It should be noted that if the flood

p l a i n was already f u l l and you had a 100 year f lood event that you

would have flood elevations similar to those reported by the Corps.

Project H y d r a u l i c s

A steady state backwater model was used to determine the effect of

proposed m o d i f i c a t i o n s to the project s i te on d i scharges , v e l o c i t i e s ,

and on water surface e leva t ions for 61,000 cfs f l o w i n g in the over-

bank between B u r l i n g t o n H i l l and f l o w i n g wes te r ly . E l e v a t i o n s on the

proposed m a l l site for e x i s t i n g c o n d i t i o n s var ied f rom 31.8 ad j acen t

to 1-5 to 32.2 on the east side of the project . The wa te r su r f ace

e l eva t ion just east of Garl Street was 34 feet. The Gages S lough

cross ing of Gar l Street was designed to wash out d u r i n g f l o o d condi-

t ions . I concur that d u r i n g 100 year f l o o d c o n d i t i o n s that Garl

Street w o u l d wash out at Gages S lough and that was one bas is for the
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backwater model i n p u t . In the project area, the 61,000 cfs overbank

f l o w is d i s t r ibu ted a p p r o x i m a t e l y as f o l l o w s : 20,000 cfs in the over-

bank between Gages S lough and the r iver , 14,000 cfs in Gages S l o u g h ,

12,000 cfs across the project site and the d r ive - in theater , and

8,000 cfs in the overbank area north of the d r i v e - i n theater. Average

discharge v e l o c i t i e s in Gages Slough under ex i s t ing condi t ions w o u l d

be 2.3 feet per second and across the project site 1.1 feet per

second. The proposed project is designed to m i n i m i z e obs t ruc t ion to

f l o o d f l o w s and to i m p r o v e f l o w characterist ics of Gages S lough . The

m a l l f l o o r area w i l l be b u i l t up to an e leva t ion of 34.0 feet and the

f i l l w o u l d f a l l away from the b u i l d i n g at a slope of 5% un t i l it

reaches the e x i s t i n g grade elevations. The overbank bank on the north

b a n k of Gages S lough w i l l be recontoured above its normal e leva t ions .

The m i n i m u m e l e v a t i o n w o u l d be 23.5 feet, wh ich is 2 to 3 feet above

the normal h i g h water in Gages Slough. This w i l l p rov ide for better

f l o w character is t ics in the f lood p l a i n under f lood condi t ions . The

bottom of Gages Slough is at an approximate e l eva t ion of 16.

Approx ima te ly 125,000 cub ic yards of structural f i l l w o u l d be imported

a n d , of th is , 94,000 c u b i c yards w o u l d be placed below the 100 year

f lood l eve l . 117,000 cubic yards of gravel w o u l d be imported for

construct ion of subbase for p a r k i n g areas and roads. Af ter construc-

t i o n of the project , ve loc i t i es across the project site w o u l d be

increased from 1.1 feet per second to 1.4 feet per second and f lows in

Gages S lough w o u l d be increased from 2.3 feet per second to 2.6 feet

per second. Ve loc i t i e s downstream and ups t ream of the project area
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would remain as the existing condition. Water surface elevations

below the site would remain the same. At the site they would increase

.05 feet or just over 1/2 inch and upstream of the project .02 feet or

1/4 inch.

Storm Hater Detention

The storm water up to the 25 year event would be stored in under-

ground pipe and on the parking lot surface in the mall and discharged

at approximately 1/3 the rate that the existing surface water runs off

at the present time. The water would pass through an oil separator

before discharging into Gages Slough. The 25 year event was selected

to retain water because major flood events would not be expected to

occur at the same time. This minimizes the amount of fill needed to

provide for public safety in the shopping mall parking areas. The

surface water ponding on the parking areas would be conveyed through

catch basins underground to a controlled manhole which would control

the discharge and provide for oil separation prior to discharge into

Gages Slough.

Gages Slough

Gages Slough is a pr imary conveyor of storm water d i scha rge from

the B u r l i n g t o n and project area. The outlet of Gages Slough goes in to

the Skagit R i v e r and has a f l ap gate on it which cuts off discharges

out of Gages Slough in to the Skagit R i v e r dur ing higher flows in the

Skagit R ive r . This results in local stormwater runoff backing up into

Gages Slough dur ing h i g h flows in the Skagit R ive r . At the present
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time this backwater causes some flooding of properties along the

slough. Mr. Nelson of the county offices has suggested the possi-

bility of providing pumping stations at the downstream end of Gages

Slough to lower water levels in the slough so that during high river

discharges (although in my opinion, the mall project would not contri-

bute to the problem in Gages Slough) flooding problems would be

reduced. An investigation was made into the cost of providing such a

system. _.ne alternative would be to provide a submersible duplex pump

system which would pump 5,000 gallons par minute. This would require

a 15 HP pump. Another alternative would be to provide vertical turbine

type pumps which would pump 7,200 gallons per minute using 25 HP motors.

The f irst alternative has the advantage of not requiring a building

above the ground level. The second alternative would have to have a

building above the ground level. However, it would potentially have a

lower first cost advantage and the equipment would be more dependable.

"In my opinion, installing a small duplex pumping station similar to

the one described above would be a viable way to minimize flooding

problems during most storms in the drainage area of Gages Slough.

Mi seel 1aneous

Several questions have been asked concerning the affect of the

mall proposal on hydraulics and related items.

Question: Wi l l the fill cause greater f looding in adjacent and

upstream properties?

Answer: The properties upstream of the project wi l l have

increased water levels of .02 feet.
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Question: Will the slough be dredged?

Answer: The overbank portion north of the slough on the mall

side will be excavated to increase the capacity to com-

pensate for disruption by the buildings. This would be

above the area in which water normally is conveyed.

Question: Wil l any fill be discharged near the slough?

Answer: All excavation will be in the dry and will not be

discharged. It will be placed with earthmoving equip-

ment and compacted. Provisions will be made to provide

that sediments will not be washed into the slough during

runoff during the construction period.

Question: Will there be any affect on ground water?

Answer: The buildings and the impervious parking areas and roads

will reduce the area available for infi1trationn of

water from the surface. This is not expected to signi-

ficantly affect either the level or quality of the

ground water.

Question: Wil l the impervious nature of the parking lot increase

storm water runoff.

Answer: Storm water runoff will be retained on site in surface

storage and in pipes and will be released at a slower

rate than the existing conditions.

sir
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Question: What affect will the mall have on Gages Slough during 25

through 100 year floods?

Answer: 50 year and above floods exceed the capacity of the

dikes of the Skagit River and would be expected to have

overbank flow through Gages Slough. Provisions have

been made so that the mall would not significantly

obstruct or modify these flows. The 25 year flood would

not be expected to affect the slough or the project site

unless a rain storm occurred at the same time and the

river was blocking the outlet of Gages Slough.

Question: What if the Skagit River changes course and links up

with the slough?

Answer: During discharges of 150,000 cfs or greater it would be

expected that the Skagit River would flow overbank

through Gages Slough in addition to flowing, down the

main channel.

Question: What would be the impact of widening Garl Street on

flood f lows?

Answer: Widening Garl Street on flood flows would have no effect

as long as the provision was retained for Garl Street to

wash out at the Gages Slough crossing.
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«aa. Answer :
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Q u e s t i o n : W i l l a storm water m a n a g e m e n t p l a n be prepared for the

m a l l ?

Answer : The m a l l design w i l l i n c l u d e t a k i n g care of the storm

water. The storm water out f low w i l l be designed to be

less than exis t ing conditions.

What w i l l be the effect of storm water runoff on the

slough?

Storm water r u n o f f , under e x i s t i n g c o n d i t i o n s , has some

sediments wash ing from the ag r i cu l t u r a l land that is

adjacent to the s l o u g h . W i t h the proposal in p lace

these sediments w i l l no l o n g e r enter the s lough . An

oil/grease separator w i l l be provided to m i n i m i z e the

effects of oil from p a r k i n g lots g o i n g in to the s l o u g h .

Quest ion: How w i l l storm water runof f affect the ecosystem of the

marsh?

Answer: The water qual i ty at the discharge point is not ^expected

to be de t r imenta l .
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