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Baclcgro11nd Study forE:cO.ad Rcconnt:issance Study of 
Af.itomJ.Ska Ri-..,-cr Erosion 

BACKGROU.l\'D STUDY FOH. EXPEDITED 
RECONNAISSANCE STUDY OF 

MATANUSKA RIVER EROSION, ALASI(A 

1. STUDY AUTHORITY 

Augu.tt 2003 

This study is in support of a partial response to the "Rivers and Harbors in Alaska" study 
resolution, adopted by the U.S. House of Representatives, Committee on Public Works, on 
December 2, 1970. The Congressional direction source is: Public Law 107-66, the Energy and 
Water Development Appropriations Ace, 2002, was enacted on November 12, 2001 and 
authorized SI00,000 for a reconnaissance level general investigation study called Matanuska 
River Erosion Control, Alaska . 

2. STUDY PURPOSE 

The purpose of this backgrow1d srudy is lo support an expedited reconnaissance study to 
document problems, needs, and opportunities related to erosion in the Matanuska River Valley. It 
suppon s whether there is a F e.deral interest in feasibility level erosion control studies in rhe 
Matanuska River Watershed. 

3. LOCATION OF PROJ ECT/CONGRESSIONAL DISTRICT 

3.1. Congress ional District 

The study area is in the Alaska Congressional District. The Alaska Congressional delegation is: 

• Senator Ted Sicvens (R) 
• Senator Lisa Murkowski (R) 
• Representative Don Young (R) 

3.2. Location and E rosion Area Description 

The Matanuska River flows from the Matanuska Glacier approximately 50 miles upstream of the 
Old Glenn Highway Bridge in Palmer, Alaska to its confiuenc,e with the Knik Ri\,er 
approximately 10 miles downstream of the same bridge (Note: The East and South Forks extend 
an additional 20 miles pasr the Matanuska Glacier.). Downstream of the confluence the Knik 
River flows into the Knik Ann of Cook Inlet. For this reconnaissance study of erosion issues in 
the Matanuska River Valley, the initial study area included the river valley from the confluence 
with the Knik River upstream to the glacier. After an initial appraisal of erosion issues in the 
basin, the areas in the vicinity of Palmer and Sutton were identified as potential sources of 
erosion problems. The study area is identified in Figure 1. 
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Figure 1. Study Area 

Expedited Reconnaissance Study 905(b) 
Matanuska River Erosion 

4. DlSCUSSION OFPRIORSTUDIBS, REPORTS AND EXISTING \.VATER 
PROJECTS 

4.1. Prior Repo1·ts and Studies 

• February 1972. Review of Reports 011 Matanuska River a11d Cook Inlet and Trib111aries 
Alaska, Matanuska and Lillie Susilna Rivers Flood Comrol Alaska. Alaska District. U.S . 
Army Corps ofEngineers (USACE). 

Provides a summary ofMatanuska and Little Susitna studies performed prior to 1972. 
Describes the economic development in the area. Climatology, runoff and streamJ:low 
data are given. Discusses various solutions for Matanuska River flood control and their 
feasibility from a federal point of view. Concludes that economic justification does not 
exist for structural solutions to flooding or bank erosion in the areas studied, and that 
local interests should avail themselves of technical infonnation regarding nonstructural 
altematives for wise management of the flood plain. 
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• September l 0, l 987. Su/1011 Erosion Control: A Report for the Mata1111ska-S11$it11a Bo.rough 
Assembly. G.N. McDonald & Associates. 

Report de-5cribes the state of erosion control at Sutton in 1987 and provides 
recommendation for future action. Describes the legislative history, the preconstruction 
administrative history, construction history, flood h.istory, performance of the erosion 
control structures, and alternative rehabilitation schemes. Provides a record of 
correspondence of key parties, and a list of ava ilable aerial photos. 

• Septembe.r 8, l 989. Emergency Flood Control Measures, State ofAlaska, Plant Mmerials 
Center, Palmer, Alaska, Alaska District, USACE. 

Report responds to a reque.st from the State of Alaska Division of Emergency Services to 
provide technica l assistance in alleviat ing flooding on agricu ltural land owned by the 
State Plant Materials Center in Pa!mer, Alaska. Recommends the use of gravel levees, 
and riprap and spw· dikes for erosion control. Project life, cost estimates and 
em~ronmental concerns are addressed. Includes engineering analysis as appendix. 

• November 199 l . Matanuska River Erosion Control, Prepared for Matanuska-Susilna 
Borough. Prepared by Peracrovich, Nottingham & Drage, Inc (PND}. 

Report addresses the pre-feasibility of a proposed gravel extraction project on the 
Matanuska River. The extn1ction of gravel from the main channel of the river would 
serve as a c-0ntrol measure to keep the river from eroding its banks and destroying 
developed propertie.s, The proposed gravel extraction project in this J 991 report is 
considered in this 2003 reconnaissance study. 

• Febnmry IS, 1992. Matanuska River Erosion Task Force Interim Report. Stare of Alaska 
Division of Emergency Services. 

The Task Force was assig,1ed to complete a wri1ten report lo the Governor that 
assimilated the most up-to-date and objective info1mation available about the capability 
of the Stale to react to erosion in the Matanuska River basin. The erosion infom,ation 
was to be used lo develop policies and programs designe.d 10 reduce or eliminate damages 
from this erosion problem. Topics investigated were engineering solutions, relocation 
options, Federal Flood Jnsurance Program, and land management alternatives. TI1e report 
included as an al1achment, a general outline of the possible engineering solutions 
prepared by the Alaska Department ofTransportation and Public Facil ities and the Corps 
of Engineers. 

• October 1992. Matanuska River Erosion Control Recommendations. Prepared for Mat-Su 
Borough Dept. of Public Works. Prepared by Peratro,~ch, Nottingham & Drage, Inc. (PND}. 

The report consists of a review of the 1992 spur dike constrnction and perfom1ance, a 
discussion of maintenance alternatives, and a review of future erosion control alternatives 
and recommendations. Figures arc included in the report that help to illustrate 
maintenance and future erosion control alternatives. 
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• June I 994. 1994 Ma1a11uska River Erosion Study: Field Trip Observations and Gene,:al 
Erosion Control Recommendations. Peratrovich, Nottingham & Drage, Inc. (PND). 

Repo,i d·ocuments 1994 Matanuska flow character, performance of spur dikes near Circle 
View and erosion in the vicinity, Stampede Estates erosion, and general erosion 
comments an.d erosion conn·ol recommendations. 

• 1996. Planning Assistance to States: Matanuska River at Bodenburg Butte Erosion Study. 
Alaska District, USACE. 

Documents the historical erosion patterns and the local erosion rnles in the vicinity of 
Circle View Subdivision and Stampede Estates Subdivision. Available photographs and 
other data sources were compiled and an-alyzed to document the erosion patterns. Cross­
sections of the river were also obtained to determine the difference in bed elevation 
between lhe no1ih and south channe ls. 1l1e difference in bed elevation appears to have 
caused lhe channel shift to the southern charu1el, resulting in erosion. 

• March 1999. Mata1111.~ka River Watershed Reconnaissance Report, Alaska. Alaska District, 
USACE. 

This watershed study reviewed prior studies, reports and water projects in the study area, 
identified water and related land resource problems and oppo1iunities, documented 
existing and expected future conditions relevant to problems and opportunities and 
proposed that a feasibility level watershed study be conducted. E,-.Jsting and expected 
fut1.1rc conditions were documented in the categories of: 

- Watershed hydrology/hydraulics, including bank erosion, flooding, 
sediment,bedload b'anspon, hydrological changes in wetlands, and Clearwater 
side-channels; 

- Environmental/ecosystem values, including ecosystem degradation, land use, and 
fish and wildlife habitat; and 

- Transportation and land use, including the Alaska Railroad, the Glenn Highway, 
material extraction, and recreation 

The proposed watershed fe:1sibility study was 10 focus on specific hydrologic, hydraulic, 
erosion, habitat, and sedimentation issues relevant to local interests to put reliable 
in.formation in the hands of planners and decision makers. The propose.d feasibility s tudy 
was not implemented. 

4.2. E:l.'isting 'Water Projects 

4.2.1. Glenn Highway Erosion Con/rol (Nort/1 of Palme,~ 

A series of projects were constructed in the late 80s through early 90s to address bank erosion 
problems along lhe Glenn Highwa)' from Sutton to near Cbickaloon. These projects were 
constructed by Alaska Department of Transportation and Public Facilities (ADOT/PF) , They 
involved primarily bank armoring with riprap and flow dellecting structures. In general, these 
were constructed in areas where the river flows near 01e roadway, though several sites have 
components al least several hundred feet away from the highway, primarily to deflect flow 
upstream of locaiions where it could impinge on the highway (Kepler 2003 and Tetra Tech site 
visit observation, October 9, 2002). 
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A series of three dikes were constructed along the Jell bank of the Matanuska River near Ye Old 
River Road. The first. of these dikes, which arc armored with riprap, was constructed by lhe 
Borough in 1986. Two additional dikes, one upstream and one downstream, were constructed in 
1989. All three dikes were constructed to control erosion. Erosion in this area could directly cause 
damage to several homes in 1hc area as well as indirectly cause damage by connecting the main 
channel with low lying areas. The latter process would increase flooding. Funding for the 1989 
dikes was from the Alaska Department of Emergency Services (Rulison 1989). See Figure 2, 
Item (2). 

4.2.3. Ba11k Protection at Old Gle1111 Higltway Bridge 

Riprap bank protection has been placed in the area of lhe Old Glenn Highway bridge, jusi north 
of Palmer, to protect the bridge approaches (fetra Tech site visit observation, October 9, 2002). 
See Figure 2, Item (1). 

4.2.4. Spur Dikes at Circle View Estates 

In Apri l l992, the Matanuska-Susitna Borough initiated the design, permitting, and construction 
of four finger dikes ranging from approximately 200 to 400 feet in length on the Matanuska' s left 
bank in the vicinity of Circle View Estates. The dikes were designed to control erosion and 
protect pi:operty within the subdh~sion. These dikes were originally designed a;; a series of eight 
dikes bUl were cut back to four because of a lack of fonding (Long, 1998). These dikes are still in 
place and have provided some protection to the properries in Circle View EsLates. Sec Figure 2, 
Item (4) . Review of past reports indicates that some questions remain as to the upstream and 
dov,,nstream effec!S of the dikes. A permit application in 1995 shows a plan that would add 6 
additional spur dikes, to bring the total to IO spur dikes (Peratrovich Nottingham & Drage (PND), 
1995). 

4.2.5. Old Gle1111 Highway Dike ill lite Boda11burg Butte Area 

In the late 1940s a dike was constmcted to confine the Matanuska River from floodplain areas 
east of the newly constructed Old Glenn Highway near che Bodenburg Butte area. After the dike 
was broken during the 1971 flood, the dike \\'as enlarge.d (U.S. Army Corps of Engineers 
(USACE), 1996). 

4.2.6. Alaska Railroad Sheet Pile Ba11k Protection 

This project consists of approximately 4,000 feet of dike constructed between 1947 and 195 l to 
divert flow away front the portion of the Alaska Railroad near the old Ma!anuska town site. TI1e 
project has 2,500 feet of steel sheet pile dike and 1,500 feel of gravel and tree revetment. The 
project is located about I mile south of Mountain View EsLites along the right bank of lhe river. 
The project was constructed across a portion of the old channel flow path and resulted in 
diverting flow to the south and easl (Bradley er al 19i2; USACE 1996). See Figure 2, Item (7). 

4.2.7. Palmer Sewage Lagoon Bank Protection 

Under Section 14 of the Flood Control Ace of 1946, emergency bank protection consisting of 
three rock-fill groins was placed in 1969 along the right bank of the Matanuska River adjacent to 
the Palmer wastewater treatment lagoons. The project protects approximately 1,500 feet of bank. 
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At the time, the construction cost was $80,000 (Bradley et al 1972; USACE 1996; Hulbctt l989). 
Sec Figure 2, ltcm (5). 

4.2.8. Sutton Erosio11 Control 

This project consists of five spur dikes constructed t.o proicct homes and other property along the 
right bank of tJ1e Matanuska River just upstream of Sutton. The cost of the project was $470,000 
and was funded by Senate Bill 364 in Fiscal Year (f'Y) 1985 which appropriated the money to the 
i\fat-Su Borough as a 6,runt. The project was constructed in 1986 (G.N. McDonald & Assoc . 
1987). 

4.2.9. Ba11k Protectio11 at Sky R1mc/1 

Approximately 3,000 feet of rock toe protection has been placed along the right bank of the 
Matanuska River in front of the Sky Ranch Subdivision. The dates of the rock placement are not 
known (Tetra Tech site visit observation, October 9, 2002). Sec Figure 2, Item (6). 

5. PLAN FOlliVIULATION 

5.1. Identified Problems 

An understanding of current and historic bank erosion problems along ihe length ofMatanuska 
fuver was developed based on review ofperrinem documents, discussions with Corps of 
Engineers staff, meetings and interviews with local govetnment and age.ncy representatives, and 
sire reconnaissance. 

The Matanuska is a highly dynamic river system with the majority of its 80-mile length 
characterized as braided. The wide braided channel, representative of most reaches of!he river 
not confined by bedrock, is l)IJ>ically indicative of a river that is unslable both vertica ll y and 
laterally. Tl1e Matanuska is no exception, with significant areas ofbauk erosion, evidence of 
aggradation, and shifling channel braids occun-ing throughout much of its lengtJ1. In areas, the 
active channel width exceeds 5000 feet. 

The dynamic naMe of the Matanuska River is not the result of human activilics and disturbances 
but is due to natural physical processes occurring in 01e system dominated by active glaciers that 
cover 12 percent of the 2,070-squarc mile watershed. TI1e glaciers supply large quantities of 
sediments that range from clay to boulders. Io Lhe lower portions of ihe Matanuska near Palmer, 
the USGS (1992) estimated !he average suspended sediment load to be 5,000,000 tons per year 
and the bed load io be 500,000 tons per year. llie fonner is comprised primari ly of sands, silts 
and clays and the latter of gravel and cobble. Io add ition to the large sediment load, the bank 
erosion is partially attributable to the nature of the bank material, which is typically non-cohesive 
and easily eroded. 

Bank erosion in some areas has averaged approximately 20 feet per year. This number is 
somewhat misleading in that bank erosion may not occur for many years or even decades at a 
given location, then in a matter of weeks over 100 feet of erosion may occur. This unpredictable, 
but dramatic nature of the bank erosion adds to the associated problems by increasing the 
difficulty of controll ing it. This difficulty arises in designing erosion control structures that align 
properly with continuously shifting flow patterns as well as detennining which locations ro 
protect. 
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Problems associated with bank erosion are documented as far back as 1956 and have generally 
increased over time as development of farmland, homes and infrastructure continues in the areas 
adjacent to the Matanuska River, increasing the potential for damage. The most dramatic 
examples of erosion damages were to homes that were undermined by erosion and fell in the river 
channel in the Boden burg B uttc area prior lO construction of bank protection dikes in the area. 

5.1.1. Erosio11 Damages to Land and Improvements 

This category of damages has garnered the most attention and appears to represent the largest 
monetary loss associated with erosion. The most notable example of this occurred dwing 1991 
when 7 houses were either directly lost, demolished or moved due to advancing bank erosion in 
the Circle View Estates subdivision. Little documentation of losses of fannJand is available. The 
l956 erosion account indicated chat fannland losses had occurred prior to that time U.S. Anny 
Corps of Engineers (USACE) I 996. More recen tly, at least several acres of farmland have been 
lost at the Alaska Plant MatCrials Center due to erosion of an overflow channel. However, by far, 
the loss of residential structures has been tbc most significant damage in this catego1y . Although 
1101 a direct damage, the potential for erosion is believed by some to have impacted the value of 
homes located adjacent to the river (Karabetnikoff and Karnbclnikoff 1991 ). Their memo 
postulates that the threat of erosion makes these properties less desirable, stating '"about a dozen 
homes and many lots once worth more than a million dollars are now valueless and unmarketable 
because of recent public awareness of the Matanuska River." A preliminary bank erosion rate 
analysis was conducted to estimate expected erosion damages to land and in1provements. TI1is 
analysis is documcmc<l in Section 5.2. 

5.1.2. Erosion Damages to Tra11sportatio11 a11d other Public 111/rastructure 

Erosion or the potential for erosion has impacted the transportation netwotk in the Matanuska 
Valley. Portions of the Glenn Highway have been relocated due to erosion threats. Additionally. 
considerable bank protection l1as already been installed along 1he Glenn Highway from about 
milepost 61 (near Sutton) to milepost 78 (near Chickaloon). ·n1e Glenn Highway is the only 
1,>Tow1d transportation route for the upper portions of the Matanuska valley and also serves to 
connect the Anchorage area with much of Alaska, 

Altl1ough no documentation was found, it is expected that damage to the Old Glenn Highway 
occurred in the 197 I flood, when portions of tl1e Matanuska broke out and flowed over and along 
the highway. Ctm-ently, there is active erosion along cbe portion of the Matanuska paralleling the 
Old Glenn Highway from the Old Glenn Highway Bridge, over the Matanuska Rh·er, south to 
near Stampede Estates. In this area, the river is on the order of I 00 10 1,600 feet from the 
highway. However, the low banks occurring ll1roughout much of this area are susceptible to 
erosion as well as flooding. About 3,800 feet of levees with riprap armor have been constructed 
near the middle of this reach. 

Potential for damage to the Alaska Railroad resulted in construction of a 4,000 foot long steel 
shecL pile wall and levee in the area of the Old Matanuska town site. 

Other infrastructure adjacent to the Matanuska River has been threatened by erosion. The Corps 
constructed three rock-fill groins in 1969, as an emergency action, to protect the Palmer sewage 
lagoons from erosion. The power line crossings of the river near Bodenbw·g Butte utilize poles 
that are placed in the bed of the Matanuska. T hese have been eroded in the past. 
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A preli minary bank erosion rate analysis was conducted to estimate expected erosion daTl)ages to 
transportation infrastructure. This analysis is documented in Section S.2. No other public 
inl'rastnict urc was identified by this reconnaissance smdy as at risk of expected erosion damage. 

5.1.3. Flooding as a Result of Bank Erosion 

Direct flooding from flows overtopping the channel banks is typically not a problem in the study 
area. The wide nature of the channel provides considerable Cijpacity for the channel to convey 
large floods without the flows spreading out beyond the braided channel corridor. However, 
there are cases where erosion has intersccred old charmel scars and main channel flows have then 
been captured by these features. Historically, this has occurred primarily in the area bounded by 
the Matanuska River to the northwest, the Knik River to the south and the Old Glenn Highway to 
the east. Two significant examples of this were lhc flow breakout from the 1971 _flood that 
followed the old Glenn Highway and Bodcnburg Creek to the Knik River and the flooding that 
still occurs near the Alaska Plant fvlatel"ials Center. Blockage of channel braids adjacent to the 
edges of the corridor by woody debris and deposited sedin1ents can increase the likelihood oftJ1is 
rypc of Jlooding occun-ing. 

A number of residents have expressed concerns over the last 30 years that the entire Matanuska 
could flow across the Bodenbnrg Butte area and be captured by the Knik River. This could resull 
in damages to dozens of homes, several roads and losses of many acres of farmland. 
Representatives oftl1e Corps and State have indicated that this is highly unlikely because of the 
topography between the nvo rivers and because relatively shallow depths can convey even the 
largest flood flows in the Matanuska River. The peak discharges associated \\~th various return 
period events are provided below (Long 1998). 

2-ycar 
5-year 
IO-year 
25-year 
50-ye.ar 
100-year 

24,400 cfs 
31,000 cfs 
35,300 cfa 
40,800 cfs 
44,900 cfs 
50,500 cfs 

5.1.4. Fish and Wildlife Habitats 

Erosion ru1d sedimentation processes continuously alter fisheries habitat in the river corridor. 
Several ponds have been partially filled in by deposition. In olher cases, existing groundwater­
fed channels arc destroyed when erosion shifts the active channels to new locations. However, at 
the same time. new groundwater fed channels are created as active braids become abandoned. 
Thus, there is a continuous process of tl1ese important habitat features evolving with new 
channels emerging and old channels disappearing. Fish and wildlife habitat conservation should 
be a goal and design criteria in feasibility level development of any erosion control alternatives. 
Any feasibility level study of erosion control alternatives should include a detailed analysis of 
resident and migratory fish and wildlife species in the study area and their habitat requirements. 

5.1.5. Air Quality 

Due to the wide braided channel and the large amount of silt deposited in the sediments of the 
Matanuska River, I.be sb·ong winds blo,ving down the Matrumska Valley often cause particulate 
pollution during dry periods. This is a visual problem, but more importantly can be a health 
problem. It is also an economic problem resulting in acceleraced wear of machine,y and engines 

9 



Backgro1111d Swdy forExp§d Recon11aissa11ce Study of 
.Malam:skn River Erosion 

A ;,gu,t 200J 

and sometimes dismpting small airplane traffic and recreational activities. It also affe~ts water 
quality in lakes as far away as Wasilla. 

The Borough Planning Department maintains two air quali ty monitoring stations and issues 
health warnings when levels exceed acceptable standards. It is expected that any erosion control 
measures would have insignificant impacts on air quality in the study area. 

5.1. 6. Recurring Need for Emergency Bank Protection 

Re\'iCw of past reports and correspondence indicates a recurring need for emergency bank 
stabilization efforts in the study area. Examples of past emergency bank erosion control activities 
include effons at the Palmer Sewage Lagoons, Circle View Estates, Stampede Estates, the area 
west of the Old Glenn Highway near Ye Old River Road and the Glenn Highway from near 
Suuon to Chickaloon. Considering the historic behavior of the Matanuska River, it is expected 
rhai emergency bank stabilization actions will continue to be needed, though exact locations arc 
difficult to prcdicl These emergency operations are both costly and may be environmentally 
hannful. For example, the construction of the four spur dikes in the area of Circle View Estates 
cost approximately S500,000 in 1992. Based on commtmications with the staff from the AJaska 
Department of Highways. $2,000.000 to S3,000,000 were spent between 1987 and 1996 on a 
combination of emergency and preventative erosion control measures along the Matanuska River 
from Sutton to Chickaloon. \1/hen emergency operations are required, it is often the case that 
properties/infrastructure are already lost or damaged. Opportunities for protection may also be 
limited by environmental conditions (e.g., high flows). At the time of this .study, there were no 
imminent emergency bank protection projects identified or expected. 

5.2. Preliminary Bank Erosion Rate Analysis 

An analysis of historic bank erosion rares was pcrfonned for the left bank of the Matanuska River 
from the Old Glenn Highway bridge downstTCam to just below Circle View Estates and for the 
right bank from about a mile upstream of the Palmer wastewater lagoons downstream to below 
Sky Ranch Subdi,~sion. The lengths of these areas are approximately six miles for the left bank 
and three miles for the right bank. 'The analysis was performed to better understand the extent 
and magnih1de of erosion and to project foture erosion trends. This information was also used 10 

support development of potential alternatives and economic analysis of benefits. These areas of 
the river were chosen because they represent the areas in which there appears to be the highest 
potential for benefits and are areas that have experienced erosion problems in the pas1. 

TI1e most significant recem problems have occurred in the Circle View Estates area on the left 
bank. The left bank of the river has the closest adjacent large-scale public infrastructure, the Old 
Glenn Highway, wh ich parallels the Matanuska River within J 00 to 1,600 feet of the current 
banks for about four mi les. The righl bank area chosen experienced erosion. prior to the main 
channel shitting to the left bank in the 1980s. Several subdivisions are located close to right 
bank, which would potentially be subject to erosion if the maia channel shifted back to the right. 

TI1e aerial analysis was performed utilizing l939 (black and white) and 1996 (color) aerial 
pho.tographs provided by the Borough and the Corps, respectively. Ao extensive analysis of the 
aerial photography is beyond the scope of this reconnaissance study; however, this limited effon 
was perfonncd since existing in formation only covers the left bank in !he area of Circle View 
Estates and the right bank near the Palmer wastewater treatment lagoon. 
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In order to compare the bank alignmenls a procedure was adopted that involved drawing a 
reference line between identifiable points on both images. Using distances measured bcf\,,cen 
identifiable points on the C.JSGS Anchorage C-6 quad map and the two aerials, a scale factor for 
this specific area of each photo was developed. Offsel lines at even intervals were then clrn"n 
perpendicular to lhe reference li nes. The; offset distance from lhe refercnc-c line to the bank line 
was measured on the 1939 aerial. Tnis distance was adjusted for scale differences and then 
transferred to the l996 aerial. Using this procedure, a series of points representing the 1939 bank 
alignment was transferred to the 1996 aerial. Approximately 80 points were transferred in this 
manner and the points connected, from the l 939 bank line. The resulting bank line and the 1996 
bank line arc shown in Figure 3. 

5.2.1. Historic Results 

The erosion distance during the 57 year period was measured at I 18 locations on the left bank 
and 80 locations on the righc bank. ·n1ere were areas in which accretion, growth of the banks out 
inw the former riverbed through deposit ion and establishment of vegetation, occurred. For 
identification purposes, erosion was indicated as positive values and accretion as negative. The 
maximum measured left bank erosion was 990 feet and occurred adjacent to Circle View Estates. 
The largest amount of right bank erosion was almost 400 feel near the Mountain View 
Subdivision. The maximum accretion over the period was 440 feet on the left bank and 360 feet 
on the right bank The mean left bank erosion distance was 110 feet with a standard deviation of 
270 feet while the mean right bank erosion rate was•higher ar 130 feet but the standard de,,iation 
was much lower at I 60 feet. 

The erosion areas on the left bank were further subdivided into the upper left bank and the lower 
left bank. The erosion rntes have been higher in the lower left bank area, which includes Circle 
View Estates. The mean erosion distance in this porri.on of the left bank was 280 feet "~th a 
standard deviation of 340 feel. In contrast, the mean erosion distance for the upper lcfi bank was 
20 feet witl1 a standard deviation of 170 feet. 11 is noted tl1at there were no areas of significant 
accretion along the lower left bank; whereas, the amount of accretion along the upper left bank 
nearly equaled the amount of erosion. This latter factor cootributed to the low average erosion 
distance in the upper left bank, since accretion was assigned a negative dis1ance. Figures 4A, 4B 
and 4C provide histograms of the various erosion distances grouped i11to 50-fool intervals for the 
upper left, lower left and right bank, respectively. Figure 4D provides the erosion histograms for 
the lcfi and right banks side by side. 

The left ba11k area with the largest amount of erosion was 1he area along Circle View Estates. for 
approximately 5,000 feel the erosion ranged from 200 feet to 900 feet. The other area of 
extended sig11ificant left bank erosion occurred starting about half a mile downstream of Y c Old 
River Road and extends downstream for one mile. In lhis area, the largest amotmt of erosion was 
approximately 600 feet witl1 200 m 300 feel being more typical. In contrasl, the left bank area 
near the upper end of the reach did not experience significant erosion for the first 6,500 feet 
below the Old Glenn Highway Bridge. 1l1is does nol mean erosion has not occurred in this area, 
but because of the scale of the maps, the mi11imum detecrable erosion distance was on the order of 
50 feet. Some recent left bank erosion in this area is evident both near the bridge and behind a 
former restaurant 2,000 feet downstream of the bridge. 

The average overall magnitude of the right bank erosion has been on the same order as lhe left 
bank with the mean distance over the 1939 10 1996 period being 130 feet and 110 feet, 
respectively. However, the max imum right bank erosion of approximately 400 feet is less than 
half of the maximum left bank erosion. The level of erosion along tl1e right bank has been less 

13 



Background Study forEx~ed Jl.ccon11ai.,snnce Study oj 
Maumush,z River Erosio,r • Aub•u.tl 2003 

variable as is evidenced by the standard deviation of right bank erosion measurements being 160 
feet compared v.ith the 270 feet for the left bank. The two most extensive areas of right bank 
erosion are adjacent to the Mountain View Estates and Sky Ranch Subdivisions. In both 
locations, there is a 2,000 foot length of bank with average erosion of approx imately 250 feet. 

In contrast to areas of erosion, accretion actually occurred in several locations. 1be two primary 
areas ofleft bank accretion were located in the upper third of the reach, startingjust upstream of 
Ye Old River Road. At the first location, accretion ofup to 440 feet with an a,,eragc valueof'.100 
feet occurred over a distance of 1,200 feet. Al the second location, a maximum accretion of 350 
fe.et occurred with an average ac.cretion of250 feet over a distance of2,500 feet. Tl1ere have been 
fewer areas of accretion on the right bank with the one primary area ar the narrowest point in the 
river where up to 350 feet of accretion has occurred over a distance of 1,000 feet. This location is 
about one mile upstream of the Palmer wastewater treatment plant. 

5.2.2, Flliure Erosion 

Observations in the a11alysis area indicate erosion is still occurring. The four spur dikes appear to 
have controlled some of the worst erosion in the area of Circle V icw Estates. However, this 
protection is limited and does not extend over the original design length, which called for eight 
spur dikes instead of the four that were built. Erosion has continued downstream of these spur 
dikes. TI1e 3,800 feet of left bank dike further upstream has controlled erosion along the bank 
that is immediately protected, however, site observations indicate erosion is threatening to nank 
or at least cause a severe angle of attack at the upstream end of the dike. Sile observations a!so 
indicate erosion is active just downstream of the dike. There are numerous other areas where 
erosion has historically occurred and the banks are not protected. Considering these factors, and 
the general nature of braided rivers, bank erosion will continue sporadically along areas which 
have not been protected and the areas that are protected will require maintenance to ensure their 
effectiveness. Additionally, all of the existing erosion protection is limited in extent and not tied 
into stable areas. Thus, there is always the threat that existing erosion protection may be flanked. 

Although it is inevitable that erosion ";11 continue along this s.ection of the Matanuska River in 
areas in which the banks arc not protected, or in protected areas if the protection is not maintained 
or is [lankcd, it is impossible to identify exactly where this erosion will occur and to what extent. 
Because of the shifting nature of the braided channel, an area that is subjected to erosion for one 
period, may become stable for years as the channel either completely shifts away from that 
location or !lie angle of flow to the bank or amow1t of flow along the bank changes. 

In a sinuous or meandering single threaded channel, erosion and accretion tend to follow trends, 
with erosion on the outside of bends, fi-oro concentration of forces and secondary currents, and 
accretion on the inside of the bend from the growth of point bars. Thus prediction of future 
erosion trends is often reasonably approximated by ex1ending the rates of erosion into the furore 
and projecting them along an extension of the historic paths. Although, erosion will not actually 
occur in such an idealize-cl marmcr, due to factors such as di!Tcrences in soils, changes in sediment 
supply, influence of vegetation, the sequence of flooding even ls, changes in flow patterns from 
upstream and downstream influences, blockage by debris and even channel avulsion (Note: 
cha11J1ei avulsion is shift of the main channel alignment to a new location in a rapid process that 
does not involve erosion and migration of the land between the old and new location), this type of 
approach is often suitable for plam1ing purposes. 
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In contrast to meandering charmels, braided channels (like the Matanuska's) consist of multiple 
threads or braids that occupy a wide corridor. The braids are subject to rapid changes in • 
alignment and the amount of flow they convey. In the case of a braided channel, futw-e erosion 
and accretion cannot be quantitatively or qualitatively predicted by the same procedure as for a 
meandering channel. In a braided channel, an area of the bank may be attacked by erosion for 
several years, then the braid shifts entirely away from the bank. TI1e point at which the braid 
impinges and anacks the bank may shift hundreds or thousands of feet upstream or downstream 
of the previous locarion or to the opposite side of the corridor. For example, the Maranuska has 
exhibited this behavior with the main area of bank erosion concern being along the right bank in 
the vicinity oithe Palmer wastewater lagoons and Mountai,1 View Estates for many years, then 
shifting 5.000 feet across the channel to the Circle View Estates area along the lcf1 bank in the 
late I 980s. 

Because of the difficulty in predicting future locations of bank erosion on a braided channel, a 
s.tatistica l approach was uri lized 10 estimate potential bank erosion in the futw·e. Two methods 
were applied in this approach. h1 the first method, it was assumed that bank erosion rates were 
random and normally distributed. The mean and standard de,rjation of the computed 57-ycar 
record of erosion were adjusted to represent 50 years by multiplying by the ratio of 50 di,~ded by 
57. This ratio produces an adjusted 50 year mean and standard deviation for bank erosion of 96 
feet and 248 feet for the left bank and 115 feet and 138 feet for the right bank. These values were 
then used to generate values of bank erosion distances associated ,vith various ranges and their 
associated probability. In the second method, the acrual sampled distribution was utilized after 
adjusting the distances by the ratio of 50 divided by 57. The results are presented in Tables lA 
and lB. 

One potential aspect of the erosion propertie.s nor accounted for by either approach (by assuming 
future erosion to be randomly distributed or by assuming that it follows the acrual sampled 
distribution from historical data) is the possibility that flows concentrate on the left bank in some 
areas for an extended period. Historically, it appears that the area of erosion would switch back 
and forth between sides of the river on the. order of every IO to 20 years. 1l1is may have kept 
mature vegetation from developing in tbc braided corridoc. The 1939 aerial shows very little 
vegetation evident in the main braided. corridor. However, the 1996 aerial shows distinct islands, 
one just downstream of lhe Old Glenn Highway Bridge and a larger one adjacent to the Circle 
V iew Estate. Cunem field obse,:vations show substantial vegetation becoming establi shed on the 
right (west) side of the larger island. As this vegetation becomes more established, it will be 
more difficult for the main channel to shi~ back to the right side. Thus, eros ion may be 
concentrated on the left side for a longer period. 111is behavior is at least partially artributable to 
the capture of the Matanuska River main channel by the KnikRiver through the Ezi Slough, just 
downstream of Circle View Estates. This situation is likely to continue unbl deposition reduces 
the steeper gnidient that exists along the current palh to the Knik River. To assess the sensitivity 
of calculated expected erosion damages to this occurrence, an analysis was conducted that 
doubled the damages in the lower left bank erosion area for a worse case scenario. Tius 
sensitivity analysis is documented in Section 5.3 
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Table lA. Probability Associated with Various Bank Erosion Distance~- for a 
50 Year Period Based on Assumption of Normal Distribution - Right Rank of the 

M atan uska River near Palmer 

50 Year Total Erosion Distance 
(ft) 

Probability of Given Erosion Condition(%) 

Lower Limit Upper Limit Lower Limit Upper Limit Increment 
Accretion 0 0 20 20 

0 100 20 46 26 
100 200 46 73 27 
200 300 73 91 18 
300 400 91 98 7 
400 500 98 JOO 2 

Table IB. Probability Associated with Various Ba.nk Erosion Distances for a 
50 Yea.r Period Based on Actual Sampled Distribution - Right Bank of the Matauuska 

River near Pnhner 

50 Year Tot.ti Erosion Distance Probability of Given Erosion Condition(%) 
(fl) 

Lower Limit Upper Limit Lower Limit Upper Limit Increment 
Accretion 0 0 12 12 

0 100 12 38 26 
100 200 38 69 31 
200 300 69 98 29 
300 400 98 100 2 
400 500 100 100 0 
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Table IC. Probability Associated with Various Bank Erosion Distances fo r a 
50 Year Period Based on Assumption of Normal Distribution - Upper Left Bank of the 

Matanuska River near Palmer 

50 Year Total Erosion Distance Probability of Given Erosion Condition(%) 
(ft) 

Lower Limit Upper Limit Lower Limit Upper Limit Increment 
Accretion a 0 45 45 

0 100 45 25 25 
100 200 70 S8 18 
200 300 88 97 9 
300 400 97 99.4 24 
400 500 99.4 100 0.6 

Table 1D. Probability Associated with Various Bank Erosion Distances for a 
50 Year Period Based on Actual Sampled Dist ribution - Upper Left Bank of the Matauuska 

River near Palmer 

50 Year Total Erosion Distance Probability of Given Erosion Condition (%) 
(ft) 

Lower Limit Upper Limit Lower Limit Upper Limit Increment 
Accretion 0 0 23 23 

0 JOO 23 76 53 
JOO 200 76 90 14 
200 300 90 96 6 
300 400 96 99 3 
400 500 99 100 1 
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Table IE. Probability Associated with Various Bank Erosion Distance-; for a 
50 Year Period Based on Assumption o{ Normal Distributiou - Lower Left Bank of the 

Matanuska River near Palmer 

50 Year Total Erosion Distance 
(ft) 

Prohabi li1y of Given Erosion Condition(%) 

Lower Limit Upper Limit Lower Limit Upper Limit Increment 
Accretion 0 0 20 20 

0 100 20 31 11 
100 200 31 44 13 
200 300 44 57 13 
300 400 57 70 13 
400 500 70 80 10 
500 700 80 93 13 
700 1,000 9.3 100 7 

Table 1 F. Probability Associated with Various Bank Erosion Distances' for a 
50 Year Period Based on Aetna! Sam11led Distribution -Lower Left Bank oftbe Matanuska 

River near Palmer 

50 Year Total Erosion Distance Probability of Given Erosion Condition(%) 
(ft) 

Lower Limit Upper Lim.it Lower Limit Upper Limit Increment 
Accretion 0 0 0 0 

0 100 0 50 50 
100 200 50 62 12 
200 300 62 65 " :, 

300 400 65 75 10 
400 500 75 78 3 
500 700 78 85 7 
700 1,000 85 100 15 
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The expected value of losses from bank erosion that could occur over the next 50 years for the 
without project cond ition were determined by combining the value of the significa,ir C·0mponcms 
of the. area potentially subjected to erosion and the probabil ity oi erosion extending into an area. 
The significant features considered were the land, the structures (nearly all residential), and the 
Old Glenn Highway. Tiie value of the Old Glenn Highway was estimated based on the cost of 
pavement, replacing approximately 6 feet of fill, and an allowance for miscellaneous features 
such as driveways and intersections. The land and structure values were obtained from lhe 
Borough's Assessor's records and the parcel locations from the Mat-Su Borough GIS files. 
Though not quantified for this reconnaissance study, additional economic costs would be 
associated with traffic delays and rerouting. Though not significant enough to impact the 
feasibility assessment of alternatives in this sludy, these impacis should be examined during any 
feasibi lity-level analysis. 

The erosion s tudy ru-ea was divided into three subareas to facilitate detennination of pOLcntfal 
benefits for alternative projects. These areas are: the left bank for 22,000 feet downstream of the 
Old Glenn Highway bridge, the left bank from 22,000 feet downstream of the Old Glenn 
Highway bridge to 32,000 feet downstream and the right bank from about 5,000 feet upstream of 
the Palmer wastewater lagoons to just downstream of Sky Ranch Subdivision. n,es;e three 
subareas are referred to as the upper left bank, lower left bank and right bank. The length of 
banks in each of these three subareas is 22,000 fee t, 10,000 feet and 15,000 feet, respectively. 

Ex.peeled annual damagc.s for the without project condition in a scenario assuming 110 growth in 
the number of existing residential structures are presented in Table 2A through 2B. In 
developing the damages, the areas that ctmently have some protection were not ex.eluded from 
the potemia I e rosion areas. These areas were included because the erosion control structures are 
isolated and could fail from erosion upstream or downstream. Add,tionally, the inclusion of these 
areas may offset some of the smaller damages that were omitted from this level of analysis such 
as utilities and residential roads. Tables 3A through 3U present expected total losses of existing 
over the fifty-year period of analysis for land, existing structures (nearly all residential), and the 
Old Glerm Highway in tenns of acres, number of struct11res, and feet ofhigbway, respectively 
assuming no n~w residemial structures are constructed in the study ru-ea. 

As mentioned in section 5.2, there maybe a current trend of flows concentrating along the lower 
lefl bank for a Substantial period due to the caprure of the Matanuska River by the Knik River just 
do,,11stream. Historically, it appears that the erosion in the lower area has switched back and 
forth between the lower left a,1d !lie right bank. as the flows concentrated on one sid~ of the 
channel or the other. Qualitatively, this has appeared to happen on the order of every 10 to 20 
years. For a sensitivi ty analysis of this potential issue a scenario was analyzed where the flow 
was assumed to concentrate on the kfi side of the channel for the next fifty years . To account for 
this, the losses on the lower Icfi bank. were dc_mbled. At the same time the right bank damages 
were re.duced to zero, since it was assumed that the Matanuska stopped !lowing on this side for 
the 50-year period. Losses along the upper lcfi bank were not changed. The results showed that 
damages would inc'rease marginally, with the added damages in the lower lctl bank being offset 
significantly by the reduction in damages on the righL bank. The added damages were not 
significant enough to alter the BC analysis presented later in this rcpon. 
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Table 2A. E.stimated Expected Average AunuaJ Losses from Mata1mska River Bank 
Erosion by Subareas Based on Assumption ofNonnal Distribution 

Estimated Expected Annual Erosion Lossc.s 

Subarea Land Structures Old Glenn Hwy Total 
(mostly 

residential) 
Upper Left Bank Sl,976 $5,235 $9,347 :i, 16,558 
Lower Left Bank $3,611 $23,644 -0- S27,255 
RighLBank $5,358 $15,638 -0- $20,996 

Table 2B. Estimated Expected Average Annual Losses from Matanuska River .Bank 
Erosion by Subareas Based on Actual Sampled Distribution 

Estimated Expected Annual Erosion Losses 

Subnrea Land Structures Old Glenn Hwy Toial 
(mostly 

residential) 

Upper Left Bank $2,095 $6,340 S7,893 $16,329 
Lower Left Bank $3,396 $21,551 -0- $24,947 
Right Bank SS,642 $ 16,896 -0- $22,538 

Table 3A. Estimated Expected Total Losses over 50 Years from Matanuska River Bank 
Erosion by Subarea Based 011 Assumption of Norma l Distribulioo 

Estimated Exne,ted Total Losses 

Strnctures 
(ruoscly Highway 

Subarea Land (Acres) residential\ <Feet) 

finner Left Bank 36.' 2.2 I 168., 
Lower Left Ba ilk 65., 5.: -0· 
light Bank 45.5 4.' -0, 
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Tal)le 3B. Estimated E:qiected Total Losses over 50 Years from Matanuska ruver _Ban.I< 
Eros.ion by Sub:irea Based on Actual Sampled Distribution 

Estimated Exoectcci Total Losses 
Structures 

Subarea 
(mostly Highway 

Land (Acres) resideorial) (Feet) 

lloner Left Bank 39.II 2.' 986.• 
Lower Left Dank I 61.~ 6.( -0 
IRi2ht Bank 47.9! 4.i -0 
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The data presented in Tables 2A-2B and 3A-3B was based upon an assumption ofno new 
development in the study area over the period of analysis. An additional analysis was conducted 
to see the effects of residential development in the study area. Because no specific data was 
avai lable on growth rates in the study area, growth rates weR studied for the Matanuska-Susitna 
Borough as a whole. This analysis was based upon U.S. Census Bw-eau data and identified a 40-
year average annual population growth rate of 6.3%, a 30-year rate of7.6%, a 20-year rate of 
6.2% and a rate of 4.1% over the decade 1990-2000. TI1e 4.1 % annual gro\\th rate was selected 
for estimating future development in the study area. A more conservative 2% rate was also 
applied as a sensitivity analysis. Tables 2A-2D arc reproduced below as Tables 4A-4B to show 
the change in expected damagc.s when incorporating the two f,'TOwth factors for residential 
structures. 

Table 4A. Estirnated Expected Average Annual Losses from Matanuska River Bank 
Erosion by Subareas Based on Assumptlou of Normal Distribution 

Estimated Expected Annual Erosion Losses 

Subarea Land Structures Old Glenn Total 
(mostly Hwy 

residential) 

Upper Left Bank $1,976 $5,235 $9,347 $16,558 
:) ~ lower Left Bank $3,61 1 $23,644 -0- $27,255 z e 

0 Right Bank $5,358 lll5,638 -0- $20,996 

-= Upper Left Bank Sl,976 $7,258 $9,347 $18,581 , ;;, 

~ § Lower Left Bank $3,611 $32,785 -0- $36,396 
0 Right Bank $5,358 $21 ,683 -0- $27,041 

~ -= Upper Left Bank $1,976 S 10,926 $9,347 $22,249 . " Lower Left Bank I $3,61 I $49,351 -0- S52,962 '; p: ~o 
Right Bank I $5,358 $32,640 -0- S37,998 
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Table 4B. Estimated Expected Average A.nnual Losses from Matanuska River Ilank 
Erosion by Subareas B:1sed on Actual Sampled Distributi.on 

Estimated Expected Annual Erosion Losses 

Subarea Land Structures Old Glenn 'fotal 
(mostly Hwy 

residential) 

-5 Upper left Bank $2,095 $6,340 $7,893 $ 16.329 
0 ::: Lower Left Bank $3,396 $21,551 -o-I $24,94i Z 2 

0 Right Bank $5,642 $16,896 -0- $22,538 

-5 Upper Left Bank $2,095 S8,792 $7,893 $18,780 
~ ~ Lower Left Bank SJ,396 $29,883 -0- $33,279 • 0 
N ~ 

v Right Bank $5,642 S23,428 -0- $29,070 
..,, Upper Left Bank S2,095 $13,234 S7,893 $23,222 ~ _, 

0 " Lower Left Bank $3,396 $44,983 -0- $48,379 --: 0 ..,. ~ 
0 Right Bank $5,642 $35,266 -0- $40,908 

5.5. General E ros ion Control ·Measures 

Oppomm.itics exist for implementing solutions to address the erosion problems identified in 
Sections 5.1 • 5.3. The review of pertinent existit,g documents, discussions wi1h Corps of 
Engineers staff, meetings and interviews with local government and agency representatives, and 
site reconnaissance confirmed that erosion has been a problem that has drawn attention along the 
Matanuska River for at least 50 years. Over that period, a variety of solutions have been 
proposed that fall into the general categories of: 

• Flow Deflecting Strucrures 
• Bank Annoring 
• Gravel Extraction 
• Non-Structura l lvleasur.;,s 

These measures arc described below, including an assessment of lhe pros and cons for each; 

5.5.1. Flow JJejlecfing Structures 

Flow deflecting structures function to protect riverbanks by moving the erosive force of water 
away from the toe of the bank. Flow deflecting structures are typically utilized in a series to 
move the flow away from the bank over a significant length of the river; however, in some cases, 
they are used as a single U11it to eliminate a single point of flow impingement on a bank. When 
spur dikes are used in a series, finer sediments tend to deposit in the slack water and.eddies 
between the spur dikes. This further protects the banks and in some cases. al lows for the 
establishment of vegetation. 

Flow deflecting structures have been used at several locations a.long the Matam1ska River and is 
one of the solutions proposed in several of the past reports. The flow detlecti.ng structures 
proposed have been spur dikes, which protrude nearly pcrpcndicubr from the bank into the Ilow. 
Spur dikes have been used in the area of Circle View Estates and a( several locations along the 
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Glenn Highway. Add itionally, shorter spurs or groins have been utilized 10 protect the P~lmer 
sewage lagoons. 

Pros 

• Have shown some success in controll ing bank erosion on the Matanuska 
• Moves high velocity flow away from eroding bank 
• Creates channel thalweg at tip or nose of <likes due to channel deepening by scour, 

thus tending to stabilize the alignment 
• Typically requires less r.ock to construct than am1oring the banks with riprap 
• Vegetation may become esu:blished on deposits between flow deflecting structures 

Cons 

• Earlier investigations indicated a low B/C ratio for the treatment 
• Concern over shifting erosion problems upstream or downstream of so-ucnn-e 
• Concern over potential for shifting erosion to opposite side of river (May not be 

warranted in areas where the channel is several thousand feet wide as is often the 
case in the study area) 

• C-hanging river conditions, primarily shifti,,g channel braids, could a lter angle of 
at1ack and reduce effectiveness or cause failure 

• Maintenance at tip is likely to be required due to large scour potential 
• ConceJ'J'l over environmental impacts 

5.5.2. Bank Armoring 

1l1is is the most common method of protecting banks from erosion. In this approach, a blanket of 
less erodible material is placed along the banks to prevent U1e tlow from removing native bank 
material. Depending on the conditions, this may be accomplished using vegetation 
(biotcchnica l), rock (riprap), rock filled gabions or other manufactured revetments such as 
articulated concrete mattresses. Because of the hydraulic conditions, including velocities on the 
order of IO fe<;:t per second and shear stresses exceeding 2 pow1ds per square foot, biotechnjcal 
approaches have not been considered on the Matanuska as a prima1y element for stabilization of 
main channel erosion sites. However, biotcchnical means could be employed to protect upper 
banks and enhance the environmental aspects of bank armoring measures. Gabions and concrete 
mattresses are typically used when sources of suitable quality riprap arc not readily ava ilable. 
Since riprap is available in the area, this would be the likely approach utilized for the bank 
armoring category of protection. 

Bankam1oriJ1g can either be applied directly to the banks by regrading the bank slopes and 
applying appropriate filters/bedding, or by consll1.lction of a training dike. The latter approach is 
utilized when the bank is irregular, has sharp bends or poor alignments that may create adverse 
hydraulic conditions. Add itionally, the protection of a smooth training dike may require less 
riprap than an irregular shaped, eroded bank line. Both approaches to bank armoring have been 
proposed and applied to the Matanuska River. 

• Has sho"11 some success in controlling bank erosion on the Matanuska River 
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• Maintenance may be less than spw· d ikes because the severe scour conditions_ Lhat 
occur at the tip of spur dikes is absent 

• Less susceptible to changes in alignment of braids than spur dikes 
• Less I ikely than spur dikes to transfer erosion probk:ms to the opposite bank, 

upstream or downstream 

• Earlier investigations indicated a low B/C ratio for the treatment 
• Typically requires more riprap than spur dikes 
• Thalweg tends to fonn at base of riprap, bringing main Dow of channel along 

protected bank 
• Concern over eovironmental impacts 
• Extensive length would be required to prevent Oanking of the protection- not 

suitable for protection oflocalizcd area 

5.5.3. Grai•el Exti-actio11 

It has been postulated in past s tudies that a significant factor causing bank erosion on the 
Matanuska Ri ver is the large supply of bed load that causes deposition and contributes to the 
dynamic nature of the braided channel. The gravel extraction approach to controlling bank 
erosion aims at removing a sufficient amotu1t of bed load to eliminate the over supply and the 
associated deposition . Additionally, the proposed approach would at1empt to relocate the chaW1cl 
to the center of the braided corridor rather than allowing it to impinge upon the outer banks or 
limits of Lhe corridor. The approach would 11tilizc an excavated channel to d irect lhe flow into a 
large expansion or settling area where the bed lo~d would be deposited. An excavated channel 
would convey the flow out of the setlling area . The settling area would be used as the extraction 
point for the grave.I and cobble. A fundamental requirement of this approach is that che economic 
value of the b•r.wel extracted would fund the continued removal activities. It has not been 
established that this requirement can be met. A market analysis of gravel dernaod should be part 
of a more detailed feasibility srudy to further examine this issue. 

There is considerable merit to attempt to solve the problem by attacking one of the causes of bank 
erosion (i.e., over supply of sedimcot) than by addressing the symptoms by protecting the banks. 
However, there are many questions that need to be answered prior to establishing the feasibility 
of such an approac h. 

Pros 

• Attempts to address the cause of bank erosion rather than the symptoms 
• Operation and maintenance may be self funding by the sale of the aggregate 
• Would reduce the likelihood of a channel avulsion across the Boden burg Butte area, 

should Uiis possibility actually be a reality 

• Addresses portion of erosion problem related lO oversupply but banks' erosion may 
have other conrn'buting factors such as nature of the banks, hydrologic conditions, 
and hydraulic conditions 
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• Management of gravel for reduction in oversupply to reduce or control bank ~osion 
may contlic1 with management needed for operating a profitable gravel mining 
operation 

o Gravel supply by the river may vary considerably from year to year and 
has no correh,tion to variations in demand 

o lf economics of gravel extraction change, cessation of extraction will 
terminate any bank erosion control afforded by the project 

• It may be difficult to successfu lly control the gravel supply for very large events 
• If not properly conducted, gravel extraction could adversely impact upstream and 

downstream areas 
• Agency concerns over adverse environmental impacts 
• Potential impacts lo the groundwater fed channels that currently provide fish habitat 

through possible lowering of rhe groundwater level as a result oJ lowering the water 
level in the channel 

• Stabilization of the channel could result in significant alterations in existing habitat 
functions and values 

5.5.4. Noll Structural Measures 

Non-structural solutions aim to reduce expected future erosion damages by moving homes and 
infrastructure out of harms way and LO discourage further development in erosion prone areas. 
Non-structural solutions could include some combination of acquisition and/or relocation of 
threatened properties and land management including land use controls and zoning regulations. 
The$e non-structural measures would reduce expected filture erosion damages and would have 
less environmental impacts within the river corridor llum structural solutions. However, some 
environmental impacts could be transferred to other areas as growth that would have occurred in 
the river corridor occurs in other areas. 

• Non structural measures such as relocations and limitations of future development 
would reduce potential for future damages because fewer homes and other 
improvements would be in the path of future bank erosion episodes 

• Likely to be most environ.mentally acceptable solution 
• Less or no permitting relative ro s tructural measures 
• Would not alter the riverine environment 

• Land Use controls alone (without relocation) do not protect current property from 
loss 

• Relocation of existing proper1ies alone (without land use controls) does not preclude 
future development in erosion prone areas 

• Potential opposition by properry owners within the corridor 
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5.6. Specific Erosion D amage Reduction Opportunities (Alternative Plans and 
Prelim.ioary Evaluation of Alternatives) 

To investigate lhe potential feasibility of controlling ecosion on the Matanuska River, specific 
locations were identified lhat presented opportunities for implementation of erosion control 
measures. Locations were selected based 0 11 two primary criteria: I) locations where valued 
resources arc at risk of damage from erosion, and 2) where implementation of erosion control 
measures appears feasible. 

The primary opportunities identified to address erosion problems in the study areas extend from 
approximately four miles upstream of the Glenn Highway crossing of the Matanuska at the Knik 
Am, to just above Chickaloon (Mile Post 77). Two primary erosion reaches were initi.ally 
identified along this length of the river. The fust erosion reach identified is in U1e more populated 
area near !'aimer, from the Old Glenn Highway crossing downstream for approxima tely seven 
miles. The second erosion reach identified includes intermittent erosion areas along the Glenn 
Highway from Mile Post 61 (near Sutton) ro Mile Post 78 (near Chickaloon). In the lower reach, 
the most significant problems have centered around bank erosion threatening and in some cases 
actually destroying homes. In the upper reach the problem has to a large part been associated 
with bank erosiott threatening and damaging the highway, although, there have been several 
homes threatened by erosion near Sutton. 

Discussions with Mr. Chris Kepler of the Alaska Department of Transportation and Public 
Facilities indicated that past efforts have r~sulted in controlling erosion of the upstream reaches of 
the Matanuska River along rhe Glenn Highway to the extent that erosion is now primari ly a 
maintenance issue. He did not feel that there was a hec<l for a significant effort to implement new 
bank protection measures along the Glenn Highway. The site visit conducted as part of this effort 
confim1ed this opinion. 

In contrast to the upstream reaches of the Malanuska R iver, the bank erosion problems in the 
Palmer area, below the Old Glem, Highway Bridge are stil l a major concern. Cm-rently, attention 
is focused on the left side (left defined facing downstream) of the. river, though erosion of the 
right bank in the area of the Palmer wastewater lagoons and the Mom1tain View Tis1~tcs were both 
problems prior 10 the Matanuska shi ft ing to thosou,h in the period following the 19S6 high tlows. 
Based on the evaluation of active bank erosion, the highest opportunities for control of bank 
erosion exist along the reach ofthc Mauinuska River in the Palmer area, below the Old Gle1U1 
Highway Bridge, 

For a viable bank erosion control project to exist, not only do eroding banks need to be present, 
but also there must be threatened land and improvements that are of sufficient value to justify the 
expense associated with providing significant bank erosion protection. !J1 the Palmer area below 
the Old Glenn Highway Bridge, it was determined that both these conditions existed at a level to 
warrant their further consideration in Lhis study. 

To furlher investigate the feasibility of implementing bank protection along the Matanuska River 
in this area, the general erosion damage reduction measures described in Section 5.3 were 
fonnulated into specific erosion damage reduction plans at specific locations in the study area. 
The first alterative plan involves implementing a program of gravel extraction to stabi lize the 
river system. The second alternative plan involves providing bank armoring w prevent erosion. 
Various groups and individuals have expressed interest in both of these alternatives over the past 
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decades as documented by previous reports and input pro,,ided by local agencies. Additionally, a 
non-structura l erosion damage reduction alternative was evaluated. 

The gravel extraction alternative was fonnulated by Peratrovich, Nottingham and Drage (PND, 
199 1) under contract with the Borough and is primarily intended lO protect homes from about half 
a mile north of North Bodenburg Butte Loop Road on downstream for approximately three miles 
on both sides of the river. It should be noted that the PND plan is very conceprual and numerous 
important questions and issues, both in tcnns of engineering and economics, need to be furtl1er 
investigated before a determination of whether lhc plan will actually work can be made. TI1e bank 
annoring allcrnative would protect the Old Glenn Highway and buildings on the left bank from 
tbe bridge on downstream to near the Triple Crown Es~tcs subdh~sion. The general locations of 
the alternatives are presented as Figure 2 and arc described in the following paragraphs. The non­
structural alternative would involve acquisition of erosion-prone lands and improvements for 
conversion to open space or other beneficial uses. 

As a reconnaissance study, the development and evaluation of the alternatives is at a conceptual 
level. TI1e purpose is not to identify a definitive project, but to detenuine. if there is a possibility 
that a technica ll y and economically feasible project may exist that warrants further consideration. 
The specific alternatives were chosen since they appear to have the highest potentia l for 
protecting features of economic value. The gravel extraction alternative and the non-structural 
alternative concenb-ate on reducing erosion damages to homes, while lhc bank protection 
alternative reduces potential damages to both infrastructure (Old Gknn II ighway) and homes. 
Collec1ivcly, the alternatives offer an assessment of the potential range of benefits from bank 
erosion damage reduction projects in the study area. 

5.6.1. Altemative 1 - Gravel Extraction 

De.scriplio11: Much o[ the bank erosion problem within the M.itanusk.a River in the Palmer area is 
the result of the channel exhibiting a highly braided plan form. The broided chaime.1 is 
characterized by multiple and shilling channels within the overall river corridor. 'This behavior 
results in areas ofhigb bank erosion when one of the channel braids shifts against a bank 
along the edge of tl1e corridor, as was the case at Circle View Estates a decade ago. A primary 
factor contributing to the braided channel condition is a high rate of bed load supply in excess 
of the flow's capacity to trai1sport the material. The gravel extraction altemativc would 
remove the oversupply of bed load with the intent of controlling the channel's tendency to 
braid, and therefore greatly reduce bank erosion. 

Pcra1rovich, Nottingham and Drage, lnc. (PND) prepared a report for the Matanuska-Susitna 
Borough presenting t he conceptual design and basis for a gravel extraction scheme to control 
erosion along a portion of the Matanusk.a River. In addition to eliminating tl1e over supply of 
bed load co reduce erosion, the plan also incorporates excavation and channel training 
associated "ith the gravel extraction plan lo i.nt1tially move the flow oftl1e river towards the 
center of the conidor and away from the bai.lks. TI1e allemative presented in this section is a 
summary of lhe alternative presented in the Pl'-1]) report. It is cautioned that the actual ability 
of this alternative to control the erosion problems has not been addressed to the extent that it is 
considered technically feasible. This section also presents some of the questions and concerns 
related to the gravel extraction plan to fully evaluate its feasibility. 

Alternative I would be located in the Matanuska River from about three miles downstream 
(south) o[ the Old Glenn Highway Bridge to below the Sk"Y Ranch subdivision. The 
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downstream location would be approximately one mile upstream of the Matanuska Di)-c 
constructed to protect the Alaska Railroad. TI1e length of the project would be about three 
miles. In this configuration, the project would be intended to provide erosion protection for 
both sides of the river v.,jfhin this three-mi le reach. Refer to Figure 2 above for location of 
poten1ial gravel extraction site. 

As presented by PND ( 1991} ihe project would consist of five major components: 

l. The first component would be a gravel extraction pil constructed in the center of the 
channel corridor adjacent to Mountain View Estates. The pit is proposed 10 be 20 feet 
deep and 1,200 feet in diameter with a volume of 600,000 cubic yards . 

2. The second component would be an 8,000 foot long upstream suppiy channel extending 
from the exb·action pit upstTeam to the naffow area in the channel corridor just upstream 
of North Bodenburg Loop Road and adjacent to the Triple Cro"n Subdivision. 

3. The third component would be a simi la.r channel extending downstream of the extraction 
pit for 3,000 feet. l11e channels are proposed 10 have widths of300 feet and require 
400,000 cubic yards of excavation. The chrumels arc designed to be a total of ten feet 
deep with five feet of depth created by excavation and tl1e remaining five fee, created by 
pushing up berrns along the channel from the channel excavation ma terial. TI1is size 
channel in this configuration is designed to convey the two-year flood . The design 
depends on the channel incising to create sufficient capacity to carry larger Doods. 

4. The fourth component wo11ld lg a 1,000 foot wide Dared lransition into the 8,000 foot 
long upstream channel. 

5. The fifth component of the system would be the gravel transportation facilities. This 
would consist of a 6.500 foot long railroad spur constructed to haul gravel from the site 
and connect \\~th the existing Alaska Railroad tracks, gravel 1oading facility, haul road 
from the pit, and a gravel stoclq:>ile pad. 

The facility described above would be utilized to extract an average of 250,000 cubic yards 
per year of gravel. PND indicates the intention of !his volume roughly equaling the estimated 
annual bed load supply. Sepru·ate estimates of the average annual bed load supply in the 
Matanuska River resulted in values of267,000 cubic yards (USGS) and 300,000 cubic yards 
(ABS). 

Engineering Considerations: It is not possible to detenui ne the engineering feasibility of gravel 
extraction as a means to control bank erosion along the Matanuska River based only on 
existing information. Thus, this alternative cannot be considered technically feasible un1il 
further investigations have been conducted (technical feasibility has not been ruled out at this 
time). The following paragraphs identify specific issues !hat need to be addressed to determine 
engineering feasibil ity. 

I. An extremely impoitant question to answer is the expected amounl of the gravel 
to be extracted. Uncertainty in this area arises from rwo aspects of the plan. First, the 
proposed plan calls for extracLion of the eotire estimated bed load supply; however, this 
may not be a wise approach. Extracling the entire bed load supply will leave the channel 
dov-~1strcam of the project starved of coarse material and could adversely impact the 
downstream channel. Typically instream grnve l mining is conducted under the concept 
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of "safe yield," where safe yield is the difference between the bed load sediment supply 
into the reach and the bed load sediment transpo11 capacity "~thin the reach. Th~ safe 
yield may be much smaller than the actual supply. The second level of uncertainty 
involves the actual estimate of bed load. T he predictions of267,000 to 300,000 cubio 
yards arc based on only 9 measurements for the first value and an approximate 
relationship from other Southccntral Alaska streams for the second value. 

2. Another important question to answer is what will be the upstream impact of the 
proposed gravel extraction project? The method assumes that a hcadcut will occur, but 
there is not an analysis indicating that tbe hcadtul will be confined to the intended area. 
ff the hcadcut proceeded upstream of the controlled channel., it could result in damages to 
other locations. Similarly, downstrea m impacts to the channel morphology must also be 
assessed. 

3. The nature and variability of the sediment supplied to the extraction area must 
also be better understood. In low flow years, the bed load $Upply would likely be much 
smaller than the predicted average annual yield. Conversely, in high flow years the yield 
would be significantly larger. ln the former case, it could create a hardship for any entity 
that was expecting to remove 250,000 cubic yards to make the gravel extraction 
economically viable. In the second case, the extraction area or upstream supply channel 
might be overwhelmed with sediment, resulting in a massiw amount of deposition and 
shifting of the channel in the same manner as the project was intended to arrest. A better 
understanding of these. two possibilities can only be obtained by analyzing the variability 
of sediment supply over a pe!'iod of record and simulating the trapping characteristics of 
the &,ravel extraction pit. 

4. The sediment trapping characteristics of the extraction pit under varying flow 
conditions must also be understood to identify the sizes of sediment trapped and their 
volumes. Though the plan is written as if the only material being trapped is gravel, it is 
inevitable that appreciable sand and some silt will be trapped. To estimate their volumes, 
the incoming supply must be estimated and the trapping characlCristics of the proposed 
pit simulated over a range of flows. It is expected that the percentage of sands and silts in 
the sediments trapped in the extraction pit will be greater than that typically fom1d in the 
channel deposits. This is due to the fact that the sediments trapped in the extraction pit 
will be deposited under a much lower energy environmeot than currently or historically 
existed, on the average, in the main channel of the Ma tanuska River. 

5. Potential impacts to the stability of the system upstream and downstream, 
including existing bank protection structures needs to be addressed. This would relate to 
the potcmial for upstream headcuts, downstream channel degradation and migration or 
filling of the upstream supply channel. 

6. Reduction in sediment S\lpply would change the expected channel form from 
braided to single thread, but ti1e single threaded channel may ultimately adopt a 
meandering form. This in tum would cause erosion of gravel and supply additiona l 
sediments. 1l1us, additional study is required to assess how much maintenance or bank 
protection might be needed to maintain the straight approach and exit channels from the 
settling area. 

Pre/iminarv Cost: l11e PND report did not provide a detailed cost breakdown of Alternative I, 
but provided an estimated initial construction cost for the entire project of $3.000,000 in 1989 
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dollars. Applying a cost escalation factor of 1.5 (based on Engineering News Record's 
hi-storic construction cost index to bring the estimate to the current price level) to this value 
results in an estimated cost of $4,500,000 in 2003 dollars. The f'ND report does not indicate 
the costs assoc iated with extracting the gravel nor the value of the extracted gravel. 

1n addition to the initial construction cost, there would be costs associated with the annual 
extraction of gravel as well as maintenance of the facilities such as conveyor belts, roadways 
and th.c channels. For this analysis, the cost of extracting the gravel and stockpiling in the 
project area is estimated to he $3.00 per cubic yard. The annual cost of extracting 250,000 
cubic yards of gravel is then $750,000. Ifit is asswned that maintenance costs of the other 
project components averages 2 percent of the initia l construct ion cost, this is an additional 
annual expense of$90,000 per year. The estimated annual O&M cost is then $840,000. 
Calculated over a fifty-year period al the current Federal inlerest rate of 5.875%, this O&M 
has a present value of~J3,474,500. TI1e average annual equivalent cost is $ 1,120,530. A 
separate analysis was conducted asswni ng that the O&M costs were self-liqu idating (that is, 
they pay for themselves bi• the sale of the extracted gravel). In this self liquidating scenario, 
the total present value of the gravel extraction alternative is $4,500,000, with an average 
annual equivalent value of $280,530. Add ing the O&M and Construction costs results in a 
cost (present value) of $17,974,500 (average annual equivalent value of S 1,120,530). 

Eco110111ic Considerations: Implementation ofihe gravel extraction project would affect the study 
subareas delineated as Lower Left Bank and Right Bank. The erosion zones defined in Section 
5.2 of tl1is report were compared with GIS-based county assessors data to determine the value 

•Of lands and improvements (see Section S.3 and Tables 2A-2B). Land in the lower left bank 
was determined to have an average value ofS2,755 per acre. Sn11ctures (all residential) within 
1,000 feet of ihe current left bank totaled 28 wlth an average value of $119,170, and an 
average replacement value of $156,170. In the right bank, the land was valued at $5,894 per 
acre and there were 13 residential strucrures within 500 feet of the current bank with an 
average value of$182,585 and an average replacement value ofS224,680. (Note: Section 
5.2.2 provides a discussion of potential e.rosion distances for each bank.) Total expected 
erosion losses averted by th.is plan range from approximately 110 to 13 l acres of land and 10 
to 12 residential structures (see Sectiou 5.3 and Tables 3A - 3B). The calculated present value 
of prevented damages m these subareas ranged from approximately $762,000 to $774,000 
(average annual equivalent value ofS47,500 to $48,250). ·n1e range is based upon the 
differeni analysis methodologies employed (assumptions ofnomial vs. actual distribution). 
The estimated costs of this alternative exceed the expected benefits by a factor of 
approximately 23.2 to 1. Therefore this gravel extraction alternative does not appear to be 
economically justified. In the case where O&M costs are assumed to be self-l iquidating, the 
value of prevented damages remains the same but the cost decreases. As a result, the estimated 
costs of this version of the alternative exceed U1e expected benefits by a factor of 
approximately 5 .8 to l. 

lf the two growth factors arc applied to approximate development in the study area, expected 
damages and the value of prevented damages increase while the costs of the alternative 
remains constant. With the assumed 2% annual growth rate, expected damages prevented 
range from$ I ,000, 100 to$l ,018,000. Costs exceed benefits by a factor of approximately 
17. 7 to I. In the self-liquidating O&M scenario, the ratio of costs to benefits is approximately 
4.4 to I. 
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Going to the assumed 4.1 % growth rate, expected damages prevented range from $1,432,300 
10 $ 1,459, I 00. CostS exceed benefits by a factor of approximately 12.3 to 1. In the self­
liquidating O&M scenario, the ratio of costs to benefits is approximately 3. J to I. 

lf this alternative were studied further, economic questions related to demand for gravel and 
gravel extraction/processing requirement;; and costs must be answered to determine if long 
term demand would exist for the gravel and if annual operation and maintenance of the project 
would be self liquidating. Demand for gravel varies based o□ regional construction trends, 
which arc subject to changes in the loca l economy and government funding levels for large 
infrasbucture projects. Additional demand for gravel may be possible through export out of 
the region. Even without considering any operation and maintenance costs, the project does 
not appear to be economically justified (thal is, its annual costs far exceed its anmial benefits). 

Environmental Considerations: Applicable regulatory agencies expressed concern that gravel 
extraction within the river channel could adversely impact migrating adult and juvenile 
salmon and nught actually resull in channel destabil ization. Agencies recommended a 
comprehensive watershed management study to document fisheries use and potential impacts 
of any proposed in-channel grave l extraction projccl. See Section 13 for specific agency views 
and conunents on these issue,~. 

5. 6.2. Altemative 2 - Ba11k Armori11g by Riprap 

DescriJ?.liQ.!!_:__ A.Jtemative 2 consists of a ripnip bank am1oring extending along the le.fl bank (east 
side) oftbe Matanuska River from the Old Glenn Highway Bridge dO'-"nStrcam for 3.5 miles 
to near Lhc Triple Crown Subdivision. Refer to Figure 2 for the general extents of the bank 
aru10ring. Tiie purpose of the bank armoring would be to control erosion in order to protect 
homes and the Old Glenn Highway. In this area, lhe Matanuska River ranges from less than 
100 fee1 to approximately l,600 feet from the Old Glenn Highway. Approximately 3,800 feet 
of the river currently has a combination of riprapped bank and dike installed. The rirpap 
armoring may also help to protect the area from Oooding that can result as the channel erodes 
into low lying overbank areas and abandoned channels, such as occurred in 197 l . 

A detailed site-specific design of bank protection for this reach would utilize a combination of 
riprap aonoring applied directly to t he banks that have been cut back to an appropriate slope, 
rip-rap am1oring appl ied io fill or a bem, where the current bank alignment is not suitable for 
applying armor and possibly some flow deflecting s1T11ctures such as spur dikes and groins. 
Am10red banks would be used in areas where the existing bank has a suitable alignment for 
protecting as is sufficiently high to prevent flood flows from flanking the protection. Annorcd 
dikes could be used in other areas where the bank is low or an irreb>"Ular bank line makes the 
job of protecting the existing bank difficult and expens.ive. 

Engineering Considerations: Use of a riprap bank armoring to control erosion and also reduce 
possible Hooding is a feasible engineering approach in the area proposed. TI1is type of 
structure has already been successfully utilized in a 4,000 foot long section of river in the area 
of Ye Old River Road. On a larger sc,ale, the ability to control erosion using simi lar measures 
has been proven by ADOT/PF on the reach of the Matanuska River from Sutton to 
Chickaloon. further site-specific design efforts may result in including flow-deflecting 
structure-s, which have also been shown 10 be effective in conlrolling erosion in the Sutton 10 

Chickaloon reach as well as witl1in portions of the Matanuska in t!Je Palmer area. 
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Although feasible, the use of the riprap baok armoring or any o!hcr bank protection m~asure, 
in a river as dynamic as the Matanuska will require that there be a commitment for si6'1lificant 
long-term maintenance. All of the previous measures given as examples of cuJTent 
applications have required maintenance over the years. Finally, the alternative has been 
formulated with the intent of controlling bank erosion along the entire reach, rather than just 
applying protection to areas identified as currently eroding, because the dynamic nature of the 
Matanuska River could quickly shift eros ion to new locations. Thus, in the long nlll, 
protection would be applied along the entire reach, assuming a strategy to control erosion by 
strUctural measures was adopted. By forn1ulating a single project, the risk of smaller 
individual projects failing is eliminated and an integrated approach is implemented. 

Prelimi11an1 Co.fl: It is estimated that riprap bank armoring would cost approximately $400 per 
foot or roughly $2,000,000 per mile. Of the 3.5-rnile reach, approximately 2.7 mi les arc not 
currently diked. The resulting 14,000 feec of dike is .estimated to cost on tbc order of 
$5,600,000. In addition, U1e current dike is in need of repair in several places. Allowing $ 100 
per foot for repairs on the 4,000 feet of existing dike adds $400,000 to the cost of cbe project. 
I11e tot1I first cost would be $6,000,000. Maintenaoce would be required to ensure tong-term 
performance of the project. It is assumed that annual maintenance would average two perce111 
of the initial construction cost. Based on this the estima,ed annual maintenance is $120,000 
per year. The present value of first costs and O&M costs over the SO-year period of analysis 
amounts to $7,924,930 (average annual equivalent cost ofS494,00Q). 

111e cost of protecting approximately 2,000 feet of bank along Circle V iew Estates in 1992 
with spur dikes was $500,000. Esca lating the price to current dollars by a factor of 1.33 
(Engineering News Record's historic construction c<;>st index) re$\ilts in a cost of$666,000 for 
2.000 feet ($1,800,000 per mile), wruch is in the same range of cost as constrncting the 
armored bank protection. Therefore, whether annored bank protection or spur dikes are used, 
the cost of continuously protecting a significant length of the Matanuska wi ll be similar " ~th 
either option or a combination of the two. 

Economic Considerations: Implementation of the bank annoring by riprap altemaLive would 
affect the study subarea delineated as Upper Left Bank.. The erosion zones defined in Section 
5.2 of this report were joined with cow1ty assessors data to detern1ine the value of lands and 
improvements within each zone. Additionally, expected damages to the Old Glenn Highway 
ii1 the Upper Left Bank subarea were calculated (see Section 5.3 and Tables 2A- 2B). The 
average per acre value ofland in the upper left bank was fotmd to be $2,676 -per acre. The 
cstiinated value of the Old Glenn Highway was $400 per foot. The average value of the 7 
residential strUctures in the estimated potential erosion zone of 500 feet width was$ l I 9,170, 
with an average estimated replacement cost of $156, 168. Assuming no new development, 
total expccLCd erosion losses averted by ihis plan range from approximaccly 37 to 39 acres of 
land, 2 to 3 residential structures, and 987 to l 168 feet of Old Glenn Highway (see Section 5.3 
and Tables 3A - 3B). ln the no new development scenario, the combined present value of 
prevented damages in the Upper Left Bank subarea ranged from approximately S262,000 to 
$266,000 (average annual equivalent value of$!6,330 (o $16,580). The range is based upon 
the di fferent analysis methodologies employed (assumptions of normal vs. actua l distribution). 
The estimated costs of this alternative exceed the expected benefits by a factor of 
approximately 29.8 to I. Therefore this bank annoring alternative does not appear to be 
economically justified. 

If the rwo growth factors are applied to approximate development in the study area, expected 
damages and chc value of prevented damages increase while the costs of the alternative 
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remains constant. With the assumed 2% annual growth rate, expected damages prcvci:ited 
range from $298, I 00 to S30 I ,200. Costs exceed benefits by a factor of approximately 26.6 to 
I. Going to the assumed 4.1% growth rate, expected damages prevented range from $357,000 
to $373,000. Costs exceed benefits by a factor of approximately 22.2 to I. 

Environmental Considerations: Appl icable en,ironmental agencies expressed concern that any 
kind of hard structural and protruding bank protection measures would create nearshore 
veloc ity baniers to upstream mi&->ratu1gjuvenile salmon species. Any proposal for 
implememing these controls will need to evaluate and minimize these potential velocity 
ban-iers. Agencies recommended a comprehensive watershed management srudy to document 
fisheries use and potential in1pacts of any proposed bank protection project. See Section 13 for 
specific agency views and comments on this issue. 

5. 6.3. Alternative 3 - Nou Stmctural Measures Pfau 

Descriotion: A non-structural plan would aim to reduce expected future erosion damages by 
moving homes and infrastructure out ofhanns way and to discourage further development in 
erosion prone areas. A non-structural measures plan could include a combination of 
nonstructural features, including land acquisition in erosion haz.ard areas, control of future 
development in erosion hazard areas, and publ ic education to foster awareness of erosion 
risks along the river c-0rridor. 11\ese non-structural measures would reduce expected future 
erosion <hrnagcs and would have less environmental impacts within the river corridor than 
the Structural solutions identified in this report. Conversion of developed areas in erosion 
ha,,.ard zones to open space could provide environmental benefits for wildl ife in the study 
area. Additional opportwiities would exist for utilization of converted lands for low-impact 
recreational activities such as camping and walking/cross county ski trails or for conversion 
of lands to ai,'Ticultural production. 

Several previous studies of erosion in the Matanuska River valley have concluded that non­
structural erosion conu·ol measures should be implemented in the study area: 

The Alaska District conducted a study resulting in the 1972 report Matanuska and Little 
Susitna Rivers, Flood Control. Alaska. Study findings stated "the District Engineer concludes 
that economic j ustification docs nol exist for structural solutions to flooding or bank erosion in 
either area studied; and that local interests should avail themselves of technical information 
regarding non-structural alternatives for wise management of the floodplain." The report 
further reconunends "additional clearing and development within the established floodplain 
shoLtld be discouraged by institution of borough planning and zoning controls. 

Alaska Governor, Wal ter Hickel, in 1991 convened the Alaska Task Force on Erosion in the 
Maranuska River Basin. The task force considered severa l alternatives for addressing erosion 
probleJJ1S, including housing relocations and land use management options. Task Force 
recommendations published in their February 1992 report included the following non­
structural measures: 

• House relocations where appropriate, including land swaps and in some cases demolition 
• Operate an "education campai&'Il" to infonn local officials, developers. and other 

interested parties of the state's policy regarding erosion hazard area management and the 
severity of the erosion nsk along the Matanuska River. 
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• Identify Erosion Hazard areas and erosion rates in developed area~ and areas ofhi_gh 
development potential. The Swte and Borough should adopt minimum standards and 
definitions for riverine ha7.ards and when delineating shorelines subject to erosion. These 
should include areas subject to imminent erosion hazards (within 10 years, E- l Ozone), 
intermediate hazard (v.ithin 30 years, :E-30 zone), and Jong-term hazard (within 60 years, 
E-60 Zone) 

• Require the adoption of appropriate laud use ordinances for communities adjacent to 
erosion hazard areas. 

• Create building standards for buildings on or near erosion prone areas. Also, an analysis 
of erosion control measures should be made when plans for dcvelopme,uin·eroswnprone 
areas are proposed. Erosion control should be required bith-e local government when 
needed for proper development. 

These recommendations are still relevant at this time and should be considered for 
implementation by local governments. 

A nonstrucrural alternative to erosion conrrol was identified for evaluation in this 
reconnaissance study that includes items similar to those listed in the t 992 Task Force report: 

• Identification of riverine erosion hazard areas. 
• Developing a land acquisition program for privately owned land within erosion 

hazard areas 
• Establishing set back distances from the river banks for all future development 
• Educating riverfront property 0"'11ers about riverine erosion and the potential for 

damage to land and residential sm1crures built \\~thin erosion haiard areas 

5.6.3.1. Identification of Riverine Erosion Hazard Areas 

An initial step in the river management plan would be to identify the riverine erosion hazard 
areas (REHA). This is done by evaluating historic changes in channel behavior and 
projecting areas where the river may migrate or erode its banks in the fu ture. The preliminary 
geomorphic assessment prepared in the structural alternatives section of th.is reconnaissance 
study can be used as a model and starting point for a more in-depth engineering assessment. 

A more detailed identification ofREHA's based upon findings of engineering studies would 
provide a more defensible basis to define erosion hazard areas on maps, establish set back 
distances and delineate buffer zones. A buITer is tl1e region immediately beyond the banks of 
the river. 1t acts as a "right-of-way" for the river and allows for lateral movemem of the 
channel. Added benefits of such buffers are tl1a1 they can provide a foundation for present or 
future green ways. The linear nature of the buffer can provide connected corridors for the 
migr.ition of plant ru1d ru1imal populations and allows recreational visi tors to move more 
efficiently through the recreation zone. 

5.6.3.2. Land Acouisition (Buyout) Program 

Property acquisition, often times referred to as a buyout, is ihe most permanent Slep to reduce 
tl1e risks ofland failure i11 erosion ha,.ard areas. Usually residences on the acquired property 
\viii be demolished. However, relocating the structure outside the hazard ru·ea may be an 
alternative in some cases. Of course, Lhe structural condition of the house and the feasibility 
of ll'ru1sporting it are considerations for moving residences to safer grow1d. As a simplifying 
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assumption for this recoru1aissance level analysis, property demolition is assumed for all 
residences. 

Property acquisition works like other real estate transactions. Properry owners are given the 
opportunity to sell their prope,1y at a fair price. The value placed on the property is based on 
common real estate practices, including appraisals and market analysis of comparable 
housing. Besides minimizing erosion damages to specific parcels, land acquisition yields a 
number of other important benefits. One immediate advantage is that purchasing undeveloped 
erosion-prone property eliminates the need for structural improvements (such as bank 
Slllbilization, levees, etc.) that would otherwise be needed to protect those parceJs. Tn the case 
of land failure, the cost of insurance or emergency management of affected residences is 
mitigated. Land acquisition also helps create recreational opponunities, maintaining public 
open space along the riverbank.s, and protecting wildlife habitat. Once the property is 
acquired, residential structures are removed and the property must then remain open space 
land, suitable for wildli fe refuges, campgrounds, other public recreational uses, or agriculture. 

5.6.3.3. Establish Setback Distances for Future Development in Erosion Hazard Zones 

An integral component to the nonstructural plan is 1he institution of land use controls to curb 
future development in identified erosion h'37.,ard areas. This serves to protect against future 
erosion damages. The analysis of expected erosion damages to structures (all residential) in 
the study area evaluated two growth scenarios, a 2% annual development rate and a 4. l % 
annual development rate (the 4.1 ¾ rate is based upon the average annual population growth 
rate of the Matanuska-Susitna Borough from 1990-2000). The present value of expected 
damages to resident ial structuJCs over the 50-year period of ana lysis increased from a value 
of:i:756,040 assuming 116 growth in development, to $1,010,220 with the 2% annual growth 
rate and a value of ~1,461,440 with the 4. I% annual growth rate. These added damages 
expected with development could be averted by steering development outside of erosion 
hazard areas. 

5.6.3.4. Erosion Hazard Education 

An important part of a nonstructural plan would be a planned proactive program of Erosion 
Hazard Education. Educating developers and riverfront property ov..ncrs about riverine 
erosion and the potential for damage co land and residential structures built within erosion 
haza.rd areas would help to build pubic awareness of the erosion hazards in the study area and 
could serve to preclude some future development in erosion hazards zones and reduce future 
damages. 

Engineering Considerations: Implementation of the above described non-strnctural measures 
involving acquisition ofthJ'eatcned land, relocation of homes where appropriate, and 
implementation ofland use regulations is engineeringly feasible. 

Prelimina11, Cost: Costs of the non-structural plan have three major components: I) costs of land 
acquisition in erosion hazard areas, 2) removal of existing improvements from erosion hazard 
areas, and 3) labor costs for a local adminisrra1or of a erosion hazard mitigation program that 
would include erosion education and administration ofthe land acqu isition and land use 
control functions oftl1e non-strucniral alternative. 

The costs of acquisition and removal of land and improvements would vary depending on the 
areas planned for acquisition. For this reconnaissance level planning s(udy, costs were 
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developed for each erosion zone and for e.ach study break.out area (upper left bank, lower left 
bank, right bank). This data is presented in Table 5. The costs in Table 5 do not incluoe costs 
for relocation assistance payments that may be required under Public Law 91-646 (I.be 
Uniform Relocation Assistance and Real Property Acquisition Policies Act of 1970) for any 
persons, farms, or businesses that are displaced due to the acquisition of their land and 
improvements. These costs should be assessed and accoumed for in any feasibil ity level 
investigations. 

Table 5. Cost of Land Acquisit:ion and Removal oflmpro1•emcnts (Present Va lues) 

1,M~ ~ (?00· Zon"-'<,)00.. lto•c S (40il-
7.Anc 1 (~JOO Zoo, 2 (100-100 '.'!IO(n'.la, ~00 fro111 5tl!)from Z/4111t.(>(~~IOOO 
from b.aonk) front b•nkl b!UIJ.:) b111).\ b11.11k) from lu .. l:} J.111.,c,11 ~ 

rv '" ,_. PV rv 
'" '" Tool Jfr1l1t 8JJil: Cost S202$S1 Sl.>16,1$1 $7?6,4S7 .S.39CJ)7 $599,l>S6, NA Sl.1 10,981. 

'rot.ii u-er 1.dl Bank Cot S3U,O.SO $t67,?(,(I Sl9S.lt6 $1~(..SS$ UU,860 NA s 1.oa,:.s·J 

T 1111.I ~'tt Left lbnl- C.Ost SU."41 .Sl t l.S~ $90;:.11 .S!46J.io .Sl~.-Oll $! ,<l(ll'),.;(17 Sl.620.609 

Labor costs for a local erosion hazard mitigation program administrator were based upon 
20% of a FTE earning a SS0,000 salaty and a 3.0 overhead multiplier, resulting in an annual 
cost of $30,000. The present value of this annUAI labor cost over a fifty-year period of 
analysis is $481,230. 

Economic Considerations: A benefit cost analysis of a range of alternative non-strucrural plans 
was performed as part of this study. The range ofaltema(ivcs was based upon various 
different combinations of land acquisition in specific study breakout areas combined with 
specific erosion zones. All combinations include the labor cost for a program adminis1ra1or 
and assume that land use controls are put in place 10 eliminate any future development in those 
zones that are included in the combination. For each e,·osion zone in each study breakout area 
that is included in a combination, it is assumed that all parcels are acquired within that 
zone/breakout area combinaiion. 

TI1e results of this benefit-cost analysis arc presented in Table 6 for the no development, the 
2% annual growth, and the 4.1 % annual growth scenarios based on asswnption of a normal 
distribution. The data is sotted in the order of descending BC Ratio associated wi01 the 4. I% 
growth scenario. The non-stmctural alternative with the highest BC Ratio is the plan for 
acquisition of all zones in the lower left study area, zoning lo preclude future development in 
that area, and establishment of a erosion hazard mitigation program adminisn-ator. With a .4 
BC Ratio, the costs of this altemaiivc exceed the benefits by a factor of approximately 2.5 to 
I. The an·alysis was also conducted for the erosion rates based upon the actual observed 
distribution with similar results. 
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Table 6. Benefit Cost Analysis of Non-Structural Alternatives (Normal Distribution) 
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Environmental Consideralions: During coordination with applicable environmental agencies, a 
number of agencies advocated tha1 a nonstructural approach be given equal consideration to 
hard structural or gravel cxu;action alternatives as a means for reducing erosion damages in !he 
study area. Sec Section 13 for specific agency views and comments on this issue. 

5.7. Additional Potential Benefits with Non-Structural Plan 

'While the estimated benefits for the alternatives of the nonstructural plan did not equal their 
costs, added benefits associated with new and beneficial land uses might provide 1bc 
di (forence needed to justify implementation of a nonstructura I plan. These new land uses 
could be incorporated with the non-structural plan by converting acquired lands to other 
beneficial uses. These potential added benefi ts could include environmental bencfils 
associated with restoration ofwildlifo habitats in acquired lands and economic benefi ts 
associated " ~th the provision of recreational opportunities on acquired properties, or 
economic benefits associated with conversion of lands to agricultural production. 

An analysis was conducted to illustrate the potential for recreational benefits on acquired 
lands. This hypothetical analysis asswned that acquired land was converted to natural space 
with recrea1ional rustic campiog facilities and trails for use in the summer season and 
winte1ti111c acti,~ties such as cross country skiing, dog sledding, and/or snow machining. 
Corps Economic Guidance Memorandum 03-04 was referenced to obtain unit day values that 
serve to estimate recrcationist's willingness to pay for a recreational site visit. The 
memorandum defines current FY03 values for general recreational activities to range between 
S2.94 and S8.82 per day. This analysis asswned the midpoint, or $5.88/user day. Yearly 

40 



Background SiudyforExpO.d Reccmu.issance Study of 
Afaumu:;ka River eros.k.m 

August 2003 

visitation was estimated at 7,560 user days (approximately 20 users per day). Applying the 
user day value of$5.88 to the 7,650 user days resulted in an estimated annual NED b·enefit of 
approximately $45,000. The present value of this annual benefit over the SO-year period of 
analysis equates to approximately $721,600 in NED recreation benefits. 

Combining tl1is level of economic benefit to the erosion damage reduction benefits brings 
some of the non-structural alternatives closer to economic justification (closer to a BC ratio 
of l ) as presented in Table 7. Non-structural plans focusing on land acquisition in the lower 
left bank study area had the highest benefit to cosr ratio (.819 - .960 to i). No costs of 
constructing the recreational features were incorporated into this equation but the analysis 
does demonstrate the potential for adding other National Economic Development (NED) 
benefits by beneficial land uses for acquired lands with the non-strucrural plan. A more 
detailed recreation study could be performed as part of a feasibility level study to bcuer 
assess the potential ior recreation bencfils. A similar approach could be applied during 
feasibility level studies to assess the economic benefits of agricultural uses of acquired lands. 
Similarly, lands could be used for fish and wildlife habitat restorn\Jon to provide National 
Ecosystem Restoration Benefits (NER Benefits). These non-monelal)' benefits can be 
combined with economic (NED} benefits to jointly contribute to economic justification. 
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Table 7. Adjusted BC Ratios for Nonstructural Plans with Addi tion of Hypothetical 
Recreation Benefits (Normal. Distribution) 
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S.S. Comparison of Alternatives 

Table 8 prescnc the costs, benefi t5, and BC Ratios of the structural and nonstructural alternatives 
evaluated in this sn.tdy. The data presented in the table are based upon the assumption of the 
normally distributed erosion rates. An analysis based upon actual observed rates was also 
performed with similar results (actual observed rates resulted in slightly Jess damages reduced 
than nonually distributed rates). The daia is presented for the no-growth, 2% annual growth, and 
4.1 % annual growth scenarios. Non-structural plans focusing on land acquisition in the lower left 
bank study area had the highest benefit to cost ratio {.404 to J). Wl1ile no alternatives were 
estimated to have net benefits, potential recreational, agricultural, and/or habitat benefits could 
result in some of Lbc nonstrucn.tral options having net NED and 1'.'ER benefits that j ustif,-· their 
cosi (see Section 5.7). 
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Table 8. Comparison of Benefits, Costs, and BC Ratios for All structural and Nonstructural 
Alternatives (.Based on Normal Distribution) • 
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6. PROJECI' ARE A MAP 

See F igure l for a vicinity/swdy area map and Figure 2 for approximate locations of potential 
erosion control features . 
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