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ABSTRACT 

LOAR, J .  M., L. L.  DYE, 9 .  R .  TURNER, and S. G .  HILDEBRAND. 1980. 
Analysis o f  environmental issues related t o  small-scale 
hydroelectric development I .  Dredging. ORNL/TM-7228. Oak 
Ridge National Laboratory, Oak Ridge, Tenn2ssse. 142 pp.  

The small h,ydroelectric potenti a1 ( T15-MW capacity) a t  existing 

darns in the United States  has been estimated t o  he approximately 

5000 MW. Development of th i s  resource by r e t r o f i t t i n g  these dams for 

hydroel ec t r i c  generati on may require dredging in order t,o (1) recl aim 

reservoir storage capacity los t  as a r e su l t  o f  sediment accumulation; 

( 2 )  c lear  intake s t ructures;  and/or (3)  construct/repair  powerhouses, 

t a i l  races, and headraces. Dredging and disposal o f  dredged material a t  

small-scale hydro s i t e s  may r e su l t  in several potential environmental 

irllpacts, and t he i r  magnitude will depend upon many s i  te-specific 

fac tors .  The physical and chemical e f fec ts  of dredging and disposal, 

t h e i r  causes, and the biological e f fec ts  engendered by these physical 

and chemical changes are discussed. Factors t h a t  could a f fec t  the 

severi ty  (magnitude) of these e f fec ts  (impacts) are emphasized, with 

the intent  o f  providing guidance t o  developers of poterltial s i t e s  

rather t h a n  simply preparing an exhaustive review of the l i t e r a tu re  on 

the subject.  Consequently, a discussion o f  environinental contraints 

and mitigation, as well as guidelines f o r  the ear ly  evaluation of the 

environmental f e a s i b i l i t y  o f  dredging, are included. 

In addition t o  the review and evaluation o f  environmental e f fec ts ,  

the report includes a general introduction on dredging equipment and 

disposal practices,  with emphasis on those practices tha t  would be 

V 



applicable t o  sinal1 reservoirs.  Applicable regulations related t o  

dredged  material disposal and wetlands protection are a1 so discussed, 

and a preliminary analysis of the economic costs assocfated with 

dwdging and disposal i s  presented. 

Adequate mitigation capabi l i ty  ex is t s  for most o f  the 

environmental impacts of d r e d g i n g ,  b u t  the  cost o f  t h i s  mitigation may 

place s ignif icant  economic constraints on project development. How t h e  

sediments are dredged and  disposed s f  will greatly affect  b o t h  t h e  

nature and magnitude of potenti a1 environmental impacts. A t  the 

inajority o f  the small hydro s i t e s ,  hydraulic cutterhead dredges and 

confined upland  disposal w i l l  be employed. Most d i f f i c u l t  t o  mitigate 

i s  the impact on threatened or endangered species a t  the s i t e ,  

especially endemic mussel populations downstrean of the darn. 

Establ  ishi ng a d i  a1 ogue between the developers and appropri a t e  

personnel a t  the loca l ,  s t a t e ,  and federal levels in ear ly  stages o f  

project planning and development may be the  most effect ive method -for 

designing a dredging operation and assessing the  i i iayni tude of potential 

environmental constrai nts.  
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PREFACE 

The Small-Scale Hydroelectric Power Development Program of the 

United States  Oepartrnent o f  Energy (DOE) was organized t o  promote the 

use O F  small hydropower, a readi ly  available renewable energy 

resource. By providing financial  and technical assistance t o  potenti a1 

develapers in both the pr ivate  and public sectors,  DOE hopes t o  

encourage and accel el-ate the redevelopment of exis t ing dams f o r  

hydroelectric generation w i t h  a potential  capacity o f  715 MW (U.S. 

Department of Energy 1979a). 

hydroelectric potenti a1 t h a t  actually e x i s t s  ( a f t e r  considering both 

environmental and economic constraints)  i s  not completely known. 

Preliminary assessments suggest t h a t  i t s  development should be 

encouraged because th i s  source o f  energy could supply a meaningful 

portion o f  regional energy demands (O'Brien et a l .  1979). Between 1940 

and 1976, more than 575,000 kW o f  hydropower capacity have been r e t i r e d  

(U . S. Army Corps of Engi neers 1977 ) . The small hydroel ec t r i  c potenti a1 

a t  existing dams i n  the United States  amenable t o  redevelopment has 

been estimated t o  be approximately 5000 MI4 (U.S. Army Corps of 

Engineers 1979a). The development o f  this  resource, however, may 

involve several potenti a1 environmental impacts ( U .  S. Department of 

Energy 1979a). 

associated with d r e d g i n g  and dredged material disposal, i s  indeed a 

constraint  and can, or should be, minimized/mitigated is assessed i n  

t h i s  report .  

The amount of developable small 

The  extent t o  which one o f  these impacts, t h a t  

T h i s  evaluation is  limited t o  a consideration o f  the d r e d g i n g  t h a t  

may be required t o  (1) increase the storage capacity o f  reservoirs;  

x i  



( 2 )  cl ear i ntakes/penstocks; and ( 3 )  repair/cons t ruct  powerhouses , 

headraces, and/or t a i l  races. Dredging required for  new darn 

construction or the extensive rehdbili ta t i ion or repair  o f  existing dams 

i s  n D t  spec i f ica l ly  considered. However, t he  analyses o f  environmental 

e f f ec t s  discussed in t h i s  report m y  prove useful in evaluating the 

impacts associated ~ i t h  these ac t iv i t i e s .  Furthermore, any indirect  

e f fec ts  of dredging such as water-level f luctuations it1 the reservoir 

or a l te ra t ions  in downstream flows are n o t  discussed, since these 

issues will be the subject o f  future reports in th i s  se r ies .  Finally,  

t h i s  document i s  n o t  intended t o  be an exhaustive t r e a t i s e  on the 

environmental effects  o f  dredging and dredged inateri a1 disposal. 

[Numerous l i t e r a tu re  reviews on t h i s  siibject already ex i s t  (see,  f o r  

example, Darnell 11976; Hirsch e t  a l .  1978; Mortcsn 1977; Windorii 19751.1 

Rather, the major envi ronmen t a l  i ssues o f  dr-edgi rig and dredged materi a1 

disposal are discussed (with appropriate references),  and thhe reader- i s  

directed t o  other sources should additional information on a par t icular  

i s s ue be needed. 

The report i s  divided into three major sections. Following a 

brief introduction (Section l ) ,  thhe types o f  dredging and disposal tha t  

might take place a t  a small hydro s i t e ,  should e i ther  an increase in 

reservoir storage or clearance o f  intakes be necessary, are described 

in Section 2. 

dredgi ng and dredged rnateri a1 d i s p o s a l  tha t  f o l l  ows (Section 3 )  , each 

impact ( i ssue)  i s  addressed by f i r s t  identifying the reasons for  

concern (why i t  i s  an issue) and then discussing those factors  that  

affect  i t s  significance. The f ina l  section (Section 4 )  focuses on 

In the discussion o f  t h e  environmental impacts of 
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( I )  the extent t o  which dredging fo r  the purpose o f  increasing 

reservoir starage or i ntake clearance p l  aces a constraint  on the 

development of our hydropower resources and ( 2 )  guidelines for  

evaluating and, i n  some cases, m i n i m i z i n g  the impact. 

environmental constraints ,  consideration i s  also given t o  the economic 

aspects (cos ts )  o f  dredging a t  these s i t e s .  Such an evaluation o f  the 

potential  impacts of dredging and dredged material disposal a t  small 

hydro s i t e s  represents an attempt t o  provide some guidance t o  

developers who may need t o  assess the magnitude of these potential 

impacts d u r i n g  the very ear ly  stages o f  project development (i.e., 

during the f e a s i b i l i t y  s tudy) .  

In a d d i t i o n  t o  

x i i i  





1 INTRODUCTION 

1.1 OPERATION OF SMALL ( 2 15-MW) HYDROELECTRIC FACILITIES 

Hydroelectric generation includes two general types o f  

f a c i l i t i e s .  Base load plants operate a t  or near f u l l  capacity 24 h/d 

t o  supply pwer  fo r  meeting the base load demand, whereas peaking 

plants may generate f o r  periods l e s s  than 24 h / d ,  depending upon the  

quant i ty  of water avai lable  and the demand. Small hydroelectric 

f a c i l i t i e s  may e i the r  be operated as run-of-river f a c i l i t i e s  t o  meet 

base load demands o r ,  i f  storage (pondage) i s  available,  as s tore  and 

release plants t o  meet dai ly  peaking demands (U.S. Department o f  Energy 

1979b). Approximately 75% of the 49 potential  small hydroelectric 

projects  evaluated in the ME cost-shared f e a s i b i l i t y  studies would 

operate f a c i l i t i e s  i n  a run-of-river mode (U.S. Department o f  Energy 

1979c 1. 
Small hydro projects with very small or no storage m u s t  depend 

upon rather  uniform inflows f o r  optimal power generati on. Natural 

flaws i n  streams and r ivers ,  however, may exhibit  considerable seasonal 

va r i ab i l i t y ,  especial ly  i n  the  f a r  Northwest. As a r e su l t ,  questions 

regarding the amount of energy tha t  can be produced over a given period 

o f  time are  c r i t i c a l .  

variations in stream flows, especial ly  the occurrence o f  low-flow 

periods when no generation might be possible,  could r e su l t  in a 

near-zero dependent energy capacity. 

capacity of the reservoir could r e s u l t  in a concomitant increase in the 

amount o f  firm energy (o r  dependable capacity) tha t  would be 

available.  By having the capacity f o r  dai ly  storage a t  a s i t e ,  a 

The lack of available pondage coupled with wide 

An increase in  the storage 
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greater range o f  r ive r  f l o w s  could be u t i l i zed ,  T h u s ,  increased 

u t i  1 i mat i on o f  the hydropower resource could be accompl i s  hed by 

dredging the reservoir t o  increase pondage. 

1 . 2  SEDIMENT ACCUMULATION IN RESERVOIRS 

Streams and r ivers  can transport  large volumes o f  sediment, 

especially d u r i n g  storm events when so i l  erosion is accelerated and the 

sediment-carrying capacity of r ive r s  is  great ly  increased. By 

impounding a r ive r ,  a gradient o f  decreasing velocity is  established 

from the upstream reaches t o  the deeper regions o f  the reservoir near 

the darn. T h u s ,  sediments, especially s i l t  and larger par t iculates ,  

accumul ate  in t i l e  reservoir and gradually reduce the storage capacity. 

This problem i s  par t icular ly  apparent i n  those areas, such as the 

Midwest, where agriculture i s  the dominant f o r m  o f  land use in the 

watershed. A1 though the implementati on of soi l  conservation programs 

has reduced sedimentation by 43 to  92%, the small water supply 

reservoirs i n  I l l i n o i s  are nevertheless losing t h e i r  storage capacit ies 

at  an average r a t e  o f  0.6% per year (Roberts 1976).  I t  i s  l ikely t h a t  

many potenti a1 small hydro s i t e s  i n  the East and Midwest are located 

bel ow impoundments t ha t  have 1 ost considerable storage dire t o  

s i l t a t i o n .  

projects i ncl uded in the feasibi  1 i t y  assessments performed under DOE'S 

Program Research and Devel opment Announcement (PRDA)  ET-78-D-07-1706 

was 58 years (U.S. Department o f  Energy 1979c). Not surprisingly,  the 

oldest dams were located i n  the Northeast (average age = 70 years; 

range 24-134 years).  

For  example, the average age o f  the dams reported fo r  those 
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2. OREDGING EQUIPMENT AND DREDGED MATERIAL DISPOSAL PRACTICES 

2.1 TYPES OF DREDGES 

Dredges currently in use can be c lass i f ied  into two general 

categories - mechanical and hydraulic, each of which, i n  t u r n ,  consists 

of several different  types (Fig. 1). O f  the three major classes o f  

mechanical dredges, the bucket dredge, par t icular ly  the clamshell is 

the type most commonly used. 

jaw-like bucket i n  contrast  t o  the dipper dredge which i s  a heavy-duty 

excavator very similar t o  an ordinary power shovel (U.S. Comptroller 

General 1972) .  Although the ladder dredge i s  used extensively 

throughout the world, none are used in the United States (except as 

p a r t  of the m i n i n g  plant)  (Mohr 1976).  

The bucket dredge u t i l i ze s  an open 

Of the two major methods of dredging, hydraulic dredging i s  the 

most cornon pract ice ,  having been used t o  excavate and transport  

approximately 96% of the bottom material dredged each year (Lee 

1976a). Most hydraulic dredging, i n  t u r n ,  i s  performed w i t h  a pipeline 

dredge, of which the cutterhead dredge i s  the most widely used type in 

the United States and i s  the basic tool o f  the private dredging 

industry. Pipeline dredges e i ther  suck the material d i r ec t ly  off the 

bottom or employ pressurized streams o f  water or rotat ing blades 

( cu t t e r s )  t o  loosen the material before pumping i t  t h rough  the 

discharge l ine  t o  the disposal area. Hopper dredges, on the other 

hand,  are generally large,  self-propelled vessels tha t  employ d r a g  arms 

t o  pump material into hoppers or bins on the ship f o r  t ranspor t  t o  the 

disposal area (Gren 1976).  The t h i r d  c lass  of hydraulic dredges 
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includes the sidecasters.  These are similar to  hopper dredges E ? x c I " - ~ ~  

that  the dredged m a d r i a l  i s  deposited (o r  cas t )  a sho r t  distance frorc 

the dredging s i t e ,  

Agitation dredging, one o f  the oldest forms o f  dredging, sinrp3y 
I 

involves agitating ov" d i s t u r b i n g  the bottom material and allowing the 

currents t o  carry i t  away. Because of the turb id i ty  and uncontrol$ed 

s e t t  1 i ng of the dredged materi a1 associ ated w i t h  agi t a t i  on dredg i ng 

the use of th i s  method has declined substant ia l ly  over the years (Mohr 

1976 1. 

I 

Because not a l l  of the bucket dredges or pipeline dredges shown in 

F i g .  1 are l ike ly  to ' be  used on small r ivers  or reservoirs,  more 

detail  ed i nf ormat i on on these dredges has nat been presented. Those 

dredges tha t  have be$ used previously on small lakes and impoundments 

or that  m i g h t  be used a t  small hydro s i t e s  are discussed i n  Section 2-4 .  

I 

I 
I 

2.2 OREDGED MATERIAL DISPOSAL PRACTICES 
I 

Three general mbthods of disposal are avail able. Open-water o r  

subaqueous disposal (Gambrel1 e t  a l e  1978) could include d-isposal areas 

i n  e i ther  very deep vater or r e l a t ive ly  shallow regions of a w a t e r  

body. Disposal of dredged material i n  shallow water (e.g., coves, 

sloughs) or wetlands i s  referred t o  as in te r t ida l  disposal by Gambrel1 

et  a l -  (1978). I n  many cases, the disposal area i s  diked and t h e  

e f f luent ,  f o l l o w i n g  a period of s e t t l i n g ,  i s  returned t o  the water 

body. 

disposal, occurs on l a n d  t h a t  may be some distance f r o m  the dredyirmg 

s i t e .  The necessity '  o f  confining u p l a n d  disposal areas is o f t e n  

determined by the nature o f  the dredged material (e.g., type o f  

rnateri a1 , degree of Fontami nati on) .  

l 

The t h i r d  method of disposal, referred to  here as upland 
, 

I 
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Prior t o  about 1970, bottom materials t ha t  were dredged t o  

maintain navigation channels were disposed of in the [nost economical 

manner, e i t h z r  i n  nearby waterways or D n  land (Lee 19765). In small 

reservoirs however, open-water disposal u s i n g  e i the r  mechanical or 

hydraulic dredges would n o t  be employed. The disposal of dredged 

sediments in the open wa-ter o f  small reservoirs would l i ke ly  a l t e r  the 

dis t r ibut ion of storage capacity in the  impoundment; and, therefore,  

could have an adverse economic e f f ec t  on power generation. Moreover, 

the deepest region 0.F these reservoirs is near the darn, and unless a 

region deeper than the bottom elevation of the intake canal or penstock 

existed,  no gain in storage capacity would r e su l t  from open-water or 

in t e r t i da l  disposal. In a l l  likelihood, the sediments would have to  he 

removed from the reservoir if  the purpose of dredging i s  t o  increase 

storage capacity. Because open-water disposal does n o t  appedr to be a 

viable option f o r  t h e  disposal of  dredged material ,  the biological 

effects  associated with th i s  type of disposal have not been addressed 

i n  t h i s  report. 1nforma.tion on the biological e f f ec t s  o f  open-water 

disposal can be found i n  Wright  (1978) and Hirsch e t  a’l. (3.978). 

The confined or unconfined disposal of dredged material in a small 

cove of the reservoir would also be unlikely because (1) the increase 

in storage capacity from the dredging and removal of  accumulated 

sediments i n  the reservoir would be offset  by the loss o f  capacity from 

f i l l i n g  of the cove, and ( 2 )  the impact on aquatic resources could he 

s ignif icant .  Coves or embayments are usually shallow, and these inshore 

areas may be the most productive regions of the reservoir.  

i s  a wetland area, the magnitude of the impacts could be even greater. 

If the covi! 
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The only remainjng method of disposal,  confined or unconfined 
I 

upland disposal,  i s  the one most l i ke ly  t o  be employed a t  small hydro 

s i t e s ,  especial ly  i f   the purpose of dredging i s  t o  reclaim l o s t  storage 

capacity in the impoindment. 

only i f  the sedimenti are uncontami nated. However, because 

hydraulically dredged material i s  transported t o  the disposal area as a 

sl urry, and hence contai ns considerable quanti t i e s  of water, the 

environmental impacti caused by erosion and runoff from an unconfined 

disposal area could be signif icant .  

could minimize these 'impacts (see Section 4 .1) ,  the number of projects 

where unconfined disdosal would be employed i s  expected t o  be minimal. 

From an environmentai standpoint the best a1 ternat ive fo r  the disposal 

of dredged material { s  l i ke ly  t o  be confined upland disposal. 

Unconfined disposal shauld be considered 

I 
I 

I 

~ 

Although appropriate mitigation 

Because the pra{tice of confined upland disposal o f  dredged 

materi a1 has n o t  been widely practiced until  recently,  l i t e r a t u r e  on 

the  environmental e f f ec t s  is  limited. Upland disposal may lead 

poten t ia l ly  t o  probl<ms of surface and groundwater contamination (see 

review and sumnary by Chen et a l .  1978). 

managed land disposal can be associated with other adverse e f f ec t s ,  

such as odor emissiotl, mosquito breeding, and pro l i fe ra t ion  o f  

undesirable wildl i fe .  
I 

properly planned and )anaged disposal operations, including the 

production of f e r t i l e  land, f i l l i n g  of s t r i p  mines, and creation of 

beneficial  wetlands dnd more divers i f ied habi ta ts  for  wi ld l i fe .  

I 

I 

I 

In addition, improperly 
I 

I 

On the other hand, many benefits  may accrue from 

I 

I 



2 I I  3 COMFARI SON OF HY DRAULI  2 VS MECHANI CAI. DREDGES 

The type of dredge selected will d i r ec t ly  affect  b o t h  

environmental and eeonom-ic aspects o f  thc project.  Consequently, the 

basic d i f fe renws between hydraulic and mechanical dredges should be 

recogn ized  and considered during the ear ly  stages of project 

r l e v ~ l  opient. 

w s i  cemonly used nechani cal and hydraulic dredges, respectively, the 

disriission t h a t  fnllows will focus on these. Other mechanical (e.g., 

d i p p e r )  and hydraulic (e-g. ,  hopper, sidecasting) dredges are n o t  

considered because i t  i s  unlikely tha t  these large pieces of equipment 

lrlould be used on small impoundments. 

Si w e  the bucket and  hydraulic p i p e l  i ne dredges are the 

For the coinparison tha t  follows, we have assumed tha t  inechanically 

dredged material woiuld be (1) deposited d i r ec t ly  in to  a truck and 

tr-ansported t o  the disposal s i t e ,  o r  ( 2 )  i f  the dredging s i t e  were 

located some distance f r o n  shore, deposited in to  a small barge or scow, 

carried t o  shore, and then transferred t o  a truck using another 

clamshell dredge. If  , however, the ineLhanically dredged inaterial is 

reslurried from the barge t o  the disposal s i t e  by a rehandling dredge, 

t h ~ n  the environmental e f f ec t s  from such an operation would be similar 

t o  those described f o r  hydraulic dredges. Mow the dredged material is 

transported t o  the disposal area will depend upon (1) the proximity o f  

the disposal area t o  the  dredging s i t e  and ( 2 )  the physical nature o f  

the substratum ( i .e. ,  sedjments t h a t  are s t i f f  or  more compact could 

best be transported by truck).  

The most si g n i f i  cant difference between the mechani cal and 

hydraulic methods o f  dredging is the amount of w a t e r  associated with 
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the dredged  material^ 

water i s  added t o  the dredged material t o  form a s lurry.  Sediments are 

typ ica l ly  s lu r r i ed  a t  a 1:4 or  1:5 sediment-water r a t i o  (Lee 197Sb) .  

Mohr (1976) estimates t h a t ,  as a general rule ,  hydraulic dredges add 

between one and three times the amount of d i lu t ing  water t o  the bottom 

material .  

With hydraulically operated dredges, di lut ion 

I 

Mechanica! dredges, on the other hand, pick up bottom 

material near i t s  in-pl ace density,  and in the case of coarse material ,  

drain off most of t h q  water (Mohr 1975). As a r e s u l t ,  a much more 

compact sedimeqt is bbtained. 

Differences in  the amount of di lut ion water required for  hydraulic 

v s  mechanical dredgillg have important environmental and economic 

implications regarding disposal of the dredged material (Table 1). 
I 

Because of t h e i r  greAter volume as a r e su l t  of the addition o f  dilut ion 

water, hydraulically'dredged sediments must be placed i n  larger 

confined disposal areas than mechanically dredged material .  The area 

required f o r  disposal may represent important t e r r e s t r i  a1 or aquatic 

habi ta t ,  so the envieonmental impact could be poten t ia l ly  greater.  

additional acreage rkquired would also increase costs associated with 

The 
, 

disposal. In additii)n, the higher water content o f  the hydraulically 

dredged material meark tha t  the volume of the overflow t o  the nearby 

waters will  be great4r than the overflow from the disposal of 

mechanically dredged material .  
, 

To the extent t ha t  t h i s  eff luent  would 

be transporting contaminants and very f i n e  par t icu la tes  ( t h u s  

increasing turbidity!, the environmental impacts t o  the  receiving 
I 

waters could a l so  be ,greater .  Mechanical dredges, however, co l lec t  and 

maintain bottom matefials near t h e i r  in-place density. As a r e su l t ,  



Table 1. Comparison of the economic and environmental parameters associated with 
hydraulic vs mechanical dredging and disposal operations (+=grea ter /  
higher)  

......... ... ..... .......... __ .___ -- _. 

Pa rarne t e r  Hydraul i c Mechanical a 
~ 

Economic 
3 Production r a t e  ( r n  / h )  

cos t  b Disposal area 
I ' ransportat i  on  

E n v  i ronmental 

+ 
+ 

t 

d Dredging s i t e  
Suspended sol i d s / tu rb id i  ty  
Decrease in  dissolved oxygen 
Release of nu t r i en t s ,  tox ic  substances 
Downstream s i l t a t i o n  
Subs t ra te  removal ( inh ib i t i on  o f  repopulat ion)e + 

Upland disposal s i t e  
Surface runoff 
Suspended so l id s / tu rb id i  ty 
Release of nu t r i en t s ,  tox ic  substances 
Downstream s i  1 t a t i on  
Groundwater contami nation 
Loss  of hahi t a t  
Uptake by t e r r e s t r i a l  biota  

t 
+ 
+ 
+ 

-t 

aAssumes dredged material  i s  t ransfer red  from the  barge(s )  t o  t rucks by a second 

brncludes cos ts  f o r  land acquis i t ion  and dike construct ion.  

mechanical dredge ( i . e . ,  i t  i s  n o t  r e s lu r r i ed  t o  the  disposal s i t e ) .  

CIncludes cost  of t ransport ing mater ia l  from dredging s i t e  t o  disposal s i t e .  

dAssumes proper r a t e  of hydraulic dredge head t r ans fe r .  

eAssumes exposed subs t ra te  i s  s u i t a b l e  f o r  habi ta t ion .  
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the mixture contains less  water and i n i t i a l l y  occupies less  space, and 

consequently, the ovdrflow from confined disposal areas containing 

mechanically dredged 'material would be nominal (Mohr 1975).  By 

comparison, Mohr (1976) s t a t e s  t h a t  "only i n  very di lute  bottom 

materials,  under idedl conditions, and w i t h  s p x i a l  equipment i s  i t  

possible for  hydrauli~c dredges to  handle bottom material a t  in-place 

I 

I 

density. 'I ~ 

cutterhead dredge ge d e r a l ly  produces less  t u rb id i ty  t h a n  does 

only on t h e  type of d ,redging b u t  also on the nature of the sediments. 

I 

A t  the dredging s i t e ,  however, hydraulic dredging using a pipeline 

mechanical dredging, ' a l t h o u g h  the magnitude o f  the e f fec t  depends not 

Pa r t i c l e  s i z e  dis t r ibut ion and the cohesiveness of the material being 

dredged determine bodh the ease o f  resuspension and the r a t e  of 

deposition o f  bottom 'sediments. 

par t ic les ,  such as s a n d  and clumps of cohesive m u d ,  s e t t l e  rapidly out 

o f  suspension, the fi 'ne s i l t s  and clays remain suspended for lon 

periods. 

dredging s i t e  by local currents or o u t  OF an upland disposal b a s i n  used 

t o  c l a r i f y  hydraulic dredge s lurry.  

I 

Although the larger ,  heavier 

I 

These smal5er par t ic les  may be transported away from the 

I 

I 

Finally,  i t  shodld be noted tha t  the degree t o  which bottom 

sediments are disturbed by e i ther  mechanical or hydraulic dredges is 

dependent, t o  some extent,  on how the equipment i s  operated. 

payment methods encoqrage s t r iv ing  toward the highest material flow 

ra te .  As a r e su l t ,  hydraulic dredges are frequently moved t h r o u g h  the 

sediments a t  a r a t e  dxceeding the i r  pick-up a b i l i t y ,  thus frequently 

d i s t u r b i n g  and displdcing the l igh ter  bottom materials (Mohr 1976). 

I 

Present 
I 

I 
I 

I 
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Another basi c difference between hydraul i c and mechanical dredges, 

and  one tha t  has important economic implications, i s  the operating mode 

o f  the two types o f  dredges. Mechanical dredging usually involves 

l i f t i n g  the material froin the bottom and placing i t  in to  a conveyance, 

usually a barge, f o r  transport  and disposal. As a general ru le ,  

mechanical dredges do not transport  and dispose s f  the dredged material 

(Mohr 1976).  In hydraulic dredging, however, a l l  three steps 

( dredging, transparti  ng , and disposing) are combined i nto a single 

operation. Thus, cost comparisons must be made on the basis o f  the 

to t a l  operati on. If i ncreasi ng emphasis is p l  aced on sel  ec t i  ng 

disposal areas that will r e s u l t  in miniimal impact on the environment, 

then many of these areas could be located a t  increasingly greater 

distances from the dredging s i t e .  Transport costs could be expected t o  

r i s e  accordingly. Mechanical dredge production, on t he  other hand, i s  

independent o f  .transport distance because a change i n  distance is 

adjusted f o r  by a change in the number and s i ze  o f  the barges. W i t h  

hydraulic dredges, production decreases with transport  distance which 

is limited by the s i ze  of dredge pump and pressure (Mohr 1976) .  

However, w i t h  the aid of boaster pumps in the discharge l i ne ,  material 

can be pumped t o  s i t e s  loca-ted great distances from the dredging s i t e  

(Wen 1976). 

2,4 USE OF DREDGES IN SMALL RESERVOIRS 

“An astute  observer can eas i ly  see 
The follaviny based on rnan’s his tory 
Since there are two dredging schemes today, 
I t  is rather easy t o  predict and say 
That people will forever ponder and sob 
Which dredge t o  use f o r  a par t icular  job.” 

A. W. Mohr (1976) 
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The type of dredging operation selected a t  a par t icular  small 

hydro s i t e  s h o u l d  be gased on b o t h  environmental and economic 

considerations. As dfscussed previously, the range o f  possible 

physical, chemical, and biological e f fec ts  depends on the type o-F 

dredge used and the mdthod of disposal,  as well as many s i te -spec i f ic  

fac tors  such as the nature of the sediments (e.g., pa r t i c l e  s i ze ,  

chemical composition), reservoir morphometry ( d e p t h ,  degree of thermal 
, 

s t r a t i f i c a t i o n ) ,  amount o f  bottom area tha t  would be disturbed, and 

volume o f  sediments tq be dredged, 
I 

I 

A t  those small h i d r o  s i t e s  where extensive dredging i s  required, 

the most probable choice would  be the hydraulic cutterhead dredge w i t h  

upland disposal i n  a confined area near the lake or impoundment. These 

dredges have been used extensively t o  res tore  nutri ent-r i  ch 1 akes 

(Pierce 1970), res tore  or enhance f i she r i e s  through habitat  a l t e r a t  ion 

(Carline and Bryrlildsdn 1977), or reclaim los t  storage capacity i n  

water supply reservoiu's (Roberts 1976). Hydraulic cutterhead d redg ing  

has a lso been u t i l i zed  as a method of lake reclamation i n  the U.S, 

Environmental Protectjon Agency's Clean lakes Program (Peterson 1979). 

Information on the equipment used t o  dredge a wide var ie ty  of small 

lakes and impoundmentS i s  sumnarized i n  Table 2. 

I 

I 

According t o  Pierce (1970), the hydraulic cutterhead dredge is the 

most pract ical  and economic tool f o r  removing lake sediments from a l l  

areas except near the lshorel ine.  

cutterhead dredges t o  excavate in shallow waters ( < 1 m f o r  30-cm 

dredge) can be overc@e by u s i n g  draglines,  e i the r  operated from shore 

or from a barge, t o  mdve sediments t o  deeper water where i t  can be 

The i n a b i l i t y  o f  some conventional 

l 
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hydraulically dredged (Pierce 1970). 

employed i f  the proje6t requires extensive dredging in shallow water i s  

the  use o f  small por t ib le  cutterhead dredges that have recently been 

manufactured by many predge-building companies (Roberts 1976). 

Another a l te rna t ive  tha t  can be 

I 

I 

Designed 

f o r  one-man operation: these dredges are similar t o  those described by 

Carline and Brynildsoh (1977) and can be readi ly  ins ta l led  on very 

small water bodies (Table 2 ) .  A typical one has a 20-cm (&in . )  

ro ta t ing  cutterhead shr rounding  the intake end of the suction pipe, an 
~ 

I 

3 3 average p r o d u c t i o n  o f ,  75-150 m /h  (100-200 yd / h ) ,  and can discharge 
I 

sediment up t o  a distbnce of 925 m (3000 f t )  (Roberts 1976). 

Several unconventi onal dredging systems have a1 so been devel oped 

within the past 5 t o  10 years. These systems are designed t u  pump 

dredged material with a high s o l i d s  content and/or minimize tu rb id i ty  

(Barnard 1978). 
I 

Several of these devices are  modifications o f  the 

hydraulic cutterhead dredge (e.g., Mud Cat, Waterless, Delta, Bucket 

Wheel ), while others bse compressed a i r  instead of centrifugal motion 

t o  pump s lu r ry  th rough  a pipeline (e.g., Pneuma, Oozer). 

I 

One of the 

most  popular o f  these'unconuentional dredges i s  the Mud Cat (Table 2), 

a small portable dredbe avai lable  from the Mud Cat Division o f  National 
l 

Car Rental System, In? .  Turbidity i s  minimized by covering the 

cutterhead with a r e t t ac t ab le  mud shield,  a device that  has been able 

t o  confine the turbidSty plume t o  within 6 m (20 f t )  of the dredge 

(Nawrocki 1974, as cifed in  Barnard 1978).  
I 

Low levels  o f  suspended 

sol ids  in the u i c i n i t j  o f  the dredging operation were also observed 

with many of the othek unconventional dredges (Barnard 1978). O f  

par t icu lar  s ign i f icanie  in t h i s  regard were the r e su l t s  obtained in a 

I 
I 
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study of the release of polychlorinated biphet-ryls (PCBs)  during 

dredging operations. 

be e f fec t ive  in removing contaminated sediments and minimizing the 

res uspens i on of sed irnentary mater i a1 . 

HafFerty e t  a l .  (1977) found the Pneuma dredge t o  

The many unccrnventi onal dredging systems avai 1 ab? e today are 

discussed in  detai l  by Barnard (1978).  Fer additional information on 

the types of dredges tha t  have been used or could be used on small 

lakes and reservoirs ,  see Peterson (1979), which includes a good 

ary o f  unconventional dredges taken from Barnard (1978), or Pierce 

(1990). 

Mechanical dredging might  also be employed a t  some s i t e s .  

Mechanical methods are used espcci a1 l y  i n  congested harbor areas f o r  

very small dredging projects ,  dredging of oversized debris,  and For 

secondary tasks such as dike building (Lee e t  a l .  1976) .  A t  srndll 

hydr*o s i t e s  where only a limited area near the dam or penstock must be  

dredged, a bucket dredge or dragline might be the most practical  method. 

A f l o a t i n g  mechanical dredge, such as the clamshell, would be e f fec t ive  

i f  the 1 ake/ impoundment hottom has nuinernus underwater 1 ogs stumps or 

boulders (Pierce 1970). Mechanical dredging might especial ly  be 

necessary if no large disposal area ( fo r  hydraulically dredged 

mater ia l )  i s  available in close proximity t o  the lake or reservoir.  

The lack of available disposal si tes was ident i f ied more than 10 years 

ago as the most prevalent problem in lake dredging projects (Pierce 

1970). 

Finally,  because water levels  in many impoundments can be 1 

consi derably, i t  i s  concei vable tha t  dredging might be suppl  anted i n  
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s m e  cases by mechanlcal earthmoving equipment (Table 2; a lso Peterson 

1979). 

deposited in a l a n d f f l l .  

providing f o r  smalley cofferdams, improving access for construction 

equipment, and avoiding problems associated with the resuspension of 

dredged sediments, ttlis type o f  operation would n o t  be feasible  in 

those cases where the reservoirs were used for  water supply and 

Wheeled or t4acked vehicles could be used, and the sediments 
I 

Although t h i s  could simplify construction by 
I 

, 

recreat  i on (U . S . Dep rtlnent of Energy 1979a). 
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3 .  ENVIRONMENTAL EFFECTS OF MEDGING AND MEDGED MATERIAL. DISPOSAL 

The intent o f  t h i s  section i s  not  t o  provide the reader with an 

exhaustive review of the l i t e r a tu re  on the biological e f fec ts  o f  

dredging and dredged material disposal. Rather, the objective i s  t o  

b r ie f ly  describe these e f f ec t s  and ident i fy  the important references, 

should additional information be required. Potential developers o f  

small hydro projects are encouraged to  consult the Dredged Material 

Research Program (DMRP) pub1 ications (250 detailed technical reports 

and 24. synthesis documents) and other U.S. Army Corps o f  Engineers 

(COE)  and EPA reports,  including t h e  j o in t  EPA/COE technical committee 

annual reports (e.y., lrlilkes a n d  Engler 1 9 7 7 ) .  An index and retr ieval  

system and a f ina l  report on the  DMRP will also be available in the 

near- future.  Also, a c r i t i c a l  review of the various research projects 

included in the DMRP can be found in Lee (1976b), and the resu l t s  of 

the DMRP studies are sumnarized in U.S. Army Corps o f  Engineers 

(1979b).  

and open water disposal, much of the information i s  relevant t o  the 

types of effects  encountered a t  inland freshwater dredging and disposal 

s i t e s  and has consequently been ci ted.  Also relevant i s  the l i t e r a tu re  

on stream channelization, lake restorat ion,  and construction 

ac t iv i t i e s  near streams (see especially Darnell 1976).  

Although many of these studies focus on dredging in estuaries 

3 - 1  DREDGED MATERIAL RESEARCH PROGRAMS 

Over the pasl; decade intensive research e f fo r t s  have been directed 

at  evaluating the environmental effects  of dredging and dredged 

material disposal. Impetus fo r  much o f  t h i s  work was the resu l t  o f  
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legis1 ation passed during t h i s  period, par t icu lar ly  the National 

Environmental Policy kct  (NEPA) of 1969 (P.L. 91-190), the River and 

Harbors Act o f  1970 (P.L. 91-611), the Marine Protection, Research, arid 

Sanctuaries Act of 1952 ( P . L .  92-532) and the Federal Water P a l l u t i n n  

Control Act Amendments o f  1972 (P.L. 92-500). 

s igni f icant  research program in this area was established as a r e s u l t  

of the River and Harb~ors Act of 1970 which  authorized the U.S. Army 

Corps of Engineers ( C b E )  t o  i n i t i a t e  a comprehensive nationwide 

investigation o f  the ' charac te r i s t ics  o f  dredged material and 

a l te rna t ive  methods 9f disposal (Morton 1977; U.S. Army Corps o f  

Engineers 1979b). In i t i a t ed  in March 1973, the Dredged Material 

Research Program ( D M R P )  was a 5-year, 32.8 million dol lar  e f f o r t  

conducted a t  the COE :Waterways Experiment Station a t  Vicksburg, 

Mississippi. General'ly, the DMRP focused on the development o f  

gui deli  nes tha t  woul 

I 

I 

I 

The la rges t  and most 
~ 

I 

I 

be u t i l i zed  by the COE d i s t r i c t s  t o  evaluate the 

environmental aspects of dredging and dredged materi a1 disposal (Lee 
I 
I 

197613). I 

In l a t e  1975, a  joint EPA/COE technical committee was established 

t o  develop comprehendivc manuals f o r  the implementation o f  a l l  

technical phases o f  public Laws 92-500 and 92-532 (Wilkes and Engler 

1977). 

was issued i n  1976 (3.S. Army Corps o f  Engineers 1976a). 

manual was required /c~r imnedi a te  implementaLLion o f  the  technical 

I 

An interim gdidance manual pursuant t o  Section 404 o f  PL 92-500 
I 

This interim 
I 

portions o f  Section n 04 o f  PL 92-500. Issuance o f  an Implementation 
I Manual, a comprehensi ve gui  dance manual ,  wi 11 require several years 

( 2  t o  3 )  OF addition41 research and development prior t o  publication 
I 
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(1Ji lkes and Engl  er 1977 9. 
future  research p r io r i t i e s ,  and these, as well as current research 

ac t iv i t i e s ,  are described in Wilker; and Engler (1977). 

and the jo in t  EPAJCOE research programs have sponsored m i ~ h  o f  the 

research t h a t  has and s t i l l  i s  being conducted i n  the areas of dredging 

and dredged materi a1 disposal. 

The i nteragency committee has recemnended 

Thus, tiat! DMRP 

3.2 MAJOR ENVIRONMENTAL EFFECTS OF D R E D G I N G  
AND DREDGED MATERIAL DISPOSAL 

There is a s izable  and increasing body of technical l i t e r a tu re  

which addresses t h e  environmental (physical, chemical, and biological ) 

eff eets o f  dredging and dredged materi a1 disposal (c . f .  Morton 1977; 

COE and DMRP repor t s ) .  Most o f  t h e  physical and c l iemica l  ef fec ts  

outlined be lw  are reasonably well understood, although s p e c i f i c  

e f fec ts  a t  specif ic  s i t e s  cannot, always be predicted with any 

cer tainty.  The biological e f f ec t s ,  which are engefidered by t h e  

physical and chemical e f fec ts ,  a r e  thus e v m  l ess  pu2dictable oil a 

s i te -spec i f ic  basis. According t o  Wilkes and Engler (lm), 

methsdologi cs are currently available to  predict general __i_ physical 

changes caused by discharge o f  dredged and f i  1 1  materi a1 , b u t  

re? a t i  vely fewer methods c x i  s t  t o  adequately describe and predict 

chemical and biological e f fec ts .  By confining considcratioD t o  only 

certain types of s i t e s ,  dredging, and disposal methods, the range of 

p o s s i b l e  e f fec ts  can be considerably reduced. Consequently, the 

discussion t h a t  foflows has Seen res t r ic ted  to those physical and 

ckmi  cal effects  associated with the  methods o f  dredging and disposal 

l ikely t o  be used a t  small hydro s i t e s  (see Sec t io r i  2.4). A suiirirary of 
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the physi @a1 , cherni cal 

t h e i r  causes and the I f a c t o r s  t ha t  influence the sever i ty  of the  

e f f e c t s ,  is presented i q  Table 3. 

and resul tan t  b i  ol o g i  cal e f f ec t s ,  i nci udi ng 

I 

Biological impaqts of dredging r e s u l t  from physical and chemical 

changes tha t  occur b g t h  d u r i n g  and a f t e r  dredging and dredged material 

d i spmal .  The discuision of physical chemical and biological effects 

t h a t  follows, therefore ,  i s  organized oil an issue-by-issue basis.  

Issues are those chadges or perturbations (usual ly  physical or- 

chemical) t ha t  occur 'as  a d i rec t  r e s u l t  of ei ther dredging o r  disposal * 

Following a descriptilon of the physical or chemical changes i s  

(1) discussion o f  td reasons f o r  concern, i . e . 9  t he  b i o l o g i c a l  e f f e c t s  

( o r  impacts) of the perturbation and ( 2 )  ident i f ica t ion  o f  those 

f ac to r s  t ha t  a f fec t  t he  significance o f  these impacts. 

I 

3.2.1 Effects Due t o  Increased Suspended Solids 
__I_ 11111111-1-1111 

During a l l  types) o f  dredging operations,  bottom sediments are 

mechanically disturbdd and resuspended, creating the most visual ly  

obv i  ous physi cal e f f ec t s  of water disco1 oration and reduced 1 i g h t  

penetration. I t  i s  this reduction i n  l i gh t  penetration tha t  i s  

coinnonly referred t o  'as t u rb id i ty  (Darnel7 1976) I 

a v a i l a b i l i t y  r e s t r i c t s  photosynthesis by algae and submergent 

macrophytes. Since q i s i b i l i t y  i s  lower i n  turbid waters, scsine 

interference w i t h  the normal behavioral patterns o f  fishes and 

invertebrates may ocdur. Predation success, f o r  example, inay be 

affected for  those orlganisms tha t  use visual cues in  searching fo r  food 

(Heimstra e t  a l .  1969). 

I 

I 

Decreased l i gh t  
I 

I 

I 



Table 3 .  Summary o f  the poyential  environmental e f f e c t s  o f  dredJirlg and dredged iiiateridl disposal,  t n e i r  causes ,  $r id  the iiiajor ;actors co t i l r ibu t inc  t c  tile sc'vc'ri ty o i  the P f ' e c t s  --. 

1 .  high sdsper.ded mat te r  and 
h i g h  tu r>i ( i i ty  

2 .  Low d;sso lved  oxyg?ri 

3 .  H i g h  concentrations o f  
: norqani c 31 a n t  n~ tr i  e n t s  
( ? ! , P i  

4 .  S i g h  concentrations o f  
tox ic  con taininanTs 

5 .  S i l t  depos i t ion  x l o w  dam 

. Resuspension o f  boitotn Reduced primary ? roduct iv i  t y  

. lnbdeq-ate disposal preda:ors . Fine-grained sediiiients . Death o r  s t r e s s  due t o  
cloc5;nc; o f  g i l l s  ( f i s h !  
and feetiing s t r u c t u r e s  
(imusse!s, zooplankton) 

s ?ti : ;ner t s . Disor ien ta t ion  o i  visual 

* 0 consumption by . Death o r  s t r e s s  XJ f i s h ,  
ozidation o f  resuspended 
orycrlic tilatter and macroi nvertebrd t?s 
reduced chemica: spec ies  

plankton drid benthic 

* Reled>e of inorganic iqcreaseci a l s a '  ar,d bdc ter ia i  
nu t r i en t s  from dredged uroductivi  ti/ 
seaiment and i n t e r s t i t i a l  
water 

* Release from i n t e r i t 1 r ; a l  * Short-term: Death o r  s t r e s s  
water and d i s so lu t ion /  Lo exposed b lo ta  
desorp t ion  from dredged * Long-term: Entry i n t o  and 
sediments accumulation / i i  food chains 

(heavy m e t a - 8 ,  ch lo r ina t ec  
(hydrocarbons ) 

Resuspenilon and transpor:  
o f  30 ttom sediments a r e a s  and Llabitazs 

from disposa l  s i t e  o the r  benth ic  , n # e r t e b r a e e s ,  

Oestruction of f i s h  spawning 

* Erosion/runoff o r  overflow * Sinatherins 0" iiiussels and 

benrhic a l g a e ,  submerged 
macrophytes, f i s h  eggs and 
larvae 

d i s  t e ibu t ion  and abundance 
. SiriFts in  spec ies  cornposltion, 

6 .  A I  - e ra t ion  o f  subsLraium . Removal of sediinents . Removal O F  benth ic  

- Snif:s in  spec ies  
1 nver t ea ra t e s  

coniposi t i  on, d i s t r i b u t i o n  
and abundance 

. P a r t i r l e  s i z e  and . 
cohesiveness of Gredged 
s e CI 1 imen t < 

. Pre5ent.r o f  f : ' x c u l a n t s  . Lo c a 1 h yd rod y n a,n i c s 
Time or durdtion o f  t u r b i d i t y  

Nature and content  o f  organic 
ilia t t e r  

s j e c i e s  i n  sediinent aqd 
inters:; t i a :  water 

. Content o f  recuced ch!?iiiiCal 

. Content anci a v a ~ l a m i l i i y  of 
inorganic n u t r i e n t s  

. Content and a v a i 1 a b i l : t y  o f  
heavy metals and ch:orinaied 
h;croiarbons 

* Content o f  :i 5 ,  CH , and Nh . Post-dreGgin8 re le2se  O F  t o 2 i c a n t i  
;ue :o redis:ribut.:on 0 :  arevious ly  
burieci contaiiiinaied sed imel t s  

* Amount and r a t e  o f  s e d i m e n t  

1 Presence ana proximity O F  
t r anspor t  

r e f u 9 . a  ( source  f o r  repo,3ulatiun) 
to dredying s I t e  . , / e :oc i ty ,  turbulence and f l ow  
r a t e s  o f  streaiii 

* zrrquency and magnitude n' 
qatLra i ly  occurrinrj spa tes  

* Presence and 2roximi:y of re fugia  
( source  for  r q o p u l a t i o n !  t o  
dredging s ; t e  
Nature and amount o f  sediments 
removed . i iature o f  exposed s u m t r a t e  / 

. >red< ny/fi isJosa,  iiiethoc. 

. Area/voluiiie drPdrJPd 

. J u r a ?  o n  o f  exposure 
geriud 

. Time of yedr 

. Species anti l i f e  scacre a f f ec t ed  



23 ORNL/TM-7228 

In addition t o  the e f f ec t s  from decreased l i g h t  penetration, there 
I 

may also be direct  e f fec ts  due t o  the presence of h i g h  levels o f  

suspended solids i n  khe water column. 

have a mechanical or abrasive action which may i r r i t a t e ,  damage, o r  

cause cl oggi  n of thk g i l l s  or feeding s t ructures  of f i sh ,  bivalve 

mollusks, and zooplaAkton (see especially Wallen 1951, Loosanoff 1961, 

Sullivan and Hancock, 1977).  Experimental studies conducted by Sherk e t  

a i .  (2976) on severall species of f i s h  and zooplankton also indicated an 

impai ment  o f  normal respiratory and excretory f uncti on. F i  nal ly,  hi gh 

levels of suspended rjolids may reduce or i n h i b i t  feeding by 

f i l  ter-feeding orgadsms, such as oysters and mussels, thus causing 

n u t r i t i o n a l  s t r e s s  add eventual mortali ty (Loosanoff 1961). 

I 

Par t ic les  of suspended sol ids  
I 

I 

~ 

The magnitude of the biological response will be influenc2d by the 

length of time tha t  b i o t a  are exposed, the concentration during 

exposure, and the extent o f  the turb id i ty  plume. The levels of 

suspended so l ids  produced d u r i n g  dredging are,  i n  turn, highly 

dependent upon the type o f  dredge employed and the charac te r i s t ics  o f  

the bottom sediment (see Section 2.3). Wide fluctuations i n  suspended 

solid loads are a natural occurrence i n  most aquatic systems, and most 

organisms have develdped mechanisms t o  protect against temporarily 

elevated levels  of sdspended solids.  

t h e i r  she l l s  and cease pumping, and most f i shes  secrete  an external 

1 ayer of mucus t h a t  t a r r i e s  away parti  cul a te  matter. However, 

substances i n  water firom highly contaminated areas, such as harbors, 

could a f fec t  this  mucus f low,  resul t ing in injury t o  the g i l l s  even 

during brief periods 'of h i g h  suspended sol ids  levels. 

I 
For example, bivalves can close 

I 

I 
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The actual 1 eve1 s o f  suspended s e d i w n t  required to  demonstrate 

acute effects  and the limited exposure t i m e s  have led some 

i t-svesti gators t o  conci ude t h a t  i nrreases i n  t he  concentrat ion of 

sol ids  as a r e s u l t  o f  iiredgiix~ uncontaminated scdirnents would 

b e  unlikely t o  create a s ignif icant  hazard t o  biota ( A u l d  and Schubal 

1978, Peddicord arid McFarland 1978, Sullivan and Hancock 1977). 

Several f i e l d  s t  udi es conducted i l u r i  n g  and af tcr d redq i  ng  operati  ons 

have rcsulteed i n  the same conclusions (Flemcr- eL a l .  1968; lngle 1952; 

L u n z  P938a,b; McKinney and C a w  1973; Stickney 1972; Wilson 1950). 

Howwcr, S h w k  e t  a l .  (1976) found t h a t  l e tha l  and sublethal e f f e c t s  on 

wrne esLuaritae f i s h  do O C C I I ~  a t  siispended sol ids  levels that  could bc 

expected d u r i n g  natural f l  soding or  dwdgirsg operations; t h e  24-h 

I C l o  for Atlantic s i lvers ides ,  fo r  example, was 0.58 g / l i t t ? r  ( i . e . ,  a 

concentration o f  0.58 g J l i t e r  resulted i n  10% mortali ty a f t e r  24 h) .  

A u l d  and Schubal (1978) found tha t  survival o f  s t r i p e d  bass and yellow 

perch larvae was signif icant ly  reduced, within 48-96 h ,  by 

concentrations of 0.5 g / l i t e r .  AI though we lrecognine tha t  these 

rnncentrati ons are a t  the upper range o f  those measured during d r e d g i n g  

operati sns (Barnard 1978) and t ha t  conti twous 1 aborntory t e s t s  do not 

rep1 i c n t e  the i nterrnittewt nature of dredging, neverthe1 css, some 

stress or even death could occur t o  t h e  larvae o f  sensi t ive species as 

a result of dredging. 

minimize turb id i ty  i s  s t rongly  reco 

Thus, the use o f  equipment and procedures t h a t  

In m y  ecosystem, some species and l i r e  stages will be less 

tolerant  o f  elevated levels of suspended s o l i d s  than others. In 

general , f i l ter-feeding organisms are l i ke ly  t o  be the most sensi t ive,  
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. -  whereas bo t tm-dwl  ling species that  normally inhabit f i ne  

par t iculate  sediments are l ike ly  t o  be the most to le ran t .  Moreover, 

ear ly  l i f e  stages ark generally inore sensi t ive than adults (Sherk e t  

a l .  1976), and young larvae may be more sensi t ive than eggs (Auld and 

Schubal 1973) + 

I 

~ 

Several extensfve l i t e r a t u r e  reviews exis t  tha t  discuss in greater 

detai l  many o f  the biological concerns relat ing t o  tu rb id i ty  and 

suspended solids (e.lg,, see Cairns 1968, Darne71 1976, Hollis e t  a l .  

1964, Sorenson et  a f .  1977, Stern and St ickle  1978). An excellent 

review recently pubjished by the EPA (Muncy e t  a l .  1979) discusses the 

e f fec ts  of suspended solids and  sediment on various l i f e  stages of 

warmwater f ishes  and incudes l i s t s  of b o t h  tolerant and intolerant  

I 

I 

I 

I 

3 . 2 . 3  Effects Due t o  Increased ___.-.I--_- Downstream __ Si l ta t ion  
I.----._- 

Dredging t o  i ntrease storage capacity or t o  c lear  existing i ntakes 
I 

will l ike ly  be conducted near the darn. Thus, the potent ia l ly  high 

levels  of suspended solids resul t ing from such dredging could cause 

increased s i  l t a t i  on downstream of the impoundment. Depending upon the 

I 
I 

I 

1 ocati on and contai$ment of the dredged materi a1 disposal area, 

overflow or erasion from th i s  area could a l s o  contribute t o  downstream 

s i 1  ta t ion.  

serious biological bonsequences. 

In some’ instances, this s i1  tation could have potent ia l ly  
I 

Si l ta t ion  a f f e t t s  the biota of a stream e i ther  d i rec t ly  by 

smothering the orgakisms or ind i rec t ly  by a1 ‘cering the substratum. 

Benthic primary prohuction could be reduced i f  a blanket o f  s i l t  is 
~ 

deposited and the bknthic algae are smothered. S i l ta t ion  is also 
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bzlieved to cailse a reduct im i n  the production of  macrophytes (Edwards 

1968). Benthic invertebrates t ha t  are sessi 1 e or have 1 imi ted inobi 1 i t y  

(e.g.> bivalve mollusks) could be srriothered i f  s i l t a t i o n  were severe. 

The more motile organisms (e.g., insec ts ,  crayfish)  tend to increase 

t h e i r  ac t iv i ty  and e i the r  migrate or d r i f t  out o f  areas disturbed by an 

increase i n  t u r b i  d i t y  and sedimentation (Rosenberg and Wi ens 1378). 

S i 1  tation can a f f ec t  fish populations e i the r  d i r e c t l y  by smothering and 

k i l l i n g  the eggs and larvae or i nd i r ec t ly  by (1) reducing food 

ava i l ab i l i t y ,  vis-a-vis a reductian in the plankton and benthic 

macroinvertebrate populations, or ( 2 )  f i l l i n g  o f  i n t e r s t i t i a l  spaces in 

a gravel and ruhble substratum, thus potent ia l ly  eliminating both 

spawniiig beds and habitat  c r i t i c a l  t o  the survival of young f i shes .  

The amount of downstream s i l t a t i o n  produced as a resul t  o f  dredging 

and, consequently, the magnitude o f  the biological e f f ec t s  will be a 

function o f  several factors .  These include (1) composition o f  the 

bottom material ,  ( 2 )  type of dredge used, (3 )  quantity o f  material 

dredged, ( 4 )  proximity o f  the dredging operation (and, therefore,  the 

turb id i ty  plume) t o  the dam, ( 5 )  level of water withdrawal a t  the dam 

(surface vs  subsurface), and ( 6 )  hydraulic properties, such as velocity, 

turbulence and flow r a t e ,  of the stream below the darn. In those caws  

where impoundments must be dredged t o  reclaim l o s t  storage capacity, i t  

i s  assiimed tha t  the bottom material will consist  primarily o f  s i l t  and 

clay and, as a result ,  t h a t  tu rb id i ty  plumes will occur. The extent o f  

the plume and the proximity of t h e  darn t o  the dredging s i t e  will 

determine whether or not the suspended solids s e t t l e  o u t  before 
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reaching the dam. 

near the bottom d u r i n g  d r e d g i n g ,  subsurface ( o r  hypolimnetic) releases 

from the dam could result i n  the transport  of large quant i t ies  o f  s i l t  

downstream. 

reduced if surface wdter were withdrawn, i n  most cases, water released 

a t  the dam d u r i n g  d rddg ing  operations wi l l  carry increased s i l t  loads 

t o  the tailwaters.  In low-flow periods, t h i s  s i l t  load would rapidly 

s e t t l e  o u t  i n  the im$ed-iate downstream area, b u t  d u r i n g  periods of h i g h  

f low,  the s i l t  would  be d i s t r ibu ted  over a greater area. 

Because the highest levels  of suspended solids occur 

I 

I 
AI t h o u g d  the magnitude of downstream s i l t a t i o n  migh t  be 

I 

I 
I 

I 

I 

Long-term biolodical e f f ec t s  of s i l t a t i o n  would be influenced by 
I 

the  probabi l i ty  of occurrence of f r e she t s  or floods of su f f i c i en t  

magnitude and duratidn t o  scour out the s i l t e d  areas. 

is regulated a t  a mo& or l e s s  constant level by an upstream darn, then 

s i l t  may not  be flushed ou t ,  and r e l a t ive ly  permanent s h i f t s  i n  

subs t ra te  compositio! could occur (Eustis and Hillen 1954).  

stream habi ta ts  compr?ised mostly of sand or  s i l t  generally have lower 

If  stream flow 
l 

~ 

Because 
I 

species d ive r s i ty  an d biomass than do habi ta ts  consisting of rubble and 

gravel (Brusuen and ?rather  1971), s i l t a t i o n  below a darn where flows 

are controlled could  adversely af fec t  the benthic biota. On the other 

hand, when f reshe ts  dr  f loods scoured the area and an upstream source 

of d r i f t i n g  insects  vias available,  benthic populations have shown a 

r e l a t ive ly  rapid recdvery (6-12 months) from the e f f ec t s  of logging, 

road construction, tar 'channelization (Barton 1977, Burns 1972). 

I 

1 

Short-term e f fec t s  w i  11 be i n f l  uenced by the amount o f  si 1 t a t i  on 
I 

t ha t  occurs. The ledels  o f  s i l t a t i o n  tha t  would be harmful are  

s i t e - spec i f i c  and wodld be dependent upon the annual v a r i a b i l i t y  i n  
I 
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iiiaxirnirrn sedimerrt 1 oads and the seasonal i t y  associ  ated svith high 

sediment transport ra tes .  

greatest  during the peak spawning and reproducti ve p e r i  ods of f ishes  

and benthic invertebrates. For many specjes,  this period occurs in the 

spring and early sumer .  

which lay t h e i r  eggs i n  clean gravel a reas ,  or gravel nests,  including 

inany o-F the sunf ishes, catf ishes ,  dar ters ,  and minnows (Muncy e t  a l .  

Short-term eFfects From s i  1 t a t i  an would  be 

Fishes most l ikely to  bz affected are those 

1979). 

In streams w i t h  endeinie mussel populations, however, h i g h  

s i l t a t i o n  a t  any time o f  year could be harmful. Mussels have been 

reported t o  he unable t o  survive in a ayer o f  s i l t  greater than 0.6 cm 

( E l l i s  1936) and is one reason why few species are able t o  survive i n  

impoundments. However, mussel payulat ons have often been found t o  

occur i n  spillways below small darns (Ful ie i -  1974). By functioning as 

s i l t  t raps ,  these dams reduce downstwarn s i l t a t i s n  in iiivers and 

s t r eam tha t  had previously been degraded hy heavy sediment loads f r o m  

and rinnaff in the watershed. These spillway populations arc 

frequently the only remaining mussels in these r ive r s  and o f te r .  consist  

o f  ra re  or endangered species. 

darns on t h e  Duck River in central Tennessee (Tennessee Valley Authority 

1973) and the Olentangy River near Columbus, Ohio ( S t e j n  1972). 

channelization and road constructi on above the darn on the Olentangy 

River apparently destroyed the diverse mussel papul  a t i  ons that  existed 

below the dam (Stein 1972) .  In cases such as these, recovery is  

unlikely due t o  t h e  absence of refuge populations. Thus, the 

destruction o f  twssel populations could be the most signif icant  impact 

from increased si 1 t a t i  on do nstrearn o f  t h e  dredging s i t e ,  

S i ~ h  a phenonwmon has occurred below 



Further discussjons of the general e f fec ts  o f  s i l t a t i o n  may be 

faund in Brusuen  and^ Prather (1971) ,  Chutter (1968),  Cordonne and Kelly 

(19601, and E l l i s  (1436). 

, 

3.2.3 Effects Due t Q  Substrate Removal 
I 

Removal o f  the tubs t ra te  may involve changes b o t h  in c i rculat ion 

patterns and in the ;roperties of bottom sediments. For  small hydro 

projects ,  changes in c i rculat ion patterns arc l ike ly  t o  be o f  l i t t l e  

consequence, except 1 n those  cases where the increase i n  water depth 

due t o  dredging resu l t s  in thermal s t r a t i f i ca t ion  which did not occur 

previously. Changes i n  mechanical properties of hottoin sediments, such 

as par t ic le  size dis t r ibut ion and porosity, may fo l low dredging 

operations and may irifliience (1) movement of so luble  contdminants 

across the sediment-water interface,  ( 2 )  resistancc of remaining 

sediments to  resuspeysion and redis t r ibut ion by local  ctnrrents, and 

( 3 )  dis t r ibut ion s f  benthic organisms. 

I 

I 

Because benthic ,organisms are an important food resource of 

f ishes ,  a reduction Or change in th i s  resource could interrupt  food 

chain dynamics (i .e. I fish-benthos interact ions)  in the reservoir,  

par t icular ly  if  the dredged area i s  large in re la t ion t o  the reservoir 

as a whole. T h i s  interdction m i g h t  also be affected by al terat ions in 

the nature of the sudstrdtum exposed by dredging. 

s i z e  i s  one o f  the pvimary factors  influencing the dis t r ibut ion of 

benthic invertebrate; (Cummi ns and Lauff 1969). 

al terat ion of the substrates may r e su l t  in the reestablishment o f  a 

different  benthic conlmunity than existed p r i o r  t o  dredging. 

severi ty  of t h i s  disrhption i n  food chain dynamics could well depend 

I 

I 

Substrate par t ic le  

Consequently, 

I 
The 
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upon both the availabi 1 i t y  of secondary or a1 ternate  food resources 

(e.g., zooplankton, forage f i shes)  and the a b i l i t y  of species t a  

compete for and u t i  1 ize  these resources. 

An important Factor affecting the magnitude o f  the impact caused 

by removal o f  the substrate  is  the length o f  t.ime required f o r  

recolonizati on/recovery o f  the benthic populations, 

will be dependent upon (1) the existence of undisturbed areas e i the r  i n  

the  reservoir or upstream tha t  could serve as sources .For 

recolonization o f  the dredged area and ( 2 )  reproductive r a t e s  and 

tiiotility of the recolonizing species. 

f isi ieri  es, small north-csntral Wisconsin ponds are hydraulically 

dredged (see Section 2.41, and areas are l e f t  undisturbed i n  order t o  

aid i n  the  rapid reestablishment of the benthic fatina (Carline and 

Brywildson 1977). 

i n i t i a l l y ,  benthic popril ations required several years before reaching 

pre-dredging derisiti es. 

channelization, dredging, o r  dl-aining together w i t h  dredging, indicated 

tha t  repopulation o f  the disturbed a ~ e a  was rapid; a return t o  

pre-impact levels generally occurred by the next breeding season due t o  

d r i f t  from ups.t;ream areas (Ai idersson e t  a l .  1975, Crisp and Gledhill 

1970, Duvel e t  a l .  1976, Pearson and Jones 1975) .  Studies o f  Lake 

Trumen i n  Sweden, which was highly polluted by sewage eff luent  b u t  was 

restored by dredging, indicated that  dredging s ignif icant ly  improved 

the water qual i ty  o f  the l a k e  without resul t ing in any serious impacts 

on the benthos (Andersson e t  a l .  1975, Bengtsson et a l .  1975, Cronberg 

et  a1 . 1975).  Apparently, dredging did not  a l t e r  t he  par t i c l e  s i ze  

The recovery r a t e  

To restore  o r  enhance trout 

When the en t i r e  pond was dredged,  as was done 

Ot."rar studies of distuybances caused by 
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.. 
dist r ibut ion of the sediments b u t  simply removed the nutrient-rich 

upper 1 ayers. 

Finally,  removal of the substratum dur-ing the dredging operation 

a l so  resu l t s  in the removal and displacement of the organisms 

associated with i t .  The impact resul t ing from t h i s  removal o f  

bottom-dwelling organisms will be determined, to some extent,  by the 

type of dredge used. 

of the substratum and associated fauna f a l l  from the buckets during 

d r a g  l ine  operations. Under these conditions, repopulation is  l ike ly  

Pearson and Jones (1975) have suggested t h a t  much 

t o  occur rapidly. Although hydraulically operated dredges are l ike ly  

t o  be much more e f f i c i en t  a t  removing bottom materials (and organisms) 

without extensive sp i l lage ,  they may dis turb and displace the l ighter  

materials resul t ing in the burial of organisms outside the immediate 

dredging zone. 

3.2.4 Effects Due t o  Chemical Changes i n  the Water Masses 
1-1-11 and Sediments a t  the Dredging and Dicposa? S i tes  

3.2.4.1 Nature o f  t he  chemical changes 

Dredging and dredged material disposal may r e su l t  in a t  l ea s t  

temporary changes i n  the chemistry of the water masses associated with 

both the dredging and disposal s i t e s  as well as in the chemistry o f  the 

sediments a t  bo th  s i t e s .  Many cheniical consti tuents associated with 

buried sediments and sediment i n t e r s t i t i a l  water are n o t  in chemical 

equilibrium when these are mixed w i t h  surface waters during dredging 

and disposal. For example, undisturbed lake and reservoir sediments 

typical ly  exhibit a gradient from oxidized deposits near the surface t o  

increasingly reduced sediments w i t h  greater depth in the deposit. 
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- 
I h u s ,  sediments f r o m  deeper layers create an oxygen demand when they 

are exposed, via resuspension, t o  the aerobic environment o f  the 

overlying water body. 

the h igh  oxygen demand when deeper sediments are exposed d u r i n g  

dvedging haw been reported by Windom (1975).  Studies c i t ed  in Darnell 

(1976) have shown tha t  (1) some dredged materials may require more than 

500 times t h e i r  owpl volume o f  oxygen f o r  complete oxidation, and 

( 2 )  oxygen levels near the dredging s i t e  may be 18 t o  83% below normal. 

bevels of  dissolved oxygen a t  the dredging s i t e  are influenced by 

(1) amount o f  sediment resuspended, ( 2 )  redox potential of the 

sedilnent, (3 )  amount o f  organic matter in t h e  sediments, ( 4 )  chemical 

composition of t h e  sediments, ( 5 )  stimulation ( o r  inhibi t ion)  of 

bacteri a1 or a1 gal production, arid ( 6 )  degree o f  hydrologic flushing 

tha t  occurs a t  the dredging and disposal s i t e s .  

Reductions in dissolved oxygen (DO sag )  due t o  

The physi eochmi cal environment within undisturbed 1 ake sediment 

may a l so  a11 ow many chemical species t o  a t t a i n  higher concentrations i n  

the i n t e r s t i t i a l  water t h a n  i n  the overlying w a t e r .  I n t e r s t i t i a l  water 

concentrations of nutrients ( i r iorganic  forms of  nitrogen and 

phosphorus) metals (especj a1 ly  manganese and i r o n ) ,  and t race gases 

(amsoni a, hydrogen su l f ide ,  and irsethawe) often greatly exceed 

concentrations i n  the overlying water. Thus, when in t e r s t a i t i a l  water 

i s  mixed w i t h  overlying water dur i r ig  dredging operations, the 

concentrati ons o f  these chemical speei es may i ncrease temporarily i n  

the v i c i n i t y  of t h e  dredging s i t e  and/or disposal  area. 

exposure o f  buried sediments t o  aerobic conditions may r e s u l t  in 

tr-ansformations o f  some s o l i d  phases t o  e i the r  more- o r  less-soluble 

In addition, 



forms. For example, where a metal i s  bound in the so l id  phase as a 

metal l ic  su l f ide ,  oxidation o f  the r e l a t ive ly  insoluble su l f ide  may 

result in e i the r  formation of more-soluble solid phases, such as 

su l f a t e s  or carbonates, or t ransfer  of the metal ion t o  an adsorption 

s i t e .  Although oxidation of meta l l ic  su l f ides  appears do be slow, 

cer ta in  dredged materi a1 disposal pract ices  {e. g., confi ned up1 and 

disposal)  could potenti a l l y  provide su f f i c i en t  time f o r  some su l f ide  

oxidation t o  occur (Chen et  al . 1978, Brannon 1978, Gambrel1 e t  a1 e 

1977). 

capacity t o  adsorb mast metals under nonacidic conditions. The 

precipi ta t ion of hydrated oxides of iron and manganese, which may 

accompany the oxidation of soluble iron and man anew in i n t e r s t i t i a l  

water injected in to  overlying water by dredging, a lso f a c i l i t a t e s  

removal of some metals released t o  the overlying water, 

oxides have a high capacity t o  scavenge (by co-precipitation and/or 

adsorption) metals f r o m  the solution phase (Jenne 1968). 

Fortunately, most fine-grained sediments and s o i l s  have a high 

These hydrous 

Many organic contarninants, including pest ic ides  and 

polychl ori nated biphenyl s ( PCBs) , are a1 so found  associ  ated with 1 nke 

and reservoir sediments, Most of  the compounds are very insoluble in 

water and have a strong a f f i n i t y  for  par t icu la te  matter. As a 

uence, re lease o f  organic contaminants in to  the solution phase 

during dredging i s  generally negl igible  (Brannon 1978, Chen e t  a l .  

1978) a 

B u r k s  and Engler (1978) ident i f ied several fac tors  t ha t  influence 

t he  degree t o  which pest ic ides  and PCBs are released from the 

sediments. The amounts released were d i r ec t ly  re la ted t o  the 
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concentration i n  the sediments, b u t  seemed to  be inversely related t o  

the oi l  and grease content of the sediments. Sediment-water r a t io s  

greater- than those that occur during hydraulic dredging are apparently 

necessary t o  cause the release of any pesticides. However, b u r i e d  

sediments, containing higher levels o f  these organic contaminants than 

occur i n recently deposited sediments may be resuspended into the 

water column and  may pose a t h rea t  to  organisms which ingest 

par t iculate  matter e i the r  from the water column or f rom superficial  

sediments. In addition, dissolved organic matter, especially fu lv i c  

acids, can s igni f icant ly  increase the s o l u b i l i t y  of some otherwise 

near ly  insoluble chlorinated hydrocarbons (Goldberg 1976) e 

The release and persistence of many contarninants f r o m  the sol id  

phases of dredged material t o  the solution phase o f  overlying water or 

groundwater is highly dependent on pH (negative 1 ogarithm of  hydrogen 

i an concentrati on) and Eh (oxi dati on-reducti on potenti a1 ). These 

parameters also strongly regulate the chemical form, and thereby the 

toxici ty ,  o f  many contaminants. 

(solubilized and/or desorbed) under acidic (low pH) and reducing (low 

oi- negative values of Eh) conditions and can pe r s i s t  in the solution 

phase under  these conditions ( c f .  Gambrel1 e t  a l .  1978). Hydrogen 

su l f ide  is formed under reducing conditions from the reduction o f  

su l f a t e  and organic matter and may pers is t  dissolved in i n t e r s t i t i a l  

and overlying water under these conditions. Ananonia, as the h i g h l y  

toxic un-ionized NH3, can accumulate lander alkaline (high pl-9) 

conditions in aquatic systems with r e s t r i c t ed  exchange w i t h  the  

atmosptwre, b u t  becomes i ncreasi ngly unstable ( t r a n s f  orms t o  the 

In general, metals tend to  be released 
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+ nontoxic NH4) as conditions become more acidic. 

su l f ide  nor ammonia can pers i s t  f o r  very long i n  well-ventilated 

waters. The concentration o f  soluble phosphate released from 

i n t e r s t i t i a l  water is often regulated t o  l w  levels under n x i d i r ? i n g  

conditions ( h i g h  E h )  and neutral pbl because o f  the formation of  

Neither ~ ~ y ~ ~ ~ ~ e ~  

re la t ive ly  insoluble iron phosphate. 

I t  is not possible t o  predict wh ch of the many Contaminants 

potenti a l l y  mobi 1 ;zed d u r i n g  dredging and dredged material disposal 

will present an environmental problem without some prior knowledge of 

the chemical nature o f  the sediments t o  be dredged. 

be obtained from two sources: ( I )  the recent and his tor ical  land use 

i n  the t r ibu tary  watershed and ( 2 )  laboratory studies of the sediment 

t o  be dredged. 

estimate of the k i n d s  of Contaminants which may be found i n  reservoir 

sediments and mobi l ized  i n  a reservoir dredging operation. For 

example, the presence of a p u l p  mill upstream o f  a reservoir may 

suggest a high probabili ty o f  mobilizing excessive hydrogen sulf ide and 

mercury in to  surface waters i f  reservoir sediments are disturbed by 

dredging. 

agr icul tural ,  one migh t  expect excessive mobilization of plant 

nutrients and pers is tent  pesticides.  

Such knowledge may 

Obviously, the former source provides only a crude 

Similarly,  where watershed land use has been heavily 

Laboratory studies o f  lake and reservoir sediments may also be 

used t o  assess the k i n d s  and levels of contaminants l ike ly  t o  be 

mobilized d u r i n g  dredging and dredged material disposal. One common 

laboratory procedure is the Standard Elu t r ia te  Test, j o i n t l y  developed 

by the EPA and the U.S. Army Corps o f  Engineers. The purpose of  t h i s  
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t e s t  is to  c l a s s i fy  sediments as "polluted" or "not polluted" t o  allow 

prediction of water qual i ty  impacts due t o  dredging and dredged 

material disposal pr ior  t o  the conmencament of dredging (U.S. 

Environmental Protecti on Agency 1975). The procedure is basica?ly 

aimed a t  extracting, identifying, and rneasuring (1) the cheinical 

consti tuents already dissolved i n  the i n t e r s t i t i a l  water of sediments 

and ( 2 )  those consti tuents which are rather loosely bound or sorbed t o  

the sediment. 

the short-term re1 eases o f  can Lami nants f r 

Although less  intensively evaluated, t h i s  t e s t  has also had some 

success i n  estimating 1 ong-term re1 eases of cantami nants ( c f .  Lee and 

Plumb 1974).  Column leaching t e s t s  have been used t o  evaluate short- 

and 1 ong-term re1 eases o f  contaminants from dredged materi a1 disposal 

a t  upland (subaerial)  s i t e s  (Mang e t  a l .  1978, Y U  e t  a l .  1978). 

Results of t h i s  e l u t r i a t e  test  provide an estimate of 

sediments t o  be dredged. 

.... ~ ~ 

Exposure of biota t o  

s t ress fu l  or may r e s u l t  in 

extended periods o f  time. 

more than 24 h can be cons 

ow concentrations o f  dissolved oxygen may he  

mortali ty i f  the levels are very low for  

Dissolved oxygen levels below 4 rngjliter for  

dered unfavorable For most f i s h  species and 

many stream-inhabiti tig invertebrates. 

and larvae) tend t o  be most sensi t ive,  b u t  s e n s i t i v i t y  will vary among 

species. 

may be able to  to l e ra t e  dissolved oxygen levels o f  2 mg/liter or l e s s  

almost indefinitely.  Organisms stressed by low levels o f  dissolved 

oxygen are l e s s  able t o  cape with any additional s t r e s ses ,  such as high 

temperatures, low pH, chemical pollution, or tu rb id i ty  (Darnell 1976). 

Early developmental stages (eggs 

Some invertebrates such as burrowi ng mayfl i es and bl oodworins, 
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Elut r ia te  t e s t s  have shown tha t  ammonia (NH;) i s  frequently 

released from sediments during dredging (Brannon 1978). 

conditions of high pH, N H 4  can be converted t o  the highly toxic 

un-ionized NH3* 

concentrations of NH3 vary from 0.2 t o  2.0 mg/li ter;  trout were the 

most sensi t ive species while carp were the most res i s tan t  (U.S. 

Environmental Protection Agency 1976) e However, adverse physiological 

e f fec ts  may occur a t  concentrations below 0.2 mg/liter. 

conducted d u r i n g  open-water disposal operations have shown that  lethal 

concentrations of amnonia (NH3) are present for  s h o r t  periods o f  time 

(hours  or less)(Burks and Engler 1978).  

sa fe  chronic exposure level o f  0.02 mg/liter was exceeded for  only 12 

min (Brannon 1978). 

Under 
+ 

Short-term experimental t e s t s  have shown t h a t  lethal 

Studies 

I n  one typical f i e l d  t e s t ,  the 

Hydrogen sulf ide (H2S), a by-product of the anaerobic 

decomposition of organic matter and the reduction of inorganic sulfur  

sources such as su l fa te ,  i s  very toxic a t  low ( u g / l i t e r )  concentrations 

and may be released during dredging. 

levels favor the persistence of hydrogen sulf ide released from 

anaerobic sediments. The tox ic i ty  of hydrogen su l f ide  i s  demonstrated 

by the f a c t  t h a t  96-h-LCS0 values ranged from 17 t o  32 p y / l i t e r  for  

northern pike f r y ,  while long-term exposure t o  very low levels 

(1 Ug/ l i te r )  reduced egg deposition in bluegill  and egg development in 

white suckers (U.S. Environmental Protection Agency 1976).  Although 

the release of hydrogen sulf ide has n o t  previously been identified as a 

problem associated with dredging, reducing conditions and  low pH levels 

which favor the persistence of HpS i n  the water column may exis t  in 

Reducing conditions and low pH 
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small impoundments affected by pulp mill wastes and acid mine 

drainage. A care,fui evaluation of potential impacts should be made i f  

the potential sinal1 hydro s i t e  i s  located i n  a watershed where 

strip-mining operations currently ex i s t  or have existed in the past. 

The biological e f f ec t s  due t o  the release o f  phosphorus from 

dredged sediments are primarily related t o  the enrichment e f f ec t  of 

phosphate phosphorus (P04-P) .  

nutrient and may be the limiting nutrient in many l e n t j c  ecosystems, 

i t s  release could stimulate the growth of both algae and macrophytes. 

On the other h a n d ,  h i g h  tu rb id i ty  a t  the dredging and disposal s i t e s  

could depress productivity by reducing 1 i g h t  penetration, t h u s  

counteracti ng any potenti a1 s I; iriiul ator-y e f f ec t s  due t o  a re1 ease o f  

phosphorus. Very few studies have deinonstrated an i ncrcase i n  

phytoplankton standing crop or a "bloom" as a r e su l t  o f  dredging. 

Rather, most studies have indicated tha t  no net effects  were detected 

(S tem and St ickle  1978) .  However, e l u t r i a t e  t e s t s  ( F l i n t  and Lorefice 

1978) and studies o f  completely dredged 1 akes (Cronherg e t  a l .  1975) 

d i d  f i n d  increases i n  heterotrophic bacteria. Wtie thw or n o t  t h i s  

increase was due t o  elevated levels o f  phosphorus or other  nutrients 

was n o t  determi ned. 

additional food for  f i l t e r - f eede r s  and/or lower the dissolved oxygen 

content o f  the water. 

Because P04-P i s  an important plant 

The i ncreased heterotroph producti crn cni:l d provide 

Dredging and dredged material disposal can potent ia l ly  resu l t  i n  

releases o f  soluble toxic substances and the resuspension of 

par t iculate  matter containing h i g h  levels of heavy metals and toxic 

organic cotnpounds such as pesticides and PCBs.  The biological e f f ec t s  



f r o m  these elevated contaminant levels are o f  two general t 

tox ic i ty  can occur i f  the Contaminants are present i n  the dissolved 

i n  high concentrations for  brief periods o f  time (several days). 

Chronic toxici ty ,  on the other hand, r e su l t s  when biota are exposed t o  

re1 a t i  vely 1 ow concentrations f o r  several weeks ar 1 onger e 

short-term exposures t o  very h i g h  Concentrations can be l e tha l ,  chrooic 

e f f ec t s  are after! sublethal (e.g., reduced growth and reproduction) and 

associated w i t h  the bioaccumulation of these contarninants i n  body 

t issues.  B o t h  acute and chronic, e f f e c t s  of  PCBs and pesticides,  

especially the organochlorine insecticides such as DBT, are discussed 

i n  de ta i l  i n  Appendix A. A surmnary o f  t h e  biological e f f ec t s  o f  these 

contarninants follows. 

Chl ori  nated hydrocarbons 

Chlorinated hydrocarbons such as PCBs and most of the 

anochlorine insect ic ides  (e.$., DDT, dieldr in ,  toxaphene) not only 

are toxic a t  very low concentrations b u t  a l so  can be bioaccumulated i n  

the t issues  o f  freshwater biota. 

more soluble i n  water, PCBs and DDT are r e l a t i v e l y  insoluble i n  water 

b u t  are highly soluble i n  l i p i d s .  Consequently, they are strongly 

parti t ioned from water i n to  l i p i d s  ( f a t s )  of aquatic b io ta ,  resul t ing 

i n  greater bioaccumulation than tha t  of most metals. 

hydrocarbons can bioaccumulate i n  tissues of both invertebrates and 

f i s h e s  t o  levels  t h a t  great ly  exceed t hose  i n  water. 

the concentration factor  (GF) or bioconcentration f ac to r  (BCF) i s  often 

used t o  r e l a t e  the concentrations i n  biota and water. The BCF i s  

expressed as a r a t i o  o f  the concentration of a substance i n  the 

Unlike heavy metals which are rnuch 

Chlorinated 

In th i s  regard, 
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organism t o  the concentration in water and can be derived from e i the r  

laboratory or  natural exposures t o  a par t icular  toxicant (Ph i l l i p s  and 

Russo 1979).  Laboratory studies have shown t h a t  BCFs For many 

freshwater invertebrates and f i s h e s  typical ly  f a l l  in the range of 

10 t o  10 for  many chlorinated hydrocarbons. Nhile BCFs based on 

natural exposures have been hypothesized t o  be greater than 

labsratory-derived values, some evidence suggests t ha t  the differences 

between the two estimates may be minimal ( see  Appendix A ) .  

The widespread dis t r ibut ion and persistence of these compounds i s  

Even though 

3 5 

a r e s u l t  o f  t h e i r  resistance t o  metabolic degradation. 

muscle t issue has been shown t o  have the lowest cancentrations o f  PCBs 

and DDT o f  most t i s sues ,  the rapid uptake and retention o f  these 

compounds can 1 ead t o  s i  gnif i cant muscle t i s sue  concentrations tha t  

exceed the FDA l imi t s  f o r  b o t h  PCBs and DDT ( 5  u g / g  wet w t  in the 

edible portions o f  f i s h ) .  

potential place these compounds near the top o f  the l i s t  o f  

contaminants w i t h  the greatest  potential for  environmental impact.. 

Their high tox ic i ty  and bioaccumulatian 

Heavy metals 

Because of the extensive l i t e r a t u r e  on the acute and chronic 

tox ic i ty  of metals t o  aquatic biota,  no attempt has been made t o  review 

a l l  o f  i t  in this report. Instead, the reader i s  encouraged t o  consult 

the document ' Q u a l i t y  Cr i te r ia  f o r  Water' (U.S. Environmental 

Protection Agency 1976) and Leland e t  a l .  (1979) f o r  a review of the 

tox ic i ty  of various dissolved metals t ha t  occur in natural waters. 

Very extensive and recent reviews also exist  f o r  the more toxic heavy 

metals ( e . g . ,  see i-lamans e t  a1 1978 and U.S. Environmental Protection 
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Agency 1977, b o t h  as c i t ed  in Spehar e t  a l .  1979, f o r  reviews of 

cadmi um and mercury, respecti  vely) . T h e  1 i t e r a tu re  on the 

bioaccumulation of metals in aquatic biota has been reviewed by 

Phi l l ips  and Russo (1979),and a sumnary o f  t h i s  topic  taken from tha t  

revi ew f 01 1 ows. 

The degree t o  which various metals are bioaccumulated in the 

t i s sues  of freshwater biota varies widely (Table 4 ) .  

as arsenic,  cadmium, and lead accumulate i n  the  t i s sues  o f  

invertebrates,  b u t  do not tend t o  accumulate in the muscles o f  

vertebrates such as f i sh .  Consequently, these elements are l e s s  of a 

hazard t o  humans (who are major consumers of f i s h )  than i s  mercury, 

which n o t  only i s  toxic  a t  low concentrations b u t  also accumulates in 

muscle t i s sues .  Currently, the FDA action level for  mercury in the 

edible  portions of f i sh  is  1.0 LIg/g wet w t .  

Some metals such 

Bioconcentration fac tors  for  most metals are  generally much lower 

than those reported fo r  the chl ori nated hydrocarbon compounds. 

the  highest BCF values were reported f o r  the uptake of copper and zinc 

by oysters (28,000 and 26,000, respect ively)  and the uptake of mercury 

by fathead minnows (83,000). 

mi nc are homeostati ca l l  y control 1 ed in f i s h  has been presented by 

Mi ener and Gi esy (1979). However other elements, especi a1 l y  mercury, 

can accumulate t o  s ign i f icant  levels  in f i sh .  O f  the  elements l i s t e d  

in  Table 4, mercury has the grea tes t  potential  f o r  creating adverse 

e f fec ts  on aquatic biota as a r e s u l t  o f  dredging. 

toxic a t  very low levels  (1-10 pg / l i t e r )  and can accumulate i n  the 

t i s sues  o f  aquatic invertebrates (BCF = 10 -10 >, i t  should also 

Some of 

Evidence demonstrating tha t  copper and 

Because cadmium i s  

2 3  
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Table 4. Major sources t o  natura l  waters, bioaccumulation potent ia l ,  b io log i ca l  ha l f - t ime and signif icance, and 
t o x i c i t y  t o  humans a f  selected metals. Source: P h i l l i p s  and Russo (1979). 

. Acid mine drainage . Numerous i ndus t r i a l  
e f f l uen ts  

Sioaccurnuldtion p o t e i t i a l  B io log ica l  
Major source: t o  ha1 f -t iine a i o l  ogi cal  Toxi c i t y  

i a t u r a l  waters Invertebrates F ish muscle (d )a  requireoientb t o  humansc Metal 

a i  

as 

Cd 

t r  

cu 

Fe 

Pb 

Mn 

H9 

N i  

Se 

A9 

Zn 

I ndus t r i a l  wastes 
Water treatment f aci  1 i t i  os 
S t r i p  mining 
O i l  shale mining 

NIAd High N / A  E LOW 

High Atmospheric f a l l  out 
from ore smelting and 
f o s s i l  f u e l  combustion 
Indus t r i a l  o u t f a l l s  
Improper appl icat ion o f  
arsenical herbicides or  
pest ic ides 

N I A  Low 7 NE 
(green sunf ish)  

378 
( 5  hr inp)  

(mussels) 
1254 

NE High Ef f luents  from e lec t rop la t  
and sn? l t i ng  indust r ies 
Run o f f  f ron agr i sii 1 t.ur a1 
areas where phosphate 
f e r t i l i z e r s  are used 

i ng High Low 

Low NE LOW I n d u s t r i  a1 (e. g., e lect ro-  
p la t ing,  steelmaking, 
photographic) wastes 
Nuclear e f f luents  

L “W 123 
(polychaete 

w 0 1 m )  

Acid n ine drainage 
A 1  g i  c i des 

High 

High 

High 

w a  Low 

High 

Low 

LOW Corrosion 
Steel p i c k l i n g  
Yiners l  processing 
Acid mine drainage 

N / A  

Runoff from thighway;, 
lead mines 
Atmospheric f a1 1 out 
Exhaust f r o n  outboard 
motors, snovnobi 1 es 

Long? YE High Low 

Low 

High 

333 
( p l a i c e )  

100-400 
(mussels j 
365-1100 

( f i s h )  

N/A 

E 

NE 

LOW 

High 

k i d  mine drainage 
Indus t r i a l  o u t f a l l s  

H i  yh 

High Ef f luents  f rom ch lo r -a l ka l i  
and pulp and paper indust r ies 
Cornbustion of Fossi l  fue ls  
N at ura 1 we a t  her i ng 

Coal combustion emissions 
Ef f luents  frwn ,netal 
p la t i ng  indu5trl‘es 

i ow ? NE LOW 

High 

L Od 

CmSustion of foss  i 1 High Low 37 NE 
f u e l s  
A g r i c u l t w a l  and 
i n d u s t r i  a1 wastes 
NdtlJral sediments 

Ef f luents  from photo- 
processing and e lec t ro -  
p l a t i n g  indust r ies 
Natural weathering 
Cloud-seedi ng 

Low? 

High 

Low 

Low 

Very short n E Low 

255 E 

235 
(Paci f ic  oysters) 

Low 

(Mosqui t o f  i sh)  

(p la i ce )  
313 

alhe amount o f  t ime required f o r  an organism t o  e l iminate h a l f  o f  the t o t a l  body burden o f  an accumulated 

bE = Essential t o  phys io log ica l  function; NE = Nonessential. 
‘From o r a l  ingestion. 
dN/A  = Information no t  avai lab le from source reference. 

substance. 
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warrant concern. Al l  o f  the remaining metals could have local ly  h i g h  

concentrati ons a t  the dredging s i t e  and theref ore coul d ,  depending on 

t he i r  ava i lab i l i ty ,  represent potential sources o f  biological iinpact 

d u r i n g  dredging and disposal operations. Their significance as a 

source o f  impact can only be determined on a s i te -spec i f ic  basis, 

information on the tox ic i ty  and bioaccumulation of heavy metals and  

chlorinated hydrocarbons as a r e su l t  of dredging and disposal 

operations can be f o u n d  i n  Hersh e t  a1 . (1978). 

More 

3 . 2 . 4 . 3  Factors influencing the magnitude _l-.-l_ o f  the 
biological e f fec ts  due t o  chemical changes 

Several fac tors  play a role  i n  determining the significance of the 

biological impacts a t t r ibu tab le  t o  a l te ra t ions  i n  water chemistry. For 

example, responses of b i o t a  t o  elevated concentrations o f  various 

contaminants wi l l  vary  great ly  between species and among different  l i f e  

stages of the same spec.ies (see Section 3.2.1 and Tables A-1 and A - 2 ) .  

The nature and magnitude of the response (e.g., death, avoidance of the 

dredging s i t e ,  reduced growth and/or fecundity) w i  11 a l s o  be dependent 

upon the spec i f ic  contaminant and i t s  ava i l ab i l i t y  t o  biota,  i .e. ,  i t s  

presence i n  the par t iculate  and/or dissolved f r a c t i o n  (Section 3-2.4.2). 

Laboratory t e s t s  of resuspended sediments have shown the release 

of  pesticides,  PCBs, and other organic Contaminants i n t o  the s o l u t i o n  

phase t o  be negligible ( F u l k  e t  a l .  1975, Lee e t  a l .  1975). Nost of 

the contaminants existed i n  association w i t h  suspended par t iculates .  

The resuspension o f  contaminated substrates will increase the 

opportunity for  ingestion of sediment-adsorbed organics by 

f i l t e r - feeding  and deposit-feeding biota,  The ava i l ab i l i t y  t o  aquatic 
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biota o f  particulate-associaled contaminants, however, is n o t  well 

u n d e r s t o o d  (Rrannon 1978). 

of uptake and bi oaccumul a t i  (in o f  pesticides from sediments (Nathans and 

Bechte! 1977) o r  about the  tox ic i ty  of various organic compounds 

adsorbed t o  suspended part iculates  (Lee e t  a l .  1975). 111 laboratory 

studies tha t  must be considered preliminary, Nathans and Bechtel (1977) 

concluded tha t  annelids (worms) accumulated DOT from sediments b u t  t h a t  

the uptake was sl ower and i-esul ted in 1 wnrbe’r- who1 e-body concentrations 

than would have occur-red froin the same concentration o f  OOT in water. 

lhese r e su l t s  are similar fie those described i n  studies o f  the uptake 

o f  PCBs and pestirides. from dietary sources (see Appendix A ) .  Munson 

e t  a l .  (1976) found tha t  PCBs,  DDT, and chlordane were bioconcentr-ated 

by a f a c t o r  of 5 t o  8 in passing from the suspended sediment i n to  

zoopl ankton .  

hydrocavbon compounds i n t o  the biological from the nonbiological system 

( i .e. ,  from suspended sediments) was no t  infliieraced by changes i n  the 

concentration o f  the  l a t t e r  b u t  was regrnlated by those f ac to r s  t h a t  

control the mop1  ankton. T h i s ,  conditions t h a t  i rrcrease zoopl ankton 

popul aka’ons would probably i ticrease the movement o f  organic 

contaminants into t h e  biological system. 

Very l i t t l e  i s  known about e i the r  the r a t e  

- 

They concluded tha t  the movement of chlori t iated 

O f  the many f ac to r s  affecting the magnitude o f  t he  eFfec ts  on 

aquati c b i o t a  from dredgi ng- induced changes i n  water chmi s t r y ,  two o f  

the most important are the coneen Lsa t i  on ( p a r t  i cul a te  o% d i  ssol ved) t o  

which the  organisms are exposed and the l e n g t h  o f  the exposure period. 

The concentration o f  various contarninants i n  lhe sediments and the 

impacts assoc ia ted  w i t h  the resuspension o f  these sediments dur ing  
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dredging will be highly s i te -spec i f ic .  The i n i t i a l  concentrations tha t  

will occur a t  the d r e d g i n g  si te  will  be determined by the complex 

interact ion of many parameters (see Section 3-2.4.1). The 

concentration t o  which the biota are ac tua l ly  exposed will depend upon 

n o t  only the physical and chemical nature of the  substratum b u t  a l so  

the degree of mixing and d i lu t ion  tha t  occurs. 

consis ts  primarily of s i l t  and clay which s e t t l e  out very slowly, then 

the tu rb id i ty  plume could be very large and pers i s ten t  (Barnard 1978). 

As a r e su l t ,  organisms would be exposed t o  higher concentrations fo r  

longer periods of time than i f  the sediments contained mostly coarse 

par t i  cul ates.  

If the substrate  

The exposure period will also be affected by the type o f  dredging 

operation. 

repair  dams, or construct l repair  powerhouses, headraces, and t a i l r aces  

migh t  require only several days or weeks t o  complete. 

times, aquatic biota would be exposed t o  brief periods o f  elevated 

contaminant levels  t ha t  would n o t  r e s u l t  i n  a s ign i f icant  level of 

bioaccumulation. If however, the purpose o f  dredging were t o  increase 

storage capacity in  the reservoir ,  then the biota could be exposed t o  

elevated concentrations for a per iod of several months. 

toxicant concentrations and continuous 24-h d redg ing  i n  the 

impoundment, bioaccumulation could be s igni f icant .  

Re1 a t ive ly  short-term operations t o  c lear  existing intakes,  

D u r i n g  these 

W i t h  h i g h  

In sumnary, many f ac to r s  will influence the extent t o  which 

chlorinated hydrocarbons and heavy metals are toxic  t o  and 

bioaccumulate i n  aquatic biota.  

contaminants may exist i n  the par t icu la te  form, any analysis of the 

Because a large f rac t ion  o f  these 
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magnitude of these biological e f f ec t s  i s  d i f f i c u l t  due t o  t h e  paucity 

of i nf ormati on on the  toxi c i  ty, uptake, and accumul ation o f  suspended 

par t iculate  contaminants. However, based ori the r e su l t s  o f  studies by 

Brannon (1978) w i t h  unfi 1 t e r d  e l u t r i  ates (suspended par t i  cul a t e  

phase), short-term acute tox ic i ty  result ing from dredging arid disposal 

operations may be o f  10,v concern a t  most s i t e s .  

e f f ec t s ,  on the other hand, have n o t  been stiidied as extensively b u t  

would be expected t o  occur i n  those cases whci*c (1) dredging t o  

i nct-ease stot-age capacity was a continuous operation t h a t  occurred over 

several nionths, o r  ( 2 )  eff luent  runoff entering the reservoir f rom the 

disposal area usually contained large quant i t ies  o f  Fine part iculates .  

I n  bo th  cases, the dredged material is assumed t o  be highly 

con tdmi  nated . 

Long-term chronic 

3.2.5 E f f e c t s  Due .to Upland Dredged Material -. . . . . . ... . Disposal .. . 

The method o f  disposal most l ikely t o  be employed i f  dredging i s  

required a t  small hydro s i t e s  would be upland disposal (see 

Sect-ion 2 . 2 ) .  Several potential e f f ec t s  cou ld  be associated w i t h  t h i s  

type o f  disposal. Contaninan-ts in the dredged material ( e . g . ,  heavy 

metals ,  chlorinated hydrocarbons) could be transported From the 

disposal area by several mechanisms. Thew include (1) leaching into 

groundwater, ( 2 )  surface runoff o f  consti tuents i n  e i t he r  dissolved or 

suspencled par t iculate  form, ( 3 )  plant uptake and subsequent cycl i n g  

through f o o d  webs, and ( 4 )  d i r e c l  uptake by animals l iving i n  close 

association w i t h  the so i l  (Gambrel1 e t  a l .  1978). The potential 

adverse impact caused by 1 eachi ng i n t o  groundwater i s  t he  contami nati on 

of drinking water supplies due t o  the presence o f  various toxicants. 
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Studies conducted by Chen e t  a l ,  (1978) of leachates from a freshwater 

disposal s i t e  showed tha t  most of these leachates contained ammonia, 

n i t r a t e  nitrogen, i r o n ,  and manganese i n  concentrations t h a t  exceeded 

d r i n k i n g  water standards. 

Surface runoff from disposal s i t e s  can r e s u l t  i n  erosion and the 

ultimate t ransport  o f  contaminants t o  nearby water bodies. 

the runof f  may carry substant ia l  quant i t ies  o f  toxicants,  nutr ients ,  

and h i g h  suspended sediment loads. The biological e f f ec t s  of these 

const i tuents  upon entering a water body would be s imilar  t o  those 

described i n  Sections 3.2.1 thraugh 3.2.4. 

biota t o  contaminants adsorbed t o  f i n e  par t icu la tes  in the e f f luent  

from the disposal area can occur aver long periods o f  time, t h u s  

I n i t i a l l y ,  

However, the exposure of 

const i tut ing a poten t ia l ly  greater  th rea t  than exposure a t  the dredg ing  

si te.  

PCBs and other chlorinated hydrocarbons i n t o  the so lu t ion  phase should 

be negligible d u r i n g  the usual detention period for confined disposal 

areas (Chen e t  a l .  1978). 

effluent were almost two orders of magnitude higher than ambient water 

concentrations. Because most t r ace  contami ants are associated w i t h  

suspended par t icu la tes ,  very long detention times or the use o f  

f locculants  may be required i f  large quant i t ies  o f  low-density solids 

comprise the dredged materi a1 (Chen e t  a1 e 1978) e 

Results from column s e t t l i n g  t e s t s  suggest t ha t  the release of 

However, suspended so l ids  levels  in  the 

The uptake mechanisms by plants and animals inhabiting the 

disposal area are n o t  well understood. Similarly,  the r a t e s  of uptake 

and the consequences of  the  recycling of many of these const i tuents  

t h r o u g h  the t e r r e s t r i  a1 ecosystem have not  been thoroughly studied. 
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Toxic heavy metal uptake by crop plants from contaminated or 

sludge-aiiiended so i l  , however9 has been studied extensively (Gambrel1 e t  

a l .  1976) .  These studies  have shown that  (1) increased heavy metal 

concentration in so i l  can lead t o  increased levels  in crops without 

causing plant tox ic i ty ;  ( 2 )  cadmiurn i s  the element of greatest  concern 

w i t h  regard t o  b o t h  uptake by crops and consumption by animals, and 

( 3 )  variation e x i s t s  i n  the uptake and tox ic i ty  between plant species 

(review by Martin e t  a1 . 1976). ldhether or" not a given metal i s  a 

potental contaminant will depend great ly  on i t s  form and ava i l ab i l i t y  

ra ther  than on i t s  t o t a l  concentration (Lee e t  a1 . 1976).  

A major e f f e c t  of upland disposal i s  t h e  loss o f  habi ta t ,  although 

the area may be reclaimed a f t e r  disposal i s  terminated. Disposal of 

dredged material on land has resul ted in k i l l i ng  and stunting many 

areas of bottomland fo res t  (Brady 1976). The disposal of dredged 

material on areas i n  the  ear ly  stages o f  succession, such as on a weedy 

herbaceous area, i s  l e s s  damaging than disposal on areas of mattire 

fo re s t s  or l a t e r  seral  stages because revegetation inay occur more 

quickly in the former (Brady 1976). In additian,  mature f o r e s t s  may be 

a more valuable habi ta l  f o r  wi ld l i fe ,  although i t s  value would actual ly  

be dependent upon spec i f ic  wi ld l i fe  management p r io r i t i e s .  

Many f ac to r s  influence the magnitude o f  these biological e f fec ts ,  

b u t  probably two o f  the most important are (1) degree t o  which the 

upland disposal area i s  confined and ( 2 )  how the  disposal area i s  

managed (reclaimed). Diked disposal areas w i t h  iinpermeable l i ne r s  

p r o v i  de major controls over surf ace runoff and groundwater 

contamination. The effectiveness o f  the disposal area in  removing 



part iculates  from the water column i s  controlled mainly by the 

detention time o f  the containment area (which, in t u r n ,  i s  determined 

by inflow ra tes  and the s i ze  of the disposal area) and the par t ic le  

s i z e  dis t r ibut ion o f  resuspended sediments (Chen e t  a1 1975). 

Fine-grained sediments, such as s i l t s  or  clay, are generally higher i n  

organic content, cation exchange capacity (CEC), avail able nutr ients ,  

and ,  i n  some cases, heavy metal loading. The CEC of a dredged material 

governs the sorption o f  ammonium nitrogen, potassium and other cations,  

heavy metals, and some pesticides (Lee e t  a l .  1976). The par t ic le  s ize  

dis t r ibut ion of the sediments can a l so  affect  reclamation e f fo r t s .  

Fine-grained sediments are much easier  t o  vegetate than coarse or sandy 

s o i l s ,  b u t  may require months t o  dry before they can be worked ( H u n t  

1976).  I f  the disposal area i s  unconfined, then rapid revegetation 

would be important i n  controll ing erosion and runoff .  

Dredged material disposal areas can be reclaimed f o r  agricultural  

producti on, w i  1 dl i f e  or recreat  i onal development 

materi a1 . These a1 t e r n a t i  ves, which are discussed i n  detai 1 el sewhere 

(see Gambrel1 e t  a1 . 1978, Norton 1977), may be a key factor  -in 

regulating long-term releases sf contaminants. 

information ex i s t s  on long-term releases and the biological e f f ec t s  of 

those releases,  predictions o f  impact are d i f f i c u l t  a t  best. A j o i n t  

COEJEPA committee has recently recognized a need f o r  " a  chemical 

characterization procedure f o r  dredged and f i l l  material t h a t  can be 

used t o  predict or estimate long- or intermediate-term releases o f  

constituentsI1 ( W i  1 kes and Engl  er  1977) .  

and 1 andfi 1 1 

Since very l i t t l e  
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In sunmary, the re1 ease (or imnobi 1 ination) o f  most 

sedirnent-nssoei ated contaminants is regulated t o  a large extent by the 

physi cochemi cal envi ronment ( pM , oxi dat i  on-reducti on condi t i  ons 

s a l i n i t y )  and microbial a c t i v i t y  associated w i t h  the dredged material 

a t  the disposal s i t e  (Gambrel1 e t  a l .  1978).  Although many properties 

are important, much can be inferred about the potential For contaminant 

release from the  clay and argan ic  matter content, i n i t i a l  and f inal  pH, 

and oxidation-reduction conditions. Coarse-grained sediments low i n  

organic matter are l e s s  effect ive in iimabilizing metal and organic 

contami nants than sediments tha t  are biol ag i  cal l y  and chemi cal l y  ac t i  ve 

w i t h  h i g h  organic content b u t  l i t t l e  or no oxygen (Gambrel1 e t  a l .  

1978).  Under some disposal conditions, a well-drained upland disposal 

s i t e  can lead t o  an oxidizing acidic environment conducive t o  the 

leaching o f  Contaminants, par t icular ly  heavy metals. Mhether or  not 

the leachate will contaminate groundwater is dependent upon the 

hydraul i c Lransmissivity and absorpti ve capacity of the natural soi 1 s 

(U.S. Army Corps o f  Engineers 1979b) .  Gambrell e t  a l .  (1978) is  an 

excellent reference t h a t  not only discusses the f ac to r s  influencing 

contaminant mobilization and release a t  disposal s i t e s  in considerably 

more detail  t h a n  i s  presented here b u t  also offers  guidelines fo r  

selecting disposal a1 t e rna t i  ves f o r  cantami nated dredge materi a1 t o  

minimize adverse environmental impacts. 

and 



4. ENVIRONMENTAL FEASIBILITY OF ~~~~~~N~ AT SMALL H’BIIK 

4.1 ENVIRONMENTAL CBNSTRAI 

The environmental constraints associatecl. w i t h  dredging at. small 

hydro s i t e s  can be s igni f icant  i f  a l a r g e  f ract ion o f  the t s t d ’ ,  bnttorrr, 

area of small reservoirs i s  dredged, Under tlww condi t i  OTIS secondary 

production (benthic invertebrates and f i s h )  i n  the reservoir C O U ? ~  be 

reduced dramatically. Obviously, the greatest  d i rec t  impact woiald he 

on the benthic invertebrates,  w i t h  recovery t o  pre-dredgin 

levels requiring as long as several years. Results o f  this nature were 

reported when small ponds i n  Wisconsin were extensively dredged t o  

enhance the trout f ishery (Carline and Brynildson 1977). 

production could also be reduced i f  a s ignif icant  decrease i n  f o o d  

resources (e.g. ,  benthos) occurred. For example, declines i n  the  

growth ra tes  o f  the t r o u t  i n h a b i t i n g  these Wisconsin ponds occurred 

imnedi a te ly  a f t e r  dredging and were associated w i t h  the decrease i 

benthos, the primary food o f  the t rou t .  Mortality t o  benthos as a 

r e su l t  o f  t he i r  removal from the reservoir i s  a d i rec t  consequence o f  

dredging f o r  which no reasonable mitigation ex is t s .  

recovery/re-establ ishment o f  reservoir benthic populations wi 11 be n m t  

rapid if (1) dredging operations are completed short ly  before the 

seasonal increase i n  biological ac t iv i ty  or  larval abundance (Hirsh e t  

a l .  1978) and ( 2 )  some areas of the reservoir are n o t  dredged and can 

serve as sources for  the colonization o f  dredged areas. I t  s h o u l d  be 

noted tha t  most smal 1 hydropower redevelopment projects w i  11 n o t  

involve the removal a f  huge quant i t ies  of sediment from a large p a r t i o n  

of the reservoir due t o  the tremendous economic costs (see Sect ion 4 . 3 ) .  

F i s h  

However, 
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envi ronmental 

Consequently, 

operati  on emp 

impact a t  b o t h  the  dredging and 

impacts can be mitigated by the  

oyed in the project.  Mechanica 

In reference t o  dredging a c t i v i t i e s  in the Chesapeake Bay, i t  has 

been s ta ted tha t  how the bay i s  dredged and what i s  done with t he  

dredged material are ~ Q W  s ign i f icant  than the f a c t  tha t  i t  is dredged 

( p .  47 in  Massoglia 1977) .  

dredging operations a t  most small hydro s i tes .  I f ,  however, an 

endangered mussel species maintained a remnant popul a t i  on iirunedi a te ly  

below an impoundment, then dredging in t h e  reservoir  might adversely 

a f fec t  i t s  habi ta t  and survival.  

This stateinent i s  a lso applicable t o  

How the sediments are dredged will  a f fec t  the degree o f  

disposal s i t e s .  

type o f  dredging 

l y  dredged sedimerrts will 

be compact and will  cantain only a minimal aniount o f  water when 

transported t o  the upland disposal s i t e .  Thus, t h i s  method of  dredging 

should great ly  reduce, i f  n o t  eliminate, the contamination of nearby 

waters by the over f1  ow water normal l y  associ ated with hydraul i ca l l  y 

dredged sediments (Lee 1 9 7 6 4 .  I f  an unconf ined up1 and disposal 

technique i s  used ( i  .e. ,  the sediments are  uncontaminated), mechanical 

dredging could also minimize the e f f e c t s  o f  erosion and riinoff from the 

disposal s i t e  t o  a greater extent than would hydraulic dredging. 

major disadvantage of mechanical dredging i s  t h e  greater cos t  

associated with rehandling and transporting the dredged material 

A 

(Section 4.3). 

The higher t u rb id i ty  levels  associated with conventional 

mechanican dredging aperations can be minimized by usirig s i l t  cur ta ins  

or "diapers," an impervious material suspended ve r t i ca l ly  in the water 
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column (Mohr 1976).  Studies have shown tha t ,  i f  properly deployed, 

these devices can be e f fec t ive  in currents up t o  a t  l eas t  8.26 m/s 

(0.85 f t j s )  (Johanson 1976). Guidance on the selection and use o f  

these devices i s  provided in Barnard (1978). Other potential methods 

of controll ing tu rb id i ty  include (1) proper equipment maintenance and 

operation, ( 2 )  use of chemical f locculants,  ( 3 )  use of one of several 

speci a1 ized dredges tha t  have recently been developed fo r  this purpose 

and are discussed in Section 2.4 (Barnard 1976, 1978). 

How the dredged material i s  disposed of will great ly  affect  bo th  

the nature and magnitude of potential  environmental impacts. Simply 

s ta ted ,  placing contaminated dredged material in an unconfined disposal 

area car r ies  a considerably higher r i sk  of impact than placing the 

spoi l s  i n  a confined (or diked) disposal area. 

spoi l s  in confined disposal areas can be minimized i n  several ways. 

Proper dike construction will prevent seepage and reduce the r i sk  o f  

Impacts of contaminated 

s t ructural  f a i lu re .  

minimized by ensuring tha t  the disposal areas are of suf f ic ien t  s ize  

and depth so t h a t  most of the f ine  par t iculates  (and the heavy metals 

and chlorinated hydrocarbons sorbed t o  them) have se t t led  out prior t o  

discharge from the disposal area. Also, f locculants and f i l t r a t i o n  can 

be used t o  reduce the concentration o f  suspended sol ids  in the overflow 

[see Barnard and Hand (1978) for  guidance in this area]. 

Effects of overflow water on nearby waters can be 

Potential groundwater contamination can be reduced by using 

synthetic or clay l i ne r s  in the basin. 

by employing various dewatering/densifying techniques when 

hydraulically dredged materials are placed i n  confined disposal areas 

Leaching can also be minimized 
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- 3s a sliirry. Ihcse techniques a re  described i n  detail by Hci l ibur ton  

(1378). By promoting shr-inkagc and consolidation, surface runoff would 

be reduced and LhP dredged  mat,"^ i a1 could be ~ i i o r e  readi ly  used for 

agricultural  soi ls  am~ildrnent, upland hahitat  development, surface mine 

recl  amat i  on, 1 a n d f i  1 1  and cnnstrucl, inn matwi a1 and sani tary 1 andfi 11 

(Spain@ et a1 . 1978). 

minimized by (1) p l a n t i n g  f i b e r  rather than fond crops, o r  

( 2 )  sz lect ing crops in which heavy metals t e n d  t o  accumerlatc i n  planl.. 

t i s s t i e  t h a t  i s  not  harvested (Gambrel1 e t  a l .  1478) .  Limirig can also 

be an e f F e c t i v e  meliiod o f  reducing the avai lab i l i ty  of many heavy 

metals t o  p l a n t s  (Gambrel1 e t  a l .  1978). Thus, some m i l i g a t i o n  

meas i i rm  can be applied t o  a l l  three potential  prohlcm areac associated 

with confined up1 and disposal (plant  t ox ic i ty  and stirfacc-water and 

groundwater contami nati  on 1. 

Uptake o f  contaminants by plants can he 

Afioiher impact o f  dredged material disposal i s  the  loss 3 f  

habitat .  In the c a w  of upland l i s p o s a l  areas, t h e  i n i i i d l  loss can be 

mi t i  gated by recl  m a t i  on and/or the use of agrononi c/wi 1 d l  i f e  

manaqement techniques. Upland habitat  develcpriient i s  a low c o s t  method 

that  i s  bascd on the application o f  well-established ag r i cu l twa l  and 

w i  1 d l  i i e  management tpchni ques 

which are adaptable t o  v i r tua l ly  any upland disposal 5 i t e  (Smith 1978).  

In the process o f  developing an upland habi ta t ,  a vegetation cover i s  

=stab1 i shed t h a t  wcmul d reduce erasion p o t r n t i  a1 , thirs s tab i  1 i mi n y  the 

dredgcd matwi a1 and p r e v c n t i  ng 

1978). However, the p o t e n t i  a1 “;or r iptake and recycl i r ig o f  corrtami nants  

t h ~ o i l q h  t h e  t e r r e s t r i  a1 ecosysteni s t i  11 renraii ns. Up1 and habit a t  

the p r i  nci $11 es and appl i ca i i  ons of 

i t s  return t o  the ,vater-z”ray (Smi th 



development ~echn-iques were addressed i n  t he  &I,$. Corps o f  Engineer's 

Dredged Material Research Program and several good references are 

available (Hunk et a f ,  1978, Lunz e t  a l ,  1978, Smith 1938), 

One of t h e  bes t  methods o f  mirairnjzin ~ ~ ~ v i ~ ~ n r n e n ~ a l  inpact  i s  t o  

avo id  dredging dirri ng the per iod o f  hi $1 biol agi cal prsduc t i  di t y  

(spring t h rough  l a t e  suimer). For example, ~ ~ ~ d g i ~ g  d u r i i i g  the peak 

i n g  period o f  those fishes t h a t  spa n a t  or near the dredging s i t e  

or in the dawnsk,ream reg ions  o f  t he  river below the dan? should be 

auoi ded, Rosenberg and Miens (1978) have recornended khat disturbances 

resul t ing in sediment a d d i t i o n  t o  streams should be carpied o u t  during 

a p e r i o d  when a c t i v e  stages o f  the benthic i n s e c t  fauna a m  ION i n  

number, such as l a t e  SU er,  provided, o f  course, t h a t  r iver  discharge 

adequately transport  the sed irnerits t h a t  are inadvertent1 y 

released dur ing  the dredging  operation i n  the reservoir,  

conclucted dur-i rig dreJging o p e r d t i  ons i n  the Chesapeake Bay suggest t h a t  

October and November would be t h e  times when d r e d g i n g  and dredged 

material disposal  would have the leas t  damaging ef fec t  (Flemer e t  al 

1968) I) Other investigators have also recommended tha t  dredging should 

coincide with minimal biological p r o ~ ~ ~ t i v ~ t ~  (Peddicorrl and McFarland 

Studies 

78) and s h o u l d  avo id  periods o f  f i s h  spawning (O'CConnor e t  a l .  1976). 

Such mitigation, however, could confl  i c t  with construction 

schedules. 

(U.S. Department of Energy 1 9 7 9 ~ ) ~  and d i f f i c u l t i e s  may be encountered 

in dredging a t  other periods due t o  cold weather and i c e  cover, 

time required For dredging i s  a c r i t i c a l  factor ,  Attempts t o  avoid 

dredging during t he  sp r ing  and summer conf l ic t  with the best time For 

For example, t e construction per iod  in Maine i s  t h e  sumer 

The 
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dewatering dredged materi a1 ( i  .e. , during the warmest periods of the 

year when evaporation ra tes  are highest) .  In the Southeast, the  peak 

drying period extends from March t o  October, thus coinciding w i t h  the 

period of h i g h  biological productivity. 

p r io r i ty  should be placed on dredging d u r i n g  periods of low 

productivity,  since the s i r e  of the disposal s i t e  can be enlarged t o  

compensate for  the minimal dewaleri ng o f  dredged matcri a1 t ha t  would 

resul t from dredging d u r i n g  t.he colder, 1 ess producti vr periods o f  the 

year. 

In most  cases, a greater 

Mitigation of impacts o f  a more sociological nature t h a t  are  

associated w i t h  dredged material disposal including odor ,  mosquitoes, 

f e a r  o f  pathogens, land use, and aes the t ics ,  are add?-essed i n  Emell 

(1978), Harrison and Chisholm (1974), and Harrison e t  a l .  (1976). 

The type and degree of mitigation tha t  might be required i s  very 

s i te -spec i f ic  and dependent primarily on the charac te r i s t ics  o f  the  

sediments a t  the s i t e .  However, one of the most e f fec t ive  and l eas t  

expensive ways t o  minimize t h e  environmental impact of dredging a t  

nearly a l l  hydro s i t e s  -is by scheduling operations f o r  t h e  period from 

l a t e  summer t o  ear ly  s p r i n g ,  

most s i t e s  would be the use o f  s i l t  cur ta ins .  Major mitigation e f f o r t s  

directed a t  minimizing e f f ec t s  from highly contaminated sediments could 

involve bo th  the type of dredge used and the type and ultimate f a t e  o f  

the  disposal s i te .  

determined on a case-by-case basis.  

Another method having appl icabi l i ty  t o  

Such mitigation could be very cos t ly  and must be 

I f  f i s h  or  mussel species l i s t e d  as threatened or endangered (on 

e i ther  s t a t e  or federal  l i s t s )  are  present i n  the reservoir a r  i n  the 
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r iver  below the dam, then dredging operations should be undertaken only 

a f t e r  thorough reconsideration of the environmental costs.  The 

presence of freshwater mussels is indicative of an ecosystem tha t  may 

be par t icu lar ly  sensi t ive t o  h i g h  levels of suspended so l ids  because 

both the mussels themselves and the f i sh  species tha t  serve as hosts t o  

cer ta in  l i f e  his tory stages of mussels are not to le ran t  of s i l t  (Yokley 

1976).  

4.2. ENVIRONMENTAL REGULATIONS RELATED TO 
DREDGING AND DREDGED MATERIAL DISPOSAL 

4.2.1 Regulation of Dredged Material Disposal - 

Section 404 of the Federal Water Pollution Control Act Amendments 

(FWPCAA) of 1972 established a permit program t o  regulate the discharge 

of dredged or f i l l  material in to  U.S. waters or  wetlands. Although the 

U.S. Army Corps of Engineers ( C O E )  has primary responsibi l i ty  for  the 

permit program, i t  i s  administered by both the COE and the U.S. 

Environmental Protection Agency ( E P A ) .  Developers o f  smal 1 hydro 

projects tha t  will require the disposal of dredged material or the 

placement of f i l l  or any material in a stream, such as would be 

necessary, fo r  example, in the construction of a powerhouse a t  any 

existing dam (Corso 1979), must o b t a i n  a Section 404 permit from the 

Di s t r i c t  Engineer having jur i sd ic t ion  over the waters in which the 

ac t iv i ty  is proposed (Wood and Hil l  1978). Permit approval by the 

Di s t r i c t  Engineer must comply w i t h  the guidelines tha t  were established 

by the EPA ( i n  conjunction w i t h  the COE) t o  implement Section 404(b) of 

the FWPCA (U.S.  Environmental Protection Agency 1975). As provided f o r  
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i n the g r ~ i  del i ner,, t i m e  two agenci es wi 11 pub1 ish procedures manual cs 

t o  be used f o r  the evaluation o f  praposed discharges of dredged or  f i l l  

mater :  a1 t o  navigahle waters. In the meantime, interim guidance t o  

p w m i  i appl i cants conwrni i ig  the appl i cabi 1 i t y  o f  specif ic  approaches 

or procedrrres l o  be used i n  conducting an ecological evaluation o f  

proposed dredged mater ia l  discharges i s  available From the Dis t r ic t  

Enqineer (U.S. Army Corps of Engineers 1976a). 

The COF has stated t h a t  the interiin guidance i s  n o t  intended t o  

establish standards 0% r ig id  c r i t e r i a ,  b u t  rather i t  attempts t o  

provide a bal ance bet we^ the technical state-of-the-art  and routi  ne1 y 

implemental guidance for  using the procedures described in U.S. 

Envirsnmental Protection Agency (1975)  Procedures presented in the  

Interim Guidance Manual are LQ be used t o  evaluate (1) the discharge 

and overflow from hopper- dredges and bottam- or end-dump barges and 

scows, ( 2 )  the discharges o f  hydraulic dredges, and ( 3 )  the rumif,  

effluent or  overflow from a contained l and  or  water disposal area (U,S, 

Army Corps o f  Engineers l916a) .  

Dredging operations a1 small hydro s i t e s  may require other permits 

in addition t o  cer t i f ica t ion  under Section 404 o f  the FWPCA. Because 

each discharge o f  dredged or  F i l l  mater 

e f f ec t ,  the discharge nf  a pollutant t o  

qual i t y  cer t  i f  i ca t i  on under Sect i on 401 

( U . S .  Environmental Protection Agency 1 

a1 into navigable water i s ,  in 

the water, a s t a t e  water 

o f  the FWPCA would be required 

75) .  Because t h i s  provision 

has been incorporated i n  the Corps o f  Engineers regulations (U.S. 

Departiitsnt of Defense, Corps of Engineers 1975), any s t a t e  may cause 

the denial o f  a Section 404 permit i f  t h e  Section 401 permit is  



denied. Also, some s t a t e s  have exis t ing regulations governing the same 

types o f  a c t i v i t i e s  tha t  are regulated by Section 464 o f  the F’YIPCA, 

Thus, if a s t a t e  denies a permit, the COE will n o t  issue a Section 404 

permit (U.S. Environmental Protection Agency 1975). 

discharges of pollutants i n t o  navigable waters, resu l t in  

subsequent onshore processing o f  dredged material tha t  i s  extracted f o r  

any commercial use (other t h a n  f i l l ) ,  are not included in the 

definit ion of the term ‘discharge o f  dredged material’  i n  the 

regul ations o f  the U.S. Environmental Protection Agency (1975) I) 

discharges are subject t o  Section 402 of the F’JJPCA, even though 

extraction o f  such material may require a permit from the COE under 

Section 18 of the River and Harbor Act o f  1899 (U.S Environmental 

Protection Agency 1975). 

Finally,  

Such 

The disposal o f  dredged material tha t  is highly contaminated by 

PCBs or other hazardous wastes may be controlled by the EPA under 

regulations promulgated pursuant t o  Section 6(e)(1) o f  the Toxic 

Substances Control act  (TSCA) and the S o l i d  Waste Disposal Act as 

amended by the Resource Conservation and Recovery Act (RCRA) o f  1976. 

Final regulations re la t ing  t o  the disposal o f  PCBs were issued by the 

€PA on February 17,  1978 (U.S. Environmental Protection Agency 1978a). 

If the dredged material contains 0.05% or greater o f  PCB chemical 

substances, on a dry weight basis ,  i t  can be defined as a PCB mixture 

and must be disposed of i n  an incinerator,  a chemical waste l andf i l l ,  

or in a manner determined by the Regional Administrator i n  the  €PA 

region in which the PCB mixture i s  located 1140 CFR 761,10(b)(4)] .  

Proposed guidelines and regulations for hazardous wastes were issued by 
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the  EPA on Decemtrer 18, 1978 (U. S. E n v  i ranmental  Protee t i  on Agency 

1978b). 

therefore s u b j e c t  t o  these t-egul ations (U.S. Environmental Protection 

Agency 1978bj. The EPA has noted, however, t h a t  l i t t l e  information i s  

available on not only hazard levels and potentidl threats  t o  hurndn 

health and the environrnert associated w i t h  onland disposal o f  these 

wastes bu t  a1 so acceptnbl e waste rrmagernent. techniques and economi cs 

Consequently, no decision has been reached on how these wastes should 

be managed, and coments are invited. The two al ternat ives  considered 

by the  EPA a re  (1) designation o f  dredged material as a special waste 

under Section 250.46 o f  the RCRA, or ( 2 )  exeriiption sf these wastes froin 

RCRA requirements and regulating thein under Section 404 of the Clean 

Water Act, 

Certain dredged materi a1 may prove t o  be hazardous and 

Small hydro projects will l i ke ly  require a Section 404 permit 

regard1 ess o f  whether or not  e x t e n s i  ve dredging t o  i ncrease reservoir 

storage i s  required. Developers should,  therefore,  become familiar 

with the Section 404 permit program d u r i n g  the i n i t i a l  stages o f  

project development. The Interim Guidance Manual (U.S. Army Corps of 

Engi  news 1976a) and the gui  deli i nes/regul a t i  oris promulgated by the %PA 

i n  conjunction with the COE f o r  evaluating proposed discharges o f  

dredged and f i l l  materials t o  navigable waters and wetlands (U.S. 

Environmental Protection Agency 1975) shoo1 d be reviewed. 

i ntroducti on t o  the permit program, however, i s  a pamphlet pub1 ished 

recently by the EPA and e n t i t l e d  " A  Guide t o  the Dredge or F i l l  Permit 

Program'' (U I) S. E n v i  ronrnen ta l  Protection Agency 1979). Both the COE and 

the  State  permit review processes a re  outlined and discussed. Specific 

The bes t  
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information on procedures t o  follow when applying fo r  a Section 404 

permit i s  provided in the COE regulations (U.S. Department o f  Defense, 

Corps of Engineers 1975) re la ted t o  the issuance of  permits f o r  

a c t i v i t i e s  in  navigable waters or ocean waters [see 33 GFR 209.120(f)]. 

4.2.2 - Protection o f  Wetlands 

Wetlands are  important national resources tha t  are  declining a t  an 

alarming ra te .  

49 X lo6 ha (120 X 10 

(Executive Order 11990, May 24, 1977). 

Congress, President Carter reported tha t  wetlands are current ly  being 

l o s t  a t  the r a t e  o f  121,000 ha (300,000 acres) per year (Miller 1977). 

Legislation passed d u r i n g  the past  50 years provided for  the 

preservation of these areas t h r o u g h  d i r ec t  acquisit ion (Migratory Bird 

Conservation Act o f  1929, the Migratory Bird Hunting Stamp Act of 1934 

and amended in  1958, and the Water Bank Act of 1973). 

recent s t ra tegy  employed t o  preserve wetlands i s  the enactment o f  

The United S ta tes  has already l o s t  40% o f  the 
6 acres) of wetlands inventoried in the  1950's 

In h i s  Environmental Message t o  

Another rnore 

legis1 ation making i t  unlawful, except as provided, t o  destroy spec i f ic  

wetlands (Miller 1977). Important wetlands leg is la t ion  includes 

Executive Order 11990 (Protection o f  Wetlands), the River and Harbor 

Act of 1899 (Section 101, and the Federal Water Pollution Control Act 

Amendments (FWPCAA) o f  1972 (Section 404). 

Dredging operations a t  small hydro s i t e s  would n o t  be affected by 

Executive Order 11990, since the Order "does n o t  apply t o  the issuance 

by federal  agencies caf permits, l icenses ,  or  a l locat ions t o  pr ivate  

par t ies  f o r  ac t i  vi t i e s  involving wet1 ands on non-Federal property" 

(Executive Order 11990, Section Ib). The U.S. Army Corps o f  Engineers 
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administers the only na.tionwicle regul atory program tha t  controls 

develsp-nent a c t i v i t i e s  in  1J.S. waters and wetlands, and t h e  author i t ies  

f o r  this  regulation are  S e c t i s i x  10 and 404 o f  t h e  River and Harbor Ac t  

of 1899 and .the FWPCPA of 1972, respectively (Wood a~ld Hill 1978). 

Consi derabl e emphasis has been p l  aced on the poteoti a1 iiirpacts o f  

constructi  on acti  v i t  i es i r i  wet1 ands. Darilcl1 (1976) conc?l uded t h a t  -the 

most important impact of construction ac' t ivity upon aquatic environments 

i s  wet land habitat  loss. Wetlands guidelines were published by Lhe 

U.S. Fish and !nlildlife Service in 1971. t o  discharge i t s  respons ib i l i ty  

under t h e  Fish  and Wildlife Coordination Act. These guidelines 

required that  an applicant seeking a federal p e r m i t  involving t h e  

a?  t e r a t i  on or  destruct i  on o f  val i.iab1 e wet1 and areas had t o  show, i n t e r  

a1 i a,  tha.t there were no a1 te rna te  up1 and s i  tes avai 1 ab1 e. 

spoil and dump s i t e s  were included in a l i s t  o f  s t ruc tures ,  f a c i l i t i e s ,  

or a c t i v i t i e s  t ha t  were considered unacceptable in wetlands (Wood and 

H i  1 1 1978). 

d r e d g e d  or f i 11 rnateri a1 in navi gab1 e water ( U .  S .  Envi ronmental 

P r o t e c t i  on Agency 1375) poi n t  o u t  t h a t  "from a na t  i m a l  perspective, 

the degradation or destruction of aquatic. resources by f i l l i n g  

operations i n  wet1 ancis i s  considered the most severe environmental 

impact covered by these guide1 ines" [40 CFR 230.4-l( a )  (111. 
K 1  ock (1979) s ta ted  tha t  m a l  1 hydropaw- devel cpment i ii New Engl arnd 

would ccrnf 1 i c t  with a t  1 ea s t  one o f  several water resource managemen-l; 

pol ic ies  o f  the New England  Water Basin Commission (NEWBC). Dredging 

a t  small hydro s i t e s  could poten t ia l ly  c o n f l  i c t  w j t h  I h e  NEWBC policy 

on maintenance and enhancement of  wi ld l i fe  habi ta t ,  one o f  t h e  most: 

important. o f  wl...ich i s  wet; ands. 

Mareover, 

The EPA gui del i nes fo r  eval uati i ig proposed discharge of 

Finally,  
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An excellent general reference an wetlan ecosystems i s  Good e t  

a l .  (1978). The reader should  consult Darnel1 (1976) f o r  additional 

information an the nature of wetland impacts or Wood and 

For d more detailed discussion of the regulatory ro le  o f  

Corps o f  Engineers ~ i t h  regar t o  wetland protection pol c ies ,  

I C  COSTS ASSOCIATED WIT 
AND DREDGED MATERIAL DISPOSAL 

Dredging t o  increase reservoir s to rage  capacity may place a 

5 ubs tan t i  a1 ecancmi c constrai n t  on the devel opment of small hydro 

p r o j e c t s  e A1 tlnorrgh the eva'l lsat ion presented i n  t h i s  sec t i  on is  

prelimindry and is n o t  intended t o  be the f i n a l  word w i t h  regdrd t o  the 

e ~ o ~ ~ ~ ~  c Feasi b i  1 i t y  o f  dred i n g ,  developers should careful ly  consi  der 

the fac tors  tha t  will  ult imately determine the f e a s i b i l i t y  o f  

reclaiming reservoir storage i n  this manner. Much o f  this ~ n ~ o ~ ~ a t i o n  

may a l s o  be applicable t o  small-scale dredging Q p ~ r a t i o ~ ~  t h a t  will 

B G C U ~ ,  for example, d u r i n g  construction and/or repair  o f  st ructures  

such as powerhouses, spillways, and penstocks, Because these l a t t e r  

a e t i  v i t i  es wi 11 u i re  the removal o f  substant ia l ly  less  

material ,  t h e  economic costs are l ike ly  t o  be minor. Only if  

the sediments t o  be dredged contain h i g h  concentrations of various 

contaminants w i l l  the costs of dredging and disposal o f  small volumes 

o f  material be a se r ious  economic 60 s t r a i n t  an project development. 

The d i rec t  costs t h a t  will determine the economic f e a s i b i l i t y  o f  

dredging and disposal are those associated w i t h  (1) acquisition of land 

isposal area; ( 2 )  construction o f  dikes and ins ta l la t ion  o f  
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wei rs  at  the disposal s i te ;  ( 3 )  mobilization and demobilization o f  

d r e d g i n g  equipment; ( 4 )  operation of the dredge, including materials,  

fue l ,  and labor; ( 5 )  transport  o f  t h e  sediments froin the dredging s i te  

t o  Lhe disposal area; and ( 6 )  acquisit ion o f  a l l  necessary s t a t e  and/or 

5 ederal permi t s  e 

The mast expensive aspect o f  confined dredged materi a1 disposa? 

can be land acquisit ion (U.S. Army Corps o f  Engineers 1979h) .  

cases, the best disposal s i t e  From an economic standpoint i s  one 

1 ocated adjacent t o  the reservoir ,  since no transportation costs would 

be incurred if the dredged material could be pumped d i r ec t ly  t o  the 

disposal s i t e .  Land adjacent t o  the  reservoir  may be inore valuable 

than 1 and located soine distance away. 

subject t o  economic returns as industr ia l  or res ident ia l  s i t e s  or may 

be a valuable wet-land area of  h igh  biological productivity (Pope 

1976).  

future  uses of t h i s  land b u t  a lso ope the amount o f  land needed. The 

actual acreage required for disposal w i l l  be determined by both the 

physical and chemical charac te r i s t ics  of the sediment and the volume of 

material t o  be dredged. Various rnethods are available t o  dewater and 

densify dredged material t o  increase the storage capacity of the 

disposal s i t e  and t h u s  reduce or  m i n i m i z e  the  area required for 

disposal (see Haliburton 1978, Palerms e t  a l .  1978). 

In most 

Waterfront property may be 

Costs will depend n o t  only on t he  present use OB" potential  

Conf in ing  dredged rnateri a1 behind dikes or 1 evees is approximately 

2.5 times more expensive than open-water disposal (Morris 1974 as c i ted  

i n  Brady 1976). 

disposal w i t h  confined disposal o f  dredged material from the Great Lakes 

'The COE had estimated t.hat replacing open-water 
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. 

would increase t h e  cost o f  dredging by a factor  of 3.5 (U.S. 

Comptroller General 1972) .  Obviously, costs are  s i te -spec i f ic ,  and in 

some cases, confined disposal i s  l ess  expensive than open-water 

disposal i f  the l a t t e r  involves long haul distances ( C .  Calhoun, 

personal cornnunleation). 

affected by the amount o f  s e t t l i n g  time required which, in turn, i s  

dependent upon the nature and volume of the dredged material I 

Additional costs will be incurred i f  i t  i s  necessary t o  i n s t a l l  a l i ne r  

i n  the basin t o  prevent leaching and possible contamination o f  

groundwater. 

The s ize  of the dikes and weirs will be 

High i n i t i a l  costs are associated with transporting the dredging 

plant t o  and from a project (Pearce 1976).  

where considerably smaller equipment (e.g., portable dredges) might be 

used, the high costs of mobilization and demobilization could be 

reduced. Obviously, a major determinant o f  these costs will be the 

distance the equipment must be moved. 

private dredging f l e e t  in 1972 showed 65% of the 264 hydraulic 

cutterhead dredges t o  be located on the East (37%) and G u l f  (28%) 

Coasts, b u t  l ess  than 30% o f  the 261 clamshell dredges were located i n  

these areas (15 and 14%, respectively).  For additional information on 

the regional dis t r ibut ion of contractor dredges, see Murden and Goodier 

(1976). The casts  o f  such pre-dredging preparatory a c t i v i t i e s  as dike 

construction, ins ta l la t ion  o f  weirs, and placement o f  the pipeline can 

also be included as part o f  the mobilization and demobilization costs 

(Pearce 1976 1. 

For  small hydro projects 

The  regional dis t r ibut ion of the 

Dredging costs vary widely depending upon the type o f  dredge used 

(and the disposal method) and the volume of material t h a t  i s  dredged. 
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Table 5. Comparison of costs (dollars/m3) o f  various dredging projects .  N/A = No information avai lable .  

Volume Surface area of Discharge Dredge 
cos t3 Type of 

disposal per m Reference Comments 
Type of d i arneter owner and Purpose of lake/reservoi r Year( s )  

dredge used (cm) operator project Location (ha) dredged (m 1 

D N R ~  Pond North-central 0 .4  1970 5,275b Onshore adjacent $0.73b Carline and ( a )  Costs include mater ia ls ,  fue l ,  and a l l  labor fo r  area 
construction , dredge operation , and supervision. 

( b )  Depreciation of dredge was based on $lO/h o f  

( c )  Costs represent the money required to  increase pond 
volume by 1 m3 and do not include easements or 

Cu tterhead 15 
pi pel i ne res torat ion Wisconsin t o  pond Brynildson 

( 1  977) 
Pond North-central 0 . 4  1971 4,610b Onshore adjacent $2. 50b operating time. 
res torat ion Wisconsin 

restorat ion ( 7  ponds) 

DN R~ 
t o  pond 

15 

N/A 2,240- N/A $2.68-b out r igh t  purchase of land. 
24,390 $0.53 

15 D N R ~  Pond Wisconsin N / A  

Cu tterhead 

Mud C a t  

S i  decas t i  ng 
dredge 
(Merri t t )  
with two 
hopper barges 
( 239-m3 capacity) 

Private Lake Eastern 
contractor res torat ion Michigan 30 

1 5  

30 

City of Reclamation Eas t-cen tra 1 
Oakland reservoir  I1 1 inoi s 

storage fo r  
water supply 

COE Maintenance South Atlant ic  
of navigation coast  
channels 
through 
coastal  i n l e t s  

59.1 1961 -65 841,000 Diked onshore $0.22 
area 
(spoi 1 s covered 
22.7 ha of land) 

Confined in  6-ha $0.99 
area adjacent 
t o  lake 

10.5 1972-75 72,784 

1975 285,347 

Sp i t l e r  (1973) ( a )  No detai led information avai lable  on location of 
spoi l s  area except t ha t  one "was selected away from 
1 a ke . " 

( b )  Volume dredged computed as difference between pre- and 
post-dredging water volumes. 

( a )  Volume dredged i s  dried sediment; volume o f  the s lur ry  
was 255,701 m3. 

( b )  Cost includes amortization of dredging equipment over 
10-year period. 

Roberts (1976) 

( a )  Cost fo r  hauling only (with two barges) was 
$1.16/m3. 

( b )  Cost in 1975 dol la rs .  

Sander son Open water $2.33 
(beach zone) (1 976) 

aWisconsin Department of Natural Resources. 

bValues derived from Figure 17 o f  Carline and Brynildson (1977). 
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substant ia l  additional costs  t o  t ransport  the material could be 

incurred. In a l l  likelihood, transportation costs alone would exceed 

the costs of actual dredge operation (Table 6 ) .  Because disposal costs  

will be very s i te-specif  i c ,  the maximum distance tha t  could occur 

between the dredging and disposal s i t e s  without affect ing the economic 

f e a s i b i l i t y  of dredging t o  reclaim ost storage capacity,  can not be 

estimated. For additional informat on on long distance transport  o f  

dredged material ,  see Souder e t  a l .  (1978). 

Estimated costs t o  dredge many o f  the lakes included in the EPA's  

Lake Restorati on Program are presented in Peterson (1979). 

which do not include a c t i v i t i e s  such as dike construction, treatment of 

These costs, 

return water, mobilization, etc. ,  are based on proposal estimates and 

bids, since most of the projects  have n o t  been completed. 

estimates ranged from $0.89/m 

The 

($0.68/yd ) fo r  the removal o f  3 3 

3 3 78,794 m (103,059 yd ) of sediment from a 21-ha (52-acre) lake with a 
3 3 3 ($10.50/yd ) t o  rimove 12,682 m Mud Cat dredge t o  $13.73/m 

(16,588 yd 

bull dozer. 

t o  a remote location by watertight tank trucks. 

froin freshwater lakes and dredging a c t i v i t i e s  on navigation projects  

were, on the average, 2 t o  4 times more cos t ly  in the Northeast 

3 of sediment from a 1.9-ha (4.7-acre) lake w i t h  a 

The 1 a t t e r  project  includes the removal of dredged materi a1 

Both  sediment removal 

compared t o  other regions of the country (Peterson 1979). 

Long t ransport  distances can also a f f ec t  the economics o f  dredging 

by affect ing the production r a t e s  of hydraulic dredges. klith these 

dredges, transport  distance i s  l imited by dredge pump and auxi l ia ry  

pump power and production, the l a t t e r  of which will decrease with 
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3 T a b l e  6 .  Comparison yf costs (do l l a r s jm 1 t o  t ransport  382,275 in3 
(500,000 yd ) o f  dredged  m a t e r i a l  f o r  vary ing  d is tances  and 
w i t h  v a r i o u s  t r a n s p o r t  systems, Costs addus ted  t o  March 
1978 d o l l a r s .  NF = not. e c o n o m i c a l l y  f e a s i b l e .  Source :  
S p a i n e  1978. 

T r a n s p o r t  system 

Trans  p o r t  B e l  t 
d is tance  ( km)  P i  pel i ne Rai 1 Barge conveyor Truck 

16 

32 

161 

400 

3.23 NF 3.23 11.74 5*98 

4.11 NF 4.11 19.82 8 ,65  

12.48 9.39 6.16 NF: 17.91 

NF 12.19 9.69 NF F1 F 
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pipel i ne 1 ength (Mohr 1976). Meckani ca? dredge proclucti on , on the 

other hand, is  independent of transport distance because variations in 

distance can be adjusted by changing the number and s izes  of the 

transport  p l  a n t .  

The re1 a t i  onship between production r a t e  and econcami c cost i 5 

obvious. 

a project are minimized. However, transport  distance i s  not the only 

f ac to r  affecting production ra tes .  

dredge used, the nature o f  the bottom material will also affect  

production r a t e s  (Gren 1976, Pearce 1976). For example, a 69-cm 
3 3 cutterhead dredge can normally produce 115 m / h  (150 yd /h)  in blasted 

rock t o  nearly 1529 rn /h  (2,000 yd / h )  in mud and s o f t  clays (Gren 1976) .  

A t  high r a t e s  of production, the time and e f f o r t  expended on 

In addition t o  the type and s i ze  o f  

3 3 

Finally,  dredging will require a t  l e a s t  one or more permits, and 

there will be some costs associated w i t h  t h e i r  acquisition. The cost  

will vary depending upon the nature of the project and the s t a t e  in 

which the s i t e  i s  located. Assuming t h a t  no enviromental impact 

statement i s  required b u t  t ha t  an i n i t i a l  survey and some monitoring 

d u r i n g  the d r e d g i n g  operation would be required, the costs t o  meet a l l  

applicable regulations f o r  a minor (7646 m 

(382,300 m or 500,800 yd ) dredging project i n  the s t a t e  of Californid 

was estimated to  be approximately $12,000 and $125,000, respectively 

(Roerger and Cheney 1976). The authors present a detailed breakdown of 

these costs,  including estimates of the time required f o r  various steps 

i n  the permit application process, i f  addi l i s n a l  information on the 

economic impact o f  d r e d g i n g  regulations i s  desired. 

3 3 or 10,800 yd and major 
3 3 
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Increasing the storage capacity of reservoirs could provide 

developers of small hydro projects w i t h  the option of operating the 

f a c i l i t y  i n  a daily peaking mode, t h u s  p r o v i d i n g  more firm energy w i t h  

a higher economic value than the less  dependable energy produced i f  the 

project were operated as a run-of-river f a c i l i t y .  

would also enable a greater range of r iver  flows t o  be ut i l ized.  

Consequently, the number of operating hours per day could be 

increased. Several questions must be addressed i n  evaluating the 

benefits  of increasing reservoir storage capacity. 

storage capacity can be obtained? 

volume o f  water) be available? What i s  the value (mils/kWh) of this 

additional volume of water? A l t h o u g h  the answers t o  these questions 

can only be determined om a s i te -spec i f ic  basis,  several aspects o f  the  

economic f e a s i b i l i t y  of dredging a t  small hydro s i t e s  are wor th  n o t i n g .  

Incre'ased pondage 

How much additional 

How often will t h i s  capacity (or 

Forty-eight projects involving 82 s i t e s  were evaluated t o  

determine t h e i r  f e a s i b i l i t y  for  e l ec t r i ca l  power generation (U.S. 

Department o f  Energy 1 9 7 9 ~ ) .  

found t o  be economically feasible .  

generating potential  estimated t o  be 7 1 MW, 18 (44%) were not feas ib le  

compared t o  only 14% of the s i t e s  w i t h  capacit ies r a n g i n g  from 1.1 t o  

5.0 MW. Al l  o f  the s i t e s  w i t h  capacit ies greater than 5.0 MW (15% of 

the 82 s i t e s )  were economically feas ib le .  

s i t e s  that  were n o t  feas ib le  for devel opment of small hydroel ec t r i  c 

power generation were 2 1 MW, and a l l  of these s i t e s  were found  t o  be 

in f  easi b l  e due to  economic reasons. 

Twenty-two of these s i t e s  (27%) were not 

O f  the 41 s i t e s  t h a t  had a 

T h u s ,  the majority of the 
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The c o s t  o f  developing an economically feasible small hydro s i t e  

with a generating potential o f  less than 1 F1W ranged frofi $175,080 ( f o r  

a 0,25-MW s i t e )  t o  $1,337,000 (0.44 Mi; )  (U.S. Department of Encrqy 

1 9 7 9 ~ ) .  The major cost associatcd w!’!.h small s c a l e  h y d r o e l x t r i c  

development is the i n i t i a l  capi ta l  i t i ves tment ,  includitig s t ructure  

costs and t he  cas t  o f  generating machinery (U.S. Departme:2k a f  Enerqy 

1979b) .  If additicnal c i v i l  works are required, ti79 impact on cost. can 

be major (O’Brien e t  a l .  1379). Fo r  s i t e s  w i t h  a potential  of l e s s  

t han  3 MW, i t  is  d o u b t f u l  that  the benefits derived from dredging 

( i . e . ,  an increase i n  t iw  amount o f  r i m  energy produced as a r e s a l t  o f  

the increased <torage capacity i n  the reserqioir) would outwcigh the 

costs. 

sevwal s i t c - s p w i f i c  factors,  no economic evaluation of t h e  b e n e f i t s  

of dredging was attempted. 

Since  the amount of energy t h a t  could he produced depends on 

I t  should be notr-rd, however, t h a t  added b e n e f i t s  could be derived 

i f  a market f o r  t h e  dredged material could be located,  

t h e  si tes  wi 11 provide good soi 1 base rnatwi al  w i t h  excel 1 en t  agronomic 

character is t ics  (R. M .  Engler, personal communication). By se l l ing  t h e  

dredged  inaterial or  leasing the disposal area f o r  agricultural  uses, 

the social c o s l s  associated with disposal can actual ly  present an 

opportuni t y  for  econoirii c gain (Pope 1976) .  

realized from t h e  dredg ing  of I l l i n o i s  water supply reservoirs t o  

reclaim l o s t  storage capacity (RoberLs 1976), i t  i s  d o u b t f u l  t h a t  they 

would add s igni f icant ly  t o  the overall bcnefit /cost  r a t i o  For d r e d g i n g  

a t  small hydro s i tes .  The d i f f i c u l t  q ~ e ~ t i ~ i i  o i  sediment contamination 

!1’i~111 d have t o  be cnrcful l y  eval ua t ed  b e f o r e  the dr-edged materi a! could 

A m a j o r i t y  of 

A1 t h o u g h  benef i t 5  were 
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be sold comerci a1 'ly, Anothar equally important poteqtli al  c o n s t r a i  n t  

i s  the a v a i l a b i l i t y  o f  a transportation system a t  r-eaSQndb?c? cost (Pope 

1976),  

sa le  o f  dredged m a t e r i a l  may not  be e ~ ~ ~ ~ ~ ~ ~ ~ ~ l y  feas ib le .  For 

addi ti anal i n  formati on and y u i  dance on productive uses and 1 and 

improvement techniques associated w i t h  dredged inater l  a1 disposal areas 

see Spaine e t  a l ,  (1978) and Walsin and Malkasian (1978), 

Because t r a n s p o r t  costs are h i g h  (see Table 6 ) ,  tile comerc ia1  

T n  slainnax*y, t h e  decision t o  dredge an -i ~ ~ ~ ~ ~ ~ ~ ~ r ~ t  t o  increase 

storage capac-ity must be inade carefially, 

dredging and dredged material d i sposa l ,  i t  i s  unlikely t h a t  such a 

method would be ern loyed t o  reclaim lost c.apacity, especial ly  a t  very 

small ( C I - M W )  projects.  Even f o r  larger projects,  ecotloinic 

Because o f  the h i g h  costs of 

3 f e a s i b i l i t y  o f  iarge-scale dredging operations ( e . g . $  %00,00Q/m ) 

i g h t  be d i f f i c u l t  t o  achieve i f  a local  disposal  a r ea  cannot be 

found ,  Other less expensive methods ex i s t  t o  reclaim reservoir storage 

capacity, i n c l u d i n g  the use of  f lashboards  t o  r a i se  the he igh t  o f  the 

darn. 

impoundment, the addition o f  one foot  o f  storage above the spillway 

o f t e n  compensates f o r  the l i fe t ime loss o f  vo l rme caused by sediment 

accumul a t i  on (Roberts 1976). Although adequate m i  t i  gat i  on cur ren t ly  

e x i s t s  t o  minimize the environmental e f f e c t s  o f  d r e d g i n g  and dred 

material disposal, the cost o f  t h i s  mitigation may place a s i g n i f i c a n t  

economic constraint  on the use o f  d r e d g i n g  as a means o f  increasing 

storage capacity. 

Since the greatest  storage i s  i n  the u per level of the 
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4.4 GUIDELINES FOR EARLY EVALUATION OF THE ENVIRONME PAL FEASIBILITY OF 
DREDGING 

If the development o f  a small hydro s i t e  includes the  need for 

dredging, regardless of the sca le  o f  the operation ( i . e . ,  extensive 

dredging i n  order t o  increase storage capacity or  minor, short-term 

dredging for- clear ing intakes or construction and/or repair  o f  the 

goderhouse, dam, or spil lway),  tiien an evaluation of the potential  

environmental impacts o f  dredging and dredged maaterial disposal should 

be conducted d u r i n g  t h e  i n i t i a l  stages of project planniiiy and 

development. Such an evaluation, f o r  example, should be included i n  

the f e a s i b i l i t y  study. Moreover, the assessment should be conducted a t  

a level t ha t  is co ensurate with es tabl ishing the magnitude o f  the  

problem. After assessing the magnitude o f  the  potent ia l  impacts, a 

more detailed evaluation can be presented in the application fo r  a 

l icense from the Federal Energy Regulatory Commission. 

Possibly the most c r i t i c a l  questions tha t  must be addressed d u r i n g  

any evaluation of the environmental e f f ec t s  of d redg ing  concern (1) the 

quantity o f  material t ha t  will be removed and the extent of the area t o  

be dredged and ( 2 )  the degree o f  contamination of the dredged materi a1 , 
especial ly  the  mobility and bioavai lab i l i ty  of such poten t ia l ly  toxic  

consti tuents as heavy metals and various chlorinated organic compounds, 

especial ly  PCBs and pesticides.  

composition of the dredged material will be important determinants of 

Factors such as the quantity and 

the magnitude o f  the environmental impacts associated w i t h  dredging and 

dredged material disposal and, in t u r n ,  will  determine the ineasures 

required t o  mitigate these impacts. 
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Estimation of the quant i ty  o f  sediment t o  be dredged will be based 

on a number of s i te -spec i f ic  fac tors  which the individual developer 

considers important. The compositional charac te r i s t ics  o f  the  

sediments will  r e f l e c t  both h is tor ica l  and present land-use practices 

in the watershed. Land use a t  the 56 s i t e s  where f e a s i b i l i t y  s tudies  

were conducted i s  typ ica l ly  a mixture o f  low-density res ident ia l  and 

low-intensity agr icul ture  (U.S. Department o f  Energy 1979a). If the 

r ive r  basin i s  heavily industr ia l ized,  then the potential  fo r  

s ign i f icant  sediment contamination ex i s t s .  All available local ,  s t a t e ,  

and federal  sources of both water qua l i ty  and sediment data should be 

searched in  an attempt t o  es tab l i sh  an h is tor ica l  inventory of 

potential  contaminants. Available sources include the water qua l i ty  

monitoring programs conducted by the U.S. Geological Survey, the EPA, 

and the S ta te ,  as well as NPDES compliance monitoring programs 

conducted by various public and pr ivate  industr ies  as required under 

Section 402 o f  the FWPCA. Depending upon the  ava i l ab i l i t y  of these 

types o f  information, i t  may be necessary t o  determine the chemical 

composition of the sediments a t  the s i t e  and the potential  for  impact 

by the Elu t r ia te  Test (U.S. Environmental Protection Agency 1975). 

Bulk sediment analysis,  however, should n o t  be  used t o  predict  the 

impacts o f  dredging and disposal operations (Brannon 1978, Lee and 

Plumb 1974, Lee e t  a1 . 1975). 

The permitting authori ty  may also require tha t  bioassays be 

performed t o  evaluate potential  impacts due t o  both the physical 

presence o f  suspended par t icu la tes  and any biological ly  act ive 

contaminants associated with the par t icu la te  and/or dissolved 



f f a c t i  ons. 

an assessmen b o r  the bioaccuinul a t i  on potenti a1 o f  t h e  contaminants i n 

tl-rc dredged material (Engler, in press). For addi tiotial information on 

how and when these tes t s  should be conducted and a discussion of t h e  

f ac to r s  influencing tes t  r e su l t s ,  see Engler, in press; F u l k  et 31. 

1975; Lee and Plumb 1974; Lee e t  a i .  1975; Plumb 1976; Shuba et  a l .  

1371; and U.S. Environmental Protection Agency 1975. 

When the quantity of sediment t o  be removed has been estiiiidted and 

d d t a  on the physical and chemical charac te r i s t ics  o f  t h e  sediments have 

Furthermove, such b i  ol ogi cal eval uati ons must a1 so i ncl ude 

been obtained, the d i f f i c u l t  task of how the material should be dredged 

and disposed o f  must be undertaken. T h e  information presented in 

Sections 2 and 3 should be helpful in t h i s  regard. 

guidance manual (Gambrel1 e t  a1 . 1978) ex i s t s  t o  a s s i s t  i n  selecting 

disposal alternatives For highly contaminated dredged material *Lo 

minimize adverse environmental e f f ec t s  (see also Pnlermo e t  a l .  1978). 

i f  the dredged rnaterial i s  t o  be used f o r  other purposes, several 

references e x i s t  which present a l i s t  o f  the procedures t o  follow in 

evaluating various al ternat ive uses. For example, see Lunz e t  a l .  

(1978) and Smith (1978) i f  the dredged material wil l  be used f o r  

hahitat  development, or Spaine e t  a l .  (1978) and Walsh and Malkasiati 

(1978) if  various 1 and improvement zflternati ves (e.g., 1 andfi 11 and 

constructi on materi a? surf ace mi ne recl  amati on, sani tary 1 andf i 11, and 

agricultural  land enhancement) are t o  be evaluated. A si tc-specif ic  

evaluation o f  patential  upland disposal s i t e s  should consider many 

f ac to r s ,  and these are outlined in Chen e t  a1 . (1978). 

An excellent 

Guidance i n  assessing the environmental impacts of dredging and 

dredged  materi a1 disposal i s  provided i n  the interim guidance manual 



(U.S. Army Corps of Engineers 1976a).  

Section 4.2 of t h i s  document also contain valuable information related 

t o  the procedures involved i n  evaluating the environmental e f fec ts  o f  

dredging and dredged material disposal (e.g., see U.S. Department o f  

Defense, Corps of Engineers 1975; U.S. Environmental Protection Agency 

1975). An excellent source of information on the dredged materia? 

permit program i s  the pamphlet recently published by the EPA (lJ.Se 

Environmental Protection Agency 1979). 

The regulations discussed i n  

D u r i n g  the period when i n i t i a l  decisions are made regarding 

(1) method of dredging and type of disposal; ( 2 )  location, s i ze ,  and 

s t ructural  charac te r i s t ics  of the disposal basin; ( 3 )  ultimate f a t e  of 

the dredged material; ( 4 )  mitigation or environmental control measures 

tha t  will be employed; ( 5 )  quantity of materials t o  be dredged and 

area(s )  of the impoundment where dredging wi l l  occur; and ( 6 )  time o f  

year and duration of the dredging operations, a dialogue should be 

established w i t h  appropriate personnel i n  local ,  s t a t e ,  and federal 

agencies. 

assessing environmental impacts and w i t h  the general public i s  an 

important aspect of project  development (Corso 1979, U.S. Environmental 

Protecti on Agency 1973, Marker 1978). Local, s t a t e ,  and federal 

agencies w i t h  ju r i sd ic t ion  over placement o f  waste, water quali ty,  

zon ing ,  and other environmental issues should be contacted f o r  laws and 

pol ic ies  on l a n d  a c t i v i t i e s  related t o  a spec i f ic  dredged material 

containment plan (Spairne e t  a l .  1978). 

constraints may be impased on land application o f  s o l i d  wastes, a l l  

aspects of the environmental impact of land application o f  dredged 

In i t i a t ing  contacts w i t h  those agencies responsible for 

Furthermore, since legal 
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material should be addressed, including sociological impacts (e.g., 

fear  o f  odors or high levels o f  toxic substances), land-use and 

aestheti c impacts , econorni c impacts ( i  .e. , s h i f t  in 1 and val U E S )  , and 

public hedlth impacts (e.g., impacts on groundwater qual i ty ,  chemical 

contamination o f  crops) (Harrison arid Chisholm 1971%) Because these 

impacts are most o f t e n  the issues o f  greatest  concern t u  the public, 

a l l  attempts should be made t o  open effect ive channels o f  coinrnundcation 

w i t h  the public in the ear ly  stages of project development. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

Retrof i t t ing exis t ing small dams f o r  hydroelectric power generation 

( 'T15-MW capacity) may require dredging i n  order t o  (1) reclaim l o s t  

storage capacity in the reservoir ,  ( 2 )  c lear  intake s t ructures  or 

penstocks, and ( 3 )  construct or repair  powerhouses, headraces, and/or 

t a i l races .  Using the extensive l i t e r a t u r e  available on the impacts 

associated with dredging and dredged material disposal operations, 

especially the r e su l t s  from the U.S. Army Corps of Engineers Dredged 

Materi a1 Research Program, an analysis of  the environmental i ssues 

associated w i t h  dredging a t  small hydro s i t e s  was performed. The 

conclusions l i s ted  below are based on the resu l t s  o f  t h i s  analysis. 

1. Hydraulic cutterhead dredging with confined upland disposal are 

l ike ly  t o  be the methods used a t  the majority of the s i t e s .  

few projects will involve extensive dredging t o  reclaim los t  

storage capacity i n  the reservoir.  

Very 

The h i g h  costs ( r e l a t ive  t o  the 

cost o f  the en t i r e  project)  associated with the removal of large 

quant i t ies  o f  sediment and the need fo r  large disposal areas near 

the reservoir make t h i s  type o f  operation a less a t t r ac t ive  

increase the a1 te rna t i  ve t o  the i ns ta l l  a t i  on of f 1 ashboards t o  

height o f  the dam. 

2. The major environmental issues (or impacts) assoc 

and disposal operations at small-scale hydropower 

ated with dredg 

re-development 

projects will be (1) increased levels o f  suspended sol ids  and 

downstream si1 ta t ion,  ( 2 )  substrate  removal, and ( 3 )  deleterious 

chemical changes i n  the water masses and sediments, 



OR N k /TM- 7 2 28 80 

3 .  

4. 

5. 

A t  most s i t e s ,  the biological e f f ec t s  resul t ing f r o m  elevated 

suspended sol i  cis concentrations and substrate removal e i t h e r  wi 11  

n o t  be signif icant  or can be eas i ly  mitigated (e.g.$ use o f  s i l t  

curtains or specialized dredging equipment; dredging during periods 

o f  low biological productivity).  

Downstream si 1 t a t i  on wi 1 1  have the yi-eatest e f f e c t  on f i  1 te r -  

feeding species, especially mussels, that. i n h a b i t  areas immediately 

belmi the darn. 

m i  t i  gati \re measures, the existence o f  'Lhreatet-red o r  endangered 

species rnay precl iide any extensive dredging operati on3 i n  the 

reservoir . 
Toxi c i t y  and h i  oaccurnul a t  i on o f  vari otis zontami rrants (heavy rneta.1 s 

chl o r i  nated  hydrocarbons) const i tute  the  most important potenti a1 

biological e f f e c t s  caused by chemical changes in the water masses 

and sediments. A I  though 1 ethal e f f e c t s  due t o  shoi-t-term exposures 

t o  these contaminants may be rtri nimal , 1 ong-term chri-oni c exposures 

could r e s u l t  i n  their  bioaccumulation i n  the t issues o f  aquatic 

biota a t  those s i t e s  with h j g h l y  contaminated sediments. 

magnitude o f  these e f f e c t s  will be s i t e - spec i f i c  and dependent upon 

the type of dredging and disposal operation, the physical and 

chemical nature of t h 2  sediments, and the mobility and ava i l ab i l i t y  

o f  these contaminants to  biota. The levels of dissolved oxygen, 

un-i onimed amoni a, and hydrogen sulf ide produced di_rriny dredging 

will also be s i t e - spec i f i c  but,  in a l l  likelihood, would only be 

acutely toxic t o  the ear ly  l i f e  history stages o f  sofie o f  the  more 

sensi t ive species inhabiting the s i te .  

A l t h o i r g h  s i l t a t i o n  can be rediicrd by v a r i o u s  

-  he 



I t  should be emphasized t h a t  the changes in water qual i ty  

resul t ing from dredging and dredged inaterial disposal w i l l  be 

influenced by many s i te -spec i f ic  fac tors ,  as discuss2d i n  Section 3.  

Consequently, t o  generalize about the magnitude o f  the resu l tan t  

biological e f fec t s  i s  d i f f i c u l t ,  and the conclusions stated above must 

be considered i n  t h i s  l igh t .  Obviously, however, these e f fec ts  d i l l  be 

o f  greatest  concern a t  those s i t e s  where high levels  of contamination 

ex is t  and extensive dredging t o  increase reservoir storage capacity i s  

prop 3s ed . 
Because of the s i te -spec i f ic  nature OF the conclusions reached 

from our analysis o f  the environmental issues related t u  small-scale 

hydropower devel~pment, the task o f  making spec i f ic  recommendations is 

equally d i f f i  cul t  e Some general r-ecomendati uns appl i cable t o  most 

s i t e s  a re  l i s t ed  belw. 

1. Dredging during the  period of h i g h  biological productivity (usually 

spring t h r o u g h  mid-summer) should be avoided. 

2. Turbidity and downstream s i l t a t i o n  should be minimized, especially 

i f :  

a. the i ~ ~ ~ ~ n d m ~ n t  is small and a l a r  e portion of i t  w i l l  be 

dredged; 

highly cantami nated sediments are present; b. 

c. dredging i s  n o t  conducted during periods 05 low productivity 

and/or i f  sensi t ive l i f e  stages/species are present; and 

dredging does n o t  c o i n c i  e wiith the period of h i g h  sedi  

loading t o  the r iver .  

d. 
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3. Downstream si1 tation should be prevented i f  threatened or 

endangered mime1 species inhabit  areas below the dam. 

Confined up1 and disposal areas should be desi gnerll and constructed 

t o  minimize the levels of suspended so l ids  i n  t he  eff luent  returning 

t o  the water body. 

require very long detention times or the use o f  flocculants.  

4. 

The presence of very f i n e  par t iculates  may 

5. The disposal of dredged material in wetland areas shou ld  be avoided. 

6. Information on h i s tor ica l  land use in the watershed, including 

present i n d u s t r i  a1 and municipal e f f  1 uent sources, should be 

obtained d u r i n g  the f e a s i b i l i t y  study. 

qua l i ty  data for  the watershed should be investigated. 

data on the chemical composition of the sediments ex i s t ,  then an 

inventory o f  the  sediments t o  be dredged should be considered. 

Bulk sediment analysis,  however, should n o t  be used t o  predict  the 

impacts OF the proposed dredging and disposal operations. 

The ava i l ab i l i t y  of water 

I f  no p r i o r  

7 .  Prior t o  dredging, che ical  changes in the water column should be 

assessed using the Elu t r ia te  Test and the r e su l t s  compared t o  

appropriate water qua l i ty  c r i t e r i a .  I f  the r e su l t s  indicate t h t  

contaminants will be released t o  the water column d u r i n g  d r e d g i n g ,  

then: 

a n  bioassays shou ld  be performed u s i n g  sensitiwe species tha t  

inhabit: t h e  s i te ,  and 

b. an evaluation of bioaccumulation potential  should be conducted. 

8. All c ~ m p ~ n e n t s  of the operation, including excavation, 

t ransportat ion,  and disposal must be considered as a t o t a l  

integrated system; the best dredging operation may n o t  be 
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compatible w i t h  the best disposal operation (Barnard 1978). 

Because many o f  the biological e f fec ts  from dredging and dredged 

material disposal are the r e su l t  o f  s i te -spec i f ic  changes in 

sediment and water chemistry, appropriate m i  t igat ion must also be 

considered on a s i te -spec i f ic  basis. 

A t  most s i t e s  and for most of the issues discussed i n  this report ,  

adequate m i t i g a t i o n  ex i s t s .  

cases, be very h i g h .  For example, i f  the sediments are highly 

contaminated, specialized dredging equipment as described i n  Barnard 

(1978) may need t o  be used. ?he location o f  disposal areas a t  some 

distance from the dredging s i t e  will r e su l t  i n  h i g h  transportation 

costs.  T h u s ,  a careful evaluation o f  the dredging operation from bo th  

an economic and an environmental standpoint is c r i t i c a l  and s h o u l d  be 

done d u r i n g  the ear ly  stages o f  project development, preferably d u r i n g  

the f e a s i b i l i t y  study. 

The cost o f  this m i t i g a t i o n  may, i n  some 
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PHYSICAL, CHEMICAL,  AND BIOLOGICAL PROPERTIES 
OF U L O R  INATED HYDROCARBONS 

Chlorinated hydrocarbons, such as polychlorinated biphenyls (PCBs) 

and various pesticides,  par t icular ly  the organochlorine insecticides 

(e.g., DDT, d i e ld r in ) ,  are major contaminants o f  natural waters. Their 

wi despread d - i s t r i b u t i  on i n  water, sediments, and biota throughout the 

United States ,  especially it1 the large r ive r  basins east  o f  the 

Mississippi River, has been well documented (c .g . ,  Dennis 1976, Walker 

1976a). In f i e l d  investigations of 11 confined disposal s i t e s ,  Chen e t  

a1 . (1978) reported t h a t  99% o f  the chlori  natcd hydrocarbons i n  a l l  

samples were DDT (and i t s  derivatives) and PCBs. Sampling a t  f i v e  

open-water disposal areas indicated t h a t  the most abundant and widely 

dis t r ibuted chlorinated hydrocarbon was Aroclor 1254, a PCB mixture 

(Fulk e t  a l .  1975).  Because o f  t h e i r  widespread dis t r ibut ion,  

environmental persistence, and toxici ty ,  PCBs and the organochlorine 

insecticides,  especi a1 l y  DDT, have been intensely investigated. 

Consequently, the discussion tha t  follows will focus on these compounds, 

al  though much o f  the informati on on DDT may also be applicable t o  many 

o f  the other orgdnochl ori ne pesticides. 

-. Polychl . . . . . ori  nated biphenyls (PCBrl -1- 

Polychlorinated biphenyls (PCBs)  are actual ly  mixtiires o f  

chlorinated biphenyl isomers and are  used primarily as insulating 

f lu ids  f o r  transformers and capacitars. Most PCBs are produced 

e r c i a l l y  by the Monsanto Company under the trade name Aroclo 

A g iven  mixture (or Aroclor species) i s  ident i f ied hy a Four-digit 

niimber, the l a s t  two d i g i t s  of which r e fe r  t o  the percentage of 

chlorine, by weight, i n  the  mixture (except Aroclor 1016 which was only 



introduced in the ear ly  1970's and contains 40%, by weight, o f  

chlor ine) .  

so lubi l i ty  decreases w i t h  an increase i n  the percentage o f  chlorine i n  

the mixture. 

degradation (Baxter e t  a l .  1975), whereas the c o i ~ ~ ~ ~ ~ ~ ~  w i t h  the 

highest number of chlorine atoms are  more chemically s table .  

Differences i n  the so lubi l i ty  and persistence of the various PCB 

mixtures have important biological implications as discussed bellow. 

All PCBs have a very low s o l u b i l i t y  i n  water, b u t  the 

Also, the low chlorine compounds eas i ly  undergo iaricrobial 

W i t h  few exceptions, PCB concentrations i n  the range of 

approximately 0.1 t o  15 pg / l i t e r  were found t o  be toxic  t o  many 

freshwater f i shes  and invertebrates (Table A - 1 ) .  

periods o f  time ( >  96 h )  reduced the LCS0 values, t h u s  pointing out 

the greater th rea t  to  biota from longer exposure periods and the 

inadequacy of u s i n g  acute tox ic i ty  t e s t s  alone t o  evaluate potential 

adverse e f fec ts .  A review by Nebeker (1976) indicated tha t  

invertebrates,  especial ly  newly hatched f i sh  larvae, small insects,  and 

crustaceans w i t h  short  l i f e  cycles, are the most sensi t ive and 

susceptible t o  acute toxic  e f fec ts .  

longer l i f e  cycles, toxic  e f fec ts  are delayed, and only the long-term 

orchronic bioassay adequately ref1 ects  the e f fec ts  tha t  could occur 

(Nebeker 1976). In addition t o  those sublethal e f fec ts  described i n  

Table A - 1  (reproductive impairment and reduced growth),  Cutkarnp et a l .  

(1972) f o u n d  tha t  chronic exposure of fathead minnows t o  0.93 u g / l i t e r  

of Aroclor 1242 for four months resulted i n  a 56% i n h i b i t i o n  o f  

mitochondrial Mg2+ ATPase ac t iv i ty  i n  the kidney. 

Exposures f o r  longer 

In larger animals or those w i t h  
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Table  A-1. Acute  and c h r o n i c  t o x i c i t y  of v a r i o u s  PCBs t o  f r e s h w a t e r  b i o t a  a s  de t e rmined  from 
c o n t i n u o u s - f l o w  b i o a s s a y s  

-_  ___. __ ___-- 

S p e c i e s  
- T O 3  

m i x t u r e  

Gammarus pseudol.j-mnam 
( s c u d )  

b I schnura  v e r t i c a l i s  .- 
(dams e l  f 1 y ) 

Oroconec te s  n a i s  

Tayy ta r sus  d i s s i m i l i s a  

b 
7 c G j F Z T i - - - - - - -  

midge7 

Pime h a l e s  promelas '  + rninnow7.- 

d S a l v e l i n u s  f o n t i n a l i s  
m r - . ' . .  

.___...-__I 

C o n c e n t r a t i o n  
( p g / l  i t e r )  E f f e c t  

1248 
1254 
1254 
1248 
1248 
1248 
1254 
1254 
1254 

1 242a 
1242b 
1242b 
1 248a 
1 242a 
1 2'Wa 

1242 
1254 

1254 

1254 
1254 
1254 

1254 

1254 

1254 

1248 

1248 

1242 

1254 

1242 

1248 
1254 

1254 

1260 

1254 

2 . 6  
1 . 8  
1 . 3  
7 . 5  
2.1 
1 .o 
3.8  
1 . 1  
0 . 4 8  

29 
5 .0  

10 .0  
73 

8 . 7  
5.1 

400 
200 

80 

0 .65  
0 . 4 5  
3 .5  

1 .2  

0 .45  

3 . 5  

2 . 2  

5.1 

1 5 . 0  

7 .7  

300 

4 . 7  
>33 

1 .8  

3 .3  

6 .2  

508 m o r t a l i t y  a f t e r  14 d 
50% m o r t a l i t y  a f t e r  14 d 
50% m o r t a l i t y  a f t e r  21 d 
97% r e p r o d u c t i v e  impairnient a f t e r  14 d 
50% r e p r o d u c t i v e  impai rment  a f t e r  14 d 
16% r e p r o d u c t i v e  impai rment  a f t e r  14 d 
100% r e p r o d u c t i v e  impai rment  a f t e r  14 d 
50% r e p r o d u c t i v e  impai rment  a f t e r  14 d 
16% r e p r o d u c t i v e  impai rment  a f t e r  14 d 

50% m o r t a l i t y  a f t e r  4 d 
502 m o r t a l i t y  a f t e r  10 d 
50% m o r t a l i t y  a f t e r  4 d 
50% m o r t a l i t y  a f t e r  4 d 
52% m o r t a l i t y  a f t e r  60 d 
53% m o r t a l i t y  a f t e r  60 d 

50% m o - r t a l i t y  a f t e r  96 h 
50% m o r t a l i t y  a f t e r  96 h 

50% i n o r t a l i t y  a f t e r  7 d 

509  l a r v a l  m o r t a l i t y  a f t e r  21 d 
50% pupal m o r t a l i t y  a f t e r  21 d 
Number o f  l a r v a l  and  pupal c a s e s  

were 7 . 4  and 6.8% of  the c o n t r o l s ,  
r e s p e c t i v e l y  

Number of l a r v a l  and pupal c a s e s  were  
35  and 18% of  the c o n t r o l s ,  
r e s p e c t i v e l y  

52 and 55% of the c o n t r o l s ,  
r e s p e c t i v e l y  

Number of l a r v a l  and pupal c a s e s  were 

No emergence 

15% m o r t a l i t y  to  newly ha tched  l a r v a e  
a f t e r  40 d ;  mean w e i g h t  was 70% 
of c o n t r o l s  

a f t e r  40 d ;  mean w e i g h t  was 14% 
of  c o n t r o l s  

65% m o r t a l i t y  t o  newly ha tched  l a r v a e  

50% m o r t a l i t y  t o  y o l k - s a c  l a r v a e  
( < 2 4  h o l d )  a f t e r  4 d 

50% m o r t a l i t y  t o  y o l k - s a c  l a r v a e  
a f t e r  96 h 

50% m o r t a l i t y  t o  j u v e n i l e s  ( 3  months 
o l d )  a f t e r  96 h 

50% m o r t a l i t y  a f t e r  30 d 
50% n io r i a l i  t y  t o  j u v e n i l e s  ( 2  months 

o l d )  a f t e r  96 h 
Spawning o c c u r r e d  b u t  was s i g n i f i c a n t l y  

l e s s  t han  t h a t  a t  lower  c o n c e n t r a t i o n s ;  
h a t c h i n g  and f r y  s u r v i v a l  good 

50% m o r t a l i t y  a f t e r  30 d 

50% m o r t a l i t y  a f t e r  128 d 

aExper imenta l  t e m p e r a t u r e s  were 1 8  i 1°C. 

bExper imenta l  t empera tu res  were 15.6"C. 

'Experimental  t empera tu res  were 24 * 1°C. 

dExper imenta l  t empera tu res  were 1 L q o  C and 25°C f o r  brook t r o u t  and f a t h e a d  minnows, r e s p e c t i v e l y .  

Tabu la r  d a t a  o b t a i n e d  from Nebcker and P u g l i s i  ( 1 9 7 4 ) .  

Tabu la r  d a t a  o b t a i n e d  from S t a l l i n g  and Wayer ( 1 9 7 2 ) .  
Gammarus f a s c i a t u s ,  ..... ___ n o t  5. pseudol imnasus ,  used .  

Tabu la r  d a t a  o b t a i n e d  from Nebeker e t  a l .  ( 1 9 7 4 ) .  

Tabu la r  d a t a  o b t a i n e d  from Speha r  e t  a l .  ( 1 9 7 9 ) .  



107 OR N L /TM- 7 2 28 

Another important property of PCBs, i n  addition t o  t he i r  acute and 

chronic tox ic i ty ,  i s  t he i r  tendency t o  accumulate i n  the t i s sues  o f  

aquatic biota t o  levels  tha t  great ly  exceed the concentration of PCBs 

in the surrounding water. aecause of t h e i r  high so lub i l i t y  in l ip ids  

and t h e i r  low so lubi l i ty  in water, PCBs are strongly parti t ioned from 

water into l ip ids  ( f a t s )  of aquatic biota,  resul t ing in large degrees 

of bioaccumul ation or bioconcentration (U.S. Environmental Protection 

Agency 1977). 

appreciable concentrations over short periods of time, as shown by 

Sanders and Chandler (1972).  

l a t e i n s t a r  mosquito larvae (Culex -- t a r s a l i s )  to  water containing 

1.5 2 0.3 p g / l i t e r  o f  Aroclor 1254 resulted in to t a l  body residues of 

19 pg/g  a f t e r  only 24 h ,  a 12,600-fold increase. 

pseudolimnaeus, and the f i l t e r - feeding  zooplankter, Daphnia magna, I had 

concentrations of the same compound t h a t  were, respectively, 24,000 and 

Many freshwater invertebrates,  can accumulate PCBs t o  

For example, continuous exposure of 

The scud, Gamarus 

47,000 times greater t h a n  the ambient water concentration (1-2 u g / l i t e r )  

a f t e r  four days. Uptake from the water by I D. magna approached a steady 

s t a t e  a t  t h i s  time, whereas uptake by & pseudolimnaeus reached a 

steady s t a t e  a f t e r  14 days exposure (body residues were 44 p g / g ,  

resul t ing in a concentration factor  of 27,500), and no fur ther  

accumulation was f o u n d  w i t h  an additional 21-d exposure. Using the 

same species o f  scud, Nebeker and Puglisi (1974) found similar 

concentration fac tors  (16,000-36,000) a f t e r  60-d exposure t o  

Aroclor 1242 concentrations ranging from 2.8-26 p g / l i t e r .  

Aroclor 1248, on the other hand,  resulted i n  t i s sue  residues tha t  were 

28,000 t o  108,000 times the ambient water concentration. 

Uptake o f  
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Studies o f  PCR uptake in f i shes  have shown that. the  steady s t a t e  

condition i s  not  reached fo r  several months or  longer, depending upon 

the  s i ze  (or age) of the species (DeFoe e t  a l .  1978, U.S, Environmental 

Protecti on Agency 1977).  

8.5 months had whole body residues tha t  were 32,000 Lo 274,000 times 

the  concentration o f  the  surrounding water, while s imilar  tests with 

Pirocl or 1254 resul ted in even higher concentration f actors 

(156,000--238,000). 

approximately 2 t o  4 times higher than the residue concentrations 

present a f t e r  one m o n t h  (U.S. Environmental Protection Agency 1977).  

The significance of bioaccumulation in f i shes  was shown by DeFoe e t  a l .  

(1978) who estimated tha t  a 100-d exposure o f  f i s h  t o  0.004 p g / l i t e r  o f  

Arnclor 1248 or 0.002 y g / l i t e r  o f  Aroclor 1260 in water  could r e s u l t  in 

t issue concentrations of 0.5 pg /g .  

Fathead mi n n o m  exposed t o  Aroclor 1242 f o r  

Whole body residues a t  the end of these tests were 

Both t h e  accumulation and retention o f  PCBs in the t i s sues  o f  

aquatic biota i s  dependent upon the nature of the isomers tha t  ex i s t  in 

a par t icular  mixture. The more highly chlorinated PCB mixtures such as 

Aroclor 1254, which consis ts  primarily o f  t e t r a - ,  penta-, and 

hexachlorobiphenyls (2'1, 48, and 23%, respect ively) ,  not only are 

accumulated t o  a greater extent in  the l i p i d s  o f  f i s h  than are  the less  

chlorinated isomers (e.g. 

are less  eas i ly  degraded. Sanborn e t  a l .  (1976), using pure isomers t o  

examine uptake and retention in green sunfish,  found tha t  

t r i  chl orobiphenyl s coul d be degraded, b u t  the  t e t r a -  and 

pentachlorobiphenyls, especial ly  the l a t t e r ,  were much less  susceptible 

t o  metabol i sin. 

DeFoe et  a1 . 1978, Walker 1976b) b u t  a lso 



FJlany i nvesti gati ons o f  t o x i  c i t y ,  uptake, and accumul a t i  on o f  PCBs 

by aquatic biota,  especial ly  those conducted i n  the ear ly  and 

mid -1970’~~  have led t o  a rn~re  complete understanding o f  the ecological 

e f fec ts  of these toxi cants. AI  though i nvesti gators have known for  some 

time t h a t  uptake of PCBs by biata  could occur from water, food, or 

sediments, recent studies have suggested tha t  d i rec t  water exposures 

represent a greater hazdrd t o  fish t h a n  di2tary exposures because 

d i rec t  uptake from water i s  more rapid and leads t o  a much higher 

accumulation in the t i s sues  (Nebeker 1976, S ta l l ing  and Mayer 1972) .  

Levels of PCBs i n  the t i s sues  of aquatic organisms were found t o  be 

d i rec t ly  proportional t o  the concentration i n  the water f o r  b o t h  

invertebrates (Hansen e t  a l -  1974, Nebeker and Puglisa’ 1974) and f i shes  

(Kimura e t  a l .  1973, Nebeker e t  a l .  1974, Snarski and Puglisi 1976). 

The concentration f a c t o r ,  however-, was independent o f  the concentration 

o f  PCBs i n  the  surrounding water (e.g. ,  Nebeker and Pugl i s i  1974, 

Nebeker e t  a l .  1974, Hansen e t  a l .  1974, DeFoe e t  a l .  1378). 

A l t h o u g h  increasing the concentration of PCBs i n  the d i e t  a l s o  led 

t o  higher whole-body residues ( e .ge3  F i g .  2 and 3 i n  Walker 1976b),  

q t a k e  from dietary sources led t o  concentrations i n  f i sh  t issues  tha t  

were usually less  t h a n  an order of  magnitude higher than the levels  i n  

the food. Long-term exposure (240 d )  of  coho salmon t o  Aroclor 1254 

concentrations i n  food  of 0.4 t o  580 pg/g resulted i n  whale-body 

residues tha t  were 0,9 t o  5 times the exposure levels  (unpublished data 

from Mehrle and Grant as c i ted i n  S t a l l i r rg  and Mayer 1972). Similarly, 

j u v e n i l e  lake t r o u t  fed 0.1 and ti mg/kg o f  Aroclor 1245 had whole body 

residues of 0.13 and 9.7 mg/kg, respectively,  a f t e r  320 d (Meyer e t  a l ,  
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as c i ted  in Walker 1976b). Final ly ,  in a study by Schotkyer e t  a l .  (as  

referenced in Nebeker 1976), concentrations of 1 .2 ,  3,8, and 12 U g l g  o f  

Aroclor 1248 were provided in the  d i e t  o f  lake t r o u t  f o r  three months,  

resul t ing in weight gains tha t  were 6 ,  10, and 28%, respectively,  lower 

than tha t  of controls. 

Although the uptake of PCBs from die ta ry  sources r e su l t s  in much 

lower concentration fac tors  than were reported fo r  the uptake of water, 

these sources may nevertheless be s i  gnif i cant. 

biphenyls have a h i g h  a f f i n i t y  f o r  sediments and can readi ly  enter the 

food chains (Nebeker 1976, S ta l l ing  and Mayer- 1972). 

usually present in natural waters a t  l o w  concentrations, aquat c 

invertebrates are capabl c o f  accumul a t i  ng PCBs t o  appreci ab1 E 

Polychl ori  nated 

Although PCBs are 

concentrdtions, t h u s  exposing organisms a t  higher trophic levels  ( e . g e g  

f i shes )  t o  significant. amounts of PCBs via  the food chain (Sanders and 

Charidler 1972). 

however, would be irnlikely t o  r e s u l t  in  whole body concentrations t h a t  

have been found t o  be associated with mor ta l i t i es  i n  chronic continuous 

flow exposures (500-680 i.ig/g) (S ta l l ing  and Mayer 1972) .  

The uptake o f  PCBs from die ta ry  sources alone., 

Finally,  i t  shairld be noted t ha t  the bioaccumulation or 

cancentrat i on fac tors  measured i 1-1 1 aboratory s t u d i e s  may represent an 

underestimation o f  the degree of PCB accumulation tha t  can occur in 

natural waters because (I) wild f i s h  are  exposed t o  PCBs in food and 

sediments in addition t o  water, ( 2 )  f i s h  can accumulate PCBs over much 

longer- exposure periods than those used i n  laboratory tests,  and 

( 3 )  the levels found in wild f i s h  may r e f l e c t  an integrated his tory of 

exposure due t o  the patchy d is t r ibu t ion  o f  PCBs in the environment 
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(Hansen 1976, U.S. Environmental Protection Agency 1977). Evidence 

presented a t  the EPA hearings on the proposed ef f luent  standards fo r  

PCBs indicated bioaccumulation f ac to r s  in the range o f  1 t o  10 n i i l l i o n  

fo r  f i shes  in Lake Ontario (U.S. Environmental Protection Agency 1977).  

In contrast  t o  these findings,  the review by Nebeker (1976) discussed 

the r e su l t s  of two f i e l d  s tudies  and suggested tha t  the 

bioconcentration f ac to r s  measured in the laboratory are essent ia l ly  the 

same as those f o u n d  in the r ive r  environment. 

DOT and other organochlorine insect ic ides  

Many o f  the organochlorine insect ic ides  have physical and chemical 

properties s imilar  t o  those described previously f o r  PCBs. B o t h  groups 

have r e l a t ive ly  low s o l u b i l i t i e s  in water b u t  are  highly soluble in 

organic solvents (e.g., l i p i d s ) ,  are r e s i s t en t  t o  degradation ( t o  

nontoxic compounds), and are readi ly  adsorbed onto  par t icu la te  matter 

(Hamelink and Waybrant 1976). 

properties of these insect ic ides  (e.g. ,  acute and chronic tox ic i ty ,  

bioaccumulation) are similar t o  those o f  PCBs. 

these bi ol ogi cal properti es f o l  1 ows. 

As a r e su l t ,  many o f  the  biological 

A brief summary of 

Most of the organochlorine insect ic ides  are toxic  t o  f i s h  and 

freshwater invertebrates a t  concentrations in the same range as tha t  

f o r  PCBs (Table A-2 ) .  Endrin, toxaphene and DDT,  however, are 

generally more toxic  t o  b o t h  invertebrates and f i shes  than PCBs, 

including the more highly chlorinated mixtures (Table A-1 ) .  

t ox ic i t i e s  o f  DDT and Aroclor 1254 differed by more than order of 

magnitude in s tudies  with Daphnia (Maki and Johnson 1975) and coho 

salmon f r y  (Halter and Johnson 1974).  Moreover, the organochlorine 

Acute 
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insect ic ides ,  as a group, are genwally more acuie!y toxic  than lomy 

other insect ic ides  and herbicidcs. Mac& and McAllister (1970) 

determincd t h e  acute tox ic i ty  o f  threc groups o f  insect ic ides  t o  12  
2 T i s  t i  species . 

3 3 10 times more toxic  than the organophosphate compounds and 10 t o  
4 10 times more toxic  than the carbonate insect ic ides .  

The oryanochl ori  ne cornpounds were general '8y 10 t o  

The acute tox ic i ty  of the  various organochlorine insect ic ides  may 

vary by more than an order o f  magnitude (Table A-2,  Mac& and 

McP.11 i s t e r  1970, Naeqvi and Ferguson 1.970), b u t  the  vari abi 1 i t y  i t i  

chronic tox ic i ty  levels  i s  minimal. Except f o r  toxaphene, a l l  maximum 

acceptable t o 1  erance concentrati ons (MATC) , which are based on 

long-term exposures, were in the range of 0.1 t o  1.0 ~ r g l l i t e r  f o r  

f athedd mi nnows and hrook t r o u t .  I n  a d d i  t i  on t o  such sub1 ethal e f f e c t s  

as reduced growth and reproduction, long-term exposure t o  DDT has been 

shown t o  impair the establ ishrnent of locomotor patterns in goldfish 

(Davy e t  a l .  1972) and t o  delay t h e  appearance o f  behavior patterns and 

impair balance i n  A t l a n t i c  salmon alevins exposed t o  DDT during the egg 

stage (Dill  and Saunders 1974) .  

Many of the organochloride insect ic ides  can persist. -for long 

periods o f  time i n  aquatic ecosystems. Because o f  t he i r  high 

adsorptive a f f i n i t y  fo r  si-ispendfd par t icu la tes ,  chlorinated hydrocarbon 

compounds tend t o  accumulate in the sediments a t  the bottom o f  r ive r s  

and reservoirs.  Furthermore, both PCBs and DDT can pe r s i s t  i n  the  

sediments and f i s h  f o r  years a f t e r  marked declines in i n p u t s  t o  aquatic 

systems have occurred. For example, since 1962, the  inputs o f  PCBs t o  

the Southern California Bight have decreased by a fac tor  o f  14,  while 



T a b l e  A-2. A c u t e  and c h r o n i c  t o x i c i t y  of  v a r i o u s  i n s e c t i c i d e s  and h e r b i c i d e s  t o  f r e s h w a t e r  b i o t a  as d e t e r m i n e d  f r o m  c o n t i n u o u s - f l o w  b i o a s s a y s .  
I n f o r m a t i o n  n o t  a v a i l a b l e  i n  r e f e r e n c e .  LC50 = t h e  c o n c e n t r a t i o n  t h a t  w i l l  r e s u l t  i n  50:: m o r t a l i t y  t o  t h e  t e s t  o rgan isms a f t e r  a 
s p e c i f i e d  p e r i o d  of  exposure .  

N/A = 

.............. ............ ...................... 
__--I- 

-- ___ 
Lc50 MATC a 

__- __.__~__ . __ ............... 

T e s t  Exposure  Exposure  
te inperd t u r e  I n i t i a l  C o n c e n t r a t i o n  p e r i o d  C o n c e n t r a t i o n  p e r i o d  

( “ C )  Spec ies  s i  ze/age (Llg/1 i t e r  ) ( d )  ( u g / 1  i t e r )  ( d )  R e f e r e n c e  Chemi ca 1 

ORGANOCtlLOR I NE 
I N S E C T I C I D E S  

Ch lordane 

~ _ _  

20-21 N/A 28.4 4 ~ 2 1 . 6  28 C a r d w e l l  

16 H a l l e l a  a z t e c a  J u v e n i  1 e 97.1 7 <11.5 65 C a r d w e l l  

25 Newly h a t c h e d  N/A N/A < 1.7 21 C a r d w e l l  

25 3 months 59 4 <1.22 290 C a r d w e l l  

b 

b 
e t  a l .  (1977)  

f a i 7 p w o r  e t  a l .  (1977)  

l a r v a e  e t  a l .  (1977) 

e t  a l .  (1977)  

b 

b 

b 
40 6 

25  7 

+tGd-ni i n - n o q -  32.1 8 

15 (bo.oko.u S a l v e l i n u s  f o n t i n a l i s  . t ~  _- - -. . - 24 nionths 47 4 ~ 0 . 3 2  C a r d w e l l  I-J 
F 

395 
e t  a l .  (1977)  w 

25 Pinie h a l e s  promelas.  3 months 36.9 4 N/A C a r d w e l l  
e t  a l .  (1977)  

DDT S t a l l i n g  and 
Nayer  (1972) 

S t a l l i n g  and 
Mayer (1972) 

L i n c e r  e t  a l .  
N/A (1970) 

18 Fathead minnow .:30 mi (SL)  >4OC 2 #/A 

1 5 . 6  Ganiniarus f d s c i  d t u s  K / A  0.6 5 N/A 

1.3 5 H/A 

(-Si- 

15.6 .. Palaernonetes ~~~ ................... k a d i a k e n s i s  ___ N/A 
[g lass  shr imp)  

25 Fathead minnow 4 5 t 3 d  48 4 O.gd, 0.4e 266 J a r v i  nen 
e t  a l .  (1976) 

E n d r i n  N/A L i n c e r  e t  a l .  

25 J o r d a n e l l a  f l o r i d a e  N/A 0.85 4 0.22-0.30 110 Spehar  e t  a l .  

18 Fathead rniririow s30 mi: (SL) 0.57 2 
Q 
32 
2 
r- 

0.39 4 (1970)  

(1979)  I 7-f-l agfish) ~ 

19 i 1 Qhniz !!!33!.? <24 h 

25 t 1 Fathead minnow 53 d 

Endosu l fan  

H e p t a c h l o r  

M e t h o x y c h l o r  

-4 
N/A  2.7-7.0 64 Macek e t  a l .  7 

-4 
N 

cx, 

(1  976) 

( 1976) 
0.86 7 0.20-0.40 280 Macek e t  a l .  IU 

19 t 1 Daphnia magna 

Fathead minnow 

<24 h N/A 12.5-25.0 64 Macek e t  a l .  
(1 976) 

60 d 7 .0  1 0  0.86-1.84 280 Macek e t  a l .  
(1976) 

20 ? 2 Fa thedd minnow 0 .4-0 .8  g 7 .5  4 N/A Pierria e t  a l .  
( 1972) 

20 ? 2 Perca  f l a v e s c e n s  
(yell owperch)- 4.0-6.0. q 20 4 N/A Merna e t  a l .  

(1972)  

16 . Brook  t r o u t  16 months 10 .8  4 <0.039 365 Mayer  e t  a l .  

25 Fa thead minnow N/A 4 .8  1 0  0.025-0.054 259 Spehar e t  a l .  

f 
( 1  975) 

(1979) 

Toxaphene 

25 I c t a l u r u s  p u n c t a t u s  
-(chi= c a t f i s h 7  

N/A 15 9 0.129-0.299 240 Spehar  e t  a l .  
(1979)  

ORGANOPHOSPHATE 
I N S E C T I C I D E S  

13-20 weeks 

12 months 

12 months 

N /A  

770 

460 

7800 

349 

f - 4  <<O. 55 

4 N/A 

f 4 ~ 3 . 2  

173 A l l i c o n  and 

A l l i s o n  and 

A l l i s o n  and 

Henrianutz (1977) 

Hermanutz (1977) 

Herrnanutz (1977) 
274 

110 Spehar e t  a l .  
(1  979) 

D i  a z i n o n  12 ? 0 .5  Brook  t r o u t  

25 t 0 . 5  B1 u e g i l  1 

12 f 0.5  Fathead minnow 

25 F l a g f  i sh Ma 1 a t h i o n  

HERB IC1 DES 

A c r o l e i n  

4 8.6-11 

24 h N/A lrlacek e t  a l .  16.9-33.6 64 
( 1  976) 

25 t 1 Fathead oiirinow 51 d 84 6 11.4-41.7 245 Macek e t  a l .  
( 1  976) 

T r i  f l u r a l  i n  19 i 1 Daphnia iiiag2a <24 h N/A 6 4  Macek e t  a l .  2.4-7.2 
( 1  976) 

25 + 1 Fathead minnow 14 d 115 12 427 Macek e t  a l .  1 .9 -5 .1  
( 1  976) 

aMATC = Maximum A c c e p t a b l e  T o x i c a n t  C o n c e n t r a t i o n .  

bVa lues  r e p r e s e n t  t h e  l o w e s t  c o n c e n t r a t i o n  o f  t e c h n i c a l  c h l o r d a n e  f o u n d  t o  cause n ia jo r  c h r o n i c  e f f e c t s .  

‘ S t a t i s t i c a l  a n a l y s i s  o f  t h e  r e s u l t s  i n d i c a t e d  t h a t  none o f  t h e  c o n c e n t r a t i o n s  employed had any s i g n i f i c a n t  d e l e t e r i o u s  e f f e c t s  on any o f  t h e  l i f e -  

dFor f i s h  exposed t o  DDT i n  w a t e r  o n l y .  

?or  f i s h  exposed t o  DDT i n  b o t h  w a t e r  and d i e t .  

fLowest  c o n c e n t r a t i o n  t e s t e d ;  s i n c e  these l e v e l s  caused d e l e t e r i o u s  e f f e c t s ,  no MATC c o u l d  be  e s t a b l i s h e d .  

c y c l e  s t a g e s  o f  t h i s  s p e c i e s .  
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t k t r  concentrations in t h ~  sediments and f i sh  have only been reduced by 

a f a c t o r  of 1 .2  a n d  1 .9 ,  iecspcctivrly; sirn;lar Findings were obtained 

fcrr- l r D l  and metabolites (1J.S- Environmental Prokct ion Agency 1977) .  

Knpr~ic:g i h ~  2 re r i s e  h i s t o r y  o f  DDT treatment t o  several small 

mtersheds, Dimorid e t  d l ,  ( I C l i L )  found t h a t  DOT persisted in the 

streams fer a t  l ea s t  10 years following l i gh t  applications t o  t he  

forest .  Residues declined sha rp ly  within twc or  three years a f t e r  

application. T issue  c a n c e n t r a t i c n s  o f  DDP and metabolites i n  b i o t a  

were approximately an order or  magnitude lower than i n i t i a l  levels 

a f te r  f i v e  years but,  a f t e r  ten p a y s ,  were s t i l l  approximately an 

order  o f  magni tude h igher  than the concentrations in b i o t a  from the 

control streams, e 

i"k r e s i  stance o f  many chl o r i  nated hydrocarbons t o  degradation by 

e n z p a t i c  pi-ocesscs i s  a major f a c t o r  controll ing their  accumulation i n  

the t - i s s w s  o f  biota (Metcalf e t  a ? .  1976) .  

t o  several persistent by-products. Stladfes have shown t h a t  DDE i s  the 

007 i s  readi ly  converted 

rrsost. coiiitimn and pers is tent  o f  t h e s e  degradation products (e .  g., Dirnond 

e t  a l .  1971, Grzenda e t  a l .  1970, Johnson e t  a l .  1971).  Metcalf e t  a l .  

(1976) found DDE t o  bc extremely s t a b l e  i n  the t i s s u e s  of aquatic biota 

and approximately as pcrsist.ent, as pentachlorobiphenyl . By comparison, 

the degradation o f  D D I  in seditwents (mud)  apparently occiirs a t  an even 

slower r a t e  than t ha t  observed f o r  animal t i s sues  (Dimond e t  a l .  1971) .  

Tne iiietabslism o f  DDT t o  DDE can be very rapid. Johnson e t  a i .  

(1971) studied t h e  begradat iu t i  o f  130T i n  seven species o f  aquatic 

invertebrates and found that. t h e  conversion o f  DDT t o  DDE was 854 

compl2te a f te r  th ree  days o f  coritintious exposure t o  DDT, Another 
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degradation product, DDD, was Found i n  only two o f  the seven species 

and never accounted f o r  more t an 7% o f  the t o t a l  residues (DDT + DDE + 

DDD). 

observed (Johnson e t  a l .  1971) .  The r a t e  o f  egradation of DDT i n  

goldfish was reported t o  vary among the  t w e l v e  t i s sues  examined, w i t h  

the highest percentage of metabolites (70% DDE -t- D D D )  occurring i n  the 

l i v e r  and the lowest i n  the imnature ovary (30%) a f t e r  8-d exposure t o  

DDT i n  t he  diet  (Grzenda e t  a l e  1970). Also, the percent composition 

Some degree o f  conversion of  aldr in  t o  dieldr in  has a l s o  been 

o f  DDP, DDE, and DD i n  t h e  goldfish t i s sues  was found t o  vary w i t h  

time; i .e., the percentage of mtltabol i t e s  increased w i t h  continued 

expos ure 

Another important biological property o f  DDT and some o f  the other 

organochlorine insect ic ides  i s  the f a c t  t h a t  these compounds, like 

PCBs, can accurnul a te  in  the t i s sues  of freshwater biota,  Accumulation 

of compounds such as DDT, ODE, and a l d r i n  from the watel- by freshwater 

invertebrates has been s h ~ w n  t o  increase w i t h  an increase i n  both 

exposure time and concentration i n  the water (Derr and Zabik 1972,  

Johnson et a l .  1971, hililkes and Meiss 1971). In short-term continuous 

exposures t o  DDT concentrations of 0.9 11 / l i t e r 3  the bioconcentration 

f ac to r s  (BCF) f o r  seven invertebrates ranged from 2900 (crayfish)  t o  

114,100 (Daphnia) a f t e r  three days. Bioconcentration f ac to r s  f o r  

a ldr in  were s imilar ,  and the BCFs f o r  b o t h  DDT and a ld r in  increased 

over the 3-d exposure period (Johnson et a l .  1971). 

Bioconcentration f ac to r s  For f i sh  are similar t o  those found f o r  

many invertebrate species. 

minnows t o  various organochlorine insect ic ides  a t  levels of 3-7 Vgll i ter  

Continuous 32-d exposures of fathead 
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in the water resulted in low BCFs fo r  lindane, methoxychlor, and 

heptachlor (180, 8300, 9500, respect ively) ,  b u t  higher BCFs for  DDT 

( p ,  p' DDT = 29,480; 0, p '  DDT = 37,00c)), chlordane (37,800), and 

p, p i  DDE (51,000) (Veith e t  a l .  1979).  Bioconcentration fac tors  f o r  

DDT as h i g h  as 100,000 have been reported fo r  fathead minnows (Jarvinen 

e t  a l .  1976) and golden shiners (Courtney and Reed 1972).  Veith e t  a l .  

(1979) found tha t  the RCF was independent of the age a f  the  f i s h  b u t  

was dependent on b o t h  temperature and species. 

I n  addition t o  the d i rec t  uptake from water, pest ic ide residues 

can bioaccurnulate in f i shes  as a r e s u l t  o f  uptake froin food. 

Laboratory s tudies  of the uptake of DDP from dietary sources have shown 

an i n i t i a l  period o f  rapid uptake (approximately the f i r s t  2-4 weeks), 

followed by a period of slower uptake until  an equilibrium s t a t e  was 

reached and no addi  t i m a l  accumul a t  i on with conti nued exposure was 

observed (Graenda e t  a l .  1970, Macek et  a l .  1970). The time required 

t o  reach equilibrium varied among t i ssues .  In skeletal  muscle, no 

s ignif icant  additional accumulation was observed a f t e r  28 cl in goldfish 

(Grzenda e t  a l .  197'0) and a f t e r  32 d in rainbow t rou t  (Macek e t  a l .  

1970). A1 so, t h e  residue concentrati on i n  the t i s sues  increased wi t h  

increased concentrations in  t he  diet  for  both DDT (Macek e t  a1 . 1970, 

Warlen e t  a l .  1977) and dieldr in  (Grzenda e t  a l .  1971). Final ly ,  when 

f i s h  were fed uncontaminated food a f t e r  the equilibrium s t a t e  had Reen 

reached, the average ha l f - l i f e  of DDT was found t o  be 29 d in goldfish 

(Grzenda e t  a l .  1970), 56 d in fathead minnows (Jarvinen e t  a l .  1976), 

and was predicted t o  be 160 and 40 d For DDT and die ldr in ,  

respectively,  in rainbow t r o u t  (Macek e t  a l .  1970). 
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A comparison of the DDT residues in the t issues  of biota with 

residues i n  the diet  suggests t h a t  concentration factors  for  f i s h  are 

low, ranging from 0.6 t o  1 . 2  in several laboratory studies (Grzenda e t  

a l .  1970, Jarvinen e t  a l .  1976, Macek and Korn 1970). Similar r e su l t s  

were obtained in studies of both invertebrates and  f i s h  t h a t  were fed 

dieldrin-contaminated d i e t s  (see review by  Jarvinen e t  a l .  1976). O f  

part icular  significance i s  the 10-year study by Dimond e t  a l .  (1971) of 

DDT residues i n  the b i o t a  of several small watersheds where the history 

of DDT treatment was known. A comparison of residue levels in f i sh  and 

f ish-eating birds indicated a concentration fac tor  of 13. Residues i n  

t r o u t  were approximately 2 t o  10 times greater than the residues found 

in aquatic insects in the f i r s t  s i x  years b u t  were only 1.0 t o  1.8 

times greater during the l a s t  four years of the study when lower levels 

of contamination existed.  Evidence for  the existence of higher 

concentrations of DDT in f i s h  of higher trophic levels has been 

contradictory (e.g. ,  see review in Grzenda e t  a l .  1970, Klaassen and 

Kadoum 1975, Reinert and Bergman 1974).  

I n  general, there are two schools of t h o u g h t  regarding the 

re la t ive  importance o f  uptake from water vs uptake from food  t o  the 

accumulation of pesticides in biota a t  higher trophic levels.  

the e a r l i e r  work on the dis t r ibut ion and persistence of pesticides in 

aquatic environments has emphasized tha t  the food chain i s  the major 

source o f  t ransfer  t o  higher trophic levels  (e.g. ,  Macek and Korn 1970, 

Johnson e t  al. 1971). 

supply accounts fo r  the high pesticide residues often found in many 

f i shes .  

Much of 

T h u s ,  the ingestion o f  pesticides from the food 

A second hypothesis suggests t h a t  the levels found in various 
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the to t a l  res idues  of bath  DDT and dieldrin were f ~ ~ i m d  i f i  (she ziliblia 

t i ssues  o f  rainbw t rou t  after a 140-d exposure, 

concentration of DBT i n  f i s h  is 5 v g / g  (wet w t ) ,  the S ~ E  2s t h a t  $?t 

for PCBs, w h i l e  the limit f o r  dieldrin 7’s 0 , 3  j ig/  

The FD4 lirn?t> G O  the 
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