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FOR EWORD

This is the second appendix t~ one of a series of reports on founda-
tion and soil  mechanics features of recently completed flood-control and

navigation structures in the U. S. Army Engineer Division , Lower Missis-

sippi Vafley, Corps of Engineers. These studies are being conducted for

the Engineering Division of the Mississippi k1vc~ Conmission (MRC), Corps

~~ E~n~ ineer s . by the U. S. A rmy Engineer Waterways Experiment Station (WES).

The werhank structure for Old River Control was designed by MRC and

built under the supervision of t.he U. S. Arny Engineer District. New

C r l ~ ar~ (NOD). La. ~~ological studies , foundat ion investi gations , and soil
design studies were made by WES. Engineering measurement devices were in-

st~~~l~d and observations were made by NOD. Details of the above-listed

s~ ud i~~s are ~iven in the basic report. A description and analysis nt~ pump-

ing tests and .~e11 cleaning operations on relief wells during May and June

are pr~ sent~ l in Appendix A. published in January 1968.

This appendix presents a description of well cleaning operations and

pumping tests cr~nducted in 1969 at the overbank structure. The well pump-

in~ test data are analyzed to compare the yields of the pump-tested wells

with the yields obtained after installation .

The 1969 pumpin~ tests were conduc ted under the supervision of

Mr. A. L. Mathews (retired), and the boreho le TV camera photographs were

~l~~~ined under ~he supervision of M r .  J. L. atz. The data were analyzed

and this appendix was prepared by Messrs. C. C. Trahan and R. L. Montgomery

under the direction nf Messrs. J. P. Sale , W . C. Sherman , ahd C. L.

McAne~ r. ~~i1s Division , WES .

COL r~ vi A. Brown , CE. and COL Ernest D. Peixotto . CE. were Directors

~f the WES during the conduct of this investigation and preparation of this

r po r~ . Mr. F. P. Brown was Technical Director .
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SUMMARY

This appendix is the second in a series presenting the results of
tests performed at intervals of several years on the relief wells at the
verbank structure , Old River Control , near flat chez , Miss. The tests re-
ported herein were performed in 1969 and 19’70 by the U. S. Army Engineer
Waterways Experinent Station (WES) and included well pumping tests, analy-

~ sis of well water samples, inspect ion of well screens with a borehole TV
~‘ar.era, and well sounding and cleaning operations. These tests were con-
ducted to determine the decrease in efficiency of the relief wells since

~ the latest pumping tests were conducted (1966) and since installation of
the wells in 1957. Renovation attempts on four of the wells using chemical
t reatments and surging were not effective.

A borehole TV camera was used to inspect several of the well screens
prior to and after pumping and cleaning operations. Generally, the ~e1l
screens appeared t o  be in excellent condition before pumping and cleaning.
Very litt lr ’ sand or gravel was found in the slots of the screens except in
well 11. where the screen was about 50 percent clogged with filter material.
There were no noticeable chemical or biological deposits on the interiors
of the screens .

Chemical analyses of the water samples indicated that conditions are
favorable for the buildup of incrustation in the wells. Also , it is quite
pnssible that iron bacteria exist in the wells , as all the water samples
c~nt:~ined relatively large amounts of iron . Although the water in the
wells is somewhat corrosive , this condition is not considered an adverse
factnr for the wooden well screens.

Initial 1969-70 pumping tests on the wells indicated an average spe-
cific yield of 33 percent of the original yield. After cleaning by surg-
ing , the specific yield increased to an average of 50 percent of the orig-
inal yield . The rate of sand inf i l t ra t ion during pump ing was insignificant.

The e f fec t iveness  of the relief well system in reducing up l i f t  pres-
su’es was computed using fac tors of safe ty with respect to uplift and tak-
ing into account the measured head loss through well filters and screens.
The computed factor of safety was 1.9 before cleaning and 2.14 after clean-
ing . These values are about the same as those computed after the wells
were cleaned in 1966 . In the original design , the computed factor of
sa f e ty  at  the ends of the well sys t em was 3.3. Initially , WES reviewed the
s~-ils and foundation design studies for the overbank structure and
evaluated observations made during and after construction. The review was
published in the basic report, which contains a detailed description of the
structure , foundation conditions, and relief well system.
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R~~ I~~ OF SOILS DESIGN , CONSTRUCTION
AND PERFORMA NC E OBS ERVATIONS

OVERBAN K STRUCTUR E, OLD RIVER CONTROL

APPENDIX B: PUMPING TESTS AND WELL CLEANING OPERATIONS , 1969-70

PART I :  INT RODUCTION

Description of Structure

1. The overbank struc ture , located on the west bank of the Mis-

sissipp i River approximately 35 mi les~ south of Natchez , Mis s . ,  is a rein-

t’ ~rced conc rete spillway with hinged timber-gate panels for control of

f’loocI flows. It is a major element in the plan for Old River Control.  The

structure has a gross length of 3356 ft and contains 73 gate bays , each

having a 1414-ft clear opening between 2-ft-thick bridge pier’s. The basic

report*~ contains a detailed description of the structure , foundation con-

di’ims . and relief well system .

Relief Wells

2. Pre ssure relief wells were installed behind the overbank struc-

ure  during the period Apri l  to August 1957 to reduce hydrostatic pressures

in the sands beneath the s t ruc tu re  during high wate r periods . The well

:yst•rn was designed so that a minimum factor of safety of at least 1.5

~~- i i n st  uplift would be realized beneath or immediately downstream of the

stilling basin during periods of high water. In the design of the system,

‘he re was assumed to be (a) an effective source of seepage entry 1500 ft

A t able of factors for convert ing British uni ts  of measurement to
metric units is presented on page ix.
U. S. A rmy Enginee r Waterways Experiment Station , CE , “Review of Soils

D’si gn , Construction , and Performance Obse rvations, Ove rbank Structure ,
Old River Control.” Technical Report No. 3_6142, Feb 19614, Vicksburg ,
Miss.

Bi
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a

r ive rward of the line of wells and (b) an infinite length of impervious

topstratum landwa rd of the structure .

Design

3. The wells were designed t o  p ene t r a te  approx im’te ly  50 percent of

the aquifer. Nineteen wells spaced on 1814-ft cen te r s  we re required. The

computed f a c t o !s  of safe ty w i t h  respec t to up lift were  14 .8 and 3.~ a t  the

cente r and ends of the well system , respective ly . The wel l  oys te rn  was de-

signed to provide fac t ors of safety well in excess of 1.5, a: i t  was con-

sidered that s ~:ne decrease in well e f f i c i e n c y  would occu r w i t h  t i ne , and it

would be d i f f i cu l t  to instal l  additional wel ’Ls at a later d a l e .  The total

t’l°w fr om the relief  wells •.‘as e s t i m a t e d  to be about 7.3 ~~m per ~ ‘ t 1 net

head tm n the well system or 150 ~~rn per well for a project f lo od  st a g e , as-

sicaing the permeabili ty of  the t ’eu n d t t i °n sands to be 500 w l•J~~ cm per see.
he w~ i1 s oon : 1st c t  — in .  —I D woo l w e l l  s’r ens (wi r”~ in .

sic ’ ~) and “ — i n .  —I D wood riser pipes. he r isers  d s ’h a r o  brou gh the
loa ns ’ r ain a f I l e  H o ’~:s. he we l l  outi~~t s are provided ‘ u t  h bock valves R

t~~ rr r.-?rr i a c k f i o w  of muddy water i n t o  ‘~~~~~ a i l s. Detai~~s ni the well and
‘he :r”oi t ied ~raia~ ion of the I’ ~1. t~ r nr ri -r ~~l around he r n  are p r o —
sent cd in ‘ho  as io r ’r o r ~
In s t a l l a t i o n

5. Since ‘be permeabili ty of the t a u i t h t - ’:an foun d n increase wi th
depth,  ‘he wel ls we re installed to p e n e t r a t e  ab out.  60 per cent  f the  ac tual
depth of the aqui fer  to achieve an effective penet r a t  i f l f l  of 50 percent.
The nominal leng th of the sc reen sections varied.  f rnm th t o  f 1 1  ft. except
fn i ’ wells 16 through 19, which had nominal leng t hs varying from 76 ~o

1014 f t .  The l a r r er well s  are located between sI a 38 and sth 1414, where the
base of the aquifer (Tertiary deposits) is as much as 80 ft deeper than

elsewhere . Installation and initial, pumping 1 est data for th e relief wells
are shown in table Bl.

Purpose of Puxnjping Tests

6. The overbanlc structure has not been subjected to a significant
head since ~~~ comple tion ; consequently , the wells have not flowed and

B2
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de:~on~- t f’ l lte ~ PART II: ANALYSES OF WATER SAIV~~LES
~es t s he coy~..

~lls h~ d de—
- 

Me thod of Samplipg
n~ tests

earis ( : L D ’ on -. I- ‘ 8. Water samples were obtained from wells 3, 6, 12 , and 17 before
~1)” lt e ( j  1ha t  t~ well pumping tests were conducted. Representative water samples were ob-
t h eir  ins  alla— t a m ed from one-quarter , one-half , and three-quarter depths and at the bot-
~ i1’ - i -  j ,5 “‘i i t orn of each well. These samples were designated as samples A .  B , C , and D , - -

~ne - .~e respectively. The water sampler used for collecting the samples was devel-
‘t ; s t - ’1,’ and sped It  WES and is shown in fi g. 131. The sampler consisted of a 2-ft-long

by 14- io. -hD Plexiglas cylinder. A 14-in.- long by 3_ l/2-in ._diam plastic
~ed —.‘ ar i e d  fran .piston mounted with two 0-rings , which fo rmed an effective seal while the
1 - -u 

~~~ per- r i s t — ’n -ran in motion , rode inside the cylinder. An air hose was attached
Lds var ied  from to he top portion of the cylinder , and a spring release valve and a dr aw

~~ed 14~ ~- ‘~i-cen t.  v i lve  were attached t.o the bot tom of the cylinder. An iron weigh t was at-
and f loore d  t~~ched to the bottom of t,he sampler to provide suff ic ient  ballast to

V i i  ~‘~t C untelact  the buoyancy of the samples To obtain a water samp le , a posi-
~lls t ’ns  ‘he ’lücal ti — s e pressure was applied by a hand pump to the piston , dr iving it to the

- 

h-a 1 t lon of’ the samp ler. This pressure . which was slightly greate r than the
h- ,t h ’ o st at i c  pressu re at the point ‘~t which the wate r’ sample was to be

t oke n , ins maintained while the samp ler was lowered , by hand , ( n  the de-

sli”cl depth . T,- :o p” si t ive  pressure was then released, allowing wate r to

e : t e r  the sampler. in Ii few instances , a vacuum was applied to the piston
t~ o-’er-:ome the friction ft tc-; ’en t l:o piston and the inside walls of the cyl -

-~~~ had5 r’ . in’ sampler was then  rais- ’J , ‘I - v hand , out of the well. A smal l-

- l l a r i - - - ’r , 1”~-in.-1ons . clear , fl exible-rubber tube was attached to the

m a l i :  - -‘al- se: the t u b e  was then nl a o ’a d at - the bottom of a 3- l i ter , clear—
-10311 - ) samp l- ’  ~-r,tairer , the dr a i n  valve opened , and a small positive

n-r ’ - o s .ur  rea r~n1 led to t I. ” top of the niston t,o force the water out of t-he

s’enl l n into t h e  sampl e conta iner .  Each sample was ident i f ied and prepared

0 r s’ ft’-- ot to h- f- P for testing .
!Vi”w of’ -0o i l s
I.na $ t ru~ i ur s~, Field Analyses
!ar iine ’ “ p”ra-
)Urc , . I I S S .  9. During ‘h e  wat er sampling ope rations , observat ions were made as
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t o  the color , clarity , and odor of each s~~~1e. Generally, a blackish
t i n ’ , caused by the presence of brownish-black particles suspended in the

~~ 
wa 4 er ’ . san  1~oted in the samples. All the samples had a slight odor of the

I c r - t n :  “e used in t reat ing the wood well screens prior to installation.

t~’~ E’~Sl :~l’n i s ’ was tes t ed in the field for hydrogen ion concentration (pH) ar*d
hi ss-c ’ l v e i  x’ , ‘en (02 ) .  These tests were made in the field to obtain values

- 
~~: a~ f O ~~5~’SO~~

4 Cl  the  true chemical ‘haracter  of the groundwater. The pH

was I~”er : t t . ’ i using a color disk and pH indicator . A dissolved oxygen

r o t o r ’  ~~~~~~ s :- ,ake field -1ete rm inat i o~ s of 02 “ 0 ’ e l  of t I e wa t e r

,‘-or n h e : .I
: l aboratory Anal yses

10. C~ ~i- ’al t e s t s  ‘,-z~~ro made on 1 water samples from t h e  selec ’ ed

depth s in r e l ie f  w e l l s  ~~, - , 12 , and 17. ‘lot al  sol ids and al k a l in it :, - were

1oterni ~ ci  on t he s~~~~les as received . :Th1 ~liU., :‘ agnesii uo , iron , and ran-

gatie se :ct, t e r it s wore leterri:.e i a p o r t i - - f l s  cl the ori gi a !  dater samples ,

~~ 

- - -Lich were f i rs t  treat-ed wi th  h r  Ir o . ’n l  a r h o  -
~~~ 

- I and h o T le .I to -h i : : o ’,- -: ‘
~~~

- -
- acid-soluble r a t t e r  and then filtered. Certain silicates , silts, and or-

r-an io :~~tt e r  - ‘crc not dissolved by this  treatment . The soluble silica

content was determined c-n the filtered as-received water samples.

Result s

11. The results of field determinations and chemical analyses are

given in table 132. The total solids increased signif icantly with depth in -

‘

each well except well 12.

12. The pH values of the well samples were gener ally slightly acid,
- - with  values rang inlr from 6.1.i to 7.1. There was no significant variation of

‘h ose values wi th  depth , although the samples from the shallow depths had

the highest pH values in each case. The alkalinity , reported both in parts

p er million (ppm) as CaCO
3 

and in equivalents per million (epm), generally

- 
increased with depth.

- 

13. The epm hardness values , which were calculated based on the

A-31~48
B7
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calcium and magnesium determinations , indicated that the water in the wells

was moderately hard to hard. Hardness generally increased with depth. Ap-

preciable amounts of calcium and magnesium were found in all the water

samples.
11+. The chemical analyses made on water samples in 1966 and 1969 in-

dicated significant amounts of iron in the wells. The quantities shown in

table PC represent total soluble iron in the water. This includes ferrous

and ferric iron. With the exception of well 3, iron content in the wells

increased with depth.

‘5,- )

I
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PART III: INSPECTION AND SOUNDING OF WELLS

Inspection of Well Outle~ s and Check Valve s

15. The well outle t and check valve of each well were in spe — -t ed be-

fore pumping and cleaning operations were performed on the wells. The out-

lets were all found to be in good condition . The check valves also were in

good working condition ; the rubber gaskets showed no signs of deterioration.

Sounding of Wells

16. Prior to test ing, each well was sounded to dete rmine the amount
of sediment in the well. The sounding was made b:, measuring the distance

from the top of the riser in the baffle block ~~I the top of the sediment in
the well using a steel tape at  taclied t o  a sounding weight. After’ the m i -
tial sounding was made , the depth of the well -.~‘as carefully measured with

drill rods. A wood auger was ‘Ittached t o  1he b o l t - -sm of the drill reds . and

the rods were rotated u n ti l  the auge r pene t rated the sediment in the well.

and reached the wooden plug forming ~he h-~tt-~m of the well. The well was

sounded w i t h  a wei ghted tape before and after’ surging to determine the
amount of material entering the well. A final soundin~- was made aft-er-

cleaning and pumpin5- b of the well had been completed.

17. In the soundings made in 1966 and pres”nted in Appendix A , the

depths of the wells were esti-nated by subt racting the init,ial ‘~~“v-a~ -on :

of the bottoms of’ the wells fr -am ‘he as. Inr .e I e i ev ’I ’ ~-mn of t h e  t— o n- -I of ‘0’

baffles. The e:t mated depth: were s1i~f t 1y Ta error . The - -orre -t e  I ~ata

for i9~ h- soundings rs t~ s l9t - -~~_70 re- i Cr reae n~ s -i re ~~ven ri tahie B3.
18. Sounding data obtained in 1969-70 are shown in table B14. The

thickness of sediment in the well: be ‘are oamp ng v-an el from 0. ~ ~ to
2.8J4 ft excep t for well 16, which had ~.2O ft of sediment. We lls 10 and
19 were not sounded after pumping and cleaning operations in 1966 , and well
16 had not been previously sounded. For all othe r wells except well 17,
little or no sediment entered be tween 1966 and 19& ) _ 7 0 . At  wel l  17.
1.36 ft of sedimen t accumulated in the bottom during this period.

BlO 
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Table B3

Corrected 1966 Well Sound ing Data

1966
Sediment Measured Be fore Pumping After Pumping

in Wel l  Depth of Depth to Sediment Depth to Sediment - j  I

in 1957 We ll* Sediment in Well Sediment in Well
W e l l  f t — ft  ft ft ft ft

1 0.30 117.69 116.48 1.21 116 .50 1.19
2 0.22 113.78 112 .18 1.60 112 .60 1.18
3 0.04 106.39 102.37 4.02 106.10 0.29
4 0.27 106 .42 104.83 1.59 106.12 0.30
5 0.21 106 .60 106.10 0.50 106.31 0.29

6 0.34 108.44 105.54 2.90 107.90 0.54
7 0,28 114.96 114 .44 0.52 114.18 0.78
8 0.31 114 .30 105.21 9.09 113.95 0.35
9 0.25 118.43 113.45 4.98 116.96 1.47

10 0.02 113.9 ) 109.25 ~~.70 -- --

11 0.06 113.42 111.89 1.53 112 .96 0.46
12 0.20 113.46 110 .56 2.90 112 .75 0.71
13 0.20 117.60 l13 .4t~ 4.16 116 .54 1.06
14 0.27 130 .07 126 .10 3 . 97  129.15 0 .92
15 0.18 141.20 136.80 4 ,40 139 .30 1.90

16** 0.15 149.4 -- -- -- --
17 0.42 168.66 159.31 9.35 167.18 1.48
18 0.46 168 , 13 165 .91 2.22 167.05 1.08
19 0.18 167.28 167.47k -- -— -—

Pep C I ’  ~sf  well :  a: rn-’asur”-l in I ’)- ~ and 1970.
In - Th:o I l l s ’ ’ T a  wa:  t ’- u n  In  well , it at -r depth - si ’ about 21 f t .

and :—ur-i I -~~- .- cou ld ~~o t  be ‘a-ado .
4 I’ _ — i  -C - ‘ - , - ‘ r - ’- sar in sa-lIndirig .

IC--

P1_ i s _ f
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Table B14

1969-70 Well Sounding Data

1969-70 Data Sedlinent En-
Before Pumping After Pumping tering Well

Measured Depth to Sediment Depth to Sediment Between i~ 6
Depth of Sediment in Well Sediment in Well and 1969-70

Well Well , ft ft ft ft ft ft 
—

1 117.69 116.50 1.19 117.40 0.29 0.00
2 113.78 112.50 1.28 113.55 0.23 0.10
3 106. ~9 106.06 0.33 106.22 0.17 0.04
4 106.42 106.05 0.37 106.21 0.21 0.07
5 106.60 106.27 0.33 106.37 0.23 0.04

6 108.44 107.85 0.59 108.16 0.28 0.05
7 114.96 113.78 1.18 114.70 0.26 0.40
8 114.30 113.90 0.40 114.06 0.24 0.05
9 118.43 116.73 1.70 117.45 0.98 0.23
10 113.95 112.46 1.49 113.70 0.25 --

11 113.42 112.96 0.46 113.05 0.37 0.00
12 113.46 112.70 0.76 112.96 0.50 0.05
13 117.60 116.55 1.05 117.21 0,39 0.00*
14 130.07 128.79 1.28 129.43 0.64 0.36
15 141.20 139.29 1.91 139.40 1.80 0.01

16 149.45 145.25 4 .20 146.05 3.40 --
17 168.66 165.82 2.84 166 . 10 2 .56  1.31-
18 168.13 166.97 1.16 167.35 0.78 0.08
19 167.28 166 . 52 0 .76 166.71 0 . 5 7  --

* Sediment In well 13 decreased by 0.01 f t .
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Well It - s had not- been punip-test~d prior to 1970 because an ob-

struction ‘~‘~s foun d in the well in l9bt- at a depth of about 21 ft. When

the ‘,~‘l1 ~~~~~ sounded with drill rods in April 1970, t he -~‘bstru ction wa: no

lo nge r’ at hat- ol -va t  is-n . Instead , an obs truc tion was found at a depth of’

l1~ f t .  ‘~he ‘tu~ ”r was able to penetrate through the obstruction and c-rn-

t nued ~~~~ o i- ’p t h  m f 1149. 14 f t . which was assumed to be the bottom of the

weLt . I-ron additional probing with the dr-ill rods . it appeared that there

w~rs a :-a-siil- ’r ’i t’l~° amoun t of wood debris in the bottom of the well. Pieces

- t ’ wood , some ~ in .  in diameter  by 1/14 in.  thick and some 3/14 by 3/14 by

~-1~-!? i n . ,  we r ’ -- also found at the bottom of wel L 17. P did not appear 
- -

th-° t Tr- ’ ,, - a j  ~“t :~~ f’-orn the wood well. screens since this would undoubtedly

t - ’JC c’IUI’Od ~i ‘ ‘-n siderable intake of sediment. The sediment measured in - 
-

‘he: - - - - “ ii: —~‘~s no t  appreciab le .

Wel l  Screen Inspect ion

20. A ~~o :”d-circuil .  te levision (TV ) system was used to examine the

well  seC -eel : of w e l l s 3, I 11 , and 15 before and after cleaning operations

s ie 1or l - l ~ne ‘ e nature of any clogging. The apparatus consisted of an - 
-

s ’ nmn l1 ’ -”n l r t i o p al T~areho le  Te lescope FP-1400 (Borehole TV) .  The probe ,

c~~n t ’ r i n i r ~- a ‘~V L”efl’~ra , was lowered in t - -  each well on a cable , and pictures

‘0-c w-~l1, i r ’ e r ’jrsr were t ransmit ted  to a TV screen. The TV screen was - 
-

oh ~r or r tp h e d  ‘
~~~ pr - -v i de  a record of —~b :ervations . Generally , the well

- 1 o-eeas w~ re in --so d c n nd i t in n  w i t h  very l I t  tie sand or gravel in the

si° ’ :. The sl~~: in -,-:ell 11 appeared to be about 50 percent clogged with

or :and. Alth - - s uvh c leaning operat ions in this well appreciably in-

‘re’II- ~”d h” - -p ’-cit’ic yield . there was no apparent change in the amount of

:-i~~l ‘e l  grave l in the s l o t s .  The TV camera revealed no evidence of chemi-

n -al  ~ ‘~—~ :it: ~n ~he in t e r T o r , ’ of the well screens.

B13
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PART 1V: WELL PUMPI NG AND (~LEAN1NU OPERATIONS

River Stages

21. Wells 11 througli 19 were pump-tested and - -Cleaned I ron, 10 July t~
11 August 1969. During this period , the N isciss ippi River  rose t ’ron el

35.’ ’ to a o-axinu~: elevation of’ 39.2 on 25 July , then  dropped i~~
- - el 27.2

on August 11. Pui: :ptrt g and cleaning operatic-us had to he - i i :co r i t i : u ed  on

11 August because the water level in the well was too low to pernit pu~-

ing . The remaining wells (i through 10) -,-cre I-u~p-tested and cleaned 
f’ro~.

2 April to 17 April 1970 , during wli io l t  t io~ the N ississippi River  stage

varied from el 314.7 to el 140.5.

Pumping and CIe -art ir0’ Opt-rations

22. The wells were pump-tested - n d  cleaned consecutively , s t a rt i n g

with well 19 on the east end of the structure . Equipment used for the

pump ing and cleaning operations was essential ly the same -
~~~~ t h a t  described

in Appendix A. Each well was t ’ir s t  pump- tested t - ~ determine i t s  specific
yield. Generally , this in i t i a l  ‘ est  was conducted at three different draw-
downs. The well was then cleaned by five or s ix  cycles of sur ~ in~~, each
cycle consisting of 15 round I rips with su?-~’ing block. The well was
pumped at a rate of 145 gpm as it was being surged. Material in the well
was removed with a bailer after each surging cycle. A second pumping test
was conducted o~~ the well after  it had been cleaned. If the second test
showed that surging had significan t ly increased the specific yield , the
well was cleaned again with  two or three :u r g i n 1’ cycles and retested. All
operations were completed on one well before moving to the next well.

23. After the above-mentioned 1’leanin t~ and pumping operations had
been performed on all wells , additional cleaning operations were performed
on four wells (3, 6, ii , and 15) to determine which of three chemical
treatments was most effective in cleaning the wells . Also,  well 2 was

* All elevations (el) cited herein are in feet referred to mean sea level.

~ 



pumped continuously for 8 hr to determine whether’ the well produced sand at
a rate greater than 2 pt/hr after 8 hr of pumping.

Test Results

Pumping tests

~~ A summary of pumping test data collected in 1969 and 1970 is
sb -wn in t able B5. Plots of observed discharge versus drawdown are shown
in  p la t ’ -s ~- l -P 5 .  A l s - - shown in the plots are similar data for the original

j- - p i p~ ‘- ‘sts made in 1957 and for the final pumping tests made in 1966.
c - - : ~pari :on of the computed specific yields from the 1969-70

pu--~r-in~ test-s - - - i t  h t hose computed fr -on  previous pumpin - tests. Before the

wells ,-;‘o-e cl - -tlIe d in 1969-70 . their specific yields varied from 0 to

7- : - -r  - & - ‘ t 0 ” ~h s ’~~r -r igi ~ -u1 , ipf ~ ‘H~~c ,-:ieids I - m i  avera fed about 33 percent.
,~~~~
“ - --r ~

‘ : w& is ha - i  eco o~ ea-ne l , t h e i r  creel f’lc y ie ld - - varied :‘r ~m 19 to
3~ l ’ - r - ’- - l l ’ ~f t-e ~ r ~~ l~1 ope -i fic :,‘~ el i: an - I  aver~~~ed about 50 percent .

lo l~~ ’ , ~i~I’ sI e ’ i : l c  y ields  ci’ the wells before they were cleaned aver—
aoe l -

~~‘ 
per ‘out of t h e i r  origi u~r 1 specific yields . After  the wells were

‘ eanc l , t h e i r  s j - e ’i f i o  y ir- his averaged 47 percent of their original
-i~~i ‘ :.ields . It onn be r.ctel th en  t hat the average specific yield of

the wel l s i — ef  re he:.- were cleaned in 1~~ 9-70 was about the same as the - t -

aver’h’c ~~ 
- j ~ ’j v i o l - I  be fore  they were cleaned in 19~n. Also , after the

welis were e~ ’~nnc- j in iy )_ f l , t t - ~i r  average specific yield was only

s i i — ~ t~ y i ,i~ i ,er  than it- wri s afte r  the  wells were cleaned in 1966 . - -

Ad-L’ lono c Leaning

2. Special well o1- -aninm~ operations were performed on wells 3, 6 ,
ii. ~n-~ 15 o de * er r n in ,~ t h e  e t ’t ’ect iveness  of t h r ee  d i f f e r e n t  cleaning

~~~~
- a’s. ~a w-~l1 3, 30 ii of a mildly alkaline con~nercia1 detergent was

pl ~ - - - - -I  in ‘0m- w-~’l l . iie w -- ll was then surged with one cycle and the deter-

was al 1ow~’d to remain in t h e  w o l i  overnight. The next day , the well

wa , l I-’i r - - -r l  ~~j t~~ • t ree cycles with the surging block and t hen pump-tested to

1--termine i t : spec i f ic  y i e l d .  The same procedure ~as repeated on well 11

usin~r a a- - -u,-l” hol -l cleaner , sod ium bisul fate , and on well 15 us ing a strong I
alkal ine ‘ l- - ’ ’- r - - -’n , t r i s o d i um phosphate . Results of’ the pumping tests ,

b15
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.s : . own in t a t - l e  ~ , indicat ed that, the trisodiu,m phosphate apparently pro-

1u- ’-_”~1 ‘t h e  bes t  re su l t s;  therefore , the tr isodiuin phosphate was used to

- ‘is ’a n w e l l  ~ in order ~o ver i fy  ‘he r e s u l t s  found in well  15. It can be

seen in table  P’ t hat cloanin)! of the wells wi th  cleaning agents did not
sirmifieantly increase the s pe ’i f ic  y i e ld s  of ’ ‘he we l l s .

Sand in fi lO rn 4 i°n 
-

Os . A ‘,~s ’i1 -,-:as considered stable wh ’~n the rate of sand inf i l t ra t ion
-i n ’~o he -.1-ell ‘In s less han 2 pt/h r af te r  the -“eli had been pumped contj n 

-

_______

u- ’uslv for 8 hr .  All of the ‘ - ‘o ils -~xcep t . w e L t  2 indicated negligible rates -

A :  san-i i : . f i i ~t rat  ion Iu n i — f i : .al  :ss 1- i rs ~~. well 2 sho red a rate of sand -

ia:’ii t r a t i cr .  ~- :‘ 2.5 14 p~ - ‘ :‘ n r  the “ i r , a l  lu : -j ~ir i f  test ; therefore , the well 
-

,:~~s r~ -: re I n~- u~ us; 1 v : ’ r ~ i c .  A lter 1 i-r and 20 nir~ ~1’ -e rst inuous 
-

pu -mninc~. ‘he m-”asured r at e  of sand i nf i lt  s o  ion wi: 1.11 pt/hr. Aft or ap— -
~~~ - -

i i i t - : l~, 8 hr  -
~~~t

’ pus p in t -’ . t i r e  r-a ’o of  sand i nf il ’  r a t  inn  was only 
______

0.2 p~ /’rir ’ and the well. In s 0-  -ns~ Oc red sts0-le .

E f fec t i v e n e s s  of Welt  System -

27. The only -e l labi - ’  method of ’  eva luat ing  the ef fec t iveness  of the _______

.-vs~ en iv --e sIucin5- up l i f t  n r’ es sures b e n e a t h  the st  ri~c Lure is f -  - ‘ne-as—

r ~~~~~~ - - ~~ €~~~ t i c  press ures in t r i o  san-i ‘ sq u i l r benea th  the s t  ruc ur-e when

t b -  r ’U Ct i r e  is cur , i e c t ” si to a high - i j f t ” - i ~~t ’t i ’-sl hoad . As the structure

has n e t  ‘~o n . :uh .le ’c~ s b  -~n’.5 Sj s T f l I f i c tfl t di l ’fe rent ial he’ d since its corn —

at- - ’ ~ -a .  ‘ no -~ 1 f - ’s s f ‘he - ‘ duct on in :~p e e if i c  yields ~f t i m e  wells

-rraia ’O i:Hir-- - ’ ly on - be I - a s i s  of ‘ i c  fo i l  e w i r : i - assumpl i or,s _______

‘-1. ‘1 ~sO w~’ l1 :sys t e n .  -as inst -ailed . was capable sf i’educing he ‘1

up l if ’  p r e s ~ ’ :m reis ‘ o b- cc vs h ioc  e - ‘ipsr ted in desir-’n _________

b. The -edue t rsnc in — e c i f i  c yi’ ‘Hr of the we u s  ‘,-: re due 1 o
- r’ j ;  ~~~ ice: : r - - to is ’ we ll ~~~ 1 €- 1 5  n a b  rs _’rr-255 I- , ——

The n J ’sr’-s -e h - c r i - s &:e  i n  head loss of the well :yr~ em since its i n s t a l lat i on
1: 1 117  ‘ u S  oc 3 i :~im t ‘‘0 t ’ r ’ ’n ‘he nv er -’iL~e specif i c y it - i d s  in l~ 57 ans i  in

‘—7 ,. . as r i . - - - -rn n f i , . ~~ . -: he i nc - e’ms ’ 5 in he m-i loss in t he  c s ’ 11: was -

Usa-’ to c :‘~~- r t - ’ ‘ h is - -’ xc~_’:7: :e-abs s l ios m in  f i g. bh . .A n u.’s’ .— s r;,- of - _ ‘orsp - 1t0
t5a- ’ r: at ’ ‘~ - ‘o ’ .‘ ‘ s ’ a H : 5 - ra i l - n  i, s :::.5 ’m i n  ‘ nil e n~ • 

- -



Table B6

Results of Pumping Tests After Addi t ion al Well Cleaning

Specific  Yield , gpm/ft of’ Drawdown
Cleaning Original Before Cleaning Afte r Cleaj~~j~

Well Agent (1957) ( 1969-70) ( l969-7o)
,,,

3 Mi ld detergent 2~4 17 18

11 Sodium bisuiphate I~ 7 to ii

15 Tr isodium phosphate 76 10 15
6 Trisodiuzn phosphate 148 7 9 

B20



,1

IS ____________________________________________________

—

r (‘lerin1i~~9c9-7c)
18

Il

I 
-

0 100 200 300 400 500
AVG WELL DISCHARG E S GPM

NOTE AVG SPECIFIC YIE LD OF WELLS FROM 1957 PUMPING
TESTS .52.3 GPM/FT DRAWDOWN . - :

AVG WELL EFFICIENCY FROM 1969-70 PUMPING TEST S
o) 33% OF 1957 SPECIFIC Y IELD BEFORE WELLS CLEANED. -

____

b) 50% OF 1957 SPECIFIC YI ELD AFTER WELLS CLEANED. 
____

~‘i g. P~ . r ’’nd tosses 011.- t ~ S - 5’’ ’, 5 - -  j fl
‘s’.” rage well ‘~f f i r i er - c y  

-
‘

Y-?]



I ~~~~M/O WAY BETWEEN WELLS

Is- 
IU. 

— 
______ _ _ _ _ _ _  _ _ _ _ _ _d~ 8 I ~ I AT ENDS OF

.‘~~~~WELL SYS TEM

- 

k—AvG SPEC/F/C YIELD OF
I WELLS IN /969-70 AFTERI CLEANING

2 _ _ _ _  _ _ _ _  _ _ _ _

AVG SPECIFIC I
YIELD OF WELLS
IN /969-70 B(FORE I
CL (A N/NC

0 I 
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _

0 20 40 60 80 100
AVG SPECIFIC YIELD OF WEL LS,% OF

ORIGINAL YI ELD

Fig. Eli. . Well efficiency versus excess head

B22 



~~——-- -- --~~-~~~~~~~~~~~~~~~~~~~~~~~~~~
- 

-

~~~~~~~

Table B7

Summary of Factors of Safety

Excess Head , ft* Factor of Safety**
Midway E~ge Midway E4ge

Original design 14.1 5.9 14 .8 3.3
1966 :

Before cleaning 8.9 10.1 2.2 1.9
A f t e r  cleaning 7.1 8.5 2.8 2.3

1969-70 : -‘

Before cleaning 9.0 10.3 2.2 1.9
After cleaning 6.8 8.2 2.9 2. 14

~ From f’i~~. B14 .

~~ Fact — ’r of safe ty 
- 

Eff ect ive overburden at top of sand aquifer
no -n i a s t  up lif t  — Fbccess head x
Effective overburden at top of sand aquifer:

Conc rete slab 2.5 ft x 87.5 pcf = 219 psf
Filt er 1.0 f t  x 62.5 pcf = 63 psf

Clay 20.0 f t  x 147.5 pet = 950 psf

Total 1232 psf

F S -  1232
- 

~~cess head x 
4
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28. The computed factors of safety with respect to uplift for the

1969-70 data were about the same as those computed for l9~— (- . Befor’s the

wells were cleaned in 1969-70 , the factors of safety midway between the

wells and at the ends of the struc ture were 2.2 and 1.9, respectively;

these values are still greater than the minimum factor of safety of 11.5

required in design . After the wells were cleaned , th e  factors of’ safety

were 2.9 and 2.14. The factors of safety are thus considerably reduced fr~~
the values of 14.8 and 3.3 computed for the wells when they were ins tailed.
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PART V : DISCUSSION

29. The results of the 1966 a.nd 1969-70 pumping tests indicated tha t
all of the relief wells have experienced significan t reductions in specific
yi elds since their Installation . ~ camination of four of the well screens
with the TV borehole camera indicated no significant incrustation or clog-
o in ~ of the slots by filter mate rial , with ‘he exception of well 1,1.

30. Three different cleaning agents used in attempts to restore well
e f t ’iciency in selected wells were ineffective . Trisodium phosphate treat-

a~-nt s we re only slightly more effective than the other two treatments. In

t h e  p a s t ,  phosphates have been used to disperse iron hydroxide , iron oxide ,
and manganese hydroxide . The slight improvement in eff iciency with the use

f t r -is - ’dium phosphate might suggest that reduction in efficiency is re-
l ’ m ~ ed t-° ir°n e - n t e n t  in the well water. However, a firm conclusion cannot
be made ~ t h i S  basis; therefore , it is important  that  the incrustating

~sat erial be identified.

31. The three major causes - -1 ’ well incrustation are listed as fol-

t -”ws in orde r sf frequency of cccurr ence :* (a)  incrustat ion from precipi-

~ m t i o n  ot’ carbonates of ca lc ium and magnesium °r their suLfates; (b) in-

~st s 4 ir~n fr om  precip i t a t i o n  of ir-~n and manganese compounds (primarily

‘~ , - ‘ir i r ~ 1:- -x ides - ~r hydrated oxides); (c) st~~page due to slime produced by
is -n bac ’ e r ia  s - t i r e s slime-forming organisms . Treatments have been de-
-ie ’ ~ped for eae’h of the three types of incrustation s described and are used

in ar-ore- n ’ pr’tctice . Incrustation from calcium and magnesium carbonate
h - ms  c e n ~-n~ ed ‘he er v. l t’ilter part icles can be readily removed by the

‘~t~ ar - i ’ m ’ ic acid ( hydrochloric , 27. ’02 percent acid).  However, the acid
‘.111 -o t n ck -‘r l vanized wire bound around the wood stave well screens . Iron
ax Ide: - - ~~~ l.’— r ’e ne ;ed by t reatments  using polyphosphates and by surging the

-ra- 11e . A :m’~ 11 nmount of calcium hypochtorite should be used with the po].y-

- ‘o- ’ m e r , t s  3 o kill, iron bacteria that may be present. Chlorine
- -u” Ils h as  ~-ee . proven et ’fe ’t ive where cloggin g is caused by

tnc ‘i -i-I 5~r -°wf hs or s l ime .

b,”~~r si1 W ’~~er  ncl We l ls, is ’ Ed, Edward E. Johnson , Inc., St. Paul, - 
-

Minr ’~ , ’ - - ’ n . 1 (T~ .
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32. Chlorine may cause deterioration of the wood well screens in

that the chemical destroys the lignin in the wood , resulting in a reduction

in its structural strength. Other chemical treatments for incrustation in

wells are presently commercially avai lable . Although treatments have been

established for various incrustants , the proble.-n arises in the isolation of

the inc rustant or incrustants and. ut i l iz ing the proper treatments to most

effectively restore well yields .

33. The laboratory analyses in 1966 and 1969 on well water samp les

indicated that the well water  is high in carbonate hardness and dissolved

iron content. The high iron content of the well water is conducive to the
growth of iron bacteria in the wells , ilthough biological analyses were not

made to substantiate existence of iron bacteria. Therefore , i t  is qui te
possible that conditions in the wells are favorable for formation of all

three types of incrustations.

314. Generally, the material causing be clogging will be a mixture

of seve ral things , neve r a single suhstance.* The relative proportions of

the various substances shown by chemical analyses of a sample of the in.~
crustating materials would indicate the kind of treatment that would be

effect ive in restor ing well efficiencies . It is impractical to sample the
gravel filters of these wells to ve -t~~ ate  ~log~-~ ne mater . ais . i~nwever,

it would be a relatively simple operation to r~ a~’e s ’& mp ’ e. - sf the filter
ma~er~ a1s in nylon bags at -elected ~ept~ s ns~ I- sever-i l sf th e w e l l s  ~~
approximately one year . These samples ~r 1~I t h e r m  he r -rr ~ ’,-e I and ~~ ,~ected
to chemical and biological analyses . If ~n°r-rs ’atIno agents were foun d ,
+a en an effective treatment for restoring well yields could be developed .

d.aU

~ “The Corrosion and Incrus tation of Well Screens , ” Bulletin No. 8314,
September 1955, Edward E. Johnson , Inc., St. Paul , Minnesota .
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PART VI: CONCLUSIONS AND RECO*IEr’mATIONS

Conclusions

~5. On the bas is of the tests and analyses presented herein , the
t’~ ll.~~ ins conclusions appear warranted:

a. The overall efficiency of the relief well system before
c lean ing  in 1969 and l iY7 - - was about the same as it was be-
f ’re cl~ arvins in 1)& S . The factor of safety with respect
t ° uplif t  before cleanin g in 1969- 70 was 1.9. Pumping and
surging were only partially effective in restoring the well
efficiencies. The average fac t or of safety is still well
above the minimum design cri terion of 1.5; however , because
~t

’
~~lie substantial reducti~n in spec ific yields of numerous 

~~~~
‘ c

~“lls and tl.e ~xt -me ly low yields in several wells , i t  is
i:-mp - r k  ant  ‘l i n t  mem ,  s be developed to restore well eff icien-
ci~’: ~ ‘ ‘it  lea: ’ t h at  measures be developed to prevent fur-

h e r  reducti- °ns t h a t  mi~’ht impai r the structure.

1- . The Viesr ”hole c’iaei’a revealed that the well screens were— 

~n - -xcell’~nt condi~ ion .  wi~~ . ‘~er . - t t l e  me shanloal  or ch em—
ic ”]. c l ’ 5 oing s I ’ slots.

As-Jyr” :  -f water - samp les ind icated  that condit ions are fa—
, rable f r  incrus’a’ inn: to f m r m .  The decrease in ef f i—
ci e r s e y  ‘f ‘he wells may e ‘-he result of precipitation of
Irs - s r - s:p unds , calcium carl ,te , and similar incrustating
-‘-ma ’ ’- r - i ’ r l s  cr the resu l t  ~f j e l ly ]  ike  s i  ime from iron 1:-ac—
e s i n  gr - n~’t-h is the ~‘ra se f i  lr -ers . The nature of incrus—
a ’ i -ns  needs to be’ iden 4 i f ied in  r icr ‘ha t  appropriate

s i e-e . i n m ’ n~ # t ru e ie-~ ‘‘s’ r e t .

d. All wells ar” c-asidered stal-le in ‘ha t sand inf il tration
1’rrin~ pumpin~.’ was loss t han 2 pt~~n r - .

-- ‘ -
~ rrj ner. in ’ ions

Ti. ’ f o~~~ win~s r- - -s -rrim ’~nJ- tt inns ‘ire ma i’: l a m e d  on t he analysis of

iat a  ~r esen ’~ ’

a , To rc’.’iie- i r , :  rrram t i s on -~nfl inc ru stan t : and ~r owtLs .  it
is recommended that :am -le: of the gravel filter be sus-
a -- n I- - a t - ‘e ’le-~’~~d lr ’t ’th~ inside :o-,- ’-’r-aI of the  wells for

r :.:ima ? ely - r , e y ’-’ar . The ~-‘rave1 snm ’~s would then be
r m o ~.’o.1 an t ~ui : ‘ - o t o i  t L  I n i  - r’it~ r’,- a::a1,- ses to determine
‘-he r i ’ ure ~: inc rust  a r t s  . This ar esc ,~dur : is s imple , in—
e’xr’e’r,~ i’se. ant rromi-ir. .’. 1i , ’-re : - r - ’, ~~~ :- ~~e isalemen—
t -a ’ i on  s r’-csmrr enrie ~

- -

_ _  

4~



b. Well pumping tests and cleaning operations should continue
for all wells at 2-yr intervals until improved well treat-
ment technique s are developed and an appropriate mainten~~ce
program can ~ recommended.

c. In 1972 , wells t- , 8, 11. and 15 should be subjected to pump-
in m~ te sts and well c lean ing  operations using chemical and
biocide treatments. Appropriate well treatments should be
ascertained pending identification of the nature of incrus-
tations by chemical and biological analysis of t b -  gravel
samples mentioned in re commendati on m m .  above.

The effect iveness  u t  each tyse of tr -a tm erm t  should be evaluated , and the
most promising treatment and t echn i que should be d- -veloped for use in a
well maintenance program f  or all the relief w ell s .
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