Appendix H:

Sediment Quality
Analysis

Lower Pool 2 Channel Management Study:
Boulanger Bend to Lock and Dam No. 2



In July and August of 2015, the US Army Corps of Engineers (USACE), St. Paul District
completed two sediment surveys of Boulanger Bend in lower pool 2 of the Upper
Mississippi River (river miles 821-818). The purpose of the 2015 sediment surveys were
to characterize the physical and chemical properties of the sediment for the Lower Pool
2 Channel Management Study: Boulanger Bend to Lock and Dam No. 2. The sample
locations were randomly selected inside the footprint of the preferred alternative: The
widening of the Boulanger Bend navigational channel and the placement of training
structures outside of the channel (Figure 1). Below is a detailed description of the 2015
survey, including: sampling locations, depths, sampling methods, chemical and physical
analyses, results and discussion.

2015 SURVEY
Sampling:

For the July survey, district staff drilled four boreholes and collected one composite
sample per borehole. Two boreholes were located at the upstream section of the main
channel dredge cut (boreholes 15-60M and 15-61M) and the other two boreholes were
located inside the proposed upstream training structure (boreholes 15-58M and 15-59M).
The composite samples were taken from roughly the upper 4 feet of surficial sediment for
15-60M and 15-61M and about the top two feet for 15-58M and 15-59M.

In early August 2015, 10 composite samples were collected from six new boreholes (four
in the main channel cut and two inside the downstream training structure. The four main
channel boreholes (15-67M, 15-69M, 15-71M and 15-72M) accounted for 8 composite
samples, two samples from each hole (roughly split between a five foot upper sample and
a 3 foot lower sample). The remaining two samples were from two boreholes inside the
downstream training structure (15-68M and 15-70M), consisting of a single surficial 2.5
foot composite sample from each location.

A record of the boring depths and description of the material encountered are detailed in
the boring logs shown in Figure 2.

All of the sediment samples from the July and August surveys were immediately
processed after collection and sent on ice to ARDL, Inc., Mt Vernon, IL for physical and
chemical analyses to determine grain size and contamination.

Analyses:
Metals, PCBs, pesticides, PAHs, cyanide, total organic carbon, percent moisture, percent
solids, percent total volatile solids, selected inorganics and grain-size analyses were

performed by ARDL, Inc. for each of the 14 composite samples plus 2 split QA/QC
samples.
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Results and Discussion:

The results of the grain size analyses showed that the sediment samples had a wide
range of silt content. In general, finer material was found in samples that were: 1) inside
the training structures, 2) further out from the channel centerline and 3) for the boreholes
with multiple composite samples, the lower stratum samples were finer than their
corresponding upper stratum samples. The samples with the least amount of silt was
found in the furthest upstream boreholes, 15-60M and 15-61M. Table 1 shows the
percentage of material that passed through the #200 sieve for each sample and their total
organic carbon content (TOC). The role of sediment in chemical pollution is tied both to
the particle size of sediment, and to the amount of particulate organic carbon associated
with the sediment. Silt content is important, because finer material has more surface area
for binding with contaminants, but as TOC increases, the affinity between the sediment
and the contaminants also increases. As a result, greater TOC concentrations reduces the
biological availability of many of the persistent, bioaccumulating and toxic organic
contaminants, especially chlorinated compounds.

Table 1. Silt and Total Organic Carbon Composition of Composite Sediment Samples.

Sample ID Percent of material Total Organic Carbon
passed through the mg/kg
#200 sieve
P2-15-59M/1 97.2 14000
P2-15-58M/1 87.8 19000
P2/15-68M/1 81.6 19000
P2/15-71M/2 79.7 30000
P2/15-69M/2 77.3 27000
P2/15-70M/1 76.5 25000
P2/15-69M/1 75.5 35000
P2/15-71M/1 41.6 18000
P2/15-67M/2 32.1 12000
P2/15-72M/2 18.6 7000
P2/15-67M/1 17.7 6000
P2/15-72M/1 10.9 5400
P2-15-60M/1 3.9 1200
P2-15-61M/1 2.9 990
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To ascertain the possible toxicity of the samples to the benthic environment, the chemical
results were compared to the Minnesota Pollution Control Agency’s (MPCA) sediment
guality targets (SQTSs) for the protection of sediment-dwelling organisms in Minnesota and
the MPCA'’s Soil Reference Values (SRVS) that are used for upland placement suitability
(Table 2). The SQTs consist of level | guidance for a high level of protection for benthic
invertebrates and level Il guidance for the moderate level of protection for benthic
invertebrates.

The three furthest upstream main channel dredge cut boreholes (15-60M,15-61M and 15-
72M) were mostly sand, but 15-60M had a SQT | exceedance of acenaphthylene, 15-61M
had SQT | exceedances of acenaphthylene, acenaphthene and benzo(a) anthracene and
the upper subsample of 15-72M had exceedances of acenaphthylene, benzo(a)
anthracene, pyrene and benzo(a)pyrene. However, all of these exceedances were only
minimally above the SQT I guidelines.

15-71M was the one sample collected in the middle portion of the dredge cut. This
borehole was mainly composed of finer material. The high silt percentage in 15-71M is
probably due to it being on the outside edge of the channel dredge cut where fines tend to
buildup. In both the upper ~ 5 feet and the lower ~ 2.5 feet of the surficial sediment there
were exceedances of several SQT | guidelines. 15-71M/1 had exceedances of
acenaphthylene, acenaphthene, benzo(a) anthracene and benzo(a)pyrene. 15-71M/2 had
SQT | exceedances of acenaphthylene and cadmium.

The next downstream channel borehole is 15-69M. The silt percentage of the material
found in both stratums of 15-69M were similar to the lower stratum of 15-71M at around
75%. SQT | exceedances found in 15-69M includes: acenaphthylene and cadmium in 15-
69M/1 and acenaphthylene, acenaphthene and cadmium in 15-69M/2.

The furthest downstream borehole in the channel dredge cut was 15-67M. 15-67M had
SQT | exceedances in just in the lower stratum that included acenaphthylene and
acenaphthene.

Of the four boreholes (15-58M, 15-59M 15-68M and 15-70M) located in the two training
structures, 15-70M was the most concerning. The other three had several SQT |
exceedances, but 15-70M had SQT Il exceedances for acenaphthylene and pyrene and
recreational SRV exceedances for benzo(a)pyrene and cadmium.

The recommended future action related to sediment quality for this study is to engage the
MPCA to determine if the results of the 2015 surveys are acceptable to continue pursuing
the preferred alternative. And specifically, does the results of the existing testing allow the
construction of training structures on sediment containing levels of pollutants above SQT II
and SRVs and are there any issues with widening the main channel, which has some
sediment with minimal SQT | exceedances.
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Figure 1. Map of Boulanger Bend, Lower Pool 2
Boreholes for Preferred Alternative - Main Channel
Widening and Training Structures.

ELEVATION DATUM (VERTICAL CONTROL):  COORDINATE SYSTEM (HORIZONTAL CONTROL):
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Figure 2. Boring Log

Boreholes for Preferred Alternative - Main Channel Widening and Training Structures.

15-58M

20 RL15
u

TO 001 DECK

mﬂ\‘\urm 1T AR

\lu'mwré‘cwm mvsﬂ“

— S0ET TO M1 IFF, Wi
SILT, GRAY
- \
17,770 28 (SF) POORLY GRADED BAND,
bsis mie wcn s s smom 2 tm s, sk e 0 LOO%E, SATURATED, GRAY

1 WATER SURFACE PRORA PODL 2 ELEVATION
% TIOLE STABILIZED VAT, +4MoH FIVE CAGNGTO L1 BT

4. PULLED CASING, ALLOWED HOLE TG COLLAPSE.

By wn T

4 TO 0,07 DECK
\urmt.rm
Lesid s e o e 15,10 1T WATER.
as ems
P ——— 1210 4 P PoCRLY GRAGED SavE
3 XTURATED, TRAGE CLAY,

1. WATER SURFAGE PRORATED FROM POCL 2 ELEVATION
2 HOLESTABILIZED WITH 4INGH PIPE CASING TOEL, 6758
L .. ... 3. ENVIRONMENTAL SAMPLE TAXEN. EL 6758 TO 6738
4 ‘PULLED CASING, ALLOWED HOLE TO COLLAPSE.

15-62M
2 AL 15

W5 6805

o862

B4 TORA"(CLILEAN CLAY WITH,
oFT \:'Arhb LAMINATED,

o SAND, SCAT. PLANT FRAGMENTS, BLU
L4 ToRE (CHL AT CLAY, STy, SO
L o TAnATED, Bl .
T JR.8T0 22.8 (S POORLY GRADED SAND,
| LDOSE, BATURATED, TRACE CLAY, GRAY
10 @)
—ﬂ.rmuﬁncwvammamnwwm
THINCLAY 70 MEDIUM, LOOSE,
EHEHERERREET -+ SATURATED, ECDED, GRAY -

vmsn SURFAGE DETERMINED FROM PRORATED POCL 2
HINGH PIPE CASING TO EL. 820.0
3 FLLAD USED BELOW GABING

‘PULLED CASING, ALLOWED HOLE TO COLLAPSE.

15-50M

20 UL 15

.i“.‘.

W.S.8#93 [WR T ———0TO08T DECK
W\\MN'WLINR

4 PULLED GASING, AL LOWED HOLE TO COL

IO T O EAT GAY STy, SOFT O
MEDIUM 51
AT

LR St

GREENISH GRAY",

S
T —y1a1020 5P
CLAY, L

027

POGRLY GRADED SAND WITH
RATED, GRAY

POORLY CRADED BAND, BAND FINE

WAIER SURFACE PRORATED FROM POOL 1 ELEVATION
DWITH +INCH PIPE CASING TO EL. £73.8

BN O DAL LD Lo B Lo e

SIVEONMENTAL SAUBLE TGN, £ 878 5 T0 036 s

To001 DECK.

waees [M
m\m'mi.rmu

“4.” PULLED GASING, ALLOWED HOLE TO COLLA®

i [~ {78, 1§ {SFEQORL™ SRADED sAND,
ATURATED, nnu!mhun
FRAGMENTS, GRA

'WATER SURFAGE PRORATED FROM POGL 2 ELEVATION
2. NOCASING S8ET
3 EXVIRONMENTAL SAUPLE TAKEN.EL 671 TT0 6707

15-63M

231UL 16
Fo—— #'TO0.01'DECK
:_‘?:-m'wumn

r"m‘u(c%Tmr &ILTY, SOFT,

SATURATED Ti
e BI.UEI*WY
e e 3
»\ EEAT

1870, CORLY GRADED SANI
EATURATE‘F PAN:E BTG

EENES

1. WATER SURFACE DETERMINED FROM PRORATED POOL
T b T L e EASRa TS e

BENTONITE FLUID USED BELOW CASING
9. POULED CASING, ALLGWED HOLE TO COLUAPSE.

pIC e e

GENERAI BORING | EGEND
84-1M  YEAROF BORING-BORING NUMBER. BORING TYPE
{ EG: M=MACHINE, A=AUGER, TP=TEST PIT, P=PIEZOMETER ).

1MAY {884  DATE OF BORING

WATER SURFACE ELEVATION ON DAY OF BORING
GROUND SURFACE ELEVATION AT BORING

WELL GRADED GRAVELS, GRAVEL - SAND MIXTURE, LITTLE OR NO FINES
el POORLY GRADED GRAVELS, LITTLE OR NO FINES
SILTY GRAVELS, GRAVEL - SAND - SILT MIXTURES
GLAYEY GRAVELS, GRAVEL - SAND - GLAY MIXTURES
WELL GRADED SANDS, GRAVELLY SANDS, LITTLE OR NO FINES

]
H

......... 4 a0 POORLY GRADED SANDS, GRAVELLY SANDS, LITTLE OR NO FINES
SILTY SANDS, SAND - SILT MIXTURES
CLAYEY SANDS, SAND - CLAY MIXTURES
- INORGANIC SILTS, LIQUID LIWT LESS THAN 50

INGRGANIC SILTS, LIQUID LIMIT GREATER THAN 50

INORGANIC CLAYS, LOW TQ MEDIUM PLASTICITY, LIQUID LIMIT LESS THAN 50
INORGANIC CLAYS, HIGH PLASTICITY, LIQUID LIMIT GREATER THAN 50

'ORGANIC SILTS OR CLAYS, LOW PLASTIGITY, LIQUID LIMIT LESS THAN 50
\OREGANIC SILTS OR CLAYS, MEDIUM TO HIGH PLASTICITY, LIGUID LIMIT GREATER
THAN 50 PEAT

BORDERLINE MATERIAL

STRATIFIED MATERIAL
LOGATION AND SAMPLE NUMBER FOR UNDISTURBED SAMPLE

NO RECOVERY
WATER LEVEL ON DATE OF BORING

EEEEEERREEEABDHEE

E

700.1 ELEVATION AT BOTTOM OF BORING

ELEVATION IN METERS

......... 4 a0

- 670

GENERAL BORING NOTES

1. GENERAL THE I.INIF\ED SOIL CLASSIF\(‘ATKJN S\"STEM 1S USED TO IDENTIFY BASIC. SOIL TVPE
THE_LEGENI S.TO COMPLETE THE CLASSIFICATION,
PERTINENT INFORMATION Is ADnEn 'ro THE RIGHT OF THE BORING STAFF. NOTES
PPERTAINING TO A SPECIFIC BORING ARE SHOWN BELOW THE BORING STAFF.

2. MOISTURE CONTENT: THE NATURAL MOISTURE CONTENT IN PERCENT OF DRY WEIGHT {MC} IS
SHOWN TO THE LEFT OF THE BORING STAFF,

3. BLOW GOUNT (SPT): BLOW GOUNTS ARE SHOWN TO THE I.EFI BF THE BORING STAFF AND, EXCEPT
AB N THE NUMBER OF BLuwsNEcha R UBED A DISTANGE
OF 12.INGHES. STANDARD BLOW TION TEST (SPT) USING
A1, X2-INGH SAMPLER, 338 X 2. \NCHSAMPI.ER. 14D LB. HthER ANDA;D-NGHDRUP FOR
NON-STANDARD BLOW GOUNTS SAMPLER. SIZE, HAMMER WEIGHT, AND HEIGHT OF DROP ARE AS
SHOWN.

4. ATTERBERG LIMITS: LIGUID LIMIT {LL} AND PLASTIC LIMIT (PL) ARE SHOWN TO THE RIGHT OF THE
BORING STAFF.

COMBINED FACTOR {CF):

NAD 83 (2007)

5. Dy SIZE: THE GRAIN SIZE IN MILLIMETERS OF WHICH 10% OF THE SAMPLE IS FINER IS SHOWN TO
THE LEFT OF THE BORING STAFF.

B.  RQD: ROCK QUALITY DESIGNATION (RQD) IS BHOWN TO THE LEFT OF THE PERCENT RECOVERY
COLUMN. RQD IS THE PERCENT REC 'CONSISTING OF UNBROKEN PIECES LONGER THAN

4-INCHES,
T, FRSOCVERY. PERGENT GORE RECOVERY 6 SHOWN TO THE LEFT OF THE SBORING STAFY.
RECOVERY IS LENGTH OF CORE RECOVEREDALENGTH OF CORE CUT X 100. UNLESS
SPECIFIED OTHERWISE, ALL mRﬁ IS 4-INCH DIAMETER.
B.  ELEVATIONS REFERENGED TON.GVD. 1828 ADJ. UNLESS SPECIFIED OTHERWISE
9. THE BORINGS SHOW SUMMARIES OF INFORMATION RECORDED CN THE ORIGINAL FIELD LOGS.

THESE LOGS ARE AVAILABLE FOR INSPECTION AT THE ST. PALL DISTRICT OFFICE.
ARRANGEMENTS TO INSPECT LOGS CAN BE MADE BY CALLING (851) 260-8589,

g
;
g
]
z
:
:
:
8
;
2
14
13
:
:
3
:
:

NAVD 88
GEOID

eSO

o —— ———r

CERTRAGT G

MISHBAIPPI RIVER

UNRAIVP-POCL 2
HASTINGS. MN

BORINGS LOGS
16-58M TO 15-63M4

NOTES AND LEGEND

5
B-200

Appendix H: Sediment Quality Analysis

H-7




a [
80 3 > e T e T e %0
W.B.8864 [WF o To0sT DECK Vi85, 6884 (R ——— o' Toaor DECK
wlm\\m'm!JNR —x\llﬂ‘m|INR
T as.0m1. ; RN, SsomT | B FERIEN s S5 A NS B S O [ ot i L D ST S5
SOFT. SAT m%“éﬁ‘éﬁ'.é{“"" T2TO 248 (CH) FAT CLAY, SLTY, BOFT ™ : ARG E
= B A TR AN BT SO ;
e e Ve oL AT Ly TV 80T B WAL SHEARED, BLUCER Oy i
BATURATES Bﬁ!‘éﬂa‘;N
B0 [ 5 3 ﬁgm,q-wnmv o AN
10 28.4 SAND, TRACE CRGAN
an ‘\\,“m, S Mglawpﬁym?%mm b
FINE TO MEDIUM, LOOSE, SATURATED, GRAY
fonso 244 mx.zmwuv SLTY, MEDILM
6 STIFF, WET, \TED, BLUEISH bRaY
FAT GLAY, SLTY, WEDIUM
PERDED. WITH$AND — E
1, m'rsnsurw\:susramwsnmnnm:mrsnma.z o ‘—m 1O 01 EAT cLaY SILTY. 30T BATURATED T "
2 PIPE GASING TO EL. 676. oont mmg' RGANIGE, CLAVEY BAND
BONTOIE FLUB UBh oot Casi . o, Mvameosm L T A R ¢
on I % PULLEDTCASING, ALLOIVED HOLE T0T COLLARSE: * * EE R s e e
notEs:
1. WATER BLRFAGE DETERMINED 22 1040
2. Hmsmwuzsnwwmumhwswnuma_md BATURATH
BENTONITE FLUIG UGED BELOW MOrES:
3. FULLED CABING, ALLOVWED HOLE T GOLLAPSE. 1. WATER SURFAGE DETERMINED FROM
2. mgsruuzuwwmmn?ewmswsnn» B
BENTONITE FLUID USED BELOW CASIN
B T R :
15-68M 15-69M
05 AUG 15 05.AUG 15
LY Loa Do [T
iz ¥ s e s J —————— e il o e l i 1 v e 7 e it i OO
w.s.887 ‘qﬂuum DECK. s e tn‘wuwuﬁck )
ks oorTotTAR 007 TO1LFAR
o N e
= csenz
....................... 986798 LETORE VTN, S Epaa o i oy e TR,
[T RE EDDRLY GRADED 8 [ 77048 (C) FAT LAY, VERY SOFT, i
ligtio S i P e :
N 2 S A war e REL
T To G AT CLY. e ROR AT ABUNGAT HOANICS, BLUEISH GRAY 4% I3
[ = ————— 218 To 2.7 (301 CLAYEY SAND, LOOSE TO MEDIUM DENSE,
Oy, - il o e
moTES: i N
680 [~ - DETERMINED FROMPRORATEDFOOLZ ="~ """ """ P P S e R T o e CHADETL AN, N L, s 00 00 ** * 3 -HOLE STABILIZEDWITH 4 INCH PIPE CABING TO'EL/#16.2, L I T S
! Two "SAMPLES TAKEN EL. 672 0.674.0.4 674 0-682.1 Rt TR TE D B SRAY: 'WATER USED BELOW. .
HOLE STABILIZED WITH 4 INCH PIPE CASING TO EL 675.2. 4. PULLED CASING, ALLOWED HOLE TO COLLAPSE. =
WATER UGED, BELOW CASING g
PULLED CASING, ALLOWED HOLE TO COLLAPSE. &
z
BB At o = i e EE s S o e e e e ;s R i = FEEERE SR 8
g
: z
1. WATER SURFAGE DETERMINED FROM PRORATED POOL g
3 RN TAL SePLE TAKENERONEL €773 4798
3 HotE STABLZED WiTH HINGH PIPE CASRG TO B 6782 &
BENTONTTE FLUD SED BELOW I &
o CoLLarse. = N
i
15-71M B [
05 AUG 1§ E
b @
B0 [ reen e i R r s e R s 600 EE‘E
—- 0 TO 061" DECK J _g F ii
"m\\lm'murun e 001 TO LT AR EE g i
880 16 TOTE WATER 3% 8 i
u BliEeRme 3 g3 813
—— ———— £ TO 145 (ML) SLTWITH SAND, LOCSE TO i
EQF A D, LAMINATED, ABUNDANT MATTER, BLUEISH GRAY 2§= 9 3
et BRACWATTER oREENR bR 2] 538 388
[0 se Geeoons crucen s, g s _"g\ [
LICH ni e T S ’”“‘g&‘““*‘aﬁm‘@ T %&iﬂ%ﬁ%ﬁﬁiﬁ‘ AT i I i g i |
FRTTER BN SRR 3 £ gz
HOTES: MoTEs: HOTER: & o
1. WATER SURFACE DETERMINED FROM PRORATED POOL 2 1. WATER SURFAGE DETERMINED FROM PRORATED POOL 2 1. WATER SURFAGE DETERMINED FRIOM PRORATED POOL2 i
2 ENVIRONMENTAL SAMPLE TAKEN FROM EL. 677.2 - 6785 2 THOEIMBOINENTAL SAUPLES TACCHEROM L G726670. A0 0188 2 TIWOENVIRCNMENTAL SAMPLES TAKEN, FROM EL G72.7-875.2 & 075.2 - 8807 : H
660 [~ - - 3 ALLOWED HOLE TO COULAPSE. - HEEE ttttiet -3 HOLE STABILIZEDWITHINGH PIPE GASING TO EL EREHBHT - 3 HOLESTABILIZED WITH & INCHPIPE CASING TOEL 825.1, "~~~ "~ §H S 00 =
WATER USED BEL OW CASIN IWATER USED BEL L]
4. PUILEDGASING, ALl ) HOLE TO COLLAPSE. ING, ALLOWED HOLE TO GOLLAPSE. g L
R B R T T B L] e RTESESE =t EEEE SRS e e EEE A <o s e e L GRY g Shast
Egg o
258 || B-201

Appendix H: Sediment Quality Analysis




Table 2. Analytical results and MPCA sediment guidelines
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* Chlordane

** Mercury (inorganic)
*** Benzo[a]pyrene (BaP equivalents)

Level | SQT — Chemical concentrations which will provide a high level of protection for benthic
invertebrates.

2015 draft MPCA Res/Rec Soil Reference Value (SRV)

J - Indicates an estimated value. This flag is used either when estimating
a concentration for tentatively identified compounds where a 1:1
response is assumed, or when the mass spectral data indicate the
presence of a compound that meets the identification criteria but the
result is less than the sample quantitation limit but greater than

zero.
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	In July and August of 2015, the US Army Corps of Engineers (USACE), St. Paul District completed two sediment surveys of Boulanger Bend in lower pool 2 of the Upper Mississippi River (river miles 821-818). The purpose of the 2015 sediment surveys were ...

