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ter solute concentrations in the

ertlcal samplmg that does not dxsturb natural hydro—
~ between stream water and groundwater

i : 1993). W solutes from stream channels exchange
Sampler perfermance was evalnated»m orE V .underlymg the streambed banks, and valley.
-Minnesota, and Plnal Creek An zona;:by n 1 -] rface “where  stream  water and shallow
I 50 : ; ni d the hyporhelc zone, exists wherever

ts of at least 10% stream water (Tris-
¢eic exchange greatly increases the
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NH; sorpuon (Tnska et al. 1994) Mn ex1dat10n and trace-
~ metal sorption (Harvey and Fuller 1S
transformations (Hendncks and White 1991, 1995), and nu-

1995; Wondzell and Swanson 1996; Mulholland et al. 1997).
Mlcroblal processes-in the hyporheic zone that can influence
C, N, O, S, and P levels in’ the “stream i
‘organic C processmg, SO}‘ 'reductlon S/S :

1 Y »
. linked: o hyporhelc processes, it is essential to~; etemune
water and solute gradlents in the hyporh_e‘ 7

: D1ffu51on equlhbratlon (Hesslem 1976 Bottoinl Y &
.+ 1y 1984; Carignan 1984) and core -sectioning fo

- squeezing or centrifugation (Howes et al. 1985
1991) have frequently been used to measure con
gradlents in ﬁne-gramed sedlments domlnated b

permeable sands and gravels D1ffus1on equili

" most effective at' charactenzmg pore-water chemistry where :
the primary transport vector is diffusion and solute velocities
- are low (millimeters. per day) In contrast, honzontal water
‘velocities in permeable sediments range from 0.01 to 2.4 m
~ h~! (Duff and Triska 1990; Valett et al. 1990; Harvey and "
~ Bencala 1993; Triska et al, 1993; Holmes et al. 1994), Place- -
be- -
cause of edge effects and redistribution of pore water during
coring and handlmg ‘These methods ‘may: also be: madequate ,

ment and removal of cores can disturb natural gradien

for measuring dissolved gases and organic matter. .

The impetus for developmg the MINIPOINT soltrl‘tlon; :

in central -Arizona. Both streambeds consist of relatively

high permeability, low cohesion, medium to coarse sands, -
,~:dr1vepomts‘

and gravels, Originally, ‘we used stamless v
-(0.64-cm inside diameter (ID)) w1th slots (0, 04 X 1.0 cm)

sawn in the tube near the tip to remove py

intervals to 2 m below the streambed.

“mixed in the subsurface, we foung
" methods for measuring our spatik
“in‘the top 20 cm-of the stre

gradients, the MINIPOIN’
subsurface water from the- bed
: zw1thout dlsturbmg streamb

51de dlameter (OD) stamless steel }
carbonate plastic frame that m~ fur
.photographer’s tripod (Fig. 71) The cen

8), physicochemical

clude dlssolved,.
- brands in this report is for identification purposes only and
,  does not constitute endorsement by the U.S. Geological Sur-
Vey.) Each ﬁttmg is drilled through to 0.325 cm (#30 drill)
~to allow the 0.318-cm (% in,) tubes to pass easily. The tubes

~ are retained in their fittings with nylon ferrules, which hold
- the tubes securely ‘while allowing them to be reposmoned
easily. The mini drivepoints are made from various fixed
: {zlengths of 0.318-cm (% in.) OD stainless steel tubing. The
.. -bottom of eachtube is crimped shut. Water is drawn into the
ay-  drivepoints through three slots about 0.8 cm long and 0.04
o cm ‘wide that are sawn into each tube near its crimped end.

sater at 20-cm
¢ solve the chem-
ical gradients where groundwater and stream water actually -

€5 “to develop
sampling resolution with-
; To preserve natural solute -

mpler w -designed to remove -
sonable length of time
) th

os attached to. a poly—' :
o attaches fo a
- post of the tripod -
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~ ' is inverted so the sampler can be mounted under the tripod
+and-positioned vertically in the streambed. The plastic-frame
~is a 1-cm-thick by 12-cm-diameter disk attached at its center

trient transformations (Duff and Triska 1990: Triska et al.. -

1990; Findlay et al. 1993; Holmes et al. 1994; Jones et al.

to.a rod 20 cm long and 2.2 c¢m in diameter. The free end

“of the rod is tapped to accept the standard %-20-in. threads

of a camera mount: Six holes in the disk, equally spaced on

‘a 10-cm-diameter circle, hold Swagelok brand %-in. bulk-

head—mountmg compressmn fittings. (The use of name

“To collect water ‘samples, the tripod and sampler are

e ,placed on-the streambed, and the ‘sampler is plumbed and
» . ~lowered, inserting the dnvepomts to a fixed depth. The frame
- of the sampler remains above the water surface, except in
very deep water, where the frame may be submerged but

remains - well “above  the sediment ‘surface. Elastic tubes

i (Pharmed #13) are attached to- the drivepoints and connected
" fo_a variable-speed ‘peristaltic pump (we used a Masterflex
* 754932, 110 volts alternating current or Masterflex 7533-
20,12 volts direct current) equipped . with ‘a- multichannel

pump head (Masterﬁex L/S 7519-25 or Masterflex L/S 7519-

- 06). Most AC pumps generate greater torque and thus ac-

commodate a greater variety of pump heads, rollers, and

_ tubing, Howevet, in remote. locatlons, a-12-VDC variable-
‘speed peristaltic pump with a six- or eight-channel pump
‘head is satisfactory. Pore water can be pumped into either

s t tubes imm il t. Pore-wa-
eatmg solute. gra.dients m the hyporhelc zones of the Shm; syrmg,es o1 o8 5 ediately after placement. Pore-wa

gobee River in north-central Minnesota and in Pinal Creek

ter samples also can be withdrawn manually with synnges

- but it is difficult to control the rate of withdrawal. The in-
'~ ternal volume of a drivepoint and the attached elastic tubing
i 1s approx1mate1y 2 mlL

Evaluatton of the mini drivepoint sampler——To evaluate

kthe MINIPOINT sampler, we performed streambed pumping

rate tests during a chloride injection (see Stream Solute

- Workshop [1990] and Triska et al. [1993] for a discussion
- of whole-stream- tracer injection techmques) in the Shingo-
. bee River and a bromlde Jinjection m Pmal Creek. Durmg

~~~~~

: gobee Rlver and Pinal Creek were 225 and 250 liters s,
Arespectwely _The top '15.cm of the. Shingobee River con—
- sisted of 17% very coarse-grained sands (>>1.0 mm), 78%

- medium- to coarse-grained sands (0.25-1.0 mm), and 5%
: ﬁne-gramed sands (<0.25 mm). Overall, sediment porosity
~was 0.35 = 0.01 (standard error), and the ‘average vertical

- hydraulic conducuv,lty was 1:1. X 1072 % 6.0 X-10™* cm s~
- (standard error). Sediment particles in the top 30 cm of Pinal
_Creek consisted of 60% very coarse sands, 36% medium- to

coarse-grained sands, and 4% fine-grained sands. The aver-
age sediment porosity in Pinal Creek was 0.31 £ 0.01 (stan-
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, F1g 2. Depth proﬁles of chlorrde concentratron in the streambed
of the Shingobee River collected every 2.5 cm with the MIDPOINT
prior 10 (open circles) and ‘during the third day (closed circles) of
an umnterrupted chloridé injection to the stream channel. Each data
series represents one set of measured values.

,dard error) and the -average vertical hydraulic conduct1v1ty
was 0.2:cm s (range = 0.02-0.7 cmx s™Y).

Because  similar results were obtained with- the M]NI—
POINT sampler in both injections, details of -only ‘the Shin-
gobee River injection are presented for simplification. We
-elevated in-stream chloride levels threefold in the Shingobee
River during a 3-d uninterrupted injection to- create an arti-
ficial chloride gradient in the streambed that had reached
steady state. The pumping rate test site was approxrmately
110 m downstream. from the injection. Chloride profiles in

. streambed sediment before the start of the injection and dur-
ing third day of the chloride injection are shown in Fig. 2.

P S ‘The sampler was evaluated ‘first by measuring the pore-
\l) - ; - |~ water chloride concentration at six depths.below the stream-

: : - bed surface (2.5, 5.0, 7.5, 10.0, 12.5, and 15.0 cm) while the
pump rate of the mini drivepoint sampler was increased se-

f
=

: 'quentrally (0.3,0.8, 1.5:4.1, 9.0, 14:2, and 18.6 ml min~").

All 'six dnvepomts were: pumped srmultaneously at the same

—{H1 rate for each pumping speed. The pump ‘was stopped and

1/8" stain- I the sample collection vessels were changed prior to increas-
less steel e ing the pump rate. Approximately 7 ml of water was col-

, : lected from each depth at each pump rate. The first 2 ml
tube ‘ : © was discarded, and-the remaining 5 ml was analyzed for
o B . chloride by ion chromatography  (Dionex 2010i with an

: AS4A column, Dionex Instruments). (There was a relative
variability of 3.8%in the chloride measurements.) Overall,
about 55 ml of water-was withdrawn from each depth The

=

|
\/ : : Sot o .
Bulkhead ferrule fittings driled
‘through to 1/8" and using nylon -
ferrules allow piezometer tubes to
‘ ' F1g 1 A three-dimensional view of the mini drivepoint sampler

be reposmoned. = L , - T depicting six stainless steel drivepoints. The ¥%4—20-tapped rod at-
— — B taches to'a photographer s tnpod -

&
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Fig. 3. - Depth profiles of chloride concentration in the:streambed
of the Shingobee River collected with the MINIPOINT sampler

during a pumping rate test in the third day of a-chloride injection -
to the stream -channel. (A) Linear-fit trend lines for pump rates be--

tween 0.3 and 4.0 ml min—'. (B) Linear-fit trend hnes for pump
rates between 0.25 and about 19 ml min~'.

duration of the puinpin'g rate tests was about 42 min. Statis-

tical significance of trends in pore-water chemistry was an-

alyzed by regression analyses (Zar 1974). In the Shingobee -

River, four tests were conducted at two downstream loca-

tions. In Pinal Creek, two tests were conducted at two sites. - -

Figure 3A,B shows the trends in chloride concentration
for samples collected from four depths in the streambed at
seven pump rates. The artificial chloride gradient was main-
tained at pump rates <4.0 ml min~! -(the slopes for each
depth were not significantly d1fferent from. zero) (Fig. 3A).
~ Elevating the pump rate above 4.0 ml min~! caused the chlo-
ride concentration to incréase in ‘water samples collected 25
~ cm below the streambed (0.0005 <- P-<-0;001; P.=:0.0007),
suggesting that surface water was drawn into the streambed

'(Flg 3B) Conversely, elevatmg the pump rate above 4.0 ml-

min~! caused the chloride concentration to decrease i in water
samples collected 5.0 cm below the streambed (0.05 < P <
0.1; P = 0.08), suggesting that low-chloride water was

drawn from below. These results indicated that the artificial

chloride gradient.was unchanged when pore-water samples
were withdrawn between 0.3 and 4.0 ml min-! for these
* sediments. Similar conclusions were reached from a com-
parable pumping rate test with the MINIPOINT sampler in
Pinal Creek. There, artificially elevated depth profiles of bro-
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Fig. 4. - Depth profiles of chloride concentration in the stréambed
of the Shingobee River collected with the MINIPOINT sampler
during a pore-water volume pump test on the third day of a chloride
injection to the stream channel. Linear-fit trend lines for pore-water

- withdrawal volumes are between about 10 and 72 ml.

mide concentrations were preserved at pumping rates up to

- 4.8 ml min~' (data not presented) but were disturbed at

pumping rates =6.0 ml min~'.
To determine empirically whether the increase in pore-

- water volume withdrawn affected the chloride concentra-

tions, an evaluation of cumulative pore-water volume
pumped.was performed in the Shingobee River during a later

injection (Fig. 4). Using a constant pump rate of 2.5 ml

min~!, >70 ml of pore water was withdrawn simultaneously v
from five depths with no significant change in the vertical
chloride gradient (Fig. 4). In Pinal Creek, the vertical bro-
mide gradient was unchanged after >140 ml of pore water
was withdrawn (data not presented). The results combined
from the pump rate tests and the pore-water volume tests
suggest that vertical solute gradients are more sensitive to
withdrawal rates than the volume withdrawn.

- A total of 72 ml of pore water could be withdrawn from
each drivepoint in the Shingobee River without changing the

_ artificial chloride gradient in the streambed (Fig. 4). Assum-
~ ing that this amount of water was withdrawn from a spher-

ical zone of sediment around each sampling port (although
the actual shape of the volume from which water was col-

- lected is.unknown); the effective radius of the sphere of sed-

iment would have been about 3.5 cm (Fig. 5), greater than
the: vertical distance between adjacent 2.5-cm depths. Re-
moval of 70 ml of pore water without disturbing the artificial
chloride gradient suggested that the volume of the streambed
sampled might have been shaped like a horizontal disk or

- an oblate spheroid. This is consistent with the fact that sed-

imentary materials such as streambed sediments often show
higher horizontal hydraulic conductivities than vertical con-
ductivities (Freeze and Cherry 1979). In addition, adjacent

" depths in the-mini drivepoint sampler are 8-10.5 cm apart
‘because of the horizontal sampling array (Fig. 1). If the sam-

pling ports were located vertically above one another, the
spherical sampling zones would intersect at a radius of 1.25
cm, the same as withdrawing only 3 ml of sample. There-
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Fig. 5. Relanonshlp between the eff e:radlus of  sedimetit

sphere and the volume of pore water withdrawn from the st:reambed ;

of the Shmgobee Rlver w1th a poros1ty of 0. 35

fore, by keepmg adJacent depths 8—10 cm apart a greater
volume of pore water can be drawn L

‘Field applzcatton of the ‘mini: drtvepomt sampler—-—The ;

MINIPOINT sampler was used to delineate the lowet bound-

ary of the hyporheic zone in the Shin; "obee R1Ver and to

reveal steep vertical gradients of biolo
water solutes. Chemical data collected M
revealed steep vertical solute gradients in the &
the streambed for common biclogically reacti
6), whereas samples collected every 20 c¢m with
steel - drivepoints (0.64<cm ID)- showed relatively

hyporhe1c zone would have been missed with

nism for sampling pore water at closely spaced vertical in- .
tervals. The specific conductance profile (Fig. 6B) delimited

the mixing zone between groundwater and stream water and
the lower boundary of the hyporheic zone (extending to

depth of only about 10 cm). The steep solute gradlents forlj"
DO, inorganic N, and organic C fell within the mixing zone i

(Fig. 6A,C,D), indicating the presence of a relauvely thm
but biologically active hyporheic zone.

We are unaware of other samplers that are in use to sarnple :

. pore water at closely spaced 1nterva1sf1n hlghly permeable
r bottoms..
i - DuFF, J. H, AND E J. TRISKA. 1990. Denitrification in sediments

used at spatlal scales ranging from 1 10105
" and Triska 1990; Triska et al. 1990), smaIl
wells (1 cm) that are used at the 0. 1-m sc
1994), and microsensors that are used i
sediments (NleISen et al 1990)

U.S. Geological Survey,. Sy
Menlo Park, Cahforma Lo

U.S. Geological kSufvey,'
- Reston, Virginia' -

phatis ',kWUnivegsi’tyof Califomia,
; “Davis, California

y. uniform
solute concentrations below 20 cm (Fig. 6). Detaﬂs of the

John H Duﬂ’ e
“Fred Murphy =~
topher C : Fullerrr;, :

Fig. 6 Depth proﬁles ‘of (A) DO, (B) spec1ﬁc conductance ©
dissolved inorganic N (DIN), and. (D) dissolved organic C (DOC)

 collected every 2.5 cm down to. 15 ¢m with the MINIPOINT sam-
. /pIer (Iarge citcles) and then every 20 cm with stainless steel dri-

vepoirts (0.64-cm ID) ¢(small c1rcles) Each data series represents

"one set of measured values

- Judson W. Harvey

Alan P. Jackman
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